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Solid-State Structure and Behaviour in Solution of Hypervalent Organotin(IV)
Derivatives Containing 2-(Me,NCH,)CsH,4 Moieties
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Hypervalent diorganotin(IV) dihalides of the type RBuSnX,
[R = 2-(Me,NCH,)CgHy; X = Cl (1), F (2)] and heterocyclic
derivatives of the type (RR'SnS), [R! = Bu (3) and 2-
(Me,NCH,)CgH, (4 and 4-2CHCIl3)] have been prepared.
Their behaviour in solution was investigated by multinuclear
NMR spectroscopy. The molecular structures of these com-
pounds were established by single-crystal X-ray diffraction.
The strength of the intramolecular Sn—N coordination as a
function of the substituent pattern at the tin atom is dis-

cussed. Weak intermolecular Sn---Cl interactions result in a
"zig-zag" polymeric chain for dichloride 1, while difluoride
2 is a polymer with a linear —-Sn—-F-Sn- skeleton. In both com-
pounds, a distorted octahedral (C,N)CSnXj; configuration is
observed. The thio derivatives are monomeric and exhibit
distorted trigonal bipyramidal (C,N)CSnS, (3) or distorted oc-
tahedral (C,N),SnS, (4 and 4-2CHCI;) configurations.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

Several symmetric diorganotin(IV) dihalides containing
2-(Me;NCH,)CgH,  groupst!™"  or related organic li-
gandsl!-3#-121 have been investigated so far both in solution
and in the solid state. Single-crystal X-ray diffraction stud-
ies have revealed that strong intramolecular N—Sn interac-
tions are established by both nitrogen atoms of a molecular
unit. All [2-(Me,NCH,)CgH4,SnX, (X = F, Cl, Br, I) are
monomeric, with hypervalent octahedral cis-X5-cis-N,-
trans-C, configurations (Scheme 1, A).[*7! In contrast, the
related [Me,N(CH,»);],SnF, and [Me,N(CH,),CMe,],SnCl,
exhibit octahedral all-trans-(C,N),SnX, configurations
(Scheme 1, B).['®121 The use of an organic ligand with a
potential for only one intramolecular N—Sn interaction re-
sulted in trigonal bipyramidal (C,V,C)SnX, configurations,
e.g. in RN(CH,CH,CH,),SnCl, (Scheme 1, C).[311]

Very few mixed diorganotin(IV) dihalides containing
only one organic ligand that can act as a (C,N)-chelate moi-
ety have been described so far: RMeSnX, (X = Cl, Br),ll
RBuSnClL,,['> RPhSnX, (X = EP CI*Bl) [R = 2-
(MezNCHz)C6H4] and [2-(M62NCHMe)C6H4]MeSnBr2.[2]
They were mainly characterized by solution NMR spec-
troscopy. Attempts to convert the corresponding dichloride
into the difluoride [2-(Me,NCHMe)C¢H,4PhSnF, by using
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several fluorination methods failed to produce the mono-
meric species. In most cases, migration of the phenyl group
was noted, and ionic species were proposed to be formed
on the basis of NMR spectra. Only when [2-(Me,NCHMe)-
Ce¢H4]Bu,SnF was used as a fluorination agent, was a spar-
ingly soluble product obtained, for which a trimeric struc-
ture, (RPhSnF,);, was proposed on the basis of ESI-MS
spectra.l’l So far, the molecular structure for only [2-
(Me,NCH,)C¢H4JPhSnCl, has been established by single-
crystal X-ray diffraction; it features the expected trigonal
bipyramidal (C,N)CSnX, configuration (Scheme 1, D).*-15]
The molecular structures of the related compounds [2,6-
(MCQNCH2)2C6H3](4-M6C6H4)SHIQ,[9] [2,6-(M62NCH2)2-
C¢H3]PhSnCL!'® and [2,6-(Me,NCH,),CsH;]BuSnCl,!7!
feature an all-trans-(N,C,N)CSnX, configuration due to the
“pincer” pattern of the aryl group bearing two pendant
arms. A similar structure was proposed on the basis of de-
tailed NMR spectroscopic studies for [2,6-(Me,NCH,),-
C6H3]BHSHBI'2.[IS]
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The structure of the diorganotin(IV) sulfides depends on
the identity of the organic groups attached to the metal
atom. The use of smaller organic groups results in poly-
meric (iPr,SnS), ') or cyclic trimers, (R,SnS); (R = Me,[?¥]
Phl?), With bulkier organic groups, dimers with planar
Sn,S, rings, e.g. (tBu,SnS),,1*? trans-[Tb(Mes)SnS], {Tb =
2,4,6-[(Me;Si),CH];C¢H,},[?31 or folded Sn,S, rings, e.g.
trans-[Tb(Mes)SnS],,?*®  were obtained. Other cyclic
monoorganotin sulfides containing the bulky o-terphenyl
ligand, —-C4H3-2,6-Trip, (Trip = -C¢H,-2,4,6-iPr3), e.g.
trans-[Ar(HS)SnS],, were recently reported.”* All these
compounds contain tetrahedrally configured tin atoms.
When organic ligands with a potential for intramolecular
N—Sn coordination are attached to the tin atom, dimers
with planar Sn,S, rings and coordination numbers of 5 or 6
were found in the solid state, i.e. [MeN(CH,CH,CH,),SnS],
[(C,N,C)SnS, core],> trans-[{Me,N(CH,),CMe,} PhSnS],
[(C,N)CSnS, core],?%  [{CH,(Et)NCH,CH,CH,},SnS],
[(C.N,N,C)SnS; corel,P”N [{Me;N(CH,)3},SnS], [(C,N),-
SnS, core].?®! For the dimer [{8-NCyHg(Me;Si)CH},SnS],,
the bulkiness of the organic ligand prevents the coordina-
tion of both nitrogen atoms to the metal atom, and the
trans isomer with a trigonal bipyramidal (C,N)CSnS, core
was isolated.”! However, for [MeN(CH,CH,CH,),SnS],, a
dimer—trimer equilibrium in solution was observed.””) No
organotin sulfide derivatives containing a [2-(Me,NCH,)-
Ce¢H,4]Sn moiety have been described so far.

We report here the synthesis and structural characteriza-
tion of the first hypervalent mixed diorganotin(IV) difluo-
ride [2-(Me,NCH,)CsH4]BuSnF, (2), as well as the novel
thio species cyclo-[{2-(Me,NCH,)CsH4}BuSnS], (3) and
cyclo-[{2-(Me,NCH,)CgHy}-SnS],  (4). The molecular
structure of [2-(Me,NCH,)CgH4]BuSnCl, is also described.

Results and Discussion

The asymmetrically substituted diorganotin(IV) diha-
lides, RBuSnX, [X = CI (1), F (2)], were prepared in good
yields according to Scheme 2. The reaction of the lithium
salt of the organic ligand with BuSnCl; afforded [2-
(Me,NCH,)CgHy4]BuSnCl, (1), which in turn was used to
obtain the corresponding [2-(Me,NCH,)CsH4]BuSnF, (2)
by a halide exchange reaction with excess KF in a meth-
anol/CH,Cl,/water mixture.

NMCz
1. BuLi

KF
LSnCh» RBuSnCl, —— > RBuSnF,

1 2

R= 2-(M62NCH2)C6H4
Scheme 2.

Reaction in H,O/CH,Cl, of diorganotin dichlorides 1
and [2-(Me,NCH,)CsHy],SnCl, with excess sodium sulfide,
Na,S, provided the corresponding diorganotin sulfides,
cyclo-[{2-(Me,NCH,)C¢H,}BuSnS], (3) and cyclo-[{2-
(Me,NCH,)CgHy}»SnS), (4), respectively (Scheme 3).
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3 4

R = 2-(Me,NCH,)C¢H,

Scheme 3.

All compounds are colourless, air-stable solids. Di-
organotin dichloride 1 and its thio derivatives 3 and 4 are
soluble in common organic solvents. Diorganotin difluoride
2 exhibits a very low solubility in CHCl;, CH,Cl,, benzene,
toluene or dmso.

Solid-State Structures of the Diorganotin Dihalides

Single crystals suitable for X-ray diffraction studies were
obtained from CHCls/n-hexane for 1, toluene for 3 and
CH,Cl,/n-hexane for 4. Recrystallization of 4 from CHCl,
afforded 4-2CHCI;. Crystals of difluoride 2 were obtained
from a CH,Cl,/n-hexane (approximately 1:4) mixture by
very slow evaporation of the solvents over two weeks.

The molecular structures of compounds 1-4 feature
some common patterns: (i) in all cases, the nitrogen atom
of the pendant Me,NCH, arm is strongly coordinated to
the metal centre in a trans configuration with respect to a
halogen or a sulfur atom; this results in an increase in the
coordination number at tin; (i) the five-membered SnCsN
ring is not planar but folded along the Sn(1):Cpethyiene
axis; the nitrogen atom lies above the best plane defined by
the Sn(1), C(1), C(2) and Cietnyiene atoms. This induces
planar chirality [the aromatic ring and the nitrogen atom
being the chiral plane and the pilot atom, respectively; iso-
mers are given as Sy and Ry in the subsequent discus-
sion]3% as described for related organotin[’-3!-34 and other
main-group-metal compounds,*>3? and indeed all com-
pounds reported here crystallize as racemates.

As a result of the strong intramolecular N—Sn inter-
action [Sn(1)-N(1) = 2.458(5) A] in a trans configuration
with respect to a chlorine atom [N(1)-Sn(1)-CI(1) =
171.61(15)°], the molecule of diorganotin dichloride 1 con-
tains a distorted trigonal bipyramidal (C,N)CSnCl, core
(hypervalent 10-Sn-5 species),*>*1 and therefore a second
type of chirality is induced (given as Cs, and Ag, in the
subsequent discussion).? In the crystal of 1 a 1:1 mixture
of the RyCs, and SyAs, isomers is present. The ORTEP
diagram of isomer (SyA4sy)-[2-(Me,NCH,)CsHy]BuSnCl, is
shown in Figure 1, and selected interatomic distances and
angles are listed in Table 1.

The difference in the chlorine atoms is reflected in the
lengths of their bonds to the tin atom: the shorter bond
[Sn(1)-Cl(2) = 2.3779(16) A] is placed in the equatorial po-
sition, while the longer one [Sn(1)-Cl(1) = 2.4484(15) A]
occupies the axial position in a frans configuration with
respect to the strong tin—nitrogen interaction. A similar
behaviour was observed in the related compound [2-
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Figure 1. ORTEP representation at the 20% probability level and
atom-numbering scheme for the isomer (SnAsy)-1.

Table 1. Selected bond lengths [A] and angles [°] for compounds 1
and 2.

1 2
Sn(1)-N(1) 2458(5)  Sn(1)-N(1) 2.494(4)
Sn(1)-C(1) 2.123(5)  Sn(1)-C(1) 2.113(4)
Sn(1)-C(10) 2.125(6)  Sn(1)-C(10) 2.113(6)
Sn(1)-Cl(1) 2.4484(15)  Sn(1)-F(1) 1.985(2)
Sn(1)-Cl(2) 2.3779(16)  Sn(1)-F(2) 2.1372(3)
Sn(1)-CI(1b) 3.6401(17)  Sn(1)-F(3) 2.1572(3)
N(1)-Sn(1)-Cl(1)  171.61(15) N(1)-Sn(1)-F(1)  170.57(11)
C(1)-Sn(1)-C(10)  143.02)  C(1)-Sn(1)-C(10) 163.4(2)
Cl2)-Sn(1)-Cl(1b) 177.35(5)  F(2)-Sn(1)-F(3)  178.53(1)
Cl2)-Sn(1)-C(1)  106.46(15) F(2)-Sn(1)-C(1)  89.85(10)
Cl(2)-Sn(1)-C(10)  107.1(2)  F(2)-Sn(1)-C(10)  93.0(2)
Cl2)-Sn(1)-N(1)  86.59(13)  F(2)-Sn(1)-N(1)  85.70(8)
ClI2)-Sn(1)-Cl(1)  93.42(6)  F(2)-Sn(1)-F(1)  88.63(8)
CI(1b)-Sn(1)-C(1)  75.40(14)  F(3)-Sn(1)-C(1)  88.70(10)
CI(1b)-Sn(1)-C(10) 70.56(23)  F(3)-Sn(1)-C(10) 88.4(2)
CI(1b)-Sn(1)-N(1) 92.09(12)  F(3)-Sn(1)-N(1)  93.74(8)
CI(1b)-Sn(1)-CI(1) 88.22(45)  F(3)-Sn(1)-F(1)  91.74(8)
C(1)-Sn(1)-CI(1)  95.91(15)  C(1)-Sn(1)-F(1)  96.54(14)
CI(1)-Sn(1)-C(10)  97.1(3) F(1)-Sn(1)-C(10)  99.9(2)
C(10)-Sn(1)-N(1) ~ 90.9(3) C(10)-Sn(1)-N(1) 87.9(2)
N(1)-Sn(1)-C(1)  76.1(2) N(1)-Sn(1)-C(1)  75.94(14)
Sn(1)-Cl(1)-Sn(la) 157.82(6)  Sn(la)-F(2)-Sn(1) 180.0
Sn(1)-F(3)-Sn(1b) 180.0

(Me>sNCH,)CgH,4JPhSnCl, [Sn(1)-Cl(1),, = 2.4481(11) A;
Sn(1)-Cl(2)eq = 2.3547(11) A1.0]

In the crystal of compound 1, alternating SnAs, and
RnCs, isomers are associated into a “zig-zag” polymeric
chain built through weak intermolecular Sn---Cl interac-
tions [Sn(1)-+Cl(1b) = 3.640(2) A; cf. r.oy(Sn,Cl) = 2.39 A,
Eryqw(Sn,Cl) = 4.01 A],#3 which involve the chlorine atom
at the axial position in the molecular unit (Figure 3a). The
vector of the Sn-+Cl interaction bisects the C(1)-Sn(1)-
C(10) [143.0(2)°] equatorial angle of the parent trigonal bi-
pyramidal core of the molecular unit, in a frans configura-
tion with respect to the CI(2) atom [CI(2)-Sn(1)---CI(1b) =
177.35(5)°], which is not involved in intermolecular interac-
tions. The butyl groups and the dimethylaminomethyl
groups are placed on opposite sides of the polymeric chain
plane defined by tin atoms and bridging chlorine atoms.

By contrast, diorganotin difluoride 2 exhibits a com-
pletely different solid-state structure. It features six-coordi-
nate tin atoms in a chain polymeric structure, the latter
being realized by almost symmetric Sn—-F-Sn bridges
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(Table 1). The repeating fragment is shown in Figure 2 [flu-
orine atoms F(2) and F(3) each have half occupancy], and
selected interatomic distances and angles are listed in
Table 1.

Figure 2. ORTEP representation at the 30% probability level and
atom-numbering scheme for the S-2 repeating fragment.

The tin atom shows a distorted octahedral configuration;
C(1) and C(10), and F(1) and N(1) are mutually ¢rans. The
Sn(1)-N(1) distance of 2.494(4) A is longer than the
corresponding  distance in [Me,N(CH,);],SnF,-2H,0
(2.366 A).'21 The chain polymer is built from Ry and Sy
isomers alternating with respect to the nonplanar SnC;N
ring. The resulting octahedral environment around the
metal centre thus features trans orientation of the fluorine
atoms involved in Sn—F-Sn bridges (hypervalent 12-Sn-6
species),[*%H1 while in the related dichloride 1, the bridging
halogen atoms occupy cis positions in the octahedral (C,N)-
CSnCl; core. Notably, there are fluorine-hydrogen contacts
[F(1)--H(9Ba) = 2.53 A] established between pairs of Ry
and Sy isomers [cf. Zryqw(EH) = 2.55 AB3).

In contrast to the “zig-zag” polymeric chain in 1 [CI(1)-
Sn(1)--Cl(1b) = 88.22(45)°, Sn(1)-CI(1)-Sn(la) =
157.82(6)°], the polymeric chain in the crystal of dior-
ganotin difluoride 2 is almost linear [F(2)-Sn(1)-F(3) =
178.53(1)°, Sn(la)-F(2)-Sn(1) = 180.0°, Sn(1)-F(3)-Sn(1b)
= 180.0°] (Figure 3b).

The different behaviour of the fluorine atoms in 2 is re-
flected in their Sn—F bond lengths. Thus, the bond between
tin and the terminal fluorine atom is the shortest one, and
its magnitude [Sn(1)-F(1) = 1.985(2) A] is similar to that
observed for the related monomeric compounds [2-
(Me,NCH,)C¢H,4],SnF, [1.9726(14), 1.9774(13) A] and [2-
(Me,NCH,)C¢H,4],SnF,-CH,Cl, [1.988(3) A], which also
contain terminal fluorine atoms in octahedral cis-F,-cis-N,-
trans-C, cores./l The other two tin—fluorine bond lengths
[Sn(1)-F(2) 2.1372(3), Sn(1)-F(3) = 2.1572(3) A] are con-
siderably longer and even exceed the Sn—F bond lengths in
[Me,N(CH,);],SnF,-2H,0 [2.084(6) A].l'2

Behaviour of the Diorganotin Dihalides in Solution

The 'H and '3C NMR resonances for compounds 1-4
were assigned on the basis of 2D experiments, according to
the atom numbering shown in Scheme 4.

The 'H, 3C, and '""Sn NMR spectroscopic data ob-
tained by us for diorganotin dichloride 1 are consistent with
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(a)

(®)

Figure 3. View of the chain polymers in the crystal of dichloride 1 [symmetry-equivalent atoms (0.5 — x, 0.5 + y, z), (0.5 — x, 0.5 + y, 2)
and (x, 1 + y, z) are given by a, b and c, respectively] (a), and difluoride 2 [symmetry-equivalent atoms (-x, 2 — y, -z), (-x, 1 — y, —z) and
(x, =1 + y, z) are given by a, b and c, respectively; only H9B atoms involved in intermolecular interactions in 2 are shown] (b).

NMe,

P

3 Sn—

4 6
Scheme 4.

a trigonal bipyramidal structure in solution, as was pre-
viously suggested on the basis of NMR spectroscopic stud-
ies ("H, 13C, PN, '"”Sn NMR, including 'H,''”Sn J-HMBC
studies) for the same compound isolated as a high-boiling
liquid.[t3141

The use of two organic ligands with a potential for intra-
molecular coordination is known to result in monomeric,
octahedral R,SnF; species,>-7-1244 with increased solubility
in organic solvents. Diorganotin(IV) difluorides [Me,N-
(CH2)3]2SHF2‘2H20 and {2,6-[(Et0)2P(O)]2-4-IBU-C6H2}-
PhSnF, are straightforward examples for such behav-
iour.l>#1 In the case of compound 2, the presence of only
one dimethylaminomethyl group with a potential for intra-
molecular coordination is not enough to provide a mono-
meric species; an octahedral coordination of the tin atom is
achieved by intermolecular F—Sn coordination to give a
polymer. Its very low solubility prevents detailed NMR
spectroscopic studies in solution. Thus, the '"H NMR spec-
trum in CDClI; solution gave only broad unresolved reso-
nances. The F NMR spectrum in CDCl; showed two
broad resonances of equal integral ratio flanked by unre-
solved 171198 satellites of ca. 2.500 Hz of similar magni-
tude as those observed for the monomeric, octahedral spe-
cies [2-(Me;NCH,)CeHyloSnF, (Wes, = 2663 Hz)! and

Eur. J. Inorg. Chem. 2008, 708-716

© 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[Me,N(CH,)3],SnF>2H,0 (Wgs, = 2700-2800 Hz).['2! In
[Dg]dmso solution, the 'H NMR spectrum is similar to that
recorded in CDCl; solution, whereas only one broad '°F
resonance (6 = —161.5 ppm, 'Jgg, = 2796 Hz) was observed
in the '°F NMR spectrum. This suggests that coordination
of dmso to the tin atom gives rise to the formation of a
dmso complex as shown in Scheme 5. The formation of a
similar species was also suggested for dichloride 1 in dmso
solution.[!?]

Me,
. N
N
Sn—Bu

[

Odmso

Scheme 5.

Solid-State Structures of Compounds 3 and 4

Selected interatomic distances and bond angles of di-
organotin sulfides 3 and 4 are listed in Tables 2 and 3. In
both cases, the crystals consist of discrete dinuclear units
of the trans-RnCsn/SnAsy (for 3, Figure 4a) and Ry Sno/
Sni1aRn2a (for 4, Figure 4b) isomers (due to the crystallo-
graphically imposed inversion symmetry), with no intermo-
lecular distances shorter than the sum of the van der Waals
radii between the heavy atoms or a heavy atom and hydro-
gen atoms.
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(a)

(b)

Figure 4. ORTEP representation at the 30% probability level and atom-numbering scheme for trans- Ry Cs,/SnAsy-3 [symmetry-equivalent
atoms (1 — x, 2 -y, 1 — z) are given by a] (a), and Ry Sno/SniaSn2a-4 [symmetry-equivalent atoms (1.67 — x, 1.33 — y, 1.33 — z) are given

by a, and hydrogen atoms have been omitted for clarity] (b).

Table 2. Selected bond lengths [A] and angles [°] for compound 3.

Sn(1)-N(I1)  2.607(4) N(1)-Sn(1)-S(la)  171.53(9)
Sn(1)-C(1)  2.152(4) C(1)-Sn(1)-C(10)  123.27(17)
Sn(1)-C(10)  2.151(5) C(10)-Sn(1)-S(1)  118.29(15)
Sn(1)-S(1)  2.4091(12) C(1)-Sn(1)-S(1)  112.51(11)
Sn(1)-S(la)  2.5157(12) S(la)-Sn(1)-C(1) ~ 99.76(11)
S(1a)-Sn(1)-C(10) 100.88(15)
S(la)-Sn(1)-S(1)  93.26(4)
N(1)-Sn(1)-C(1)  72.41(15)
N(1)-Sn(1)-C(10) ~ 86.39(17)
N(1)-Sn(1)-S(1)  86.99(10)
Sn(1)-S(1)-Sn(la) 86.74(4)

Table 3. Selected bond lengths [A] and angles [°] for compounds 4
and 4-2CHCls.

4 4-2CH,Cl,

Sn(1)-N(1) 2.816(4) Sn(1)-N(1) 3.034(4)
Sn(1)-N(2) 2.855(6) Sn(1)-N(2) 2.771(5)
Sn(1)-C(1) 2.152(5) Sn(1)-C(1) 2.146(3)
Sn(1)-C(10) 2.134(5) Sn(1)-C(10) 2.148(3)
Sn(1)-S(1) 2.4485(16)  Sn(1)-S(1) 2.4447(10)
Sn(1)-S(la) 2.4661(16)  Sn(1)-S(la) 2.4800(10)
N(1)-Sn(1)-S(1a) 170.74(11)  N(1)-Sn(1)-S(1)  169.06(7)
N(2)-Sn(1)-S(1)  170.18(11)  N(2)-Sn(1)-S(la) 169.91(9)
C(1)-Sn(1)-C(10)  133.4(2) C(1)-Sn(1)-C(10)  131.60(13)
S(1)-Sn(1)-C(1)  110.29(14)  S(la)-Sn(1)-C(1)  106.86(9)
S(1)-Sn(1)-N(1) ~ 84.97(11)  S(la)-Sn(1)-N(1) 81.56(8)
S(1)-Sn(1)-C(10)  105.07(16)  S(la)-Sn(1)-C(10) 103.40(10)
S(1)-Sn(1)-S(la) ~ 91.59(5) S(la)-Sn(1)-S(1)  91.25(3)
N@2)-Sn(1)-C(1)  78.96(17)  N(2)-Sn(1)-C(1)  82.98(13)
N(2)-Sn(1)-N(1) 101.76(14)  N(2)-Sn(1)-N(1)  104.75(11)
N(2)-Sn(1)-C(10) 68.93(19)  N(2)-Sn(1)-C(10) 70.49(13)
N(2)-Sn(1)-S(la) 82.79(11)  N(2)-Sn(1)-S(1)  83.57(8)
C(1)-Sn(1)N(1)  69.78(18)  C(1)-Sn(1)-N(1)  68.07(12)
N(1)-Sn(1)-C(10) 84.37(19)  N(1)-Sn(1)-C(10) 80.26(12)
C(10)-Sn(1)-S(1a) 104.83(15)  C(10)-Sn(1)-S(1)  109.57(9)
S(la)-Sn(1)-C(1)  103.60(15)  S(1)-Sn(1)-C(1)  106.62(10)
Sn(1)-S(1)-Sn(la) 88.41(5) Sn(1)-S(1)-Sn(la) 88.75(3)

The molecular structures of compounds 3 and 4 resemble
those of the related diorganotin sulfides [{Me,N(CH,),-
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CMe,}PhSnS],P?% and [{Me,N(CH>);},SnS],.28  Com-
pound 3 crystallizes as the trans-isomer, and in both mole-
cules of 3 and 4 the central four-membered Sn,S, ring is
planar. The S—-Sn-S bridge is significantly asymmetric in 3
[Sn(1)-S(1) = 2.409(1) A, Sn(1)-S(la) = 2.516(1) A], while
the Sn,S, ring is almost a square for 4 [Sn(1)-S(1) =
2.449(2) A, Sn(1)-S(1a) = 2.466(2) A]. The distortion from
the ideal square is also reflected in the endocyclic angles at
the tin and sulfur atoms [3: S(1)-Sn(1)-S(1a) = 93.26(4)°,
Sn(1)-S(1)-Sn(la) = 86.74(4)°; 4: S(1)-Sn(1)-S(la) =
91.59(5)°, Sn(1)-S(1)-Sn(la) = 88.41(5)°], the deviation be-
ing more pronounced for 3.

As result of the decreased Lewis acidity of the tin atom
in compound 3, the Sn(1)-N(1) distance of 2.607(4) A is
longer than the corresponding distance of 2.458(5) A deter-
mined for the related diorganotin dichloride 1. This me-
dium-strength Sn—N interaction is placed in a trans configu-
ration with respect to the longer Sn(1)-S(1a) bond length
[2.5157(12) A; N(1)-Sn(1)-S(1a) = 171.53(9)°].

As in compound 1, the tin atom in compound 3 shows a
distorted trigonal bipyramidal configuration (hypervalent
10-Sn-5 species),[**41] the distortion being less pronounced
for 3; C(1), C(10) and S(1) occupy the equatorial and N(1)
and S(1a) occupy the axial positions. The C(1)-Sn(1)-C(10)
angle of 123.27(17)° is smaller than the corresponding angle
in diorganotin dichloride 1 [143.0(2)°]. The tin atom is dis-
placed by 0.315 A from the equatorial C,S plane defined by
C(1), C(10) and S(1) in direction of S(1a).

In compound 4, the tin atom shows a strongly distorted
octahedral configuration (hypervalent 12-Sn-6 species)40-41]
with a C(1)-Sn(1)-C(10) angle of 133.4(2)°; the nitrogen
atoms have a cis configuration. The distortion from the
ideal octahedral geometry is mainly the result of the restric-
tions imposed by the five-membered SnC;N rings. The
Sn(1)-N(1) and Sn(1)-N(2) distances of 2.816(4) and
2.855(6) A, respectively, are almost equal to and even
longer than those in 3. However, they are still shorter than
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Figure 5. View of the chain polymer based on Cl--H and S--H contacts in the crystal of 4-2CHCI; (only hydrogen atoms involved in
intermolecular interactions are shown). Symmetry-equivalent atoms (I — x, 1 — y, —z), (x, -1 + y, -1 + 2), (I — x, =y, =1 — z) and (1 — x,

’

2 -y, 1-z)are given by a, ', a’ and a'’, respectively.
the sum of the van der Waals radii of the corresponding
atoms [Eryqw(Sn,N) = 3.74 Al43]),

Compound 4 was recrystallized from chloroform to give
its solvate 4-2CHCls. In contrast to compound 4 alone, the
intramolecular Sn(1)-N(1) and Sn(1)-N(2) distances in
4-2CHCl; are rather different [3.034(4) and 2.771(5) A,
respectively]. This might be the result of weak CI(3)---H(9C)
(2.98 A) and S(1)+H(19') (2.88 A) hydrogen bridges that
give a chain composed of 4 and bridging CHCl; molecules
(Figure 5).

Behaviour of the Diorganotin Sulfides in Solution

The '"H NMR spectrum of cyclo-[{2-(Me,NCH,)CgH,} -
BuSnS], (3) (CDCls, room temp.) contains two sets of reso-
nances both in the alkyl and aryl region, in a ca. 1.5:1 inte-
gral ratio. The '*C NMR spectrum is also consistent with
the presence of two species. This behaviour might be due to
the presence in solution of both cis and trans isomers of 3.
The 'H and '3C NMR chemical shifts were assigned for
isomer 3a (major product) and 3b (minor product) on the
basis of the integral ratio and by using 2D correlation spec-
tra. We suggest that the major component is the less steri-
cally hindered trans isomer, which was also found in the
solid state. A similar behaviour was previously reported for
the related diorganotin sulfide [Me,N(CH,);PhSnS],*® and
the organoantimony(III) derivative, cyclo-[{2-(Me,NCH,)-
CeH,4}SbS],.Pol

The magnitude of the !'°Sn chemical shifts (6 = —48.3
and —50.5 ppm for isomers 3a and 3b, respectively) is con-
sistent with a five-coordinate metal atom in solution. The
singlet pattern of the resonances for the NMe, and CH,
protons observed for compounds 1 and 3 in CDCl; is con-
sistent with stereochemical lability of the metal atom in
these compounds at room temperature.l?]

The 'H NMR spectrum of 4 in CDCl; at room tempera-
ture shows broad and sharp singlet resonances for the CH,
and NMe, protons, respectively, in addition to the expected
resonances in the aromatic region. This is in contrast to
the parent [2-(Me,NCH,)C¢H4],SnCl,,! for which an AB
system was observed for the CH, protons, and suggests that
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exchange of the chlorine atoms by sulfur atoms results in a
considerable decrease in the configurational stability of the
tin atom in 4. A similar behaviour was observed for the
diorganotin difluoride [2-(Me;NCH,)CgHy,SnF,.[7)

Conclusions

The first mixed diorganotin(IV) difluoride, [2-
(Me,NCH,)C¢H,4]BuSnF,, was prepared, and its molecular
structure was established by X-ray diffraction. The crystal
contains a chain polymer in which six-coordinate tin atoms
are linked through almost symmetric, linear Sn—F-Sn brid-
ges (hypervalent 12-Sn-6 species). By contrast, in the crystal
of the related dichloride, [2-(Me,NCH,)CsH4]BuSnCl,, a
“zig-zag” polymeric chain is formed by alternating SnAs,
and RnCs, isomers linked through angular, asymmetric
Sn-+Cl-Sn bridges. Both of the novel diorganotin sulfides
cyclo-[{2-(Me;NCH,)C¢H4 RSnS], [R = Bu, 2-(Me,-
NCH,)C¢H,] feature a central, planar, four-membered
Sn,S, ring. The crystal contains only the trans isomer for
R = Bu [trigonal bipyramidal (C,N)CSnS, configuration;
hypervalent 10-Sn-5 species]. For R = 2-(Me,NCH,)CsHy
an octahedral cis-S,-cis-N,-trans-C, configuration is ob-
served (hypervalent 12-Sn-6 species). The NMR spectro-
scopic data for the diorganotin dihalides and the diaryl-
tin(IV) sulfide are consistent with similar structures in
CDCl; solutions. For the diorganotin(IV) sulfide contain-
ing different substituents, NMR spectroscopic data suggest
the presence of cis and frans isomers in solution.

Experimental Section

General Remarks: Room-temperature 'H and '3C NMR spectra
(including 2D experiments) were recorded in dried CDCl; or
[D¢]dmso with a Bruker AVANCE DRX 400 instrument. The '°F
NMR spectrum was recorded with a Bruker AVANCE DRX 400
instrument, while '"Sn NMR spectra were obtained by using
Bruker DPX 400 instruments. The chemical shifts are reported in
ppm relative to the residual peak of the solvent {ref. CHCls: 6('H)
= 7.26, §('3C) = 77.0 ppm; ref. [Dg]dmso: 6('H) = 2.50, §('3C) =
39.43 ppm} for 'H and '3C NMR spectra, and relative to CFCl;
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for '”F NMR and neat SnMe, for ''”Sn NMR spectra. Elemental
analyses were performed by Facultatea de Farmacie, Universitatea
de Medicina si Farmacie “Iuliu Hatieganu”, Cluj-Napoca (Roma-
nia). All manipulations were carried out under an inert atmosphere
of argon (Linde, 99.999%) by using Schlenk techniques. Solvents
were dried and freshly distilled under argon prior to use. Starting
materials such as BuSnCl;, KF, Na,S:xH,0, N,N-dimethylbenzyl-
amine and n-butyllithium were commercially available. The
compounds [2-(Me,NCH,)C¢H4JLi* and [2-(Me>NCH,)CgHy)o-
SnClL,!"! were prepared according to published methods.

Synthesis of [2-(Me,NCH,)C¢H,4|BuSnCl, (1): A suspension of [2-
(Me,NCH,)CgHy]Li (5.43 g, 38.46 mmol) in anhydrous n-hexane
(100 mL) was added dropwise, at room temperature, under argon,
to a stirred solution of BuSnCl; (6 mL, 38.46 mmol) in an anhy-
drous n-hexane/diethyl ether (200 mL, 2:1 v/v) mixture. The reac-
tion mixture was stirred for one day at room temperature. The sol-
vent was removed under vacuum, and the solid residue was ex-
tracted with portions of hot petroleum ether (100 mL) until no so-
lid deposited when the solution extract was cooled. The title com-
pound was obtained as a white solid (11.3 g, 86%), m.p. 71-73 °C
(b.p. 170-172 °C/9 Pa).l31 'TH NMR (CDCls, 400 MHz, +20 °C): 6
=0.95 (t, 3J = 7.3 Hz, 3 H, Sn—CH,CH,CH,CHs), 1.46 (tq, 3J =
7.4 Hz, 2 H, Sn—~CH,CH,CH,CH3), 1.78 (t, 3*J = 7.5 Hz, 2 H, Sn—
CH,CH,CH,CH3), 1.92 (m, 2 H, Sn—CH,CH,CH,CH3;), 2.42 (s, 6
H, N-CHs3), 3.73 (s, 2 H, -CH>-N), 7.19 (m, *Js, ;1 = 33.0 Hz, 1
H, 3-H, -C4Hy-), 7.41 (m, 2 H, 4,5-H, -C¢Hy-), 8.18 (m, 3Jgy 1y =
85.6 Hz, 1 H, 6-H, -C¢H,~) ppm. '3C NMR (CDCls, 100.6 MHz,
+20°C): 6 = 13.6 (s, Cs), 26.2 (s, ?Jsn.c = 111.6/115.7 Hz, C,), 26.5
(s, snc = 651.7/681.7 Hz, C,), 27.3 (s, *Jsn.c = 42.4 Hz, Cp), 45.0
(s, N-CH3), 63.4 (s, 2Jsnc = 34.3 Hz, -CH>-N), 1274 (s, 3Jsp.c =
72.9 Hz, C-3), 128.6 (s, 3Js,.c = 85.8/87.6 Hz, C-5), 130.9 (s, *Jsn.c
= 15.0 Hz, C-4), 137.2 (s, 2Jgn.c = 64.3 Hz, C-6), 139.1 (s, Uspc =
828.0/866.6 Hz, C-1), 141.2 (s, 2Jg,c = 47.3 Hz, C-2) ppm. '°Sn
NMR (CDCl;, 111.9 MHz, +20°C): 6 = -103.0 (s) ppm.
C3H,CLLNSn (380.91): caled. C 40.99, H 5.56, N 3.68; found C
40.55, H 5.43, N 3.27.

Synthesis of [2-(Me,NCH,)CsH,|BuSnF, (2): A suspension of 1
(0.4 g, 1.18 mmol) in MeOH (5 mL) was treated with methylene
dichloride until the solid compound was dissolved completely. An
aqueous solution of KF (0.34 g, 5.88 mmol, 500% excess) was
added, and the reaction mixture was stirred for 3 h at room tem-
perature. The organic layer was separated, the water layer was
washed with methylene dichloride (2 X5 mL), and the combined
organic phases were dried with anhydrous Na,SO,. The solvent
was removed under vacuum, and the title compound was obtained
as a white solid (0.38 g, 93%), m.p. 230 °C (dec.). '"H NMR
(CDCl;, 400 MHz, +20°C): 6 = 082 (s, br, 3 H, Sn-
CH,CH,CH,CH,), 1.53 (m, 6 H, Sn—-CH,CH,CH,CH3), 2.38 (s, 6
H, N-CH;), 3.64 (s, br, 2 H, -CH,-N), 7.07 (s, br, 1 H, 3-H,
~C¢Hy—), 7.26 (s, br, 2 H, 4,5-H, -C4H,—), 7.86 (s, br, 1 H, 6-H,
~Cg¢H4-) ppm. '’F NMR (CDCls, 376.5 MHz, +20 °C): § = -161.2
(s, br, \Jgs, = 2480 Hz, 2 F), -159.4 (s, br, 'Jgs, = 2465 Hz, 1 F)
ppm. 'H NMR ([Dg]dmso, 400 MHz, +20 °C): § = 0.88 (s, br, 3 H,
Sn-CH,CH,CH,CH3), 1.32 (s, br, 4 H, Sn-CH,CH,CH,CHs),
1.63 (s, br, 2 H, Sn—CH,CH,CH,CH3), 2.29 (s, 6 H, N-CH3), 3.58
(s, br, 2 H, -CH,-N), 7.16 (s, br, 1 H, 3-H, -C¢H4-), 7.30 (s, br, 2
H, 4,5-H, -C4H,-), 7.73 (s, br, 1 H, 6-H, -C¢H4-) ppm. '°’F NMR
([DgJdmso, 376.5 MHz, +20 °C): § = -161.5 (s, br, /s, = 2796 Hz)
ppm. C3H»;F,NSn (348.00): caled. C 44.87, H 6.08, N 4.02; found
C 44.58, H 5.63, N 4.27.

Synthesis of [{2-(Me,NCH,)C¢H4}BuSnS], (3): A solution of 1
(1.0 g, 2.63 mmol) in CH,Cl, (30 mL) was treated with an aqueous
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solution of Na,S (1.0 g, 13.1 mmol, 500% excess), and the mixture
was stirred for 3 h at room temperature. The organic layer was sep-
arated, the water solution was washed with methylene dichloride
(2x5mL), and the combined organic phases were dried with anhy-
drous Na,SO,. After removal of the solvent under vacuum, the
title compound was isolated as a white crystalline solid, which was
recrystallized from toluene (0.84 g, 93%), m.p. 118-120 °C. 'H
NMR (CDCls, 400 MHz, +20 °C) isomer 3a (major product): 6 =
0.70 (t, 3J = 7.4 Hz, 3 H, Sn—~CH,CH,CH,CHs>), 1.28 (m, 4 H,
Sn-CH,CH,CH,CH; + Sn—-CH,CH,CH,CHs;), 1.63 (m, 2 H, Sn—
CH,CH,CH,CH3;), 2.33 (s, 6 H, N-CHj3; overlapping with the cor-
responding resonance for isomer 3b), 3.65 (s, 2 H, -CH»>-N), 7.11
(d, 3/ =7.3Hz 1 H, 3-H, -C¢H4-), 7.31 (dd, 3J = 7.3 Hz, 1 H, 4-
H, -C¢H4-), 7.38 (dd, 3J = 7.3 Hz, 1 H, 5-H, -C¢H,-), 8.27 (d, 3J
=7.1,3Jsan = 72.1 Hz, 1 H, 6-H, ~C4H,-) ppm; isomer 3b (minor
product), § = 0.93 (t, 3J = 7.3 Hz, 3 H, Sn—CH,CH,CH,CH3), 1.43
(m, 4 H, Sn—CH,CH,CH,CH; + Sn—-CH,CH,CH,CHj3;), 1.86 (m,
2 H, Sn—CH,CH,CH,CH3), 2.33 (s, 6 H, N-CH3; overlapping with
the corresponding resonance for isomer 3a), 3.61 (s, 2 H, -CH>—
N), 7.04 (m, 1 H, 3-H, -C4H4), 7.21 (m, 2 H, 4,5-H, -C4H4-),
8.06 (m, 3Js, iy = 75.0Hz, 1 H, 6-H, -C¢H,~) ppm. 3C NMR
(CDCl3,100.6 MHz, +20 °C) isomer 3a (major product): o = 13.61
(s, Cs), 23.23 (s, 'Jsnc = 522.0/542.4 Hz, C,), 26.33 (s, 2Jgnc =
93.6 Hz, C,), 27.9 (s, *Jsnc = 29.8 Hz, Cp), 45.63 (s, N-CH3), 64.3
(s, 2Jsn.c = 28.3 Hz, -CH,-N; overlapping with the corresponding
resonance for isomer 3b), 126.64 (s, 3Js, c = 56.3 Hz, C-3), 127.54
(s, 3Jsn.c = 69.7 Hz, C-5), 128.87 (s, *Jsn.c = 13.4 Hz, C-4), 137.2
(8, 2Jsn.c = 55.6 Hz, C-6), 142.5 (s, 2Js,.c = 39.1 Hz, C-2), 144.2 (s,
C-1) ppm; isomer 3b (minor product), 0 = 13.74 (s, Cs), 23.16 (s,
C,), 26.65 (s, ZJsac = 93.0 Hz, C,)), 28.5 (s, 3Jsnc = 28.6 Hz, Cp),
45.68 (s, N-CH3), 64.3 (s, ~CH>—N, overlapping by the correspond-
ing resonance for isomer 3a), 125.54 (s, 3Js,c = 56.5 Hz, C-3),
127.40 (s, 3Jsn.c = 69.5 Hz, C-5), 128.76 (s, *Jsn.c = 13.2 Hz, C-4),
137.0 (s, 2Jgnc = 56.0 Hz, C-6), 142.3 (s, 2Js,c = 38.8 Hz, C-2),
143.9 (s, C-1) ppm. '"”Sn NMR (CDCl;, 111.9 MHz, +20 °C) iso-
mer 3a (major product): & = —48.3 (s, 2Js,.c = 56.2 Hz) ppm; isomer
3b (minor product), 6 = -50.5 (s, %Jsnc = 59.5Hz) ppm.
C,6H4oN5S,Sn, (684.12): caled. C 45.65, H 6.19, N 4.09; found C
45.55, H 6.43, N 4.3.

Synthesis of [{2-(Me,NCH,)CcHy4},SnS], (4): A solution of [2-
(Me,NCH,)C¢Hy,SnCl, (1.0 g, 2.18 mmol) in CH,Cl, (30 mL)
was treated with an aqueous solution of Na,S (0.85 g, 10.9 mmol,
500% excess), and the mixture was stirred for 3 h at room tempera-
ture. The organic layer was separated, the water solution was
washed with methylene dichloride (2 X5 mL), and the combined
organic phases were dried with anhydrous Na,SO,. After removal
of the solvent under vacuum, the title compound was isolated as a
white crystalline solid (0.25 g, 90%), m.p. 264-266 °C. 'H NMR
(CDCls, 400 MHz, +20 °C): 6 = 1.90 (s, 12 H, N-CHs;), 3.41 (s, br,
4 H, -CH,-N), 7.02 (d, 3J = 7.3, #Jsou = 31.0Hz, 2 H, 3-H,
~CeHy-), 721 (m, 4 H, 4,5-H, -CsHy-), 833 (s, br, 3Jgun =
84.7 Hz, 2 H, 6-H, -C4H,-) ppm. '*C NMR (CDCls, 100.6 MHz,
+20°C): 6 = 46.1 (s, N-CH3), 65.3 (s, 3Jsp.c = 20.1 Hz, -CH,-N),
126.98 (s, 3Jsn.c = 68.0 Hz, C-3), 127.10 (s, *Jsn.c = 76.9 Hz, C-5),
128.1 (s, *Jsn.c = 14.0 Hz, C-4), 136.6 (s, 2Jsp.c = 67.6 Hz, C-6),
142.6 (s, 2Jgn.c = 46.3 Hz, C-2), 145.1 (s, C-1) ppm. "?Sn NMR
(CDCl;, 111.9MHz, +20°C): ¢ = -137.2 (s, br) ppm.
C36H4sN,4S,Sn, (838.34): caled. C 51.58, H 5.77, N 6.68; found C
51.33, H 5.43, N 6.38.

X-ray Crystallographic Study: The details of crystal structure deter-
mination and refinement for compounds 1-4 and 4-2CHCl; are
given in Table 4. Data were collected with a Bruker SMART APEX
diffractometer by using graphite-monochromated Mo-K, radiation
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1 2 3 4 4-2CHCl,
Empirical formula C13H21C12NSH C13H21F2NSn C26H42N2825n2 C36H48N4SZSHZ C38H50C15N4SZSHZ
M 380.90 348.00 684.12 838.34 1077.08
Crystal system orthorhombic triclinic triclinic rhombohedral triclinic
Space group Pbhca P1 P1 R3 P1
a[A] 12.6403(14) 8.4248(8) 8.7891(11) 32.479(11) 9.7904(12)
b [A] 8.0073(9) 8.5881(8) 9.2281(12) 32.479(11) 10.3420(13)
c[A] 32.611(4) 10.2403(10) 9.6193(12) 9.599(5) 12.4377(15)
a [°] 90 73.3360(10) 90.801(2) 90 109.624(2)
A1 90 89.376(2) 109.171(2) 90 96.921(2)
v [°] 90 87.778(2) 94.283(2) 120 104.355(2)
VA% 3300.7(6) 709.27(12) 734.25(16) 8769(6) 1120.1(2)
V4 8 2 1 9 1
Dearea. [g/cm?] 1.533 1.630 1.547 1.429 1.597
F(000) 1520 348 344 3816 540
Crystal size [mm] 0.58 X 0.19 X0.16 0.05 % 0.05 X 0.36 0.23X0.14x0.14 0.17Xx0.21 X0.25 0.27 X 0.15X0.07
1(Mo-K,) [mm'] 1.854 1.803 1.859 1.417 1.598
0 range [°] 2.04-26.37 2.1-26.4 2.21-26.37 2.24-26.42 1.78-26.37
Completeness to 20 1.000 0.994 0.993 0.992 0.995
No. of reflections collected 24649 7640 7886 22222 12130
No. of independent reflections 3364 (R = 0.039) 2895 (R;; = 0.024) 2981 (R;, = 0.0370) 3981 (R;,; = 0.0947) 4559 (R, = 0.0438)
No. of parameters 186 198 148 203 239
Absorption correction multi-scan!*’] multi-scan!*’] multi-scan(*”] multi-scan(*’] multi-scan!*”]
u(Mo-K,) [mm'] 1.854 1.803 1.859 1.417 1.598
Ry [I>20(])] 0.0557 0.0315 0.0395 0.0549 0.0400
WR; 0.1212 0.0935 0.0939 0.1170 0.0875
GOF on F* 1.244 1.084 1.098 1.044 1.090
Largest diff. electron density [e/A3]  0.828/-1.268 0.72/-0.64 1.124/-0.756 0.879/-1.171 0.628/-0.705
CCDC number 230623 230624 644927 644926 644928

(= 0.71073 A). For this purpose, the crystals were attached with
epoxy glue on cryoloops, and the data were collected at room tem-
perature (297 K). The structures were refined with anisotropic ther-
mal parameters. The hydrogen atoms were refined with a riding
model and a mutual isotropic thermal parameter. The butyl chains
of compound 1 and 2 are disordered over two positions; for 1 three
atoms (the carbon bonded to tin is not disordered) have been re-
fined with a site occupancy of 54:46, while for 2 all of the carbons
are disordered with an occupancy of 59:41. In both cases, the C—
C bonds were restrained to 1.54 A. The software package SHELX-
97 was used for structure solving and refinement.[*”? The drawings
were created with the program DIAMOND.#8]

CCDC-230623 (1), -230624 (2), -644927 (3), -644926 (4) and
-644928 (4:2CHCIl3) contain the supplementary crystallographic
data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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