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The triorganotin compounds,fNCN)SnX (NCN= CgH3z(MeNCH,),-2,6") containing different polar
groups X or substituents R were prepared. The set of organotin compoug(tECRAISNX (X =1 (2),
CRCO; (3), CHCO;, (4), ELNCS, (5)) was prepared to study the influence of the polar group X on the
character of the SnX bond. The effect of substituents R on the character of theXSbond was studied
in two additional sets of organotin compounds;(NRNCN)SnCl (R= Ph ©), Bu (7), Me (8)) and
R2(NCN)SNnQCCH; (R = Ph @), Bu (9), Me (10)). The influence of different solvents and temperatures
on the presence or absence of covalent $monds was studied as welH and''®Sn NMR spectroscopy
showed the occurrence of dissociation of the-8aCCH; covalent bond in CBCl, solutions of4, 9,
and 10 at various temperatures (range 3@DO0 K). The crystal structures & and 10 were studied by

X-ray crystallography.

Introduction

The accommodation of more than eight electrons in the
valence shell of the tin atom, the so-called hypercoordination,
expands its coordination number to 5, 6, of @ne possible
way to gain such coordination numbers uses Y,C,Y chelating
ligands in organotin compounds, where two-Sfintramo-
lecular interactions are possible. In general, a key feature of
Y,C,Y ligands is that we can change the strength of-8n
coordination by changing the donor atoms Y €/N, 0)23
The result is that the different Y,C,Y ligands differ in their
preferred arrangement in the coordination polyhedra of organotin
compounds. In early work on organotin compounds containing
such so-called pincer ligands van Koten introduced the N,C,N
ligand (GH4(Me:NCH,),-2,6)2 The latest studies have dealt
with organotin compounds containing an aryldiphosphonic ester
(CeH3[P(O)(OEtY]»-1,34-Bu-5) as the O,C,O chelating ligadd.
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Previous papers dealing with the structures of triorganotin
compounds of the typedRCY)SnX (Chart 1) showed that the
mutual position of donor atoms in the tin coordination polyhedra
depend on the type of donor atom Y &' N, O), the nature of
the polar group X, and R.

Triorganotin compounds with N,C,N ligands prepared to date
have existed as ionic pairs containing the triorganotin cations
with trans trigonal-bipyramidal geometry having the nitrogen
donor atoms in trans positions and the polar group X as the
compensating anio\(in Chart 1)* The triorganotin compounds
containing a similar O,C,0 chelating ligandgt@&(MeOCH;),-

2,6) contain a covalent SrX bond (X= ClI, I, CH;CO,; B in
Chart 1) with both donor oxygen atoms in cis positions, in

(4) (@) Jambor, R.; Gaiov4 |.; RlZicka, A.; Hole@k, J.Acta Crystallogr.
2001,C57, 373. (b) Raicka, A.; Dostd L.; Jambor, R.; Buchta, V.; Brus,
J.; Ceaiova, |.; Holtapek, M.; Holéek, J.Appl. OrganometChem 2002
16, 315.
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Scheme 1. Preparation and Numbering of Compounds

NMe, NMe,
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NMe, NMe,
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NMe,
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SnPh,X X =CH,CO, (4)
X =Et,NCS, (5)
NMe,
NMe,
+ CH,CO, A
SnR,Cl 2278
CH,CI,
NMe
NMe,
SiR,0,ccH, R=Bu®)
R =Me (10)
NMe,

contrast to the N,C,N analogues$iowever, the latest papers
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Table 1. SelectedH, 13C, and 119Sn NMR Data? for the
Newly Prepared Compounds 2-5, 9, and 10

O(C(VyF o(*3C(1))

compd 0(1%n) S(HH(NCHR))  (\J(9SnIC(1)  (NI(H9SNI3C(L))

2 —64.7 4.10 133.4k) 133.2 p)

3 -72.3 3.92 137.6k) 134.5 p)

4 -229.1 3.60 143.4(724.0)  134.6 (572.9)

5 —257.7 3.89 134.4(720.1)  134.7 (550.5)

9 —103.2 3.46 142.44) 18.1 (501.7)

10  —105.1 3.60 142.64) 0.98 (550.0)

aMeasured in CDGl All ¢ values are given in ppm and dlivalues in
Hz. ® Not found.¢ Refers to the tin-bound ipso carbon of the N,C,N pincer
ligand.d Refers to the tin-bound carbon of the phenyl groups.

NMe, NMe,
WPh| i «Ph
Sn X Sn
ph | pn
X
NMe,

Me,N

X =1(2), CF,CO, (3) X = CH,CO, (4), E,NCS, (5)

A B

Figure 1. Proposed structures of prepared triorganotin compounds
2—-5.

have reported that the presence of a less nucleophilic polar 9rouRyriorganotin derivatived.In particular, the value 0d(119Sn) is

X (X = CRSO0;, PF) results in the formation of triorganotin
cations with two strong SnO interactions in both of the O,C,O
chelate ligands@ andD in Chart 1)8 giving the same geometry

very informative for the determination of the ionic or covalent
character of the triorganotin compounds. The rang&¥8£fSn)
values from—140 to —260 ppm is typical for 5- or [4+

as that found for N,C,N analogues: i.e., both donor oxygen at°m52]-coordinated triphenyltin compounds containing a covalent

in trans positions.

bond Sr-X (X = polar group) The presence of [3+

On the basis of these findings, we decided to focus on the 2].coordinated organotin cations resulted in a downfield shift

preparation of triorganotin compoundg(RCN)SnX containing

AS(M19Sn) of about 100 ppm (the range &f1°Sn) is from—50

different polar groups X or substituents R. The set of organotin {5 —100 ppm)L°

compounds PNCN)SnX (X = | (2), CRCO; (3), CH;CO,
(4), EbNCS; (5)) with the same substituentR Ph was prepared

(a) Influence of the Polar Group X. The values ob(11°Sn)
(—64.7 ppm in the'’®*Sn NMR spectrum of PYNCN)SnI @)

to study the influence of the polar group X on the character of ;,4_723 ppm for PHNCN)SNQCCF; (3), respectively; see

the Sn-X bond and on the shape of the coordination polyhedra.
The effect of substituents R on the character of the $ibond
was studied in the two sets of organotin compoung{&RN)-
SnCl (R= Ph @),” Bu (7),*2 Me (8)) and R(NCN)SnQCCH;

(R = Ph @), Bu (9), Me (10)). The influence of different

solvents and temperatures on the presence or absence of h

covalent Sa-X bond was studied as well.

Results and Discussion

Synthetic Aspects.Recently, we have reported on the low
stability of the triorganotin chloride B{NCN)SnCI, which
readily decomposes in solution at ambient temperdtwkée
have prepared the stable triorganotin halidg(REN)SnI @)
by reacting PE(NCN)Sn () with I, (Scheme 1). The reaction
of the silver salts of the corresponding anions with(RICN)-

Snl (2), Buy(NCN)SNCI (7), and Me(NCN)SnClI 8) has been
used for the preparation of the remaining compounds.

NMR Study. The NMR parameters)(*1°Sn),1J(*1°Sn, 13C))
were shown to be very sensitive indicators of the influence of
increasing nucleophilicity of polar groups on the structure of

(5) Jambor, R.; DostalL.; Rizicka, A.; Csdiovj |.; Brus, J.; Holapek,
M.; Holetek, J.Organometallic2002 21, 3996.

(6) (a) Kama, B.; Jambor, R.; Dostal.; RiZi¢ka, A.; Csaiova, |.;
Holetek, J.Organometallics2004 23, 5300. (b) Peveling, K.; Henn, M.;
Léw, C.; Mehring, M.; Schitmann, C. B.; Jurkschat, KOrganometallics
2004 23, 1501.

(7) RWzicka, A.; Jambor, R.; Brus, J.;"&iova |.; Holetek, J.Inorg.
Chim. Acta2001, 323, 163.

Table 1) indicate the existence of {32]-coordinated organotin
cation§2710with the polar groups outside of the primary tin
coordination sphere in these compounds.

IH NMR spectroscopy at various temperatures showed no
decoalescence of signals of the £4hd CH groups, indicating
e symmetrical arrangement of the tin coordination sphere
(A in Figure 1).

The values of(*19Sn) (—229.1 ppm ford and—257.7 ppm
for 5 in CDCl) are typical for 5-coordinated triphenyltin
compound&® and indicate the existence of a molecular (non-
ionic) form of P(NCN)SNQCCH; (4) and PR(NCN)SnS$-
CNEt (5). These represent rare examples of triorganotin
derivates of N,C,N chelating ligands containing a covalent
Sn—X bond (X = CH3CO; (4), EtNCS; (5)). The values of
J(M19Sn3C(1)) are rather different from values &8(11°Sn,-
13C(1)) in 4 and5 (calculated values of bonding angles being
111 @) and 109 (5) for C(1')—Sn—C(1) and 122 4) and
120 (5) for C(1)-Sn—C(2)).1! These observations indicate that

(8) Gielen, M.; Willem, R.; Wrackmeyer, B., EAdvanced Applications
of NMR to Organometallic Chemistryiley: West Sussex, England, 1996,
and references therein.

(9) (a) Holeek, J.; Nalvorrik, M.; HandlF, K.; Lycka, A.J. Organomet.
Chem.1983 241, 177. (b) Hol€ek, J.; Navorrk, M.; Handl¥, K.; Lycka,
A. Collect. Czech. Chem. Commuh99Q 55, 1193. (c) Holéek, J.;
Nadvorrk, M.; Handl¥, K.; Lycka, A. Collect. Czech. Chem. Commun.
199Q 55, 1193. (d) Ly&ka, A.; Hole®k, J.; Schneider, B.; Straka, J.
Organomet. Chenil99Q 389, 29.

(10) Bokii, N. G.; Zakharova, G. N.; Struchkov, Y. J. Struct. Chem.
197Q 11, 828.
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Scheme 2. Detected Disproportionation of 5 in CDGI
Solution

NMe, NMe,
NMe, NMe,

the shape of the tin coordination polyhedron is a distorted trans
trigonal bipyramid ind and5 (B in Figure 1). The first nitrogen
atom of the N,C,N chelate ligand occupies one of the axial
positions (the second nitrogen atom is noncoordinated), while
the polar group X is placed on the second one (vide infra).
The compounds is unstable and disproportionatéd®Sn
NMR spectroscopy revealed two new signals-dt93 (20%)
and —383.8 ppm (20%) after standing for 14 days in CRCI
solution, in addition to the original signal (100%). The signal

NMe,
300K
SnPh,X ——>
14 days
NMe,

X =S,C(NEt,),

Kasaet al.

Scheme 3. Dynamic Processes of 4, 9, and 10 in €I},
Solutions: (A) Dissociation-Association; (B) Dissociation of
the Acetate Ligand

Me,N
NMe,

?nR202CCH3 nR,0,CCH,

NMe, B

T <<295K

Me,N

NMe,
SnR, CH,COO-

NMe,

R=Ph, Bu, Me

1,7 while the—383 ppm signal was assigned to the diorganotin
compound Ph(NCN)Sn(EYICS,), on the basis of ESI-MS
(Figure 1 in the Supporting Information; thev/z 536 ion
corresponds to [Ph(NCN)Sn@CS;)] ). Similar dispropor-

is the first expected procédgpath A in Scheme 3), and indeed,
IH NMR spectroscopy revealed a broadening of the signals due
to the CH and CH groups, resulting in decoalescence at 215
K for 4, 230 K for9, and 240 K for10 (AG* = 41.5 kJ mot?

tionation to tetraorgano- and diorganotin compounds (Schemefor 4, 44.9 kJ mot* for 9, and 45.2 kJ mof* for 10).*°

2) also was reported in the case ofL,@CN)SnCI!

(b) Influence of the Substituent R. The triorganotin
chlorides R(NCN)SnCl (R= Ph @), Bu (7), Me (8)) enable
us to follow the structure of organotin N,C,N chelates depending
on the substituent R. The phenyl-substituted compdiadd
its butyl-substituted analogukcontain a covalent SaCl bond
(0(**%Sn) —191.4 and —35.1 ppm)/'2 while the methyl-
substituted representati@dorms a triorganotin cation in CDgl
solution ©(*1°Sn) +14.5 ppm) as well as in the solid state
(Figure 2)'3 A detailed study and comparison of these com-
pounds is not possible, due to the low stability of the phenyl
analogueb.” However, the stability ot allowed us to prepare
the set of triorganotin compounds(RCN)SnQCCH;, in which
the dependence of the S@ bond character on the substituent
R (R= Ph @), Bu (9), Me (10)) could be investigated.

The value ofd(*1%n) (—103.2 ppm) indicates the presence
of a covalent SaX bond (X= O,CCH) in the butyl-substituted
analogue 9. The value of 6(*1°Sn) of —105.1 ppm in
Mex(NCN)SNnQCCH;z (10) is shifted upfield AS(11%Sn)o-g =
—119.9 ppm) compared to that of MBICN)SnCIl @) and
indicates a change on going from the ioic¢o the covalent
10.

(c) Dynamic Behavior of 4, 9, and 10 in Solution.The
compounds RNCN)SnQCCH;s (R = Ph @), Bu (9), Me (10))

The second process was observed by Bdtand°Sn NMR
spectroscopy, and the latter seems to be a very sensitive and
useful tool for investigation of this process. A decrease in the
temperature resulted in the observation of new signals in the
1195n NMR spectra of phenyl-4f, butyl- (9), and methyl-
substituted 10) compounds at 230 K. While the intensity of
the original signals decreased in tH&Sn NMR spectra of,

9, and 10, the intensity of the new signals increased during a
further decrease in temperature (see Figure 2 in the Supporting
Information).

The values of the new signals are shifted downfield
(AO(***SNhew-original = 169.6 @), 178.6 0), 164.9 ppm 10))
and are comparable to those found in the ionic triorganotin
N,C,N analogues (see Table?).

On the basis of the previous results, the ionization of
compoundd#, 9, and10 can be proposed to occur in @O,
solution at lower temperatures (path B in Scheme 3). The
original covalent compounds dissociate to their ionic forms at
low temperatures. The concentration of the ionic forms increased
with decreasing temperature. The equilibrium const&hts
[lonic)/[Covalent] were evaluated directly frodt®Sn NMR
spectra when the signals for both species were observed. The
K values for [Covalent]< [lonic] equilibrium have been
evaluated at a number of temperatures and used forkauvs

are representative triorganotin compounds containing covalentT—1 plot (Figure 3 in the Supporting Information). From the

Sn—0 bonds. Because of the coordination of one nitrogen donor linear relation the reaction enthalpy and entropy have been
atom of the N,C,N chelate ligand, the second one being extracted: AH® = —5.54 @), —5.65 @) ,and—6.78 (L0) kcal
noncoordinated, the dynamic behavior has been studiétiby mol! and AS = —28.40 @), —29.16 @), —34.60 (L0) cal
and1°Sn NMR spectroscopy at various temperatures in-CD  mol~! K117 A similar ionic dissociation was found in the

Cl, (range 300-200 K). Two different dynamic processes4n
9, and 10 were found to occur.

(11) Hole®k, J.; Navorrik, M.; HandIF, K.; Ly¢ka, A.Z. Chem199Q
30, 265.

(12) Rizicka, A.; Jambor, R.; Dostal.; Cisaiova, I.; Holetek, J.Chem.
Eur. J. 2003 9(11), 2411.

(13) (@) Amini, M. M.; Heeg, M. J.; Taylor, R. W.; Zuckerman, J. J.;
Ng, S. W.Main Group Met. Chem1993 16, 415. (b) A solid-state)(*1%-
Sn) NMR shift should be measured and compared with the chemical shift
in solution to be unambiguously sure that compo@rfdrms cation both
in solution and in the solid state.

organosilicon compounds.

(14) Handwerker, H.; Leis, C.; Probst, R.; Bassinger, P.; Grohmann, A,;
Kiprof, P.; Herdtweek, F.; Blmel, J.; Auner, N.; Zybill, COrganometallics
1993 12, 2162.

(15) Eyring equation:AG* = —RT, In [27h(Av)/KTe/3], with AGH =
free energy of activation (JJ. = coalescence temperature (K), ahd =
chemical shift difference (Hz); the other symbols have their usual meanings.

(16) The'1%Sn NMR was used, despite the potential superioritytbf
NMR signal integration, because at low temperatures the two species were
well resolved only in the''Sn spectra, due to the huge chemical shift
differences.
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Table 2. Temperature Dependence of Selectédi and 1°Sn NMR Parameters (ppm}

CD.Cl, tolueneds acetoneds
compd T (K) o(119%n) CHN o(11%n) CH;N o(119n) CH2N

4 300 —233.3 3.61 —227.6 3.38 —235.1 3.57

200 —72.7-242.3 3.90; 3.55/3.35 —234.2 3.75/3.15 —73.3236.9 4.20; 3.82/3.61
9 300 —103.2 3.46 —106.4 3.39 —109.9 3.62

200 65.4+113.2 3.89; 3.65/3.49 —115.1 3.64/3.10 49.7110.9 4.03; 4.24/3.06
10 300 —105.1 3.60 —-110.1 3.31 —-109.9 3.80

200 49.8+115.1 4.06; 3.60/3.20 —113.9 3.72/3.59 40.5/117.2 4.06; 4.24/3.17

aRange of 2006-300 K for tolueneds, acetoneds, and CDCls.

To discuss the effect of the substituent R, we compare the
equilibrium reactions in CBECIl, solutions for these com-
pounds: 10 (R = Me), 9 (R = Bu), 4 (R = Ph). The list is
ordered from the most electron-releasing substituent R to the
least. The data for this series show that both enthalpies and the
corresponding entropies increase along the series. This can be
rationalized by noting that the more strongly electron releasing
substituent R= Me causes the tin atom to have a greater electron
density, resulting in an easier dissociation of the acetate
ligand: i.e., to a more negative reaction enthalpy.

The dynamic behavior ¢f, 9, and10was studied in toluene-
ds :imd acetonels to determine the solvent effect. In tolue_ne- Figure 2. General view (ORTEP) of a molecule 8fshowing
de, *H NMR spectroscopy revealed decoalescence of the signalssnos probability displacement ellipsoids and the atom-numbering
of the CH, and CH; groups at 200 K fod, at 210 K for9, and scheme. The molecule is placed on a crystallographic 2-fold axis
at 220 K for10 (AG* = 36.7 kJ mot* for 4, 38.8 kJ mot* for passing through the Sn1, C1, and C4 atoms. The hydrogen atoms
9, and 43.3 kJ mof® for 10). The values ofd(**°Sn) NMR are omitted for clarity. Selected values of bond lengths (A) and
signals are—227.6 @), —106.4 @), and —105.1 ppm 10), angles (deg): SniC1=2.094(2), Sn+C8= 2.1279(16), Snt
proving the presence of their covalent forms, and they are shiftedC8 = 2.1279(16), SntN1l = 2.4273(13), SntNI
slightly upfield with decreasing temperature (Table 2). New 2.4273(13); C+Sn1-C8 = 121.55(5), C+Snl-C8
signals were not observed in tA®Sn NMR spectra o#, 9, 121.55(5), C8&Snl-C8 = 116.91(10), N+Snl-NI
andl0at 170 K, indicating the absence of ionization processes 151.52(7). Symmetry code: () + x,y, 05—z
of 4, 9, and10in tolueneeds.

The values of6(11°Sn) in the acetonds solutions of4, 9,
and10 (300 K) fall in the region typical for covalent triorganotin
N,C,N chelates (decoalescence of the signals of the &td
CHs groups in acetonés: 200 K for 4, 215 K for 9, and 220
K for 10 (AG* = 38.4 kJ mot? for 4, 38.4 kJ mot? for 9, and
39.4 kJ mot? for 10)). Formation of new signals typical for
ionic forms of4, 9, and 10 was observed at temperatures as
high as 200 K, in contrast to the case for £IIy solutions (see
Table 2), and hence no equilibrium constant could be evaluated.

Crystal Structures of 8 and 10.The compounds MENCN)-

SnCl @) and Me(NCN)SnQCCH; (10) were selected for

crystal structure determination to provide examples of both the
ionic and covalent characters and the different coordinations ) )
of both nitrogen donor atoms. The molecular structure8 of ~ Figure 3. General view (ORTEP) of a molecule &b showing

; e . 50% probability displacement ellipsoids and the atom-numbering
:pg ég,:;ei:?rggfgdgm Figures 2 and 3. Crystallographic data scheme. The hydrogen atoms are omitted for clarity. Selected values

. . . . . of bond lengths (A) and angles (deg): Sm1 = 2.1088(14),
CompoundB contains an organotin cation, while the chloride gn1_c14 =g 2_1(19)(2) Snfcm( =9)2_140(2) Sn%Cl( =)
anion is outside of the primary tin coordination sphere (the 2 150(2), Sn}N1=2.5é57(18); 0%+Sn1-Cl4= 1'05_31(7), ot
Sn1-C13= 90.02(8), C14Sn1-C13= 117.22(10), O+ Snl-
(17) (a) Kost, D.; Kingston, V.; Gostevskii, B.; Ellern, A.; Stalke, D.; c1 = 97.16(7), C14Sn1-Cl1 = 123.76(9), C13Sn1-C1

c4

Cc3

Walfort, B.; Kalikhman, I. Organomettalics2002 21, 2293. (b) The _ — _ 2
correlation coefficient = 0.997 for4, 0.991 for9, and 0.996 forlO for 113.53(9), O%Snl-N1 165.50(6), N+Snl-N2
the plot of InK vs 1/T in the equilibrium dissociation of, 9, and 10. 116.37(6).

(18) (a) Kalikhman, I.; Gostevskii, B.; Kingston, V.; Krivonos, S.; Stalke,

D.; Walfort, B.; Kottke, T.; Kocher, N.; Kost, DOrganometallics2004 . . . .
23, 4828. (b) Kocher, N.; Henn, J.; Gostevskii, B.; Kost, D.; Kalikhman, shortest SrCl distance is 4.9298(2) A; see Figure 2). The

I; Engels, B.; Stalke, DJ. Am. Chem. So@004 126, 5563. (c) Kalikhman, central tin atom is coordinated by a carbon atom and two

k: K{”%Stg"' V. GOtStﬁ,Vsszklohog-?ZEGZZ%%OV('S)VLKVi}kﬁta"(& ID-:GWTfOH{(,B-? nitrogen atoms of the N,C,N ligand in a tridentate fashion and
ost, D. OrganometalliC: , . allknman, I.; GOstevsKil, : H

B.; Girshberg, O.; Krivonos, S.; Kost, rganometallic2002 21, 2551. by two methyl (,:arbon ,atoms' The resulting geometry is pseUdO

(e) Kalikhman, I.; Krivonos, S.; Lameyer, L.: Stalke, D.; Kost, D. trans trigonal bipyramidal, formed by three carbon atoms in the

Organometallics2001, 20, 1053. (f) Scfig D.; Belzner, JOrganosilicon equatorial plane and two trans nitrogen atoms, and is comparable

Chemistry IIt Auner, N., Weis, J., VCH. Weinheim, Germany, 1997; p - {q that found in organotin compounds containing BMNCN)-
429. (g) Chauhan, M.; Chuit, C.; Corriu, R. J. P.; Re¢e Tetrahedron SnJ* and{[MesN(CHs)3]oSnPR * ions1319The GSn girdle is
Lett. 1996 37, 845. (h) Chauhan, M.; Chuit, C.; Corriu, R. J. P.; Mehdi, 2 2)3]2 : g

A.; Reyg C. Organometallics1996 15, 4329. almost planarYC—Sn—C = 360.01(7j for 8). The equivalent
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Table 3. Crystal Data and Structure Refinement Details for

8 and 10

8 10
empirical formula G4H25N2SNnCl GigH28N20,5n
color colorless colorless
cryst syst monoclinic monoclinic
space group C2/c (No. 15) P2;/c
a(h) 9.8090(3) 9.4320(2)
b (A) 16.3150(5) 11.1520(2)
c(A) 10.8910(4) 17.7050(4)
£ (deg) 113.9471(17) 99.1520(13)
z 4 4
w (mm1) 1.759 1.396
Dexpt (Mg m=3) 1.566 1.442
cryst size (mm) 0.3« 0.2x 0.175 0.3x 0.3x 0.22
cryst shape plate irregular
6 range, deg 1.627.5 1.6-27.5
Tmin, Tmax 0.669, 0.738 0.684, 0.735
no. of rfins measd 12 503 28894
no. of unique rfinsRin® 1833; 0.037 4211, 0.035
no. of obsd rflns (> 20(1)) 1808 3661
no. of params 87 198
 (all data) 1.084 1.059
final RP indices ( > 20(1)) 0.018 0.024
wR2indices (all data) 0.044 0.058
Wa/Wo© 0.0224, 1.375 0.0264, 1.1586
max, minAp (e A=3) 0.838,—0.691 1.026;-0.581

aCorrection by SORTAV progran®.Definitions: R(F) = S ||Fo| — ||Fcll/
SIFol: WR2 = [S(W(Fo? — FOAISWFAFY2 S = [ (W(Fe? — FA?)
(Nrfins — Nparam3] 2. ¢ Weighting schemev = [62(F¢?) + (W1P) + woP] 72,
P = [max(Fo?,0) + 2FA/3. 4 Rt = Y |[Fo2 — Fo2(mean)/y Fo? (summation
is carried out only where more than one symmetry equivalent is averaged).

Sn—N bond distances (SFAN(1) = Sn—N(1') = 2.4273(13) A)
indicate strong SaN interactions in the cation. The main
deformation from the ideal trigonal-bipyramidal geometry is
seen for the N(1Sn—N(1') angle (151.52(?). Comparable
deviations in pseudo trans trigonal bipyramidal structures also
have been found in other triorganotin cations bearing both
N,C,Nt31%and O,C,O chelating liganéi&he range of Y-Sn—Y
bonding angles is 150.28(#)159.01(93).

The value of the SaN(1) bond length inl0 (2.5957(18) A)
indicates that the presence of the £LKDO™ group results in a
decrease of the SN bond strength in this compound compared
to 8 (Figure 3). The shape of the coordination polyhedron is a
trans trigonal bipyramid formed by three C atoms in the

equatorial plane and one nitrogen and one oxygen donor atom

in axial positions (the bonding angle NE@$n—O(1) is
165.50(6). The different bond lengths of SiO(1)
(2.1088(14) A) and SA0O(2) (3.1152(17) A) clearly indicate
monodentate bonding of the GEOO™ group to tin?2° The
C(15)-0(2) distance (1.217(3) A), typical for the carbonyl part
of monodentate carboxylic groups, confirms this coordination
mode of the CHCOO™ group (compare with C(15)0(1) =
1.305(3) A)2! While the value of the SaN(1) bond length
indicates a medium to strong interaction, the second nitrogen
donor atom from the N,C,N pincer ligand is bound very weakly

(19) (a) van Koten, G.; Jastrzebski, J. T. B. H.; Notes, J. G.; Spek, A.
L.; Schoone, J. CJ. Organomet. Chen1978 148, 233. (b) Jastrzebski, J.

T. B. H.; van der Schaaf, P. A.; Boersma, J.; van Koten, G.; de Wit, M.;
Wang, Y. D.; Heijdenrijk, Y. D.; Stam, C. Hl. Organomet. Cheni.991,

407, 301. (c) Steenwinkel, P.; Jastrzebski, J. T. B. H.; Deelman, B.-J.; Grove,
D. M.; Kooijman, H.; Veldman, N.; Smeets, W. J. J.; Spek, A. L.; van
Koten, G.Organometallics1997 16, 5486. (d) Jurkschat, K.; Pieper, N.;
Seemeyr, S.; Schmann, M.; Biesemans, M.; Verbruggen, I.; Willem, R.
Organometallics2001, 20, 868.

(20) The values of SnO(1) and Sr-O(2) are similar to those of (OCO)-
PhSnG,CCF;, where the covalent SrO bond was observed (S1©O(1) =
2.1546(13) A, SA-O(2) = 3.2096(15) Ay

(21) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
G.; Taylor, R.J. Chem. Soc., Perkin. Trans.1®87 12, S1.
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(Sn—N(2) = 3.0372(14) AP2 The GSn girdle is almost planar
(3C—Sn—C = 354.51(9j). The value of the N(1ySn—N(2)
bond angle (116.37(8) clearly demonstrates the cis position
of both nitrogen donor atoms of the N,C,N chelating ligand.
This is in contrast with the trans coordination of both nitrogen
atoms in8.

Experimental Section

General Methods. The starting compounds, 6, and 7 were
prepared according to previous literature rep6#sAll moisture-
and air-sensitive reactions were carried out under an argon
atmosphere using standard Schlenk techniques. Solvents were dried
by standard methods and distilled prior to use. The synthests of
was performed in air with commercially available solvents. The
reactions with silver salts were light protected. The 13C, and
1195n NMR spectra were acquired on Bruker AMX360 and
Avance500 spectrometers at 300 K in CB6t in tolueneds and
acetoneds for temperatures in the range 30070 K. Appropriate
chemical shifts were calibrated on the residual peak of CHGI
(6 7.27 ppm), toluene(2.09 ppm), and acetoné .05 ppm), the
13C residual peak of CHGI(0 77.23 ppm), and th&'®Sn peak of
external tetramethylstannan&@.00 ppm). Chemical shift data are
provided in ppm, with coupling constants in Hz. Abbreviations used
are as follows: s= singlet; d= doublet; g= quartet; m= complex
multiplet. Electrospray ionization (ESI) mass spectra (MS) were
measured using an Esquire3000 ion trap analyzer (Bruker Daltonics,
Bremen, Germany). Mass spectra were recorded in the naimge
50—800 in both negative ion and positive ion modes. The samples
were dissolved in acetonitrile and analyzed by direct infusion at a
flow rate of 1-5 uL/min. The ion trap was tuned to give an
optimum response far'z 500 or 150. The ion source temperature
was 300°C, and the flow rate and pressure of nitrogen were 4
L/min and 10 psi, respectively. The IR spectra (éhwere recorded
on Perkin-Elmer 684 equipment as Nujol suspensions or gHCI
solutions.

Synthesis of [2,6-Bis((dimethylamino)methyl)phenyl]diphenyitin
lodide (2). lodine (1.4 g, 5.7 mmol) in CKCl, (20 mL) was added
dropwise to a stirred solution df(3.1 g, 5.7 mmol) in ChKCl, (20
mL) and stirred for 1 day. The solvent was evaporated in vacuo,
and the residue was washed with pentane to gies an orange
solid. Yield: 2.90 g (86%). Mp: 251253 °C. Anal. Calcd for
CogH2IN2SN (mol wt 591.11): C, 48.77; H, 4.95. Found: C, 48.55;
H, 5.05. Monoisotopic mol wt: 592. Positive-ion ESI-M$w/z
465, [M — 1] *, 100%. Negative-ion ESI-MSm/z 127, [I]~, 85%;

m/z 381, [I;]~, 100%.'H NMR (CDCls): 6 (ppm) 2.28 (s, 12H,
NCHa), 4.10 (s, 4H, CHN), 7.30-7.70 (complex pattern, 13H,
SnPh, SnGH3;).13C NMR (CDCk): o (ppm) 47.3 (NCH3), 64.7
(CHa, MJ(*19Snl3C) = 36.0 Hz); SnPh 133.2 (C(3)), 130.7, 127.4,
136.7; Sn@Hs, 133.4 (C(1)), 128.5, 132.2, 143.5%Sn NMR
(CDCly): 0 (ppm)—64.7.

Synthesis of [2,6-Bis((dimethylamino)methyl)phenyl]diphenyitin

Trifluoroacetate (3). CRRCOOAg (0.18 g, 0.83 mmol) in CiTl,

(10 mL) was added to a stirred solution 2{0.49 g, 0.83 mmol)

in CH,Cl, (10 mL). The suspension was stirred at room temperature
for 5 days, and the solid was filtered. The solvent was evaporated
in vacuo, and the residue was washed with pentane to affasl

a white solid. Yield: 0.34 g (71%). Mp: 126129°C. Anal. Calcd

for CoeH2oF3N-OoSn (mol wit 57722) C, 54.10; H, 5.06. Found:
C, 54.01; H, 4.98. Monoisotopic mol wt: 578. Positive-ion ESI-
MS: m/z465, [M — CRCOQJ", 100%. Negative-ion ESI-MSm/z

113, [CRCOOY, 28%;m/z 249, [(CRCOO)Na]~, 100%;m/z 385,
[(CF;COO%Na]~, 29%; m/z 521, [(CRCOOyNag]~, 41%. H

(22) However, if this weak bond of Sn@N(2) is taken in account,
then the geometry df0 is an example of [5+ 1] coordination where the
C3N2Sn trigonal bipyramid is attacked by the second nitrogen donor atom
from a pincer ligand.



Triorganotin Compounds with an N,C,N Ligand

NMR (CDCl): 6 (ppm) 2.18 (s, 12H, NCh), 3.92 (s, 4H, CHN),
7.28-7.65 (complex pattern, 13H, SnRPhSnGH3).13C NMR
(CDCl): o6 (ppm) 46.7 (NCH3), 64.2 CH2), 117.1 (q, CFs,
NJ(*8FC) = 294.3 Hz), 175.7¢00); SnPh, 134.5 (C(3)), 130.4,
131.8, 136.5; SngHs, 137.6 (C(1)), 127.3, 132.8, 14319%Sn NMR
(CDCl): 6 (ppm)—72.3.

Synthesis of [2,6-Bis((dimethylamino)methyl)phenylldiphenyltin
Acetate (4). The procedure was similar to that used ®rThe
reaction of2 (0.50 g, 0.84 mmol) in CkCl, (10 mL) and CH-
COOAg (0.14 g, 0.84 mmol) resulted #h as a white powder.
Yield: 0.35 g (80%). Mp 8588 °C. Anal. Calcd for GgHz,N,0,-
Sn (mol wt 523.25): C, 59.68; H, 6.16. Found: C, 59.90; H, 6.05.
Monoisotopic mol wt: 524. Positive-ion ESI-MS1/z 465, [M —
CH3COOJ", 100%.H NMR (CDCL): ¢ (ppm) 1.98 (s, 12H,
NCHjg), 2.25 (s, 3H, CCH), 3.60 (s, 4H, CHN), 7.24 (d, 2H,
SnGHs), 7.40-7.50 (m, 7H, SnPh SnGHa), 7.81 (d, 4H, SnPA.
13C NMR (CDCE): ¢ (ppm) 45.3 (NCH3), 63.8 (GCH3), 64.5 CH,,
nJ(M9SnBC) = 27.7 Hz), 175.7CO0); SnPh, 134.6 (C(1), (1
Sn18C) = 572.9 Hz), 127.9, 128.6, 136.3; SgiG, 143.4 (C(1),
J(M9SnlsC) = 724.0 Hz), 128.2, 128.5, 146.5°Sn NMR
(CDCh): 6 (ppm)—229.1. IR (suspension in Nujoly,{CO) 1643
cm 1, vCO) 1456 cm?. IR (solution in CHC}): v,{CO) 1709
cm 1, v(CO) 1455 cm.

Synthesis of [2,6-Bis((dimethylamino)methyl)phenyl]diphenyltin
Diethyldithiocarbamate (5). The procedure was similar to that used
for 3. Reaction o (0.57 g, 0.96 mmol) and AGEN(C,Hs), (0.24
g, 0.96 mmol) resulted iB as a white solid. Yield: 0.49 g (83%).
Mp: 145-148 °C. Anal. Calcd for GgH3zgN3S,Sn (mol wt
612.47): C56.87; H, 6.42. Found: C,56.71; H, 6.53. Monoisotopic
mol wt: 613. Positive-ion ESI-MSm/z 465, [M — S,CN(CHs),]
100%.H NMR (CDClg): 6 (ppm) 1.30 (q, 6H, Ch), 2.15 (s,
12H, NCH;), 3.89 (s, 4H, CHN), 4.01 (t, 4H, CH), 7.14 (d, 2H,
SnGHs), 7.20-7.50 (m, 7H, SnPh SnGHa,), 7.80 (d, 4H, SnPj).
13C NMR (CDCk): 6 (ppm) 46.6 (NCH3), 47.6 (CHCH3), 63.1
(CH2CHg), 64.3 CHz, NJ(*1°Sn1C) = 32.9 Hz), 192.8CS;); SnPh,
134.7 (C(2)), 130.1, 131.1, 136.3; SrHs, 134.4 (C(1)), 127.6,
132.2, 143.9119Sn NMR (CDC}): o (ppm)—257.7. IR (suspension
in Nujol): v,dCS) 1270 cm?, v{CS) 850 cm?®. IR (solution in
CHCl3): v,{CS) 1260 cm?, »((CS) 840 cm?.

Synthesis of [2,6-Bis((dimethylamino)methyl)phenyl]dimethyitin
Chloride (8). A 1.6 M hexane solution oh-BuLi (1.6 mL, 5.8
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NMR (CDCl): 6 (ppm) 0.78 (t, 6H, C(4)k), 1.21 (m, 4H, CH),
1.25 (m, 4H, CH), 1.53 (t, 4H, CH), 1.88 (s, 3H, CCHh), 2.04 (s,
12H, NCH;), 3.46 (s, 4H, CHN), 6.91-7.05 (m, 3H, SngHs).
3C NMR (CDCk): ¢ (ppm) 23.0 (CH3), 44.9 (NCH3), 64.9
(NCHa, "J(119Sn3C) = 20.2 Hz), 175.5C00); SnBu, 18.1 (C(},
1J(*19Sn}13C) = 501.7 Hz), 13.6, 27.1, 28.2; S, 142.4 (C(1)),
127.3, 128.4, 145.31%5n NMR (CDC}): 6 (ppm)—103.2.

Synthesis of [2,6-Bis((dimethylamino)methyl)phenyl]dimethyltin

Acetate (10).The procedure was similar to that used3oReaction
of 8(0.52 g, 1.38 mmol) in CkCl, (10 mL) and CHCOOAg (0.23
g, 1,38 mmol) resulted in formation 40 as a white solid. Yield:
0.42 g (75%). Mp: 85-88°C. Anal. Calcd for GgH2gN20.Sn (mol
wt 399.10): C, 48.15; H, 7.07. Found: C, 48.39; H, 6.91.
Monoisotopic mol wt: 400. Positive-ion ESI-MS1/z 341, [M —
CH3COOQJ", 100%.'H NMR (CDCls): 6 (ppm) 0.61 (s, 6H, SnCH
2J(1°SnlH) = 68.5 Hz), 1.99 (s, 3H, CC#), 2.14 (s, 12H, NCHh),
3.60 (s, 4H, CHN), 7.03-7.27 (m, 3H, SngHz). 13C NMR
(CDCls): 6 (ppm) 0.98 (SEH3, 1J(*1°Sn*C) = 550 Hz), 22.8
(CCHg), 44.6 (NCH3), 64.6 (NCH, "J(*19Sn13C) = 24.4 Hz), 175.9
(COO0), SnGH3;, 142.6 (C(1)), 127.9, 127.3, 145.9°Sn NMR
(CDCl): ¢ (ppm)—105.1.

Crystallography Studies.Colorless crystals were obtained from
layering of n-hexane onto a dichloromethane solution of the
compound. The crystals of compounds8adnd10 were mounted
on glass fibers with epoxy cement and measured on a KappaCCD
four-circle diffractometer with CCD area detector by monochro-
matized Mo Ku radiation ¢ = 0.710 73 A) at 150(2) K. The
crystallographic details are summarized in Table 1, and empirical
absorption correctioddwere applied (multiscan from symmetry-
related measurements). The structures were solved by direct
methods (SIR9?) and refined by a full-matrix least-squares
procedure based d¥ (SHELXL97%%). Hydrogen atoms were fixed
into idealized positions (riding model) and assigned temperature
factors Uiso(H) = 1.2[Uc{pivot atom)]; for the methyl moiety a
multiple of 1.5 was chosen. The final difference maps displayed
no peaks of chemical significance. Crystallographic data for
structural analysis has been deposited with the Cambridge Crystal-
lographic Data Centre as CCDC Nos. 274080 and 274088 for
and 10, respectively. Copies of this information may be obtained
free of charge from The Director, CCDC, 12 Union Road,
Cambridge CB2 1EY, U.K. (fax,+44-1223-336033; e-mail,

mmol) was added dropwise to a stirred hexane (20 mL) solution deposit@ccdc.cam.ac.uk; web, http://www.ccdc.cam.ac.uk).

of 1,3-bis((dimethylamino)methyl)benzene (1.1 g, 5.8 mmol) and

the mixture was stirred for 24 h. The resulting solution was added

to a stirred benzene solution (20 mL) of paCh (1.3 g, 5.8
mmol). The reaction mixture was stirred for a further 48 h. The
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solid was filtered and washed with hexane (10 mL), and the filtrate Support.
was evaporated in vacuo. The residue was washed with pentane to

afford 8 as a white solid. Yield: 1.88 g (86%). Mp: 933 °C.
Anal. Calcd for G4H2sCIN,Sn (mol wt 375.51): C, 44.78; H, 6.71.
Found: C, 44.73; H, 6.69. Monoisotopic mol wt: 376. Positive-
ion ESI-MS: m/z 341, [M — CI]*, 100%.'H NMR (CDCl): o
(ppm) 0.83 (s, 6H, SNCHI2J(*1°Sn!H) = 65.9 Hz), 2.31 (s, 12H,
NCH;z), 3.76 (s, 4H, CHN), 7.10 (d, 2H, SngH3), 7.27 (t, 1H,
SnGH3). 13C NMR (CDCk): o (ppm) 1.1 (SEH3, 1J(*1°SnlsC)
= 516 Hz), 45.3 (NCH3), 64.6 (NCHp); SnGHs;, 141.0 (C(1)),
127.5, 129.7, 145.5195n NMR (CDCh): 6 (ppm) +14.5 (br s).
Synthesis of [2,6-Bis((dimethylamino)methyl)phenyl]dibutyltin
Acetate (9).The procedure was similar to that used 3oReaction
of 7 (0.49 g, 1.41 mmol) in CECl; (10 mL) and CHCOOAg (0.24
g, 1.41 mmol) resulted in formation 8fas an oily product. Yield:
0.41 g (80%); Anal. Calcd for £H4oN,0O,Sn (mol wt 483.27): C,
54.68; H, 8.34. Found: C, 54.88; H, 8.45. Monoisotopic mol wt:
484. Positive-ion ESI-MSm/z 425, [M — CH;COQJ*, 100%.H

Supporting Information Available: Figures giving the ESI
mass spectrum of partial disproportionation of compoénthe
1195n NMR spectra oft in CD,Cl; solution at various temperatures,
and a plot of InK vs 1/T for the equilibrium dissociation of, 9,
and 10 and CIF files giving further details of the structure
determination of compound@and10, including atomic coordinates,
anisotropic displacement parameters and geometric data.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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