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The reactions of intramolecularly coordinated organoantimony and organobismuth dihagieshL
and L?BiCl,, containing two types of O,C,O-pincer ligands 2,6-(RQfIH;~ (L1, R = Me; L2, R=
Bu), with silver salts of the weakly nucleophilic polar groups;86;~ (OTf) and CB;H1; (in 1:1 and
1:2 molar ratios) gave the following compoundsiSbCI(OTf) (1), L?BiCI(OTf) (2), L'Sb(OTf) (3),
L?Bi(OTf), (4), L'SbCI(CB1H1,) (5), L?BiCI(CB11H1») (6). All compounds were characterized structurally
by X-ray diffraction. In the solid state, compountts 3 have OTf groups covalently (although weakly)
bound to the central metal atom. In compouhane of the OTf groups is bound in a unidentate fashion
and the other in a weakly chelating fashion. Compoundsd6 exist as separated ion pairs consisting
of a [L'SbCI(THF)]" or [L?BIiCI] * cation and CBH1,~ anion. The donor oxygen atoms are coordinated
to the metal atoms through strong intramolecular interactions in all compounds. The solution structures
of all compounds were studied by the help of variable-temperatitdMR measurements.

Introduction

Various types of organometallic cations of both transition and

Also, organobismuth cations or at least strong Lewis acids (such
as Bi(OTf)) are widely used in organic synthesis.
In many cases, the successful formation of stable organome-

main-group metals constitute an interesting class of compoundstallic cations (as highly electrophilic species) requires the

from both structural and chemical points of view: for example,
the utilization of rare-earth-metal cations in many organic
transformations, the activity of Ti and Zr cations in the
polymerization of alkenedand the use of Al cations as catalysts
for polymerizations and ROP processesd Sn cations for
esterification, transesterification, and other organic reacfions.

presence of Lewis bases as electron donors in their structure.
The possibility of stabilizing metallic cations of the type
[MX]*-Dy (M = Sh, Bi, X = halide, D= various neutral
donors) was clearly demonstrated by several gréieferences
dealing with organometallic (Sb, Bi) cations are somewhat
scarce. Norman and co-workers reported several organoanti-
mony and organobismuth monocations of the typsMR D>
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Chart 1 Scheme 1. Synthesis of Studied Compounds
H,G Ag_()Tf) L!SbCI(OT
,CH, CH, CH,CI, (OTf) + AgCl
0 O CH,
LISbCl 2A0TE | ishoT
MX2 MXZ %) CH2 C12 ( f)2 + 2AgCl
o 0 AgCB, H,,
CH CH —————————> LISbCI(CB,,H,,) + AgCl
3 H,C 3 CH,C, ntiz g

CH,
LIMX, LMX, o’ o

M = Sb, Bi X=CLI

A method of choice for stabilization of organometallic cations L! L
uses the so-called C,Y-chelating or even a special class of
Y,C,Y-pincer ligands (Y= 2e donor atom, suchas N, P, O, S, O\ Y
etc.)8 The compounds [2-(M&ICH,)CsHa],M* (M = Sb, Bi) %/
represent rare examples of pnictogen cations stabilized by C,Y- AgOTf .
chelating ligand$. —1ar > LBiCIOTH) + AgCl
Recently, we have reported on the synthesis of organoanti-
mony and organobismuth compounds containing the O,C,O- o 2 AgOTf )
pincer ligands 2,6-(ROCHICsHs~ (L1, R = Me; L2, R = 'Bu) L*BiCl, THF L’Bi(0Tf), + 2AgCl
(Chart 1)19 We now turn our attention to stabilization of the
corresponding organometallic cations. We have recently pre- AgCB, H,,

pared a cationic organoantimony complex bearing two O,C,O- L2BiCI(CB,;H;;) + AgCl
pincer ligands (£),Sb* as a chemical intermediate in the

metathesis reaction betweefLiand SbC}.!! In the course of Molecular Structures of 1—6. The molecular structures of

our continuing investigations of main-group-metal derivatives 1—6 were determined by single-crystal X-ray diffraction and
of O,C,O-pincer ligands we report here the synthesis of are depicted in Figures—36. Selected bond lengths and bond
organoantimony and organobismuth compounds containing theangles are given in the corresponding figure captions.
weakly nucleophilic polar groups G80;™ (OTf) and CBiH12 -, The OTf group is coordinated to the central antimony atom
L'SbCI(OT) (1), L2BiCI(OTf) (2), L'Sb(OTf) (3), L?Bi(OTf)2 of 1 (Figure 1), but the bond length Sb@QP(5) = 2.672(11)
(4), L'SbCI(CBi1H1p) (5), and L*BiCI(CB11H12) (6), with the A'is considerably longer than the correspondig/(Sb,0)=
aim of obtaining and stabilizing the corresponding organome- 2 14 A3 (sufficiently shorter tharZ,qw(Sb,0) = 3.78 AL3),
tallic cations. indicating a rather weak interaction. Donor atoms O(1) and O(2)
of L1 are both strongly coordinated to the central metal atom
Results and Discussion (Sb(1y-0O(1) = 2.226(7) A, Sh(1}0(2) = 2.324(8) A). These
intramolecular interactions are considerably stronger than those
found in the parent 1SbCh (Sb(1}-0O(1) = 2.577(2) A and
Sb(1}-0(2) = 2.523(2) A)L0 reflecting an increased Lewis
acidity of the central antimony atom i Also, the bond angle
O(1)-Sb(1)-0(2) = 148.0(2) in 1 points to a different
coordination mode of the ligand compared to that #ShCh,
with O(1)—Sb(1)-0O(2) = 116.68(6}.1° Interestingly, both

ﬁ?ri;fo?ercﬁ%cr:%ﬂéi I%%;g djgg\g%%s::f) r;:;thoil:gznga:ga donor atoms of the ligand are bound to the antimony atom more
P tightly than the oxygen atom O(5) of the OTf group, as

satisfactory elemental analyses, and their identities were eStab_demonstrated by antimomoxvaen distances. This bondin
lished by ESI mass spectrometry. y moxygd ) 9

situation may be interpreted in terms of a transition between a
(8) For example: (a) Kag B.: Jambor, R. Dostal.; Rizicka, A. purely |on|c'compound and a ordinary covalent cpmplex (where
Cisaova, |.; Holetek, J.Organometallics2004 23, 5300. (b) Kaga, B.; the bond distance Sb@(5) should be approximately 2.14
Jambor, R.; DostaL.; Cisaova |.; Holetek, J.; Sibr, B. Organometallics ~ A13). Similar weak bonds were found in organoantimony(V)
2006 25, 5139. (c) van den Broeke, J.; Heeringa, J. J. H.; Chuchuryukin, ¢ itonates of the type RBb(ArSQ) (range of Sb-O bond
A.V.; Kooijman, H.; Mills, A. M.; Spek, A. L.; van Lenthe, J. H.; Ruttink, 14 . .
P. J. A.; Deelman, B. J.; van Koten, Grganometallic2004 23, 2287. lengths 2-4632-599 A)14 The chlorine atom CI(1) is bonded
(d) Dijkstra, H. P.; Chuchuryukin, A. V.; Suijkerbuijk, B. M. J. M.; van  to the central antimony atom through the regular covalent bond

Klink, G. P. M.; Mills, A. M.; Spek, A. L.; van Koten, GAdv. Synth. — —
Catal. 2002 344, 771. (e) Dani, P.; Toorneman, M. A. M.; van Klink, G. Sb(1)-Cl(1) = 2.400(3) A BeoSb,Cl)= 2.37 A). The overall

THF

Synthetic Aspects Compoundsl—6 were prepared in good
yields by reactions of the intramolecularly coordinated chlorides
LISbChb and L2BiCl,!° with the appropriate silver salts of polar
groups, according to Scheme 1. The utilization of two different
ligands ! and L2 for Sb and Bi compounds stems from the
fact that the use of the precursof3bCh in the reaction with

P. M.; van Koten, GOrganometallics200Q 19, 5287. (f) Vigalok, A.; geometry around the central atom can be described as a distorted
Shimon, L. J. W.; Milstein, DJ. Am. Chem. Sod.998 120, 477.
(9) Carmalt, C. J.; Walsh, D.; Cowley, A. H.; Norman, N. Grgano- (13) Spek, A. L. PLATON, A Multipurpose Crystallographic Tool;
metallics1997, 16, 3597. Utrecht University, Utrecht, The Netherlands, 2005 (available at http://
(10) Dost# L.; Cisdaiova I.; Jambor, R.; Rkicka, A.; Jirsko, R.; www.cryst.chem.uu.nl/platon/).
Holetek, J.Organometallic2006 25, 4366. (14) (a) Sharutin, V. V.; Sharutina, O. K.; Pakusina, A. P.; Platanova,
(11) Dost# L.; Jambor, R.; Riacka, A.; Csdiova |.; Jirasko, R.; T. P.; Gerasimenko, A. V.; Bukvetskii, B. V.; Pushilin, M. &oord. Chem.
Holetek, J.J. Organomet. Chen2007, 692, 2350. 2004 30, 15. (b) Ruther, R.; Huber, F.; Preut, Angew. Chem., Int. Ed.

(12) (a) Dostl L. Unpublished results. Similar cleavage of ethereal bonds Engl. 1987 26, 906. (c) Sharutin, V. V.; Sharutina, O.K.; Panova, L. P;
was observed for phosphorus analogues; see: (b) Yoshifuji, M.; Nakazawa, Bel'sky, V. K. Russ. J. Gen. Chemt997, 67, 1531. (d) Sharutin, V. V.;
M.; Sato, T.; Toyota, KTetrahedror200Q 56, 43. (c) Toyota, K.; Kawasaki, Sharutina, O. K.; Tarasova, T. A.; Kovaleva, T. A.; Bel'sky, V.Russ. J.
S.; Yoshifuji, M. Tetrahedron Lett2002 43, 7953. Gen. Chem200Q 70, 1311.
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Figure 1. ORTEP plot of molecules df showing 20% probability
displacement ellipsoids and the atom-numbering scheme (symmetry
code (a): —x, ¥> +y, ¥, — 2). Hydrogen atoms were omitted for ~ Figure 2. ORTEP plot of molecules & showing 50% probability

clarity. Selected bond lengths (A) and angles (deg): SbQI)L) displacement ellipsoids and the atom-numbering scheme (symmetry
= 2.226(7), Sb(1)0O(2) = 2.324(8), Sh(1:yC(1) = 2.093(8), Sb- code (a): —x, =Yy, —2). Hydrogen atoms were omitted for clarity.
(1)—CI(1) = 2.400(3), Sb(1yO(5) = 2.672(11), Sb(1a)O(3) = Selected bond lengths (A) and angles (deg): BHQ)1)= 2.363-
3.398(14); O(1)Sh(1)}-0(2) = 148.0(2), O(5y-Sh(1)-CI(1) = (7), Bi(1)—0(2) = 2.406(6), Bi(1)-C(1) = 2.202(10), Bi(1)-ClI-
168.1(2). (1) = 2.546(2), Bi(1)-O(3) = 2.609(8), Bi(1a)}-Cl(1) = 3.707(3);

O(1)-Bi(1)—0(2) = 145.3(2), O(3)-Bi(1)—CI(1) = 167.13(17).
square pyrami® with the carbon atom C(1) in the axial position
and atoms CI(1), O(1), O(2), and O(5) forming the basal plane
(the sum of angles describing the S§Dgirdle is 354). Both
polar groups are placed in mutually trans positions in the basal
plane with the angle O(5)Sb(1)-ClI(1) = 168.1(2). Closer
inspection of the structure dfrevealed a weak intermolecular
contact of O(3) of the OTf group with the antimony atom of
the adjacent molecule (Sb(tap(3) = 3.398(14)). This results
in the formation of weakly bound dimeric units formed via
unsymmetrical OTf bridges and the unusual eight-membered-
ring system SEO,4S, (Figure 1). The OTf group il seems to
be a rare example of triflate bridging two antimony atds.

The bismuth congene2 also forms a molecular complex
(Figure 2) with the covalently bonded OTf group, although the
Bi(1)—O(3) bond length of 2.609(8) A again implies that the
Bi—OTf bond is rather wealk,(Bi,O) = 2.19 A;ZvdW(Bi,O)

F16

014

Fi1
= 3.86 A!3). Both oxygen donor atoms O(1) and O(2) of L @ 015
are strongly coordinated to the central atom with distances Bi-

(1)-0(1) = 2.363(7) A and Bi(13-0(2) = 2.406(6) A. These m@ ci ?@
values are comparable to those of the pareiiCl,.1° Both Fi2

QOnor atoms of the ligand are bound to the bismuth atom more Figure 3. ORTEP plot of a molecule & showing 50% probability
tightly than oxygen O(3) of the OTf group, thus closely displacement ellipsoids and the atom-numbering scheme. Hydrogen
resembling the bonding situation th The overall geometry  atoms were omitted for clarity. Two independent molecules are
around the central atom can be described as a distorted squargresent in the crystal structure &fSelected bond lengths (&) and
pyramid® with the carbon atom C(1) in the axial position and angles (deg) are as follows. Molecule A: Sb{D(11) = 2.234-
atoms Cl(1), O(1), O(2), and O(3) forming the basal plane (the (3). Sb(1)-O(12) = 2.246(4), Sb(1)C(11) = 2.083(4), Sb(L)
sum of angles describing the BjCl girdle is 356). Both polar O(13)=2.277(4), Sb(1yO(16)= 2.311(4); O(11)-Sb(1)-0O(12)
. s . : = 149.64(11), O(13)Sb(1)-0O(16)= 168.02(12). Molecule B: Sh-
groups are coordinated in this plane in nearly ideal trans - - >
" . ) ! (2)—0(21)= 2.297(3), Sb(2y0O(22) = 2.194(4), Sb(2yC(21)=

positions, WIFh Cl(13Bi(1)—0(3) = 167.13(177. The molec- 2.091(4), Sh(2y0(23) = 2.193(3), Sh(2}0(26) = 2.368(4);
ular packing is further affected by a weak intermolecular contact 521)-Sh(2)-0(22) = 149.48(11), O(23}Sh(2)-0(26) =
of the chlorine atom with the bismuth atom from the second 165.72(14).
molecule, CI(1)-Bi(1a)= 3.707(3) A, resulting in dimeric units
similar to those found in the parent?BiCl, (Figure 2)° the solid state. In the case @fthe OTf group is the bridge
Interestingly, bothl and 2 form weakly connected dimers in  between two antimony atoms, but the chlorine atom can be
found in a bridging position ir2.

(15) This structure also can be described gs@ctahedron, if the lone Two symmetrically independent molecules#fire present
pair of the central metal is included in the overall geometry. This lone pair ; : [P : : : :
is then located in a position trans to the ipso carbon of the ligaAds L in the unit cell, dlffe”ng_ mainly in the orientation OT the OTf

(16) For other bridging OTf groups at Sb see: (a) Burchard, A; Mmolecules toward the ligand due to the free rotation of OTf
(Kslinkhal\r1/|1merérlj.-V\ll.;glégng,lG&éaug;eLr, M.; FéihmklA.&hSchmidt, ﬁai\?v along the Sb-O bond. Only one of these molecules is shown

roup et. em , . ang, G.; InkKnammer, K.-W.; i i
Schiecht, T.; Schmidt, AZ. Anorg. Allg. Chem1998 624 2007. () " Figure 3. All OTf polar groups are bound covalently to the
Mazitres, S.; Le Roux, Ch.; Peyronnneau, M.; Gomnitzka, H.; Roques, N. Central antimony atom in compour#(Sb—O bond distances
Eur. J. Inorg. Chem2004 2823. are within the range 2.193(32.368(4) A). As a result of the
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cl4

Figure 4. ORTEP plot of molecules af showing 50% probability ci2
displacement ellipsoids and the atom-numbering scheme (symmetryrigure 5. ORTEP plot of a molecule d showing 50% probability
code (a): —x, —y, —2). Hydrogen atoms and the solvent &, displacement ellipsoids and the atom-numbering scheme. Hydrogen

molecule were omitted for clarity. Selected bond lengths (/-\_) and atoms were omitted for clarity. Selected bond lengths (A) and
angles (deg): Bi(1yO(1)= 2.389(7), Bi(1)-O(2) = 2.393(6), Bi- angles (deg): Sb(BO(1) = 2.305(3), Sh(1}0O(2) = 2.238(4),

(1)—C(1) = 2.158(9), Bi(1)-O(3) = 2.628(7), Bi(1)-O(4) = Sh(1)-C(1) = 2.091(5), Sb(1)}CI(1) = 2.3945(15), Sh(£}O(3)
2._703(9), Bi(1)-0(6)= 2.377(7)_, Bi(1a)-O(8) = 3.295(8); O(l)_— = 2.576(4); O(1)¥Sh(1)-0(2) = 148.87(15), O(3) Sb(1)-CI(1)
Bi(1)~O(2) = 141.3(2), O(3)Bi(1)~O(6) = 149.6(2), O} Bi-  — 171.56(11).

(1)-0(6) = 157.8(2), O(3}-Bi(1)—O(4) = 56.2(2).

increased Lewis acidity (electrophilicity) of the antimony atom, bridges between two bismuth atoms has been discovered
both OTf groups are coordinated more tightlygim comparison  "ecently by other groups. _ .

to 1. Also, the donor oxygen atoms ofllare strongly It is apparent that use of polar triflate groups in compounds
coordinateél to the central atom (range of-Sh(ligand) bond 1-4did not lead to an ionization of these complexes, although

L in these cases OTf groups are bound rather weakly. The even
lengths 2.194(3)2.297 A). The coordination polyhedron can e _ :
more weakly coordinatin cluster aniof® was found
be described as a distorted square pyramidth the ligand y g Cfth,

; s . - to be effective for the stabilization of the corresponding
ipso carbon atom C(11) in the axial position and the basal pla”eorganoantimony and organobismuth cations.

being formed by the central antimony atom and four oxygen  Compounds had only limited solubility in noncoordinating
atoms (two originating from OTf groups and two frortthe solvents. Thus, suitable single crystalsafould be grown only
sum of angles describing the Sh@rdle is 354). Both donor from THF and, as a result, a THF solvate was isolated (Figure
atoms and OTf groups are placed in mutually trans positions 5). Compound5 consists of the well-separated ion pair
with the bond angles O(13)Sb(1)}-0(12) = 149.64(11j and [LISbCI(THF)I"CByiH12 . In the cation, both donor atoms of
O(13)-Sb(1)-0(16)= 168.02(12) for the molecule A. There L' are strongly coordinated to the central antimony atom with

are weak C-H--O(OTf) intermolecular contacts stabilizing the ~20nd distances Sb()0(1) = 2.305(3) A and Sb(HO(2) =
OTf positions in the crystal. 2.238(4) A. The chlorine atom CI(1) is bound to the central Sb

atom by a regular covalent bond: Sb{IJI(1) = 2.3945(15)
Similar to some structural differences found in the solid-state A. The polyhedron of the central Sb atom is completed by the

structures ofl and 2, the organobismuth compountl also coordinated THF molecule with bond distance Sb(@)1) =

displayed a significantly different coordination mode of OTf 2.576(4) A. This value is comparable to those in other-Sb

moiety is coordinated to the central bismuth atom in a unidentate POSIion ne_arly ideally trans to CI(1), with the angle O{3b-

fashion through the relatively strong covalent bond BH®)6) (1_)_C|(1) - 171'56(117.' The polyhedron afo“'_”d Sb(l_)_|s a

_ . . . distorted square pyramid with C(1) ot in the apical position

= 2.377(7) A, while the second OTf group is bound to the Bi- (the sum of angles describing SO girdle is 357)

(1) atom only weakly, interestingly in a bidentate fashion with '

distances Bi(1)}O(3) = 2.628(7) A and Bi(1)-O(4) = 2.703- (17) For other bridging OTf groups at Bi see: (a) Sharutin, V. V.;

9) A. This bidentate OTf group represents a rare example of Sharutina, O. K.; Zhitkevich, M. V.; Kharsika, A. N.; Bliznyuk, T. N.;
Pakusina, A. P.; Bel'sky, V. KRuss. J. Gen. Chen200Q 70, 923. (b)

this bonding sitl_Jatic_)n in bismuth chemist_ry; _asimilar situat_ion Sharutin, V. V.: Sharutina, O. K.; Paviushkina, I. I.; Egorova, I. V.:

was found only in BiCI(OTf).16¢ The coordination mode of this  Krivolapov, D. V.; Gubaidullin, A. T_; Litvinov, I. ARuss. J. Gen. Chem.
; 2001, 71, 87. (c) Sharutin, V. V.; Egorova, I. V.; Sharutina, O. K.;

oTf group can be understggd in the same r,narmer as éowd Dorofeeva, O.A.; Ivanenko, T. K.; Gerasimenko, A. V.; Pushilin, M. A.

2 as an example of a transition between an ionic and a covalentcoord. Chem2004 30, 925.

complex. Both donor atoms oflare again strongly coordinated R (1%5?1%)%6‘?2[)(')% S&iiK(i)"mf,SSt-: Schrelkéer,g..l; g/llggln,mahﬁm.

. . _ . e. . ato, 1I.; oyanov, E.; Geler, J.; acner,
to the bismuth atom (Bi()O(1) = 2.389(7) A and Bi(1)- H.: Reed, C. AJ. Am. Chem. So2004 126, 12451. (c) Kato, T.; Reed,

0O(2)=2.393(6) A). The resulting geometry around the bismuth C. A. Angew. Chem., Int. ER2004 43, 2908. (d) Xie, Z.; Manning, J.;
: ; ; Reed, R. W.; Mathur, R.; Boyd, P. D. W.; Benesi, A.; Reed, CIAAM.
atom can be described as a pentagonal pyramid with the C(1)cpcr 'Sod96 118 2932, (e) Zharov, I.- King, B. T.. Havias, .- Pardi,
atom in an apical position and five oxygen atoms in the basal A.; Michl, J.J. Am. Chem. So200Q 122, 10253. (f) Zharov, I.; Weng, T.
plane (the sum of angles describing Slmrdle is 363). This C.; Orendt, A. M.; Barich, D. H.; Penner-Hahn, J.; Havlas, Z.; Michll.J.

. . . . Am. Chem. So@004 126, 12033. Ingleson, M. J.; Clarke, A.; Mahon,
coordination polyhedron is further affected by weak intermo- . r.: Rourke, J. pli W‘énen A é?%eng Commur2003 1930.

lecular contacts mediated by unsymmetrical bridges formed by 20(()196)5?) ;ngﬁeé, I\Ifl Jl?h;s?(?], B. P-’:\leheF?g,MATgrgA- ﬁ”gHChem-T

. : . . . U, L.; Zaknharov, N. L.; eingola, A. L.; Hanna, |.
OTf groups (Bi(1a)-O(8) = 3.295(8) A)’ leading to dimeric A. CQhem§ Comm(urz?oozl 1472. (c) Tanski, J. M.; K(glly, B. V.; Parkin,.G
units as in the case daf The presence of even stronger sulfonate Dalton Trans.2005 2442.
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It means that at ambient temperature (300 K) both OTf groups
most probably undergo fast unidentatédentate conversion,
which is slowed down with a decrease in temperature.

Compoundbs is nearly insoluble in aromatic and chlorinated
solvents; thus, VTIH NMR spectra were recorded in THig-
Interestingly,'H NMR spectra revealed only one set of relatively
sharp signals for B,0 and OC3 in the whole temperature
range studied (300170 K). This situation does not correspond
to an unsymmetrically substituted metal center, which should
result in observation of an AX pattern for the protons of the
CH0 group. A plausible explanation can be found in the solvent
used. The THF molecule can easily coordinate to the central
antimony atom (as was shown in the solid state; Figure 5). The
sufficiently fast dynamic process of coordinatietiecoordina-
tion of THF can hamper observation of any splitting of signals
of the CH,O group, which was readily observed in the bismuth
analogue (vide infra).

VT 1H NMR spectra of recorded in CDGlrevealed already

Figure 6. ORTEP plot of a molecule & showing 50% probability at 300 K an AX pattern (5.60 and 5.44 ppm) for thel@;

displacement ellipsoids and the atom-numbering scheme. HydrogengrOUp’2 V‘,’h'CT IS 'r.“’a”"?‘b'? t0.215 K, reflecting the presence of
atoms and the solvent GBI, molecule were omitted for clarity. the [L?BiCI]* cation similar in structure to that found in the

Selected bond lengths (A) and angles (deg): Bi@)1)= 2.410- solid state (Figure 6). To demonstrate the ability of this ca_tion
(5), Bi(1)—0(2) = 2.393(5), Bi(1)-C(1) = 2.175(7), Bi(1)}-Cl(1) to coordinate a THF molecule and to obtain proof for coordina-
= 2.4931(18); O(1)Bi(1)—0(2) = 145.24(16), C(1)yBi(1)—Cl- tion of THF by compound, aH NMR experiment involving
(1) = 94.1(2). addition of THF to a CDQ solution of 6 was performediH
. o . NMR spectra ob revealed only one signal for theH30 group

The organobismuth compoudilso is ionic in the solid state  ;hon addition of THF at 300 K, which is in direct contrast to
(Figure 6). In contrast to the case farthe cation [EBICI] * of the experiment carried out in pure CRCThis means that THF
6 is solvent free (single crystals were obtained from CHCI  ojecules start to coordinate to the bismuth center at this
solutllon). The oxygen donor atoms are strongly coordinated to temperature, similar to the case for compo@nelow 230 K,
the bismuth atom with bond lengths Bi1{(1) = 2.410(5) A the signal of the 8,0 group is again observed as an AX pattern
and Bi(1)-O(2) = 2.393(5) A. The overall geometry is distorted (5 54 and 5.39 ppm), indicating that THF coordination is
y-trigonal bipyramidal with both oxygen donor atoms in axial = gfficiently slowed down to resolve the presence of the
positions (bond angle O(Bi(1)—0(2) = 145.24(19)13'm'|?r unsymmetric cation. All these findings prove the predicted
to the organobismuth cation [2-(MeCH;)CeHa]2Bi™, contain- solution structure 06 and also show a significant tendency of
ing two N,C-chelating ligand$The significant deviation from 5 3046 to act as strong Lewis acids. The ionic nature of both
an ideahy-trigonal-bipyramidal environment is the value of the 5 5146 in solution was also corroborated BB NMR spectra
angle formed by oxygen donor atoms in axial positions, which here three well-resolved resonances in a 1:5:5 ratie-§a10,
can be ascribed to ligand rigidity. —11.39, and—14.26 ppm for5 and —12.03, —17.16, and

Solution Structures of 1-6. The structures of all compounds  _1g8 98 ppm for6) were observed, the typical pattern for the
in solution were studied with the help of variable-temperature fee Cg,H;,~ anion2°

(VT) 'H NMR measurements.
IH NMR spectra revealed one set of sharp signals for both E . tal Secti
CH,0 and O3 (1) or OC(CH3)3 (2) groups for compounds Xpenmental section

and2 at 300 K. The signal appropriate td-4gO groups is split General Procedures All air- and moisture-sensitive manipula-
into an AB pattern at 5.26 and 5.21 ppm below 230 K (CCI  tions were carried out under an argon atmosphere using standard
reflecting unsymmetrical substitution at the antimony atom in Schlenk tube techniques. All solvents were dried by standard
1 (resembling that found in the solid state). On the other hand, procedures and distilled prior to use. The reaction flasks were
all signals in the'H NMR spectrum of2 remained unchanged  protected against daylight by an aluminum foil coveri#d, 13C,

c4

in the whole temperature range studied (3200 K, THFdg; and "B NMR spectra were recorded on Bruker AMX360 and

2 was almost insoluble in CDg)| although considerable;O Bruker500 Avance spectrometers, respectively, using 5 mm tunable
signal line broadening was observed below 190 K, most broad-band probes. Appropriate chemical shiftHrand**C NMR
probably indicating fluxional behavior d in THF solution spectra were calibrated on the residual signals of the solvents
similar to the case fob (vide infra). (CDCls, 6(*H) 7.27 ppm and)(*3C) 77.23 ppm; THFdg, o(*H)

The H NMR spectra of compound revealed only one set ~ 3.58, 1.73 ppm and(**C) 67.57, 25.37 ppm):'B NMR spectra
of sharp signals for 8,0 and O3 in the whole temperature ~ @ré related to the external standards®FEt (0.00 ppm). The
range studied (306215 K, CDCh), indicating a rigid and positive-ion and negative-ion electrospray ionization (ESI) mass
symmetrical structure oB, similar to that found for this spectre_lwere measured on an Es_quire 3000 ion trap analyzer (Bruker
derivative in the solid state (square pyramidal, with trans Daltonics, Bremen, Germany) in the rangéz 50-1000. The
unidentate OTf groups). Its bismuth congenatisplayed one samples were dissolved in acetonitrile and analyzed by direct
set of sharp signals for}éo and OC(G3); groups intH NMR infusion at a flow rate of 5L/min. The ion source temperature
at 300 K (CDC3), which 2in the case ofatﬁe 5,0 groups split was 300°C, the tuning parameter compound stability was 100%,
into an AX pattern at 5.60 and 5.40 ppm at 215 K. This finding (20) (a) Knoth, W. HJ. Am. Chem. S0d967, 89, 1274, (b) Knoth, W.

proves nonequivalently bound OTf groups (unidentate and y inorg. Chem.1971 10, 598. (c) Plésk, J.; Jéhek, T.; Drrikova E.;
bidentate) as established féin the solid state (see Figure 4).  Hemmanek, S.; Sibr, B. Collect. Czech. Chem. Commui984 49, 1559.
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Table 1. Crystallographic Data for 1—6
1 2 3 4 5 6
empirical formula C1:1H13C|05- C17H25C|O5- C12H 1308' C13H2503FesBi‘ C15H33811- C34H74BzzBi2-
F3SSb F3SBi FeS:Sb CHxCl; Os3Sb Cl204:CHCl>
cryst syst monoclinic monoclinic triclinic triclinic monoclinic monoclinic
space group P2,/c P2i/c P1 P1 P2,/c C2lc
a(A) 11.7660(8) 12.7860(12) 12.2330(6) 10.3090(4) 15.2900(13) 19.8923(10)
b (A) 7.9810(6) 15.0940(14) 12.2920(6) 12.5560(9) 11.3730(8) 12.9688(17)
c(R) 17.7740(9) 11.5140(11) 13.9810(5) 13.5140(8) 16.1530(9) 22.106(3)
o (deg) 90 90 68.775(3) 97.763(5) 90 0
p (deg) 90.837(5) 101.349(6) 81.296(3) 111.887(4) 117.880(6) 100.261(8)
y (deg) 90 90 87.817(2) 114.022(5) 90 0
z 4 4 4 2 4 4
u (mm) 1.985 8.361 1.735 6.595 1.235 7.168
Dexpt (Mg m=3) 1.876 1.960 2.007 1.860 1.451 1.725
cryst size (mm) 0.44 0.24 x 0.36x 0.23x 0.25x 0.2 x 0.32x 0.24x 0.26x 0.26 x 0.25x 0.25x
0.11 0.1 0.18 0.1 0.04 0.19
6 range (deg) +27.5 1275 1-275 1-27.5 1-27.5 1-27.5
Trin, Tmax 0.597,0.814 0.287,0.644 0.770,0.816 0.289,0.596 e 0.086, 0.274
no. of rflns measd 22399 38676 26 232 21490 39 085 36 169
no. of unique rflnsRin 3783, 0.031 5004, 0.074 8712, 0.043 6393, 0.074 5699, 0.071 6274,0.031
no. of obsd rflns (> 2a(1)) 2813 3709 6569 5081 3478 5249
no. of params 200 253 527 343 280 303
wa/w,° 0.1060/9.0627 0.0175/30.7613 0.0483/1.8792 0.0868/0 0.0344/11.9694 0.0722/71.0868
S (all data) 1.099 1.135 1.051 1.094 1.047 1.125
final Réindices ( > 20(1)) 0.068 0.054 0.042 0.051 0.054 0.049
wR2 indices (all data) 0.209 0.115 0.105 0.141 0.102 0.144
max, minAp (e A-3) 2.085,—2.315 2.352;-1.718 0.989;-0.875 4.553;-4.312 0.714;-0.807 3.871;-2.533

2Rt = Y|Fo? — Fomeadl/Y Fo2 P Weighting schemew = [04(Fo?) + (WiP)2 + woP] 1, whereP = [max(Fo?) + 2FZ. ¢ S= [ (W(Fo?2 — Fc?)?)/(Naifrs
— Nparamd] 2 4 R(F) = Y [IFo| — IFl|/Z|Fol; WR(F?) = [Y(W(F2 — FA/(ZW(Fe?)A)]*2. € Corrected by SADABS Tmin/ Tmax = 0.7898).

and the flow rate and the pressure of nitrogen were 4 L/min and 31.85; H, 4.01. Positive-ion MSm/z 493 [M — CRSGO;] ™, 100%;
10 psi, respectively. m/z437 [M — CRSGO; — butenef; m/iz401 [M — CRSGO; — butene

The basic mechanism of the ion formation is the cleavage of — HCI]*; m/z 381 [M — CF;SO; — 2*butenel; m/z 345 [M —
the most labile bond in the molecules, yielding two complementary CRSO; — 2*butene — HCI]™. Negative-ion MS: m/z 149
ions, where the cationic part (for example, [M OTf]*) of the [CF:SGs] -, 100%."H NMR (500 MHz, THFdg): 6 1.53 (18H, s,
molecule is measured in the positive-ion mode and the anionic part(CH3)sCO), 5.29 (4H, s, O8,), 7.44 (1H, t, ArH4), 7.85 (2H, d,
(for example, [OTff) is measured in the negative-ion mode of Ar H3,5).13C NMR (125.76 MHz, CDQ): 6 28.7 (s, CH3)3CO),
electrospray. Further, the typical neutral losses of hydrogen chloride, 72.5 (s, GCH>), 83.9 (s,CO), 121.5 (q,CFs, J(*°F13C) = 319
butene, formaldehyde, and methanol confirming the presence ofHz), 127.4 (s, ArC3,5), 129.6 (s, AIC4), 152.6 (s, ArC2,6), Ar

substituents in the molecule are observed in the spectra.
The starting compounds AgSOF; (99%) and [MgNH]*-

C1 not found.
Synthesis of 2,6-(MeOCH),CeH3Sb(CFR:SOs); (3). The pro-

[CB1H1j]~ were obtained from commercial suppliers and  cedure was analogous to that usedifolCF:SOsAg (157 mg, 0.62

used as delivered. The compounds*fgB,;H1,~ %t and 2,6-
(MEOCHZ)2C6H38be and 2,6-(BUOCHz)2C6H3BiC|210 were pre-

mmol); 2,6-(MeCH),CsH3SbC} (109 mg, 0.31 mmol) in CkCl,
(30 mL). Yield: 157 mg (88%). Mp: 204206°C dec. Anal. Calcd

pared according to literature procedures.

) for CioH13SbR0sS, (mol wt 585.10): C, 24.63; H, 2.24. Found:
Synthesis of 2,6-(MeOCH),CeH3SbCI(CF3S0;5) (1). CRSOs-

_ C, 24.49; H, 2.38. Positive-ion MSm/z 453 [M — CRSG0; +
Ag (72 mg, 0.28 mmol) was added to a solution of 2,6- H,0]*, 100%;m/z 435 [M — CF:SOs]*; mz 421 [M — CFsSO; +
(MeOCH,);,CeH3SbCh (100 mg, 0.28 mmol) in CkCl, (30 mL) H,0O — CH3OH]*, miz 321 [LSbOH-+ H,O]*. Negative-ion MS:
in a Schlenk flask protected against light by aluminum foil. The vz 149 [CRSO;]~, 100%.H NMR (500 MHz, CDC}): 6 4.19
reaction mixture was stirred overnight, and then AgCl was filtered (gH s, @4;0), 5.30 (4H, s, OBl,), 7.37 (2H, d, ArH3,5), 7.57
and the filtrate was evaporated in vacuo to dryness, providing white (114t ArH4).13C NMR (125.76 MHz, CDGJ): 6 62.6 (S,CHz0),
crystals of the product. The crude product was washed twice with 7g g (s, GCH,), 119.4 (q,CFs, LI(19F,13C) = 317 Hz), 123.1 (s, Ar

hexane (5 mL) and dried in vacuo. Yield: 117 mg (89%). Mp: C3,5), 132.2 (s, AIC4), 142.6 (s, ArC2,6), 150.5 (ArC1).

135-138°C. Anal. Calcd for G;H13SbCIROsS (mol wt 471.49):
C, 28.02; H, 2.78. Found: C, 27.88; H, 2.67. Positive-ion Mz
473 [M + H]; mz321 [M — OTf]*, 100%;m/z 291 [M — OTf
— HCOHJ*; m/z261 [M — OTf — 2*HCOH]*. Negative-ion MS:
m/z 149 [OTf]~, 100%.'H NMR (500 MHz, CDC}): 9 4.06 (6H,
s, (H30), 5.22 (4H, s, O8l,), 7.32 (2H, d, ArH3,5), 7.51 (1H, t,
Ar H4). 3C NMR (125.76 MHz, CDGJ): 6 61.9 (s,CH30), 78.4
(s, OCHy), 119.4 (q,CFs, WJ(*°F,5°C) = 318 Hz), 123.0 (s, AC3,5),
131.5 (s, ArC4), 142.2 (s, ArC2,6), 150.3 (ArC1).

Synthesis of 2,648uOCH),CsH3BICI(CF 3SOs) (2). The pro-
cedure was analogous to that usedforCRSO:Ag (51 mg, 0.20
mmol); 2,6-{BUuOCH,),CsH3BICl, (105 mg, 0.20 mmol) in THF
(30 mL). Yield: 99 mg (94%). Mp 145148°C. Anal. Calcd for
C17H25BiCIF30sS (mol wt 642.88): C, 31.76; H, 3.92. Found: C,

(21) Shelly, K.; Finster, D. C.; Lee, Y. J.; Sheidt, W. R.; Reed, CJA.
Am. Chem. Sod 985 107, 5955.

Synthesis of 2,648uOCH,),Ce¢H3Bi(CF3S0s), (4). The pro-
cedure was analogous to that usedforCFRSO;Ag (90 mg, 0.35
mmol); 2,6-(BuOCH,),CsH3BICl, (93 mg, 0,175 mmol) in THF
(30 mL). Yield: 119 mg (90%). Mp>290°C dec. Anal. Calcd for
C18H25BiFs0sS, (mol wt 756.49): C, 28.58; H, 3.33. Found: C,
28.70; H, 3.46. Positive-ion MSm/z 607 [M — CFRSGs)t; m/z
551 [M — CR;SO; — butene}; mz 401 [M — CRSO; — CFRs-
SO:H — butenef; m/iz 345 [M — CRSO; — CRSO:H —
2*butene]. Negative-ion MS:m/z 149 [CRSO;]~, 100%.1H NMR
(500 MHz, CDC}): 6 1.69 (18H, s, (€3);CO), 5.49 (4H, s,
OCH,), 7.61 (1H, t, ArH4), 7.99 (2H, d, ArH3,5). 13C NMR
(125.76 MHz, CDCJ): 6 28.6 (s, CH3)3sCO), 73.2 (s, @H,), 84.7
(s,CO), 119.6 (q.CF3, W(*°F°C) = 319 Hz), 126.5 (s, AC3,5),
130.5 (s, ArC4), 152.3 (s, ArC2,6), Ar C1 not found.

Synthesis of 2,6-(MeOCH),CsH3SbCI(CB1iH15) (5). The
procedure was analogous to that usedforCB;;H;,Ag (73 mg,
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0.29 mmol); 2,6-(MeChk),CsH3SbC} (105 mg, 0.29 mmol) in CH
Cl, (30 mL). Yield: 122 mg (89%). Mp: 186184°C. Anal. Calcd
for C11H25SbB;;0,Cl (mol wt 465.44): C, 28.39; H, 5.41. Found:
C, 28.09; H, 5.32. Positive-ion MSm/z 321 [M — CByiH19 ™,
100%. Negative-ion MS:mVz 145 [CB;H15]~, 100%.H NMR
(500 MHz, THF4dg): 6 4.07 (6H, s, €130), 5.38 (4H, s, OB,),
7.42 (2H, d, ArH3,5), 7.55 (1H, t, AH4).13C NMR (125.76 MHz,
THF-dg): 6 51.8 (bs, CB), 62.1 (£H30), 78.6 (s, @H,), 124.4
(s, ArC3,5), 132.2 (s, AIC4), 144.1 (s, ArC2,6), 150.9 (ArC1).
1B NMR (115.54 MHz, THFdg): 6 —5.10 (bs),—11.39 (bs),
—14.26 (bs). IR (CHG): »(B—H) 2557 cntl. IR (Nujol):
v(B—H) 2542 cmt,

Synthesis of 2,64BuOCH,),CsH3BICI(CB 11H1,) (6). The pro-
cedure was analogous to that usedioiCB,;H;,Ag (41 mg, 0.17
mmol); 2,6-BuOCH,),CeH3BICl, (87 mg, 0.17 mmol) in THF (30
mL) Yield: 97 mg (92%). Mp: 130C dec. Anal. Calcd for GHs~
BiB1:CIO, (mol wt 636.84): C, 32.06; H, 5.86. Found: C, 32.20;
H, 5.99. Positive-ion MS:mV/z 493 [M — CBy;H15 ", 100%;nvVz
437 [M — CByHypp, — buteneT; m/z 381 [M — CByHyp —
2*butenef; m/'z 345 [M — CBy;H;2 — 2*butene— HCI]*. Negative-
ion MS: mvz 145 [CBjHjj~, 100%. *H NMR (500 MHz,
CDCly): 6 1.69 (18H, s, (€i3);CO), 5.60 and 5.44 (4H, AX pattern,
OCH,), 7.65 (1H, t, ArH4), 8.00 (2H, d, ArH3,5). 13C NMR
(125.76 MHz, CDCJ): ¢ 28.8 (s, CH3)3sCO), 53.1 (s br, CB), 72.7
(s, OCH,), 86.3 (s,CO), 127.0 (s, AIC3,5), 130.8 (s, AC4), 151.9
(s, Ar C2,6), Ar C1 not found.*B NMR (115.54 MHz, CDGCJ):

0 —12.03 (s br)—17.16 (s br),—18.98 (s br). IR (CHG): »(B—
H) 2555 cnt. IR (Nujol): »(B—H) 2550 cnt™.

X-ray Crystallographic Study. The details of the crystal
structure determination and refinement for compouhd$ are
given in Table 1. Suitable single crystalslof6 were mounted on
glass fibers with oil and measured on a KappaCCD four-circle
diffractometer with CCD area detector by monochromated Mo K
radiation ¢ = 0.710 73 A) at 150(1) K. Numeric®l absorption
corrections from crystal shape were applied for crystal ahd
6, multiscai® absorption corrections were applied for3, and4,

(22) Coppens, P. I€rystallographic ComputingAhmed, F. R., Hall,
S. R., Huber, C. P., Eds.; Munksgaard: Copenhagen, 1970; pp2Z&5b

Organometallics, Vol. 26, No. 11, 208917

and SADABS* correction was applied fds. The structures were
solved by direct methods (SIR%2and refined by full-matrix least-
squares procedures basedFn(SHELXL9729). Hydrogen atoms
were fixed into idealized positions (riding model) and assigned
temperature factordiso(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, as the highest peaks
and holes are in close vicinity<(L A) of heavy atoms.

Crystallographic data for structural analysis has been deposited
with the Cambridge Crystallographic Data Centre: CCDC Nos.
632153-632157 forl, 2, and4—6 and CCDC No. 636272 fo3,
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, deposit@ccdc.cam.ac.uk
; web, http://www.ccdc.cam.ac.uk).
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