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A convenient route for the synthesis of the cAAC™® (cAAC=
cyclic (alkyl)(@amino)carbene, cAACY= 1-(2,6-di-iso-propylphen-
yl)-3,3,5,5-tetramethyl-pyrrolidin-2-ylidene) and cAACY
(cAAC® = 2-azaspiro[4.5]dec-2-(2,6-diisopropylphenyl)-3,3-

dimethyl-1-ylidene) stabilized stibinidenes cAAC"*-SbMes (2a)
(Mes = 2,4,6-trimethylphenyl) and cAAC®-SbMes (2b) is re-

The application of N-heterocyclic carbenes (NHCs)!" and related
molecules such as cyclic (alkyl)(@amino)carbenes (cAACs)? in
main group chemistry has led to impressive improvements in
this field over the last decade. For example, significant progress
has been achieved in the stabilization and isolation of Lewis
acid/base adducts with highly tunable NHC ligands in their
stereo-electronic properties, in the chemistry of low-coordinate
main group element compounds and in the substrate activation
using low-valent main group element compounds.”

For group 15 elements, NHCs and related molecules have
been applied especially in phosphorous chemistry for the
synthesis of NHC-phosphenium salts and the synthesis of
phosphino and phosphonio-substituted carbenes, for the
preparation of carbene-stabilized main group diatomic and
polyatomic allotropes and in the generation of carbene-
stabilized phosphinides and in phosphinide transfer reactions
using NHC-phosphinidenes.” Typical synthetic pathways to
NHC-phosphinidenes (NHC:PR) are the reduction of adducts
NHC-PCLLR® the cleavage of cyclo-phosphines 1/n(RP), with
carbenes® the dehydrogenative coupling of RPH, in the
presence of NHCs,” and the use of different other phosphini-
dene precursors.® This research also led to the development of
related carbene-stabilized arsinidenes® as well as other
arsenic compounds.’®
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ported. A mechanism for the formation of [cAACFCI][SbCl;Mes]
1 and cAAC"SbMes 2 from the reaction of cAAC with the
antimony(lll) precursor SbCl,Mes, which proceeds via the
isolable intermediate [cAAC*SbCIMes][SbCl;Mes] (3), is pro-
posed.

Compared to the lighter group 15 homologues, the
chemistry of low-valent NHC-stabilized antimony compounds is
still in its infancy. However, it has been demonstrated
previously that NHC- and cAAC-stabilized antimony(lll) precur-
sors are valuable starting materials for the development of
antimony main group chemistry. The synthesis of the Sb(ll)
radical (cAAC®)-SbCl,* (cAAC® =2-azaspiro[4.5]dec-2-(2,6-diiso-
propylphenyl)-3,3-dimethyl-1-ylidene) (Scheme 1, C) was real-
ized by reduction of (cAAC®)-SbCl, using one equivalent of KCj.
The reduction with two equivalents of KCg led to formation of
the cAAC-stabilized stibinidene (cAAC®)-SbCl (Scheme 1, B) and
reduction with three equivalents to the stiba-alkene dimer
[(CAAC™)Sb], (Scheme 1, F), respectively.'" The first aryl-sub-
stituted carbene-stabilized stibinidene (DACY*)-SbPh (DACM*=
1,3-dimesityl-5,5-dimethyl-4,6-dioxo-3,4,5,6-tetrahydro-pyrimi-
dine-2-ylidene; Scheme 1, A) was prepared via reduction of
(DAC*).SbCl,Ph."? Furthermore, it was reported previously that
the reduction of SbX; (X=F, Cl) with KC; in the presence of
cAACM  (cAACM® =1-(2,6-di-iso-propylphenyl)-3,3,5,5-tetrameth-
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Scheme 1. Carbene stabilized Sb(ll), Sb(l) and Sb(0) compounds.
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yl-pyrrolidin-2-ylidene) and LiOTf (LiOTf=LiCF,;SO;) in a molar
ratio of 1:2:2:2 afforded [(cAACY),Sb][OTf] (Scheme 1, D)
featuring an anionic, cAAC-stabilized antimony(l) center."® The
NHC-stabilized distibene [*(B(CsFs);)-Dipp,Im)-Sb]l, (Dipp,im=
1,3-di-(2,6-di-isopropylphenyl)-imidazolin-2-ylidene) (Scheme 1,
E) was synthesized via metallic reduction of ?B(CsFs)s)-
Dipp,Im)-SbCl,."

We recently reported the synthesis and characterization of a
number of carbene-stabilized antimony(lll) compounds." In
course of these studies on Lewis acid/base adducts of NHCs and
cAACs with the chlorostibanes SbCl; and SbClL,R (R=Ph and
Mes) we observed that some adducts of sterical demanding
carbenes with SbCl,Mes are quite unstable, most probably due
to steric repulsion.”™ For the adduct Mes,Im-SbCl,Mes
(Scheme 2, G; R,Im=1,3-di-organyl-imidazolin-2-ylidene; Mes=
2,4,6-trimethylphenyl) we observed a structural change in the
solid state geometry compared to adducts of sterically less
demanding NHCs, for example iPr,Im-SbCl,Mes (Scheme 2, H)."™
In these isomers the coordination site of the NHC ligand
changes from an equatorial (H) into an axial position (G). We
also demonstrated previously that cAACM-SbCl,Ph (Scheme 2, 1)
adopts a stable Lewis acid/base adduct which features a solid-
state structure similar to compound H. Herein we wish to report
the different behavior on the reaction of two cAACs with
SbCl,Mes, which leads to a convenient synthesis of cAAC-
stabilized stibinidenes cAAC:SbMes (Scheme 3).

The reaction of cAACM® and cAAC® with SbCl,Mes in toluene
at —78°C leads to a pale-yellow slurry, which changes its color
to orange-red upon raising the temperature to room temper-
ature. Filtration of the resulting suspensions from a solvent
mixture of hexane and toluene (ca. 3:1) separated a colorless
precipitate, which consisted of the antimony(lll) salts
[cAACMCI][SbCI;Mes] 1a and [cAACYCI][SbCl;Mes] 1b, respec-
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Scheme 2. Isomers of NHC-SbCl,Ar: Dipp,Im-SbCl,Mes (G),
iProimMe.SbCl,Mes (H), and cAAC"e.SbCl,Ph (1)
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Scheme 3. The reaction of cAACs with SbCl,Mes: Synthesis of the
salts [cCAACMCI][SbCl;Mes] (1a) and [cAAC®CI][SbCl;Mes] (1b), and
the cAAC-stabilized stibinidenes cAAC*®-SbMes (2a) and
cAACY-SbMes (2 b). Yields are based on a maximum of 50% for 1
and 50% for 2.

tively. The orange filtrate contained the cAAC-stabilized
stibinidenes cAAC".SbMes 2a and cAACM:SbMes 2b, respec-
tively. The latter compounds 2a and 2b were readily soluble in
n-hexane and were isolated as orange solids in 44% and 32%
yield. However, these conversions were quantitative if the
reaction was performed on NMR scale. All reaction products
were characterized by '"H NMR and *C{'H} NMR spectroscopy, X-
ray diffraction analysis and elemental analysis. The characteristic
resonances in the '"H NMR spectrum of 1a (CH,, 2.67 ppm; iPr-
CH, 246 ppm) and 1b (CH, 2.66 ppm; iPr-CH, 2.46 ppm)
revealed almost identical chemical shifts for the [cAACYCI]"
cation as reported previously for the gold salt [CAAC*CI][AuCl,]
(CH,, 2.67 ppm; iPr-CH, 2.45 ppm) of the related N-adamantyl
substituted cation. The "*C{"H} NMR resonances of the carbon
atoms attached to chlorine (former carbene carbon atom) of
the [cAAC—CI] cation of 1a-b (NCCl: 1a, 190.6 ppm; 1b,
189.8 ppm) are very characteristic and were almost identical
compared to the resonances reported for [cAAC*CI[AuCl,]
(NCCI: 188.5 ppm).'®

In addition, the '"H NMR resonances of the mesityl group of
compound 2a (Mes-p-CH;, 2.20 ppm; Mes-o0-CH;, 2.81 ppm;
Mes-CH, 6.99 ppm) and 2b (Mes-p-CH;, 2.20 ppm; Mes-o0-CH,,
2.82 ppm; Mes-CH, 6.99 ppm) at the antimony center revealed a
clear downfield shift compared to the starting material
SbCl,Mes (Mes-p-CH;, 1.94 ppm; Mes-o-CH;, 2.35 ppm; Mes-CH,
6.55 ppm). Furthermore, the characteristic septet of the cAAC
methine protons (2a, iPr-CH, 3.05 ppm; 2b, iPr-CH, 3.06 ppm) is
shifted compared to either the free carbene (cAAC™®: iPr-CH,
3.13 ppm; cAAC®: jPr-CH, 3.15 ppm) or to the Lewis acid/base
adduct cAAC"®.SbCl,Ph (iPr-CH, 3.25 ppm)."™™ The "C{'H} NMR
resonances of the carbene carbon atom at 238.7 ppm and
239.4 ppm were also indicative for the formation of the cAAC-
stabilized stibinidenes 2a and 2b (cf. cAAC®-SbCl: 205.6 ppm in
toluene-dg, ™ DACM*.SbPh: 205.6 ppm, C4D)!"?). These resonan-
ces were remarkably shifted compared to free carbene (cAACM:
313.6 ppm, and cAAC®: 316.2 ppm)., and also in a different
region as compared to the chlorostibane(lll) adduct
cAAC.SbCl,Ph (225.8 ppm).l"”

Single crystals of 1a and 1b (see Figure 1) suitable for X-
ray diffraction analysis were obtained by slow evaporation of
a saturated solution of these salts in dichloromethane at
room temperature. The compounds 2a and 2b (Figure 2)
were crystallized by storing at room temperature saturated
solutions of these compounds in hexane at —30°C. The
compounds crystallize in the monoclinic space group P2,/n
(1 and 1b) and in the triclinic space group P1 (2a and 2b),
respectively, with one molecule in the asymmetric unit. The
solid-state structures of 1a and 1b (Figure 1) feature
separated [cAAC—CI]* cations and [SbCI;Mes]™ counterions,
the latter adopt disphenoidal geometries at the antimony(lll)
center. The antimony atom is substituted by two chlorine
atoms in axial positions and a chlorine atom and the mesityl
ligand in equatorial position.

The molecular structures of the cAAC-stabilized stibini-
denes 2a and 2b (Figure2) reveal two-coordinated
antimony(l) atoms in which the cAAC and the mesityl
substituent are bent with a C1-Sb—C2 angle of 100.82(9)°
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Figure 1. Molecular structures of [cCAACYCI][SbCl;Mes] (1a) and
[cAACYCI][SbCI;Mes] (1b) in the solid-state. Hydrogen atoms were
omitted for clarity. For 1a, the chlorine atom Cl4 is disordered over
two sites and the data reported correspond to the part resolved
with 86 % occupancy. For 1b, the “SbCl;"-unit is disordered over
two sites and the data reported correspond to the part with 72%
occupancy. Atomic displacement ellipsoids were set at the 50%
probability level. Selected bond lengths [A] and angles [°]: 1a:
C1-ClI1, 1.659(3); Sb—C2, 2.159(2); Sb—Cl2, 2.5514(7); Sb—CI3,
2.3766(6); Sb—Cl4, 2.4642(8), C2—Sb—Cl2, 89.00(7); C2—Sb—CI3,
105.80(7); C2—Sb—Cl4, 82.30(8); Cl2—Sb—Cl3, 82.30(8); CI3—Sb—Cl4,
84.73(3); CI12—Sb—Cl4, 168.61(5); 1b: C1—CI1, 1.679(5); Sb—C2,
2.183(5); Sb—Cl2, 2.594(6); Sb—ClI3, 2.225(3); Sb—Cl4, 2.612(8),
C2—-Sb—Cl2, 90.4(2); C2—Sb—CI3, 110.49(16); C2—Sb—Cl4, 87.6(2);
Cl2—Sb—Cl3, 95.16(19); CI3—Sb—Cl4, 83.8(2); CI2—Sb—Cl4, 177.2(3).

(2a) and 100.72(11)° (2b), respectively. The C3—C1-Sb—C2
torsion angle of 2a (4.03(21)°) indicates planarity at the
antimony center, whereas the structure of 2b shows a
slightly more distorted alignment with a torsion angle
C3—C1-Sb—C2 of 14.34(30)°. This distortion is most probably
due to the higher steric demand of cAAC® compared to
cAAC™. The Sb—C1 distances of 2.081(2) A (2a) and
20773)A (2b) as well as the small distortion angles
C3—C1-Sb—C2 at the Sb—C1 bond resembles those of other
known stibaalkenes"” as well as carbene stabilized
stibinidenes,""'? which feature antimony carbon double
bond character. To gain some insight into the bonding
situation of 2a and 2b, we investigated the electronic
structure of 2a by using DFT calculations at the M06-2X/
D3(BJ)//def2-TZVP(Sb)/def2-SVP(C,H,N,Cl)-level of theory. Ge-
ometry-optimized 2a (Figure 3) closely resembles the essen-
tial features of the cAAC-stabilized stibinidene, as was found
in the X-ray crystal structure of this compound, with a
computed Sb—C1 distance of 2.077 A (cf. exp: 2.081(2) A), a
C1-Sb—C2 angle of 100.1° (exp. 100.82(9)°), and a torsion
angle C3—C1-Sb—C2 of 7.2° (4.03(21)°).

Calculations of the relevant orbital energies revealed that
the HOMO (Figure 3, L) is a Sb=C m-orbital located at the
antimony(l) center, and the LUMO is the corresponding -

RESEARCH ARTICLE

Figure 2. Molecular structures of cAACY*.SbMes (2a) and
cAACY-SbMes (2b) in the solid-state. Hydrogen atoms were omitted
for clarity. Atomic displacement ellipsoids were set at the 50%
probability level. Selected bond lengths [A] and angles [°]: 2a:
Sb—C1, 2.081(2); Sb—C2, 2.181(2); C1-Sb—C2, 100.82(9);
C3—C1-Sb—C2, 4.03(21). 2b: Sb—C1, 2.077(3); Sb—C2, 2.186(3);
C1-Sb—C2, 100.72(11); C3—C1-Sb—C2, 14.34(30).

antibonding orbital. The Wiberg bond index calculated for
the Sb=C(cAAC) bond is 1.389 (dg,=2.077 A), much larger
than the Wiberg bond index of 0.902 calculated for the
Sb—C(Mes) bond (dg,=2.183 A) or 0.713 calculated for
cAAC™.SbCl,Mes (dsp.cean=2.390 A), which accounts for
significant Sb=C(cAAC) double bond character. The HOMO-1
is distributed over the mesityl stibinidene unit with some
localization at antimony and can thus be considered as a
lone pair located at antimony.

Based on the isolated products and the experience we
gathered on carbene adducts of antimony chlorides™ a
mechanism was proposed for the reaction of cAAC™ with
SbCl,Mes (Scheme 4). In an initial step a Lewis acid/base adduct
is formed between the Lewis base cAAC and Lewis-acidic
SbCl,Mes to yield an adduct cAAC".SbCl,Mes. This adduct most
probably adopts a structure in which the cAAC and one of the
chloride substituents occupy axial positions, leading to a
partially dissociated chloride substituents in trans-position to
the excellent donor cAAC."? We have demonstrated previously
on several occasions that these partially dissociated substitu-
ents can be easily transferred to Lewis acids.">'® The Lewis acid
used here is SbCl,Mes, and chloride transfer from
cAACM.SbCl,Mes to SbCl,Mes should form a contact ion pair
[cAACM.SbCIMes][SbCl;Mes] (3). The next step is chlorine
abstraction from the cationic part of 3, either by simple chloride
transfer to the carbene carbon atom of the cAAC or by cAAC
addition to cationic [cAACY.SbCIMes]® and subsequent elimi-
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Scheme 4. Proposed mechanism for the formation of the com-
pounds 1a and 2a.

nation of [cAACMCI]", which leads to formation of the cAAC-
stabilized stibinidene cAACY®SbMes (2a) and the salt
[cAACMCI][SbCl;Mes] (1a). According to these steps, the
reduction of the intermediate cAAC-SbCl,Mes initially formed to
yield cAAC-SbMes is accomplished by (i) transfer of “ClI™" from
cAAC-SbCl,Mes to SbCl,Mes (second step in Scheme 4) and (ii)

formal transfer of “Cl™ from [cAACMSbCIMes]™ to the cAAC,
which makes in total the carbene carbon atom of cAAC™ the
reducing reagent. The mechanism involving the addition of
cAAC™ and subsequent elimination of [cAACMCI]™ could be
regarded as a reductive elimination at a main group element
center,””

To support this mechanism, we reacted two equivalents
SbCl,Mes with only one equivalent of cAACY™ in the hope to
prevent the last step (i.e. “CI*" transfer). To our delight, if the
reaction was performed in benzene at room temperature,
compound 3 crystallized in low yield from the reaction mixture
of the sluggish reaction. This salt crystallizes in the monoclinic
space group P2,/c with one molecule in the asymmetric unit.
The solid-state structure of 3 (Figure 4) reveals the salt
[cAACMe.SbCIMes] [SbCl;Mes] in which the cation
[cAAC".SbCIMes] © adopts a three-coordinate pyramidal struc-
ture and the [SbCl;Mes]™ anion a four-coordinate disphenoidal
geometry. The Sb1-C1 distance to the cAAC ligand of
2.258(3) A is in the range of Sb—C distances observed previously
for carben adducts of antimony(lll) chlorides, for example
2.239(2) A in cAAC"SbCl; or 2.243(3) A in cAACY®.SbCl,Ph,"
and is in line with a C—Sb single bond. Furthermore, it is worthy
to note that the NCSb "*C{'"H} NMR resonance of 3 at 231.2 ppm
(CD,Cl,) is located in-between the resonances observed for
cAAC.SbCl,Ph (225.8 ppm) and for the stibinidenes 2a and 2b
(2a, 238.7 ppm; 2b, 239.4 ppm; C¢D). The isolation of com-
pound 3 thus strongly supports the mechanism proposed in
Scheme 4.

Figure 4. Molecular structure of [CAAC".SbCIMes][SbCl;Mes] (3) in
the solid-state. Hydrogen atoms and solvent molecules (benzene)
were omitted for clarity. The “SbCl” unit in the [CAAC"®.SbCIMes] *
cation is disordered over two sites and the data corresponding to
the part with 93% occupancy is shown. Atomic displacement
ellipsoids were set at the 50% probability level. Selected bond
lengths [A] and angles [°]: 3: Sb1—C1, 2.258(3); Sb1—-C2, 2.164(3);
Sb1—Cl1, 2.3614(8); Sb2—C3, 2.161(3); Sb2—Cl2, 2.5898(7); Sb2—ClI3,
2.6285(7); Sb2—Cl4, 2.3742(7); C1-Sb1-C2, 96.44(10); C1-Sb—Cl1,
98.69(7); C2—Sb—Cl1, 101.24(8); Cl2—Sb2—C3, 89.27(7); Cl2—Sb2—CI3,
172.78(2); C12—Sb2—Cl4, 88.05(2); CI3—Sb2—C3, 89.17(7);
Cl3—Sb2—Cl4, 85.57(2); Cl4—Sb—C3, 105.36(7).
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In conclusion, we report herein the quantitative synthesis
of the cAAC-stabilized stibinidenes cAAC"¢-SbMes (2a) and
cAACY-SbMes (2b) starting from SbCl,Mes and cAAC, which
is accompanied with the 50% formation of the salts
[cAACMCI][SbCI;Mes] (1a) and [cAACYCI][SbCl;Mes] (1b). The
compounds were characterized by NMR- and IR spectroscopy,
elemental analysis, and X-ray diffraction analysis. The bond-
ing situation of 2a was examined in some detail with the aid
of DFT calculations, which accounts for an antimony carbene
carbon double bond. A mechanism was proposed for this
reaction which explains the reduction of the intermediate
cAAC-SbCl,Mes initially formed with the cAAC carbene
carbon atom to yield cAAC.SbMes (2a), i.e. the cAAC is used
as the reducing reagent with oxidation of the carbene carbon
atom. The important intermediate
[cAACM.SbCIMes][SbCl;Mes] (3) of this reaction sequence was
isolated and structurally characterized. The procedure pre-
sented here is a convenient synthesis of cAAC-stabilized
stibinidenes although one equivalent of cAAC and one
equivalent of antimony is lost. We failed so far in the metallic
reduction of 1, which should - in principle - also afford
cAAC-stabilized stibinidenes 2. We also failed so far to
replace SbCl,Mes as Lewis-acidic chloride acceptor, mainly
because of the formation of stable adducts of the Lewis acids
then employed with the cAAC. However, the beauty of this
reaction lies in a 100% conversion and the ease of the
separation of 1 and 2, which makes the further exploration of
the chemistry of cAAC-stabilized stibinidenes convinient.

Experimental Section

General Procedure

All reactions and subsequent manipulations involving organo-
metallic reagents were performed under an argon atmosphere
by using standard Schlenk techniques or in a Glovebox
(Innovative Technology Inc. and MBraun Uni Lab) as reported
previously.?" All reactions were carried out in oven-dried glass-
ware. Toluene, n-hexane and THF were obtained from a solvent
purification system (Innovative Technology). Deuterated solvents
were purchased from Sigma-Aldrich and stored over molecular
sieves (4 A). SbCl,Mes?? and cAAC™®! were prepared according to
literature procedures. All other reagents were purchased from
Sigma-Aldrich or ABCR and used without further purification.
Elemental analyses were performed in the micro-analytical
laboratory of the University of Wirzburg with an Elementar vario
micro cube. NMR spectra were recorded at 298 K using Bruker
Avance 400 ('H: 400.4 MHz; "*C{'H}: 100.7 MHz) or Bruker Avance
500 ('H: 500.1 MHz; "C{'H}: 125.8 MHz) NMR spectrometers.
Assignment of the '"H NMR spectra was supported by 'H,'"H and
BC{'H},'H correlation experiments. *C NMR spectra were broad-
band proton-decoupled ("*C{'H}). Assignment of the *C NMR
data was supported by "*C{'H},"H correlation experiments. 'H and
BC{"H} NMR chemical shifts are listed in parts per million (ppm)
and were referenced via residual proton resonances of the
corresponding deuterated solvent (C;DsH ('H: 6=7.16, C¢Dy),
CDHCI, ('H: 6=5.32, CD,Cl,). C NMR spectra are reported
relative to the carbon resonances of the deuterated solvents
CsDs (°C: 5=128.06), CD,Cl, (*C: 6=53.84) which were refer-
enced to TMS.?¥ Coupling constants are quoted in Hertz. Infrared

spectra were recorded on solid samples at room temperature on
a Bruker Alpha FT-IR spectrometer using an ATR unit and are
reported in cm ™. In dependence of the intensity of the vibration
bands the following abbreviations were used: very strong (vs),
strong (s), middle (m), weak (w) and very weak (vw).

Synthesis of [CAAC"CI][SbCl;Mes] (1a) and cAAC"-SbMes
(2a)

A solution of SbCl,Mes (983 mg, 3.15 mmol, 1 eq) in toluene
(22 mL) was added under vigorous stirring at —78°C to a solution
of cAAC™ (106 mg, 371 umol, 1eq) in toluene (22 mL). The
suspension was stirred for three hours at —78 °C with subsequent
warming to room temperature over 17 hours. The orange-red
suspension was concentrated to a volume of 15 mL and hexane
(50 mL) was added. The resulting suspension was filtered and
washed with n-hexane (2x15mL) to yield Ta (949 mg,
1.42 mmol, 45 %) as an off-white solid. Crystals of 1a suitable for
X-ray diffraction analysis were grown by slow evaporation of a
saturated solution of the compound in dichloromethane at room
temperature. Removal of all volatile material of the filtrate
afforded 2a (722 mg, 1.37 mmol, 44%) as an orange solid.
However, it was found that such good yields could only be
obtained if these conditions were strictly kept, otherwise
increased decomposition was observed. In some instances, the
product had to be recrystallized for further purification by
storing a saturated and filtrated hexane solution of the com-
pound at —30°C for several days. These crystals are typically also
suitable for X-ray diffraction analysis.

[cAACMCI][SbCI;Mes] (1a): 'TH NMR (400.5 MHz, CD,Cl,, 298 K): &
[ppm]=1.19 (d, 6 H, *J,,,= 6.8 Hz, iPr-CH,), 1.38 (d, 6 H, °J,,;,= 6.8 Hz,
iPr-CHs), 1.59 (s, 6 H, NC(CH,),), 1.71 (s, 6 H, NCC(CH;),), 2.22 (s, 3 H,
Mes-p-CH;), 2.46 (sept, 2 H, *J,,,=6.8 Hz, iPr-CH), 2.67 (s, 2 H, CH,),
2.71 (s, 6 H, Mes-0-CH;), 6.82 (s, 2 H, Mes-CH), 7.46 (d, 2 H, %J,,=7.8
Hz, Dipp-m-CH), 7.67 (t, 1 H, °J,,,=7.8 Hz, Dipp-p-CH). *C{'"H} NMR
(100.7 MHz, CD,Cl,, 298 K): 8 [ppm]=21.1 (Mes-p-CH,), 22.5 (Mes-o-
CH,), 23.4 (iPr-CH,), 26.3 (iPr-CH;), 28.3 (NC(CH,),), 28.9 (NCC(CH,),),
30.4 (iPr-CH), 48.0 (CH,), 51.6 (NCC(CHs),), 84.4 (NC(CH,),), 126.9
(Mes-m-CH), 127.6 (Dipp-i-C), 130.3 (Dipp-m-CH), 133.2 (Dipp-p-CH),
138.6 (Mes-p-C), 143.0 (Mes-0-C), 144.7 (Dipp-0-C), 155.2 (Mes-i-C),
190.6 (NCCI). Elemental analysis (%) calcd. for C,H,,CI,NSb [668.22
g/moll: C, 52.13; H, 6.34; N, 2.10; found: C, 52.33; H, 6.39; N, 2.01. IR
([em™"]): 3005 (vw), 2973 (M), 2931 (m), 2867 (w), 1644 (vw), 1602 (s)
1582 (w), 1463 (s), 1454 (s), 1391 (m), 1384 (m), 1372 (m), 1346 (w),
1336 (w), 1287 (w), 1265 (m), 1202 (w), 1178 (w), 1164 (w), 1133 (s),
1108 (m), 1061 (m), 1052 (m), 1034 (m), 969 (vw), 933 (w), 910 (vw),
890 (w), 868 (w), 848 (m), 808 (vs), 793 (m), 765 (vw), 737 (m), 704
(w), 652 (vw), 630 (vw), 609 (vw), 577 (w), 563 (w), 543 (w), 493 (w),
425 (vw), 416 (vw).

cAAC".SbMes (2a): '"H NMR (500.1 MHz, C,D,, 298 K): 8 [ppm]=
1.05 (s, 6 H, NCC(CH;),), 1.24 (d, 6 H, °J,,=6.8 Hz, iPr-CH;), 1.28 (s, 6
H, NC(CH,),), 1.69 (s, 2 H, CH,), 1.77 (d, 6 H, *J,,,=6.8 Hz, iPr-CH,),
2.20 (s, 3 H, Mes-p-CH;), 2.81 (s, 6 H, Mes-0-CH;), 3.05 (sept, 2 H,
3Jyy=6.8 Hz, iPr-CH), 6.99 (s, 2 H, Mes-CH), 7.159 (d, 1 H, °J,,,=8.4
Hz, Dipp-m-CH, overlapped with C,DsH), 7.160 (d, 1 H, *J,,;,=6.9 Hz,
Dipp-m-CH, overlapped with C,DsH), 7.67 (dd, 1 H, °J,,=6.9 Hz,
?Jiy=8.4 Hz, Dipp-p-CH). *C{"H} NMR (125.8 MHz, CiD;, 298 K): &
[ppm]=21.2 (Mes-p-CH,), 25.3 (iPr-CH,), 28.8 (iPr-CH,), 29.0 (iPr-CH),
29.1 (NCC(CH;),), 31.0 (NC(CH3),), 31.3 (Mes-0-CHs), 55.7 (CH,), 55.9
(NC(CH5),) 71.5 (NCC(CH,),), 126.4 (Dipp-m-CH), 127.6 (Mes-m-CH),
129.4 (Dipp-p-CH), 136.1 (Dipp-i-C), 137.3 (Mes-p-C), 138.5 (Mes-i-C),
146.2 (Mes-0-C), 148.0 (Dipp-0-C), 238.6 (NCSb). Elemental analysis
(%) calcd. for C,0H,,NSb [526.42 g/mol]: C, 66.17; H, 8.04; N, 2.66;
found: C, 66.40; H, 8.17; N, 2.54. IR ([cm™~']): 3058 (vw), 2960 (s), 2926
(s), 2864 (m), 1678 (m), 1590 (vw), 1441 (m), 1382 (m), 1366 (m),
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1336 (vs), 1254 (m), 1234 (w), 1203 (s), 1178 (m), 1137 (s), 1109 (m),
1050 (m), 1012 (m), 975 (w), 957 (w), 939 (m), 899 (w), 847 (m), 805
(s), 776 (m), 751 (w), 698 (w), 638 (vw), 608 (vw), 574 (m), 550 (w),
540 (w), 479 (vw), 447 (w), 431 (vw), 408 (vw).

Synthesis of [CAACYCI][SbCl;Mes] (1b) and cAACY-SbMes
(2b)

A solution of SbCl,Mes (192 mg, 614 umol, 1 eq) in toluene (7 mL)
was added under vigorous stirring at —78°C to a solution of cAAC”
(200 mg, 614 pmol, 1 eq) in toluene (7 mL). The suspension was
stirred for three hours at —78°C with subsequent warming to room
temperature over 17 hours. The orange suspension was concen-
trated to a volume of 5mL and hexane (15 mL) was added. The
resulting suspension was filtered and washed with n-hexane (3 x
10 mL) to yield 1b (211 mg, 298 pmol, 48%) as an off-white solid.
In some instances, the product had to be purified by slow diffusion
of n-hexane into a saturated solution of the compound in THF at
room temperature which afforded 1b (46.0 mg, 65.0 umol, 11 %) as
a colorless crystalline solid. These crystals were also suitable for X-
ray diffraction analysis. Removal of all volatile material of the filtrate
afforded 2b (126 mg, 198 umol, 32%) as an orange solid. It was
found that such good vyields could only be obtained if the
conditions mentioned here were strictly kept, otherwise increased
decomposition was observed. In some instances, the product had
to be recrystallized for further purification by storing a saturated
and filtrated solution of the compound in hexane at —30°C for
several days. These crystals of 2b were also suitable for X-ray
diffraction analysis.

cAACYCI][SbCI;Mes] (1b): "H NMR (400.5 MHz, CD,Cl,, 258 K): &
[ppm]=1.18 (d, 6 H, *J,,=6.7 Hz, iPr-CH,), 1.38 (d, 6 H, *J;;=6.7
Hz, iPr-CH;), 1.40 (m, 1 H, Cy-CH,), 1.50 (m, 2 H, Cy-CH,), 1.59 (s, 6
H, NC(CH;),), 1.86 (m, 2 H, Cy-CH,), 1.97 (m, 4 H, Cy-CH,,
overlapped with m, 1 H, Cy-CH,), 2.23 (s, 3 H, Mes-p-CH,), 2.46
(sept, 2 H, *J,,=6.7 Hz, iPr-CH), 2.66 (s, 2 H, CH,), 2.71 (s, 6 H,
Mes-0-CH;), 6.82 (s, 2 H, Mes-CH), 7.46 (d, 2 H, °J,,,=7.8 Hz, Dipp-
m-CH), 7.65 (t, 1 H, *J,,=7.8 Hz, Dipp-p-CH). *C{'"H} NMR (100.7
MHz, CD,Cl,, 298 K): & [ppm]=21.1 (Mes-p-CH,), 21.4 (Cy-CH,
overlapped with Cy-CH,), 22.6 (Mes-0-CH,), 23.4 (iPr-CH,), 24.5
(Cy-CH,), 26.3 (iPr-CH;), 29.4 (NCC(CH,),), 30.4 (iPr-CH), 35.8 (Cy-
CH,), 44.1 (CH,), 56.3 (NCCCy), 83.8 (NC(CH,),), 126.9 (Mes-m-CH),
127.6 (Dipp-i-C), 130.3 (Dipp-m-CH), 133.1 (Dipp-p-CH), 138.7
(Mes-p-C), 143.1 (Mes-0-C), 144.7 (Dipp-0-C), 154.9 (Mes-i-C),
189.8 (NCCI). Elemental analysis (%) calcd. for C;,H,cCI,NSb
[708.26 g/moll: C, 54.27; H, 6.55; N, 1.98; found: C, 54.07; H, 6.54;
N, 1.97. IR ([cm™']): 2969 (m), 2930 (s), 2858 (m), 1724 (vw), 1680
(vw), 1641 (vw), 1600 (s), 1581 (m), 1463 (s), 1446 (vs), 1388 (m),
1374 (m), 1346 (w), 1320 (w), 1288 (w), 1270 (w), 1247(m), 1205
(w), 1180 (w), 1158 (w), 1132 (s), 1118 (m), 1053 (m), 1029 (w),
1014 (w), 991 (vw), 935 (m), 873 (vw), 848 (m), 807 (s), 781 (vw),
765 (vw), 735 (w), 705 (w), 688 (vw), 650 (vw), 630 (vw), 592 (w),
579 (w), 562 (w), 553 (w), 542 (w), 529 (w), 490 (w), 422 (w),

cAACM.SbMes (2b): '"H NMR (400.5 MHz, C;Dy, 298 K):  [ppm] =
0.63 (m, 1 H, Cy-CH,), 1.06 (s, 6 H, NC(CH,),), 1.10 (m, 2 H, Cy-CH,),
126 (d, 6 H, *),,=6.7 Hz, iPr-CH,), 1.14 (m, 1 H, Cy-CH,
overlapped with m, 1 H, Cy-CH,), 1.68 (m, 2 H, Cy-CH,), 1.78 (s, 2
H, CH,), 1.79 (d, 6 H, *J,,,=6.7 Hz, iPr-CH,), 2.02 (m, 2 H, Cy-CH,)
2.20 (s, 3 H, Mes-p-CH;), 2.82 (s, 6 H, Mes-o-CH;), 3.06 (sept, 2 H,
3),=6.7 Hz, iPr-CH), 6.99 (sy,, 2 H, Mes-CH), 7.17 (d, 1 H, *J,,,=8.7
Hz, Dipp-m-CH, overlapped with C,D;H), 7.17 (d, 1 H, °J,,=6.7
Hz, Dipp-m-CH, overlapped with C;DsH), 7.67 (dd, 1 H, °J,,=6.7
Hz, 3J,,=8.7 Hz, Dipp-p-CH). *C{'"H} NMR (125.8 MHz, C,D,, 298
K): & [ppm]=21.2 (Mes-p-CH,), 23.3 (Cy-CH,), 25.4 (iPr-CH,), 25.8
(Cy-CH,), 28.9 (iPr-CH,), 29.0 (iPr-CH), 29.6 (NC(CH,),), 31.3 (Mes-o-
CH,), 37.9 (Cy-CH,),49.6 (CH,), 60.9 (NC(CH,),) 71.9 (NCCCy), 126.4

(Dipp-m-CH), 127.6 (Mes-m-CH), 129.4 (Dipp-p-CH), 136.1 (Dipp-i-
(), 137.2 (Mes-p-C), 139.2 (Mes-i-C), 146.1 (Mes-o0-C), 148.0 (Dipp-
0-C), 239.4 (NCSb). Elemental analysis (%) calcd. for C3,H,sNSb
[566.49 g/mol]: C, 67.85; H, 8.19; N, 2.47; found: C, 67.56; H, 8.33;
N, 2.38. IR ([cm™']): 3053 (vw), 2963 (s), 2921 (s), 2861 (m), 1678
(m), 1589 (vw), 1463 (m), 1441 (m), 1382 (m), 1362 (m), 1347 (s),
1336 (vs), 1285(w), 1259 (m), 1241 (m), 1227 (m), 1202 (w), 1175
(s), 1153 (m), 1112 (s), 1096 (s), 1050 (s), 1039 (m), 1015 (m), 933
(m), 889 (w), 846 (m), 805 (vs), 777 (m), 766 (w), 699 (w), 638 (vw),
614 (vw), 600 (vw), 579 (vw), 563 (vw), 549, 530 (vw), 477 (vw),
455 (vw), 430 (vw), 411 (vw).

Synthesis of [cCAAC".SbCIMes][SbCl;Mes] (3)

A mixture of cAAC™ (10.0 mg, 35.0 umol, 1eq) and SbCl,Mes
(21.9 mg, 70.1 umol, 2 eq) was suspended at room temperature in
C¢Ds (0.6 mL). After a few minutes a yellow oil precipitates which
contains a mixture of compounds. At the layer between oil and
solvent compound 3 crystallizes after 1-3 days. The solvent and
residual oil was removed and the crystalline solid was washed with
toluene (2x1 mL) to yield 3 (7.60 mg, 1.42 mmol, 24%) as a
colorless crystalline solid. These crystals were suitable for X-ray
diffraction analysis.

[cAACMe.SbCIMes][SbCl;Mes] (3): '"H NMR (500.1 MHz, CD,Cl,, 258
K): & [ppm]=1.05 (br, 6 H, Mes-p-CH;), 1.25 (d, 6 H, *J,;,,= 6.3 Hz, iPr-
CH;), 1.61 (s, 6 H, NCC(CH;),), 1.72 (s, 6 H, NC(CH;),), 2.20 (s, 3 H,
Mes-p-CH,), 2.25 (d, 6 H, *J,,,=6.3 Hz, iPr-CH,), 2.27 (s, 3 H, Mes-p-
CH;), 2.42 (sept, 2 H, °J,y=6.3 Hz, iPr-CH), 2.49 (s, 2 H, CH,), 2.66 (s, 6
H, Mes-0-CH,), 6.82 (s, 2 H, Mes-CH), 6.98 (s, 2 H, Mes-CH), 7.34 (d, 2
H, *J,;=7.8 Hz, Dipp-m-CH), 7.60 (t, 1 H, °J,,,=7.8 Hz, Dipp-p-CH).
3C{'H} NMR (125.8 MHz, CD,Cl,, 258 K): & [ppm] =20.9 (Mes-p-CH;),
21.0 (iPr-CH;), 22.2 (Mes-0-CH;), 24.0 (Mes-0-CH;), 26.1 (Mes-p-CH,,
overlapped by NCC(CH,),), 27.3 (iPr-CH,), 28.3 (NC(CH,),), 29.4 (iPr-
CH), 52.9 (CH,), 57.9 (NCC(CH;),), 86.1 (NC(CH,),), 127.3 (Dipp-m-CH),
129.9 (Mes-CH,), 130.2 (Mes-CH,), 131.7 (Dipp-i-C), 132.8 (Dipp-p-C),
138.7 (Mes-p-C), 140.7 (Mes-i-C), 142.6 (Mes-0-C), 143.6 (Mes-p-C),
144.1 (Dipp-0-C), 144.9 (Dipp-0-C), 153.4 (Mes-i-C), 231.2 (NCSb).
Elemental analysis (%) calcd. for C3gHs;CI,NSb, + (CgHg) [987.28 g/
mol]: C, 53.53; H, 6.02; N, 1.42; found: C, 53.14; H, 5.96; N, 1.35. IR
(lem™"]): 3002 (vw), 2967 (m), 2927 (w), 2867 (w), 1644 (vw), 1595
(w), 1555 (vw), 1526 (w), 1458(m), 1447 (m), 1389 (w), 1373 (m),
1329 (w), 1312 (vw), 1292 (w), 1265 (vw), 1242 (vw), 1203 (vw), 1181
(w), 1121 (w), 1106 (w), 1089 (vw), 1049 (w), 1030 (w), 1010 (vw),
971 (vw), 927 (vw), 874 (vw), 852 (m), 807 (s), 770 (m), 737 (vw), 702
(vw), 672 (vw), 630 (vw), 608 (vw), 593 (vw), 580 (w), 563 (w), 553
(w), 541 (w), 504 (vs), 432 (vw).

Crystallographic Details. Crystals were immersed in a film of
perfluoropolyether oil on a nylon fiber and transferred to a
Bruker D8 Apex-1 diffractometer with CCD area detector and
graphite-monochromated Mo-K, radiation or a Bruker D8 Apex-2
diffractometer with CCD area detector and graphite-monochro-
mated Mo-K, radiation equipped with an Oxford Cryosystems
low-temperature device or a Rigaku XtaLAB Synergy-DW diffrac-
tometer with HyPix-6000HE detector and monochromated Cu-K,,
equipped with an Oxford Cryo 800 cooling unit. Data were
collected at 100 K. The images were processed with the Bruker or
Crysalis software packages and equivalent reflections were
merged. Corrections for Lorentz-polarization effects and absorp-
tion were performed if necessary and the structures were solved
by direct methods. Subsequent difference Fourier syntheses
revealed the positions of all other non-hydrogen atoms. The
structures were solved by using the ShelXTL software package.?”
All non-hydrogen atoms were refined anisotropically. Hydrogen
atoms were usually assigned to idealized positions and were
included in structure factors calculations. Crystallographic data
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for the structures reported in this paper have been deposited
with the Cambridge Crystallographic Data Centre as supplemen-
tary publication no.s CCDC 2154795 (1a), CCDC 2154792 (1b),
CCDC 2154796 (2a), CCDC 2154793 (2b), CCDC 2154794 (3).

Crystal Data for [cAACMCI][SbCI;Mes] (1a): C,oH,,CI,NSb, M,=
668.18, T=100(2) K, A=1.54184 A, colorless block, 0.123x0.077 x
0.052 mm?®, monoclinic space group P2,/n=13.78960(10) A, b=
13.02660(10) A, ¢=17.52970(10) A, 0 =90°, p=96.7180(10)°, y=
90°, V=3127.27(4) A’, Z=4, peyca=1.419 Mg/m?, n=10.267 mm~",
F(000)=1368, 125248 reflections, —17<h<17, —-16<k<16,
—22<1<22, 3.866° <0 < 77.735°, completeness 99.5%, 6659 inde-
pendent reflections, 6376 reflections observed with [I>20(l)], 337
parameters, 6 restraints, R indices (all data) R,=0.0324, wR,=
0.0859, final R indices [I>20(l)] R,=0.0313, wR,=0.0851, largest
difference peak and hole 0.512 and —1.287 eA~3, Goof = 1.063.

Crystal Data for [cAACYCII[SbCl;Mes] (1b): Cj,H,CI,NSb, M,=
708.26, T=100(2) K, A=1.54184 A, colorless block, 0.238x0.177 x
0.133 mm®, monoclinic space group P2,/n=12.7652(4)A, b=
18.9144(3) A, c=14.5524(6) A, 0.=90°, B=107.298(4)°, y=90°, V=
3354.70(19) A3, Z=4, p_a=1.402 Mg/m?, p=9.603 mm~', F(000)=
1456, 35514 reflections, —15<h<15, —21<k<23, —18<1<17,
3.948° <0< 75.951°, completeness 98.1%, 6860 independent re-
flections, 5346 reflections observed with [I > 20(l)], 389 parameters,
54 restraints, R indices (all data) R, =0.0796, wR,=0.1442, final R
indices [I>20(l)] R,=0.0615, wR,=0.1358, largest difference peak
and hole 0.899 and —1.093 eA~, Goof = 1.049.

Crystal Data for cAAC".SbMes (2a): C,oH,,NSb, M,=526.38, T=
100(2) K, A=1.54184 A, orange block, 0.367x0.212x0.131 mm?,
triclinic space group P1=10.0016(2) A, b=10.2416(3) A, c=
14.7407(4) A, a=102.464(2)°, p=101.608(2)°, y=105.992(2)°, V=
1361.53(6) A%, Z=2, pyca=1.284 Mg/m®, n=8.124 mm~', F(000)=
548, 50805 reflections, —12<h<12, —12<k<12, —-18<I1<18,
3.196° <0< 77.659°, completeness 97.8%, 5685 independent re-
flections, 5403 reflections observed with [I > 20(l)], 291 parameters,
0 restraints, R indices (all data) R,=0.0326, wR,=0.0833, final R
indices [I>20(l)] R,=0.0309, wR,=0.0818, largest difference peak
and hole 0.997 and —0.744 eA~3 Goof=1.114.

Crystal Data for cAAC®-SbMes (2b): C;,H,sNSb, M,=566.45, T=
100(2) K, A=1.54184 A, orange block, 0.461x0.159x0.109 mm?,
triclinic space group P1=9.01742Q) A, b=11.69592) A, c=
14.77083) A, 0=77.915(2)°, p=73.012(2)°, y=82911(2)°, V=
1453.60(5) A%, Z=2, poca=1.294 Mg/m®, u=7.647 mm~', F(000)=
592, 29808 reflections, —11<h<11, —12<k<14, —18<I1<18,
3.182° <0< 75.196°, completeness 97.1%, 5846 independent re-
flections, 5394 reflections observed with [I>204(l)], 316 parameters,
0 restraints, R indices (all data) R,=0.0399, wR,=0.0965, final R
indices [I>20(l)] R,=0.0374, wR,=0.0951, largest difference peak
and hole 0.877 and —1.966 eA~%, Goof=1.118.

Crystal Data for [cAACMSbCIMes][SbCl;Mes] (3): CsgH;CINSb,,
(CeHe), M, =987.24, T=100(2) K, L=0.71073 A, red block, 0.149x
0.131x0.068 mm?, monoclinic space group P2,/c=16.1062(4) A,
b=12.82903) A, c=90°, B=108.097(3)°, y=90°, V=4398.9(2) A®,
Z=4, Peca= 1491 Mg/m?, u=1.502 mm"', F(000)=2000, 66967
reflections, —22<h<22, —17<k<17, —31<1<28, 1.913°<0<
29.575°, completeness 100%, 12328 independent reflections, 9175
reflections observed with [I >20(1)], 493 parameters, 22 restraints, R
indices (all data) R,=0.0616, wR,=0.0761, final R indices [I > 20(l)]
R,=0.0349, wR,=0.0675, largest difference peak and hole 1.122
and —2.666 eA~*, Goof =1.013.

Computational Details. The calculations were carried out using the
TURBOMOLE V7.5.1 suite of programs.”® Geometry optimizations
were performed using (RI-)DFT calculations®” on a m4 grid employ-
ing the D3BJ® dispersion-corrected M06-2x** functional and a

def2-TZVP basis set for Sb and def2-SVP basis sets for C, H, N and Cl
atoms.®” Wiberg bond indices®" have been evaluated from the DFT
ground state electron density.
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