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(1) Experimental details and physical data

All syntheses and manipulations were carried out under an inert atmosphere of dry nitrogen
gas using glove-box or Schlenk-line techniques. The starting materials IPr-SiCl, (1), IPr (IPr
= 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene),” and H,O'B(C4Fs);’ were prepared
according to the reported methods. THF-dg was dried over K-mirror (potassium metal) and
distilled under dry nitrogen prior to use. All other solvents were dried and purified by a
MBRAUN solvent purification system (MB SPS 800). IH, “B, 13C, 19F, and »’Si NMR
spectra were recorded using a Bruker Avance DPX 200, Bruker Avance DPX 300 or Bruker
Avance DRX 500 spectrometer. Elemental analyses were performed at the Institut fiir

Anorganische Chemie, Universitit Gottingen.

Synthesis of [IPr-SiH(Cl)=0-'B(C¢Fs)3] (3): To a 100 mL THF solution of IPr-SiCl, (1)
(3.05 g, 6.26 mmol) and IPr (2.50 g, 6.43 mmol) was added drop by drop a 100 mL THF
solution of H,O'B(C¢Fs)3 (3.31 g, 6.24 mmol) at —78 °C. After 4 h, the reaction mixture was
slowly warmed to room temperature and stirred overnight. White insoluble precipitate of
IPr-HCI separated, which was removed by filtration. Removal of the volatiles under vacuum
afforded white solid, which was dissolved in 50 mL toluene. Colorless upper layer was
transferred in a flask, to separate oily compound, and concentrated to 30 mL by removal of
the volatiles under vacuum. The resulting solution was stored at 4 °C in a freezer for one
week to afford colorless crystals of 3 (1.59 g, 26 %). Elemental analysis (%) calcd for
C4sH37BCIF5N,0Si: C 55.09, H 3.80, N 2.86; found: C 55.07, H 3.78, N 2.81. Mp 162 °C
(dec). '"H NMR (500 MHz, THF-dy, 25 °C): 6 1.18 (d, J= 6.89 Hz, 12 H, CHMe,); 1.22 (d, J
=6.82 Hz, 12 H, CHMe,); 2.42 (m, J = 6.84 Hz, 4 H, CHMe,); 5.55 (br, 1 H, SiH); 7.40 (d, J
=7.50 Hz, 4 H, m-C¢H3); 7.54 (t, J = 8.00 Hz, 2 H, p-C¢H3); 8.17 (s, 2 H, NCH) . ''B NMR
(96 MHz, THF-ds, 25 °C): d —5.28. °C NMR (75 MHz, THF-ds, 25 °C): J 23.60, 24.85,
26.36, 30.06, 125.53, 127.20, 131.28, 133.00, 140.85, 146.18. '°’F NMR (282 MHz, THF-dj,
25°C): 6 — 13436 (d, 6 F, Jer = 16 Hz, 0-CcFs); — 163.94 (m, 3 F, Jer =20 Hz, p-C4Fs);
~167.79 (m, 6 F, m-C4Fs) . Si{'"H} NMR (99 MHz, THF-ds, 25 °C): § —49.78 . *’Si NMR
(99 MHz, THF-ds, 25 °C): 6 —49.8 (d, Jsi.u = 344 Hz).

[IPrH]'[CIB(C4Fs)s] (4): To the oily compound, obtained in the above mentioned reaction,
15 mL of THF was added and the solution was kept at —35 °C. Colorless crystals of the
imidazolium-borate salt [IPrH] [CIB(C¢Fs)3] (4) were also isolated (1.58 g, 27%). The
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mechanism for the formation of 4 is not known. Compound 4 is air stable, soluble in common
organic solvents, and has been characterized by elemental analysis and NMR spectroscopy.
[TPrH] [CIB(C¢Fs)s] (4): Elemental analysis (%) caled for C4sH37BCIF sN,: C 57.68, H
3.98, N 2.99; found: C 57.65, H 3.95, N 2.92. Mp 201 °C. "H NMR (500 MHz, C¢Ds, 25 °C):
00.94 (d, J=7.00 Hz, 12 H, CHMe,); 0.97 (d, /= 7.00 Hz, 12 H, CHMe;); 1.98 (m, J = 7.00
Hz, 4 H, CHMe,); 6.69 (s, 2 H, NCH); 6.97 (d, J = 8.00 Hz, 4 H, m-CsH3); 7.24 (t, J = 8.00
Hz, 2 H, p-C¢H3) . ''B NMR (96 MHz, C4Ds, 25 °C): 6 —6.43. *C NMR (75 MHz, C¢Ds, 25
°C): § 23.48, 23.66, 29.11, 124.84, 125.49, 129.39, 132.71, 137.38, 144.59. "’F NMR (188
MHz, C¢Dg, 25 °C): 6 —131.66 (d, 6 F, Jrr = 17 Hz, 0-C4Fs); —161.60 (m, 3 F, Jrg=20
Hz, p-C¢Fs); —=166.35 (m, 6 F, Je.p= 18 Hz, m-C4Fs).

The molecular structure of 4 in the solid state was unambiguously determined by single
crystal X-ray diffraction (Fig. S1). Compound 4 crystallizes in the monoclinic space group
P2(1)/n. The molecular structure of 4 contains a well separated imidazolium cation and a
borate [CIB(C¢Fs)3] anion (Fig. 2). The boron atom in compound 4 is four-coordinate with
three C¢Fs groups and one chlorine atom. The cationic imidazolium moiety features the bond

lengths and angles as formerly observed in imidazolium chloride [IPr-H]" CI".*

N1

\‘Re
H1 | C1

) ~ N2
¢

Ci1

, B1

Fig. S1 Representation of the molecular structure of 4 with 50 % probability level for the
displacement ellipsoids; isopropyl groups, H and F atoms are omitted for clarity: Selected
bond lengths [A] and angles [°]: NIC1 1.3321(19), C11-B1 1.922 2(18), CI-H1 0.88(2);
NI1-C1-N2 108.75 (12).
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(2) X-ray crystallography

Crystal data for 3 and 4 are summarized in Tables T1 and T2. For compound 4 a single crystal was
measured on a Bruker three-circle diffractometer equipped with a SMART 6000 CCD area detector
and a CuKa rotating anode. Integration was performed with SAINT. Intensity data for compound 4
was corrected for absorption and scaled with SADABS.® Structure solution was accomplished by
direct methods.” Subsequent least-squares refinement of positions and atomic displacement
parameters for non-hydrogen atoms was carried out on * with the program SHELXL-97.” Hydrogen-

atom positions were freely refined, including isotropic treatment of atomic motion.

Compound 3 turned out to be twinned while being measured on the same Bruker three-circle
diffractometer. Integration was also performed with SAINT,” whereas twinning required evoking the
empirical absorption and scaling program TWINABS.® The structure was again solved by direct
methods, and subsequently refined on F* by full-matrix least-squares methods with the program
SHELXL-97.” Non-hydrogen atoms were refined anisotropically and hydrogen atoms were added
using the riding model. The asymmetric unit of 3 contains two molecules, in which one molecule
shows substantial disorder. Interestingly, most of the disorder is due to the imidazolium-borate salt
[IPrH] [CIB(C¢F5);s] (4), which may be due the co-crystallization of 4 with 3. Resolving the disorder
required restraining bond lengths and thermal parameters. The contribution of the main component 3
was refined to 80% and that of the imidazolium-borate salt [IPrH] [CIB(C¢Fs)s] (4) to 20% site
occupancy (Fig. S2). Fig. S3 depicts both conformations, whereas Fig. S1 illustrates the imidazolium-
borate salt [IPrH] [CIB(C4Fs)3;] (4). Orientation and conformation of the salt in the structure of the
product are very close to that found in the salt structure, but also to the product itself (see Fig. S3).
This conformational similarity supports assignment of the salt being present, the use of restraints in
the refinement and the mechanism of formation of the product. Despite the disorder structure 3 could

be refinened to a R-Factor of 5.83%.
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The crystal containing compound 3 consists of the (S) and (R) enantiomers, since it crystallizes in
the common space group P2,/c. Further potential disorder around the chiral center is conceivable in
case of an enantiomeric excess of one of the two forms. Due to the comparably low remaining

residual electron density around the silicon atom it was not necessary to be modelled.

Fig. S2 Displacement ellipsoids structure of one molecule of 3 without disorder with ellipsoids at the
50% probability level; isopropyl groups and H atoms (except the one on the Si atom as located in the
difference Fourier map) were omitted. Only ipso-C atoms of C4F5 groups are shown. The asymmetric
unit contains two molecules of compound 3. Only one molecule of 3 was non-disordered. The second
molecule of 3 (80% occupancy) was disordered and superposed to a molecule of the imidazolium-
borate salt [IPrH] [CIB(C4Fs);] with 20% occupancy. The salt had the same conformation as in the
structure determination of 4 and was modelled with restraints. Selected bond lengths [A] and angles
[°] with the values for the second molecule are given in the brackets: Si1-01 1.568(15) [1.541(3)],
Sil—C1 1.911(2) [1.903(4)], Si1—Cl1, 2.049(8) [2.0391(13)], O1-B1 1.492(3) [1.458(5)]; O1-Sil—Cl

110.90(9) [109.44(14)], O1-Sil—Cl1 112.65(6) [111.51(11)], C1-Si1-CI1 103.08(7) [106.59(12)].



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Fig. S3 Displacement ellipsoids structure of one molecule of 3 with disordered imidazolium-borate
salt [IPrH]'[CIB(C4Fs)s] (4) (ellipsoids are shown at 50% probability level; isopropyl groups and H
atoms are omitted, and only ipso-C atoms of C¢F5 groups are shown for clarity). The asymmetric unit
contains two molecules of the compound 3. One molecule of 3 was without any disorder (as shown in
Fig. S2). The second molecule of 3 (80% occupancy) was disordered caused mainly by the disordered

imidazolium-borate salt [IPrH] [CIB(C4F5);] with 20% occupancy, which was modelled.
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(3) Tables T1 and T2

Table T1: Crystal data and structure refinement for 3

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Completeness to theta = 72.40°

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

3

C45H36.90BCIF 1sN20.90Sig.90
976.61

100(2) K

1.54178 A

Monoclinic

P2,/c

a= 19.5187(3) A o=90°.
b=24.0524(4) A F=90.6860(10)°
c=18.8976(3) A 7=90°.
8871.3(2) A’

8

1.462 mg/m’

1.904 mm’!

3982

0.50 x 0.25 x 0.15 mm’

2.26 to 72.40°.

-24<=h<=24, 0<=k<=29,
0<=/<=21

17134

17134 [R(int) = 0.0305]
97.5%

semi-empirical from symmetry
equivalents

0.753579 and 0.651098
Full-matrix least-squares

on F*

17134 /7037 /1759

1.1

R1=0.0583, wR2 =0.1577
R1=0.0599, wR2 = 0.1595
0.869 and -0.604 e.A”
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Table T2: Crystal data and structure refinement for 4

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Completeness to theta = 72.62°

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

1 x

C4sH37BCl F5N,

937.03

100(2) K

1.54178 A

triclinic

P2,/n

a=123598(3) A o=90°.
b=18.4204(4) A F=97.7500(10)°
c=18.8960(4) A 7=90°.
4262.80(17) A’

4

1.460 mg/m’

1.705 mm™

1912

0.10x 0.03 x 0.01 mm’

3.37 to 72.36°.
-15<=h<=10, -21<=k<=22, -
23<=]<=21

37243

8000 [R(int) = 0.0222]
94.80%

semi-empirical from
symmetry equivalents
0.4697 and 0.3963
Full-matrix least-squares on
Iz

8000/0/725

1.06

R1=10.0362, wR2 =0.0972
R1=10.0401, wR2 =0.1040
0.342 and -0.267 e.A”
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(4) Theoretical details

Geometry optimizations without symmetry constraints were carried out using the Gaussian
03 program package.” The calculations were performed using density functional theory at
the BP86'"!! level in conjunction with a def2-SVP basis set.'? Improved single-point energies
with a larger def2-TZVPP basis set'> have been obtained using BP86/SVP optimized
geometries. . The dispersion interactions were calculated with the D-3 model developed by

Grimme et al."* The atomic partial charges were calculated with the NBO method."
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Fig. S4 Optimized geometries (BP86/TZVPP) of the molecules. Bond lengths in A, bond
angles in degree.

@(0-Si-C) = 107.4, a(0-Si-Cl) = 115.7, a(C-Si-Cl) = 105.5, §(C-Si.0-B) = 169.7

IPr—SiH(C])O SiH(C)O—B(C¢Fs);3
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IPr

SiH(CDO B(CsFs)3
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Table T3. Calculated cartesian coordinates and energies [a.u.] of the complexes.

3

E(RB-P86) = -4191.26953011

C

o o o o o o o o o o o o =z o Z o a o o o 0

-2.73160700

-3.46804900

-4.32478800

-4.38651000

-3.64192800

-2.83323100

-3.41838500

-2.55450000

-2.96929500

-4.08158900

-4.36100900

-2.39320900

-2.84765400

-2.29969400

-1.35437800

-0.93857400

-1.44862700

-3.91640400

-5.29090000

-1.03291100

0.45524600

-1.07111500

-1.57331600

-5.20647100

-6.65772200

-3.11643200

-2.16333200

-2.51149300

-3.87490200

-4.83773700

-4.46233100

-0.75911700

0.21855200

1.37084400

1.11931800

-0.21840900

2.70291200

3.50902500

4.80330400

5.26915700

4.45180600

3.14687100

3.04778000

3.65704800

2.29931000

2.44605100

0.20759400

-1.22113900

-1.49476900

-1.56027100

1.13614300

0.38255300

-0.69658900

-1.04730600

-0.35328700

0.72722600

0.78590300

0.36741700

0.98500800

1.77208600

1.64886200

0.83245700

-0.24647400

-0.35155400

0.57236600

1.63165200

1.79655300

-1.24029900

-0.87805300

2.99947600

3.36728900

-0.89663300

-2.33205200

-1.42711500

-0.89481300

12



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

T &£ T X £ & & LT @& & T &K ¥ T©T &m E T @®m ZX T @=m O O o a o a O

-1.92911600

-2.83612900

-5.18803400

-0.69285900

-1.91658600

-3.54578300

0.27115600

-5.14767100

-4.57342100

-5.02874400

-3.69681400

-2.26339800

-0.19491400

-0.93488000

-2.61774900

-1.55377800

-4.81346000

-1.19137300

-4.01216700

-7.29244900

-7.10677900

-6.71262700

-5.76931300

-4.15551200

-5.65385700

-0.08016900

-0.97374000

-0.05888800

-2.74056800

-2.76309600

-1.66030900

-3.62795900

2.62896000

3.35334900

-0.08568100

-0.83436500

1.91144900

-4.18613600

-5.89552200

-5.22977100

4.82973200

6.28163100

5.45707900

-1.70609100

-0.47911800

1.23352900

1.94378800

-0.79517600

-2.55532800

-1.39115400

-0.84415100

-1.62799200

-2.61645700

-3.19084500

-4.65532400

-3.69793000

2.38269900

3.63715400

-2.95969500

2.61932900

4.22672600

-2.70560600

-0.06015600

2.09343200

2.34375200

-1.88516000

-0.65508400

1.27075000

2.34860000

0.46411900

-1.17779400

2.24529800

-1.20528000

2.73477500

-1.15392800

-1.38924900

-1.09782500

0.20021600

-3.43698600

-3.35810200

-3.27730900

3.43267300

2.93540900

1.71596500
13
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-2.25849800

-3.70752000

-3.22852100

-1.63166700

-1.78721300

-2.99689200

0.71931400

1.12347900

0.68146800

-6.07524200

-5.60501300

-5.26175500

-4.29715200

-3.52633000

-2.55267400

-1.20197900

1.78244000

2.49807100

2.20429800

2.15806800

3.15813700

3.50323100

2.89092200

1.94231000

1.63390500

3.80950700

4.41510400

3.20739700

-2.45578600

-2.08264400

-3.78619700

1.99078000

3.68907300

246909900

1.69712000

2.28065400

3.44732200

3.29809800

3.39105600

4.76524100

2.90872600

4.44438300

2.93931000

1.53971600

-0.07516200

-0.48206400

-1.27357400

1.45676400

-1.16801600

-2.23497900

-3.48697700

-3.65017100

-2.55344200

-0.00939700

-2.06938900

-4.51419800

4.53352700

3.55045400

3.81899200

5.08880200

4.53163600

4.03238800

4.14044700

2.50088300

3.79127800

-1.57691700

0.15246900

-0.94125700

-3.39032200

-2.90871900

-2.97277300

-1.54674400

-0.24557600

1.19378900

-1.32312300

-0.77140900

-2.35405800

-3.20656500

-3.03377800

-2.01110800

-1.18756500

-2.58623900

-4.17852000

-3.83603000
14
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F 134965100
F  0.72515100
C  2.80367600
C  3.02260800
C 257109500
C  1.90506000
C  1.71898100
F  3.24543900
F  3.64187500
F 275873200
F 145091900
F  1.05255200
C  3.89523400
C 459506500
C  3.87880100
C  2.48781600
C  1.83522800
F  4.64408200
F  5.92886400
F 451719600
F  1.77908400
F  0.48947200
IPr—SiH(C1)O

-4.84310000

-2.79238900

2.45715900

3.76761300

4.12705200

3.17031500

1.87969100

2.22148500

4.67857900

5.37218200

3.50193400

1.00796500

-0.66339500

-1.08133000

-1.34922600

-1.17160700

-0.74787300

-0.40345800

-1.22863300

-1.75338500

-1.41217200

-0.59627200

E(RB-P86) = -1984.58874986

C

C

C

-3.15843300

-2.57207500

-3.26149400

1.38671800

0.12472100

-1.10705800

-1.82586900

-0.20868100

-0.02367200

-0.49521100

-1.77443300

-2.56008100

-2.04029000

1.23426300

0.27396700

-2.23639300

-3.78016500

-2.84419700

1.24882600

2.39392300

3.57384200

3.57673100

2.40296800

0.15575100

2.37458300

4.68179700

4.69940100

2.53301300

-0.08505500

-0.36633300

-0.21190600
15
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o L O O O o o o o o o o o o o o o o o o o o zZ2 o oz o o 0

-4.58403200

-5.18650100

-4.48300400

-1.19656300

-0.09887200

0.97723100

0.55475100

-0.81538400

2.37889700

3.10717300

4.47250800

5.07843400

4.33075600

2.96072400

2.47925200

2.73892500

2.18866200

2.39558600

-2.65281500

-3.42199500

-2.41160000

-2.11062100

2.95321300

2.54198800

-2.56714000

-3.16874800

1.26743100

-1.54928300

-1.03940000

0.18787700

1.38671900

0.09106300

0.04006900

-0.02170700

-0.00830700

0.06418800

-0.07875900

1.13888200

1.05628400

-0.17828500

-1.36108200

-1.34691000

249715300

3.54253300

-2.65977000

-3.60703400

-2.46343200

-3.10219600

2.70878100

3.39059500

3.01159200

-3.34403800

-3.41275700

3.65759700

-0.05152200

0.09534600

0.27466600

0.58171600

0.39655300

-0.82963300

-0.01246200

-0.85641100

-2.18219800

-2.16712400

-0.47054700

-0.41536200

-0.07743100

0.19361500

0.12603600

-0.20991200

-0.73480300

0.36882500

-0.34811200
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