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1. Experimental Details

Materials and Methods: All operations with air and moisture-sensitive compounds were
performed in a glove box under a dry argon atmosphere (MBraun 200B) or on a high vacuum
line using Schlenk techniques. All solvents were purified by a solvent purification system from
MBraun and stored over molecular sieve (4 A) prior to use. Elemental analysis (C, H, N)
succeeded by combustion MS on a Finnigan MAT 95 (EI), Finnigan MAT 95 XL (ESI),
respectively and HR-MS from Bruker-Demo QTOF micro. Unless otherwise indicated, all
starting materials were obtained from Aldrich and were used without further purification. 1,3-Di-
tert.-butylimidazolin-2-ylidene (1)™ and B(CeFs)s'? were prepared according to literature

procedures.

[ A.J. Arduengo I11., US Patent 5 077 414, 1991, b) A. J. Arduengo, 111; H. Bock, H. Chen, M. Denk, D. A.
Dixon, J. C. Green, W. A. Herrmann, N. L. Jones, M. Wagner, R. West J. Am. Chem. Soc. 1994, 116, 6641-
6649

21 C. Wang, G. Erker, G. Kehr, K. Wedeking, R. Fréhlich, Organometallics 2005, 24, 4760-4773
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“\N P (3): To 20 ml of a solution of P4 (0.98 mmol, 121 mg) in toluene/benzene
<@3j \Fip/ & (5:1) were added B(CeFs)s (0.98 mmol, 0.500 g) and 1,3-Di-tert.-
e butylimidazolin-2-ylidene 1 (0.98 mmol 0.177 g). The solution was
mixed at ca. 5 °C and stirred at rt for 4 hours. During this time the colour of the solution changed
from yellow to purple and a smooth pale yellow precipitate was formed. The solvent was
decanted carefully and the solid was washed 4 times with 3 ml toluene and following 3 times
with 5 ml pentane. The crude product was dried in vacuo and recrystallized from THF/pentane at
-35 °C. The product was collected as a white solid after filtration and drying in vacuo. Yield 523
mg (67 %, based on elemental analysis). Crystals for 3 were obtained from a mixture of
THF/pentane at -35 °C.
elemental analysis: theoretical for C,gH,0BF15sN2P4-2 THF: N 2.92, C 46.28, H 3.78, found: N

2.99, C 45.76, H 3.65.



2. NMR Characterisation

The NMR spectra were obtained on Bruker Avance Il 600, DRX 400 and Avance 11 300
instruments. Frequencies and referencing methods are listed in tables 1-5. For referencing the *°F,
31p and !B spectra the observation frequencies of a dilute solution of the reference compound in
THF-dg (*°F, virtual internal referencing) or the neat external standard (*'P, 'B, virtual external
referencing) had been determined earlier. The s-deuterium atoms of THF-dg were always used as
the lock signal. Standard two-dimensional techniques (HSQC, HMBC) as well as **C triple
resonances spectra (selective decoupling for all three *'P signals under *H broadband decoupling

conditions) were used to assign the spectra.

Table 1 *H-NMR spectrum of 3, 600.1 MHz, THF-dg, §(TMS) =0

o [ppm] multiplicity no. of H J[Hz] assignment
8.45 d 1 Jl-H,3-H =19 1-H
7.47 d 1 3-H
1.84 S 9 C(CHj3)3 at N-1
1.54 S 9 C(CHs); at N-2

Table 2 *C-NMR spectrum of 3, 150.9 MHz, THF-dg, 5(THF-dg) = 25.3

5 [ppm] Typeof C multiplicity" J[Hz] assignment
148.80 Cq “dm” Splitting: 240.5 B(C6Fs)3: Cortno
~139.2 Cq “dt” Splittings: 246.4, > 13.7 B(CsFs)3: Cpara
~137.6 Cq “ddd”  Splittings: 246.7,>20.9,>11.3  B(CsFs)3: Creta
~136.3 Cq dd Jp1c 106, Jouc ~ 44 C-2
133.98 CH s c-1
127.72 CH br.s Jp2c=8.9" C-3
~123.4 Cq vbr.m  (vi,=155Hz) B(CsFs)3: Cipso
63.30 Cq s C(CHs3)s at N-1
61.25 Cq s C(CHs3)3 at N-2
30.33 q d Jpoc=9.3 C(CHa)3 at N-1
29.21 q s C(CHs)3 at N-2

“derived from HMBC; ~ derived from ““C{*'Psy, H}, irradiation at 5(*"P) = -200.2 ppm

! Where spectra of higher order are observed merely a description of the multiplicity and

splittings instead of couplings constants are given.



Table 3 **F-NMR spectrum of 3, 376.4 MHz, THF-dg, 3[(CFCls)virt.int] = 0

o [ppm] multiplicity Splitting [Hz] assignment

-126.0 “br. d” ~ 68 (Vi ~ 50 Hz) B(CsFs)3: Fortho
-162.6 “t” 20.4 B(C6Fs)3: Frmeta
-166.1 “xt” 19.0 B(CéFs)3: Fpara

Table 4 *'P-NMR spectrum of 3, 121.5 MHz, THF-dg, 5[(85 % H3POu)vir. ext] = 0

o [ppm]  multiplicity Splitting [Hz] assignment
-159.5 dtsept Jp-lip.4 = 285.3, Jp-zip.4 =172.7, Jp-4,|:0rth0 =63.3 P-4
-200.2 br. m Jp1pp =173.2 P-1
-327.4 tsept Jp-2,Fortho = 12.3 P-2

Table 5 "'B-NMR spectrum of 3, 96.3 MHz, THF-dg, 8[(BF3-O(CH2CHa)2)virt. ext] = 0

d [ppm] multiplicity Splitting [Hz]

-13.9 br. d 36 (V5 ~ 79 Hz)

Please note:

The following spectra, which were recorded on a 600 MHz-NMR spectrometer show
impurities due to decomposition in solution during prolonged measurements within two
days.

NMR spectra of freshly prepared samples measured on a 400 MHz NMR-spectrometer are

also shown; these show no impurities.



"H-NMR spectrum of 3

o: different impurities
m: toluene

V¥ : residual solvent signal of THF-ds
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3C-NMR spectrum of 3 wANE hod99193_at
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YF-NMR spectrum of 3

o: different impurities
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¥P-NMR spectrum of 3 NAME
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""B-NMR spectrum of 3 NAME hod97726_at
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NMR spectroscopic illustration of the compound 3, which were directly measured after synthesis on a DRX 400 spectrometer. In solution
slow decomposition takes place after some hours.
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3. X-Ray structure determination of 3-:2THF
Crystal data: C37H36BF15N202P4, M = 960.37, monoclinic, P2;/n, a = 15.2628(2), b = 12.8453(2),
c=21.2228(4) A, B = 94.111(2)°, Z = 4, V = 4150.14(2) A®, Dy = 1.537 Mg m >, 1 = 0.29 mm *,

T = 100 K. Data collection: A crystal 0.26 x 0.16 x 0.09 mm was used to record 160687

intensities to 26 56.6° on an Oxford Diffraction Xcalibur E diffractometer using monochromated
Mo Ko radiation. An absorption correction was performed on the basis of multi-scans. Structure
refinement: The structure was refined anisotropically on F? using the program SHELXL-97
(G.M. Sheldrick, University of Gottingen, Germany). Hydrogen atoms were included using rigid
methyl groups or a riding model. The final wR2 was 0.0631 for 556 parameters and all 9886

unique reflections, with conventional R1 (F > 4c(F)) 0.0298; max. Ap 0.43 e A, 5 0.87.



4. Computational Details

All computations were performed using the hybrid density functional method MO05-2X
implemented in the Gaussian09 program.!! For all main-group elements (C, H, N, B, F) the all-

electron triple-C basis set (6-311G**) was used.”!

[1] Gaussian 09, Revision A.1, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P.
Hratchian, A. F. 1zmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J.
Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery, Jr., J. E.
Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J.
Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. lyengar, J. Tomasi, M. Cossi, N. Rega, J. M.
Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann,
0. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G.
Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman,
J. V. Ortiz, J. Cioslowski, and D. J. Fox, Gaussian, Inc., Wallingford CT, 2009.

[2] X. Caoand M. Dolg, J. Chem. Phys. 2001, 115, 7348.

Energies for all optimized structure:

E(0 K)? H(298 K)° G(298 K)°
“ompoun? [Hal [Hal [Ha]
tBu2IMC-P4-BRs (4) -4114.484986 -4114.434616 -4114.570734
(trans-trans)
tBU,ImMCH-P4-BR; (3) -4114.508198 -4114.457935 -4114.593018
(trans-trans)
tBu2IMCH-P4-BRs (5) -4114.504674 -4114 454632 -4114.587323
(trans-cis)
tBu2IMCH-P4+-BRs (6) -4114.511446 -4114.460983 -4114.597554
(cis-trans)

8DFT energy incl. ZPE.
®standard conditions T = 298.15 K and p = 1 atm.



(trans-trans)

Structure of the carben-P,-boran adduct (4) (atom, x-, y-, z-positions in A):
(Hydrogen and fluorine atoms are omitted for clarity)
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-4.492400 -2.513200 -2.340000
-6.480700 -3.080600 -1.008600
-6.914300 -3.294500 -0.034000
-7.127400 -2.390800 -1.551100
-6.446900 -4.021800 -1.554000
-6.709300 -1.578800 1.054100
-3.411300 2.770700 1.132200
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-2.843800 2.863900 -0.543200
-6.696800 1.097700 1.404700
-3.207400 -3.079700 0.116900
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-6.187100 2.305100 -2.129900
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(trans-trans)

Structure of the abnormal carben-P,-boran adduct (3) (atom, x-, y-, z-positions in A):
(Hydrogen and fluorine atoms are omitted for clarity)

-1.806600 -0.102400 -0.138100
5.320800 -1.405600 -0.643300
5.258100 0.564800 0.276100
2.482700 -2.034100 -1.118100
1.164500 -1.213000 0.470800
1.248600 -0.214700 -1.476600

-0.490900 -1.511900 -0.964900

-0.690700 0.502200 2.572800
1.137700 .326400 3.114600
2

.038900 .015300 1.192600

B

N

N

P

P

P

P

F

F 2

F 4

F 1.045500 3.821000 -1.329900
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F -1.770900 -2.994500 0.977500
c -0.892800 1.175500 0.296600
C -0.354700 1.328000 1.570500
c 0.608700 2.272200 1.887500
c 1.067700 3.134700 0.913700
c 0.555600 3.039400 -0.365200
c -0.398500 2.077500 -0.642600
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(trans-cis)

Structure of the abnormal carben-P4-boran adduct (5) (atom, x-, y-, z-positions in A):
(Hydrogen and fluorine atoms are omitted for clarity)
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.751000
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.253000
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.616800
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.485700
.731600
.849900
.668700
.092100
.712800
.896300
.457600
.857700
.015000
.078900
.004400
.866400
.821300
.144600
.308500
.012100
.355000
.562500
.514900
.896700
.305400
.818600
.944600
.723000
.271000
.222600
.173100
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(cis-trans)

Structure of the abnormal carben-P,-boran adduct (6) (atom, x-, y-, z-positions in A):
(Hydrogen and fluorine atoms are omitted for clarity)

B 1.250400 0.021100 0.067500
N -4.665900 0.955600 0.138400
N -4.387200 -1.130500 -0.420200
P -2.729300 2.331400 -1.586600
P -0.792800 1.350600 -2.078300
P -0.905700 2.625600 -0.307200
P -0.758800 0.421600 -0.058500
F 2.673900 0.920900 -2.437400
F 3.768600 3.298900 -2.804000
F 3.704900 5.181000 -0.846600
F 2.475600 4.615500 1.516800
F 1.359700 2.233900 1.915800
F 3.435900 0.611200 2.134800
F 3.709000 -0.610500 4.454600
F 2.020400 -2.604700 5.191900
F 0.024700 -3.368100 3.495400
F -0.266800 -2.172600 1.145200
F 3.890800 -0.820700 -0.365300
F 4.786300 -2.828000 -1.877700
F 3.043300 -4.347300 -3.309800
F 0.376700 -3.801300 -3.186600
F -0.538000 -1.825700 -1.724700
c 2.020000 1.423600 -0.206600
c 2.626600 1.778200 -1.403500
c 3.196200 3.020700 -1.631600
c 3.166100 3.980300 -0.640500
c 2.551500 3.686300 0.562600
c 1.994500 2.437200 0.746000
c 1.504000 -0.646200 1.545400
c 2.532400 -0.331000 2.426100
c 2.712200 -0.968300 3.643900
c 1.861200 -1.988200 4.021600
c 0.848900 -2.368500 3.162400
c 0.709700 -1.709400 1.956800
c 1.644700 -1.182800 -0.981600
c 2.990900 -1.526200 -1.064100
c 3.481200 -2.562100 -1.833600
c 2.598100 -3.338500 -2.563300
c 1.250700 -3.055600 -2.501600
c 0.808600 -1.999700 -1.721300
c -5.047800 -0.299100 0.381000
c -3.688700 0.932800 -0.855500
C -3.544200 -0.381900 -1.196400
c -5.224500 2.155400 0.842700
c -4.110200 2.814500 1.651600
c -5.806800 3.100100 -0.206100
c -6.335600 1.709300 1.789700
c -4.413800 -2.625200 -0.390000
c -3.095100 -3.095400 0.218600
c -4.567900 -3.122100 -1.825300
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