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Experimental Procedures and Data
General Considerations
All reactions were carried out using standard Schlenk, syringe, and glovebox techniques.
The reagents benzoyl fluoride, pentanoyl fluoride, 1-fluorooctane, 1-fluorocyclohexane,
1,1,1-trifluoromethyltoluene, and 1,3-bis(trifluoromethyl)xylene were purchased from
Alfa Aesar. The reagents triphenylgermanium hydride and [Ph3C][B(C6F5)4] were
purchased from Aldrich. All reagents were used without further purification. All NMR
solvents were dried over activated molecular sieves and non-deuterated solvents were
purified using a Glass Contour Solvent Purification System. NMR spectra were acquire
using a Bruker Avance III spectrometer operating at 400.00 (1H) or 376.31 (19F) MHz.
GC/MS data were acquired using a Shimadzu QP2010 instrument.
1). Experimental Procedures, NMR, and GC/MS data for the reaction
1.1 equiv. Ph3GeH
O
O
3 mol % [Ph3C][B(C6F5)4]
F
H + Ph3GeF + Ph3CH
neat, r.t., 18 h
a). Reaction to determine conversion
In a 20 mL vial equipped with a stir bar, benzoyl fluoride (0.200 g, 1.62 mmol) was
added via pipette to Ph3GeH (0.545 g, 1.79 mmol) resulting in the formation of a liquid
mixture. To the mixture was added [Ph3C][B(C6F5)4] (0.045 g, 0.049 mmol) resulting in
a yellow liquid. The reaction mixture was stirred at room temperature under nitrogen for
18 h. An aliquot of the product mixture was analyzed by 1H and 19F NMR spectroscopy
in benzene-d6. The percent conversion (>99 %) was determined by integration of the 19F
NMR signals for the benzoyl fluoride starting material and the Ph3GeF product. An
aliquot of the product mixture was also analyzed by GC/MS in CH2Cl2 solution.
b). Reaction to provide isolated product
A Schlenk flask was charged with Ph3GeH (0.811 g, 2.66 mmol) and to this was added
benzoyl fluoride (0.300 g, 2.42 mmol) via pipette, resulting in a liquid mixture. To this
was added [Ph3C][B(C6F5)4] (0.030 g, 0.033 mmol), resulting in the formation of a
yellow liquid mixture. The mixture was stirred at room temperature for 18 h under
nitrogen and then was washed with water to separate benzaldehyde from the Ph3GeF and
Ph3CH byproducts. The benzaldehyde was then extracted from the water layer with Et2O.
The ethereal layer was separated and the solvent was removed in vacuo to yield a clear
liquid, which was identified to be pure benzaldehyde by NMR (1H and 19F) spectroscopy
in CDCl3. Yield: 0.121 g, 46.8%.
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c). 19F NMR in CDCl3 of crude product mixture:

d). 1H NMR in CDCl3 of isolated product after purification:
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e). GC of isolated product after purification:

f). MS of isolated product after purification:

2). Experimental Procedure, NMR, and GC/MS data for the reaction
1.1 equiv. Ph3GeH
O
O
3 mol % [Ph3C][B(C6F5)4]
+ Ph3GeF + Ph3CH
neat, r.t., 18 h
H
F
a). Experimental procedure
In a 20 mL vial equipped with a stir bar, pentanoyl fluoride (0.100 g, 0.960 mmol) was
added via pipette to Ph3GeH (0.322 g, 1.06 mmol) resulting in the formation of a liquid
mixture. To the mixture was added [Ph3C][B(C6F5)4] (0.026 g, 0.029 mmol) resulting in
a yellow liquid. The reaction mixture was stirred at room temperature under nitrogen for
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18 h. An aliquot of the product mixture was analyzed by 1H and 19F NMR spectroscopy
in CD2Cl2. The percent conversion (>99 %) was determined by integration of the 19F
NMR signals for the pentanoyl fluoride starting material and the Ph3GeF product. An
aliquot of the product mixture was also analyzed by GC/MS in CH2Cl2 solution.
b). 19F NMR in CD2Cl2 of crude product mixture:

c). 1H NMR in CD2Cl2 of crude product mixture:
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d). GC of product mixture:

e). MS of product mixture:

3). Experimental Procedure, NMR, and GC/MS data for the reaction
1.1 equiv. Ph3GeH
3 mol % [Ph3C][B(C6F5)4]
F
neat, r.t., 1 h

+ Ph3GeF + Ph3CH

a). Experimental procedure
In a 20 mL vial equipped with a stir bar, 1-fluorooctane (0.110 g, 0.833 mmol) was added
via pipette to Ph3GeH (0.270 g, 0.886 mmol) resulting in the formation of a liquid
mixture. To the mixture was added [Ph3C][B(C6F5)4] (0.020 g, 0.022 mmol) and a white
solid formed. The reaction mixture was stirred at room temperature under nitrogen for 1
h. An aliquot of the product mixture was analyzed by 1H and 19F NMR spectroscopy in
benzene-d6 after filtration of the benzene-d6 solution through Celite. The percent
conversion (>99 %) was determined by integration of the 19F NMR signals for the 1fluorooctane starting material and the Ph3GeF product. An aliquot of the product
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mixture was also analyzed by GC/MS in CH2Cl2 solution, which was filtered through
Celite prior to injection of the sample.
b). 19F NMR in C6D6 of crude product mixture:

c). 1H NMR in C6D6 of crude product mixture:
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d). GC of product mixture:

e). MS of product mixture:
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4). Experimental Procedure, NMR, and GC/MS data for the reaction
1.1 equiv. Ph3GeH
3 mol % [Ph3C][B(C6F5)4]
F
+ Ph3GeF + Ph3CH
neat, r.t., 5 min
a). Experimental procedure
In a 20 mL vial equipped with a stir bar, 1-fluorocyclohexane (0.100 g, 0.978 mmol) was
added via pipette to Ph3GeH (0.328 g, 1.08 mmol) resulting in the formation of a liquid
mixture. To the mixture was added [Ph3C][B(C6F5)4] (0.027 g, 0.029 mmol) and a white
solid formed. The reaction mixture was stirred at room temperature under nitrogen for 5
min. An aliquot of the product mixture was analyzed by 1H and 19F NMR spectroscopy in
benzene-d6 after filtration of the benzene-d6 solution through Celite. The percent
conversion (>99 %) was determined by integration of the 19F NMR signals for the 1fluorocyclohexane starting material and the Ph3GeF product. An aliquot of the product
mixture was also analyzed by GC/MS in CH2Cl2 solution, which was filtered through
Celite prior to injection of the sample.
b). 19F NMR in C6D6 of crude product mixture:
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c). 1H NMR in C6D6 of crude product mixture:

d). GC of product mixture:
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e). MS of product mixture:

5). Experimental Procedure, NMR, and GC/MS data for the reaction
3.1 equiv. Ph3GeH
CH3
CF3
3 mol % [Ph3C][B(C6F5)4]
+ Ph3GeF + Ph3CH
neat, r.t., 18 h
a). Experimental procedure
In a 20 mL vial equipped with a stir bar, 1,1,1-trifluorotoluene (0.060 g, 0.41mmol) was
added via pipette to Ph3GeH (0.388 g, 1.27 mmol) resulting in the formation of a liquid
mixture. To the mixture was added [Ph3C][B(C6F5)4] (0.011 g, 0.012 mmol) and a white
solid formed. The reaction mixture was stirred at room temperature under nitrogen for 18
h. An aliquot of the product mixture was analyzed by 1H and 19F NMR spectroscopy in
benzene-d6 after filtration of the benzene-d6 solution through Celite. The percent
conversion (56 %) was determined by integration of the 19F NMR signals for the 1,1,1trifluorotoluene starting material and the Ph3GeF product. An aliquot of the product
mixture was also analyzed by GC/MS in hexane solution, which was filtered through
Celite prior to injection of the sample.
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b). 19F NMR in C6D6 of crude product mixture:

c). 1H NMR in C6D6 of crude product mixture:
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d). GC of product mixture:

e). MS of product mixture:
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6). Experimental Procedure, NMR, and GC/MS data for the reaction
CF3
6.1 equiv. Ph3GeH
CH3
3 mol % [Ph3C][B(C6F5)4]
+ Ph3GeF + Ph3CH
neat, r.t., 18 h
CF3
CH3
a). Experimental procedure
In a 20 mL vial equipped with a stir bar, 1,3-bis(trifluoromethyl)xylene (0.080 g, 0.37
mmol) was added via pipette to Ph3GeH (0.695 g, 2.28 mmol) resulting in the formation
of a liquid mixture. To the mixture was added [Ph3C][B(C6F5)4] (0.010 g, 0.011 mmol)
and a white solid formed. The reaction mixture was stirred at room temperature under
nitrogen for 18 h. An aliquot of the product mixture was analyzed by 1H and 19F NMR
spectroscopy in benzene-d6 after filtration of the benzene-d6 solution through Celite. The
percent conversion (74 %) was determined by integration of the 19F NMR signals for the
1,3-bis(trifluoromethyl)xylene starting material and the Ph3GeF product. An aliquot of
the product mixture was also analyzed by GC/MS in hexane solution, which was filtered
through Celite prior to injection of the sample.
b). 19F NMR in C6D6 of crude product mixture:
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c). 1H NMR in C6D6 of crude product mixture:

d). GC of product mixture:

e). MS of product mixture:
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7). Experimental Procedure and 19F NMR data for the reaction
3.1 equiv. Ph3GeH
CH3
CF3
3 mol % B(C6F5)3
+ Ph3GeF
neat, r.t., 18 h
a). Experimental procedure
In a 20 mL vial equipped with a stir bar, 1,1,1-trifluorotoluene (0.100 g, 0.684 mmol)
was added via pipette to Ph3GeH (0.647 g, 2.12 mmol) resulting in the formation of a
liquid mixture. To the mixture was added B(C6F5)3 (0.011 g, 0.021 mmol). The reaction
mixture was stirred at room temperature under nitrogen for 18 h. An aliquot of the
product mixture was analyzed by 19F NMR spectroscopy in benzene-d6 after filtration of
the benzene-d6 solution through Celite. No formation of Ph3GeF was detected.
b). 19F NMR in C6D6 of crude product mixture:

8). Experimental Procedure and 19F NMR data for the reaction
1.1 equiv. Ph3GeH
O
O
3 mol % B(C6F5)3
F
H + Ph3GeF
neat, r.t., 18 h
a). Experimental procedure
In a 20 mL vial equipped with a stir bar, benzoyl fluoride (0.120 g, 0.967 mmol) was
added via pipette to Ph3GeH (0.324 g, 1.06 mmol) resulting in the formation of a liquid
mixture. To the mixture was added B(C6F5)3 (0.015 g, 0.029 mmol) resulting in a yellow
liquid. The reaction mixture was stirred at room temperature under nitrogen for 18 h. An
aliquot of the product mixture was analyzed by 19F NMR spectroscopy in benzene-d6.
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The percent conversion was determined by integration of the 19F NMR signals for the
benzoyl fluoride starting material and the Ph3GeF product.
b). 19F NMR in C6D6 of crude product mixture:

9). Reactions in hexane solvent
a). Experimental Procedure for the reaction
1.1 equiv. Ph3GeH
O
3 mol % [Ph3C][B(C6F5)4]
F
hexane, r.t., 18 h

O
H + Ph3GeF + Ph3CH

In a 20 mL screw-cap vial, benzoyl fluoride (0.243 g, 1.96 mmol) and Ph3GeH (0.657 g,
2.16 mmol) were combined in hexane (10 mL) and solid [Ph3C][B(C6F5)4] was added
(0.054 g, 0.059 mmol) to the reaction mixture. After stirring at room temperature for 18
h under nitrogen, the vial was opened, the reaction mixture was filtered through Celite,
and the hexane was removed in vacuo. The resulting pale yellow liquid was analyzed by
NMR (1H and 19F) spectroscopy and GC/MS.
b). Experimental Procedure for the reaction
1.1 equiv. Ph3GeH
O
3 mol % [Ph3C][B(C6F5)4]

F

hexane, r.t., 18 h

O
H
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+ Ph3GeF + Ph3CH

In a 20 mL screw-cap vial, pentanoyl fluoride (0.481 g, 4.62 mmol) and Ph3GeH (1.55 g,
5.09 mmol) were combined in hexane (15 mL) and solid [Ph3C][B(C6F5)4] was added
(0.127 g, 0.138 mmol) to the reaction mixture. After stirring at room temperature for 18
h under nitrogen, the vial was opened, the reaction mixture was filtered through Celite,
and the hexane was removed in vacuo. The resulting clear liquid was analyzed by NMR
(1H and 19F) spectroscopy and GC/MS.
c). Experimental Procedure for the reaction
1.1 equiv. Ph3GeH
3 mol % [Ph3C][B(C6F5)4]
F
hexane, r.t., 18 h

+ Ph3GeF + Ph3CH

In a 20 mL screw-cap vial, 1-fluorooctane (0.650 g, 4.92 mmol) and Ph3GeH (1.65 g,
5.41 mmol) were combined in hexane (15 mL) and solid [Ph3C][B(C6F5)4] was added
(0.136 g, 0.148 mmol) to the reaction mixture. After stirring at room temperature for 18
h under nitrogen, the vial was opened, the reaction mixture was filtered through Celite,
and the hexane was removed in vacuo. The resulting clear liquid was analyzed by NMR
(1H and 19F) spectroscopy and GC/MS.
d). Experimental Procedure for the reaction
1.1 equiv. Ph3GeH
3 mol % [Ph3C][B(C6F5)4]
F
hexane, r.t., 18 h

+ Ph3GeF + Ph3CH

In a 20 mL screw-cap vial, 1-fluorocyclohexane (0.477 g, 4.67 mmol) and Ph3GeH (1.57
g, 5.14 mmol) were combined in hexane (10 mL) and solid [Ph3C][B(C6F5)4] was added
(0.136 g, 0.129 mmol) to the reaction mixture. After stirring at room temperature for 18
h under nitrogen, the vial was opened, the reaction mixture was filtered through Celite,
and the hexane was removed in vacuo. The resulting clear liquid was analyzed by NMR
(1H and 19F) spectroscopy and GC/MS.
e). Experimental Procedure for the reaction
3.1 equiv. Ph3GeH
CH3
CF3
3 mol % [Ph3C][B(C6F5)4]
+ Ph3GeF + Ph3CH
hexane, r.t., 18 h
In a 20 mL screw-cap vial, 1,1,1-trifluorotoluene (0.187 g, 1.28 mmol) and Ph3GeH (1.20
g, 3.97 mmol) were combined in hexane (15 mL) and solid [Ph3C][B(C6F5)4] was added
(0.0351 g, 0.0381 mmol) to the reaction mixture. After stirring at room temperature for
18 h under nitrogen, the vial was opened, the reaction mixture was filtered through
Celite, and the hexane was removed in vacuo. The resulting clear liquid was analyzed by
NMR (1H and 19F) spectroscopy and GC/MS.
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f). Experimental Procedure for the reaction
CF3
6.1 equiv. Ph3GeH
CH3
3 mol % [Ph3C][B(C6F5)4]
+ Ph3GeF + Ph3CH
hexane, r.t., 18 h
CF3
CH3
In a 20 mL screw-cap vial, 1,3-bis(trifluoromethyl)xylene (0.211 g, 0.986 mmol) and
Ph3GeH (1.83 g, 6.00 mmol) were combined in hexane (15 mL) and solid [Ph3C][B(C6F5)4] was added (0.0273 g, 0.0296 mmol) to the reaction mixture. After stirring at room
temperature for 18 h under nitrogen, the vial was opened, the reaction mixture was
filtered through Celite, and the hexane was removed in vacuo. The resulting clear liquid
was analyzed by NMR (1H and 19F) spectroscopy and GC/MS.
10). Experimental Procedure and 19F NMR data for the reaction
1.1 equiv. Ph3SiH
O
O
3 mol % [Ph3C][B(C6F5)4]
F
H + Ph3SiF + Ph3CH
neat, r.t., 18 h
a). Experimental procedure
In a 20 mL screw-cap vial, benzoyl fluoride (0.321 g, 2.59 mmol) and Ph3SiH (0.741 g,
2.85 mmol) were combined and solid [Ph3C][B(C6F5)4] (0.079 g, 0.086 mmol) was added
to the reaction mixture and the reaction mixture immediately became exothermic. After
stirring at room temperature for 18 h under nitrogen, the vial was opened and an aliquot
of the reaction mixture was analyzed by 19F NMR spectroscopy in C6D6 solvent.
b). 19F NMR in C6D6 of crude product mixture:
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11). Views of the LUMO of the free Ph3Ge+ calculated by DFT using the using
B3LYP/6-31G(d) basis set1:
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Minimized geometry of Ph3Ge+ using B3LYP/6-31G(d)
1 C1
2 C2
3 C3
4 C4
5 C5
6 C6
7 H7
8 H8
9 Ge9
10 C10
11 C11
12 C12
13 C13
14 C14
15 C15
16 H16
17 H17
18 H18
19 H19
20 H20
21 C21
22 C22
23 C23
24 C24
25 C25
26 C26
27 H27

4.0853
4.0043
2.793
1.6438
1.7336
2.9536
3.0262
0.8566
0
-0.0287
-1.1339
-1.1454
-0.0696
1.0265
1.0558
1.9056
1.8549
-0.0858
-1.9896
-1.9672
-1.6159
-2.7842
-3.9743
-4.0152
-2.8642
-1.6649
-0.7732

-2.275
-0.9936
-0.3097
-0.9172
-2.2136
-2.8819
-3.8745
-2.6843
-0.0005
1.8812
2.5737
3.9646
4.6744
3.9968
2.606
2.0809
4.555
5.7603
4.4984
2.0238
-0.9659
-0.3932
-1.1133
-2.3968
-2.9699
-2.265
-2.7092

-0.0007
0.5546
0.5483
-0.0001
-0.5488
-0.5554
-0.9888
-0.9836
-0.0014
0.0002
0.5379
0.5442
0.0002
-0.5438
-0.5373
-0.9638
-0.9688
0.0003
0.9694
0.9655
-0.002
-0.5471
-0.5503
0.0045
0.5553
0.5458
0.9784

C
C
C
C
C
C
H
H
Ge
C
C
C
C
C
C
H
H
H
H
H
C
C
C
C
C
C
H
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28 H28
29 H29
30 H30
31 H31
32 H32
33 H33
34 H34

-2.9056
-4.9481
-4.8707
-2.7525
2.7302
4.8859
5.0345

-3.9645 0.9881
-2.9528 0.0074
-0.6781 -0.9809
0.6012 -0.9829
0.6833 0.9838
-0.532 0.9882
-2.8028 -0.0015

H
H
H
H
H
H
H
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