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Synthesis and Characterization of Compounds and Photochemical Studies 

1H and 13C NMR spectra were recorded on Bruker AV200 or AV500 spectrometers in 

CDCl3, C6D6, or C6D12 and were referenced to the residual solvent proton and 13C signals, 

respectively.  GC/MS analyses were carried out on a Varian Saturn 2200 GC/MS/MS system 

equipped with a VF-5ms capillary column (30m×0.25mm; 0.25 µm; Varian, Inc.).  High-

resolution electron mass spectra and exact masses were determined on a Micromass TofSpec 2E 

mass spectrometer using electron impact ionization (70 eV).  Infrared spectra were recorded as 

thin films on potassium bromide plates using a Bio-Rad FTS-40 FTIR spectrometer.  Column 

chromatography was carried out using acid-washed 230-400 mesh silica gel (Silicycle).  

Hexanes (EMD OmniSolv), diethyl ether (Caledon Reagent) and tetrahydrofuran (Caledon 

Reagent) were dried by passage through activated alumina under nitrogen using a Solv-Tek solvent 

purification system (Solv-Tek, Inc.).  Triethylamine and n-butyl amine were refluxed over solid 

KOH for 12 hours and distilled.  Triethylsilane (Et3SiH), triethylgermane (Et3GeH) and tri-n-

butylstannane (Bu3SnH) were stirred at room temperature for 18 hours over lithium aluminum 

hydride and distilled at atmospheric pressure (Et3SiH) or under mild vacuum (Bu3SnH, Et3GeH).  

4,4-Dimethyl-1-pentene (DMP), and isoprene were purified by passage of the neat liquids through 

a silica gel microcolumn.  3,3-Dimethyl-1-butyne (TBE) was distilled.  Glacial acetic acid and 

acetic acid-Od were used as received from Sigma-Aldrich.  2-Methyl-3-phenyl-1,3-butadiene and 

1,1-dichloro-3-methyl-4-phenylgermacyclopent-3-ene (5) were synthesized as described 

previously.1  

3-Methyl-4-phenylgermacyclopent-3-ene (4).  A flame-dried 250 mL 2-neck roundbottom flask 

fitted with reflux condenser, magnetic stirrer and nitrogen inlet was charged with anhydrous 

ether (75 mL), and then lithium aluminum hydride (1.1 g, 0.03 mol) was added under nitrogen.  

The mixture was cooled to -78 oC with a dry ice / isopropanol bath, and 1,1-dichloro-3-methyl-4-

phenylgermacyclopent-3-ene (5, 5.5 g, 0.019 mol) was added via syringe over 10 min.  The 
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cooling bath was then removed and the mixture was allowed to stir for three hours.  The ether 

solution was decanted from the residual solids, which were then washed with fresh ether (2 x 25 

mL) and decanted similarly.  The combined ether fractions were poured into saturated aqueous 

ammonium chloride (25 mL), the layers were separated, and the aqueous phase was extracted 

once with ether (25 mL).  The combined ether fractions were washed with water (2 x 20 mL), 

dried over anhydrous magnesium sulfate, and filtered.  Evaporation of the solvent on the rotary 

evaporator afforded a colorless oil, which was distilled under vacuum.  The product (bp 61-62 

oC, 0.1 mm Hg; 3.40 g, 0.0155 mol, 82%) was identified as 4 on the basis of its 1H and 13C 

NMR, IR, and mass spectra (Ge isotopomeric clusters are indicated with an asterisk):  IR (neat; 

cm-1), 2905 (m), 2057 (s), 1492 (m), 1440 (m), 1135 (m), 872 (s), 756 (s); 1H NMR (C6D6), δ = 

1.66 (s, 3H), 1.76 (m, 2H), 2.08 (m, 2H), 5.11 (p, 2H; J = 3.5 Hz), 7.07 (t, 1 H), 7.12 (d, 2H), 

7.19 (t, 2H); 13C NMR (C6D6), δ = 20.6, 21.3, 21.4, 126.4, 128.3, 128.5, 135.0, 137.1, 143.4; EI-

MS, m/z (I) = 220* (80), 194 (75), 178* (25), 151 (30), 145 (60), 138 (70), 129 (100), 128 (97), 

115 (38), 91 (22).  HRMS: Exact mass: calc. for C11H14
74Ge, 220.0307; found 220.0305. 

3-Methyl-4-phenylgermacyclopent-3-ene-1,1-d2 (4-d2) was prepared from 5 and lithium 

aluminum deuteride in analogous fashion to 4, and exhibited the following spectroscopic data:  

IR (neat; cm-1): 2907 (m), 1488 (s), 1441 (m), 1405 (w), 754 (s), 701 (s), 674 (m), 626 (s); 1H 

NMR (C6D6), δ = 1.66 (s, 3H), 1.74 (s, 2 H), 2.07 (s, 2 H), 7.07 (t, 1 H), 7.12 (d, 2H), 7.19 (t, 

2H); 13C NMR (C6D6), δ = 20.5, 21.1, 21.2, 126.4, 128.3, 128.5, 135.0, 137.1, 143.4; EI-MS, 

m/z (I) = 222* (100), 207* (9), 206* (11), 179* (18), 151* (14), 147 (41), 146* (21), 143 (18), 

129* (28), 128 (24), 118* (9), 115 (16), 77 (14), 74* (21);  HRMS: Exact mass: calc. for 

C11H12D2
74Ge, 222.0433; found 222.0433. 

Steady state photolysis experiments were carried out using a Rayonet® photochemical 

reactor (Southern New England Ultraviolet Co.) equipped with a merry-go-round and 2 × 
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RPR2537 (254 nm) lamps.   Aliquots (ca. 0.7 mL) of 0.025 M solutions of 4 or 4-d2 in C6D12 or 

THF-d8 were placed in quartz NMR tubes, sealed with a septum and deoxygenated with a fine 

stream of dry argon for ca. 10 minutes prior to adding the desired amount of substrate (AcOH, 

AcOD, MeOH, or DMB) via microlitre syringe. The photolyses were monitored at periodic 

intervals by 1H NMR spectroscopy.  Product yields were determined from the relative slopes of 

concentration vs. time plots covering the range of ca. 0-6% conversion of the starting material, 

which were constructed using the individual peak integrals for the reactant and identifiable 

products, standardized against the total integrated intensity of the aromatic protons in the spectra. 

No special precautions were taken to prevent losses of H2 from the AcOH photolysates during the 

experiments, but a control experiment showed these to be minimal over the time periods typical 

of most experiments.  COSY-45 and 1H-13C HSQC and HMBC NMR spectroscopies were 

employed in order to secure the spectral assignments reported in Figure 1 and the associated text 

of the paper for the partial structures of the two minor products (9 and 10) formed in the 

photolysis of 4 in the presence of AcOH. The 13C resonances associated with these fragments are 

as follows.  9 (C6D12), δ = 23, 35.5, 110.5, 143.0; 10 (C6D12), δ = 22.1, 49.7, 111.0, 149.2. 

Laser flash photolysis experiments employed the pulses from a Lambda Physik Compex 

120 excimer laser, filled with F2/Kr/Ne (248 nm; ~20 ns; 100 ± 5 mJ) mixtures, and a Luzchem 

Research mLFP-111 laser flash photolysis system, modified as described previously.27  Solutions 

were prepared at concentrations such that the absorbance at the excitation wavelength (248 nm) 

was between ca. 0.7 and 0.9, and were flowed continuously through a thermostatted 7 x 7 mm 

Suprasil flow cell connected to a calibrated 100 mL reservoir, fitted with a glass frit to allow 

bubbling of nitrogen or argon gas through the solution for at least 30 minutes prior to and then 

throughout the duration of each experiment.  The glassware, sample cells, and transfer lines used 

for these experiments were stored in a 65 oC vacuum oven when not in use, and the oven was 

vented with dry nitrogen just prior to assembling the sample-handling system at the beginning of 
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an experiment.  Solution temperatures were measured with a Teflon-coated copper/constantan 

thermocouple inserted directly into the flow cell.  Transient decay and growth rate constants 

were calculated by non-linear least squares analysis of the absorbance-time profiles using the 

Prism 3.0 software package (GraphPad Software, Inc.) and the appropriate user-defined fitting 

equations, after importing the raw data from the Luzchem mLFP software.  Reagents were added 

directly to the reservoir by microliter syringe as aliquots of standard solutions.  Rate constants 

were calculated by linear least-squares analysis of decay rate-concentration data (5-7 points) that 

spanned as large a range in transient decay rate as possible.  Errors are quoted as twice the 

standard deviation obtained from the least-squares analyses. 
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Figure S1.  1H NMR spectra of a deoxygenated solution of 4 (0.025M ) in C6D12 containing MeOH (0.25M ) before irradiation 

(bottom) and after 16 min irradiation (top). 
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Figure S2.  1H NMR spectra of a deoxygenated solution of 4 (0.025M ) in C6D12 containing AcOH (0.25M ) before irradiation 

(bottom) and after 16 min irradiation (top). 
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Figure S3. Concentration vs. time plots from steady-state photolysis (a) of 4 (0.025 M) in C6D12 

containing AcOH (0.25 M) and (b) of 4 (0.05 M) in THF-d8 containing AcOH (0.25 M), showing the 

variations in the concentrations of 4 (), 6 (), 8 (), H2 (), and the unidentified alkenes () with 

photolysis time up to ca. 30% conversion of 4. 




