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S1. General procedures and materials

Unless otherwise noted, all chemicals and solvents were used as received from 
commercial sources. Water (dd-H2O) used in biological procedures or as a reaction 
solvent was deionized using a Barnstead E-pure Series 1090 water purification system 
(Thermo Fisher Scientific, USA). Centrifugations were carried out in a Clay Adams 
Compact II Centrifuge (Becton Dickinson, USA). Optical density measurements were 
carried out with Evolution 260 Bio UV-visible spectrometer (Thermo Fisher Scientific, 
USA) by measuring the optical density at 600 nm.  Liquid cultures were shaken in an I-
24 Incubator (New Brunswick Scientific, USA). Sterilization was carried out in a 
Sterilmatic Autoclave (Market Forge Industries, USA). Solvent evaporations were 
carried out with a USA Lab RE-200A rotary evaporator with a recirculating chiller (Glycol 
Power Pack H35G). Glycerol (>99%), 4-aminobutyric acid (>99%), L-(+)-lysine 
monohydrochloride (99%), glycine (98 %), and 2-methyl-2-pentenal (97%) were sourced 
from Acros Organics (USA). Agar, β-alanine (98%), and L-proline (99%) were supplied 
by Alfa Aesar (USA). Yeast extract and 1-hexanol (99%) were from Beantown 
Chemicals (USA). D-mannitol (>99%), pentanal (>95%), propionaldehyde (>98%), 
hexanal (>95%), butyraldehyde (>98%), 2-ethyl-2-hexenal (>98%), trans-2-methyl-2-
butenal (>95%), trans-2-heptenal (>95%), trans-2-pentenal (>95%), and 3-methyl-1-
butanol (>98%) were sourced from TCI (USA). 6-aminohexanoic acid was supplied by 
EMD Millipore Corp. (USA). 5-aminovaleric acid was provided by Sigma Aldrich (USA). 

Gas chromatography mass spectrometry analysis was carried out with a Agilent 
Technologies  7890B GC system paired with a 7693 Autosampler and 5977B MSD. A 
30 m Rxi®-5sil MS column with Integra-Guard (Restek #13623-127) was fitted. 2-
methyl-2-pentenal quantification was run with a constant oven temperature of 55 °C, 1 
µL injection volume, 5:1 split injection (6 mL min-1 split flow), and 230°C inlet/transfer 
temperature. Helium was used as a carrier gas (1.2 mL min-1). 2-ethyl-2-hexenal 
quantification was run with a constant oven temperature of 95°C, 1 µL injection volume, 
5:1 split injection (6 mL min-1 split flow), and 230°C inlet/transfer temperature. Helium 
was used as a carrier gas (1.2 mL min-1). 2-propyl-2-heptenal quantification was run 
with a starting oven temperature of 100°C (1 min) followed by a 20°C min-1 ramp to 
200°C, 1 µL injection volume, 15:1 split injection (18 mL min-1 split flow), and 230°C 
inlet/transfer temperature. Helium was used as a carrier gas (1.2 mL min-1). 2-methyl-2-
butenal, 2-pentenal, and 2-methyl-2-pentenal quantification were run with a starting 
oven temperature of 40°C (1 min) followed by  10°C min-1 ramp to 50°C (5 min) and 
10°C min-1 ramp to 100°C, 1 µL injection volume, 10:1 split injection (20 mL min-1 split 
flow), and 230°C inlet/transfer temperature. Helium was used as a carrier gas (2 mL 
min-1). 2-ethyldiene-pentenal, 2-heptenal, and 2-propyl-2-heptenal quantification were 
run with a starting oven temperature of 40°C (1 min) followed by  10°C min-1 ramp to 
80°C (5 min) and 10°C min-1 ramp to 150°C, 1 µL injection volume, 15:1 split injection 
(30 mL min-1 split flow), and 230°C inlet/transfer temperature. Helium was used as a 
carrier gas (2 mL min-1). Calibration curves were generated by diluting 25 mg of the 
product to 5 mL in a volumetric cylinder. The 5 mg mL-1 stock solution was serial diluted 
(1:2) until a final concentration of 0.156 mg mL-1 was reached. Spectra were analyzed 
with Agilent MassHunter Quantitative software.   
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Proton nuclear resonance (1H spectra) were acquired with a JEOL ECA-500 
spectrometer operating at 500 MHz. Chemical shifts are expressed as parts per million 
and referenced to residual solvent signal (CDCl3, δ 7.26 ppm; DMSO, δ 2.50 ppm). 
Carbon-13 NMR (13C NMR) spectra were acquired with a JEOL -ECA 500 at 125 MHz. 
Chemical shifts are expressed in parts per million and referenced to residual solvent 
(CDCl3, δ 77.16 ppm; DMSO, δ 39.50 ppm). All NMR solvents were acquired from 
Cambridge Isotope Laboratories. 

S2. Stains, media, and culture conditions

G. oxydans (Henneberg) De Ley was purchased from the American Type Culture 
Collection (ATCC® 621H™). Freeze-dried cells were grown in glycerol media (~75 mL) 
to late exponential phase (~ 24 hr). The cultures were diluted 1:1 with 20 % glucose and 
allowed to rest for 15 minutes. 1 mL aliquots were portioned into cryogenic tubes, 
placed in an insulated Styrofoam cooler, and frozen at – 80 ⁰C. The frozen stock was 
thawed in a room temperature water bath and resuspended in glycerol media (75 mL).   

Glycerol media was prepared using the following recipe:
 25 g/L glycerol
 10 g/L yeast extract
 pH adjusted to 5.0 with 3.3 M HCl
The solution was autoclaved at 121°C for 20 min. 

Mannitol agar plates were prepared using the following recipe:
 5 g/L yeast extract
 3 g/L peptone
 25 g/L mannitol
 15 g/L agar
The solution was autoclaved at 121°C for 20 min.
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S3. Catalyst concentration screen

Organocatalyst solutions were prepared in PBS (100 mM, pH 7.2) to deliver final 
concentrations of 250, 500, and 750 mM. The pH of the PBS/organocatalyst solution 
was adjusted to 7.2 with sodium hydroxide (2M), and the solution was autoclaved at 121 
⁰C for 20 minutes. 

G. oxydans cultures were grown for 24 hours in glycerol media (~75 mL) at which point 
the OD600 was measured and adjusted to an OD600 = 1.0 by diluting with additional 100 
mM PBS. Cells were pelleted (5 minutes, 3200 RPM), and washed with PBS (1 × 10 
mL, 100 mM, pH 7.2). The cell pellet was then resuspended in PBS containing the 
organocatalyst (10 mL) and spiked with butanol (50 mg, 5 g L-1 final concentration). The 
reactions were transferred to 250 mL Erlenmeyer flasks with a screw-cap opening. 
Isooctane (2 mL) was added to each flask, the flasks were capped, and placed in 
shaker incubator (28 ⁰C, 180 RPM). At 6, 24, and 48 h time points, an aliquot (50 µL) of 
the organic layer was removed, and the product yield was determined by GC-MS. 
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Figure S1. Initial catalyst screen. Shown are plots for β-alanine (A), proline (B), glycine 
(C), lysine (D), γ-aminobutyric acid (E), δ-aminovaleric acid (F), and ϵ-aminocaproic acid 
(G). Catalyst concentrations were 250 (▲), 500 (●), and 750 (■) mM. The yield of 2-ethyl-
2-hexenal was measured by removing an aliquot (50 μL) from the isooctane layer at the 
indicated time point and measuring the concentration by GC-MS. 

A B

C D

E F

G
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S4. 1-butanol concentration screen

G. oxydans cultures were grown for 24 hours in glycerol media (~75 mL), at which point 
the OD600 was measured and adjusted to an OD600 = 1.0 by diluting with additional 100 
mM PBS. Cells were pelleted (5 minutes, 3200 RPM), and washed with PBS (1 × 10 
mL, 100 mM, pH 7.2). The cell pellet was then resuspended in PBS containing the 
organocatalyst (10 mL) and spiked with butanol (20 mg; 2 g L-1 final concentration; 50 
mg, 5 g L-1 final concentration; 70 mg, 7 g L-1 final concentration; or 100 mg, 10 g L-1 
final concentration). The reactions were transferred to 250 mL Erlenmeyer flasks with a 
screw-cap opening. Isooctane (2 mL) was added to each flask, the flasks were capped 
and placed in a shaker incubator (28 °C, 180 RPM). At 6, 24, and 48 h time points, an 
aliquot (50 µL) of the isooctane layer was removed, and the 2-ethyl-2-hexenal yield was 
measured by GC-MS against an external calibration curve. Reported values represent 
the mean value of three reactions, and the error bars represent standard deviation (SD). 

S5. Recyclability of lysine aqueous layer 

G. oxydans cultures were grown for 24 hours in glycerol media (~75 mL), at which point 
the OD600 was measured and adjusted to an OD600 = 1.0 by diluting with additional 100 
mM PBS. Cells (5 × 10 mL aliquots) were pelleted (5 minutes, 3200 RPM), and washed 
(1 × 10 mL) with PBS (100 mM, pH 7.2). The cell pellets were combined and 
resuspended in PBS lysine buffer (50 mL, 100 mM PBS with 250 mM lysine, pH 7.2), 
spiked with n-butanol (100 mg, 2 g L-1 final concentration), and transferred to a 1 L 
Erlenmeyer flask with a screw-cap opening. Isooctane (10 mL) was added. After 24 
hours, the reaction was centrifuged (5 min, 10,000 RPM), the organic layer was 
removed, and the aqueous layer was decanted from the cell pellet. The pH of the 
aqueous layer was adjusted to 7.2 with NaOH (2 M) and used to resuspend a new 
culture. 1-butanol (100 mg, 2 g L-1 final concentration) and isooctane (10 mL) was 
added. This was repeated a total of 5 times. The yield of 2-EH was measured by GC-
MS as described above.
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Table S1. Effect of recycling the lysine catalyst solution.

Round[a] Mass 2-EH Final pH (each 
round

Mass 2-EH 
(total)

% Yield 
(overall)[b]

1 56 mg 7.2 56 mg 66%
2 90 mg 6.9 146 mg 86%
3 54 mg 6.8 200 mg 78%
4 36 mg 6.6 236 mg 69%
5 34 mg 6.4 270 mg 61%

[a] Reaction conditions: Phosphate buffered saline (50 mL, 100 mM, pH 7.2) with G. 
oxydans (OD600 = 1.0) and isooctane (16.7 % v/v) were shaken at 180 RPM at 28 °C for 
24 h. At 24 hrs, the aqueous layer was isolated and used to a resuspend new cell pellet. 
The isooctane was collected and replaced with each subsequent round. [b] % yield was 
calculated based on combined theoretical yield to that point.   

OH
O

H

250 mM lysine
pH 7.2 PBS, 28°C

24 h

G. oxydans
Recycle lysine
catalyst (5 ×)
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S6. Function of system components 

G. oxydans cultures were grown for 24 hours in glycerol media (~75 mL), at which point 
the OD600 was measured and adjusted to an OD600 = 1.0 by diluting with additional 100 
mM PBS. Cells (10 mL) were pelleted (5 minutes, 3200 RPM), and washed (1 × 10 mL) 
with PBS (100 mM, pH 7.2). The cell pellet was resuspended in PBS (10 mL, 100 mM, 
pH 7.2) (Table S2, entry 1), PBS (10 mL, 100 mM, pH 7.2) spiked with n-butanol (100 
mg, 2 g L-1 final concentration) (Table S2, entry 2), PBS (10 mL, 100 mM, pH 7.2) 
spiked with n-butanol (100 mg, 2 g L-1 final concentration) and isooctane (2 mL) (Table 
S2, entry 3), PBS lysine buffer (10 mL, 100 mM PBS with 250 mM lysine, pH 7.2) 
spiked with n-butanol (100 mg, 2 g L-1 final concentration)(Table S2, entry 4), or PBS 
lysine buffer (10 mL, 100 mM PBS with 250 mM lysine, pH 7.2) spiked with n-butanol 
(100 mg, 2 g L-1 final concentration) and isooctane (2 mL) (Table S2, entry 5). The 
reactions transferred to a 250 mL Erlenmeyer flask with a screw-cap opening. The 
reactions were capped and placed in shaker incubator (28 ⁰C, 180 RPM). After 48 hours 
the organic layer was removed and the yield of 2-EH was measured by GC-MS as 
described above. Aqueous products were identified by 1H NMR after acidification and 
extraction of the aqueous phase with CDCl3.
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Table S2. Product profiles as a function of system components. 

Entry[a] n-BuOH (g L-1) Isooctane 
(% v/v)

Lysine 
(mM)

Org. 
product[b] Aq. Product[c]

1 - - - none none

2 2.0 - - none n-butanoic acid

3 2.0 16.7 - none n-butanoic acid 

4 2.0 - 250 2-EH (37%)
n-butanoic 

acid; n-
butyraldehyde

5 2.0 16.7 250 2-EH (70%)
n-butanoic 

acid; 
butyraldehyde

[a] Reaction conditions: Phosphate buffered saline (10 mL, 100 mM, pH 7.2) with G. 
oxydans (OD600 = 1.0) shaken at 180 RPM at 28 °C for 24 h. Additional components are 
indicated in each entry at the specified concentration. [b] Product in the isooctane phase 
was determined by GC-MS. Yield was calculated against an external calibration curve of 
2-EH. [c] Aqueous products were identified by 1H NMR after acidification and extraction 
of the aqueous phase with CDCl3.

pH 7.2 PBS, 28°C
± 250 mM lysine

± isooctane
24 h

G. oxydans

OH
O

H

± n-BuOH
OH

O

O

H

2-EH
n-butanoic acid

butyraldehyde
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Figure S2. NMR spectrum of aqueous phase products of the reaction with G. oxydans 
(OD600 = 1.0) in PBS (10 mL, 100 mM, pH 7.2) containing n-butanol (2 g L-1) after 
acidification (< pH 3) and extraction with CDCl3. The only n-butanol metabolite observed 
is n-butanoic acid (blue dot).
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Figure S3. NMR spectrum of the aqueous phase products of a reaction with G. oxydans 
(OD600 = 1.0) in PBS (10 mL, 100 mM, pH 7.2) containing n-butanol (2 g L-1) and 
isooctane extractant (16.7% v/v) after acidification (< pH 3) and extraction with CDCl3. 
The only butanol-derived metabolite observed is n-butanoic acid (blue dot).
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Figure S4. NMR spectrum of the aqueous phase products of a reaction with G. oxydans 
(OD600 = 1.0) in PBS (10 mL, 100 mM, pH 7.2) containing n-butanol (2 mg mL-1) and 
lysine organocatalyst (250 mM) after acidification (< pH 3) and extraction with CDCl3. Red 
dot corresponds to n-butyraldehyde; blue dot corresponds to n-butanoic acid. 
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Figure S5. NMR spectrum of the aqueous phase products of a reaction with G. oxydans 
(OD600 = 1.0) in PBS (10 mL, 100 mM, pH 7.2) containing n-butanol (2 g L-1), lysine 
organocatalyst (250 mM), and isooctane extractant (16.7% v/v) after acidification (< pH 
3) and extraction with CDCl3. Red dot corresponds to n-butyraldehyde; blue dot 
corresponds to n-butanoic acid. 
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Figure S6. NMR spectrum of the aqueous phase of a reaction containing 2-ethyl-2-
hexenal (2 g L-1) in isooctane (16.7% v/v) and PBS (10 mL, 100 mM, pH 7.2) with lysine 
(250 mM) after acidification and extraction with CDCl3. This result shows that 2-EH does 
not significantly partition into the aqueous phase, and that there is no significant retro-
aldol reaction.
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S7. Lysine “cattle-yst”

A lysine organocatalyst solution (250 mM lysine) was prepared with L-lysine (Valley Vet 
Supply) and PBS (100 mM). The pH was adjusted to 7.2 with 2 M sodium hydroxide and 
the solution was autoclaved at 121 ⁰C for 20 minutes. G. oxydans cultures were grown 
for 24 hours in glycerol media (~ 75 mL), at which point the OD600 was measured and 
adjusted to an OD600 = 1.0 by diluting with additional 100 mM PBS. Cells were pelleted 
(5 minutes, 3200 RPM), and washed with PBS (1 × 10 mL, 100 mM, pH 7.2). The cell 
pellet was then resuspended in PBS containing lysine (10 mL) and spiked with butanol 
(20 mg, 2 g L-1 final concentration). The reactions were transferred to 250 mL 
Erlenmeyer flasks with a screw-cap opening. Isooctane (2 mL) was added to each flask, 
the flasks were capped, and placed in shaker incubator (28 ⁰C, 180 RPM). The reaction 
was prepared in triplicate. At 6, 24, and 48 h time points, an aliquot (50 µL) of the 
organic layer was removed, and the product yield was determined by GC-MS against an 
external calibration curve of 2-EH.
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Figure S7. Time-course yield of 2-EH using lysine produced for cattle feed. Data points 
represent the average yield of three separate reactions as measured by GC-MS against 
an external calibration curve. Error bars are SD.
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S8. Lysine catalysis of C3 to C6 aldehydes to self-aldol condensation products 
with or without extraction 

PBS lysine buffer (10 mL, 100 mM PBS with 250 mM lysine, pH 7.2) was spiked with 
propionaldehyde (20 mg; final concentration 2 mg mL-1), butyraldehyde (20 mg; final 
concentration 2 mg mL-1), pentanal (20 mg; final concentration 2 mg mL-1), or hexanal 
(20 mg; final concentration 2 mg mL-1). The reactions were prepared in a 250 mL 
Erlenmeyer flask with screw-cap opening. For reactions with extraction, isooctane was 
added (2 mL). The flasks were capped and transferred to shaker incubator (28 ⁰C, 180 
RPM). Each reaction was prepared in triplicate. After 24 h, the organic layer of the 
reactions with simultaneous extraction was separated. Reactions without simultaneous 
extraction were extracted with isooctane (1 × 2 mL isooctane). The product yield was 
determined by GC-MS against an external calibration curve of 2-EH.
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Table S3. Effect of simultaneous isooctane extraction on yield of self-aldol dimers with 
lysine organocatalysis.

[a] Reaction conditions: Phosphate buffered saline (10 mL, 100 mM, pH 7.2), 
aldehyde (2 g L-1), lysine (250 mM) shaken at 180 RPM at 28 °C for 24 h with or 
without simultaneous extraction with isooctane (16.7% v/v). [b] Reactions without 
extractant were extracted at the end of the reaction (1 × 2 mL isooctane). [c] 
Determined by GC-MS. Yield represents the average ± SD of three separate 
reactions.

Entry[a] substrate extractant[b] % Yield ± SD[c]

1 propanal none 55  1%
2 butyraldehyde none 25  3%
3 pentanal none 4  1%
4 hexanal none 8  3%
5 propanal isooctane 73  5%
6 butyraldehyde isooctane 96  5%
7 pentanal isooctane 98  8%
8 hexanal isooctane 23  2%

pH 7.2 PBS, 28°C
250 mM lysine
± isooctane

24 h

G. oxydans

R = Me, Et, n-Pr, n-Bu

R
O

R
O

R

H
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S9. NMR product characterization of C6 to C10 self-aldol condensation products

G. oxydans cultures were grown for 24 hours in glycerol media (~75 mL) at which point 
the OD600 was measured and adjusted to an OD600 = 1.0 by diluting with additional 100 
mM PBS. Cells were pelleted (5 minutes, 3200 RPM), and washed (1 × 10 mL) with 
PBS (100 mM, pH 7.2). The cell pellet was then resuspended in PBS lysine buffer (10 
mL, 100 mM PBS with 250 mM lysine, pH 7.2) and spiked with either 1-propanol, 1-
butanol, 1-pentanol, or 1-hexanol (20 mg; 2 g L-1 final concentration). The reaction was 
transferred to a 250 mL Erlenmeyer flask with a screw-cap opening. Isooctane (2 mL) 
was added to each flask, the flasks were capped and placed in a shaker incubator 
(28 °C, 180 RPM). After 24 h, the isooctane layer was extracted with DMSO-d6 (2 × 500 
μL), the DMSO-d6 and analyzed by 1H NMR. 



S22

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.5
f1 (ppm)

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

Figure S8. NMR spectrum of products in the isooctane phase of a reaction containing 
PBS (10 mL, 100 mM, pH 7.2) with G. oxydans (OD600 = 1.0), lysine (250 mM), n-propanol 
(2 mg mL-1), and 16.7 % (v/v) isooctane shaken at 180 RPM at 28 °C for 24 h. The 
isooctane was extracted with DMSO-d6. The only product observed is the C6 dimer.
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Figure S9. Phosphate buffered saline (10 mL, 100 mM, pH 7.2) with G. oxydans (OD600 
= 1.0), lysine (250 mM), n-butanol (2 mg mL-1), and 16.7 % (v/v) isooctane shaken at 
180 RPM at 28 °C for 24 h. The isooctane layer was extracted with DMSO-d6. The 
dominant product is the C8 dimer.
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Figure S10. Phosphate buffered saline (10 mL, 100 mM, pH 7.2) with G. oxydans 
(OD600 = 1.0), lysine (250 mM), n-pentanol (2 mg/mL), and 16.7 % (v/v) isooctane 
shaken at 180 RPM at 28 °C for 24 h. The isooctane layer was extracted with DMSO-d6. 
The major products observed are the C10 dimer and pentanal. 
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S10. Substrate scope

G. oxydans cultures were grown for 24 hours in glycerol media (~75 mL), at which point 
the OD600 was measured and adjusted to an OD600 = 1.0 by diluting with additional 100 
mM PBS. Cells were pelleted (5 min, 3200 RPM), and washed (1 × 10 mL) with PBS 
(100 mM, pH 7.2). The cell pellet was then resuspended in PBS lysine buffer (10 mL, 
100 mM PBS with 250 mM lysine, pH 7.2) and spiked with either 1-propanol, 1-butanol, 
1-pentanol, or 1-hexanol (20 mg; 2 g L-1 final concentration). The reaction was 
transferred to a 250 mL Erlenmeyer flask with a screw-cap opening. Isooctane (2 mL) 
was added to each flask, the flasks were capped and placed in a shaker incubator 
(28°C, 180 RPM). Each reaction was prepared in triplicate. At 6, 24, and 48 h time 
points, an aliquot (50 µL) of the isooctane layer was removed, and the product yield was 
measured by GC-MS against an external calibration curve of the corresponding 2-
methyl-2-pentenal, 2-ethyl-2-hexenal, 2-propyl-2-heptenal, and 2-butyl-2-octenal 
products for the product from 1-propanol, 1-butanol, 1-pentanol, and 1-hexanol, 
respectively. Reported values represent the mean value of three reactions, and the 
error bars represent standard deviation (SD). 
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Figure S11. Conversion of aliphatic alcohols (C3-C6) by G. oxydans (OD600 = 1.0) and 
lysine (250 mM) in PBS (10 mL, 100 mM, pH 7.2) with isooctane (16.7 % v/v). Shown are 
time-course plots for propanol into its corresponding C6 dimer (A), n-butanol into its 
corresponding C8 dimer (B), n-pentanol into its corresponding C10 dimer (C), and n-
hexanol into its corresponding C12 dimer (D). The yields of self-aldol condensation 
products (C6-C12) were determined by removing an aliquot (50 μL) from the isooctane 
layer at the indicated time point and measuring the concentration by GC-MS. Error bars 
are ± SD for triplicate reactions.  
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S11. Aldol cross products 

G. oxydans cultures were grown for 24 hours in glycerol media (~75 mL), at which point 
the OD600 was measured and adjusted to an OD600 = 1.0 by diluting with additional 100 
mM PBS. Cells were pelleted (5 minutes, 3200 RPM), and washed (1 × 10 mL) with 
PBS (100 mM, pH 7.2). The cell pellet was then resuspended in PBS containing the 
organocatalyst (10 mL) and spiked with either 1-propanol (20 mg; 2 g L-1 final 
concentration) or 1-pentanol (10 mg; 1 g L-1 final concentration) and ethanol (20 mg; 2 g 
L-1 final concentration or 10 mg; 1 g L-1 final concentration, respectively). The reaction 
was transferred to a 250 mL Erlenmeyer flask with a screw-cap opening. Isooctane (2 
mL) was added to each flask, the flasks were capped and placed in a shaker incubator 
(28°C, 180 RPM). Each reaction was prepared in triplicate. At 24 h, a second aliquot of 
ethanol was added and the flasks were returned to the incubator. At 48 h, the isooctane 
layer was removed, and the product yield was measured by GC-MS against an external 
calibration curve of the corresponding products from 1-propanol with ethanol (2-methyl-
2-butenal, 2-pentenal, and 2-methyl-2-pentenal), and 1-pentanol with ethanol (2-
ethylidene-pentenal, 2-heptenal, and 2-proyl-2-heptenal). Reported values represent the 
mean value of three reactions, and the error bars represent standard deviation (SD). 
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S12. Synthetic Procedures

2-propyl-2-heptenal
Leucine (262 mg, 2.00 mmol) was dissolved in DMSO (7.56 mL), and 
valeraldehyde (2.44 mL, 23 mmol) was added. The solution was heated at 
60°C for 24 h, at which point the reaction was cooled to room temperature 
and extracted with hexanes (3 × 15 mL). The organics were combined and 
dried over sodium sulfate. The solvent was removed by rotary evaporation 
(68°C water bath, no vacuum), and the resulting oil was dried overnight under 

vacuum to deliver 2-propyl-2-heptenal as a light yellow oil (547 mg, 31% yield). 

1H NMR (500 MHz, DMSO-d6) δ 9.32 (s, 1H), 6.60 (t, J = 7.4 Hz, 1H), 2.31 (q, J = 7.4 Hz, 
2H), 2.11 (m, 2H), 1.41 (p, J = 7.2 Hz, 2H), 1.28 (m, 4H), 0.86 (t, J = 7.2 Hz, 3H), 0.79 (t, 
J = 7.4 Hz, 3H). 13C NMR (126 MHz, DMSO-d6) δ 195.77, 156.30, 143.18, 30.80, 28.59, 
25.75, 22.41, 22.02, 14.31, 14.25.

2-butyl-2-octenal
Phenylalanine (331 mg, 2.00 mmol) was dissolved in DMSO (7.56 mL), and 
hexanal (2.44 mL, 20 mmol) was added. The reaction was stirred at 60°C 
for 24 hours, at which point the reaction mixture was cooled to room 
temperature and extracted with hexanes (3 × 10 mL). The product was 
washed with DI water (3 × 10 mL), and the organics were combined and 
dried over sodium sulfate. The solvent was removed by rotary evaporation 

(68°C water bath, no vacuum) and dried overnight on hi-vac to furnish 2-butyl-2-octenal 
as a light orange oil (821 mg, 45 % yield).

1H NMR (500 MHz, DMSO-d6) δ 9.32 (s, 1H), 6.58 (t, J = 7.4 Hz, 1H), 2.30 (q, J = 7.4 Hz, 
2H), 2.12 (m, 2H), 1.43 (p, J = 7.3 Hz, 2H), 1.23 (m, 8H), 0.84 (s, 6H). 13C NMR (126 
MHz, DMSO-d6) δ 195.74, 156.12, 143.45, 31.48, 31.02, 28.79, 28.29, 23.51, 22.61, 
22.44, 14.35, 14.26.
 
2-ethyldiene-pentanal

Lysine monohydrochloride (22.8 g, 125 mmol) was dissolved in 100 mM 
phosphate buffer (500 mL) and adjusted to pH 7.2 with 2 M NaOH. The 
solution was autoclaved (20 min, 121°C). Valeraldehyde (1.91 mL, 18 mmol), 
acetaldehyde (2.02 mL, 36 mmol), and n-pentane (20 mL) was added to the 

lysine solution (100 mL). The reaction was stirred at room temperature for 24 hours, at 
which point the reaction was concentrated by rotary evaporation (40°C water bath, no 
vacuum). The resulting oil was purified by silica gel chromatography (2% diethyl ether in 
n-pentane) to deliver 2-ethyldiene-pentanal as a pale yellow oil (80 mg, 4% yield).

1H NMR (500 MHz, DMSO-d6) δ 9.31 (s, 1H), 6.70 (q, J = 7.0 Hz, 1H), 2.12 (m, 2H), 1.92 
(d, J = 7.1 Hz, 3H), 1.26 (m, 2H), 0.79 (t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, DMSO-d6) 
δ 195.58, 151.41, 144.18, 25.35, 21.73, 15.13, 14.25.     
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Figure S12. 1H NMR spectrum of 2-propyl-2-heptenal.
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Figure S13. 13C NMR spectrum of 2-propyl-2-heptenal.
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Figure S14. 1H NMR spectrum of 2-butyl-2-octenal.
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Figure S15. 13C NMR spectrum of 2-butyl-2-octenal.
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Figure S16. 1H NMR spectrum of 2-ethyldiene-pentanal.
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Figure S17. 13C NMR spectrum of 2-ethyldiene-pentanal.


