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General Information:  
 
1H NMR and 13C NMR spectra were recorded at ambient temperature on a Varian Agilent-500 MHz VNMRS (500 and 126 
MHz, respectively), and are internally referenced to the residual protio solvent signal (CDCl3: ŭ 7.26 and 77.0 ppm). Data 
for 1H NMR are reported as follows: chemical shift, integration, multiplicity (brs = broad singlet, s = singlet, d = doublet, t = 
triplet, q = quartet, m = multiplet, overlap = overlapping peaks) and coupling constants in Hz. Data for 13C NMR are reported 
in terms of chemical shift and overlapping carbons are noted by an underline. High-resolution mass spectra and UV-Vis 
spectra were obtained in the Boston University Chemical Instrumentation Center using a Waters Q-TOF APIUS mass 
spectrometer and a Varian Cary 100 Vio UV-Vis, respectively. Commercial reagents were purified prior to use following the 
guidelines of Chai and Armarego.1 All solvents were purified according to the method of Grubbs.2 Organic solutions were 
concentrated under reduced pressure on a Büchi rotary evaporaor using a water bath. Chromatographic purification of 
products was accomplished by flash chromatography on Silicycle F60 silica gel or Sorbtech neutral alumina 32-63 ɛm 
according to the method of Still.3 All reactions were carried out in well ventilated fume hoods. Reaction were monitored by 
thin-layer chromatography (TLC) using Silicycle 250 ɛm silica gel plates or Sorbtech neutral alumina 250 ɛm. Visualization 
of the developed chromatogram was performed by irradiation with a 254 nm Ultra-Violet (UV) light or treatment with aqueous 
potassium permanganate (KMnO4) or ethanolic phosphomolybdic acid (PMA) followed by heating. Yields refer to purified 
compounds unless otherwise noted. Diastereoelectivity and regiochemical selectivity for reactions were determined by 
crude 1H NMR prior to purification.  

 

 



Alfonzo 3 
 

 
 
 

II. Summary of Screened Reaction Conditions for Carbonyl Ylide Formation from Electron-Rich Epoxides: 
 

 
 

We found that in general cationic photoredox catalysts can behave as ground state Lewis acids, catalyzing the Meinwald 

rearrangement of epoxides to aldehydes in the absence of light. For examples of pyrylium and acridinium salts behaving as 

Lewis acids, see: a) Miranda, M.A.; Garcia, H. Chem. Rev. 1994, 94, 1063-1089; b) Clark, E.R.; Ingleson, M.R. Angew. 

Chem. Int. Ed. 2014, 53, 11306-11309.  

 

 
Other catalyst, epoxides, and solvent conditions that were explored are summarized above. Ultimately, we were only able 
to detect trace amounts of product formation when using DCA as the catalyst. 
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III. Synthesis and Photophysical Characterization of 2, 6-di-tert-butylanthracene-9, 10-dicarbonitrile (DTAC) 
 

 

Synthesis of s2: A 250-mL round bottom flask with a magnetic stirring bar was charged with s1 (10 g, 56.10 mmol, 1 equiv.), 

TFA (70 mL, [0.8 M]), and tBuOH (16 mL, 167 mmol, 3 equiv.). The stirred reaction was refluxed and left to stir for a 24 h 

period. At the completion of the stir period, the reaction was cooled to room temperature and water (100 mL) was added 

slowly to the reaction mixture. The mixture was carefully introduced into a separatory funnel with the assistance of hexanes 

and extracted thrice with hexanes. The combined organic fractions, which is heterogeneous, was passed through a fritted 

funnel and the collected solid was further washed with hexanes. This yielded a white solid which can be used without any 

further purification.  

% yield: 40% (6.4 g) 

Physical state: white solid  

1H NMR (500 MHz, Chloroform-d) ŭ 8.33 (s, 2H), 7.94 (d, J = 8.9 Hz, 2H), 7.88 (s, 2H), 7.55 (dd, J = 8.9, 1.5 Hz, 2H), 1.46 

(s, 18H). 

13C NMR (126 MHz, Chloroform-d) ŭ 147.41, 131.69, 130.60, 127.87, 125.53, 124.91, 122.43, 35.08, 31.15. 

 

 

Synthesis of s3: A 250-mL round bottom flask with a magnetic stirring bar was charged with s2 (2 g, 6.88 mmol, 1 equiv.) 

and DCM (28 mL, [0.25 M]). The reaction was cooled to 0 C (water/ice bath) and bromine (720 ɛL, 14 mmol, 2 equiv.) was 

added dropwise via syringe. The reaction was left to warm to room temperature and stirred for a 5 h period. At the completion 

of the stir period the reaction was quenched through slow addition of saturated NaHCO3, until the red color of the reaction 

disappeared. The mixture was introduced into a separatory funnel and extracted thrice with DCM. The combined organic 

fractions were washed with brine and dried over MgSO4. The organic mixture was concentrated in vacuo and purified by 

recrystallization from toluene (PhMe). 

% yield: 41% (1.26 g) 

Physical state: light yellow crystals  

1H NMR (500 MHz, Chloroform-d) ŭ 8.51 (d, J = 9.2 Hz, 2H), 8.46 (s, 2H), 7.71 (dd, J = 9.2, 1.6 Hz, 2H), 1.49 (s, 18H). 

13C NMR (126 MHz, Chloroform-d) ŭ 149.91, 130.77, 130.01, 128.14, 127.04, 123.08, 122.72, 35.44, 31.03. 
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Synthesis of 2,6-di-tert-butylanthracene-9,10-dicarbonitrile (DTAC) (12): A flame dried 50-mL two neck round bottom 

flask with a magnetic stirring bar was charged with s3 (1.0 g, 2.23 mmol, 1 equiv.), CuCN (1.2 g, 13.4 mmol, 6 equiv.) and 

DMF (7.5 mL, [0.3 M]). One neck of the reaction vessel was adapted with a septum and the other with a reflux condenser. 

The stirred reaction was then sparged with Argon (Ar) for a 30 min period, adapted with an Ar balloon above the reflux 

condenser, and then refluxed for 24 h. After completion of the stir period, the reaction was cooled to room temperature and 

30 % NH3 soln. in water (30 mL) was added. After a 5 min stir period, the mixture was filtered through a fritted funnel and 

the resulting solid was washed three times with 30 % NH3 in water (10-15 mL). The solid was dissolved in DCM (100-150 

mL), dried over MgSO4, and concentrated in vacuo. The resultant material was purified by flash chromatography and 

recrystallized from PhMe. 

Scale: 2.23 mmol, 26 mmol 

Flash Chromatography: 20:1 Hex/EtOAc 

TLC: Rf=0.5 in 20:1 Hex/EtOAc  

Recrystallization: PhMe 

% yield: 17% (128 mg), 15% (1.3 g) 

Physical state:  Chartreuse or yellow/green solid 

1H NMR (500 MHz, Chloroform-d) ŭ 8.42 (d, J = 9.1 Hz, 2H), 8.35 (d, J = 1.6 Hz, 2H), 7.91 (dd, J = 9.1, 1.6 Hz, 2H), 1.50 

(s, 18H). 

13C NMR (126 MHz, Chloroform-d) ŭ 152.92, 132.05, 131.10, 129.40, 125.87, 120.57, 116.38, 110.51, 35.75, 30.90. 

HRMS-ESI (m/z): calculated for C24H24N2 + H+: 341.2018 found 341.200
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Photophysical Characterization of 2,6-di-tert-butylanthracene-9,10-dicarbonitrile (DTAC, 12): A sample of 10 µM 

DTAC (12) was prepared through serial dilution with dry chloroform and degassed by bubbling N2 for 10-15 minutes under 

sonication. The resultant solution was transferred to a 4 mL quartz cell and sealed with a PTFE cap and Parafilm. A UV-Vis 

spectrum of this solution was obtained and normalized (shown below). An emission spectrum (1 nm step size, 5 nm 

bandwidth) was obtained by irradiating the sample with the frequency of light corresponding to its longest absorbing 

wavelength (as determined through UV-Vis spectroscopy ɚmax=431 nm), followed by collection 15 nm above this wavelength 

to avoid interference with the light source. The obtained spectrum was normalized (shown below).  

 

 

Absorbance ɚmax=431 nm; Emission ɚmax=453 nm 

 

Gibbs Energy of Photoinduced Electron Transfer Equation for DTAC: 

 

E*red (cat*/catÅȤ) = Ered (cat/catÅȤ) + E0,0 

E0,0 = 2.8 eV 

Ered = -0.99 V vs. SCE in DCM (ref. 5) 

Ḉ [DTAC*/DTACÅȤ] = +1.81 V vs. SCE in DCM 
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IV. UV-Vis Spectroscopy Studies of 9, 10-dicyanoanthracene (DCA) and DTAC: 
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Physical solutions of DCA (left), DCA-Epoxide 6 (center), and DCA-Epoxide 7 (right) in Chloroform (CHCl3). 
 

 

 
 

Note: A color change was observed when DCA was mixed with epoxide 7 (right) but not with epoxide 6 (center).  
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Physical solutions of DTAC (left), DTAC-Epoxide 6 (center), and DCA-Epoxide 7 (right) in Chloroform (CHCl3). 

 

 
 

Note: No color change was observed when mixing DTAC with either epoxide 6 or 7.  
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V. Experimental Procedures and Characterization of Reported Compounds 

 

General procedure for sulfonium-ylide mediated epoxidation:6 

 

A flame-dried round bottom flask (for 10 mmol: 250-mL, 50 mmol: 1 L) with a magnetic stirring bar was charged with benzyl 

alcohol (1.1 equiv.), tetrahydrothiophene (THT) (1.2 equiv.), and acetonitrile (MeCN) ([1 M] with respect to (w.r.t.) the benzyl 

alcohol).To the stirred solution was added tetrafluoroboric acid diethyl ether complex (HBF4-OEt2) (1.2 equiv.) dropwise (on 

a 50 mmol scale the reaction was cooled  to 0 C (water/ice bath) prior to addition of the acid) and the reaction was left to 

stir until full consumption of the alcohol was observed by TLC (1:1 hexanes (Hex)/ethyl acetate (EtOAc)) or for a 12 h period. 

The reaction was then cooled to 0 C, diluted with MeCN ([0.1 M] w.r.t. aldehyde), and sodium hydride (NaH) (4 equiv.) was 

added in small portions. After stirring for 5 min the aldehyde (1 equiv.) was added dropwise or in small portions (solids). 

The reaction was left to stir until full consumption of the aldehyde was seen by TLC (4:1 Hex/EtOAc) or for a 12 h period. 

Then, the reaction was cooled to 0 C and water was added dropwise until no further gas evolution was observed. The 

mixture was concentrated in vacuo and the resultant residue was introduced into a separatory funnel with the assistance of 

water and EtOAc. The mixture was extracted thrice with EtOAc and the combined organic fractions were dried over MgSO4 

and concentrated in vacuo. The material was purified by flash chromatography. Diastereoselectivity was determined by 

crude 1H NMR prior to purification unless otherwise noted.  No efforts to separate the diastereomers of the epoxides were 

undertaken, as these were used as mixtures for sequential reactions.  

 

Synthesis of 17 from benzo[d][1,3]dioxol-5-ylmethanol and 3,4-dimethoxybenzaldehyde: 
 

 
Scale: 50 mmol 

Flash Chromatography: 4:1 Hex/DCM + 3 % TEA Ą 4:1 Hex/DCM + 1 % MeOH  

TLC: Rf= 0.3 in 4:1 Hex/DCM + 1 % MeOH, Stain: PMA (color: green) 

% yield: 90% (13.41 g) 

Physical state: light yellow solid  

d.r. 6:1 

1H NMR (500 MHz, Chloroform-d) ŭ 6.92 (dd, J = 8.2, 1.9 Hz, 1H), 6.84 ï 6.77 (overlap, 5H), 5.97 (s, 2H), 3.90 (s, 3H), 3.89 

(s, 3H), 3.77 (s, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 149.29, 149.13, 148.06, 147.69, 131.10, 129.53, 119.51, 118.28, 111.07, 108.31, 

107.81, 105.42, 101.16, 62.70, 62.68, 55.98, 55.89. 

 

Synthesis of s4 from benzo[d][1,3]dioxol-5-ylmethanol and benzo[d][1,3]dioxole-5-carbaldehyde: 
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Scale: 10 mmol 

Flash Chromatography: 4:1 Hex/EtOAc + 3 % TEA Ą 4:1 Hex/EtOAc 

TLC: Rf= 0.3 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 100% (2.84 g) 

Physical state: white solid 

d.r. 5:1 

1H NMR (500 MHz, Chloroform-d) ŭ 6.83 (dd, J = 8.0, 1.6 Hz, 2H), 6.80 (d, J = 8.0 Hz, 2H), 6.78 (d, J = 1.6 Hz, 2H), 5.97 

(s, 5H), 3.74 (s, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 148.20, 147.85, 131.14, 119.66, 108.44, 105.55, 101.31, 62.77. 

 

Synthesis of 7 from (3,4-dimethoxyphenyl)methanol and 3,4-dimethoxybenzaldehyde:  

 
Scale: 10 mmol 

Flash Chromatography: 4:1 Hex/DCM + 3 % TEA Ą 1:1 Hex/DCM + 1 % MeOH  

TLC: Rf= 0.4 in 4:1 Hex/DCM, Stain: PMA (color: green) 

% yield: 86% (2.72 g)  

Physical state: white solid 

d.r. 7:1 

1H NMR (500 MHz, Chloroform-d) ŭ 6.93 (dd, J = 8.2, 1.9 Hz, 2H), 6.87 (d, J = 8.2 Hz, 2H), 6.84 (d, J = 2.0 Hz, 2H), 3.90 

(s, 6H), 3.89 (s, 6H), 3.81 (s, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 149.49, 149.31, 129.82, 118.44, 111.30, 108.06, 62.92, 56.17, 56.07. 

 

Synthesis of s5 from (2,3,4-trimethoxyphenyl)methanol and 2,3,4-trimethoxybenzaldehyde: 

 

 
Scale: 10 mmol 

Flash Chromatography: Basic Dry Loading Ą 4:1 Hex/EtOAc + 3 % TEA Ą 4:1 Hex/EtOAc Ą 2:1 Hex/EtOAc 

TLC: Rf = 0.3 in 4:1 Hex/EtOAc  

% yield: 70% (2.6 g) 

Physical state: white solid 

d.r. 2:1  
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1H NMR (500 MHz, Chloroform-d) ŭ 6.97 (d, J = 8.6 Hz, 1H), 6.70 (d, J = 8.7 Hz, 1H), 4.05 (s, 1H), 3.89 (s, 3H), 3.88 (s, 

3H), 3.87 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ 153.64, 152.77, 142.01, 123.49, 119.85, 107.62, 61.58, 61.06, 57.94, 56.19. 

HRMS-ESI (m/z): calculated C20H24O7 + Na+: 399.1420 found 399.1418.  

Note: Basic dry loading is performed by neutralizing 15 g of silica with 100 mL of DCM + 3 % TEA. The mixture is 

concentrated in vacuo and then the compound is introduced to the neutralized silica as a solution in DCM. The mixture is 

again concentrated in vacuo and dried under high vacuum prior to chromatography.  

Synthesis of 6 from (4-methoxyphenyl)methanol and 4-methoxybenzaldehyde: 

 

Scale: 10 mmol 

Flash Chromatography: Basic Dry Loading Ą 20:1 Hex/EtOAc + 3 % TEA Ą 10:1 Hex/EtOAc 

TLC: Rf = 0.6 in 10:1 Hex/EtOAc, Stain: PMA (color:green) 

% yield: 100% (2.64 g) 

Physical state: white solid (trans), yellow solid (mixed)   

d.r. 3:1  

1H NMR (500 MHz, Chloroform-d) ŭ 7.27 (d, J = 8.7 Hz, 4H), 6.91 (d, J = 8.6 Hz, 4H), 3.82 (s, 6H), 3.81 (s, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 159.87, 129.44, 126.91, 114.17, 62.68, 55.49. 

 

Synthesis of 62 from (4-fluorophenyl)methanol and 4-fluorobenzaldehyde: 

 
Scale: 10 mmol 

Flash Chromatography: 20:1 Hex/EtOAc  

TLC: Rf = 0.6 in 10:1 Hex/EtOAc, Stain: PMA (color:green) 

% yield: 61% (1.43 g) 

Physical state: white solid  

d.r. >20:1 

1H NMR (500 MHz, Chloroform-d) ŭ 7.38 ï 7.27 (m, 4H), 7.13 ï 7.02 (m, 4H), 3.82 (s, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 163.94, 161.97, 132.76, 132.74, 127.34, 127.28, 115.83, 115.66, 62.37. 
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General procedure for catalyzed [3+2] dipolar cycloaddition:  
 
Photoredox reaction set-up: Reaction were irradiated with a Kessil A160WE Controllable LED Aquarium Light and a 

Chanzon High Power LED Chip 100W Royal Blue Plant Grow Light (440 nm-450 nm). Reaction temperature was 

controlled by using multiple fans and compressed air. 

 

 

 

 

A flame dried 40-mL scintillation vial with a magnetic stirring bar was charged with epoxide (1 equiv.), dipolarophile (3 

equiv.), DTAC (0.05 equiv), and PhMe [0.1 M]. The vial was sealed and sparged with N2 for 15-20 minutes under sonication. 

The resultant mixture was placed under stirring and irradiated with blue LEDs until full consumption of the epoxide was 

observed by TLC. At the completion of the reaction, the resultant mixture is concentrated in vacuo and purified via flash 

chromatography.  

 
1H NMR spectra of the resulting mixture of diastereomeric tetrahydrofuran products are reported with a focus on the benzylic 

protons. These were used as diagnostic protons to measure conversion or observe disappearance of the tetrahydrofuran 

products for all subsequent reactions.  
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Synthesis of s6 from 17 and dimethyl fumarate (8):  

 

 
 

Reaction Time: 5 d 

Scale:  3 mmol 

Flash Chromatography:  10:1 Ą 4:1 Ą 1:1 Hex/EtOAc 

TLC: Rf= 0.2 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 95% (1.27 g) 

Physical state: yellow oil 

d.r. 3:3:2:1  

Major 1:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.20 (d, J = 2.0 Hz, 1H), 7.11 (dd, J = 8.2, 2.0 Hz, 1H), 6.98 ï 6.73 (m, 4H), 5.94 (s, 
2H), 5.25 (d, J = 8.2 Hz, 1H), 4.99 (d, J = 8.6 Hz, 1H), 3.94 (s, 3H), 3.90 (s, 3H), 3.77 (dd, J = 8.2, 6.1 Hz, 1H), 3.70 (s, 
3H), 3.68 (dd, J = 8.6, 6.1 Hz, 1H), 3.30 (s, 3H). 
 
13C NMR (126 MHz, Chloroform-d) ŭ 172.62, 171.69, 149.35, 149.27, 147.56, 147.48, 131.62, 131.19, 120.30, 119.65, 
111.06, 110.23, 108.05, 107.27, 101.18, 83.70, 82.47, 56.06, 56.05, 54.76, 54.69, 52.50, 51.98. 
 

Major 2:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.18 (d, J = 1.7 Hz, 1H), 7.01 (dd, J = 8.0, 1.7 Hz, 1H), 6.97 ï 6.74 (m, 4H), 5.94 (s, 
2H), 5.26 (d, J = 8.2 Hz, 1H), 4.96 (d, J = 8.8 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3H), 3.76 (dd, J = 8.2, 6.0 Hz, 1H), 3.70 (s, 
3H), 3.67 (dd, J = 8.8, 6.0 Hz, 1H), 3.24 (s, 3H). 
 
13C NMR (126 MHz, Chloroform-d) ŭ 172.56, 171.81, 148.96, 148.85, 148.74, 147.89, 133.09, 129.71, 120.92, 119.21, 
110.79, 109.83, 108.26, 107.51, 101.26, 83.66, 82.56, 56.05, 56.01, 54.87, 54.72, 52.52, 51.98. 
 

Middle:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.05 ï 6.69 (m, 6H), 5.98 (s, 2H), 5.82 (AB, 2H), 3.92 (AB, 2H), 3.88 (s, 3H), 3.87 (s, 
3H), 3.39 (s, 3H), 3.34 (s, 3H). 
 
13C NMR (126 MHz, Chloroform-d) ŭ 170.83, 170.75, 148.76, 147.69, 147.31, 133.01, 131.43, 119.62, 118.58, 110.78, 
109.32, 108.05, 106.74, 101.16, 82.66, 82.58, 55.97, 55.99, 52.24, 52.21, 51.95, 51.94. 
 

Minor:  
1H NMR (500 MHz, Chloroform-d) ŭ 6.92 ï 6.75 (m, 6H), 5.96 (s, 2H), 5.33 (AB, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 3.72 (s, 
3H), 3.71 (s, 3H), 3.60 (AB, 2H). 
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13C NMR (126 MHz, Chloroform-d) ŭ 171.68, 171.67, 149.31, 149.11, 148.14, 147.64, 134.28, 132.48, 119.78, 118.68, 
111.17, 109.22, 108.37, 106.63, 101.28, 83.34, 83.09, 56.81, 56.56, 56.06, 56.05, 52.64, 52.60. 
 

HRMS-ESI (m/z): calculated C23H24O9 + Na+: 467.1318 found 467.1312.  

 

Synthesis of s7 from 17 and dimethyl maleate:  

 

 

Reaction Time: 10 d 

Scale:  3 mmol 

Flash Chromatography:  10:1 Ą 4:1 Ą 1:1 Hex/EtOAc  

TLC: Rf= 0.2 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 87% (1.16 g) 

Physical state: yellow oil 

d.r. 5:1.5:1.5:1 

Major:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.02 (dd, J = 8.2, 2.0 Hz, 1H), 6.98 (dd, J = 9.6, 1.9 Hz, 2H), 6.94 (dd, J = 8.0, 1.7 Hz, 

1H), 6.87 (d, J = 8.2 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 5.96 (s, 2H), 5.28 (AB, J = 9.5, 7.0 Hz, 2H), 3.89 (s, 3H), 3.88 (s, 

3H), 3.70 (s, 3H), 3.70 (s, 3H), 3.38 (AB, J = 7.7, 6.7 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.39, 171.34, 149.15, 149.11, 148.03, 147.67, 133.72, 132.23, 120.20, 118.76, 

111.28, 109.79, 108.38, 106.87, 101.27, 82.53, 82.51, 56.07, 56.04, 55.11, 55.00, 52.38, 52.36. 

Middle 1 + Middle 2:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.13 ï 6.71 (overlap, 12H), 5.94 (overlap, 4 H), 5.88 ï 5.80 (overlap, 2H), 5.58 ï 5.49 

(overlap, 2H), 3.90 (s, 3H), 3.87 (s, 9H), 3.75 ï 3.71 (overlap, 2H), 3.68 (s, 3H), 3.67 (s, 3H), 3.48 (dd, J = 8.7, 7.2 Hz, 

1H), 3.45 (dd, J = 8.5, 7.3 Hz, 1H), 3.37 (s, 3H), 3.31 (s, 3H).  

13C NMR (126 MHz, Chloroform-d) ŭ 170.90, 170.68, 170.62, 149.15, 148.93, 148.86, 148.73, 147.98, 147.68, 147.40, 

147.22, 136.75, 135.14, 131.52, 130.01, 119.65, 119.50, 118.57, 118.33, 111.28, 110.81, 109.51, 108.93, 108.36, 108.14, 

106.68, 106.63, 101.16, 83.03, 82.92, 81.19, 81.16, 56.25, 56.08, 56.06, 56.03, 56.01, 54.99, 54.95, 52.37, 52.34, 51.82, 

51.81. 

Minor:  

1H NMR (500 MHz, Chloroform-d) ŭ 7.13 ï 6.71 (overlap, 6H), 5.93 (s, 2H), 5.21 (AB, J = 12.8, 7.5 Hz, 2H), 3.91 (s, 3H), 

3.88 (s, 3H), 3.75 (AB, J = 12.8, 7.5 Hz, 2H), 3.39 (s, 3H), 3.32 (s, 3H). 
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13C NMR (126 MHz, Chloroform-d) ŭ 170.02, 169.95, 148.77, 148.71, 147.48, 147.24, 131.32, 129.98, 120.75, 119.86, 

110.78, 110.55, 108.06, 107.81, 101.08, 81.48, 81.44, 56.09, 55.97, 52.65, 52.31, 51.63, 51.62. 

HRMS-ESI (m/z): calculated C23H24O9 + Na+: 467.1318 found 467.1329.  

 

Synthesis of 9 from 6 and dimethyl fumarate (8):  

 

 

 

 

Reaction Time: 2 d 

Scale:  3 mmol 

Flash Chromatography:  10:1 Ą 4:1 Ą 1:1 Hex/EtOAc  

TLC: Rf= 0.2 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 93% (1.11 g) 

Physical state: yellow oil 

d.r. 5:2.5:1 

Major:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.53 (d, J = 8.7 Hz, 2H), 7.31 (d, J = 8.6 Hz, 2H), 6.94 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 

8.7 Hz, 2H), 5.30 (d, J = 8.4 Hz, 1H), 5.00 (d, J = 8.7 Hz, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 3.78 (dd, 8.7, 6.6 Hz, 1H), 3.69 

(dd, J = 8.4, 6.6 Hz, 1H), 3.69 (s, 3H), 3.21 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ, 172.63, 170.90, 159.86, 159.44, 131.32, 129.50, 128.45, 127.94, 114.06, 113.67, 

83.49, 82.32, 55.37, 55.36, 54.84, 54.79, 52.42, 51.84. 

Middle:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.25 (d, J = 8.5 Hz, 4H), 6.86 (d, J = 8.7 Hz, 4H), 5.84 (AB, J = 6.0, 1.7 Hz, 2H), 3.96 

(AB, J = 6.0, 1.7 Hz, 2H), 3.79 (s, 6H), 3.33 (s, 6H). 

 13C NMR (126 MHz, Chloroform-d) ŭ 171.84, 159.55, 131.28, 127.49, 113.54, 82.49, 55.41, 52.14, 51.86. 

Minor:  

1H NMR (500 MHz, Chloroform-d) ŭ 7.37 (d, J = 8.6 Hz, 4H), 6.90 (d, J = 8.7 Hz, 4H), 5.34 (AB, J = 5.7, 2.5 Hz, 2H), 3.81 

(6, 2H), 3.69 (s, 6H), 3.62 (AB, J = 5.7, 2.5 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.76, 159.64, 132.33, 127.57, 114.11, 83.00, 56.66, 55.36, 52.53. 

HRMS-ESI (m/z): calculated C22H24O7 + Na+: 423.1420 found 423.1413. 

 

Synthesis of s8 from 6 and dimethyl maleate:  
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Reaction Time: 24 h  

Scale:  1 mmol 

Flash Chromatography: 4:1 Hex/EtOAc  

TLC: Rf= 0.2 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 93% (371 mg) 

Physical state: yellow oil 

d.r. 1.4:1   

Major:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.40 (d, J = 8.5 Hz, 4H), 6.91 (d, J = 8.5 Hz, 4H), 5.30 (AB, J = 5.3, 2.2 Hz, 2H), 3.81 

(s, 6H), 3.69 (s, 6H), 3.39 (AB, J = 5.3, 2.3 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.34, 159.54, 131.80, 127.67, 113.94, 82.26, 55.27, 55.05, 52.15. 

Minor:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.45 (d, J = 8.7 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 6.86 (d, J = 

8.7 Hz, 2H), 5.85 (d, J = 8.8 Hz, 1H), 5.56 (d, J = 5.8 Hz, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 3.73 (dd, J = 7.2, 5.8 Hz, 1H), 

3.67 (s, 3H), 3.47 (dd, J = 8.8, 7.2 Hz, 1H), 3.30 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ 170.87, 170.71, 159.48, 159.31, 134.86, 129.76, 127.50, 127.23, 114.01, 113.64, 

82.83, 81.02, 56.19, 55.41, 55.36, 54.92, 52.28, 51.67. 

HRMS-ESI (m/z): calculated C22H24O7 + Na+: 423.1420 found 423.1406. 

 

Synthesis of 10 from 7 and dimethyl fumarate (8):  

 

 

Reaction Time: 10 d 

Scale: 3 mmol 

Flash Chromatography: 10:1 Ą 4:1 Ą 1:1 Hex/EtOAc 

TLC: Rf= 0.2 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 
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% yield: 99% (1.36 g) 

Physical state: yellow oil 

d.r. 6:2:1  

Major: 

 1H NMR (500 MHz, Chloroform-d) ŭ 7.23 (d, J = 2.0 Hz, 1H), 7.11 (dd, J = 8.2, 2.0 Hz, 1H), 7.02 ï 6.78 (m, 4H), 5.28 (d, 

J = 8.2 Hz, 1H), 5.00 (d, J = 8.5 Hz, 1H), 3.93 (s, 3H), 3.89 (s, 3H), 3.87 (s, 3H), 3.86 (s, 3H), 3.78 (dd, J = 8.2, 6.0 Hz, 

1H), 3.71 (dd, J = 8.5, 6.0 Hz, 1H), 3.70 (s, 3H), 3.23 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ 172.53, 171.71, 149.16, 149.10, 148.78, 148.56, 131.66, 129.67, 119.47, 119.04, 

110.89, 110.63, 110.09, 109.67, 83.52, 82.41, 55.89, 55.86, 55.82, 55.79, 54.63, 54.61, 52.34, 51.80. 

 Middle: 
1H NMR (500 MHz, Chloroform-d) ŭ 7.02 ï 6.80 (overlap, 6H), 5.85 (AB, J = 6.0, 1.4 Hz, 2H), 3.91 (AB, J = 6.0, 1.4 Hz, 

2H), 3.88 (s, 6H), 3.87 (s, 6H), 3.86 (s, 6H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.02, 148.83, 148.80, 131.49, 118.65, 110.86, 109.44, 82.75, 55.99, 55.92, 52.54, 

51.93. 

Minor:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.05 ï 6.76 (overlap, 6H), 5.35 (AB, J = 5.6, 2.5 Hz, 2H), 3.89 (s, 6H), 3.87 (s, 6H), 

3.70 (s, 6H), 3.62 (AB, J = 5.6, 2.5 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.76, 149.29, 149.07, 132.64, 119.47, 111.15, 109.21, 83.17, 56.55, 56.03, 55.95, 

52.57. 

HRMS-ESI (m/z): calculated C24H28O9 + Na+: 483.1613 found 483.1605. 

 

Synthesis of s9 from 7 and dimethyl maleate:  

 

 

Reaction Time: 10 d 

Scale: 1.5 mmol 

Flash Chromatography: 10:1 Ą 4:1 Ą 1:1 Hex/EtOAc 

TLC: Rf= 0.2 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 87% (612 mg) 

Physical state: yellow oil 

d.r. 5.4:3.6:1 

Major:  
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1H NMR (500 MHz, Chloroform-d) ŭ 7.15 ï 6.77 (overlap, 6H), 5.33 (AB, J = 5.1, 2.2 Hz, 2H), 3.88 (s, 6H), 3.87 (s, 6H), 

3.70 (s, 6H), 3.42 (AB, J = 5.1, 2.2 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.45, 149.10, 149.05, 132.36, 118.71, 111.18, 109.75, 82.45, 56.05, 55.97, 54.92, 

52.38. 

Middle: 

1H NMR (500 MHz, Chloroform-d) ŭ 7.15 ï 6.79 (overlap, 6H), 5.87 (d, J = 8.7 Hz, 1H), 5.56 (d, J = 5.6 Hz, 1H), 3.90 (s, 

6H), 3.88 (s, 6H), 3.74 (dd, 5.6, 7.2 Hz, 1H), 3.67 (s, 3H), 3.48 (dd, J = 8.6, 7.2 Hz, 1H), 3.31 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ 170.92, 170.68, 149.11, 148.89, 148.81, 148.68, 135.23, 130.09, 118.54, 118.31, 

111.22, 110.74, 109.42, 108.88, 82.99, 81.18, 56.11, 56.04, 55.99, 55.00, 52.45, 51.62.  

Minor:  

1H NMR (500 MHz, Chloroform-d) ŭ 7.14 ï 6.78 (overlap, 6H), 5.23 (AB, J = 5.4, 1.9 Hz, 1H), 3.88 (s, 6H), 3.87 (s, 6H), 

3.76 (AB, J = 5.4, 1.9 Hz, 1H), 3.32 (s, 6H). 

13C NMR (126 MHz, Chloroform-d) ŭ 170.05, 148.66, 148.63, 130.03, 119.76, 110.68, 110.46, 81.48, 56.01, 55.93, 52.35, 

51.82. 

HRMS-ESI (m/z): calculated C24H28O9 + Na+: 483.1613 found 483.1627. 

 

Synthesis of s10 from s4 and dimethyl fumarate (8):  

 

 

Reaction Time: 5 d 

Scale: 3 mmol 

Flash Chromatography: 10:1 Ą 4:1 Ą 1:1 Hex/EtOAc 

TLC: Rf= 0.2 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 98% (1.26 g) 

Physical state: yellow oil 

d.r. 5:2:1 

Major: 

1H NMR (500 MHz, Chloroform-d) ŭ 7.15 (d, J = 1.7 Hz, 1H), 7.00 (dd, J = 8.0, 1.7 Hz, 1H), 6.91 ï 6.73 (m, 4H), 5.94 (s, 

4H), 5.23 (d, J = 8.3 Hz, 1H), 4.94 (d, J = 8.6 Hz, 1H), 3.75 (dd, J = 8.3, 6.1 Hz, 1H), 3.70 (s, 3H), 3.64 (dd, J = 8.6, 6.1 

Hz, 1H), 3.29 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ 172.47, 171.61, 148.04, 147.87, 147.54, 147.46, 132.96, 131.05, 120.86, 120.26, 

108.24, 108.03, 107.47, 107.26, 101.25, 101.17, 83.58, 82.40, 54.82, 54.67, 52.49, 51.99. 

Middle:  
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1H NMR (500 MHz, Chloroform-d) ŭ 6.92 ï 6.70 (overlap, 6H), 5.97 (s, 4H), 5.79 (AB, J = 5.9, 1.7 Hz, 2H), 3.93 (AB, J = 

5.9, 1.7 Hz, 2H), 3.40 (s, 6H) 

13C NMR (126 MHz, Chloroform-d) ŭ 170.60, 147.74, 147.37, 133.06, 119.64, 108.08, 106.76, 101.25, 83.19, 52.49, 

51.96. 

Minor: 

1H NMR (500 MHz, Chloroform-d) ŭ 6.91 ï 6.74 (overlap, 6H), 5.96 (s, 4H), 5.30 (AB, J = 5.7, 2.6 Hz, 2H), 3.70 (s, 6H), 

3.56 (AB, J = 5.7, 2.6 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.51, 148.10, 147.63, 134.08, 119.77, 108.33, 106.59, 83.19, 56.75, 52.60, 51.97. 

HRMS-ESI (m/z): calculated C22H20O9 + Na+: 451.1005 found 451.0998. 

 

Synthesis of s11 from s5 and dimethyl fumarate (8):  

 

 

Reaction Time: 4 d 

Scale: 3 mmol 

Flash Chromatography: 4:1 Ą 1:1 Hex/EtOAc 

TLC: Rf= 0.4 in 1:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 94% (1.47 g) 

Physical state: yellow oil 

d.r. 4:2:1 

Major: 
1H NMR (500 MHz, Chloroform-d) ŭ 7.49 (d, J = 8.7 Hz, 1H), 7.15 (d, J = 8.7 Hz, 1H), 6.77 (d, J = 8.7 Hz, 1H), 6.62 (d, J = 

8.7 Hz, 1H), 5.54 (d, J = 8.0 Hz, 1H), 5.35 (d, J = 8.5 Hz, 1H), 3.98 (s, 3H), 3.98 (s, 3H), 3.88 (s, 3H), 3.86 (s, 3H), 3.85 (s, 

3H), 3.83 (s, 3H), 3.79 (dd, J = 8.0, 5.3 Hz, 1H), 3.69 (s, 3H), 3.63 (dd, J = 8.5, 5.3 Hz, 1H), 3.18 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ 172.83, 172.08, 153.38, 153.23, 150.91, 150.79, 141.39, 141.25, 125.17, 123.22, 

122.06, 120.72, 107.69, 106.67, 77.63, 77.42, 61.13, 60.88, 60.72, 60.68, 60.66, 55.96, 54.35, 53.80, 52.14, 51.53. 

Middle: 

1H NMR (500 MHz, Chloroform-d) ŭ 7.11 (d, J = 8.7 Hz, 2H), 6.62 (d, J = 8.7 Hz, 2H), 6.09 (AB, J = 6.5, 1.7 Hz, 2H), 3.91 

(AB, J = 6.5, 1.7 Hz, 2H), 3.88 (s, 6H), 3.86 (s, 6H), 3.83 (s, 6H), 3.25 (s, 6H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.65, 153.53, 151.62, 141.66, 124.83, 121.28, 106.63, 78.35, 60.79, 60.68, 60.66, 

52.40, 51.48. 

Minor:  
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1H NMR (500 MHz, Chloroform-d) ŭ 7.20 (d, J = 8.7 Hz, 2H), 6.68 (d, J = 8.7 Hz, 2H), 5.56 (AB, J = 6.2, 2.7 Hz, 2H), 3.88 

(s, 6H), 3.87 (s, 6H), 3.86 (s, 6H), 3.67 (s, 6H), 3.61 (AB, J = 6.2, 2.7 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.77, 153.63, 151.56, 142.01, 125.90, 121.44, 107.11, 79.15, 60.88, 60.85, 60.72, 

55.98, 52.19. 

HRMS-ESI (m/z): calculated C26H32O11 + Na+: 543.1842 found 543.1828. 

 

 

 

Synthesis of 64: A flame dried 10-mL scintillation vial with a magnetic stirring bar was charged with 62 (697 mg, 3 mmol, 1 

equiv.), 8 (519 mg, 3.6 mmol, 1.2 equiv.), and MD(p-tol)PT (70 mg, 0.15 mmol, 0.05 equiv.). The vial was sealed, placed 

under a N2 atmosphere, and degassed MeCN (6 mL, [0.5 M]) was added via syringe. The resultant mixture was placed 

under stirring and irradiated with blue LEDs until full consumption of the epoxide was observed by TLC. At the completion 

of the reaction, the resultant mixture was concentrated in vacuo and purified via flash chromatography.  

 

Reaction Time: 12 h 

Scale: 3 mmol 

Flash Chromatography: 4:1 Ą 1:1 Hex/EtOAc 

TLC: Rf= 0.5 in 4:1 Hex/EtOAc, Stain: PMA (color: green) 

% yield: 86% (970 mg) 

Physical state: off-orange solid 

d.r. 6:2:1 

Major:  
1H NMR (500 MHz, Chloroform-d) ŭ 7.59 (dd, J = 8.5, 5.5 Hz, 2H), 7.37 (dd, J = 8.5, 5.5 Hz, 2H), 7.10 (t, J = 8.7 Hz, 2H), 

7.04 (t, J = 8.6 Hz, 2H), 5.32 (d, J = 8.2 Hz, 1H), 5.05 (d, J = 8.5 Hz, 1H), 3.80 (dd, J = 8.3, 5.8 Hz, 1H), 3.71 (s, 3H), 3.67 

(dd, J = 8.5, 5.8 Hz, 1H), 3.21 (s, 3H). 

13C NMR (126 MHz, Chloroform-d) ŭ 172.32, 171.62, 163.95, 163.69, 161.99, 161.72, 135.00, 134.98, 132.89, 132.86, 

128.93, 128.86, 128.40, 128.34, 115.73, 115.56, 115.26, 115.09, 83.15, 82.17, 54.98, 54.62, 52.58, 51.90. 

Middle:  

1H NMR (500 MHz, Chloroform-d) ŭ 7.32 (dd, J = 8.6, 5.5 Hz, 4H), 7.04 (dd, J = 8.6, 5.5 Hz, 4H), 5.90 (AB, J = 6.4 Hz, 

2H), 3.92 (AB, J = 6.4 Hz, 2H), 3.30 (s, 6H). 
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13C NMR (126 MHz, Chloroform-d) ŭ 170.76, 163.58, 161.62, 134.71, 134.69, 127.95, 127.88, 115.34, 115.17, 82.60, 

52.62, 51.92. 

Minor:  

1H NMR (500 MHz, Chloroform-d) ŭ 7.42 (dd, J = 8.5, 5.5 Hz, 4H), 7.04 (dd, J = 8.5, 5.5 Hz, 4H), 5.38 (AB, J = 5.7, 2.5 

Hz, 2H), 3.71 (s, 6H), 3.60 (AB, J = 5.7, 2.5 Hz, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 171.41, 163.74, 161.78, 135.94, 135.92, 127.94, 127.87, 115.78, 115.61, 82.76, 

56.75, 52.69. 

HRMS-ESI (m/z): calculated C20H18F2O5 + Na+: 399.1020 found 399.1011. 

 

 

 

Synthesis of 18: A 100-mL round bottom flask with a magnetic stirring bar was charged with compound s7 (1.2 g, 2.7 mmol, 
1 equiv.) and THF (54 mL, [0.05 M]). The stirred reaction was cooled to 0 °C (water/ice bath) and LiAlH4 (615 mg, 16.2 
mmol, 6 equiv.) was added in one portion. The reaction was left to warm to room temperature and after a 1 h stir period it 
was cooled to 0 °C and quenched by dropwise addition of acetone. Thereafter, saturated solution of Rochelleôs salt (50 mL) 
was added and the reaction was left to stir until the gray solution became clear. The resultant mixture was introduced into 
a separatory funnel and extracted with Et2O (3x50 mL). The combined organic fractions were dried over MgSO4 and reduced 
in vacuo. The resultant material was dried under high vacuum and was used without any further purification.  
 

Reaction Time: 1 h 

Flash Chromatography: 1:1 Ą 4:1 EtOAc/Hex (optional)  

TLC: Rf= 0.5 in 4:1 EtOAc/Hex, Stain: PMA (color: green) 

% yield: 95% (996 mg) 

Physical state: fluffy off-white solid (hygroscopic)  

d.r. 3:3:2:1  

Major 1 + Major 2: 

1H NMR (500 MHz, Chloroform-d) ŭ 7.06 ï 6.67 (overlap, 12H), 5.94 (overlap, 4H), 5.08 (overlap, 2H), 4.70 (overlap, 2H), 

4.45 (overlap, 3H), 3.87 (s, 6 H), 3.86 (s, 6 H), 3.70 (overlap, 2H), 3.54 (overlap, 2H), 3.30 (overlap, 2H), 3.09 (overlap, 

2H), 2.60 ï 2.47 (overlap, 2H), 2.32 ï 2.15 (overlap, 2H). 
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13C NMR (126 MHz, Chloroform-d) ŭ 149.21, 149.11, 148.90, 148.59, 148.09, 147.76, 147.61, 147.15, 134.07, 132.94, 

132.48, 131.44, 120.52, 119.91, 119.23, 118.81, 111.28, 111.09, 110.15, 109.83, 108.29, 108.16, 107.11, 107.03, 101.23, 

101.18, 82.64, 81.31, 81.27, 63.75, 63.01, 62.93, 56.05, 56.05, 56.02, 56.00, 55.34, 55.21, 51.04, 50.88. 

Middle:  

1H NMR (500 MHz, Chloroform-d) ŭ 7.06 ï 6.67 (overlap, 6H), 5.95 (s, 2H), 5.46 (dd, J = 7.1, 4.3 Hz, 2H), 3.89 (s, 3H), 

3.86 (s, 3H), 3.46 (ddd, J = 11.1, 3.7, 2.4 Hz, 2H), 3.00 (td, J = 11.1, 8.2 Hz, 2H), 2.71 ï 2.61 (m, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 148.92, 148.55, 147.84, 147.08, 134.50, 132.99, 119.46, 118.48, 111.09, 109.53, 

108.15, 106.79, 101.23, 82.76, 82.69, 62.72, 62.69, 56.06, 56.02, 49.26, 49.19. 

Minor:  

1H NMR (500 MHz, Chloroform-d) ŭ 7.06 ï 6.67 (overlap, 6H), 5.93 (s, 2H), 4.70 (t, J = 9.2 Hz, 2H), 3.87 (s, 3H), 3.87 (s, 

3H), 3.74-3.67 (overlap, 2H), 3.60 ï 3.53 (overlap, 2H), 2.32 ï 2.15 (overlap, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 149.28, 148.96, 147.84, 147.42, 135.75, 133.94, 119.98, 118.93, 111.11, 109.49, 

108.18, 106.69, 101.19, 83.36, 83.23, 62.88, 62.84, 57.32, 56.97, 56.02, 56.00. 

HRMS-ESI (m/z): calculated C21H24O7 + Na+: 411.1420 found 411.1429. 

 

Screened Lewis and Brønsted Acids to Convert 18 to Methyl Piperitol (19) 

 

 

entry  conditions d.r. (19:C7:C7ô) % conversion 

Best conditions (23 °C) 

1 FeCl3 (20 mol%), DCM, 
12 h 

45 : 29 : 26 100 

2 HCl (10 mol%), 4:1 
DCM/HFIP, 12 h 

59 : 21 : 19 100 

3 TMSCl (5 equiv.), DCM, 
3 d 

67 : 28 : 01 72 

4 [2 M] HCl (3 equiv.) in 
Et2O, CHCl3, 48 h 

93 : 7 : 0 40 

Lewis Acids: (DCM [0.05 M], 12 h, 23 °C) 

5 AlCl3 (1 equiv.) N/A decomposition  

6 InCl3 (1 equiv.) 70 : 27 : 3 31   

7 ZnI2 (1 equiv.) N/A no reaction 

8 SnCl4 (1 equiv.) N/A trace/decomposition 

9 GaCl3 (1 equiv.) 65 : 30 : 5 100 

10 BF3-OEt2 (1 equiv.) 50 : 25 : 25 100 

Brønsted Acids: 

10 TMSOTf (0.2 equiv.), 
DCM, 23 °C, 12 h 

50 : 25 : 25 100 
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11 TMSOTf (0.2 equiv.), 
DCM, -40 °C, 12 h 

50 : 25 : 25 10 

12 H2SO4 (1 equiv.), DCM, 
23 °C, 12 h 

N/A polymerization 

13 TFA (1 equiv.), HFIP, 
23 °C, 12 h 

50 : 25 : 25 77 

 
Other Brønsted (p-TsOH, TfOH, Tf2NH, (±)-BPA) and Lewis acids (Sc(OTf)3, B(C6F5)3 , 
BCl3) that were screened did not yield superior results. Efforts to remove forming water 
with drying agents (molecular sieves, MgSO4, CaO) were futile, as they inhibited 
reactivity.  

 
 

 
Synthesis of (±)-methyl piperitol (19)7: A 10-mL scintillation vial with a magnetic stirring bar was charged with 18 (117 mg, 
0.3 mmol, 1 equiv.) and CHCl3 (6 mL, [0.05 M]). To the stirred reaction was added [2 M] HCl in Et2O (450 ɛL, 0.9 mmol, 3 
equiv.) dropwise, at which point the reaction turned from clear to light yellow. The reaction was left to stir for a 48 h period 
and quenched by dropwise addition of saturated NaHCO3 (3 mL). The resultant solution was introduced into a separatory 
funnel with the assistance of DCM and the mixture was washed with saturated NaHCO3, brine, and dried over MgSO4. The 
resultant solution was reduced in vacuo and further purified through flash chromatography. For the additional cycle, the 
reaction was performed as described above with the recovered starting material. 
 
Reaction Time: 48 h 

Flash Chromatography: 1:1 Hex/Et2O  

TLC: Rf= 0.3 in 1:1 Hex/Et2O, Stain: PMA (color: green) 

% yield: [cycle 1] 40% (44 mg), 58% r.s.m. (68 mg) Ą [cycle 2] 30% (20 mg), 60% r.s.m. (41 mg)  

Physical state: clear oil 

d.r. >10:1 (cycle 1); >20:1 (cycle 2)  
1H NMR (500 MHz, Chloroform-d) ŭ 6.90 (d, J = 1.6 Hz, 1H), 6.89 ï 6.83 (overlap, 3H), 6.81 (dd, J = 8.1, 1.3 Hz, 1H), 6.78 

(d, J = 8.1 Hz, 1H), 5.95 (s, 2H), 4.74 (t, J = 5.1 Hz, 2H), 4.25 (dt, J = 9.0, 6.6 Hz, 2H), 3.90 (s, 3H), 3.89 ï 3.85 (overlap, 

2H), 3.88 (s, 3H), 3.09 (m, 2H). 

13C NMR (126 MHz, Chloroform-d) ŭ 149.30, 148.73, 148.09, 147.22, 135.19, 133.59, 119.49, 118.38, 111.11, 109.28, 

108.32, 106.63, 101.21, 85.95, 85.89, 71.88, 71.80, 56.08, 56.04, 54.45, 54.28. 

HRMS-ESI (m/z): calculated C21H22O6 + Na+: 393.1314 found 393.1327. 

 


