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Experimental procedures
General methods
Anhydrous CHCl3, CH2Cl2, Et2O, toluene, and THF were dried using a Braun Solvent Purification
System and stored under nitrogen over 4 Å molecular sieves. DMF was dried via distillation over
CaH2. Unless otherwise noted, all reactions were performed under an inert atmosphere of argon.
Preparative thin layer chromatography (TLC) was carried out on glass plates (20×20 cm) pre–
coated (0.25 mm) with silica gel 60 F254. Materials were detected by visualization under an
ultraviolet lamp (254 nm) and/or by treating a 1 cm vertical strip removed from the plate with a
solution of phosphomolybdic acid (5%) containing a trace of ceric sulfate in sulfuric (aq.) acid
(5% v/v), or with basic KMnO4 [KMnO4 (1.5 g), K2CO3 (10 g), 10% aq. NaOH (1.25 mL), in H2O
(200 mL)], followed by charring with a heat gun. Analytical TLC was carried out on glass plates
(4×3 cm) pre–coated (0.25 mm) with silica gel 60 F254 and was visualized in the same manner as
described for preparative TLC. Flash column chromatography was performed according to Still et
al.1 with Merck silica gel 60 (0.040– 0.063 mm). All mixed solvents eluents are reported as v/v
solutions. Unless otherwise noted, all reported compounds were homogenous by thin layer
chromatography (TLC) and by 1H NMR spectroscopy. Concentration refers to removal of volatiles
with a rotary evaporator under vacuum supplied by vacuum pump (ca. 30 Torr). Evacuation at ca.
0.5 Torr with a vacuum pump generally followed rotary evaporation.
Spectral Data
High resolution mass spectra (HRMS) and low-resolution mass spectra (LRMS) were obtained on
a VG 70E double focusing high resolution spectrometer; only partial data are reported. Electron
impact (EI) ionization was accomplished at 70 eV, chemical ionization (CI) at 50 eV with ammonia
as the reagent gas. Alternatively, HRMS was obtained on a LC–MS/MS time–of–flight high
resolution spectrometer with electrospray ionization (ESI) from acetonitrile solution. Infrared
spectra were recorded on a Fourier transform interferometer using a diffuse reflectance cell
(DRIFT); only diagnostic peaks and/or intense peaks are reported. Unless otherwise noted, all
experiments used DRIFT. Unless otherwise noted, NMR spectra were measured in CDCl3 solution
at 500 MHz or 600 MHz for 1H and 125 or 150 MHz for 13C. Signals due to the solvent (13C NMR)
or residual protonated solvent (1H NMR) served as the internal standard: CDCl3 (7.26 H, 77.16
C); C6D6 (7.16 H, 128.39 C); CD3OD (3.31 H, 49.00 C). The 1H NMR chemical shifts and
coupling constants were determined assuming first–order behavior. Multiplicity is indicated by
one or more of the following: s (singlet), d (doublet), t (triplet), q (quartet), sep (septet), m
(multiplet), br (broad), app (apparent); the list of coupling constants (J) corresponds to the order
of the multiplicity assignment. Coupling constants are reported to the nearest 0.1 Hz. The 13C NMR
assignments were made based on chemical shift. Specific rotations ([α]D) are the average of five
determinations at ambient temperature using a 1 mL, 10 dm cell; the units are 10–1 deg. cm2 g –1
and the concentrations (c) are reported in g/100 mL. The values reported are rounded to reflect the
1

W. C. Still, M. Kahn, A. Mitra, J. Org. Chem. 1978, 43, 2923-2925.
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accuracy of the measured concentrations (the major source of error). HPLC analyses were carried
out using an Agilent Technologies 1200 series liquid chromatograph.
Materials
All commercially available aldehydes were purified by bulb–to–bulb distillation prior to use.
Cs2CO3 was dried overnight at 250 °C under high vacuum. Unless otherwise noted, all other
reagents were purchased and used without further purification.
Synthesis of Catalysts
2,3-Bis((2R,6R)-2,6-dimethylpiperidin-1-yl)cycloprop-2-en-1-ylium tetraphenyborate (2)

Boc protected amine was prepared analogous to the method described by Aggarwal.2 To a solution
of Boc amine (4.5 g, 20.9 mmol) in Et2O (60 ml) was added HCl (22 ml, 2.0 M in Et2O) at room
temperature. The resulting precipitate that formed after 24 h was filtered and found to be the pure
desired amine HCl salt. To the filtrate was added CH2Cl2 (10 ml) followed by HCl (15 ml, 2.0 M
in Et2O) and the mixture was stirred for another 24 h. The additional precipitate that was formed
was filtered and the both precipitates were combined to give (2R,6R)-2,6-dimethylpiperidin-1-ium
chloride as a white solid (2.53 g, 81%). The 1H NMR spectrum matched the one previously
reported.2 1H NMR (500 MHz, CDCl3) δ 9.60-9.40, (br s, 2H), 3.60-3.50 (br s, 2H), 2.00-1.90 (m,
2H), 1.80-1.60 (m, 4H), 1.47 (d, J = 6.8 Hz, 6H).

To a solution of amine salt (100 mg, 0.67 mmol, 2.1 equiv.) in CH2Cl2 (6.4 ml) was added NaBPh4
(109 mg, 0.32 mmol, 1.0 equiv.) and tetrachlorocyclopropene (39 µL, 0.32 mmol, 1.0 equiv.) under
inert atmosphere. Then, iPr2NEt (277 µL, 1.6 mmol, 5.0 equiv.) was added to the reaction mixture
dropwise at room temperature. The reaction mixture was stirred for 2 h and transferred to a
separatory funnel and washed with HCl 1N (aq.) and water respectively. The organic phase was
separated and dried over Na2SO4. The crude product was purified using crystallization with CHCl3:
Et2O and 158 mg (79%) of (2R,2'R,6R,6'R)-1,1'-(3-chlorocycloprop-1-ene-1,2-diyl)bis(2,6dimethylpiperidinium) tetraphenylborate as a white solid was obtained. 1H NMR (500 MHz,
2

M. F. A. Adamo, V. K. Aggarwal, M. A. Sage, Synth. Commun. 1999, 29, 1747-1756.
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CDCl3) δ 7.36 (s, 8H), 7.01 (dd, J = 7.3, 7.3 Hz, 8H), 6.78 (t, J = 7.2 Hz, 4H), 3.95-3.85 (br s,
2H), 3.50-3.40 (m, 2H), 1.78 (d, J = 13.7 Hz, 2H), 1.75-1.40 (m, 8H), 1.34 (d, J = 6.3 Hz, 6H),
1.33-1.25 (m, 2H),1.23 (d, J = 6.9 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 165.0, 164.6, 164.2,
163.9, 136.4, 134.2, 125.6, 121.8, 92.3, 54.8, 52.6, 34.1, 30.3, 20.6, 18.2, 17.6; FTIR (KBr thin
film) νmax (cm-1): 3249, 3055, 3035, 2982, 2942, 1907, 1587, 1480, 1456, 1440, 1429, 1410, 1387,
1363, 1332, 1316, 1139, 1084, 732, 704, 612; HRMS (ESI-TOF) m/z: [M]+ calcd for C17H28N235Cl
295.1941; found: 295.1967.

Chloro-bis(amino)cyclopropenium salt (2.0 mg, 3.3 mmol, 1.0 equiv.) was placed in a round
bottom flask with a stir bar under argon. It was dissolved in acetone (3.3 ml) and AcOH (16.5 ml)
was added. To the mixture was added zinc dust (1.2 g, 18 mmol, 5.6 equiv.) and it was stirred for
18 h. The mixture was passed through Celite with CH2Cl2 and the solvent was removed in vacuo.
The mixture was filtered, and the mother liquor was washed with a solution of sodium
tetraphenylborate (283 mg, 0.82 mmol, 0.25 equiv.) in water to convert the acetate salt of the
product remaining into tetraphenylborate salt. The organic phase was separated and washed with
water and dried over Na2SO4 and then the solvent was removed in vacuo. The crude product was
triturated with EtOAc and Et2O which yielded more of the 2,3-Bis((2R,6R)-2,6-dimethylpiperidin1-yl)cycloprop-2-en-1-ylium tetraphenylborate as a white solid (1.4 g total, 73%). m.p. (°C): 176
(decomposed); 1H NMR (500 MHz, CDCl3) δ 7.51 (s, 8H), 7.01 (dd app t, J = 7.4 Hz, 8H), 6.84
(t, J = 7.2 Hz, 4H), 4.20 (s, 1H), 3.80-3.70 (br s, 2H), 3.50-3.40 (m, 2H), 1.75-140 (m, 10H), 1.31
(d, J = 6.5 Hz, 8H), 1.05 (d, J = 5.6 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 165.7, 165.3, 164.9,
164.5, 136.5, 133.6, 126.1, 122.0, 98.9, 58.1, 53.0, 34.3, 30.6, 20.4, 18.5, 17.6; FTIR (KBr thin
film) νmax (cm-1): 3102, 3053, 2982, 2495, 1869, 1653, 1576, 1479, 1457, 1437, 1329, 1363, 1114,
1085, 909, 732, 704; HRMS (ESI-TOF) m/z: [M]+ calcd for C17H29N2 261.2331; found: 261.2329.
= -104 (c = 0.9745, CH2Cl2)
2,3-bis((2S,5S)-2,5-diphenylpyrrolidin-1-yl)cycloprop-2-en-1-ylium tetraphenylborate (3)

1,4-Diphenylbutane-1,4-dione was prepared according to the previously described protocol by
Ceylan.3 Elemental zinc dust (2.0 g, 30.6 mmol, 1.0 equiv.) followed by solid I2 (200 mg, 0.79
3

M. Ceylan, M. B. Gürdere, Y. Budak, C. Kazaz, H. Seçen, Synthesis 2004, 11, 1750-1754.
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mmol, 0.03 equiv.) were added to a vigorously stirring solution of 2-bromo-1-phenylethan-1-one
(6.0 g, 30 mmol, 1.0 equiv.) in dried THF (60 ml) under argon at 66 °C. The mixture was refluxed
for 16 h and then cooled down to room temperature. The resulting mixture was filtered, and water
(100 ml) was added to the filtrate. The aqueous phase was washed with CHCl3 (3×100 ml). The
organic phase was separated and dried by Na2SO4. The solvent was removed in vacuo and the
crude product was crystallized using CHCl3: Hexanes to give 1,4-diphenylbutane-1,4-dione as a
pale-yellow powder (1.14 g, 32%). The 1H NMR spectrum matched the one previously reported.
1H NMR (500 MHz, CDCl ) δ 7.46 (dd, J = 8.0, 1.0 Hz, 8H), 7.59 (tt, J = 5.6, 1.8 Hz, 2H), 7.47
3
(dd app t, J = 13.7 Hz, 4H), 3.47 (s, 4H).

(1R,4R)-1,4-Diphenylbutane-1,4-diol was prepared in an analogous manner to the method
described by Lindsley.4 (S)-diphenyl(pyrrolidin-2-yl)methanol (223 mg, 0.9 mmol, 0.2 equiv.) was
put in a round bottom flask equipped with a magnet stir bar. THF (5.6 ml) was added to it. Then,
B(OMe)3 (130 µl, 1.2 mmol, 0.2 equiv.) was added to the mixture and it was stirred for 1 h. Then,
BH3.SMe2 (1.0 ml, 11 mmol, 2.1 equiv.) was added followed by adding 1,4-diphenylbutane-1,4dione (1.2 g, 5.2 mmol, 1.0 equiv.) in THF (11 ml) over an hour. It was stirred for another hour
and was quenched with HCl (8.5 ml, 2 N). The aqueous phase was extracted with Et2O (3×11 ml)
and subsequently, the merged organic layers were washed with water and brine and dried with
Na2SO4. The solvent was removed in vacuo. The crude product was purified using flash column
chromatography (35% EtOAc in petroleum ether) and white crystals (1.1 g, 94%) were obtained.
The 1H NMR spectrum matched the one previously reported. 1H NMR (500 MHz, CDCl3) δ 7.367.32 (m, 8H), 7.29-7.25 (m, 2H), 4.76-4.70 (m, 2H), 2.46 (br s, 2H), 1.97-1.91 (m, 2H), 1.86-1.86
(m, 2H).

(2S,5S)-1-Allyl-2,5-diphenylpyrrolidine was prepared according to the procedure described by
described by Steel.5 To a solution of methanesulfonylchloride (840 µl, 11 mmol, 2.5 equiv.) in
CH2Cl2 (42 ml) was added a solution of (1R,4R)-1,4-diphenylbutane-1,4-diol (1.0 g, 4.4 mmol,
1.0 equiv.) and Et3N (1.8 ml, 13 mmol, 3.0 equiv.) in CH2Cl2 (42 ml) at 0 °C under argon. The
reaction was quenched using aqueous NH4Cl (sat.) after stirring for 2 h at 0 °C. The mixture
warmed up to room temperature and the solvent was removed in vacuo up to about 35 ml followed
by adding EtOAc (170 ml). The organic layer was washed with a mixture of (1:2:1) water: brine:
4
5

T. J. Senter, M. C. O’Reilly, K. M. Chong, G. A. Sulikowski, C. W. Lindsley, Tetrahedron Lett. 2015, 56, 1276-1279.
D. J. Aldous, W. M. Dutton, P. G. Steel, Tetrahedron : Asymmetry 2000, 11, 2455-2462.
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aqueous NaHCO3 (sat.) (4×40 ml). The organic phase was concentrated up to 15 ml in vacuo. The
crude product was put in a round bottom flask equipped with a stir bar and put under argon to be
used directly for the next step. Allylamine (60 ml, 690 mmol, 158 equiv.) was added portion wise
under argon at 0 °C. The mixture was stirred at 0 °C overnight. The excess of allylamine was
removed in vacuo and to the crude product was added Et2O (150 ml). It was washed with aqueous
NaHCO3 (sat.) (50 ml) and brine (50 ml) and dried over Na2SO4. The organic phase was
concentrated, and the crude product was purified with flash column chromatography (3% Et2O in
petroleum ether) to give the product (920 mg, 80%) as a colorless oil. The 1H NMR spectrum
matched the one previously reported. 1H NMR (500 MHz, CDCl3) δ 7.36-7.34 (m, 8H), 7.29-7.25
(m, 2H), 5.70-5.62 (m, 1H), 4.96-4.91 (m, 2H), 4.36-4.34 (m, 2H), 3.02-2.98 (m, 1H), 2.73 (dd, J
= 14.7, 7.4 Hz, 1H), 2.57-2.51 (m, 2H), 1.95-1.90 (m, 2H);

(2S,5S)-2,5-Diphenylpyrrolidine was prepared analogous to the method described by Steel.5
(PPh)3RhCl (6 mg, 0.06 mmol, 5 mol %) and (2S,5S)-1-allyl-2,5-diphenylpyrrolidine (340 g, 1.3
mmol, 1.0 equiv.) were placed inside a Schlenk tube equipped with a magnet stir bar under tight
Schlenk conditions. To that, a mixture of (water: acetonitrile 16: 84) (3.5 ml) was added under
argon. The mixture was degassed for 20 min using argon flow. A condenser was installed, and the
mixture was heated up to 90 °C (oil bath) and stirred for 5 h. After cooling to room temperature,
the mixture was transferred to a separatory funnel and was added Et2O (5.0 ml). The organic layer
was washed with brine (2×5.0 ml). The aqueous phase was back extracted with Et2O (5.0 ml) and
the organic layers were combined and dried over Na2SO4. The filtrate was concentrated in vacuo
and purified by flash column chromatography (33% EtOAc in petroleum ether) to give the product
as a pale-yellow solid (310 mg, 69%). The 1H NMR spectrum matched the one previously reported.
1H NMR (500 MHz, CDCl ) δ 7.43 (d, J = 7.4 Hz, 4H), 7.35 (dd app t, J = 7.4, 4H), 7.26 (t, J =
3
7.2 Hz, 2H), 4.57 (dd app t, J = 6.8, 2H), 2.45-2.38 (m, 2H), 2.23 (br s, 1H), 1.96-1.91 (m, 2H).

To a solution of tetrachlorocyclopropene (91 µL, 0.74 mmol, 1.0 equiv.) in dried CH2Cl2 (14 ml)
was added a solution of (2S,5S)-2,5-diphenylpyrrolidine (326 mg, 1.5 mmol, 2.0 equiv.) and
iPr2NEt (258 µL, 1.5 mmol, 2.0 equiv.) in CH2Cl2 (4.0 ml) under argon at -78 °C. The reaction
mixture was brought to room temperature and stirred for 6 h before the solvent was removed in
vacuo. To the crude product was added zinc dust (27 mg, 4.1 mmol, 5.6 equiv.) and was charged
with argon. The mixture was dissolved in acetone (1.4 ml) and then to this mixture AcOH (7.2 ml)
S10

was added and stirred overnight. To the crude product was added a solution of NaBPh4 (1.3 g, 3.7
mmol, 5 equiv.) in water (30 ml) and extracted with dichloromethane (30 ml). The organic phase
was washed with water (3×30 ml) to remove AcOH entirely and dried over Na2SO4.The solvent
was removed in vacuo, and to the crude product was added CHCl3 (6.0 ml). The iPr2NEt.HBPh4
salt was precipitated and filtered. The filtrate was concentrated. To the residue was added MeOH
and cooled down to 0 °C for an hour. The product crystallized and was washed with cold MeOH
several times to give the pure 2,3-bis((2S,5S)-2,5-diphenylpyrrolidin-1-yl)cycloprop-2-en-1-ylium
tetraphenyborate as a pale-yellow powder (463 mg, 78%). m.p. (°C): 190-192; 1H NMR (500
MHz, CDCl3) δ 7.54-7.47 (m, 6H), 7.28-7.30 (m, 14H), 6.88-6.85 (m, 12H), 6.80 (t, J = 7.0 Hz,
4H), 6.72 (dd, J = 7.2, 1.4 Hz, 4H), 4.59 (dd app t, J = 6.3 Hz, 2H), 4.29 (s, 1H), 3.63 (dd app t, J
= 6.1 Hz, 6H), 2.25-2.12 (m, 4H), 1.69-1.60 (m, 4H) ; 13C NMR (125 MHz, CDCl3) δ 164.8-163.5
(q, 1JC-B = 49 Hz) , 139.4, 137.8, 136.3, 134.6, 129.3, 129.26, 128.8, 128.78, 126.0, 125.7, 125.60125.57 (d, 2JC-B = 2.9 Hz), 121.5, 103.4, 67.6, 65.1, 34.7, 33.4; FTIR (KBr thin film) νmax (cm-1):
2982, 1892, 1580, 1494, 1452, 1427, 1355, 1304, 1288, 1182, 1142, 1076, 1030; HRMS (ESITOF) m/z: [M]+ calcd for C35H33N2 481.2644; found: 481.2651.
= -144 (c = 1.0, CH2Cl2)
2,3-Bis((2S,5S)-2,5-bis(3,5-dimethylphenyl)pyrrolidin-1-yl)cycloprop-2-en-1-ylium
tetraphenylborate (4)

N1,N4-Dimethoxy-N1,N4-dimethylsuccinamide was made according to the method previously
reported by Jagadish.6 To a solution of N,O-dimethylhydroxylammonium chloride (24.5 g, 0.25
mol, 2.2 equiv.) in CH2Cl2 (228 ml) was added succinyl chloride (13 ml, 0.11 mol, 1.0 equiv.)
followed by pyridine (40 ml, 0.50 mol, 4.4 equiv.) drop wise. The mixture was stirred for 16 h and
quenched with aqueous HCl (2 M) and extracted with CHCl3. Et2O was added to the CHCl3 to the
point where the solution became milky. The crude product was put into ice and crystals formed
after 30 min and filtered. The pure product was obtained as a light brown crystal (18.5 g, 80%).
The 1H NMR spectrum matched the one previously reported. 1H NMR (500 MHz, CDCl3) δ 3.72
(s, 6H), 3.17 (s, 6H), 2.76 (s, 4H).
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1,4-Bis(3,5-dimethylphenyl)butane-1,4-dione was prepared in an analogous manner to the method
described by Hayashi.7 To a solution of 1-bromo-3,5-dimethylbenzene (16.3 ml, 120 mmol, 2.4
equiv.) in dried Et2O (119 ml) was added a solution of tBuLi in pentane (1.7 M) (150 ml, 255
mmol, 2.4 equiv.) drop wise at -78 °C under argon. The mixture was stirred for 30 min and then
was warmed to room temperature and was kept stirring for another 20 min and was cooled down
to 0 °C. To the mixture was added a solution of N1,N4-dimethoxy-N1,N4-dimethylsuccinamide
(10.1 g, 49.5 mmol, 1.0 equiv.) in dried THF (102 ml) under argon slowly and was stirred for
another hour and quenched with aqueous NH4Cl (sat.). The mixture was extracted with CHCl3 and
the organic layer was washed with brine and dried with Na2SO4. The mixture was concentrated,
and to it CHCl3 (10 ml) was added. Et2O (40 ml) was added to the mixture and it was kept in fridge
overnight. Pale-yellow crystals formed and filtered (9.4 g, 65%). The crystals were washed with
Et2O and the 1H NMR spectrum matched the one previously reported. 1H NMR (500 MHz, CDCl3)
δ 7.65 (s, 4H), 7.21 (s, 2H), 3.42 (s, 4H), 2.38 (s, 12H).

(1R,4R)-1,4-bis(3,5-dimethylphenyl)butane-1,4-diol was prepared in an analogous manner to the
method described by Hayashi.7 (S)-diphenyl(pyrrolidin-2-yl)methanol (0.13 g, 0.5 mmol, 0.2
equiv.) was put in a round bottom flask equipped with a magnet stir bar. THF (2.3 ml) and was
added to it. Then, B(OMe)3 (80 µl, 0.65 mmol, 0.3 equiv.) was added and it was kept stirring for
1 h. BH3.SMe2 (580 µl, 6.0 mmol, 2.8 equiv.) was added followed by adding 1,4-diphenylbutane1,4-dione (640 mg, 2.2 mmol, 1.0 equiv.) in THF (5.0 ml) over an h. It was stirred for 1 h and was
quenched with HCl (4.0 ml, 2 N). The aqueous phase was extracted with Et2O (3.0×4.6 ml) and
subsequently, the merged organic layers was washed with water and brine and dried with Na2SO4.
The solvent was removed in vacuo. The crude product was purified using flash column
chromatography (35% EtOAc in petroleum ether) and white crystals (590 mg, 92%) were obtained.
The 1H NMR spectrum matched the one previously reported.7 1H NMR (500 MHz, CDCl3) δ 6.95
(s, 4H), 6.90 (s, 2H), 4.62 (s, 2H), 2.66 (br s, 2H), 2.31 (s, 12H), 1.94-1.89 (m, 2H), 1.87-1.77 (m,
2H). HPLC (compared to the other enantiomer sample). HPLC: Chiralpak IA 2.1×150 mm column,
10% isopropanol in Hexanes, 0.2 ml/min Major peak at 7.17 min Minor peak at 6.14 min. (ee:
99%).
The opposite enantiomer of the diol was prepared as described above using (R)diphenyl(pyrrolidin-2-yl)methanol. It is not clear that why the enantioselectivity is lower, but it
has been observed that this reaction is sensitive to the reaction conditions.8 The purpose of
preparing two enantiomers of this diol was to identify each enantiomer in HPLC chromatogram
which this lower ee serves the purpose well.
7
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Major peak at 6.13 min Minor peak at 7.03 min. (ee: 82%).

(2S,5S)-1-Allyl-2,5-bis(3,5-dimethylphenyl)pyrrolidine was prepared according to the procedure
described by described by Steel.5 To a solution of methanesolfunylchloride (380 µl, 4.9 mmol, 2.5
equiv.) in CH2Cl2 (19 ml) was added a solution of (1R,4R)-1,4-diphenylbutane-1,4-diol (0.58 g,
2.0 mmol, 1.0 equiv.) and Et3N (820 µl, 5.9 mmol, 3.0 equiv.) in CH2Cl2 (19 ml) at 0 °C under
argon. The reaction mixture was quenched using aqueous NH4Cl (sat.) after stirring for 2 h at 0
°C. The mixture warmed up to room temperature and the solvent was removed in vacuo up to
about 16 ml followed by adding EtOAc (78 ml). The organic layer was washed with a mixture of
(1:2:1) water: brine: aqueous NaHCO3 (sat.) (4×19 ml). The organic phase was concentrated up to
7.0 ml in vacuo. The crude product was put in a round bottom flask equipped with a stir bar and
put under argon to be used directly for the next step. Allylamine (20 ml, 267 mmol, 60 equiv.) was
added portion wise under argon at 0 °C to the mixture. Then, it was stirred at 0 °C overnight. The
excess of allylamine was removed in vacuo and to the crude product was added Et2O (68 ml). It
was washed with aqueous NaHCO3 (sat.) (23 ml) and brine (10 ml) and dried over Na2SO4. The
organic phase was concentrated, and the crude product was purified with flash column
chromatography (3% Et2O in petroleum ether) to give the product as a pale-yellow oil (320 mg,
51%). 1H NMR (500 MHz, CDCl3) δ 6.94 (s, 4H), 6.89 (s, 2H), 5.72-5.64 (m, 1H), 4.97-4.90 (m,
2H), 4.25 (dd app t, J = 4.4, 5.6 Hz, 2H), 2.98 (ddd, J = 14.6, 4.3, 2.2 Hz, 1H), 2.71 (dd, J = 14.6,
7.4 Hz, 1H), 2.52-2.46 (m, 2H), 2.33 (s, 12H), 1.92-1.87 (m, 2H).

(2S,5S)-2,5-Bis(3,5-dimethylphenyl)pyrrolidine was prepared according to the procedure
described by described by Steel.5 (PPh)3RhCl (9.6 mg, 0.01 mmol, 1 mol %) and (2S,5S)-1-allyl2,5-diphenylpyrrolidine (322 mg, 1.0 mmol, 1.0 equiv.) were placed inside a Schlenk tube
equipped with a magnet stir bar under tight Schlenk conditions. To a mixture of (water: acetonitrile
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16: 84) (3.0 ml) was added under argon. The mixture was degassed for 20 min using argon flow.
A condenser was installed, and the mixture was heated up to 90 °C (oil bath) and stirred for 24 h.
After cooling to room temperature, the mixture was transferred to a separatory funnel and was
added Et2O (4.5 ml). The organic layer was washed with brine (2×4.5 ml). The aqueous phase was
back extracted with Et2O (4.5 ml) and the organic layers were combined and dried over Na2SO4.
The solvent was concentrated and purified by flash column chromatography (9% EtOAc in
hexanes) to give the product as a colorless oil (0.19 g, 69%). The 1H NMR spectrum matched the
one previously reported.7 1H NMR (500 MHz, CDCl3) δ 7.02 (s, 4H), 6.88 (s, 2H), 4.48 (dd app t,
J = 7.2, 6.6 Hz, 2H), 2.38-4.33 (m, 2H), 2.32 (s, 12H), 2.07 (br, s, 1H), 1.93-1.85 (m, 2H).

To a solution of tetrachlorocyclopropene (42 µL, 0.34 mmol, 1.0 equiv.) in dried CH2Cl2 (6.5 ml)
was added a solution of (2S,5S)-2,5-diphenylpyrrolidine (0.19 g, 0.69 mmol, 2.0 equiv.) and
iPr2NEt (120 µL, 0.69 mmol, 2.0 equiv.) in CH2Cl2 (1.9 ml) under argon at -78 °C. The reaction
mixture was brought to room temperature and stirred for 6 h before the solvent was removed in
vacuo. To the mixture was added zinc dust (150 g, 1.9 mmol, 5.6 equiv.) with no further
purification and was charged with argon. To the reaction mixture, acetone (0.8 ml) followed by
AcOH (3.4 ml) were added and the mixture was stirred overnight. To the crude product was added
a solution of NaBPh4 (47 mg, 1.4 mmol, 4.0 equiv.) in water (15 ml) and extracted with CH2Cl2
(15 ml). The organic phase was washed with water (3×15 ml) to remove AcOH entirely and dried
over Na2SO4. The solvent was removed in vacuo, and to the crude product was added CHCl3 (5.0
ml). The iPr2NEt salt was precipitated and filtered. The filtrate was concentrated in vacuo. To the
crude product was added MeOH and cooled down to 0 °C for an hour. The product crystallized
and filtered following by washing with cold MeOH to give the pure 2,3-bis((2S,5S)-2,5-bis(3,5dimethylphenyl)pyrrolidin-1-yl)cycloprop-2-en-1-ylium tetraphenylborate as a pale-yellow
powder (242 mg, 77%). m.p. (°C): 186-189; 1H NMR (500 MHz, CDCl3) δ 7.29 (s, 8H), 7.01 (s,
2H), 6.92 (s, 2H), 6.89 (dd app t, J = 17.5, 14.6 Hz, 8H), 6.78 (t, J = 7.1 Hz, 4H), 6.42 (s, 4H),
6.37 (s, 4H), 4.52-4.51 (m, 2H), 4.40-4.38 (m, 1H), 3.58 (dd app t, J = 6.5, 5.5 Hz, 2H), 2.45 (s,
12H), 2.25 (s, 12H), 2.22-2.15 (m, 4H), 1.70-1.60 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 164.8163.6 (q, 1JC-B = 50 Hz), 139.7, 138.9, 138.7, 136.2, 133.9, 130.6, 130.0, 125.6, 123.9, 121.3, 102.2,
67.9, 65.0, 33.8, 33.4, 21.6, 21.4; FTIR (KBr thin film) νmax (cm-1): 3102, 3054, 1893, 1609, 1546,
1479, 1425, 1339, 1182, 1033, 847, 733, 701, 608; HRMS (ESI-TOF) m/z: [M]+ calcd for C43H49
N2 593.3896; found: 593.3920.
= -118 (c = 1.0, CH2Cl2)
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2,3-Bis((2S,5S)-2,5-bis(3,5-dimethoxyphenyl)pyrrolidin-1-yl)cycloprop-2-en-1-ylium
tetraphenyborate (5)

1,4-Bis(3,5-dimethoxyphenyl)butane-1,4-dione was prepared in an analogous manner to the
method described by Hayashi.7 To a solution of 1-bromo-3,5-dimethoxybenzene (16.3 ml, 120
mmol, 2.4 equiv.) in THF (12 ml) was added a solution of tBuLi in pentane (14.9 ml, 1.65 M, 5
equiv.) drop wise at -78 °C under argon. The mixture was stirred for 30 min and then was warmed
to room temperature and was kept stirring for another 20 min and then, was cooled down to 0 °C.
To the mixture was added a solution of N1,N4-dimethoxy-N1,N4-dimethylsuccinamide (1.0 g, 4.9
mmol, 1.0 equiv.) in dried THF (8.5 ml) under argon slowly and was stirred for another hour and
quenched with aqueous NH4Cl (sat.). The mixture was extracted with CHCl3 and the organic layer
was washed with brine and dried with Na2SO4. The crude product was concentrated and was
dissolved in EtOAc (13.5 ml). Hexanes (3.5 ml) was added and the mixture was kept stirring at 20 °C for 12 h. Crystals formed and were filtered and washed with cold hexanes (780 g, 44 %).
m.p. (°C): 181.0; 1H NMR (500 MHz, CDCl3) δ 7.16 (d, J = 2.0 Hz, 4H), 6.66 (s, 2H), 3.84 (s,
12H), 3.40 (s, 4H); 13C NMR (125 MHz, CDCl3) δ 198.3, 160.9, 138.7, 105.9, 105.5, 55.6, 32.8;
FTIR (thin film in CHCl3) νmax (cm-1): 1684, 1592, 1458, 1426, 1347, 1316, 1209, 1166, 1073,
1060, 1021, 878, 686, 554; HRMS (FD-TOF) m/z: [M]+ calcd for C20H22O6 358.1416; found:
358.1420.

(1R,4R)-1,4-Bis(3,5-dimethoxyphenyl)butane-1,4-diol was prepared in an analogous manner to
the method described by Steel.5* (S)-diphenyl(pyrrolidin-2-yl)methanol (120 mg, 0.48 mmol, 0.2
equiv.) was put in a round bottom flask equipped with a magnet stir bar. THF (3.0 ml) was added
to it and stirred. Then, B(OMe)3 (70 µl, 0.63 mmol, 0.3 equiv.) was added and it was kept stirring
for 1 h. Next, BH3.SMe2 (560 ml, 5.9 mmol, 2.8 equiv.) was added followed by adding 1,4diphenylbutane-1,4-dione (750 mg, 2.1 mmol, 1.0 equiv.) in THF (5.0 ml) over 1 h. It was stirred
for another hour and was quenched with HCl (4.0 ml, 2 N). The aqueous phase was extracted with
Et2O (3×5 ml) and subsequently, the merged organic layers was washed with water and brine and
dried with Na2SO4. The solvent was removed in vacuo. The crude product was purified using flash
column chromatography (50% EtOAc in petroleum ether) and white crystals (506 mg, 67%) were
obtained. m.p. (°C): 85.2-86.1; 1H NMR (600 MHz, CDCl3) δ 6.47 (s, 4H), 6.34 (s, 2H), 4.60 (s,
2H), 3.76 (s, 12H), 3.05-3.03 (m, 2H), 1.88-1.85 (m, 2H), 1.80-1.78 (m, 2H); 13C NMR (150 MHz,
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CDCl3) δ 160.8, 147.3, 103.7, 99.4, 74.2, 55.3, 35.8; FTIR (thin film in dichloromethane) νmax
(cm-1): 3397, 2999, 2940, 2838, 1597, 1464, 1429, 1348, 1295, 1204, 1154, 1063, 924, 834;
HRMS (FD-TOF) m/z: [M]+ calcd for C20H26O6 362.1729; found: 362.1734.
= +53 (c = 1.0, CH2Cl2)

(2S,5S)-1-Allyl-2,5-bis(3,5-dimethoxyphenyl)pyrrolidine was prepared according to the
procedure described by described by Steel.5 To a solution of methanesolfunylchloride (59 µl, 0.76
mmol, 2.5 equiv.) in CH2Cl2 (3.0 ml) was added a solution of (1R,4R)-1,4-diphenylbutane-1,4diol (110 mg, 0.304 mmol, 1.0 equiv.) and Et3N (0.128 ml, 0.91 mmol, 3.0 equiv.) in CH2Cl2 (3.0
ml) at 0 °C under argon. The reaction mixture was quenched using aqueous NH4Cl (sat.) after
stirring for 2 h at 0 °C. The mixture warmed up to room temperature and the solvent was removed
in vacuo up to about 11 ml followed by adding EtOAc (12 ml). The organic layer was washed with
a mixture of (1: 2: 1) water: brine: aqueous NaHCO3 (sat.) (4×10 ml). The organic phase was
concentrated up to 1 ml in vacuo. The crude product was put in a round bottom flask equipped
with a stir bar and put under argon to be used directly for the next step. Allylamine (3.7 ml, 49.44
mmol, 163 equiv.) was added portion wise under argon at 0 °C. The mixture was stirred at 0 °C
overnight. The excess of allylamine was removed in vacuo and to the crude product was added
Et2O (3.0 ml). It was washed with aqueous NaHCO3 (sat.) (4.0 ml) and brine (4.0 ml) and dried
over Na2SO4. The organic phase was concentrated, and the crude product was purified with flash
column chromatography (15% Et2O in petroleum ether) to give the product (76 mg, 65%) as a
pale-yellow oil. m.p. (°C): 153.6; 1H NMR (600 MHz, CDCl3) δ 6.51 (d, , J=2.3 Hz, 4H), 6.37 (t,
J=2.2 Hz, 2H), 5.76-5.69 (m, 1H), 5.03-4.98 (m, 2H), 4.29-4.28 (m, 2H), 3.81 (s, 12H), 3.07-3.02
(m, 1H), 2.83 (dd, J = 14.9, 7.3 Hz, 1H), 2.52-2.45 (m, 2H), 1.92-1.84 (m, 2H); 13C NMR (150
MHz, CDCl3) δ 160.7, 147.0, 137.1, 115.5, 105.8, 98.6, 65.7, 55.3, 49.8, 32.9; FTIR (thin film in
dichloromethane) νmax (cm-1): 3077, 2998, 2956, 2836, 1596, 1463, 1428, 1346, 1311, 1292, 1205,
1154, 1063, 923; HRMS (FD-TOF) m/z: [M]+ calcd for C23H29O4N 383.2097; found: 383.2094.
= -208 (c = 1.3, CH2Cl2)

(2S,5S)-2,5-Bis(3,5-dimethoxyphenyl)pyrrolidine was prepared analogous to the method
described by Steel.5 (PPh)3RhCl (1.6 mg, 0.0017 mmol, 1.0 mol %) and (2S,5S)-1-allyl-2,5diphenylpyrrolidine (66 mg, 0.17 mmol, 1.0 equiv.) were placed inside a Schlenk tube equipped
with a magnet stir bar under tight Schlenk conditions. To a mixture of (water: acetonitrile 16: 84)
S16

(0.6 ml) was added to it under argon. The mixture was degassed for 20 min using argon flow. A
condenser was installed, and the mixture was heated up (oil bath) to 90 °C and refluxed for 24 h.
After cooling to room temperature, the mixture was transferred to a separatory funnel and was
added Et2O (0.7 ml). The organic layer was washed with brine (2×0.7 ml). The aqueous phase was
back extracted with Et2O (0.7 ml) and the organic layers were combined and dried over Na2SO4.
The filtrate was concentrated in vacuo and purified by flash column chromatography (33% EtOAc
in petroleum ether) to give the product as an orange oil (35 mg, 60%). 1H NMR (600 MHz, CDCl3)
δ 6.57 (d, J = 2.0 Hz, 4H), 6.35 (s, 2H), 4.48 (dd app t, J = 6.5 Hz, 2H), 3.80 (s, 12H), 2.23-2.33
(m, 2H), 2.08 (br s, 1H), 1.89-1.82 (m, 2H); 13C NMR (150 MHz, CDCl3) δ 160.19, 148.7, 104.3,
98.6, 62.3, 55.3, 35.2; FTIR (thin film in CH2Cl2) νmax (cm-1): 3372, 2957, 2836, 2102, 1596,
1457, 1428, 11351, 1295, 1204, 1152, 1061, 926, 835; HRMS (FD-TOF) m/z: [M]+ Calcd for
C20H25O4N 343.1784; found: 343.1792.
= -118 (c=1.0, CH2Cl2)

To a solution of tetrachlorocyclopropene (55 µL, 0.45 mmol, 1.0 equiv.) in dried CH2Cl2 (8.5 ml)
was added a solution of (2S,5S)-2,5-diphenylpyrrolidine (307 mg, 0.90 mmol, 2.0 equiv.) and
iPr2NEt (160 µL, 0.90 mmol, 2.0 equiv.) in CH2Cl2 (2.5 ml) under argon at -78 °C. The reaction
mixture was brought to room temperature and stirred for 6 h before the solvent was removed in
vacuo. To the crude product was added zinc dust (164 mg, 2.5 mmol, 5.6 equiv.) and was charged
with argon. To the mixture was added acetone (1.0 ml) followed by AcOH (4.5 ml) and the reaction
mixture was stirred overnight. To the reaction mixture was added a solution of NaBPh4 (612 mg,
1.8 mmol, 4.0 equiv.) in water (20 ml) and extracted with CH2Cl2 (20 ml). The organic phase was
washed with water (20 ml) to remove AcOH entirely and dried over Na2SO4.The solvent was
removed in vacuo, and to the crude product was added CHCl3 (6.5 ml). The iPr2Net.HBPh4 salt
was precipitated and filtered. The filtrate was concentrated. To the crude product was added MeOH
and it was cooled down to 0 °C for 1 h. The product crystallized and filtered following by washing
with cold MeOH to give the pure 2,3-bis((2S,5S)-2,5-bis(3,5-dimethylphenyl)pyrrolidin-1yl)cycloprop-2-en-1-ylium tetraphenylborate as a pale-yellow powder (276 mg, 59%). m.p. (°C):
179-181; 1H NMR (600 MHz, CDCl3) δ 7.28 (s, 8H), 6.89 (dd app t, J = 7.4 Hz, 8H), 6.78 (t, J =
7.1 Hz, 4H), 6.49 (t, J = 2.0, 2H), 6.36 (t, J = 2.0 Hz, 2H), 5.96 (d, J = 2.1 Hz, 4H), 5.94 (d, J =
2.0 Hz, 4H), 4.40 (dd app t, J = 5.8 Hz, 2H), 4.14 (s, 1H), 3.84 (s, 12H), 3.67 (s, 12H), 2.21-2.16
(m, 4H), 1.70-1.64 (m, 4H); 13C NMR (150 MHz, CDCl3) δ 164.6-163.6 (q, 1JC-B = 49 Hz) , 161.5,
161.4, 141.9, 140.4, 136.2, 134.2, 125.7-125.6 (d, 2JC-B = 2.7 Hz), 121.4, 104.6, 103.9, 103.2,
98.03, 99.0, 67.6, 65.0, 55.5, 55.4, 34.4, 33.1; FTIR (thin film in CH2Cl2) νmax (cm-1): 3462, 2999,
2838, 1893, 1653, 1597, 1546, 1457, 1429, 1351, 1205, 1158, 1065, 927; HRMS (ESI-TOF) m/z:
[M]+ Calcd for C43H49 N2O8 721.3489; found: 721.3454.
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= -88 (c = 1.0, CH2Cl2)
Synthesis of enones
General methods

The chalcone derivatives were prepared using the previously described procedure by Siva. 9 To
solution of acetophenone derivative (1.0 equiv.) and aromatic aldehyde (1.0 equiv.) in EtOH (2.5
M) was added a solution of NaOH (1 M, 0.75 equiv.) in EtOH at 0 °C drop wise. The mixture was
stirred at room temperature for 15 min (in some cases more time is required) until crystals formed.
The mixture was cooled down to 0 °C and the solid was filtered and washed with cold EtOH. In
some cases, recrystallization in EtOH was carried out for more purification.
(E)-3-(4-Methoxyphenyl)-1-phenylprop-2-en-1-one

To a solution of acetophenone (410 µl, 2.5 mmol, 1.0 equiv.) and 4-methoxy benzaldehyde (304
µl, 2.5 mmol, 1.0 equiv.) in EtOH (1.0 ml) was added a solution of NaOH (1.5 ml, 1.5 mmol, 0.75
equiv.) in EtOH at 0 °C drop wise. The mixture was stirred at room temperature for 2 h until
crystals formed. The mixture was cooled down to 0 °C and the solid was filtered and washed with
cold EtOH. The product was obtained as yellow crystals (315 mg, 53%). The 1H NMR spectrum
matched the one previously reported.9 1H NMR (500 MHz, CDCl3) δ 8.01 (d, J = 8.0 Hz, 2H),
7.79 (d, J = 15.5 Hz, 1H), 7.61-7.56 (m, 3H), 7.50 (t, J = 8.0 Hz, 2H), 7.42 (d, J = 15.5 Hz, 1H),
6.94 (d, J = 8.5 Hz, 2H), 3.86 (s , 3H).
(E)-3-(4-Fluorophenyl)-1-phenylprop-2-en-1-one

To a solution of acetophenone (410 µl, 2.5 mmol, 1.0 equiv.) and 4-fluoro benzaldehyde (270 µl,
2.5 mmol, 1.0 equiv.) in EtOH (1.0 ml) was added a solution of NaOH (2.5 ml, 2.5 mmol, 1.0
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equiv.) in EtOH at 0 °C drop wise. The mixture was stirred at room temperature for 1 h until
crystals formed. The mixture was cooled down to 0 °C and the solid was filtered and washed with
cold EtOH. The product was obtained as yellow crystals (100 mg, 18%). The 1H NMR spectrum
matched the one previously reported.9 1H NMR (500 MHz, CDCl3) δ 8.02 (d, J = 8.5 Hz, 2H),
7.78 (d, J = 15.5 Hz, 1H), 7.66-7.63 (m, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.50 (t, J = 8.0 Hz, 2H),
7.46 (d, J = 16.0 Hz, 2H), 7.12 (t, J = 8.5 Hz, 2H).
(E)-1-Phenyl-3-(p-tolyl)prop-2-en-1-one

To a solution of acetophenone (41 µl, 2.5 mmol, 1.0 equiv.) and 4-methylbenzaldehyde (295 µl,
2.5 mmol, 1.0 equiv.) in EtOH (1.0 ml) was added a solution of NaOH (2.5 ml, 2.5 mmol, 1.0
equiv.) in EtOH at 0 °C drop wise. The mixture was stirred at room temperature for 30 min until
crystals formed. The mixture was cooled down to 0 °C and the solid was filtered and washed with
cold EtOH. The product was obtained as yellow crystals (322 mg, 58%). The 1H NMR spectrum
matched the one previously reported.9 1H NMR (500 MHz, CDCl3) δ 8.03-8.01 (m, 2H), 7.80 (d,
J = 15.5 Hz, 1H), 7.58-7.48 (m, 6H), 7.23 (d, J = 8.0 Hz, 2H), 2.40 (s, 3H).
(E)-1-(4-Chlorophenyl)-3-phenylprop-2-en-1-one

To a solution of 1-(4-chlorophenyl)ethan-1-one (324 µl, 2.5 mmol, 1.0 equiv.) and benzaldehyde
(255 µl, 2.5 mmol, 1.0 equiv.) in EtOH (1.0 ml) was added a solution of NaOH (2.5 ml, 2.5 mmol,
1.0 equiv.) in EtOH at 0 °C dropwise. The mixture was stirred at room temperature for 15 min
until crystals formed. The mixture was cooled down to 0 °C and the solid was filtered and washed
with cold EtOH. The product was obtained as yellow crystals (225 mg, 93%). The 1H NMR
spectrum matched the one previously reported.9 1H NMR (500 MHz, CDCl3) δ 7.97 (d, J = 7.6
Hz, 2H), 7.82 (d, J = 15.6 Hz, 1H), 7.64 (s, 2H), 7.49-7.43 (m, 6H).
(E)-1-(Furan-2-yl)-3-phenylprop-2-en-1-one

To a solution of 1-(furan-2-yl)ethan-1-one (550 µl, 5.0 mmol, 1.0 equiv.) and benzaldehyde (530
µl, 5.0 mmol, 1.0 equiv.) in EtOH (1.0 ml) was added a solution of NaOH (1.8 ml, 5.0 mmol, 1.0
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equiv.) in EtOH at 0 °C drop wise. The mixture was stirred at room temperature for 1 h until
crystals formed. The mixture was cooled down to 0 °C and the solid was filtered and washed with
cold EtOH. The product was obtained as a white solid (844 mg, 85%). The 1H NMR spectrum
matched the one previously reported.9 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 15.8 Hz, 1H),
7.66-7.65 (m, 3H), 7.46 (d, J = 15.8 Hz, 1H), 7.43-7.41 (m, 3H), 7.34 (dd, J = 3.5, 0.4 Hz, 1H),
6.60 (dd, J = 3.6, 1.6 Hz, 1H).
(E)-3-(Furan-3-yl)-1-phenylprop-2-en-1-one

It was prepared in an analogous manner to the method described by Armstrong.10 To a solution of
fine powder KOH (561 mg, 10 mmol, 2.0 equiv.) in MeOH (12 ml) and water (2.5 ml) was added
acetophenone (583 µl, 5.0 mmol, 1.0 equiv.) and stirred at room temperature for 10 min, then, 3furaldehyde (430 µl, 5.0 mmol, 1.0 equiv.) was added dropwise. The mixture was stirred for 2 h.
The reaction progress was monitored by TLC over the reaction course. After completion, the
reaction mixture was added water (17 ml) and subsequently, NH4Cl (aq.). The mixture was
extracted with Et2O (3×20 ml) and the merged organic phase was washed with brine (10 ml) and
dried over Na2SO4. The solvent was removed in vacuo and the crude product was subjected to
crystallization using EtOH. The mixture was stirred at room temperature for 1 h until crystals
formed. The mixture was cooled down to 0 °C and the solid was filtered and washed with cold
EtOH. The product was obtained as a brown solid (512 mg, 52%). The 1H NMR spectrum matched
the one previously reported.10 1H NMR (600 MHz, CDCl3) δ 7.99 (d, J = 7.2 Hz, 2H), 7.75-7.71
(m, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.52-7.48 (m, 3H), 7.23 (s, 1H merged with solvent), 6.72 (s,
1H).
4-Benzylidene-2,6-di-tert-butylcyclohexa-2,5-dien-1-one

It was prepared analogous to the previously described procedure by Anand.11 In a Dean-Stark
equipment, to a solution of benzaldehyde (990 µl, 9.7 mmol, 1.0 equiv.) and 2,6-di-tertbutylphenol (2.0 g, 9.7 mmol, 1.0 equiv.) in dried toluene (13 ml) was added piperidine (1.9 ml,
19 mmol, 2.0 equiv.) over 1 h under argon and at reflux conditions. The mixture was refluxed
10
11

A. Armstrong, C. A. Baxter, S. G. Lamont, A. R. Pape, R. Wincewicz, Org. Lett. 2007, 9, 351-353.
V. Reddy, R. V. Anand, Org. Lett. 2015, 17, 3390-3393.
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further for 12 h. The mixture was cooled down to 100 °C and to that, acetic anhydride was added
(1.84 ml, 19.4 mmol, 2.0 equiv.). The reaction was kept stirring at this temperature for 30 min and
then, cooled to room temperature and poured into ice-water (10 ml). The mixture was extracted
with CH2Cl2 (1×15 ml). The organic layers were merged and dried over Na2SO4 and concentrated
in vacuo. The crude product was purified using flash column chromatography (2% EtOAc in
hexanes) to give orange solid and the 1H NMR spectrum matched the one previously reported.
(902 mg, 32%). 1H NMR (500 MHz, CDCl3) δ 7.53 (d, J = 2.3 Hz, 1H), 7.46-7.45 (m, 4H), 7.417.39 (m, 1H), 7.19 (s, 1H), 7.02 (d, J = 2.4 Hz, 1H), 1.34 (s, 9H), 1.30 (s, 9H).
Optimization of enantioselective Stetter reactions
Additive effect

An oven-dried Schlenk tube was charged with pre-dried Cs2CO3 (20 mg, 0.06 mmol, 0.8 equiv.)
and 4Å M.S. (20 mg) under argon. They were dried further using heat gun for 5 min. Transchalcone (15 mg, 0.072 mmol, 1 equiv.) and methyl 4-formylbenzoate (14 mg, 0.085 mmo, 1.2
equiv.) were put in the reaction vessel with a magnetic stir bar. The atmosphere in the tube was
evacuated under vacuum and replaced with argon three times. Then, CH3Cl (0.18 M) was added.
The mixture was cooled down to -10 °C using salt and ice bath. 4 (10 mol %) was added to the
tube and it was sealed and stirred at the same temperature for 5h. A wide range of results was
obtained. Eventually, water was found to be the reason for this variability. The amount of water as
well as more additives were tested, and the results are shown in Table 1.
Table 1. Additive optimization
entry
1
2
3
4
5
6
7
8
9

additive
(equiv.)
H2O (0.8)
H2O (0.4)
H2O (0.2)
MeOH (0.6)
EtOH (0.3)
iPrOH (0.5)
nBuOH (0.5)
BHT (0.5)
nPr (0.4)

yield (%)

ee (%)

30
38
80
85
90
82
86
90
82

94
93
90
62
80
50
88
88
50
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Temperature effect

Table 2. Temperature optimization
entry
1
2
3
4
5

temperature (°C)
-25
-10
-5
0
rt

yield (%)
19
33
36
91
78

ee (%)
96
94
94
91
87

yield (%)
54
31

ee (%)
90
93

yield (%)

ee (%)

Concentration effect

Table 3. Concentration optimization
entry
1
2

concentration (M)
0.36
0.09

Solvent effect

Table 4. Solvent optimization
entry

solvent (M)
S22

1
2
3
4
5
6

CH2Cl2
THF
acetonitrile
1,4-dioxane
toluene
DMF

83
83
8
86
0
57

85
77
75
60
0
0

Base effect

Table 5. Base optimization
entry
1
2
3
4
5
6
7
8

base (equiv.)
CS2CO3 (1.5)
CS2CO3 (0.7)
CS2CO3 (0.5)
CS2CO3 (0.3)
CS2CO3 (0.15)
Rb2CO3 (1)
DBU
K2CO3

yield (%)
90
95
96
92
69
59
87
0

ee (%)
87
89
90
91o
92
91
55
0

Time effect

Table 6. Time optimization
entry
1
2

time (h)
0.75
2

yield (%)
60
84
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ee (%)
91
90

3
4

5
24

92
93

92
88

Stetter reactions
General method

An oven-dried Schlenk tube was applied full Schlenk conditions and charged with pre-dried
Cs2CO3 (0.3 equiv.) under argon. The base was dried further using heat gun for 5 min. Chalcone
(1.0 equiv.) and solid aldehydes (1.2 equiv.) were put in the reaction vessel with a magnet stir bar.
The tube was undergone deaeration cycles for three times. Then, CH3Cl (0.16 M) was added under
argon. Subsequently, all the liquid components including liquid aldehydes (1.2 equiv.) and water
(0.2 equiv.) were added. The mixture was cooled down to 0 °C using ice bath. 4 (10 mol %) was
added to the reaction mixture under argon the tube was sealed and stirred at the same temperature
for 5 h. The reaction mixture was passed through a silica plug immediately after the reaction vessel
was opened and washed with CH2Cl2. The solvent was removed in vacuo and to the crude product
was added dimethyl terephthalate, EtOAc or trichloroethylene as an internal standard. The
conversion was measured using 1H NMR. The crude product was purified with flash column
chromatography and the yield was calculated based on the weight of pure isolated product. The ee
(%) was determined by HPLC using a chiral stationary phase.
Methyl (R)-4-(4-oxo-2,4-diphenylbutanoyl)benzoate (6)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (16 mg, 0.49 mmol, 0.3 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, chalcone (34 mg,
0.164 mmol, 1.0 equiv.) and methyl 4-formylbenzoate (32 mg, 0.20 mmol, 1.2 equiv.) were added.
CH3Cl (1.0 ml) and water (0.6 µL, 0.03 mmol, 0.2 equiv.) were transferred to the tube. The mixture
was cooled down to 0 °C and to that, 4 was added (15 mg, 0.016 mmol, 10 mol %) and the tube
was sealed and stirred for 5 h at 0 °C. The mixture was passed through a silica plug and was
concentrated. Dimethyl terephthalate (8.0 mg, 0.041 mmol, 0.25 equiv.) was added to the crude
product as an internal standard. 92% conversion was observed according to 1H NMR. The crude
product was purified using flash column chromatography (15% EtOAc in hexanes) to afford 6 (60
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mg, 90%) as a white solid. The 1H NMR spectrum matched the one previously reported.12 1H
NMR (500 MHz, CDCl3) δ 8.07 (s, 4H), 7.98 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.45
(dd, app t, J = 7.6 Hz, 2H), 7.35-7.30 (m, 4H), 7.24 (t, J = 7.0 Hz, 1H), 5.30 (dd, J = 10.2, 3.4 Hz,
1H), 4.23 (dd, J = 18.1, 10 Hz, 1H), 3.91 (s, 3H), 3.34 (dd, J = 3.4, 10 Hz, 1H). HPLC analysis:
Chiralpak IC 2.1×150mm column, 15% iPrOH in hexanes, 30 deg, 0.2 mL/min Major 14.0 min,
minor 9.6 min, (91% ee).
= -469 (c=1.0, CH2Cl2)
(R)-1-(4-Bromophenyl)-2,4-diphenylbutane-1,4-dione (7)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (16 mg, 0.49 mmol, 0.3 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, chalcone (34 mg,
0.16 mmol, 1.0 equiv.) and 4-bromobenzaldehyde (36 mg, 0.20 mmol, 1.2 equiv.) were added.
CH3Cl (1.0 ml) and water (0.6 µL, 0.033 mmol, 0.2 equiv.) were transferred to the tube. The
mixture was cooled down to 0 °C and to that, 4 was added (15 mg, 0.016 mmol, 10 mol %) and
the tube was sealed and stirred for 5 h at 0 °C. The mixture was passed through a silica plug and
was concentrated. Dimethyl terephthalate (8.0 mg, 0.041 mmol, 0.25 equiv.) was added to the
crude product as an internal standard. 53% conversion was observed according to 1H NMR. The
crude product was purified using flash column chromatography (3% EtOAc in toluene) to afford
7 (26 mg, 40%) as a yellow powder. The 1H NMR spectrum matched the one previously reported.13
1H NMR (500 MHz, CDCl ) δ 7.98 (d, J = 7.8 Hz, 2H), 7.89 (d, J = 7.7 Hz, 2H), 7.58-7.53 (m,
3
3H), 7.45 (t, J = 7.4 Hz, 2H), 7.33-7.30 (m, 4H), 7.26-7.25 (m, 1H), 5.24 (dd, J = 10.1, 3.0 Hz,
1H), 4.20 (dd, J = 18.0, 10 Hz, 1H), 3.30 (dd, J = 18.0, 0.8 Hz, 1H). HPLC analysis: Chiralpak IA
2.1×150mm column, 10% iPrOH in hexanes, 30 deg, 0.2 mL/min Major 11.1 min, minor 9.7 min.
(82% ee).
= -241 (c = 2.0, CH2Cl2)
Methyl (R)-4-(2-(4-fluorophenyl)-4-oxo-4-phenylbutanoyl)benzoate (8)

12
13

M. M. D. Wilde, M. Gravel, Angew. Chem. Int. Ed. 2013, 52, 12651-12654.
D. Enders, J. Han, A. Henseler, Chem. Commun. 2008, 3989-3991.
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A dried Schlenk tube was charged with pre-dried Cs2CO3 (27 mg, 0.082 mmol, 0.5 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-3-(4fluorophenyl)-1-phenylprop-2-en-1-one (37 mg, 0.16 mmol, 1.0 equiv.) and methyl 4formylbenzoate (34 mg, 0.20 mmol, 1.2 equiv.) were added. CH3Cl (1.0 ml) and water (0.6 µL,
0.03 mmol, 0.2 equiv.) were transferred to the tube. The mixture was cooled down to 0 °C and to
that 4 was added (15 mg, 0.016 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0
°C. The mixture was passed through a silica plug and was concentrated. Dimethyl terephthalate
(8.0 mg, 0.041 mmol, 0.25 equiv.) was added to the crude product as an internal standard. 92%
conversion was observed according to 1H NMR. The crude product was purified using flash
column chromatography (10% EtOAc in hexanes) to afford 8 (58 mg, 91%) as a pale-yellow oil.
1H NMR (500 MHz, CDCl ) δ 8.09-8.04 (m, 4H), 7.98 (d, J = 7.4 Hz, 2H), 7.57 (t, J = 7.4 Hz,
3
1H), 7.46 (dd app t, J = 7.8, 2H), 7.32 (dd, J = 8.6, 5.3 Hz, 2H), 7.00 (dd app t, J = 8.6 Hz, 2H),
5.30 (dd, J = 10.0, 3.7 Hz, 1H), 4.18 (dd, J = 18.0, 10 Hz, 1H), 3.92 (s, 3H), 3.33 (dd, J = 18.0, 3.7
Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 198.6, 197.8, 166.2, 162.2 (d, J = 246 Hz, chemical shifts
for two peaks: 163.1, 161.2), 139.7, 136.2, 133.7, 133.6, 133.6, 133.5, 129.9, 129.8, 128.7 (d, J =
10 Hz, chemical shifts for two peaks: 128.8, 128.7), 128.2, 116.3 (d, J = 21 Hz, chemical shifts for
two peaks: 116.4, 116.2), 52.4, 48.2, 43.8; FTIR (thin film in dichloromethane) νmax (cm-1): 3433,
1725, 1681, 1600, 1507, 1442, 1404, 1282, 1229, 1200, 1161, 998, 954, 840; HRMS (FD-TOF)
m/z: [M]+ Calcd for C24H19O4F 390.1267; found: 390.1272. HPLC analysis: Chiralpak IB 2.1×150
mm column, 50% iPrOH in hexanes, 0.2 ml/min Major peak at 7.8 min, minor 9.8 min. (76% ee).
= -519 (c = 1.4, CH2Cl2)
(R)-1,2,4-Triphenylbutane-1,4-dione (9)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (44 mg, 0.13 mmol, 0.9 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-chalcone (32
mg, 0.15 mmol, 1.0 equiv.) was added. CH3Cl (950 µl) and freshly distilled benzaldehyde (22 µL,
0.18 mmol, 1.2 equiv.) were transferred to the tube. The mixture was cooled down to 0 °C and to
that, 4 was added (14 mg, 0.015 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0
°C. The mixture was passed through a silica plug and was concentrated. Dimethyl terephthalate
(7.3 mg, 0.038 mmol, 0.25 equiv.) was added to the crude product as an internal standard. 93%
conversion was observed according to 1H NMR. The crude product was purified further using flash
column chromatography (18% EtOAc in hexanes) to afford 9 (42 mg, 88%) as a white solid. The
1
H NMR spectrum matched the one previously reported.12 1H NMR (600 MHz, CDCl3) δ 8.05 (d,
J = 8.6 Hz, 2H), 7.99 (d, J = 8.2 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.46
(dd app t, J = 7.9 Hz, 2H), 7.41 (dd app t, J = 7.8 Hz, 2H), 7.37 (d, J = 7.7 Hz, 2H), 7.32 (dd app
t, J = 7.5 Hz, 2H), 7.24 (t, J = 7.5 Hz, 1H), 5.33 (dd, J = 10.3, 3.4 Hz, 1H), 4.24 (dd, J = 18.1, 10
Hz, 1H), 3.33 (dd, J = 18.0, 3.4 Hz, 1H). HPLC analysis: Chiralpak IC 2.1×150mm column, 10%
iPrOH in hexanes, 30 deg, 0.2 mL/min Major 6.0 min, minor 7.5 min (81% ee).
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= -211 (c = 1.1, CH2Cl2)
(R)-2,4-Diphenyl-1-(p-tolyl)butane-1,4-dione (10)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (48 mg, 0.15 mmol, 0.9 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-chalcone (34
mg, 0.164 mmol, 1 equiv.) was added. CH3Cl (1.0 ml) and freshly distilled 4-methylbenzaldehyde
(24 µL, 0.18 mmol, 1.2 equiv.) were transferred to the tube. The mixture was cooled down to 0 °C
and to that, 4 was added (15 mg, 0.016 mmol, 10 mol %) and the tube was sealed and stirred for 5
h at 0 °C. The mixture was passed through a silica plug and was concentrated. Dimethyl
terephthalate (8.0 mg, 0.041 mmol, 0.25 equiv.) was added to the crude product as an internal
standard. 94% conversion was observed according to 1H NMR. The crude product was purified
using flash column chromatography (15% EtOAc in hexanes) to afford 10 (49 mg, 91%) as a white
solid. The 1H NMR spectrum matched the one previously reported.12 1H NMR (500 MHz, CDCl3)
δ 7.99 (d, J = 7.8 Hz, 2H), 7.95 (d, J = 8.0 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.44 (dd app t, J = 7.8
Hz, 2H), 7.38-7.36 (m, 2H), 7.30 (dd app t, J = 7.5 Hz, 2H), 7.24-7.19 (m, 3H), 5.33 (dd, J = 9.8,
J = 3.0 Hz, 1H), 4.21 (dd, J = 18.0, 10 Hz, 1H), 3.30 (dd, J = 18.0, 3.0 Hz, 1H), 2.36 (s, 3H). HPLC
analysis: Chiralpak IC 2.1×150mm column, 10% iPrOH in hexanes, 30 deg, 0.3 mL/min Major
4.7 min, minor 5.9 min, (79% ee).
= -211 (c = 1.1, CH2Cl2)
Methyl (R)-4-(2-(4-methoxyphenyl)-4-oxo-4-phenylbutanoyl)benzoate (11)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (27 mg, 0.082 mmol, 0.5 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-3-(4methoxyphenyl)-1-phenylprop-2-en-1-one (39 mg, 0.16 mmol, 1.0 equiv.) and methyl 4formylbenzoate (32 mg, 0.20 mmol, 1.2 equiv.) were added. CH3Cl (1.0 ml) and water (0.6 µL,
0.03 mmol, 0.2 equiv.) were transferred to the tube. The mixture was cooled down to 0 °C and to
that, 4 was added (15 mg, 0.016 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0
°C. The mixture was passed through a silica plug and was concentrated. Dimethyl terephthalate (8
mg, 0.041 mmol, 0.25 equiv.) was added to the crude product as an internal standard. 32%
conversion was observed according to 1H NMR. The crude product was purified using flash
column chromatography (16% EtOAc in hexanes) to afford 11 (19 mg, 30%) as a yellow oil. 1H
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NMR (600 MHz, CDCl3) δ 8.08 (s, 4H), 8.00 (d, J = 7.9 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1H), 7.48
(dd app t, J = 7.4 Hz, 2H), 7.28 (s, 2H), 6.87 (d, J = 8.3 Hz, 2H), 5.28 (dd, J = 10.1, 3.5 Hz, 1H),
4.21 (dd, J = 18.1, 10 Hz, 1H), 3.94 (s, 3H), 3.78 (s, 3H), 3.34 (dd, J = 18.0, 3.4 Hz, 1H); 13C NMR
(125 MHz, CDCl3) δ 198.8, 198.1, 166.3, 159.0, 140.0, 136.4, 133.5, 133.4, 129.7, 129.3, 129.1,
128.8, 128.6, 128.2, 114.7, 55.2, 52.4, 48.3, 43.9; FTIR (thin film in dichloromethane) νmax (cm1
): 3433, 1724, 1680, 1609, 1597, 1581, 1511, 1448, 1436, 1406, 1281, 1251, 1201, 1180, 1109,
1001; HRMS (FD-TOF) m/z: [M]+ Calcd for C25H22O5 402.1467; found: 402.1462. HPLC
analysis: Chiralpak IB 2.1×150 mm column, 50% iPrOH in hexanes, 0.2 ml/min Major peak at 9.1
min, minor 11.4 min. (92% ee).
= -290 (c = 0.8, CH2Cl2)
(R)-1-(3-Methoxyphenyl)-2,4-diphenylbutane-1,4-dione (12)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (44 mg, 0.13 mmol, 0.9 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-chalcone (32
mg, 0.15 mmol, 1.0 equiv.) was added. CH3Cl (950 µl) and freshly distilled 3methoxybenzaldehyde (22 µL, 0.18 mmol, 1.2 equiv.) were transferred to the tube. The mixture
was cooled down to 0 °C and to that, 4 was added (14 mg, 0.015 mmol, 10 mol %) and the tube
was sealed and stirred for 5 h at 0 °C. The mixture was passed through a silica plug and was
concentrated. Dimethyl terephthalate (7.3 mg, 0.038 mmol, 0.25 equiv.) was added to the crude
product as an internal standard. 72% conversion was observed according to 1H NMR. The crude
product was purified using flash column chromatography (18% EtOAc in hexanes) to afford 12
(36 mg, 70%) as a pale-yellow solid. The 1H NMR spectrum matched the one previously
reported.12 1H NMR (600 MHz, CDCl3) δ 7.99 (d, J = 7.2 Hz, 2H), 7.65 (d, J = 7.7 Hz, 1H), 7.577.54 (m, 2H), 7.45 (dd app t, J = 7.8 Hz, 2H), 7.35 (d, J = 7.5 Hz, 2H), 7.33-7.29 (m, 3H), 7.23 (t,
J = 7.3 Hz, 1H), 7.04 (dd, J = 2.6, 0.5 Hz, 1H), 5.30 (dd, J = 10.1, 3.7 Hz, 1H), 4.21 (dd, J = 17.9,
10 Hz, 1H), 3.81 (s, 3H), 3.31 (dd, J = 17.9, 3.7 Hz, 1H). HPLC analysis: Chiralpak IA 2.1×150mm
column, 10% iPrOH in hexanes, 30 deg, 0.13 mL/min Major 15.2 min, minor 14.3 min (88% ee).
= -230 (c = 1.0, CH2Cl2)
(R)-1-(Furan-2-yl)-2,4-diphenylbutane-1,4-dione (13)
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A dried Schlenk tube was charged with pre-dried Cs2CO3 (16 mg, 0.049 mmol, 0.3 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-chalcone (34
mg, 0.16 mmol, 1.0 equiv.) was added. Dried CH3Cl (1.0 ml) and freshly distilled furan-2carbaldehyde (16 µL, 0.20 mmol, 1.2 equiv.) and distilled water (0.6 µL, 0.03 mmol, 0.2 equiv.)
were transferred to the tube. The mixture was cooled down to 0 °C and to that, 4 was added (15
mg, 0.016 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0 °C. The mixture was
passed through a silica plug and was concentrated. Dimethyl terephthalate (8.0 mg, 0.041 mmol,
0.25 equiv.) was added to the crude product as an internal standard. 89% conversion was observed
according to 1H NMR. The crude product was purified using flash column chromatography (15%
EtOAc in hexanes) to afford 13 (43 mg, 86%) as a white solid. The 1H NMR spectrum matched
the one previously reported.12 1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 7.4 Hz, 2H), 7.55 (dd
app t, J = 7.5 Hz, 2H), 7.46-7.40 (m, 4H), 7.32 (dd app t, J = 7.6 Hz, 2H), 7.25-7.24 (m, 2H), 6.48
(dd, J = 3.4, 1.6 Hz, 1H), 5.12 (dd, J = 10.2, 3.8 Hz, 1H), 4.18 (dd, J = 18.0, 10 Hz, 1H), 3.33 (dd,
J = 18.0, 3.8 Hz, 1H). HPLC: Chiralpak IC 2.1×150 mm column, 15% iPrOH in hexanes, 0.3
ml/min. Major peak at 5.7 min, minor 10.2 min, (90% ee).
= -240 (c = 0.9, CH2Cl2)
Methyl (R)-4-(2-(furan-3-yl)-4-oxo-4-phenylbutanoyl)benzoate (14)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (51 mg, 0.16 mmol, 0.9 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-3-(furan-3-yl)1-phenylprop-2-en-1-one (35 mg, 0.18 mmol, 1.0 equiv.) and methyl 4-formylbenzoate (35 mg,
0.21 mmol, 1.2 equiv.) were added. CH3Cl (1.1 ml) was transferred to the tube. The mixture was
cooled down to 0 °C and to that, 4 was added (16 mg, 0.018 mmol, 10 mol %) and the tube was
sealed and stirred for 5 h at 0 °C. The mixture was passed through a silica plug and was
concentrated. EtOAc (9 mg, 0.088 mmol, 0.5 equiv.) was added to the crude product as the internal
standard. 99% conversion was observed according to 1H NMR. The crude product was purified
using flash column chromatography (20% EtOAc in hexanes) to afford 14 (57 mg, 87%) as a
yellow solid. m.p. (°C): 147–151; 1H NMR (500 MHz, CDCl3) δ 8.12-8.08 (m, 4H), 7.98 (d, J =
7.8 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.46 (dd app t, J = 7.7 Hz, 2H), 7.34 (d, J = 5.2 Hz, 2H), 6.35
(s, 1H), 5.23 (dd, J = 9.9, 3.8 Hz, 1H), 4.12 (dd, J = 18.1, 9.9 Hz, 1H), 3.94 (s, 3H), 3.37 (dd, J =
18.2, 3.9 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 198.6, 197.9, 166.2, 143.7, 140.1, 139.7, 136.2,
133.8, 133.4, 129.8, 128.7, 128.6, 128.2, 122.1, 109.9, 52.4, 42.8, 39.3; FTIR (KBr thin film) νmax
(cm-1): 1725, 1682, 1447, 1279, 1223, 1183, 1109, 877, 745, 704, 692, 663, 600; HRMS (FDTOF) m/z: [M]+ Calcd for C22H18O5 362.1154; found: 362.1158. HPLC analysis: Chiralpak IC
2.1×150mm column, 35% iPrOH in hexanes, 30 deg, 0.3 mL/min Major 5.2 min, minor 4.3 min
(65% ee).
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= -133 (c = 1.0, CH2Cl2)
Methyl (R)-4-(4-(furan-2-yl)-4-oxo-2-phenylbutanoyl)benzoate (15)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (24 mg, 0.08 mmol, 0.5 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-1-(furan-2-yl)3-phenylprop-2-en-1-one (30 mg, 0.15 mmol, 1.0 equiv.) and methyl 4-formylbenzoate (30 mg,
0.18 mmol, 1.2 equiv.) were added. CH3Cl (830 µl) and water (0.54 µL, 0.03 mmol, 0.2 equiv.)
were transferred to the tube. The mixture was cooled down to 0 °C and to that, 4 was added (14
mg, 0.015 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0 °C. The mixture was
passed through a silica plug and was concentrated. Dimethyl terephthalate (7.3 mg, 0.041 mmol,
0.25 equiv.) was added to the crude product as an internal standard. 81% conversion was observed
according to 1H NMR. The crude product was purified using flash column chromatography (20%
EtOAc in hexanes) to afford 15 (44 mg, 81%) as a white solid. m.p. (°C): 99-101; 1H NMR (600
MHz, CDCl3) δ 8.05-8.02 (m, 4H), 7.57 (d, J = 0.9 Hz, 1H), 7.32-7.29 (m, 4H), 7.24-7.20 (m, 2H),
6.52 (dd, J = 3.5, 1.6 Hz, 1H), 5.27 (dd, J = 10.0, 4.1, 1H), 4.05 (dd, J = 17.9, 10 Hz, 1H), 3.90 (s,
3H), 3.20 (dd, J = 17.8, 4.1 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 198.4, 187.0, 166.2, 152.3,
146.5, 139.8, 137.8, 133.6, 129.7, 129.3, 128.8, 128.2, 127.6, 117.4, 112.3, 52.4, 48.8, 43.2; FTIR
(thin film in CH2Cl2) νmax (cm-1): 3423, 1724, 1675, 1570, 1495, 1469, 1436, 1396, 1282, 1235,
1182, 1109, 1033, 1018, 948; HRMS (FD-TOF) m/z: [M]+ Calcd for C22H18O5 362.1154; found:
362.1151. HPLC: Chiralpak IC 2.1×150 mm column, 35% iPrOH in hexanes, 0.3 ml/min Major
peak at 14.7 min, minor 7.0 min, (86% ee).
= -150 (c = 1.0, CH2Cl2)
(R)-2,4-diphenyl-1-(pyridin-3-yl)butane-1,4-dione(16)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (46 mg, 0.14 mmol, 0.7 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, trans-Chalcone (42
mg, 0.2 mmol, 1.0 equiv.) was added. CH3Cl (1.13 ml) and Pyridine-2-carboxaldehyde (23 µL,
0.24 mmol, 1.2 equiv.) was transferred to the tube. The mixture was cooled down to 0 °C and to
that, 4 was added (18 mg, 0.04 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0
°C. The mixture was passed through a plug of cotton and was concentrated. Trichloroethene (18
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µL, 0.2 mmol, 1 equiv.) was added to the crude product as an internal standard. More than 99%
conversion was observed according to 1H NMR. The crude product was purified using flash
column chromatography (33% EtOAc in hexanes) to afford 16 (33 mg, 52%) as a yellow oil. 1H
NMR (500 MHz, CDCl3) δ 9.25 (s, 1H), 8.71 (d, J = 3.75 Hz, 1H), 8.27 (ddd app. td, J = 8.0, 2.0
Hz, 1H), 7.98 (d, J = 8.5 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 8.0, 2H), 7.38-7.33 (m, 5H),
7.28-7.24 (m, 1H), 5.26 (dd, J = 10.4, 3.2 Hz, 1H), 4.24 (dd, J = 18.1, 10.4 Hz, 1H), 3.35 (dd, J =
18.2, 3.4 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 197.9, 197.9, 153.1, 150.3, 137.6, 136.3, 136.2,
133.4, 132.8, 131.9, 129.9, 129.4, 128.7, 128.3, 128.3, 128.2, 127.9, 127.8, 123.6, 49.2, 43.8;
FTIR (thin film in CH2Cl2) νmax (cm-1): 3029, 1679, 1598, 1581, 1388, 1234, 1204, 1149, 1061,
992, 876, 689, 566; HRMS (FD-TOF) m/z: [M]+ Calcd for C21H17NO2 315.1259; found: 315.1254.
HPLC: Chiralpak IA 2.1×150 mm column, 35% iPrOH in hexanes, 0.2 ml/min Major peak at 7.4
min, minor 6.6 min, (75% ee).
= -139 (c=1.0, CH2Cl2)
(R)-2,4-diphenyl-1-(thiazol-2-yl)butane-1,4-dione(17)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (46 mg, 0.14 mmol, 0.7 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, trans-Chalcone (42
mg, 0.2 mmol, 1.0 equiv.) was added. CH3Cl (1.13 ml) and 2-thiazolecarboxaldehyde (21 µL, 0.24
mmol, 1.2 equiv.) and water (0.36 µL, 0.02 mmol, 0.1 equiv.) were transferred to the tube. The
mixture was cooled down to 0 °C and to that, 4 was added (18 mg, 0.04 mmol, 10 mol %) and the
tube was sealed and stirred for 5 h at 0 °C. The mixture was passed through a plug of cotton and
was concentrated. Trichloroethene (18 µL, 0.2 mmol, 1 equiv.) was added to the crude product as
an internal standard. More than 99% conversion was observed according to 1H NMR. The crude
product was purified using flash column chromatography (25% EtOAc in hexanes) to afford 17
(61 mg, 95%) as an orange solid. m.p. (°C): 125-128; 1H NMR (500 MHz, CDCl3) δ 8.03 (d, J =
3.3 Hz, 1H), 7.98 (d, J = 7.2 Hz, 2H), 7.62 (d, J = 3.0 Hz, 1H), 7.56 (t, J = 13.7 Hz, 1H), 7.50 (d,
J = 7.2 Hz, 2H), 7.44 (t, J = 15.5, 2H), 7.33 (dd, app. t, J = 15.5, 2H), 7.25 (t, J = 7.4, 1H), 5.71
(dd, J = 12.0, 3.4 Hz, 1H), 4.23 (dd, J = 20.2, 11.1 Hz, 1H), 3.49 (dd, J = 18.2, 3.5 Hz, 1H); 13C
NMR (125 MHz, CDCl3) δ 197.7, 192.3, 166.4, 145.0, 137.3, 136.2, 133.4, 129.6, 129.0, 128.8,
128.6, 128.5, 128.3, 128.2, 127.7, 127.6, 126.3, 48.0, 43.4; FTIR (thin film in CH2Cl2) νmax (cm1
): 3028, 1681, 1597, 1584, 1335, 1234, 1203, 1076, 1025, 997, 951, 747, 668; HRMS (FD-TOF)
m/z: [M]+ Calcd for C19H15NO2S 321.0823; found: 321.0819. HPLC: Chiralpak IA 2.1×150 mm
column, 20% iPrOH in hexanes, 0.2 ml/min Major peak at 7.3 min, minor 5.9 min, (49% ee).
= -106 (c=1.0, CH2Cl2)
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(R)-1-(benzofuran-2-yl)-2,4-diphenylbutane-1,4-dione (18)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (32 mg, 0.01 mmol, 0.5 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, trans-Chalcone (42
mg, 0.2 mmol, 1.0 equiv.) was added. CH3Cl (1.3 ml) and 2-Benzofurancarboxaldehyde (29 µL,
0.24 mmol, 1.2 equiv.) were transferred to the tube. The mixture was cooled down to 0 °C and to
that, 4 was added (18 mg, 0.02 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0
°C. The mixture was passed through a plug of silica and was concentrated. Trichloroethene (36
µL, 0.2 mmol, 1 equiv.) was added to the crude product as an internal standard. More than 99%
conversion was observed according to 1H NMR. The crude product was purified using flash
column chromatography (10% EtOAc in hexanes) to afford 18 (63 mg, 89%) as an orange oil. 1H
NMR (500 MHz, CDCl3) δ 7.99 (d, J = 7.2 Hz, 2H), 7.67 (d, J = 7.8 Hz, 1H), 7.59-7.55 (m, 3H),
7.47-7.42 (m, 5H), 7.34 (dd app. t, J = 7.34 Hz, 2H), 7.29-7.24 (m, 2H), 5.27 (dd, J = 14.0, 6.6 Hz,
1H), 4.24 (dd, J = 18.1, 10.3 Hz, 1H), 3.40 (dd, J = 18.2, 3.8 Hz, 1H); 13C NMR (125 MHz,
CDCl3) δ 197.8, 189.7, 155.7, 152.1, 137.9, 136.3, 133.4, 129.2, 128.6, 128.4, 128.2, 128.2, 127.6,
127.2, 123.8, 123.3, 114.0, 112.5, 49.1, 43.0; FTIR (thin film in CH2Cl2) νmax (cm-1): 3062, 2923,
2362, 1689, 1611, 1555, 1493, 1448, 1398, 1332, 1243, 1202, 1156, 1002, 907, 886, 752, 689;
HRMS (FD-TOF) m/z: [M]+ Calcd for C24H18O3 354.1256; found: 354.1263. HPLC: Chiralpak
IC 2.1×150 mm column, 20% iPrOH in hexanes, 0.4 ml/min Major peak at 4.2 min, minor 6.1
min, (70% ee).
= -431 (c=1.1, CH2Cl2)
Methyl 4-(2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-phenylacetyl)benzoate (19)

A dried Schlenk tube was charged with pre-dried Cs2CO3 (24 mg, 0.075 mmol, 0.5 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, 4-benzylidene-2,6di-tert-butylcyclohexa-2,5-dien-1-one (44 mg, 0.15 mmol, 1.0 equiv.) and 4-formylbenzoate (30
mg, 0.18 mmol, 1.2 equiv.) were added. CH3Cl (830 µl) and water (0.54 µL, 0.03 mmol, 0.2 equiv.)
were transferred to the tube. The mixture was cooled down to 0 °C and to that, 4 was added (14
mg, 0.015 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0 °C. The mixture was
passed through a silica plug and was concentrated. The crude product was purified using flash
column chromatography (5% EtOAc in hexanes) to afford 19 (43 mg, 86%) as a yellow solid. m.p.
(°C): 186–188; 1H NMR (500 MHz, CDCl3) δ 8.10-8.05 (m, 4H), 7.37-7.26 (m, 5H), 7.08 (s, 2H),
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5.96 (s, 1H), 5.18 (s, 1H), 3.95 (s, 3H), 1.41 (s, 18H); 13C NMR (125 MHz, CDCl3) δ 198.4, 166.2,
153.0, 140.5, 139.2, 136.0, 133.5, 129.8, 129.1, 128.9, 128.8, 128.7, 127.1, 125.8, 59.8, 52.4, 34.4,
30.3; FTIR (thin film in dichloromethane) νmax (cm-1): 3442, 2955, 1725, 1688, 1436, 1404, 1362,
1280, 1236, 1202, 1108, 875, 812; HRMS (FD-TOF) m/z: [M]+ Calcd for C30H34O4 458.2457;
found: 458.2465. HPLC: Chiralpak IC 2.1×150 mm column, 15% iPrOH in hexanes, 0.2 ml/min
Major peak at 13.4 min, minor 11.4 min. (76% ee).
= -4 (c = 1.0, CH2Cl2).
(R)-1-(Furan-2-yl)-2,4-diphenylbutane-1,4-dione (1 mmol scale)
A dried Schlenk flask was charged with pre-dried Cs2CO3 (98 mg, 0.3 mmol, 0.3 equiv.) under
argon. The base was dried further using heat gun for 5 min and subsequently, (E)-chalcone (209
mg, 1 mmol, 1.0 equiv.) was added. Dried CH3Cl (6.5 ml) and freshly distilled furan-2carbaldehyde (100 µL, 1.2 mmol, 1.2 equiv.) and distilled water (3.6 µL, 0.2 mmol, 0.2 equiv.)
were transferred to the tube. The mixture was cooled down to 0 °C and to that, 4 was added (91
mg, 0.1 mmol, 10 mol %) and the tube was sealed and stirred for 5 h at 0 °C. The mixture was
passed through a silica plug and was concentrated. Trichloroethylene (180 µL, 1 mmol, 1 equiv.)
was added to the crude product as an internal standard. 99% conversion was observed according
to 1H NMR. The crude product was purified using flash column chromatography (15% EtOAc in
hexanes) to afford 13 (252 mg, 83%) as a white solid. The 1H NMR spectrum matched the one
previously reported. (89% ee).
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H NMR spectrum for (2R,6R)-2,6-dimethylpiperidin-1-ium chloride
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H NMR and 13C NMR spectra for compound 2
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H NMR spectrum for 1,4-diphenylbutane-1,4-dione
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H NMR spectrum for (1R,4R)-1,4-diphenylbutane-1,4-diol
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Hspectrum for (2S,5S)-1-allyl-2,5-diphenylpyrrolidine
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H NMR spectrum for (2S,5S)-2,5-diphenylpyrrolidine
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H NMR and 13C NMR spectra for compound 3
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H NMR spectrum for N1,N4-dimethoxy-N1,N4-dimethylsuccinamide
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H NMR spectrum for 1,4-bis(3,5-dimethylphenyl)butane-1,4-dione
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1

H NMR spectrum for (1R,4R)-1,4-bis(3,5-dimethylphenyl)butane-1,4-diol
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HPLC chromatogram for (1R,4R)-1,4-bis(3,5-dimethylphenyl)butane-1,4-diol
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HPLC chromatogram for (1S,4S)-1,4-bis(3,5-dimethylphenyl)butane-1,4-diol
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H NMR spectrum for (2S,5S)-1-allyl-2,5-bis(3,5-dimethylphenyl)pyrrolidine
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H NMR spectrum for (2S,5S)-2,5-bis(3,5-dimethylphenyl)pyrrolidine
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H NMR and 13C NMR spectra for compound 4
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H NMR and 13C NMR spectra for 1,4-bis(3,5-dimethoxyphenyl)butane-1,4-dione
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H NMR and 13C NMR spectra for (1R,4R)-1,4-bis(3,5-dimethoxyphenyl)butane-1,4diol
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H NMR and 13C NMR spectra for (2S,5S)-1-allyl-2,5-bis(3,5dimethoxyphenyl)pyrrolidine
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H NMR and 13C NMR spectra for (2S,5S)-2,5-bis(3,5-dimethoxyphenyl)pyrrolidine
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H NMR and 13C NMR spectra for compound 5
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H NMR spectrum (E)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-one
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H NMR spectrum (E)-3-(4-fluorophenyl)-1-phenylprop-2-en-1-one
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H NMR spectrum for (E)-1-phenyl-3-(p-tolyl)prop-2-en-1-one
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H NMR spectrum for (E)-1-(4-chlorophenyl)-3-phenylprop-2-en-1-one
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H NMR spectrum for (E)-1-(furan-2-yl)-3-phenylprop-2-en-1-one
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H NMR for (E)-3-(furan-3-yl)-1-phenylprop-2-en-1-one
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H NMR for 4-benzylidene-2,6-di-tert-butylcyclohexa-2,5-dien-1-one
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H NMR for compound 6
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HPLC chromatogram for compound 6
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HPLC chromatogram for racemic of compound 6
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H NMR for compound 7
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HPLC chromatogram for compound 7
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HPLC chromatogram for racemic of compound 7
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H NMR and 13C NMR for compound 8
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HPLC chromatogram for compound 8
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HPLC chromatogram for racemic of compound 8
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H NMR for compound 9
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HPLC chromatogram for compound 9
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HPLC chromatogram for racemic of compound 9
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H NMR for compound 10
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HPLC chromatogram for compound 10
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HPLC chromatogram for racemic of compound 10
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H NMR and 13C NMR for compound 11
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HPLC chromatogram for compound 11
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HPLC chromatogram for racemic of compound 11
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H NMR for compound 12
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HPLC chromatogram for compound 12
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HPLC chromatogram for racemic of compound 12
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H NMR for compound 13
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HPLC chromatogram for compound 13
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HPLC chromatogram for racemic of compound 13
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H NMR and 13C NMR for compound 14
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HPLC chromatogram for compound 14
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HPLC chromatogram for racemic of compound 14
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H NMR and 13C NMR for compound 15
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HPLC chromatogram for compound 15
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HPLC chromatogram for racemic of compound 15
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H NMR and 13C NMR for compound 16
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HPLC chromatogram for compound 16
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HPLC chromatogram for racemic of compound 16
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H NMR and 13C NMR for compound 17
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HPLC chromatogram for compound 17
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HPLC chromatogram for racemic of compound 17
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H NMR and 13C NMR for compound 18
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HPLC chromatogram for compound 18
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HPLC chromatogram for racemic of compound 18
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H NMR and 13C NMR for compound 19
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HPLC chromatogram for compound 19
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HPLC chromatogram for racemic of compound 19
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H NMR for compound 13 (1 mmol scale)
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HPLC chromatogram for compound 13 (1 mmol scale)
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