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General considerations

All reactions were carried out in flame-dried glassware under an argon atmosphere. THF, Et,0,
toluene, and CH,CIl, were purged with argon and dried over activated alumina columns. Flash
chromatography was performed on 60 A silica gel (EMD Chemicals Inc.). Preparative plate
chromatography was performed on EMD silica gel plates, 60 A, with UV-254 indicator. Analytical thin
layer chromatography was performed on EMD silica gel/TLC plates with fluorescent detector 254 nm. The
'H, 3¢ and °F NMR spectra were recorded on a JEOL ECA-500 or ECX-400P spectrometer using residual
solvent peak as an internal standard (CDCls: 7.26 ppm for *H NMR and 77.2 ppm for *C NMR). NMR
yields were determined by the addition of 1.0 equivalent of methyl 4-nitrobenzoate as an internal standard
to the crude reaction mixture. IR spectra were obtained using a ThermoNicolet Avatar 370 FT-IR
instrument. HRMS analyses were performed under contract by UT Austin’s mass spectrometric facility via
ESI method and a US10252005 instrument. Commercially available compounds were purchased from
Aldrich, Acros, Ark Pharm, and Alfa Aesar and were used without further purification. Chemical names

were generated using Cambridgesoft ChemBioDraw Ultra 10.0.



1. Preparation of starting materials

Cyclopropanes 7a,* 7b,2 7¢,® 7d,* 7e,* 7f°> 7g° 11a,” 11c,” 11e,” and 11i® were prepared according to

literature procedures. Compound 7h is commercially available. The other cyclopropanes were synthesized

by procedure A (see below).
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General procedure A
MeO,C CO,Me

J]\ IPh R CO,Me
R R2 o )

Rh,(esp), R CO,Me
DCM, 0 °C to 23 °C

To a flame-dried flask equipped with a stir bar was added olefin (1 equiv) under Argon. Dry
DCM (0.2 M) was then added and the reaction mixture was degassed for 10 minutes. After the
reaction was cooled to 0 °C, Rhy(esp). (1 mol%) was added, followed by the addition of iodonium
ylide® (1.1 equiv) in one portion. The reaction was stirred at this temperature for 3 hours under
Argon. After completion monitored by TLC, the solvent was removed via rotary evaporation. The

residue was purified via flash column chromatography with a gradient of appropriate eluent on

silica gel.
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Dimethyl 2-(2,4-dimethoxyphenyl)-2-methylcyclopropane-1,1-dicarboxylate (11b)

The title compound was synthesized from 2,4-dimethoxy-1-(prop-1-en-2-yl)benzene (534
mg, 3.0 mmol) following general procedure A. After purification via flash column chromatography
with a gradient of 10 — 30% ethyl acetate in hexanes as eluent, the product was obtained in 59%
yield (545 mg, 1.77 mmol) as a colorless oil. *"H NMR: (400 MHz, CDCls): § 7.07 (d, J = 8.2 Hz,
1H), 6.44 — 6.34 (m, 2H), 3.81 (s, 3H), 3.77 (s, 6H), 3.44 (s, 3H), 1.96 (bs, 1H), 1.67 (d, J = 4.6 Hz,
1H), 1.37 (s, 3H). *C NMR: (101 MHz, CDCls) & 169.2, 168.9, 160.0, 158.8, 130.1, 122.6, 104.1,
98.6, 55.3, 52.4, 52.0, 39.9, 34.5, 26.4, 23.2. HRMS-ESI m/z: [M+Na], calculated for C;H200s:
331.1158; found 331.1165. IR (neat): 2962, 1736, 1720, 1508, 1434, 1208, 1030, 835, 803 cm™.

Rs: 0.25 in 20% EtOAc/hexanes.

°Honglei Liu, Chunhao Yuan, Yang Wu, Yumei Xiao, Hongchao Guo, Org. Lett., 2015, 17, 4220.
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Dimethyl 2-(4-bromophenyl)-2-methylcyclopropane-1,1-dicarboxylate (11d)

The title compound was synthesized from 1-bromo-4-(prop-1-en-2-yl)benzene (591 mg, 3.0
mmol) following general procedure A. After purification via flash column chromatography with a
gradient of 5 — 10% ethyl acetate in hexanes as eluent, the product was obtained in 90% yield (883
mg, 2.7 mmol) as a colorless oil. *"H NMR: (400 MHz, CDCls): & 7.35 (dd, J = 6.4, 1.8 Hz, 2H),
7.11 (dd, J = 6.4, 1.8, 2H), 3.76 (s, 3H), 3.33 (s, 3H), 2.10 (d, J = 5.3 Hz, 1H), 1.64 (d, J = 5.3 Hz,
1H), 1.43 (s, 3H). *C NMR: (101 MHz, CDCls) & 168.5, 167.8, 140.3, 131.7, 131.4, 130.1, 129.8,
121.0, 52.7, 52.3, 40.34, 37.3, 24.9, 24.3. HRMS-ESI m/z: [M+Na], calculated for C14H15BrO,:
349.0051; found 349.0052. IR (neat): 2950, 1750, 1732, 1435, 1260, 1206, 1157, 1031, 700 cm™.
R¢: 0.35 in 20% EtOAc/hexanes.
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Dimethyl 2-methyl-2-(4-(trifluoromethyl)phenyl)cyclopropane-1,1-dicarboxylate (11f)

The title compound was synthesized from 1-(prop-1-en-2-yl)-4-(trifluoromethyl)benzene
(558 mg, 3.0 mmol) following general procedure A. After purification via flash column
chromatography with a gradient of 5 — 10% ethyl acetate in hexanes as eluent, the product was
obtained in 68% yield (645 mg, 2.04 mmol) as a colorless oil. *H NMR: (400 MHz, CDCls): & 7.50
(d, J = 8.1 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 3.79 (s, 3H), 3.33 (s, 3H), 2.15 (d, J = 5.5 Hz, 1H),
1.71 (d, J = 5.5 Hz, 1H), 1.45 (s, 3H). *C NMR: (101 MHz, CDCls) & 168.3, 167.9, 145.4, 129.3
(9, =32.3 Hz), 128.8, 125.3 (g, J = 3.9 Hz), 124.2 (q, J = 271.9 Hz), 52.7, 52.3, 40.4, 37.3, 24.8,
24.3. F NMR: (376 MHz, CDCI3) & -62.4 (s). HRMS-ESI m/z: [M+Na], calculated for
C1sH1sF304: 339.0820; found 339.0823. IR (neat): 2951, 1727, 1435, 1322, 1103, 1064, 842 cm™.
Rs: 0.30 in 20% EtOAc/hexanes.
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Dimethyl 2-(3-fluorophenyl)-2-methylcyclopropane-1,1-dicarboxylate (119)

The title compound was synthesized from 1-fluoro-3-(prop-1-en-2-yl)benzene (408 mg, 3.0
mmol) following general procedure A. After purification via flash column chromatography with a
gradient of 5 — 10% ethyl acetate in hexanes as eluent, the product was obtained in 49% yield (391
mg, 1.47 mmol) as a colorless oil. 'H NMR: (400 MHz, CDCls): § 7.22 (dd, J = 14.2, 7.8 Hz, 1H),
7.04 (dd, J = 7.8, 0.9 Hz, 1H), 6.96 (d, J =10.1 Hz, 1H), 6.92 — 6.84 (m, 1H), 3.80 (s, 3H), 3.37 (s,
3H), 2.15 (d, J = 5.2 Hz, 1H), 1.68 (d, J = 5.2 Hz, 1H), 1.47 (s, 3H). *C NMR: (101 MHz, CDCl5)
5 168.5, 167.9, 162.7 (d, J = 246.5 Hz), 143.8 (d, J = 7.2 Hz), 129.8 (d, J = 8.3 Hz), 124.0 (d, J = 2.6
Hz), 115.5 (d, J = 21.5 Hz), 114.4 (d, J = 20.5 Hz), 52.7, 52.3, 40.5, 37.4, 24.9, 24.3. F NMR:
(376 MHz, CDCl3) 6 -113.1 (m). HRMS-ESI m/z: [M+Na], calculated for C;4H;5FO,4: 289.0852;
found 289.0859. IR (neat): 2952, 1726, 1435, 1264, 1232, 1199, 1120, 909, 728, 698 cm™. Ry: 0.33
in 20% EtOAc/hexanes.
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Dimethyl 2-methyl-2-(naphthalen-2-yl)cyclopropane-1,1-dicarboxylate (11h)

The title compound was synthesized from 2-(prop-1-en-2-yl)naphthalene (840 mg, 5.0
mmol) following general procedure A. After purification via flash column chromatography with a
gradient of 5 — 10% ethyl acetate in hexanes as eluent, the product was obtained in 88% yield
(1.311 g, 4.4 mmol) as a colorless oil. *H NMR: (400 MHz, CDCls): 7.80 — 7.72 (m, 4H), 7.45 —
7.41 (m, 3H), 3.86 (s, 3H), 3.27 (s, 3H), 2.33 (d, J = 5.0 Hz, 1H), 1.79 (d, J = 5.0 Hz, 1H), 1.58 (s,
1H). °C NMR: (101 MHz, CDCls)  168.9, 168.1, 138.7, 133.3, 132.6, 128.0, 127.9, 127.7, 126.9,
126.6, 126.2, 125.9, 52.8, 52.3, 40.7, 38.3, 25.1, 24.4. HRMS-ESI m/z: [M+Na], calculated for
CigH180,: 321.1103; found 321.1109. IR (neat): 2950, 1724, 1432, 1223, 1116, 818, 748 cm™. Ry:
0.35 in 20% EtOAc/hexanes.
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Dimethyl 2-benzyl-2-phenylcyclopropane-1,1-dicarboxylate (11j)

The title compound was synthesized from prop-2-ene-1,2-diyldibenzene (582 mg, 3.0 mmol)
following general procedure A. After purification via flash column chromatography with a gradient
of 5 — 10% ethyl acetate in hexanes as eluent, the product was obtained in 45% yield (437 mg, 1.35
mmol) as a colorless oil. *H NMR: (400 MHz, CDCls): § 7.19 — 7.13 (m, 3H), 7.13 — 7.08 (m, 3H),
7.07 - 7.01 (m, 2H), 6.86 — 6.77 (m, 2H), 3.89 (s, 3H), 3.35 (d, J = 14.2 Hz, 1H), 3.32 (s, 3H), 2.73
(d, J = 14.2 Hz, 1H), 2.20 (dd, J = 5.5, 1.2 Hz, 1H), 1.98 (d, J = 5.5 Hz, 1H). *C NMR: (101 MHz,
CDCl3) 6 169.0, 167.8, 138.6, 138.1, 129.9, 129.4, 128.0, 127.8, 127.2, 126.5, 52.9, 52.3, 43.5,
42.8, 40.7, 23.8. HRMS-ESI m/z: [M+Na], calculated for C;oH2004: 347.1259; found 347.1265. IR
(neat): 1729, 1434, 1260, 1216, 1094, 756, 700 cm™. Ry: 0.35 in 20% EtOAc/hexanes.
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Dimethyl 2-ethyl-2-phenylcyclopropane-1,1-dicarboxylate (11k)

The title compound was synthesized from but-1-en-2-ylbenzene (396 mg, 3.0 mmol)
following general procedure A. After purification via flash column chromatography with a gradient
of 5 — 10% ethyl acetate in hexanes as eluent, the product was obtained in 65% yield (511 mg, 1.95
mmol) as a colorless oil. *H NMR: (500 MHz, CDCls): § 7.31 — 7.19 (m, 5H), 3.82 (s, 3H), 3.32 (s,
3H), 2.14 (dd, J = 5.2, 1.3 Hz, 1H), 2.10 — 1.94 (m, 1H), 1.63 (d, J = 5.2 Hz, 1H), 1.35 (qd, J = 14.5,
7.3 Hz, 1H), 0.79 (t, J = 7.3 Hz, 1H). *C NMR: (126 MHz, CDCls) & 168.9, 168.0, 138.9, 129.4,
128.1, 127.2, 52.8, 52.2, 43.6, 41.1, 30.4, 23.6, 11.2. HRMS-ESI m/z: [M+Na], calculated for
Ci5H1504: 285.1103; found 285.1107. IR (neat): 2949, 1726, 1433, 1278, 1219, 1096, 755, 700 cm’
', Ry: 0.35 in 20% EtOAc/hexanes.



2. (IPr)GaCls synthesis
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IPreHCI IPr carbene (IPr)GaCls

A modified procedure of that described previously was used.’® To a flame-dried 2-neck
round bottom flask was added KOtBu (269 mg, 2.4 mmol, 1.2 equiv) under Argon. After that,
IPr<HCI (850 mg, 2.0 mmol, 1 equiv) was quickly added. The flask was then evacuated and refilled
with Argon (3 times). THF (10 ml) was added via syringe and the mixture was stirred at room
temperature under Argon. After 3 hours, the resulting green solution was concentrated under high
vacuum for 5 hours. Dry PhMe (10 ml) was then added to the flask via syringe. The resulting
mixture was gently heated by a heat gun. After the mixture became nearly homogeneous, it was
quickly filtered through a thin pad of oven-dried Celite. The light-yellow filtrate was then
concentrated under high vacuum to yield IPr carbene as a flocculent off-white solid (690 mg, 1.78
mmol, 89%). The product was stored in a 250 ml round bottom flask and quickly transferred to a
glovebox for the next step.

Following a reported procedure,™ in a glovebox, 100 ml dry pentane was added to the flask
containing the carbene product of the previous step. The resulting mixture was stirred for
approximately 1 hour. After the IPr carbene was dissolved, GaCl; (313 mg, 1.78 mmol, 1 equiv)
was then added in 1 portion, immediately forming a white precipitate. The solution was stirred for
an additional 1 hour before taking it out the glovebox and then filtering it through a Buchner funnel.
The white solid was washed with MeOH and dried under high vacuum, obtaining (IPr)GaCl;in 82%
yield (832 mg, 1.46 mmol)."H NMR: (400 MHz, Acetone-ds): & 8.14 (s, 2H), 7.54 (t, J = 7.8, 2H),
7.38 (d, J = 7.8 Hz, 4H), 2.61 (hept, J = 6.4 Hz, 4H), 1.35 (d, J = 6.8 Hz, 12H), 1.16 (d, J = 6.8 Hz,
12H). °C NMR: (101 MHz, Acetone-dg) & 145.7, 133.0, 131.3, 127.5, 124.1, 29.0, 25.1, 22.1. IR
(neat): 3160, 2964, 1466, 1119, 1061, 799, 776, 753 cm™. Spectral data are consistent with those

reported in the literature.

1% Pompeo, M., Froese, R. D. J., Hadei, N. and Organ, M. G. Angew. Chem. Int. Ed., 2012, 51, 11354,

1 (@) N. Marion, E. C. Escudero-Adan, J. Benet-Buchholz, E. D. Stevens, L. Fensterbank, M. Malacria, S. P. Nolan,
Organometallics 2007, 26, 3256. (b) S. Tang, J. Monot, A. El-Hellani, B. Michelet, R. Guillot, C. Bour, V. Gandon, Chem. Eur.
J. 2012, 18, 10239.
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3. Procedure for addition reactions
Note: Reaction yields greatly depend on the quality of the Ga(lll) catalyst and the presence of
moisture.

General procedure B

r
CO;Me  (1pr)GaCl;, (10 mol%), AgSbFg (15 mol%), DCM  R' CO,Me
23°C,5h

/A<002Me R’B(OH); (2 equiv) RZ  CO,Me
R1

In a glovebox, to a 7 ml vial equipped with a stir bar, was added AgSbFs (10 mg, 0.03
mmol, 15 mol%). The vial was sealed by a screw cap with silicone septum and removed from the
glovebox. The corresponding boronic acid (0.4 mmol, 2 equiv) was added, followed by the addition
of the cyclopropane (0.2 mmol, 1 equiv) under Argon. DCM (3 ml) was then added to the vial via
syringe. The mixture was allowed to stir under Argon, and (IPr)GaCl; (11 mg, 0.02 mmol, 10
mol%) was quickly added to the resulting suspension in one portion. The vial was sealed with
parafilm and the reaction was stirred at room temperature under Argon for 5 hours. After reaction
completion as monitored by TLC, the crude mixture was adsorbed onto silica gel via rotary
evaporation. The desired product was purified via flash column chromatography on silica gel with

appropriate eluents.

General procedure C

R2B(OH), (2 equiv)

/A<002Me R2  CO,Me
:
. PPN

M
COMe  pr)GaCl, (10 mol%), AgSbF, (15 mol%), R CO,Me
DCM, -10 °C to 23 °C

To a 7 ml vial equipped with a stir bar was added AgSbFg (10 mg, 0.03 mmol, 15 mol%) in
a glovebox. The vial was sealed by a screw cap equipped with a silicone septum and taken out the
glovebox. Under Argon, the corresponding boronic acid (0.4 mmol, 2 equiv) and (IPr)GaCls; (11
mg, 0.02 mmol, 10 mol%) were then added. The screw cap of the vial was wrapped completely by
parafilm and the vial was cooled to -10 °C (NaCl/ice cooling bath). DCM (1 ml) was added and the
reaction mixture was allowed to stir under Argon. The corresponding cyclopropane (0.2 mmol, 1
equiv) was then dissolved in 2 ml DCM and added dropwise to the reaction solution by syringe
pump over 30 minutes at -10 °C. The reaction was allowed to warm up to room temperature and
stirred until completion as monitored by TLC (2 to 5 hours). Silica gel was added to the reaction
mixture. The crude product was then concentrated via rotary evaporation and purified via flash

column chromatography on silica gel with appropriate solvents.
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General procedure D

R3-BF;K (2 equiv)

R’ CO,Me R R® CO,Me
2 > >|\/k

R CO,Me GaCl; (0.6 quiv), MgSO,, DCM, -78 °C to 23 °C R? CO,Me
5h

To a 7 ml vial equipped with a stir bar and a screw cap with silicone septum was added
MgSQO, (200 mg). The vial was then flame-dried under high vacuum to completely remove all
traces of moisture. The vial was refilled with Argon, and then the corresponding potassium
trifluoroborate salt (0.4 mmol, 2 equiv) was added. The reaction mixture was then cooled down to -
78 °C after the screw cap was wrapped completely by parafilm. Under Argon, DCM (1 ml) was
added. In the meantime, GaCl; (21 mg, 0.12 mmol, 60 mol%) was prepared in a 1 ml vial equipped
with a silicone screw cap in a glovebox. The vial containing GaCls; was removed from the glovebox
and DCM (0.2 ml) was added under Argon to dissolve the GaCls. After GaCl; was completely
dissolved in DCM, the GaCl; solution was added to the reaction mixture at -78 °C by a
microsyringe. The corresponding cyclopropanes (0.2 mmol, 1 equiv) was dissolved in DCM (2 ml)
and added dropwise to the mixture over 30 minutes at -78 °C under Argon. The reaction was
warmed up to room temperature over 5 hours. After completion as monitored by TLC, the crude
material was adsorbed onto silica gel via rotary evaporation and purified by flash column

chromatography on silica gel with appropriate solvents.

OMe I CO,Me
O CO,Me
OMe

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-phenylethyl)malonate (9a)

The title compound was synthesized from 7a and (2,6-dimethoxyphenyl)boronic acid following

general procedure B. After purification via flash column chromatography with a gradient of 5 - 10% ethyl

acetate in hexanes as eluent, the product was obtained in 99% vyield (73.6 mg, 0.198 mmol) as a colorless

Procedure to synthesize 9a in large scale:

Following general procedure B, to a 50 ml round bottom flask equipped with a stir bar was added

AgSbFs (34.3 mg, 0.1 mmol, 2 mol%) in a glove box. The flask was sealed by a rubber septum and took

out the glove box. Under Argon atmosphere, (2,6-dimethoxyphenyl)boronic acid (1.81 g, 10.0 mmol, 2

equiv), cyclopropane 7a (1.17 g, 5.0 mmol, 1 equiv), and DCM (25 ml) were added to the flask. (IPr)GaCls;

(28 mg, 0.05 mmol, 1 mol%) was then added in one portion to the resulting suspension. The reaction was

9



allowed to stir for 48 h at room temperature. After reaction completion, the crude mixture was filtered
through a celite bath, concentrated and purified via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent. The product was obtained in 91% vyield (1.693 g, 4.55 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCly): § 7.27 — 7.22 (m, 4H), 7.19 — 7.12 (m, 1H), 7.09 (d, J = 8.2 Hz, 1H),
6.44 (dd, J = 8.5 Hz, 2.8, 1H), 6.41 (d, J = 2.8 Hz, 1H), 4.32 (dd, J = 8.2, 7.8 Hz, 1H), 3.77 (s, 3H), 3.73 (s,
3H), 3.70 (s, 3H), 3.68 (s, 3H), 3.29 (dd, J = 7.8, 7.3 Hz, 1H), 2.68 — 2.54 (m, 2H). *C NMR: (101 MHz,
CDCl3) 6 170.1, 169.9, 159.5, 158.1, 143.9, 128.4, 128.1, 126.2, 124.3, 104.4, 98.7, 55.5, 55.4, 52.6, 52.6,
50.2, 40.6, 34.0. HRMS-ESI m/z: [M+Na], calculated for C,;H,406: 395.1471; found 395.1475. IR (neat):
2952, 1731, 1609, 1585, 1452, 1435, 1206, 1154, 1031, 734, 699 cm™. Ry: 0.33 in 20% EtOAc/hexanes.

MeO I OMe
7

4-(2,6-dimethoxyphenyl)-1,4-diphenylbutan-1-one (9b)

Ph

The title compound was synthesized from 7b and (2,6-dimethoxyphenyl)boronic acid following
general procedure B. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 92% yield (66.2 mg, 0.184 mmol) as a colorless
oil.

'H NMR: (500 MHz, CDCls): 5 7.86 (dd, J = 8.3, 1.5 Hz, 2H), 7.53 — 7.50 (m, 1H), 7.43 — 7.38
(m, 2H), 7.29 — 7.24 (m, 4H), 7.17 — 7.11 (m, 2H), 6.44 (dd, J = 8.3, 2.3 Hz, 1H), 6.40 (d, J = 2.3 Hz, 1H),
4.38 (dd, J = 8.0, 8.0 Hz, 1H), 3.77 (s, 3H), 3.70 (s, 3H), 2.94 — 2.91 (m, 2H), 2.49 — 2.33 (m, 2H). *C
NMR: (126 MHz, CDCl3) 6 200.4, 159.2, 158.0, 144.9, 137.1, 133.0, 128.6, 128.3, 128.2, 128.1, 128.1,
126.0, 125.5, 104.2, 98.7, 55.5, 55.4, 42.2, 37.2, 29.4. HRMS-ESI m/z: [M+Na], calculated for C,4H24O3:
383.1623; found 383.1624. IR (neat): 2936, 2360, 1683, 1610, 1505, 1450, 1290, 1208, 1034, 749, 699
cm™. R¢: 0.50 in 20% EtOAc/hexanes.
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OMe CO,Me
O CO,Me
OMe

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-(3-nitrophenyl)ethyl)malonate (9c)

The title compound was synthesized from 7c¢ and (2,6-dimethoxyphenyl)boronic acid following
general procedure B. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 82% yield (68.4 mg, 0.164 mmol) as a colorless
oil.

'H NMR: (400 MHz, CDCls): & 8.10 — 8.09 (m, 1H), 8.03 — 7.99 (m, 1H), 7.56 (d, J = 7.8 Hz, 1H),
7.40 (dd, J=8.2, 7.8 Hz, 1H), 7.09 (d, J = 8.2 Hz, 1H), 6.47 (dd, J = 8.5, 2.3 Hz, 1H), 6.41 (d, J = 2.3 Hz,
1H), 4.38 (dd, J = 8.2, 8.2 Hz, 1H), 3.77 (s, 3H), 3.71 (s, 3H), 3.70 (s, 3H), 3.70 (s, 3H), 3.25 (dd, J = 7.3,
7.3 Hz, 1H), 2.65 (dd, J = 8.2, 7.3 Hz, 2H). *C NMR: (101 MHz, CDCl;) & 169.8, 169.6, 160.0, 158.1,
148.3, 146.4, 134.4, 129.2, 128.3, 122.9, 122.3, 121.4, 104.6, 98.9, 55.4, 52.8, 52.7, 49.9, 40.8, 33.4.
HRMS-ESI m/z: [M+Na], calculated for C,1H23NOg: 440.1321; found 440.1327. IR (neat): 2953, 1731,
1609, 1526, 1505, 1348, 1206, 1155, 1032, 732, 686 cm™. Ry: 0.40 in 40% EtOAc/hexanes.

CF;

OMe I CO,Me
O CO,Me
OMe

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-(4-(trifluoromethyl)phenyl)ethyl)malonate (9d)

The title compound was synthesized from 7d and (2,6-dimethoxyphenyl)boronic acid following
general procedure B. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 95% vyield (83.6 mg, 0.19 mmol) as a colorless oil.

'H NMR: (400 MHz, CDCls): § 7.50 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2
Hz, 1H), 6.46 (dd, J = 8.5, 2.3 Hz, 1H), 6.41 (d, J = 2.3 Hz, 1H), 4.35 (dd, J = 7.8, 8.2 Hz, 1H), 3.78 (s,
3H), 3.72 (s, 3H), 3.70 (s, 3H), 3.69 (s, 3H), 3.26 (dd, J = 6.9, 7.8 Hz, 1H), 2.69 — 2.55 (m, 2H). *C NMR:
(101 MHz, CDCls) & 169.9, 169.7, 159.8, 158.1, 148.7 (g, J = 32.3 Hz), 128.4, 128.3, 125.3 (q, J = 3.9 Hz),
124.4 (q, J = 271.9 Hz), 104.4, 98.8, 55.4, 52.7, 52.6, 50.1, 40.7, 33.6. >F NMR: (376 MHz, CDCls) 5 -
62.2 (s). HRMS-ESI m/z: [M+Na], calculated for C,,H,3F306: 463.1344; found 463.1348. IR (neat): 2953,

1732, 1610, 1504, 1323, 1155, 1113, 830 cm™. Ry: 0.30 in 20% EtOAc/hexanes.
11



CO,Me

Dimethyl 2-(1-(2,6-dimethoxyphenyl)-2,3-dihydro-1H-inden-2-yl)malonate (9¢)

The title compound was synthesized from 7e and (2,6-dimethoxyphenyl)boronic acid following
general procedure B. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 90% yield (69.1 mg, 0.18 mmol) as a colorless oil.

'H NMR: (400 MHz, CDCls): § 7.23 — 7.21 (m, 1H), 7.17 — 7.08 (m, 2H), 6.87 (d, J = 8.7 Hz, 1H),
6.83 (d, J = 7.8 Hz, 1H), 6.48 (d, J = 2.8 Hz, 1H), 6.41 (dd, J = 8.5, 2.8 Hz, 1H), 4.61 (d, J = 8.7 Hz, 1H),
3.78 (s, 3H), 3.76 (s, 3H), 3.69 (s, 3H), 3.62 (d, J = 7.8, 1H), 3.47 (s, 3H), 3.25 (dd, J = 15.6, 15.6 Hz, 1H),
3.18 — 3.09 (m, 1H), 2.96 (dd, J = 15.6, 15.1 Hz, 1H). *C NMR: (101 MHz, CDCls) & 169.2, 169.2, 159.6,
158.7, 145.9, 142.0, 129.7, 126.6, 124.6, 124.3, 123.5, 104.4, 98.5, 55.5, 55.4, 54.7, 52.4, 52.3, 47.7, 47.7,
35.8. HRMS-ESI m/z: [M+Na], calculated for C»H2406: 407.1471; found 407.1478. IR (neat): 2950,
2837, 1731, 1610, 1505, 1434, 1206, 1150, 1033, 746 cm™. Ry: 0.40 in 20% EtOAc/hexanes.

Ph
OMe CO,Me
CO,Me

OMe

(E)-methyl 4-(2,6-dimethoxyphenyl)-2-((methylperoxy)methyl)-6-phenylhex-5-enoate (9f)

The title compound was synthesized from 7f and (2,6-dimethoxyphenyl)boronic acid following
general procedure C. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 76% yield (60.8 mg, 0.152 mmol) as a colorless
oil.

'H NMR: (500 MHz, CDCl3): & 7.34 — 7.32 (m, 2H), 7.28 — 7.25 (m, 2H), 7.19 — 7.16 (m, 1H),
7.09 (d, J = 8.0 Hz, 1H), 6.47 — 6.40 (m, 3H), 6.32 (dd, J = 15.8, 7.8 Hz, 1H), 3.84 — 3.77 (m, 7H), 3.68 (s,
6H), 3.35 (dd, J = 8.3, 6.5 Hz, 1H), 2.49 — 2.43 (m, 1H), 2.34 — 2.28 (m, 1H). *C NMR: (126 MHz,
CDCl3) 6 170.1, 170.0, 159.6, 158.1, 137.6, 132.3, 130.1, 128.6, 128.5, 127.2, 126.3, 123.3, 104.5, 98.8,
55.5, 52.6, 52.6, 50.1, 39.8, 34.0. HRMS-ESI m/z: [M+Na], calculated for C,3H»60¢: 421.1627; found
421.1630. IR (neat): 2952, 2837, 2360, 1750, 1732, 1609, 1505, 1436, 1207, 1155, 1033, 749 cm™. Ry:

0.27 in 20% EtOAc/hexanes.
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OMe n-Bu CO,Me
CO,Me

OMe

Dimethyl 2-(2-(2,6-dimethoxyphenyl)hexyl)malonate (99)

The title compound was synthesized from 7g and (2,6-dimethoxyphenyl)boronic acid following
general procedure B. After purification via flash column chromatography with a gradient of 0 - 5% ethyl
acetate in hexanes as eluent, the product was obtained in 58% yield (44.3 mg, 0.116 mmol) as a colorless
oil.

'H NMR: (500 MHz, CDCls): § 6.97 (d, J = 8.6 Hz, 1H), 6.44 (dd, J = 8.0, 2.3 Hz, 1H), 6.40 (d, J
= 1.7 Hz, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 3.71 (s, 3H), 3.59 (s, 3H), 3.13 (dd, J = 10.0, 4.8 Hz, 1H), 2.97 —
2.95 (m, 1H), 2.33 — 2.24 (m, 1H), 2.10 — 1.99 (m, 1H), 1.59 — 1.56 (m, 3H), 1.27 — 1.01 (m, 4H), 0.81 (t, J
= 6.9 Hz, 3H). *C NMR: (126 MHz, CDCl3) § 170.4, 170.1, 159.1, 158.7, 128.3, 124.2, 104.5, 98.4, 55.4,
55.3,52.5,52.4,50.0, 35.7, 35.5, 35.1, 29.7, 22.8, 14.1. HRMS-ESI m/z: [M+Na], calculated for C19H250s:
375.1784; found 375.1787. IR (neat): 2954, 2928, 2856, 1751, 1734, 1610, 1505, 1456, 1436, 1207, 1156,
1034, 834 cm™. Ry: 0.30 in 20% EtOAc/hexanes.

OMe H  CO,Me
CO,Me

OMe

Dimethyl 2-(2,6-dimethoxyphenethyl)malonate (9h)

The title compound was synthesized from 7h and (2,6-dimethoxyphenyl)boronic acid following
general procedure B. After purification via flash column chromatography with a gradient of 0 - 5% ethyl
acetate in hexanes as eluent, the product was obtained in 53% vyield (31.4 mg, 0.106 mmol) as a colorless
oil.

'H NMR: (500 MHz, CDCls): § 6.99 (d, J = 8.0 Hz, 1H), 6.42 — 6.39 (m, 2H), 3.78 (s, 3H), 3.77
(s, 3H), 3.72 (s, 6H), 3.35 (t, J = 7.4 Hz, 1H), 2.59 — 2.56 (m, 2H), 2.18 — 2.13 (m, 2H). **C NMR: (126
MHz, CDCl3) 6 170.1, 159.5, 158.4, 130.5, 121.3, 103.8, 98.6, 55.5, 55.3, 52.6, 51.1, 29.2, 27.3. HRMS-
ESI m/z: [M+Na], calculated for C15H2006: 319.1158; found 319.1160. IR (neat): 2952, 2359, 2359, 1733,
1507, 1436, 1208, 1154, 1042, 833 cm™. Ry: 0.55 in 20% EtOAc/hexanes.
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CO,Me
Ph CO,Me

Dimethyl 2-(2-mesityl-2-phenylethyl)malonate (9i)

The title compound was synthesized from 7a and (2,4,6-trimethylphenyl)boronic acid following
general procedure C. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 92% yield (65.1 mg, 0.184 mmol) as a colorless
oil.

'H NMR: (400 MHz, CDCly): § 7.27 — 7.23 (m, 2H), 7.18 — 7.14 (m, 3H), 6.82 (s, 2H), 4.55 (dd, J
= 10.5, 6.0 Hz, 1H), 3.74 (s, 3H), 3.61 (s, 3H), 3.28 (dd, J = 8.7, 5.5 Hz, 1H), 3.04 — 2.97 (m, 1H), 2.75 —
2.68 (m, 1H), 2.25 (s, 3H), 2.12 (bs, 6H). *C NMR: (101 MHz, CDCls) & 170.1, 170.0, 143.1, 137.5,
136.2, 135.9, 130.1(bs), 128.3, 127.1, 125.9, 52.7, 52.7, 50.1, 41.2, 30.6, 21.2, 20.9. HRMS-ESI m/z:
[M+Na], calculated for CyH604: 377.1729; found 377.1735. IR (neat): 2952, 1751, 1735, 1609, 1434,
1227, 1151, 699 cm™. Ry: 0.35 in 20% EtOAc/hexanes.

MeO%zMe
Ph CO,Me

Dimethyl 2-(2-(2-methoxyphenyl)-2-phenylethyl)malonate (9j)

The title compound was synthesized from 7a and (2-methoxyphenyl)boronic acid following
general procedure C. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 91% yield (62.2 mg, 0.182 mmol) as a colorless
oil.

'H NMR: (400 MHz, CDCls): & 7.30 — 7.26 (m, 2H), 7.22 — 7.18 (m, 3H), 7.16 (m, 2H), 6.84 —
6.83 (d, J = 8.7 Hz, 2H), 3.89 (dd, J = 7.8, 8.2 Hz, 1H), 3.76 (s, 3H), 3.70 (s, 6H), 3.28 (dd, J = 7.3, 7.8 Hz,
1H), 2.67 — 2.59 (m, 2H). *C NMR: (101 MHz, CDCl;) & 169.9, 158.3, 143.8, 135.5, 128.9, 128.7, 127.9,
126.6, 114.1, 55.3, 52.7, 50.1, 47.9, 34.7. HRMS-ESI m/z: [M+Na], calculated for CyoH2,0s: 365.1365;
found 365.1367. IR (neat): 2953, 1731, 1609, 1510, 1435, 1246, 1149, 1031, 828, 699 cm™. Ry 0.35 in
20% EtOAc/hexanes.
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OMe

CO,Me

Ph CO,Me

Dimethyl 2-(2-(4-methoxyphenyl)-2-phenylethyl)malonate (9k)

The title compound was synthesized from 7a and (4-methoxyphenyl)boronic acid following
general procedure C. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 89% yield (60.8 mg, 0.178 mmol) as a colorless
oil.

'H NMR: (400 MHz, CDCls): & 7.31 — 7.25 (m, 2H), 7.23 — 7.13 (m, 5H), 6.83 (d, J = 8.7 Hz, 2H),
3.90 (dd, J = 7.8, 8.2 Hz, 1H), 3.77 (s, 3H), 3.71 (s, 6H), 3.29 (dd, J = 7.3, 7.3 Hz, 1H), 2.65 — 2.62 (m,
2H). *C NMR: (101 MHz, CDCls) & 169.9, 169.9, 158.3, 143.8, 135.5, 128.9, 128.7, 127.9, 126.6, 114.1,
55.3,52.7,50.1, 47.9, 34.7. HRMS-ESI m/z: [M+Na], calculated for C,oH»,0s: 365.1365; found 365.1372.
IR (neat): 2951, 1731, 1608, 1509, 1434, 1245, 1149, 1031, 699 cm™. Ry: 0.38 in 20% EtOAc/hexanes.

Ph
Ph CO,Me
(E)-dimethyl 2-(2,4-diphenylbut-3-en-1-yl)malonate (9l)

The title compound was synthesized from 7a and (E)-styrylboronic acid following general
procedure C. After purification via flash column chromatography with a gradient of 0 - 5% ethyl acetate in
hexanes as eluent, the product was obtained in 85% yield (57.5 mg, 0.170 mmol) as a colorless oil.

'H NMR: (400 MHz, CDCls): & 7.39 — 7.20 (m, 10H), 6.44 (d, J = 16.0 Hz, 1H), 6.29 (dd, J =
16.0, 7.8 Hz, 1H), 3.71 (s, 3H), 3.70 (s, 3H), 3.47 (ddd, J =7.8, 7.3, 7.3 Hz, 1H), 3.41 (dd, J = 7.3, 7.3 Hz,
1H), 2.52 — 2.38 (m, 2H). *C NMR: (101 MHz, CDCls) 5 169.9, 169.8, 142.8, 137.1, 132.3, 130.7, 128.9,
128.6, 127.7, 127.5, 126.9, 126.4, 52.7, 50.0, 47.2, 34.7. HRMS-ESI m/z: [M+Na], calculated for
C21H2,04: 361.1416; found 361.1418. IR (neat): 3026, 2952, 1731, 1493, 1434, 1221, 1149, 965, 745, 694
cm™. R 0.43 in 20% EtOAc/hexanes.
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Ph
/@cozm
Ph CO,Me

Dimethyl 2,4-diphenylcyclopent-2-ene-1,1-dicarboxylate (10a)

The title compound was synthesized from 7a and potassium trifluoro(phenylethynyl)borate
following general procedure C at -40 °C instead of -10 °C. After purification via flash column
chromatography with a gradient of 0 - 5% ethyl acetate in hexanes as eluent, the product was obtained in
66% yield (44.4 mg, 0.132 mmol) as a colorless oil.

'H NMR: (500 MHz, CDCls): & 7.49 — 7.46 (m, 2H), 7.35 — 7.25 (m, 8H), 6.36 (d, J = 2.3 Hz, 1H),
4.17 (ddd, J = 8.0, 8.0, 2.3 Hz, 1H), 3.77 (s, 3H), 3.64 (s, 3H), 3.24 (dd, J = 13.2, 8.0 Hz, 1H), 2.56 (dd, J =
13.2, 8.0 Hz, 1H). *C NMR: (101 MHz, CDCl3) § 171.8, 171.7, 143.6, 143.0, 136.7, 134.9, 128.8, 128.2,
127.8, 127.6, 127.42, 126.9, 68.0, 53.0, 52.8, 49.3, 46.2. HRMS-ESI m/z: [M+Na], calculated for
Ca1H2004: 359.1259; found 359.1260. IR (neat): 2951, 2360, 1730, 1434, 1262, 1197, 1070, 697 cm™. Ry:
0.33 in 20% EtOAc/hexanes.

Me CO,Me
Ar.

CO,Me

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-phenylpropyl)malonate (12a)

The title compound was synthesized from 11a and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 92% yield (71 mg, 0.184 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCls): § 7.29 (d, J = 8.7 Hz, 1H), 7.21 — 7.18 (m, 2H), 7.16 — 7.07 (m, 3H),
6.49 (dd, J = 8.5, 2.5 Hz, 1H), 6.33 (d, J = 2.5 Hz, 1H), 3.80 (s, 3H), 3.64 (s, 3H), 3.47 (s, 3H), 3.32 (s, 3H),
3.28 — 3.19 (m, 2H), 2.75 (dd, J = 12.6, 3.9 Hz, 1H), 1.52 (s, 3H). *C NMR: (101 MHz, CDCls) § 170.8,
170.3, 156.0, 158.9, 150.1, 128.6, 127.8, 127.1, 125.9, 125.2, 103.4, 100.2, 55.4, 55.1, 52.7, 52.5, 48.9,
44.4, 37.4, 28.1. HRMS-ESI m/z: [M+Na], calculated for C,,H2606: 409.1627; found 409.1632. IR (neat):
2950, 2360, 1750, 1731, 1607, 1435, 1258, 1207, 1139, 1029, 699 cm™. Ry: 0.27 in 20% EtOAc/hexanes.
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Me CO,Me
Ar

CO,Me

MeO OMe

Dimethyl 2-(2-(2,4-dimethoxyphenyl)-2-(2,6-dimethoxyphenyl)propyl)malonate (12b)

The title compound was synthesized from 11b and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 55% yield (49.1 mg, 0.11 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCls): § 7.19 (d, J = 8.2 Hz, 2H), 6.43 (dd, J = 8.7, 2.3 Hz, 2H), 6.30 (d, J
= 2.3 Hz, 2H), 3.78 (s, 6H), 3.54 (s, 6H), 3.38 (s, 6H), 3.20 (dd, J = 6.0, 5.5 Hz, 1H), 3.03 (d, J = 5.5 Hz,
2H), 1.58 (s, 3H). *C NMR: (101 MHz, CDCls) & 170.8, 158.9, 158.5, 128.7, 128.3, 103.7, 99.9, 55.5,
55.3, 52.5, 48.8, 42.8, 37.1, 25.1. HRMS-ESI m/z: [M+Na], calculated for C4H3,0s: 469.1838; found
469.1841. IR (neat): 2950, 1732, 1606, 1579, 1501, 1257, 1207, 1142, 1033 cm™. Rf 0.20 in 20%
EtOAc/hexanes.

Me CO,Me
Ar

CO,Me

MeO

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-(4-methoxyphenyl)propyl)malonate (12c)

The title compound was synthesized from 11c and potassium (2,6-dimethoxyphenytrifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 56% yield (46.6 mg, 0.112 mmol) as a
colorless oil.

'H NMR: (500 MHz, CDCls): § 7.25 (d, J = 2.9 Hz, 1H), 7.06 — 7.00 (m, 2H), 6.76 — 6.72 (m, 2H),
6.47 (dd, J = 8.3, 2.9 Hz, 1H), 6.33 (d, J = 2.9 Hz, 1H), 3.79 (s, 3H), 3.76 (s, 3H), 3.64 (s, 3H), 3.47 (s, 3H),
3.37 (s, 3H), 3.25 — 3.18 (m, 2H), 2.71 (dd, J = 12.0, 3.4 Hz 1H), 1.50 (s, 3H). *C NMR: (126 MHz,
CDCl3) 6 170.8, 170.4, 159.9, 159.0, 157.1, 142.1, 128.5, 127.3, 126.9, 113.0, 103.3, 100.2, 55.3, 55.2,
52.7, 52.5, 48.9, 43.8, 37.6, 28.1. HRMS-ESI m/z: [M+Na], calculated for C,3H»307: 439.1733; found
439.1736. IR (neat): 2952, 2836, 1751, 1734, 1608, 1509, 1457, 1248, 1209, 1150, 1034, 831 cm™. Ry:

0.23 in 23% EtOAc/hexanes.
17



Me CO;Me
Ar

CO,Me

Br

Dimethyl 2-(2-(4-bromophenyl)-2-(2,6-dimethoxyphenyl)propyl)malonate (12d)

The title compound was synthesized from 12d and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 —
10% ethyl acetate in hexanes as eluent, the product was obtained in 91% yield (84.5 mg, 0.182 mmol) as a
colorless oil.

'H NMR: (500 MHz, CDCls): § 7.31 — 7.26 (m, 3H), 7.02 — 6.97 (m, 2H), 6.48 (dd, J = 8.6, 2.9
Hz, 1H), 6.32 (d, J = 2.9 Hz, 1H), 3.79 (s, 3H), 3.65 (s, 3H), 3.46 (s, 3H), 3.36 (s, 3H), 3.23 — 3.14 (m, 2
H), 2.72 — 2.66 (m, 1H), 1.49 (s, 3H). *C NMR: (126 MHz, CDCl3) § 170.7, 170.1, 160.2, 158.7, 149.3,
130.7, 128.5, 127.8, 126.3, 118.9, 103.4, 100.1, 55.4, 55.0, 52.8, 52.6, 48.7, 44.1, 37.3, 28.0. HRMS-ESI
m/z: [M+Na], calculated for C,,H,sBrOg: 487.0732; found 487.0735. IR (neat): 2950, 1731, 1608, 1457,
1435, 1260, 1208, 1140, 1033, 1006, 824, 734 cm™. Ry: 0.30 in 20% EtOAc/hexanes.

Me CO,Me

Ar.
/Ejj\/\\cozme
NC Z

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-(4-isocyanophenyl)propyl)malonate (12¢)

The title compound was synthesized from 11e and potassium (2,6-dimethoxyphenytrifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 84% yield (69.1 mg, 0.168 mmol) as a
colorless oil.

'H NMR: (500 MHz, CDCls): & 7.48 (dd, J = 8.6, 1.7 Hz, 2H), 7.30 (d, J = 8.6 Hz, 2H), 7.24 —
7.21 (m, 2H), 6.50 (dd, J = 8.6, 2.9 Hz, 1H), 6.30 (d, J = 2.3 Hz, 1H), 3.80 (s, 3H), 3.66 (s, 3H), 3.44 (s,
3H), 3.32 (s, 3H), 3.22 (dd, J =13.5, 6.3 Hz, 1H), 3.16 (dd, J = 6.3, 5.1 Hz, 1H), 2.70 (dd, J = 13.8, 5.1 Hz,
1H), 1.49 (s, 3H). *C NMR: (126 MHz, CDCl3) § 170.5, 169.9, 160.5, 158.4, 156.3, 131.7, 128.5, 126.6,
125.3, 119.4, 109.0, 103.6, 99.9, 55.4, 54.9, 52.9, 52.6, 48.6, 44.7, 36.8, 28.0. HRMS-ESI m/z: [M+Na],
calculated for Cy3HxsNOg: 434.1580; found 434.1584. IR (neat): 2952, 2225, 1732, 1606, 1503, 1436,

1261, 1208, 1141, 1032, 835, 734 cm™. Ry: 0.27 in 20% EtOAc/hexanes.
18



Me CO,Me
CO,Me

F;C

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-(4-(trifluoromethyl)phenyl)propyl)malonate (12f)

The title compound was synthesized from 11f and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 95% yield (76.8 mg, 0.19 mmol) as a
colorless oil.

'H NMR: (500 MHz, CDCls): & 7.44 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 8.6 Hz, 2H), 7.24 (d, J = 8.2
Hz, 2H), 6.50 (dd, J = 8.6, 2.2 Hz, 1H), 6.32 (d, J = 2.2 Hz, 1H), 3.80 (s, 3H), 3.64 (s, 3H), 3.45 (s, 3H),
3.32 (s, 3H), 3.27 — 3.14 (m, 2H), 2.74 (dd, J = 13.2, 4.6 Hz, 1H), 1.52 (s, 3H)."*C NMR: (126 MHz,
CDCl3) 6 170.6, 170.0, 160.3, 158.6, 154.4, 128.5, 127.4 (q, J = 32.0 Hz), 126.1, 126.0, 125.6 (q, J = 270.7
Hz), 124.7 (9, J = 3.7 Hz), 103.5, 100.0, 55.4, 54.9, 52.7, 52.5, 48.7, 44.4, 37.2, 28.0. *F NMR: (470 MHz,
CDCl3) 6 -62.1 (s). HRMS-ESI m/z: [M+Na], calculated for Cy3HsF306: 477.1501; found 477.1505. R
(neat): 2953, 1752, 1733, 1611, 1325, 1209, 1159, 1116, 1014, 838, 736 cm™. Ry 0.33 in 20%
EtOAc/hexanes.

Me CO,Me

CO,Me

F

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-(3-fluorophenyl)propyl)malonate (129)

The title compound was synthesized from 11g and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 90% yield (72.7 mg, 0.18 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCls): § 7.28 (d, J = 8.7 Hz, 1H), 7.17 — 7.12 (m, 1H), 6.91 — 6.89 (m, 1H),
6.86 — 6.76 (m, 2H), 6.49 (dd, J = 8.7, 2.3 Hz, 1H), 6.32 (d, J = 2.8 Hz, 1H), 3.80 (s, 3H), 3.66 (s, 3H), 3.46
(s, 3H), 3.35 (s, 3H), 3.25 — 3.17 (m, 2H), 2.69 (dd, J = 12.4, 3.7 Hz, 1H), 1.50 (s, 3H). *C NMR: (101
MHz, CDCl3) 6 170.7, 170.1, 162.7 (d, J = 243.6 Hz), 160.2, 158.8, 153.3 (d, J = 5.9 Hz), 129.0 (d, J = 7.8
Hz), 128.5, 126.3, 121.5, 112.9 (d, J = 21.5 Hz), 112.0 (d, J = 21.5 Hz), 103.4, 100.1, 55.4, 55.0, 52.8, 52.5,
48.8, 44.4, 37.2, 28.1. 'F NMR: (376 MHz, CDCls) & -114.2 (m). HRMS-ESI m/z: [M+Na], calculated
for CyoHs06: 427.1533; found 427.1537. IR (neat): 2952, 1732, 1611, 1582, 1457, 1434, 1259, 1208,
1140, 1033, 782, 699 cm™. Ry: 0.27 in 20% EtOAc/hexanes.
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Me CO,Me

Ar.
Cone

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-(naphthalen-2-yl)propyl)malonate (12h)

The  title  compound was  synthesized from  1lh and  potassium  (2,6-
dimethoxyphenyDtrifluoroborate following general procedure D. After purification via flash column
chromatography with a gradient of 5 - 10% ethyl acetate in hexanes as eluent, the product was obtained in
72% yield (62.8 mg, 0.144 mmol) as a colorless oil.

'H NMR: (500 MHz, CDCls): § 7.78 — 7.73 (m, 2H), 7.7 — 7.69 (m, 1H), 7.63 (d, J = 8.6 Hz, 1H),
7.44 —7.38 (m, 2H), 7.35 (d, J = 8.6 Hz, 1H), 7.14 (dd, J = 8.6, 1.8 Hz, 1H), 6.52 (dd, J = 8.6, 2.9 Hz, 1H),
6.32 (d, J = 2.3 Hz, 1H), 3.81 (s, 3H), 3.57 (s, 3H), 3.45 (s, 3H), 3.35 (dd, J = 13.8, 6.3 Hz, 1H), 3.28 —
3.26 (m, 4H), 2.87 (dd, J = 13.5, 5.4 Hz, 1H), 1.61 (s, 3H). *C NMR: (126 MHz, CDCl3) § 170.8, 170.3,
160.1, 159.1, 147.4, 133.4, 131.7, 128.7, 128.1, 127.4, 127.2, 126.8, 125.6, 125.5, 125.1, 123.6, 103.5,
100.1, 55.4, 55.1, 52.7, 52.5, 48.9, 44.5, 37.5, 28.0. HRMS-ESI m/z: [M+Na], calculated for CysH250s:
459.1784, found 459.1787. IR (neat): 2951, 1751, 1733, 1608, 1503, 1459, 1435, 1260, 1208, 1143, 1034,
820, 750 cm™. Ry: 0.30 in 20% EtOAc/hexanes.

Ph  CO,Me
Ar.

N CO,Me
=

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2,2-diphenylethyl)malonate (12i)

The title compound was synthesized from 11i and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 52% yield (46.6 mg, 0.104 mmol) as a
colorless oil.

'H NMR: (500 MHz, CDCls): § 7.29 — 7.24 (m, 4H), 7.21 — 7.18 (m, 4H), 7.12 — 7.09 (m, 3H),
6.40 (dd, J = 8.6, 2.9 Hz, 1H), 6.35 (d, J = 2.9 Hz, 1H), 3.79 (s, 1H), 3.51 — 3.46 (m, 8H), 3.44 — 3.37 (m,
4H). B3C NMR: (101 MHz, CDCl3) 6 170.3, 160.1, 159.3, 146.2, 131.2, 128.6, 127.7, 125.6, 125.5, 103.3,
99.8, 55.4, 54.8, 52.7, 49.9, 36.4. HRMS-ESI m/z: [M+Na], calculated for C,7H,30¢: 471.1784; found
471.1787. IR (neat): 2951, 1732, 1608, 1500, 1436, 1262, 1209, 1159, 1030, 700 cm™. Ry: 0.33 in 20%
EtOAc/hexanes.
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Bn CO,Me
Ar

CO,Me

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2,3-diphenylpropyl)malonate (12j)

The title compound was synthesized from 11j and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 55% yield (50.8 mg, 0.11 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCls at 45 °C): § 7.19 — 6.99 (m, 9H), 6.57 (d, J = 6.9 Hz, 2H), 6.42 (dd, J
= 8.5, 2.8 Hz, 1H), 6.36 (d, J = 2.8 Hz, 1H), 3.80, (s, 3H), 3.68 (d, J = 12.8 Hz, 1H), 3.52 — 3.49 (m, 4H),
3.43 (s, 3H), 3.29 (s, 3H), 3.24 (d, J = 12.8 Hz, 1H), 2.90 (dd, J = 14.0, 6.4 Hz, 1H), 2.66 (dd, J = 14.0, 5.0
Hz, 1H). **C NMR: (101 MHz, CDCl; at 45 °C): & 170.0, 169.8, 160.0, 159.2, 147.5, 137.7, 131.0, 128.9,
127.4, 127.3, 126.0, 125.3, 103.6, 100.5, 55.3, 55.0, 52.4, 52.3, 48.8, 48.2, 42.6 (bs), 34.1 (bs). HRMS-ESI
m/z: [M+Na], calculated for C,gH300¢: 485.1940; found 485.1944. IR (neat): 2950, 1750, 1732, 1609,
1582, 1501, 1453, 1435, 1261, 1207, 1158, 1032, 836, 701 cm™. Rs: 0.30 in 20% EtOAc/hexanes.

Et CO,Me
Ar.

CO,Me

Dimethyl 2-(2-(2,6-dimethoxyphenyl)-2-phenylbutyl)malonate (12k)

The title compound was synthesized from 11k and potassium (2,6-dimethoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 70% yield (56 mg, 0.14 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCls): § 7.33 (d, J = 8.7 Hz, 1H), 7.21 — 7.13 (m, 2H), 7.09 — 7.06 (m, 3H),
6.49 (dd, J = 8.5, 2.8 Hz, 1H), 6.30 (d, J = 2.8 Hz, 1H), 3.79 (s, 3H), 3.60 (s, 3H), 3.43 (s, 3 H), 3.25 (s,
3H), 3.20 — 3.10 (m, 2H), 2.77 (dd , J = 17.4, 8.7 Hz, 1H), 2.25 — 2.13 (m, 1H), 1.94 — 1.85 (m, 1H), 0.58
(dd, J = 7.3, 7.3 Hz, 3H). *C NMR: (126 MHz, CDCls) § 170.6, 170.2, 159.8, 159.1, 148.2, 128.7, 127.5,
127.4, 126.7, 125.0, 103.5, 100.6, 55.3, 55.1, 52.4, 52.3, 48.5, 47.4, 33.0, 29.4, 8.4. HRMS-ESI m/z:
[M+Na], calculated for C3H3506: 423.1784; found 423.1781. IR (neat): 2950, 1732, 1607, 1579, 1501,
1435, 1258, 1207, 1147, 1027, 832, 762, 699 cm™. Ry: 0.40 in 20% EtOAc/hexanes.
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MeO I CO,Me
Me
O CO,Me

Dimethyl 2-(2-(2-methoxyphenyl)-2-phenylpropyl)malonate (12m)

The title compound was synthesized from 11a and potassium (2-methoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 56% yield (39.9 mg, 0.112 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCl3): & 7.29 — 7.23 (m, 2H), 7.22 — 7.14 (m, 3H), 7.14 — 7.08 (m, 2H),
6.82 — 6.77 (m, 2H), 3.78 (s, 3H), 3.58 (s, 3H), 3.58 (s, 3H), 3.25 (dd, J = 5.5, 5.5 Hz, 1H), 2.87 (d, J =5.5
Hz, 2H), 1.57 (s, 3H). *C NMR: (101 MHz, CDCls) § 170.4, 170.4, 157.8, 148.4, 140.0, 128.7, 128.2,
127.5, 126.2, 113.5, 55.3, 52.7, 48.7, 45.5, 40.1, 27.8. HRMS-ESI m/z: [M+Na], calculated for C,;H240s:
379.1521; found 379.1525. IR (neat): 2952, 1735, 1510, 1436, 1250, 1184, 1032, 701 cm™. Ry 0.37 in
20% EtOAc/hexanes.

i-Pro ‘ CO,Me
Me
O CO,Me

Dimethyl 2-(2-(2-isopropoxyphenyl)-2-phenylpropyl)malonate (12n)

The title compound was synthesized from 11a and potassium (2-isopropoxyphenyltrifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 85% yield (65.3 mg, 0.17 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCl3): § 7.26 — 7.24 (m, 2H), 7.21 — 7.17 (m, 3H), 7.09 — 7.07 (m, 2H),
6.77 (d, J = 9.2, 2H), 4.51 (hept, J = 6.1 Hz, 1H), 3.58 (s, 6H), 3.26 (dd, J =5.9, 5.9 Hz, 1H), 2.87 (d, J =
5.9 Hz, 2H), 1.57 (s, 3H), 1.32 (d, J = 6.0 Hz, 6H). *C NMR: (101 MHz, CDCls) & 170.4, 170.4, 156.1,
148.4, 139.7, 128.7, 128.2, 127.5, 126.1, 115.2, 69.7, 52.7, 48.8, 45.5, 40.1, 27.9, 22.2. HRMS-ESI m/z:
[M+Na], calculated for C,3H330s: 407.1834; found 407.1839. IR (neat): 2974, 1751, 1733, 1507, 1434,
1245, 1187, 1147, 701 cm™. Ry: 0.33 in 20% EtOAc/hexanes.
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OMe

I CO,Me

Me

O CO,Me

Dimethyl 2-(2-(4-methoxyphenyl)-2-phenylpropyl)malonate (120)

The title compound was synthesized from 11a and potassium (4-methoxyphenyl)trifluoroborate
following general procedure D. After purification via flash column chromatography with a gradient of 5 -
10% ethyl acetate in hexanes as eluent, the product was obtained in 61% yield (43.4 mg, 0.12 mmol) as a
colorless oil.

'H NMR: (400 MHz, CDCls): & 7.28 — 7.24 (m, 2H), 7.20 — 7.17 (m, 3H), 7.12 — 7.10 (m, 2H),
6.83 — 6.76 (m, 2H), 3.77 (s, 3H), 3.58 (s, 3H), 3.58 (s, 3H), 3.26 (dd, J = 5.9, 5.5 Hz, 1H), 2.87 (d,J =5.5
Hz, 2H), 1.59 (s, 3H). *C NMR: (101 MHz, CDCls) & 170.4, 170.4, 157.8, 148.4, 140.0, 128.7, 128.2,
127.5, 126.2, 113.5, 55.3, 52.7, 48.7, 45.5, 40.1, 27.8. HRMS-ESI m/z: [M+Na], calculated for C,1H240s:
379.1521; found 379.1521. IR (neat): 2952, 1751, 1733, 1610, 1511, 1435, 1250, 1184, 1150, 1031, 832,
701 cm™. Ry: 0.30 in 20% EtOAc/hexanes.

(o] ’\o

I CO,Me

Me

O cOo,Me

Dimethyl 2-(2-(benzo[d][1,3]dioxol-5-yl)-2-phenylpropyl)malonate (12p)

The title  compound was  synthesized  from 1la and  potassium  (3,4-
methylenedioxyphenyl)trifluoroborate following general procedure D. After purification via flash column
chromatography with a gradient of 5 - 10% ethyl acetate in hexanes as eluent, the product was obtained in
42% yield (31.1 mg, 0.084 mmol) as a colorless oil.

'H NMR: (500 MHz, CDCls): § 7.26 — 7.25 (m, 2H), 7.21 — 7.15 (m, 3H), 6.72 (s, 2H), 6.60 (s,
1H), 5.91 (s, 2H), 3.61 (s, 3H), 3.59 (s, 3H), 3.25 (dd, J = 5.7, 5.7 Hz, 1H), 2.89 — 2.79 (m, 2H), 1.55 (s,
3H). C NMR: (126 MHz, CDCls) § 170.4, 170.3, 148.1, 147.6, 145.8, 142.1, 128.2, 127.4, 126.3, 120.3,
108.7, 107.6, 101.0, 52.7, 48.7, 45.9, 40.1, 27.9. HRMS-ESI m/z: [M+Na], calculated for Cj;H2,0s:
393.1314; found 393.1310. IR (neat): 2952, 1734, 1488, 1433, 1233, 1149, 815, 700 cm™. Ry: 0.35 in 20%

EtOAc/hexanes.
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Ph

Z CO,Me
Me

CO,Me

(E)-dimethyl 2-(2-methyl-2,4-diphenylbut-3-en-1-yl)malonate (12q)

The title compound was synthesized from 11a and potassium (E)-trifluoro(styryl)borate following
general procedure D. After purification via flash column chromatography with a gradient of 5 - 10% ethyl
acetate in hexanes as eluent, the product was obtained in 79% yield (55.6 mg, 0.158 mmol) as a colorless
oil.

'H NMR: (400 MHz, CDCl3): & 7.40 — 7.34 (m, 4H), 7.33 — 7.29 (m, 4H), 7.23 — 7.20 (m, 2H),
6.44 (d, J = 16.4 Hz, 1H), 6.34 (d, J = 16.4 Hz, 1H), 3.59 (s, 3H), 3.54 (s, 3H), 3.40 (dd, J = 6.4, 6.0 Hz,
1H), 2.63 (d, J = 6.0, 2H), 1.47 (s, 3H). **C NMR: (101 MHz, CDCls) § 170.4, 170.4, 146.3, 137.3, 137.2,
128.7, 128.5, 128.2, 127.5, 126.9, 126.5, 126.4, 52.8, 52.7, 48.6, 43.8, 39.5, 25.5. HRMS-ESI m/z:
[M+Na], calculated for CH2404: 375.1572; found 375.1572. IR (neat): 2953, 1752, 1734, 1495, 1435,
1260, 1198, 1152, 700 cm™. Ry: 0.30 in 20% EtOAc/hexanes.

OMe

Me CO,Me
Ph 5 CO,Me
Dimethyl 4-methyl-2,4-diphenylcyclopent-2-ene-1,1-dicarboxylate (10b)

The title compound was synthesized from 1la and potassium trifluoro(phenylethynyl)borate
following general procedure D with a modification. The reaction was catalyzed by GaBr; instead of GaCls.
After purification via flash column chromatography with a gradient of 5 - 10% ethyl acetate in hexanes as
eluent, the product was obtained in 65% yield (49.4 mg, 0.13 mmol) as a colorless oil.

'H NMR: (500 MHz, CDCls): & 7.45 — 7.39 (m, 2H), 7.38 — 7.34 (m, 2H), 7.32 — 7.29 (m, 2H),
7.23 - 7.16 (m, 1H), 6.88 — 6.78 (m, 2H), 6.32 (s, 1H), 3.81 (s, 3H), 3.72 (s, 3H), 3.48 (s, 3H), 3.02 (d, J =
13.2 Hz, 1H), 2.89 (d, J = 13.2 Hz, 1H), 1.54 (s, 3H). **C NMR: (101 MHz, CDCl3) & 172.5, 171.8, 159.2,
148.0, 140.6, 139.2, 128.8, 128.4, 127.5 126.3, 126.1, 113.5, 68.1, 55.3, 52.9, 52.6, 52.0, 51.0, 28.0.
HRMS-ESI m/z: [M+Na], calculated for Cy3H240s5: 403.1521; found 403.1524. IR (neat): 2953, 2359,
1731, 1607, 1512, 1253, 1182, 1089, 1033, 831, 764, 701 cm™. Ry: 0.27 in 20% EtOAc/hexanes.

24



4. Control experiment

N,
Ph

Me
/©)LMe Ph/\)l\COZMe M
>
NC Rh,(S-DOSP), NG COMe

Pentanes, -30 °C

e.r.=97:3
60%
OMe
BF,K
Me
CO,Me OMe
CO,Me >
Ne 11e GaCl; (0.6 equiv), MgSO,, DCM,
er = 80:20 -78°Cto23°C,5h

Me

CO,Me
CO,Me
NC

e.r. = 80:20
11e

0;, NaOH

—_—
DCM, MeOH
-78 °C
86%

Ar  CO,Me
CO,Me

NC 12e
er = 51:49

The enantioenriched cyclopropane 11e having an e.r. of 80:20 (HPLC Chiralpak ID, Hexanes/i-

PrOH = 97:3, 0.75 mL/min, UV-254 detector) was prepared according to the known procedure.?

Following general procedure D, the reaction between the enantioenriched 11e and potassium (2,6-
dimethoxyphenyDtrifluoroborate gave the product 12e with an e.r. of 51:49 (HPLC Chiralpak ID,

Hexanes/i-PrOH = 80:20, 0.50 mL/min, UV-254 detector).

2 Austin G. Smith, Michael C. Slade, Jeffrey S. Johnson, Org. Lett., 2011, 13, 1996
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Shimadzu LCsolution Analysis Report

mAU
1 5 PDA Multi 1
75+ @ g
) N Me
] CO,Me
50-] CO,Me
y NC
1 rac 11e
25—
— N
0 i T T
\ ‘ \ ‘ \ \ ‘
45 50 55 60 65 70
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 52.397 6696416 78920 50.049 54.425
2 57.793 6683391 66087 49.951 45.575
Total 13379807 145008 100.000 100.000
mAU
] % Me PDA Multi 1
30 co,Me
1 cO,Me
i NC
20— . .
] enantioenriched 11e
: g
10+ )
i n
07
] T L L
l T l T l I T
45 50 55 60 65 70
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 52.749 3075346 36489 80.045 81.110
2 58.429 766686 8498 19.955 18.890
Total 3842032 44988 100.000 100.000
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<Chromatogram>

12e from racemic 11e

Shimadzu LCsolution Analysis Report

mAU
30| § PDA Multi 1
1 ¥
- Ar  CO;Me
N~
1 2 Me
®
CO,Me
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 14.806 700718 28630 50.010 58.255
2 18.487 700448 20516 49.990 41.745
Total 1401166 49147 100.000 100.000
12e from enantioenriched 11e
mAU
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1 «
1 3
400] Ar CO,Me
. N Me
: o}
4 [ee]
300 . COzMe
1 NC
200
100-
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10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0
min
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 14.872 11054345 444275 51.294 59.992
2 18.502 10496655 296282 48.706 40.008
Total 21551000 740557 100.000 100.000
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