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1. General Information.

All the temperatures are referred to the preheated oil baths used. *H NMR spectra
were recorded on a Bruker AVANCE 111 500 or JINM-ECZ400S/L1 spectrometer in
CDCl3 (tetramethylsilane as an internal standard). The data are reported as follows:
chemical shift (& ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m
= multiplet, dd = doublet of doublets, dt = doublet of triplets, td = triplet of doublets, tt
= triplet of triplets), coupling constant(s) in Hz, integration. **C NMR spectra was
recorded on a Bruker AVANCE 111 500 or INM-ECZ400S/L1 spectrometer and data
are reported in terms of chemical shift relative to CDCls (77.00 ppm). In a typical
experiment, blue LEDs (450-465 nm) with a cooling fan were used as a visible light
source. Commercially available reagents and solvents were purchased from Adamas,
Sinopharm, and Sigma-Aldrich. Cyclopropenes were synthesized according to

literatures.®

2. Synthesis of trans-Dual Deuterated Cyclopropanes.

R'0,C.  CO,R’

R2
N—Me D\ D /Rz
R'0,C. CO,R’ A 4CzIPN (5 mol%) Arf\s N

K,CO3 (3 equiv) \Arz
+
or NMP:D,0 (90:10) 1 or
Ar' H Ph Blue LED, N, rt R'0,C_ CO,R
SN > conk b D H
: N NN
Ar1 N\
Ph

General Procedure I: Under nitrogen atmosphere, to a 10 mL Schlenk tube
equipped with a stirring bar is added 4CzIPN (5 mol%), K>COz (0.3 mmol),
cyclopropene (0.1 mmol), tertiary methylamine or potassium N-phenyl glycinate (0.3
mmol), N-methyl pyrrolidinone (0.9 mL), and DO (0.1 mL) successively, and the tube
was sealed with a septum. The mixture was stirred at room temperature irradiated with
a blue LED (6 W) overnight. The reaction was complete as monitored by TLC, and

qguenched with H2O (2.5 mL). The aqueous layer was extracted with ethyl acetate (5
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mL x 3) and the combined organic layer was washed with brine (5 mL), dried over
anhydrous MgSOyg, filtered and concentrated in vacuo to afford corresponding product

via chromatography on silica gel.

R'0,C_ CO,R’

Ar2\ _Me 4CzIPN (10 mql%)
. N K,CO3 (3 equiv)
I
A H R2 NMP:D,0 (90:10)
Blue LED, Ny, rt

General Procedure Il: Under nitrogen atmosphere, to a 10 mL Schlenk tube
equipped with a stirring bar is added 4CzIPN (10 mol%), K>COz (0.3 mmol),
cyclopropene (0.1 mmol), methylamine (0.3 mmol), N-methyl pyrrolidinone (0.9 mL),
and D20 (0.1 mL) successively, and the tube was sealed with a septum. The mixture
was stirred at room temperature irradiated with a blue LED (6 W) overnight. The
reaction was complete as monitored by TLC, and quenched with H20 (2.5 mL). The
aqueous layer was extracted with ethyl acetate (5 mL < 3) and the combined organic
layer was washed with brine (5 mL), dried over anhydrous MgSO., filtered and

concentrated in vacuo to afford corresponding product via chromatography on silica

gel.
1 1
R10,C. COR'  \2 o IMPPY)a(ctobpy)PFs (1 moloe) R O2E\ O
z . ITJ/ K,CO3 (3 equiv) D D? R2
> § 0 /
2 . . R
Blue LED, Ny, rt "

General Procedure I11: Under nitrogen atmosphere, to a 10 mL Schlenk tube
equipped with a stirring bar is added Ir(ppy)2(dtbbpy)PFs (1 mol%), K2COz (0.3 mmol),
cyclopropene (0.1 mmol), methylamine (0.3 mmol), N-methyl pyrrolidinone (0.9 mL),
and D20 (0.1 mL) successively, and the tube was sealed with a septum. The mixture
was stirred at room temperature irradiated with a blue LED (6 W) overnight. The
reaction was complete as monitored by TLC, and quenched with H>O (2.5 mL). The
aqueous layer was extracted with ethyl acetate (5 mL > 3) and the combined organic
layer was washed with brine (5 mL), dried over anhydrous MgSQsa, filtered and

concentrated in vacuo to afford corresponding product via chromatography on silica

gel.
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(1) Dimethyl (25*,3R*)-2-((diphenylamino)methyl)-3-phenylcyclopropane-1,1-
dicarboxylate-2,3-d> (1) (wyQ-3-34, wyq-5-43).

trans:cis = 11:1, D', D? = 94%, 95%

Following General Procedure I, 1 was afforded as a colorless oil (31.5 mg, 77%,
DY/D? = 94%/95%, trans:cis = 11:1), eluent (0-9% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) § 7.29 — 7.23 (m, 4 H), 7.20 (d, J = 7.4 Hz, 3 H), 7.05 (dd, J = 8.0, 1.4 Hz, 2
H), 7.02 (d, J = 7.4 Hz, 4 H), 6.96 (t, J = 7.3 Hz, 2 H), 3.98 (d, J = 15.3 Hz, 1 H), 3.88
(d, J=15.2 Hz, 1 H), 3.61 (s, 3 H), 3.33 (s, 3 H), 3.17 (s, 0.06 H), 2.90 (t, J = 6.5 Hz,
0.05 H); ®C NMR (126 MHz, CDCls) § 168.23, 166.84, 147.65, 134.25, 129.40, 128.37,
128.12,127.32,121.76, 121.29, 52.76, 52.21, 49.20, 42.08, 36.35, 36.05 (t, Jc.-0o=23.9
Hz), 29.21, 28.91 (t, Jco = 24.6 Hz); HRMS calcd for CagHasD2NOs ([M+H]Y):
418.1982; found: 418.1988.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) 6 3.75 (s, 3 H), 3.54 (s, 3 H), 4.36 (d, J = 15.2 Hz, 1 H); 3C NMR (126 MHz,
CDClI3) 6 129.26, 121.51.

Grame-scale synthesis of 1 (wyq-9-28).

Under nitrogen atmosphere, to a 25 mL Schlenk tube equipped with a stirring bar
is added 4CzIPN (126.8 mg, 0.15 mmol, 5 mol%), K>2CO3 (1.2490 g, 9 mmol, 3 equiv),
S1 (696.5 mg, 3 mmol, 1 equiv), S2 (1.6550 g, 9 mmol, 3 equiv), N-methyl
pyrrolidinone (9 mL), and D.O (1 mL) successively, and the tube was sealed with a
septum. The mixture was stirred at room temperature irradiated with a blue LED for 48
h. The aqueous layer was extracted with ethyl acetate (10 mL > 3) and the combined
organic layer was washed with brine, dried over anhydrous MgSO4, filtered and

concentrated in vacuo to afford corresponding product via chromatography on silica
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gel, 1 was afforded as a colorless oil (959.8 mg, 77%, DY/D? = 94%/95%, trans:cis =
11:1), eluent (0-9% of ethyl acetate in petroleum ether).
2 Dimethyl (2R*,35*)-2-(4-bromophenyl)-3-((diphenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (2) (wyqg-4-11).

trans:cis = 13:1, D', D? = 94%, 96%

Following General Procedure I, 2 was afforded as a colorless oil (31.1 mg, 63%,
DY/D? = 94%/96%, trans:cis = 13:1), eluent (0-11% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) §7.32 (d, J = 8.4 Hz, 2 H), 7.29 — 7.22 (m, 4 H), 7.03 — 6.93 (m, 6 H), 6.90 (d,
J=8.4Hz, 2 H),3.99 (d, J = 15.1 Hz, 1 H), 3.82 (d, J = 15.2 Hz, 1 H), 3.63 (s, 3 H),
3.38 (s, 3 H), 3.33 (s, 0.06 H), 2.83 (t, J = 6.5 Hz, 0.04 H); 13C NMR (126 MHz, CDCl5)
0 168.00, 166.66, 147.63, 133.40, 131.27, 130.12, 129.44, 121.89, 121.55, 121.33,
52.84, 52.41, 49.25, 41.99, 35.82, 35.52 (t, Jc-o = 24.6 Hz), 29.25, 28.96 (t, Jc.o = 23.2
Hz); HRMS calcd for C26H23D2BrNO4 ([M+H]"): 496.1087; found: 496.1094.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) 6 4.31 (d, J = 15.2 Hz, 2 H), 3.76 (s, 3 H), 3.56 (s, 3 H); 13C NMR (126 MHz,
CDCI3) 6 131.34, 131.00, 129.35, 121.39, 53.03, 52.27.

3 Dimethyl (25*,3R*)-2-((diphenylamino)methyl)-3-(4-fluorophenyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (3) (wyq-4-16).

trans:cis = 10:1, D', D2 = 94%, 96%
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Following General Procedure I, 3 was afforded as a colorless oil (28.8 mg, 65%,
DY/D? = 94%/96%, trans:cis = 10:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) § 7.26 (m, J = 8.6, 7.2 Hz, 4 H), 7.04 — 6.97 (m, 6 H), 6.98 — 6.85 (m, 4 H),
3.99 (d, J = 15.2 Hz, 1 H), 3.83 (d, J = 15.2 Hz, 1 H), 3.63 (s, 3 H), 3.36 (s, 3 H), 3.12
(s, 0.06 H), 2.84 (t, J = 6.5 Hz, 0.04 H); 3C NMR (126 MHz, CDCls) § 168.12, 166.76,
162.08 (d, Jcr = 246.1 Hz), 147.67, 130.07 (d, Jc-r = 8.2 Hz), 129.44, 121.87, 121.33,
115.05 (d, Jo.r = 21.4 Hz), 52.80, 52.30, 49.27, 41.95, 35.73, 35.43 (t, Jc.0 = 24.6 Hz),
29.39, 29.10 (t, Jc-o = 25.2 Hz); *°F NMR (471 MHz, CDCl3) 6 -114.79; HRMS calcd
for CasH23D2FNO4 ([M+H]*): 436.1888; found: 436.1897.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) 6 4.31 (d, J = 15.2 Hz, 1 H), 3.76 (s, 3 H), 3.55 (5, 3 H); 13C NMR (126 MHz,
CDCl3) 6 129.34, 121.94, 121.59, 52.99, 52.19.

4) Dimethyl (2R*,3S*)-2-(4-chlorophenyl)-3-((diphenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-dz (4) (wyq-4-24).

trans:cis = 14:1, D', D? = 94%, 95%

Following General Procedure I, 4 was afforded as a colorless oil (33.9 mg, 75%,
DY/D? = 94%/95%, trans:cis = 14:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.30 — 7.23 (m, 4 H), 7.20 — 7.15 (m, 2 H), 7.04 — 6.98 (m, 4 H), 7.00 — 6.94
(m, 4 H),4.00 (d, J =15.1 Hz, 1 H), 3.83 (d, J=15.2 Hz, 1 H), 3.63 (s, 3 H), 3.38 (s, 3
H), 3.10 (s, 0.06 H), 2.84 (t, J = 6.5 Hz, 0.05 H); 3C NMR (126 MHz, CDCl3) 5 168.02,
166.67, 147.58, 133.25, 132.83, 129.76, 129.45, 128.32, 121.89, 121.30, 52.86, 52.41,
49.22, 42.00, 35.73, 35.43 (t, Jc.0 = 24.6 Hz), 29.24, 28.95 (t, Jc.o = 24.6 Hz); HRMS
calcd for Co6H23D2CINO4 ([M+H]Y): 452.1592; found: 452.1599.
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The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) 6 4.31 (d, J = 15.1 Hz, 1 H), 3.76 (s, 3 H), 3.56 (5, 3 H); 13C NMR (126 MHz,
CDCl3) 6 130.65, 129.35, 121.54.

(5) Dimethyl (2R*,35*)-2-(3-chlorophenyl)-3-((diphenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-dz (5) (wyq-9-21).

trans:cis = 13:1, D', D? = 97%, 93%

Following General Procedure 111, 5 was afforded as a colorless oil (31.7 mg, 70%,
DY/D? = 97%/93%, trans:cis = 13:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) § 7.30 — 7.23 (m, 4 H), 7.14 (dt, J = 15.4, 8.1 Hz, 2 H), 7.04 — 6.99 (m, 5 H),
6.98 (t, J = 7.3 Hz, 2 H), 6.91 (d, J = 7.6 Hz, 1 H), 3.99 (d, J = 15.2 Hz, 1 H), 3.84 (d,
J=15.3Hz, 1 H), 3.63 (s, 3 H), 3.40 (s, 3 H), 3.25 (s, 0.03 H), 2.83 (t, J = 6.5 Hz, 0.07
H); *C NMR (126 MHz, CDCls) § 167.96, 166.61, 147.60, 136.46, 134.01, 129.46,
129.35, 128.71, 127.58, 126.47, 121.91, 121.34, 52.89, 52.40, 49.17, 41.99, 35.83,
3552 (t, J co= 24.6 Hz), 29.33, 29.04 (t, J co= 24.6 Hz); HRMS calcd for
C26H23D2CINO, ([M+H]*): 452.1592; found: 452.1600.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) 6 4.34 (d, J = 15.2 Hz, 1 H), 3.77 (s, 3 H), 3.58 (s, 3 H); 3C NMR (126 MHz,
CDCl3) 6 121.52.

(6) Dimethyl (25*,35*)-2-(2-chlorophenyl)-3-((diphenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (6) (wyQq-4-29).
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trans:cis = 13:1, D', D? = 96%, 95%

Following General Procedure I, 6 was afforded as a colorless oil (31.6 mg, 71%,
DY/D? = 96%/95%, trans:cis = 13:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCls) 6 7.32 = 7.24 (m, 5 H), 7.15 (td, J = 7.7, 1.7 Hz, 1 H), 7.09 (td, J = 7.6, 1.4 Hz,
1 H), 7.04 — 7.01 (m, 4 H), 6.97 (t, J = 7.2 Hz, 2 H), 6.91 (dd, J = 7.7, 1.8 Hz, 1 H),
4.03 (d, J =15.2 Hz, 1 H), 3.89 (d, J = 15.3 Hz, 1 H), 3.64 (s, 3 H), 3.35 (s, 3 H), 3.30
(s, 0.04 H), 2.94 (t, J = 6.5 Hz, 0.05 H); 3C NMR (126 MHz, CDCl3) & 167.85, 166.82,
147.64, 136.00, 132.38, 129.44, 129.34, 129.30, 129.12, 128.69, 126.34, 122.05,
121.86, 121.74, 121.30, 52.79, 52.28, 49.37, 41.37, 35.24, 34.94 (t, Jcp = 24.6 Hz),
29.28,29.00 (t, Jc-p = 24.6 Hz); HRMS calcd for C26H23D2CINO4 ([M+H]"): 452.1592;
found: 452.1601.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) 5 4.18 (d, J = 14.8 Hz, 1 H), 4.11 (d, J = 14.8 Hz, 1 H), 3.76 (s, 3 H), 3.42 (s, 3
H); 3C NMR (126 MHz, CDCls) § 129.38, 122.08, 121.77.

(7) Dimethyl (25*,3R*)-2-((diphenylamino)methyl)-3-(4-(trifluoromethyl)phenyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (7) (wyq-7-37).

trans:cis = 13:1, D', D? = 95%, 95%
Following General Procedure 1, 7 was afforded as a colorless oil (33.2 mg, 67%,

DY/D? = 95%/95%, trans:cis = 13:1), eluent (0-10% of ethyl acetate in petroleum ether).
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The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3)$ 7.46 (d, J = 8.1 Hz, 2 H), 7.30 — 7.19 (m, 5 H), 7.14 (d, J = 8.0 Hz, 2 H), 7.03
—6.98 (M, 3 H), 6.98 —6.88 (M, 2 H), 4.02 (d, J = 15.2 Hz, 1 H), 3.84 (d, J = 15.2 Hz,
1 H), 3.65 (s, 3 H), 3.37 (5, 3 H), 3.17 (s, 0.05 H), 2.89 (t, J = 6.5 Hz, 0.05 H); 3C NMR
(126 MHz, CDCls) § 167.87, 166.54, 147.57, 138.51,129.57 (q, Jcr = 32.5 Hz), 129.47,
128.77, 125.06 (q, Jcr = 3.7 Hz), 124.01 (q, Jo.r = 272.4 Hz) 121.94, 121.30, 52.95,
52.45, 49.18, 42.16, 35.85, 35.54 (t, Jc-o = 24.6 Hz), 29.28, 28.99 (t, Jc.o= 24.6 Hz);
19F NMR (471 MHz, CDCl3) § -62.57; HRMS calcd for C27H23D2F3NO4 ([M+H]*):
486.1856; found: 486.1864.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) 6 4.34 (d, J = 15.3 Hz, 1 H), 3.78 (s, 3 H), 3.58 (s, 3 H); 13C NMR (126 MHz,
CDCI3) 6 129.36, 129.25, 121.52, 121.47.

(8) Dimethyl (2S*,3R*)-2-((diphenylamino)methyl)-3-(3-(methoxycarbonyl)
phenyl)cyclopropane-1,1-dicarboxylate-2,3-d> (8) (wyq-4-26).

trans:cis = 12:1, D', D? = 92%, 93%

Following General Procedure I, 8 was afforded as a colorless oil (28.8 mg, 58%,
DY/D? = 92%/93%, trans:cis = 12:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3)  7.87 (d, J = 7.6 Hz, 1 H), 7.77 (s, 1 H), 7.30 — 7.27 (m, 2 H), 7.26 — 7.19 (m,
3 H), 7.03 (d, J = 8.0 Hz, 4 H), 6.99 — 6.87 (m, 3 H), 4.01 (d, J = 15.2 Hz, 1 H), 3.90 —
3.84 (m, 4 H), 3.63 (s, 3 H), 3.36 (s, 3 H), 3.19 (s, 0.08 H), 2.90 (t, J = 6.4 Hz, 0.07 H);
13C NMR (126 MHz, CDCl3) § 168.00, 166.68, 147.61, 134.82, 132.71, 130.14, 129.76,
129.43, 128.60, 128.23, 121.87, 121.52, 121.34, 52.86, 52.34, 52.08, 49.20, 41.99,
35.99, 35.69 (t, Jc.o = 23.9 Hz), 29.35, 29.04 (t, Jc.o = 24.6 Hz); HRMS calcd for
C2sH26D2NOs ([M+H]*): 476.2037; found: 476.2046.
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The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) § 3.77 (s, 3 H), 3.59 (s, 3 H), 3.37 (s, 3 H).
(9) Dimethyl (25*,3R*)-2-((diphenylamino)methyl)-3-(p-tolyl)cyclopropane-1,1-
dicarboxylate-2,3-d2 (9) (wyqg-4-20).

trans:cis = 9:1, D', D? = 93%, 93%

Following General Procedure I, 9 was afforded as a colorless oil (30.8 mg, 66%,
DY/D? = 93%/93%, trans:cis = 9:1), eluent (0-11% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 8 7.29—7.19 (m, 4 H), 7.01 (t, J = 6.2 Hz, 6 H), 6.96 (q, J = 7.6 Hz, 4 H), 3.97
(d, J = 15.0 Hz, 1 H), 3.87 (d, J = 15.2 Hz, 1 H), 3.60 (s, 3 H), 3.35 (s, 3 H), 3.13 (s,
0.07 H), 2.87 (t, J = 6.7 Hz, 0.07 H), 2.27 (s, 3 H); 3C NMR (126 MHz, CDCls) &
168.32, 166.94, 147.67, 136.95, 131.14, 129.39, 128.84, 128.24, 121.73, 121.29, 52.71,
52.22, 49.24, 46.15, 42.01, 36.20, 35.89 (t, Jc-o = 23.9 Hz), 29.29, 29.00 (t, Jc.o = 23.9
Hz), 21.04; HRMS calcd for C27H26D2NO4 ([M+H]*): 432.2138; found: 432.2147.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) §4.34 (d,J=15.2 Hz, 1 H), 3.75 (s, 3 H), 3.54 (s, 3 H), 2.29 (s, 3 H); 3C NMR
(126 MHz, CDCl3) 6 129.25, 129.09, 128.95, 121.52, 52.91, 52.12, 46.15.
(20) Dimethyl (25*,3R*)-2-((diphenylamino)methyl)-3-(4-ethylphenyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (10) (wyqg-7-40).

trans:cis = 14:1, D', D2 = 93%, 92%
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Following General Procedure I, 10 was afforded as a colorless oil (36.7 mg, 77%,
DY/D? = 93%/92%, trans:cis = 14:1), eluent (0-9% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 8 7.30 — 7.25 (m, 2 H), 7.27 — 7.22 (m, 2 H), 7.06 — 6.99 (m, 6 H), 7.00 — 6.91
(m, 4 H), 3.97 (d, J = 15.3 Hz, 1 H), 3.87 (d, J = 15.2 Hz, 1 H), 3.60 (s, 3 H), 3.34 (s, 3
H), 3.14 (s, 0.07 H), 2.88 (t, J = 6.5 Hz, 0.08 H), 2.57 (q, J = 7.6 Hz, 2 H), 1.18 (t, J =
7.6 Hz, 3 H); C NMR (126 MHz, CDCls) § 168.34, 166.96, 147.69, 143.36, 131.41,
129.41, 128.33, 127.63, 121.75, 121.31, 52.72, 52.21, 49.23, 42.07, 36.19, 35.88 (t, Jc-
p = 24.6 Hz), 29.36, 29.07 (t, Jco = 24.6 Hz), 28.43, 15.41; HRMS calcd for
CasH28D2NO4 ([M+H]"): 446.2295; found: 446.2297.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) 8 4.36 (d, J = 15.2 Hz, 1 H), 3.75 (s, 3 H), 3.56 (5, 3 H), 1.22 (t, J = 7.6 Hz, 3
H).

(11) Dimethyl (25*,3R*)-2-(4-(tert-butyl)phenyl)-3-((diphenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (11) (wyg-4-10).

‘Bu
trans:cis = 13:1, D', D? = 95%, 94%

Following General Procedure I, 11 was afforded as a colorless oil (32.9 mg, 70%,
DY/D? = 95%/94%, trans:cis = 13:1), eluent (0-11% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.30 — 7.25 (m, 2 H), 7.27 — 7.20 (m, 4 H), 7.05 — 6.98 (m, 5 H), 7.00 — 6.93
(m, 3H),3.96 (d, J=15.3 Hz, 1 H), 3.88 (d, J = 15.3 Hz, 1 H), 3.59 (s, 3 H), 3.32 (s, 3
H), 3.15 (s, 0.05 H), 2.89 (t, J = 6.4 Hz, 0.06 H), 1.26 (s, 9 H); 13C NMR (126 MHz,
CDCI3) 6 168.36, 166.99, 150.29, 147.67, 131.19, 129.42, 128.06, 125.04, 121.78,
121.32,52.74,52.17, 49.20, 42.13, 35.97, 35.81, 35.69 (t, Jc.o = 15.1 Hz), 35.57, 34.44,
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31.25, 29.30, 29.00 (t, Jeo = 14.5 Hz); HRMS calcd for CsoHz2D2NO4 ([M+H]*):
474.2608; found: 474.2616.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) § 4.39 (d, J = 15.3 Hz, 2 H), 3.75 (s, 3 H), 3.58 (s, 3 H), 1.28 (s, 9 H).
(12) Diethyl (25*,3R*)-2-((diphenylamino)methyl)-3-phenylcyclopropane-1,1-
dicarboxylate-2,3-d> (12) (wyq-4-17).

12
trans:cis = 10:1, D', D2 = 94%, 95%

Following General Procedure I, 12 was afforded as a colorless oil (27.6 mg, 62%,
DY/D? = 94%/95%, trans:cis = 10:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 5 7.29 — 7.22 (m, 4 H), 7.22 — 7.14 (m, 3 H), 7.08 — 7.00 (m, 6 H), 6.99 — 6.91
(m, 2 H), 4.23 - 4.16 (m, 1 H), 4.06 — 3.96 (M, 2 H), 3.86 — 3.78 (M, 3 H), 3.15 (s, 0.06
H), 2.86 (t, J = 6.5 Hz, 0.05 H), 1.22 (t, J = 7.2 Hz, 3 H), 0.84 (t, J = 7.1 Hz, 3 H); °C
NMR (126 MHz, CDClz) 6 167.87, 166.42, 147.77, 134.37, 129.38, 128.55, 128.04,
127.21, 121.75, 121.36, 61.75, 61.13, 49.33, 42.24, 42.24, 36.31, 36.00 (t, Jc.o = 24.6
Hz), 35.81, 28.76, 28.47 (t, Jco = 24.6 Hz), 14.05, 13.66; HRMS calcd for
CasH28D2NO4 ([M+H]*): 446.2295; found: 446.2297.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCls) 8 1.27 — 1.25 (m, 3 H), 1.08 (t, J = 7.1 Hz, 3 H); 3C NMR (126 MHz, CDCls)
0 129.26, 121.57.

(13) Di-tert-butyl (2S*,3R*)-2-((diphenylamino)methyl)-3-phenylcyclopropane-
1,1-dicarboxylate-2,3-dz (13) (wyg-4-33).
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13
trans:cis = 18:1, D', D% = 95%, 88%

Following General Procedure I, 13 was afforded as a colorless oil (33.5 mg, 68%,
DY/D? = 95%/88%, trans:cis = 18:1), eluent (0-6% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.30 — 7.20 (m, 4 H), 7.20 — 7.07 (m, 3 H), 7.05 — 7.03 (m, 6 H), 6.95 (t, J =
7.3 Hz, 2 H), 4.06 (d, J = 14.8 Hz, 1 H), 3.70 (d, J = 14.8 Hz, 1 H), 3.05 (s, 0.05 H),
2.71 (dd, J = 8.5, 4.8 Hz, 0.12 H), 1.46 (s, 9 H), 1.10 (s, 9 H); 13C NMR (126 MHz,
CDCl3) 6 167.17, 165.59, 147.81, 134.61, 129.38, 128.83, 127.84, 126.93, 121.74,
121.40, 82.06, 81.10, 49.39, 43.88, 35.78, 35.47 (t, Jc.0 = 24.6 Hz), 30.20, 29.69 (t, Jc-
p=24.6 Hz), 28.04, 27.51; HRMS calcd for C32H3sD2NO4 ([M+H]*): 502.2921; found:
502.2925.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCls) & 1.48 (s, 9 H), 1.34 (s, 9 H); 3C NMR (126 MHz, CDCl3) 5 118.41, 27.87.
(14) Dibenzyl (25*,3R*)-2-((diphenylamino)methyl)-3-phenylcyclopropane-1,1-
dicarboxylate-2,3-d> (14) (wyQg-9-17).

BnO,C_ CO,Bn

14
trans:cis = 10:1, D', D2 = 93%, 96%

Following General Procedure I11, 14 was afforded as a colorless oil (27.4 mg, 50%,
DY/D? = 93%/96%, trans:cis = 10:1), eluent (0-10% of ethyl acetate in petroleum ether).
The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.31-7.25(m, 3H), 7.23 (t, J = 7.8 Hz, 6 H), 7.17 (p, J = 7.9 Hz, 6 H), 7.05
—7.00 (M, 2 H), 6.99 (d, J = 8.1 Hz, 4 H), 6.95 (t, J = 7.2 Hz, 2 H), 6.88 (d, J = 7.2 Hz,
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2 H),5.15 (d, J=12.3 Hz, 1 H), 4.89 (d, J = 12.3 Hz, 1 H), 4.72 (g, J = 12.3 Hz, 2 H),
4.00 (d, J = 15.0 Hz, 1 H), 3.82 (d, J = 15.0 Hz, 1 H), 3.20 (s, 0.07 H), 2.92 (t, J = 6.7
Hz, 0.04 H); *C NMR (126 MHz, CDCls) § 167.63, 166.24, 147.66, 135.35, 135.16,
134.04, 129.41, 128.49, 128.29, 128.16, 128.09, 128.05, 128.00, 127.36, 121.80,
121.36, 67.51, 67.18, 49.09, 42.23, 36.75, 36.45 (t, Jc-o = 24.6 Hz), 29.68, 28.99 (t, Jc-
b = 24.6 Hz); HRMS calcd for CagH32D2NO4 ([M+H]*): 570.2608; found: 570.2612.
The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCls) 5 4.92 (s, 2 H), 4.36 (d, J = 15.2 Hz, 1 H).
(15) Dimethyl (25*,3R*)-2-((methyl(phenyl)amino)methyl)-3-phenylcyclo
propane-1,1-dicarboxylate-2,3-d> (15) (wyq-3-37).

trans:cis = 23:1, D', D? = 96%, 94%

Following General Procedure I, 15 was afforded as a colorless oil (27.5 mg, 77%,
DY/D? = 96%/94%, trans:cis = 23:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 5 7.29 - 7.18 (m, 5 H), 7.12 (d, J = 6.6 Hz, 2 H), 6.84 (d, J = 8.1 Hz, 2 H), 6.75
(t,J=7.3Hz, 1 H), 3.77 (s, 3 H), 3.65 (d, J = 14.8 Hz, 1 H), 3.42 (d, J = 15.0 Hz, 1 H),
3.37 (s, 3H), 3.30 (s, 0.04 H), 2.97 (s, 3H), 2.79 (t, J = 6.7 Hz, 0.06 H); *C NMR (126
MHz, CDClz) 6 168.38, 167.01, 149.43, 134.24, 129.23, 128.47, 128.20, 127.39, 117.31,
113.36, 52.84, 52.29, 50.23, 41.43, 37.94, 36.52, 36.21 (t, Jc.o = 24.6 Hz), 28.51, 28.23
(t, Jco = 24.6 Hz); HRMS calcd for C21H22D2NOs ([M+H]"): 356.1825; found:
356.1837.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCls) 5 2.81 (s, 3 H).
(16) Dimethyl (2S*,3R*)-2-((ethyl(phenyl)amino)methyl)-3-phenylcyclopropane-
1,1-dicarboxylate-2,3-d> (16) (wyQg-9-3).

S15



16
trans:cis = 17:1, D', D2 = 92%, 97%

Following General Procedure 111, 16 was afforded as a colorless oil (28.6 mg, 77%,
DY/D? = 92%/97%, trans:cis = 17:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (400 MHz,
CDCls) § 7.29 — 7.17 (m, 5 H), 7.14 (dd, J = 7.7, 1.9 Hz, 2 H), 6.81 (d, J = 7.7 Hz, 2
H), 6.72 (t, J = 7.2 Hz, 1 H), 3.79 (s, 3 H), 3.59 (d, J = 15.2 Hz, 1 H), 3.48 — 3.35 (m, 3
H), 3.37 (s, 3 H), 3.31 (s, 0.08 H), 2.81 (t, J = 6.4 Hz, 0.03 H) 1.15 (t, J = 7.0 Hz, 3 H);
13C NMR (126 MHz, CDCl3) § 168.42, 167.00, 147.96, 134.31, 129.34, 128.49, 128.20,
127.39, 116.72, 113.06, 52.84, 52.28, 47.89, 44.75, 41.82, 36.78, 36.47 (t, Jc.o = 24.6
Hz), 29.67, 28.83 (t, Jc.o = 24.6 Hz), 12.13; HRMS calcd for C22HasD2NO4 ([M+H]Y):
370.1982; found: 370.1991.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) § 3.77 (s, 3 H), 3.67 (s, 3 H), 1.03 (t, J = 7.0 Hz, 3 H); 3C NMR (126 MHz,
CDCls) 6 129.08.

@17 Dimethyl (25*,3R*)-2-((isopropyl(phenyl)amino)methyl)-3-
phenylcyclopropane-1,1-dicarboxylate-2,3-d2 (17) (wyq-9-19).

M602C COzMe

D .D? Ipr
7

AN

Ph

\
\\\
:
o
Ph

17
trans:cis > 20:1, D', D% = 99%, 96%

Following General Procedure I, 17 was afforded as a colorless oil (31.4 mg, 80%,
DY/D? = 99%/96%, trans:cis > 20:1), eluent (0-11% of ethyl acetate in petroleum ether);
IH NMR (400 MHz, CDCls) § 7.30 — 7.25 (m, 2 H), 7.22 — 7.17 (m, 3 H), 7.10 (dd, J =
7.4,2.2 Hz, 2 H), 6.91 (d, J=8.2 Hz, 2 H), 6.76 (t, J = 7.2 Hz, 1 H), 4.05 (hept, J = 6.7
Hz, 1 H), 3.84 (s, 3 H), 3.43 (d, J = 15.4 Hz, 1 H), 3.35 (5, 3 H), 3.25 (d, J = 15.4 Hz, 1
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H), 3.16 (s, 0.01 H), 2.72 (dd, J = 7.2, 3.8 Hz, 0.04 H), 1.18 (t, J = 6.7 Hz, 6 H); 13C
NMR (126 MHz, CDCIsz) & 68.53, 166.95, 148.49, 134.41, 129.31, 128.47, 128.15,
127.32, 117.24, 114.36, 52.81, 52.26, 48.85, 42.64, 42.11, 38.02, 37.70 (t, Jc-o = 30.2
Hz), 30.19, 29.89 (t, Jc.o = 30.7 Hz), 20.84, 19.77; HRMS calcd for CasHasD2NO4
(IM+H]"): 384.2138; found: 384.2136.

(18) Dimethyl (25*,3R*)-2-(((2-chlorophenyl)(methyl)amino)methyl)-3-
phenylcyclopropane-1,1-dicarboxylate-2,3-d; (18) (wyQq-3-49).

18
trans:cis = 8:1, D', D2 = 98%, 85%

Following General Procedure I, 18 was afforded as a colorless oil (35.7 mg, 90%,
DY/D? = 98%/85%, trans:cis = 8:1), eluent (0-11% of ethyl acetate in petroleum ether).
The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.36 — 7.33 (m, 1 H), 7.26 — 7.18 (m, 4 H), 7.16 — 7.10 (m, 3 H), 6.97 — 6.93
(m, 1 H), 3.72 (s, 3 H), 3.42 — 3.34 (m, 4 H), 3.29 (d, J = 13.9 Hz, 1 H), 3.22 (s, 0.02
H), 2.89 (s, 3 H), 2.79 (t, J = 6.7 Hz, 0.15 H); 23C NMR (126 MHz, CDCl3) & 168.17,
167.09, 149.04, 134.35, 130.66, 128.90, 128.37, 128.16, 128.13, 127.32, 123.68,
121.82,52.74,52.59, 52.27, 41.66, 40.47, 36.19, 35.88 (t, Jc.o = 23.9 Hz), 28.57, 28.28
(t, Jeo = 23.9 Hz); HRMS calcd for C21H2:D2CINOs ([M+H]"): 390.1436; found:
390.1442.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) & 3.78 (s, 3 H), 3.61 (s, 3 H), 2.76 (s, 3 H); 3C NMR (126 MHz, CDCl3) &
129.54, 127.03, 125.77, 123.86, 122.16, 120.27, 119.36, 110.55, 52.96, 52.11, 41.32.
(29) Dimethyl (25*,3R*)-2-(((3-chlorophenyl)(methyl)amino)methyl)-3-
phenylcyclopropane-1,1-dicarboxylate-2,3-d> (19) (wyq-4-4-2).
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19
trans:cis = 14:1, D', D2 = 96%, 92%

Following General Procedure I, 19 was afforded as a colorless oil (27.1 mg, 67%,
DY/D? = 96%/92%, trans:cis = 14:1), eluent (0-12% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) & 7.34 — 7.19 (m, 3 H), 7.18 — 7.10 (m, 3 H), 6.76 (s, 1 H), 6.73 — 6.64 (m, 2
H), 3.77 (s, 3 H), 3.63 (d, J = 15.0 Hz, 1 H), 3.43 (d, J = 15.1 Hz, 1 H), 3.38 (s, 3 H),
3.29 (s, 0.04 H), 2.96 (s, 3 H), 2.76 (t, J = 6.7 Hz, 0.08 H); 3C NMR (126 MHz, CDCl3)
0 168.33, 166.88, 150.46, 135.19, 134.10, 130.15, 128.44, 128.28, 127.50, 117.03,
113.00, 111.22, 52.89, 52.34, 49.90, 41.53, 37.87, 36.43, 36.12 (t, Jc.o = 24.6 Hz),
28.47, 28.18 (t, Jo.o = 24.6 Hz); HRMS calcd for C21H21D2CINO, ([M+H]*): 390.1436;
found: 390.1441.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) 5 4.02 (d, J = 15.4 Hz, 1 H), 3.78 (s, 3 H), 3.67 (s, 3 H), 2.81 (s, 3 H).
(20) Dimethyl (25*,3R*)-2-(((4-fluorophenyl)(methyl)amino)methyl)-3-
phenylcyclopropane-1,1-dicarboxylate-2,3-d> (20) (wyq-8-50).

20
trans:cis = 14:1, D', D% = 95%, 94%

Following General Procedure 11, 20 was afforded as a colorless oil (30.7 mg, 79%,
DY/D? = 95%/94%, trans:cis = 14:1), eluent (0-12% of ethyl acetate in petroleum ether).
The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) $7.29—7.18 (m, 3 H), 7.11 (d, J = 6.2 Hz, 2 H), 6.95 (t, J = 8.7 Hz, 2 H), 6.81
—6.75 (m, 2 H), 3.76 (s, 3 H), 3.57 (d, J = 14.7 Hz, 1 H), 3.39 — 3.35 (m, 4 H), 3.27 (s,
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0.05 H), 2.94 — 2.90 (m, 3 H), 2.75 (t, J = 6.8 Hz, 0.06 H); 13C NMR (126 MHz, CDCls)
6 168.36, 167.00, 156.06 (d, Jcr = 236.4 Hz), 146.36, 134.23, 128.42, 128.24, 127.44,
115.58 (d, Jc-r = 22.1 Hz), 115.24 (d, Jc-r = 7.4 Hz), 52.81, 52.30, 51.22, 41.51, 38.56,
36.57, 36.27 (t, Je.o = 24.6 Hz), 29.67, 28.13 (t, Jc.0 = 24.6 Hz); 1%F NMR (471 MHz,
CDCl3) & -127.68; HRMS calcd for CaiH21D:FNO, ([M+H]"): 374.1731; found:
374.1737.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) § 3.77 (s, 3 H), 3.65 (s, 3 H), 2.78 (s, 3 H).
(21) Dimethyl (25*,3R*)-2-(((3-methoxyphenyl)(methyl)amino)methyl)-3-
phenylcyclopropane-1,1-dicarboxylate-2,3-d> (21) (wyg-9-4).

21
trans:cis = 16:1, D', D% = 96%, 95%

Following General Procedure 111, 21 was afforded as a colorless oil (17.1 mg, 65%,
DY/D? = 96%/95%, trans:cis = 16:1), eluent (0-12% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (400 MHz,
CDCl3) § 7.28 — 7.19 (m, 2 H), 7.24 — 7.09 (m, 4 H), 6.46 (dd, J = 8.3, 2.1 Hz, 1 H),
6.36 (t, J = 2.4 Hz, 1 H), 6.33 (dd, J = 8.1, 1.9 Hz, 1 H), 3.80 (s, 3 H), 3.78 (s, 3 H),
3.65 (d, J = 15.1 Hz, 1 H), 3.40 (d, J = 15.0 Hz, 1 H), 3.37 (s, 3 H), 3.31 (s, 0.04 H),
2.96 (s, 3H),2.39(t, J=7.5Hz, 0.05 H); *C NMR (126 MHz, CDCl3) § 168.38, 166.98,
160.79, 150.79, 134.22, 129.91, 128.49, 128.21, 127.40, 106.31, 102.13, 99.84, 55.11,
52.85, 52.29, 50.19, 41.43, 38.01, 36.49, 36.18 (t, Jc.o = 25.2 Hz), 28.52, 28.23 (t, Jc-p
= 25.2 Hz); HRMS calcd for C22H24D2NOs ([M+H]¥): 386.1931; found: 386.1940.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) 4 3.77 (s, 3 H), 3.76 (s, 3 H), 3.67 (s, 3 H), 2.80 (s, 3 H).
(22) Dimethyl  (25*,3R*)-2-(((3,5-dimethylphenyl)(methyl)amino)methyl)-3-
phenylcyclopropane-1,1-dicarboxylate-2,3-d; (22) (wyq-4-9).
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22
trans:cis = 14:1, D', D% = 96%, 93%

Following General Procedure I, 22 was afforded as a colorless oil (29.9 mg, 77%,
DY/D? = 96%/93%, trans:cis = 14:1), eluent (0-11% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCls) § 7.27 — 7.18 (m, 3 H), 7.14 (d, J = 6.7 Hz, 2 H), 6.47 (s, 2 H), 6.43 (s, 1 H),
3.78 (s, 3 H), 3.63 (d, J = 14.9 Hz, 1 H), 3.37 (s, 3 H), 3.36 (d, 1 H), 3.29 (s, 0.04 H),
2.94 (s, 3 H), 2.77 (t, J = 6.3 Hz, 0.07 H), 2.28 (s, 6 H); 3C NMR (126 MHz, CDCl3)
0 168.36, 167.04, 149.65, 138.70, 134.30, 128.50, 128.18, 127.35, 119.42, 111.46,
52.80, 52.26, 50.43, 41.49, 38.07, 36.53, 36.22 (t, Jc.o = 25.2 Hz), 31.23, 28.63, 28.35
(t, Jc-p = 23.9 Hz), 21.73; HRMS calcd for C23H26D2NO4 ([M+H]"): 384.2138; found:
384.2147.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) § 3.76 (s, 3 H), 3.67 (s, 3 H), 2.81 (s, 3 H), 2.24 (s, 6 H). 3C NMR (126 MHz,
CDCl3) 6 129.10, 125.08.

(23) Dimethyl (25*,3R*)-2-((methyl(p-tolyl)amino)methyl)-3-phenylcyclo
propane-1,1-dicarboxylate-2,3-d; (23) (wyq-9-2).

23
trans:cis = 15:1, D', D2 = 95%, 96%

Following General Procedure 111, 23 was afforded as a colorless oil (23.8 mg, 65%,

DY/D? = 95%/96%, trans:cis = 15:1), eluent (0-10% of ethyl acetate in petroleum ether).
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The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) § 7.27 — 7.17 (m, 3 H), 7.15 — 7.10 (m, 2 H), 7.06 (d, J = 8.3 Hz, 2 H), 6.76 (d,
J=8.2Hz, 2 H), 3.76 (s, 3 H), 3.60 (d, J = 14.8 Hz, 1 H), 3.39 — 3.31 (m, 4 H), 3.28 (s,
0.05 H), 2.93 (s, 3 H), 2.76 (t, J = 6.8 Hz, 0.04 H), 2.26 (s, 3 H); 3C NMR (126 MHz,
CDCl3) 6 168.38, 167.05, 147.56, 134.36, 129.75, 129.21, 128.51, 128.19, 127.36,
114.03, 52.79, 52.24, 50.83, 41.49, 38.22, 36.59, 36.28 (t, Jc-o = 24.6 Hz), 28.62, 28.21
(t, Jc-o = 24.6 Hz), 20.24; HRMS calcd for C22H24D2NO4 ([M+H]*): 370.1982; found:
370.1988.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) § 3.65 (s, 3 H), 2.79 (s, 3H), 2.24 (s, 3 H).

(24) Dimethyl (25*,3R*)-2-(((3-(methoxycarbonyl)phenyl)(methyl)amino)methyl)
-3-phenylcyclopropane-1,1-dicarboxylate-2,3-d> (24) (wyq-7-45).

24
trans:cis > 20:1, D', D? = 94%, 94%

Following General Procedure I, 24 was afforded as a colorless oil (23.3 mg, 56%,
DY/D? = 94%/94%, trans:cis > 20:1), eluent (0-12% of ethyl acetate in petroleum ether);
IH NMR (500 MHz, CDCl3) § 7.49 (s, 1 H), 7.42 (d, J = 8.0 Hz, 1 H), 7.31 (t, J = 7.9
Hz, 1 H), 7.25—-7.18 (m, 3 H), 7.12 (dd, J = 8.0, 1.7 Hz, 2 H), 7.02 (dd, J = 8.3, 2.8 Hz,
1 H), 3.90 (s, 3 H), 3.77 (s, 3 H), 3.68 (d, J = 15.0 Hz, 1 H), 3.50 (d, J = 15.1 Hz, 1 H),
3.37 (s, 3 H), 3.31 (s, 0.06 H), 3.01 (s, 3 H), 2.78 (t, J = 6.7 Hz, 0.06 H); 3C NMR (126
MHz, CDClz) 6 168.31, 167.57, 166.89, 149.30, 134.07, 131.03, 129.19, 128.41, 128.23,
127.44, 118.34, 117.52, 113.93, 52.87, 52.32, 52.00, 49.96, 41.45, 37.98, 36.41, 36.10
(t, Jo-0 = 24.6 Hz), 28.42, 28.13 (t, Jc.o = 24.6 Hz); HRMS calcd for C2sH24D2NOs
([IM+H]"): 414.1880; found: 414.1887.

(25) Dimethyl (25*,3R*)-2-(((4-ethynylphenyl)(methyl)amino)methyl)-3-

phenylcyclopropane-1,1-dicarboxylate-2,3-d; (25) (wyq-4-14-2).
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25 D3
trans:cis > 20:1, D', D2, D3 = 89%, 94%, 62%

Following General Procedure | and without the aqueous work-up procedure, the
crude mixture was directly subjected to flash chromatography eluent (0-10% of ethyl
acetate in petroleum ether) to afford 25 as a colorless oil (21.1 mg, 53%, DY/D?/D® =
89%/94%/62%, trans:cis > 20:1).

The following signals are discernible for the trans-isomer: *H NMR (400 MHz,
CDCl3) §7.39 (d, J = 8.7 Hz, 2 H), 7.25 — 7.18 (m, 3 H), 7.14 — 7.06 (m, 2 H), 6.73 (d,
J=8.8Hz, 2 H),3.77 (s, 3H), 3.68 (d, J = 15.1 Hz, 1 H), 3.46 (d, J = 15.1 Hz, 1 H),
3.37 (s, 3 H), 3.31 (s, 0.11 H), 3.00 (s, 3 H), 2.99 (s, 0.38 H), 2.77 (t, J = 6.7 Hz, 0.06
H); *C NMR (126 MHz, CDCls) & 168.34, 166.88, 149.29, 134.02, 133.40, 128.41,
128.28, 127.51, 112.34, 109.63, 75.00, 52.93, 52.36, 49.56, 41.43, 39.97 (t, Jc.0 = 25.2
Hz), 37.80, 29.67, 29.31 (t, Jc.o = 23.9 Hz); HRMS calcd for C2sHz2D3NO4 ([M+H]Y):
381.1888; found: 381.1890.

(26) Dimethyl (25*,3R*)-2-((9H-carbazol-9-yl)methyl)-3-phenylcyclopropane-1,1-
dicarboxylate-2,3-d2 (26) (wyq-4-27).

26
trans:cis > 20:1, D1, D2=91%, 91%

Following General Procedure I, 26 was afforded as a colorless oil (28.0 mg, 66%,

DY/D? = 91%/91%, trans:cis > 20:1), eluent (0-11% of ethyl acetate in petroleum ether).
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The following signals are discernible for the trans-isomer: *H NMR (400 MHz,
CDCls) 6 8.10 (d, J = 7.8 Hz, 2 H), 7.57 — 7.43 (m, 4 H), 7.30 — 7.20 (m, 2 H), 7.16 —
7.08 (m, 3 H), 6.97 — 6.88 (m, 2 H), 4.65 (d, J = 15.3 Hz, 1 H), 4.46 (d, J = 15.4 Hz, 1
H), 3.84 (s, 3 H), 3.52 (s, 0.09 H), 3.34 (s, 3 H), 3.16 — 3.10 (m, 0.09 H); 3C NMR (126
MHz, CDClz) 6 168.45, 166.58, 140.28, 133.71, 128.43, 128.16, 127.47, 123.16, 120.40,
119.25, 108.73, 53.11, 52.36, 41.72, 40.55, 36.64, 36.34 (t, Jc.o = 24.6 Hz), 29.46,
29.16 (t, Jc-p = 24.6 Hz); HRMS calcd for C26H22D2NO4 ([M+H]"): 416.1825; found:
416.1831.

The following signals are discernible for the cis-isomer: *C NMR (126 MHz,
CDClI3) 6 128.71, 125.61, 120.16, 119.05, 109.05.

(27) Dimethyl (2S*,3R*)-2-phenyl-3-((phenylamino)methyl)cyclopropane-1,1-
dicarboxylate-2,3-d> (27) (wyQg-5-29).

27
trans:cis = 14:1, D', D2 = 92%, 90%

Following General Procedure I, 27 was afforded as a white solid (31.6 mg, 91%,
DY/D? = 92%/90%, trans:cis = 14:1), eluent (0-11% of ethyl acetate in petroleum ether):
m.p. 72.9-73.4 °C.

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.26 (q,J = 7.2, 6.1 Hz, 3 H), 7.21 — 7.15 (m, 4 H), 6.73 (t, J = 7.2 Hz, 1 H),
6.64 (d, J = 8.0 Hz, 2 H), 3.76 (s, 3 H), 3.48 (d, J = 13.2 Hz, 1 H), 3.40 (s, 3 H), 3.27
(s,0.08 H), 3.23 (d, J = 13.2 Hz, 1 H), 2.86 (t, J = 7.0 Hz, 0.01 H); 3C NMR (126 MHz,
CDCI3) 6 168.15, 167.03, 147.75, 134.12, 129.28, 128.48, 128.22, 127.45, 117.90,
113.05, 52.95, 52.38, 42.27, 41.91, 35.87, 35.57 (t, Jc.o = 24.6 Hz), 30.15, 29.84 (t, Jc-
p = 24.6 Hz); HRMS calcd for C20H20D2NO4 ([M+H]"): 342.1669; found: 342.1672.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCls3) § 3.78 (s, 3 H), 3.66 (s, 3 H); 3C NMR (126 MHz, CDCl3) § 129.62, 113.43.
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(28) Dimethyl (25*,3R*)-2-((phenylamino)methyl)-3-(p-tolyl)cyclopropane-1,1-
dicarboxylate-2,3-d> (28) (wyq-5-36).

28
trans:cis = 10:1, D', D? = 93%, 86%

Following General Procedure I, 28 was afforded as a colorless oil (29.3 mg, 80%,
DY/D? = 93%/86%, trans:cis = 10:1), eluent (0-8% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCls) § 7.18 (t, J = 7.7 Hz, 2 H), 7.07 (5, 4 H), 6.72 (t, J = 7.2 Hz, 1 H), 6.64 (d, J =
7.9 Hz, 2 H), 3.75 (s, 3 H), 3.47 (d, J = 13.1 Hz, 1 H), 3.43 (s, 3 H), 3.34 (s, 0.07 H),
3.22 (d, J = 13.1 Hz, 1 H), 2.83 (t, J = 7.1 Hz, 0.14 H), 2.29 (s, 3 H); 3C NMR (126
MHz, CDClz) 6 168.23, 167.12, 147.80, 137.11, 131.00, 129.26, 128.94, 128.34, 117.84,
113.03, 52.91, 52.39, 42.29, 41.83, 35.69, 35.38 (t, Jc-o = 24.6 Hz), 30.22, 29.92 (t, Jc-
p = 24.6 Hz), 21.06; HRMS calcd for C21H22D2NO4 ([M+H]*): 356.1825; found:
356.1834.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) & 3.77 (s, 3 H), 3.66 (s, 3 H), 2.31 (s, 3 H); 3C NMR (126 MHz, CDCls) &
129.48, 129.08, 113.37.

(29) Dimethyl (2R*,3S*)-2-(4-ethylphenyl)-3-((phenylamino)methyl)

cyclopropane-1,1-dicarboxylate-2,3-dz (29) (wyg-5-34).
MeOzC COzMe

\\\\\\

29
trans:cis = 12:1, D', D2 = 95%, 84%

Following General Procedure I, 29 was afforded as a colorless oil (27.3 mg, 69%,

DY/D? = 95%/84%, trans:cis = 12:1), eluent (0-8% of ethyl acetate in petroleum ether).
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The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.18 (t, J = 7.8 Hz, 2 H), 7.09 (s, 4 H), 6.73 (t, J = 7.2 Hz, 1 H), 6.64 (d, J =
7.8 Hz, 2 H), 3.75 (s, 3 H), 3.46 (d, J = 13.1 Hz, 1 H), 3.42 (s, 3 H), 3.32 (s, 0.05 H),
3.22 (d, J = 13.0 Hz, 1 H), 2.84 (t, J = 7.0 Hz, 0.16 H), 2.60 (q, J = 7.7 Hz, 2 H), 1.19
(t, J = 7.6 Hz, 3 H); 13C NMR (126 MHz, CDCls3) § 168.22, 167.12, 147.80, 143.49,
131.23, 129.26, 128.40, 127.71, 117.83, 113.02, 52.91, 52.37, 42.27, 41.88, 35.71,
35.41 (t, Jo-o = 24.6 Hz), 30.23, 29.93 (t, Jc.o = 24.6 Hz), 28.43, 15.40; HRMS calcd
for C22H24D2NO4 ([M+H]*): 370.1982; found: 370.1988.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) § 3.77 (s, 3 H), 3.67 (s, 3 H); 3C NMR (126 MHz, CDCl3) § 129.53, 113.34.
(30) Dimethyl (2R*,35*)-2-(4-(tert-butyl)phenyl)-3-((phenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (30) (wyg-5-35).

30
trans:cis = 10:1, D', D? = 94%, 80%

Following General Procedure I, 30 was afforded as a white solid (33.4 mg, 85%,
DY/D? = 94%/80%, trans:cis = 10:1), eluent (0-11% of ethyl acetate in petroleum ether):
m.p. 87.5-89.0 °C.

The following signals are discernible for the trans-isomer: 'H NMR (500 MHz,
CDCl3) 6 7.28 (d, J = 7.9 Hz, 2 H), 7.18 (t, J = 7.6 Hz, 2 H), 7.11 (d, J = 7.9 Hz, 2 H),
6.73 (t, J = 7.5 Hz, 1 H), 6.64 (d, J = 8.0 Hz, 2 H), 3.75 (5, 3 H), 3.45 (d, J = 13.1 Hz,
1 H), 3.40 (s, 3 H), 3.32 (s, 0.06 H), 3.23 (d, J = 13.2 Hz, 1 H), 2.85 (t, J = 7.1 Hz, 0.20
H), 1.28 (s, 9 H); 3C NMR (126 MHz, CDCls) & 168.21, 167.13, 150.41, 147.77,
130.98, 129.27, 128.12, 125.12, 117.86, 113.04, 52.92, 52.33, 42.26, 41.94, 35.60,
35.30 (t, Jc.o = 24.6 Hz), 34.44, 31.25, 30.21, 29.90 (t, Jc-0 = 24.6 Hz); HRMS calcd
for C24H2sD2NO4 ([M+H]): 398.2295; found: 398.2300.
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The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCl3) & 3.77 (s, 3 H), 3.68 (s, 3 H), 1.29 (s, 9 H); 3C NMR (126 MHz, CDCl3) &
125.29, 113.51.

(31) Dimethyl (25*,35*)-2-(2-chlorophenyl)-3-((phenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (31) (wyg-5-31).

31
trans:cis = 10:1, D', D% = 94%, 94%

Following General Procedure I, 31 was afforded as a colorless oil (20.4 mg, 54%,
DY/D? = 94%/94%, trans:cis = 10:1), eluent (0-9% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) § 7.35 (dd, J = 7.2, 2.0 Hz, 1 H), 7.22 — 7.15 (m, 4 H), 7.13 — 7.07 (m, 1 H),
6.74 (t, J = 7.3 Hz, 1 H), 6.66 (d, J = 7.4 Hz, 2 H), 3.79 (s, 3 H), 3.53 (d, J = 13.3 Hz,
1 H), 3.44 (s, 3 H), 3.34 (s, 0.06 H), 3.24 (d, J = 13.3 Hz, 1 H), 2.89 (t, J = 7.1 Hz, 0.06
H); *C NMR (126 MHz, CDCls) § 167.84, 167.10, 147.68, 135.88, 132.31, 129.63,
129.31, 129.31, 128.82, 126.42, 117.99, 113.09, 52.98, 52.47, 42.41, 41.18, 34.58,
34.29 (t, Jco = 25.2 Hz), 30.51, 30.21 (t, Jco = 24.6 Hz); HRMS calcd for
C20H19D2CINO, ([M+H]*): 376.1279; found: 376.1288.
(32) Dimethyl (2R*,3S*)-2-(4-chlorophenyl)-3-((phenylamino)methyl)

cyclopropane-1,1-dicarboxylate-2,3-dz (32) (wyg-5-33).
MeO2C COQMe

XY
!
N

Cl 32
trans:cis = 10:1, D', D2 = 95%, 92%

Following General Procedure I, 32 was afforded as a colorless oil (30.0 mg, 79%,

DY/D? = 95%/92%, trans:cis = 10:1), eluent (0-9% of ethyl acetate in petroleum ether).
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The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) § 7.23 (d, J = 8.5 Hz, 2 H), 7.18 (t, J = 7.8 Hz, 2 H), 7.11 (d, J = 8.3 Hz, 2 H),
6.73 (t, J= 7.3 Hz, 1 H), 6.64 (d, J = 8.0 Hz, 2 H), 3.76 (5, 3 H), 3.44 (m, 4 H), 3.28 (s,
0.05 H), 3.23 (d, J = 13.4 Hz, 1 H), 2.81 (t, J = 6.9 Hz, 0.08 H); 3C NMR (126 MHz,
CDCl3) 6 167.94, 166.84, 147.65, 133.36, 132.69, 129.88, 129.30, 128.41, 118.00,
113.06, 53.03, 52.54, 42.18, 41.86, 35.13, 34.83 (t, Jc-o = 25.2 Hz), 30.26, 29.96 (t, Jc-
p=25.2 Hz); HRMS calcd for C20H19D2CINO4 ([M+H]"): 376.1279; found: 376.1287.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) § 3.78 (s, 3 H), 3.66 (s, 3 H); 3C NMR (126 MHz, CDCls) 5 131.12.

(33) Dimethyl (2R*,35*)-2-(4-bromophenyl)-3-((phenylamino)methyl)

cyclopropane-1,1-dicarboxylate-2,3-dz (33) (wyg-5-38).
MeO,C_ CO,Me

W
K
'

Br 33
trans:cis = 12:1, D', D% = 93%, 89%

Following General Procedure I, 33 was afforded as a colorless oil (34.4 mg, 79%,
DY/D? = 93%/89%, trans:cis = 12:1), eluent (0-9% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) 6 7.39 (d, J = 8.5 Hz, 2 H), 7.19 (t, J = 7.7 Hz, 2 H), 7.06 (d, J = 8.1 Hz, 2 H),
6.74 (t, J = 7.2 Hz, 1 H), 6.65 (d, J = 7.8 Hz, 2 H), 3.77 (5, 3 H), 3.50 — 3.42 (m, 4 H),
3.30 (s, 0.07 H), 3.23 (d, J = 13.3 Hz, 1 H), 2.81 (t, J = 7.0 Hz, 0.11 H); 3C NMR (126
MHz, CDCl3) 6 167.93, 166.83, 147.59, 133.22,131.37,130.23, 129.31, 121.50, 118.07,
113.12,53.04, 52.57, 42.22, 41.84, 35.19, 34.88 (t, Jc.o = 24.6 Hz), 30.20, 29.90 (t, Jc-
p=24.6 Hz); HRMS calcd for C20H19D2BrNO4 ([M+H]"): 420.0774; found: 420.0782.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCls) 6 3.79 (s, 3 H), 3.67 (s, 3 H).
(34) Dimethyl (2R*,35*)-2-(4-fluorophenyl)-3-((phenylamino)methyl)
cyclopropane-1,1-dicarboxylate-2,3-d> (34) (wyqg-5-37).
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F 34
trans:cis = 9:1, D', D2 = 95%, 95%

Following General Procedure I, 34 was afforded as a colorless oil (28.1 mg, 79%,
DY/D? = 95%/95%, trans:cis = 9:1), eluent (0-8% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) §7.22 - 7.12 (m, 4 H), 6.95 (t, J = 8.5 Hz, 2 H), 6.73 (t, J = 7.2 Hz, 1 H), 6.64
(d,J=8.0 Hz, 2 H), 3.76 (s, 3 H), 3.47 (d, J = 13.3 Hz, 1 H), 3.43 (s, 3 H), 3.31 (s, 0.05
H), 3.23 (d, J = 13.3 Hz, 1 H), 2.81 (t, 0.05 H); *C NMR (126 MHz, CDCls) § 168.03,
166.93, 162.11 (d, Jc.r = 246.4 Hz), 147.66, 130.17 (d, Jc.r = 8.2 Hz), 129.86 (d, Jc.r =
3.3 Hz), 129.30, 118.00, 115.16 (d, Jcr = 21.7 Hz), 113.08, 53.00, 52.47, 42.22, 41.78,
35.09, 34.79 (t, Je.o = 23.9 Hz), 30.33, 30.03 (t, Jc.o = 25.2 Hz); 9F NMR (471 MHz,
CDCls) & -114.60; HRMS calcd for CaoHisD2FNO4 ([M+H]?): 360.1575; found:
360.1582.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) 6 3.78 (s, 3 H), 3.66 (s, 3 H); 3C NMR (126 MHz, CDCl3) § 131.44 (d, Jc.r =
8.2 Hz).

(35) Dimethyl (2R*,3S*)-2-phenyl-3-((phenyl(phenylmethyl-
d)amino)methyl)cyclopropane-1,1-dicarboxylate-2,3-d> (35) (wyQ-9-8).

35
trans:cis > 20:1, D', D2, D® = 65%, 97%, 43%

Following General Procedure 111, 35 was afforded as a colorless oil (37.0 mg, 85%,
DYD?/D? = 65%/95%/43%, trans:cis > 20:1), eluent (0-10% of ethyl acetate in

petroleum ether).
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The following signals are discernible for the trans-isomer: *H NMR (400 MHz,
CDCl3) 6 7.28 — 7.22 (m, 2 H), 7.27 — 7.17 (m, 8 H), 6.82 (d, J = 8.0 Hz, 2 H), 6.74 (t,
J=7.2Hz, 1H),4.61(d, J=7.4Hz, 1.57 H), 3.73 (d, J = 15.6 Hz, 1 H), 3.68 (s, 3 H),
3.53 (d, J =15.3 Hz, 1 H), 3.36 (s, 3 H), 3.25 (s, 0.35 H), 2.88 (t, J = 6.3 Hz, 0.03 H);
13C NMR (126 MHz, CDCl3) § 168.27, 166.88, 148.50, 138.36, 134.13, 129.32, 128.51,
128.40, 128.17, 127.38, 126.81, 126.59, 117.16, 113.03, 54.45, 54.12 (t, Jcp = 21.4
Hz), 52.80, 52.29, 48.47, 41.85, 41.80, 36.67, 36.36 (t, Jc.0 = 23.7 Hz), 28.82, 28.53 (t,
Jc-p = 23.5 Hz); HRMS calcd for C27H26D3NO4 ([M+H]Y): 433.2201; found: 433.2190.

The following signals are discernible for the cis-isomer: *H NMR (400 MHz,
CDClIs) 4 3.76 (s, 3 H), 3.59 (s, 3 H).

(36) Dimethyl (25*,3R*)-2-(((2-((2-(4-isobutylphenyl)propanoyl)oxy)ethyl)
(phenyl)amino)methyl)-3-phenylcyclopropane-1,1-dicarboxylate-2,3-d> (36) (wyg-
4-45).

CO,Me Me
) <N Me
Ph
Me
36

trans:cis > 20:1, D', D? = 94%, 80%

Following General Procedure I, 36 was afforded as a colorless oil (40.1 mg, 70%,
DY/D? = 94%/80%, trans:cis > 20:1), eluent (0-9% of ethyl acetate in petroleum ether);
'H NMR (500 MHz, CDCl3) § 7.27 — 7.18 (m, 5 H), 7.18 — 7.08 (m, 4 H), 7.09 — 7.03
(m, 2 H), 6.81 (dd, J = 8.5, 2.7 Hz, 2 H), 6.75 (t, J = 7.3 Hz, 1 H), 4.28 — 4.13 (m, 2 H),
3.74 (d, J = 7.0 Hz, 3 H), 3.67 — 3.60 (m, 1 H), 3.57 (g, J = 6.0 Hz, 2 H), 3.50 (dd, J =
15.2, 4.7 Hz, 1 H), 3.45-3.38 (m, 1 H), 3.35 (d, J = 1.8 Hz, 3 H), 3.27 (s, 0.06 H), 2.78
(9, J = 6.0 Hz, 0.2 H), 2.42 (d, J = 7.2 Hz, 2 H), 1.83 (dt, J = 13.4, 6.9 Hz, 1 H), 1.46 —
1.39 (m, 3 H), 0.89 (dd, J = 6.5, 1.5 Hz, 6 H); 3C NMR (126 MHz, CDCl3) § 174.61,
168.30, 166.87, 147.69, 140.52, 137.58, 134.16, 129.40, 129.31, 128.41, 128.21,
127.42,127.13,117.48,113.21, 113.18, 61.79, 52.85, 52.28, 48.87, 48.83, 48.40, 48.37,
44.99, 41.85, 36.47, 36.16 (t, Jc-o = 23.8 Hz), 30.11, 28.96, 28.89, 28.60 (t, Jc.o = 23.2
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Hz), 22.35, 18.43, 18.40; HRMS calcd for C3sH4D2NOs ([M+H]*): 574.3132; found:
574.3137.

(37) Dimethyl (25*,3R*)-2-(((2-((5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoyl)
oxy)ethyl)(phenyl)amino)methyl)-3-phenylcyclopropane-1,1-dicarboxylate-2,3-d>
(37) (wyq-4-46).

COQMe Me

D’ SN
Ph Me Me
37

trans:cis = 15:1, D', D? = 94%, 70%

Following General Procedure I, 37 was afforded as a colorless oil (46.3 mg, 75%,
DY/D? = 94%/70%, trans:cis = 15:1), eluent (0-9% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCl3) §7.27 - 7.17 (m, 5 H), 7.11 (d, J = 8.0 Hz, 2 H), 6.98 (d, J = 7.4 Hz, 1 H), 6.87
(d, J=8.2Hz, 2 H), 6.75 (t, J = 7.3 Hz, 1 H), 6.64 (d, J = 7.3 Hz, 1 H), 6.58 (s, 1 H),
4.22 (t, 3 = 6.3 Hz, 2 H), 3.88 — 3.82 (m, 2 H), 3.77 (s, 3 H), 3.66 — 3.59 (m, 3 H), 3.49
(d, J=15.2 Hz, 1 H), 3.36 (s, 3 H), 3.31 (s, 0.06 H), 2.81 (t, J = 6.3 Hz, 0.3 H), 2.29 (s,
3H),2.16 (s, 3 H), 1.67 (d, J = 3.0 Hz, 4 H), 1.18 (s, 6 H); 3C NMR (126 MHz, CDCls)
o 177.66, 168.27, 166.84, 156.92, 147.81, 136.38, 134.17, 130.25, 129.42, 128.42,
128.20, 127.42, 123.53, 120.68, 117.57, 113.33, 112.01, 67.88, 61.57, 52.84, 52.26,
48.97, 48.46, 42.01, 41.78, 37.06, 36.60, 36.36 (t, Jc.0 = 22.7 Hz), 28.90, 28.60 (t, Jc-
= 23.3 Hz), 25.06, 21.34, 15.70; HRMS calcd for Cs7HaD2NO7 ([M+H]*): 618.3394;
found: 618.3399.

The following signals are discernible for the cis-isomer: *H NMR (500 MHz,
CDCls) 6 3.75 (s, 3 H), 3.66 (s, 3 H), 1.14 (s, 6 H).
(38) Dimethyl (25*,3R*)-2-(((2-(2-(adamantan-1-yl)acetoxy)ethyl)
(phenyl)amino)methyl)-3-phenylcyclopropane-1,1-dicarboxylate-2,3-d> (38) (wyg-
4-39).
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CO,Me
M602C&2/ |:|>h e)
D1 o‘\\\ N
Ph

38
trans:cis = 18:1, D', D% = 95%, 90%

Following General Procedure I, 38 was afforded as a colorless oil (41.5 mg, 74%,
DY/D? = 95%/90%, trans:cis = 18:1), eluent (0-10% of ethyl acetate in petroleum ether).

The following signals are discernible for the trans-isomer: *H NMR (500 MHz,
CDCls) § 7.28 — 7.19 (m, 5 H), 7.15 — 7.09 (m, 2 H), 6.86 (d, J = 8.1 Hz, 2 H), 6.75 (t,
J=7.3Hz, 1H),4.21(t J=6.4Hz, 2H),3.78 (s, 3 H), 3.66 — 3.59 (m, 3 H), 3.49 (d,
J=15.2 Hz, 1 H), 3.36 (s, 3 H), 3.31 (s, 0.05 H), 2.81 (t, J = 6.3 Hz, 0.1 H), 2.03 (s, 2
H), 1.94 (s, 3 H), 1.71 — 1.66 (m, 3 H), 1.62 — 1.56 (m, 9 H); *C NMR (126 MHz,
CDClI3) 6 171.55, 168.29, 166.86, 147.83, 134.20, 129.41, 128.44, 128.20, 127.41,
117.58, 113.36, 60.99, 52.84, 52.26, 49.12, 48.76, 48.71, 42.36, 41.77, 36.81, 36.69,
36.40 (t, Jc.o = 23.9 Hz), 32.67, 28.90, 28.54 (t, Jc.o = 20.2 Hz), 28.38; HRMS calcd
for C3aHa0D2NOs ([M+H]): 562.3132; found: 562.3137.

The following signals are discernible for the cis-isomer: 'H NMR (500 MHz,
CDCl3) 6 3.76 (s, 3 H), 3.66 (s, 3 H); 3C NMR (126 MHz, CDCl3) 6 129.01, 113.03.
(39) Dimethyl (25*,3R*)-2-(((2-((4-((3R*,10S*,13R*)-3-acetoxy-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoyl)oxy)
ethyl)(phenyl)amino)methyl)-3-phenylcyclopropane-1,1-dicarboxylate-2,3-d> (39)
(wyq-7-47).

MeO,C
™
D’ ! N

PR

trans:cis > 20:1, D', D% = 95%, 82%

Following General Procedure 1, 39 was afforded as a colorless oil (47.7 mg, 62%,
DY/D? = 95%/82%, trans:cis > 20:1), eluent (0-12% of ethyl acetate in petroleum ether);
'H NMR (500 MHz, CDCl3) § 7.27 (s, 1 H), 7.26 — 7.19 (m, 4 H), 7.13 (d, J = 6.3 Hz,
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2 H),6.86 (d,J=8.1Hz, 2H),6.76 (t, J = 7.2 Hz, 1 H), 4.72 (tt, J = 11.3, 4.8 Hz, 1 H),
4.29-4.17 (m, 2 H), 3.79 (s, 3 H), 3.66 —3.56 (m, 3 H), 3.48 (d, J = 15.2 Hz,1 H), 3.37
(s, 3H),3.28 (s, 0.05 H), 2.82 (t, J = 6.3 Hz, 0.18 H), 2.30 — 2.24 (m, 1 H), 2.20 — 2.09
(m, 1 H), 2.03 (s, 3 H), 1.95 (d, J = 12.4 Hz, 1 H), 1.82 (t, J = 12.3 Hz, 4 H), 1.75 —
1.65 (m, 2 H), 1.54 (d, J = 13.5 Hz, 3 H), 1.47 — 1.38 (m, 6 H), 1.31 — 1.22 (m, 5 H),
1.13 (t, J = 12.9 Hz, 3 H), 1.05 (t, J = 10.1 Hz, 3 H), 0.93 (s, 3 H), 0.88 (d, J = 6.5 Hz,
3 H), 0.63 (s, 3 H); 3C NMR (126 MHz, CDCls) & 174.17, 170.65, 168.33, 166.90,
147.84, 134.18, 129.45, 128.46, 128.24, 127.46, 117.53, 113.21, 74.40, 61.31, 56.48,
55.95, 52.91, 52.34, 49.08, 48.55, 42.72, 41.89, 40.41, 40.13, 36.41, 36.12 (t, Jcp =
22.7 Hz), 35.78, 35.31, 35.03, 34.58, 32.25, 31.10, 30.87, 28.87, 28.59 (t, Jc.o = 23.9
Hz), 28.17, 27.01, 26.63, 26.31, 24.16, 23.32, 21.46, 20.82, 18.26, 12.03; HRMS calcd
for CagHssD2NOg ([M+H]"): 786.4908; found: 786.4916.

3. Synthetic applications.

3.1 Transformation of 1.

HO,C CO,H EDCI (4 equiv) RO,C
NaOH (10 equiv i
o (10 equiv) oh DMAP (1 equw)‘D D% Ph

MeOH:H,0 (1:1) X N/ ROH (2 equiv)

o PR’ DCM, rt PH

pn 40°C “Ph Ph
1 1-diacid

D2

General Procedure 1V: To a round bottom flask were added 1 (0.1 mmol), NaOH
(1 mmol), MeOH (1.0 ml), and H2O (1.0 mL). The mixture was stirred at 40 °C
overnight until the completion of the reaction as monitored by TLC. The aqueous layer
was extracted with dichloromethane (5 mL > 3) and the combined organic layer was
washed with brine (5 mL), dried over anhydrous MgSO, filtered and concentrated in
vacuo to afford corresponding 1-diacid, which was used directly for the following step.
To a round bottom flask were added 1-diacid, alcohol (0.2 mmol), EDCI (0.4 mmol),
DMAP (0.1 mmol), and dichloromethane (1.5 mL). The mixture was stirred at room
temperature overnight until the completion of the reaction as monitored by TLC. Then
the mixture was concentrated in vacuo to afford corresponding product via

chromatography on silica gel.
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(1) Bis(benzo[d][1,3]dioxol-5-yImethyl) (2S5*,3R*)-2-((diphenylamino)methyl)-3-
phenylcyclopropane-1,1-dicarboxylate-2,3-d; (40) (wyq-9-34).

¢ S D
OD/\O (e} e}
D D2 Ph
P

W
W
!

h N
Ph

40 (D", D% = 94%, 95%)

Following General Procedure 1V, 40 was afforded as a colorless oil (34.3 mg, 52%
for two steps, DY/D? = 94%/95%), eluent (0-25% of ethyl acetate in petroleum ether);
IH NMR (500 MHz, CDCl3) 6 7.24 (t, J = 7.8 Hz, 4 H), 7.18 — 7.13 (m, 3 H), 7.03 —
6.90 (m, 8 H), 6.75 - 6.70 (m, 3 H), 6.62 (d, J = 7.9 Hz, 1 H), 6.42 (dd, J = 7.9, 1.7 Hz,
1 H), 6.34 (d, J = 1.8 Hz, 1 H), 5.93 (d, J = 8.7 Hz, 4 H), 5.05 (d, J = 12.0 Hz, 1 H),
4,77 (d, J = 12.1 Hz, 1 H), 4.62 (g, J = 11.9 Hz, 2 H), 3.98 (d, J = 15.1 Hz, 1 H), 3.80
(d, J=15.1 Hz, 1 H), 3.17 (s, 0.06 H), 2.88 (t, J = 6.6 Hz, 0.05 H); 1*C NMR (126 MHz,
CDCl3) 6 167.56, 166.20, 147.70, 147.63, 147.46, 133.96, 129.39, 129.04, 128.87,
128.45, 128.10, 127.31, 122.27, 122.16, 121.79, 121.34, 109.03, 108.88, 108.13,
107.91, 101.13, 101.02, 67.45, 67.13, 49.05, 42.15, 37.04, 36.57 (t, Jc.o = 28.4 Hz),
29.65, 28.95 (t, Jc-0 = 28.7 Hz); HRMS calcd for CsoH31D2NOg ([M+H]"): 658.2404;
found: 658.2420.

2 Bis(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)ethyl)

(25*,3R*)-2-((diphenylamino)methyl)-3-phenylcyclopropane-1,1-dicarboxylate-
2,3-d2 (41) (wyQg-9-37).
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41 (D", D? = 94%, 95%)

Following General Procedure IV, 41 was afforded as a pale green oil (44.4 mg,
A7% for two steps, DY/D? = 94%/95%), eluent (0-25% of ethyl acetate in petroleum
ether); 'H NMR (500 MHz, CDCl3) & 7.57 (d, J = 8.2 Hz, 2 H), 7.53 (d, J = 8.2 Hz, 2
H), 7.42 (d, J = 8.2 Hz, 2 H), 7.36 (d, J = 8.2 Hz, 2 H), 7.27 — 7.17 (m, 5 H), 7.12 —
7.06 (M, 3 H), 7.00 — 6.91 (m, 7 H), 6.90 (d, J = 2.6 Hz, 1 H), 6.81 (t, J = 9.2 Hz, 2 H),
6.73 (d, J = 2.6 Hz, 1 H), 6.63 (d, J = 9.0 Hz, 2 H), 4.23 — 4.09 (m, 2 H), 3.89 (d, J =
15.1 Hz, 1 H), 3.82 (s, 3 H), 3.82 — 3.77 (M, 4 H), 3.79 — 3.72 (m, 1 H), 3.69 — 3.61 (m,
1 H), 3.16 (s, 0.06 H), 2.98 — 2.76 (m, 2.05 H), 2.36 — 2.21 (m, 5 H), 2.15 (s, 3 H); 13C
NMR (126 MHz, CDClz) & 168.14, 168.11, 167.73, 166.21, 156.02, 155.95, 147.65,
139.11, 139.09, 135.35, 135.17, 134.03, 133.91, 133.84, 131.03, 131.02, 130.83,
130.79, 130.64, 129.40, 129.05, 129.03, 128.45, 128.07, 127.38, 121.85, 121.32,
115.05, 114.99, 114.90, 114.74, 111.36, 111.22, 101.16, 64.93, 63.95, 55.70, 55.67,
48.94, 42.24, 36.28, 35.98 (t, Jc.o = 27.2 Hz), 29.67, 28.56 (t, Jc.o = 24.8 Hz), 23.33,
22.76, 13.21, 12.98; HRMS calcd for Ce2Hs52D2CI2N3Og ([M+H]Y): 1040.3408; found:
1040.3410.

3.2 Synthesis and characterization of aggregation-induced emission (AIE)

compounds.

(1) Synthesis of Dimethyl (2R*,35*)-2-phenyl-3-((phenyl(2-((4-(1,2,2-
triphenylvinyl) benzoyl)oxy)ethyl)amino)methyl)cyclopropane-1,1-dicarboxylate-

2,3-d2 (42) (wyg-5-8).
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Following General Procedure I, 42 was afforded as a colorless oil (57.2 mg, 75%,
DY/D? = 96%/94%, trans:cis > 20:1), eluent (0-11% of ethyl acetate in petroleum ether);
IH NMR (500 MHz, CDCl3) 6 7.70 (d, J = 8.1 Hz, 2 H), 7.27 — 7.21 (m, 3 H), 7.19 (d,
J=5.6 Hz, 2 H), 7.12 - 7.05 (m, 12 H), 7.04 — 6.98 (m, 7 H), 6.89 (d, J = 8.2 Hz, 2 H),
6.74 (t, = 7.3 Hz, 1 H), 4.42 (t, J=6.3 Hz, 2 H), 3.78 = 3.71 (m, 5 H), 3.63 (d, J = 7.7
Hz, 1 H), 3.52 (d, J = 15.1 Hz, 1 H), 3.35 (s, 3 H), 3.27 (5, 0.04 H), 2.83 (t, J = 6.3 Hz,
0.06 H); **C NMR (126 MHz, CDCl3) § 168.28, 166.85, 166.31, 148.90, 147.79, 143.16,
143.06, 143.03, 142.44, 139.86, 134.09, 131.27, 131.21, 131.19, 129.45, 129.03,
128.41, 128.20, 127.82, 127.79, 127.66, 127.59, 127.41, 126.84, 126.67, 117.56,
113.27,62.04, 52.88, 52.29, 49.07, 48.59, 41.73, 36.69, 36.36 (t, Jc.0 = 23.9 Hz), 28.88,
28.59 (t, Jc-0 = 23.3 Hz); HRMS calcd for CagH42D2NOg ([M+H]"): 744.3289; found:
744.3288.

(2) Characterization of aggregation-induced emission (AIE) properties of S7 and
42.

Stock solutions of compounds were prepared in THF: S7 (1 M), 42 (1 M). Samples
for fluorescence measurement (8 uM) were prepared by diluting the stock solutions
with a mixture of THF and water at different ratios. All fluorescence emission spectra
were measured with the exciting wavelength of 450 nm.

TEM images were measured in a mixture of water and THF (95/5) (Figure S1).
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Figure S1. TEM images of S7 (left) and 42 (right) in water/THF (95/5).

4. Mechanistic investigations.

4.1 Trap of the radical intermediate with TEMPO.

4CzIPN (5 mol%)
MeO,C_ CO,Me

Ph
Blue LED, Ny, rt

s1 S
Detected by HRMS
o | Calcd [M+H]* 339.2431
SN o Found [M+H]* 339.2439
|
Ph

S2-TEMPO

Ph._ _Me K2COj3 (3 equiv)
/A + 'Tl TEMPO (2 equiv)
H Ph NMP:D,0O (90:10)

2

Under nitrogen atmosphere, to a 10 mL Schlenk tube equipped with a stirring bar

is added 4CzIPN (5 mol%), K.COz (0.3 mmol), S1 (0.1 mmol), S2 (0.3 mmol), TEMPO

(0.2 mmol), N-methyl pyrrolidinone (0.9 mL), and D20 (0.1 mL) successively, and the

tube was sealed with a septum. The mixture was stirred at room temperature overnight,

and quenched with H.O (2.5 mL). The aqueous layer was extracted with EtOAc (5 mL

x 3) and the combined organic layer was washed with brine (5 mL), dried over

anhydrous MgSQyg, filtered and concentrated in vacuo. The crude mixture was analyzed

with 'H NMR and HRMS and no product 1 was formed, instead, the adduct product

S2-TEMPO was detected by HRMS: C22H31N20" ([M+H]") calcd: 339.2431; found:

339.2439 (Figure S2).
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339. 2439

W )

Ph_ | ~_ N_
IR
Ph N

Chermical Formula: CzHs N,O*
Exact Mass: 339.2431

1

1

1

1

Ph, =

L5 ?“l ?

1.4 Ph

1 Chemical Formula: CygHyaN*
1 Exact Mass: 182 0964

1
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Figure S2. HRMS spectrum of S2-TEMPO.

4.2 Deuteration of S1 in the absence of S2.

MeO,C_  CO,Me MeO,C_ CO,Me
/K\ K>,CO3 (3 equiv) /K\
NMP:D,0 (90:10)

Ph H it 1h Ph D
S1 $1-D, 90% yield

(D =96%)

To a 10 mL Schlenk tube tube equipped with a stirring bar was added K>CO; (0.3
mmol), S1 (0.1 mmol), N-methyl pyrrolidinone (0.9 mL), and DO (0.1 mL)
successively, and the tube was sealed with a septum. The mixture was stirred at room
temperature for one hour. The residual was directly conducted chromatography on silica
gel to afford S1-D as a white solid (22.6 mg, 90%, D = 96%) with eluent (0-15% of
ethyl acetate in petroleum ether): '"H NMR (500 MHz, CDCl3) § 7.63 (dd, J = 6.3, 2.9
Hz, 2 H), 7.47 — 7.41 (m, 3 H), 6.90 (s, 0.04 H), 3.73 (s, 6 H); *C NMR (126 MHz,
CDCI3) 6 171.12, 130.56, 130.32, 128.87, 123.91, 111.99, 95.23, 94.93 (t, Jc.o = 35.9
Hz), 52.37, 32.67; HRMS calcd for C13H12DO4 ([M+H]"): 234.0871; found: 234.0876.

4.3 Luminescence quenching studies of 4CzIPN with S1 and S2.
Stock solutions of compounds were prepared in N-methyl pyrrolidinone: 4CzIPN
(10 uM), S1 (1 M), and S2 (1 M). All solutions with different concentrations of

compounds were prepared by diluting these stock solutions with N-methyl
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pyrrolidinone. Fluorescent quenching studies of 4CzIPN (10 uM) with different

concentrations of S1 and S2 were performed with the exciting wavelength of 450 nm.

4.4 Determination of quantum yield:

The quantum yield of this reaction was determined according to a reported
procedure.’

(1) Preparation of stock solutions:

A 0.15 M solution of potassium ferrioxalate was prepared by dissolving 1.11 g of
potassium ferrioxalate hydrate in 15 mL of 0.05 M H2SO4. A buffered solution of
phenanthroline was prepared by dissolving 10 mg of phenanthroline and 2.25 g of
sodium acetate in 15 mL of 0.5 M H2SO4. Both solutions were stored in the dark.

(2) Determination of fraction of light absorbed at 456 nm for the ferrioxalate
solution:

The absorbance (A4) of the above ferrioxalate solution at 456 nm was measured to
be 1.69 (Figure S3). The fraction of light absorbed (f) by this solution was calculated:

f=1-10"4
f=1-10"1% = 0.98

(Absorbance 1.69 at 456 nm)

Absorbance (A.U.)
N
o
1

L
'
'
]
'
'
[
'
'
'
[
'
'
'
[}
'
"

. , . : . , ’
400 450 500 550 600
Wavelength (nm)

Figure S3. UV-vis spectrum of the potassium ferrioxalate solution.
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(3) Determination of light intensity at 456 nm:

The photon flux of the photoreactor was determined by standard ferrioxalate
actinometry. To determine the photon flux of the photoreactor, 1.0 mL of 0.15 M
potassium ferrioxalate solution was placed in a quartz cuvette and was irradiated with
blue LEDs for 10 seconds. After irradiation, 0.175 mL of the phenanthroline solution
was added to the cuvette. The solution was then allowed to rest for 1 h, ensuring the
complete coordination of phenanthroline to ferrous ions. The absorbance of the above
solution was measured with a UV-vis spectrometer (Figure S4). A non-irradiated

sample was also prepared and measured (Figure S5).

irradiation

3.0 4

2.5

ance (A.U.)

0 2.0 4

or

0 154

Ab

] Absorbance 0.9671 at 510 nm)
L P e

0.5 4
0.0 +

. , ' T . ' .
400 450 500 550 600
Wavelength (nm)

Figure S4. UV-vis spectrum of the potassium ferrioxalate-phenanthroline solution with

irradiation.
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= NN W
(&)} o ()] o
1 1 | 1
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: : . : . , .
400 450 500 550 600
Wavelength (nm)

Figure S5. UV-vis spectrum of the potassium ferrioxalate-phenanthroline solution

without irradiation.

The amount of Fe?" formed during the irradiation has been calculated using the

following equation:
V-AA

mol Fe?*t =
l-s

Where V' is the total volume (0.001175 L) of the solution after addition of
phenanthroline, 44 is the difference in absorbance at 510 nm between the irradiated
and non-irradiated solutions (Airadiation = 0.9671, Anon-irradiation = 0.3950, 44 = 0.5721), [
is the path length (1.000 cm), and ¢ is the molar absorptivity at 510 nm (11,100

L/mol/cm). The photon flux has been calculated using the following equation

mol Fe?*

photon flux = Cb—tf
Where @ is the quantum yield for the ferrioxalate actinometer (0.92 for a 0.15 M
solution at A = 456 nm), ¢ is the irradiation time (10 s), and f'is the fraction of light
absorbed at A = 456 nm (0.98, vide supra). The photon flux of the photoreactor was

calculated to be 6.7 x 107? einstein/s.
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perr VB4 _ 0.001175L X 0.5721 1% 10-8 oy
e = e T 1.000cm X 11100 Lmol-% -em-1 mo

mol Fe** 6.1 X 107 mol
®-t-f 0.92 X 10s X 0.98

photon flux = = 6.7 X 1077 einstein - s71

(4) Determination of the quantum yield:

Under nitrogen atmosphere, to a 10 mL Schlenk tube equipped with a stirring bar
were added 4CzIPN (4.1 mg, 0.005 mmol, 5 mol%), K.CO3 (41.9 mg, 0.3 mmol, 3
equiv), S1 (24.0 mg, 0.1 mmol, 1 equiv), S2 (55.1 mg, 0.3 mmol, 3 equiv), N-methyl
pyrrolidinone (0.9 mL) and D>O (0.1 mL) successively, and the tube was sealed with a
septum. The mixture was stirred at room temperature irradiated with a blue LED for 1
h. The aqueous layer was extracted with ethyl acetate (5 mL X% 3) and the combined
organic layer was washed with brine (5 mL), dried over anhydrous MgSOQsa, filtered and
concentrated in vacuo to afford corresponding product via chromatography on silica gel
to afford 1 (3.0 mg, 7%).

The quantum yield (®) has been calculated using the equation

__mol product
© o flux-t-f

Where ¢ is the reaction time (3600 s), and fis the previously calculated fraction of

light absorbed by the solution.

__ mol product 0.1 X 0.07 X 1073
© flux-t-f 6.7 X 1079 einstein - s1 X 3600 s X 0.98

= 0.30
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6. 'TH NMR, *C NMR, ’F NMR spectra for compounds.
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