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General Information: Solvents were obtained from Sigma-Aldrich, Alfa-Aesar and Acros
and used directly without further purification. Carboxylic acids and carboxylic acid chlorides
were obtained from the commercial sources or synthesized following literature procedures, and
used to prepare the corresponding amides. Analytical thin layer chromatography was performed
on 0.25 mm silica gel 60-F254. Visualization was carried out with UV light and Vogel’s
permanganate. 'H NMR spectra were recorded on Bruker AMX-400 instrument (400 MHz) or
Bruker DRX-600 instrument (600 MHz). When the *H NMR solvent was CDCls, chemical shifts
were quoted in parts per million (ppm) referenced to 0.00 ppm for tetramethylsilane; When the
'H NMR solvent was MeOD, chemical shifts were quoted in parts per million (ppm) referenced
to 3.31 ppm for solvent MeOD; When the *H NMR solvent was Acetone-d-6, chemical shifts
were quoted in parts per million (ppm) referenced to 2.05 ppm for solvent Acetone-d-6. The
following abbreviations (or combinations thereof) were used to explain multiplicities: s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. Coupling constants, J, were
reported in Hertz unit (Hz). *C NMR spectra were recorded on Bruker DRX-600 instrument
(150 MHz), and were fully decoupled by broad band proton decoupling. When the **C NMR
solvent was CDCl; chemical shifts were reported in ppm referenced to 0.0 ppm for
tetramethylsilane; When the **C NMR solvent was MeOD, chemical shifts were quoted in parts
per million (ppm) referenced to 49.1 ppm for solvent MeOD; When the **C NMR solvent was
Acetone-d-6, chemical shifts were quoted in parts per million (ppm) referenced to 29.9 ppm for
solvent Acetone-d-6. High-resolution mass spectra (HRMS) were recorded on an Agilent Mass
spectrometer using ESI-TOF (electrospray ionization-time of flight). Melting points were
obtained from a Mel-temp Il apparatus (uncorrected). HPLC profiles were obtained on a Hitachi
LaChrom Elite HPLC system using commercially available chiral columns.
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Experimental Section

A. Preparation of Substrates

General Method A (Amino Acid Substrates):

NH;

R NCOOH  aq. Na,COs, rt. 0O o/ CO0H

Synthesis of phthalimide-protected amino acids:* amino acid (1 equiv) and Na,COj3 (1 equiv)
were dissolved in water (1M) at room temperature and N-ethoxycarbonylphthalimide (1 equiv)
was added to the solution in small portions. The reaction was stirred for 3 hours at room
temperature, and then the aqueous solution was cooled to °C and slowly acidified with aqueous
HCI (6 M) until pH of 1-2 was attained and white precipitate was observed. The precipitate was
collected and washed with aqueous HCI (20 mL, 1M) and EtOAc/hexanes = 1/5 (20 mL) to give
phthalimide-protected amino acid in high yields.

j!\ 1.(COCl), Cat. DMF, R
DCM, it
HaC” “COOH > )—CONHOMe
2. aq. NaHCOs3, HsC

HoNOMeeHCI, DCM,

Synthesis of N-methoxy amides from acids: To a 250 mL round-bottom flask were added the
acid (50 mmol, 1 equiv), DCM (100 mL), and 0.05 mL DMF, oxalyl chloride (100 mmol, 8.5
mL, 2 equiv) was added slowly to the mixture, the above mixture were reacted for 3 h at room
temperature. Then, the excess of oxalyl chloride and DCM were removed in vacuo, and the crude
acid chloride in DCM (60 mL) was added slowly to a vigorously stirring solution of
H2NOMee«HCI (60 mmol, 5.0 g, 1.2 equiv) and NaHCO3 (120 mmol, 2.4 equiv), in DCM (60 mL)
and water (60 mL) in ice cooled bath. The reaction mixture was stirred for 3 h at 0 °C (monitored
by TLC), after which H,O and DCM was added to the reaction mixture. The aqueous layer was
then extracted with DCM (3 %) and the combined organics were washed with brine, dried over
Na,SQ,, filtered and concentrated. The product was recrystallized in DCM/hexanes to give the

pure amide (over 90% yield).
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NPhth

HsC” NCONHOMe

1
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxypropanamide (1)

White solid. m.p. = 126-127 °C.*H NMR (400 MHz, CDCl3) & 8.93 (s, 1H), 7.89-7.86 (m, 2H),
7.78-7.75 (m, 2H), 4.97 (m, 1H), 3.77 (s, 3H), 1.70 (d, J = 7.4 Hz, 3H). The ee value was
determined by HPLC analysis on a Chiralcel OD-H column (20% isopropanol in hexanes, 0.4

mL/min) with t. = 32.2 min (minor), 37.8 min (major): 99% ee.

Area % Report
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DAD-CH2 205 nm

Results
Retention Time Area Area % Height Height %
32.153 208785 0.34 3727 0.67
37.773 61441667 99.66 552430 99.33
Totals
61650452 100.00 556157 100.00
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CONHOMe

.
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-phenylpropanamide (2’)

'H NMR (600 MHz, CDCls) § 9.31 (s, 1H), 7.78-7.75 (m, 2H), 7.71-7.68 (m, 2H), 7.18-7.11 (m,
5H), 5.08 (m, 1H), 3.75 (s, 3H), 3.54-3.40 (m, 2H): *C NMR (150 MHz, CDCls) & 167.90,
166.58, 136.07, 134.40, 131.25, 128.89, 128.67, 127.10, 123.60, 64.52, 54.57, 34.75; HRMS
(ESI-TOF) Calcd for CigHi7N,O4 [M+H]™: 325.1183; found: 325.1185. The ee value was
determined by HPLC analysis on a Chiralcel OD-H column (20% isopropanol in hexanes, 0.4
mL/min) with t, = 39.4 min (minor), 48.3 min (major): 99% ee.

Area % Report
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Minutes

DAD-CH2 205 nm

Results
Retention Time Area Area % Height Height %
39.447 287676 0.12 5658 0.34
48.347 249491625 99.88 1635575 99.66
Totals
249779301 100.00 1641233 100.00

S6



CHs

HsCAconHoMe

5a

N-Methoxy-2-methylbutanamide (5a)

'H NMR (600 MHz, CDCls) & 8.38 (s, 1H), 3.77 (s, 3H), 1.99 (m, 1H), 1.73-1.66 (m, 1H), 1.49-
1.42 (m, 1H), 1.15 (d, J = 7.2 Hz, 3H), 0.92 (t, J = 7.8 Hz, 3H); **C NMR (150 MHz, CDCl3) &
174.32, 64.47, 39.92, 27.00, 17.26, 11.78; HRMS (ESI-TOF) Calcd for CgHuNO, [M+H]":
132.1019; found: 132.1020.

CHs
BnO~ACcoNHOMe
5b

(S)-3-(Benzyloxy)-N-methoxy-2-methylpropanamide (5b)

IH NMR (600 MHz, CDCls) & 8.83 (s, 1H), 7.37-7.30 (m, 5H), 4.55-4.50 (m, 2H), 3.73 (s, 3H),
3.53-3.50 (m, 2H), 2.49 (m, 1H), 1.15 (d, J = 7.2 Hz, 3H); 2*C NMR (150 MHz, CDCl5) § 172.91,
137.44, 128.54, 127.97, 127.77, 73.48, 71.82, 64.31, 38.84, 13.36; HRMS (ESI-TOF) Calcd for
C12H1gNO3 [M+H]": 224.1281; found: 224.1284.

CHs

PhthN A conHOMe

5¢c
3-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-2-methylpropanamide (5c)

White solid. m.p. = 182-184 °C.*H NMR (600 MHz, CDCls) & 8.45 (s, 1H), 7.86-7.85 (m, 2H),
7.74-7.72 (m, 2H), 3.93 (dd, J = 13.5, 7.5 Hz, 1H), 3.77 (dd, J = 14.1, 6.5 Hz, 1H), 3.70 (s, 3H),
2.73 (m, 1H), 1.23 (d, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl3) & 171.23, 168.26, 134.19,
131.82, 123.44, 64.43, 40.88, 37.36, 15.31; HRMS (ESI-TOF) Calcd for C13H15N,04 [M+H]™:
263.1026; found: 263.1027.

CHs
H3C—|—NPhth
CONHOMe
5d

2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-2-methylpropanamide (5d)
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White solid. m.p. = 172-175 °C.*H NMR (600 MHz, CDCl3) 5 8.57 (s, 1H), 7.81-7.78 (m, 2H),
7.73-7.70 (m, 2H), 3.81 (s, 3H), 1.84 (s, 6H), 1.67 (m, 1H); *C NMR (150 MHz, CDCly) §
171.35, 168.44, 134.19, 131.77, 123.19, 64.15, 60.26, 24.51: HRMS (ESI-TOF) Calcd for
C1sH1sN204 [M+H]": 263.1026; found: 263.1022.

TBSO\@\/N\Phth
CONHOMe

5e

(S)-3-(4-((tert-Butyldimethylsilyl)oxy)phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy
propanamide (5e)

'H NMR (600 MHz, CDCl3) 6 9.30 (s, 1H), 7.77-7.74 (m, 2H), 7.70-7.67 (m, 2H), 6.99 (d, J =
8.0 Hz, 2H), 6.63 (d, J = 8.4 Hz, 2H), 5.05 (m, 1H), 3.75 (s, 3H), 3.43-3.41 (m, 2H), 0.89 (s, 9H),
0.06 (s, 3H), 0.05 (s, 3H); *C NMR (150 MHz, CDCls) & 167.90, 166.70, 154.60, 134.33,
131.24, 129.90, 128.65, 123.54, 120.37, 64.50, 54.76, 34.05, 25.62, 18.15, -4.55; HRMS (ESI-
TOF) Calcd for Cy4H31N,0sSi [M+H]": 455.1997; found: 455.2000.

NPhth

HaCul A
3" CONHOMe
5f

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxybutanamide (5f)

White solid. m.p. = 153-155 °C.*H NMR (600 MHz, CDCls) & 9.22 (s, 1H), 7.89-7.88 (m, 2H),
7.78-7.76 (m, 2H), 4.76 (m, 1H), 3.76 (s, 3H), 2.23-2.18 (m, 2H), 0.94 (t, J = 7.5 Hz, 3H); 1°C
NMR (150 MHz, CDCl3) 5 168.15, 161.93, 134.54, 131.44, 123.75, 64.57, 55.29, 22.43, 10.77;
HRMS (ESI-TOF) Calcd for C1sH1sN,04 [M+H]": 263.1026; found: 263.1023.

NPhth
CONHOMe

59

1-(1,3-Dioxoisoindolin-2-yl)-N-methoxycyclobutane-1-carboxamide (59)
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White solid. m.p. = 196-200 °C.*H NMR (600 MHz, CDCl3) 5 8.93 (s, 1H), 7.85-7.82 (m, 2H),
7.76-7.73 (M, 2H), 3.76 (s, 3H), 3.02-2.98 (m, 2H), 2.74-2.68 (m, 2H), 2.13-2.10 (m, 1H), 1.98-
1.95 (m, 1H); ©*C NMR (150 MHz, CDCls) & 169.35, 167.87, 134.42, 131.77, 123.46, 64.45,
59.19, 31.78, 17.58; HRMS (ESI-TOF) Calcd for CiHisN,Os [M+H]': 275.1026; found:
275.1029.

NPhth
CONHOMe
5h

1-(1,3-Dioxoisoindolin-2-yl)-N-methoxycyclopropane-1-carboxamide (5h)

White solid. m.p. = 208-212 °C.*H NMR (600 MHz, CDCls) & 8.52 (s, 1H), 7.90-7.88 (m, 2H),
7.80-7.79 (m, 2H), 3.70 (s, 3H), 1.87-1.85 (m, 2H), 1.33-1.31 (m, 2H); *°C NMR (150 MHz,
CDCls) & 168.56, 167.81, 134.74, 131.29, 123.78, 64.53, 31.86, 16.25; HRMS (ESI-TOF) Calcd
for C13H1sN,04 [M+H]*: 261.0870; found: 261.0871.

B. Preparation of Heterocyclic lodides
| |
7 NaH, DMF /2
(I’:‘I\/©/ TsCl,0°C tor.t. ("Fl}@/
Sodium hydride (60% dispersion in mineral oil, 2.4 g, 60.0 mmol) was suspended in 50 ml N,N-
dimethylformamide (DMF) and the mixture was cooled in an ice-bath. A solution of 5-iodo-1 H-
indole (9.72 g, 40.0 mmol) in 25 ml DMF was added dropwise over 10 min and the mixture was
stirred for 30 min. A solution of 4-methylbenzene-1-sulfonyl chloride (9.17 g, 48.0 mmol) in 25
ml DMF was added dropwise and the mixture was stirred for 2 h, warming to room temperature.
The mixture was partitioned between water and ethyl acetate. The organic layer was washed with
saturated aqueous NaHCOg3, dried over MgSQy,, filtered and evaporated. The residue was purified

using the hexanes/EtOAc as eluent (100: 0 to 90:10) to give 14.69 g (93%) of the title compound

as a white solid.

5-lodo-1-tosyl-1H-indole
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'H NMR (400 MHz, CDCls) § 7.87 (d, J = 1.2 Hz, 1H), 7.76-7.72 (m, 3H), 7.68-7.56 (m, 1H),
7.52 (d, J = 3.6 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 6.57 (d, J = 3.6 Hz, 1H), 2.35 (s, 3H).

Cul, Nal,

(/i@\ N,N'"- dlmethylethylenedlamme (/\’©\ NaH, DMF (t@\
N Br I TsCl, o°c tordt.

1,4-dioxane, reflux s

An oven dried, sealable glass tube was charged with a magenetic stirbar, 6-bromoindole (0.98 g,
5.0 mmol), freshly ground sodium iodide (1.52 g, 10.0 mmol), and copper(l) iodide (100 mg, 0.5
mmol). The vessel was then fitted with a rubber septum, evacuated under vacuum and backfilled
with argon. This process was repeated three times. The vessel was then charged with 1,4-dioxane
(5 mL) followed by N,N'-dimethylethylenediamine (0.12 mL, 1.0 mmol) via syringe. The rubber
septum was removed and the reaction vessel immediately sealed tightly with a Teflon screw cap
and heated to 110 °C for 22 h. After cooling to room temperature, the reaction was diluted with
saturated aqueous NH4CI (30 mL) and extracted with DCM (4 x 25 mL). The combined organic
layers were washed with brine (30 mL) and dried over Na,;SO,, then concentrated to a brown
residue. The residue was triturated in hexanes and concentrated to provide 6-iodo-1H-indole as a

crude product.?

Sodium hydride (60% dispersion in mineral oil, 0.3 g, 7.5 mmol) was suspended in 5 ml DMF
and the mixture was cooled in an ice-bath. A solution of 6-iodo-1H-indole in 1 ml DMF was
added dropwise over 5 min and the mixture was stirred for 30 min. A solution of 4-
methylbenzene-1-sulfonyl chloride (1.18 g, 6.0 mmol) in 2 ml DMF was added dropwise and the
mixture was stirred for 2 h, warming to room. The mixture was partitioned between water and
ethyl acetate. The organic layer was washed with saturated aqueous NaHCOj3, dried over MgSQOy,,
filtered and evaporated. The residue was purified using the hexanes/EtOAc as eluent (100/0 to

90/10) to give 1.51 g (76%) of the title compound as a gray solid.
6-lodo-1-tosyl-1H-indole

'H NMR (400 MHz, CDCl3) & 8.36 (s, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.52 (dd, J = 8.4, 1.2 Hz,
1H), 7.48 (d, J = 3.6 Hz, 1H), 7.28-7.25 (m, 4H), 6.60 (d, J = 3.6 Hz, 1H), 2.36 (s, 3H).

I NaOH, TsCl !
, /4
N 4 —_—— N\
Y N

N DCM s
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Sodium hydroxide (0.3 g, 6 mmol) was suspended in 10 ml DCM. 5-iodo-1H-indazole (448 mg,
2 mmol) was added, and the mixture was stirred for 30 min. A solution of 4-methylbenzene-1-
sulfonyl chloride (456 mg, 2.4 mmol) in 2 mL DCM was added dropwise and the mixture was
stirred for several hours. The mixture was partitioned with water. The organic layer was washed
with saturated aqueous NaHCOj3, dried over MgSQO,, filtered and evaporated. The residue was
purified via colum chromatography on silca gel using the hexanes/EtOAc as eluent (100/0 to

90/10) to give 517 mg (65%) of the title compound as a gray solid.
5-lodo-1-tosyl-1H-indazole

'H NMR (600 MHz, CDCls) & 8.09 (d, J = 1.2 Hz, 1H), 8.05-8.04 (m, 1H), 8.00-7.99 (m, 1H),
7.86-7.84 (m, 2H), 7.81-7.79 (m, 1H), 7.26-7.25 (m, 2H), 2.37 (s, 3H); *C NMR (150 MHz,
CDCls) & 145.72, 139.85, 139.53, 137.64, 134.28, 130.22, 129.95, 128.01, 127.60, 114.90, 87.92,
21.67; HRMS (ESI-TOF) Calcd for C14H12IN20,S [M+H]": 398.9659; found: 398.9663.

Sodium hydroxide (0.3 g, 6 mmol) was suspended in 10 ml DCM. 5-iodo-1H-indazole (448 mg,
2 mmol) was added, and the mixture was stirred for 30 min. A solution of 4-methylbenzene-1-
sulfonyl chloride (456 mg, 2.4 mmol) in 2 mL DCM was added dropwise and the mixture was
stirred for several hours. The mixture was partitioned with water. The organic layer was washed
with saturated aqueous NaHCOg3, dried over MgSQ,, filtered and evaporated. The residue was
purified via colum chromatography on silca gel using the hexanes/EtOAc as eluent (100/0 to
90/10) to give 358 mg (45%) of the title compound as a gray solid.

6-lodo-1-tosyl-1H-indazol

'H NMR (600 MHz, CDCls) & 8.64 (d, J = 0.6 Hz, 1H), 8.12 (d, J = 0.6 Hz, 1H), 7.89-7.87 (m,
2H), 7.64-7.62 (m, 1H), 7.43-7.41 (m, 1H), 7.29-7.27 (m, 2H), 2.38 (s, 3H); *C NMR (150 MHz,
CDCl3) & 145.73, 141.06, 140.90, 134.34, 133.33, 129.98, 127.68, 125.00, 122.37, 122.18, 95.55,
21.68; HRMS (ESI-TOF) Calcd for C14H12IN20,S [M+H]": 398.9659; found: 398.9662.
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Cul, Nal,

N Br N,N'-dimethylethylenediamine BN I
P > P
N

1,4-dioxane, reflux N

An oven dried, sealable glass tube was charged with a magenetic stirbar, 3-bromoqunoline (1.04
g, 5.0 mmol), freshly ground sodium iodide (1.52 g, 10.0 mmol), and copper(l) iodide (100 mg,
0.5 mmol). The vessel was then fitted with a rubber septum, evacuated under vacuum and
backfilled with argon. This process was repeated three times. The vessel was then charged with
1,4-dioxane (5 mL) followed by N,N'-dimethylethylenediamine (0.12 mL, 1.0 mmol) via syringe.
The rubber septum was removed and the reaction vessel immediately sealed tightly with a Teflon
screw cap and heated to 110 °C for 22 hours. After cooling to room temperature, the reaction was
diluted with saturated aqueous NH4Cl (30 mL) and extracted with DCM (4 x 25 mL). The
combined organic layers were washed with brine (30 mL) and dried over Na,SO,, then
concentrated to a brown residue. The residue was recrystallized in hexanes/EtOAc to provide 3-
iodoqunoline (1.15¢g, 90%).

3-lodoquinoline

'H NMR (600 MHz, CDCl3) & 9.04 (d, J = 1.8 Hz, 1H), 8.55-8.54 (m, 1H), 8.08-8.06 (m, 1H),
7.75-7.71 (m, 2H), 7.58-7.56 (m, 1H); *C NMR (150 MHz, CDCls) & 155.57, 146.34, 143.71,
130.03, 130.01, 129.50, 127.41, 126.79, 89.77; HRMS (ESI-TOF) Calcd for CoH/IN [M+H]":
255.9618; found: 255.9623.

N Cul, Phen, KI N
Z > 2
PinB N | N

MeOH/H,0, 80 °C

The starting material (638 mg, 2.5 mmol) was dissolved in methanol (20 mL), and the methanol
solution was transferred to a 250 mL pressure vessel containing Cul (47.6 mg, 0.25 mmol, 10.0
mol%), phenanthroline (90.0 mg, 0.5 mmol, 20.0 mol%) and Kl (0.622 g, 3.76 mmol, 1.50
equiv). The mixture was stirred at room temperature, and water (5 mL) was added. The flask was
sealed under air, and the mixture was heated at 80 °C for 1 h, over which time the reaction was
monitored by TLC. The reaction was cooled to room temperature, water (25 mL) was added, and
the mixture was extracted with Et,O (3 x 25 mL). The combined organic phases were washed

with brine (25 mL), dried with MgSO,, and concentrated in vacuo. After purification by column
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chromatography using hexanes/EtOAc (20/1) as the eluent, the product was obtained as a white
solid (593 mg, 93%).°

7-lodoquinoline

'H NMR (600 MHz, CDCl5) & 8.91 (dd, J = 4.2, 1.8 Hz, 1H), 8.55-8.54 (m, 1H), 8.13-8.11 (m,
1H), 7.81 (dd, J = 8.4, 1.8 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.42 (dd, J = 8.4, 4.2 Hz, 1H); ©°C
NMR (150 MHz, CDCls) & 151.07, 148.94, 138.53, 135.99, 135.30, 128.90, 127.25, 121.60,
95.47; HRMS (ESI-TOF) Calcd for CoH7IN [M+H]*: 255.9618; found: 255.9621.

|
OH

A
|
N Cl

(2-Chloro-4-iodopyridin-3-yl)methanol

'H NMR (600 MHz, CDCls) § 7.91 (d, J = 4.8 Hz, 1H), 7.75 (d, J = 5.4 Hz, 1H), 5.00-4.99 (m,
2H), 2.22 (br, 1H); *C NMR (150 MHz, CDCl3) & 150.89, 149.05, 136.86, 134.34, 113.30,
66.94; HRMS (ESI-TOF) Calcd for CsHsCIINO [M+H]*: 269.9177; found: 269.9181.

General Reaction Scheme:

Monoarylation

Pd(OAc), (10 mol%)

el ey
H ~ — ? o Ar: S
CONHOMe = NN
1/\ AgOAc (2 equiv) CONHOMe
1 HFIP, 75 °C, 24 h 2

General procedure for monoarylation with aryl iodides: The starting material 1 (0.1 mmol,
24.8 mg), Pd(OAc), (10 mol%, 2.2 mg), and AgOAc (0.2 mmol, 33.4 mg) were weighed in air
and placed in a sealed tube (10 mL) with a magnetic stir bar. To the reaction mixture, aryl iodide
(0.15 mmol), 2-picoline (20 mol%, 2 uL), HFIP (1.0 mL) were added. The reaction mixture was

first stirred at room temperature for 10 min and then heated to 75 °C for 24 hours under vigorous
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stirring. Upon completion, the reaction mixture was cooled to room temperature, filtered with
celite using DCM. The solvents were removed under reduced pressure and the resulting mixture
was purified by a silica gel-packed flash chromatography column using DCM/EtOAc (1/0 to 4/1

to 2/1) as the eluent.

CONHOMe

2

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-phenylpropanamide (2')

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2" was obtained
as a white solid (29.8 mg, 90%). (For the NMR data, see the previous one in the substrate

preparation section)

M
CONHOMe

2a
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(p-tolyl)propanamide (2a)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2a was obtained
as a white solid (31.0 mg, 92%). *H NMR (600 MHz, CDCls) & 9.34 (s, 1H), 7.78-7.75 (m, 2H),
7.70-7.68 (m, 2H), 7.03 (d, J = 7.8 Hz, 2H), 6.97 (d, J = 7.8 Hz, 2H), 5.06 (m, 1H), 3.74 (s, 3H),
3.47 (m, 2H), 2.21 (s, 3H); *C NMR (150 MHz, CDCls) & 167.93, 166.64, 136.63, 134.34,
132.90, 131.31, 129.35, 128.71, 123.57, 64.49, 54.62, 34.34, 20.99; HRMS (ESI-TOF) Calcd for
C19H19N,Os [M+H]": 339.1339; found: 339.1338. The ee value was determined by HPLC
analysis on a Chiralcel OD-H column (20% isopropanol in hexanes, 0.4 mL/min) with t, = 42.5

min (minor), 45.6 min (major): 99% ee.
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Results
Retention Time Area Area % Height Height %
42.547 16983 0.01 1788 0.09
45.633 316582855 99.99 2077420 99.91
Totals
316599838 100.00 2079208 100.00

Me

CONHOMe

2b

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(m-tolyl)propanamide (2b)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2b was obtained
as a white solid (22.1 mg, 65%). *H NMR (600 MHz, CDCls) § 9.29 (s, 1H), 7.78-7.75 (m, 2H),
7.70-7.67 (m, 2H), 7.05 (t, J = 7.5 Hz, 1H), 6.95-6.92 (m, 3H), 5.06 (m, 1H), 3.74 (s, 3H), 3.52-
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3.44 (m, 2H), 2.17 (s, 3H); **C NMR (150 MHz, CDCls) & 167.92, 166.59, 138.28, 135.98,
134.36, 131.31, 129.69, 128.53, 127.81, 125.85, 123.56, 64.50, 54.65, 34.70, 21.19; HRMS
(ESI-TOF) Calcd for C1gH19N204 [M+H]™: 339.1339; found: 339.1337.

! O NPhth
CONHOMe

2c
(S)-3-([1,1'-Biphenyl]-4-yI)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (2c)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2c was obtained
as a yellow solid (25.4 mg, 64%). m.p. = 107-110 °C.*H NMR (600 MHz, CDCl3) § 9.32 (s, 1H),
7.79-7.76 (m, 2H), 7.70-7.67 (m, 2H), 7.47 (d, J = 7.2 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.40-
7.36 (m, 2H), 7.31-7.28 (m, 1H), 7.23 (d, J = 7.8 Hz, 2H), 5.13 (m, 1H), 3.76 (s, 3H), 3.57 (m,
2H); 3C NMR (150 MHz, CDCl3) & 167.93, 166.56, 140.44, 139.81, 135.09, 134.41, 131.25,
129.30, 128.68, 127.29, 127.25, 126.87, 123.63, 64.54, 54.46, 34.40; HRMS (ESI-TOF) Calcd
for CosH21N,04 [M+H]": 401.1496; found 401.1497.

M
CONHOMe

2d
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(4-methoxyphenyl)propanamide (2d)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2d was obtained
as a white solid (25.3 mg, 72%). *H NMR (600 MHz, CDCls) & 9.32 (s, 1H), 7.79-7.76 (m, 2H),
7.71-7.68 (m, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.70 (d, J = 8.4 Hz, 2H), 5.05 (m, 1H), 3.75 (s, 3H),
3.69 (s, 3H), 3.45 (m, 2H); *C NMR (150MHz, CDCls) & 167.94, 166.67, 158.51, 134.37,
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131.27, 129.90, 127.93, 123.60, 114.06, 64.51, 55.15, 54.75, 33.94; HRMS (ESI-TOF) Calcd for
C19H19N20s [M+H]": 355.1288; found: 355.1289.

OMe

CONHOMe

2e

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(3-methoxyphenyl)propanamide (2e)
Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2e was obtained
as a white solid (29.3 mg, 83%). *H NMR (600 MHz, CDCls) & 9.36 (s, 1H), 7.79-7.76 (m, 2H),
7.71-7.68 (m, 2H), 7.07 (t, J = 7.8 Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H), 6.69 (s, 1H), 6.67-6.65 (m,
1H), 5.10 (m, 1H), 3.75 (s, 3H), 3.66 (s, 3H), 3.55-3.41 (m, 2H); *C NMR (150 MHz, CDCls) &
167.89, 166.52, 159.66, 137.61, 134.38, 131.29, 129.66, 123.58, 121.18, 114.07, 113.02, 64.50,
55.08, 54.43, 34.75; HRMS (ESI-TOF) Calcd for CioHigN,Os [M+H]": 355.1288; found:
355.1291.

NPhth
CONHOMe

OMe

2f
(S)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-(2-methoxyphenyl)propanamide (2f)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2f was obtained
as a white solid (27.0 mg, 76%). *H NMR (600 MHz, CDCls) § 9.23 (s, 1H), 7.77-7.75 (m, 2H),
7.70-7.67 (m, 2H), 7.14-7.13 (m, 1H), 7.03 (dd, J = 7.2, 1.8 Hz, 1H), 6.76-6.74 (m, 1H), 6.73-
6.70 (m, 1H), 5.26 (m, 1H), 3.76 (s, 3H), 3.74 (s, 3H), 3.54-3.40 (m, 2H); *C NMR (150 MHz,
CDCl3) 6 167.83, 166.89, 157.47, 134.18, 131.47, 131.01, 128.62, 124.44, 123.42, 120.54,
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110.28, 64.49, 55.18, 52.75, 30.40; HRMS (ESI-TOF) Calcd for C19H19N,0s [M+H]": 355.1288;
found: 355.1291.

F
CONHOMe

2g

(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(4-fluorophenyl)-N-methoxypropanamide (29)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2g was obtained
as a white solid (27.8 mg, 81%). m.p. = 135-137 °C. *H NMR (600 MHz, CDCls) § 9.44 (s, 1H),
7.80-7.76 (m, 2H), 7.72-7.68 (m, 2H), 7.12-7.10 (m, 2H), 6.85 (t, J = 8.4 Hz, 2H), 5.04 (m, 1H),
3.74 (s, 3H), 3.56-3.40 (m, 2H); *C NMR (150 MHz, CDCls) & 167.84, 166.40, 161.80 (d, Jec =
243.9 Hz), 134.47, 131.80, 131.17, 130.43 (d, Jrc = 8.0 Hz), 123.63, 115.52 (d, Jrc = 21.3 Hz),
64.50, 54.39, 33.88; HRMS (ESI-TOF) Calcd for CigHiFN,O4 [M+H]": 343.1089; found:.
343.1086.

F

CONHOMe

2h
(S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-fluorophenyl)-N-methoxypropanamide (2h)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2h was obtained
as a white solid (24.3 mg, 71%). m.p. = 125-127 °C. *H NMR (600 MHz, CDCls) § 9.47 (s, 1H),
7.78-7.77 (m, 2H), 7.71-7.70 (m, 2H), 7.15-7.12 (m, 1H), 6.94 (d, J = 7.8 Hz, 1H), 6.87 (d, J =
10.2 Hz, 1H), 6.82 (t, J = 8.4 Hz, 1H), 5.05 (m, 1H), 3.74 (s, 3H), 3.52 (m, 2H); **C NMR (150
MHz, CDCls) & 167.80, 166.25, 162.72 (d, Jrc = 245.1 Hz), 138.69, 134.47, 131.19, 130.14 (d,
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Jec = 8.4 Hz), 124.57 (d, Jrc = 2.9 Hz), 123.64, 115.89 (d, Jrc = 20.7 Hz), 114.04 (d, Jrc = 20.9
Hz), 64.48, 54.03, 34.34; HRMS (ESI-TOF) Calcd for C1gH1sFN,04 [M+H]*: 343.1089; found:
343.1087.

|
C\I::J\/ETMh
CONHOMe

2i

(S)-3-(4-Chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (2i)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2i was obtained
as a white solid (22.6 mg, 63%). *H NMR (600 MHz, CDCls) & 9.33 (s, 1H), 7.80-7.77 (m, 2H),
7.73-7.70 (m, 2H), 7.14 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 5.04 (m, 1H), 3.75 (s, 3H),
3.49 (m, 2H); *C NMR (150 MHz, CDCls) & 167.82, 166.33, 134.53, 132.92, 131.14, 130.24,
128.81, 123.70, 64.55, 54.19, 34.00; HRMS (ESI-TOF) Calcd for CigHi6CIN,O4 [M+H]™:
359.0793; found: 359.0791.

Br:
CONHOMe

2
(S)-3-(4-Bromophenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (2j)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2j was obtained
as a white solid (28.6 mg, 71%). *H NMR (600 MHz, CDCls) & 9.27 (s, 1H), 7.80-7.77 (m, 2H),
7.73-7.70 (m, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 7.2 Hz, 2H), 5.06 (m, 1H), 3.75 (s, 3H),
3.48 (m, 2H); **C NMR (150 MHz, CDCls) 5 167.82, 166.31, 135.06, 134.55, 131.77, 131.12,
130.60, 123.72, 121.05, 64.57, 54.15, 34.08; HRMS (ESI-TOF) Calcd for CigH16BrN,O4
[M+H]": 403.0288; found: 403.0284.
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CONHOMe

2k
(S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-iodophenyl)-N-methoxypropanamide (2k)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2k was obtained
as a white solid (22.1 mg, 49%). *H NMR (600 MHz, CDCls) & 9.27 (s, 1H), 7.82-7.79 (m, 2H),
7.74-7.72 (m, 2H), 7.47-7.45 (m, 2H), 7.14 (d, J = 7.2 Hz, 1H), 6.93 (t, J = 7.8 Hz, 1H), 5.01 (m,
1H), 3.75 (s, 3H), 3.47-3.45 (m, 2H); *C NMR (150 MHz, CDCls) & 167.82, 166.14, 138.53,
137.98, 136.18, 134.55, 131.15, 130.36, 128.16, 123.73, 94.39, 64.58, 54.25, 34.23; HRMS
(ESI-TOF) Calcd for C1gH16IN204 [M+H]": 451.0149; found: 451.0143.

F3C
CONHOMe

2

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(4-(trifluoromethyl)phenyl)propanamide (2I)
Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2| was obtained
as a white solid (28.0 mg, 71%). m.p. = 137-139 °C. 'H NMR (600 MHz, CDCls) § 9.43 (s, 1H),
7.79-7.76 (m, 2H), 7.73-7.70 (m, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.28 (d, J = 7.2 Hz, 2H), 5.10 (m,
1H), 3.75 (s, 3H), 3.59 (m, 2H); **C NMR (150 MHz, CDCls) & 167.78, 166.16, 140.33, 134.57,
131.12, 129.67-129.03, 125.57 (q, Jrc = 3.5 Hz) 123.98 (q, Jrc = 270.4 HZz), 123.70, 64.53, 53.84,
34.41; HRMS (ESI-TOF) Calcd for C19H16F3N204 [M+H]": 393.1057; found 393.1060.

F4CO
CONHOMe

2m
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(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(4-(trifluoromethoxy)phenyl)propanamide
(2m)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2m was obtained
as a white solid (33.6 mg, 82%). *H NMR (600 MHz, CDCl3) 6 9.41 (s, 1H), 7.79-7.76 (m, 2H),
7.72-7.69 (m, 2H), 7.18 (d, J = 7.8 Hz, 2H), 7.02 (d, J = 7.8 Hz, 2H), 5.07 (m, 1H), 3.74 (s, 3H),
3.53 (m, 2H); **C NMR (150 MHz, CDCls) § 167.83, 166.34, 148.19, 134.88, 134.53, 131.15,
130.34, 123.65, 121.11, 120.32 (q, Jrc = 255.5 Hz), 64.51, 54.14, 33.99; HRMS (ESI-TOF)
Calcd for C19H16F3N2Os [M+H]": 409.1006; found: 409.1013.

M
CONHOMe

2n

Methyl (S)-4-(2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-oxopropyl)benzoate (2n)
Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2n was obtained
as a white solid (31.3 mg, 82%). *H NMR (600 MHz, CDCl3) & 9.49 (s, 1H), 7.82 (d, J = 8.4 Hz,
2H), 7.76-7.63 (m, 2H), 7.70-7.66 (m, 2H), 7.22 (d, J = 7.8 Hz, 2H), 5.10 (m, 1H), 3.83 (s, 3H),
3.58 (m, 2H); *C NMR (150 MHz, CDCls) & 167.72, 166.82, 166.18, 141.64, 134.48, 131.12,
129.91, 128.97, 128.89, 123.65, 64.50, 53.83, 52.07, 34.56; HRMS (ESI-TOF) Calcd for
C20H19N206 [M+H]": 383.1238; found: 383.1238.

CO,Me
NPhth
CONHOMe

20

methyl (S)-3-(2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-oxopropyl)benzoate (20)
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Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 20 was obtained
as a white solid (30.9 mg, 81%). *H NMR (600 MHz, CDCls) & 9.40 (s, 1H), 7.82-7.79 (m, 2H),
7.78-7.76 (m, 2H), 7.71-7.69 (m, 2H), 7.37 (d, J = 7.2 Hz, 1H), 7.26-7.25 (m, 1H), 5.10 (m, 1H),
3.82 (s, 3H), 3.76 (s, 3H), 3.59-3.57 (m, 2H); *C NMR (150 MHz, CDCls) & 167.78, 166.72,
166.14, 136.64, 134.44, 133.50, 131.21, 130.44, 130.06, 128.76, 128.37, 123.65, 64.51, 54.27,
52.10, 34.42; HRMS (ESI-TOF) Calcd for C,0H19N20g [M+H]": 383.1238; found: 383.1240.

Me

Omhth
CONHOMe

2p

(S)-3-(4-Acetylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (2p)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2p was obtained
as a white solid (26.3 mg, 72%). *H NMR (600 MHz, CDCl3) & 9.55 (s, 1H), 7.76-7.74 (m, 4H),
7.71-7.68 (m, 2H), 7.25 (d, J = 7.8 Hz, 2H), 5.11 (m, 1H), 3.75 (s, 4H), 3.59 (m, 2H), 2.49 (s,
3H); **C NMR (150 MHz, CDCls3) & 197.90, 167.72, 166.11, 141.94, 135.84, 134.51, 131.14,
129.17, 128.70, 123.67, 64.49, 53.80, 34.54, 26.52; HRMS (ESI-TOF) Calcd for CH;19N,0s
[M+H]": 367.1288; found: 367.1286.

MeO.
MeO CONHOMe

2q
(S)-3-(2,3-Dimethoxyphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (2q)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification

by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2q was obtained

S22



as a white solid (22.8 mg, 60%). 'H NMR (600 MHz, CDCls) § 9.27 (s, 1H), 7.79-7.76 (m, 2H),
7.71-7.69 (m, 2H), 6.68-6.63 (m, 3H), 5.08 (m, 1H), 3.76 (s, 6H), 3.70 (s, 3H), 3.47-3.44 (m, 2H).
13C NMR (150 MHz, CDCls) & 167.95, 166.70, 148.79, 147.89, 134.45, 131.24, 128.33, 123.59,
121.06, 111.68, 111.19, 64.56, 55.72, 55.66, 54.75, 34.37; HRMS (ESI-TOF) Calcd for
CaoH2tN20g [M+H]*: 385.1394; found: 385.140

Me

Me CONHOMe

2r
(S)-3-(3,5-Dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (2r)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2r was obtained
as a white solid (36.4 mg, 75%). *H NMR (600 MHz, CDCls) & 9.26 (s, 1H), 7.80-7.77 (m, 2H),
7.71-7.69 (m, 2H), 6.75 (s, 3H), 5.04 (m, 1H), 3.74 (s, 3H), 3.46-3.36 (m, 2H), 2.13 (s, 6H); *C
NMR (150 MHz, CDCl3) 6 167.95, 166.60, 138.15, 135.92, 134.32, 131.38, 128.68, 126.70,
123.52, 64.48, 54.70, 34.66, 21.04; HRMS (ESI-TOF) Calcd for CooH21N,O,4 [M+H]": 353.1496;
found: 353.1498.

F
F
F CO,Me
2s’

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3,4,5-trifluorophenyl)propanoate (2s)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. The solvents were
removed under reduced pressure and the resulting mixture was added PhI(OAc), (0.1 mmol, 32.2
mg) and MeOH (1 mL) in a sealed tube (10 mL) with a magnetic stir bar, the reaction mixture

was heated to 80 °C for 3 hours. Upon completion, the reaction mixture was cooled to room
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temperature, filtered with celite using DCM. The solvents were removed under reduced pressure
and the resulting mixture was purified by a silica gel-packed flash chromatography column using
hexanes/EtOAc (5/1 to 4/1 to 2/1) as the eluent. 2s' was obtained as a white solid (22.5 mg,
62%). *H NMR (600 MHz, CDCls) & 7.85-7.82 (m, 2H), 7.76-7.73 (m, 2H), 6.83-6.78 (m, 2H),
5.09-5.07 (m, 1H), 3.78 (s, 3H), 3.56-3.46 (m, 2H); *C NMR (150 MHz, CDCls) & 168.67,
167.39, 151.06 (ddd, Jec = 248.8 Hz, 9.8 Hz, 4.0 Hz), 138.76 (dt, Jrc = 249.0 Hz, 15.1 Hz),
134.43, 133.11-132.98, 131.39, 123.73, 112.96 (dd, Jrc = 16.4 Hz, 4.4 Hz), 53.12, 52.59, 34.16;
HRMS (ESI-TOF) Calcd for C1gH13F3NO4 [M+H]": 364.0791; found: 364.0794.

CF;

FsC CO,Me

2t
Methyl (S)-3-(3,5-bis(trifluoromethyl)phenyl)-2-(1,3-dioxoisoindolin-2-yl)propanoate (2t")

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. The solvents were
removed under reduced pressure and the resulting mixture was added PhI(OAc), (0.1 mmol, 32.2
mg) and MeOH (1 mL) in a sealed tube (10 mL) with a magnetic stir bar. The reaction mixture
was heated to 80 °C for 3 hours. Upon completion, the reaction mixture was cooled to room
temperature, filtered with celite using DCM. The solvents were removed under reduced pressure
and the resulting mixture was purified by a silica gel-packed flash chromatography column using
Hexanes/EtOAc (5/1 to 4/1 to 2/1) as the eluent. 2t' was obtained as a white solid (23.6 mg,
53%). *H NMR (600 MHz, CDCls) § 7.83-7.80 (m, 2H), 7.75-7.72 (m, 2H), 7.68 (s, 1H), 7.63 (s,
2H), 5.15 (dd, J = 10.8, 5.4 Hz, 1H), 3.80 (s, 3H), 3.73 (dd, J = 14.4, 5.4 Hz, 1H), 3.64 (dd, J =
14.4, 10.6 Hz, 1H); *C NMR (150 MHz, CDCls) & 168.57, 167.31, 139.40, 134.48, 131.83 (q,
Jrc = 33.2 Hz), 131.31, 129.24 (q, Jrc = 4.3 Hz), 123.69, 123.26 (q, Jrc = 271.2 Hz), 121.14-
120.97, 53.17, 52.42, 34.56; HRMS (ESI-TOF) Calcd for CyH14FgNO4 [M+H]": 446.0822;
found: 446.0820.
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ACHN\@\/N\Phth
CONHOMe

2u
(S)-3-(4-Acetamidophenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (2u)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOACc (4/1 to 2/1 to 0/1) as the eluent, 2u was obtained
as a white solid (20.2 mg, 53%). ‘H NMR (600 MHz, MeOD) & 7.82-7.79 (m, 4H), 7.35 (d, J =
8.4 Hz, 2H), 7.09 (d, J = 7.8 Hz, 2H), 5.08 (dd, J = 11.4, 5.4 Hz, 1H), 4.63 (br, 1H), 3.72 (s, 3H),
3.52-3.43 (m, 2H), 2.07 (s, 3H); *C NMR (150 MHz, MeOD) & 171.60, 169.10, 168.09, 138.78,
135.68, 133.73, 132.97, 130.51, 124.36, 121.13, 64.47, 54.31, 34.62, 23.83; HRMS (ESI-TOF)
Calcd for CoH20N30s [M+H]": 382.1397; found: 382.1401.

(EtO)zP"O

NPhth

CONHOMe
2v

Diethyl (S)-(4-(2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-oxopropyl)benzyl)
phosphonate (2v)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (4/1 to 2/1 to 0/1) as the eluent, 2v was obtained
as a white solid (44.4 mg, 94%). *H NMR (600 MHz, CDCls3) & 10.20 (s, 1H), 7.76-7.73 (m, 2H),
7.69-7.67 (m, 2H), 7.07 (m, 4H), 5.05 (m, 1H), 3.89-3.82 (m, 4H), 3.72 (s, 3H), 3.57-3.45 (m,
2H), 3.05-2.89 (m, 2H), 1.15-1.12 (m, 6H); *C NMR (150 MHz, CDCls) & 167.79, 166.27,
135.26, 134.17, 131.48, 129.99, 129.95, 129.10, 123.42, 64.20, 62.21-62.11, 54.09, 34.20, 33.16
(d, Jpc = 137.4 Hz), 16.28-16.23; HRMS (ESI-TOF) Calcd for CasHasN,0-P [M+H]": 475.1629;
found: 475.1630.
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OH

CONHOMe

2w

(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(4-(hydroxymethyl)phenyl)-N-methoxypropanamide (2w)
Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2w was obtained
as a white solid (22.1 mg, 62%). *H NMR (600 MHz, CDCl3) & 9.41 (s, 1H), 7.78-7.75 (m, 2H),
7.71-7.68 (m, 2H), 7.17-7.12 (m, 4H), 5.05 (m, 1H), 4.55 (s, 2H), 3.73 (s, 3H), 3.53-3.43 (m, 2H),
2.02-1.78 (br, 1H); *C NMR (150 MHz, CDCls) & 167.90, 166.51, 139.68, 135.44, 134.43,
131.23, 129.03, 127.28, 123.63, 64.82, 64.48, 54.44, 34.40; HRMS (ESI-TOF) Calcd for
C19H19N,05 [M+H]": 355.1288; found: 355.1288.

NPhth
CONHOMe

HO

2x
(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(2-(hydroxymethyl)phenyl)-N-methoxypropanamide (2x)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 2x was obtained
as a white solid (15.0 mg, 42%). m.p. = 122-124 °C. 'H NMR (600 MHz, CDCl3) & 9.71 (s, 1H),
7.79-7.76 (dm, 2H), 7.71-7.68 (m, 2H), 7.30 (d, J = 7.5 Hz, 1H), 7.15-7.14 (m, 1H), 7.07-7.06 (m,
2H), 5.22 (m, 1H), 4.84 (d, J = 12.6 Hz, 1H), 4.69 (d, J = 12.0 Hz, 1H), 3.69 (s, 3H), 3.69-3.64
(m, 1H), 3.53 (dd, J = 14.4, 10.0 Hz, 1H), 1.85 (br, 1H); *C NMR (150 MHz, CDCls) & 168.04,
166.45, 138.58, 135.53, 134.33, 131.38, 130.09, 129.95, 128.34, 127.48, 123.58, 64.37, 63.67,
53.67, 31.85; HRMS (ESI-TOF) Calcd for C19H19N20s [M+H]": 355.1288; found: 355.1287.
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Removal of the directing group:

Method A: Phl(OAC),

NPhth NPhth
H Phl(OAG),, MeOH, H
CO,Me

2' (99% ee) 80 °C, 3h 2" (99% ee)

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-phenylpropanoate (2')

The substrate 2' (0.1 mmol, 32.8 mg) was dissolved in MeOH (1 mL), followed by the addition
of PhI(OAc), (0.1 mmol, 32.2 mg). The reaction mixture was heated to 80 °C for 3 hours. The
reaction mixture was then cooled to room temperature and then saturated ag. Na,SO3z; and
saturated ag. NaHCO3; were added. The aqueous layer was then extracted with EtOAc and the
combined organic layers washed with brine, dried over MgSO,, filtered and concentrated. Purify
by column chromatography (hexanes/ EtOAc = 2:1 to 1:1) to provide product 2", (29.4 mg.
95%). *H NMR (600 MHz, CDCls) & 7.79-7.77 (m, 2H), 7.70-7.68 (m, 2H), 7.19-7.13 (m, 5H),
5.16 (dd, J =11.4, 5.4 Hz, 1H), 3.78 (s, 3H), 3.61-3.52 (m, 2H). The ee value was determined by
HPLC analysis on a Chiralcel OJ column (25% isopropanol in hexanes, 0.4 mL/min) with t, =

42.7 min (major), 63.0 min (minor): 99% ee.

Area % Report
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1000 * Retention Time

1000

500; / ;500 2
| f L =
| | @ I
0 ‘ o
40 45 50 55 60 65 70
Minutes
DAD-CH2 205 nm
Results
Retention Time Area Area % Height Height %
42.700 18924298 99.77 218886 98.38
63.033 43990 0.23 3603 1.62
Totals
18968288 100.00 222489 100.00

Method B: Etzo * BF3

@\/I;fhth Et,00BF3, MeOH, @\/E‘.\Phth
—»
CONHOMe COMe

0,
2' (99% ee) 90°C, 8h 2" (99% ee)

>99%

A sealable pressure flask was charged with MeOH (1 mL) and amide 2' (0.1 mmol, 32.8 mg).
BF;OEt; (5 equiv.) was added and the reaction vessel sealed. The reaction mixture was heated
to 90 °C for 8 hours under vigorous stirring. Upon completion, the reaction mixture was cooled
to room temperature. The solvents were removed under reduced pressure and H,O and EtOAc

were added, organic layers were removed and the aqueous layer was then extracted with EtOAc
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and the combined organics washed with brine, dried over MgSQ,, filtered and concentrated.
Purify by column chromatography (hexanes/ EtOAc = 2:1 to 1:1) to provide 2™ white solid (30.9
mg, >99%). The ee value was determined by HPLC analysis on a Chiralcel OJ column (25%
isopropanol in hexanes, 0.4 mL/min) with t, = 42.6 min (major), 60.7 min (minor): 99% ee.

Area % Report

Retention Time

500 +

250 +

60.747

500

mAU

250

DAD-CH2 205 nm

Minutes

Results
Retention Time Area Area % Height Height %
42.587 50142197 99.32 568129 99.24
60.747 344863 0.68 4334 0.76
Totals
50487060 100.00 572463 100.00
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Arylation with heteroaryl iodides

NPhth Pd(OACc), (10 mol%) NPhth
- _ni . 0, E
H\(\CONHOMe + Ar(Het)| 2-picoline (20 mol Aa)= (Het)Ar\/\CONHOM
e
H AgOAc (2 equiv)
1 HFIP, 80 °C, 24 h 4

General procedure for monoarylation of 1 with heterocyclic iodides: The starting material |
(0.2 mmol, 24.8 mg), Pd(OAc), (10 mol%, 2.2 mg), and AgOAc (0.2 mmol, 33.4 mg) were
weighed in air and placed in a sealed tube (10 mL) with a magnetic stir bar. To the reaction
mixture, aryl iodide (0.15 mmol), 2-picoline (20 mol%, 2 pL), HFIP (1.0 mL) were added. The
reaction mixture was first stirred at room temperature for 10 min and then heated to 80 °C for 24
hours under vigorous stirring. Upon completion, the reaction mixture was cooled to room
temperature, filtered with celite using DCM. The solvents were removed under reduced pressure
and the resulting mixture was purified by a silica gel-packed flash chromatography column using
DCM/EtOAC (1/0 to 4/1 to 2/1) as the eluent.

O.
COLL
(6) CONHOMe

4a

(S)-3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy

propanamide (4a)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 4a was obtained
as a white solid (29.0 mg, 76%). *H NMR (600 MHz, CDCl5) & 9.23 (s, 1H), 7.81-7.78 (m, 2H),
7.72-7.70 (m, 2H), 6.68 (s, 1H), 6.65 (d, J = 7.8 Hz, 1H), 6.60 (d, J = 7.8 Hz, 1H), 5.02 (m, 1H),
4.16-4.14 (m, 4H), 3.74 (s, 3H), 3.40 (m, 2H); *C NMR (150 MHz, CDCls) & 167.93, 166.58,
143.49, 142.54, 134.36, 131.34, 129.16, 123.63, 121.75, 117.68, 117.35, 64.51, 64.16, 54.64,
34.10; HRMS (ESI-TOF) Calcd for CoH19N20g [M+H]": 383.1238; found: 383.1244.
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E
t0,C Io NPhih
CONHOMe

(0]

4b

Ethyl (S)-6-(2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-oxopropyl)-4-oxo-4H-

chromene-3-carboxylate (4b)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 4b was obtained
as a white solid (31.5 mg, 70%). *H NMR (600 MHz, CDCls) 5 10.03 (s, 1H), 7.95 (s, 1H), 7.76-
7.74 (m, 2H), 7.69-7.67 (m, 2H), 7.60 (dd, J = 8.7, 2.1 Hz, 1H), 7.44 (d, J = 8.7 Hz, 1H), 6.96 (s,
1H), 5.13 (m, 1H), 4.43 (q, J = 7.2 Hz, 2H), 3.77 (s, 3H), 3.68-3.67 (m, 2H), 1.41 (t, J = 7.2 Hz,
3H); *C NMR (150 MHz, CDCl3) & 178.24, 167.67, 166.00, 160.38, 154.92, 152.19, 135.79,
134.86, 134.43, 131.23, 125.68, 124.12, 123.66, 119.18, 114.50, 64.45, 63.05, 53.83, 34.04,
14.07; HRMS (ESI-TOF) Calcd for Ca4H,1N20g [M+H]": 465.1292; found: 465.1295.

Ts

N NPhth

N\ H
CONHOMe

4c
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(1-tosyl-1H-indol-5-yl)propanamide (4c)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 4c was obtained
as a white solid (25.6 mg, 62%). m.p. = 194-196 °C.'H NMR (600 MHz, CDCls) § 9.12 (s, 1H),
7.79 (d, J = 9.0 Hz, 1H), 7.75-7.73 (m, 2H), 7.69-7.67 (m, 4H), 7.46 (d, J = 3.6 Hz, 1H), 7.33 (s,
1H), 7.18 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.4 Hz, 1H), 6.50 (d, J = 3.6 Hz, 1H), 5.10 (m, 1H),
3.72 (s, 3H), 3.59-3.55 (m, 2H), 2.33 (s, 3H); **C NMR (150 MHz, CDCl3) & 167.90, 166.71,
144,92, 135.16, 134.41, 133.88, 131.20, 131.08, 129.87, 126.73, 126.71, 125.37, 123.62, 121.67,
113.67, 108.82, 64.52, 54.80, 34.63, 21.55; HRMS (ESI-TOF) Calcd for C27H24N306S [M+H]™:
518.1380; found 518.1386.
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N CONHOMe

Ts

4d
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(1-tosyl-1H-indol-6-yl)propanamide (4d)

Substrate 1 was arylated following the general arylation procedure. Analysis of crude reaction
mixture by *H NMR showed a > 20:1 ratio of mono- and diarylated products. After purification
by column chromatography using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent, 4d was obtained
as a white solid (33.7 mg, 65%). *H NMR (600 MHz, CDCls) & 9.24 (s, 1H), 7.83 (s, 1H), 7.77-
7.75 (m, 2H), 7.72-7.68 (m, 4H), 7.42 (d, J = 3.6 Hz, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.21 (d, J =
8.4 Hz, 2H), 7.05 (d, J = 7.8 Hz, 1H), 6.51 (d, J = 3.0 Hz, 1H), 5.16 (m, 1H), 3.78 (s, 3H), 3.67-
3.66 (m, 2H), 2.33 (s, 3H); *C NMR (150 MHz, CDCls) & 167.92, 166.51, 144.87, 135.19,
135.04, 134.36, 132.82, 131.29, 129.94, 129.71, 126.80, 126.37, 124.33, 123.64, 121.54, 113.81,
108.73, 64.56, 54.94, 35.11, 21.55; HRMS (ESI-TOF) Calcd for Cy;H24N30sS [M+H]™:
518.1380; found: 518.1386.

N
N \
|
NPhth Pd(OAc), (15 mol%) Ts Ts

g 2-picoline (30 mol%) N NPhth N NPhth
< CONHOMe N z + Ny s
CO,Me CONHOMe

AgOAc (2 equiv)
HFIP, 80 °C, 24 h

1
4e' de

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(1-tosyl-1H-indazol-5-yl)propanoate (4e")
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(1-tosyl-1H-indazol-5-yl)propanamide (4e)

Substrate 1 was arylated following the general arylation procedure except Pd(OAc), (15 mol%,
3.3 mg) and 2-picoline (30 mol%, 3 uL). Analysis of crude reaction mixture by *H NMR showed
a > 20:1 ratio of mono- and diarylated products. After purification by column chromatography
using DCM/EtOACc (1/0 to 4/1 to 2/1) as the eluent, 4 €' was obtained as a white solid (8.5 mg,
16%). *H NMR (600 MHz, CDCl3) & 8.05-8.03 (m, 2H), 7.82-7.80 (m, 2H), 7.78-7.75 (m, 2H),
7.71-7.67 (m, 2H), 7.48 (s, 1H), 7.38 (dd, J = 8.4, 1.8 Hz, 1H), 7.21 (d, J = 8.4 Hz, 2H), 5.18 (dd,
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J=10.8, 5.4 Hz, 1H), 3.78 (s, 3H), 3.72-3.63 (m, 2H), 2.35 (s, 3H); *C NMR (150 MHz, CDCls)
8 169.09, 167.45, 145.36, 140.97, 139.41, 134.52, 134.27, 132.96, 131.43, 130.28, 129.81,
127.55, 126.11, 123.58, 121.24, 113.34, 53.15, 53.02, 34.40, 21.63; HRMS (ESI-TOF) Calcd for
C26H22N306S [M+H]": 504.1224; found: 504.1225. 4e was obtained as a white solid (21.8 mg,
42%). *H NMR (600 MHz, CDCls) § 9.28 (s, 1H), 8.03-8.01 (m, 2H), 7.80-7.79 (m, 2H), 7.75-
7.73 (m, 2H), 7.69-7.68 (m, 2H), 7.48 (s, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.22-7.20 (m, 2H), 5.12
(m, 1H), 3.74 (s, 3H), 3.64 (m, 2H), 2.34 (s, 3H); *C NMR (150 MHz, CDCls) § 167.81, 166.25,
145.44, 140.94, 139.40, 134.56, 134.42, 132.38, 131.07, 130.26, 129.83, 127.52, 126.10, 123.69,
121.43, 113.39, 64.57, 54.35, 34.38, 21.63; HRMS (ESI-TOF) Calcd for CyH23N406S [M+H]™:
519.1333; found: 519.1339.

N !
N \
NPhth Pd(OAc), (15 mol%)

H 2-picoline (30 mol%) 7 NPhth 7 NPhth
~" CONHOMe - N, z . N X
N CO,Me N CONHOMe

AgOAc (2 equiv) s s
1 HFIP, 80 °C, 24 h

af af
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(1-tosyl-1H-indazol-6-yl)propanoate (4f")
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(1-tosyl-1H-indazol-6-yl)propanamide (4f)

Substrate 1 was arylated following the general arylation procedure except Pd(OAc), (15 mol%,
3.3 mg) and 2-picoline (30 mol%, 3 uL). Analysis of crude reaction mixture by *H NMR showed
a > 20:1 ratio of mono- and diarylated products. After purification by column chromatography
using DCM/EtOACc (1/0 to 4/1 to 2/1) as the eluent, 4f' was obtained as a white solid (11.6 mg,
22%). *H NMR (600 MHz, CDCls) & 8.04 (m, 2H), 7.80-7.76 (m, 4H), 7.72-7.70 (m, 2H), 7.51
(dd, J = 8.2, 0.7 Hz, 1H), 7.19-7.15 (m, 3H), 5.24 (dd, J = 11.4, 5.4 Hz, 1H), 3.82 (s, 3H), 3.80-
3.75 (m, 2H), 2.34 (s, 3H); *C NMR (150 MHz, CDCls) & 168.98, 167.38, 145.22, 141.02,
140.63, 138.82, 134.53, 134.23, 131.52, 129.81, 127.53, 125.44, 124.84, 123.61, 121.41, 113.28,
53.33, 53.08, 35.13, 21.64; HRMS (ESI-TOF) Calcd for Co6H2,N306S [M+H]": 504.1224; found:
504.1225. 4f was obtained as a white solid (23.0 mg, 44%). *H NMR (600 MHz, CDCls) & 9.40
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(s, 1H), 8.03 (s, 1H), 7.80 (s, 1H), 7.78-7.76 (m, 4H), 7.71-7.69 (m, 2H), 7.51 (d, J = 7.8 Hz, 1H),
7.20 (d, J = 7.8 Hz, 2H), 7.17 (d, J = 8.4 Hz, 1H), 5.21 (m, 1H), 3.80 (s, 3H), 3.77-3.68 (m, 2H),
2.34 (s, 3H); **C NMR (150 MHz, CDCls) & 167.81, 165.93, 145.33, 140.96, 140.50, 138.28,
134.52, 134.43, 131.16, 129.85, 127.51, 125.50, 124.88, 123.73, 121.56, 113.24, 64.69, 54.44,
35.13, 21.64; HRMS (ESI-TOF) Calcd for CasH23N406S [M+H]": 519.1333; found: 519.1340.

NPhth Pd(OAc), (15 mol%) NPhi
H A 2,6- lutidine (30 mol% N
\|/\CONHOMe T Ar(Het)-l utidine (30 mo °)> (Het) A A
Ho AgOAc, HFIP, 85 °C, 36 h . COMe

then PhI(OAc),, MeOH,
80°C,3h

General procedure for monoarylation of 1 with heterocyclic iodides:

Method A. The starting material 1 (0.1 mmol, 24.8 mg), Pd(OAc), (15 mol%, 3.3 mg), and
AgOAc (0.2 mmol, 33.4 mg) were weighed in air and placed in a sealed tube (10 mL) with a
magnetic stir bar. To the reaction mixture, aryl iodide (0.15 mmol), 2,6-lutidine (30 mol%, 3
pL), HFIP (1.0 mL) were added. The reaction mixture was first stirred at room temperature for
10 min and then heated to 80 °C for 36 hours under vigorous stirring. Upon completion, the
reaction mixture was cooled to room temperature, filtered with celite using DCM. The solvents
were removed under reduced pressure and the resulting mixture was added PhI(OAc), (0.1
mmol, 32.2 mg) and MeOH (1 mL) in a sealed tube (10 mL) with a magnetic stir bar. The
reaction mixture was heated to 80 °C for 3 hours. Upon completion, the reaction mixture was
cooled to room temperature, filtered with celite using DCM. The solvents were removed under
reduced pressure and the resulting mixture was purified by a silica gel-packed flash
chromatography column using hexanes/EtOAc (5/1 to 4/1 to 2/1) as the eluent.

Method B. The starting material 1 (0.2 mmol, 49.6 mg), Pd(OAc), (15 mol%, 3.3 mg), and
AgOAc (0.2 mmol, 33.4 mg) were weighed in air and placed in a sealed tube (10 mL) with a
magnetic stir bar. To the reaction mixture, aryl iodide (0.1 mmol), 2,6-lutidine (30 mol%, 3 uL),
HFIP (1.0 mL) were added. The reaction mixture was first stirred at room temperature for 10 min
and then heated to 80 °C for 36 hours under vigorous stirring. Upon completion, the reaction

mixture was cooled to room temperature, filtered with celite using DCM. The solvents were
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removed under reduced pressure and the resulting mixture was added PhI(OAc), (0.2 mmol, 64.4
mg) and MeOH (1 mL) in a sealed tube (10 mL) with a magnetic stir bar, The reaction mixture
was heated to 80 °C for 3 hours, Upon completion, the reaction mixture was cooled to room
temperature, filtered with celite using DCM. The solvents were removed under reduced pressure
and the resulting mixture was purified by a silica gel-packed flash chromatography column using
hexanes/EtOAc (5/1 to 4/1 to 2/1) as the eluent.

F

NZ | \Phtn
~ H
CO,Me

4h’
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(2-fluoropyridin-4-yl)propanoate (4h")

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4h" was
obtained as a white solid (16.0 mg, 47%). *H NMR (600 MHz, CDCls) & 8.07 (d, J = 5.4 Hz, 1H),
7.82-7.81 (m, 2H), 7.75-7.73 (m, 2H), 7.03 (d, J = 5.4 Hz, 1H), 6.77 (m, 1H), 5.20 (dd, J = 10.5,
5.7 Hz, 1H), 3.79 (s, 3H), 3.64-3.62 (m, 2H); *C NMR (150 MHz, CDCls3) & 168.58, 167.34,
163.98 (d, Jec = 87.6 Hz), 151.79 (d, Jec = 7.8 Hz), 147.85 (d, Jec = 15.2 Hz), 134.48, 131.34,
123.77, 121.69 (d, Jrc = 4.1 Hz), 109.85 (d, Jec = 37.1 Hz), 53.22, 51.80, 34.03 (d, Jrc = 2.9 H2);
HRMS (ESI-TOF) Calcd for C17H14FN,O,4 [M+H]": 329.0932; found: 329.0929.

FN
\@\/l;l\Phth
X CO,Me
4i
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(6-fluoropyridin-3-yl)propanoate (4i")

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4i" was
obtained as a white solid (18.5mg, 56%). "H NMR (600 MHz, CDCl3) & 7.98-7.97 (m, 1H), 7.81-
7.80 (m, 2H), 7.74-7.72 (m, 2H), 7.68-7.65 (m, 1H), 6.82 (dd, J = 8.4, 3.0 Hz, 1H), 5.09 (dd, J =
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10.2, 6.6 Hz, 1H), 3.80 (s, 3H), 3.58-3.56 (m, 2H); *C NMR (150 MHz, CDCls) & 168.73,
167.35, 162.80 (d, Jrc = 237.3 Hz), 147.79 (d, Jec = 14.1 Hz), 141.50 (d, Jec = 6.3 Hz), 134.43,
131.36, 129.94 (d, Jrc = 4.2 Hz), 123.75, 109.56 (d, Jec = 37.5 Hz), 53.13, 52.62, 31.40; HRMS
(ESI-TOF) Calcd for C17H14FN,0, [M+H]": 329.0932; found: 329.0942.

N._F
X CO,Me

4j"
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(2-fluoropyridin-3-yl)propanoate (4;")

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4j' was
obtained as a white solid (9.8 mg, 30%). *H NMR (600 MHz, CDCl3) & 8.05-8.04 (m, 1H), 7.82-
7.81 (m, 2H), 7.73-7.72 (m, 2H), 7.62-7.59 (m, 1H), 7.05-7.02 (m, 1H), 5.19 (dd, J = 10.8, 4.8
Hz, 1H), 3.79 (s, 3H), 3.64 (dd, J = 14.7, 5.1 Hz, 1H), 3.55 (dd, J = 14.4, 10.8 Hz, 1H); °C
NMR (150 MHz, CDCls) 5 168.76, 167.26, 162.15 (d, Jrc = 88.4 Hz), 146.50 (d, Jrc = 14.7 Hz),
141.82 (d, Jrc = 5.6 Hz), 134.32, 131.47, 123.67, 121.53 (d, Jrc = 4.8 Hz), 118.88 (d, Jrc = 30.5
Hz), 53.09, 51.34, 28.80 (d, Jec = 3.2 Hz); HRMS (ESI-TOF) Calcd for Ci7H14FN04 [M+H]":
329.0932; found: 329.0940.

Cl

NZ | yPntn
~ H
CO,Me

4k’
Methyl (S)-3-(2-chloropyridin-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanoate (4k")

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4k' was
obtained as a white solid (19.8 mg, 57%). *H NMR (600 MHz, CDCl3) & 8.23 (d, J = 4.8 Hz, 1H),
7.83-7.82 (m, 2H), 7.75-7.73 (m, 2H), 7.18 (s, 1H), 7.07 (dd, J = 5.1, 1.5 Hz, 1H), 5.18 (dd, J =
10.8, 5.4 Hz, 1H), 3.79 (s, 3H), 3.62-3.54 (m, 2H); **C NMR (150 MHz, CDCls) & 168.54,
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167.34, 151.90, 149.81, 149.23, 134.49, 131.33, 124.66, 123.77, 122.70, 53.22, 51.72, 33.93;
HRMS (ESI-TOF) Calcd for C;7H14,CIN,O,4 [M+H]": 345.0637; found: 345.0635.

Cl N
S8
CO,Me
4r

Methyl (S)-3-(6-chloropyridin-3-yl)-2-(1,3-dioxoisoindolin-2-yl)propanoate (41")

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 41' was
obtained as a white solid (21.0 mg, 61%). *H NMR (600 MHz, CDCl3) & 8.16 (dd, J = 2.4, 0.6
Hz, 1H), 7.82-7.80 (m, 2H), 7.74-7.73 (m, 2H), 7.54 (dd, J = 8.2, 2.5 Hz, 1H), 7.21 (dd, J = 8.2,
0.7 Hz, 1H), 5.09 (dd, J = 10.0, 6.4 Hz, 1H), 3.79 (s, 3H), 3.57-3.55 (m, 2H); *C NMR (150
MHz, CDCl3) 8 168.66, 167.35, 150.28, 150.03, 139.14, 134.45, 131.35, 131.27, 124.23, 123.76,
53.16, 52.47, 31.35; HRMS (ESI-TOF) Calcd for Ci7H14CIN,O4 [M+H]": 345.0637; found:
345.0638.

Br

NZY) e
\ <
CO,Me

4am'
Methy! (S)-3-(2-bromopyridin-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanoate (4m’)

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4m" was
obtained as a white solid (18.3 mg, 47%). 'H NMR (600 MHz, CDCl3) & 8.21 (d, J = 5.4 Hz, 1H),
7.83-7.82 (m, 2H), 7.75-7.74 (m, 2H), 7.34 (s, 1H), 7.11 (d, J = 4.8 Hz, 1H), 5.17 (dd, J = 10.8,
5.4 Hz, 1H), 3.79 (s, 3H), 3.60-3.51 (m, 2H); **C NMR (150 MHz, CDCls) & 168.52, 167.33,
150.22, 148.95, 142.60, 134.49, 131.33, 128.47, 123.78, 123.06, 53.22, 51.70, 33.85; HRMS
(ESI-TOF) Calcd for C17H14BrN,O, [M+H]": 389.0131; found: 389.0132.
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CF;

NZ | yPnth
~ <
CO,Me

4n’
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(2-(trifluoromethyl)pyridin-4-yl)propanoate (4n")

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4n* was
obtained as a white solid (25.0 mg, 66%). *H NMR (600 MHz, CDCl3) & 8.57 (d, J = 4.8 Hz, 1H),
7.84-7.81 (m, 2H), 7.76-7.72 (m, 2H), 7.52 (s, 1H), 7.35 (d, J = 4.8 Hz, 1H), 5.21 (dd, J = 11.1,
5.7 Hz, 1H), 3.79 (s, 3H), 3.73-3.63 (m, 2H); *C NMR (150 MHz, CDCls) & 168.48, 167.32,
150.21, 148.57 (g, Jrc = 34.0 Hz), 148.02, 134.54, 131.30, 126.66, 123.78, 121.32 (q, Jrc =
272.5 Hz), 121.00-120.95, 53.26, 51.70, 34.33; HRMS (ESI-TOF) Calcd for CigH14F3N,04
[M+H]": 379.0900; found: 379.0910.

CF;

Z N NPhin
~ <
CO,Me

40'
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(6-(trifluoromethyl)pyridin-2-yl)propanoate (40")

Substrate 1 was arylated following the general arylation and deprotection (method A). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 40" was
obtained as a white solid (17.6 mg, 47%). *H NMR (600 MHz, CDCls) & 7.82-7.79 (m, 2H),
7.74-7.70 (m, 3H), 7.45 (d, J = 7.2 Hz, 1H), 7.38 (d, J = 7.8 Hz, 1H), 5.46 (dd, J = 8.4, 7.2 Hz,
1H), 3.79-3.78 (m, 2H), 3.78 (s, 3H); 3C NMR (150 MHz, CDCls) 5 169.31, 167.39, 158.02,
147.82 (g, Jec = 34.5 Hz), 137.82, 134.07, 131.76, 126.44, 123.46, 121.14 (q, Jec = 272.7 Hz),
118.48-118.40, 52.98, 51.23, 36.11; HRMS (ESI-TOF) Calcd for CigHisF3N,O4 [M+H]™:
379.0900; found: 379.0898.
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Me
~ 5
CO,Me

4p’
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(2-methylpyridin-4-yl)propanoate (4p")

Substrate 1 was arylated following the general arylation and deprotection (method B). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4p" was
obtained as a white solid (13.7 mg, 42%). *H NMR (600 MHz, CDCl3) & 8.31 (d, J = 4.8 Hz, 1H),
7.81-7.80 (m, 2H), 7.73-7.71 (m, 2H), 6.99 (s, 1H), 6.92 (dd, J = 5.4, 1.2 Hz, 1H), 5.20 (dd, J =
10.8, 6.0 Hz, 1H), 3.79 (s, 3H), 3.56-3.53 (m, 2H), 2.43 (s, 3H); **C NMR (150 MHz, CDCl3) &
168.92, 167.40, 158.66, 149.24, 146.08, 134.33, 131.43, 123.69, 123.63, 121.07, 53.10, 52.05,
34.04, 24.24; HRMS (ESI-TOF) Calcd for C1gH17N204 [M+H]": 325.1183; found: 325.1184.

OMe
NZ | Pt
~ z
CO,Me

4q'
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(2-methoxypyridin-4-yl)propanoate (4q")

Substrate 1 was arylated following the general arylation and deprotection (method B). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 49" was
obtained as a white solid (17.1 mg, 50%). *H NMR (600 MHz, CDCl3) & 7.99 (d, J = 5.4 Hz, 1H),
7.82-7.79 (m, 2H), 7.73-7.70 (m, 2H), 6.71 (dd, J = 5.1, 1.5 Hz, 1H), 6.56 (s, 1H), 5.18 (dd, J =
10.2, 6.0 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.55-3.53 (m, 2H); **C NMR (150 MHz, CDCls) &
168.92, 167.38, 164.51, 148.56, 147.02, 134.28, 131.49, 123.66, 117.21, 110.91, 53.34, 53.09,
52.07, 33.96; HRMS (ESI-TOF) Calcd for C1gH17N20s [M+H]": 341.1132; found 341.1134.
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NS OH

Cl

N e
NPhth Pd(OAC), (15 mol%) ~ |
2 2,6-picoline (30 mol% |
<" CONHOMe ° ( i c “INPhth
AgOAc (2 equiv) O
1 HFIP, 80 °C, 24 h 0

4r
(S)-2-(9-chloro-3-oxo0-1,3,4,5-tetrahydrooxepino[3,4-c]pyridin-4-yl)isoindoline-1,3-dione (4r)

Substrate 1 was arylated following the general arylation (method A). After purification by
column chromatography using hexanes/EtOAc (3/1) as the eluent, 4r was obtained as a white
solid (11.0 mg, 32%). *H NMR (600 MHz, CDCls) & 8.36 (d, J = 4.8 Hz, 1H), 7.92-7.91 (m, 2H),
7.80-7.79 (m, 2H), 7.17 (d, J = 5.4 Hz, 1H), 5.81 (d, J = 15.6 Hz, 1H), 5.63 (d, J = 15.0 Hz, 1H),
5.56 (dd, J =12.6, 4.8 Hz, 1H), 4.32 (dd, J = 16.5, 12.9 Hz, 1H), 3.25 (dd, J = 16.8, 4.8 Hz, 1H);
3¢ NMR (151 MHz, CDCls) 6 168.26, 167.20, 150.72, 149.68, 147.86, 134.66, 131.61, 128.16,
123.95, 123.94, 65.52, 49.10, 33.87; HRMS (ESI-TOF) Calcd for Ci;H3,CIN,O4 [M+H]™:
343.0480; found: 343.0482.

N~
~ | MeSO3H
Cl I cl CO,Me

‘INPhth
MeOH, reflux
O Y HO

4r ar

Methy! (S)-3-(2-chloro-3-(hydroxymethyl)pyridin-4-yl)-2-(1,3-dioxoisoindolin-2-
yl)propanoate (4r")

To a solution of 4r (0.032 mmol, 11.0 mg) in MeOH (1 mL) was added MeSOsH (1.5 equiv).
After the mixture was heated to reflux for one to two hours, the reaction was cooled to room
temperature. The solvents were removed under reduced pressure and the resulting mixture was
purified by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4r* was obtained
as a white solid (11.5 mg, >99%). *H NMR (600 MHz, CDCl3) & 8.12 (d, J = 4.8 Hz, 1H), 7.82-
7.81 (m, 2H), 7.75-7.73 (m, 2H), 7.02 (d, J = 4.8 Hz, 1H), 5.35 (dd, J = 11.1, 5.1 Hz, 1H), 4.95
(d, J=12.6 Hz, 1H), 4.88 (d, J = 12.6 Hz, 1H), 3.81 (dd, J = 14.4, 5.4 Hz, 1H), 3.79 (s, 3H), 3.61
(dd, J = 14.7, 11.1 Hz, 1H), 2.49 (br, 1H); *C NMR (150 MHz, CDCls) & 168.62, 167.52,
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152.81, 148.72, 148.70, 134.49, 133.06, 131.35, 124.46, 123.80, 59.01, 53.23, 52.15, 32.24;
HRMS (ESI-TOF) Calcd for C;gH15CIN,O5 [M+H]": 375.0742; found: 375.0743.

N
Sl
CO,Me

4s'
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(quinolin-6-yl)propanoate (4s")

Substrate 1 was arylated following the general arylation and deprotection (method B). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4s" was
obtained as a white solid (15.6 mg, 43%). *H NMR (600 MHz, CDCls) § 8.82 (dd, J = 3.6, 1.2
Hz, 1H), 8.03-8.01 (m, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.76-7.74 (m, 2H), 7.67-7.62 (m, 2H), 7.62
(d, 3 =1.2 Hz, 1H), 7.56 (dd, J = 8.7, 2.0 Hz, 1H), 7.32 (dd, J = 8.4, 4.2 Hz, 1H), 5.30 (dd, J =
10.8, 5.4 Hz, 1H), 3.83 (s, 3H), 3.82-3.74 (m, 2H); *C NMR (150 MHz, CDCls) & 169.18,
167.47, 150.10, 147.24, 135.85, 135.24, 134.19, 131.45, 130.53, 129.64, 128.21, 127.50, 123.56,
121.25, 53.04, 52.93, 34.67; HRMS (ESI-TOF) Calcd for C3H:17N2,0, [M+H]*: 361.1183; found:
361.1185.

z NPhth
~ -
N CO,Me

4t
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(quinolin-7-yl)propanoate (4t")

Substrate 1 was arylated following the general arylation and deprotection (method B). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4t' was
obtained as a white solid (14.9 mg, 42%). *H NMR (600 MHz, CDCl3) 6 8.82 (dd, J = 4.2, 1.8
Hz, 1H), 8.07-8.05 (m, 1H), 7.87 (s, 1H), 7.76-7.73 (m, 2H), 7.71 (d, J = 8.4 Hz, 1H), 7.67-7.64
(m, 2H), 7.44 (dd, J = 8.4, 1.8 Hz, 1H), 7.31 (dd, J = 8.4, 4.2 Hz, 1H), 5.29 (dd, J = 11.1, 5.1 Hz,
1H), 3.84-3.74 (m, 2H), 3.80 (s, 3H); **C NMR (150 MHz, CDCls) & 169.17, 167.41, 150.52,
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148.21, 138.51, 135.80, 134.12, 131.52, 129.29, 128.15, 127.53, 127.11, 123.58, 120.87, 53.06,
53.03, 35.01; HRMS (ESI-TOF) Calcd for C;H17N,0,4 [M+H]": 361.1183; found: 361.1188.

N
~ 5
CO,Me
4u’

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(quinolin-3-yl)propanoate (4u’)

Substrate 1 was arylated following the general arylation and deprotection (method B). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4u’ was
obtained as a white solid (11.0 mg, 31%). *H NMR (600 MHz, CDCl3) & 8.75 (d, J = 2.4 Hz, 1H),
8.02-8.00 (m, 2H), 7.79-7.76 (m, 2H), 7.72-7.71 (m, 1H), 7.70-767 (m, 2H), 7.66-7.63 (m, 1H),
7.50-7.47 (m, 1H), 5.27 (dd, J = 10.8, 5.4 Hz, 1H), 3.86-3.73 (m, 2H), 3.81 (s, 3H); *C NMR
(150 MHz, CDCl3) 6 168.93, 167.47, 151.45, 147.21, 135.53, 134.30, 131.44, 129.63, 129.23,
129.15, 127.84, 127.53, 126.78, 123.68, 53.11, 52.83, 32.23; HRMS (ESI-TOF) Calcd for
Co1H17N,0,4 [M+H]*: 361.1183; found: 361.1185.

N
z NPhth
~ <
N CO,Me
4v'

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(quinoxalin-6-yl)propanoate (4v")

Substrate 1 was arylated following the general arylation and deprotection (method B). After
purification by column chromatography using hexanes/EtOAc (3/1) as the eluent, 4v' was
obtained as a white solid (16.2 mg, 45%). *H NMR (600 MHz, CDCls) & 8.76 (s, 2H), 7.99 (d, J
= 8.4 Hz, 1H), 7.90-7.89 (m, 1H), 7.77-7.76 (m, 2H), 7.69-7.65 (m, 3H), 5.30 (dd, J = 10.8, 5.4
Hz, 1H), 3.88-3.75 (m, 2H), 3.81 (s, 3H); **C NMR (150 MHz, CDCls) 5 168.99, 167.39, 145.12,
144.73, 142.89, 142.04, 139.41, 134.23, 131.44, 131.17, 129.75, 129.22, 123.64, 53.10, 52.86,
34.89; HRMS (ESI-TOF) Calcd for CyoH15N304 [M+H]": 362.1135; found: 362.1139.
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Arylation of methylene C-H bonds

Pd(OAC); (10 mol% )
NPhth 2,6-lutidine (20 mol%) NPhth
CONHOMe > CONHOMe
Ar—l, AgOAc, HFIP,

o, NaH,PO,+H,0 A
100 °C, 36 h

General procedure: The substrate 2* (0.1 mmol, 24.8 mg), Pd(OAc), (0.01 mmol, 2.2 mg),
NaH;PO4¢H,0 (0.3 mmol, 42 mg) and AgOAc (0.2 mmol, 33.4 mg) were weighed in air and
placed in a sealed tube (10 mL) with a magnetic stir bar. To the reaction mixture, aryl iodide (0.3
mmol), 2,6-lutidine (0.02 mmol, 2 uL), HFIP (1 mL) were added. The reaction mixture was first
stirred at room temperature for 10 min and then heated to 100 °C for 36 hours under vigorous
stirring. Upon completion, the reaction mixture was cooled to room temperature, filtered with
celite using DCM. The solvents were removed under reduced pressure and the resulting mixture

was purified by a silica gel-packed flash chromatography column.

NPhth
CONHOMe C-H arylation
_—

H

CONHOMe Et20¢BF3, MeOH,
90 °C, 8h

2", (99% ee) 39, 82% (99% ee) 39, 90% (99% ee)

3q

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3,3-diphenylpropanamide (3q)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3q was obtained as a white solid (30.7
mg, 77%). m.p. = 220-222 °C. *H NMR (600 MHz, CDCI3) § 9.14 (s, 1H), 7.73-7.71 (m, 2H),
7.66-7.63 (m, 2H), 7.52-7.50 (m, 2H), 7.34 (t, J = 7.8 Hz, 2H), 7.28-7.26 (m, 2H), 7.24 (t, J = 7.2
Hz, 1H), 7.13 (t, J = 7.8 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 5.57 (d, J = 12.6 Hz, 1H), 5.32 (t, J =
12.6 Hz, 1H), 3.48 (s, 3H); **C NMR (150 MHz, CDCls) § 167.90, 164.99, 139.78, 139.73,
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134.30, 131.07, 129.07, 128.73, 128.16, 127.63, 127.54, 127.13, 123.55, 64.14, 56.91, 50.20;
HRMS (ESI-TOF) Calcd for Co4H21N>04 [M+H]': 401.1496; found: 401.1493. The ee value was
determined by HPLC analysis on a Chiralcel OD-H column (20% isopropanol in hexanes, 0.4
mL/min) with t, = 28.9 min (minor), 31.0 min (major): 99% ee.

Area % Report

300 1 Retention Time 300

200 | - 200

T
mAU

100 - 100

0 L

Minutes

DAD-CH2 205 nm

Results
Retention Time Area Area % Height Height %
28.853 102668 0.06 6381 0.51
31.027 159396134 99.94 1248555 99.49
Totals
159498802 100.00 1254936 100.00
CO,Me
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3,3-diphenylpropanoate (3q°)

A sealable pressure flask was charged with MeOH (1 mL) and amide 3q (0.1 mmol, 40 mg).
BF3+OEt, (5 equiv.) was added and the reaction vessel sealed. The reaction mixture was heated
to 90 °C for 8 hours under vigorous stirring. Upon completion, the reaction mixture was cooled
to room temperature. The solvents were removed under reduced pressure and H,O and EtOAc
was added, organic layers were removed and the aqueous layer was then extracted with EtOACc
and the combined organics washed with brine, dried over MgSQ,, filtered and concentrated.
Purified by column chromatography (hexanes/EtOAc = 2/1 to 1/1) to provide 39" as a white solid
(34.7 mg, 90%). *H NMR (600 MHz, CDCls) & 7.74-7.72 (m, 2H), 7.66-7.64 (m, 2H), 7.49 (d, J
= 7.8 Hz, 2H), 7.33 (t, J = 7.8 Hz, 2H), 7.26-7.20 (m, 3H), 7.09 (t, J = 7.8 Hz, 2H), 6.98 (t, J =
7.2 Hz, 1H), 5.75 (d, J = 12.0 Hz, 1H), 5.27 (d, J = 12.0 Hz, 1H), 3.57 (s, 3H); **C NMR (150
MHz, CDCl3) 6 168.67, 167.29, 141.49, 140.35, 134.07, 131.31, 128.73, 128.49, 127.98, 127.70,
126.89, 126.87, 123.41, 54.81, 52.63, 50.56. The ee value was determined by HPLC analysis on
a Chiralcel ADH column (10% isopropanol in hexanes, 0.5 mL/min) with t, = 37.9 min (minor),
45.6 min (major): 98% ee.

1 Retention Time
1000

500 500 &

37.853

| 45560

‘ i 0

— — 7 —7— -7
30.0 325 35.0 375 40.0 425 45.0 47.5 50.0 52.5 55.0
Minutes

DAD-CH2 205 nm
Results

Retention Time Area Area % Height Height %

37.853 4729873 1.18 85311 1.89
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45.560 395751505 98.82 4421105 98.11

Totals

400481378 100.00 4506416 100.00

(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-phenyl-3-(p-tolyl)propanamide (3a)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3a was obtained as a white solid (33.6
mg, 81%). m.p. = 215-218 °C.'"H NMR (600 MHz, CDCl3) & 9.09 (s, 1H), 7.73-7.71 (m, 2H),
7.65-7.63 (m, 2H), 7.41-7.39 (m, 2H), 7.25 (d, J = 7.8 Hz, 2H), 7.15-7.11 (m, 4H), 7.03-7.00 (m,
1H), 5.56 (d, J = 12.6 Hz, 1H), 5.25 (d, J = 12.6 Hz, 1H), 3.52 (s, 3H), 2.29 (s, 3H); *C NMR
(150 MHz, CDCl3) 6 167.92, 165.12, 140.05, 137.37, 136.68, 134.27, 131.09, 129.81, 128.70,
127.95, 127.45, 127.04, 123.53, 64.20, 56.95, 49.92, 21.04; HRMS (ESI-TOF) Calcd for
CasH23N204 [M+H]": 415.1652; found: 415.1649.

3b

(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-phenyl-3-(m-tolyl)propanamide (3b)
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Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3b was obtained as a white solid (33.6
mg, 82%). *H NMR (600 MHz, CDCls) & 9.07 (s, 1H), 7.74 (m, 2H), 7.66-7.63 (m, 2H), 7.32-
7.26 (m, 4H), 7.22 (t, J = 7.8 Hz, 1H), 7.13 (t, J = 7.8 Hz, 2H), 7.05-7.01 (m, 2H), 5.56 (d, J =
12.6 Hz, 1H), 5.27 (d, J = 12.6 Hz, 1H), 3.52 (s, 3H), 2.35 (s, 3H); *C NMR (150 MHz, CDCl3)
d 167.88, 165.03, 139.92, 139.66, 138.76, 134.25, 131.09, 128.98, 128.93, 128.69, 128.43,
127.53, 127.06, 125.00, 123.51, 64.12, 56.79, 50.14, 45.20, 21.49; HRMS (ESI-TOF) Calcd for
Ca5H23N,0,4 [M+H]: 415.1652; found: 415.1651.

(2S, 3R)-3-([1,1'-Biphenyl]-4-yl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-phenyl
propanamide (3c)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3c was obtained as a yellow solid
(27.6 mg, 61%). *H NMR (600 MHz, CDCls) & 9.28 (s, 1H), 7.73-7.71 (m, 2H), 7.65-7.62 (m,
2H), 7.60-7.55 (m, 4H), 7.54-7.52 (m, 2H), 7.41 (t, J = 7.8 Hz, 2H), 7.33-7.30 (m, 3H), 7.15 (t, J
=7.8 Hz, 2H), 7.04 (t, J = 7.2 Hz, 1H), 5.61 (d, J = 12.6 Hz, 1H), 5.39 (d, J = 12.6 Hz, 1H), 3.51
(s, 3H). *C NMR (150 MHz, CDCl3) & 167.92, 165.01, 140.41, 139.73, 138.73, 134.32, 134.26,
131.05, 128.82, 128.79, 128.75, 128.57, 127.69, 127.58, 127.36, 127.20, 126.98, 123.55, 64.18,
56.83, 49.85; HRMS (ESI-TOF) Calcd for C3gH2sN204 [M+H]": 477.1809; found: 477.1809.

(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(4-methoxyphenyl)-3-phenyl
propanamide (3d)
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Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3d was obtained as a white solid (35.2
mg, 80%). m.p. = 175-178 °C. *H NMR (600 MHz, CDCls) & 9.15 (s, 1H), 7.74-7.71 (m, 2H),
7.66-7.63 (M, 2H), 7.44-7.41 (m, 2H), 7.27-7.24 (m, 2H), 7.14-7.12 (m, 2H), 7.04-7.01 (m, 1H),
6.89-6.88 (m, 2H), 5.52 (d, J = 12.6 Hz, 1H), 5.25 (d, J = 12.6 Hz, 1H), 3.76 (s, 3H), 3.53 (s, 3H);
3¢ NMR (150 MHz, CDCI3) 6 167.94, 165.16, 158.94, 140.12, 134.30, 131.70, 131.08, 129.24,
129.21, 128.72, 127.40, 127.03, 123.54, 114.46, 64.23, 57.09, 55.24, 49.46; HRMS (ESI-TOF)
Calcd for CosH23N205 [M+H]*: 431.1601; found: 431.1601.

3e

(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(3-methoxyphenyl)-3-
phenylpropanamide (3e)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3e was obtained as a white solid (32.1
mg, 75%). *H NMR (600 MHz, CDCls) & 9.08 (s, 1H), 7.73-7.70 (m, 2H), 7.65-7.62 (m, 2H),
7.27-7.24 (m, 3H), 7.14-7.10 (m, 3H), 7.04-7.01 (m, 2H), 6.783-6.77 (m, 1H), 5.54 (d, J = 12.6
Hz, 1H), 5.30 (d, J = 12.6 Hz, 1H), 3.79 (s, 3H), 3.52 (s, 3H); *C NMR (150 MHz, CDCls) &
167.87, 165.00, 159.96, 141.35, 139.70, 134.27, 131.09, 130.13, 128.72, 127.55, 127.15, 123.53,
120.23, 114.21, 112.81, 64.17, 56.67, 55.26, 50.10; HRMS (ESI-TOF) Calcd for Cy5H23N205
[M+H]": 431.1601; found: 431.1606.
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(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(2-methoxyphenyl)-3-phenyl
propanamide (3f)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3f was obtained as a yellow solid
(25.5 mg, 59%). *H NMR (600 MHz, CDCls) & 9.33 (s, 1H), 7.75-7.72 (m, 2H), 7.66-7.63 (m,
2H), 7.59-7.58 (m, 1H), 7.31-7.29 (m, 2H), 7.23-7.21 (m, 1H), 7.10 (t, J = 7.8 Hz, 2H), 7.01-6.98
(m, 2H), 6.88-6.87 (m, 1H), 5.80 (d, J = 13.2 Hz, 1H), 5.68 (d, J = 13.2 Hz, 1H), 3.90 (s, 3H),
3.46 (s, 3H); **C NMR (150 MHz, CDCls) & 168.21, 165.08, 156.76, 139.62, 134.23, 131.15,
128.70, 128.40, 128.34, 127.93, 126.87, 123.49, 121.25, 111.32, 110.02, 63.95, 56.61, 55.71,
42.80; HRMS (ESI-TOF) Calcd for CysH,3N,05 [M+H]": 431.1601; found: 431.1597.

(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-3-(4-fluorophenyl)-N-methoxy-3-phenylpropanamide
(39)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3g was obtained as a white solid (30.1
mg, 72%). *H NMR (600 MHz, CDCls) & 9.37 (s, 1H), 7.73-7.70 (m, 2H), 7.67-7.64 (m, 2H),
7.49-7.47 (m, 2H), 7.24 (d, J = 7.8 Hz, 2H), 7.14 (t, J = 7.8 Hz, 2H), 7.06-7.00 (m, 3H), 5.51 (d,
J=12.6 Hz, 1H), 5.34 (d, J = 12.6 Hz, 1H), 3.52 (s, 3H); *C NMR (150 MHz, CDCls) & 167.90,
164.92, 162.02 (d, Jrc = 245.1 Hz), 139.51, 135.51, 134.40, 130.98, 129.84 (d, Jec = 8.0 Hz),
128.83, 127.47, 127.28, 123.60, 115.83 (d, Jrc = 21.2 Hz), 64.20, 56.98, 49.35; HRMS (ESI-
TOF) Calcd for Ca4H20FN,O4 [M+H]": 419.1402; found: 419.1402.
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(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-3-(3-fluorophenyl)-N-methoxy-3-phenylpropanamide
(3h)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3h was obtained as a white solid (29.2
mg, 70%). 'H NMR (600 MHz, CDCls) & 9.33 (s, 1H), 7.73-7.71 (m, 2H), 7.67-7.64 (m, 2H),
7.32-7.29 (m, 2H), 7.27-7.25 (m, 2H), 7.21 (d, J = 10.2 Hz, 1H), 7.15 (t, J = 7.5 Hz, 2H), 7.06 (t,
J=7.2 Hz, 1H), 6.93 (t, J = 7.2 Hz, 1H), 5.51 (d, J = 12.6 Hz, 1H), 5.37 (d, J = 12.6 Hz, 1H),
3.53 (s, 3H); *C NMR (150 MHz, CDCl3) & 167.83, 164.79, 162.91 (d, Jec = 245.4 Hz), 142.28,
139.10, 134.39, 130.98, 130.48 (d, Jec = 7.5 Hz), 128.85, 127.59, 127.39, 123.87, 123.60, 115.30
(d, Jec = 21.8 Hz), 114.51 (d, Jec = 20.7 Hz), 64.19, 56.60, 49.74; HRMS (ESI-TOF) Calcd for
C24H20FN204 [M+H]": 419.1402; found: 419.1402.

(2S, 3R)-3-(4-chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-phenylpropanamide

(3i)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3i was obtained as a white solid (32.6
mg, 75%). '"H NMR (600 MHz, CDCls) & 9.40 (s, 1H), 7.72-7.70 (m, 2H), 7.66-7.64 (m, 2H),
7.45-7.44 (m, 2H), 7.30-7.28 (m, 2H), 7.24-7.23 (m, 2H), 7.14 (t, J = 7.5 Hz, 2H), 7.06-7.03 (m,
1H), 5.51 (d, J = 12.6 Hz, 1H), 5.33 (d, J = 12.6 Hz, 1H), 3.53 (s, 3H); *C NMR (150 MHz,
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CDCIl3) 6 167.86, 164.84, 139.25, 138.24, 134.41, 133.38, 130.95, 129.56, 129.08, 128.85,
127.49, 127.35, 123.60, 64.22, 56.71, 49.46; HRMS (ESI-TOF) Calcd for Cy4H20CIN,O4
[M+H]": 435.1106; found: 435.1107.

(2S, 3R)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-phenyl-3-(4-(trifluoromethyl)phenyl)
propanamide (3j)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3j was obtained as a white solid (34.9
mg, 75%). m.p. = 120-123 °C.*H NMR (600 MHz, CDCl3) & 9.48 (s, 1H), 7.73-7.71 (m, 2H),
7.67-7.64 (m, 4H), 7.58 (d, J = 8.4 Hz, 2H), 7.26-7.25 (m, 2H), 7.15 (t, J = 7.5 Hz, 2H), 7.07-
7.05 (m, 1H), 5.58 (d, J = 12.6 Hz, 1H), 5.45 (d, J = 12.6 Hz, 1H), 3.49 (s, 3H); *C NMR (150
MHz, CDCl3) & 167.86, 164.75, 143.81, 138.81, 134.48, 130.93, 129.67 (q, Jrc = 32.4 Hz),
128.94, 128.64, 127.62, 127.54, 125.93-125.75, 123.97 (q, Jrc = 270.5 Hz), 123.65, 64.17, 56.47,
49.82; HRMS (ESI-TOF) Calcd for CysH2oF3N,04 [M+H]": 469.1370; found: 469.1372.

Methyl 4-((1R, 2S)-2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-oxo-1-phenylpropyl)
benzoate (3k)

Substrate 2" was arylated following the general arylation procedure. After purification by column

chromatography using hexanes/EtOAc (2/1) as the eluent, 3k was obtained as a white solid (34.7

mg, 76%). *H NMR (600 MHz, CDCl3) & 9.49 (s, 1H), 7.99 (d, J = 8.4 Hz, 2H), 7.72-7.69 (m,

2H), 7.66-7.63 (m, 2H), 7.60 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 7.2 Hz, 3H), 7.14 (t, J = 7.8 Hz,

3H), 7.05 (t, J = 7.2 Hz, 1H), 5.58 (d, J = 12.6 Hz, 1H), 5.45 (d, J = 12.6 Hz, 1H), 3.88 (s, 3H),
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3.48 (s, 3H); *C NMR (150 MHz, CDCl3) 5 167.83, 166.71, 164.74, 144.99, 138.98, 134.40,
130.97, 130.20, 129.24, 128.86, 128.28, 127.66, 127.42, 123.59, 64.15, 56.39, 52.13, 49.94;
HRMS (ESI-TOF) Calcd for CogH23N206 [M+H]*: 459.1551; found: 459.1554.

Methyl 3-((1R, 2S)-2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-oxo-1-phenylpropyl)
benzoate (3I)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3l was obtained as a white solid (37.8
mg, 83%). m.p. = 107-109 °C. *H NMR (600 MHz, CDCl3) & 9.42 (s, 1H), 8.17 (s, 1H), 7.91 (d,
J=7.2Hz, 1H), 7.75-7.72 (m, 3H), 7.67-7.64 (m, 2H), 7.42 (t, J = 7.8 Hz, 1H), 7.29 (d, J = 7.2
Hz, 2H), 7.15 (t, J = 7.2 Hz, 2H), 7.05 (t, J = 7.5 Hz, 1H), 5.59 (d, J = 12.6 Hz, 1H), 5.43 (d, J =
12.6 Hz, 1H), 3.89 (s, 3H), 3.49 (s, 3H); **C NMR (150 MHz, CDCls) & 167.87, 166.77, 164.72,
140.24, 139.15, 134.41, 132.88, 130.98, 130.69, 129.27, 129.11, 128.89, 128.76, 127.60, 127.38,
123.62, 64.18, 56.73, 52.21, 49.88; HRMS (ESI-TOF) Calcd for CogH23N,Og [M+H]": 459.1551;
found: 459.1550.

(2S, 3R)-3-(4-Acetylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-phenylpropanamide
(3m)
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Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3m was obtained as a white solid
(24.3 mg, 55%). *H NMR (600 MHz, CDCl3) & 9.44 (s, 1H), 7.92 (d, J = 8.4 Hz, 2H), 7.75-7.72
(m, 2H), 7.68-7.66 (m, 2H), 7.62 (d, J = 8.4 Hz, 2H), 7.29-7.27 (m, 2H), 7.14 (t, J = 7.2 Hz, 2H),
7.08-7.05 (m, 1H), 5.59 (d, J = 12.6 Hz, 1H), 5.41 (d, J = 12.6 Hz, 1H), 3.51 (s, 3H), 2.56 (s, 3H);
3C NMR (151 MHz, CDCl3) & 197.61, 167.86, 164.79, 145.08, 138.84, 136.17, 134.47, 130.93,
128.99, 128.90, 128.41, 127.61, 127.49, 123.65, 64.23, 56.51, 50.04, 26.60; HRMS (ESI-TOF)
Calcd for CogH23N205 [M+H]*: 443.1601; found: 443.1601.

3n

(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(naphthalen-2-yl)-3-phenyl
propanamide (3n)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3n was obtained as a yellow solid
(27.6 mg, 61%). 'H NMR (600 MHz, CDCls) § 9.20 (s, 1H), 8.01 (s, 1H), 7.85-7.76 (m, 3H),
7.75-7.72 (m, 2H), 7.66-7.63 (m, 2H), 7.58 (dd, J = 8.4, 1.8 Hz, 1H), 7.47-7.43 (m, 2H), 7.33 (d,
J=7.8Hz, 2H), 7.14 (t, J = 7.8 Hz, 2H), 7.04-7.01 (m, 1H), 5.71 (d, J = 12.6 Hz, 1H), 5.50 (d, J
= 12.6 Hz, 1H), 3.39 (s, 3H); *C NMR (150 MHz, CDCls) 5 167.96, 165.03, 139.69, 137.12,
134.32, 133.48, 132.63, 131.08, 128.92, 128.76, 127.95, 127.67, 127.60, 127.19, 126.87, 126.37,
126.14, 126.01, 123.58, 64.13, 56.74, 50.20; HRMS (ESI-TOF) Calcd for CogH23N20,4 [M+H]™:
451.1652; found: 451.1651.
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30

(2S, 3R)-3-(3,5-Dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-phenyl
propanamide (30)

Substrate 2 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 30 was obtained as a white solid (32.2
mg, 75%). m.p. = 108-110 °C. *H NMR (600 MHz, CDCls) & 8.91 (s, 1H), 7.73-7.71 (m, 2H),
7.65-7.63 (m, 2H), 7.27-7.25 (m, 2H), 7.14-7.11 (m, 4H), 7.03-7.01 (m, 1H), 6.87 (s, 1H), 5.55 (d,
J = 12.6 Hz, 1H), 5.19 (d, J = 12.6 Hz, 1H), 3.52 (s, 3H), 2.29 (s, 6H); *C NMR (150 MHz,
CDCl3) & 167.90, 165.10, 140.05, 139.59, 138.70, 134.21, 131.14, 129.43, 128.67, 127.51,
127.02, 125.80, 123.50, 64.14, 56.74, 50.13, 21.38; HRMS (ESI-TOF) Calcd for CasH25N204
[M+H]": 429.1809; found: 429.1806.

(2S, 3R)-3-(3,4-Dimethoxyphenyl)-2-(1, 3-dioxoisoindolin-2-yl)-N-methoxy-3-phenyl
propanamide (3p)

Substrate 2" was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3p was obtained as a yellow solid
(31.6 mg, 69%). *H NMR (600 MHz, CDCl3) & 9.10 (s, 1H), 7.73-7.71 (m, 2H), 7.66-7.63 (m,
2H), 7.27-7.25 (m, 2H), 7.15-7.13 (m, 2H), 7.07 (dd, J = 8.1, 2.1 Hz, 1H), 7.05-7.02 (m, 1H),
6.98 (d, J = 2.4 Hz, 1H), 6.84 (d, J =8.4 Hz, 1H), 5.51 (d, J = 12.6 Hz, 1H), 5.26 (d, J = 12.6 Hz,
1H), 3.89 (s, 3H), 3.83 (s, 3H), 3.53 (s, 3H); *C NMR (150 MHz, CDCls) & 167.92, 165.20,
149.21, 148.41, 140.054, 134.30, 132.21, 131.08, 128.73, 127.41, 127.11, 123.54, 119.95, 111.61,

S54



111.52, 64.24, 56.94, 56.02, 55.85, 49.69; HRMS (ESI-TOF) Calcd for CysHsN,0s [M+H]™:
461.1707; found: 461.1708.

Homo-diarylation of Alanine

NPhth Pd(OAc), (10 mol% ) NPhth
H z 2,6-lutidine (20 mol%) A <
CONHOMe > r
1/\ Ar-I, AgOAc, HFIP, Y\CONHOMe
1 NaH,PO,*H,0 Ar g
100 °C, 36 h

General procedure: The substrate 1 (0.1 mmol, 24.8 mg), Pd(OAc), (0.01 mmol, 2.2 mg),
NaH;PO4°H,0 (0.3 mmol, 42 mg) and AgOAc (0.2 mmol, 33.4 mg) were weighed in air and
placed in a sealed tube (10 mL) with a magnetic stir bar. To the reaction mixture, aryl iodide (0.3
mmol), 2,6-lutidine (0.2 mmol, 2 pL), HFIP (1 mL) were added. The reaction mixture was first
stirred at room temperature for 10 min and then heated to 100 °C for 36 hours under vigorous
stirring. Upon completion, the reaction mixture was cooled to room temperature, filtered with
celite using DCM. The solvents were removed under reduced pressure and the resulting mixture
was purified by a silica gel-packed flash chromatography column using hexanes/EtOAc (5/1 to
3/1 to 2/1) as the eluent.

3q

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3,3-diphenylpropanamide (3q)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3q was obtained as a white solid (26.7
mg, 67%). (For the NMR data, please see the previous one in section of Arylation of Methylene
C-H Bonds)
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(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3,3-di-p-tolylpropanamide (3r)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3r was obtained as a white solid (26.8
mg, 63%). m.p. = 120-122 °C. *H NMR (600 MHz, CDCls) & 9.08 (s, 1H), 7.75-7.72 (m, 2H),
7.66-7.63 (m, 2H), 7.38 (d, J = 7.8 Hz, 2H), 7.14 (dd, J = 7.8, 1.8 Hz, 4H), 6.92 (d, J = 7.8 Hz,
2H), 5.53 (d, J = 12.6 Hz, 1H), 5.21 (d, J = 12.6 Hz, 1H), 3.51 (s, 3H), 2.28 (s, 3H), 2.12 (s, 3H);
3C NMR (150 MHz, CDCl3) & 167.94, 165.20, 137.24, 137.05, 137.00, 136.57, 134.23, 131.16,
129.78, 129.40, 127.89, 127.23, 123.54, 64.17, 57.01, 49.50, 21.03, 20.88; HRMS (ESI-TOF)
Calcd for CpgHasN204 [M+H]': 429.1809; found: 429.1803.

3s

(S)-2-(1,3-Dioxoisoindolin-2-yl)-3,3-bis(4-fluorophenyl)-N-methoxypropanamide (3s)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3s was obtained as a white solid (31.4
mg, 72%). m.p. = 102-104 °C. *H NMR (600 MHz, CDCl3) & 9.33 (s, 1H), 7.75-7.72 (m, 2H),
7.69-7.67 (m, 2H), 7.47-7.45 (m, 2H), 7.23-7.21 (m, 2H), 7.03 (t, J = 8.4 Hz, 2H), 6.84 (t, J = 8.4
Hz, 2H), 5.45 (d, J = 12.6 Hz, 1H), 5.35 (d, J = 12.6 Hz, 1H), 3.51 (s, 3H); **C NMR (150 MHz,
CDCl3) 8 167.86, 164.74, 162.07 (d, Jec = 245.4 Hz), 161.74 (d, Jrc = 245.0 Hz), 135.40, 135.30,
134.53, 130.91, 129.75 (d, Jrc = 8.0 Hz), 129.09 (d, Jec = 17.7 Hz), 123.68, 116.00-115.71,
64.21, 56.90, 48.56; HRMS (ESI-TOF) Calcd for CasHioFoN,O4 [M+H]": 437.1307; found:
437.1308.
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3t

(S)-3,3-Bis(3,5-Dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (3t)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3t was obtained as a white solid (34.4
mg, 75%). m.p. = 100-102 °C. *H NMR (600 MHz, CDCls) & 8.95 (s, 1H), 7.75-7.72 (m, 2H),
7.65-7.53 (m, 2H), 7.10 (s, 2H), 6.86 (s, 1H),6.84 (s, 2H), 6.63 (s, 1H), 5.53 (d, J = 12.6 Hz, 1H),
5.10 (d, J = 12.6 Hz, 1H), 3.51 (s, 3H), 2.30 (s, 6H), 2.11 (s, 6H); *C NMR (150 MHz, CDCls) &
167.91, 165.22, 139.80, 139.76, 138.60, 137.99, 134.17, 131.26, 129.34, 128.71, 125.83, 125.26,
123.44, 64.09, 56.87, 49.97, 21.40, 21.21; HRMS (ESI-TOF) Calcd for CygHxN,O4 [M+H]™:
457.2122; found: 457.2118.

Hetero-diarylation of Alanine

Pd(OAc); (10mol% ) Pd(OAc), (10 mol% )
y NPhth 2-picoline (20 mol%)  26-luiidine (20mol%) NPhth
R R r
CONHOMe > - CONHOMe
1/\ Ar'-1, AgOAc, HFIP Ar?—|, AgOAc, HFIP, \A:\
1 75°C, 24 h NaH,PO4+H,0 3
100 °C, 36 h

General procedure: The starting material 1 (0.1 mmol, 24.8 mg), Pd(OAc), (10 mol%, 2.2 mg),
and AgOAc (0.2 mmol, 33.4 mg) were weighed in air and placed in a sealed tube (10 mL) with a
magnetic stir bar. To the reaction mixture, the first aryl iodide (0.12 mmol), 2-picoline (20 mol%,
2 puL), HFIP (1.0 mL) were added. The reaction mixture was first stirred at room temperature for
10 min and then heated to 75 °C for 24 hours under vigorous stirring. Upon completion, the
reaction mixture was cooled to room temperature, to the reaction mixture, Pd(OAc), (0.01mmol,
2.2mg), NaH,PO4*H,0 (0.3 mmol, 42 mg), AgOAc (0.2 mmol, 33.4mg), the second aryl iodide
(0.3 mmol) and 2,6-lutidine (0.02 mmol, 2 pL), were added. The reaction mixture was first
stirred at room temperature for 10 min and then heated to 100 °C for 36 hours under vigorous
stirring. Upon completion, the reaction mixture was cooled to room temperature, filtered with

celite using DCM. The solvents were removed under reduced pressure and the resulting mixture
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was purified by a silica gel-packed flash chromatography column using hexanes/EtOAc (5/1 to
3/1to 2/1) as the eluent.

3u

(2S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-phenyl-3-(p-tolyl)propanamide (3u)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3u was obtained as a white solid (29.4
mg, 71%). *H NMR (600 MHz, CDCl3) & 9.07 (s, 1H), 7.75-7.73 (m, 2H), 7.67-7.65 (m, 2H),
7.50-7.49 (m, 2H), 7.33 (t, J = 7.8 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 7.15 (d, J = 7.8 Hz, 2H),
6.94 (d, J = 7.8 Hz, 2H), 5.54 (d, J = 12.6 Hz, 1H), 5.27 (d, J = 12.6 Hz, 1H), 3.47 (s, 3H), 2.13
(s, 3H); *C NMR (150 MHz, CDCls) & 167.93, 165.08, 140.01, 136.75, 136.71, 134.28, 131.14,
129.45, 129.06, 128.10, 127.55, 127.31, 123.59, 64.14, 57.02, 49.81, 20.90; HRMS (ESI-TOF)
Calcd for CosH23N204 [M+H]": 415.1652; found: 415.1656.

(2S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(p-tolyl)-3-(4-(trifluoromethyl)phenyl)

propanamide (3v)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3v was obtained as a white solid (23.1
mg, 48%). m.p. = 111-113 °C. *H NMR (600 MHz, CDCl3) & 9.35 (s, 1H), 7.77-7.74 (m, 2H),
7.69-7.67 (m, 2H), 7.62-7.59 (m, 2H), 7.13 (d, J = 7.8 Hz, 2H), 6.96 (d, J = 7.8 Hz, 2H), 5.54 (d,
J = 12.6 Hz, 1H), 5.37 (d, J = 12.6 Hz, 1H), 3.50 (s, 3H), 2.14 (s, 3H):; *C NMR (150 MHz,
CDCl3) & 167.89, 164.82, 144.04, 137.24, 135.74, 134.48, 130.98, 129.96-129.30, 129.66,
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128.53, 127.37, 125.85-125.83, 123.97 (q, Jrc = 270.5 Hz), 123.71, 64.21, 56.69, 49.50, 20.91;
HRMS (ESI-TOF) Calcd for CosH2,F3N,04 [M+H]": 483.1526; found 483.1523.

(2S)-3-(3,5-Dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-(p-tolyl)
propanamide (3w)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3w was obtained as a white solid (29.9
mg, 67%). *H NMR (600 MHz, CDCls) & 8.88 (s, 1H), 7.74-7.72 (m, 2H), 7.66-7.63 (m, 2H),
7.14 (d, J = 8.4, 2H), 7.10 (s, 2H), 6.92 (d, J = 8.4 Hz, 2H), 6.86 (s, 1H), 5.53 (d, J = 12.6 Hz,
1H), 5.16 (d, J = 12.6 Hz, 1H), 3.51 (s, 3H), 2.28 (s, 6H), 2.13 (s, 3H); *C NMR (150 MHz,
CDCl3) 6 167.92, 165.18, 139.89, 138.66, 137.04, 136.56, 134.18, 131.22, 129.39, 129.34,
127.29, 125.74, 123.53, 64.12, 56.81, 49.73, 21.38, 20.90; HRMS (ESI-TOF) Calcd for
C27H27N204 [M+H]": 443.1965; found: 443.1962.

(2S)-3-(3,5-Dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-(p-tolyl)

propanamide (3x)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3x was obtained as a white solid (22.5
mg, 51%). '"H NMR (600 MHz, CDCls) & 9.08 (s, 1H), 7.76-7.73 (m, 2H), 7.67-7.64 (m, 2H),
7.38 (d, J = 7.8 Hz, 2H), 7.14 (d, J = 7.8 Hz, 2H), 6.84 (s, 2H), 6.63 (s, 1H), 5.53 (d, J = 12.6 Hz,
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1H), 5.13 (d, J = 12.6 Hz, 1H), 3.51 (s, 3H), 2.29 (s, 3H), 2.10 (s, 6H); *C NMR (150 MHz,
CDCls) & 167.98, 165.25, 139.81, 138.03, 137.25, 136.85, 134.22, 131.22, 129.77, 128.70,
127.97, 125.20, 123.48, 64.17, 57.14, 49.81, 21.19, 21.05; HRMS (ESI-TOF) Calcd for
Ca7H27N204 [M+H]*: 443.1965; found: 443.1962.

Methyl 3-((2S)-1-(3,5-dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-
oxopropyl)benzoate (3y)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3y was obtained as a white solid (23.2
mg, 48%). 'H NMR (600 MHz, CDCls) § 9.39 (s, 1H), 8.15 (s, 1H), 7.92-7.90 (m, 1H), 7.76-7.73
(m, 3H), 7.69-7.66 (m, 2H), 7.42 (t, J = 7.8 Hz, 1H), 6.86 (s, 2H), 6.66 (s, 1H), 5.56 (d, J = 12.6
Hz, 1H), 5.29 (d, J = 12.6 Hz, 1H), 3.91 (s, 3H), 3.48 (s, 3H), 2.12 (s, 6H); *C NMR (150 MHz,
CDCl3) 6 167.94, 166.82, 164.85, 140.35, 138.91, 138.29, 134.38, 132.77, 131.09, 130.62,
129.39, 129.05, 128.67, 125.32, 123.58, 64.16, 56.96, 52.20, 49.81, 21.19; HRMS (ESI-TOF)
Calcd for CgH27N206 [M+H]": 487.1864; found: 487.1862.

(2S,2S)-3-(3,5-Dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-3-(3-
methoxyphenyl) propanamide (3z)

S60



Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3z was obtained as a white solid (25.1
mg, 55%). 'H NMR (600 MHz, CDCls) & 8.88 (s, 1H), 7.77-7.73 (m, 2H), 7.67-7.64 (m, 2H),
7.10 (s, 2H), 7.04 (t, J = 8.1 Hz, 1H), 6.88 (s, 1H), 6.85 (d, J = 7.8 Hz, 1H), 6.80 (t, J = 1.8 Hz,
1H), 6.57 (dd, J = 8.4, 2.4 Hz, 1H), 5.54 (d, J = 12.6 Hz, 1H), 5.15 (d, J = 12.6 Hz, 1H), 3.67 (s,
3H), 3.52 (s, 3H), 2.30 (s, 6H); *C NMR (150 MHz, CDCl3) & 167.94, 165.07, 159.54, 141.54,
139.46, 138.70, 134.25, 131.21, 129.67, 129.49, 125.79, 123.56, 119.73, 113.07, 112.76, 64.16,
56.73, 55.10, 50.12, 21.40; HRMS (ESI-TOF) Calcd for Cy7H,7N20s [M+H]": 459.1914; found:
459.1917.

3aa

Methyl 3-((2S)-2-(1,3-dioxoisoindolin-2-yl)-1-(4-fluorophenyl)-3-(methoxyamino)-3-
oxopropyl) benzoate (3aa)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3aa was obtained as a white solid
(25.1 mg, 53%). *H NMR (600 MHz, CDCls) & 9.33 (s, 1H), 8.14 (s, 1H), 7.93 (d, J = 7.2 Hz,
1H), 7.77-7.74 (m, 2H), 7.77-7.68 (m, 3H), 7.43 (t, J = 7.8 Hz, 1H), 7.27-7.25 (m, 2H), 6.84 (t, J
= 8.4 Hz, 2H), 5.53 (d, J = 12.6 Hz, 1H), 5.43 (d, J = 12.6 Hz, 1H), 3.91 (s, 3H), 3.49 (s, 3H);
3C NMR (150 MHz, CDCls) & 167.85, 166.70, 164.54, 161.80 (d, Jec = 245.0 Hz), 140.02,
135.02, 134.55, 132.75, 130.85 (d, Jec = 17.3 Hz), 129.25, 129.19, 129.11, 128.87, 123.71,
115.86 (d, Jrc = 21.3 Hz), 64.21, 56.70, 52.26, 49.09; HRMS (ESI-TOF) Calcd for CpH2FN,Og
[M+H]": 477.1456; found: 477.1459.
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Methyl 4-((2S)-2-(1,3-dioxoisoindolin-2-yl)-3-(methoxyamino)-3-oxo-1-(p-tolyl)propyl)
benzoate (3ab)

Substrate 1 was arylated following the general arylation procedure. After purification by column
chromatography using hexanes/EtOAc (2/1) as the eluent, 3ab was obtained as a white solid
(22.3 mg, 47%). *H NMR (600 MHz, CDCl3) & 8.99 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.74-7.71
(m, 2H), 7.67-7.65 (m, 2H), 7.38 (d, J = 7.8 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 7.8
Hz, 2H), 5.55 (d, J = 12.6 Hz, 1H), 5.37 (d, J = 12.6 Hz, 1H), 3.79 (s, 3H), 3.52 (s, 3H), 2.30 (s,
3H); *C NMR (150 MHz, CDCl3) & 167.86, 166.64, 164.78, 145.32, 137.77, 135.91, 134.43,
130.98, 130.08, 129.97, 128.91, 127.98, 127.55, 123.67, 64.24, 56.50, 52.02, 49.76, 21.05;
HRMS (ESI-TOF) Calcd for Cy7H25N,06 [M+H]™: 473.1707; found: 473.1710.

Arylation of Other Carboxylic Acid:

R! R?
Rl R2 Pd(OAc), (10 mol% ) Rs CONHOMe
R3 Ligand (20 mol%)
CONHOMe
H p-Tol-l, AgOAc,
HFIP, additives
5a-5h Me  6a-6h

General procedure for arylation with aryl iodides:

Method A: The starting material (0.2 mmol), Pd(OAc), (10 mol%, 4.4 mg), and AgOAc (0.4
mmol, 66.8 mg) were weighed in air and placed in a sealed tube (10 mL) with a magnetic stir
bar. To the reaction mixture, aryl iodide (0.3 mmol), 2-picoline (20 mol%, 4 uL), HFIP (2.0 mL)
were added. The reaction mixture was first stirred at room temperature for 10 min and then
heated to 75 °C for 24 hours under vigorous stirring. Upon completion, the reaction mixture was
cooled to room temperature, filtered with celite using DCM. The solvents were removed under
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reduced pressure and the resulting mixture was purified by a silica gel-packed flash

chromatography column.

Method B: The substrate (0.1 mmol), Pd(OAc), (0.01 mmol, 2.2 mg), NaH,PO4+H,0 (0.3 mmol,
42 mg) and AgOAc (0.2 mmol, 33.4 mg) were weighed in air and placed in a sealed tube (10
mL) with a magnetic stir bar. To the reaction mixture, aryl iodide (0.3 mmol), 2,6-lutidine (0.02
mmol, 2 uplL), HFIP (1 mL) were added. The reaction mixture was first stirred at room
temperature for 10 min and then heated to 100 °C for 36 hours under vigorous stirring. Upon
completion, the reaction mixture was cooled to room temperature, filtered with celite using DCM.
The solvents were removed under reduced pressure and the resulting mixture was purified by a

silica gel-packed flash chromatography column using.

Method C: The substrate (0.1 mmol, 24.8 mg), Pd(OAc), (0.015 mmol, 3.3 mg) and AgOAc
(0.2 mmol, 33.4 mg) were weighed in air and placed in a sealed tube (10 mL) with a magnetic
stir bar. To the reaction mixture, aryl iodide (0.3 mmol), L1 (0.03 mmol, 8.1 mg), TFA (2 uL)
and DCE (1 mL) were added. The reaction mixture was first stirred at room temperature for 10
min and then heated to 90 °C for 36 hours under vigorous stirring. Upon completion, the reaction
mixture was cooled to room temperature, filtered with celite using DCM. The solvents were
removed under reduced pressure and the resulting mixture was purified by a silica gel-packed

flash chromatography column.

Me

CONHOMe

6a
N-Methoxy-2-(4-methylbenzyl)butanamide (6a)

Substrate 5a was arylated following the general arylation procedure of Method A. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6a was
obtained as a white solid (26.5 mg, 60%). *H NMR (600 MHz, CDCls) & 7.99 (s, 1H), 7.08-7.05
(m, 4H), 3.58 (s, 3H), 2.87 (dd, J = 13.2, 9.6 Hz, 1H), 2.71 (dd, J = 13.2, 5.4 Hz, 1H), 2.32 (s,
3H), 2.01-2.00 (m, 1H), 1.78-1.74 (m, 1H), 1.57-1.53 (m, 1H), 0.93 (t, J = 7.4 Hz, 3H); **C
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NMR (150 MHz, CDCls) 6 172.78, 136.35, 135.91, 129.15, 128.80, 64.32, 48.72, 38.43, 25.46,
21.02, 11.96; HRMS (ESI-TOF) Calcd for C13H2NO, [M+H]": 222.1489; found: 222.1489.

OBn

CONHOMe

6b
(S)-0O-(3-(Benzyloxy)-2-(4-methylbenzyl)-112-propyl)-N-methoxyhydroxylamine (6b)

Substrate 5b was arylated following the general arylation procedure of Method A. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6b was
obtained as a white solid (16.6 mg, 53%)."H NMR (600 MHz, CDCl5) & 8.47 (s, 1H), 7.36-7.29
(m, mH), 7.10-7.04 (m, 4H), 4.51-4.46 (m, 2H), 3.65 (s, 3H), 3.59-3.53 (m, 2H), 2.97 (dd, J =
13.6, 7.8 Hz, 1H), 2.73 (dd, J = 13.6, 7.5 Hz, 1H), 2.54 (m, 1H), 2.31 (s, 3H).; *C NMR (150
MHz, CDCls) 8 171.75, 137.50, 136.08, 135.54, 129.23, 128.83, 128.53, 127.95, 127.81, 73.53,
69.66, 64.32, 47.16, 34.17, 21.03; HRMS (ESI-TOF) Calcd for C1gH24NO; [M+H]": 314.1751;
found: 314.1747.

NPhth

CONHOMe

Me
6c

2-(3-((Methoxyamino)oxy)-2-(4-methylbenzyl)-312-propyl)isoindoline-1,3-dione (6¢)

Substrate 5¢ was arylated following the general arylation procedure of Method A. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6¢c was
obtained as a white solid (25.3 mg, 72%). *H NMR (600 MHz, CDCl3) & 8.18 (s, 1H), 7.82-7.81
(m, 2H), 7.71-7.70 (m, 2H), 7.06-7.01 (m, 4H), 4.00 (dd, J = 14.4, 7.8 Hz, 1H), 3.87 (dd, J =
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14.4, 7.2 Hz, 1H), 3.49 (s, 3H), 3.03-2.99 (m, 1H), 2.91-2.86 (m, 1H), 2.79 (dd, J = 13.2, 5.4 Hz,
1H), 2.24 (s, 3H); *C NMR (150 MHz, CDCls) & 169.83, 168.18, 136.22, 134.90, 134.13,
131.78, 129.24, 128.74, 123.38, 64.21, 44.78, 39.88, 35.96, 20.97; HRMS (ESI-TOF) Calcd for
CaoH21N204 [M+H]": 353.1496; found: 353.1493.

Me Me
CONHOMe

Me NPhth
Me——CONHOMe method A . CONHOMe
NPhth —_— NPhth
Me O 64"
5d 6d

Me
2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-2-methyl-3-(p-tolyl)propanamide (6d)
2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-2-(4-methylbenzyl)-3-(p-tolyl)propanamide (6d")

Substrate 5d was arylated following the general arylation procedure of Method A. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6d was
obtained as a white solid (20.3 mg, 29%). *H NMR (600 MHz, CDCl3) & 8.42 (s, 1H), 7.78-7.75
(m, 2H), 7.77-7.69 (m, 2H), 7.02-6.93 (m, 4H), 3.79 (d, J = 13.2 Hz, 1H), 3.75 (s, 3H), 3.25 (d, J
= 13.2 Hz, 1H), 2.26 (s, 3H), 1.83 (s, 3H); **C NMR (150 MHz, CDCls) & 170.76, 168.57,
136.80, 134.23, 131.79, 135.53, 130.50, 128.98, 123.22, 64.26, 64.15, 40.24, 21.84, 21.05;
HRMS (ESI-TOF) Calcd for Co0H21N204 [M+H]": 353.1496; found: 353.1497. 6d' was obtained
as a white solid (30.4 mg, 35%). *H NMR (600 MHz, CDCls) & 8.09 (s, 1H), 7.72 -7.67 (m, 4H),
7.15-7.14 (m, 4H), 7.05-7.02 (m, 4H), 3.71 (d, J = 13.8 Hz, 2H), 3.65 (s, 3H), 3.44 (d, J = 13.8
Hz, 2H), 2.27 (s, 6H); *C NMR (150 MHz, CDCls) 5 169.24, 168.70, 136.92, 134.09, 131.83,
131.39, 130.71, 129.12, 123.14, 68.86, 63.97, 37.47, 21.05; HRMS (ESI-TOF) Calcd for
C27H27N204 [M+H]": 443.1965; found: 443.1963.

TBSO.
\©\/§\Phth method B
CONHOMe >

5e 6e
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(2S, 3S)-3-(4-((Tert-butyldimethylsilyl)oxy)phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxy-
3-(p-tolyl)propanamide (6e)

Substrate 5e was arylated following the general arylation procedure of Method B. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6e was
obtained as a white solid (31.6 mg, 58%). 'H NMR (600 MHz, CDCls) & 9.15 (s, 1H), 7.73-
7.71(m, 2H), 7.66-7.63 (m, 2H), 7.42-7.40(m, 2H), 7.15 (d, J = 7.8 Hz, 2H), 7.09 (d, J = 8.4 Hz,
2H), 6.58-6.56 (m, 2H), 5.49 (d, J = 12.6 Hz, 1H), 5.12 (d, J = 12.6 Hz, 1H), 3.53 (s, 3H), 2.30 (s,
3H), 0.82 (s, 9H), -0.031 (s, 3H), -0.034 (s, 3H); *C NMR (150 MHz, CDCls) § 167.92, 165.20,
154.47, 137.26, 136.84, 134.24, 132.82, 131.09, 129.76, 128.53, 127.90, 123.50, 120.31, 64.19,
57.30, 49.36, 25.55, 21.05, 18.08, -4.62; HRMS (ESI-TOF) Calcd for C3;H37N,0sSi [M+H]™:
545.2466; found: 545.2464.

NPhth

Mef “CONHOMe

Me
6f

(2S, 3R)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(p-tolyl)butanamide (6f)

Substrate 5f was arylated following the general arylation procedure of Method B. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6f was
obtained as a white solid (19.2 mg, 55%). m.p. = 152-154 °C. *H NMR (600 MHz, CDCl3) &
8.86 (s, 1H), 7.91-7.88 (m, 2H), 7.79-7.76 (m, 2H), 7.28 (d, J = 7.8 Hz, 2H), 7.18 (d, J = 7.8 Hz,
2H), 4.86 (d, J = 12.0 Hz, 1H), 3.98-3.97 (m, 1H), 3.48 (s, 3H), 2.34 (s, 3H), 1.20 (d, J = 6.6 Hz,
3H); **C NMR (150 MHz, CDCl3) & 168.26, 165.34, 138.59, 137.34, 134.50, 131.42, 129.75,
127.57, 123.76, 64.12, 59.55, 38.44, 21.09, 19.74; HRMS (ESI-TOF) Calcd for CyH21N,0,4
[M+H]": 353.1496; found: 353.1495.
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PhthN, CONHOMe
NPhth Method A g

CONHOMg —————3 Me

Sg

M
6g Gg.e

(1S, 2R)-1-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-2-(p-tolyl)cyclobutane-1-carboxamide (69)

(1S, 2R)-1-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-2,4-di-p-tolylcyclobutane-1-carboxamide
(69)

Substrate 59 was arylated following the general arylation procedure of Method A. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6g was
obtained as a white solid (16.8 mg, 23%). m.p. = 209-211 °C.*H NMR (600 MHz, CDCls) &
7.96 (s, 1H), 7.86-7.83 (m, 2H), 7.77-7.74 (m, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 7.8 Hz,
2H), 4.48 (t, J = 10.2 Hz, 1H), 3.39-3.36 (m, 4H), 2.56-2.49 (m, 1H), 2.43-2.36 (m, 1H), 2.33 (s,
3H), 2.32-2.26 (m, 1H). *C NMR (150 MHz, CDCl3) & 167.90, 167.85, 137.23, 135.37, 134.45,
131.69, 129.13, 128.76, 123.45, 65.49, 63.98, 47.41, 27.98, 23.56, 21.10; HRMS (ESI-TOF)
Calcd for CyH,1N,O4 [M+H]": 365.1496; found: 365.1491. 6g" was obtained as a white solid
(57.3 mg, 63%). *H NMR (600 MHz, CDCl3) & 7.92 (s, 1H), 7.88-7.85 (m, 2H), 7.77-7.74 (m,
2H), 7.38 (d, J = 8.4 Hz, 4H), 7.15 (d, J = 7.8 Hz, 4H), 4.85-4.82 (m, 2H), 3.28 (s, 3H), 3.03-
2.97 (m, 1H), 2.63-2.59 (m, 1H), 2.33 (s, 6H); *C NMR (150 MHz, CDCls) & 168.65, 165.86,
136.99, 134.60, 134.41, 131.63, 128.89, 128.61, 123.46, 71.61, 63.78, 44.41, 25.91, 21.11;
HRMS (ESI-TOF) Calcd for CogH2yN204 [M+H]*: 455.1965; found: 455.1962.

NPhth

CONHOMe

6h
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2-((1S, 2R)-1-(((Methoxyamino)oxy)-12-methyl)-2-(p-tolyl)cyclopropyl)isoindoline-1,3-dione
(6h)

Substrate 5h was arylated following the general arylation procedure of Method C. After
purification by column chromatography using hexanes/EtOAc (2/1) as the eluent, 6h was
obtained as a white solid 15.8 mg (45%). m.p. = 203-206 °C.*H NMR (600 MHz, CDCls)  8.29
(s, 1H), 7.927.89 (m, 2H), 7.80-7.77 (m, 2H), 7.38 (d, J = 7.8 Hz, 2H), 7.17 (d, J = 7.8 Hz, 2H),
3.26 (s, 3H), 2.84 (t, J = 9.6 Hz, 1H), 2.50 (dd, J = 8.4, 6.6 Hz, 1H), 2.33 (s, 3H), 1.83 (dd, J =
9.6, 7.2 Hz, 1H); *C NMR (150 MHz, CDCl5) & 168.30, 164.66, 137.40, 134.67, 131.41, 130.80,
129.21, 128.90, 123.76, 63.96, 38.50, 32.19, 21.15, 16.14; HRMS (ESI-TOF) Calcd for
C20H19N204 [M+H]": 351.1339; found: 351.1339

Gram-Scale Synthesis of Unnatural Amino Acids

Pd(OAc), (10 mol%)

NPhth
: A 2-picoline (20 mol%) NPhth
CONHOMe ™ r- A X
(\ e AgOAG (2.0 equiv) """ CONHOMe
HFIP, 75 °C, air, 24 h
20 mmol scale 29,2h. 21
H,N
ZINSNH,
PhI(OAc), (1 equiv) NPhth (5.0 equiv) NH;
_— —_— Ar -
MeOH. 90 °C.an "™ NCoMe  DOMMeOH ~"Nco,Me
rt. 7-8h
yields for two steps:
2g', Ar = 4-F-CgH, 92%
2h', Ar = 3-F-CgH, 85%
2I', Ar = 4-CF3-CgH, 98%
Fmoc-CI
10% ag.NaHCO NHFmoc LOHHO NHFmoc
r- X — > Ar
1 adioxane, 0°Clort, 7 COMe 1:1 THEH,0,0°C 7 “COH
2-35h
yields for three steps
7, Ar = 4-F-CgH,4 50%
8, Ar = 3-F-CgH,4 55%

9, Ar=4-CF3-CgHs  50%

F
HF
co H CO,H
2 COZH 2

7,759 8,769 9,90¢g
total yields: 46% 47% 49%

Gerenal procedure for scale up synthesis of unnatural amino acid

Pd(OAc), (10 mol%)
2-picoline (20 mol%) NPhth

CONHOMe + Al A A
(\ © AgOAc (2.0 eq.) "\~ CONHOMe
H HFIP, 75 °C, air, 24 h

NPhth

20 mmol scale
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The starting material (20.0 mmol, 4.96 g), Pd(OAc), (3.0 mmol, 674 mg), and AgOAc (40.0
mmol, 6.68 g) were weighed in air and placed in a sealed tube (350 mL) with a magnetic stir bar.
To the reaction mixture, aryl iodide (30 mmol), 2-picoline (6.00 mmol, 0.6 mL), and HFIP (150
mL) were added. The reaction mixture was first stirred at room temperature for 10 min and then
heated to 90 °C for 36 hours under vigorous stirring. Upon completion, the reaction mixture was
cooled to room temperature, and HFIP was recovered by distillation. The residue was filtered

with DCM and concentrated as crude product.

NPhth PhI(OAc), (1 equiv.) NPhth

ASAconrome MO 80°C. 3h ASANcome
The above crude product substrate was dissolved in MeOH (120 mL), followed by the addition
of PhI(OAc), (20 mmol, 6.44 g). The reaction mixture was heated to 80 °C for 3 hours. The
reaction mixture was then cooled to room temperature and then saturated ag. Na,SO3z and
saturated ag. NaHCO3 were added. The aqueous layer was then extracted with EtOAc and the
combined organic layers washed with brine, dried over MgSQ,, filtered and concentrated.

Purified by column chromatography (hexanes/ EtOAc = 2/1) to provide product.

H-N Fmoc—CI
2INSNH, NHFmoc

NPhth 10% aq.NaHCO;
N o
"N"co,Me

L

2 > >
A - N
"™NNcoMe  pomMeon  1+4-dioxane, 0°C to'r.t.

The substrate (5 mmol) was dissolved in a 1:1 mixture of DCM/MeOH (50 mL total), and
ethylenediamine (5-6 equiv.) was added. The reaction mixture was heated to 40 °C for 3 h, and
then cooled to room temperature. The reaction mixture was stirred at room temperature for 7 h
(monitored by TLC). Then reaction mixture (with solvent) was transferred to a column with
silica gel directly and purified by column chromatography (DCM/MeOH =10/1). Crude product
was obtained as oil (yield 85-95%) and used directly for next step. Amino ester was dissolved in
1,4-dioxane, and 10% agq. NaHCO3 was added. The mixture was cooled to 0 °C and Fmoc-Cl
(1.2 equiv) was added. The ice bath was allowed to warm to room temperature overnight, after
which H,O and EtOAc was added to the reaction mixture. The aqueous layer was then extracted
with EtOAc twice and the combined organic layers were washed with brine, dried over MgSOsy,
filtered and concentrated. Purify by column chromatography (hexanes/EtOAc = 3/1 to 2/1).
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NHFmoc LiOHeH,0 NHFmoc
- —_—— -
2 ° A

AN Nco,Me THF/H,0, 0°C "N"co,H

The substrate was dissolved in THF. The solution was cooled to 0 °C, and a cold solution of
LiOHeH,0 (2 equiv) in H,O were added. The reaction was maintained at 0 °C for 1 hour. The
reaction was acidified with 2N HCI and extracted with EtOAc. The combined organic layers
were dried over MgSO,, and concentrated. The residue was purified by column chromatography
(hexanes/EtOAc/AcOH= 10/10/1).

F
\©\/N\HFmoc
CO,H
7

(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-fluorophenyl)propanoic acid (7)

Total yield (46%), white solid (7.5 g). m.p. = 162-165 °C. *H NMR (600 MHz, Acetone d-6) &
7.85 (d, J = 7.8 Hz, 2H), 7.65 (t, J = 7.8 Hz, 2H), 7.40 (t, J = 7.8 Hz, 2H), 7.35-7.29 (m, 4H),
7.04 (t, J = 9.0 Hz, 2H), 4.49 (dd, J = 9.0, 4.8 Hz, 1H), 4.32-4.25 (m, 2H), 4.19 (t, J = 7.8 Hz,
1H), 3.24 (dd, J = 13.8, 4.8 Hz, 1H), 3.03 (dd, J = 13.8, 9.6 Hz, 1H); *C NMR (150 MHz,
Acetone d-6) & 173.19, 162.69 (d, Jec = 241.1 Hz), 156.81, 145.08, 145.02, 142.14, 134.58,
132.05 (d, Jrc = 8.0 Hz), 128.57, 127.96, 126.21, 126.17, 120.85, 115.82 (d, Jec = 21.3 Hz),
67.17, 56.13, 48.00, 37.34; HRMS (ESI-TOF) Calcd for CosH2FNO, [M+H]": 406.1449; found:
406.1446.

F
@\/N\HFmoc
CO,H
8

(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(3-fluorophenyl)propanoic acid (8)

Total yield (47%), white solid (7.6 g). m.p. = 145-148 °C.*H NMR (600 MHz, Acetone d-6) &
7.84 (d, J =7.2 Hz, 2H), 7.65 (t, J = 7.5 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.34-7.29 (m, 3H),
7.16-7.12 (m, 2H), 6.99 (dt, J = 8.5, 2.4 Hz, 1H), 4.57-4.53 (m, 1H), 4.31-4.24 (m, 2H), 4.19 (t, J
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= 7.2 Hz, 1H), 3.29 (dd, J = 13.8, 4.8 Hz, 1H), 3.08 (dd, J = 13.8, 9.6 Hz, 1H); **C NMR (150
MHz, Acetone d-6) § 173.13, 163.66 (d, Jec = 242.0 Hz), 156.88, 145.04, 145.01, 142.11, 141.47,
141.42, 130.94 (d, Jec = 8.4 Hz), 128.57, 127.97, 126.26 (d, Jec = 2.6 Hz), 126.22, 126.16,
120.84, 116.98 (d, Jrc = 21.3 Hz), 114.24 (d, Jrc = 21.0 Hz), 67.26, 55.99, 47.97, 37.86; HRMS
(ESI-TOF) Calcd for CosHp FNO4 [M+H]*: 406.1449; found: 406.1450.

CO,H
9

(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-(trifluoromethyl)phenyl)
propanoic acid (9)

Total yield (49%), white solid (9.0 g). m.p. = 170-174 °C.*H NMR (600 MHz, MeOD) & 7.78 (d,
J = 7.8 Hz, 2H), 7.59-7.52 (m, 4H), 7.40-7.36 (m, 4H), 7.29-7.25 (m, 2H), 4.40 (dd, J = 9.0, 4.8
Hz, 1H), 4.36-4.31 (m, 1H), 4.23 (dd, J = 10.8, 6.6 Hz, 1H), 4.14 (t, J = 6.6 Hz, 1H), 3.31-3.28
(m, 1H), 3.02 (dd, J = 13.8, 9.0 Hz, 1H); *C NMR (150 MHz, MeOD) & 176.16, 158.36, 145.33,
145.26, 143.86, 142.65, 131.16, 130.47- 129.80, 128.84, 128.20, 126.32, 126.27-126.20,
125.91(q, Jrc = 269.3 Hz), 120.98, 120.97, 67.91, 57.13, 48.42, 38.61; HRMS (ESI-TOF) Calcd
for CasH21FaNO4 [M+H]": 456.1417; found: 456.1415.
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NPhth E Pd(OAC), (15 mol%) F
H . z | 2,6-lutidine (30 mol%) z | NPhth
(\CONHOMe N —_— N :
H | AgOAc (2 equiv) CONHOMe
HFIP, 90 °C, air, 36 h )
1 4i
. F. HZN\/\ F.
Phi(OAc), (1 equiv) @\/l\fhth NH, AL
e s - 3 N
MeOH, 3 h, 90°C N CO,Me  DCM/MeOH N CO,Me

55% for two steps
4i'

Fmoc—Cl
10% aq.NaHCO;  FN 2 | NHEmoc LiOHeH,0 NZ | NHFmoc
> : EEEEEEE—— <
1,4-dioxane NY CO,Me THF/H,0 (1:1) N CO,H
0°Ctor.t. 0°C,67%
93% for two steps 10, 1.10g prepared

AN
m (30 mol%)
NPhth F Me

N Me

b = . 2 NZ NPhth
\(\co,\”.@,we N | Pd(OAC), (15 mol%) N |
b | CONHOMe

AgOACc (2 equiv)
1 HFIP, 90 °C, air, 36 h 4i

(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(6-fluoropyridin-3-yl)-N-methoxypropanamide (4i)

The starting material 1 (10.0 mmol, 2.48 g), Pd(OAc), (1.50 mmol, 337 mg), and AgOAc (20.0
mmol, 3.34 g) were weighed in air and placed in a sealed tube (350 mL) with a magnetic stir bar.
To the reaction mixture, aryl iodide (15 mmol), 2,6-lutidine (3.00 mmol, 0.3 mL), and HFIP (100
mL) were added. The reaction mixture was first stirred at room temperature for 10 min and then
heated to 90 °C for 36 hours under vigorous stirring. Upon completion, the reaction mixture was
cooled to room temperature, and HFIP was recovered by distillation. The residue was filtered
with DCM and concentrated as crude product. *H NMR (600 MHz, CDCls) § 9.16 (s, 1H), 7.96
(s, 1H), 7.82-7.79 (m, 2H), 7.5-7.74 (m, 2H), 7.70-7.67 (m, 1H), 6.81 (dd, J = 8.4, 2.4 Hz, 1H),
5.04 (m, 1H), 3.76 (s, 3H), 3.58-3.49 (m, 2H); *C NMR (150 MHz, CDCls) & 167.71, 165.97,
162.87 (d, Jrc = 237.9 Hz), 147.78 (d, Jrc = 14.4 Hz), 141.68 (d, Jrc = 8.0 Hz), 134.78, 131.01,
129.49, 123.89, 109.69 (d, Jec = 37.2 Hz), 64.66, 53.84, 30.98; HRMS (ESI-TOF) Calcd for
C17H1sFN3O4 [M+H]": 343.0968; found: 343.1047.
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F. ’
2 | NPhth PhiI(OAc); (1 equiv.) F; 2 | NPhth
N A ° N X
S CONHOMe MeOH, 80 °C, 3h S COMe

4i 4
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(6-fluoropyridin-3-yl)propanoate (4i*)

The above crude product substrate was dissolved in MeOH (100 mL), followed by the addition
of Phl(OACc), (10 mmol, 3.22 g). The reaction mixture was heated to 80 °C for 3 hours. The
reaction mixture was then cooled to room temperature and then saturated agq. Na,SO;z and
saturated ag. NaHCO3; were added. The aqueous layer was then extracted with EtOAc and the
combined organic layers washed with brine, dried over MgSOQ,, filtered and concentrated. After
purified by column chromatography (hexanes/ EtOAc = 2/1 to 1/1) to provide product as white
solid 4i"' (1.81g, 55%). (For the NMR data, please see the previous one in the section of
Arylation with Heterocylic lodides)

HoN Fmoc—CI
F 2N F.
2 e NHz 10% aq.NaHCO, 2 WHFmoe
N X > - — N :
S COMe  DCMMeOH  1.4-dioxane, 0°C to r.t. S CO,Me
4’ 10’

Methyl (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(6-fluoropyridin-3-yl)
propanoate (10%)

The substrate 4i* (3.63 mmol, 1.19 g) was dissolved in a 1:1 mixture of DCM/MeOH (25 mL
total), and ethylenediamine (18.2 mmol, 1.09 g) was added. The reaction mixture was heated to
40 °C for 3 h, and then cooled to room temperature. After removing the solvent in vacuo, the
residue was purified by column chromatography (DCM/MeOH = 20:1 to 10:1). Amino ester was
dissolved in 1,4-dioxane (22 mL), and 10% aq. NaHCO3 (14 mL) was added. The mixture was
cooled to 0 °C and Fmoc-ClI (3.99 mmol, 1.03 g) was added. The ice bath was allowed to warm
to room temperature overnight, after which H,O and EtOAc was added to the reaction mixture.
The aqueous layer was then extracted with EtOAc (2 x) and the combined organic layers were
washed with brine, dried over MgSQ,, filtered and concentrated. After purified by column
chromatography (hexanes/EtOAc = 3/1 to 2/1 to 1/1). white solid 10" (1.42 g, 93%). ‘H NMR
(600 MHz, CDClI3) 6 7.95 (s, 1H), 7.78 (d, J = 7.2 Hz, 2H), 7.57 (d, J = 7.8 Hz, 2H), 7.47 (t,J =
7.2 Hz, 1H), 7.42-7.40 (m, 2H), 7.35-7.31 (m, 2H), 6.85 (d, J = 6.0 Hz, 1H), 5.31 (d, J = 6.6 Hz,
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1H), 4.64 (dd, J = 13.2, 6.0 Hz, 1H), 4.49 (dd, J = 10.8, 6.6 Hz, 1H), 4.42-4.39 (m, 1H), 4.21 (t, J
= 6.6 Hz, 1H), 3.75 (s, 3H), 3.16 (dd, J = 14.4, 6.0 Hz, 1H), 3.07 (dd, J = 14.4, 6.0 Hz, 1H); *°C
NMR (150 MHz, CDCls) § 171.21, 162.96 (d, Jrc = 237.5 Hz), 155.46, 147.92 (d, Jec = 14.3 Hz),
143.70, 143.54, 141.93 (d, Jrc = 8.0 Hz), 141.38, 141.32, 129.12 (d, Jec = 4.4 Hz), 127.79,
127.12, 127.08, 124.99, 124.90, 120.05, 120.02, 109.42 (d, Jec = 37.2 Hz), 66.91, 54.48, 52.68,
47.16, 34.51; HRMS (ESI-TOF) Calcd for CasHaFN,0, [M+H]": 421.1558; found: 421.1562.

NA NHFmoc LiOHeH,0 NA NHFmoc
TAL™ e AL
10' 10
(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(6-fluoropyridin-3-yl)propanoic acid
(10)

The substrate (4.02 mmol, 1.69 g) was dissolved in THF (20 mL). The solution was cooled to
0 °C, and a cold solution of LiOHeH,0 (8.04 mmol, 0.338 g) in H,O (20 mL) were added. The
reaction was maintained at 0 °C for 1 hour. The reaction was acidified with 2N HCI and
extracted with EtOAc. The combined organic layers were dried over MgSO,, and concentrated.
The residue was purified by column chromatography (hexanes/EtOAc/AcOH = 10/10/1). Pale
yellow solid 10 (1.10 g, 67%). m.p. = 136-138 °C.*H NMR (600 MHz, MeOD) & 8.06 (d, J = 2.4
Hz, 1H), 7.81-7.77 (m, 3H), 7.60-7.57 (m, 2H), 7.38 (t, J = 7.2 Hz, 2H), 7.29 (t, J = 7.2 Hz, 2H),
6.97 (dd, J = 8.4, 2.4 Hz, 1H), 4.43 (dd, J = 9.6, 4.8 Hz, 1H), 4.34-4.27 (m, 2H), 4.17 (t, J=7.2
Hz, 1H), 3.24 (dd, J = 14.4, 4.8 Hz, 1H), 2.98 (dd, J = 14.4, 9.6 Hz, 1H); *C NMR (150 MHz,
MeOD) & 174.48, 164.14 (Jec = 236.9 Hz), 158.47, 148.82 (Jrc = 13.4 Hz), 145.32, 145.19,
144.15 (Jec = 8.6 Hz), 142.65, 132.81 (Jec = 5.4 Hz), 128.86, 128.24, 126.29, 126.24, 121.00,
120.99, 110.37 (Jec = 36.8 Hz), 67.99, 56.29, 48.42, 34.76; HRMS (ESI-TOF) Calcd for
Ca3H20FN204 [M+H]": 407.1402; found: 407.1401.
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=
| ~L_ (30 mol%)
NPhth

Ts Me N Me

Ts
N N
. NPhth
Y\cONHOMe @ Pd(OAc), (15 mol%) %
[ > CONHOMe

AgOAc (2 equiv)
HFIP, 80 °C, air, 36 h 4c

Ts
Et20-BF3 (6 equiv) mhth \/\NH2 N NH,
MeOH, 100 °C, 12h CO,Me X 8

DCM/MeOH COzMe

44% for two steps

Fmoc-CI T
10% aq.NaHCO, N H
- NHFmoc Mg, NH,CI N NHFmoc
1,4-dioxane, 0°C to rt' \ ~ N\ 2
, ) -L CO,Me MeOH, 0 °C CO,Me
88% for two steps 11-1 88% 11-2
. H
LiOHeH,O
1o N NHFmoc
—_— z
\ -
THF/H,O CO,H
63% 1

/(j\ (30 mol%)
l;lPhth "|\'IS -II\—]S
H . NPhth
H\(\CONHOMe @ d(OAc), (15 mol%) Q\I)\/E\
H | > CONHOMe

AgOAc (2 equiv)
1 HFIP, 90 °C, air, 36 h 4c

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(1-tosyl-1H-indol-5-yl)propanamide (4c)

Substrate 1 (25 mmol, 6.2 g), Pd(OAc), (3.75 mmol, 844 mg), and AgOAc (50 mmol, 8.35 g)
were weighed in air and placed in a sealed tube (350 mL) with a magnetic stir bar. To the
reaction mixture, aryl iodide (37.5 mmol, 14.9 g), 2,6-lutidine (7.5 mmol, 0.75 mL), and HFIP
(130 mL) were added. The reaction mixture was first stirred at room temperature for 10 min and
then heated to 90 °C for 36 hours under vigorous stirring. Upon completion, the reaction mixture
was cooled to room temperature. The solvents were removed under reduced pressure and

recovered for next use, and the resulting mixture was used directly for next step.
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Ts Et,0eBF; (6 equiv) Ts

{‘;@\/N\Phth - & N NPhih
N\ z o N\ H
CONHOMe MeOH, 100 °C, 12h CO,Me

4c 4c’
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(1-tosyl-1H-indol-5-yl)propanoate (4c")

A sealable pressure flask was charged with MeOH (120 mL) and crude amide 4c. Et,0«BF3 (105
mmol, 14 mL) was added and the reaction vessel sealed. The reaction mixture was heated to
100 °C for 12 hours under vigorous stirring. Upon completion, the reaction mixture was cooled
to room temperature. The solvents were removed under reduced pressure and H,O and EtOAc
was added, organic layers were removed and the aqueous layer was then extracted with EtOACc
(3 x) and the combined organics washed with brine, dried over MgSOs., filtered and concentrated.
After purified by column chromatography (hexanes/ EtOAc = 2/1 to 1/1) to provide 4c' white
solid (5.53 g, 44%). 'H NMR (600 MHz, CDCls3) 6 7.79 (d, J = 8.4 Hz, 1H), 7.76-7.73 (m, 2H),
7.69-7.66 (m, 3H), 7.45 (d, J = 3.6 Hz, 1H), 7.33-7.30 (m, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.10 (dd,
J=8.4,1.2 Hz, 1H), 6.50 (d, J = 3.6 Hz, 1H), 5.17 (dd, J = 10.8, 5.4 Hz, 1H), 3.77 (s, 3H), 3.66-
3.58 (m, 3H), 2.33 (s, 3H); *C NMR (150 MHz, CDCl;) & 169.36, 167.49, 144.84, 135.23,
134.10, 133.86, 131.79, 131.56, 131.01, 129.82, 126.73, 126.56, 125.41, 123.49, 121.54, 113.56,
108.89, 53.46, 52.92, 34.46, 21.56; HRMS (ESI-TOF) Calcd for CyHx:N,06S [M+H]™:
503.1271; found: 503.1271.

Fmoc—Cl
Ts HoN A~ 0 Ts
Whth NH& 10% aq.NaHCO3‘ N NHFmoc
\ 2 - . —> :
CO,Me DCM/MeOH 1,4-dioxane, 0°C to r.t. CO,Me

ac' 1141

Methyl (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(1-tosyl-1H-indol-5-yl)
propanoate (11-1)

4c¢' (15 mmol, 7.5 g) was dissolved in a 1:1 mixture of DCM/MeOH (80 mL total), followed by
the addition of ethylenediamine (75 mmol, 5 mL). The reaction mixture was heated to 40 °C for
3 h, and then cooled to room temperature. Then reaction mixture (with solvent) was transferred
to a column with silica gel directly and purified by column chromatography (DCM/MeOH
=10/1). Amino ester was dissolved in 1,4-dioxane (60 mL), and 10% aq. NaHCO3 (45 mL) was
added. The mixture was cooled to 0 °C and Fmoc—Cl (16.5 mmol, 4.3 g) was added. The ice bath
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was allowed to warm to room temperature overnight, after which H,O and EtOAc was added to
the reaction mixture. The aqueous layer was then extracted with EtOAc (3 x) and the combined
organics washed with brine, dried over MgSO,, filtered and concentrated. After purified by
column chromatography (hexanes/EtOAc = 3/1 to 2/1 to 1/1). 11-1 was obtained as white solid
(8.1 g, 88%). *H NMR (600 MHz, CDCl3) & 7.89 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.2 Hz, 1H),
7.74 (d, J = 8.4 Hz, 2H), 7.56-7.52 (m, 4H), 7.41-7.39 (m, 2H), 7.31-7.28 (m, 2H), 7.18 (d, J =
8.4 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 6.58 (d, J = 3.6 Hz, 1H), 5.22 (d, J = 7.8 Hz, 1H), 4.67 (dd,
J =138, 6.0 Hz, 1H), 4.43-4.41 (m, 1H), 4.32 (dd, J = 10.2, 6.6 Hz, 1H), 4.19 (t, J = 6.6 Hz,
1H), 3.71 (s, 3H), 3.20-3.13 (m, 2H), 2.30 (s, 3H); *C NMR (150 MHz, CDCls) & 171.91,
155.54, 144.99, 143.81, 143.71, 141.31, 135.28, 133.99, 131.06, 130.73, 129.91, 127.76, 127.09,
126.79, 126.75, 125.88, 125.10, 125.03, 121.92, 120.02, 120.00, 113.56, 108.77, 66.95, 54.97,
52.39, 47.15, 38.07, 21.54; HRMS (ESI-TOF) Calcd for CssH3:N,06S [M+H]": 595.1897; found:
595.1897.

Ts Mg, NH,CI K

{‘;@\/N\HFmoc 9 4 > N NHFmoc

\ H MeOH, 0 ° \ H
CO,Me eOH, 0°C CO,Me

1141 11-2

Methyl (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(1H-indol-5-yl)propanoate
(11-2)

A solution of the N-Ts methyl ester (12 mmol, 7.13g) and NH4CI (120 mmol, 6.5g) in MeOH
(240 mL) was cooled to 0 °C, Mg powder (325 mesh) (240 mmol, 5.8g) was added in small
portions under vigorous stirring. Upon completion (about 4h), a solution of AcOH (30 mL) in
ethylacetate (150 mL) was added at 0 °C and the resulting mixture stirred for 30 min. After
filtration by celite, filtrate was concentrated. The residue was dissolved in ethylacetate and water
(400 mL/150 mL). The aqg. layer was extracted with EtOAc (100 mL X 2). The combined
ethylacetate phase was dried over Na,SQ,, filtrated and concentrated. After purified by column
chromatography (EtOAc/hexanes/DCM = 1/10/10 to 2/10/10). 11-2 was obtained as white solid
(4.4 g, 83%). *H NMR (600 MHz, CDCls) 5 8.14 (s, 1H), 7.76 (d, J = 7.2 Hz, 2H), 7.55 (dd, J =
13.8, 7.2 Hz, 2H), 7.40-7.38 (m, 2H), 7.33-7.28 (m, 3H), 7.21 (t, J = 3.0 Hz, 1H),6.94 (d, J = 8.4
Hz, 1H), 6.51 (s, 1H), 5.26 (d, J = 8.4 Hz, 1H), 4.71 (dd, J = 13.8, 6.0 Hz, 1H), 4.41 (dd, J = 10.2,
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7.2 Hz, 1H), 4.31 (dd, J = 10.8, 7.2 Hz, 1H), 4.21 (t, J = 7.2 Hz, 1H), 3.74 (s, 3H), 3.23 (dd, J =
5.4, 3.6 Hz, 2H); ©*C NMR (150 MHz, CDCl3) 8 172.29, 170.66, 155.66, 143.90, 143.84, 141.29,
135.03, 128.20, 127.67, 127.05, 126.81, 125.21, 125.13, 124.62, 123.35, 121.29, 119.96, 119.94,
111.21, 102.56, 67.01, 55.19, 52.30, 47.17, 38.32; HRMS (ESI-TOF) Calcd for C7H2sN,04
[M+H]": 441.1809; found: 441.1810.

H )
\ < —_— b
CO,Me THF/H,0 CO,H

11-2 11

7 "zT

(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(1H-indol-5-yl)propanoic acid (11)
The substrate 11 (21.3 mmol, 9.4 g) was dissolved in THF (100 mL). The solution was cooled to
0 °C, and a cold solution of LiOH*H,0 (42.6 mmol, 1.79 g) in H,O (100 mL) were added. The
reaction was maintained at 0 °C for 1 hour. The reaction was acidified with 2N HCI and
extracted with EtOAc. The combined organic layers were dried over MgSO,, and concentrated.
The residue was purified by column chromatography (hexanes/EtOAc/AcOH = 10/10/1). 11 was
obtained as white solid (5.7 g, 63%). m.p. = 119-121 °C.*H NMR (600 MHz, MeOD) & 7.75 (d,
J=7.2Hz, 2H), 7.53 (t, J = 8.4 Hz, 2H), 7.44 (s, 1H), 7.34 (dd, J = 13.8, 6.6 Hz, 2H), 7.29 (d, J
=8.4 Hz, 1H), 7.23 (t, J = 7.2 Hz, 1H), 7.19-7.16 (m, 2H), 7.01 (d, J = 8.4 Hz, 1H), 6.36 (d, J =
3.0 Hz, 1H), 4.46 (dd, J = 9.0, 4.8 Hz, 1H), 4.27 (dd, J = 9.6, 6.6 Hz, 1H), 4.16-4.11 (m, 2H),
3.28 (dd, J = 13.8, 4.8 Hz, 1H), 3.02 (dd, J = 13.8, 9.6 Hz, 1H); **C NMR (150 MHz, MeOD) &
175.77, 158.49, 145.30, 142.58, 136.86, 129.74, 128.79, 128.23, 126.48, 126.32, 125.92, 123.75,
121.84, 120.92, 112.22, 102.28, 68.10, 57.60, 48.39, 39.03; HRMS (ESI-TOF) Calcd for
CasH23N204 [M+H]*: 427.1652; found: 427.16.
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Cl Cl

NPhth p Pd(OAc), (15 mol%)
X N 2,6-lutidine (30 mol% N= NPhth
Hj/\CONHOMe R 2oxutdine (30 moPel W
H I AgOAc (2 equiv) CONHOMe
HFIP, 90 °C, air, 36 h
1 41
Cl Cl
. H,N
PhI(OAC), (1 equiv) NP ey 2INASNH, NN N
—_— H —_— =
MeOH, 3 h \ CO,Me  DCM/MeOH X CO,Me
55% for two steps
41
Fmoc—CI 1% ¢l
10% aq.NaHCO, N7 | NHFmoc LiOHeH,0 NZ | NHFmoc
_—— < —_— <
1,4-dioxane (S CO,Me THF/H0 (1:1) g CO,H
O0°Ctor.t. 0°C, 78%
78% for two steps 12' 12

A
cl /[)\ (30 mol%) al
NPhth J Me” N7 “Me y
z N N NPhth
H\(\CONHOME . ~ | Pd(OAC); (15 mol%) o
| > CONHOMe

AgOACc (2 equiv)
HFIP, 90 °C, air, 36 h 4

(S)-3-(2-Chloropyridin-4-yl)-2-(1,3-dioxoisoindolin-2-yl)-N-methoxypropanamide (4l)

The starting material 1 (10.0 mmol, 2.48 g), Pd(OAc); (1.50 mmol, 337 mg), and AgOAc (20.0
mmol, 3.34 g) were weighed in air and placed in a sealed tube (350 mL) with a magnetic stir bar.
To the reaction mixture, aryl iodide (15 mmol), 2,6-lutidine (3.00 mmol, 0.3 mL), and HFIP (100
mL) were added. The reaction mixture was first stirred at room temperature for 10 min and then
heated to 90 °C for 36 hours under vigorous stirring. Upon completion, the reaction mixture was
cooled to room temperature, and HFIP was recovered by distillation. The residue was filtered

with DCM and concentrated as crude product 4l.

cl cl
N e PhI(OAC), (1 equiv.) NN e
x H MeOH, 80 °C, 3h X .
CONHOMe eOH, 80°C, 3 CO,Me
4 ar

Methyl (S)-3-(2-chloropyridin-4-yl)-2-(1,3-dioxoisoindolin-2-yl)propanoate (4l")
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The above crude product substrate was dissolved in MeOH (100 mL), followed by the addition
of PhI(OAc), (10 mmol, 3.22 g). The reaction mixture was heated to 80 °C for 3 hours. The
reaction mixture was then cooled to room temperature and then saturated ag. Na,SO; and
saturated ag. NaHCO3; were added. The aqueous layer was then extracted with EtOAc and the
combined organic layers washed with brine, dried over MgSOQ,, filtered and concentrated. After
purified by column chromatography (hexanes/ EtOAc = 2/1 to 1/1) to provide product 41" (2.00 g,
55%).

Cl Cl

HoaN A Fmoc—Cl
NZ NPhth NHz  10% aq.NaHCO, NG NHEmoc
~ | : . . ~ | <
COMe  pCM/MeOH  1.4-dioxane, 0°C tor.t. CO,Me
41 12'

Methy! (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(2-chloropyridin-4-yl)
propanoate (12")

The substrate 41" (24.6 mmol, 8.5 g) was dissolved in a 1:1 mixture of DCM/MeOH (100 mL
total), and ethylenediamine (123 mmol, 7.36 g) was added. The reaction mixture was heated to
40 °C for 3 h, and then cooled to room temperature. Then reaction mixture (with solvent) was
transferred to a column with silica gel directly and purified by column chromatography
(DCM/MeOH = 10/1). Amino ester was dissolved in 1,4-dioxane (100 mL), and 10% aqg.
NaHCO;3 (75 mL) was added. The mixture was cooled to 0 °C and Fmoc-CI (30 mmol, 7.69 g)
was added. The ice bath was allowed to warm to room temperature overnight, after which H,O
and EtOAc was added to the reaction mixture. The aqueous layer was then extracted with EtOACc
and the combined organic layers were washed with brine, dried over MgSO,, filtered and
concentrated. After purified by column chromatography (hexanes/EtOAc = 3/1 to 2/1 to 1/1). 12*
was obtained as white solid (8 g, 78%).

cl cl
NZ | NHFmoc LiOHeH,0 NZ | NHFmoc
< —_— =
\ 2 o \ X
COMe THF/H,0, 0°C COH

12' 12
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(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(2-chloropyridin-4-yl)propanoic acid
(12)

The substrate 12" (18.3 mmol, 8.0 g) was dissolved in THF (100 mL). The solution was cooled to
0 °C, and a cold solution of LiOH*H,0 (36.6 mmol, 1.53 g) in H,O (100 mL) were added. The
reaction was maintained at 0 °C for 1 hour. The reaction was acidified with 2N HCI and
extracted with EtOAc. The combined organic layers were dried over MgSO,, and concentrated.
The residue was purified by column chromatography (hexanes/EtOAc/AcOH = 10/10/1). 12 was
obtained as white solid (6.0 g, 78%). m.p. = 202-204 °C.*H NMR (600 MHz, MeOD) & 8.17 (d,
J = 4.8 Hz, 1H), 7.78 (d, J = 7.8 Hz, 2H), 7.60 (dd, J = 12.0, 7.8 Hz, 2H), 7.39-7.35 (m, 3H),
7.31-7.28 (m, 2H), 7.23 (d, J = 4.8 Hz, 1H), 4.38 (dd, J = 10.2, 6.6 Hz, 1H), 4.30 (dd, J =7.8, 4.8
Hz, 1H), 4.21 (dd, J = 10.2, 6.6 Hz, 1H), 4.17-4.15 (m, 1H), 3.23 (dd, J = 13.2, 4.8 Hz, 1H), 2.99
(dd, J = 13.8, 8.4 Hz, 1H); *C NMR (150 MHz, MeOD) & 176.85, 158.00, 153.94, 152.04,
150.01, 145.40, 145.29, 142.64, 128.84, 128.25, 128.23, 126.75, 126.35, 126.22, 125.53, 120.98,
120.96, 67.85, 57.82, 48.47, 38.91; HRMS (ESI-TOF) Calcd for Cy3HCIN,O4 [M+H]™:
423.1106; found: 423.1107.

N
| (30 mol%)
F z F
NPhth Me” N7 “Me
- F. F.
HY\CONHOMe + j@\ Pd(OAC), (15 mol%) j@\/l}l\l’hth
H F [ = F CONHOMe

AgOAc (2 equiv)

1 HFIP, 90 °C, air, 36 h 26
F F
. HoN
PhI(OAc), (1 equiv) thth ™ sz
—_— < —_— L
MeOH, 3 h F co,Me DCM/MeOH F CO,Me
66% for two steps 2s'
Fmoc—Cl E E
10% aq.NaHCO; Fj@\/,\j\HFmoc LiOHsH,0 meoc
z T :
1 ,4-di0Xane F COzMe THF/Hzo (1 1) F COzH
0°Ctor.t. 0°C, 81%
67% for 2 steps 13 13
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N
m (30 mol%)
NPhth F Me” N7 “Me F
H F. F
Hj/\CONHOMe * j@\ Pd(OAc), (15 mol%) j@\/f;jhth
H F I - F CONHOMe

AgOAc (2 equiv)
1 HFIP, 90 °C, air, 36 h 2s

(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(3,4,5-trifluorophenyl)propanamide (2s)

The starting material 1 (10.0 mmol, 2.48 g), Pd(OAc), (1.50 mmol, 337 mg), and AgOAc (20.0
mmol, 3.34 g) were weighed in air and placed in a sealed tube (350 mL) with a magnetic stir bar.
To the reaction mixture, aryl iodide (15 mmol), 2,6-lutidine (3.00 mmol, 0.3 mL), and HFIP (100
mL) were added. The reaction mixture was first stirred at room temperature for 10 min and then
heated to 90 °C for 36 hours under vigorous stirring. Upon completion, the reaction mixture was
cooled to room temperature, and HFIP was recovered by distillation. The residue was filtered

with DCM and concentrated as crude product 2s.

F F
s —_— H
F CONHOMe MeOH, 3 h F CO,Me
2s 2s’

Methyl (S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(3,4,5-trifluorophenyl)propanoate (2s’)

The above crude product substrate 2s was dissolved in MeOH (100 mL), followed by the
addition of Ph1(OAc), (10 mmol, 3.22 g). The reaction mixture was heated to 80 °C for 3 hours.
The reaction mixture was then cooled to room temperature and then saturated ag. Na,SO3 and
saturated ag. NaHCO3 were added. The aqueous layer was then extracted with EtOAc and the
combined organic layers washed with brine, dried over MgSOQ,, filtered and concentrated. After
purified by column chromatography (hexanes/ EtOAc = 2/1 to 1/1) to provide product 2s' 2.49 g

(66%). (For the NMR Data, please see the previous one in the section of Mono-arylation)

E Fmoc—Cl F

HaN A
F NH, 10% aq.NaHCO3 E
j@\/_l\fhth > - NHFmoc
A DCM/MeOH 1,4-dioxane H
F CO,Me 0°Ctort F CO,Me
2s' 13’

Methy!l (S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(3,4,5-trifluorophenyl)
propanoate (13%)
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The substrate 2s* (5.11 mmol, 1.86 g) was dissolved in a 1:1 mixture of DCM/MeOH (40 mL
total), and ethylenediamine (25 mmol, 1.47 g) was added. The reaction mixture was heated to
40 °C for 3 h, and then cooled to room temperature. Then reaction mixture (with solvent) was
transferred to a column with silica gel directly and purified by column chromatography
(DCM/MeOH = 10/1). Amino ester was dissolved in 1,4-dioxane (20 mL), and 10% aq.
NaHCO;3 (15 mL) was added. The mixture was cooled to 0 °C and Fmoc—Cl (6.22 mmol, 0.94 g)
was added. The ice bath was allowed to warm to room temperature overnight, after which H,O
and EtOAc was added to the reaction mixture. The aqueous layer was then extracted with
EtOAc (2 x) and the combined organic layers were washed with brine, dried over MgSOQ,,
filtered and concentrated. The residue was purified by column chromatography (hexanes/EtOACc
= 3/1 to 2/1 to 1/1). 13" was obtained as white solid (3.43 g, 67%). *H NMR (600 MHz, CDCl5)
07.77 (d, J=7.2 Hz, 2H), 7.56 (t, J = 6.6 Hz, 2H), 7.40 (dd, J = 13.2, 7.2 Hz, 2H), 7.33-7.30 (m,
2H), 6.69 (t, J = 6.6 Hz, 2H), 5.33 (d, J = 6.6 Hz, 1H), 4.61 (dd, J = 13.2, 6.0 Hz, 1H), 4.50 (dd,
J=10.2, 7.2 Hz, 1H), 4.39 (dd, J = 10.8, 6.6 Hz, 1H), 4.20 (t, J = 6.6 Hz, 1H), 3.74 (s, 3H), 3.06
(dd, J = 13.8, 5.4 Hz, 1H), 2.98 (dd, J = 13.8, 6.0 Hz, 1H); *C NMR (150 MHz, CDCl3) &
171.19, 155.45, 151.03 (ddd, Jec = 249.0, 9.6, 3.2 Hz), 143.74, 143.48, 141.51, 141.35, 141.33,
138.98 (dt, Jec = 249.9, 14.7 Hz), 132.22-132.10, 127.79, 127.10, 127.07, 127.04, 124.97,
124.87, 120.06, 113.36 (dd, Jec = 16.6, 3.9 Hz), 66.92, 54.44, 52.64, 47.16, 37.60; HRMS (ESI-
TOF) Calcd for CosH21FsNO4 [M+H]": 456.1417; found: 456.1419.

F F
F . F
mmmoc LiOHeH,0 j@\/NEFmoc
< —_ <
F CO,Me  THF/H,O (1:1) F CO,H
0°C
13 13

(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(3,4,5-trifluorophenyl)propanoic
acid (13)

The substrate 13' (3.43 mmol, 1.56 g) was dissolved in THF (20 mL). The solution was cooled to
0 °C, and a cold solution of LiOH<H,0O (6.86 mmol, 0.288 g) in H,O (20 mL) were added. The
reaction was maintained at 0 °C for 1 hour. The reaction was acidified with 2N HCI and
extracted with EtOAc. The combined organic layers were dried over MgSO,, and concentrated.
The residue was purified by column chromatography (hexanes/EtOAc/AcOH = 10/10/1). 13 was
obtained as white solid (1.23 g, 81%). m.p. = 165-168 °C. *H NMR (600 MHz, MeOD) & 7.78
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(d, J = 7.2 Hz, 2H), 7.62-7.56 (m, 2H), 7.39-7.36 (m, 2H), 7.28 (t, J = 7.8 Hz, 2H), 6.98 (t, J =
7.8 Hz, 2H), 4.39-4.33 (m, 2H), 4.26 (dd, J = 10.8, 6.6 Hz, 1H), 4.19 (t, J = 6.6 Hz, 1H), 3.17 (dd,
J =13.8, 4.2 Hz, 1H), 2.90 (dd, J = 13.2, 9.6 Hz, 1H); *C NMR (150 MHz, MeOD) & 175.88,
158.34, 152.16 (ddd, Jrc = 246.5, 9.8, 3.9 Hz), 145.37, 145.21, 142.67, 139.79 (dt, Jrc = 246.2,
10.5 Hz), 136.51-136.37, 128.85, 128.20, 126.29, 126.19, 121.00, 120.98, 114.71 (dd, Jec = 16.7,
4.2 Hz), 67.91, 57.10, 48.45, 38.26; HRMS (ESI-TOF) Calcd for Ca4HioFsNO4 [M+H]":
442.1261; found: 442.1264.

Diverse Synthetic Applications:

MeOmNHZ
N~ SO

|
14 OMe

OMe

CO,H
17 NHFmoc
1. PIFA, DCM, 0 °C 1. Fmoc—Cl, NaHCO;3
2. HZN\/\NH2 2. LiOH, THF/H,O

72% for two steps 73% for two steps

NPhth OMe
MeO. CO,Me
CONHOMe 1. Et,00BF3, MeOH, 82% ref. 25» ?
> CO,Me NH
oM 2e 2. HZN\/\NH2 80%
© NH, 18
3 g prepared 16
1. NaNO,, AcOH/Ac,0, 68% ref. 27
2. (COCI),, DCM, then :
AICI3, DCM, 78% v
MeO. MeO.
wNPhth \©:>—C02Me
N
o) H
15 19
Pd(OAC), (10 mol%)
NPhth 2-picoline (20 mol%) NPhth
< Ar—l (1.5 equiv) CONHOM
H > e
" conHome >
H AgOAc (2 equiv)
1 HFIP, 75 °C, 24 h OMe

2e
(S)-2-(1,3-Dioxoisoindolin-2-yl)-N-methoxy-3-(3-methoxyphenyl)propanamide (2e)

The starting material 1 (10.0 mmol, 2.48 g), Pd(OAc), (1.0 mmol, 220 mg), and AgOAc (20.0
mmol, 3.34 g) were weighed in air and placed in a sealed tube (350 mL) with a magnetic stir bar.
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To the reaction mixture, aryl iodide (15 mmol), 2-picoline (2.00 mmol, 0.2 mL), HFIP (100 mL)
were added. The reaction mixture was first stirred at room temperature for 10 min and then
heated to 75 °C for 24 h under vigorous stirring. Upon completion, the reaction mixture was
cooled to room temperature, filtered with celite using DCM. The solvents were removed under
reduced pressure and the resulting mixture was purified by a silica gel-packed flash
chromatography column using DCM/EtOAc (1/0 to 4/1 to 2/1) as the eluent. 2e was obtained as
yellow oil (2.90 g, 82%).

NPhth MeO. NPhth
PIFA, DCM, 0°C
CONHOMe ———————
75% N0
OMe OMe
2 14

(S)-2-(1,6-Dimethoxy-2-0x0-1,2,3,4-tetrahydroquinolin-3-yl)isoindoline-1,3-dione (14")

Amide 2e (0.3 mmol, 106.2 mg) was dissolved in DCM (2 mL), in an ice-cooled flask.
Phenyliodine(I1l) bis(trifluoroacetate) (PIFA, 0.45 mmol) was added in one portion and the
reaction mixture was stirred at 0 °C, and monitored by TLC.. After completion of the reaction
(about 3h), the mixture was diluted with DCM (4 mL) and washed with a saturated aqueous
NaHCOg3 solution, then with saturated aqueous sodium chloride solution, dried over sodium
sulfate, filtered and concentrated in vacuo. The resulting yellow oil was purified by silica gel
chromatography using hexanes/EtOAc (5/1 to 3/1 to 2/1) as the eluent. 14" was obtained as white
solid (79.2 mg, 75%).* *H NMR (600 MHz, CDCl3) & 7.90-7.89 (m, 2H), 7.77-7.75 (m, 2H), 7.19
(d, 3 =9.0 Hz, 1H), 6.86 (dd, J = 9.0, 3.0 Hz, 1H), 6.76 (dd, J = 3.0, 1.2 Hz, 1H), 5.14 (dd, J =
15.0, 6.0 Hz, 1H), 4.03-3.93 (m, 4H), 3.81 (s, 3H), 2.92 (dd, J = 15.0, 6.3 Hz, 1H); *C NMR
(150 MHz, CDCl3) 6 167.59, 161.03, 156.33, 134.25, 131.91, 130.75, 123.64, 122.54, 114.23,
113.90, 112.92, 62.73, 55.64, 48.86, 29.92; HRMS (ESI-TOF) Calcd CioH17N205 [M+H]™:
353.1132; found: 353.1135.

MeO. WNPhth MeO. WNH,
. H N .
m TNk m
—_—
(@] l}l [©)

(S)-3-Amino-1,6-dimethoxy-3,4-dihydroquinolin-2(1H)-one (14)
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The substrate 14" (0.2 mmol, 70.4 mg) was dissolved in a 1:1 mixture of DCM/MeOH (2 mL
total), and ethylenediamine (0.4 mmol) was added. The reaction mixture was heated to 40 °C for
3 h, and then cooled to room temperature. After removing the solvent in vacuo, the residue was
purified by column chromatography (DCM/MeOH = 20/1 to 10/1). 14 was obtained as gray solid
(42.8 mg, 96%). "H NMR (600 MHz, CDCls) & 7.13 (d, J = 8.8 Hz, 1H), 6.83 (dd, J = 8.7, 2.7,
Hz, 1H), 6.77 (d, J = 9.0 Hz, 1H), 3.91 (s, 3H), 3.80 (s, 3H), 3.63 (dd, J = 13.2, 6.0 Hz, 1H), 3.05
(dd, J = 15.6, 6.0 Hz, 1H), 2.86-2.81 (m, 1H); **C NMR (150 MHz, CDCls) & 167.17, 156.20,
130.74, 123.82, 114.34, 113.75, 112.69, 62.37, 55.60, 51.06, 34.21; HRMS (ESI-TOF) Calcd for
C11H14N203 [M+H]": 222.1004; found: 223.1079.

NPhth

NaNO,, AcOH/Ac,0 MeO. NPhth
CONHOMe ___ o
68% HO™ ~O
OMe
2 15'

(S)-2-(1,3-Dioxoisoindolin-2-yl)-3-(3-methoxyphenyl)propanoic acid (15")

The mono-arylated product 2e (0.3 mmol, 106mg) was dissolved in the mixed solvents (3 mL,
AcOH/ACc,0 = 1/2), and then cooled to 0 °C. NaNO; (414 mg, 6 mmol) was slowly added into
the reaction mixture in portions. The reaction mixture was first stirred at 0 °C for 3 h and then at
room temperature for 17 hours. Upon completion, the solvents were removed under reduced
pressure, and the mixture was neutralized by slow addition of saturated NaHCO3 solution to pH
8. The aqueous phase was extracted with ether (4 x 10 mL), and then carefully acidified with
cold HCI solution (1 N) to pH 2, and then extracted with ether (4 x 20 mL). The combined
organic layers were washed with brine, dried over anhydrous Na,SO,, filtered and concentrated
in vacuo to afford the desired product 15* as yellow oil (66.3 mg, 68%).> *H NMR (600 MHz,
CDCl3) § 7.78-7.76 (m, 2H), 7.68-7.67 (m, 2H), 7.09 (t, J = 7.8 Hz, 1H), 6.75 (d, J = 7.8 Hz, 1H),
6.69-6.67 (m, 2H), 5.23-5.20 (m, 1H), 3.67 (s, 3H), 3.56-3.54 (m, 2H); *C NMR (150 MHz,
CDCl3) & 173.71, 167.41, 159.61, 138.01, 134.15, 131.52, 129.57, 123.53, 121.12, 114.03,
112.80, 60.48, 55.08, 34.44; HRMS (ESI-TOF) Calcd for C1gH14NOs [M-H]: 324.0877; found:
324.0880.
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MeO. WNPhth  1.(COCI),, cat. DMF, DcM MO
m - mNPhth
HO' 0 2. AICl3, DCM

(6]
15 15

(S)-2-(5-Methoxy-1-o0x0-2,3-dihydro-1H-inden-2-yl)isoindoline-1,3-dione (15)

To a solution of 15" (0.2 mmol, 65 mg) in DCM (2 mL) was added a drop of DMF and oxalyl
chloride (0.6 mmol) at room temperature. Stirring was continued for 3 h at that temperature.
After concentration of the mixture in vacuo, the residue was dissolved in DCM (2 mL) and
added dropwise rapidly to a suspension of AlC13 (0.6 mol, 79.7 mg) in DCM (2 mL). Stirring
was continued for 1-2 h after the addition had been completed. The mixture was poured into ice-
cold dilute HC1 with vigorous stirring which was continued for 1 h. The layers were separated,
and the aqueous phase was extracted several times with DCM. The combined organic phase was
dried by adding Na,SO, and silica gel, filtered, and concentrated to give 15 as white solid (47.9
mg, 78%).° *H NMR (600 MHz, CDCl3) § 7.86-7.85 (m, 2H), 7.78 (d, J = 9.0 Hz, 1H), 7.75-7.72
(m, 2H), 6.98-6.97 (m, 1H), 6.93-6.92 (m, 1H), 5.08 (dd, J = 8.7, 5.7 Hz, 1H), 3.91 (s, 3H), 3.57-
3.52 (m, 1H), 3.39-3.36 (m, 1H); *C NMR (150 MHz, CDCl5) & 198.02, 167.55, 165.95, 153.86,
134.16, 132.02, 128.14, 126.27, 123.50, 115.94, 109.77, 55.74, 53.68, 31.89; HRMS (ESI-TOF)
Calcd for C1gH14NO4 [M+H]": 308.0917; found: 308.0917.

NPhth i

Et,0eBF3, MeOH

CONHOMe CO,Me

88%

OMe OMe

2e 2e'
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-methoxyphenyl)propanoate (2e")
The scale-up procedure followed. *H NMR (600 MHz, CDCls) § 7.80-7.77 (m, 2H), 7.71-7.67 (m,
2H), 7.09 (t, J = 8.0 Hz, 1H), 6.75 (d, J = 7.8 Hz, 1H), 6.70-6.66 (m, 2H), 5.17 (dd, J = 11.4, 5.4
Hz, 1H), 3.78 (s, 3H), 3.67 (s, 3H), 3.60-3.50 (m, 2H); **C NMR (150 MHz, CDCl3) & 169.33,

167.42, 159.60, 138.23, 134.10, 131.61, 129.54, 123.47, 121.13, 114.08, 112.70, 55.06, 53.13,
52.91, 34.64; HRMS (ESI-TOF) Calcd for C19H1sNO [M+H]": 340.1179; found: 340.1177.
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NPhth OMe

\ H,N
CoMe 2 NH,
> CO,Me
80%

OMe NH;
2¢' 16

Methyl (S)-2-amino-3-(3-methoxyphenyl)propanoate (16)

The scale-up procedure followed. 'H NMR (600 MHz, CDCls) § 7.22 (t, J = 7.8 Hz, 1H), 6.80-
6.77 (m, 2H), 6.74 (t, J = 1.8 Hz, 1H), 3.79 (s, 3H), 3.75-3.73 (m, 1H), 3.73 (s, 3H), 3.08 (dd, J =
13.2, 5.1 Hz, 1H), 2.83 (dd, J = 13.5, 8.0 Hz, 1H); *C NMR (150 MHz, CDCl;) & 175.38,

159.72, 138.78, 129.56, 121.60, 114.96, 112.19, 55.77, 55.16, 52.01, 41.13; HRMS (ESI-TOF)
Calcd for C11H15NO; [M+H]+: 209.1052; found: 210.1125.

OMe OMe

1. Fmoc—Cl, 10% aq. NaHCO3
CO,M >
2Me 5 LioH, THF/H,0 (1/1), 0 °C COH

NH, 73% for two steps NHFmoc
16 17

(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-3-(3-methoxyphenyl)propanoic acid
(17)

The scale-up procedure followed. "H NMR (600 MHz, MeOD) & 7.74 (d, J = 7.8 Hz, 2H), 7.55
(d, J = 6.6 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.27-7.23 (m, 2H), 7.16 (t, J = 7.8 Hz, 1H), 6.83-
6.81 (m, 2H), 6.74 (dd, J = 8.1, 2.7 Hz, 1H), 4.44 (dd, J = 9.6, 4.8 Hz, 1H), 4.27 (dd, J = 10.8,
7.2 Hz, 1H), 4.17 (dd, J = 10.2, 7.2 Hz, 1H), 4.12-4.10 (m, 1H), 3.71 (s, 3H), 3.19 (dd, J = 13.9,
4.5 Hz, 1H), 2.91 (dd, J = 13.8, 9.6 Hz, 1H); *C NMR (150 MHz, MeOD) & 175.46, 161.19,
158.41, 145.25, 142.56, 142.54, 140.25, 130.47, 128.80, 128.21, 126.41, 126.29, 122.67, 120.95,
120.92, 115.99, 113.30, 68.10, 56.91, 55.63, 48.35, 38.72; HRMS (ESI-TOF) Calcd for
C25H24NOs [M+H]": 418.1649; found: 418.1647.

Lactamization of different substrates:

R3

R® O R
Pd(OAc OMe PIFA DCM X R
H n-oM g R 2
r2R! H ngand —, R2 R H l}l 0
OMe
2e, 3e, 3z, 6f 14' 20, 21, 22
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General procedure: Amide (0.1 mmol) was dissolved in DCM (2 mL), in an ice-cooled flask.
Phenyliodine(I1l) bis(trifluoroacetate) (PIFA, 0.15 mmol) was added in one portion and the
reaction mixture was stirred at 0 °C, and monitored by TLC. After completion of the reaction
(about 3h), the mixture was diluted with DCM (4 mL) and washed with a saturated aqueous
NaHCOg; solution, then with saturated aqueous sodium chloride solution, dried over sodium
sulfate, filtered and concentrated in vacuo. The resulting yellow oil was purified by silica gel

chromatography using hexanes/EtOAc (5/1 to 3/1 to 2/1) as the eluent.

MeomNPhth
0

Me

o-z

14'
(S)-2-(1,6-Dimethoxy-2-o0x0-1,2,3,4-tetrahydroquinolin-3-yl)isoindoline-1,3-dione (14")

White solid, 75% vyield. (For the NMR data, please see the previous one in the section of Diverse
Synthetic Application)

(S)-2-(1,6-Dimethoxy-2-0x0-1,2,3,4-tetrahydroquinolin-3-yl)isoindoline-1,3-dione
compound with 2-((3S,4R)-1,6-dimethoxy-2-oxo-4-phenyl-1,2,3,4-tetrahydroquinolin-3-
ylisoindoline-1,3-dione (1:1) (20)

White solid, 82% vyield. '"H NMR (600 MHz, CDCls) & 7.76-7.73 (m, 2H), 7.67-7.64 (m, 2H),
7.31-7.22 (m, 6H), 6.86 (dd, J = 8.7, 2.7 Hz, 1H), 6.18-6.17 (m, 1H), 5.36 (d, J = 14.4 Hz, 1H),
5.20 (d, J = 14.4 Hz, 1H), 4.01 (s, 3H), 3.66 (s, 3H); *C NMR (150 MHz, CDCls) & 167.48,
160.67, 156.41, 136.46, 134.02, 131.59, 130.29, 129.16, 129.04, 128.08, 127.67, 123.49, 114.95,
113.82, 112.44, 62.84, 55.47, 54.23, 44.90; HRMS (ESI-TOF) Calcd for CosH2N,05 [M+H]™:
429.1445; found: 429.1449.
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Me OMe

21

2-((3S,4R)-1-Methoxy-4-(3-methoxyphenyl)-6,8-dimethyl-2-ox0-1,2,3,4-tetrahydroquinolin-
3-yl)isoindoline-1,3-dione (21)

White solid, 94% yield. *H NMR (600 MHz, CDCls) § 7.75-7.73 (m, 2H), 7.65-7.63 (m, 2H),
7.20 (t, J = 7.8 Hz, 1H), 6.96 (s, 1H), 6.81-6.80 (m, 1H), 6.77-6.75 (m, 2H), 6.21 (s, 1H), 5.36 (d,
J=13.8 Hz, 1H), 5.21 (d, J = 14.4 Hz, 1H), 3.84 (s, 3H), 3.72 (s, 3H), 2.45 (s, 3H), 2.16 (s, 3H);
3C NMR (150 MHz, CDCl3) & 167.53, 162.41, 159.83, 138.15, 135.05, 133.99, 132.66, 132.39,
131.59, 130.17, 129.93, 127.60, 125.88, 123.45, 121.62, 113.99, 61.95, 55.22, 54.20, 45.33,
20.79, 20.73; HRMS (ESI-TOF) Calcd for Co7H5N,05 [M+H]": 457.1758; found: 457.1756.

Me
mNPhth

Me N (@]

6Me

22

2-((3S)-1-Methoxy-4,7-dimethyl-2-o0x0-1,2,3,4-tetrahydroquinolin-3-yl)isoindoline-1,3-dione
(22)
White solid, 39% yield. '"H NMR (600 MHz, CDCls) & 7.92-7.89 (m, 2H), 7.78-7.76 (m, 2H),
7.18 (d, J = 7.8 Hz, 1H), 7.13 (s, 1H), 6.97 (d, J = 7.8 Hz, 1H), 4.72 (d, J = 13.8 Hz, 1H), 3.98 (s,
3H), 3.95-3.89 (m, 1H), 2.41 (s, 3H), 1.34 (d, J = 6.6 Hz, 3H); *C NMR (150 MHz, CDCls) &
167.85, 161.80, 138.45, 136.59, 134.27, 131.86, 125.46, 124.95, 123.66, 122.90, 113.12, 62.90,
55.27, 31.71, 21.39, 14.35; HRMS (ESI-TOF) Calcd for CyoH19N,04 [M+H]": 351.1339; found:
351.1340.
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Synthesis of PyBOX and BOX ligands.

OMe |
1 2
QO
H A I Me Me
\|/\CONHOMe - .
H Pd(OAc), (10 mol%) Pd(OAc), (10 mol%)
2-picoline (20 mol%) 2,6-lutidine (20 mol%)
1 AgOAc, HFIP AgOAc,NaH,PO4°H,0
80°C,24h 90 °C, 36 h
46% one pot
OMe
NPhth H,oN NH
Et,00BF, : ZENNH, O 2
CO,Me CO,Me
MeOH, 90 °C DCM/EtOH
Me 77% for two steps Me O Me
23 24
N
B | _ ° OMe
P N \
NC”™ "N "CN N
/ H ::
LiAIH,, THF Zn(OTf),, toluene M
48% © Me

75%
Zn(OTf),, toluene

25 Me, Me
NC™ "CN

73%

BOX ligand 27

OMe |

1) @\ 2) /©\
NPhth
X | Me Me,

H\(\CONHOMe > >

Pd(OAc); (10 mol%)
2-picoline (20 mol%)
AgOAc, HFIP
80°C, 24 h

Pd(OAc), (10 mol%)
2,6-lutidine (20 mol%)
AgOAc,NaH,PO4°H,0

90 °C, 36 h

46% one pot

3z, 2.1 g prepared

(2R, 3S)-3-(3,5-Dimethylphenyl)-2-(1,3-dioxo-2,3-dihydro-1H-inden-2-yl)-N-methoxy-3-(3-
methoxyphenyl)propanamide (3z)
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The starting material 1 (10.0 mmol, 2.48 g), Pd(OAc); (1.0 mmol, 220 mg), and AgOAc (20.0
mmol, 3.34 g) were weighed in air and placed in a sealed tube (350 mL) with a magnetic stir bar.
To the reaction mixture, aryl iodide (12 mmol), 2-picoline (2.00 mmol, 0.2 mL), HFIP (100 mL)
were added. The reaction mixture was first stirred at room temperature for 10 min and then
heated to 75 °C for 24 hours under vigorous stirring. Upon completion, the reaction mixture was
cooled to room temperature. To the reaction mixture, Pd(OAc), (1.0 mmol, 220 mg),
NaH,PO4*H,0 (30 mmol, 4.2 g), AgOAc (20 mmol, 3.34 g), the second aryl iodide (30 mmol)
and 2,6-lutidine (2 mmol, 0.2 mL) were added. The reaction mixture was first stirred at room
temperature for 10 min and then heated to 100 °C for another 36 hours under vigorous stirring.
Upon completion, the reaction mixture was cooled to room temperature, filtered with celite using
DCM. The solvents were removed under reduced pressure and the resulting mixture was purified
by a silica gel-packed flash chromatography column using hexanes/EtOAc (5/1 to 3/1 to 2/1) as
the eluent to afford 3z (2.1 g, 46% overall yield). (For the NMR data, please see the previous one

in the section of Hetero-Diarylation).

OMe

NPhth
T NPhth HoaN A

CONHOMe _ E120°BF3 : NHz

CO,Me
MeOH, 90 °C DCM/EtOH
Me Me Me 77% for two steps
3z, 2.1 g prepared 23 24

(2R, 3S)-Methyl 3-(3,5-dimethylphenyl)-2-(1,3-dioxo-2,3-dihydro-1H-inden-2-yl)-3-(3-
methoxyphenyl)propanoate (23)

A sealable pressure flask was charged with MeOH (120 mL) and crude amide 3z (4.57 mmol,
2.1 g). Et;O*BF; (27.4 mmol) was added and the reaction vessel sealed. The reaction mixture

was heated to 100 °C for 12 hours under vigorous stirring. Upon completion, the reaction
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mixture was cooled to room temperature. The solvents were removed under reduced pressure and
H,O and EtOAc was added, organic layers were removed and the aqueous layer was then
extracted with EtOAc and the combined organics washed with brine, dried over MgSQO,, filtered

and concentrated.

(2S, 3S)-Methyl 2-amino-3-(3,5-dimethylphenyl)-3-(3-methoxyphenyl)propanoate (24)

The crude 23 was dissolved in a 1:1 mixture of DCM/MeOH (40 mL total), and ethylenediamine
(22.9 mmol) was added. The reaction mixture was heated to 40 °C for 6 h, and then cooled to
room temperature. After removing the solvent in vacuo, the residue was purified by column
chromatography (DCM/MeOH = 20/1 to 10/1). 24 was obtained as gray solid (1.1 g, 77% yield
for two steps). *H NMR (600 MHz, CDCl3) & 7.24 (t, J = 7.8 Hz, 1H), 6.90-6.89 (m, 3H), 6.85 (t,
J = 2.1 Hz, 1H), 6.81 (s, 1H), 6.77 (dd, J = 8.1, 2.1 Hz, 1H), 4.19-4.14 (m, 2H), 3.78 (s, 3H),
3.54 (s, 3H), 2.25 (s, 6H); *C NMR (150 MHz, CDCls) § 174.84, 159.75, 142.20, 140.98,
137.81, 129.69, 128.49, 125.82, 120.98, 114.97, 111.84, 58.84, 56.36, 55.15, 51.80, 21.37;
HRMS (ESI-TOF) Calcd for C1gH24NO3 [M+H]*: 314.1751; found: 314.1749.

75%

24

(2S, 3S)-2-Amino-3-(3,5-dimethylphenyl)-3-(3-methoxyphenyl)propan-1-ol (25)

To a suspension of LAH (5 mL, 1M in THF) in THF (10 mL) at 0 °C was added dropwise a
solution of the ester (535 mg, 1.70 mmol) in THF (10 mL). The mixture was reacted less than 15
min and then cooled to 0 °C. The mixture was then treated dropwise with water (3 mL) and 10%
aqueous sodium hydroxide (3 mL). Note: extreme care should be practiced during the quenching
process. As this process is exothermic and produces flammable hydrogen gas, it is highly
advisable to cool the reaction mixture to 0 °C prior to quenching and to add the water and
aqueous solution of sodium hydroxide cautiously. The mixture was filtered over Na;SO,, and the

filtrate was evaporated under reduced pressure, purified by column chromatography
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(DCM/MeOH = 20/1 to 10/1). 25 was obtained as white solid (363 mg, 75%). *H NMR (600
MHz, CDCl3) 6 7.24 (t, J = 7.8 Hz, 1H), 6.95 (d, J = 7.8 Hz, 1H), 6.90-6.88 (m, 2H), 6.81 (s,1H),
6.75-6.73 (m, 1H), 3.79 (s, 3H), 3.65-3.63 (m, 2H), 3.57-3.55 (m, 1H), 3.30-3.27 (m, 1H), 2.25 (s,
6H), 1.93 (br, 3H); *C NMR (150 MHz, CDCls) & 159.91, 143.95, 141.67, 138.16, 129.94,
128.45, 125.55, 120.43, 114.54, 111.51, 64.76, 56.58, 55.58, 55.18, 21.38; HRMS (ESI-TOF)
Calcd for C1gH24NO, [M+H]": 286.1802; found: 286.1803.

Zn(OTf),, toluene
48%
25 PyBOX ligand 26

2,6-Bis((S)-4-((S)-(3,5-dimethylphenyl)(3-methoxyphenyl)methyl)-4,5-dihydrooxazol-2-
yl)pyridine (26)

A 10-mL two-necked round-bottomed flask fitted with a reflux condenser was charged pyridine-
2,6-dicarbonitrile (13 mg, 0.1 mmol) and the adequate amount of zinc triflate (40 mg, 0.1 mmol).
The system was purged with argon and dry toluene (1 mL) was added. The solution was stirred
for 5 min and a solution of the p-amino alcohol (62 mg, 0.1 mmol) in dry toluene (1.5 mL) was
added. The solution was heated under reflux for 48 h. The system was allowed to cool, and
reaction was diluted with 25 mL of EtOAc. The solution was then washed with brine (3 x 25 mL)
and Saturated ag. NaHCO3 (3 x 25 mL), dried with MgSQ, and the solvent evaporated, and the
crude product was purified by silica gel chromatography with EtOAc/hexanes (1/5 to 1/3) as the
eluent, producing a yellow solid 26 (32.0 mg, 48%).” *H NMR (600 MHz, CDCl3) & 8.16 (d, J =
7.8 Hz, 2H), 7.78 (t, J = 8.1 Hz, 1H), 7.22 (t, J = 7.8 Hz, 2H), 6.96-6.94 (m, 2H), 6.90 (t, J = 2.1
Hz, 2H), 6.87 (s, 4H), 6.83 (s, 2H), 6.75-6.73 (m, 2H), 5.13-5.11 (m, 2H), 4.51 (t, J = 9.3 Hz,
2H), 4.17 (t, J = 8.4 Hz, 2H), 3.91 (d, J = 9.6 Hz, 2H), 3.77 (s, 6H), 2.26 (s, 12H); *C NMR (150
MHz, CDCl3) 6 162.81, 159.44, 146.73, 143.96, 141.42, 138.17, 137.07, 129.26, 128.61, 126.22,
126.19, 120.92, 114.94, 111.27, 72.35, 70.36, 57.10, 55.12, 21.39; HRMS (ESI-TOF) Calcd for
C43H44N30,4 [M+H]": 666.3326; found 666.3326.
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Zn(OTf),, toluene

Me, Me

NC™ “CN
25 BOX ligand 27

73%

(S, 4S, 4'S)-2,2'-(propane-2,2-diyl)bis(4-((S)-(3,5-dimethylphenyl)(3-methoxyphenyl)methyl)
-4,5-dihydrooxazole) (27)

A 10-mL two-necked round-bottomed flask fitted with a reflux condenser was charged with 2,2-
dimethyl malononitrile (10 mg, 0.1 mmol) and zinc triflate (40 mg, 0.1 mmol). The system was
purged with argon and dry toluene (1 mL) was added. The solution was stirred during 5 min and
a solution of the g-amino alcohol 25 (57 mg, 0.2 mmol) in dry toluene (1 mL) was added. The
solution was heated under reflux for 48 h. The system was allowed to cool. The reaction was
then washed with brine (3 x 25 mL) and saturated ag. NaHCO3 (3 x 20 mL), dried with MgSO,
and the solvent evaporated, and the crude product was purified by silica gel chromatography,
with EtOAc/hexanes (1/5 to 1/3) as the eluent, producing a yellow solid 27 (45.9 mg, 73%). *H
NMR (600 MHz, CDCl3) & 7.26 (d, J = 2.4 Hz, 1H), 7.18-7.15 (m, 2H), 6.84-6.80 (m, 9H), 6.72-
6.71 (m, 2H), 4.84-4.80 (m, 2H), 4.27-4.24 (m, 2H), 4.00-3.97 (m, 2H), 3.89 (d, J = 7.8 Hz, 2H),
3.74 (s, 6H), 2.25 (s, 12H), 1.32 (s, 6H); *C NMR (150 MHz, CDCl3) & 169.25, 159.26, 143.81,
141.32, 137.74, 128.99, 128.33, 126.72, 121.31, 115.27, 111.13, 71.50, 69.28, 56.20, 55.07,
38.60, 23.93, 21.38; HRMS (ESI-TOF) Calcd for CsH4N,O4 [M+H]™: 631.3530; found:
631.3527.
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