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1. General Information

All reactions that require anhydrous conditions were performed in flame-dried
glassware under Ar atmosphere and all the commercial reagents were used without
purification unless otherwise noted. Solvent purification was conducted according to
Purification of Laboratory Chemicals (Peerrin, D. D.; Armarego, W. L. and Perrins, D. R.,
Pergamon Press: Oxford, 1980). The products were purified by flash column
chromatography on silica gel (200-300 meshes) from the Anhui Liangchen Silicon Material
Company (China). Reactions were monitored by thin layer chromatography (TLC) supplied
by Yantai Chemicals (China). Visualization was accomplished with UV light, exposure to
iodine, stained with ethanolic solution of phosphomolybdic acid or basic solution of KMnOea.
'H NMR and *C NMR spectra were recorded on Varian INOVA-400/54 and Agilent DD2-
600/54 instruments and calibrated by using residual undeuterated chloroform (6, *H NMR =
7.26, *C NMR = 77.16). The following abbreviations were used to explain the multiplicities:
s = singlet, d = doublet, t = triplet, g = quartet, br = broad, td = triple doublet, dt = double
triplet, m = multiplet, and coupling constants (J) are reported in Hertz (Hz). Infrared (IR)
spectra were recorded on a Perkin Elmer Spectrum Two FT-IR spectrometer. The specific
optical rotation was obtained from Rudolph Research Analytical Autopol VI automatic
polarimeter. High-resolution mass spectra (HRMS) were recorded on Bruker Apex IV FTMS
or Thermo Scientific LTQ Orbitrap XL ESI mass spectrometers. LC-MS analysis was
performed on HP Agilent 6420 Triple Quad LC/MS.
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2. Optimization of the Reaction Conditions

Table S1. Effect of Ligands

NiBr, (20 mol%) Ph
ligand (20 mol%)

Br e B~ P TFA (0.1 equiv.) N
1a 2a 3a
Entry Ligand Yield (%)°
1 No NR
2 L1 73
3 L2 50
4 L3 42
5 L4 32
6 L5 30
7 L6 24
8 L7 17
9 L8 10
10 L9 5
11 L10 35
12 L1 30
13 L12 42
14 L13 9

aAlkenyl bromide 1a (0.53 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. PYields were determined according to the isolated material.
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Table S2. Effect of Solvents

NiBr, (20 mol%) Ph
bpy (20 mol%)

Br TFA (0.1 equiv.)
+ B >"ph >

COH iglgnetq;g '20, 12h COH
1a 2a 3a
Entry Solvent Yield (%)”

1 DMSO 73
2 pyridine 25
3 DMPU 8
4 NMP NR
5 DMF 15
6 CH;CN NR
7 THF NR
8 CHCl3 NR
9 PhMe NR
10 PhH NR
11 DCM NR
12 dioxane NR
13 TBME NR
14 PhOMe NR
15 DME NR

“Alkenyl bromide 1a (0.53 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. ?Yields were determined according to the isolated material.

Table S3. Effect of Additives

NiBr; (20 mol%) Ph
bpy (20 mol%)
additive (0.1 equiv.)

Zn (2 equiv.)

COH solvent, 25 °C, 12 h CO,H
1a 2a 3a
Entry Additive Yield (%)b
1 NO Trace
2 TFA 73
3 Nal 68
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4 TBAI 43
5 TMSCI 36
6 LiBr 38
7 pyridine 42

aAlkenyl bromide 1a (0.53 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. "Yields were determined according to the isolated material.

Table S4. Effect of Ni (cat.)

Ni (cat.) (20 mol%) Ph
bpy (20 mol%)

Br TFA (0.1 equiv.)
+ B "ph >~

co, DMSO, 2570, 12 OO
1a 2a 3a
Entry Ni (cat.) Yield (%)”
1 NiCl, 64
2 NiBr, 73
3 Nil» 92
4 NiCl'6H>O 50
5 NiCl(PPh3), 49
6 Ni(acac), 26
7 Ni(CO).(PPhs). 73
8 Ni(OTf)2 29
9 Ni(COD), 39
10 NiBr-3H,0 22
11 Ni(DPPE)Cl, 37
12 NiCl2(PCys3)2 72
13 (DPPP)NICl, 66
14 (dme)NICI, 48
15 Nil2-6H>0 55
16 Ni(OAc),-4H,O 54
17 NiCI(PPhs)(dppf) 81
18 NiBr2(PPh); 52
19 (dme)NiBr, 85
20 Ni(ClO4)2-6H20 60

“Alkenyl bromide 1a (0.53 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. ?Yields were determined according to the isolated material.
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Table S5. Effect of Reducing Agents

Nil, (20 mol%) Ph
bpy (20 mol%)
Br TFA (0.1 equiv.)
+ Br”>"ph >

M (2 equiv.)

COH DMSO, 25 °C, 12 h COH

1a 2a 3a
Entry M Yield (%)”

1 Zn 92

2 Mn <5

3 Fe NR

“Alkenyl bromide 1a (0.53 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. ?Yields were determined according to the isolated material.

Table S6. Effect of Different Loading of Ni (cat.) and Ligands

Nil, (x mol%) Ph
bpy (x mol%).
QBr b BN Nph TFA (0.1 equiv.) .
co,r DMSO. 257G, 12 OOz
1a 2a 3a
Entry X Yield (%)°
1 25 89
2 20 92
3 15 88
4 10 75¢
5 7.5 69¢
6 5 52¢

“Alkenyl bromide 1a (0.53mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. ?Yields were determined according to the isolated material. “The reaction time was 24 h.

Table S7. Effect of Different Equivalent of Reducing Agents

Br
+ Br” "ph

CO,H
1a 2a

NiBr, (20 mol%) Ph
bpy (20 mol%)
TFA (0.1 equiv.)

Zn (X equiv.)

solvent, 25 °C, 12 h COzH

3a
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Entry equivalent Yield (%)°

1 2.5 89
2 2.0 92
3 1.75 74°
4 1.5 67°¢
5 1.25 63°¢

“Alkenyl bromide 1a (0.53 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. *Yields were determined according to the isolated material. “The reaction time was 24 h.

Table S8. Effect of Different Equivalent of Alkyl Bromide

Nil, (20 mol%) Ph
bpy (20 mol%)

Br TFA (0.1 equiv.)
+ Br” "Ph >

Zn (2 equiv.)
COzH DMSO, 25 °C, 12 h COzH
1a 2a 3a
Entry Equivalent of 2a Yield (%)°
1 2.5 89
2 2.25 90
3 2.0 92
4 1.75 84¢
5 L.5 78¢
6 1.25 70¢

aAlkenyl bromide 1a (0.53 mmol, 1.0 equiv.) and alkyl bromide 2a (x equiv.) were used in all reactions unless otherwise

stated. PYields were determined according to the isolated material. °The reaction time was 24 h.

Table S9. Effect of Temperature

Nil, (20 mol%) Ph
bpy (20 mol%)
TFA (0.1 equiv.)

Zn (2 equiv.)
COH DMSO, 12 h COH
1a 2a temperature 3a
Entry Temperature Yield (%)°
1 0°C NR
2 RT 92
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3 50°C 85
4 75 °C 75

2Alkenyl bromide 1a (0.530 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. ”Yields were determined according to the isolated material.

Table S10. Effect of Concentration of 1a

Nil, (20 mol%) Ph
bpy (20 mol%)

Br TFA (0.1 equiv.)

+ B "phn >

Zn (2 equiv.)

COH DMSO, 25°C, 12 h COH
1a 2a 3a
Entry Conc.(mmol/mL) of 1a Yield (%)°
1 0.075 88
2 0.1 92
3 0.25 62°¢
4 0.5 56°
5 0.75 54¢
6 1.0 51¢

“Alkenyl bromide 1a (0.530 mmol, 1.0 equiv.) and alkyl bromide 2a (2.0 equiv.) were used in all reactions unless otherwise

stated. ?Yields were determined according to the isolated material. “The reaction time was 24 h.

3. General Procedure for the Ni-Catalyzed Cross-Electrophile Coupling

Ni (cat.) (20 mol%)
bpy (20 mol%)

L~ C._Br TFA (0.1 equiv.) Y/ c | R
Y\ I v RE T\ conH
Zn (2 equiv.) 2
C" COMH DMSO, 25°C, 12 h
1 2 3

Under argon atmosphere, a solution of acid (100 mg, 1.0 equiv), Nil2 (0.2 equiv), bpy
(0.2 equiv), Zn (2.0 equiv), alkyl bromide compound (2.0 equiv) and TFA (0.1 equiv) in
degassed dry DMSO (6 mL) was stirred at room temperature. The mixture was stirred at
room temperature for 12 h, after the reaction was completed as indicated by TLC and LC-
MS, it was carefully quenched with 0.5-1.0 N HCI aqueous solution (6 mL), and extracted

with methyl tert-butyl ether (3 <20 mL). The combined organic phase was dried over
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anhydrous MgSQO4 and concentrated under vacuum. The crude residue was purified by silica
gel flash column chromatography (petroleum ether/ethyl acetate 30/1 to 5/1, v/v, containing

0.5% acetic acid) to afford the corresponding coupling product.

4. Synthesis and Characterization of Substrate

Br Br Br Br
CO,H Ph CO,H CO,H CO,H
1c 1d

1b 1e
Br Br Br
"X
CO5H CO,H CO,H
1f 19 1h
Compounds 1b—1h were prepared according to literature methods.* —3
Br” "pnh Br Br” SiMe, g \OMe B >""oBn B " OAc
2a 2b 2c 2d 2e 2f
Br/\/NPhth Br/w B N X B.—/\/\n/ Br/\/CN Br/\/C()zEt
o
2g 2h 2i 2j 2k 21
0 O— Br. Br
o /\)\ )\
/\O(\) Brf<o_ Br 7 Br \Q \O
2m 2n 20 2p 2q 2r
Br. Br:
\O \Q 5~ CN 5~ -COMe Bra_~_-CO:Me Bre_~_NHTs
2s 2t 2u 2v 2w 2x
Br.
e} TMS
AN =
Br NHCbz \E) B NN . /%
2y 2z 2aa 2ab

Compounds 2a—2ab are commercially available.
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Synthesis of Substrate 1i

(6] Br

Br
PBrs, DMF “ cHo  NaCloy, NaH,PO, “‘ CORH
0 i CH,Clp, 0 °C to rt 0 G H20,, CHaCN i
AcO 9 AcO AcO

75% 60%
S1 1i

To a mixture of DMF (2.5 mL) and CH2Cl. (20 mL) was slowly added PBrs (16.0
mmol, 2.0 equiv, 1.5 mL) at 0 °C under Ar. The pale yellow slurry was stirred at room
temperature for 2 h. A solution of Estrone (8.0 mmol, 1.0 equiv, 2.5 g) in CH2Cl> (5 mL) was
added dropwise to the above solution at room temperature. The mixture was stirred at this
temperature for 2 h, then poured into NaOH aqueous solution (20 mL), and extracted with
ethyl acetate (3 x 20 mL). The extract was dried over MgSO4. The organic phase was
removed under reduced pressure, and the crude product was purified by column

chromatography (eluent: petroleum ether/EtOAc = 10/1, v/v) to afford S1 (2.4 g, 75%).

A solution of NaCIlO2 (8.4 mmol, 1.4 equiv, 0.9 g) in water (10 mL) was added dropwise
in 2 h to a stirred mixture of S1 (6.0 mmol, 1.0 equiv, 2.4 g) in CH3CN (10.0 mL), NaH2PO4
(1.6 mmol, 0.27 equiv, 0.2 g) in water (5 mL) and 30% aqueous H20> (0.7 mL), keeping the
temperature at 0 °C with water cooling. After completion of the reaction (monitored by TLC),
the mixture was poured into saturated Na>COs aqueous solution, and washed with ethyl
acetate. The aqueous phase was poured into HCI solution, and extracted with ethyl acetate.
The extract was dried over MgSQOs. The organic phase was removed under reduced pressure
and the crude product was purified by column chromatography (eluent: petroleum
ether/EtOAc = 3/1, v/v) to afford 1i (1.5 g, 60%). Amorphous powder; R¢= 0.55 (petroleum
ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H NMR (400 MHz, CDCls) 6 7.27
(d, J = 8.4 Hz, 1H), 6.92 — 6.79 (m, 2H), 2.92 (dt, J = 8.8, 4.4 Hz, 2H), 2.68 (dd, J = 14.8,
6.4 Hz, 1H), 2.44 (m, 1H), 2.31 (d, J = 14.8 Hz, 5H), 2.03 — 1.92 (m, 2H), 1.78 (m, 1H), 1.72
— 1.52 (m, 3H), 1.46 (m, 1H), 0.94 (s, 3H); 3C NMR (100 MHz, CDCls) § 170.0, 169.8,
149.8, 148.7, 138.1, 137.5, 130.5, 126.2, 121.7, 118.8, 53.3, 52.3, 44.3, 37.2, 34.6, 32.7, 29.4,
27.0, 26.0, 21.2, 15.2; IR (neat): Vmax = 2927, 2870, 1766, 1691, 1664, 1588, 1495, 1370,
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1250, 1203, 1180, 934. 720. 414 cm™'; HRMS (ESI): m/z calculated for C21H23BrOs, [M —
H] 417.0707, found, 417.0700, [a]*’p=+ 41.06 (c 0.50, CHCI5).

Synthesis of Substrate 1j

o)

Br Br
@ Q CH,Cly, 0°C to rt @ ) Ho0,, THF ‘@ i
AGO AcO 90% AcO
s2

70%
1j
To a mixture of DMF (2.5 mL) and CH2Cl2 (20 mL) was slowly added PBrs (16.0
mmol, 2.0 equiv, 1.5 mL) at 0 °C under Ar. The pale yellow slurry was stirred at room
temperature for 2 h. A solution of dehydroepiandrosterone (8.0mmol, 1.0 equiv, 2.6 g) in
CH2Cl> (5 mL) was added dropwise to the above solution at room temperature. The mixture
was stirred at this temperature for 2 h, then poured into NaOH aqueous solution (20 mL), and
extracted with ethyl acetate (3 x 20 mL). The extract was dried over MgSO4. The organic
phase was removed under reduced pressure, and the crude product was purified by column

chromatography (eluent: petroleum ether/EtOAc = 100/1, v/v) to afford S2 (2.4 g, 70%).

A solution of NaClO> (8.0 mmol, 1.4 equiv, 0.9 g) in water (10 mL) was added dropwise
in 2 h to a stirred mixture of S2 (5.7 mmol, 1.0 equiv, 2.4 g) in THF (20 mL), NaH2PO4 (1.5
mmol, 0.27 equiv, 0.2 g) in water (5 mL) and 30% aqueous H>O> (0.6 mL), keeping the
temperature at 0 °C with water cooling. After completion of the reaction (monitored by TLC),
the mixture was poured into saturated Na>COs aqueous solution, and washed with ethyl
acetate. The aqueous phase was poured into HCI solution, and extracted with ethyl acetate.
The extract was dried over MgSQOas. The organic phase was removed under reduced pressure
to afford 1j (2.2 g, 90%). Amorphous powder; R¢= 0.54 (petroleum ether/ethyl acetate 2/1,
v/v, containing 0.5% acetic acid); *"H NMR (400 MHz, CDCls) § 11.08 (s, 1H), 5.37 (d, J =
5.0 Hz, 1H), 4.58 (tt, J = 10.6, 4.9 Hz, 1H), 2.54 (dd, J = 14.9, 6.3 Hz, 1H), 2.32 (g, J = 11.0,
9.4 Hz, 2H), 2.20 (dd, J = 14.8, 11.6 Hz, 1H), 2.01 (s, 4H), 1.90 — 1.77 (m, 3H), 1.75 — 1.60
(m, 3H), 1.53 (g, J = 14.0, 11.4 Hz, 3H), 1.36 (td, J = 12.6, 4.4 Hz, 1H), 1.18 — 0.99 (m, 5H),
0.90 (s, 3H); 3C NMR (100 MHz, CDCls) 5 170.8, 169.2, 149.5, 140.2, 130.5, 122.0, 73.9,
54.0,52.0, 50.3, 38.2, 36.9, 34.5, 33.0, 31.0, 30.8, 27.8, 21.6, 20.6, 19.4, 15.1; IR (neat): Vmax
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= 2924, 2854, 1763, 1667, 1607, 1495, 1454, 1370, 1257, 1207, 1090, 1015, 942, 900, 800,
751, 699, 667, 564, 493, 439 cm™!; HRMS (ESI): m/z calculated for C22H20BrOas, [M — H]
435.1176, found, 435.1159; [a]*p= + 34.14 (c 0.74, CHCl3).

Synthesis of Substrate 1k

Ru(acac)s, phen

OTi TFA, CH,Cl, tt oTf EtMgBr, LiBr
BocN/\j[ > TsN\/j[ -
CO,Et  then TsCl, Et;N CO,Et dry THF, 60 °C
DMAP, CH,Cl,, rt
S3 91% sS4 50%
Br LiOH, rt Br
Tqu > TsN\/j[
CO,Et  THF:H,0 =1:1 COLH
95%
S5 1k

S3(0.510 mmol, 1.0 equiv, 0.2 g) in CH2Cl> (5 mL) was stirred with TFA (13.0 mmol,
25.5 equiv, 1.0 mL) at room temperature for 3 h. The solvent was removed under reduced
pressure. Then the crude residue was dissolved in CH2Cl2 (5 mL), to which were sequentially
added EtzN (1.5 mmol, 3.0 equiv, 0.2 mL), DMAP (0.26 mmol, 0.5 equiv, 31.0 mg) and TsClI
(1.0 mmol, 2.0 equiv, 196 mg). The solution was stirred at room temperature for 2 h. The
reaction was extracted with water (15 mL). The organic layer was dried over MgSOs., filtered,
and concentrated under reduced pressure. The crude residue was purified by silica gel flash
column chromatography (petroleum ether/ethyl acetate 12/1 to 8/1, v/v) to afford S4 (207
mg, 91%). White solid; Rs = 0. 32 (petroleum ether/ethyl acetate 6/1, v/v); *H NMR (400
MHz, CDCls)  7.71 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.34 (s, 4H), 4.24 (¢, J =
7.2 Hz, 2H), 2.44 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) § 159.5,
145.9, 144.8, 133.1, 130.3, 127.6, 119.5, 118.3 (q, J = 319 Hz), 62.1, 52.5, 51.9, 21.7, 14.0;
IR (neat): vmax = 2986, 2863, 1732, 1691, 1598, 1427, 1345, 1275, 1215, 1200, 1152, 1136,
1100, 1042, 853, 817, 756, 709, 682, 620, 596, 584, 529, 502, 470, 420, 410 cm™!; HRMS
(ESI): m/z calculated for C15H16F3NO7S2, [M + Na]* 466.0212, found, 466.0214.
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To a THF solution (0.9 mL) of Ru(acac)s (0.038 mmol, 0.06 equiv, 10.8 mg), o-
phenanthroline(0.038 mmol, 0.06 equiv, 10.8 mg)and LiBr (0.54 mmol, 1.2 equiv, 47 mg)
placed in an oven-dried Schlenk tube was added ethylmagnesium bromide (0.11 mmol, 1.0
M THF solution, 0.1 mL,). After stirring for 10 min at room temperature, S4 (0.45 mmol, 1.0
equiv, 200 mg) was added at 20 <T and stirring was continued for 72 h.* The reaction was
concentrated under reduced pressure. Purification by passing through a pad of silica gel using
Dichloromethane/Acetonitrile (200/1, v/v) afforded S5 (85 mg, 50%). Amorphous powder;
R¢ = 0.55 (petroleum ether/ethyl acetate 6/1 ~10/1, v/v); *H NMR (400 MHz, CDCls) 6 7.73
(d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.40 — 4.25 (m, 4H), 4.21 (g, J = 7.2 Hz, 2H),
2.44 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) 6 161.1, 144.4, 133.4,
130.2, 127.7, 124.7, 61.5, 61.3, 55.1, 21.7, 14.2; IR (neat): Vmax = 2987, 2926, 2856, 1725,
1709, 1641, 1597, 1452, 1494, 1452, 1346, 1305, 1288, 1263, 1162, 1097, 1084, 1016, 948,
861, 835, 815, 761, 708, 668, 617, 610, 563, 547, 510, 465, 410 cm™; HRMS (ESI): m/z
calculated for C14aH16BrNO4S, [M + Na]* 395.9876, found, 395.9880.

A round bottom flask was charged with S5 (0.27 mmol, 1.0 equiv, 100 mg), LiOH (2.7
mmol, 10.0 equiv, 64 mg), and THF/H,O (1/1, v/v, 0.1 M). The reaction was stirred at room
temperature 12h before it was acidified with 3 N HCI. The aqueous phase was extracted with
ethyl acetate (3 <10 mL). The combined organic phase was dried over anhydrous MgSQy,
filtered, and evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel (dichloromethane/methanol = 10/1 ~ 5/1, v/v) to give the
corresponding unsaturated acid 1k (175 mg, 95%). Amorphous powder; Rf = 0.61
(dichloromethane/methanol = 10/1, v/v); *H NMR (400 MHz, DMSO-dg) ¢ 7.77 (d, J = 8.2
Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 4.34 (t, J = 4.3 Hz, 2H), 4.16 (t, J = 4.3 Hz, 2H), 2.40 (s,
3H); *C NMR (100 MHz, DMSO-dg) ¢ 162.1, 144.1, 132.6, 130.2, 127.5, 60.7, 55.0, 21.0;
IR (neat): vmax = 2986, 2863, 1732, 1691, 1598, 1427, 1345, 1275, 1215, 1200, 1152, 1136,
1100, 1042, 853, 817, 756, 709, 682, 620, 596, 584, 529, 502, 470, 420, 410 cm™!; HRMS
(ESI): m/z calculated for C12H12BrNO4S, [M — H]~343.9598, found, 343.9590.
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Synthesis of Substrate 8

CH3NH-H,0
Br EDCI, DMAP Br
> /
COzH dry CH2C|2 N
15% o H
1a 8

1a (1.05 mmol, 1.0 equiv, 0.2 g) in CH2Cl, (10 mL) was stirred with CHzNH H20 (13.0
mmol, 25.5 equiv, 1.0 mL), DMAP (1.05 mmol, 1.0 equiv, 122 mg) and EDCI (1.58 mmol,
1.5 equiv, 301.9 mg) at room temperature for 12 h. The reaction was extracted with water
(15 mL). The organic layer was dried over MgSOsa, filtered, and concentrated under reduced
pressure. The crude residue was purified by silica gel flash column chromatography
(petroleum ether/ethyl acetate 12/1 to 4/1, v/v) to afford 8 (29 mg, 15%). Amorphous powder;
R¢ = 0.25 (petroleum ether/ethyl acetate = 5/1, v/v); *H NMR (600 MHz, CDCls) J 6.42 (s,
1H), 2.91 (dd, J = 5.2, 1.8 Hz, 3H), 2.87 — 2.76 (m, 2H), 2.70 (t, J = 6.2 Hz, 2H), 1.95 (p, J
= 6.8 Hz, 2H); 3C NMR (100 MHz, CDCls3) § 164.8, 136.1, 122.9, 42.9, 33.9, 26.3, 21.4; IR
(neat): vmax = 3310, 2936, 2851, 1643, 1532, 1441, 1408, 1303, 1164, 1092, 913, 679, 644,
464 cm™; HRMS (ESI): m/z calculated for C;H10BrNO, [M + Na]* 202.9946, found, 202.9941.

5. Control Experiments

Ph

Nil, (20 mol%), bpy (20 mol%)
Br TFA (0.1 equiv.), Zn (2 equiv.)
Br/\/\Ph —_—
H DMSO, 25°C, 12 h H

4 2 5 (trace)

Under argon atmosphere, a solution of acid 4 (100 mg, 1.0 equiv), Nil2 (0.2 equiv), bpy
(0.2 equiv), Zn (2.0 equiv), 2a (2.0 equiv) and TFA (0.1 equiv) in degassed dry DMSO (6
mL) was stirred at room temperature for 12 h. After the reaction was completed as indicated
by TLC and LC-MS, it was carefully quenched with 0.5-1.0 N HCI aqueous solution (6 mL),
and extracted with methyl tert-butyl ether (3 %20 mL). The combined organic phase was
dried over anhydrous MgSOs and concentrated under vacuum. The crude residue was

purified by silica gel flash column chromatography (petroleum ether/ethyl acetate 30/1 to 5/1,

v/v, containing 0.5% acetic acid) to afford the corresponding coupling product.
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Ph

Nil, (20 mol%), bpy (20 mol%)

Br TFA (0.1 equiv.), Zn (2 equiv.)
+ BT "

CO,Me DMSO, 25°C, 12 h CO,Me
2a

¢ 7 (complex; N.D.)

Under argon atmosphere, a solution of acid 6 (100 mg, 1.0 equiv), Nil2 (0.2 equiv), bpy
(0.2 equiv), Zn (2.0 equiv), 2a (2.0 equiv) and TFA (0.1 equiv) in degassed dry DMSO (6
mL) was stirred at room temperature for 12 h. After the reaction was completed as indicated
by TLC and LC-MS, it was carefully quenched with 0.5-1.0 N HCI aqueous solution (6 mL),
and extracted with methyl tert-butyl ether (3 %20 mL). The combined organic phase was
dried over anhydrous MgSOs and concentrated under vacuum. The crude residue was
purified by silica gel flash column chromatography (petroleum ether/ethyl acetate 30/1 to 5/1,

v/v, containing 0.5% acetic acid) to afford the corresponding coupling product.

Ph

Nil, (20 mol%), bpy (20 mol%)
Br TFA (0.1 equiv.), Zn (2 equiv.)

NN
+ Br Ph COH
DMSO, 25°C, 12 h
9 3a

CO,Na

Under argon atmosphere, a solution of acid 9 (110.5 mg, 1.0 equiv), Nil2 (0.2 equiv),
bpy (0.2 equiv), Zn (2.0 equiv), 2a (2.0 equiv) and TFA (0.1 equiv) in degassed dry DMSO
(6 mL) was stirred at room temperature for 12 h. After the reaction was completed as
indicated by TLC and LC-MS, it was carefully quenched with 0.5-1.0 N HCI aqueous
solution (6 mL), and extracted with methyl tert-butyl ether (3 <20 mL). The combined
organic phase was dried over anhydrous MgSO4 and concentrated under vacuum. The crude
residue was purified by silica gel flash column chromatography (petroleum ether/ethyl
acetate 30/1 to 5/1, v/v, containing 0.5% acetic acid) to afford the coupling product 3a

(101mg, 84%).
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6. Characterization Data

The reaction was conducted according to general experimental procedure

Ph
Q_/_/ noted above, which proceeded at room temperature for 12 hours to give
compound 3a (110 mg, 92% yield) as an amorphous powder. Rr = 0.74
CO,H
3a (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H

NMR (400 MHz, CDCl3) 6 7.24 (t, J = 7.2 Hz, 2H), 7.20 — 7.11 (m, 3H), 2.64 (m, 6H), 2.49
(t,J= 7.6 Hz, 2H), 1.78 (m, 4H); '*C NMR (100 MHz, CDCl3) 6 172.1, 163.1, 142.3, 128.5,
128.4, 127.2, 125.9, 38.7, 36.1, 33.5, 30.1, 29.9, 21.5; IR (neat): Vmax = 3026, 2921, 1604,
1495, 1460, 1081, 1030, 726, 693, 542, 520, 463, 436, 407 cm’'; HRMS (ESI): m/z calculated
for C1sH1702, [M — H]~ 229.1234, found, 229.1225.

Q_/ The reaction was conducted according to general experimental procedure noted
CO,H above, which proceeded at room temperature for 12 hours to give compound 3¢

3¢ (110 mg, 92% yield) as an amorphous powder. Rf = 0.71 (petroleum ether/ethyl
acetate 2/1, v/v, containing 0.5% acetic acid);'H NMR (400 MHz, CDCls) 6 2.63 (m, 4H),
2.54 (t,J = 7.6 Hz, 2H), 1.83 (m, 2H), 1.05 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCls)
0 171.6, 165.0, 126.1, 38.2, 33.6, 23.5, 21.5, 12.6; IR (neat): vmax = 2961, 2918, 2862, 2623,
2573, 1678, 1660, 1626, 1454, 1431, 1412, 1372, 1350, 1299, 1249, 1136, 1121, 1059, 1014,
939, 750, 775, 556, 508, 431, 413 cm™t; HRMS (ESI): m/z calculated for CgH1202, [M — H]

139.0765, found, 139.0759.

™S The reaction was conducted according to general experimental procedure
E{; noted above, which proceeded at room temperature for 12 hours to give
3d compound 3d (80 mg, 75% yield) as an amorphous powder. Rf = 0.63
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H NMR (400 MHz,
CDCl3) 6 2.62 (t, J = 7.2 Hz, 2H), 2.46 (t, J = 7.6 Hz, 2H), 2.31 (s, 2H), 1.80 (m, 2H), 0.05
(s, 9H); 3C NMR (100 MHz, CDCls) 6 72.2, 163.6, 122.9, 41.7, 33.1, 24.2, 21.9, -0.6; IR
(neat): vmax= 2953, 2592, 1652, 1606, 1431, 1413, 1338, 1413, 1301, 1276, 1276, 1248, 1206,

1151, 1124, 1028, 970, 884, 837, 779, 739, 694, 612, 546, 492, 427, 409 cm™'; HRMS (ESI):
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m/z calculated for C10H1302Si1, [M — H]" 197.1003, found, 197.1006.

OMe The reaction was conducted according to general experimental procedure

noted above, which proceeded at room temperature for 12 hours to give
CO,H
3e

compound 3e (53 mg, 59% yield) as an amorphous powder. Rr = 0.6
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H
NMR (400 MHz, CDCl3) ¢ 3.53 (t, J = 6.4 Hz, 2H), 3.35 (s, 3H), 2.87 (t, J = 6.4 Hz, 2H),
2.65 (t, J = 7.6 Hz,2H), 2.57 (t, J = 7.2 Hz, 2H), 1.84 (m, 2H); *C NMR (100 MHz, CDCl3)
0 170.8, 158.5, 129.1, 70.9, 58.7, 39.1, 33.7, 30.6, 21.5; IR (neat): vmax = 3061, 2928, 2870,
1674, 1632, 1430, 1265, 1195, 1110, 1066, 949, 817, 733, 706, 563, 411 cm™; HRMS (ESI):
m/z calculated for CoH1403, [M — H] 169.0870, found, 169.0867.

OBN  The reaction was conducted according to general experimental procedure

noted above, which proceeded at room temperature for 12 hours to give
CO.H compound 3f (89 mg, 65% yield) as an amorphous powder. Rf = 0.50
3 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) ¢ 7.32 — 7.16 (m, 5H), 4.42 (s, 2H), 3.41 (t, /= 6.8 Hz, 2H), 2.60
(s, 2H), 2.56 (t,J = 7.2 Hz, 2H), 2.46 (t, J = 7.6Hz, 2H), 1.72 (m, 4H); 3C NMR (100 MHz,
CDCl) 0 171.7,171.6,162.7,162.7, 138.6, 128.5, 127.8, 127.6, 127.3,73.0, 70.3, 38.8, 33.6,
28.2,27.1, 21.5; IR (neat): vmax = 2923, 2855, 1670, 1628, 1495, 1453, 1429, 1412, 1363,
1299, 1271, 1203, 1099, 1027, 941, 734, 696, 609, 565, 459, 425, 407 cm™'; HRMS (ESI):

m/z calculated for C16H2003, [M — H]™ 259.1340, found, 259.1332.

OAC The reaction was conducted according to general experimental procedure

noted above, which proceeded at room temperature for 12 hours to give
CO.H compound 3g (85 mg, 76% yield) as an amorphous powder. R = 0.57
% (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (600 MHz, CDCl3) 6 4.06 (t, J = 6.8 Hz, 2H), 2.66 (m, 4H), 2.53 (t, /= 7.6 Hz, 2H),
2.04 (s, 3H), 1.82 (m, 4H); 3*C NMR (100 MHz, CDCl3) § 171.5, 171.3, 161.7, 127.8, 64.3,
38.7,33.5,27.0,26.7,21.5, 21.1; IR (neat): vmax= 2955, 1738, 1716, 1672, 1631, 1431, 1389,
1366, 1236, 1117, 1042, 967, 944, 748, 633, 606, 566, 408 cm™'; HRMS (ESI): m/z calculated
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for C11H1602, [M — H] 211.0976, found, 211.0970.

NPhth The reaction was conducted according to general experimental procedure

noted above, which proceeded at room temperature for 12 hours to give

CO,H .
2 compound 3h (115 mg, 70% yield) as an amorphous powder. Rr = 0.47

u (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) 6 7.82 (m, 2H), 7.69 (m, 2H), 3.87 (t, J= 6.8 Hz, 2H), 2.95 (t, J =
6.8 Hz, 2H), 2.67 — 2.52 (m, 4H), 1.84 (m, 2H); '*C NMR (100 MHz, CDCls) § 170.0, 168.3,
158.0, 132.2, 129.6, 129.6, 123.3, 38.8, 36.1, 33.6, 29.3, 21.7; IR (neat): vmax= 1770, 1705,
1668, 1441, 1406, 1371, 1278, 1100, 1030, 715, 531, 421; HRMS (ESI): m/z calculated for

Ci16H14NO4, [M — H] 284.0928, found, 284.0920.

/ The reaction was conducted according to general experimental procedure

2 noted above, which proceeded at room temperature for 12 hours to give

CO,H
3i

compound 3i (66 mg, 70% yield) as an amorphous powder. R = 0.62
(petroleum ether/ethyl acetate 2:1, v/v, containing 0.5% acetic acid); *H
NMR (400 MHz, CDCl3) 6 5.82 (m, 1H), 5.09 — 4.90 (m, 2H), 2.64 (m, 4H), 2.53 (t, J=7.6
Hz, 2H), 2.12 - 2.03 (m, 2H), 1.83 (m, 2H), 1.63 — 1.50 (m, 2H); **C NMR (100 MHz, CDCls)
0171.3,163.0, 138.5, 126.8, 114.7, 38.6, 33.8, 33.5, 29.8, 27.3, 21.4; IR (neat): Vmax = 2925,
2856, 1674, 1631, 1430, 1413, 1343, 1270, 1115, 992, 910, 748, 565, 420, 407 cm™; HRMS
(ESI): m/z calculated for C11H1602, [M — H]~179.1078, found, 179.1070.

™S The reaction was conducted according to general experimental procedure

/
)/ noted above, which proceeded at room temperature for 12 hours to give
2
compound 3j (79 mg, 63% yield) as an amorphous powder. Rr = 0.75
CO,H
3j (petroleum ether/ethyl acetate 2:1, v/v, containing 0.5% acetic acid); 'H

NMR (400 MHz, CDCl3) 6 2.81 (t,J=7.2 Hz, 2H), 2.72 — 2.58 (m, 4H), 2.42 (t, /= 7.2 Hz,
2H), 1.85 (m, 2H), 0.13 (s, 9H); *C NMR (100 MHz, CDCls) § 171.4, 161.3, 128.1, 106.7,
85.3,39.3,33.5,29.2,21.5, 18.8, 0.2; IR (neat): vmax= 2957, 2611, 2177, 1675, 1629, 1432,
1410, 1346, 1298, 1274, 1248, 1116, 1044, 942, 838, 760, 699, 638, 562, 513, 440, 406 cm"
!'; HRMS (ESI): m/z calculated for C13H200,Si, [M — H] 235.1160, found, 235.1152.
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The reaction was conducted according to general experimental procedure

3 noted above, which proceeded at room temperature for 12 hours to give
CO.H compound 3k (59 mg, 57% yield) as an amorphous powder. R = 0.47

3 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H NMR
(400 MHz, CDCl3) 6 2.62 (q, J = 8.4 Hz, 4H), 2.53 (t, J = 7.6 Hz, 2H), 2.45 (t, J = 7.6 Hz,
2H), 2.13 (s, 3H), 1.79 (m, 4H); '*C NMR (100 MHz, CDCls) 6 209.0, 171.5, 162.4, 127.6,
43.3,38.6, 33.5,30.1,29.4, 22.0, 21.5; IR (neat): vimax= 2948, 2156, 1708, 1671, 1628, 1410,
1356, 1272, 1189, 1115, 1062, 940, 776, 745, 565, 430, 406; HRMS (ESI): m/z calculated

for C11H1602, [M — H] 195.1027, found, 195.1019.

cN The reaction was conducted according to general experimental procedure
noted above, which proceeded at room temperature for 12 hours to give

COH compound 31 (80 mg, 91% yield) as an amorphous powder. Ry = 0.6

3 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H
NMR (400 MHz, CDCl3) 6 2.94 (t, J = 7.2 Hz, 2H), 2.67 (m, 4H), 2.56 (t, J = 7.2 Hz, 2H),
1.91 (m, 2H); *C NMR (100 MHz, CDCIs) J 170.8, 158.0, 130.0, 119.3, 38.9, 33.3, 25.8,
21.3, 15.9; IR (neat): vmax = 2961, 2918, 2869, 2611, 2245, 1804, 1669, 1632, 1436, 1413,
1354, 1342, 1296, 1272, 1223, 1137, 1119, 1042, 944, 774, 760, 705, 555, 469, 430, 407 cm"

' HRMS (ESI): m/z calculated for C11H1602, [M — H]™ 179.1078, found, 179.1071.

CO,Et The reaction was conducted according to general experimental

procedure noted above, which proceeded at room temperature for 12
CO,H

3 hours to give compound 3m (90 mg, 80% yield) as an amorphous
m

powder. R¢= 0.58 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%
acetic acid); '"H NMR (400 MHz, CDCl3) 6 4.13 (q,J= 7.2 Hz, 1H), 2.90 (t, J= 8.0 Hz, 1H),
2.64 (t,J=17.6 Hz, 1H), 2.51 (M, 2H), 1.84 (p, J= 7.6 Hz, 1H), 1.25 (t,J = 7.2 Hz, 2H); 1*C
NMR (100 MHz, CDCl3) 6 173.1, 170.7, 160.1, 128.2, 60.6, 38.4,33.4,32.5,25.4,21.4, 14.2;
IR (neat): vmax = 2959, 1733, 1676, 1633, 1431, 1373, 1348, 1274, 1179, 1049, 1030, 943,
860, 784, 747, 544, 418 cm™'; HRMS (ESI): m/z calculated for C11H1604, [M — H]211.0976,
found, 211.0970.
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o/ﬁ The reaction was conducted according to general experimental procedure

o)
noted above, which proceeded at room temperature for 12 hours to give
CO,H compound 3n (58 mg, 56% vyield) as an amorphous powder. Ry = 0.57
3n (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); H

NMR (400 MHz, CDCls) 9 5.07 (t, J = 5.2 Hz, 1H), 4.06 — 3.93 (m, 2H), 3.91 - 3.81 (m, 2H),
2.97 (d, J = 4.8 Hz, 2H), 2.65 (m, 6H), 1.86 (p, J = 7.6 Hz, 2H); 3C NMR (100 MHz, CDCls)
9 170.6, 155.7, 129.9, 103.3, 65.0, 39.7, 35.2, 33.6, 21.6; IR (neat): Vmax = 2887, 1674, 1634,
1427, 1277, 1126, 1040, 942, 827, 748, 566, 408; HRMS (ESI): m/z calculated for C1oH1404,
[M — H]197.0819, found, 197.0815.

cHo The reaction was conducted according to general experimental procedure

noted above, which proceeded at room temperature for 12 hours to give

CO,H
30

compound 30 (110 mg, 70% yield) as an amorphous powder. Rf = 0.56
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); H
NMR (400 MHz, CDCl3) 6 9.78 (s, 1H), 2.91 (t, J = 7.2 Hz, 2H), 2.61 (M, 4H), 2.53 (t, J =
7.2 Hz, 2H), 1.84 (M, 2H); 1*C NMR (100 MHz, CDCls) 6 201.8, 171.4, 160.7, 128.3, 42.1,
38.8, 33.4, 23.0, 21.4; IR (neat): vmax = 2948, 2932, 1677, 1633, 1434, 1388, 1300, 1193,
1125,1059, 961, 444 cm’'; HRMS (ESI): m/z calculated for CoH1203, [M — H] 167.0714,
found, 167.0706.

Me  The reaction was conducted according to general experimental procedure

Me  noted above, which proceeded at room temperature for 12 hours to give

CO.H compound 3p (66 mg, 760% yield) as an amorphous powder. R = 0.63

3p (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCls) 8 5.14 (t, J = 7.6 Hz, 1H), 3.33 (d, J= 7.2 Hz, 2H), 2.64 (t, J= 7.2
Hz, 2H), 2.51 (t, J = 7.6 Hz, 2H), 1.81 (m, 2H), 1.68 (d, J = 15.6 Hz, 6H); 13C NMR (100
MHz, CDCl3) 6 170.7, 162.0, 133.5, 126.0, 120.2, 38.4,33.4,29.7,29.4,25.7,21.3, 17.9; IR
(neat): vmax = 2926, 2858, 2609, 1674, 1629, 1430, 1414, 1345, 1268, 1203, 1116, 992, 909,
745, 636, 554,433, 408 cm™ ; HRMS (ESI): m/z calculated for C11H1602, [M —H] 179.1078,

found, 179.1071.
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COMe  The reaction was conducted according to general experimental procedure

56,H noted above, which proceeded at room temperature for 12 hours to give

3q compound 3q (67 mg, 70% yield) as an amorphous powder. Rf = 0.64
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); '"H NMR (600 MHz,
CDCl3) 0 4.71 (s, 2H), 3.82 — 3.76 (m, 3H), 2.87 — 2.81 (m, 2H), 2.74 — 2.68 (m, 2H), 2.00
(p, J = 7.8 Hz, 2H); *C NMR (150 MHz, CDCls) § 168.3, 163.2, 135.0, 131.0, 60.6, 52.4,
43.4, 33.0, 21.8; IR (neat): vmax = 2955, 2852, 1763, 1728, 1620, 1436, 1380, 1331, 1259,
1219, 1134, 1086, 1033, 975, 892, 775, 702, 641, 570, 455, 404 cm™'; HRMS (ESI): m/z

calculated for C11H1602, [M — H] 183.0663, found, 183.0667.

The reaction was conducted according to general experimental

Q procedure noted above, which proceeded at room temperature for 12

’ hours to give compound 3r (26 mg, 20% yield) as an amorphous powder.
CO-H 3r R¢=0.37 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic
acid);"H NMR (400 MHz, CDCl3) 6 8.13 — 8.03 (m, 1H), 7.85 (dd, J= 7.2, 2.2 Hz, 1H), 7.75
(d, J= 8.1 Hz, 1H), 7.55 — 7.31 (m, 4H), 4.49 (s, 2H), 2.78 — 2.66 (m, 2H), 2.28 (t, J = 8.0
Hz, 2H), 1.74 (p, J= 7.6 Hz, 2H); *C NMR (100 MHz, CDCl3) 6 171.4, 161.4, 135.3,133.9,
132.5, 128.8, 127.7, 127.3, 127.0, 126.2, 125.8, 125.6, 124.1, 38.4, 34.1, 33.7, 21.3, 0.1; IR
(neat): vmax = 2924, 1672, 1629, 1597, 1510, 1428, 1344, 1276, 1221, 1199, 1018, 942, 776,
688, 556, 528, 413 cm™'; HRMS (ESI): m/z calculated for C11H1602, [M — H]” 251.1078,

found, 251.1074.

The reaction was conducted according to general experimental procedure noted

CO,H above, which proceeded at room temperature for 12 hours to give compound 3s

3s (66 mg, 82% yield) as an amorphous powder. R¢ = 0.64 (petroleum ether/ethyl

acetate 2/1, v/v, containing 0.5% acetic acid); 'H NMR (400 MHz, CDCls) § 3.72 (m, 1H),

2.62 (m, 2H), 2.51 (m, 2H), 1.80 (p, J = 7.6 Hz, 2H), 1.03 (d, J = 7.0 Hz, 6H); 1*C NMR (100

MHz, CDCls) ¢ 171.4, 161.3, 128.1, 106.7, 85.3, 39.3, 33.5, 29.2, 21.5, 18.8, 0.2; HRMS
(ESI): m/z calculated for CoH1402, [M — H]~ 153.0921, found, 153.0915.
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The reaction was conducted according to general experimental procedure

CO,H noted above, which proceeded at room temperature for 12 hours to give

3t compound 3t (65 mg, 69% yield) as an amorphous powder. Rf = 0.71

(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H NMR (400 MHz,

CDCl3) 6 3.78 (m, 1H), 2.63 (t, J = 7.6 Hz, 2H), 2.52 (t, J = 7.6 Hz, 2H), 1.81 (m, 4H), 1.72

—1.56 (m, 4H), 1.46 — 1.31 (m, 2H). 3C NMR (100 MHz, CDCls) 6 172.2, 166.6, 126.5,

39.8,34.4,33.6, 26.0, 21.7; IR (neat): vmax = 2949, 2865, 1668, 1622, 1409, 1347, 1300, 1265,

1206, 1137, 953, 731, 568, 500, 416 cm™*; HRMS (ESI): m/z calculated for C11H1602, [M —
H] 179.1078, found, 179.1071.

The reaction was conducted according to general experimental procedure
CO,H noted above, which proceeded at room temperature for 12 hours to give
3u compound 3u (51 mg, 50% yield) as an amorphous powder. Rs = 0.72
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H NMR (400 MHz,
CDCls) § 12.49 (s, 1H), 3.38 (m, 1H), 2.70 — 2.57 (m, 2H), 2.55 — 2.46 (m, 2H), 1.86 — 1.58
(m, 7H), 1.43 - 1.13 (m, 5H); *3C NMR (100 MHz, CDCl3) § 172.2, 168.1, 125.4, 38.7, 34.7,
33.5,31.3,26.3, 26.3, 21.6; IR (neat): vmax = 2919, 2852, 1669, 1623, 1439, 1409, 1346, 1302,
1279, 937, 756, 566, 460, 406 cm™*; HRMS (ESI): m/z calculated for C12H1502, [M — H]
193.1234, found, 193.1226
Q_Q The reaction was conducted according to general experimental procedure
to,H noted above, which proceeded at room temperature for 12 hours to give
compound 3v (60 mg, 55% yield) as an amorphous powder. Rr = 0.6

3v
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); ‘H

NMR (400 MHz, CDCls) ¢ 3.56 (m, 1H), 2.60 (t, J = 7.6 Hz, 2H), 2.52 (t, J = 7.6 Hz, 2H),
1.78 (M, 2H), 1.73 — 1.58 (m, 6H), 1.51 (M, 4H), 1.41 (m, 2H); 13C NMR (100 MHz, CDCl)
0 171.7, 168.8, 124.0, 39.8, 34.3, 33.2, 33.1, 28.2, 27.3, 21.7; IR (neat): vmax = 2916, 2852,
1668, 1620, 1440, 1408, 1344, 1301, 1280, 1199, 1135 933, 825, 755, 736, 564, 425 cm™!;

HRMS (ESI): m/z calculated for C13H2002, [M — H] 207.1391, found, 207.1385.
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o The reaction was conducted according to general experimental procedure
CO,H noted above, which proceeded at room temperature for 12 hours to give
3w compound 3w (67 mg, 75% yield) as an amorphous powder. Ry = 0.57
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H NMR (400 MHz,
CDCl3) 0 3.99 (dd, J = 11.2, 4.0 Hz, 2H), 3.65 (m, 1H), 3.54 — 3.44 (m, 2H), 2.69 — 2.59 (m,
2H), 2.53 (t, J = 7.6 Hz, 2H), 1.82 (m, 2H), 1.65 (m, 2H), 1.57 — 1.47 (m, 2H); '*C NMR
(100 MHz, CDCl3) 6 171.4, 165.4, 126.6, 68.0, 35.8, 34.8, 33.6, 30.7, 21.5; IR (neat): vmax=
2956, 2920, 2851, 1661, 1620, 1437, 1410 ,1387, 1351, 1305, 1257, 1118, 1080, 1009, 984,
877, 822,725, 570, 549, 462, 421 cm™'; HRMS (ESI): m/z calculated for C11H1603, [M — H]
195.1027, found, 195.1021.

The reaction was conducted according to general experimental procedure
CO,H
3x

noted above, which proceeded at room temperature for 12 hours to give
compound 3x (64 mg, 85% yield) as an amorphous powder. Ry = 0.65
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); '"H NMR (400 MHz,
CDCl3) 02.45 (q,J=7.6 Hz, 2H), 2.30 (m, 2H), 2.18 (m, 2H), 1.61 (p, J = 3.2 Hz, 4H), 1.06
(t,J=7.6 Hz, 3H); '>*C NMR (100 MHz, CDCl3) § 174.6, 155.7, 123.0, 31.6, 28.9, 26.4, 22.5,
22.4, 13.3; IR (neat): vmax = 3051, 2934, 2857, 2627, 1676, 1619, 1455, 1404, 1285, 1263,
1247, 1180, 1088, 1044, 936, 875,855, 828, 788,739, 636, 531 cm’!; HRMS (ESI): m/z
calculated for CoH 1402 [M — H] 153.0921, found, 153.0914.

Of\/\"h The reaction was conducted according to general experimental
CO,H

procedure noted above, which proceeded at room temperature for 12

¥ hours to give compound 3y (107 mg, 90% yield) as an amorphous
powder. Ry = 0.74 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) 6 7.33 — 7.10 (m, 5SH), 2.65 (t, J = 7.6 Hz, 2H), 2.50 (t, J = 7.6 Hz,
2H), 2.32 (m, 2H), 2.15 (m, 2H), 1.79 (m, 2H), 1.59 (s, 4H); *C NMR (100 MHz, CDCl3) ¢
174.4,153.8, 142.5,128.5, 128.4, 125.8, 36.2,35.6,32.2,30.5, 26.5,22.5,22.4; HRMS (ESI):

m/z calculated for C16H2002, [M — H] 243.1391, found, 243.1384.
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Of\/ CN' The reaction was conducted according to general experimental procedure
CO,H

noted above, which proceeded at room temperature for 12 hours to give

* compound 3z (75 mg, 86% yield) as an amorphous powder. Rf = 0.38
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); '"H NMR (400 MHz,
CDCl3) 0 2.76 (t, J=7.6 Hz, 2H), 2.57 (t,J = 7.2 Hz, 2H), 2.33 (p, /= 4.0 Hz, 2H), 2.28 (m,
2H), 1.64 (m, 4H); '*C NMR (100 MHz, CDCls) § 173.3, 150.6, 126.5, 119.6, 32.9, 31.4,
26.2, 22.0, 21.9, 16.3; IR (neat): vmax = 2939, 2869, 2614, 2243, 2154, 2012, 1666, 1624,
1451, 1404, 1343, 1285, 1264, 1188, 1160, 1138, 1079, 1049, 946, 901, 882, 823, 763, 737,
704, 666, 551, 506, 454, 433 cm™'; HRMS (ESI): m/z calculated for C10H13NOz, [M — H]

178.0874, found, 178.0863.

Of\vf 3(3 N The reaction was conducted according to general experimental procedure

CO,H noted above, which proceeded at room temperature for 12 hours to give
3aa compound 3aa (85 mg, 84% yield) as an amorphous powder. Ry = 0.41
(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); '"H NMR (600 MHz,
CDCl3) 0 2.49 — 2.44 (m, 2H), 2.37 (t,J=7.2 Hz, 2H), 2.31 (s, 2H), 2.18 (s, 2H), 1.73 — 1.67
(m, 2H), 1.63 (m, 6H); *C NMR (100 MHz, CDCls) 6 173.8, 153.0, 124.3, 119.9, 77.5, 77.2,
76.8,34.7,32.2,27.6,26.5,25.5,22.4,22.3, 17.1; IR (neat): vmax= 2931, 2861, 2628, 2247,
1675, 1622, 1450, 1421, 1282, 1256, 1179, 1135, 1111, 1079, 938, 771, 741, 659, 538, 407
cm™'; HRMS (ESI): m/z calculated for C12H7NO2, [M — H] 206.1187, found, 206.1200.

Of\/C%Me The reaction was conducted according to general experimental

CO,H procedure noted above, which proceeded at room temperature for 12

3ab hours to give compound 3ab (80 mg, 77% yield) as an amorphous
powder. R¢ = 0.66 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); H
NMR (600 MHz, CDCls) § 3.68 (s, 3H), 2.71 (t, J = 5.2 Hz, 2H), 2.51 (t, J = 5.2 Hz, 1H),
2.31 (m, 2H), 2.19 — 2.13 (m, 2H), 1.61 (s, 4H); 3C NMR (100 MHz, CDCls) § 174.0, 173.1,
150.3, 125.4, 51.7, 32.7, 31.6, 30.8, 26.4, 22.1; IR (neat): vmax = 2933, 2861, 2632, 1737,

1679, 1626, 1436, 1368, 1260, 1194, 1172, 1074, 1047, 970, 948, 876, 785, 732, 709, 641,
465 cm™; HRMS (ESI): m/z calculated for C11H1604, [M — H]~211.0976, found, 211.0969.
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Of\/\COZMe The reaction was conducted according to general experimental
CO,H

procedure noted above, which proceeded at room temperature for 12
3ac hours to give compound 3ac (84 mg, 72% yield) as an amorphous
powder. Rf = 0.6 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCI3) ¢ 3.67 (s, 3H), 2.47 (t, J = 8.0 Hz, 2H), 2.39 — 2.27 (m, 4H), 2.22
—2.13 (m, 2H), 1.80 (p, J = 7.6 Hz, 2H), 1.60 (p, J = 3.2 Hz, 4H); '3C NMR (100 MHz,
CDCl) 0 174.2,173.7, 152.8, 124.3, 51.6, 34.9, 34.0, 32.0, 26.5, 23.9, 22.4, 22.3; IR (neat):
vmax = 2933, 2860, 2630, 1737, 1680, 1625, 1637, 1369, 1282, 1258, 1196, 1175, 1142, 1078,
1025, 941, 742, 547 cm’'; HRMS (ESI): m/z calculated for C12HisO4, [M — H] 225.1132,

found, 225.1124.

O\/\/Nphth The reaction was conducted according to general experimental
CO,H

procedure noted above, which proceeded at room temperature for 12
3ad hours to give compound 3ad (104 mg, 71% yield) as an amorphous
powder. Ry = 0.23 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) ¢ 7.81 (m, 2H), 7.68 (m, 2H), 3.86 (t, /= 6.8 Hz, 2H), 2.78 (t, J =
6.8 Hz, 2H), 2.29 — 2.18 (m, 4H), 1.62 (s, 4H); '3C NMR (100 MHz, CDCls) § 172.5, 168.3,
148.1, 133.7, 132.2, 126.5, 123.1, 36.4, 34.3, 31.9, 26.5, 22.1, 22.0; IR (neat): vmax = 2933,
1771, 1709, 1467, 1437, 1395, 1360, 1282, 1264, 1188, 1099, 1039, 1006, 940, 873, 794,
718, 530, 407 cm™'; HRMS (ESI): m/z calculated for C17H17NO4, [M — H] 298.1085, found,
225.1124.

O\/\/\NHTS The reaction was conducted according to general experimental
CO,H

procedure noted above, which proceeded at room temperature for 12

Sae hours to give compound 3ae (98 mg, 60% yield) as an amorphous
powder. Rf = 0.6 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) 6 7.86 — 7.55 (m, 2H), 7.27 (m, 3H), 5.56 (s, 1H), 3.11 —2.72 (m,
2H), 2.42 (m, 5H), 2.27 (s, 2H), 2.08 (s, 2H), 1.67 (m, 2H), 1.56 (s, 4H); *C NMR (100 MHz,
CDCls) 0 174.2,152.7,143.2, 137.2, 129.7, 127.2, 124.6, 42.5, 32.3, 31.8, 27.8, 26.4, 22.3,

22.1, 21.6; IR (neat): vmax = 3271, 2929, 2859, 1674, 1623, 1598, 1495, 1419, 1322, 1304,
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1286, 1262, 1212, 1182, 1153, 1092, 1019, 943, 908, 813, 730, 706, 661, 569, 549 cm;

HRMS (ESI): m/z calculated for C17H23NO4S, [M — H] 336.1275, found, 336.1264.

The reaction was conducted according to general experimental procedure

noted above, which proceeded at room temperature for 12 hours to give
CO,H
3af

compound 3af (48mg, 47% yield) as an amorphous powder. 'H NMR (400
MHz, CDCl3) 6 3.12 (t, J = 9.3 Hz, 1H), 2.31 (s, 2H), 2.12 (s, 2H), 1.79 —
1.53 (m, 8H), 1.41 — 0.91 (m, 6H); >*C NMR (100 MHz, CDCl3) 6 174.6, 155.4, 122.9, 42.5,
31.1,27.0,26.6,26.4, 26.1, 22.4, 22.4; IR (neat): vmax= 2923, 2852, 2620, 1679, 1611, 1449,
1404, 1281, 1259, 1242, 1136, 1043, 988, 939, 744, 689, 561, 513, 478, 407 cm™'; HRMS
(ESI): m/z calculated for C13H2002, [M — H] 207.1391, found, 207.1384.

O The reaction was conducted according to general experimental procedure
noted above, which proceeded at room temperature for 12 hours to give

COzH compound 3ag (65 mg, 63% yield) as an amorphous powder. Rf = 0.54

380 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCls) 6 3.99 (dd, J = 11.2, 4.4 Hz, 2H), 3.59 — 3.33 (m, 3H), 2.32 (m,
2H), 2.18 — 2.08 (m, 2H), 1.71 (m, 2H), 1.60 (4, 2H), 1.47 (m, 2H); 3C NMR (100 MHz,
CDCl3) 0 174.4,153.3,124.2, 68.1, 39.5, 30.4, 26.8, 26.2, 22.1; IR (neat): vmax = 2946, 2927,
2856, 1680, 1627, 1442, 1419, 1390, 1362, 1284, 1259, 1239, 1205, 1141, 1116, 1041, 1005,
981, 964, 905, 847, 826, 814, 752, 703, 611, 561, 510 ,462, 485 cm™'; HRMS (ESI): m/z

calculated for C12Hi1303, [M — H] 209.1183, found, 209.1175.

/@f\/\Ph The reaction was conducted according to general experimental
Ph CO,H

procedure noted above, which proceeded at room temperature for

san 12 hours to give compound 3ah (99 mg, 87% yield) as an amorphous

powder. Ry = 0.65 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) ¢ 7.24 (m, 10H), 2.82 — 2.56 (m, 5H), 2.49 (m, 1H), 2.35 (m, 3H),
2.01 — 1.65 (m, 4H); '*C NMR 100 MHz, CDCl3) 6 173.9, 153.7, 146.1, 142.4, 128.6, 128.5,

128.4, 127.0, 126.4, 125.9, 123.5, 39.8, 36.2, 35.2, 34.4, 32.8, 30.5, 29.3; IR (neat): Vimax =
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3024, 2924, 2858, 2607, 1681, 1661, 1620, 1495, 1454, 1421, 1400, 1283, 1260, 1156, 1078,
1030, 944, 908, 751, 699, 586, 525, 489, 457, 412, 404 cm™'; HRMS (ESI): m/z calculated
for C22H2402, [M — H] 319.1704, found, 319.1695.

/@f\/\/ CN' The reaction was conducted according to general experimental
Ph CO,H

procedure noted above, which proceeded at room temperature for
3ai 12 hours to give compound 3ai (82 mg, 80% yield) as an
amorphous powder. Rr= 0.58 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic
acid); '"H NMR (400 MHz, CDCI3) 6 7.32 (m, 2H), 7.26 — 7.17 (m, 3H), 2.76 (m, 2H), 2.59
(m, 1H), 2.54 — 2.46 (m, 1H), 2.46 — 2.31 (m, 5H), 1.98 (m, 1H), 1.71 (m, 5H); '3*C NMR
100 MHz, CDCI3) 6 173.6, 152.9, 145.8, 128.5, 126.8, 126.3, 123.9, 119.8, 39.7, 34.3, 34.3,
32.8,29.1,27.6,25.4,16.9; IR (neat): vmax= 3028, 2926, 2863, 2606, 2246, 1678, 1623, 1494,
1455, 1422, 1281, 1260, 1197, 1073, 1030, 940, 916, 761, 701, 604, 520, 413 cm™'; HRMS
(ESI): m/z calculated for C1sH21NO, [M — H] 282.1500, found, 282.1491.

/@f\/\ CO;Me  The reaction was conducted according to general experimental
Ph CO,H

procedure noted above, which proceeded at room temperature
3aj for 12 hours to give compound 3aj (90 mg, 84% yield) as an
amorphous powder. Rr= 0.55 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic
acid); '"H NMR (400 MHz, CDCls) § 7.31 (t, J = 7.6 Hz, 2H), 7.25 — 7.18 (m, 3H), 3.68 (s,
3H), 2.85 —2.69 (m, 2H), 2.60 (m, 1H), 2.53 — 2.46 (m, 1H), 2.36 (q, J = 10.8, 9.2 Hz, SH),
2.01 — 1.69 (m, 4H); '*C NMR 100 MHz, CDCl3) § 174.1, 152.7, 146.0, 128.5, 126.9, 126.4,
124.1,51.6,39.8, 34.5,34.4, 33.9, 32.6, 29.2, 23.9; IR (neat): vmax = 3024, 2924, 2858, 2607,
1681, 1661, 1620, 1495, 1454, 1421, 1400, 1283, 1260, 1156, 1078, 1030, 944, 908, 751,
699, 586, 525, 489, 457, 412, 404 cm™'; HRMS (ESI): m/z calculated for C1sH2204, [M — H]
301.1445, found, 301.1436.

(7, CN' The reaction was conducted according to general experimental

O‘ COH procedure noted above, which proceeded at room temperature for 12
hours to give compound 3ak (64 mg, 64% yield) as an amorphous
3ak powder. Rr= 0.48 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%
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acetic acid); 'H NMR (400 MHz, CDCls) 6 7.53 — 7.44 (m, 1H), 7.33 — 7.25 (m, 2H), 7.21
(m, 1H), 3.08 (t, /= 7.6 Hz, 2H), 2.76 (m, 2H), 2.61 (m, 2H), 2.40 (t, /= 6.8 Hz, 2H), 1.84
—1.67 (m, 4H); '>*C NMR 100 MHz, CDCls) 6 174.0, 148.0, 138.4, 134.0, 129.2, 127.9, 126.8,
125.7, 125.0, 119.8, 28.7, 28.2, 28.1, 25.4, 24.9, 16.9; IR (neat): vmax = 2937, 2882, 2630,
2246, 1671, 1601, 1563, 1451, 1425, 1265, 1214, 1168, 1133, 1030, 942, 846, 767, 736, 562,
493, 431 cm™'; HRMS (ESI): m/z calculated for C16H;7NO>, [M — H] 254.1187, found,
254.1178.

PN The reaction was conducted according to general experimental

O‘ COH procedure noted above, which proceeded at room temperature for 12
hours to give compound 3al (74 mg, 71% yield) as an amorphous powder.

! R¢=0.71 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic

acid); '"H NMR (400 MHz, CDCls) § 7.43 —7.18 (m, 9H), 3.15 — 3.06 (m, 2H), 2.83 —2.74
(m, 4H), 2.64 (m, 2H), 1.94 (m, 2H); '3C NMR 100 MHz, CDCls) ¢ 174.7, 148.9, 142.2,
138.4, 134.5, 128.9, 128.6, 128.3, 127.7, 126.7, 125.8, 125.3, 125.2, 36.1, 31.3, 29.0, 28.4,
24.9; IR (neat): vmax = 3061, 3024, 2934, 2606, 1668, 1600, 1562, 1495, 1451, 1400, 1338,
1302, 1279, 1263, 1213, 1161, 1134, 1080, 1065, 1029, 906, 843, 767, 729, 697, 648, 621,
600, 561, 543, 483,427 cm™'; HRMS (ESI): m/z calculated for C20H2002, [M —H]291.1391,

found, 291.1384.

COMe  The reaction was conducted according to general experimental

O‘ COH procedure noted above, which proceeded at room temperature for 12
3am hours to give compound 3am (66 mg, 61% yield) as an amorphous
powder. R¢r= 0.6 (petroleum ether/ethyl acetate 2/1, v/v, containing

0.5% acetic acid); 'H NMR (400 MHz, CDCls) ¢ 7.57 (dd, J = 6.8, 2.0 Hz, 1H), 7.32 — 7.24
(m, 2H), 7.22 — 7.17 (m, 1H), 3.68 (s, 3H), 3.08 (t, J = 8.0 Hz, 2H), 2.76 (dd, J = 9.2, 6.4 Hz,
2H), 2.60 (dd, J = 9.2, 6.4 Hz, 2H), 2.44 (t, J = 7.2 Hz, 2H), 1.90 (p, J = 7.6 Hz, 2H); 13C
NMR 100 MHz, CDCl3) 6 174.2,147.9, 138.4, 134.2, 129.1, 127.8, 126.9, 125.4, 51.7, 33.9,
28.4, 28.4, 25.0, 24.8; IR (neat): vmax = 2950, 2605, 1734, 1670, 1601, 1564, 1450, 1436,

1407, 1364, 1337, 1301, 1260, 1197, 1157, 1134, 1048, 1030, 942, 861, 767, 735, 593, 547,
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562, 428 cm™; HRMS (ESI): m/z calculated for CisH1s0s, [M — H]™ 273.1132, found,
273.1125.

(\I\/\Ph The reaction was conducted according to general experimental
CbzN
CO,H

procedure noted above, which proceeded at room temperature for 12

san hours to give compound 3an (91 mg, 82% yield) as an amorphous

powder. R¢ = 0.6 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic acid e); 'H
NMR (400 MHz, CDCI3) 6 7.41 — 7.13 (m, 10H), 5.17 (s, 2H), 4.22 (s, 2H), 3.52 (t, J=5.2
Hz, 2H), 2.63 (m, 4H), 2.29 (s, 2H), 1.80 (p, J = 8.0 Hz, 2H); '*C NMR (100 MHz, CDCls)
0 177.3, 171.1, 155.4/155.2, 154.7/154.0, 141.9, 136.6, 128.6, 128.4, 128.4, 128.4, 128.1,
128.1, 125.9, 121.4/120.8, 67.4, 62.2/160.5, 43.5, 39.8, 36.0, 34.9, 31.5, 20.9; IR (neat): vmax
=2930, 2915, 2607, 1685, 1629, 1428, 1116, 1085, 937, 774, 748, 691, 523,435, 409 cm™" ;

HRMS (ESI): m/z calculated for C23H25NOs4, [M — H] 378.1711, found, 378.1704.

(\I\/\NHCbZ The reaction was conducted according to general experimental
CbzN
CO,H

procedure noted above, which proceeded at room temperature

sae for 12 hours to give compound 3ao (83 mg, 61% yield) as an
amorphous powder. Rr= 0.58 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic
acid); 'TH NMR (400 MHz, CDCl3) 6 7.34 (m, 10H), 6.02 (s, 0H), 5.39 — 5.22 (m, 1H), 5.15
(s, 2H), 5.08 (s, 1H), 4.19 (s, 2H), 3.51 (m Hz, 2H), 3.16 (m, 2H), 2.54 (m, 2H), 2.24 (m,
2H), 1.67 (m, 2H); '3C NMR (100 MHz, CDCl3) § 169.7, 156.7, 136.8, 136.7, 129.0, 128.7,
128.7, 128.6, 128.5, 128.2, 128.2, 128.2, 127.9, 121.2, 67.5/66.7, 44.0, 40.8/39.7, 32.4/31 .4,
28.3; IR (neat): vmax = 3342, 3033, 2935, 1688, 1529, 1498, 1416, 1337, 1289, 1239, 1212,
1121, 1081, 1027, 981, 909, 730, 695, 647, 605, 458, 407 cm™'; HRMS (ESI): m/z calculated

for C2sH2sN20s, [M — H]451.1875, found, 451.1866.

(\I\/ CN' The reaction was conducted according to general experimental
CbzN
z CO,H

procedure noted above, which proceeded at room temperature for 12
3ap hours to give compound 3ap (83 mg, 90% yield) as an amorphous
powder. R = 0.55 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) ¢ 7.51 — 7.30 (m, 5H), 5.17 (s, 2H), 4.25 (s, 2H), 3.59 (m, 2H),
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2.87 (m, 2H), 2.59 (t, J = 0.8 Hz, 2H), 2.44 (m, 2H); 3*C NMR (150 MHz, CDCl3) 6 169.6,
155.1,150.6/149.9, 136.6, 128.7, 128.3, 128.2, 124.6/123.9, 119.3, 67.6, 43.7/43.5, 40.1/39.6,
32.7/32.3,30.9, 16.2; IR (neat): vmax=2932, 2248, 1694, 1498, 1430, 1363, 1340, 1291, 1244,
1213, 1160, 1121, 1052, 1017, 962, 733, 700, 607, 462, 408 cm'; HRMS (ESI): m/z
calculated for C17H18N204, [M — H] 313.1194, found, 313.1186.

(\I\/ CHO  The reaction was conducted according to general experimental
CbzN
z CO,H

procedure noted above, which proceeded at room temperature for 12
3aq hours to give compound 3aq (61 mg, 66% yield) as an amorphous
powder. Ry = 0.33 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCI3) 6 9.79 (s, 1H), 7.48 — 7.29 (m, 5SH), 5.16 (s, 2H), 4.20 (s, 2H), 3.55
(t,J=6.0 Hz, 2H), 2.83 (t,J= 7.6 Hz, 2H), 2.71 — 2.61 (m, 2H), 2.32 (s, 2H); *C NMR (100
MHz, CDCI3) ¢ 201.4, 170.4, 155.4, 152.7, 136.6, 128.7, 128.3, 128.2, 122.9/122.2, 67.5,
43.6/42.4,40.1/39.7, 31.8, 27.9, 20.9; IR (neat): vmax = 2924, 1699, 1497, 1434, 1363, 1338,
1291, 1243, 1213, 1122, 1027, 981, 764, 698 cm™; HRMS (ESI): m/z calculated for
C17H19NOs, [M — H] 316.1190, found, 316.1183.

(\I\/ COMe  The reaction was conducted according to general experimental
CbzN
z CO,H

procedure noted above, which proceeded at room temperature for
3ar 12 hours to give compound 3ar (110 mg, 90% yield) as an
amorphous powder. Rr= 0.58 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic
acid); "H NMR (400 MHz, CDCl3) § 7.39 — 7.29 (m, 5H), 5.16 (s, 2H), 4.21 (s, 2H), 3.67 (s,
3H), 3.55 (q, /= 6.0 Hz, 2H), 2.83 (t, J = 8.0 Hz, 2H), 2.50 (t, /= 8.0 Hz, 2H), 2.32 (s, 3H);
13C NMR (100 MHz, CDCl3) 6 173.5, 170.3/170.0, 155.4/155.1, 151.9/151.2, 136.6, 128.6,
128.2,128.1, 122.8/122.3, 67.4, 51.9, 43.5, 40.0/39.7, 32.4, 31.6/31.4, 30.4; IR (neat): vmax=
2951, 1694, 1497, 1433, 1362, 1339, 1288, 1239, 1195, 1116, 1054, 1027, 965, 912, 878,
764, 732, 697, 655, 606, 569, 460, 405 cm™'; HRMS (ESI): m/z calculated for C1sH21NOe,
[M — HJ 346.1296, found, 346.1290.
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(\I\/\C%Me The reaction was conducted according to general experimental
CbzN
CO,H

procedure noted above, which proceeded at room temperature
3as for 12 hours to give compound 3as (110 mg, 81% yield) as an
amorphous powder. Rr= 0.57 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic
acid); 'TH NMR (400 MHz, CDCl3) § 7.42 — 7.29 (m, 5H), 5.16 (s, 2H), 4.21 (s, 2H), 3.66 (s,
3H), 3.54 (m, 2H), 2.59 (m, 2H), 2.35 (m, 4H), 1.80 (p, J= 7.6 Hz, 2H); 1*C NMR (100 MHz,
CDCl3) 0 173.8, 170.6/169.9, 155.3/153.8, 153.7, 136.6, 136.5, 128.5, 128.1, 128.1, 128.1,
128.0, 121.3, 67.4/ 67.3, 51.6, 43.6, 42.4, 40.1/39.8, 34.2, 33.7, 31.5/31.3, 26.9, 25.5, 23.3;
IR (neat): vmax =2928, 1679, 1422, 1264, 909, 730, 708, 651, 419, 407 cm™'; HRMS (ESI):
m/z calculated for C19H23NOg, [M — H]360.1453, found, 360.1455.

/Me The reaction was conducted according to general experimental
Cbzl\(I\)\ Me procedure noted above, which proceeded at room temperature for
R CtOZH 12 hours to give compound 3at (59 mg, 61% yield) as an amorphous

: powder. Rr=0.67 (petroleum ether/ethyl acetate 1/1, v/v, containing

0.5% acetic acid); '"H NMR (400 MHz, CDCl3) § 7.42 — 7.27 (m, 5H), 5.16 (s, 2H), 5.09 (,
J=17.6 Hz, 1H), 4.21 (s, 2H), 3.52 (t, /= 6.0 Hz, 2H), 3.30 (d, /= 7.2 Hz, 2H), 2.29 (s, 1H),
1.69 (d, J = 16.8 Hz, 6H); *C NMR (100 MHz, CDCls) 6 171.1, 155.0/153.8, 136.8, 134.2,
128.8, 128.6, 128.2, 128.1, 120.5, 67.4, 43.6, 40.0, 34.0, 31.0, 25.9, 18.2; IR (neat): Vimax =
2925, 1697, 1497, 1431, 1362, 1337, 1291, 1237, 1209, 1116, 1046, 1018, 990, 916, 875,
764, 735, 697, 658, 607, 566, 528, 458, 407 cm’'; HRMS (ESI): m/z calculated for

C19H23NOg4, [M — H] 328.1554, found, 328.1557.

hie The reaction was conducted according to general experimental procedure

Me . .
Cbz@\ noted above, which proceeded at room temperature for 12 hours to give
CO,H

3au compound 3au (75 mg, 80% yield) as an amorphous powder. Rf = 0.6

(petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) 6 7.46 — 7.30 (m, 5H), 5.17 (s, 2H), 4.21 (s, 2H), 3.81 (m, 1H),
3.52 (t,J=5.6 Hz, 2H), 2.28 (s, 2H), 1.02 (d, J = 6.8 Hz, 6H); '*C NMR (100 MHz, CDCl5)
0 171.4,158.7, 155.3, 136.7, 128.5, 128.1, 128.0, 119.6, 119.6, 67.2, 43.8/ 43.5, 40.2/39.8,
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30.4/29.7,24.7,20.4; IR (neat): vmax=2961, 2871, 1677, 1497, 1429, 1361, 1341, 1292, 1240,
1198, 1116, 1028, 978, 911, 890, 877, 764, 739, 716, 697, 645, 610, 542, 462 cm™'; HRMS
(ESI): m/z calculated for C17H21NO4, [M — H] 302.1398, found, 302.1389.

The reaction was conducted according to general experimental

| procedure noted above, which proceeded at room temperature for 12
CO,H
3av

CbzN
hours to give compound 3av (48 mg, 48% yield) as an amorphous

powder. R¢=0.62 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5%
acetic acid); 'H NMR (400 MHz, CDCl3) 6 7.41 —7.29 (m, 5H), 5.16 (s, 2H), 4.21 (t, J=2.4
Hz, 2H), 3.50 (t, J = 5.6 Hz, 2H), 3.47 — 3.35 (m, 1H), 2.29 (s, 2H), 1.73 (dd, J = 23.6, 12.9
Hz, 3H), 1.59 (d, J=11.6 Hz, 2H), 1.43 — 1.18 (m, 5H); '*C NMR 100 MHz, CDCl3) § 170.8,
155.3, 136.7, 128.7, 128.5, 128.1, 128.0, 67.2, 43.6, 41.5/ 41.5, 40.3, 39.9/39.9, 30.5, 29.7,
26.2/26.1,22.7, 14.1; IR (neat): vmax=2924, 2851, 1681, 1497, 1432, 1362, 1339, 1292, 1239,
1208, 1136, 1113, 1028, 999, 980, 908, 889, 847, 802, 764, 729, 696, 647, 606, 543, 460 cm™
I HRMS (ESI): m/z calculated for C20H2sNO4, [M — H] 342.1711, found, 342.1708.

O\ The reaction was conducted according to general experimental procedure

| noted above, which proceeded at room temperature for 12 hours to give

CbzN
z CO,H

compound 3aw (50 mg, 53% yield) as an amorphous powder. Rf = 0.59

saw (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) ¢ 7.35 (m, 5H), 5.17 (s, 2H), 4.28 (d, /= 16.4 Hz, 2H), 4.17 (d, J
=18.0 Hz, 1H), 4.03 — 3.93 (m, 1H), 3.89 (m, 1H), 3.75 (m, 1H), 3.67 — 3.56 (m, 2H), 3.45
(mz, 1H), 2.33 (s, 2H), 2.18 —2.10 (m, 1H), 1.87 — 1.74 (m, 1H); *C NMR 100 MHz, CDCl5)
0169.8, 155.3, 150.8, 136.5, 128.5, 128.5, 128.1, 128.1, 127.7, 123.4, 70.6, 68.2, 67.3, 43.9,
40.4/ 39.7, 29.7/29.6, 27.2/26.7, 25.6; IR (neat): vimax = 2930, 2915, 2607, 1685, 1629, 1428,
1116, 1085, 937, 774, 748, 691, 523, 435, 409 cm’'; HRMS (ESI): m/z calculated for

CisH21NOs, [M — H] 330.1347, found, 330.1339.
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O The reaction was conducted according to general experimental

| procedure noted above, which proceeded at room temperature for 12
CO,H

3ax

CbzN
hours to give compound 3ax (110 mg, 69% yield) as an amorphous

powder. R = 0.6 (petroleum ether/ethyl acetate 1/1, v/v, containing 0.5%

acetic acid); 'TH NMR (400 MHz, CDCls) 6 7.35 (m, 5H), 5.17 (s, 2H), 4.23 (s, 2H), 4.01 (dd,
J=11.2 Hz, 3.6 Hz, 2H), 3.71 (t, /= 12.0 Hz, 1H), 3.58 — 3.38 (m, 4H), 2.30 (s, 2H), 1.68
(m, 2H), 1.48 (d, J = 12.0 Hz, 2H); 3C NMR 100 MHz, CDCls) 6 170.5, 155.7/155.2, 136.6,
128.5,128.1,128.1,121.6, 67.8, 67.3,43.8, 40.2/39.8, 38.8, 30.0, 26.5; IR (neat): vmax=2953,
2849, 1698, 1497, 1432, 1387, 1362, 1341, 1293, 1239, 1211, 1126, 1080, 1014, 983, 913,
878, 820, 764, 733, 698, 662, 606, 460, 413 cm™'; HRMS (ESI): m/z calculated for
C19H23NOs, [M — H] 344.1503, found, 344.1500.

PN The reaction was conducted according to general experimental procedure
O(ch noted above, which proceeded at room temperature for 12 hours to give
3ay 2 compound 3ay (55 mg, 66% yield) as an amorphous powder. Rf =
0.75(petroleum ether/ethyl acetate 1/1, v/v, containing 0.5% acetic acid);

'"H NMR (400 MHz, CDCls) 6 7.31 — 7.23 (m, 2H), 7.19 (d, J = 7.6 Hz, 3H), 4.32 (s, 2H),
3.74 (t,J = 5.6 Hz, 2H), 2.65 (m, 4H), 2.29 (s, 2H), 1.82 (p, J = 8.0 Hz, 2H); *C NMR (150
MHz, CDCI3) 6 170.8, 154.3, 142.1, 128.5, 128.5, 126.0, 122.6, 65.6, 63.9, 36.1, 34.8, 31.4,
30.0; IR (neat): vmax = 2925, 2854, 2249, 1683, 1636, 1496, 1453, 1417, 1268, 1131, 1086,
1023, 975, 906, 866, 727, 699, 648, 581, 544, 492, 408 cm™'; HRMS (ESI): m/z calculated

for C15H1503, [M — H] 245.1183, found, 245.1175.

PN The reaction was conducted according to general experimental

TSN | procedure noted above, which proceeded at room temperature for 12

CO,H

3az hours to give compound 3az (78 mg, 70% vyield) as an amorphous

powder. Rr = 0.62 (Dichloromethane/Methanol = 10/1, v/v, containing
0.5% acetic acid); *H NMR (400 MHz, CDCls) 6 7.72 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0
Hz, 2H), 7.26 (d, J = 7.6 Hz, 2H), 7.15 (m, 3H), 4.29 (t, J = 4.4 Hz, 2H), 4.23 (t, J = 4.4 Hz,
2H), 2.57 (t, J = 8.0 Hz, 4H), 2.41 (s, 3H), 1.77 — 1.65 (m, 2H); 1*C NMR (100 MHz, CDCls)
0167.9, 155.7, 144.0, 141.2, 133.5, 130.0, 128.3, 127.5, 126.1, 122.4, 58.6, 55.0, 35.7, 29.3,
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27.5, 21.6; IR (neat): vmax = 3026, 2925, 2858, 1687, 1653, 1598, 1495, 1453, 1345, 1289,
1163, 1100, 1076, 1017, 910, 815, 748, 700, 666, 601, 586, 547, 493, 408 cm™; HRMS (ESI):
m/z calculated for C21H23NO4S, [M — H]~384.1275, found, 384.1269.

PN The reaction was conducted according to general experimental procedure

CO,H noted above, which proceeded at room temperature for 12 hours to give
compound 3ba (110 mg, 86% yield) as an amorphous powder. Rr = 0.6

b (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCls) ¢ 7.26 (t, J = 3.6 Hz, 2H), 7.18 (m, 3H), 2.66 (t, J = 7.8 Hz, 2H),
2.55-2.46 (m, 4H), 2.35-2.27 (m, 2H), 1.86 — 1.72 (m, 4H), 1.55 — 1.47 (m, 4H); *C NMR
(100 MHz, CDCl3) 6 174.9, 158.6, 142.5, 130.1, 128.6, 128.4, 125.8, 37.1, 36.3, 36.2, 32.5,
30.0, 29.7, 26.6, 25.8; IR (neat): vmax = 2923, 2852, 2620, 1679, 1611, 1449, 1404, 1281,
1259, 1242, 1136, 1043, 988, 939, 744, 689, 561, 513, 478, 407 cm™'; HRMS (ESI): m/z

calculated for C17H220,, [M — H] 257.1547, found, 257.1540.

OAC The reaction was conducted according to general experimental
CO,H procedure noted above, which proceeded at room temperature for 12
hours to give compound 3bb (83 mg, 80% yield) as an amorphous

. powder. Rr=0.68 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%
acetic acid); 'H NMR (400 MHz, CDCls) § 4.07 (t,J = 6.8 Hz, 2H), 2.49 (t, J= 7.6 Hz, 4H),
2.39 —2.28 (m, 2H), 2.04 (s, 3H), 1.87 — 1.71 (m, 4H), 1.58 — 1.46 (m, 4H); *C NMR (100
MHz, CDCl3) 0 175.3,171.4,157.5, 130.8, 64.4,36.2,33.6,32.4,29.9,27.0,26.4,25.7,21.1;
IR (neat): vmax = 2923, 2852, 2620, 1679, 1611, 1449, 1404, 1281, 1259, 1242, 1136, 1043,
988, 939, 744, 689, 561, 513, 478, 407 cm™'; HRMS (ESI): m/z calculated for C13H200a4, [M

—H] 239.1289, found, 239.1282.

Oi\AC%Me The reaction was conducted according to general experimental
CO,H procedure noted above, which proceeded at room temperature

3bc for 12 hours to give compound 3be (110 mg, 83% yield) as an
amorphous powder. Rr= 0.6 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic

acid); 'H NMR (400 MHz, CDCls) d 3.67 (s, 3H), 2.54 — 2.41 (m, 4H), 2.34 (m, 4H), 1.82
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(p,J=7.6 Hz, 2H), 1.71 — 1.59 (m, 4H), 1.46 (m, 4H); 3*C NMR (100 MHz, CDCl3) § 174.3,
174.1, 155.6, 127.4, 51.6, 34.2, 34.1, 33.4, 29.9, 29.2, 28.4, 26.8, 26.5, 23.9; IR (neat): Vmax
=2922,2852,1738, 1677, 1617, 1437, 1406, 1371, 1295, 1248, 1197, 1176, 1144, 1102, 945,
892, 765, 418, 407 cm™'; HRMS (ESI): m/z calculated for Ci4H2204, [M — H] 253.1445,
found, 253.1436.

@\/\Ph The reaction was conducted according to general experimental
COzH procedure noted above, which proceeded at room temperature for 12
3bd hours to give compound 3bd (97 mg, 83% vyield) as an amorphous

powder. Rr = 0.77 (petroleum ether/ethyl acetate 2/1, v/v, containing
0.5% acetic acid); *H NMR (400 MHz, CDCl3) § 7.32 — 7.12 (m, 5H), 2.78 — 2.60 (m, 2H),
2.47 (dd, J = 15.2, 10.0 Hz, 4H), 2.40 — 2.25 (m, 2H), 1.83 (p, J = 8.0 Hz, 2H), 1.64 (d, J =
23.2 Hz, 4H), 1.46 (s, 4H); 3C NMR (100 MHz, CDCls) 6 174.4, 156.7, 142.5, 128.6, 128.4,
126.7, 125.8, 36.4, 35.0, 33.8, 30.4, 30.0, 29.2, 28.4, 26.9, 26.5; IR (neat): Vmax =2928, 1679,
1422, 1264, 909, 730, 708, 651, 419, 407 cm™; HRMS (ESI): m/z calculated for C1gH240x,

[M —H] 271.1704, found, 271.1695.

PN The reaction was conducted according to general

experimental procedure noted above, which proceeded at

H .
0, room temperature for 12 hours to give compound 3be (70

mg, 64% yield) as an amorphous powder. Rf = 0.68

3be

(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%
acetic acid petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H NMR (400
MHz, CDCl3) 6 7.44 — 7.38 (m, 3H), 7.33 (m, 3H), 7.01 — 6.90 (m, 2H), 3.07 — 2.91 (m, 3H),
2.84 (m, 2H), 2.71 (d, 1H), 2.53 — 2.47 (m, 1H), 2.41 (s, 6H), 2.13 — 1.89 (m, 4H), 1.72 (m,
4H), 1.58 (m, 1H), 0.97 (s, 3H); 3*C NMR 100 MHz, CDCls) 6 172.8, 171.8, 169.9, 148.5,
142.2, 138.3, 137.9, 128.5, 128.3, 126.7, 126.0, 125.8, 121.6, 118.6, 53.8, 50.5, 44.2, 37.0,
36.5, 34.0, 32.0, 30.9, 29.4, 27.4, 27.2, 26.1, 21.1, 15.7; IR (neat): vmax = 3025, 2928, 2853,
1761, 1667, 1605, 1493, 1452, 1418, 1368, 1297, 1267, 1246, 1203, 1186, 1149, 1089, 1013,
976, 940, 919, 899, 822,797, 780, 733, 698, 650, 613, 595, 564, 534, 513, 494, 448, 406 cm’
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I HRMS (ESI): m/z calculated for C30H3404, [M — H]~457.2384, found, 457.2376; [a]*°p =
+41.06 (c 0.50, CHCI).

The reaction was conducted according to general
experimental procedure noted above, which proceeded at

room temperature for 12 hours to give compound 3bf (49

mg, 53% yield) as an amorphous powder. Rf = 0.62

3bf

(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%
acetic acid); '"H NMR (400 MHz, CDCls) 6 5.40 (d, J = 5.2 Hz, 1H), 4.61 (m, 1H), 2.79 —
2.66 (m, 1H), 2.47 (dd, J = 14.8, 6.8 Hz, 1H), 2.34 (d, J = 6.0 Hz, 2H), 2.25 (m, 1H), 2.15
(dd, J=14.8, 11.6 Hz, 1H), 2.03 (s, 3H), 1.92 — 1.78 (m, 3H), 1.74 — 1.52 (m, 5H), 1.41 (m,
3H), 1.16 (dd, J = 14.6, 4.4 Hz, 1H), 1.12 — 1.03 (m, 7H), 0.85 (s, 3H); *C NMR 100 MHz,
CDCL) 0 174.5, 171.7, 170.6, 139.9, 126.0, 122.4, 73.8, 54.6, 50.3, 50.2, 38.1, 36.9, 36.8,
33.9, 32.2,31.4, 30.5, 27.7, 21.4, 20.6, 20.4, 19.2, 15.5, 13.7; IR (neat): vmax = 2936, 1734,
1672, 1611, 1373, 1245, 1032, 406; HRMS (ESI): m/z calculated for C24H304, [M — H]"
385.2384, found, 385.2376; [a]*p=-78.62 (c 0.46, CHCI3).

PN The reaction was conducted according to general

experimental procedure noted above, which proceeded at
CO.H .
2" room temperature for 12 hours to give compound 3bg (69

mg, 64% yield) as an amorphous powder. Ry = 0.76

(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%

3bg

acetic acid); "H NMR (400 MHz, CDCl3) 6§ 7.31 — 7.23 (m,
2H), 7.23 — 7.12 (m, 3H), 5.40 (d, J = 4.8 Hz, 1H), 4.61 (m, 1H), 2.73 (m, 3H), 2.48 (dd, J =
14.8, 6.8 Hz, 1H), 2.37 — 2.30 (m, 2H), 2.26 (m, 1H), 2.16 (dd, J = 14.8, 11.6 Hz, 1H), 2.03
(s, 3H), 1.86 (m, 3H), 1.80 — 1.70 (m, 2H), 1.68 — 1.59 (m, 3H), 1.55 (m, 1H), 1.39 (m, 2H),
1.26 (s, 2H), 1.20 — 1.08 (m, 1H), 1.05 (s, 4H), 0.84 (s, 3H); '*C NMR 100 MHz, CDCl3) ¢
172.8, 171.5, 170.7, 142.3, 140.0, 128.6, 128.4, 126.8, 125.9, 122.5, 74.0, 54.7, 50.4, 50.3,
38.2,37.0,36.9,36.6,34.1,32.4,31.5,30.9,30.6,27.9,27.3,21.6,20.7,19.4, 15.7; IR (neat):
Viax = 2934, 2852, 1732, 1671, 1609, 1496, 1453, 1436, 1373, 1244, 1091, 1032, 955, 907,
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815, 933, 699, 948, 912, 514 cm™'; HRMS (ESI): m/z calculated for C3HOs, [M — H]
475.2854, found, 475.2846; [0]*p=—27.5 (c 0.76, CHCL5).

j The reaction was conducted according to general
experimental procedure noted above, which proceeded at

‘ CO,H
: room temperature for 12 hours to give compound 3bh (51

mg, 51% yield) as an amorphous powder. Ry = 0.42

3bh

(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%
acetic acid); '"H NMR (400 MHz, CDCls) 6 5.40 (d, J = 4.8 Hz, 1H), 4.66 — 4.54 (m, 1H),
2.56 —2.44 (m, 2H), 2.38 — 2.25 (m, 2H), 2.18 — 2.08 (m, 1H), 2.03 (s, 4H), 1.92 — 1.84 (m,
2H), 1.83 (s, 1H), 1.76 — 1.47 (m, 7H), 1.37 — 1.23 (m, 3H), 1.21 — 0.98 (m, 6H), 0.83 (s, 3H),
0.07 (s, 9H); 3*C NMR 100 MHz, CDCl3) 6 174.4, 172.7, 170.7, 139.9, 122.6, 122.1, 74.0,
54.3,50.4,50.3,38.2,37.0,36.9,34.2,31.9,31.5,30.7,27.9, 21.6, 20.8, 20.2, 19.4, 15.5, 0.4,
IR (neat): vmax=2941, 1732, 1674, 1611, 1373, 1245, 1125, 1033, 832, 733,412 cm™'; HRMS
(ESI): m/z calculated for CasH3606, [M — H] 443.2439, found, 443.2430; [0]*°p=-39.96 (c
0.89, CHCI3).

The reaction was conducted according to general
experimental procedure noted above, which proceeded at
room temperature for 12 hours to give compound 3bi (54

mg, 53% yield) as an amorphous powder. Rf = 0.58

(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%

3bl acetic acid); '"H NMR (400 MHz, CDCls) J 5.38 (d, J =
5.2 Hz, 1H), 4.59 (m, 1H), 2.74 (dt, J = 10.9, 7.5 Hz, 1H), 2.46 (dd, J = 14.8, 6.8 Hz, 1H),
2.41 —2.24 (m, 5H), 2.24 — 2.15 (m, 1H), 2.15 — 2.09 (m, 1H), 2.08 (s, 2H), 2.02 (s, 4H),
1.90 — 1.76 (m, 3H), 1.76 — 1.68 (m, 3H), 1.68 — 1.53 (m, 7H), 1.53 — 1.41 (m, 2H), 1.35 (m,
2H), 1.29 — 1.04 (m, 3H), 1.04 (s, 3H), 0.84 (s, 3H); '*C NMR 100 MHz, CDCls) 6 177.5,
171.9, 170.7, 139.9, 127.5, 122.3, 119.7, 73.9, 54.6, 50.2, 38.1, 36.9, 36.8, 34.1, 32.3, 31 .4,
30.5, 28.1, 27.8, 26.3, 25.6, 21.5, 20.6, 19.3, 16.9, 15.6; IR (neat): vmax = 2940, 2853, 2250,
1729, 1669, 1609, 1434, 1373, 1304, 1244, 1135, 1091, 1031, 971, 954, 909, 834, 815, 728,

S38



687, 647, 613, 545, 516, 455 cm™'; HRMS (ESI): m/z calculated for C27H37NO4, [M — H]”
438.2650, found, 438.2650; [0]*>p=—73.77 (c 1.18, CHCI;).

COMe  The reaction was conducted according to general

experimental procedure noted above, which proceeded at
‘ CO,H
g room temperature for 12 hours to give compound 3bj (69

mg, 68% yield) as an amorphous powder. Rr = 0.56

3bj

(petroleum ether/ethyl acetate 2/1, v/v, containing 0.5%
acetic acid); '"H NMR (400 MHz, CDCls) 6 5.39 (d, J = 5.0 Hz, 1H), 4.66 — 4.55 (m, 1H),
3.67 (s, 3H), 2.75 (m, 1H), 2.47 (dd, J = 14.8, 6.8 Hz, 1H), 2.41 — 2.29 (m, 4H), 2.25 (dd, J
=12.4,7.6 Hz, 1H), 2.14 (dd, /= 14.8, 11.6 Hz, 1H), 2.03 (s, 4H), 1.91 — 1.75 (m, 5H), 1.66
(t,J=10.0 Hz, 3H), 1.61 — 1.52 (m, 2H), 1.52 — 1.43 (m, 1H), 1.43 — 1.31 (m, 2H), 1.13 (m,
1H), 1.05 (s, 3H), 0.85 (s, 3H); '*C NMR 100 MHz, CDCI3) § 171.7, 171.7, 170.6, 139.9,
127.4,122.3,122.3,73.8, 54.5, 51.5, 50.2, 38.1, 36.9, 36.8, 34.1, 33.9, 32.3, 31.4, 30.4, 27.7,
26.5,24.2,21.4,20.5,19.2,15.5; IR (neat): vmax=2941, 2854, 1731, 1694, 1614, 1418, 1373,
1242, 1178, 1094, 1031, 971, 937, 855, 834, 816, 714, 668, 612, 544, 514, 466, 412 cm™!;
HRMS (ESI): m/z calculated for C26H3606, [M — H]— 443.2439, found, 443.2432; [a]*°p=—
65.62 (c 0.57, CHCL).

The reaction was conducted according to general

experimental procedure noted above, which

proceeded at room temperature for 12 hours to give

3bk compound 3bk (64 mg, 63% yield) as an amorphous
powder. Ry = 0.56 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); 'H
NMR (400 MHz, CDCl3) 6 5.39 (d, J= 5.0 Hz, 1H), 4.70 — 4.49 (m, 1H), 3.66 (s, 4H), 2.74
(dt,J=11.2, 8.0 Hz, 1H), 2.46 (dd, J = 14.8, 6.8 Hz, 1H), 2.40 — 2.22 (m, 6H), 2.19 — 2.08
(m, 1H), 2.03 (s, 3H), 1.82 (m, 4H), 1.71 — 1.54 (m, 6H), 1.43 (dd, J = 12.0, 4.4 Hz, 1H),
1.40 — 1.30 (m, 2H), 1.14 (m, 1H), 1.05 (s, 3H), 0.85 (s, 3H); '*C NMR 100 MHz, CDCls) ¢
174.1, 171.8, 170.7, 140.0, 127.5, 122.4, 74.0, 54.6, 51.6, 50.4, 50.3, 38.2, 37.0, 36.9, 34.3,
34.1, 32.4, 31.5, 30.6, 27.8, 26.7, 24.4, 21.6, 20.7, 19.4, 15.6; IR (neat): vmax = 2946, 2852,
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2255, 1731, 1669, 1610, 1435, 1372, 1302, 1241, 1199, 1169, 1091, 1031, 972, 955, 914,
882, 834, 815, 731, 687, 647, 612, 544, 517, 454 cm *'; HRMS (ESI): m/z calculated for
C26H3606, [M — H]"457.2596, found, 457.2587; [o]*p=—72.32 (¢ 0.46, CHCL).

| The reaction was conducted according to general experimental

CbzN | coH procedure noted above, which proceeded at room temperature for 12
3bl hours to give compound 3bl (79 mg, 85% yield) as an amorphous
powder. Rf = 0.67 (petroleum ether/ethyl acetate 2/1, v/v, containing 0.5% acetic acid); *H
NMR (400 MHz, CDCls3) & 7.34 (m, 5H), 5.83 (m, 1H), 5.17 (s, 2H), 5.10 — 4.91 (m, 2H),
4.22 (s, 2H), 3.53 (M, 2H), 2.66 (t, J = 8.0 Hz, 2H), 2.40 — 2.15 (M, 4H); 3C NMR (150 MHz,
CDCI3) 6 170.6, 155.4/154.5,137.9, 136.8, 128.7,128.2,128.1, 121.6, 115.3, 67.4, 43.8/43.6,
40.2/39.9, 32.6, 32.0/31.8, 18.1; IR (neat): vmax = 3037, 2917, 2865, 1699, 1640, 1498, 1434,
1363, 1338, 1292, 1243, 1292, 1212, 1126, 995, 913, 1736, 698, 606, 407 cm*; HRMS (ESI):

m/z calculated for C1gH21NQO4, [M — H]314.1389, found, 314.1385.
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