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1. General

Unless otherwise noted, all reactants or reagents including dry solvents were obtained from
commercial suppliers and used as received. Pd(OAc), and bromobenzene (1F) were obtained from
FUJIFILM Wako Pure Chemical Corporation. (Trimethylsilyl)diazomethane solution 2.0 M in diethyl
ether, 4-(dimethylamino)phenyldiphenylphosphine (L1), molecular sieves, 3 A (3A MS) and
2-bromonaphthalene (1I) were obtained from Sigma-Aldrich. 1-Bromonaphthalene (1A),
1-bromoanthracene (1B), 1,5-dibromoanthracene (1C), 1-bromo-2-methylnaphthalene (1D),
S5-bromoisoquinoline  (1E),  2-bromotoluene (1G), methyl 6-bromo-2-naphthoate  (1J),
3-bromoquinoline (1K), diethyl methylmalonate (3a), diethyl benzylmalonate (3d), diethyl malonate
(3e), 2-bromo-3-hexylthiophene (5B), 2-bromo-5-phenylthiophene (5G) and
4-bromo-2-methylthiophene (5J) were obtained from Tokyo Chemical Industry (TCI).
2-Bromothiophene (5A) was obtained from Acros Organics. 1-Bromo-4-methylnaphthalene (1H),"
2-bromo-3-ethylthiophene (5C),!! 2-bromo-3-phenylthiophene (5D),"”! 2-bromo-4-phenylthiophene
(5E),*1  2-bromo-5-methylthiophene ~ (5F),/)  2-bromo-5-(methoxymethyl)furan  (5H),”
2-((benzyloxy)methyl)-5-bromofuran  (5I),l”  di-tert-butyl ~2-methylmalonate (3b),"® diethyl

2-(3-(1,3-dioxoisoindolin-2-yl)propyl)malonate (3¢),”
N'-benzylidene-4-methylbenzenesulfonohydrazide (7a),l" N'-(diphenyl
methylene)-4-methylbenzenesulfonohydrazide (7b),!'! 4-methyl-N'-(4-methylbenzylidene)

benzenesulfonohydrazide (7¢),!'”

and N'-(4-fluorobenzylidene)-4-methylbenzenesulfonohydrazide
(7d)!"” were synthesized according to procedures and the spectra matched with those of compounds
reported in the literature. Unless otherwise noted, all reactions were performed with dry solvents under
an atmosphere of N, in dried glassware using standard vacuum-line techniques. All three-component
C—C bond forming dearomatizations were performed in an 8-mL glass vessel tube equipped with a
screw cap and heated (IKA Plate RCT digital) in a 16-well aluminum reaction block (IKA DB4.3
Block) unless otherwise noted. All work-up and purification procedures were carried out with
reagent-grade solvents in air.

Analytical thin-layer chromatography (TLC) was performed using Silica-gel 70 TLC Plate-Wako
(0.25 mm). The developed chromatogram was analyzed by UV lamp (254 nm). Flash column
chromatography was performed with Biotage Isolera® equipped with Biotage SNAP Cartridge KP-Sil
columns and hexane/EtOAc as an eluent unless otherwise noted. Preparative thin-layer
chromatography (PTLC) was performed using Wakogel B5-F silica coated plates (0.75 mm) prepared
in our laboratory. Basic alumina chromatography was performed using basic alumina, activated (pH =
9.0-11.0) from Wako Pure Chemical Corporation. Preparative recycling gel permeation
chromatography (GPC) was performed with a JAI LaboACE LC-5060 instrument equipped with
JAIGEL-2HR columns using CHCI; as an eluent. High-resolution mass spectra were conducted on

Thermo Fisher Scientific ExactivePlus (ESI). Chiral high performance liquid chromatography (HPLC)
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was performed using SHIMADZU Prominence-i LC-2030C Plus® equipped with DAICEL Chiralcel®.
Details of chromatographic conditions on the separation of the products are described with compound
data in Section 7. Nuclear magnetic resonance (NMR) spectra were recorded on a JEOL
JNM-ECS-400 ('H 400 MHz, "*C 101 MHz) spectrometer. Chemical shifts for 'H NMR are expressed
in parts per million (ppm) relative to tetramethylsilane (5 0.00 ppm). Chemical shifts for '*C NMR are
expressed in ppm relative to CDCl; (6 77.0 ppm). Data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, dd = doublet of doublets, ddd = doublet of doublets of doublets, t
= triplet, dt = doublet of triplets, td = triplet of doublets, q = quartet, qd = quartet of doublets, m =

multiplet), coupling constant (Hz), and integration.
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2. Synthesis of diethyl 2-(3-(1,3-dioxoisoindolin-2-yl)propyl)malonate (3c)”’

(0]
NaH
)H\ Nal
EtO,C~ "CO,Et THF, 0 °C to 40 °C EtO,C~ "CO,Et
3e 3c

To a solution of sodium hydride (60%, dispersion in paraffin liquid: 143.8 mg, 3.6 mmol, 1.2 equiv)
in THF (7.8 mL) was added diethyl malonate (3e: 460 uL, 3.0 mmol, 1.0 equiv) at 0 °C. After stirring
at room temperature for 20 min, to the mixture were added the solution of
N-(3-bromopropyl)phthalimide (816.5 mg, 3.0 mmol, 1.0 equiv) in THF (5.2 mL) slowly and sodium
iodide (45.0 mg, 300 umol, 0.10 equiv). After stirring the mixture at room temperature for 10 h with
monitoring the reaction progress by TLC, the mixture was stirred at 40 °C overnight. The mixture was
diluted with Et,O and quenched with 1M HCI aq. and brine. The solvent was extracted three times
with Et;O. The combined organic layer was dried over MgSQ,, filtrated, and concentrated in vacuo.
Purification by  Isolera® (hexane:EtOAc = 99:1 to  3:1) afforded diethyl
2-(3-(1,3-dioxoisoindolin-2-yl)propyl)malonate (3¢: 543 mg, 1.56 mmol, 52% yield) as a yellow oil.

The spectra are in accordance with those of the compounds reported in the literature.
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3. Pd-Catalyzed three-component C—C bond forming dearomatization of 1
T™S

P 5 mol% Pd(OAc), ™S ™S
Br Br N 20 mol% L1 H R
. . 2(1.0equiv)  NaH (1.0 equiv) . Al €Oy
e SR —_— i R
. o . R BAMS (50 mg) .. o el CO,R
e T RO OR toluene (1.0 mL) e OR ~
H R 60 °C, 12 h H R
O O RO— RO
1 (1.0 equiv) 3 (1.0 equiv) o 4

General Procedure A

To an 8-mL glass vessel equipped with a screw cap containing a magnetic stirring bar and 3A MS
(50.0 mg) was dried with a heat-gun in vacuo and filled with N, after cooling to room temperature. To
this vessel were added bromoarene 1 (0.20 mmol, 1.0 equiv), Pd(OAc), (2.3 mg, 0.010 mmol, 5.0
mol%), 4-(dimethylamino)phenyldiphenylphosphine (L1: 12.2 mg, 0.040 mmol, 20 mol%), sodium
hydride (60%, dispersion in paraffin liquid: 8.0 mg, 0.20 mmol, 1.0 equiv) and malonate 3 (0.20 mmol,
1.0 equiv). The vessel was placed under vacuum and refilled N, gas three times, and then added a
solution of (trimethylsilyl)diazomethane (2, 2.0 M in Et,O: 100 pL, 0.20 mmol, 1.0 equiv) and toluene
(1.0 mL). The vessel was sealed with a screw cap and then heated at 60 °C for 12 h with stirring. After
cooling the reaction mixture to room temperature, the mixture was passed through a short alumina pad
with hexane/EtOAc (1:1) as an eluent. The filtrate was concentrated in vacuo. The yield of 4 was
determined by 'H NMR analysis using CH,Br, as an internal standard. The residue was purified by
Isolera® with a basic alumina column cartridge (hexane) to afford the corresponding dearomatized

product 4.

TMS

H Y—CO,Et
EtO,C Me

Diethyl (E)-2-methyl-2-(4-((trimethylsilyl)methylene)-1,4-dihydronaphthalen-1-yl)malonate
(4Aa)

Following the General Procedure A, the reaction was conducted by using DPEphos (10.7 mg, 0.020
mmol, 10 mol%) as the ligand. "H NMR vyield of 4Aa was 92% ("H NMR peak at 4.59 ppm (d, J = 5.6
Hz, 1H) was used). Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc =
99:1 to 9:1) afforded 4Aa (58.5 mg, 152 pumol, 76% yield) as a colorless oil. A part of product
decomposed during purification (rearomatization). 'H NMR (400 MHz, CDCl3) § 7.72 (d, J = 8.0 Hz,
1H), 7.32-7.25 (m, 1H), 7.20-7.13 (m, 2H), 6.83 (d, J = 10.0 Hz, 1H), 6.30 (s, 1H), 6.27 (dd, /= 10.0,
5.6 Hz, 1H), 4.59 (d, J = 5.6 Hz, 1H), 4.29-4.10 (m, 4H), 1.30-1.21 (m, 6H), 1.05 (s, 3H), 0.23 (s,
9H); *C NMR (101 MHz, CDCl5) § 170.8, 145.4, 136.9, 133.6, 132.0, 128.4, 128.3, 127.00, 126.96,
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125.1, 123.8, 61.4, 44.9, 14.5, 14.0, 13.9, 0.2 (three peaks are missing due to overlapping); HRMS
(ESI) m/z calcd for C2oH3104Si [M + H]™: 387.1986 found 387.1980.

TMS

H Y—CO0,Bu
tBUOQC Me

Di-tert-butyl (E)-2-methyl-2-(4-((trimethylsilyl)methylene)-1,4-dihydronaphthalen-1-yl)malonate
(4Ab)

'H NMR vyield of 4Ab was 93% (‘H NMR peak at 4.56 ppm (d, J = 5.2 Hz, 1H) was used).
Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded
the mixture of 4Ab and L1 (80.2 mg, 4Ab:L.1 = 90:10) and the yield of 4Ab was determined as 84%.
Further purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1,
two times) was performed to give partially pure 4Ab as a yellow oil for the characterization. A part of
product decomposed during purification (rearomatization). 'H NMR (400 MHz, CDCl3) § 7.71 (d, J =
8.0 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.27-7.23 (m, 1H), 7.18-7.14 (m, 1H), 6.81 (d, J = 10.8 Hz, 1H),
6.29-6.25 (m, 2H), 4.56 (d, J = 5.2 Hz, 1H), 1.50 (s, 9H), 1.46 (s, 9H), 0.94 (s, 3H), 0.23 (s, 9H); "°C
NMR (101 MHz, CDCl;) 6 170.0, 169.9, 145.5, 136.7, 134.1, 131.5, 129.1, 129.0, 126.8, 124.5, 123.7,
81.7,81.4,62.7,44.4,27.9, 27.8, 14.7, 0.2 (one peak is missing due to overlapping); HRMS (ESI) m/z
calcd for Ca6H3304NaSi [M + Na]'™: 465.2432 found 465.2427.

MS

T

H Y—CO,Et
EtO,C Me

Diethyl (E)-2-methyl-2-(4-((trimethylsilyl)methylene)-1,4-dihydroanthracen-1-yl)malonate (4Ba)

'H NMR yield of 4Ba was 79% (‘H NMR peak at 4.77 ppm (d, J = 5.6 Hz, 1H) was used).
Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded
4Ba (47.6 mg, 109 umol, 55% yield) as a colorless oil. A part of product decomposed during
purification (rearomatization). '"H NMR (400 MHz, CDCls) § 8.17 (s, 1H), 7.86-7.82 (m, 1H), 7.71—
7.68 (m, 1H), 7.66 (s, 1H), 7.45-7.38 (m, 2H), 6.90 (d, J = 10.0 Hz, 1H), 6.50 (s, 1H), 6.33 (ddd, J =
10.0, 5.6, 1.6 Hz, 1H), 4.77 (d, J= 5.6 Hz, 1H), 4.31-4.14 (m, 4H), 1.29 (t, /= 7.2 Hz, 3H), 1.18 (t, J
= 7.2 Hz, 3H), 1.09 (s, 3H), 0.27 (s, 9H); *C NMR (101 MHz, CDCl;) & 170.8, 170.7, 145.8, 135.1,
132.3, 132.2, 131.9, 128.3, 128.0, 127.3, 127.2, 126.0, 125.9, 125.4, 122.8, 62.0, 61.5, 44.8, 14.7, 14.0,
13.9, 0.2 (two peaks are missing due to overlapping); HRMS (ESI) m/z caled for Ca6H3304S1 [M +
H]": 437.2143 found 437.2139.
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MS

)

Br H COzEt
EtO,C Me

Diethyl (E)-2-(8-bromo-4-((trimethylsilyl)methylene)-1,4-dihydroanthracen-1-yl)-2-methyl-
malonate (4Ca)

'H NMR yield of 4Ca was 75% ('"H NMR peak at 4.83 ppm (d, J = 5.6 Hz, 1H) was used).
Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded
4Ca (65.0 mg, 126 umol, 63% vyield) as a colorless oil. A part of product decomposed during
purification (rearomatization). '"H NMR (400 MHz, CDCl;) § 8.15 (s, 1H), 8.01 (s, 1H), 7.80 (d, J =
8.0 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.27 (t, J= 8.0 Hz, 1H), 6.90 (d, /= 10.0 Hz, 1H), 6.52 (s, 1H),
6.39 (dd, /= 10.0, 5.6 Hz, 1H), 4.83 (d, /= 5.6 Hz, 1H), 4.37-4.18 (m, 4H), 1.30 (t, J = 7.2 Hz, 3H),
1.24 (t, J=7.2 Hz, 3H), 1.09 (s, 3H), 0.27 (s, 9H); *C NMR (101 MHz, CDCl3) § 170.8, 170.4, 145.2,
136.0, 133.6, 133.5, 132.0, 130.7, 129.9, 128.5, 128.1, 126.5, 126.4, 126.2, 123.3, 122.2, 62.0, 61.9,
61.5,44.9, 14.6, 14.0, 13.9, 0.2; HRMS (ESI) m/z calcd for C6H3,BrOsSi [M + H]™: 515.1248 found
515.1245.

Me CO,Et TMS
Et0,c—X H

sse

H Y—CO,Et
™S Et0,C Me

Tetraethyl 2,2'-((4E,8E)-4,8-bis((trimethylsilyl)methylene)-1,4,5,8-tetrahydroanthracene-1,5-
diyl)bis(2-methylmalonate) (4Caa)

Following the general procedure, the reaction was conducted by using 2 (2.0 equiv), 3a (2.0 equiv),
and NaH (2.0 equiv) in cyclohexane. '"H NMR yield of 4Caa was 67% ('"H NMR peak at 4.63 ppm (d,
J = 4.8 Hz, 2H) was used). Purification by Isolera® with a basic alumina column cartridge
(hexane/EtOAc = 99:1 to 9:1) afforded the mixture of 4Caa and 4Ca (102.1 mg, 4Caa:4Ca = 77:23)
and the yield of 4Caa was determined as 60%. Further purification by Isolera® with a basic alumina
column cartridge (hexane/EtOAc = 99:1 to 9:1) was performed to give partially pure 4Caa as a yellow
oil for the characterization. A part of product decomposed during purification (rearomatization). 'H
NMR (400 MHz, CDCl3) 8 7.54 (s, 2H), 6.79 (d, J = 10.0 Hz, 2H), 6.24-6.20 (m, 4H), 4.63 (d, J=4.8
Hz, 2H), 4.31-4.13 (m, 8H), 1.29 (t, J= 7.2 Hz, 6H), 1.23 (t, J = 7.2 Hz, 6H), 1.04 (s, 6H), 0.21 (s,
18H); *C NMR (101 MHz, CDCl3) § 170.7, 145.1, 135.4, 132.4, 131.8, 128.4, 125.2, 124.0, 61.53,
61.47, 45.0, 14.3, 14.0, 13.9, 0.2 (two peaks are missing due to overlapping); HRMS (ESI) m/z calcd
for C3sHssOsSi> [M + H]™: 695.3430 found 695.3419.
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lIMe

H Y—CO,Et
EtO,C Me

Diethyl (E)-2-methyl-2-(3-methyl-4-((trimethylsilyl)methylene)-1,4-dihydronaphthalen-1-yl)
malonate (4Da)

Following the General Procedure A, the reaction was conducted by using 3a (1.5 equiv) and NaH
(1.5 equiv) at 90 °C. 'H NMR yield of 4Da was 70%, E/Z = 57:43 ("H NMR peak at 6.13 ppm (s,
0.57H), 5.74 ppm (s, 0.43H) was used). Purification by Isolera® with a basic alumina column cartridge
(hexane/EtOAc = 99:1 to 9:1) afforded 4Da as an inseparable diastereoisomeric mixture (39.0 mg,
97.4 umol, 49% yield, E/Z = 57:43) as a yellow oil. A part of product decomposed during purification
(rearomatization). '"H NMR (400 MHz, CDCl;) § 7.57 (d, J = 7.6 Hz, 0.57H), 7.51-7.49 (m, 0.43H),
7.25-7.19 (m, 2H), 7.13-7.12 (m, 1H), 6.17-6.15 (m, 0.57H), 6.13 (s, 0.57H), 5.97-5.96 (m, 0.43H),
5.74 (s, 0.43H), 4.48-4.45 (m, 1H), 4.29-4.08 (m, 4H), 2.12 (s, 1.71H), 2.03 (s, 1.29H), 1.30-1.19 (m,
6H), 1.07 (s, 1.71H), 1.04 (s, 1.29H), 0.24 (s, 5.13H), 0.14 (s, 3.87H); *C NMR (101 MHz, CDCl;) §
171.1, 170.90, 170.87, 170.8, 151.3, 150.9, 141.7, 140.9, 139.3, 138.4, 135.5, 133.7, 128.3, 127.8,
127.6, 127.3, 127.0, 126.8, 126.2, 126.1, 125.9, 124.2, 123.9, 123.1, 62.1, 62.0, 61.4, 61.3, 53.4, 45.3,
45.1, 23.2, 19.7, 14.8, 14.7, 14.03, 14.01, 13.9, 1.0, 0.6 (two peaks are missing due to overlapping);
HRMS (ESI) m/z calcd for Co3H3304Si [M + H]™: 401.2143 found 401.2139.

TMS

z
Ny

H Y—CO,Et
EtOZC Me

Diethyl (E)-2-methyl-2-(5-((trimethylsilyl)methylene)-5,8-dihydroisoquinolin-8-yl)malonate
(4Ea)

'H NMR yield of 4Ea was 63% (‘H NMR peak at 6.47 ppm (s, 1H) was used). Purification by
Isolera® (hexane/EtOAc = 19:1 to 4:1) afforded 4Ea (33.5 mg, 86.4 umol, 43% yield) as a colorless
oil. A part of product decomposed during purification (rearomatization). 'H NMR (400 MHz, CDCl;)
0 8.48 (d, J= 5.2 Hz, 1H), 8.42 (s, 1H), 7.53 (d, J = 5.2 Hz, 1H), 6.82 (d, J = 10.4 Hz, 1H), 6.47 (s,
1H), 6.30-6.26 (m, 1H), 4.63 (d, /= 5.2 Hz, 1H), 4.28-4.13 (m, 4H), 1.28 (t, J= 7.2 Hz, 3H), 1.23 (t,
J =12 Hz, 3H), 1.07 (s, 3H), 0.25 (s, 9H); *C NMR (101 MHz, CDCls) & 170.5, 170.4, 150.1, 148.1,
143.8, 143.1, 131.2, 129.6, 128.7, 128.4, 117.3, 61.8, 61.7, 61.1, 42.3, 14.9, 14.0, 13.9, 0.0; HRMS
(ESI) m/z calcd for C21H3oNO4Si [M + H]™: 388.1939 found 388.1935.
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TMS TMS

H CO,Et
Et0,C Me EtO,C MecozEl

4Fa 4Fa’

Diethyl 2-methyl-2-(4-((trimethylsilyl)methylene)cyclohexa-2,5-dien-1-yl)malonate (4Fa)

Following the General Procedure A, the reaction was conducted by using Pd(cod)Cl» (2.9 mg, 0.010
mmol, 5.0 mol%) and DPEphos (10.7 mg, 0.020 mmol, 10 mol%) as the catalyst and KBr (2.0 equiv)
as an additive at 40 °C. '"H NMR yield of 4Fa and 4Fa’ were 65% and 34%, respectively ("H NMR
peaks at 5.37 ppm (s, 1H) for 4Fa and 2.06 ppm (s, 2H, CH,) for 4Fa’ were used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded a mixture of
4Fa and rearomatized compound 4Fa’ (50.2 mg, 149 umol, 75% yield, 4Fa:4Fa’ = 59:41) and the
yield of 4Fa was determined as 44%. Further purification by PTLC (hexane/EtOAc = 9:1) was
performed to give 4Fa as a colorless oil for the characterization. A part of product decomposed during
purification (rearomatization). '"H NMR (400 MHz, CDCl;) & 6.57 (d, J = 10.0 Hz, 1H), 6.28 (d, J =
10.0 Hz, 1H), 5.82-5.79 (m, 1H), 5.73-5.70 (m, 1H), 5.37 (s, 1H), 4.25-4.17 (m, 4H), 3.96-3.95 (m,
1H), 1.28-1.24 (m, 9H), 0.15 (s, 9H); *C NMR (101 MHz, CDCl;) § 170.7, 143.7, 134.4, 129.7, 129.5,
128.7, 127.2, 61.5, 57.5, 42.3, 16.1, 14.0, 0.2 (three peaks are missing due to overlapping); HRMS
(ESI) m/z calcd for CisH2904Si [M + H]™: 337.1830 found 337.1824.

TMS ™S
Me Me
H CO,Et
EtO,C Me EtO,C MeCOQEt
4Ga 4Ga’

Diethyl (E)-2-methyl-2-(3-methyl-4-((trimethylsilyl)methylene)cyclohexa-2,5-dien-1-yl)malonate
(4Ga)

Following the General Procedure A, the reaction was conducted by using Pd(cod)Cl» (2.9 mg, 0.010
mmol, 5.0 mol%) and DPEphos (10.7 mg, 0.020 mmol, 10 mol%) as the catalyst and KBr (2.0 equiv)
as an additive at 50 °C. '"H NMR yield of 4Ga and 4Ga’ were 56% and 34%, respectively ('"H NMR
peaks at 5.55 ppm (s, 1H) for 4Ga and 2.08 ppm (s, 2H, CH>) for 4Ga’ were used). Purification by
PTLC (hexane/EtOAc = 19:1) afforded 4Ga (29.0 mg, 82.7 umol, 41% yield) as a colorless oil. A part
of product decomposed during purification (rearomatization). "H NMR (400 MHz, CDCl5) § 6.60 (dd,
J=10.0, 1.6 Hz, 1H), 5.82-5.78 (m, 1H), 5.67-5.66 (m, 1H), 5.55 (s, 1H), 4.26-4.17 (m, 4H), 3.91—
3.90 (m, 1H), 1.87 (s, 3H), 1.28-1.24 (m, 9H), 0.16 (s, 9H); *C NMR (101 MHz, CDCls) § 170.9,
145.2, 136.2, 130.6, 127.9, 125.7, 124.8, 61.4, 57.6, 42.8, 20.0, 16.0 14.0, 0.3 (three peaks are missing
due to overlapping); HRMS (ESI) m/z caled for C1oH3;04Si [M + H]": 351.1986 found 351.1983.
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Diethyl (E)-2-(3-(1,3-dioxoisoindolin-2-yl)propyl)-2-(4-((trimethylsilyl)methylene)-1,4-
dihydronaphthalen-1-yl)malonate (4Ac)

'H NMR yield of 4Ac¢ was 47% (‘H NMR peak at 4.41 ppm (d, J = 5.2 Hz, 1H) was used).
Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded
4Ac (40.1 mg, 71.6 umol, 36% yield) as a colorless oil. A part of product decomposed during
purification (rearomatization). '"H NMR (400 MHz, CDCls) § 7.84-7.80 (m, 2H), 7.73-7.69 (m, 2H),
7.67 (d, J=8.0 Hz, 1H), 7.28-7.22 (m, 2H), 7.16 (t, /= 8.0 Hz, 1H), 6.79 (d, J = 10.0 Hz, 1H), 6.28 (s,
1H), 6.25-6.21 (m, 1H), 4.41 (d, J = 5.2 Hz, 1H), 4.18-3.91 (m, 4H), 3.57 (t, J = 7.2 Hz, 2H), 1.88—
1.77 (m, 2H), 1.66-1.58 (m, 2H), 1.18 (t, J = 7.2 Hz, 3H), 1.09 (t, J = 7.2 Hz, 3H), 0.22 (s, 9H); "°C
NMR (101 MHz, CDCl;) 6 169.9, 169.7, 168.1, 145.0, 136.8, 133.8, 133.7, 132.1, 131.7, 129.1, 127.8,
126.9, 126.8, 124.9, 123.7, 123.1, 64.4, 61.4, 61.2, 45.1, 38.2, 29.5, 24.5, 13.9, 13.7, 0.2; HRMS (ESI)
m/z caled for C3oH3sNOgSi [M + H]™: 560.2463 found 560.2450.

TMS

H Y—CO,Et
EtO,C “—Ph

Diethyl (E)-2-benzyl-2-(4-((trimethylsilyl)methylene)-1,4-dihydronaphthalen-1-yl)malonate
(4Ad)

Following the General Procedure A, the reaction was conducted at 70 °C. 'H NMR yield of 4Ad
was 34% ("H NMR peak at 4.54 ppm (d, J = 5.6 Hz, 1H) was used). Purification by Isolera® with a
basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 4Ad (25.0 mg, 54.0 umol,
27% yield) as a yellow oil. A part of product decomposed during purification (rearomatization). 'H
NMR (400 MHz, CDCls) & 7.69 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.30-7.25 (m, 1H),
7.22-7.14 (m, 6H), 6.88 (d, /= 10.0 Hz, 1H), 6.46 (ddd, J = 10.0, 5.6, 1.2 Hz, 1H), 6.28 (s, 1H), 4.53
(d, J=5.6 Hz, 1H), 4.03-3.63 (m, 4H), 3.33 (d, /= 14.0 Hz, 1H), 3.13 (d, J = 14.0 Hz, 1H), 0.95 (t, J
= 7.6 Hz, 3H), 0.88 (t, J = 7.6 Hz, 3H), 0.24 (s, 9H); C NMR (101 MHz, CDCl3) § 169.7, 169.4,
145.1, 137.3, 137.0, 134.1, 131.9, 130.3, 129.2, 127.9, 127.8, 126.9, 126.5, 124.9, 123.6, 67.1, 61.1,
60.9, 46.6, 39.0, 13.5, 13.4, 0.2 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd for
C2sH3504S1 [M + H]": 463.2299 found 463.2296.
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™S
H CO,Et

OO CO,Et
Me
Diethyl (Z2)-2-(4-methyl-1-((trimethylsilyl)methylene)-1,2-dihydronaphthalen-2-yl)malonate
(4He)

Following the General Procedure A, the reaction was conducted by using DPEphos (21.5 mg, 0.040
mmol, 20 mol%) as the ligand. '"H NMR yield of 4He was 72% (‘H NMR peak at 5.88 ppm (s, 1H)
was used). Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to
9:1) afforded 4He (35.3 mg, 91.3 umol, 46% yield) as a yellow oil. A part of product decomposed
during purification (rearomatization). '"H NMR (400 MHz, CDCls) § 7.44 (dd, J = 7.2, 1.6 Hz, 1H),
7.31-7.16 (m, 3H), 6.09 (d, J= 6.0 Hz, 1H), 5.88 (s, 1H), 4.21-3.90 (m, 5H), 3.28 (d, /= 9.6 Hz, 1H),
2.05 (s, 3H), 1.23 (t, J = 6.8 Hz, 3H), 1.13 (t, J = 6.8 Hz, 3H), 0.21 (s, 9H); *C NMR (101 MHz,
CDCl3) 6 168.1, 167.9, 151.9, 136.7, 133.7, 133.4, 132.6, 128.2, 127.8, 126.0, 125.3, 123.0, 61.3, 61.1,
57.1, 40.3, 19.5, 14.2, 14.0, 0.5; HRMS (ESI) m/z calcd for C,,H3104Si [M + H]": 387.1986 found
387.1983.

CO,Et
™S T™S
H CO,Et

l l

4le 4le’
Diethyl (E)-2-(2-((trimethylsilyl)methylene)-1,2-dihydronaphthalen-1-yl)malonate (41e)
'H NMR vyield of 4Ie was 61% (‘H NMR peak at 5.78 ppm (s, 1H) was used). Purification by

CO,Et

Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded the mixture of
41e and benzyl substituted compound 4Ie’ (38.6 mg, 104 umol, 52% yield, 4le:4le’ = 78:22) and the
yield of 4le was determined as 40%. A part of product decomposed during purification
(rearomatization). 4le was used to derivatization (diimide reduction to give 14, see the section 6)

without further purification. We determined the structure of 4le by the structural analysis of 14.

™S
H CO,Et

‘ Me
CO,Et
J
CO,Me
Diethyl (E)-2-(6-(methoxycarbonyl)-2-((trimethylsilyl)methylene)-1,2-dihydronaphthalen-1-yl)
-2-methylmalonate (4Ja)
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'H NMR yield of 4Ja was 59% (‘H NMR peak at 4.66 ppm (s, 1H) was used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 3:1) afforded 4Ja (39.5 mg,
88.8 umol, 44% vyield) as a colorless oil. A part of product decomposed during purification
(rearomatization). '"H NMR (400 MHz, CDCls) § 7.79-7.74 (m, 2H), 7.50 (d, J = 7.6 Hz, 1H), 6.54 (d,
J=10.0 Hz, 1H), 6.46 (d, J=10.0 Hz, 1H), 5.79 (s, 1H), 4.66 (s, 1H), 4.22-4.03 (m, 4H), 3.90 (s, 3H),
1.27 (t, J = 7.2 Hz, 3H), 1.21 (s, 3H), 1.15 (t, J = 7.2 Hz, 3H), 0.16 (s, 9H); *C NMR (101 MHz,
CDCl3) 6 170.6, 169.8, 166.9, 148.6, 140.7, 138.5, 134.6, 129.5, 129.4, 129.1, 128.1, 127.9, 127.2,
61.9, 61.4, 61.2, 52.1, 51.8, 16.8, 14.0, 13.8, 0.1; HRMS (ESI) m/z calcd for C24H3306Si [M + H]':
445.2041 found 445.2037.

TMS
H COEt
1 Me
N CO,Et

Diethyl (Z)-2-methyl-2-(3-((trimethylsilyl)methylene)-3,4-dihydroquinolin-4-yl)malonate (4Ka)

'H NMR yield of 4Ka was 61% ("H NMR peak at 4.53 ppm (s, 1H) was used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 19:1 to 4:1) afforded 4Ka (31.5 mg,
81.2 umol, 41% yield) as a colorless oil. A part of product decomposed during purification
(rearomatization). '"H NMR (400 MHz, CDCl;) & 8.21 (s, 1H), 7.40 (dd, J = 7.6, 1.2 Hz, 1H), 7.36 (dd,
J=17.6,1.2Hz, 1H), 7.29 (td, J=7.6, 1.2 Hz, 1H), 7.15 (td, J= 7.6, 1.2 Hz, 1H), 6.33 (s, 1H), 4.53 (s,
1H), 4.23-4.05 (m, 4H), 1.28 (t, J = 7.2 Hz, 3H), 1.20-1.16 (m, 6H), 0.22 (s, 9H); *C NMR (101 MHz,
CDCl3) 6 170.2, 169.5, 158.8, 147.7, 144.8, 144.0, 129.3, 128.3, 127.9, 127.7, 127.2, 61.7, 61.5, 61.3,
48.2, 15.8, 14.0, 13.8, 0.3; HRMS (ESI) m/z caled for C2iH3oNO4Si [M + H]": 388.1939 found
388.1932.

4. Pd-Catalyzed three-component C—C bond forming dearomatization of 5

rTMS
|
No 5 mol% Pd(OAc),
2 (1.0 equiv) 20 mol% L1 Me CO.R ™S

Z o B z  Br NaH, 3A MS P s .
g or Rﬂ + Vo "~ ROCT A~

\ \ toluene — H

RO,C” >CO,R 60°C, 12h oo
5A-5J (1.0 equiv) 3 (1.0 equiv) 6 »C e

General Procedure B

Following the General Procedure A, bromoheterol 5 was subjected to the catalytic dearomative
reaction at 60 °C for 12 h. After cooling the reaction mixture to room temperature, the mixture was
passed through a short alumina pad with hexane/EtOAc (1:1) as an eluent. The filtrate was
concentrated in vacuo. The yield of 6 was determined by 'H NMR analysis using CH,Br, as an

internal standard.
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Et
Ve Co2S
EtO,C . T™S

—_—

H

Diethyl (E)-2-methyl-2-(5-((trimethylsilyl)methylene)-2,5-dihydrothiophen-2-yl)malonate (6Aa)

'H NMR vyield of 6Aa was 91%, E/Z = 85:15 ("H NMR peaks at 5.58 ppm (s, 0.85H) and 5.46 ppm
(s, 0.15H) were used). Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc
=99:1 to 9:1) afforded 6Aa (49.7 mg, 145 umol, 73% yield, E/Z = 84:16) as a colorless oil. A part of
product decomposed during purification (rearomatization). 'H NMR (400 MHz, CDCl;) § 6.53-6.51
(m, 0.84H), 6.29-6.26 (m, 0.16H), 6.19-6.16 (m, 0.84H), 6.01-5.99 (m, 0.16H), 5.58 (s, 0.84H), 5.46
(s, 0.16H), 5.24-5.23 (m, 0.16H), 5.17-5.15 (m, 0.84H), 4.28-4.14 (m, 4H), 1.41 (s, 2.52H), 1.40 (s,
0.48H), 1.29-1.24 (m, 6H), 0.15 (s, 1.44H), 0.13 (s, 7.56H); >*C NMR (101 MHz, CDCls) & 170.5,
170.33, 170.29, 158.5, 156.8, 138.1, 137.1, 133.6, 133.5, 116.6, 115.9, 61.8, 61.1, 59.0, 58.1, 57.9,
15.7, 15.3, 14.01, 13.99, 0.3, —1.2 (several peaks are missing due to overlapping); HRMS (ESI) m/z
caled for C16H2704SSi [M + H]'™: 343.1394 found 343.1389.

COerU
Me s

tBuOZCW ™S

Di-tert-butyl  (E)-2-methyl-2-(5-((trimethylsilyl)methylene)-2,5-dihydrothiophen-2-yl)malonate
(6Ab)

'H NMR yield of 6Ab was 73%, E/Z =89:11 (‘"H NMR peaks at 5.56 ppm (s, 0.89H) and 5.43 ppm
(s, 0.11H) were used). Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc
=99:1 to 9:1) afforded 6Ab (45.6 mg, 114 umol, 57% yield, £E/Z = 89:11) as a colorless oil. A part of
product decomposed during purification (rearomatization). 'H NMR (400 MHz, CDCls) & 6.50-6.48
(m, 0.89H), 6.26-6.24 (m, 0.11H), 6.20-6.18 (m, 0.89H), 6.02—6.00 (m, 0.11H), 5.56 (s, 0.89H), 5.43
(s, 0.11H), 5.13 (d, J = 1.2 Hz, 0.11H), 5.06 (d, J = 1.2 Hz, 0.89H), 1.46 (s, 18H), 1.33 (s, 0.33H),
1.32 (s, 2.67H), 0.15 (s, 0.99H), 0.12 (s, 8.01H); *C NMR (101 MHz, CDCls) § 169.8, 169.5, 157.2,
137.7, 133.1, 116.0, 82.0, 59.3, 59.0, 27.8, 16.0, 0.4 (two peaks are missing due to overlapping);
HRMS (ESI) m/z calcd for C20H3404SSiNa [M + Na]": 421.1839 found 421.1831.

CO.Et IMS

Me S
EtO,C
H —
"Hex

Diethyl
(Z2)-2-(4-hexyl-5-((trimethylsilyl)methylene)-2,5-dihydrothiophen-2-yl)-2-methylmalonate (6Ba)
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'H NMR yield of 6Ba was 78% (‘H NMR peak at 5.38 ppm (s, 1H) was used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 6Ba (55.9 mg,
131 pmol, 66% vyield) as a colorless oil. A part of product decomposed during purification
(rearomatization). '"H NMR (400 MHz, CDCl;) § 5.80 (d, J = 1.2 Hz, 1H), 5.38 (s, 1H), 5.00 (d, J =
1.2 Hz, 1H), 4.29-4.15 (m, 4H), 2.20 (t, J = 7.6 Hz, 2H), 1.54-1.47 (m, 2H), 1.36 (s, 3H), 1.33-1.24
(m, 12H), 0.89 (t, J = 7.2 Hz, 3H), 0.17 (s, 9H); *C NMR (101 MHz, CDCl;) & 170.7, 170.5, 158.6,
147.3, 129.8, 111.0, 61.7, 58.2, 56.6, 31.6, 29.3, 28.2, 27.8, 22.6, 15.1, 14.04, 14.02, 13.99, —1.1 (one
peak is missing due to overlapping); HRMS (ESI) m/z calcd for C2xH3004SSi [M + H]": 427.2333
found 427.2329.

Vo Cozgt ™S
EtOQCM
Et
Diethyl (Z)-2-(4-ethyl-5-((trimethylsilyl)methylene)-2,5-dihydrothiophen-2-yl)-2-methylmalonate
(6Ca)

'H NMR yield of 6Ca was 81% ('"H NMR peak at 5.38 ppm (s, 1H) was used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 6Ca (52.9 mg,
143 umol, 71% vyield) as a colorless oil. A part of product decomposed during purification
(rearomatization). '"H NMR (400 MHz, CDCl;) § 5.82-5.81 (m, 1H), 5.38 (s, 1H), 5.00 (d, J = 1.2 Hz,
1H), 4.28-4.15 (m, 4H), 2.23 (qd, J = 7.2, 1.2 Hz, 2H), 1.36 (s, 3H), 1.28-1.24 (m, 6H), 1.14 (t, J =
7.2 Hz, 3H), 0.17 (s, 9H); *C NMR (101 MHz, CDCls) & 170.7, 170.5, 158.5, 148.7, 129.3, 111.0,
61.7, 58.2, 56.6, 21.0, 15.1, 14.00, 13.97, 12.8, —1.1 (one peak is missing due to overlapping); HRMS
(ESI) m/z calcd for CisH3104SSi [M + H]": 371.1707 found 371.1703.

Vo COZI;t ™S
EtOsz
Ph
Diethyl
(Z)-2-methyl-2-(4-phenyl-5-((trimethylsilyl)methylene)-2,5-dihydrothiophen-2-yl)malonate (6Da)
'H NMR yield of 6Da was 87% (‘H NMR peak at 5.40 ppm (s, 1H) was used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 6Da (61.8 mg,
148 umol, 74% vyield) as a colorless oil. A part of product decomposed during purification
(rearomatization). '"H NMR (400 MHz, CDCls) § 7.40-7.34 (m, 3H), 7.29-7.27 (m, 2H), 6.05 (d, J =
3.2 Hz, 1H), 5.40 (s, 1H), 5.16 (d, J= 3.2 Hz, 1H), 4.31-4.17 (m, 4H), 1.49 (s, 3H), 1.30-1.24 (m, 6H),
0.14 (s, 9H); *C NMR (101 MHz, CDCl;) § 170.6, 170.2, 157.4, 148.7, 134.9, 133.0, 128.9, 128.2,
128.0, 115.5, 61.8, 58.5, 56.9, 15.7, 14.03, 14.00, —1.1 (one peak is missing due to overlapping);
HRMS (ESI) m/z caled for C22H3104SSi [M + H]": 419.1707 found 419.1701.
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Me. CO2Et
EtO,C . T™S

—

Ph

Diethyl
(2)-2-methyl-2-(3-phenyl-5-((trimethylsilyl)methylene)-2,5-dihydrothiophen-2-yl)malonate (6Ea)

Following the general procedure, the reaction was conducted by using cyclohexane as the solvent.
'H NMR yield of 6Ea was 70%, E/Z = 89:11 (‘H NMR peaks at 5.58 ppm (s, 0.85H) and 5.52 ppm (s,
0.15H) were used). Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc =
99:1 to 9:1) afforded 6Ea (44.7 mg, 107 umol, 53% yield, £/Z = 85:15) as a colorless oil. A part of
product decomposed during purification (rearomatization). '"H NMR (400 MHz, CDCls) & 7.36-7.28
(m, 5H), 6.53 (s, 0.85H), 6.31 (s, 0.15H), 5.76 (s, 0.15H), 5.68 (s, 0.85H), 5.58 (s, 0.85H), 5.52 (s,
0.15H), 4.25-4.09 (m, 2H), 3.58-3.46 (m, 2H), 1.44 (s, 2.55H), 1.43 (s, 0.45H), 1.26-1.21 (m, 3H),
1.05-1.01 (m, 3H), 0.18 (s, 1.35H), 0.15 (s, 7.65H); *C NMR (101 MHz, CDCls) § 170.9, 168.8,
155.6, 150.5, 135.6, 133.0, 128.5, 128.2, 127.4, 117.0, 61.9, 61.4, 59.3, 58.7, 13.9, 13.7, 13.5, 0.4;
HRMS (ESI) m/z calcd for C2,H3104SSi [M + H]"™: 419.1707 found 419.1703.

TMS
M S
e
\ H
CO,Et
EtO.C Me

Diethyl
(2)-2-methyl-2-(5-methyl-2-((trimethylsilyl)methylene)-2,3-dihydrothiophen-3-yl)malonate (6Fa)

Following the general procedure, the reaction was conducted by using cyclohexane as the solvent.
'H NMR yield of 6Fa was 56% ("H NMR peak at 5.45 ppm (d, J = 1.6 Hz, 1H) was used). Purification
by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 6Fa (33.3
mg, 93.4 umol, 47% yield) as a colorless oil. A part of product decomposed during purification
(rearomatization). "H NMR (400 MHz, CDCl;) § 5.45 (d, J = 1.6 Hz, 1H), 5.32-5.31 (m, 1H), 4.49—
4.47 (m, 1H), 4.25-4.11 (m, 4H), 1.99 (s, 3H), 1.40 (s, 3H), 1.29-1.24 (m, 6H), 0.12 (s, 9H); *C NMR
(101 MHz, CDCls) 6 170.8, 170.0, 156.5, 139.0, 122.1, 118.5, 61.4, 61.3, 60.5, 59.9, 16.7, 14.1, 14.02,
14.00, —1.3; HRMS (ESI) m/z caled for C17H2004SSi [M + H]™: 357.1550 found 357.1548.

T™MS
Ph S
N4
CO,Et
EtO.C Mme
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Diethyl (Z2)-2-methyl-2-(5-phenyl-2-((trimethylsilyl)methylene)-2,3-dihydrothiophen-3-yl)
malonate (6Ga)

Following the general procedure, the reaction was conducted by using cyclohexane as the solvent.
'H NMR yield of 6Ga was 60% ('"H NMR peak at 5.35 ppm (d, J = 1.6 Hz, 1H) was used).
Purification by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded
6Ga (38.3 mg, 91.5 umol, 46% vyield) as a colorless oil. A part of product decomposed during
purification (rearomatization). '"H NMR (400 MHz, CDCl3) § 7.46-7.43 (m, 2H), 7.37-7.30 (m, 3H),
6.06 (d, J=3.2 Hz, 1H), 5.53 (d, /= 1.6 Hz, 1H), 4.68-4.67 (m, 1H), 4.28-4.16 (m, 4H), 1.47 (s, 3H),
1.30 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 0.17 (s, 9H); °C NMR (101 MHz, CDCls) § 170.8,
169.8, 154.6, 142.6, 133.5, 128.6, 128.5, 126.4, 123.2, 118.0, 61.6, 61.34, 61.25, 60.2, 14.4, 14.03,
14.00, —1.2; HRMS (ESI) m/z caled for Co,H3104SSi [M + H]": 419.1707 found 419.1700.

T™MS
o}

MeG N\ 4-h
EtO,C MeC OEt
Diethyl (Z£)-2-(5-(methoxymethyl)-2-((trimethylsilyl)methylene)-2,3-dihydrofuran-3-yl)-2-
methylmalonate (6Ha)

'H NMR yield of 6Ha was 50% ('"H NMR peak at 5.09-5.08 ppm (m, 1H) was used). Purification
by Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 6Ha (36.9
mg, 100 umol, 50% yield) as a colorless oil. "H NMR (400 MHz, CDCl;) § 5.09-5.08 (m, 1H), 4.36—
4.34 (m, 2H), 4.29-4.12 (m, 4H), 4.02 (s, 2H), 3.38 (s, 3H), 1.31 (s, 3H), 1.30-1.23 (m, 6H), 0.09 (s,
9H); *C NMR (101 MHz, CDCls) & 170.6, 170.0, 166.0, 154.9, 101.2, 98.1, 66.7, 61.5, 61.4, 58.5,
57.9, 50.9, 15.3, 14.0, —0.5 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd for

CsH3006SiNa [M + Na]": 393.1704 found 393.1696.

T™MS
0}

BnO \ H
CO,Et

Et02C Me

Diethyl (£)-2-(5-((benzyloxy)methyl)-2-((trimethylsilyl)methylene)-2,3-dihydrofuran-3-yl)-
2-methylmalonate (61a)

'H NMR yield of 6Ia was 70% ('H NMR peak at 5.40 ppm (s, 1H) was used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 6la (54.3 mg,
122 umol, 61% vyield) as a colorless oil. A part of product decomposed during purification

(rearomatization). '"H NMR (400 MHz, CDCl;) § 7.37-7.28 (m, 5H), 5.12 (d, J = 2.4 Hz, 1H), 4.57 (s,
2H), 4.37-4.35 (m, 2H), 4.27-4.14 (m, 4H), 4.11 (s, 2H), 1.31 (s, 3H), 1.30-1.23 (m, 6H), 0.10 (s,

S16



9H); *C NMR (101 MHz, CDCls) § 170.6, 170.0, 166.1, 154.9, 137.8, 128.4, 127.8, 101.5, 98.1, 72.4,
64.2,61.5,61.4,579,51.0, 15.3, 14.0, —0.4 (two peaks are missing due to overlapping); HRMS (ESI)
m/z caled for C24H3406SiNa [M + Na]™: 469.2017 found 469.2011.

T™S
Me—
S—{-H
CO,Et
Et0,C Me -

Diethyl
(E)-2-methyl-2-(5-methyl-3-((trimethylsilyl)methylene)-2,3-dihydrothiophen-2-yl)malonate (6Ja)

'H NMR yield of 6Ja was 64% (‘H NMR peak at 5.89 ppm (s, 1H) was used). Purification by
Isolera® with a basic alumina column cartridge (hexane/EtOAc = 99:1 to 9:1) afforded 6Ja (37.5 mg,
105 pmol, 53% vyield) as a colorless oil. A part of product decomposed during purification
(rearomatization). 'H NMR (400 MHz, CDCls) § 5.89 (s, 1H), 5.03 (s, 1H), 4.94 (s, 1H), 4.26-4.12 (m,
4H), 2.05 (s, 3H), 1.40 (s, 3H), 1.31-1.24 (m, 6H), 0.10 (s, 9H); >*C NMR (101 MHz, CDCls) & 170.8,
169.0, 158.4, 149.5, 122.8, 121.4, 61.8, 61.5, 61.0, 58.8, 17.2, 13.99, 13.97, 12.7, —0.1; HRMS (ESI)
m/z caled for C17H2004SSi [M + H]": 357.1550 found 357.1547.

5. Pd-Catalyzed three-component C—C bond forming dearomatization using /NV-tosylhydrazones

Ar/H Ar

5mol% Pd(OAc), /AN AT

Br NNHTs 20 mol% L1 | CO.Et AT
S._Br  7a-7d (1.5 equiv) NaH, 3A MS O‘ Me[~“g
o " R H/Ar
g Me 1,4-dioxane FO:C H™ \=

50°C, 36 h
Et0,C” “CO,Et H X-CO.Et
EtO,C Me
1a or 5a (1.0 equiv) 3a (1.5 equiv) 8 9

General Procedure C

To an 8-mL glass vessel equipped with a screw cap containing a magnetic stirring bar and 3A MS
(50.0 mg) was dried with a heat-gun in vacuo and filled with N, after cooling to room temperature. To
this vessel were added bromoarene 1a or 5a (0.20 mmol, 1.0 equiv), Pd(OAc): (2.3 mg, 0.010 mmol,
5.0 mol%), 4-(dimethylamino)phenyldiphenylphosphine (L1: 12.2 mg, 0.040 mmol, 20 mol%),
sodium hydride (60%, dispersion in paraffin liquid: 24.0 mg, 0.60 mmol, 3.0 equiv), tosylhydrazones
7 (0.30 mmol, 1.5 equiv) and malonate 3a (52.3 mg, 0.30 mmol, 1.5 equiv). The vessel was placed
under vacuum and refilled N> gas three times, and then added toluene (1.0 mL). The vessel was sealed
with a screw cap and then heated at 50 °C for 36 h with stirring. After cooling the reaction mixture to
room temperature, the mixture was passed through a short alumina pad with hexane/EtOAc (1:1) as an
eluent. The filtrate was concentrated in vacuo. The yield of 8 or 9 was determined by 'H NMR

analysis using CH»Br; as an internal standard.
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H Y—CO,Et
EtO0,C Me

Diethyl (E)-2-(4-benzylidene-1,4-dihydronaphthalen-1-yl)-2-methylmalonate (8Aa) !'*

'H NMR yield of 8Aa was 43% ('"H NMR peak at 4.64 ppm (d, J = 5.2 Hz, 1H) was used).
Purification by PTLC (hexane/EtOAc = 19:1) afforded 8Aa (28.8 mg, 73.8 umol, 37% yield) as a
colorless oil. A part of product decomposed during purification (rearomatization). '"H NMR (400 MHz,
CDCls) 6 7.83 (d, J = 8.0 Hz, 1H), 7.43-7.37 (m, 4H), 7.34-7.28 (m, 2H), 7.23-7.21 (m, 2H), 7.17 (s,
1H), 7.02 (d, J = 10.4 Hz, 1H), 6.33-6.29 (m, 1H), 4.64 (d, /= 5.2 Hz, 1H), 4.30-4.11 (m, 4H), 1.28 (4,
J =172 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H), 1.19 (s, 3H); *C NMR (101 MHz, CDCls) & 170.8, 137.2,
136.5, 134.1, 132.2, 129.5, 129.2, 128.9, 128.8, 128.2, 127.0, 126.8, 124.0, 123.1, 61.5, 61.4, 45.1,
14.9, 14.0, 13.9 (three peaks are missing due to overlapping); HRMS (ESI) m/z calcd for CsH2604Na
[M +Na]": 413.1723 found 413.1719.

A

H %—CO,Et
EtO,C Me

Diethyl 2-(4-(diphenylmethylene)-1,4-dihydronaphthalen-1-yl)-2-methylmalonate (8Ab)

'H NMR vyield of 8Ab was 45% (‘H NMR peak at 4.59 ppm (d, J = 5.2 Hz, 1H) was used).
Purification by PTLC (hexane/EtOAc = 19:1) afforded 8Ab (35.8 mg, 76.7 umol, 38% yield) as a
white solid. A part of product decomposed during purification (rearomatization). '"H NMR (400 MHz,
CDCl3) 6 7.37-7.33 (m, 2H), 7.30-7.26 (m, 1H), 7.24-7.17 (m, 7H), 7.15-7.13 (m, 1H), 7.07-7.04 (m,
2H), 6.88-6.83 (m, 2H), 6.09 (dd, J = 10.0, 5.2 Hz, 1H), 4.59 (d, J = 5.2 Hz, 1H), 4.29-4.14 (m, 4H),
1.39 (s, 3H), 1.30-1.24 (m, 6H); >°C NMR (101 MHz, CDCls) & 170.8, 170.6, 143.3, 143.2, 138.7,
136.4, 136.1, 133.2, 131.0, 130.2, 130.0, 128.9, 128.4, 128.3, 127.2, 127.1, 127.0, 126.4, 125.7, 61.49,
61.47,61.2,46.1, 15.0, 14.02, 13.98 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd
for C31H3004Na [M + Na]': 489.2036 found 489.2035.

S18



Me

Vo GOE
EtO,C
H

Diethyl (Z)-2-methyl-2-(5-(4-methylbenzylidene)-2,5-dihydrothiophen-2-yl)malonate (9Ac)

'H NMR yield of 9Ac¢ was 44%, E/Z = 7:93 ("H NMR peak at 5.33 ppm (s, 0.93H) and 5.23 ppm (s,
0.07H) was used). Purification by PTLC (hexane/EtOAc = 19:1) afforded 9Ac (29.4 mg, 81.6 umol,
41% yield) as a colorless oil. '"H NMR (400 MHz, CDCl3) § 7.38 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0
Hz, 2H), 6.50-6.47 (m, 2H), 5.99-5.97 (m, 1H), 5.33 (s, 1H), 4.31-4.18 (m, 4H), 2.34 (s, 3H), 1.41 (s,
3H), 1.30-1.26 (m, 6H); °C NMR (101 MHz, CDCl;) & 170.7, 170.3, 142.6, 137.2, 136.2, 134.2,
131.0, 129.1, 127.8, 119.1, 61.9, 61.7, 58.1, 21.3, 15.1, 14.04, 14.01 (one peak is missing due to
overlapping); HRMS (ESI) m/z calcd for C20H2404SNa [M + Na]": 383.1288 found 383.1288.

F F
CO,Et
Me S EtOZC S
EtO,C Me
H \= EtO,C
9Ad 9Ad’

Diethyl (Z)-2-(5-(4-fluorobenzylidene)-2,5-dihydrothiophen-2-yl)-2-methylmalonate (9Ad)

'H NMR yield of 9Ad was 50%, E/Z = 6:94 ("H NMR peak at 5.34 ppm (s, 0.94H) and 5.23 ppm (s,
0.06H) was used). Purification by PTLC (hexane/EtOAc = 19:1) afforded a mixture of 9Ad and
rearomatized compound 9Ad’ (31.0 mg, 85.1 umol, 43% yield, 9Ad:9Ad’ = 86:14) and the yield of
9Ad was determined as 37%. Further purification by GPC was performed to give pure 9Ad as a
colorless oil for the characterization. A part of product decomposed during purification
(rearomatization). '"H NMR (400 MHz, CDCls) § 7.47-7.42 (m, 2H), 7.07-7.01 (m, 2H), 6.49—6.47 (m,
2H), 6.01 (dd, J = 6.4, 2.8 Hz, 1H), 5.34 (s, 1H), 4.32-4.19 (m, 4H), 1.41 (s, 3H), 1.28 (t, /= 7.2 Hz,
6H); °C NMR (101 MHz, CDCl3) 6 170.7, 170.2, 161.1 (d, Jcr = 248 Hz), 143.2, 137.1, 133.3 (d, Jc_
r=2.9 Hz), 131.5, 129.4 (d, Jcr = 7.7 Hz), 117.9, 115.4 (d, Jcr = 22.2 Hz), 61.9, 61.7, 58.0, 15.2,
14.04, 14.02 (one peak is missing due to overlapping); HRMS (ESI) m/z calcd for Ci9H22FO4S [M +
H]": 365.1217 found 365.1214.

Diethyl 2-(5-(diphenylmethylene)-2,5-dihydrothiophen-2-yl)-2-methylmalonate (9Ab)
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'H NMR yield of 9Ab was 56% ('"H NMR peak at 5.26-5.24 ppm (m, 1H) was used). Purification
by PTLC (hexane/EtOAc = 19:1) afforded 9Ab (32.0 mg, 75.7 umol, 38% yield) as a white solid. A
part of product decomposed during purification (rearomatization). 'H NMR (400 MHz, CDCl;) &
7.38-7.35 (m, 2H), 7.33-7.25 (m, 5H), 7.23-7.19 (m, 1H), 7.16-7.14 (m, 2H), 6.53 (dd, J = 6.4, 2.0
Hz, 1H), 6.01 (dd, J= 6.4, 3.2 Hz, 1H), 5.26-5.24 (m, 1H), 4.25-4.13 (m, 4H), 1.46 (s, 3H), 1.28-1.22
(m, 6H); *C NMR (101 MHz, CDCls) § 170.5, 170.3, 142.6, 142.3, 142.0, 134.0, 133.4, 130.6, 130.2,
129.1, 128.15, 128.07, 127.0, 126.9, 61.8, 59.6, 58.1, 15.3, 14.03, 13.97 (one peak is missing due to
overlapping); HRMS (ESI) m/z calcd for C2sH2604SNa [M + Na]': 445.1444 found 445.1442.
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6. Derivatization of products
Diimide reduction of 4Aa for the synthesis of diethyl 2-methyl-2-((1R",4S")-4-((trimethylsilyl)
methyl)-1,4-dihydronaphthalen-1-yl)malonate (10)

™S
H ,/—~TMS
| KOCN=NCO,K

9@ 9@
—_—
MeOH

H Y—CO,Et 0°CtoRT H Y—CO,Et
EtO,C Me EtO,C Me
4Aa 10

To a 20-mL glass drum-vial containing magnetic stirring bar and the solution of 4Aa (190 mg, 491
umol, 1.0 equiv) in MeOH (6.0 mL) was added potassium diazocarboxylate (381 mg, 2.0 mmol, 4.0
equiv). The mixture was cooled at 0 °C, and then AcOH (223 uL, 3.9 mmol, 8.0 equiv) was slowly
added. After stirring 1 h at room temperature, potassium diazocarboxylate (381 mg, 2.0 mmol, 4.0
equiv) and AcOH (223 uL, 3.9 mmol, 8.0 equiv) were added again in this order at 0 °C. The mixture
was further stirred at room temperature until the color of suspension turned to white from yellow. The
mixture was slowly quenched with NaHCO; aq. and extracted three times with EtOAc. Combined
organic layer was dried over Na,SQs, filtrated, and concentrated in vacuo. The mixture was purified
by Isolera® with basic alumina column cartridge (hexane/EtOAc = 99:1 to 4:1) to afford 10 (189 mg,
485 pmol, 99% yield) as a colorless oil. 'H NMR (400 MHz, CDCl;) § 7.21-7.14 (m, 2H), 7.09-7.03
(m, 2H), 6.09 (dd, J = 10.4, 4.4 Hz, 1H), 5.87 (dd, J = 10.4, 4.4 Hz, 1H), 4.56 (t, J = 4.4 Hz, 1H),
4.29-4.16 (m, 4H), 3.45-3.42 (m, 1H), 1.31-1.22 (m, 7H), 1.17 (s, 3H), 0.94 (dd, J = 14.4, 12.0 Hz,
1H), 0.13 (s, 9H); *C NMR (101 MHz, CDCl;) § 171.3, 170.9, 143.5, 133.8, 132.7, 128.3, 128.2,
126.9, 125.3, 124.1, 61.43, 61.39, 59.2, 43.2, 36.0, 27.9, 16.2, 14.0, 13.9, —0.7; HRMS (ESI) m/z calcd
for C2,H3,04NaSi [M + Na]™: 411.1962 found 411.1958.

Bromolactonization of 10 for the synthesis of ethyl (1R",3aS5",45",55",9bR")-4-bromo-1-methyl
-2-0x0-5-((trimethylsilyl)methyl)-1,2,3a,4,5,9b-hexahydronaphtho|2,1-b]furan-1-carboxylate (11)

H ,/—TMS
NBS
O‘ THF/H,0 = 511
H M Co,Et 0°C'to RT .0 NOE
EtO,C Me L0
10 11

To an 8-mL glass tube containing magnetic stirring bar was added 10 (18.2 mg, 46.8 umol, 1.0
equiv), THF (0.50 mL), water (0.10 mL), and then N-bromosuccinimide (NBS: 10.0 mg, 56.2 pmol,
1.2 equiv) at 0 °C. After warming the mixture to room temperature and stirring for 2 h, to the mixture
were slowly added NaHCOs aq. and Na,S,0s3aq. The mixture was extracted three times with EtOAc.
Combined organic layer was dried over MgSQs, filtrated, and concentrated in vacuo. The mixture was

purified by PTLC (hexane/EtOAc = 9:1) to afford 11 (13.6 mg, 31.0 umol, 66% yield) as a colorless
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oil. '"H NMR (400 MHz, CDCl3) § 7.29-7.26 (m, 2H), 7.18-7.15 (m, 1H), 7.05-7.03 (m, 1H), 5.32 (dd,
J=28.8,4.0 Hz, 1H), 4.65 (t, /= 4.0 Hz, 1H), 4.36-4.30 (m, 3H), 3.38 (td, /= 7.2, 4.0 Hz, 1H), 1.36 (t,
J=17.2Hz, 3H), 1.22-1.16 (m, 4H), 0.93 (dd, J = 15.2, 6.8 Hz, 1H), 0.09 (s, 9H); *C NMR (101 MHz,
CDCl3) 6 174.2, 170.8, 139.3, 130.8, 129.5, 128.6, 127.8, 126.9, 79.8, 62.7, 55.3, 51.4, 44.5, 42.3,
25.5, 18.6, 14.0, —0.6; HRMS (ESI) m/z calcd for CyH»7BrOsNaSi [M + Na]": 461.0754 found
461.0750.

Epoxidation of 10 for the synthesis of diethyl 2-methyl-2-((1aR",2R",7R",7aS")-7-
((trimethylsilyl)methyl)-1a,2,7,7a-tetrahydronaphtho|2,3-b]oxiren-2-yl)malonate (12)

H ,—TMS H yj—TMS
mCPBA )
SO o
H Y—CO,Et 0°C H Y—CO,Et
Et0,C Me Et0,C Me
10 12

To an 8-mL glass tube containing magnetic stirring bar were added 10 (28.2 mg, 72.6 umol, 1.0
equiv), CH,Cl, (1.0 mL), and then m-chloroperbenzoic acid (mCPBA, 77% purity: 12.5 mg, 72.6
pmol, 1.0 equiv) at 0 °C. After stirring at 0 °C overnight, to the mixture were slowly added NaHCO3
aq. and then Na,S,03 aq. The mixture was extracted three times with CH>Cl,. Combined organic layer
was dried over Na,SOq, filtrated, and concentrated in vacuo. The mixture was purified by PTLC
(hexane/EtOAc = 3:1) to afford 12 (18.0 mg, 44.5 umol, 61% yield) as a colorless oil. '"H NMR (400
MHz, CDCl;) 6 7.18 (t, J= 8.0 Hz, 1H), 7.04 (t, /= 8.0 Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.94 (d, J =
8.0 Hz, 1H), 4.43 (s, 1H), 4.31-4.15 (m, 4H), 3.53 (dt, /= 4.0, 1.2 Hz, 1H), 3.42 (dd, J = 7.6, 6.0 Hz,
1H), 3.22 (d, J=4.0 Hz, 1H), 1.34 (s, 3H), 1.30 (t, /= 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 1.12-1.03
(m, 2H), 0.16 (s, 9H); >*C NMR (101 MHz, CDCl5) § 170.9, 170.6, 140.0, 130.1, 129.9, 129.1, 127.9,
126.0, 61.8, 61.7, 57.8, 55.6, 54.1, 42.9, 35.1, 23.5, 17.8, 14.0, 13.8, —1.0; HRMS (ESI) m/z calcd for
C2H3305Si [M + H]": 405.2092 found 405.2089.

Lactonization of 12 for the synthesis of hydroxy lactone (13)

H T™MS
. BF3'OEt2
e
CH,Cl,
H Y—CO,Et 0°C
EtOZC Me
12 weak NOE 13

To an 8-mL glass tube containing magnetic stirring bar were added 12 (33.4 mg, 82.6 umol, 1.0
equiv), CH,Cl, (1.0 mL), and BF;-OEt; (12.5 mg, 165 umol, 2.0 equiv) at 0 °C. After stirring at 0 °C
for 5 min, the mixture was diluted with Et,O and added NaHCO; aq. to quench the reaction. The

mixture was extracted three times with CH,Cl,. Combined organic layer was dried over NazSOs,
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filtrated, and concentrated in vacuo. The mixture was purified by PTLC (hexane/EtOAc = 5:1) to
afford a mixture of 13 and 13’ (20.9 mg, 55.5 pmol, 67% yield, 13:13> = 71:29) as a yellow oil.

Ethyl (15",3a5",45",5R",9bR")-4-hydroxy-1-methyl-2-0xo-5-((trimethylsilyl)methyl)-1,2,3a,4,5,9b-
hexahydronaphtho[2,1-b]furan-1-carboxylate (13): 'H NMR (400 MHz, CDCl;) § 7.31-7.28 (m,
2H), 7.24-7.20 (m, 1H), 6.94 (d, J = 8.0 Hz, 1H), 4.83 (t, J = 4.8 Hz, 1H), 4.53 (d, J = 8.8 Hz, 1H),
4.36 (q,J=17.2 Hz, 2H), 3.83 (dt, J= 8.8, 3.2 Hz, 1H), 2.99-2.94 (m, 1H), 2.29-2.28 (m, 1H), 1.36 (t,
J=17.2Hz, 3H), 1.28 (dd, J = 15.6, 6.0 Hz, 1H), 1.20 (s, 3H), 1.16 (dd, J = 15.6, 6.0 Hz, 1H), 0.04 (s,
9H); *C NMR (101 MHz, CDCl3) § 175.3, 171.1, 139.3, 129.9, 129.3, 128.4, 127.7, 126.9, 81.8, 73.0,
62.7, 54.3, 45.6, 39.4, 18.2, 18.1, 14.0, —0.1; HRMS (ESI) m/z calcd for CoH,30sNaSi [M + Na]':
399.1598 found 399.1596.

Ethyl (1R",3a5",4S",5R",9bR")-4-hydroxy-1-methyl-2-0xo-5-((trimethylsilyl)methyl)-1,2,3a,4,5,9b-
hexahydronaphtho[2,1-b]furan-1-carboxylate (13°): '"H NMR (400 MHz, CDCl;) & 7.29-7.27 (m,
1H), 7.26-7.23 (m, 1H), 7.20-7.15 (m, 2H), 4.72 (dd, J = 9.6, 8.8 Hz, 1H), 4.14 (dt, J = 9.6, 3.2 Hz,
1H), 3.97 (d, J = 9.6 Hz, 1H), 3.76 (q, J = 7.2 Hz, 2H), 2.86-2.81 (m, 1H), 2.39 (d, J = 3.2 Hz, 1H),
1.87 (s, 3H), 1.34 (dd, J = 15.2, 5.2 Hz, 1H), 1.15 (dd, J = 15.2, 5.2 Hz, 1H), 0.78 (t, J = 7.2 Hz, 3H),
0.08 (s, 9H); *C NMR (101 MHz, CDCl;) § 175.6, 168.6, 139.4, 130.8, 128.1, 127.9, 127.8, 126.5,
82.3,72.5,61.9, 56.1, 49.2, 38.8, 24.4, 17.7, 13.6, —0.1; HRMS (ESI) m/z calcd for C2H230sNaSi [M
+Na]"™: 399.1598 found 399.1598.

Diimide reduction of 4Ie for the synthesis of diethyl 2-((15",25")-2-((trimethylsilyl)methyl)-
1,2-dihydronaphthalen-1-yl)malonate (14)

™S
E0C H ! KO,CN=NCO,K
AcOH
EtO,C
O MeOH, 0 °C to RT
4le

crude mixture

To a crude mixture of 4le (NMR yield was 61%, 0.20 mmol scale) in a 20 mL drum-vial with a
magnetic stirring bar were added potassium diazocarboxylate (155 mg, 0.80 mmol, 4.0 equiv) and
MeOH (2.0 mL). The mixture was cooled at 0 °C, and then AcOH (90.9 uL, 1.6 mmol, 8.0 equiv) was
slowly added. After stirring 1 h at room temperature, potassium diazocarboxylate (155 mg, 0.80 mmol,
4.0 equiv) and AcOH (90.9 uL, 1.6 mmol, 8.0 equiv) were added again in this order at 0 °C. The
mixture was further stirred at room temperature until the color of suspension turned to white from
yellow. The mixture was slowly quenched with NaHCO; aq. and extracted three times with EtOAc.
Combined organic layer was dried over Na,SQs, filtrated, and concentrated in vacuo. The mixture was
purified by PTLC (hexane/EtOAc = 19:1, three times) to afford 14 (34.3 mg, 46% yield in 2 steps (for
this reduction, 75% yield)) as a colorless oil. "H NMR (400 MHz, CDCl3) § 7.17 (td, J = 7.2, 2.0 Hz,

S23



1H), 7.12-7.07 (m, 2H), 7.03 (d, J = 7.2 Hz, 1H), 6.47 (dd, J = 9.6, 2.8 Hz, 1H), 5.78 (dd, J = 9.6, 2.8
Hz, 1H), 4.28-4.15 (m, 2H), 3.90 (d, J = 8.8 Hz, 1H), 3.86-3.69 (m, 2H), 3.65 (dd, J = 8.8, 5.2 Hz,
1H), 2.85-2.73 (m, 1H), 1.28 (t, /= 7.2 Hz, 3H), 0.97 (t, J = 7.2 Hz, 3H), 0.68 (dd, J = 14.0, 3.2 Hz,
1H), 0.59 (t, J = 14.0 Hz, 1H), 0.01 (s, 9H); *C NMR (101 MHz, CDCls) § 169.3, 168.6, 135.6, 134.2,
133.3, 127.8, 127.3, 126.8, 125.7, 61.5, 61.2, 50.8, 44.3, 34.3, 16.9, 14.0, 13.7, —0.8 (one peak is
missing due to overlapping); HRMS (DART) m/z caled for C21H3004SiNa [M + Na]'": 397.1806 found
397.1809.

Epoxidation of 14 for the synthesis of diethyl 2-((1aS",2R",357bR")-2-((trimethylsilyl)methyl)-
1a,2,3,7b-tetrahydronaphtho[1,2-b]oxiren-3-yl)malonate (15)

TMS
EtO,C H
mCPBA ]
- EtO,C
CH,Cl,, 0 °C

14
To a solution of 14 (13.0 mg, 34.7 umol, 1.0 equiv) in CH>Cl, (1.0 mL) was added
m-chloroperbenzoic acid (mCPBA, 77% purity: 8.6 mg, 38.2 umol, 1.1 equiv) at 0 °C. After stirring

the solution at 0 °C for several hours with monitoring reaction progress by TLC, NaHCOs aq. and
Na;S,0s aq. were added to quench the reaction. The mixture was extracted three times with CH>Cl,
dried over Na;SO,, filtrated, and then concentrated in vacuo. Purification by PTLC (hexane/EtOAc =
9:1) afforded 15 (9.3 mg, 23.8 umol, 69% yield) as a colorless oil. '"H NMR (400 MHz, CDCl;) § 7.41
(dd, J=17.2,2.0 Hz, 1H), 7.29-7.21 (m, 2H), 6.84 (d, J = 7.2 Hz, 1H), 4.32-4.17 (m, 4H), 3.92 (dd, J
=12.0, 4.0 Hz, 1H), 3.87 (d, J=4.0 Hz, 1H), 3.84 (d, /= 12.0 Hz, 1H), 3.60 (t, /= 4.0 Hz, 1H), 2.50—
2.44 (m, 1H), 1.33 (t,J= 7.2 Hz, 3H), 1.25 (t, /= 7.2 Hz, 3H), 0.61 (dd, J = 14.8, 2.8 Hz, 1H), 0.02 (s,
9H), —0.13 (dd, J = 14.8, 12.0 Hz, 1H); *C NMR (101 MHz, CDCl;) & 168.5, 168.2, 135.9, 132.5,
129.4, 128.6, 126.4, 125.4, 61.8, 57.6, 53.8, 53.1, 37.8, 31.5, 14.1, 14.0, 12.9, —0.5 (one peak is
missing due to overlapping); HRMS (ESI) m/z caled for C21H300sSiNa [M + Na]™: 413.1755 found
413.1751.

Bromohydrin formation (synthesis of 16)
T™MS

NBS

THF/H,0 =2/1, RT

14

To a solution of 14 (19.0 mg, 50.7 umol, 1.0 equiv) in THF (0.80 mL) and H>O (0.40 mL) was
added N-bromosuccinimide (NBS: 9.9 mg 55.8 umol, 1.1 equiv) at 0 °C. After stirring the solution at
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room temperature for several hours with monitoring reaction progress by TLC, water was added to
quench the reaction. The mixture was extracted three times with EtOAc, dried over MgSQs, filtrated,
and then concentrated in vacuo. Purification by PTLC (hexane/EtOAc = 9:1, two times) afforded 16
(13.1 mg, 27.8 pmol, 55% yield) as a colorless oil and diastereo isomer 16’ (4.0 mg, 8.5 umol, 17%
yield) as a colorless oil.

Diethyl
2-((15",25",35",4S")-3-bromo-4-hydroxy-2-((trimethylsilyl)methyl)-1,2,3,4-tetrahydronaphthalen-
1-yl)malonate (16): 'H NMR (400 MHz, CDCl;) § 7.58 (d, J = 7.6 Hz, 1H), 7.31 (t, J= 7.6 Hz, 1H),
7.24 (t, J=17.6 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 5.03 (dd, J = 7.6, 4.0 Hz, 1H), 4.38-4.30 (m, 1H),
4.26-4.18 (m, 1H), 4.03-3.87 (m, 5H), 2.85 (d, /= 4.0 Hz, 1H), 2.59-2.53 (m, 1H), 1.33 (t, /= 7.2 Hz,
3H), 1.10 (t, J = 7.2 Hz, 3H), 0.40 (dd, J = 14.8, 5.6 Hz, 1H), 0.35-0.25 (m, 1H), 0.03 (s, 9H); "°C
NMR (101 MHz, CDCI3) 6 168.32, 168.28, 136.8, 136.0, 127.2, 125.8, 125.2, 75.5, 64.7, 62.0, 61.9,
52.8, 42.5, 41.4, 18.9, 14.1, 13.8, —1.0 (one peak is missing due to overlapping); HRMS (ESI) m/z
calcd for C,1H3BrOsSiNa [M + Na]": 493.1016 found 493.1016.

Diethyl

2-((15",28",3R" 4R ")-3-bromo-4-hydroxy-2-((trimethylsilyl)methyl)-1,2,3,4-tetrahydronaphthalen
-1-yl)malonate (16°): "H NMR (400 MHz, CDCl;) § 7.51 (d, J= 7.6 Hz, 1H), 7.30 (t, J= 7.6 Hz, 1H),
7.21 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 5.27 (t, J = 5.2 Hz, 1H), 4.49 (t, J = 5.2 Hz, 1H),
4.39 (d, J = 8.8 Hz, 1H), 4.35-4.22 (m, 2H), 3.95 (dd, J = 8.8, 4.0 Hz, 1H), 3.87-3.78 (m, 1H), 3.75-
3.66 (m, 1H), 2.52-2.46 (m, 2H), 1.32 (t, J= 7.2 Hz, 3H), 0.98 (dd, J= 14.4, 10.8 Hz, 1H), 0.88 (t, J =
7.2 Hz, 3H), 0.69 (dd, J = 14.4, 3.2 Hz, 1H), 0.07 (s, 9H); *C NMR (101 MHz, CDCl;) § 169.5, 168.5,
137.0, 135.8, 128.5, 127.7, 127.6, 127.1, 75.0, 62.5, 61.8, 61.3, 51.7, 45.1, 36.7, 18.3, 14.1, 13.5, —0.6;
HRMS (ESI) m/z caled for C21H3,BrOsSi [M + H]™: 471.1197 found 471.1202.

Hydrogenation of 14 for the synthesis of diethyl
2-((18",28")-2-((trimethylsilyl)methyl)-1,2,3,4-tetrahydronaphthalen-1-yl)malonate (17)

Pd/C
H, (balloon)

MeOH, RT

To a solution of 14 (15.6 mg, 41.6 umol, 1.0 equiv) in MeOH (0.40 mL) was added Pd/C (10 wt%,
1.6 mg, 1.5 umol, 3.6 mol%) and equipped with H, balloon (1 atm) then stirred for overnight at room
temperature. The mixture was passed through a pad of Celite® and filtrate was concentrated in vacuo
to afford 17 (14.0 mg, 37.2 umol, 89% yield) as a colorless oil. "H NMR (400 MHz, CDCls) § 7.12—
7.09 (m, 2H), 7.06-7.02 (m, 2H), 4.26 (q, J = 7.2 Hz, 2H), 3.74-3.66 (m, 3H), 3.62-3.54 (m, 1H),
2.90-2.77 (m, 2H), 2.12-2.04 (m, 1H), 1.87-1.80 (m, 1H), 1.75-1.64 (m, 1H), 1.30 (t, J= 7.2 Hz, 3H),
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0.88 (t,J=7.2 Hz, 3H), 0.57 (dd, /= 14.4, 2.4 Hz, 1H), 0.41 (dd, J= 14.4, 11.2 Hz, 1H), 0.01 (s, 9H);
C NMR (100 MHz, CDCls) § 170.0, 169.0, 137.6, 136.9, 129.5, 128.4, 126.7, 124.9, 61.5, 61.0, 53.3,
447, 34.0, 28.3, 26.0, 20.4, 14.0, 13.5, —0.7, HRMS (ESI) m/z calcd for C2H3,04Na [M + Na]":
399.1962 found 399.1964.

mCPBA Oxidation of 6Aa for the synthesis of diethyl (£)-2-(1,1-dioxido-5-((trimethylsilyl)
methylene)-2,5-dihydrothiophen-2-yl)-2-methylmalonate (18)

Ve, COZE E0,C O,f
S—#"TMs mCPBA Me S—# " TMs
EtO,C —
H \= CH,Cl, EtO,C Y —
6Aa 0°CtoRT .8

To a solution of 6Aa (35.0 mg, 102 umol, 1.0 equiv, E/Z = 84:16) in a 20 mL drum-vial with a
magnetic stirring bar was added CH>Cl, (1.0 mL). The mixture was cooled to 0 °C, and then
m-chloroperbenzoic acid (mCPBA, 77% purity: 28.6 mg, 128 umol, 1.25 equiv) was added. After
stirring 1 h at 0 °C, mCPBA (77% purity: 28.6 mg, 128 umol, 1.25 equiv) was added again at 0 °C.
The mixture was stirred for 4 h at room temperature. The mixture was quenched with NaHCO; aq. at
0 °C and extracted three times with CH,Cl,. Combined organic layer was dried over Na,SQy, filtrated,
and concentrated in vacuo. The mixture was purified by PTLC (hexane/EtOAc = 9:1) to afford 6Aa
(31.1 mg, 83.0 umol, 81% yield, E/Z = 85:15) as a colorless oil. 'H NMR (400 MHz, CDCls) § 6.84—
6.82 (m, 0.85H), 6.55-6.52 (m, 0.15H), 6.44 (s, 0.85H), 6.42—6.39 (m, 0.85H), 6.23-6.21 (m, 0.30H),
4.61 (t,J = 2.8 Hz, 0.15H), 4.58 (t, J = 2.8 Hz, 0.85H), 4.37-4.17 (m, 4H), 1.56 (s, 0.45H), 1.55 (s,
2.55H), 1.35-1.30 (m, 3H), 1.29-1.25 (m, 3H), 0.28 (s, 1.35H), 0.23 (s, 7.65H); *C NMR (101 MHz,
CDCl3) 6 169.2, 169.1, 168.73, 168.69, 153.5, 152.8, 134.5, 131.8, 131.0, 130.9, 128.4, 127.8, 67.3,
65.1, 62.6, 62.5, 62.4, 55.3, 55.2, 16.2, 16.1, 14.0, 13.9, —0.4, —0.6 (several peaks are missing due to
overlapping); HRMS (ESI) m/z calcd for C16H2706SSi [M + H]": 375.1292 found 375.1289.
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7. Attempts toward asymmetric dearomatization

I/TMS
Br NI 5 mol% Pd(OAc), ™S
2 20 mol% chiral ligand | KO,CN=NCO,K
2 (1.0 equiv) NaH (1.0 equiv) AcOH
+ . o
Me 3A MS (50 mg) OO MeOH, 0 °C to RT
EtO OEt toluene (1.0 mL)
60°C,12h H CO,Et
o O EtO,C Me
1A (0.20 mmol) 3a (1.0 equiv) 4Aa*
oh H TMS
L, ™
. o8
o/ > H Y—CO,Et
OO PH EtO,C Me
Ph 10*
chiral ligand 10%, 34%ee

(over 2 steps)

Following the General Procedure A, the reaction of 1A, 2, and 3a was conducted by using
(11bS)-N,N-dibenzyl-2,6-diphenyldinaphtho[2,1-d:1',2'-f][ 1,3,2]dioxaphosphepin-4-amine (26.6 mg,
0.040 mmol, 20 mol%) as a chiral ligand, 'H NMR yield of 4Aa” was 13% (‘H NMR peak at 4.60
ppm (d, J= 5.6 Hz, 1H) was used). The crude material was used next step without further purification.

To a crude mixture of 4Aa” (NMR vyield was 13%, 0.026 mmol) in a 20 mL drum-vial with a
magnetic stirring bar were added potassium diazocarboxylate (51.8 mg, 0.27 mmol, 10.3 equiv, based
on the amount of 4Aa”) and MeOH (2.0 mL). The mixture was cooled to 0 °C, and then AcOH (30.3
uL, 0.53 mmol, 20.4 equiv) was slowly added. After stirring 1 h at room temperature, potassium
diazocarboxylate (51.8 mg, 0.27 mmol, 10.3 equiv) and AcOH (30.3 uL, 0.53 mmol, 20.4 equiv) were
added again in this order at 0 °C. After stirring 1 h at room temperature, potassium diazocarboxylate
(51.8 mg, 0.27 mmol, 10.3 equiv) and AcOH (30.3 pL, 0.53 mmol, 20.4 equiv) were added again in
this order at 0 °C (total three portions). The mixture was further stirred at room temperature until the
color of suspension turned to white from yellow. The mixture was slowly quenched with NaHCOs aq.
and extracted three times with EtOAc. Combined organic layer was dried over Na,SOs, filtrated, and
concentrated in vacuo. The mixture was purified by PTLC (hexane/EtOAc = 19:1, three times) to
afford pure 10" (7.7 mg, 10% yield, 34% ee in 2 steps) as a colorless oil. Enantiomeric excess 34%
was determined by chiral HPLC analysis: Chiralpak OD-3, hexane/IPA 99:1, 1.0 mL/min, 40 °C,

detection at 220 nm, retention time (min): 5.67 (minor) and 6.00 (major).
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Chromatogram Report

500000
450000]
H T™MS
as0000 O‘
250000 H CO,Et
>
: . EtO,C Me
: z racemic 10
150000 |\| g
' f
1 | [
50000 n
A ‘ U
VLWAVE | <I _
50000} - ———————————— T ——————
00 20 40 6.0 80 10.0 120 140 150
min.
Result )
No. Rt (min) Area Area (%) height
1 5677 1278753. 4 50.1 164276
2  6.057 1273451.0 49.9 111696
2552204. 4 100.0 275972
Chromatogram Report
500000
ss0000]
350[”0:
250000
2
°§ EtOQC Me
1 &2 *
150000 B Iﬁ‘ 10
d |1 I |
] ‘l \‘
s0000] “ || \
Y L
-5ﬂml’; . . . . . . . . . . . . . . . . .
0.0 2.0 4.0 6.0 8.0 10.0 120 14.0 15.0
min.
Result A A " heich
No. Rt(min) rea  Area (%) height
1 5.670 1075320. 0 33.2 145238
2 6.003 2162662. 3 66.8 166420

3237982. 3 100.0 311658
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8. Effect of parameters

Effect of ligand
Br 5.0 mol% Pd(OAc), TMS
ligand |
T™S Me NaH (1.2 equiv)
OO S . YcoE Lo O‘
N EtO,C toluene (1.0 mL)
60 °C,12h H CO,Et
EtO,C Me
1A 2 3a 4Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry  ligand (X mol%) recovery of 1A (%) yield of 4Aa? (%)
1 L1 (20) 44 56
2 PPh; (20) 51 44 NMe,
3b Pd(PPhg)4 (5) 52 39
4 L2 (20) 46 2
5 L3 (20) 56 44
6 L4 (20) 45 15 3
7 L5 (20) 96 0 PR,
8 L6 (20) 100 0 (R=Ph) L3 (R = OMe)
9 L7 (20) 10 1 L2 (R Bu) L4 (R = Me) L5
10 L8 (20) 84 15
11 DPEphos (10) 64 32 1
12 Xantphos (10) 100 0 Bu MeQ MeQ
13 XPhos (20) 94 6
14 (%) BINAP (10) 94 0 P 0M6> P OM(%) P )
15 PPh,Me (20) 72 0 3 3 3
16 PPh,Et (20) 69 6 Bu MeO MeO
17 P"Bus (20) 96 4
18 P(OPh) (20) 92 0 L6 L7 L8
19 P(CgFs)3 (20) 76 0
20 none 93 0
[a] Recoveries and yields were determined by "H NMR using CH,Br,
as an internal standard.
[b] Without Pd(OAc),
Effect of base
Br 5.0 mol% Pd(OAc), TMS
s Ve 20 mol% L1 |
base (X equiv
Q0 " 1 " wod™™ mmerons L
N EtO,C toluene (1.0 mL)
60 °C,12h H CO,Et
EtO,C Me
1A 2 3a 4Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry base X recovery of 1A2 (%) yield of 4Aa? (%)
1 Cs,CO; 20 100 6
2 Na,CO; 2.0 95 0
3 NaOBu 2.0 87 0
4 LiOBu 2.0 100 3
5 KsPO, 20 98 0
6 NaH 1.2 44 56
7 NaH 1.0 12 71
8 NaH 2.0 15 20

[a] Recoveries and yields were determined
as an internal standard.
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Effect of additive

5.0 mol% Pd(OAc),

Br 20 mol% L1 ™S
NaH (1.0 equiv) |
T™MS Me, additive
+ f + >—COZEt B ———
Na EtO,C toluene (1.0 mL)
60°C,12h
H CO,Et
EtO,C Me
1A 2 3a 4Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry  additive (X equiv) recovery of 1A2(%) vyield of 4Aa? (%)
1 none 12 71
2 _H0 (1.0) 81 19
3 3A MS (50 mg) 12 88
4 KF (2.0) with 3A MS 64 36
5 KCI (2.0) with 3A MS 69 31
6  KBr(2.0) with 3A MS 41 48
[a] Recoveries and yields were determined by 'H NMR using CH,Br,
as an internal standard.
Effect of Pd source
Br 5.0 mol% Pd source ™S
™S Me 20 mol% L1 |
NaH (1.0 equiv
D - - o i (Y]
N EtO,C toluene (1.0 mL)
3A MS (50 mg)
60°C, 12 h H x-CO-Et
EtO,C Me
1A 2 3a 4Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry Pd source recovery of 1A% (%) yield of 4Aa? (%)
1 Pd(OAc), 12 88
2 PdBr, 52 48
3 Pd(COOCF3), 54 46
4 Pd(cod)Cl, 52 48
5 Pd(acac), 65 28
6P Pd,(allyl)>Cl, 68 28
7° Pd,(dba); 69 25
8 Pd(MeCN)4(BF )5 100 0

[a] Recoveries and yields were determined by 'H NMR using CH,Br,
as an internal standard.
[b] 2.5 mol% of Pd source
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Effect of temperature

Br 5.0 mol% Pd(OAc), TMS
20 mol% L1 |

T™MS Me, NaH (1.0 equiv)
T s o)
N EtO,C toluene (1.0 mL)

3A MS (50 mg)
temperature, 12 h H )~CO,Et
EtO,C Me
e 2 3a 4Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)

entry  temperature (°C)  recovery of 1A% (%) yield of 4Aa? (%)

1 50 48 52
2 60 12 88
3 70 54 24
4 80 49 30

[a] Recoveries and yields were determined by "H NMR using CH,Br,
as an internal standard.

Effect of solvent

Br 5.0 mol% Pd(OAC), TMS
20 mol% L1 |

T™S Me, NaH (1.0 equiv)
OO + ( + >—COQEt E ———— “
N EtO,C solvent (1.0 mL)

3A MS (50 mg)

° H CO,Et
60°C, 12 h EO.C Mo
1A 2 3a 4Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry solvent recovery of 1A2 (%) yield of 4Aa? (%)
1 toluene 12 88
2 cyclohexane 32 54
3 1,4-dioxane 60 40
4 CH,Cl, 68 32
5 DCE 82 18
6 Et,O 54 26
7 {AmylOH 78 4
8 BuOH 91 0

[a] Recoveries and yields were determined by "H NMR using CH,Br,
as an internal standard.
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Condition screening for dearomatization of bromobenzene (1F)

5.0 mol% PdCly(cod)

Br 20 mol% DPEphos ™S VS
NaH (1.0 equiv) |
T™MS R KBr (2.0 equiv)
+ f + >—COZEt —_—
No EtO,C toluene (1.0 mL)
o 2
40°C,12h Et0,C R EtO,C R CO,Et
1F 2 3a(R=Me)or3e (R=H) 4Fa or 4Fe 4Fa’ or 4Fe’
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry malonate variation from above conditions yield of 4Fa or 4Fe (%)2 vyield of 4Fa’ or 4Fe’ (%)?
1 3e Pd(OAc), and L1 were used w/o KBr at 60 °C 0 0
2 3e Pd(OAc), was used w/o KBr at 60 °C 6 0
3 3e Pd,(allyl)>Cl, was used w/o KBr at 60 °C 8 0
4 3e w/o KBr at 70 °C 10 0
5 3e at 70 °C 17 0
6 3a at 70 °C 37 21
7 3a cyclohexane at 70 °C 32 37
8 3a cyclohexane at 70 °C, 6 h 45 25
9 3a at 50 °C 54 18
10 3a 6h 57 12
1 3a none 65 26

[a] Yields were determined by "H NMR using CH,Br, as an internal standard.
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Solvent effect for dearomatization using benzaldehyde p-toluenesulfonylhydrazone (7a)

Br 5.0 mol% Pd(OAc), Ph
20 mol% L1 |

Ph Me, NaH (2.0 equiv)
D+ (o pegron R oy
NNHTs EtO,C solvent (1.0 mL)

3A MS (50 mg)

N H CO,Et
60 °C, 12 h E0,C Mo
1A 7a 3a 8Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry solvent recovery of 1A? (%) yield of 8Aa? (%)
1 toluene 69 13
2 THF 46 1
3 1,4-dioxane 40 20
4 DME 31 3
5 CH,Cl, 48 8
6 DCE 73 1
7 m-xylene 75 8
8 benzene 45 12
9 PhCF3 40 2
10 1,4-dioxane 38 31
1 Et,O 54 9
12 CHCly 97 0

[a] Recoveries and yields were determined by 'H NMR using CH,Br,
as an internal standard.

Base effect for dearomatization using benzaldehyde p-toluenesulfonylhydrazone (7a)

Br 5.0 mol% Pd(OAC), Ph
20 mol% L1 |

Ph Me, base (X equiv)
D % e * wod - 0
NNHTs EtO,C 1,4-dioxane (1.0 mL)

3A MS (50 mg)

60 °C, 12 h £10,¢ Mo
1A 7a 3a 8Aa
(0.20 mmol) (1.0 equiv) (1.0 equiv)
entry base X recovery of 1A2 (%) yield of 8Aa? (%)
1 NaH 2.0 38 31
2 K>COg 2.0 100 0
3 NaOBu 2.0 65 7
4 KOBu 2.0 52 6
5 LiOBu 2.0 77 0
6 NaH 2.5 22 17
7 NaH 3.0 13 1

[a] Recoveries and yields were determined by 'H NMR using CH,Br,
as an internal standard.
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Equivalent effect for dearomatization using benzaldehyde p-toluenesulfonylhydrazone (7a)

Ph

Br 5.0 mol% Pd(OAc),
" 20 mol% L1 |
Ph e NaH (Z equiv)
QD - (v e - Q0
NNHTs EtO.C 1,4-dioxane (1.0 mL)
wiseono oo
’ EtO,C Me
1A 7a 3a 8Aa
(0.20 mmol) (X equiv) (Y equiv)
entry X Y z recovery of 1A? (%) yield of 8Aa? (%)
1 1.0 1.0 2.0 38 31
2 15 1.0 2.0 54 18
3 2.0 1.0 2.0 87 0
4 1.0 2.0 3.0 31 32
5 1.5 1.5 3.0 22 11
6 2.0 2.0 4.0 0 38

[a] Recoveries and yields were determined by 'H NMR using CH,Br,»
as an internal standard.

Temperature and reaction time effects for dearomatization using benzaldehyde

p-toluenesulfonylhydrazone (7a)

Br 5.0 mol% Pd(OAC), Ph
" 20 mol% L1 |
Ph € NaH (3.0 equiv)
+ | + >—COzEt >
NNHTs EtO,C 1,4-dioxane (1.0 mL)
3A MS (50 mg) H CO,Et
temperature, time Et0,C Me
1A 7a 3a 8Aa
(0.20 mmol) (1.5 equiv) (1.5 equiv)
entry temperature time recovery of 1A2 (%) yield of 8Aa? (%)
1 60 °C 12h 22 41
2 40 °C 24 h 63 11
3 50 °C 24 h 21 35
4 50 °C 36 h 16 43

[a] Recoveries and yields were determined by 'H NMR using CH,Br,
as an internal standard.
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Limitation (Ar—Br)

Br 5.0 mol% Pd(OAC), TMS TMS
S " 20 mol% L1 |
PN ™ e NaH (1.0 equiv) SN SN
: @ s + COEt — o 7 r
(U (O (U8
Sy N EtO,C toluene (1.0 mL) Sy Ty
60 °C, 12 h H YCo,Et
EtO,C Me EtO,C M CO,Et
1 2 3a s1 S2
(0.20 mmol) (1.0 equiv) (1.0 equiv)
THNMRyielda
™S T™S ™S T™S T™MS T™MS
I I I EOC | I I
= Me N Me Me
z N
| | [ EtO,C | | 1
N SN X S N
H »}—CO,Et H »}—CO,Et H »—CO,Et H »}x—CO.Et H »}—CO.Et
EtO,C Me EtO,C Me EtO,C Me EtO,C Me EtO,C Me
S1a:19% S1b : 8% S1c:0% S1d : 0% S1e°: 0% S1f°: 0%
S2a’: 59% S2b’ : 74% S2¢’: 0% S2d’: 0% S2e’: 0% S2f’ : 68%

[a] Yields were determined by 'H NMR using CH,Br, as an internal standard.
[b] Pd(cod)Cl, (5.0 mol %), DPEphos (10 mol %) were used as catalysts and KBr (2.0 equiv) was added at 40 °C.

Limitation (nucleophile)

Br 5.0 mol% Pd(OAc), TMS
20 mol% L1 |
TMS NaH (1.0 equiv)
0 - & o A0
N toluene (1.0 mL)
60 °C,12h H Nu
1A 2 3 S3
(0.20 mmol) (1.0 equiv) (1.0 equiv)
TH NMR yield?
H O Ho 2 H H Me H OBu

H H
)—CO,Bu »—CN
EtO,C EtO,C o o)

N Ph
OMZL Me Me (6]
S3a : 46% S3b : 0% S3c : 0% S3d: 0% S3e : 0% S3f : 0% S3g : 0%
57:43 dr

[a] Yields were determined by 'H NMR using CH,Br, as an internal standard.

Limitation (diazo compound)

Br 5.0 mol% Pd(OAc), 020 ~TMS
o.c s M 20 mol% L1
SN EtO, ™ e NaH (1.0 equiv) PN
r @ + g + YcoEt — T
Seg- Ny EtO,C toluene (1.0mL)  “eu-
60°C,12h H CO,Et
Et0,C Me
1A or 5A S4 3a S5 or S6
(0.20 mmol) (1.0 equiv) (1.0 equiv) (1.0 equiv)
THNMRyielda
EtO,C TMS EtO,C TMS
) L7
H
Et0,C Me Z7 Me
S5: 0% S6 : 0%

[a] Yields were determined by "H NMR using CH,Br, as an internal standard.
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10. 'H and “C NMR Spectra

"H NMR of 4Aa (400 MHz, CDCls)
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3C NMR of 4Ab (101 MHz, CDCls)
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3C NMR of 4Ba (101 MHz, CDCls)
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"H NMR of 4Ca (400 MHz, CDCls)
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3C NMR of 4Ca (101 MHz, CDCl;)
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"H NMR of 4Caa (400 MHz, CDCls)
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3C NMR of 4Caa (101 MHz, CDCls)
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"H NMR of 4Da (400 MHz, CDCls)
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3C NMR of 4Da (101 MHz, CDCl)
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"H NMR of 4Ea (400 MHz, CDCl;)
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"H NMR of 4Fa (400 MHz, CDCls)
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"H NMR of 4Ga (400 MHz, CDCl;)
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3C NMR of 4Ga (101 MHz, CDCls)
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"H NMR of 4Ac (400 MHz, CDCl;)
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3C NMR of 4A¢ (101 MHz, CDCl3)




"H NMR of 4Ad (400 MHz, CDCl;)
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3C NMR of 4Ad (101 MHz, CDCls)
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"H NMR of 4He (400 MHz, CDCls)
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3C NMR of 4He (101 MHz, CDCls)
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3C NMR of 4Ja (101 MHz, CDCls)
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"H NMR of 4Ka (400 MHz, CDCl;)
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C NMR of 4Ka (101 MHz, CDCls)
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3C NMR of 6Aa (101 MHz, CDCI)
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"H NMR of 6Ab (400 MHz, CDCl;)
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"H NMR of 6Ba (400 MHz, CDCl;)
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3C NMR of 6Ba (101 MHz, CDCls)
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"H NMR of 6Ca (400 MHz, CDCls)
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"H NMR of 6Ia (400 MHz, CDCl;)
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3C NMR of 6Ia (101 MHz, CDCls)
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"H NMR of 6Ja (400 MHz, CDCl;)
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C NMR of 6Ja (101 MHz, CDCls)
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3C NMR of 8Aa (101 MHz, CDCIs)
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"H NMR of 8Ab (400 MHz, CDCl;)
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3C NMR of 8Ab (101 MHz, CDCls)
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"H NMR of 9Ac¢ (400 MHz, CDCl;)
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3C NMR of 9A¢ (101 MHz, CDCl3)
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"H NMR of 9Ad (400 MHz, CDCl;)
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3C NMR of 9Ad (101 MHz, CDCls)
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"H NMR of 9Ab (400 MHz, CDCl;)
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"H NMR of 10 (400 MHz, CDCls)
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3C NMR of 10 (101 MHz, CDCls)
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"H NMR of 11 (400 MHz, CDCls)
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C NMR of 11 (101 MHz, CDCls)
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"H NMR of 12 (400 MHz, CDCls)
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C NMR of 12 (101 MHz, CDCls)
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"H NMR of 13 (400 MHz, CDCls)
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3C NMR of 13 (101 MHz, CDCls)
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"H NMR of 13’ (400 MHz, CDCl5)
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BC NMR of 13’ (101 MHz, CDCl5)
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"H NMR of 14 (400 MHz, CDCls)
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3C NMR of 14 (101 MHz, CDCls)
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"H NMR of 15 (400 MHz, CDCls)
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C NMR of 15 (101 MHz, CDCls)
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BC NMR of 15 (101 MHz, CDCl; 323 K)
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"H NMR of 16 (400 MHz, CDCl5)
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C NMR of 16 (101 MHz, CDCls)
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"H NMR of 16’ (400 MHz, CDCl5)
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"H NMR of 17 (400 MHz, CDCl5)
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C NMR of 17 (101 MHz, CDCls)




"H NMR of 18 (400 MHz, CDCls)
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11. Crude '"H NMR spectra of 4, 6, 8 and 9
"H NMR of 4Aa (400 MHz, CDCls)
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"H NMR of 4Ab (400 MHz, CDCl;)
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"H NMR of 4Da (400 MHz, CDCls)
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"H NMR of 4Ea (400 MHz, CDCl;)
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"H NMR of 4Fa (400 MHz, CDCls)
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"H NMR of 4Ac (400 MHz, CDCl;)
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"H NMR of 4He (400 MHz, CDCls)
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"H NMR of 4Ie (400 MHz, CDCl5)
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"H NMR of 4Ja (400 MHz, CDCl;)
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"H NMR of 4Ka (400 MHz, CDCl;)
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"H NMR of 6Aa (400 MHz, CDCls)
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"H NMR of 6Ab (400 MHz, CDCl;)

[slevzszLoz L
[s]1

ST

330

330

[sn]sz9°s

[slsvzszLoz 2
[sn]gz 11
[oplz 81

ov
[s]ls

[wdd]g

[ZHR] PP TOEY88 " S6€E
HT

[wdd]g

[ZHW] PP TOEY8S " S6E
HT

[zHX]5820822V "L
[zZH] €6 TSOESY "0

T

VBEST

[wdd]g
[ZHR] PP TOEYSS " S6E
HT

[slgvzszLoz 2

([zawloow) [L]1ESTZB6Z 6

00¥SOE-WNL
00v sda

X3TdWOD At
esTnd erbuts

ZS:pZ:ST 0Z0Z-¥dV-E€1
60:0€:20 020Z-93d-Z1
Q-WEOIOYOTHD
ZEEOEIHS
o1buts
w3Top
3P z-opnao pz6 NH

P SREES (Y

LI I I L (T I T O B I

swry uorjTiedey
3TeM TERTITUI
jesexg ejueq
OPOW_TIL

®pPOW I
°esTnd_x

u3Iv_X

o1buy_x

euwty bov_x
suuul 06 X

389 dwel

:.w'U Ia09y
Keteq uotjexeray

sueds Te30L
sueos
peddr1d
3I9S3JO_TIAL
bazg_tal

uoTInToseY_X
sueosexd X

uotaeang boy
buexis | 33&

z939WOT30ds
®37Ts
suoTsuUBWTQ
s3Tun_wtq
oT3TL WIg
utewoq X
@215 WIQ
3jewzog e3eq
usuwo)

ua«._.l..@_-?ox
swTr 3Ie3§ TEN3OV
AuBATOS

pI ordwes

HI : uori Jod syued : x

el e e T I B e e e |

L8'S

L9°0

P61

%)
=
T
]
\ oos
=} [ ]
oo <59
[V o+
o} xa
OA T Es
O O T
=
o
>
m

CH2Br2 "',

weQ'sy
$9°0

IREARRRARES LA

0c

0¢

T T

T

0°¢

T

09

A RAARRS

0L

T

IREARERS

06

0°01

T

T

T

0Tl

0¢l

™

T

0

0l

0y

08

011

2duepunqe

S136



HI : uori 1ad syued : x
ettt A T T T T T T R T T T e S e ot ol et et et e et et et et et A i At P P e e e
B o Enaur oS AR e R R R R e N e B8 L SR R 2 Sxxc SRR RR 8884383 naT=0na8s
/ﬂWKmWWWWNNN\ﬂmmﬂﬂ%mmﬂMmmmmmWW“WHWmMmWMMmmmmwmﬂﬂmmmmﬂmﬂllllll!i\
0 01 0c 0¢ (14 0°¢ 09 0L 08 06
w by sl s L | PETRT S R SRS AR PR L rala L " 1 L " 1 L | L . 1 L 1 L
%_\_\3 NN oA )\,i ) g — \ .
(L ! ‘ _ _ [
| L
[ - - [
| 2 ~
| P »® o | F
z/ ) C
2| 2l [
7 [
S
: 7]
[s18yzszL0Z 'L =  ®wry uor3itiedey , i Ll
[s]T = ITeM TRTITUI w
ISTVE = jesexg ejueq > I
330 = OPOW_TL @ (&)
330 = ®pOW 221
[sn)sz9's = esTnd_x [
[aplz = u3IV¥_X IS
[Bep]sy = srbuv_x 3
[s)8vzszLoZ 2 = euwty bov_x
[sn]gz 1T = YIPTM_06 X
[oPlv 61 = 309 duwey
9€ = _uten zadey
[s]ls = Aereq uorjexerey
€ = sueds Te30L
€ = sueds
ISTYd = paddTTd
(wdd]g = 3I9S3JO_TIL
[ZHR] PP TOEPBE " S6E = beza_tvay
HT = utewoq_¥aL
[wdd]g = 398330_331
[ZHW] PP TOEYBS " S6E = bazg_z31 =
H = utewoq Il P
[zHX] 5820822V 'L = deams_x
[ZH]€6TSOESY 0 = uorInToseY_X
1= suedsaId_x
VBEIT = s3uTOod_X »
(wdd]g = 395330_X =
[ZHR] PP TOEYBE " S6E = bexa_x > o
HT = uTEWOg_X = -
[slgvzszLoz'Z = uotjeang_bov X <
([zewloov) [L1€STZB6Z'6 = y3buex3s preTa
00VSOF-RNL = ae3ewor3veds — /
00v so3 = °37s . ]
X = suoTsuawrg QY B
[wdd] = $3TUN_WIQ (@) ©
HI = ®T3TL WIa O T
HT = utewoq X
LOTET = °z75 Wrq [VARS)
X3TdHOD AT = jewzol e3eq s
estnd o1buts = Jusumo) ﬁnu/_
- ,
6Z:ZV:ST 020Z-¥AY-€1 = BWTL UOTSTA®Y ]
85:9€:00 0Z0Z-933-Z = SWTL 3Ie3IS [eN3IdY —
a-WHOJ0¥OTHD = 3USATOS (]
S6vZ9SHS = pI eordwes 2|
zxe osnd oTbuts = JuswrtIadxy
_ ®3op = Foy3any
IPL-z-9pnao 668 MH = oweusTTI

"H NMR of 6Ba (400 MHz, CDCl;)

0T 01
2ouepunqe

o€
S137

0¥

0°¢

09




[slsvzszLOZ L
[s]1

[slsrzszLoz 2
[sn]gz 11
[oplz 61

8€E
[s]ls

[wdd]g

[ZHW] PP TOEYB8 " S6€E
HT

[wdd]g

[ZHW] PP TOEYB8 " S6€E
HT
[zHX]5820822V "L
[ZH] E6TSOESY "0

[ZHR] PP TOEYS8 " S6E
HT
[slgrzszLoz 2

([zewloov) [L1ESTZ86Z°6

00¥SOE-WNL
00V sd@

esTnd etbuts

LT:8P:ST 0202-¥dV-E€T
8S:T0°0T 020Z-€3d-¥
a-WaOJ0YOTHD

8VLEHS

zxo esTnd o1buts
e3Top

IpL - z-opnI2> 906 MH

eury uorjTiedey
3TeM TeT3ITUl
3jesexg ejueq
®PON_TIL

®POW III
esTnd_x

ujv_x

® m:‘ X

suwTyL U‘ X
YIPTM_ oa X

3989 ) dwe,

utes zAD9Y
Kereq uotjexersy

sueds Te30L
sueds
poddr1d
3I9S330_TIL
bexg - _TIL
utewoq_TIL
39833J0_IIT
V.uh EE33

uoTInTosey_X
sueoseId_xX
s3uTod_X
398330_X
UOuh X
:.ﬂ’!OQ X
uotjeang boy X
ybuexis preta

aej3ewox3oeds
°371s
SuoTSULWTQ

Jewzog e3eq
Jueumo)

PuUTL UOTSTARY
SwWTL 3Ie3§ TEN3IOV
3ueaTos

PI erdwes
JuswrIadxy
zoyany

PweusTTI

HI : uori Jod syued @ x

= e e B I I s B B B |

0%

T™MS
Et

6Ca

Mo COE

Et0,C

180
18°0

CH2Br2 "'

"H NMR of 6Ca (400 MHz, CDCls)

01
2duepunqe

0¢ 0z
S138

(14

0°¢




|
0
Jouepunqe

01

[T T

0c

0¢

T

0y

T

S139

HI1 : uori 12d syred @ x
WOOOO0011111111111112?1?W¥W$WWWWWWWWW?@S@@Illllllllllll‘lllllllLLL
owmlll[zzzzzzz-/:.lvvvs {66lzzzzzzzzz Z6.I.I.V lllll RN WWWWWWWWwW s &sn
~ RNWEALDLENDDN I OO =)0 59860||Zi759l. 6{590 VSI.I..,O,OOZ.VC. L o0 O Wb
e ON = I DN XN W RO N O = — O XX L697~7~06/~8/—9SV WO ANO 9678{89086 9 SsEOWna
///§ Zk&a.\\\\\ X é < %%ﬂi
Y
[
| | * A |
[
== (=
| % = i
| ==l ~
)
o~ I
S
[s]18vzszLoz L =  ouwry uorjtiedey [11]
(sl = 3ITeM TETITUI [ .17
aSTYd = 3eseag ejueq I 2
330 = ®POH_TIL %)
330 = ®POW 121
[snlgz9's = osTNg_X
(gplz = uIv_X - i
[bop]gy = o1buv_x > | -
(s]18yzszL0Z'Z = owty bov_X o ot
[sn]lgz 11 = YIPTM_06 X 3l
[oPly 8T = 309 duey
oy = _utes Iadey
[s]g = Aeraq uotiexerey
v = sueds Te3oL
v = sueds
ASTVd = paddTTd
[udd]g = 395330_TIL P
[ZHW] YPTOEYBB S6E = bax3_tay S
HT = utewoq_tTay
[wdd]g = 398330_331
[ZHW] PP TOEVB8 " S6E = baxg_z11
HT = utewoq Il
[zH%]) 5820822V "L = deams_x
[ZH]E6TSOESY 0 = UoTINTOSY_X
1= !._Qonoumlx
VBEIT = s3uTog %)
[wdd]g = 398330_ x
[ZHW] YPTOEYBB " S6E = box3_x = <=
HT = utewoq_x - o
(s18v2sZL0Z°Z = uotjeang_bov X
([zEwloov) [L]1ESTZB6Z'6 = y3buexis POt
00VSOE-WNL = I938wor3oeds —
00y S0F = °31s L ]
X = suoTsuawWTIQ N D
[wdd] = s3tun_uwtg (@) ©
HT = ®T3TL WIaQ o O
HT = utwwoq X ]
LOTET = ®ZT5 WIq O O
XdTdWOD AT = 3jewzoi e3eq S N
..?ﬂl.ﬂuﬁ_ﬂ- - JuLswwo) O
=
2ZILS'ST 020Z-¥AY-E1 = PuTL UOTSTA®Y 1]
0E:ZV:6T 0Z0Z-NVL-PZ = SWTL 3Ie3S [eN3oV
a-WHOJ0¥OTHD = 3udATOS Py
598G8ERS = PI erdues -
zxeo-esTnd eoTbuts = Juswrtradxmy
v3Top = Foy3ny
FPL Z-9pnId pLE MH = ouRUSTTI

"H NMR of 6Da (400 MHz, CDCls)

06 08 0L 09 0°¢

LI L B N L R R R

001

TTTTTY




HI = uori 12d syred @
S OO e O e e e e e e e e DLW L L LD L AR R AR R R R R R RRARREANO DI SN
B8l Enc o bR R e e N e S S R R e L C D R0 0 »n 2 o S RNl R RN RS S IR UL EREE2Y
NOLYOoOS W O e O = WO =m0 O = OO NE W —— O & CSWLCW=A =~ bhOORXOOLONINNNT =LA —
0 0’1 0T 0'¢ 0t 0S 09 0L 08 06
\fﬁl‘.4 .\\ﬂJJ.)\/ Yy I o 14_,« i\l:l.ljxllifﬂ\)\}\«:.ﬁj\l,\]}i j_\Ta\l
— ' ;
| oo o >*©
[ edlling .-
o |8 o | —
> T 14
= ERE] El
- = o
20 2 |
S -
| =
[s]18vzsZL0Z L =  owrl uoritiedey
[s]T = 3ITeM TRTITUI o~
dsSIvVd = 3Iesoxg .WGIQ } -
330 = SPOH_TIL f m
330 = ®POW I | ]
[sn]sz9's = osTnd_x - T
(gplz = u3lv¥_x [ = N ,
[Boplgy = o1buv_x % c
(s]18y2zszL0Z'Z = owty bov_X -
[sn]gz 1T = YIPTM_06 X
[oPlL 6T = 399 duwey -
Zy = _uteg zadey e o
[s]s = Aeraq uorjexerey w 2|
S
z= sueds Te30L f
zZ= sueds
ASTY = peddTTo [
[wdd]g = 398330_TtaL
[ZHW] PP TOEYBE S6E = bexg_tay NS
HT = utewoq_TIL °
[wdd]g = 395330_331 =
[ZHW] YPTOEYBB S6E = bax3_za1
HI = utewoq NWH
[zH%] 5820822V L = deams_x
[ZH]E6TSOESY 0 = uoTINTOSeY_X
I = .ﬂ'ﬂ..kmlx S
¥BEIT = s3uTod_X
[udd]g = 398330_X =
[ZHW] PP TOEYBB S6E = bex3_x -
HT = utewoq_x
[sl8vzszLoz'Z = uotjeang bov X mu
([zEWloov) [L1ESTZB6Z 6 = y3buex3s preta ..m £
00VPSOF-HNC = 1939WOI3I0Rds / o O
00y SO0F = 231Ss — © i 0
X = suotsuswrg L wn - w s =
(wdd] = $3TUn_WIq Q o © ;] 9
HI = °T3TL WId (@) =0
HI = utwwoq X O T £ ®
LOTET = ®zTs WIQ — -
X3TdWOD AT = jewzod e3jeq v O © B
estnd orburs = Jusumo) s A =
90:L0:9T 0Z0Z-¥d¥-£€T = BUWTL UOTSTASY mM
PI:9T:€Z 0Z0Z-933-6Z = SWTL 3TeIS [eN3IDY ]
Q-WHOJOHOTHD = aueaToS ©
EEBETSHS = PI erduwes &
zxo- osTnd oTbuts = JuswrIadxy
_ ®eJep = Foy3ny
IPL°Z-opnIo ppe MH = oweueTTI

"H NMR of 6Ea (400 MHz, CDCl;)

0§ 0y 0¢ 0T 0l
2ouepunqe
S140

09

0L




Jouepunqe

HI1 : uori 12d syred @ x
J«l—l)i ‘\4\4 N YT J\‘J —— 7~ .|/\|;\.>\_. 4{(« WY ~
| [T SR |
[
o oP
n | in
=) 3
=)
[s18vZsZL0Z L =  owrl uoritiedey ~
(sl = 3ITeM TETITUI ey
FsIvg = 3esexg .Wﬁln B
330 = ®POH_TIL L - r~1
330 = ®POW 121 by N
[sn)sz9°s = osTng_X Al > XL
(gplz = u3lv_X C
[Bop]sy = o1buy_x
(s]18yzszL0Z'Z = owty bov_X
[sn]gz 1T = YIPTM_06 X
[oP]S 6T = 309 duey
8€ = _utes Iadey
[s]g = Aeraq uotiexerey
G = sueds Te3oL
S = sueds
ASTVd = paddTTd
[wdd]g = 395330_TIL
[ZHW] YPTOEYBB S6E = bexg_tay
HT = utewoq_TIL
[wdd]g = 3985330_231
[ZHW] PP TOEVB8 " S6E = baxg_zx1
HT = utewoq Il
[zH%]) 5820822V "L = deams_x
[ZH]E6TSOESY 0 = UoTINTOSY_X
1= suedseId_X
VBEIT = $3uUT0d_X
[wdd]g = 395330_X — N
[ZHW] YPTOEYBB " S6E = baxi X ] P
HT = uTEWOQg_X N =
(s18v2sZL0Z°Z = uotjeang_bov X @)
([zEwloov) [L]1ESTZB6Z'6 = y3buexis POt Wu 5]
00PSOE-WNC = ECECEEECEEE o T Wg
00y SO3 = @3S ©
X = -_.-Odlﬂwa.nﬂ F
(wdd] = S$3TUN_WIQ O ©
HI = °T3TL wIa [N
HI = utewoq X n_ o (@]
LOTET = ®ZT5 WIq H
XdTdWOD AT = 3jewzoi e3eq
estnd orburs = JuBUWOD o
€Z:PEI9T 020Z-MAY-ET = BUWTL UOTSTA®N >
YP:8Y:6T 0Z0Z-933-9Z = SWIL 3TeIS [eN3IDY
Q-WHOJOHOTHD = 3ueATOS wn
ZSE6BERS = PI erdwes *
zxe-esTnd oTbuts = Juswrtradxmy
_ ®ealep = Foy3ny
Fpl-z-opnad gE6 MH = oweuoTTy

"H NMR of 6Fa (400 MHz, CDCls)

01

0c

S141

0°¢ 0¥ 0¢

T T

09




01
2duepunqe

0T

0%
S142

0

HI: :o____E 1ad sped @ x
POl e e e e e = = = N AR RRRRRRRRARRARRARLMUNARANNNNNNNNNNNNNNNNNNNNNN
I..ll.zzzzzz-LZZc..ff.V.V.VC.86|.|||7:LZZZZZZZ99996550 ZZZ.{.{{{{EEEEV hbEbBWUnnn
m%auuwwwuum%%mmmnawu“w%ﬂwwmwmgﬁwm.%wwﬂumnnuw %wu%mw%u%wwmu BEDESSH
0 0'¢
,,.._.._.,_._,_,._.....H,._...,..,,,_._,. PR .,,._,.,,_...,...,._.,.,___._......, PR SR
Mg ) , 7 T ? _ . | LY M
_ | _
;
L
[ 2] o e
N =N =N
=] =3 o)
|
[s)8pzszL0Zz L =  owrl uor3itiedey ”
[s]1 = 3TeM TRTITUI T
FSTYI = 3jesexg ejueq S hod
330 = OPOW_TIL
330 = ®pOW 221 (11]
[sn]gz9's = °sTnd_x N
(aplz = uIv_x I
[Boplsy = e1buv_x = [$)
[slsvzszLoz'Z = euTy bov_x o
[sn]gz 11 = YIPTM_06 X I
[oPlp 8T = 309 duey
2y = _utes 1adey
[s]g = Aereg uorjexersy NI 0
. o
8 = sueds Te3OL B %l
8 = sueds
ASTYE = poddrTd
[wdd]g = 395330_TIL _/L.
[ZHK] PP TOEVBS " S6E = baz3_taL %
HT = utewoq_TIL
[wdd]g = 398330_III
[ZHR] PP TOEYB8 " S6E = boz3_xa1
HI = utewoq NWH
[zHX] 5820822V 'L = deams_x
[ZH] €6 TSOESY 0 = uoTINTOSY_X
I= DEUD.NN x
VBEIT = s3jutoq
[wdd]g = 395330_; x
[ZHR] PP TOEYBS " S6E = boz3_x =
HI = utewoq_x L
[s18v2szL0Z'Z =  uoTaeang boy X QN
([zewloov) [L1€STZ86Z°6 = y3buexis preta n w N
00PSOTA-HNC = z939w0I300ds W T Q S
00V S0& = °37s = ©
X = suotsuswTq
[wdd] = s3TUp_wtqg o O
HI = oT3TL WIQ N ©
HI = utewoq X w_ o (@)
LOTET = 9215 wWrQ =
XETAWOD AT = Jewzog e3eq L
esTnd orburs = Juswwod
c
0S:SE:ET 020Z-¥dV-LI = PuTy UOTSTARY o
TI:8P:6T 0Z0Z-NYL-PZ = SWTL 3Ie3§ [en3dY
Q-WIOJOYOTHD = 3uBATOS ©
9LZ68EHS = PI erdues =
zxo osnd o7buts = Juawtradxy
v3Top = Foy3zny
FPL°Z-9pnad GL8 MH = oweue T

"H NMR of 6Ga (400 MHz, CDCl;)

0°¢

09

0L




"H NMR of 6Ha (400 MHz, CDCl;)
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"H NMR of 6Ia (400 MHz, CDCl;)
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"H NMR of 6Ja (400 MHz, CDCl;)
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"H NMR of 8Aa (400 MHz, CDCls)
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"H NMR of 8Ab (400 MHz, CDCl;)
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"H NMR of 9Ad (400 MHz, CDCl;)
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