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S1 Screening of reaction conditions for the a-arylation of methyl OBO-ketone 1

with e-nitroarylbromides 5

Table S1: Optimization for the coupling of 1-bromo-4-methyl-2-nitrobenzene (5a) with
methyl-OBO-ketone 1

Br Q Pd(dba); (x mol %) Me o
o,
/@: + Me&o DavePhos (y mol %) o
Me NO, gﬂ\ 4-RCgH4OH (20 mol %) Sﬂ\
Me Me

0o base (2 equiv), dry PhMe NO, o

5a 1 6a

entry 1/5a Pd,(dba); DavePhos 4-RC¢H,OH temp base conversion  yield

(equiv)  (mol %) (mol %) (R) (°C) (%) (%)

1 1.1/1.0 1 4 OMe 50 K,CO3 37 28

2 1.1/1.0 1 4 OMe 50 t-BuONa 0 -

3 1.1/1.0 1 4 OMe 50 Cs,CO4 7

4 1.1/1.0 1 4 H 50 K,CO;3 47 -

5 1.1/1.0 2 8 H 50 K,CO3 60 48

6 2.0/1.0 1 4 H 50 K,CO3 63 -

7 2.0/1.0 2 8 H 50 K,CO;3 66 -

8 1.1/1.0 1 4 H 80 K,CO3 100 56

9 1.0/2.0 1 4 H 80 K,CO3 100 91
10° 1.0/2.0 1 4 H 80 K,CO3 100 86

® Gram scale
S2 General methods and materials

Solvents were dried over 4 A molecular sieves or activated alumina columns. Dry ethanol
used for OBO deprotection experiments was purified following a literature procedure.’ All
reagents were purchased from Sigma-Aldrich, Alfa Aesar, Acros Organics or Fluorochem
and used without further purification. [1,1'-Bis(diphenylphosphino)ferrocene]dichloro-
palladium(ll) was purchased from Alfa Aesar. t-BuONa solution (2 M in THF) was
purchased from Sigma-Aldrich (grade ZerO,®). p-Toluenesulfonic acid was dried by heating
p-toluenesulfonic acid monohydrate under vacuum at 100 °C for 4 h. K,CO3 was dried by
heating under vacuum at 400 °C for 30 min. All reactions requiring anhydrous conditions
were carried out using flame-dried glassware. Flash column chromatography was performed
using Merck Kieselgel 60 (0.040 — 0.063 mm) silica gel following the established literature
method.? Thin layer chromatography was performed on Merck Kieselgel 60 Fass 0.25 mm
pre-coated aluminum-backed plates. Product spots were visualized under UV light (vmax =
254 nm) and/or by staining with vanillin, phosphomolybdic acid or KMnO,4. Melting points
(mp) were obtained by using a Lecia VMTG heated-stage microscope with a Testo 720

thermometer and are uncorrected. Solvents used for recrystallization are indicated after the

S3



melting point. *H, *C NMR and *F NMR spectra were recorded on a Bruker AV11400 or
AVI111400 instrument at 400, 101 and 376 MHz, respectively or on a Bruker AVI11500 at 500
and 126 MHz, for *H and **C NMR spectra, respectively. *C NMR spectra were recorded
with broadband proton decoupling. Chemical shifts, 5, are reported relative to residual
solvent peaks and quoted in parts per million (ppm) to the nearest 0.01 ppm for *H and to the
nearest 0.1 ppm for °C and '°F. Coupling constants, J, are quoted to the nearest 0.1 Hz.
Assignments were made based on DEPT, COSY, HSQC and HMBC experiments. Low
temperature’ single crystal X-ray diffraction data were collected using a (Rigaku) Oxford
Diffraction SuperNova diffractometer. Raw frame data were reduced using CrysAlisPro and
the structures were solved using 'Superflip™® before refinement with CRYSTALS® as per the
SI (CIF). Full refinement details are given in the Supporting Information (CIF);
Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre
(CCDC 1843229-32) and can be obtained via www. ccdc.cam.ac.uk/data_request/cif. High-
resolution mass spectra were acquired using electrospray ionisation (ESI) as ionization source
and were recorded on a Thermo Exactive orbitrap spectrometer equipped with a Waters
Equity LC system. Infrared spectra (IR) were obtained either from evaporated films
(indicated) or crystalline solids using a Bruker Tensor 27 spectrometer, equipped with a Pike
Miracle Attenuated Total Reflectance (ATR) sampling accessory. Absorption is quoted in
wavenumbers (cm™) for the range 3500-600 cm™. Compound names were generated by the
software ChemDraw Professional 15.1. 1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-
yDethan-1-one  (1),°  2-(2-bromophenyl)-1,3-dioxolane ~ (2a),”  2-(2-bromo-4,5-
dimethoxyphenyl)-1,3-dioxolane (2b),” 1-benzyl-3-bromo-2-(1,3-dioxolan-2-yl)-1H-indole
(2¢),2 1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-2-[4-(trifluoromethyl)-phenyl]ethan-
1-one (8a),® 1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-2-(p-tolyl)-ethan-1-one (8b),°
2-(3-methoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-ethan-1-one  (8c)°
and 2-[4-(dimethylamino)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo-[2.2.2]octan-1-yl)ethan-1-

one (8d)® were prepared according to literature procedures.
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S3 Experimental procedures and spectroscopic data
S3.1 Synthesis of isoquinoline- and #-carboline-3-carboxylates 4
S3.1.1 Arylated OBO-ketones 3

2-[2-(1,3-Dioxolan-2-yl)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)ethan-1-
one (3a)
o/ﬁ To a flame-dried Biotage® microwave vial capped with a rubber
O septum were added methyl-OBO-ketone 1,° (100 mg, 0.581 mmol,
i o 1.5 equiv), 2-(2-bromophenyl)-1,3-dioxolane (2a),” (89 mg, 0.39
OS&Me mmol, 1.0 equiv), and Pd(dtbpf)Cl, (13 mg, 19 umol, 5 mol %).
The rubber septum was then removed, and the reaction vessel was
sealed with a microwave vial cap (Reseal™ septum). THF (5.3 mL) and t-BuONa solution
(490 pL, 0.975 mmol, 2.5 equiv, 2 M in THF) were added via syringe. The vial was flushed
with argon for 5 min and then heated at 70 °C for 24 h. The resulting mixture was filtered
through a plug of silica using EtOAc as eluent and concentrated in vacuo. Purification by
flash column chromatography (n-pentane/EtOAc, 65:35) gave the title compound 3a (116
mg, 93%) as a brown solid. mp: 86-87 °C; IR: vmax (thin film) 2943, 2883, 1751, 1073,
1049, 993, 723 cm™; HRMS: calculated for Ci7H»Og, 321.1333 [M+H]", found m/z
321.1335, A = 0.87 ppm; *H NMR (400 MHz, CDCls) § 7.56-7.51 (1H, m, HCy/), 7.33-7.24
(2H, m, 2 x HCx), 7.14-7.08 (1H, m, HCx,), 5.80 (1H, s, CH(OR),), 4.18 (2H, s, CH.C(O)),
4.10-3.90 (4H, m, (OCH,),), 4.01 (6H, s, C(OCH.)sC), 0.83 (3H, s, CH3); *C NMR (101
MHz, CDCl3) & 195.4 (C(O)), 136.2 (Car), 132.3 (Ca,), 131.7 (HCa,), 129.0 (HCa), 127.1
(HCa), 126.7 (HCa;), 103.7 (COs3), 102.4 (CH(OR),), 73.1 (C(OCH,)3C), 65.0 ((OCH,),),
40.6 (CH,C(0)), 30.9 (C(OCH.)sCMe), 14.2 (CHs).

2-[2-(1,3-Dioxolan-2-yl)-4,5-dimethoxyphenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]-
octan-1-yl)ethan-1-one (3b)

o/ﬁ To a flame-dried Biotage® microwave vial capped with a

MeO % rubber septum were added methyl-OBO ketone 1° (103 mg,
MeO o} 0.598 mmol, 1.0 equiv), 2-(2-bromo-4,5-dimethoxyphenyl)-
oﬁ\Me 1,3-dioxolane (2b)” (191 mg, 0.661 mmol, 1.1 equiv) and

Pd(dtbpf)Cl, (20 mg, 30 umol, 5 mol%). The rubber septum
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was then removed, and the reaction vessel was sealed with a microwave vial cap (Reseal™

septum). THF (5.3 mL) and t-BuONa solution (750 uL, 1.50 mmol, 2.5 equiv, 2 M in THF)
were added via syringe. The vial was flushed with argon for 5 mins and then heated at 70 °C
for 24 h. The resulting mixture was filtered through a plug of silica using EtOAc as eluent
and concentrated in vacuo. Purification by flash column chromatography (n-pentane/EtOAc,
50:50) gave the title compound 3b (205 mg, 90%) as a brown solid. mp: 100-103 °C; IR:
vmax (thin film) 2939, 2883, 1751, 1518, 1268, 1121, 1075, 1034, 1004, 750 cm™; HRMS:
calculated for C19H50g, 381.1544 [M+H]*, found m/z 381.1542, A = —0.58 ppm. *H NMR
(400 MHz, CDCl3) & 7.01 (1H, s, HCa,), 6.53 (1H, s, HCa/), 5.63 (1H, s, CH(OR),), 4.03
(2H, s, CH,C(0O)), 4.00-3.83 (4H, m, (OCHy)), 3.92 (6H, s, C(OCH,)sC), 3.79 (3H, s,
OCHjz), 3.74 (3H, s, OCH3), 0.74 (3H, s, CCHs); *C NMR (101 MHz, CDCl3) & 195.4
(C(O)), 148.7 (Car), 147.4 (Cp,), 128.1 (Cpay), 124.4 (Cay), 114.2 (HCa), 109.5 (HCa), 103.4
(CO3), 101.7 (CH(OR),), 72.8 (C(OCH,):C), 64.7 ((OCH,),), 55.60 (OCHs), 55.59 (OCHs),
39.7 (CH,C(0)), 30.5 (C(OCH,)sCMe), 13.8 (CCHa).

2-[1-Benzyl-2-(1,3-dioxolan-2-yl)-1H-indol-3-yl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]-
octan-1-yl)ethan-1-one (3c)
To a flame-dried Biotage® microwave vial capped with a

rubber septum were added methyl-OBO-ketone 1° (721 mg,

0
Bn—N___ o 4.19 mmol, 1.5 equiv), 1-benzyl-3-bromo-2-(1,3-dioxolan-2-
0 o@\Me yl)-1H-indole (2c)® (1.00 g, 2.79 mmol, 1.0 equiv), and
l\/ Pd(dtbpf)Cl, (46 mg, 70 umol, 2.5 mol %). The rubber septum

was then removed, and the reaction vessel was sealed with a microwave vial cap (ResealTM

septum). THF (20.9 mL) and t-BuONa solution (2.8 mL, 7.0 mmol, 2.5 equiv, 2 M in THF)
were added via syringe. The vial was flushed with argon for 5 min and then heated at 70 °C
for 24 h. The resulting mixture was filtered through a plug of silica using EtOAc as eluent
and concentrated in vacuo. Purification by flash column chromatography (n-pentane/EtOAc,
50:50) gave the title compound 3c (1.05 g, 84%) as a brown solid. mp: 135-137 °C; IR: vimax
(thin film) 3474, 2940, 2883, 1751, 1076, 735 cm™; HRMS: calculated for CH2sNOg,
450.19111 [M+H]*, found m/z 450.19093, A = —0.4 ppm; *H NMR (400 MHz, CDCls) § 7.50
(1H, d, J = 7.9 Hz, HCp,), 7.28-7.02 (8H, m, 8 x HCa,), 6.06 (1H, s, CH(OR),), 5.50 (2H, s,
PhCH,), 4.32 (2H, s, CH,C(0)), 4.05 (6H, s, C(OCH,)sC), 4.02-3.88 (4H, m, (OCH,),), 0.87
(3H, s, CCHs); *C NMR (101 MHz, CDCl3) 8 195.7 (C(0)), 138.4 (Cay), 137.4 (Ca,), 131.7
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(Car), 128.6 (HCa), 127.9 (Car), 127.1 (HCa), 126.2 (HCay), 122.9 (HCay), 119.7 (HCa),
119.4 (HCay), 110.0 (HCay), 107.9 (Cay), 104.0 (COs3), 99.0 (CH(OR),), 73.2 (C(OCH,)5C),
65.0 (OCH,)2), 47.8 (PhCHy), 32.9 (CH,C(0)), 31.0 (C(OCH2)sCMe), 14.4 (CCHs).

S3.1.2 a-Functionalisation of arylated OBO-ketone 3a

2-[2-(1,3-Dioxolan-2-yl)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)propan-1-
one (S1)
o/ﬁ To a flame-dried Biotage® microwave vial capped with a rubber
% septum was added the arylated OBO-ketone 3a (250 mg, 0.780
o mmol, 1.0 equiv). The rubber septum was then removed, and the
Me O@Me reaction vessel was sealed with a microwave vial cap (Reseal™
septum) and then dry THF (7.2 mL), t-BuONa solution (590 pL,
1.20 mmol, 1.5 equiv, 2 M in THF) and Mel (53 pL, 0.86 mmol, 1.1 equiv) were added
sequentially via syringe. The vial was flushed with argon for 5 min and then heated at 70 °C
for 3 h. The resulting mixture was filtered through a plug of silica using EtOAc as eluent,
concentrated in vacuo and purified by flash column chromatography (n-pentane/EtOAc,
60:40) to give the title compound S1 (175 mg, 67%) as brown solid. mp: 130-132 °C; IR:
vimax (thin film) 2946, 2887, 2824, 1740, 1113, 1056, 1046, 930, 747 cm™; HRMS: calculated
for CigH306, 335.1489 [M+H]", found m/z 335.1489, A = 0.03 ppm; *H NMR (400 MHz,
CDCls) & 7.55 (1H, d, J = 7.4 Hz, HCp,), 7.31-7.18 (3H, m, 3 x HCa), 6.22 (1H, s,
CH(OR),), 4.75 (1H, g, J = 6.9 Hz, CHCHj3), 4.20-3.99 (4H, m, (OCH,),), 3.88 (6H, s,
C(OCH>)5C), 1.40 (3H, d, J = 6.9 Hz, CHCHs), 0.78 (3H, s, CCH3); *C NMR (101 MHz,
CDCl3) 6 198.9 (C(0)), 138.7 (Car), 135.2 (Car), 129.1 (HCp), 127.7 (HCa), 126.7 (HCar),
126.0 (HCa,), 104.0 (CO3), 101.7 (CH(ORY),), 73.0 (C(OCH,)3C), 65.4 (OC,H,CyH,0), 65.1
(OC,H»CpH,0), 41.5 (CH5CH), 30.9 (C(OCH,)sCMe), 19.2 (CHCH3), 14.3 (CCHs).

2-[2-(1,3-Dioxolan-2-yl)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-
phenylpropan-1-one (S2)
o/ﬁ To a flame-dried Biotage® microwave vial capped with a rubber
o septum was added the arylated OBO-ketone 3a (100 mg, 0.312

@)

o} mmol, 1.0 equiv). The rubber septum was then removed, and the
Bn OS&M reaction vessel was sealed with a microwave vial cap (Reseal™
e

septum) and then dry THF (2.9 mL), t-BuONa solution (235 pL,
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0.468 mmol, 1.5 equiv, 2 M in THF) and benzyl bromide (39 uL, 0.33 mmol, 1.05 equiv)
were added sequentially via syringe. The vial was flushed with argon for 5 min and then
heated at 70 °C for 3 h. The resulting mixture was filtered through a plug of silica using
EtOAc as eluent, concentrated in vacuo and purified by flash column chromatography (n-
pentane/EtOAc, 50:50) to give the title compound S2 (95 mg, 74%) as brown solid. mp: 170—
173 °C; IR: vmax (thin film) 2980, 2884, 1748, 1072, 1062, 1029, 992, 943, 746, 726, 694 cm’
1 HRMS: calculated for CsH2706, 411.1802 [M+H]", found m/z 411.1802, A = —0.10 ppm;
'H NMR (400 MHz, CDCl3) & 7.57 (1H, d, J = 7.5 Hz, HCa/), 7.34-7.11 (8H, m, 8 x HCa)),
6.20 (1H, s, CH(OR),), 5.01 (1H, dd, J = 9.4, 5.0 Hz, CHC(0)), 4.19-3.89 (4H, m, (OCH,),),
3.81 (6H, s, C(OCH,);C), 3.41 (1H, dd, J = 13.7, 9.3 Hz, PhCHgHy), 2.92 (1H, dd, J = 13.7,
5.0 Hz, PhCH.Hy), 0.73 (3H, s, CH3); °C NMR (101 MHz, CDCls) § 197.5 (C(0)), 139.8
(Car), 137.0 (Cay), 135.7 (Car), 129.3 (HCa), 129.0 (HCa/), 128.1 (HCa/), 127.8 (HChx),
126.8 (HCa), 126.1 (HCa), 126.0 (HCa), 103.7 (COs), 101.7 (CH(OR),), 72.9
(C(OCH,)sC), 65.3 (OCaH,CyH,0), 64.7 (OC.H,CyH,0), 49.2 (CHC(O)), 39.5 (CH,Ph),
30.8 (C(OCH,)sCMe), 14.1 (CHa).

S3.1.3 a-Functionalisation of arylated OBO-ketone 3c

General procedure A: To a flame-dried Biotage® microwave vial capped with a rubber
septum were added the arylated OBO-ketone 3c (1.0 equiv) and the appropriate electrophile
(1.1 equiv). The rubber septum was then removed, and the reaction vessel was sealed with a
microwave vial cap (Reseal™ septum) and dry DMF (0.2 M) was added. The mixture was
stirred at 0 °C for 10 min, followed by the addition of NaH (60% in mineral oil) (1.2 equiv).
The reaction was stirred for 15 min at 0 °C, after which the ice was removed from the cooling
bath and the cold water was left to warm to rt over 2 h. The reaction was quenched with
saturated ag NH4CI and extracted with DCM (x 3). The organic layers were combined and
washed with water (x 5), dried over MgSQ,, filtered, concentrated in vacuo and purified by

flash column chromatography to give the corresponding product S3-S4.
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2-[1-Benzyl-2-(1,3-dioxolan-2-yl)-1H-indol-3-yl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]-
octan-1-yl)propan-1-one (S3)
Arylated OBO-ketone 3c (270 mg, 0.601 mmol, 1.0 equiv) and
o} Mel (41 uL, 0.66 mmol, 1.1 equiv) were subjected to General
Bt~ © procedure A (chromatography eluent: DCM/MeOH, 99:1) to
?\/o Me Oj\Me give the title compound S3 (259 mg, 93%) as a white solid.
mp: 182-184 °C. IR: vmax (thin film) 2935, 2880, 1740, 1075,
1031, 989, 908, 726 cm™*; HRMS: calculated for C,7H3oNOs, 464.20676 [M+H]*, found m/z
464.20663, A = —0.28 ppm; *H NMR (400 MHz, CDCls) & 7.73 (1H, d, J = 7.8 Hz, HCa)),
7.26-7.17 (3H, m, 3 x HCp,), 7.12-7.01 (5H, m, 5 x HCp,), 6.27 (1H, s, CH(OR),), 5.56 (1H,
d, J = 17.0 Hz, PhCH,H,), 5.48 (1H, d, J = 17.0 Hz, PhCHyH,), 4.82 (1H, q, J = 7.1 Hz,
CHCHs), 4.12-3.95 (4H, m, (OCH,),), 3.86 (6H, s, C(OCH.)sC), 1.63 (3H, d, J = 7.1 Hz,
CHCHjz), 0.76 (3H, s, CCH3); *C NMR (101 MHz, CDCls) § 197.9 (C(O)), 138.7 (Cay),
137.6 (Ca), 129.2 (Ca), 128.3 (HCa), 126.7 (HCa;), 126.1 (Ca), 126.0 (HCa), 122.8
(HCa), 120.9 (HCa), 1195 (HCa), 114.8 (Ca), 110.1 (HCa), 104.0 (COs), 98.4
(CH(OR),), 72.8 (C(OCH,)sC), 64.94 (OC4H,CpH,0), 64.86 (OC,H,CoH,0), 47.9 (PhCH,),
37.8 (CHC(0)), 30.7 (C(OCH,)sCMe), 16.8 (CHCHs), 14.2 (CCHy).

2-[1-Benzyl-2-(1,3-dioxolan-2-yl)-1H-indol-3-yl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]-
octan-1-yl)pent-4-en-1-one (S4)
Arylated OBO-ketone 3c (270 mg, 0.601 mmol, 1.0 equiv) and

o allyl bromide (57 uL, 0.66 mmol, 1.1 equiv) were subjected to

Bn—N
" Oj\ General Procedure A (chromatography eluent: DCM/MeOH,
?\/o Me 99:1) to give the title compound S4 (209 mg, 71%) as a white

solid. mp: 177-180 °C; IR: vmax (thin film) 2936, 2881, 1741,
1496, 1344, 1077, 988, 953, 910, 730 cm™; HRMS: calculated for CaoH3,NOg, 490.22241
[M+H]", found m/z 490.22208, A = —0.69 ppm; *H NMR (400 MHz, CDCls) & 7.77-7.72
(1H, m, HCp;), 7.26-7.16 (3H, m, 3 x HCy), 7.11-6.96 (5H, m, 5 x HCa/), 6.25 (1H, s,
CH(OR),), 5.80-5.66 (1H, m, CH,=CHCH,), 5.55 (1H, d, J = 16.9 Hz, PhCH,Hp), 5.49 (1H,
d, J = 17.0 Hz, PhCH;Hy), 5.05 (1H, dd, J = 17.1, 2.1 Hz, CHyansHcisCH), 4.97 (1H, dd, J =
10.2, 2.1 Hz, CHyansHcisCH), 4.74 (1H, t, J = 7.6 Hz, CHC(O)), 4.10-3.95 (4H, m, (OCH,),),
3.87 (6H, s, C(OCHy)sC), 3.10-3.00 (1H, m, CHCHH,CH), 2.80-2.70 (1H, m,
CHCH.H,CH), 0.76 (3H, s, CCHs); *C NMR (101 MHz, CDCls) § 196.6 (C(0)), 138.7
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(Car), 137.6 (Cay), 135.9 (CH,=CHCH,), 130.0 (Cpa), 128.3 (HCa), 126.8 (HCa), 126.2
(Car), 126.0 (HCa), 122.8 (HCay), 121.0 (HCp,), 119.7 (HCa,), 116.5 (CH,=CHCH,), 112.6
(Car), 110.2 (HCa), 104.0 (CO3), 98.4 (CH(OR)y), 72.9 (C(OCH,)sC), 65.0 (OC,H,C5H,0),
64.9 (OC.H,CoH0), 48.0 (PhCH,), 435 (CHC(O)), 34.8 (CH,=CHCH,), 30.8
(C(OCH;)sCMe), 14.3 (CCHa).

S3.1.4 Cyclisation to isoquinoline- and g-carboline-3-carboxylates 4

General procedure B: Step 1: To a Biotage® microwave vial NH,Cl (10 equiv), the
appropriate acetal 3 or S1-4 (1.0 equiv) and EtOH (0.1 M) were added. The reaction vessel
was sealed with a microwave vial cap (Reseal™ septum) and the mixture stirred at 115 °C
for 12 h. After cooling to rt, the crude material was concentrated in vacuo, passed through a
short silica column using EtOAc as eluent and concentrated in vacuo. Step 2: The crude
material was dissolved in dry EtOH (0.1 M) and transferred via syringe to a flamed-dried
Biotage® microwave vial containing anhydrous p-toluenesulfonic acid (3.0 equiv) and stirred
at 115 °C for 24 h for isoquinolines and for 36 h for g-carbolines. After cooling to rt, the
reaction mixture was neutralised by the addition of solid NaHCO; (6.0 equiv) and
concentrated in vacuo. The crude material was dissolved in DCM and washed with water.
The organic phase was separated, and the aqueous layer was extracted with DCM (x 3). The
organic layers were combined, dried over MgSQO,, filtered, concentrated in vacuo and

purified by flash column chromatography to give the corresponding isoquinoline 4.

Ethyl isoquinoline-3-carboxylate (4a)
o Arylated OBO-ketone 3a (96 mg, 0.30 mmol, 1.0 equiv) was subjected
OEt to General Procedure B (chromatography eluent: n-pentane/EtOAc,
N 60:40) to give the title compound 4a (51 mg, 84%) as a light brown
solid. mp: 43-45 °C (lit.° mp 45-45.5 °C); IR: vmax (thin film) 2975, 2880, 1710, 1280, 1150,
750 cm™; HRMS: calculated for C1,H1,NO,, 202.08626 [M+H]", found m/z 202.08623, A =
~0.14 ppm; *H NMR (400 MHz, CDCl3) 8 9.33 (1H, s, HCa(1)), 8.58 (1H, s, HCa/(4)), 8.04
(1H, d, J = 7.8 Hz, HCa/), 7.95 (1H, d, J = 7.9 Hz, HCa/), 7.70-7.80 (2H, m, 2 x HCa,), 4.52
(2H, g, J = 7.1 Hz, OCH,CHj3), 1.47 (3H, t, J = 7.2 Hz, OCH,CHs); *C NMR (101 MHz,
CDCl3) & 165.9 (C(O)), 152.8 (HCa(1)), 141.9 (Car), 135.5 (Car), 131.2 (HCa), 130.0 (Car),
129.6 (HCay), 128.1 (HCa), 127.8 (HCa), 124.0 (HCaf(4)), 62.0 (OCH.CH3), 14.6
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(OCH,CHg). Physical and spectroscopic data are consistent with those previously

reported.>*

Ethyl 6,7-dimethoxyisoquinoline-3-carboxylate (4b)
o Arylated OBO-ketone 3b (114 mg, 0.300 mmol, 1.0 equiv) was
MeO N OFt subjected to General procedure B (chromatography eluent:
_N n-pentane/EtOAc, 30:70) to give the title compound 4b (63 mg,
80%) as a light brown solid. mp: 178-181 °C (lit.°* mp 174-176
°C); IR: vmax (thin film) 3069, 2980, 2834, 1703, 1504, 1408, 1245, 1148, 1104, 1006, 861
cm™; HRMS: calculated for Ci4H16NO,, 262.10738 [M+H]", found m/z 262.10716, A = —
0.86 ppm; *H NMR (400 MHz, CDCl3) & 9.10 (1H, s, HCa/(1)), 8.42 (1H, s, HCa/(4)), 7.24
(1H, s, HCa/), 7.16 (1H, s, HCa/), 4.48 (2H, g, J = 7.2 Hz, OCH,CHg), 4.03 (3H, s, OCHs),
4.02 (3H, s, OCHs), 1.45 (3H, t, J = 7.2 Hz, OCH,CHs); *C NMR (101 MHz, CDCls) &
166.1 (C(O)), 153.5 (Car), 152.1 (Car), 150.0 (HCa«(1)), 140.8 (Ca), 132.2 (Ca), 126.4 (Cay),
122.7 (HCar(4)), 105.9 (HCa), 105.5 (HC4), 61.7 (OCH,CHg), 56.3 (OCHj3), 56.3 (OCHj),
14.6 (OCH,CHgs). Physical and spectroscopic data are consistent with those previously

MeO

reported.*®

Ethyl 9-benzyl-9H-pyrido[3,4-b]indole-3-carboxylate (4c)
o} Arylated OBO-ketone 3c (135 mg, 0.300 mmol, 1.0 equiv) was
A OEt Subjected to General procedure B (chromatography eluent: n-
/N | =N pentane/EtOAc, 60:40) to give the title compound 4c (88 mg, 89%)
Bn as a light brown solid. mp: 124-126 °C (lit."* mp 126-127 °C); IR:
vmax (thin film) 3062, 3029, 2993, 1721, 1267, 1216, 1028, 749, 722 cm™; HRMS: calculated
for C21H19N,0,, 331.14410 [M+H]", found m/z 331.14404, A = —0.19 ppm; 'H NMR (400
MHz, CDCl3) § 8.91-8.87 (2H, m, HCa(1) + HCa(4)), 8.22 (1H, d, J = 7.8 Hz, HCa/), 7.59
(1H, ddd, J = 8.3, 7.2, 1.2 Hz, HCa,), 7.48 (1H, d, J = 8.1 Hz, HCx), 7.36 (1H, ddd, J = 8.0,
7.1,0.9 Hz, HCx)), 7.29-7.21 (3H, m, 3 x HCp,), 7.16-7.10 (2H, m, 2 x HCa/), 5.59 (2H, s,
PhCH,), 4.53 (2H, g, J = 7.1 Hz, OCH,CHs), 1.48 (3H, t, J = 7.2 Hz, OCH,CHs); *C NMR
(101 MHz, CDCls) & 166.2 (C(0)), 141.8 (Ca), 138.1 (Ca/), 138.0 (Ca;), 135.8 (Cay), 132.1
(HCar(1)), 129.14 (HCa;), 129.09 (HCa/), 128.8 (Car), 128.1 (HCa), 126.6 (HCa), 122.2
(HCa), 121.6 (Ca), 121.0 (HCa/), 117.8 (HCa/(4)), 110.2 (HCap,), 61.7 (OCH,CHs), 47.3
(PhCH,), 14.6 (OCH,CHs). Physical and spectroscopic data are consistent with those

previously reported.***?
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Ethyl 4-methylisoquinoline-3-carboxylate (4d)

Me O Arylated OBO-ketone S1 (100 mg, 0.30 mmol, 1.0 equiv) was

X oet Subjected to General Procedure B (chromatography eluent: n-

=N pentane/EtOAC, 60:40) to give the title compound 4d (45 mg, 70%) as
a yellow oil. IR: vmax (thin film) 2980, 1714, 1284, 1250, 1220, 1054, 768, 751 cm™’; HRMS:
calculated for Cy3H14NO,, 216.10191 [M+H]", found m/z 216.10176, A = —0.67 ppm; *H
NMR (400 MHz, CDCl3) § 9.15 (1H, s, HC(1)), 8.13 (1H, d, J = 8.6 Hz, HC,), 7.99 (1H, dd,
J=8.1,1.2 Hz, HCA), 7.79 (1H, ddd, J = 8.7, 6.8, 1.8 Hz, HCx,), 7.68 (1H, ddd, J = 8.0, 6.9,
1.1 Hz, HCa/), 4.51 (2H, J = 7.2 Hz, OCH,CHs), 2.87 (3H, s, ArCH3), 1.46 (3H, t, J = 7.1
Hz, OCH,CHs); *C NMR (101 MHz, CDCls) & 167.6 (C(O)), 150.5 (HCa:(1)), 141.7 (Ca,),
136.0 (Ca), 131.0 (HCa), 130.0 (Ca), 128.9 (Ca), 1285 (HCa), 128.2 (HCy), 124.3
(HCa/), 61.8 (OCH,CHs), 14.5 (OCH,CHs), 14.4 (ArCHs).

Ethyl 4-benzylisoquinoline-3-carboxylate (4e)

Bn O Arylated OBO-ketone S2 (123 mg, 0.300 mmol, 1.0 equiv) was
@i\H‘\OEt subjected to General procedure B (chromatography eluent:

_N n-pentane/EtOAC, 60:40) to give the title compound 4e (62 mg, 71%) as
an off-white solid. mp: 118-120 °C; IR: vimax (thin film) 3080, 3027, 2985, 1708, 1291, 1248,
1200, 1064, 789, 774, 693, 676 cm™; HRMS: calculated for C1gH1gNO,, 292.13321 [M+H]",
found m/z 292.13321, A = 0.01 ppm; 'H NMR (400 MHz, CDCI3) 6 9.25 (1H, s, HCa/(1)),
8.98-8.10 (2H, m, 2 x HCp), 7.71-7.62 (2H, m, 2 x HCp), 7.25-7.11 (5H, m, 5 x HCp),
4.77 (2H, s, PhCHy), 4.46 (2H, g, J = 7.2 Hz, OCH,CHj), 1.37 (3H, t, J = 7.1 Hz, OCH,CHj);
3C NMR (101 MHz, CDCls) & 167.4 (C(O)), 151.5 (C(1)), 142.9 (Ca/), 139.9 (Ca/), 135.8
(Car), 131.4 (Ca;), 131.3 (HCar), 129.4 (Ca), 128.59 (HCa), 128.57 (HCa), 128.37 (HCh),

128.36 (HCa), 126.2 (HCa), 1250 (HCa), 62.0 (OCH,CH3), 33.8 (PhCHy), 14.4
(OCH,CHj).

Ethyl 9-benzyl-4-methyl-9H-pyrido[3,4-b]indole-3-carboxylate (4f)
Me O Arylated OBO-ketone S3 (139 mg, 0.300 mmol, 1.0 equiv) was
A Ot Subjected to General procedure B (chromatography eluent:
/N | =N n-pentane/EtOAc, 60:40) to give the title compound 4f (76 mg,
Bn 74%) as a light brown solid. mp: 116-118 °C; IR: vmax (thin film)
3031, 2979, 2933, 1709, 1368, 1332, 1273, 1220, 1075, 747, 730, 699 cm™; HRMS:

calculated for CaHy1N,O, 345.15975 [M+H]", found m/z 345.15927, A = —1.40 ppm; *H
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NMR (400 MHz, CDCls) & 8.76 (1H, s, HCa(1)), 8.34 (1H, d, J = 7.8 Hz, HCa,), 7.59 (1H,
ddd, J = 8.3, 7.2, 1.2 Hz, HCa,), 7.49 (1H, d, J = 8.1 Hz, HCa,), 7.36 (1H, ddd, J = 8.1, 7.2,
1.2 Hz, HCay), 7.27-7.21 (3H, m, 3 x HCa), 7.13-7.08 (2H, m, 2 x HCa,), 5.56 (2H, s,
PhCHy), 4.51 (2H, g, J = 7.2 Hz, OCH,CHs), 3.15 (3H, s, ArCH3), 1.48 (3H, t, J = 7.1 Hz,
OCH,CH3); *C NMR (101 MHz, CDCl3) § 167.3 (C(0)), 141.5 (Ca;), 137.9 (Cay), 137.0
(Car), 136.0 (Cay), 131.4 (Cay), 129.6 (HCa(1)), 129.1 (HCay), 129.0 (Car), 128.2 (HChay),
128.1 (HCp,), 126.6 (HCp), 124.4 (HCa), 122.4 (Ca), 120.8 (HCa), 110.0 (HCp,), 61.5
(OCH,CHj), 47.0 (PhCH,), 16.7 (ArCHs), 14.6 (OCH,CHs).

Ethyl 4-allyl-9-benzyl-9H-pyrido[3,4-b]indole-3-carboxylate (49)

Arylated OBO-ketone S4 (147 mg, 0.300 mmol, 1.0 equiv) was
subjected to General procedure B (chromatography eluent:
toluene/MeCN, 90:10) to give the title compound 4g (72 mg, 65%)
as a light brown solid. mp: 82-85 °C; IR: vma (thin film) 2980,
2928, 1712, 1453, 1388, 1368, 1334, 1272, 1236, 736 cm™; HRMS:
calculated for CasH23N20,, 371.17540 [M+H]", found m/z 371, 17673, A = 3.56 ppm; ‘H
NMR (400 MHz, CDCls) & 8.83 (1H, s, HCa(1)), 8.30 (1H, d, J = 7.9 Hz, HCp,), 7.60 (1H,
ddd, J=8.4, 7.0, 1.4 Hz, HCp), 7.52 (1H, d, J = 7.7 Hz, HCy/), 7.37 (1H, ddd, J = 8.1, 7.1,
1.1 Hz, HCa/), 7.29-7.23 (3H, m, 3 x HCx), 7.17-7.12 (2H, m, 2 x HCax,), 6.30-6.18 (1H, m,
CH,=CH), 5.61 (2H, s, PhCH}), 5.16-5.04 (2H, m, CH,=CHCH,), 4.49 (2H, g, J = 7.1 Hz,
OCH,CHz), 4.45-4.40 (2H, m, CH,=CHCH,), 1.46 (3H, t, J = 7.2 Hz, OCH,CHj3); *C NMR
(101 MHz, CDCl3) & 167.0 (C(0)), 141.8 (Ca;), 138.0 (Cay), 137.4 (Cay), 136.0 (Car), 135.0
(CH,=CH), 132.6 (Ca/), 130.2 (HCa), 129.1 (HCp), 1285 (HCa), 128.2 (Ca), 128.2
(HCa/), 126.6 (HCa;), 124.6 (HCa), 121.6 (Ca;), 121.0 (HCa), 116.5 (CH,=CHCH,), 110.1
(HCa), 61.6 (OCH,CHj3), 47.1 (PhCH,), 33.5 (CH,=CHCH,), 14.6 (OCH,CH3). Compound

4g was isolated as a mixture with a minor inseparable impurity.
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S3.2 Synthesis of indole-2-carboxylates 7
S3.2.1 Arylated OBO-ketones 6

2-(4-Methyl-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)ethan-1-one
(6a)
Me o To a flame-dried Biotage® microwave vial capped with a
\Q\/U\KO rubber septum were added methyl-OBO ketone 1° (861 mg,
NO, O@\Me 5.00 mmol, 1.0 equiv), 1-bromo-4-methyl-2-nitrobenzene (5a)
(2.16 g, 10.0 mmol, 2.0 equiv), Pd,(dba); (46 mg, 50 umol, 1 mol %), DavePhos (79 mg,
0.20 mmol, 4 mol %), K,CO3 (1.38 g, 10.0 mmol, 2.0 equiv) and phenol (94 mg, 1.00 mmol,
20 mol %). The rubber septum was then removed, and the reaction vessel was sealed with a
microwave vial cap (Reseal™ septum). Dry toluene (2.0 mL, 2.5 M) was added via syringe.
The vial was flushed with argon for 5 min and heated at 80 °C for 24 h. The resulting mixture
was filtered through a plug of silica using EtOAc as eluent and concentrated in vacuo and
purified by flash column chromatography (n-pentane/EtOAc, 80:20) to give the title
compound 6a (1.32 g, 86%) as a yellow solid. mp: 175-177 °C; IR: vmax (thin film) 2933,
2879, 1723, 1613, 1521, 1350, 1076, 1032, 999, 909, 817, 739 cm™; HRMS: calculated for
C15H1sNOg, 308.11286 [M+H]", found m/z 308.11267, A = —0.63 ppm; *H NMR (400 MHz,
CDCl3) 8 7.89 (1H, s, CaCa(H)Ca), 7.35 (1H, d, J = 7.8 Hz, HCx,), 7.12 (1H, d, J = 7.7 Hz,
HCar), 4.36 (2H, s, CH,C(0)), 4.03 (6H, s, C(OCH,)sC), 2.40 (3H, s, ArCHs), 0.87 (3H, s,
CCHs); *C NMR (101 MHz, CDCl3) & 194.0 (C(O)), 148.9 (O,NCp), 139.0 (Ca,), 134.3
(HCa/), 133.3 (HCay), 126.2 (Car), 125.6 (CACar(H)Car), 103.7 (CO3), 73.3 (C(OCH,)sC),
42.0 (CH,C(0)), 31.0 (C(OCH,)sCMe), 20.9 (ArCHs), 14.3 (CCHs).

2-(4-Methoxy-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)ethan-1-one
(6b)

MeO o To a flame-dried Biotage® microwave vial capped with a

\Q\/U\KO rubber septum were added methyl-OBO ketone 1° (431 mg,

NO, OSiMe 2.50 mmol, 1.0 equiv), 1-bromo-4-methoxy-2-nitrobenzene

(5b) (1.16 g, 5.00 mmol, 2.0 equiv), Pdy(dba); (23 mg, 25

umol, 1 mol %), DavePhos (40 mg, 0.10 mmol, 4 mol %), K,CO3 (691 mg, 5.00 mmol, 2.0

equiv) and phenol (47 mg, 0.50 mmol, 20 mol %). The rubber septum was then removed, and

the reaction vessel was sealed with a microwave vial cap (Reseal™ septum). Dry toluene (2.0
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mL, 1.25 M) was added via syringe. The vial was flushed with argon for 5 min and heated at
80 °C for 24 h. The resulting mixture was filtered through a plug of silica using EtOAc as
eluent, concentrated in vacuo and purified by flash column chromatography (n-
pentane/EtOAc, 60:40) to give the title compound 6b (727 mg, 90%) as yellow solid. mp:
152-154 °C; IR: vmax (thin film) 2940, 2883, 1753, 1528, 1347, 1247, 1075, 1047, 1033, 993,
729 cm™; HRMS: calculated for C15H1gNO-, 324.10778 [M+H]", found m/z 324.10785, A =
0.22 ppm; *H NMR (400 MHz, CDCl5) & 7.60 (1H, d, J = 2.7 Hz, CACa(H)Ca), 7.13 (1H,
d, J = 8.6 Hz, CH,CaCar(H)Car(H)), 7.08 (1H, dd, J = 8.5, 2.6 Hz, CH2CACa(H)Ca(H)),
4.33 (2H, s, CH,C(0)), 4.02 (6H, s, C(OCH)3C), 3.83 (3H, s, OCH3), 0.86 (3H, s, CCHy);
BC NMR (101 MHz, CDCls) & 194.2 (C(O)), 159.3 (Ca), 1496 (Ca), 134.2
(CH2CACA(H)Car(H)), 121.1 (Ca), 120.0 (CH2CaACaA(H)Car(H)), 110.0 (CaCar(H)Ca),
103.7 (CO3), 73.2 (C(OCH,)5C), 55.9 (OCHs), 41.7 (CH,C(O)), 31.0 (C(OCH,)sCMe), 14.2
(CCHy).

S3.2.2 a-Functionalisation of arylated OBO-ketones 6

General procedure C: To a flame-dried Biotage® microwave vial capped with a rubber
septum were added the appropriate arylated OBO-ketone 6a,b (1.0 equiv) and electrophile
(1.1 equiv). The rubber septum was then removed, and the reaction vessel was sealed with a
microwave vial cap (Reseal™ septum) and dry DMF (0.2 M) was added. The mixture was
stirred at 0 °C for 10 min, followed by the addition of NaH (60% in mineral oil) (1.2 equiv).
The reaction was stirred for 15 min at 0 °C, after which the ice was removed from the cooling
bath and the cold water was left to warm to rt over 2 h. The reaction was quenched with
saturated ag NH4CI and extracted with DCM (x 3). The organic layers were combined and
washed with water (x 5), dried over MgSQ,, filtered, concentrated in vacuo and purified by

flash column chromatography to give the corresponding product S5-S6.

2-(4-Methyl-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)propan-1-one
(S5)
Me o Arylated OBO-ketone 6a (184 mg, 0.599 mmol, 1.0 equiv) and
o Mel (41 pL, 0.66 mmol, 1.1 equiv) were subjected to General
NO, Me o@\Me procedure C (chromatography eluent: n-pentane/EtOAcC,
80:20) to give the title compound S5 (184 mg, 95%) as a yellow solid. mp: 126-128 °C; IR:

vmax (thin film) 2937, 2882, 1748, 1527, 1354, 1032, 988, 946, 748 cm™; HRMS: calculated
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for C16H20NOg, 322.12851 [M+H]", found m/z 322.12845, A = —0.20 ppm; 'H NMR (400
MHz, CDCls) § 7.54 (1H, s, CaCar(H)Car), 7.28 (1H, d, J = 8.2 Hz, HCa/), 7.20 (1H, d, J =
8.0 Hz, HCa,), 4.89 (1H, g, J = 6.9 Hz, CHC(O)), 3.81 (6H, s, C(OCH,)sC), 2.36 (3H, s,
ArCHs), 1.44 (3H, d, J = 6.8 Hz, CHCH), 0.75 (3H, s, CCH3); **C NMR (101 MHz, CDCl5)
§ 197.5 (C(O)), 149.8 (Ca), 138.0 (Car), 133.4 (HCa), 130.8 (Ca)), 129.2 (HCa/), 124.6
(CaCar(H)Car), 103.8 (CO3), 73.0 (C(OCH,)sC), 40.4 (CHC(0)), 30.9 (C(OCH,)sCMe),
20.8 (ArCHs), 17.3 (CHCHSs), 14.1 (CCHa).

2-(4-Methoxy-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-phenyl-
propan-1-one (S6)
MeO o Arylated OBO-ketone 6b (194 mg, 0.600 mmol, 1.0 equiv)
o and benzyl bromide (78 uL, 0.66 mmol, 1.1 equiv) were
NO, Bn oﬁ\Me subjected to General procedure C (chromatography eluent:
n-pentane/EtOAC, 60:40) to give the title compound S6 (235 mg, 95%) as a yellow solid. mp:
123-125 °C; IR: vmax (thin film) 2937, 2883, 1747, 1529, 1356, 1251, 1030, 1001, 910, 729,
699 cm™; HRMS: calculated for CyH,sNO-, 414.15473 [M+H]", found m/z 414.15479, A =
0.14 ppm *H NMR (400 MHz, CDCl3) & 7.33 (1H, d, J = 8.7 Hz, MeOCaCa(H)Car(H)),
7.23 (1H, d, J = 3.4 Hz, CACa(H)Cal), 7.20-7.09 (5H, m, 5 x HCx,), 7.04 (1H, dd, J = 8.8,
3.4 Hz, MeOCACa(H)Car(H)), 5.22 (1H, dd, J = 8.1, 6.7 Hz, CHC(O)), 3.784 (3H, s,
OCHs), 3.777 (6H, s, C(OCH,)sC), 3.41 (1H, dd, J = 13.9, 8.3 Hz, PhCH,Hy), 3.03 (1H, dd, J
=13.9, 6.7 Hz, PhCH,Hy), 0.72 (3H, s, CCH3); *C NMR (101 MHz, CDCls) & 196.3 (C(0)),
158.5 (Car), 150.7 (Car), 138.3 (Car), 130.4 (MeOCaCar(H)Car(H)), 129.2 (HCa), 128.1
(HCar), 126.2 (HCar), 123.5 (Car), 118.7 (MeOCaCar(H)Car(H)), 109.5 (CaCa(H)Car),
103.6 (CO3), 72.9 (C(OCH,)C), 55.7 (OCHs), 46.8 (CHC(0)), 37.8 (CHCH,), 30.7
(C(OCHy3)sCMe), 14.0 (CCHy).

S3.2.3 Reductive cyclisation to indole-2-carboxylates 7

General procedure D: Step 1: To a Biotage® microwave vial were added an aqueous
solution of TiCl; (16.5 equiv), a 6.6 M aqueous solution of NH,OAc (100 equiv) and EtOH
(0.2 M). The vial was capped with a rubber septum and purged with argon for 5 min. A
solution of the indicated arylated OBO-ketone 6 or S5-6 (1.0 equiv) dissolved in EtOH (0.07
M) was added dropwise and stirred at rt for 1 h. The mixture was extracted with DCM (x 3),

dried over MgSO, and concentrated in vacuo. Step 2: The crude material was dissolved in
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dry EtOH (0.1 M) and added via syringe to a flame-dried Biotage® microwave vial containing
anhydrous p-toluenesulfonic acid (3.0 equiv) and stirred at 115 °C for 16 h. After cooling to
rt, the reaction was neutralized by the addition of solid NaHCO3 (6.0 equiv) and concentrated
in vacuo. The crude material was dissolved in DCM and washed with water. The organic
layer was separated, and the aqueous layer was extracted with DCM (x 3). The organic layers
were combined, dried over MgSO,, filtered, concentrated in vacuo and purified by flash
column chromatography to give the corresponding indole 7.

Ethyl 6-methyl-1H-indole-2-carboxylate (7a)
/©f\>_/<o Arylated OBO-ketone 6a (92 mg, 0.30 mmol, 1.0 equiv) was
Me ” ot Subjected to General procedure D (chromatography eluent: n-
pentane/EtOAc, 90:10) to give the title compound 7a (57 mg, 93%)
as a white solid. mp: 122-123 °C (lit.** mp 122-125 °C); IR: vmax (thin film) 3308, 1684,
1522, 1327, 1250, 1206, 1021, 824, 773, 745 cm™; HRMS: calculated for Ci,H14NO»,
204.10191 [M+H]*, found m/z 204.10211, A = 1.01 ppm; *H NMR (400 MHz, CDCl,) & 8.94
(1H, s, NH), 7.57 (1H, d, J = 8.2 Hz, HCa), 7.22-7.18 (2H, m, 2 x HCax), 7.00 (1H, dd, J =
8.2, 1.5 Hz, HCa,), 4.42 (2H, g, J = 7.1 Hz, OCH,CHj), 2.48 (3H, s, ArCH3), 1.42 (3H, t, J =
7.2 Hz, OCH,CHs); *C NMR (101 MHz, CDCl3) § 162.3 (C(O)), 137.5 (Ca), 135.7 (Cay),
127.0 (Ca), 125.5 (Ca), 123.0 (HCa), 122.3 (HCa), 111.6 (HCa), 108.8 (HCa), 61.1
(OCH,CHg), 22.1 (ArCHg), 14.6 (OCH,CHj3). Physical and spectroscopic data are consistent

with those previously reported.**

Ethyl 6-methoxy-1H-indole-2-carboxylate (7b)
/©f\>_<o Arylated OBO-ketone 6b (97 mg, 0.30 mmol, 1.0 equiv) was
N oet Subjected to General procedure D (chromatography eluent:
" n-pentane/EtOAc, 85:15) to give the title compound 7b (56 mg,
85%) as a white solid. mp: 133-135 °C (lit.™ mp 131-133 °C); IR: vmax (thin film) 3317,
1677, 1626, 1253, 1196, 1023, 822, 767, 735 cm™; HRMS: calculated for Ci,H14NOs,
220.09682 [M+H]", found m/z 220.09700, A = 0.82 ppm; *H NMR (400 MHz, CDCls) § 9.22
(1H, s, NH), 7.55 (1H, d, J = 8.6 Hz, HCa,), 7.18 (1H, d, J = 2.3 Hz, HCa/), 6.86-6.81 (2H,
m, 2 x HCa), 4.42 (2H, g, J = 7.2 Hz, OCH,CHs), 3.85 (3H, s, OCH3), 1.42 (3H,t, J = 7.1

Hz, OCH,CHs); *C NMR (101 MHz, CDCls) & 162.3 (C(0)), 158.9 (Ca), 138.2 (Ca)),
126.5 (Car), 123.4 (HCa), 121.9 (Ca), 112.4 (HCa), 109.1 (HCa/), 93.8 (HCa,), 60.9

MeO
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(OCH,CHg), 55.5 (OCHpg), 14.5 (OCH,CHp3). Physical and spectroscopic data are consistent

with those previously reported.*®

Ethyl 3,6-dimethyl-1H-indole-2-carboxylate (7c)

Me Arylated OBO-ketone S5 (96 mg, 0.30 mmol, 1.0 equiv) was
A\ subjected to General procedure D (chromatography eluent: CHCI5)
Me ﬁ OEt o give the title compound 7c (48 mg, 74%) as a white solid. mp:

129-131 °C; IR: vmax (thin film) 3315, 2975, 1676, 1327, 1266, 797, 776 cm™; HRMS:
calculated for CysH1sNO,, 218.11756 [M+H]", found m/z 218.11769, A = 0.62 ppm. ‘H
NMR (400 MHz, CDCl3) & 8.56 (1H, s, NH), 7.54 (1H, d, J = 8.1 Hz, HCy), 7.14 (1H, s,
HCa), 6.98 (1H, dd, J = 8.3, 1.5 Hz, HCa/), 4.41 (2H, g, J = 7.1 Hz, OCH,CHj3), 2.59 (3H, s,
ArCHs), 2.47 (3H, s, Ca(3)CHa), 1.43 (3H, t, J = 7.1 Hz, OCH,CHjs); *C NMR (126 MHz,
CDCl3) & 162.9 (C(O)), 136.4 (Ca;), 135.9 (Car), 126.7 (Car), 123.0 (Cas), 122.1 (HChp)),
120.5 (HCay), 120.4 (Cas), 111.4 (HCp), 60.7 (OCH,CHa), 22.1 (ArCHz), 14.6 (OCH,CH),
10.1 (Car(3)CHa).

Ethyl 3-benzyl-6-methoxy-1H-indole-2-carboxylate (7d)

Bn Arylated OBO-ketone S6 (124 mg, 0.300 mmol, 1.0 equiv) was
A\ P subjected to General procedure D (chromatography eluent: n-
MeO N OEt pentane/EtOAcC, 90:10) to give the title compound 7d (80 mg, 86%)

as a white solid. mp: 142-145 °C; IR: v (thin film) 3330, 2980, 2835, 1672, 1247, 1027,
950, 669 cm™; HRMS: calculated for C19H,NO3, 310.14377 [M+H]", found m/z 310.14377,
A = 0.00 ppm; 'H NMR (400 MHz, CDCl3) & 8.89 (1H, s, NH), 7.48 (1H, d, J = 8.7 Hz,
HCay), 7.31-7.21 (4H, m, 4 x HCp,), 7.19-7.13 (1H, m, HCa), 6.82-6.75 (2H, m, 2 x HCa)),
4.49 (2H, s, PhCH,), 4.41 (2H, g, J = 7.1 Hz, OCH,CHj), 3.84 (3H, s, OCHj), 1.38 (3H, t, J
= 7.2 Hz, OCH,CHs); °C NMR (101 MHz, CDCl3) & 162.5 (C(0)), 159.1 (Cay), 141.1 (Cay),
137.1 (Ca;), 128.4 (HCa/), 128.3 (HCa), 125.8 (HCa,), 123.1 (Car), 122.6 (Car), 122.6 (Car),
122.1 (HCa), 111.7 (HCa), 93.6 (HCa), 60.7 (OCH,CHs), 55.5 (OCHs3), 30.7 (PhCH,), 14.5
(OCH,CHa).
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S3.3 Synthesis of pyrrole/furan-2-carboxylates 10/11 and N-substituted
pyrrole-2-carboxylates 12-13

S3.3.1 1,4-Dicarbonyl scaffolds 9

General procedure E: To a stirred solution of the appropriate arylated OBO-ketone 8 (1.0
equiv) in THF (0.06 M) at rt or at 66 °C was added in one portion a t-BuONa solution (1.2
equiv, 2 M in THF). After stirring for 30 mins, a solution of bromoacetophenone (1.2 equiv)
in THF (0.08 M) was added dropwise via syringe (rate 10 mL/h). The reaction mixture was
then stirred for 1 h and quenched with saturated ag NH4CI. The aqueous phase was extracted
with DCM (x 4) and the organic extracts were combined, dried over Na,SO., filtered,
concentrated in vacuo and purified by flash column chromatography to give the

corresponding product 9.

1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-phenyl-2-[4-(trifluoromethyl)phenyl]-
butane-1,4-dione (9a)

FsC o Arylated OBO-ketone 8a° (32 mg, 0.10 mmol, 1.0 equiv) in
o) THF (1.5 mL), t-BuONa solution (60 pL, 0.12 mmol, 1.2

o} O@\Me equiv, 2 M in THF) and BrCH,COPh (24 mg, 0.12 mmol, 1.2

Ph equiv) in THF (1.5 mL) were subjected to General procedure

E (rt) (chromatography eluent: n-pentane/acetone, 80:20) to give the title compound 9a (43
mg, 99%) as colorless needles. mp: 149-151 °C (c-hexane/EtOH); IR: vmax 3062, 2924,
2902, 2849, 1752, 1685, 1616, 1595, 1582, 1471, 1450, 1426, 1415, 1400, 1353, 1330, 1299,
1265, 1214, 1193, 1152, 1115, 1069, 1049, 1033, 1004, 980, 961, 948, 919, 899, 859, 830,
777, 756, 741, 729, 718, 690, 657, 628 cm™; HRMS: calculated for Cp3H,,F30s, 435.14138
[M+H]*, found m/z 435.14110, A = —0.62 ppm; *H NMR (400 MHz, CDCls) & 7.93 (2H, d, J
= 7.4 Hz, HCp(), 7.59-7.49 (3H, m, HCp,), 7.48-7.36 (4H, m, HCx), 5.07 (1H, dd, J = 8.5,
5.7 Hz, CACHC(O)), 3.95 (6H, s, C(OCH,)C), 3.86 (1H, dd, J = 18.1, 85 Hz,
C(O)CH.HyC), 3.36 (1H, dd, J = 18.1, 5.7 Hz, C(O)CH,H,C), 0.81 (3H, s, CH3); *C NMR
(101 MHz, CDCls3) & 197.1 (C(0)), 196.7 (C(0)), 141.8 (q, Jcr = 1.7 Hz, Ca/), 136.4 (Ca),
133.6 (HCa), 129.6 (0, 2Jcr = 32.4 Hz, F5CChp), 129.2 (HCa/), 128.8 (HCa), 128.3 (HCp,),
125.7 (q, *Jer = 3.9 Hz, HCa), 124.4 (q, "Jce = 272.2 Hz, CF3), 104.3 (CO3), 73.3
(C(OCHy)3C), 47.3 (CaCHC(0)), 429 (C(O)CHsHyC), 31.1 (C(OCH,);CMe), 14.4
(CCHs)."F NMR (376 MHz, CDCl3) 8 -62.5 (3F, s, CFs).
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1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-phenyl-2-(p-tolyl)butane-1,4-dione (9b)
Arylated OBO-ketone 8b° (394 mg, 1.50 mmol, 1.0 equiv) in
0 THF (25 mL), t-BuONa solution (900 pL, 1.80 mmol, 1.2
@\ equiv, 2 M in THF) and BrCH,COPh (358 mg, 1.80 mmol, 1.2
o)
Me

equiv) in THF (23 mL) were subjected to General procedure

Me

Ph E (66 °C) (chromatography eluent: n-pentane/acetone, 80:20)

to give the title compound 9b (520 mg, 91%) as colorless needles. mp 141-143 °C (c-
hexane/EtOH); IR: vmax 2940, 2881, 1734, 1678, 1594, 1578, 1509, 1470, 1449, 1414, 1397,
1342, 1266, 1252, 1207, 1195, 1176, 1092, 1071, 1032, 1013, 993, 955, 921, 890, 849, 818,
765, 753, 736, 722, 689, 649, 633, 610 cm™; HRMS: calculated for C,3H250s, 381.16965
[M+H]*, found m/z 381.17001, A = 0.95 ppm; *H NMR (400 MHz, CDCls) & 7.94 (2H, d, J
=7.2Hz, HCx), 7.52 (1H, dd, J = 7.4, 7.4 Hz, HC4A(), 7.41 (2H, dd, J = 7.7, 7.7 Hz, HC4)),
7.17 (2H, d, J =8.1 Hz, HC,), 7.10 (2H, d, J = 8.0 Hz, HCa), 4.96 (1H, dd, J = 9.1, 5.1 Hz,
CaCHC(0)), 3.95 (6H, s, C(OCH,)3C), 3.87 (1H, dd, J = 18.1, 9.1 Hz, C(O)CH,H,C), 3.31
(1H, dd, J = 18.1, 5.1 Hz, C(O)CHaH,C), 2.31 (3H, s, H3sCCa), 0.81 (3H, s, CCHs); *C
NMR (101 MHz, CDClI3) 6 197.9 (C(0)), 197.4 (C(0)), 136.9 (Car), 136.6 (Car), 134.5 (Cay),
133.3 (HCa), 1295 (HCa), 128.7 (2 x HCpa), 1284 (HCph), 104.3 (COs3), 73.2
(C(OCHy)3C), 47.0 (CaCHC(0)), 43.4 (C(O)CHsHyC), 31.1 (C(OCHy);CMe), 21.3
(HsCCay), 14.5 (CCH3). Spectroscopic data consistent with those previously reported.®

2-(3-Methoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-phenylbutane-
1,4-dione (9c¢)

OMe Arylated OBO-ketone 8c® (278 mg, 1.00 mmol, 1.0 equiv) in THF

o (17 mL), t-BuONa solution (600 pL, 1.20 mmol, 1.2 equiv, 2 M in

@\ THF) and BrCH,COPh (239 mg, 1.20 mmol, 1.2 equiv) in THF (15

° © Me mL) were subjected to General procedure E (66 °C)
Ph

(chromatography eluent: n-pentane/acetone, 80:20) to give the title
compound 9c (365 mg, 92%) as colorless needles. mp: 63—65 °C (c-hexane/EtOH); IR: viax
2880, 2841, 1742, 1684, 1608, 1597, 1583, 1485, 1470, 1448, 1397, 1353, 1297, 1255, 1234,
1195, 1143, 1100, 1069, 1044, 1033, 995, 950, 905, 864, 827, 778, 760, 734, 694, 660, 625
cm™®; HRMS: calculated for Cp3H»406>Na, 419.14651 [M+Na]*, found m/z 419.14602, A =
~1.16 ppm; *H NMR (400 MHz, CDCl3) & 7.94 (2H, dd, J = 8.4, 1.3 Hz, HC,/), 7.53 (1H,
dd,J=7.4,7.4Hz, HCy), 7.41 (2H, dd, J = 7.6, 7.6 Hz, HCx), 7.21 (1H, dd, J = 7.9, 7.9 Hz,
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HCa), 6.87 (1H, d, J = 7.7 Hz, HCa), 6.85-6.81 (1H, m, HCa), 6.77 (1H, ddd, J = 8.2, 2.6,
0.8 Hz, HCay), 4.96 (1H, dd, J = 9.3, 4.9 Hz, CACHC(0)), 3.96 (6H, s, C(OCH,):C), 3.89
(1H, dd, J = 18.1, 9.3 Hz, C(O)CH,H,C), 3.78 (3H, s, OCHs), 3.32 (1H, dd, J = 18.1, 4.9 Hz,
C(O)CH,H,C), 0.81 (3H, s, CH3); *C NMR (101 MHz, CDCl3) & 197.6 (C(0)), 197.3
(C(0)), 159.8 (Car), 139.1 (Car), 136.5 (Car), 133.4 (HCa), 129.7 (HCa), 128.7 (HCay),
128.4 (HCa), 121.2 (HCp), 114.4 (HCa,), 112.9 (HCay), 104.3 (CO3), 73.2 (C(OCH,):C),
55.4 (OCHs), 47.4 (CACHC(0)), 43.4 (C(O)CH,H.C), 31.1 (C(OCH;)sCMe), 14.4 (CCH).

2-[4-(Dimethylamino)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-
phenylbutane-1,4-dione (9d)

Me,N o Arylated OBO-ketone 8d° (291 mg, 1.00 mmol, 1.0 equiv)
0] in THF (17 mL), t-BuONa solution (600 pL, 1.20 mmol, 1.2

0 Ogﬂ\Me equiv, 2 M in THF) and BrCH,COPh (239 mg, 1.20 mmol,

Ph 1.2 equiv) in THF (15 mL) were subjected to General

procedure E (rt). Flash column chromatography (n-pentane/acetone, 80:20) gave unreacted
starting material 8d (41 mg, 14%). Further elution (n-pentane/acetone, 80:20) gave the title
compound 9d (274 mg, 67%) as colorless needles. mp: 203-205 °C (c-hexane/EtOH); IR:
Vmax 2958, 2883, 2804, 1732, 1685, 1611, 1597, 1581, 1519, 1473, 1449, 1399, 1350, 1327,
1294, 1229, 1193, 1179, 1166, 1096, 1062, 1043, 1033, 986, 950, 929, 866, 815, 780, 754,
730, 718, 690, 651, 634, 607 cm™; HRMS: calculated for C,sH,sNOs, 410.19620 [M+H]",
found m/z 410.19542, A = —1.86 ppm; *H NMR (400 MHz, CDCls) § 7.94 (2H, d, J = 7.2 Hz,
HCa), 7.51 (1H, dd, J = 7.4, 7.4 Hz, HCy,), 7.40 (2H, dd, J = 7.6, 7.6 Hz, HC,,), 7.14 (2H, d,
J = 8.8 Hz, HCy), 6.66 (2H, d, J = 8.8 Hz, HCyy), 4.89 (1H, dd, J = 9.2, 5.0 Hz,
Ca:CHC(0)), 3.95 (6H, s, C(OCH,)3C), 3.86 (1H, dd, J = 18.1, 9.2 Hz, C(O)CH,H,C), 3.29
(1H, dd, J = 18.1, 5.0 Hz, C(O)CH,H,C), 2.92 (6H, s, N(CHs),), 0.80 (3H, s, CH3); *C NMR
(101 MHz, CDCl3) 6 198.0 (C(Q)), 197.7 (C(O)), 149.8 (Car), 136.7 (Car), 133.2 (HCxy),
129.5 (HCar), 128.6 (HCa), 128.4 (HCa)), 124.9 (Ca)), 112.8 (HCa), 104.3 (COg3), 73.2
(C(OCH,)3C), 46.4 (CaACHC(0)), 434 (C(O)CHsHyC), 40.7 (N(CH3)), 31.0
(C(OCH,)3sCMe), 14.5 (CCHj3).

S3.3.2 Cyclisation to pyrrole-2-carboxylates 10

General procedure F: Step 1: A mixture of the appropriate dicarbonyl precursor 9 (0.10
mmol, 1.0 equiv) and NH;OAc (77 mg, 1.0 mmol, 10 equiv) in AcOH (3 mL) was heated at
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100 °C for 20 mins. The reaction mixture was cooled to rt and then poured onto crushed ice
and neutralized by careful addition of solid K,COs. The aqueous phase was extracted with
DCM (3 x 50 mL) and the combined organic extracts were dried with Na,SQO,, filtered, and
evaporated in vacuo. Step 2: The crude residue was dissolved in EtOH (3 mL) and transferred
to a round bottom flask. Dried and finely powdered K,COj3 (28 mg, 0.20 mmol, 2.0 equiv)
was then added to the solution and the mixture was heated under reflux for 2 h. The reaction
mixture was cooled to rt, the solvent was evaporated in vacuo, and the residue was
partitioned in DCM/water. The organic layer was collected, and the aqueous phase was
extracted with DCM (3 x 50 mL). The combined organic extracts were dried with Na,SOy,

filtered and evaporated to dryness to give the corresponding pyrrole 10.

Ethyl 5-phenyl-3-[4-(trifluoromethyl)phenyl]-1H-pyrrole-2-carboxylate (10a)

cF; l.4-Dicarbonyl compound 9a (43 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure F to give the title compound 10a (33
mg, 90%) as colourless needles. mp: 170—171.5 °C (c-hexane); IR: vinax
3321, 1650, 1616, 1533, 1504, 1462, 1445, 1413, 1387, 1365, 1324,
O 1288, 1266, 1203, 1160, 1137, 1103, 1063, 1022, 990, 907, 874, 852,
839, 816, 773, 759, 747, 716, 688, 675, 662, 618 cm™; HRMS: calculated for CoH17FsNOy,
360.12059 [M+H]", found m/z 360.12054, A = —0.13 ppm; *H NMR (400 MHz, CDCls) &
9.38 (1H, brs, NH), 7.71 (2H, d, J = 8.2 Hz, HC,,), 7.66-7.56 (4H, m, HCx,), 7.45 (2H, dd, J
=7.6,7.6 Hz, HCx(), 7.35 (1H, dd, J = 7.4, 7.4 Hz, HCj), 6.63 (1H, d, J = 3.0 Hz, HCpyrrote),
430 (2H, g, J = 7.1 Hz, OCH,CH3), 1.27 (3H, t, J = 7.1 Hz, OCH,CHs); *C NMR (101
MHz, CDCl3) 6 161.0 (C(0)), 139.0 (Car), 135.8 (Car), 132.1 (Car), 131.0 (Car), 130.0
(HCar), 129.4 (HCp,), 129.3 (q, “Jcr = 32.6 Hz, FsCCay), 128.4 (HCa,), 125.0 (HCp/), 124.8
(9, %Jcr = 3.8 Hz, HCa/), 124.6 (q, “Jcr = 271.8 Hz, CF3), 119.1 (Cp,), 110.0 (HCpyrrole), 60.8
(OCH,CHs), 14.5 (OCH,CHs); **F NMR (376 MHz, CDCl3) 5 —62.4 (3F, s, CF3).

/ \  OEt

Ph N
H

Ethyl 5-phenyl-3-(p-tolyl)-1H-pyrrole-2-carboxylate (10b)

Me 1,4-Dicarbonyl compound 9b (38 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure F to give the title compound 10b (24
mg, 78%) as colourless needles. mp: 171-173 °C (c-hexane) (lit.*®* mp
166.2-167 °C); IR: vmax 3313, 2978, 2917, 2860, 1654, 1607, 1529,

© 1499, 1474, 1460, 1443, 1408, 1385, 1363, 1320, 1307, 1291, 1266,
1212, 1200, 1184, 1159, 1131, 1110, 1079, 1026, 988, 966, 945, 908, 873, 841, 827, 809,

/ \  OEt

Ph N
H
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771, 758, 728, 708, 689, 675, 664, 638, 617 cm™; HRMS: calculated for CaHzNO,
306.14886 [M+H]*, found m/z 306.14901, A = 0.52 ppm; ‘H NMR (400 MHz, CDCls) &
9.30 (1H, brs, NH), 7.60 (2H, d, J = 7.3 Hz, HCy), 7.51 (2H, d, J =8.1 Hz, HC4)), 7.43 (2H,
dd, J = 7.7, 7.7 Hz, HCa/), 7.33 (1H, dd, J = 7.4, 7.4 Hz, HCy), 7.20 (2H, d, J = 7.9 Hz,
HCar), 6.62 (1H, d, J = 3.1 Hz, HCyrrole), 4.29 (2H, g, J = 7.1 Hz, OCH,CHj3), 2.40 (3H, s,
ArCHs), 1.29 (3H, t, J = 7.1 Hz, OCH,CHs); **C NMR (101 MHz, CDCls) & 161.4 (C(0)),
137.0 (Car), 135.5 (Cay), 133.7 (Car), 132.2 (Car), 131.3 (Car), 129.6 (HCa(), 129.3 (HCa),
128.6 (HCa), 128.1 (HCa), 124.9 (HCa), 118.7 (Car), 110.1 (HCpyirole), 60.6 (OCH,CHs3),
21.5 (ArCHj3), 14.5 (OCH,CHj3). Physical and spectroscopic data are consistent with those
previously reported.'®

Ethyl 3-(3-methoxyphenyl)-5-phenyl-1H-pyrrole-2-carboxylate (10c)
MeO 1,4-Dicarbonyl compound 9c¢ (40 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure F to give the title compound 10c (32 mg,
100%) as colourless plates. mp: 119—121 °C (c-hexane); IR: vmax 3305,
o N\ OEt 3008, 2961, 2936, 2834, 1659, 1610, 1577, 1519, 1486, 1470, 1453, 1435,
H o) 1387, 1365, 1315, 1288, 1267, 1207, 1174, 1129, 1081, 1049, 1021, 995,
970, 917, 877, 849, 825, 817, 783, 770, 725, 695, 658, 616 cm™; HRMS: calculated for
CaoH20NO3, 322.14377 [M+H]", found m/z 322.14386, A = 0.28 ppm; *H NMR (400 MHz,
CDCl3) 8 9.34 (1H, br s, NH), 7.60 (2H, d, J = 7.1 Hz, HCx), 7.44 (2H, dd, J = 7.6, 7.6 Hz,
HCa), 7.38-7.27 (2H, m, HCa,), 7.22-7.15 (2H, m, HCa/), 6.88 (1H, ddd, J = 8.2, 2.6, 1.1
Hz, HCa), 6.64 (1H, d, J = 3.1 Hz, HCpyroke), 4.29 (2H, g, J = 7.1 Hz, OCH,CHs), 3.86 (3H,
s, OCHa), 1.28 (3H, t, J = 7.1 Hz, OCH,CHs); *C NMR (101 MHz, CDCl5) & 161.4 (C(O)),
159.3 (Car), 136.6 (Ca), 135.5 (Cay), 133.4 (Car), 131.2 (Ca)), 129.3 (HCp,), 128.8 (HCa),
128.2 (HCa), 125.0 (HCp,), 122.3 (HCa/), 118.9 (Cay), 115.4 (HCa), 113.0 (HCp,), 110.2
(HCpyrrole), 60.7 (OCH,CHs), 55.5 (OCH3), 14.5 (OCH,CHs).

Ethyl 3-[4-(dimethylamino)phenyl]-5-phenyl-1H-pyrrole-2-carboxylate (10d)

NMe, 1,4-Dicarbonyl compound 9d (41 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure F. Purification my flash column
chromatography (DCM) gave the title compound 10d (29 mg, 86%) as

o /N\ OEt  colourless needles. mp: 141-143 °C (c-hexane) [lit." mp 135-137 °C
H O (EtOH)]; IR: vmax 3333, 3069, 2888, 2799, 1659, 1611, 1556, 1531,

1502, 1477, 1443, 1387, 1351, 1289, 1262, 1197, 1164, 1135, 1124, 1076, 1061, 1028, 985,
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945, 907, 878, 809, 773, 755, 732, 686, 642, 614 cm™; HRMS: calculated for Cy1H3N20,
335.17540 [M+H]", found m/z 335.17532, A = —0.24 ppm; *H NMR (400 MHz, CD,Cl,) &
9.40 (1H, brs, NH), 7.64 (2H, d, J = 7.3 Hz, HCy), 7.52 (2H, d, J = 8.8 Hz, HCa), 7.44 (2H,
dd, J = 7.7, 7.7 Hz, HCa/), 7.33 (1H, dd, J = 7.4, 7.4 Hz, HCy), 6.76 (2H, d, J = 8.8 Hz,
HCar), 6.63 (1H, d, J = 3.1 Hz, HCpynole), 4.30 (2H, g, J = 7.1 Hz, OCH,CHj3), 2.99 (6H, s,
N(CHs),), 1.32 (3H, t, J = 7.1 Hz, OCH,CHs); *C NMR (101 MHz, CD,Cl,) 8 161.6 (C(O)),
150.5 (Car), 135.6 (Car), 134.3 (Cayr), 131.8 (Car), 130.7 (HCa), 129.6 (HC4), 128.3 (HCa)),
125.2 (HCa), 123.3 (Car), 118.6 (Car), 112.2 (HCar), 109.9 (HCpyrole), 60.8 (OCH2CHs),
40.9 (N(CHs)y), 14.8 (OCH,CHpg). Physical and spectroscopic data are consistent with those
previously reported.'’

S3.3.3 Cyclisation to furan-2-carboxylates 11

General procedure G: Step 1: In a Biotage® microwave vial, a mixture of the appropriate
1,4-dicarbonyl scaffold 9 (0.10 mmol, 1 0 equiv) and p-toluenesulfonic acid monohydrate
(190 mg, 1.00 mmol, 10 equiv) in EtOH (3 mL) was heated at 115 °C for 24 h. The reaction
mixture was cooled to rt, diluted with DCM and washed with saturated aq NaHCOg3. The
aqueous phase was extracted with DCM (3 x 50 mL) and the combined organic extracts were
dried over Na,SQ,, filtered and concentrated in vacuo. The crude mixture was purified by
flash column chromatography to afford the desired furans 11.

Ethyl 5-phenyl-3-[4-(trifluoromethyl)phenyl|furan-2-carboxylate (11a)

CF, 1,4-Dicarbonyl compound 9a (43 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure G (chromatography eluent:
n-pentane/Et,0, 95:5) to give the title compound 11a (25 mg, 68%) as

oh /o\ OEt  colourless plates. mp: 124—125 °C (n-pentane/Et,0 at —20 °C); IR: viax

o 3073, 3001, 2976, 2940, 2909, 1713, 1638, 1620, 1578, 1543, 1509,
1476, 1448, 1418, 1402, 1388, 1360, 1321, 1294, 1267, 1183, 1166, 1120, 1107, 1068, 1021,
984, 959, 933, 921, 857, 846, 819, 773, 746, 693, 678, 659, 631, 618 cm™; HRMS:
calculated for C,oH1sF30:”Na, 383.08655 [M+Na]*, found m/z 383.08646, A = —0.24 ppm;
'H NMR (400 MHz, CDCl3) § 7.83 (2H, d, J = 7.2 Hz, HCa)), 7.74 (2H, d, J = 8.3 Hz,
HCa), 7.68 (2H, d, J = 8.3 Hz, HCa/), 7.46 (2H, dd, J = 7.4, 7.4 Hz, HCx,), 7.39 (1H, dd, J =
7.3,7.3 Hz, HCa)), 6.85 (1H, s, HCuran), 4.34 (2H, g, J = 7.1 Hz, OCH,CHs), 1.32 (3H, t, J =
7.1 Hz OCH,CHs); *C NMR (101 MHz, CDCl3) § 159.2 (C(0)), 156.4 (Car), 138.7 (Cay),

S24



136.1 (Ca), 135.2 (Car), 130.5 (g, “Jcr = 32.5 Hz, FsCCp), 129.9 (HCa), 129.5 (HCa),
129.3 (Cay), 129.1 (HCa), 125.2 (HCa:), 125.1 (q, %Jcr = 3.8 Hz, HCa), 124.3 (q, *Jcr =
272.0 Hz, CF3), 109.2 (HCtuan), 61.2 (OCH,CHs), 14.4 (OCH,CHs); *F NMR (376 MHz,
CDCl;) 8 -62.6 (3F, s, CFs).

Ethyl 5-phenyl-3-(p-tolyl)furan-2-carboxylate (11b)

Me 1,4-Dicarbonyl compound 9b (38 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure G (chromatography eluent:
n-pentane/Et,0, 95:5) to give the title compound 11b (28 mg, 94%) as

Ph /o\ OFt colourless plates. mp: 112—113 °C (n-pentane at —20 °C); IR: vyax 2997,

0 2974, 2907, 1705, 1614, 1589, 1576, 1541, 1505, 1476, 1446, 1414,
1400, 1387, 1376, 1357, 1317, 1289, 1266, 1226, 1177, 1157, 1125, 1109, 1074, 1063, 1024,
1000, 982, 951, 932, 920, 874, 843, 811, 772, 721, 693, 660, 634, 619 cm™; HRMS:
calculated for CyoH1903, 307.13287 [M+H]", found m/z 307.13300, A = 0.41 ppm; *H NMR
(400 MHz, CDCl3) 6 7.82 (2H, d, J = 7.2 Hz, HCp), 7.53 (2H, d, J = 8.1 Hz, HC,)), 7.44
(2H, dd, J = 7.4, 7.4 Hz, HCp,), 7.37 (1H, dd, J = 7.4, 7.4 Hz, HCa), 7.23 (2H, d, J = 8.2 Hz,
HCar), 6.84 (1H, s, HCtyran), 4.34 (2H, q, J = 7.1 Hz, OCH,CH3), 2.40 (3H, s, ArCH3), 1.33
(3H, t, J = 7.1 Hz, OCH,CHs); *C NMR (101 MHz, CDCls) & 159.5 (C(0)), 155.9 (Ca,),
138.4 (Car), 138.2 (Car), 136.7 (Car), 129.6 (Car), 129.4 (HCpx(), 129.3 (Car), 129.2 (HCx)),
129.0 (HCar), 128.9 (HCar), 125.1 (HCa), 109.6 (HCtyran), 60.9 (OCH,CHj3), 21.5 (ArCHj3),
14.5 (OCH,CHj3).

Ethyl 3-(3-methoxyphenyl)-5-phenylfuran-2-carboxylate (11c)

MeO 1,4-Dicarbonyl compound 9c¢ (40 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure G (chromatography eluent:
n-pentane/Et,0, 95:5) to give the title compound 11c (27 mg, 85%) as

oh /o\ OEt  colourless needles. mp: 102-104 °C (n-pentane/Et,0 at —20 °C); IR:

O vmax 3083, 2998, 2937, 2837, 1702, 1607, 1593, 1577, 1540, 1481, 1450,
1429, 1397, 1357, 1313, 1265, 1248, 1200, 1168, 1110, 1089, 1066, 1052, 1024, 1001, 932,
878, 831, 812, 783, 770, 704, 692, 661, 617 cm™; HRMS: calculated for CyoH10s,
323.12779 [M+H]", found m/z 323.12790, A = 0.35 ppm; *H NMR (400 MHz, CDCls) §
7.82 (2H, d, J = 7.1 Hz, HCa,), 7.45 (2H, dd, J = 7.4, 7.4 Hz, HCy), 7.41-7.30 (2H, m,
HCar), 7.23-7.14 (2H, m, HCy), 6.93 (1H, ddd, J = 8.3, 2.6, 1.1 Hz, HCx), 6.85 (1H, s,
HCryran), 4.34 (2H, g, J = 7.1 Hz, OCH,CHg), 3.86 (3H, s, OCHj3), 1.32 (3H, t, J = 7.1 Hz,
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OCH,CHs); **C NMR (101 MHz, CDCl;) & 159.4 (C(O) and MeOCp,), 156.0 (Cp,), 138.5
(Car), 136.4 (Car), 133.6 (Car), 129.6 (Car), 129.3 (HChp,), 129.2 (HChp,), 129.1 (HCp,), 125.1
(HCa), 122.0 (HCa), 115.3 (HCp/), 114.1 (HCp;), 109.6 (HCfyran), 61.0 (OCH,CHs), 55.5
(OCHa), 14.5 (OCH,CHs).

Ethyl 3-[4-(dimethylamino)phenyl]-5-phenylfuran-2-carboxylate (11d)
NMe, 1,4-Dicarbonyl compound 9d (41 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure G (chromatography eluent:
n-pentane/Et,0, 80:20) to give the title compound 11d (33 mg, 97%)
oh /O\ OEt as pale-yellow needles. mp: 115-117 °C (c-hexane); IR: vmax 2979,
o) 2934, 2903, 2803, 1699, 1611, 1543, 1509, 1478, 1446, 1403, 1385,
1353, 1319, 1295, 1283, 1267, 1222, 1197, 1175, 1157, 1132, 1110, 1074, 1061, 1024, 980,
945, 931, 920, 877, 838, 826, 812, 774, 729, 694, 659, 629, 614 cm™; HRMS: calculated for
Co1H2NO3, 336.15942 [M+H]", found m/z 336.15924, A = —0.53 ppm; *H NMR (400 MHz,
CDCl3) 8 7.82 (2H, d, J = 7.2 Hz, HCy), 7.60 (2H, d, J = 8.9 Hz, HC4), 7.44 (2H, dd, J =
7.5, 7.5 Hz, HCy), 7.35 (1H, dd, J = 7.4, 7.4 Hz, HCp,), 6.85 (1H, S, HCyran), 6.77 (2H, d, J
= 8.8 Hz, HC4), 4.36 (2H, g, J = 7.1 Hz, OCH,CHj3), 3.01 (6H, s, N(CH3)2), 1.37 (3H, t, J =
7.1 Hz, OCH,CHs); *C NMR (101 MHz, CDCls) & 159.8 (C(0)), 155.7 (Ca), 150.7 (Ca)),
137.5 (Car), 137.2 (Car), 130.5 (HCar), 129.8 (Car), 129.04 (HCp), 128.98 (HCar), 125.1
(HCar), 119.7 (Cay), 111.9 (HCar), 109.4 (HCyyran), 60.8 (OCH,CHg), 40.7 (N(CH3)y), 14.6
(OCH,CHj3).

S3.34 Cyclisation to N-substituted pyrrole-2-carboxylates 12-13

General procedure H: Step 1: In a Biotage® microwave vial sealed with a microwave vial
cap (Reseal™ septum), a mixture of 1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-
phenyl-2-(p-tolyl)butane-1,4-dione (9b) (38.0 mg, 0.10 mmol, 1.0 equiv) and the appropriate
amine (0.12 mmol, 1.2 equiv) in AcOH (3 mL) was heated at 120 °C for 15 h. The reaction
mixture was then cooled to rt, poured onto crushed ice and neutralized by careful addition of
solid K,COs. The aqueous phase was extracted with DCM (3 x 50 mL) and the combined
organic extracts were dried over Na,SOy, filtered and evaporated in vacuo. Step 2: The crude
residue was dissolved in EtOH (3 mL) and transferred to a Biotage® microwave vial. Dried
and finely powdered K,CO3 (55 mg, 0.40 mmol, 4.0 equiv) was added and the vial was sealed
with a microwave vial cap (Reseal ™ septum). The mixture was heated at 120 °C for 15 h.
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The temperature was then increased to 140 °C and the reaction was heated for additional 5 h
(CAUTION: high pressure - protected with blast shield). The reaction mixture was then
cooled to rt, the solvent was evaporated in vacuo and the residue was partitioned in
DCM/water. The organic layer was collected, and the aqueous layer was extracted with DCM
(3 x 50 mL). The combined organic extracts were dried with Na,SQO,, filtered and
concentrated in vacuo. Purification by column chromatography gave the corresponding

pyrroles 12-13.

Ethyl 1,5-diphenyl-3-(p-tolyl)-1H-pyrrole-2-carboxylate (12)
Me Aniline (11 plL, 0.12 mmol, 1.2 equiv) was subjected to General
procedure H (chromatography eluent: n-pentane/Et,0, 95:5) to give the
title compound 12 (28 mg, 73%) as colourless needles. mp: 136—137 °C

/ \\  OEt
Ph N (n-pentane/Et,O at —20 °C); IR: vmax 3057, 2978, 1699, 1598, 1552,

'é'h © 1522, 1496, 1462, 1450, 1421, 1403, 1370, 1338, 1315, 1295, 1281,
1206, 1195, 1128, 1110, 1089, 1030, 1015, 981, 966, 950, 923, 867, 950, 923, 867, 844, 832,
813, 784, 765, 697, 670 cm™’; HRMS: calculated for CosH,3NO,?°Na, 404.16210 [M+Na]",
found m/z 404.16229, A = 0.48 ppm; *H NMR (400 MHz, acetone-dg) & 7.47 (2H, d, J = 8.1
Hz, HCa;), 7.40-7.35 (3H, m, HCa/), 7.29-7.24 (2H, m, HCp), 7.23-7.15 (7TH, m, HCy)),
6.53 (1H, s, HCpyrole), 3.91 (2H, g, J = 7.1 Hz, OCH,CHg), 2.36 (3H, s, ArCHjs), 0.86 (3H, t,
J = 7.1 Hz, OCH,CHjs); *C NMR (101 MHz, acetone-dg) & 161.9 (C(O)), 140.7 (Ca/), 139.8
(Car), 137.1 (Cay), 133.8 (Car), 133.2 (Car), 133.1 (Car), 130.1 (HCay), 129.9 (HCa), 129.6
(HCa), 129.4 (HCa), 129.3 (HCa(), 129.0 (HCa/), 128.8 (HCa(), 128.3 (HCa(), 123.3 (Car),
112.4 (HCpyrole), 60.5 (OCH,CHj3), 21.3 (ArCHgs), 14.0 (OCH,CHG).

Ethyl 1-benzyl-5-phenyl-3-(p-tolyl)-1H-pyrrole-2-carboxylate (13)

Me Benzylamine (8.5 pL, 0.12 mmol, 1.2 equiv) was subjected to General
procedure H (chromatography eluent: n-pentane/Et,0O, 95:5) to give the
title compound 13 (26 mg, 66%) as colourless plates. mp: 106—107 °C

Ph /N\ OFt (n-pentane/Et,0O at —20 °C); IR: vmax 3027, 2982, 2936, 1681, 1604,

Bn O 1586, 1554, 1525, 1494, 1478, 1452, 1438, 1419, 1399, 1361, 1345,
1308, 1274, 1244, 1204, 1190, 1158, 1128, 1109, 1076, 1059, 1027, 1002, 977, 923, 898,
873, 839, 818, 772, 764, 729, 696 cm™; HRMS: calculated for C,7H2sNO,**Na, 418.17775
[M+Na]*, found m/z 418.17786, A = 0.25 ppm; *H NMR (400 MHz, acetone-dg) & 7.48-7.39

(5H, m, HCay), 7.35 (2H, d, J = 8.1 Hz, HCx), 7.24 (2H, dd, J = 7.3, 7.3 Hz, HCx), 7.21-
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7.14 (3H, m, HCy), 6.90 (2H, d, J = 7.1 Hz, HCa), 6.35 (1H, S, HCpyroi), 5.66 (2H, s,
PhCH;N), 4.00 (2H, g, J = 7.1 Hz, OCH,CHj), 2.35 (3H, s, ArCH3), 0.97 (3H, t, J = 7.1 Hz,
OCH,CHs); *C NMR (101 MHz, acetone-dg) 8 162.4 (C(O)), 141.3 (Cay), 140.5 (Cay), 136.9
(Car), 134.6 (Car), 1345 (Car), 133.1 (Car), 130.4 (HCay), 130.2 (HCa), 129.6 (HCa), 129.3
(HCa), 129.3 (HCa), 129.1 (HCa), 127.8 (HCa), 126.7 (HCa), 120.9 (Ca), 112.7
(HCpyrrote), 60.4 (OCH,CHg), 50.1 (PhCH;,N), 21.3 (ArCH;), 14.2 (OCH,CHs).
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S3.4 Synthesis of pyridine-2-carboxylates 16

S34.1 1,5-Dicarbonyl scaffolds 15

General procedure I: To a stirred mixture of the appropriate arylated OBO-ketone 8 (0.50
mmol, 1.0 equiv), KOH (34 mg, 0.60 mmol, 1.2 equiv) and EtOH (7.5 mL), the appropriate
a, f—unsaturated ketone 14 (0.55 mmol, 1.1 equiv) was added in one portion and the mixture
was stirred at rt. After complete consumption of the starting material (2 h, by TLC), the
reaction was quenched with saturated aq NH4Cl and extracted with DCM (3 x 80 mL). The
combined organic extracts were then dried over Na,SO,, filtered and concentrated in vacuo.
The crude mixture was purified by flash column chromatography to give the corresponding

product 15.

1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3,5-diphenyl-2-(p-tolyl)pentane-1,5-dione
(15a)

Me o Arylated OBO-ketone 8b° (131 mg, 0.499 mmol, 1.0 equiv)
o) and trans-chalcone (14a) (115 mg, 0.552 mmol, 1.1 equiv)

oh o@\Me were subjected to General procedure I (chromatography

o en eluent: n-pentane/acetone, 80:20) to give the title compound

15a (217 mg, 92%) as colourless needles. mp: 227-229 °C
(c-hexane/EtOH); IR: v 3031, 2961, 2934, 2891, 1742, 1682, 1598, 1581, 1513, 1494,
1470, 1450, 1401, 1352, 1304, 1244, 1193, 1073, 1060, 1047, 1031, 1003, 987, 953, 928,
907, 880, 861, 834, 805, 788, 778, 763, 750, 716, 697, 689, 610 cm™'; HRMS: calculated for
CaoH310s, 471.21660 [M+H]*, found m/z 471.21585, A = —1.59 ppm; 'H NMR (400 MHz,
CDCl3) 6 7.62 (2H, d, J =7.1 Hz, HCg), 7.45 (1H, dd, J = 7.4, 7.4 Hz, HCy/), 7.32 (2H, dd, J
=7.7,7.7 Hz, HCg), 7.29-7.23 (4H, m, HCp;), 7.18 (2H, dd, J = 7.5, 7.5 Hz, HCj), 7.13—
7.04 (3H, m, HCx), 4.75 (1H, d, J = 10.8 Hz, ArCHC(0O)), 4.13 (1H, ddd, J = 10.4, 10.4, 3.9
Hz, PhCH), 3.80 (6H, s, C(OCH,)sC), 3.10 (1H, dd, J = 16.2, 10.0 Hz, C(O)CH,H,C), 3.00
(1H, dd, J = 16.2, 4.0 Hz, C(O)CH.H,C), 2.31 (3H, s, ArCHj3), 0.74 (3H, s, CHs); *C NMR
(101 MHz, CDCls) 6 198.9 (C(0)), 196.8 (C(0)), 141.9 (Car), 137.4 (Car), 137.3 (Car), 133.3
(Car), 132.8 (HCar), 129.6 (HCar), 129.5 (HCa(), 128.8 (HCar), 128.5 (HCa(), 128.2 (HCha),
128.1 (HCpar), 126.7 (HCar), 103.9 (COg3), 73.0 (C(OCHy)sC), 57.0 (ArCHC(O)), 44.6
(PhCH), 42.9 (C(O)CH4H,C), 31.0 (C(OCH2)3sCMe), 21.3 (ArCHs), 14.4 (CHj3).
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3-(4-Methoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-5-phenyl-2-(p-
tolyl)pentane-1,5-dione (15b)
Me . Arylated OBO-ketone 8b° (131 mg, 0.499 mmol, 1.0 equiv)
O o and 4-methoxychalcone (14b) (131 mg, 0.550 mmol, 1.1
o@\ equiv) were subjected to General procedure |
O Me (chromatography eluent: n-pentane/acetone, 80:20) to give
MeO © the title compound 15b (215 mg, 86%) as colourless needles.
mp: 218.5-220 °C (c-hexane/EtOH); IR: vmax 2936, 2883, 2834, 1742, 1680, 1612, 1597,
1581, 1512, 1449, 1399, 1347, 1303, 1286, 1247, 1179, 1110, 1076, 1032, 1001, 992, 928,
880, 861, 827, 796, 751, 735, 709, 691 cm™; HRMS: calculated for Cz;H306>Na,
523.20911 [M+Na]*, found m/z 523.20917, A = 0.11 ppm; *H NMR (400 MHz, CDCls) &
7.62 (2H, d, J = 7.1 Hz, HCy), 7.45 (1H, dd, J = 7.4, 7.4 Hz, HCA/), 7.32 (2H, dd, J = 7.7,
7.7 Hz, HCp), 7.26 (2H, d, J = 8.1 Hz, HC4), 7.15 (2H, d, J = 8.7 Hz, HC4/), 7.10 (2H, d, J
= 7.9 Hz, HCa), 6.72 (2H, d, J = 8.7 Hz, HCy/), 4.69 (1H, d, J = 10.8 Hz, ArCHC(0)), 4.07
(1H, ddd, J = 10.4, 10.4, 4.0 Hz, 4-MeOC¢H,CH), 3.80 (6H, s, C(OCH,);C), 3.72 (3H, s,
OCHgs), 3.04 (1H, dd, J = 16.0, 10.0 Hz, C(O)CH,H,C), 2.96 (1H, dd, J = 16.1, 4.1 Hz,
C(O)CHaHyC), 2.31 (3H, s, ArCHg), 0.74 (3H, s, CHs); *C NMR (101 MHz, CDCl5) § 199.1
(C(0)), 196.9 (C(0)), 158.2 (Car), 137.4 (Cay), 137.3(Car), 134.0 (Car), 133.5 (Cay), 132.8
(HCa), 129.7 (HCa), 129.6 (HCar), 129.5 (HCa(), 128.5 (HCa(), 128.1 (HCa), 113.6 (HCay),
103.9 (CO3), 73.0 (C(OCHy)3C), 57.2 (ArCHC(0)), 55.3 (OCHj3), 44.0 (4-MeOCgsH,CH),
43.1 (C(O)CH,H,C), 31.0 (C(OCHy)3CMe), 21.3 (ArCHs), 14.4 (CCH3).

1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-(4-nitrophenyl)-5-phenyl-2-(p-tolyl)-
pentane-1,5-dione (15¢)
Arylated OBO-ketone 8b° (131 mg, 0.499 mmol, 1.0 equiv)

Me
o)
O o and 4-nitrochalcone (14c) (139 mg, 0.549 mmol, 1.1 equiv)
OSﬂ\M were subjected to General procedure | (chromatography
O ° eluent: n-pentane/acetone, 80:20) to give the title compound
O,N 0~ "Ph

15¢ (250 mg, 97%) as pale-yellow needles. mp: 273-275 °C
(c-hexane/EtOH); IR: vmax 3032, 2941, 2876, 1737, 1682, 1597, 1581, 1517, 1491, 1468,
1449, 1412, 1398, 1345, 1243, 1193, 1109, 1070, 1043, 1030, 1000, 950, 927, 881, 868, 855,
849, 832, 807, 789, 779, 757, 720, 691, 654, 632 cm™; HRMS: calculated for
CaoH2sNO;%Na, 538.18362 [M+Na]*, found m/z 538.18359, A = —0.06 ppm; ‘H NMR (400
MHz, CDCl3) & 8.06 (2H, d, J = 8.7 Hz, HCa,), 7.63 (2H, d, J = 7.3 Hz, HCp,), 7.53-7.44
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(3H, m, HCa), 7.34 (2H, dd, J = 7.7, 7.7 Hz, HCa/), 7.26 (2H, d, J = 8.0 Hz, HCp), 7.13
(2H, d, J = 7.9 Hz, HCa), 4.73 (1H, d, J = 11.2 Hz, ArCHC(0)), 4.23 (1H, ddd, J = 10.7,
10.7, 3.5 Hz, 4-0,NCgH4CH), 3.79 (6H, s, C(OCH,)sC), 3.15 (1H, dd, J = 16.9, 10.3 Hz,
C(O)CH4H,C), 3.02 (1H, dd, J = 16.8, 3.5 Hz, C(O)CH:H,C), 2.32 (3H, s, ArCH3), 0.75 (3H,
s, CCHs); C NMR (101 MHz, CDCls) & 197.9 (C(0)), 196.4 (C(0)), 150.1 (Ca,), 146.8
(Car), 137.9 (Car), 136.8 (Car), 133.3 (Car), 132.5 (HCa), 129.9 (HCa), 129.8 (HCa), 129.4
(HCa), 128.7 (HCp;), 128.0 (HCa/), 123.5 (HCa), 103.8 (COs), 73.1 (C(OCH,)sC), 56.7
(ArCHC(O)), 44.5 (4-O,NCgH4CH), 42.4 (C(O)CHsH,C), 31.0 (C(OCH,);CMe), 21.4
(ArCHg), 14.3 (CCHy).

2-(3-Methoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-(4-nitrophenyl)-
5-phenylpentane-1,5-dione (15d)
OMe Arylated OBO-ketone 8c (138 mg, 0.496 mmol, 1.0 equiv)
O o} and 4-nitrochalcone (14c) (139 mg, 0.549 mmol, 1.1 equiv)
© were subjected to General procedure | (chromatography
O O@\Me eluent: n-pentane/acetone, 80:20) to give the title compound
O,N 0% >Ph 15d (249 mg, 94%) as pale-yellow plates. mp: 222-224 °C
(c-hexane); IR: vmax 3069, 2934, 2883, 1742, 1731, 1682, 1606, 1581, 1518, 1487, 1471,
1449, 1433, 1400, 1344, 1320, 1294, 1259, 1244, 1185, 1147, 1108, 1076, 1044, 1027, 1002,
988, 957, 928, 902, 890, 870, 853, 826, 798, 777, 754, 713, 692, 670, 658, 633, 611 cm™;
HRMS: calculated for C3oH,oNOg**Na, 554.17854 [M+Na]*, found m/z 554.17914, A = 1.08
ppm; *H NMR (400 MHz, CDCls)  8.07 (2H, d, J = 8.8 Hz, HCa), 7.64 (2H, d, J = 7.2 Hz,
HCar), 7.51-7.45 (3H, m, HCx), 7.34 (2H, dd, J = 7.7, 7.7 Hz, HC4), 7.25 (1H, dd, J = 7.9,
7.9 Hz, HCp), 6.98 (1H, d, J = 7.7 Hz, HC4(), 6.94-6.90 (1H, m, HC4), 6.81 (1H, dd, J =
8.2, 2.1 Hz, HCa), 4.75 (1H, d, J = 11.3 Hz, ArCHC(0)), 4.24 (1H, ddd, J = 10.7, 10.7, 3.5
Hz, 4-O,NCsH,CH), 3.80 (6H, s, C(OCH)3C), 3.79 (3H, s, OCH3), 3.17 (1H, dd, J = 16.9,
10.3 Hz, C(O)CH4H,C), 3.03 (1H, dd, J = 16.9, 3.6 Hz, C(O)CH,H,C), 0.75 (3H, s, CHy);
3C NMR (101 MHz, CDCl3) & 197.8 (C(O)), 196.2 (C(O)), 160.1 (Ca), 150.0 (Ca/), 146.8
(Car), 137.1 (Car), 136.8 (Car), 133.3 (HCa/), 130.0 (HCar), 129.9 (HCa/), 128.7 (HCa),
128.0 (HCa), 123.5 (HCar), 122.0 (HCa), 114.9 (HCa/), 113.7 (HC,), 103.8 (COg3), 73.1
(C(OCHy)3C), 57.0 (ArCHC(0)), 55.5 (OCHj3), 44.5 (4-O,NCgH4CH), 42.4 (C(O)CH,H,C),
31.0 (C(OCH,)sCMe), 14.3 (CHg).
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S3.4.2 Cyclisation to pyridine-2-carboxylates 16

General procedure J: Step 1: In a Biotage® microwave vial sealed with a microwave vial
cap (Reseal™ septum), a mixture of the appropriate 1,5-dicarbonyl compound 15 (0.10
mmol, 1.0 equiv), hydroxylamine hydrochloride (21 mg, 0.30 mmol, 3.0 equiv), p-
toluenesulfonic acid monohydrate (190 mg, 1.00 mmol, 10 equiv) and EtOH (3 mL) was
heated at 115 °C for 16 h. The reaction mixture was cooled to rt, diluted with DCM (30 mL)
and washed with saturated ag NaHCOg3 (50 mL). The aqueous layer was extracted with DCM
(4 x 30 mL) and the organic extracts were combined, dried over Na,SO,, filtered,
concentrated in vacuo and purified by flash column chromatography to give the

corresponding pyridine-2-carboxylate 16.

Ethyl 4,6-diphenyl-3-(p-tolyl)picolinate (16a)
oh Me 1,5-Dicarbonyl compound 15a (47 mg, 0.10 mmol, 1.0 equiv)

N subjected to General procedure J (chromatography eluent:

o | N7 OEt n-pentane/Et,0, 90:10) to give the title compound 16a (33 mg, 84%)
o} as colourless prisms. mp: 138—139 °C (c-hexane); IR: vmax 3037,

2976, 2927, 1736, 1586, 1576, 1536, 1516, 1495, 1465, 1453, 1428, 1395, 1366, 1350, 1319,
1287, 1240, 1191, 1112, 1103, 1094, 1071, 1026, 1003, 976, 927, 891, 863, 840, 824, 800,
777, 762, 744, 721, 705, 696, 678, 668, 637, 617 cm™; HRMS: calculated for C,7H24NO»,
394.18016 [M+H]*, found m/z 394.18027, A = 0.28 ppm; *H NMR (400 MHz, acetone-dg) &
8.26-8.22 (2H, m, HCAx), 8.03 (1H, s, HCpyridine), 7.57-7.43 (3H, m, HCa;), 7.33-7.22 (5H,
m, HCa/), 7.09 (2H, d, J = 7.9 Hz, HCp,), 7.04 (2H, d, J = 8.2 Hz, HCp,), 4.09 (2H, q, J = 7.1
Hz, OCH,CHj), 2.29 (3H, s, ArCHs), 1.00 (3H, t, J = 7.1 Hz, OCH,CHs); **C NMR (101
MHz, CDCl3) & 168.0 (C(0)), 156.1 (Cay), 151.9 (Car), 150.7 (Car), 138.8 (Car), 138.5 (Car),
137.4 (Car), 133.3 (Ca), 132.7 (Car), 130.0 (HCa), 129.5 (HCa), 129.5 (HCa), 128.9
(HCar), 128.9 (HCar), 128.3 (HCa), 128.0 (HCa), 127.4 (HCar), 122.8 (HCpyridine), 61.6

(OCH,CHj3), 21.4 (ArCHg), 13.9 (OCH,CHy).
Me Further elution (n-pentane/Et,O, 90:10) gave ethyl 5,6-diphenyl-3-

Ph N (p-tolyl)picolinate (17a) (4.8 mg, 12%) as colourless plates. mp:
oh | NG OEt 142-145 °C (c-hexane); IR: vmax 3055, 3030, 2980, 2921, 1734,
O 1578, 1518, 1495, 1448, 1426, 1398, 1365, 1319, 1269, 1244, 1205,

1128, 1067, 1021, 1008, 912, 866, 822, 789, 766, 700 cm™; HRMS: calculated for
C7H23sNO,Na, 416.16210 [M+Na]*, found m/z 416.16275, A = 1.57 ppm; *H NMR (400
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MHz, acetone-dg) & 7.78 (1H, s, HCpyridine), 7.48-7.39 (2H, m, HCa), 7.35 (2H, d, J = 7.9 Hz,
HCa;), 7.31-7.18 (10H, m, HCp,), 4.25 (2H, q, J = 7.1 Hz, OCH,CHs), 2.41 (3H, s, ArCHs),
1.14 (3H, t, J = 7.1 Hz, OCH,CHs); *C NMR (101 MHz, CDCls) & 167.6 (C(0)), 155.7
(Car), 148.2 (Cay), 140.7 (HCpyridine), 139.4 (Car), 139.3 (Car), 138.2 (Car), 137. (Ca), 135.2
(Car), 135.1 (Car), 130.4 (HCa), 129.7 (HCp,), 129.5 (HCa), 128.7 (HCa/), 128.5 (HCa),
128.3 (HCp), 128.1 (HCp), 127.9 (HCp), 61.8 (OCH,CHs), 21.5 (ArCHs), 14.0
(OCH,CH).

Ethyl 4-(4-methoxyphenyl)-6-phenyl-3-(p-tolyl)picolinate (16b)

OMe 1,5-Dicarbonyl compound 15b (50 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure J (chromatography eluent:
n-pentane/Et,0, 90:10) gave the title compound 16b (25 mg, 59%)
as colourless plates. mp:142—144 °C (c-hexane); IR: vmax 3036,
2979, 2958, 2837, 1729, 1608, 1578, 1535, 1513, 1495, 1465, 1451,
1433, 1413, 1397, 1376, 1367, 1346, 1301, 1286, 1250, 1204, 1185,
1178, 1152, 1113, 1103, 1072, 1029, 1016, 967, 942, 924, 912, 895, 865, 851, 835, 820, 805,
789, 773, 738, 720, 696, 671, 643, 625 cm™; HRMS: calculated for CgH2sNO3, 424.19072
[M+H]", found m/z 424.19043, A = -0.68 ppm; *H NMR (400 MHz, CDCls) § 8.11 (2H, d, J
= 7.0 Hz, HCp), 7.84 (1H, s, HCpyridine), 7.60-7.39 (3H, m, HC,), 7.14-6.99 (6H, m, HCa,),
6.80 (2H, d, J = 8.8 Hz, HCx), 4.16 (2H, g, J = 7.1 Hz, OCH,CHj3), 3.81 (3H, s, OCHg), 2.35
(3H, s, ArCHs), 1.04 (3H, t, J = 7.1 Hz, OCH,CHs); *C NMR (101 MHz, CDCls) & 168.1
(C(0)), 159.5 (Car), 156.2 (Car), 152.0 (Car), 150.3 (Car), 138.7 (Car), 137.4 (Cas), 133.6
(Car), 132.5 (Cay), 131.1 (Car), 130.8 (HCar), 130.1 (HCar), 129.4 (HCa/), 129.0 (HCa),
128.9 (HCar), 127.4 (HCar), 122.8 (HCpyridine), 113.8 (HCa), 61.6 (OCH,CHj3), 55.4 (OCHG),
21.5 (ArCHs), 13.9 (OCH,CH3).

MeO Me Further elution (n-pentane/Et,0, 90:10) gave ethyl
O N O 5-(4-methoxyphenyl)-6-phenyl-3-(p-tolyl)picolinate (17b)
| o OEt
Ph” "N

(13 mg, 30%) as colourless needles. mp: 193-194 °C

o (c-hexane); IR: vmax 3020, 2983, 2924, 2844, 1723, 1606,

1578, 1510, 1468, 1448, 1426, 1393, 1362, 1318, 1310, 1293, 1269, 1247, 1221, 1203, 1178,
1138, 1112, 1078, 1066, 1032, 1016, 1001, 974, 948, 920, 912, 869, 842, 822, 788, 758, 734,
724, 703, 695, 675, 636 cm™; HRMS: calculated for C,sHosNO3*Na, 446.17266 [M+Na]*,
found m/z 446.17310, A = 0.97 ppm; *H NMR (400 MHz, CDCl3) & 7.75 (1H, S, HCpyridine),
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7.45-7.43 (2H, m, HCa), 7.34 (2H, d, J = 8.1 Hz, HCp,), 7.29-7.22 (5H, m, HCa/), 7.13 (2H,
d, J = 8.7 Hz, HCa/), 6.82 (2H, d, J = 8.8 Hz, HCa), 4.24 (2H, q, J = 7.1 Hz, OCH,CHj),
3.80 (3H, s, OCHa), 2.41 (3H, s, ArCHs), 1.13 (3H, t, J = 7.1 Hz, OCH,CHj3); *C NMR (101
MHz, CDCly) & 167.6 (C(O)), 159.4 (Car), 155.6 (Cay), 147.7 (Car), 140.6 (HCpyridine), 139.5
(Car), 138.1 (Car), 137.3 (Car), 135.3 (Car), 135.2 (Car), 131.5 (Ca;), 130.8 (HCa;), 130.3
(HCa)), 129.4 (HCa), 128.5 (HCa/), 128.19 (HCp), 128.16 (HCa/), 114.1 (HCa), 61.8
(OCH,CHs), 55.5 (OCHs), 21.4 (ArCHs), 14.0 (OCH,CHj).

Ethyl 4-(4-nitrophenyl)-6-phenyl-3-(p-tolyl)picolinate (16¢c)

1,5-Dicarbonyl compound 15¢ (52 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure J (chromatography eluent:
n-pentane/DCM, 20:80 to 0:100) to give the title compound 16¢ (38
mg, 87%) as colourless plates. mp: 205-206 °C (c-hexane/EtOH);
IR: vmax 3108, 3081, 2991, 2909, 1740, 1600, 1585, 1640, 1509,
1474, 1454, 1428, 1378, 1363, 1344, 1312, 1285, 1191, 1157, 1108,
1069, 1022, 963, 924, 898, 869, 852, 830, 805, 791, 783, 770, 753, 722, 692, 663, 642, 619
cm™®; HRMS: calculated for Ca7H23N,04, 439.16523 [M+H]*, found m/z 439.16510, A = —
0.3 ppm; 'H NMR (400 MHz, CDCl3) & 8.14-8.00 (4H, m, HCa,), 7.82 (1H, s, HCpyridine),
7.54-7.41 (3H, m, HCx), 7.31 (2H, d, J = 8.7 Hz, HCA(), 7.06 (2H, d, J = 7.9 Hz, HC4,), 6.99
(2H, d, J = 8.0 Hz, HCa), 4.16 (2H, g, J = 7.1 Hz, OCH,CHj), 2.33 (3H, s, ArCHs), 1.03
(3H, t, J = 7.1 Hz, OCH,CHjs); *C NMR (101 MHz, CDCl;) & 167.4 (C(O)), 156.5 (Cay),
152.2 (Cay), 148.4 (Car), 147.5 (Car), 145.5 (Car), 138.1 (Car), 138.0 (Car), 132.5 (Car), 132.4
(Car), 130.4 (HCa), 129.9 (2 x HCpr), 129.2 (HCa), 129.1 (HCa), 127.4 (HCa;), 123.6
(HCAa), 122.1 (HCpyridine), 61.8 (OCH,CHj3), 21.4 (ArCHs), 13.9 (OCH,CH).

Ethyl 3-(3-methoxyphenyl)-4-(4-nitrophenyl)-6-phenylpicolinate (16d)

1,5-Dicarbonyl compound 15d (53 mg, 0.10 mmol, 1.0 equiv) was
subjected to General procedure J (chromatography eluent: DCM) to
give the title compound 16d (37 mg, 83%) as colourless needles. mp:
170—171 °C (c-hexane); IR: vmax 3106, 3080, 2995, 2933, 2833, 1736,
1588, 1537, 1514, 1495, 1462, 1435, 1418, 1398, 1366, 1346, 1321,
1302, 1287, 1270, 1224, 1192, 1181, 1106, 1093, 1069, 1046, 1030,
1014, 976, 934, 908, 872, 856, 831, 792, 772, 755, 748, 703, 666, 633, 619 cm™; HRMS:
calculated for Co7H2N,0s>Na, 477.14209 [M+Na]*, found m/z 477.14212, A = 0.06 ppm;
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'H NMR (400 MHz, CDCl3) § 8.13 (2H, d, J = 8.8 Hz, HCa/), 8.10 (2H, dd, J = 8.1, 1.5 Hz,
HCa), 7.83 (1H, S, HCpyridine), 7.54-7.41 (3H, m, HCR), 7.34 (2H, d, J = 8.7 Hz, HCa)), 7.17
(1H, dd, J = 7.9, 7.9 Hz, HCx), 6.82 (1H, dd, J = 8.1, 2.2 Hz, HCx), 6.71-6.65 (2H, m,
HCa), 4.17 (2H, g, J = 7.1 Hz, OCH,CHj3), 3.69 (3H, s, ArCH3), 1.03 (3H, t, J = 7.1 Hz,
OCH,CHs); *C NMR (101 MHz, CDCl3) § 167.4 (C(O)), 159.6 (Ca,), 156.8 (Cay), 152.1
(Ca), 148.4 (Cpa), 147.6 (Ca), 145.4 (Ca), 137.9 (Ca), 136.8 (Car), 132.3 (Cay), 130.4
(HCar), 130.0 (HCa), 129.6 (HCay), 129.1 (HCa,), 127.4 (HCa), 123.6 (HCay), 122.6 (HCa,),
122.1 (HCpyridine), 115.8 (HCa), 113.8 (HCa), 61.9 (OCH,CH3), 55.4 (OCHs), 13.9
(OCH,CHj).
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S4 Single crystal X-ray diffraction for compounds 10c, 11b, 16a and 17b

Single Crystal Data for 10c: C20H19NO3
Mr =321.38
150 K
Monoclinic P2i/c
a=11.0495(2) A, b =7.3658(2) A, ¢ =20.3211(5) A
B =102.670(2)°
V =1613.63(7) A
Data/restraints/parameters — 3337/0/217
Rint = 0.033
Final R1 =0.0438, wR2 =0.1154 (I>25(1))

Figure S1. X-ray crystal structure (ellipsoid representation, probability level of 50%) for
ethyl 3-(3-methoxyphenyl)-5-phenyl-1H-pyrrole-2-carboxylate (10c). H atoms are omitted
for clarity.
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Single Crystal Data for 11b:  CyoH1503
Mr =306.36
150 K
Triclinic P-1
a=8.2046(5) A, b =9.7927(6) A, c = 10.6455(6) A
o= 107.704(5)°, B = 93.556(5)°, y = 103.034(5)°
V =785.92(9) A
Data/restraints/parameters — 3229/0/208
Rint = 0.024
Final R1 =0.0383, wR2 =0.0983 (I>20(I))

Figure S2. X-ray crystal structure (ellipsoid representation, probability level of 50%) for

ethyl 5-phenyl-3-(p-tolyl)furan-2-carboxylate (11b). H atoms are omitted for clarity.

The single crystal data of a similar compound, ethyl 3,5-diphenylfuran-2-carboxylate, have

been reported previously.®
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Single Crystal Data for 16a:  Cy7H23NO,
Mr =393.49
150 K
Monoclinic P2i/c
a=10.2055(2) A, b =20.3705(4) A, ¢ = 10.6093(2) A
B=105.618(2)
V =2124.15(7) A
Data/restraints/parameters — 4408/4/288
Rint = 0.020
Final R1 =0.0371, wR2=0.0930 (I>20(I))

Figure S3. X-ray crystal structure (ellipsoid representation, probability level of 50%) for 4,6-
diphenyl-3-(p-tolyl)picolinate (16a). H atoms and minor disordered component are omitted
for clarity.
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Single Crystal Data for 17b:  CygH2sNO3
Mr =423.51
150 K
Monoclinic P2i/c
a=17.4949(5) A, b =9.0087(3) A, ¢ = 28.6456(9) A
B = 99.604(3)°
V =4451.5(2) A
Data/restraints/parameters — 8037/4/596
Rint = 0.050
Final R1 =0.0394, wR2=0.0892 (I>20(I))

Figure S4. X-ray crystal structure (ellipsoid representation, probability level of 50%) for
ethyl 5-(4-methoxyphenyl)-6-phenyl-3-(p-tolyl)picolinate (17b). H atoms and minor
disordered component are omitted for clarity.
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S6 'H and *C NMR spectra

2-[2-(1,3-Dioxolan-2-yl)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)ethan-1-

one (3a)

—5.80

—4.18
4.0

—0.83

'H NMR, CDCl;, 400 MHz

T T T T T T T
80 79 78 7.7 76 75 74 73 72 7.1 7.0 69 68 6.7

088] t—m

J0.924
205
09&%
2061 ‘—

]
{

N
6]
~
o
[
&)
[
o
&)
&)
4]
o
S
[
N
o
el
(&)
w
o
N
6]
N
o
N
&)
N
o
o
(&)
o
o
o
[

T T T
05 100 95 90 85 80

Q

o

3
< NONO~N N
[} A = BN ey N7 Q2 @ ] N
D MOMOANNN SO N =) Q Ay
- e e -~ N © ~ [ -
I S\ N I I I I I

3C NMR, CDCls, 101 MHz

T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O -10 -20

S41



2-[2-(1,3-Dioxolan-2-yl]-4,5-dimethoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]-

octan-1-yl)ethan-1-one (3b)
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2-[1-Benzyl-2-(1,3-dioxolan-2-yl)-1H-indol-3-yl]-1-(4-methyl-2,6,7-trioxabicyclo-[2.2.2]-
octan-1-yl)ethan-1-one (3c)
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2-[2-(1,3-Dioxolan-2-yl)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)propan-
1-one (S1)
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2-[2-(1,3-Dioxolan-2-yl)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-
phenylpropan-1-one (S2)
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2-[1-Benzyl-2-(1,3-dioxolan-2-yl)-1H-indol-3-yl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]-

octan-1-yl)propan-1-one (S3)
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2-[1-Benzyl-2-(1,3-dioxolan-2-yl)-1H-indol-3-yl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]-
octan-1-yl)pent-4-en-1-one (S4)
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Ethyl isoquinoline-3-carboxylate (4a)

'H NMR, CDCls, 400 MHz
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Ethyl 6,7-dimethoxyisoquinoline-3-carboxylate (4b)
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Ethyl 9-benzyl-9H-pyrido[3,4-b]indole-3-carboxylate (4c)
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Ethyl 4-methylisoquinoline-3-carboxylate (4d)
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-3-carboxylate (4e)
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'H NMR, CDCl,, 400 MHz
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Ethyl 9-benzyl-4-methyl-9H-pyrido[3,4-b]indole-3-carboxylate (4f)
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Ethyl 4-allyl-9-benzyl-9H-pyrido[3,4-b]indole-3-carboxylate (4g)

Le
Sl R
SIW Tl AR
gv'l
Fo B
N 9pI— -
[}
E 4—“ o
o o see— -
E 7 o
o " Lzp—
«
< — . — —
N s 9'19
e
bv.w% o [mom .
Viad E RSx4 — 80¢c .y —
9&% ~ eS| - = 898« £10a0 242
05t
. ©
a5t N R
2 ol o
=
Ge”/ = L WHMM
@zt 9 ez 9vzl
267] = 9921
2621 Lo zgzl
2671 & . © z8zl
el 5 == Tz S8zl
6621 L6217
g 0O L3 081
€5/ (@] geel
85/ 1 - 0geL
2l o = E o
2 = SIFs V61 .
6577 SIS , 0'8el N
: — 3 ez e :
mmm)ﬁ P SR IS = Feoo| . giril T
2 T cor |88 ot —— =600 =
097% = SN < E =580 )
197 “— Q¥ S 0291—
g oo o 3
292 LS
IO -
089~ o I _
: S - 00°1
1e'8” O <®S Lo m
©
£8'8— = =260 C,
L M R
=
Z
Z - Fa
& O
]

100 90 80 70 60 50 40 30

f1 (ppm)

S54

110

210 200 190 180 170 160 150 140 130

220




2-(4-Methyl-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-ethan-1-

one (6a)
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2-(4-Methoxy-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)ethan-1-

one (6b)
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2-(4-Methyl-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)propan-1-

one (S5)
<)
[§)
Q
Q
IRNERD 5888 S 8 ! QR
NNNNNN TYEYY o o - S
PSR RS \ | W \
1
H NMR, CDCls, 400 MHz
Me
B(d) 0]
7.28
J@8.2) fe)
2 o
" J(8.0) NO, Me O
JWUUL‘ "
D(qg) A(d)
4.89 1.44
77 76 75 74 73 72 71 J(6.9) J(6.5)
| I
I
A ‘I A . J \
AN T 7 u u iy
828 5 5 S S S
O =] © il o o
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
)
[§)
Q
9 ©  ovY®RNo © oo v o oo
N [} VHODY ) 9 3 > XM
&) YT 20eNy S NN § 8 |
| | NN | [ | | Vol
13
C NMR, CDCl3, 101 MHz
I
| I
I
I
I
I
I
I I
2‘20 2‘10 22)0 1‘90 1‘80 1‘70 16‘7‘0 1‘50 11;0 1.‘30 150 1‘10 1(‘]0 9‘0 B‘O 7‘0 6‘0 5‘0 4‘0 3‘0 2‘0 1‘0 (‘7 -1‘0 -2‘0
f1 (ppm)

S57



2-(4-Methoxy-2-nitrophenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-phenyl-
propan-1-one (S6)
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Ethyl 6-methyl-1H-indole-2-carboxylate (7a)
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Ethyl 6-methoxy-1H-indole-2-carboxylate (7b)
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Ethyl 3,6-dimethyl-1H-indole-2-carboxylate (7c)
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Ethyl 3-benzyl-6-methoxy-1H-indole-2-carboxylate (7d)
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1-[4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl]-4-phenyl-2-[4-(trifluoromethyl)-

phenyl]butane-1,4-dione (9a)
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F NMR, CDCls, 376 MHz
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1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-phenyl-2-(p-tolyl)butane-1,4-dione

(9b)
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2-(3-Methoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-phenylbutane-

1,4-dione (9c)
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2-[4-(Dimethylamino)phenyl]-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-4-

phenylbutane-1,4-dione (9d)
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Ethyl 5-phenyl-3-[4-(trifluoromethyl)phenyl]-1H-pyrrole-2-carboxylate (10a)
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F NMR, CDCls, 376 MHz
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Ethyl 5-phenyl-3-(p-tolyl)-1H-pyrrole-2-carboxylate (10b)
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Ethyl 3-(3-methoxyphenyl)-5-phenyl-1H-pyrrole-2-carboxylate (10c)
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Ethyl 3-[4-(dimethylamino)phenyl]-5-phenyl-1H-pyrrole-2-carboxylate (10d)
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Ethyl 5-phenyl-3-[4-(trifluoromethyl)phenyl]furan-2-carboxylate (11a)
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YF NMR, CDCl,, 376 MHz
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Ethyl 5-phenyl-3-(p-tolyl)furan-2-carboxylate (11b)
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Ethyl 3-(3-methoxyphenyl)-5-phenylfuran-2-carboxylate (11c)
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Ethyl 3-[4-(dimethylamino)phenyl]-5-phenylfuran-2-carboxylate (11d)
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Ethyl 1,5-diphenyl-3-(p-tolyl)-1H-pyrrole-2-carboxylate (12)
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Ethyl 1-benzyl-5-phenyl-3-(p-tolyl)-1H-pyrrole-2-carboxylate (13)
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1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3,5-diphenyl-2-(p-tolyl)pentane-1,5-

dione (15a)
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3-(4-Methoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-5-phenyl-2-(p-

tolyl)pentane-1,5-dione (15b)
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1-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-(4-nitrophenyl)-5-phenyl-2-(p-

tolyl)pentane-1,5-dione (15c)
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2-(3-Methoxyphenyl)-1-(4-methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3-(4-

nitrophenyl)-5-phenylpentane-1,5-dione (15d)
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Ethyl 4,6-diphenyl-3-(p-tolyl)picolinate (16a)
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Ethyl 4-(4-methoxyphenyl)-6-phenyl-3-(p-tolyl)picolinate (16b)
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Ethyl 4-(4-nitrophenyl)-6-phenyl-3-(p-tolyl)picolinate (16c¢)
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Ethyl 5,6-diphenyl-3-(p-tolyl)picolinate (17a)
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Ethyl 5-(4-methoxyphenyl)-6-phenyl-3-(p-tolyl)picolinate (17b)
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