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General Experimental

All experiments were conducted in oven-dried glassware, under a dry nitrogen atmosphere with
anhydrous solvents, unless otherwise stated. Hygroscopic cesium acetate (CsOAc) was ground and
dried in the oven a 160 °C, then stored in a desiccator. MeOH was distilled from CaH, onto 3A
molecular sieves. All other solvents and reagents were obtained from commercial sources and used
without further purification. O-(Pivaloyl)hydroxylammonium chloride® and  O-(pivaloyl)-

hydroxylamine triflic acid” were prepared according to literature procedures.

Flash column chromatography was performed using Fischer Matrix silica gel (35-70 pm particles)
and thin layer chromatography was carried out using pre-coated silica plates (Merck silica Kieselgel
60F,5,). Spots were visualised using UV fluorescence (Amex = 254 NM) or chemical staining with
potassium permanganate. All chromatography eluents were BDH GPR grade and used without
purification. Petrol refersto petroleum ether (b.p. 40-60°C).

Proton (*H) and carbon (**C{*H}) nuclear magnetic resonance spectra were recorded using a Bruker
DPX 300, a Bruker DRX 500 or a Bruker Avance 500 spectrometer using an internal deuterium lock.
"H NMR chemical shifts (8) are quoted in ppm downfield of tetramethylsilane or residual solvent
peaks and coupling constants (J) are quoted in Hz. *C{'H} NMR spectra were recorded with
broadband proton decoupling at 75 MHz and 125 MHz. Assignments were made on the basis of
chemical shift and coupling data, using COSY and DEPT where necessary. Infra-red spectra were
recorded on a Perkin Elmer Spectrum one FT-IR spectrometer, with absorption reported in
wavenumbers (cm').  High resolution electrospray mass spectra (ESI-MS) were measured on a

Bruker MicroTOF-Q or Bruker MaXis Impact spectrometer in positive mode.
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Experimental

'H NMR study of the L ossen rearrangement

Conversion

OP|v CsOAc (30 mol%) H OMe A no additive, 60 °C 0%
MeOH (0.2 M) \ﬂ/ B 1% [Cp*RhCl,],, 60 °C  100%

temp 4 h C1% [Cp*RhC|2]2, rt 0%

N-(Pivaloyloxy)benzamide (22 mg, 0.10 mmol), CsOAc (6.0 mg, 0.3 mmol) and [Cp*RhCl;], (0.6
mg, 1 umol) for B and C) were weighed into a NMR tube fitted with a Young's tap under an N,
atmosphere. To each NMR tube was added mesitylene (14 pL, 0.10 mmol), followed by MeOD-d,
(0.5 mL, 0.2 M). The tubes were sealed and shaken and reactions A and B were heated to 60 °C. 'H
NMR anaysis was taken at the following time points: 0, 1, 2, 3 and 4 hours. After this time the
reactions A and C contained unreacted starting material and reaction B showed >95% conversion to

the methyl phenyl carbamate.
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Preparation of Starting Materials
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A solution of benzhydroxamic acid (1.47 g, 10.7 mmol), NEt; (1.30 mL, 11.0 mmol) and pivaloyl
chloride (1.30 mL, 11.0 mmol) in THF (60 mL, 0.18 M) was stirred at room temperature for 16 hours.
The reaction mixture was diluted with EtOAc (50 mL) and washed with 1 M HCI (50 mL), water (2 x

50 mL) and brine (50 mL). The organic layer was dried over MgSO, and concentrated in vacuo to

N-(Pivaloyloxy)benzamide (4a)®

give an amorphous cream solid. The material was crystallised from Et,O—pentane to give a colourless
microcrystalline powder, N-(pivaloyloxy)benzamide (2.08 g, 88%). m.p. 170-172 °C (Et,O—pentane)
(literature value m.p. 169-170 °C);* R 0.80 (50% EtOAc in hexane); 84 (500 MHz, CDCl3) 9.30 (1H,
br s, NH), 7.83 (2H, d, J 7.9, ArH), 7.58 (1H,t, J 7.9, ArH), 7.48 (2H, t, J 7.9, ArH), 1.38 (9H, s, .
(CHs)3); dc (75 MHz, CDCl3) 177.0 (C,0), 166.8 (CyN), 132.7, 131.0 (Cy), 128.8, 127.5, 38.5 (Cy),
27.1 ((CHs)3); HRMS: mvz calculated for formula Ci,H;sNNaOs [MNa']: 244.0944; found 244.0939.
IR (Viax, SOlid, cm™): 3240, 2975, 1781, 1650, 1516, 1482, 1369, 1267, 1068, 1025. Spectral data

consistent with the literature.’

4-Cyano-N-(pivaloyloxy)benzamide (4b)
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Oxalyl chloride (514 uL, 6.00 mmol) was added to a solution of 4-cyanobenzoic acid (736 mg, 5.00
mmol) in anhydrous DCM (25 mL, 0.2 M) with cat. DMF. The mixture was stirred a room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in THF (5 mL) and transferred to a flask containing O-
(piva oyl)hydroxylammonium chloride (845 mg, 5.50 mmol) and NEt; (1.39 mL, 10.0 mmol) in THF
(25 mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was
rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the
organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The final compound was isolated as a colourless solid (459 mg, 37%) by flash
column chromatography using 10-20% EtOAc in hexane. A sample was taken and crystallised from
CDCl3. Rg 0.33 (9:1 hexane—EtOAC); m.p. 103.4-105.5 °C (CDCls); 64 (500 MHz, CDCl3) 9.30 (1H,
br s, NH), 7.92 (2H, d, J 8.5, ArH), 7.78 (2H, d, J 8.6, ArH), 1.37 (9H, s, (CH3)3); 8¢ (75 MHz,
CDCl3) 176.8 (C,0), 165.0 (C,0), 134.8 (C,), 132.6, 128.2, 117.7 (Cy), 116.2 (Cy), 38.5 (Cy), 27.0



((CH3)3); HRMS: mvz calculated for formula Cy3H1,N,NaO; [MNa'] 269.0897; found 269.0895; IR
(Vmax, SOlid, cm™): 3223, 2982, 2234, 1781, 1648, 1519, 1480, 1398, 1366, 1308, 1281, 1064.

4-Acetyl-N-(pivaloyloxy)benzamide (4c)
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Oxalyl chloride (206 uL, 2.40 mmol) was added to a solution of 4-acetylbenzoic acid (329 mg, 2.00
mmol) in anhydrous DCM (10 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaoyl)hydroxylammonium chloride (338 mg, 2.20 mmol) and K,CO; (552 mg, 4.00 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0O (10 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The final compound was isolated as a colourless solid (105 mg,
10%) by flash column chromatography using 30% EtOAc in hexane. 3y (300 MHz, CDCl3) 9.72 (1H,
s, NH), 7.98 (2H, d, J 8.4, ArH), 7.87 (2H, d, J 8.4, ArH), 2.61 (3H, s, CH3), 1.34 (9H, s, (CH3)3);
d¢c (75 MHz, CDCl3) 197.5 (C,0), 176.9 (C,0), 165.6 (C,0), 140.0 (Cy), 134.8 (C,), 128.6, 127.8,
385 (Cy), 27.0 ((CHa)3), 26.9 (CH3); HRMS: mvz calculated for formula CiH;ZNNaO, [MNa']
286.1050; found 286.1048; IR (Vmex, SOlid, cmi™®): 3209, 2975, 1779, 1682, 1514, 1070.

4-(Trifluoromethyl)-N-(pivaloyloxy)benzamide (4d)

O
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Oxalyl chloride (483 pL, 5.63 mmol) was added to a solution of 4-(trifluoromethyl)benzoic acid (891
mg, 4.69 mmol) in anhydrous DCM (24 mL, 0.20 M) with cat. DMF. The mixture was stirred at
room temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude
acid chloride was diluted in THF (5 mL) and transferred to a flask containing O-
(piva oyl)hydroxylammonium chloride (794 mg, 5.16 mmol) and NEt; (1.31 mL, 9.38 mmol) in THF
(24 mL, 0.20 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was
rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the
organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo to give the crude N-(pival oyloxy)benzamide derivative. The final compound
was isolated as a colourless crystalline solid (813 mg, 60%) by crystallisation from Et,O—pentane.
M.p. 121.1-123.7 °C (Et,O—pentane); dy (300 MHz, CDCl3) 9.53 (1H, br s, NH), 7.91 (2H, d, J 8.1,
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ArH), 7.71(2H, d, J 8.2, ArH), 1.36 (9H, s, ‘Bu); 8¢ (75MHz, CDCl3) 177.1 (OC=0), 165.5 (CONH),
134.5 (d, J 32.9, C,-CF3), 134.3 (Cy), 128.1, 126.0 (g, J 3.7, C; and Cs), 123.6 (d, J 272.8, CF), 38.64
(Cy), 27.1 ((CH3)3); HRMS: miz caculated for formula CisHisFsNOs; [MH] 290.0999; found
290.0997; IR (Vmax, SOlid, cm™): 2978, 1780, 1663, 1582, 1323, 1128, 1065, 1016.

4-1 odo-N-(pivaloyloxy)benzamide (4€)
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4-lodobenzoyl chloride (799 mg, 3.00 mmol) was added to a flask containing O-
(pivaoyl)hydroxylammonium chloride (508 mg, 3.30 mmol) and NEt; (836 uL, 6.00 eq) in THF (15
mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was
rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the
organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. Thefinal compound was isolated by crystallisation from EtOAc—hexane. m.p.
152.5-153.2 °C (EtOAc-hexane); 8y (300 MHz, MeOD-d;) NH peak missing, 7.78 (2H, d, J 8.6,
ArH), 7.46 (2H, d, J 8.6, ArH), 1.24 (9H, s, (CH3)3); 6c (75 MHz, MeOD-d,) 177.5 (C,0), 167.2 (C,
0), 139.2, 132.3 (C,), 130.1, 100.2 (C-1), 39.4 (Cy), 27.5 ((CH3)3); HRMS: nvz calculated for formula
CioH1INNaO; [MNa'] 369.9911; found 369.9903; IR (v, Solid, cm™): 3140, 2971, 1781, 1648,
1584, 1475, 1007, 1004. Spectral data consistent with the literature.*

4-Bromo-N-(pivaloyloxy)benzamide (4f)
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Oxalyl chloride (514 uL, 6.00 mmoal) was added to a solution of 4-bromobenzoic acid (1.01 mg, 5.00
mmol) in anhydrous DCM (25 mL, 0.2 M) with cat. DMF. The mixture was stirred a room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in THF (5 mL) and transferred to a flask contaning O-
(pivaoyl)hydroxylammonium chloride (845 mg, 5.50 mmol) and NEt; (1.39 mL, 10.0 mmol) in THF
(25 mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was
rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the
organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The desired compound was isolated as a colourless microcrystaline powder
(924 mg, 62%) by flash column chromatography using 10-50% EtOAc in hexane followed by
crystallisation from EtOAc—hexane. Rg 0.28 (4:1 EtOAc—hexane); Rg 0.53 (7:3 EtOAc—hexane); m.p.
141.2-141.7 °C (EtOAc-hexane); 84 (500 MHz, CDCl3) 9.24 (1H, br s, NH), 7.69 (2H, d, J 8.7, ArH),
7.62 (2H, d, 3 8.7, ArH), 1.37 (9H, s, (CHs)3); 6c (75 MHz, CDCl3) 177.0 (C,0), 165.8 (C,0), 132.1,
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129.7 (Cy), 129.0, 127.6 (C,), 38.5 (Cy), 27.0 ((CHg)3); HRMS: m/z calculated for formula CioHya
BrNNaO; [MNa'] 322.0049; found 322.0050; IR (Vmax, Solid, cm™): 3165, 2980, 1779, 1644, 1480,
1069. Spectral data consistent with the literature.’

4-Fluor o-N-(pivaloyloxy)benzamide (49)
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Oxalyl chloride (309 puL, 3.60 mmol) was added to a solution of 4-fluorobenzoic acid (420 mg, 3.00
mmol) in anhydrous DCM (15 mL, 0.2 M) with cat. DMF. The mixture was stirred a room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in THF (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (508 mg, 3.30 mmol) and NEt; (836 uL, 6.00 eq) in THF (15
mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was
rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the
organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The desired compound was isolated as a colourless microcrystalline powder
(317 mg, 44%) by flash column chromatography using 20% EtOAc in hexane. &y (300 MHz, CDCl5)
9.26 (1H, br s, NH), 7.86 (2H, dd, J 8.7, 5.3, ArH), 7.17 (2H, t, J 8.6, ArH), 1.38 (9H, s, (CH3)3);
d¢c (75 MHz, CDCl3) 177.1 (C,0), 165.9 (C,0), 165.4 (d, J 252.8, C-F), 130.0 (d, J 9.2, C;, and Cy),
127.0 (d, J 3.3, Cy), 116.1 (d, J 22.1, C; and Cs), 38.5 (Cy), 27.2 ((CHs)3); HRMS: mVz calculated for
formula Cy,H14,FNNaO; [MNa'] 262.0850; found 262.0847; IR (Vimx, Solid, cm‘l): 3194, 2976, 1784,
1652, 1602, 1493, 1237, 1075.

4-M ethoxy-N-(pivaloyloxy)benzamide (4h)
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4-Methoxybenzoyl chloride (510 mg, 3.00 mmol) was diluted in THF (5 mL) and transferred to a
flask containing O-(pivaloyl)hydroxylammonium chloride (508 mg, 3.30 mmol) and NEt; (836 uL,
6.00 eq) in THF (15 mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the
residue was rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated
and the organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The desired compound was isolated as a colourless crystalline solid (613 mg,
81%) by crystalisation from CHCls. M.p. 149.0-150.2 °C (CHCls); 64 (300 MHz, CDCl3) 9.27 (1H,
br s, NH), 7.81 (2H, d, J 9.0, ArH), 6.96 (2H, d, J 9.0, ArH), 3.88 (3H, s, OMe), 1.38 (9H, s, (CH5)3);
dc (75 MHz, CDCl3) 177.3 (C,0), 166.7 (C,0), 163.2 (C,0), 129.5, 123.0 (C,), 114.1, 55.5, 38.5 (Cy),
27.1 ((CHs)3); HRMS: mvz calculated for formula Ci3HsNNaO, [MNa'] 274.1050; found 274.1045;
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IR (Ve SOlid, CiY): 3250, 2974, 1774, 1605, 1494, 1318, 1260, 1073, 1028, 751, 622. Spectral data

consistent with the literature.?

tert-Butyl (3-((pivaloyloxy)car bamoyl)phenyl) carbamate (4i)

Oxayl chloride (309 uL, 360 mmol) was added to a solution of 3-((tert-
butoxycarbonyl)amino)benzoic acid (1.01 g, 3.00 mmol) in anhydrous DCM (15 mL, 0.2 M) with cat.
DMF. The mixture was stirred at room temperature for 3 hours, then concentrated in vacuo to afford
the crude acid chloride. The crude acid chloride was diluted in THF (5 mL) and transferred to aflask
containing O-(pivaloyl)hydroxylammonium chloride (508 mg, 3.30 mmol) and NEt; (836 uL, 6.00
eq) in THF (15 mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the
residue was rediluted with sat. NaHCO3 (50 mL) and EtOAc (50 mL). The two phases were separated
and the organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The desired compound was isolated as a colourless dried foam (628 mg, 62%)
by flash column chromatography using 20% EtOAc in hexane. dy (300 MHz, CDCl3) 9.39 (1H, br s,
NH), 7.85 (1H, s, ArH), 7.55 (1H, d, J 7.6, ArH), 7.48 (1H, d, J 7.6, ArH), 7.38 (1H, t, J 7.8, ArH),
6.58 (1H, s, NH), 1.52 (9H, s, O(CHg)3), 1.36 (9H, s, (CHa)3); 6c (75 MHz, CDCl3) 177.1 (C,0), 166.4
(C40), 152.9 (C,0), 139.0 (Cy), 131.7 (Cy), 1295, 122.6, 122.0, 117.4, 81.1 (OC,(CHg)3), 38.5 (Cq
(CHs)3), 28.4 (O(CHa)3), 27.1 ((CHs)3); HRMS: mvz calculated for formula Ci7H24NoNaOs [MNa']
359.1577; found 359.1571; IR (v, SOlid, c™): 3288, 2978, 1781, 1727, 1672, 1591, 1543, 1480,
1236, 1159, 1078.

N-(Pivaloyloxy)-[1,1 -biphenyl]-3-car boxamide (4j)

Oxalyl chloride (206 L, 2.40 mmol) was added to a solution of 3-biphenylcarboxylic acid (490 mg,
2.00 mmol) in anhydrous DCM (10 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaoyl)hydroxylammonium chloride (339 mg, 2.20 mmol) and K,CO; (552 mg, 4.00 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0 (10 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
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MgSO, and concentrated in vacuo. The desired compound was isolated as a colourless dried foam
(180 mg, 30%) by flash column chromatography using 20% EtOAc in petrol. Rg 0.33 (20% EtOAc in
petrol); 64 (300 MHz, CDCl3) 9.33 (1H, s, NH), 8.05 (1H, t, J 1.6, ArH), 7.82-7.76 (2H, m, ArH),
7.63-7.58 (2H, m, ArH), 7.55-7.35 (4H, m, ArH), 1.38 (9H, s, (CH3)3); d¢c (75 MHz, CDClj3) 177.1
(C40), 166.8 (C,0), 142.0 (Cy), 139.8 (Cy), 131.5 (Cy), 131.4, 129.3, 129.0, 128.0, 127.2, 126.3,
126.1, 385 (Cy), 27.1 ((CHs)3); HRMS: m/z calculated for formula: CigH0NO; [MH'] 298.1438;
found 298.1436; IR (Vmax, SOlid, cm™): 3038, 2975, 1786, 1652, 1514, 1077.

3-M ethoxy-N-(pivaloyloxy)benzamide (4k)
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Oxalyl chloride (514 uL, 6.00 mmol) was added to a solution of 3-methoxybenzoic acid (760 mg,
5.00 mmol) in anhydrous DCM (25 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours and then concentrated in vacuo to afford the crude acid chloride. The crude
acid chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (845 mg, 550 mmol) and K,CO; (1.38 g, 10.0 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0 (25 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The desired compound was isolated as an amorphous solid (984
mg, 76%) by flash column chromatography using 20% EtOAc in hexane. 3y (300 MHz, CDCl3) 9.41
(1H, s, NH), 7.25 (3H, m, ArH), 6.98 (1H, dt, J 9.8, 3.4, ArH), 3.74 (3H, s, OMe), 1.37 (9H, s, (CH3)z.
); dc (75 MHz, CDCl3) 177.0 (C,0), 166.6 (C,0), 159.8 (C,0), 132.1 (Cy), 129.8, 119.3, 119.2, 112.3,
55.5, 38,5 (Cy), 27.0 ((CHs)3); HRMS: nvz calculated for formula Ci3H1;NNaO, [MNa'] 274.1050;
found 274.1055; IR (Vimax, SOlid, cm™): 3550, 3212, 2970, 1783, 1667, 1067.

N-(Pivaloyloxy)-2,3-dihydrobenzo[b][ 1,4]dioxine-6-car boxamide (4l)

SsaRe

Oxalyl chloride (285 uL, 3.32 mmol) was added to a solution of 2,3-dihydrobenzo[b][1,4]dioxine-6-
carboxylic acid (500 mg, 2.77 mmol) in anhydrous DCM (14 mL, 0.2 M) with cat. DMF. The
mixture was stirred at room temperature for 3 hours, then concentrated in vacuo to afford the crude
acid chloride. The crude acid chloride was diluted in EtOAc (5 mL) and transferred to a flask
containing O-(pivaloyl)hydroxylammonium chloride (469 mg, 3.05 mmol) and K,COs (765 mg, 5.54
mmol) dissolved in a 2:1 mixture of EtOAc—H,0 (14 mL, 0.2 M) at 0 °C. After 2 hours the reaction
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was quenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The desired compound was isolated as a colourless
microcrystalline solid (565 mg, 73%) by flash column chromatography using 33% EtOAc in hexane
followed by crystallisation from hexane-EtOAc. m.p. 126.1 — 128.6 °C (hexane-EtOAc); &y (300
MHz, CDCl3) 9.29 (1H, br s, NH), 7.37-7.29 (2H, m, ArH), 6.89 (1H, d, J 8.4, ArH), 4.34-4.21 (4H,
m, O(CH,),), 1.35 (9H, s, (CH3)3); 3¢ (75 MHz, CDCl3) 177.2 (C,0), 166.3 (C,0), 147.6 (C,), 143.6
(Cy), 1239 (Cy), 121.1, 117.6, 117.0, 64.6 (O(CH,)0O), 64.1 (CH,), 38.5 (C,), 27.0 (CH3)3); HRMS:
m/z calculated for formula Ci,H17NNaOs [MNa'] 302.0999; found 302.0998; IR (Vix, SOlid, cm'l):
3208, 2976, 1777, 1645, 1488, 1288, 1062.

N-(Pivaloyloxy)benzo[d][1,3]dioxole-5-car boxamide (4m)

coahe

Oxalyl chloride (309 uL, 3.60 mmol) was added to a solution of piperonylic acid (498 mg, 3.00
mmol) in anhydrous DCM (15 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaoyl)hydroxylammonium chloride (508 mg, 3.30 mmol) and K,CO; (828 mg, 6.00 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0 (15 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The desired compound was isolated as a colourless crystalline
solid (663 mg, 83%) by crystallisation from EtOAc. M.p. 140.6-141.9 °C (EtOAc); 64 (300 MHz,
CDCl3) 9.17 (1H, s, NH), 7.39 (1H, dd, J 8.1, 1.7, ArH), 7.29 (1H, d, J 1.7, ArH), 6.86 (1H, d, J 8.1,
ArH), 6.05 (2H, s, OCH,0), 1.36 (9H, s, (CHas)3); oc (75 MHz, CDCl3) 177.2 (C,0), 166.4 (C,0),
151.4 (C,0), 148.1 (C,0), 124.8 (C), 122.6, 108.3, 107.9, 101.9, 38.5 (C,), 27.0 ((CH3)3); HRMS:
m/z calculated for formula Ci3H1sNNaOs [MNa'] 288.0842; found 288.0848; IR (Vimax, SOlid, cm'l):
3215, 2971, 1771, 1645, 1479, 1263, 1094.

3-Fluor o-N-(pivaloyloxy)benzamide (4n)

(0]
u’om)<
(0]
F

Oxalyl chloride (309 puL, 3.60 mmol) was added to a solution of 3-fluorobenzoic acid (420 mg, 3.00
mmol) in anhydrous DCM (15 mL, 0.2 M) with cat. DMF. The mixture was stirred a room
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temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in THF (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (508 mg, 3.30 mmol) and NEt; (836 uL, 6.00 eq) in THF (15
mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was diluted
with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the organic layer
was washed with brine (50 mL). The organic layer was dried over MgSO, and concentrated in vacuo.
The desired compound was isolated as a colourless crystalline solid (474 mg, 66%) by flash column
chromatography using 20% EtOAc in hexane. 64 (300 MHz, CDCl3) 9.30 (1H, s, NH), 7.61-7.56 (1H,
m, ArH), 7.55-7.50 (1H, m, ArH), 7.47 (1H, td, J 8.0, 5.4, ArH), 7.31-7.29 (1H, m, ArH), 1.39 (9H, s,
(CHa)3); ¢ (75 MHz, CDCl3) 177.1 (C,0), 165.5 (C,0), 162.8 (d, J 248.7, C-F), 133.1 (d, J 7.0, Cy),
130.7 (d, 3 7.9, Cs), 123.1 (d, J 3.2, Cg), 119.9 (d, J 21.2, C;), 115.0 (d, J 23.3, C,), 38.6 (C,), 27.3
((CH3)3); HRMS: m/z calculated for formula C;,H14,FNNaO; [MNa'] 262.0850; found 262.0847; IR
(Ve SOlid, cm™): 3194, 2976, 1784, 1652, 1602, 1493, 1237, 1075.

3-Bromo-N-(pivaloyloxy)benzamide (40)

Br

Oxalyl chloride (514 uL, 6.00 mmol) was added to a solution of 3-bromocarboxylic acid (1.01 g, 5.00
mmol) in anhydrous DCM (25 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours and then concentrated in vacuo to afford the crude acid chloride. The crude
acid chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (845 mg, 550 mmol) and K,CO; (1.38 g, 10.0 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0 (25 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The desired compound was isolated as colourless crystals (850
mg, 57%) by flash column chromatography using 20% EtOAc in hexane. Rg 0.13 (20% EtOAc in
hexane); 84 (300 MHz, CDCl3) 9.27 (1H, s, NH), 7.96 (1H, t, J 1.6, ArH), 7.80-7.63 (2H, m, ArH),
7.35(1H,t,J 7.9, ArH), 1.36 (9H, s, (CHa3)3); dc (75 MHz, CDCl3) 176.7 (C,0), 165.1 (C,0), 135.5,
132.6 (Cy), 130.7, 130.3, 126.0, 122.8 (C,), 38.5 (Cy), 27.2 ((CH3)3); HRMS: m/z caculated for
formula Cy,H14°BrNNaO; [MNa'] 322.0049; found 322.0053; IR (vma, SOlid, cm™): 3251, 2816,
1784, 1660, 1301, 1068.
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Heterocyclic pivalate esters

N-(Pivaloyloxy)thiophene-2-carboxamide (8a)

0
S N/O\[H<
N\s " o

Oxalyl chloride (514 uL, 6.00 mmol) was added to a solution of 2-thiophenecarboxylic acid (641 mg,
5.00 mmol) in anhydrous DCM (25 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours and then concentrated in vacuo to afford the crude acid chloride. The crude
acid chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (845 mg, 550 mmol) and K,CO; (1.38 g, 10.0 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0 (25 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The desired compound was isolated as a colourless amorphous
solid (455 mg, 40%) by flash column chromatography using 10% EtOAc in hexane. Rg 0.22 (10%
EtOAc in hexane); 6y (300 MHz, CDCl5) 9.18 (1H, s, NH), 7.67 (1H, dd, J 3.8, 1.2, ArH), 7.59 (1H,
dd, J 5.0, 1.2, ArH); 7.13 (1H, dd, J 5.0, 3.8, ArH), 1.38 (9H, s, (CH3)3); 6c (75 MHz, CDCl3) 177.1
(C40), 161.9 (C,0), 133.6 (Cy), 131.7, 130.5, 127.9, 38.5 (Cy), 27.0 ((CH3)3); HRMS: mvz calculated
for formula: CyoH1sNNaO;S [MNa'] 250.0508; found 250.0502; IR (V. Solid, cm'l): 3208, 2938,
1784, 1625, 1478, 1245, 1070.

N-(Pivaloyloxy)benzo[b]thiophene-2-car boxamide (8b)

0
~ o<
s " o

Oxalyl chloride (514 uL, 6.00 mmol) was added to a solution of benzothiophene-2-carboxylic acid
(891 mg, 5.00 mmol) in anhydrous DCM (25 mL, 0.2 M) with cat. DMF. The mixture was stirred at
room temperature for 3 hours and then concentrated in vacuo to afford the crude acid chloride. The
crude acid chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (845 mg, 550 mmol) and K,CO; (1.38 g, 10.0 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0 (25 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The desired compound was isolated as a colourless solid (356 mg,
25%) by flash column chromatography using 30-50% EtOAc in hexane. R 0.41 (50% EtOAcC in
hexane); m.p. 134.0-134.6 °C (EtOAc-hexane); 64 (300 MHz, CDCls) 9.33 (1H, br s, NH), 7.93 (1H,
s, ArH), 7.90-7.87 (2H, m, ArH), 7.51-7.40 (2H, m, ArH), 1.38 (9H, s, (CH3)3); 8¢ (75 MHz, CDCl5)
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177.0 (C,0), 162.0 (C,0), 138.6 (C,), 133.2 (Cy), 127.6, 127.0, 125.5, 125.1, 122.7, 38.5 (C,), 27.0
((CHa)3) (one quaternary peak overlapped in the aromatic region); HRMS: mv/z calculated for formula
CuH1sNNaO;S [MNa'] 300.0665; found 300.0654; IR (v, Solid, cm™): 3170, 2970, 1781, 1632,
1528, 1064.

N-(Pivaloyloxy)benzofur an-2-car boxamide (8c)

0
~Hyoyr<
o " o

Oxalyl chloride (206 uL, 2.40 mmol) was added to a solution of benzo[b]furan-2-carboxylic acid (416
mg, 2.00 mmol) in anhydrous DCM (10 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-
(pivaoyl)hydroxylammonium chloride (339 mg, 2.20 mmol) and K,CO; (552 mg, 4.00 mmol)
dissolved in a 2:1 mixture of EtOAc—H,0 (10 mL, 0.2 M) at 0 °C. After 2 hours the reaction was
guenched with sat. NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were
separated and the organic layer was washed with brine (50 mL). The organic layer was dried over
MgSO, and concentrated in vacuo. The desired compound was isolated as a colourless crystalline
solid (258 mg, 49%) by crystallisation from EtOAc. m.p. 111-115 °C (EtOAc); 64 (300 MHz, CDCl5)
missing NH peak, 7.70 (1H, d, J 7.8, ArH), 7.59 (1H, s, ArH), 7.53 (1H, d, J 8.2, ArH), 7.50-7.43
(1H, m, ArH), 7.32 (1H, t, J 7.4, ArH), 1.38 (9H, s, (CHa)3); 8¢ (75 MHz, CDCl3) 176.6 (C,0), 157.2
(C0), 155.2 (C0), 146.2 (C,0), 127.8, 127.1 (Cy), 124.2, 1230, 112.8, 112.1, 38.6 (C,), 27.2
((CH3)3); HRMS: nvz calculated for formula: Cy4H1sNNaO, [MNa'] 284.0893; found 284.0889; IR
(Vmax, SOlid, cm™): 3128, 2971, 1787, 1653, 1072.

1-Methyl-N-(pivaloyloxy)-1H-indole-2-car boxamide (8d)

!
O-NH
1)
@) N
/

Oxalyl chloride (422 uL, 4.92 mmol) was added to a solution of 1-methyl-1H-indole-2-carboxylic
acid (718 mg, 4.10 mmol) in anhydrous DCM (25 mL, 0.2 M) with cat. DMF. The mixture was
stirred at room temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride.
The crude acid chloride was diluted in THF (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (692 mg, 4.51 mmol) and NEt; (1.14 mL, 8.20 mmol) in THF
(25 mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was
rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the
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organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The desired compound was isolated as a colourless solid (392 mg, 35%) by
flash column chromatography using 0-5% EtOAc in hexane. Rg 0.28 (20% EtOAc in hexane); m.p.
132.1-133.4 °C (EtOAc—hexane); 84 (300 MHz, CDCl3) 9.27 (1H, s, NH), 7.67 (1H, d, J 8.0, ArH),
7.44-7.36 (2H, m, ArH), 7.18 (1H, ddd, J 7.9, 6.3, 1.5, ArH), 7.08 (1H, s, ArH), 4.04 (3H, s, NCHy),
1.39 (9H, s, (CH3)3); ¢ (75 MHz, CDCl3) 177.2 (C,0), 162.0 (C,0), 139.4 (NCy), 127.2 (Cy), 125.9
(Cy), 125.0, 122.3, 120.8, 110.2, 106.1, 38.5 (C,), 31.4 (NCHj), 27.1 ((CH3)3); HRMS: nvz cal culated
for formula CisH1sN,NaO; [MNa'] 297.1210; found 297.1211; IR (Vyax, Solid, cm‘l): 3179, 2973,
1783, 1660, 1520, 1464, 1267, 1114, 1073, 1028.

N-(Pivaloyloxy)isoquinoline-3-car boxamide (8g)

Oxalyl chloride (309 uL, 3.60 mmol) was added to a solution of quinoline-3-carboxylic acid (520 mg,
3.00 mmol) in anhydrous DCM (15 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 3 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in THF (5 mL) and transferred to a flask containing O-
(pivaloyl)hydroxylammonium chloride (508 mg, 3.30 mmol) and NEt; (836 uL, 6.00 eq) in THF (15
mL, 0.2 M) at 0 °C. After 2 hours the reaction was concentrated in vacuo and the residue was
rediluted with sat. NaHCO; (50 mL) and EtOAc (50 mL). The two phases were separated and the
organic layer was washed with brine (50 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The desired compound was isolated as a colourless crystalline solid (365 mg,
45%) by crystallisation from DCM. M.p. 154.3-155.8 °C (DCM), &y (300 MHz, CDCl3) 10.24 (1H,
br s, NH), 9.24 (1H, d, J 2.0, ArH), 8.62 (1H, d, J 1.8, ArH), 8.09 (1H, d, J 8.5, ArH), 7.82 (1H, t, J
7.1, ArH), 7.78 (1H, d, J 7.1, ArH), 7.59 (1H, app t, J 7.3, ArH), 1.36 (9H, s, (CH3)3); 8¢ (75 MHz,
CDCl3) 176.9 (C,0), 164.9 (C,0), 149.4 (C,), 147.8, 136.8, 131.9, 129.2, 128.9, 127.8, 126.7 (C,),
124.0 (Cy), 38.5 (Cy), 27.0 ((CH3)3); HRMS: m/z calculated for formula CysH16N,O3 [MH'] 273.1234;
found 273.1230; IR (Vimax, SOlid, cm™): 3096, 1765, 1695, 1523, 1291, 1079.
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| soquinolone Substrate Scope

I soquinolin-1(2H)-one (5a)
0

NH
=

Vinyl acetate (138 uL, 1.50 mmol) was added to a solution of [Cp*RhCl,], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and N-(pival oyloxy)benzamide (221 mg, 1.00 mmol) in MeOH (5 mL, 0.2
M) in avia under a nitrogen atmosphere. The reaction was heated to 45 °C for 16 hours, after which
time the solvent was removed in vacuo. The product was triturated with a 2:1 mixture of Et,O—
MeOH (5 mL) and crystallised from MeOH. The desired compound was isolated as a colourless solid
(126 mg, 87%). oy (500 MHz, DMSO-ds) 11.25 (1H, br s, NH), 8.19 (1H, d, J 9.0, ArH), 7.69-7.66
(2H, m, ArH), 7.65-7.47 (1H, m, ArH), 7.20-7.18 (1H, m, ArH), 6.54 (1H, d, J 9.0, ArH);
dc (75 MHz, DMSO-dg) 161.8 (C,0), 137.8 (Cy), 132.3, 128.9, 126.6, 126.3, 126.2 (C,), 126.0, 104.6;
HRMS: mVz calculated for formula CgHgNO [MH*]: 146.0600; found 146.0606; IR (Vimay, Solid, cm'l):
3286, 3158, 2852, 1633, 1548, 1475, 1343, 1228. Spectral data consistent with the literature.®

iy
NC &

Vinyl acetate (50 pL, 0.54 mmol) was added to a solution of [Cp*RhCl,], (3 mg, 0.005 mmoal),
CsOAc (28 mg, 0.15 mmol) and 4-cyano-N-(pival oyloxy)benzamide (120 mg, 0.49 mmol) in MeOH
(2.5 mL, 0.2 M) in avial under anitrogen atmosphere. The reaction was heated to 45 °C for 16 hours,

6-Cyanoisoquinolin-1(2H)-one (5b)

after which time the solvent was removed in vacuo. The product was triturated with a 2:1 mixture of
Et,O—-MeOH (5 mL) and crystallised from MeOH. The desired compound was isolated as a pae
yellow solid (68 mg, 81%). m.p. 307-312 °C (MeOH); 3y (300 MHz, DMSO-dg) 11.62 (1H, s, NH),
8.28 (1H, d, J 8.4, ArH), 8.25 (1H, s, ArH), 7.81 (1H, dd, J 8.3, 1.4, ArH), 7.35-7.29 (1H, m, ArH),
6.62 (1H, d, J 7.1, ArH); &c (75 MHz, DMSO-ds) 106.9 (C,0), 137.9 (Cy), 131.3, 131.0, 128.4 (Cy),
128.0, 127.9, 118.3 (C,), 114.6 (Cg), 103.6; HRMS: mVz calculated for formula CioH;N,O [MH']
171.0553; found 171.0575; IR (v, SOlid, cm™): 3307, 2227, 1652, 1539, 1498, 1460, 1337, 1235,
951.

6-Acetylisoquinolin-1(2H)-one (5¢)



Vinyl acetate (35 pL, 0.38 mmol) was added to a solution of [Cp*RhCl;], (2 mg, 0.003 mmol),
CsOAc (14 mg, 0.075 mmol) and 4-acetyl-N-(pival oyl oxy)-benzamide (68 mg, 0.25 mmol) in MeOH
(.25 mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to 45 °C for 16
hours, after which time the solvent was removed in vacuo. The product was filtered from the crude
reaction mixture and washed with MeOH-Et,0 (1:4) (5 mL). The desired compound was isolated as
a tan amorphous solid (48 mg, 99%). &y (300 MHz, DMSO-dg) 11.79 (1H, s, NH), 8.28 (1H, s, ArH),
8.26 (1H, d, obscured by singlet, ArH), 7.93 (1H, dd, J 8.3, 1.2, ArH), 7.29 (1H, d, J 7.1, ArH), 6.68
(1H, d, J 7.1, ArH), 2.67 (3H, s, CHg); 6¢c (75 MHz, DMSO-ds) 198.0 (C,0), 161.4 (C,0), 139.3 (Cy),
138.0 (Cy), 130.1, 128.6 (Cy), 127.2, 127.1, 124.5, 104.8, 27.0 (CH3); HRMS: m/z calculated for
formula CyyHioNO, [MH'] 188.0706; found 188.0699; IR (Vinay, Solid, cm™): 3299, 2911, 1751, 1692,
1542, 1461, 1347, 1267, 1186, 961, 887, 801.

6-(Trifluoromethyl)isoquinolin-1(2H)-one (5d)
0

cor
F3C =

Vinyl acetate (138 pL, 1.50 mmol) was added to a solution of [Cp*RhCl;], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and 4-trifluoromethyl-N-(pival oyloxy)benzamide (289 mg, 1.00 mmoal) in
MeOH (5 mL, 0.2 M) in avial under a nitrogen atmosphere. The reaction was heated to 45 °C for 16
hours, after which time the solvent was removed in vacuo. The product was triturated with a 2:1
mixture of Et,O—-MeOH (5 mL) and crystallised from CHCl;. The desired compound was isolated as
a pae yellow crystaline solid (151 mg, 71%). Rg 0.2 (1:1 EtOAc—hexane); M.p. 176-181 °C
(chloroform); &y (300 MHz, CDCl3) 11.6 (1H, br s, NH), 8.53 (1H, d, J 8.4, ArH), 7.86 (1H, s, ArH),
7.71(1H, dd, J 8.4, 1.4, ArH), 7.29 (1H, d, J 7.1, ArH), 6.65 (1H, d, J 7.1, ArH); 6¢c (75 MHz, CDCl5)
163.7 (CONH), 138.2 (Cy), 134.5 (d, J = 32.4), 129.3, 128.6, 128.3 (C,) 123.8 (d, J = 272.9, CFy),
123.8 (dd, J 8.0, 3.9), 123.0 (g, J 3.2), 106.6; HRMS: m/z calculated for formula C;oH;FsNO [MH"]
214.0474; found 214.0475; IR (Vi SOlid, cm™): 3299, 2911, 1751, 1692, 1542, 1461, 1347, 1267,
1186, 961, 887, 801.

6-1odoisoquinolin-1(2H)-one (5e)

NH
I =

Vinyl acetate (138 pL, 1.50 mmol) was added to a solution of [Cp*RhCl;], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and 4-iodo-N-(pival oyloxy)benzamide (347 mg, 1.00 mmol) in MeOH (5
mL, 0.2 M) in avial under a nitrogen atmosphere. The reaction was heated to 45 °C for 16 hours,

after which time the solvent was removed in vacuo. The product was triturated with a 2:1 mixture of
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Et,O—-MeOH (5 mL) and crystallised from MeOH. The desired compound was isolated as a cream
amorphous solid (211 mg, 83%). m.p. decomposed at 231 °C (MeOH); 3y (300 MHz, DM SO-dy)
11.35 (1H, br s, NH), 8.12 (1H, s, ArH), 7.90 (1H, d, J 8.4, ArH), 7.78 (1H, d, J 8.2, ArH), 7.20-7.18
(1H, m, ArH), 6.49 (1H, d, J 7.1, ArH); &c(75 MHz, DMSO-dg) 161.6 (C,0), 139.5 (C,), 134.8,
134.5, 130.2, 1285, 125.1 (C,), 103.3, 100.7 (Cy); HRMS: m/z caculated for formula CoH/INO
[MH*] 271.9567; found 271.9571; IR (vma, SOlid, cm™): 3012, 2851, 1659, 1633, 1587, 1494, 1237,
813, 784, 677, 556.

6-Bromoisoquinolin-1(2H)-one (5f)

o
Br =

Vinyl acetate (138 pL, 1.50 mmol) was added to a solution of [Cp*RhCl;], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and 4-bromo-N-(pival oyloxy)benzamide (300 mg, 1.00 mmol) in MeOH
(5mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to 45 °C for 16 hours,
after which time the solvent was removed in vacuo. The product was isolated by flash column
chromatography using 50% EtOAc in hexane. The desired compound was isolated as a colourless
solid (186 mg, 70%). Rr 0.4 (1:1 hexane—EtOAc ). oy (300 MHz, DM SO-dg) 11.36 (1H, br s, NH),
8.07 (1H, d, J 85, ArH), 7.94 (1H, s, ArH), 7.61 (1H, dd, J 8.5, 1.4, ArH), 7.28-7.18 (1H, m, ArH),
6.52 (1H, d, J 7.1, ArH); 8¢ (75 MHz, CDCl;) 161.4 (C,0), 139.6 (C,0), 130.5, 129.2, 129.0 128.4,
126.3 (Cy), 124.9 (C,), 103.6; HRMS: m/z calculated for formula CoHs"*BrNNaO [MNa'] 245.9525;
found 247.9505; IR (Vimax, SOlid, cm™): 2735, 1665, 1632, 1239, 952. Spectral data consistent with the
literature.”

6-Fluoroisoquinolin-1(2H)-one (59)

J@é”'*
. =

Vinyl acetate (138 uL, 1.50 mmol) was added to a solution of [Cp*RhCl,], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and 4-fluoro-N-(pival oyloxy)-benzamide (239 mg, 1.00 mmol) in MeOH
(5mL, 0.2 M) in avia under a nitrogen aimosphere. The reaction was heated to 45 °C for 16 hours,
after which time the solvent was removed in vacuo. The product was triturated with a 4:1 mixture of
Et,O—-MeOH (5 mL) and crystallised from acetone. The desired compound was isolated as pale
yellow crystalline needles (40 mg, 71%). m.p. 207-210 °C (acetone); 64 (300 MHz, DM SO-ds)
11.34 (1H, br s, NH), 8.22 (1H, dd, J 8.8, 6.1, ArH), 7.49 (1H, dd, J 10.1, 2.5, ArH), 7.32-7.27 (1H,
m, ArH), 7.23 (1H, d, J 7.1, ArH), 6.54 (1H, d, J 7.2, ArH); 3¢ (75 MHz, DM SO-ds) 164.3 (d, J 249.2,
CsF), 161.2 (C,0), 140.3 (d, J 10.8), 130.5, 130.1 (d, J 10.3), 122.9 (d, J 1.5), 114.7 (d, J 23.7), 110.9
(d, J 21.9), 104.1 (d, J 3.1); HRMS: vz calculated for formula CsHgFNNaO [MNa'] 186.0326; found
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186.0323; IR (Vmax, SOlid, cm™): 3392, 2968, 1669, 1551, 1408, 1015. Spectral data consistent with
the literature.?

6-M ethoxyisoquinolin-1(2H)-one (5h)

NH
\o =

Vinyl acetate (138 uL, 1.50 mmol) was added to a solution of [Cp*RhCl,], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmoal) and 4-methoxy-N-(pival oyl oxy)benzamide (251 mg, 1.00 mmol) in MeOH
(25 mL, 0.4 M) in a via under a nitrogen atmosphere. The reaction was heated to 30 °C for 16
hours, after which time the solvent was removed in vacuo. The product was isolated by flash column
chromatography using a solvent gradient of 50% EtOAc in hexane followed by a solvent swap to 5%
MeOH in DCM. The product was crystallised from EtOAc to afford colourless crystalline needles
(110 mg, 63%). m.p. 179.1-181.3 °C (EtOAc); o4 (300 MHz, CDCl3) 11.12 (1H, br s, NH), 8.33 (1H,
d, J8.9, ArH), 7.15 (1H, d, J 7.1, ArH), 7.08 (1H, dd, J 8.9, 2.5, ArH), 6.91 (1H, d, J 2.5, ArH), 6.48
(1H, d, 3 7.2, ArH), 3.92 (3H, s, OMe); éc (75 MHz, CDCl3) 163.9 (C,0), 163.0 (C,0), 140.3 (C,),
129.3, 128.3, 116.5, 107.0, 106.4, 55.5, missing a quaternary carbon; HRMS: m/z calculated for
formula Cy,oHgNNaO, [MNa'] 198.0525; found 198.0529; IR (Vinex, Solid, cm'l): 3162, 1605, 1468,
1231.

tert-Butyl (1-oxo-1,2dihydroisoquinolin-7-yl) carbamate (5i)
0

o N
SN

Vinyl acetate (138 pL, 1.50 mmol) was added to a solution of [Cp*RhCl;], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and tert-butyl (3-((pivaloyloxy)carbamoyl)phenyl) carbamate (260 mg,
1.00 mmol) in MeOH (5 mL, 0.2 M) in avial under a nitrogen atmosphere. The reaction was heated
to 45 °C for 16 hours, after which time the solvent was removed in vacuo. The product was purified
by trituration with a 4:1 mixture of pentane-ethanol (5 mL) to afford a colourless amorphous solid (81
mg, 81%). 3y (300 MHz, DMSO-dg) 11.10 (1H, br s, NH), 9.61 (1H, s, NH), 8.37 (1H, d, J 1.7, ArH),
7.70 (1H, dd, J 8.6, 2.2, ArH), 7.54 (1H, d, J 8.6, ArH), 7.08-6.97 (1H, m, ArH), 6.45 (1H, d, J 7.0,
ArH), 1.50 (9H, s, O(CHs)3); 6c (75 MHz, DMSO-ds) 161.6 (C,0), 152.7 (C0), 137.9 (C,), 132.6
(Cy), 126.8, 126.7, 126.6 (C,), 123.5, 114.2, 104.4, 79.3 (Cy), 28.1 ((CH3)3); HRMS: m/z calculated
for formula CyH1sN,NaO; [MNa'] 283.1053; found 283.1054; IR (V. Solid, cm‘l): 3355, 2993,
2980, 2932, 2834, 1694, 1663, 1564, 1522, 1250, 1167, 836, 557.
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7-Phenylisoquinolin-1(2H)-one (5))
0

Ph
NH
=

Vinyl acetate (69 pL, 0.75 mmol) was added to a solution of [Cp*RhCl,], (3 mg, 0.005 mmoal),
CsOAc (28 mg, 0.15 mmol) and N-(pivaloyloxy)(1,1’ -biphenyl)-3-carboxamide (150 mg, 0.50 mmol)
in MeOH (2.5 mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to 45 °C
for 16 hours, after which time the solvent was removed in vacuo. The product was triturated with a
2:1 mixture of Et,O—-MeOH (5 mL) and crystalised from EtOAc—hexane to afford pale yellow
crystals (101 mg, 91%). m.p. 223-226 °C (EtOAc—hexane); &y (300 MHz, CDCl3) 10.29 (1H, s, NH),
8.66 (1H, s, ArH), 7.95 (1H, dd, J 8.3, 2.0, ArH), 7.72 (2H, d, J 7.1, ArH), 7.65 (1H, d, J 8.3, ArH),
7.48 (2H, t, J 7.4, ArH), 7.40 (1H, d, J 7.3, ArH), 7.11 (1H, br s, ArH), 6.62 (1H, d, J 7.4, ArH);
dc (75 MHz, CDCl3) 164.0 (C,0), 140.0 (Cy), 139.9 (Cy), 137.2 (Cy), 131.8, 129.1, 127.9, 127.5,
127.4, 127.0, 126.7 (Cg), 125.5, 106.6; HRMS: m/z calculated for formula C;sHi;NNaO [MNa']
244.0733; found 244.0724; IR (Vimax, SOlid, cm™): 3159, 2907, 1654, 1449, 1223.

5-M ethoxyisoquinolin-1(2H)-one (5k(i)) and 7-methoxyisoquinolin-1(2H)-one (5k(ii))

Vinyl acetate (138 pL, 1.50 mmol) was added to a solution of [Cp*RhCl;], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and 3-methoxy-N-(pival oyl oxy)benzamide (251 mg, 1.00 mmol) in MeOH
(5mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to 45 °C for 16 hours,
after which time the solvent was removed in vacuo. The products were isolated by flash column
chromatography using 1% MeOH in EtOAc to afford an amorphous off-white solid containing an
inseparable 3:2 mixture of 7-methoxyisoquinolin-1(2H)-one 5k(ii) and 5-methoxyisoquinolin-1(2H)-
one 5k(i) (172 mg, 98%). IR (Vi SOlid, cm™): 2828, 1653 (CO amide), 1258, 1057; HRMS: nvz
calculated for formula CyH;0NO, [MH'] 176.0706 ; found 176.0711. “*C spectral values consistent
with the literaturein CDCl3° however separation of the proton peaks were observed in MeOD-d,.

(0] 80
6 =3
5 4

34 (500 MHz, MeOD-d,) missing NH pesk, 7.74 (1H, d, J 2.6, Hg), 7.59 (1H, d, J 8.7, Hs), 7.34 (1H,
dd, J 8.7, 2.7, He), 7.07 (1H, d, J 7.1, H), 6.65 (1H, d, J 7.1, Ha), 3.91 (s, 3H, OMe); 8¢ (75 MHz,
CDCl;) 164.3 (C,0), 158.7 (C,0), 132.4 (C,), 127.9, 127.2, 1255, 123.6, 106.7 (2xC), 55.7.
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s O
7 Qi‘\)NH
6 Z 3
81 (500 MHz, MeOD-d,) missing NH peak, 7.86 (1H, d, J 8.1, He), 7.46 (1H, t, J 8.1, Hy), 7.23 (1H,
d, J 8.3, Hg), 7.15 (1H, d, J 7.2, Hs), 6.96 (1H, d, J 7.3, Ha), 3.97 (3H, s, MeO); 8¢ (75 MHz, CDCl5);
164.4 (C,0), 154.5 (C,0), 129.4, 127.0, 127.0, 118.8, 111.6, 101.2, 55.8 (hidden pesk at 127.2); °C
spectral values consistent with the literature.®

Carbon peaks for the mixture of regioisomers: oc (75 MHz, MeOD-d,) 164.8, 160.3, 156.1, 134.0,
130.8, 129.2, 128.3, 128.2, 128.0, 126.4, 124.3, 119.4, 113.1, 107.9 (2C), 102.2, 56.4, 56.0.

2,3-Dihydro-[1,4]dioxino[2,3-f]isoquinolin-7(8H)-one (51)
(0]

NH
=

o
_o

Vinyl acetate (138 uL, 1.50 mmol) was added to a solution of [Cp*RhCl,], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and N-(pival oyl oxy)-2,3-dihydrobenzo[ b] [ 1,4] dioxine-6-carboxamide (279
mg, 1.00 mmol) in MeOH (5 mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was
heated to 45 °C for 16 hours, after which time the solvent was removed in vacuo. The product was
triturated with a 9:1 mixture of pentane—ethanol (5 mL), then crystallised from EtOH. The desired
compound was isolated as a tan microcrystalline powder (97 mg, 48%). m.p. decomposed at 225 °C
(EtOH); 'H NMR (300 MHz, DMSO-dg) & 11.08 (1H, br s, NH), 7.67 (1H, d, J 8.8, ArH), 7.12 (1H,
dd, J 7.0, 5.6, ArH), 6.99 (1H, d, J 8.8, ArH), 6.54 (1H, d, J 7.3, ArH), 4.42-4.31 (4H, m, 2CH,-O);
dc (75 MHz, DMSO-ds) 161.2 (C=0), 145.0 (C,0), 136.5 (C0), 129.0, 128.9 (Cy), 120.2 (Cy),
119.7, 116.5, 97.6, 64.2 (CH,), 64.1(CH,); HRMS: m/z calculated for formula Cy;H;oNOs[MH"]
204.0655; found 204.0649; IR (Vmex, S0lid, cmi): 3259, 2980, 1655, 1603, 1462, 1286, 1088.

[1,3]-Dioxolo[4,5-f]isoquinolin-6(7H)-one (5m)
(0]

NH
=

o\/o
Vinyl acetate (138 pL, 1.50 mmol) was added to a solution of [Cp*RhCl;], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and N-(pivaloyloxy)benzo[d][1,3]dioxole-5-carboxamide (265 mg, 1.00
mmol) in MeOH (5 mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to 45
°C for 16 hours, after which time the product was filtered from the cooled reaction mixture and
subsequently washed with a 3:7 mixture of MeOH—Et,0 (5 mL). The desired compound was isolated
as a cream amorphous solid (101 mg, 53%). dy (300 MHz, CDCl;) 11.04 (1H, s, NH), 7.79 (1H, d, J
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8.5, ArH), 7.19 — 7.07 (2H, m, ArH), 6.34 (1H, d, J 7.2, ArH), 6.22 (2H, s, OCH,0); 3¢ (75 MHz,
CDCly) 161.0 (C,0), 149.1 (C,0), 140.9 (C,0), 129.7, 121.0, 121.6 (Cy), 121.1 (C;), 108.2, 102.3
(CH,), 96.9; HRMS: vz calculated for formula C;gHgNO; [MH*] 190.0499 and Cy0H/,NNaO; [MNa']
212.0318; found 190.0507 and 212.0315; IR (Vimax, SOlid, Cm'l): 3282, 2844, 1688, 1663, 1633, 1442,
1270, 1236, 1048, 944.

5-Fluoroisoquinolin-1(2H)-one (5n(i)) and 7-fluor oisoquinolin-1(2H)-one (5n(ii))

8 Q 8 0
6 /3 6 /3
Fo4 5 4

2:1 ratio

Vinyl acetate (207 ulL, 2.25 mmol) was added to a solution of [Cp*RhCl,], (9.0 mg, 0.015 mmoal),
CsOAc (86 mg, 0.45 mmol) and 3-fluoro-N-(pival oyloxy)benzamide (588 mg, 1.50 mmol) in MeOH
(7.5mL, 0.2 M) in avia under anitrogen atmosphere. The reaction was heated to 45 °C for 16 hours,
after which time the solvent was removed in vacuo. The products were isolated by trituration with a
9:1 mixture of pentane—ethanol (5 mL), the material was then recrystallised from acetone. The
desired compounds were isolated, as an inseparable mixture of regioisomers, as a colourless
crystaline powder (170 mg, 71%). HRMS: mvz calculated for formula CsHgFNNaO [MNa']
186.0326; found 186.0318; IR (Vi SOlid, cm™): 3162, 2999, 2861, 1633, 1549, 1480, 1352, 1247,
954.

5n(i)
8y (300 MHz, acetone-ds) 10.35 (1H, br s, NH), 8.12-8.07 (1H, m, ArH), 7.49 (2H, dd, J 8.4, 3.7,

ArH), 7.33 (1H, d, J 7.3, Hs) 6.63 (1H, d, J 7.4, H,); 'H NMR data consistent with the literature.”® 3,
(300 MHz, DMSO-ds) 11.49 (1H, s, NH), 8.01 (1H, d, J 7.9, Hg), 7.62-7.53 (1H, m, Hg), 7.48 (1H, td,
J 8.0, 5.5, H;), 7.33-7.23 (1H, m, Hs), 6.58 (1H, d, J 7.2, H,); 8¢ (75 MHz, DMSO-ds) 160.7 (d, J 2.9,
C,0), 156.9 (d, J 248.6, C-F), 130.1 (C,), 127.8 (d, J 4.0, C), 126.9 (Cy), 126.7 (d, J 7.9, Cy), 122.7
(d, J3.6, Cg), 117.2 (d, J 19.6, C¢), 96.4 (d, J 5.7, Cy).

5n(ii)
84 (300 MHz, acetone-ds) 10.35 (1H, br s, NH), 7.90 (1H, dd, J 9.6, 2.6, Hg), 7.74 (1H, dd, J 8.8, 5.2,
He), 7.55 (1H, peak obscured, Hs), 7.23 (1H, d, J 7.4, Hy), 658 (1H, d, J 7.4, Ha). *H NMR data

consistent with the literature.’

7-Bromoisoquinolin-1(2H)-one (50(ii))
o}

B
r NH
=
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Vinyl acetate (138 pL, 1.50 mmol) was added to a solution of [Cp*RhCl;], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and 3-bromo-N-(pival oyloxy)benzamide (300 mg, 1.00 mmol) in MeOH
(5mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to 45 °C for 16 hours,
after which time the solvent was removed in vacuo. The products were isolated as an inseparable
mixture of 7- and 5-bromoisoquinolin-1(2H)-one (9:1, 215 mg, 95%) as a yellow amorphous solid
following purification by flash column chromatography using 30% EtOAc in hexane as an eluent. dy
(500 MHz, DMSO-dg) 6 11.42 (1H, s, NH), 8.25 (1H, d, J 2.1, ArH), 7.84 (1H, dd, J 8.5, 2.2, ArH),
7.64 (1H, d, J 85, ArH), 7.22 (1H, dd, J 6.8, 5.7, ArH), 6.56 (1H, d, J 7.1, ArH); 8¢ (125 MHz,
DMSO-ds) 160.6 (C,0), 136.8, 135.1, 129.7, 128.8, 128.6, 127.5, 119.0, 104.1; HRMS: mvz
calculated for formula CoH,BrNO [MH™] 223.9706; found 223.9703; IR (Vs SOlid, cm™): 3152,
3002, 2923, 1660, 1223. Spectral data consistent with literature values.™

Heter ocyclic Pyridones

Thieno[2,3-c]pyridin-7(6H)-one (9a)

Vinyl acetate (138 uL, 1.50 mmol) was added to a solution of [Cp*RhCl,], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and N-(pivaloyloxy)thiophene-2-carboxamide (227 mg, 1.00 mmol) in
MeOH (5 mL, 0.2 M) in avial under a nitrogen atmosphere. The reaction was heated to 45 °C for 16
hours, after which time the solvent was removed in vacuo. The product was purified by flash column
chromatography using a solvent gradient of 10-100% EtOAc in hexane. The desired compound was
isolated as a colourless solid (74 mg, 49%). A sample was taken and crystallised from CDCl;. m.p.

186-189 °C (CDCly), (literature value 195 °C);* &, (300 MHz, CDCl3) 12.68 (1H, s, NH), 7.69 (1H,
d, J 5.2, ArH), 7.29 (1H, d, J 6.9, ArH), 7.21 (1H, d, J 5.2, ArH), 6.70 (1H, d, J 6.9, ArH);
dc (75 MHz, CDCl3) 161.4 (C,0), 146.9 (C,), 133.6, 129.5 (C,), 129.4, 124.6, 104.0; HRMS: m/z
calculated for formula C;HsNNaOS [MNa'] 173.9984; found 174.0008; IR (Vi solid, cm‘l): 3100,
1627, 1526, 1480.

Benzo[4,5]thieno[2,3-c]pyridine-1(2H)-one (9b)

HN
0
O s
Vinyl acetate (25 pL, 0.27 mmol) was added to a solution of [Cp*RhCl,], (1 mg, 0.002 mmoal),
CsOAc (11 mg, 0.06 mmol) and N-(pival oyloxy)-benzo[ b]thiophene-2-carboxamide (50 mg, 0.18

mmol) in MeOH (0.9 mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to

45 °C for 16 hours, after which time the solvent was removed in vacuo. The product was isolated by
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triturating with MeOH (0.5 mL). The desired compound was isolated as a col ourless amorphous solid
(23 mg, 64%). 64 (300 MHz, DMSO-ds) 11.87 (1H, br s, NH), 8.33 (1H, d, J 7.6, ArH), 8.13 (1H, d,
J 7.8, ArH), 7.59 (2H, roofed triplets, Hg and H;), 7.49 (1H, d, J 6.8, ArH), 7.20 (1H, d, J 6.8, ArH);
dc (75 MHz, DMSO-ds) 158.8 (C,0), 142.1 (SC), 140.9 (SC,), 135.0 (Cy), 131.4, 128.4 (C,), 128.2,
125.0, 123.9, 123.6, 100.1; HRMS: nvVz calculated for formula C;;HgNOS [MH'] 202.0321; found
202.0314; IR (Vmex, SOlid, cm™): 2949, 1652, 1610, 1464, 1235, 1056.

Benzofuro[2,3-c]pyridine-1(2H)-one (9c)

HN ‘> :
2

O o
Vinyl acetate (138 uL, 1.50 mmol) was added to a solution of [Cp*RhCl,], (6 mg, 0.01 mmol),
CsOAc (58 mg, 0.3 mmol) and N-(pivaloyloxy)benzo[b]furan carboxamide (261 mg, 1.00 mmol) in
MeOH (5 mL, 0.2 M) in avial under a nitrogen atmosphere. The reaction was heated to 45 °C for 48
hours, after which time the solvent was removed in vacuo. The product was triturated with a 1:4
mixture of MeOH-Et,O (5 mL) and subsequently crystallised from sec-butanol. The desired
compound was isolated as a colourless solid (70 mg, 38%). m.p. decomposed above 260 °C (sec-
butanol), (literature value 276 °C (ethanol));*® &, (300 MHz, DMSO-dg) 11.90 (1H, br s, NH), 8.14
(1H, d, J 7.8, ArH), 7.80 (1H, d, J 8.5, ArH), 7.62 (1H, t, J 7.4, ArH), 7.45 (1H, t, J 7.5, ArH), 7.36
(1H, appears as a br d (coupling to NH), Hz), 6.99 (1H, d, J 7.6, Hy); 6c (75 MHz, DMSO-ds) 155.7
(C40), 153.7 (C0), 143.8 (C,0), 130.2, 129.5 (Cy), 129.0, 123.7, 1229 (C,), 122.5, 112.5, 98.4;
HRMS: vz calculated for formula C;;H,NNaO, [MNa'] 208.0369; found 208.0363; IR (Vmax, SOlid,
cm™): 2876, 1699, 1572, 1473, 1184.

9-Methyl-2,9-dihydro-1H-pyrido[3,4-b]indol-1-one (9d)

Vinyl acetate (108 uL, 1.17 mmol) was added to a solution of [Cp*RhCl,], (5 mg, 0.008 mmal),
CsOAc (45 mg, 0.23 mmol) and 1-methyl-N-(pival oyloxy)-1H-indole-2-carboxamide (214 mg, 0.78
mmol) in MeOH (3.9 mL, 0.2 M) in avia under a nitrogen atmosphere. The reaction was heated to
45 °C for 16 hours, after which time the solvent was removed in vacuo. The product was isolated by
flash slica chromatography using an eluent of 0-100% EtOAc in hexane then recrystallised from
CDCIz-Et,0. The desired compound was isolated as a colourless solid (17 mg, 11%). m.p.
decomposed above 260 °C (CDCI—Et,0); 64 (500 MHz, CDCl3) 11.35 (1H, br s, NH), 7.98 (1H, d, J
8.0, ArH), 7.54 (1H, t, 3 7.5, ArH), 7.48 (1H, d, J 84, ArH), 7.28 (1H, t, J 7.4, ArH), 7.13 (1H, d, J
6.8, ArH), 6.99 (1H, d, J 6.7, ArH), 4.36 (3H, s, NMe); éc (126 MHz, CDCl;) 158.2 (CO), 141.1 (C,),
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127.3 (Cy), 127.1, 126.2 (Cy), 124.2, 121.7 (Cy), 121.5, 120.2, 110.2, 101.4, 31.5 (NMe); HRMS: m/z
calculated for formula Cy,H1:N,O [MNa'] 199.0866; found 199.0861; IR (vmax, solid, cm'l): 3140,
2955, 2854, 1642, 1458, 1351, 1329, 1226.

Benzo[b][1,6]naphthyridin-1(2H)-one (99)

Vinyl acetate (33 uL, 0.36 mmol) was added to a solution of [Cp*RhCl,], (1.5 mg, 0.002 mmoal),
CsOAc (13 mg, 0.07 mmol) and N-(pival oyl oxy)isoquinoline-3-carboxamide (65 mg, 0.24 mmoal) in
MeOH (1.2 mL, 0.2 M) in avial under a nitrogen atmosphere. The reaction was heated to 45 °C for
16 hours, after which time the solvent was removed in vacuo. After filtration from the reaction
solution the solid precipitate was washed with a 1:4 mixture of EtOH—pentane (5 mL) and
subsequently crystallised from isopropanol. The desired compound was isolated as a colourless solid
(31 mg, 54%). m.p. 288 °C (isopropanol); (literature value - decomposed above 290 °C (DMF);** &y
(300 MHz, DMSO-ds) 11.37 (1H, br s, NH), 9.25 (1H, s, ArH), 8.24 (1H, d, J 7.9, ArH), 8.06 (1H,d J
8.5, ArH), 7.95-7.87 (1H, m, ArH), 7.63 (1H, t, J 7.5, ArH), 7.47 (1H, dd, J 7.4, 5.8 (coupling to NH),
ArH), 6.68 (1H, d, J 7.5 ArH); 8¢ (75 MHz, DMSO-ds) missing C,, 162.5 (C,), 153.2 (Cy), 150.3 (C,.
), 137.5, 133.5, 132.4, 129.6, 128.1, 126.0, 120.8, 106.1; HRMS: nVz calculated for formula C,Hg.
N,O [MH*] 197.0709; found 197.0704; IR (Vi SoOlid, cm™): 3166, 3029, 2930, 1661, 1614, 1587,
1499, 1202.

Synthesis of the intermediate isoquinolone for MK -1220"1°

3-Bromo-4-methoxy-N-(pivaloyloxy)benzamide (4p)

o)

Br N,o%

\oﬁH 0
Oxalyl chloride (480 pL, 5.50 mmol) was added to a solution of 3-bromo-4-methoxybenzoic acid
(2.16 g, 5.00 mmol) in DCM (25 mL, 0.2 M) with cat. DMF. The mixture was stirred at room
temperature for 2 hours, then concentrated in vacuo to afford the crude acid chloride. The crude acid
chloride was diluted in EtOAc (5 mL) and transferred to a flask containing O-(pivaloyl)-
hydroxylamine triflic acid® (1.47 g, 5.50 mmol) and NaHCO; (840 mg, 10.0 mmol) dissolved in a 2:1
mixture of EtOAc—H,0 (45 mL, 0.1 M) at 0 °C. After 2 hours the reaction was quenched with sat.
NaHCO; (50 mL) and diluted with EtOAc (50 mL). The two phases were separated and the organic
layer was washed with brine (50 mL). The organic layer was dried over MgSO, and concentrated in
vacuo to give 3-bromo-4-methoxy-N-(pivaloyloxy)benzamide (1.65g, quant.) (>95% pure by 'H
NMR). A sample of the crude product (1 g) was purified by crystallisation from Et,O—pentane,
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recovery (0.65 g). Rr 0.7 (33% EtOACc in pentane); m.p. 94-96 °C (Et,O—pentane); dy (500 MHz,
CDCly) 9.65 (1H, br s, NH), 7.99 (1H, d, J 2.2, ArH), 7.72 (1H, dd, J 8.6, 2.2, ArH), 6.86 (1H, d, J
8.6, ArH), 3.91 (3H, s, OMe), 1.33 (9H, s, (CH2)3); 5c NMR (126 MHz, CDCly) 177.2 (C,0), 165.3
(C-OMe), 159.3 (C,0), 132.9, 128.5, 124.3, 112.0 (C;), 111.5, 56.5 (OMe), 38.6 (Co(CHa)s), 27.1
((CH3)s); HRMS: myz calculated for formula CisHy,"°BrNO, [MH'] 330.0335; found 330.0335; IR
(Vmax, SOlId, cm'l): 3167, 2976, 1772, 1648, 1597, 1560, 1510, 1481, 1461, 1443, 1397, 1370, 1311,
1268.

7-Bromo-6-methoxyisoquinolin-1(2H)-one (5p)
o]
\O =

Vinyl acetate (69 pL, 0.75 mmol) was added to a solution of [Cp*RhCl,], (3 mg, 0.005 mmoal),
CsOAc (28 mg, 0.15 mmol) and 3-bromo-4-methoxy-N-(pival oyl oxy)benzamide (165 mg, 0.5 mmol)
in MeOH (1.25 mL, 0.4 M) in avia under a nitrogen atmosphere. The reaction was heated to 30 °C
for 16 hours, after which time the solvent was removed in vacuo. The product was triturated with a
1:4 mixture of MeOH-Et,0O (2 mL) to afford a cream amorphous solid (108 mg, 85%). A sample was
crystallised from THF to afford colourless crystds. Rg 0.12 (33% EtOAc in pentane); m.p
decomposed at 250 °C (THF); 6y (500 MHz, DM SO-dg) 11.23 (1H, br s, NH), 8.26 (1H, s, ArH), 7.29
(1H, s, ArH), 7.18 (1H, dd, J 6.7, 6.6, ArH), 6.51 (1H, d, J 7.1, Hy), 3.97 (3H, s, OMe); é¢c (125 MHz,
DMS0) 160.5 (C,0), 158.0 (C,0), 139.3 (C,), 131.1, 130.2, 120.7 (C,CONH), 110.2, 107.6, 104.1,
56.6 (OMe); HRMS: m/z calculated for formula CyHs °BrNO, [MH'] 253.9811; found 253.9812; IR
(Vmex, SOlid, cm™): 2896, 2834, 1647, 1631, 1594, 1494, 1464, 1449, 1426, 1381, 1346, 1279, 1256,
1246, 1219.
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Alkenyl substrate scope

Optimisation study for vinyl enol ethers

N-(Pivaloyloxy)benzamide (221 mg, 1.00 mmol), n-butyl vinyl ether (194 uL, 1.50 mmol or 647 uL,
5.00 mmol), [Cp*RhCl;], (6 mg, 1 mol%) and CsOAc (57.6 mg, 30.0 mol%) were dissolved in
MeOH (5.00 mL, 0.20 M or 1.00 mL, 1.00 M) under N, in a sealed vessdl. After 16 hours the

reaction solution was concentrated in vacuo (*H NMR spectra were taken from the crude samples) and

columned on flash silica chromatography using 1:1 EtOAc-hexane with 5% NEt,.

fractions were concentrated and analysed.

o]

_OPiv O"Bu
@*u 7

[CP*RhCly], (1 mol%)
CsOAc (30 mol%)

(0] O
O"Bu

The desired

O
Jo]\
NH . Ph.
P N OMe

4a 15-5eq MeOH (0.2 M - 1.0 M)
X 30-50°C 10a O"Bu 10b 5a 6
Yield % Isolated Yield
Variables . Ratio
(by "H NMR) %
Equiv (10a & 10b
Entry Temp (°C) Conc (M) 10a 10b 5a 6 10a + 10b
X & 5a):6

1 30 0.2 1.5 75 21 0 4 24:1 50
2 30 0.2 5 73 25 0 2 49:1 76
3 30 1 1.5 83 16 0 1 99:1 69
4 30 1 5 77 22 0 1 99:1 74
5 50 0.2 1.5 45 10 5 40 3:2 33
6 50 0.2 5 59 16 6 19 81:9 51
7 50 1 1.5 66 11 14 9 91:9 49
8 50 1 5 62 19 14 5 19:1 64
9 40 0.6 3.25 71 26 0 3 97:3 62
10 40 0.6 3.25 71 25 0 4 24:1 68

4-Butoxy-3,4-dihydroisoquinolin-1(2H)-one (10a)

o

1

4

NH 2
3

O"Bu
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dn (300 MHz, CDCl5) 8.09 (1H, dd, J 7.6, 1.2, ArH), 7.54 (1H, td, J 7.5, 1.4, ArH), 7.47-7.43 (2H, m,
ArH), 7.13 (1H, br s, NH), 4.50-4.48 (1H, m (roofed dd), H,), 3.70 (1H, ddd, J 12.8, 4.1, 2.6, Hs),
3.62 (1H, ddd, J 12.8, 5.8, 3.4, H3), 3.56 (1H, dt, J 9.0, 6.5, OCH,), 3.45 (1H, dt, J 9.0, 6.6, OCHy),
1.60-1.52 (2H, m), 1.31-1.40 (2H, m), 0.88 (3H, t, J 7.4, CHa); 6c (75 MHz, CDCl3) 165.9 (C,0),
138.7 (Cy), 132.1, 128.7, 128.3 (C,), 128.0, 126.7, 72.4, 68.9, 44.7, 31.7, 19.3, 13.9; HRMS: m/z
calculated for formula Cy3H;7,NNaO, [MNa']: 242.1151; found 242.1158; IR (Vi film, cm‘l): 3255,
3064, 2870, 1944, 1668, 1473, 1090.

3-Butoxy-3,4-dihydroisoquinolin-1(2H)-one (10b)

1
NH 2
O"Bu
4

3

Isolated as an orange oil. Yields from the optimisation study are outlined in Table 5. 3y (500 MHz,
CDCl3) 8.08 (1H, dd, J 7.7, 1.2, ArH), 7.47 (1H td, J 7.5, 1.4, ArH), 7.35 (1H, tt, J 7.5, 1.0, ArH),
7.24 (1H, br d, J 7.5, ArH), 4.88 (1H, td, J 4.5, 2.5, H3), 3.58 (1H, dt, J 9.2, 6.7, OCH,), 3.38 (1H, dit,
J9.0, 6.5, OCH,), 3.29 (1H, dd, J 16.4, 4.5, H,), 3.10 (1H, br d, J 16.4, H,), 1.51-1.45 (2H, m, OCH,.
CH,-), 1.31-1.23 (2H, m, O(CH,),CH,-), 0.85 (3H, t, J 7.5, CH5), missing NH peak; 6c (75 MHz,
CDCl3) 167.0 (C,0), 136.5 (Cy), 132.7, 128.1, 127.8, 127.5 (C,), 126.9, 80.3 (Cy), 67.1 (C,), 33.8
(OCH,), 31.5, 19.2, 13.7; HRMS: m/z calculated for formula C;5H1;,NNaO, [MNa']: 242.1151; found
242.1142; IR (Vimex, film, cm™): 2956, 2889, 1652, 1475, 1343, 1228.

Verification of Regiochemistry: Repeat of Fagnou experiment.?

[Cp*RNhCI,], (0.5 mol%)

O o e} CsOAc (2 eq)
<0
H 5 MeOH (0.2 M)
RT, 24 hr

Found as major isomer Reported as
lla major isomer
11b

Dihydrofuran (83.0 uL, 1.10 mmol) was added to a solution of N-(pivaloyloxy)benzamide (221 mg,
1.00 mmoal), CsOAc (384 mg, 2.00 mmol) and [Cp*RhCl;], (3 mg, 0.5 mol%) in MeOH (5.00 mL,
0.20 M). The solution was left to stir at room temperature for 24 hours. The material was
concentrated and purified using flash silica chromatography with 8% isopropanol in toluene to

separate a mixture of regioisomers (145 mg, 77%, 11a) and (5 mg, 3%, 11b).

2,3,3a,4-Tetrahydr ofur o[ 3,2-c]isoquinolin-5(9bH)-one (11a)
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Isolated as a cream solid (145 mg, 77%). Rg 0.08 (8% isopropanal in toluene). M.p. 136-139 °C
(isopropanol-toluene); 6y (300 MHz, CDCl53) 8.16 (1H, dd, J 7.3, 1.2, ArH), 7.61-7.45 (3H, m ArH),
6.00 (1H, br s, NH), 4.85 (1H, d, J 4.6, H,), 4.36-4.34 (1H, m, H3), 4.13-3.99 (2H, m, H,), 2.52-2.39
(1H, m, Hp), 2.19-2.09 (1H, m, Hy); 8¢ (75 MHz, CDCl;) 164.8 (C,0), 135.3 (C,), 132.7, 129.4, 129.1,
128.0, 127.4 (Cy), 72.2, 66.7, 54.3, 34.9; HRMS: m/z calculated for formula: Cy;H1;;NNaO, [MNa']
212.0682; found 212.0680; IR (Vmex, S0lid, cmi™®): 3196, 2957, 1668, 1456, 1335, 1040.

1,3a,4,9b-Tetr ahydrofur o[ 2,3-c]isoquinolin-5(2H)-one (11b)

1 2
NH

3
4 0]
b a

Isolated as an orange oil (5 mg, 3%). Re 0.15 (8% isopropanol in toluene), 6y (300 MHz, CDCl3) 8.07
(1H, dd, J 7.8, 1.3, ArH), 7.45 (1H, td, J 7.5, 1.4, ArH), 7.31 (1H, td, J 7.6, 1.1, ArH), 7.23 (1H, dd, J
7.6, 0.5, ArH), 6.76 (1H, br s, NH), 5.51 (1H, dd, J 6.0, 1.6 Hs), 3.98-3.99 (2H, m, H.), 3.48 (1H, ddd,
J14.4, 8.3, 6.2, Hy), 250-2.38 (1H, m, Hy), 2.12-2.00 (1H, m, Hy). Insufficient material to obtain a
13C spectrum. HRMS: mvz calculated for formula Cy;Hi;NNaO, [MNa'] 212.0682; found 212.0689;
IR (Vmax, SOlid, cm™): 3254, 2935, 1695, 1471, 1190, 1042.

tert-Butyl 5-0x0-3a,4,5,9b-tetrahydr o-1H-pyrrolo| 2,3-c]isoquinoline-3(2H)-car boxylate
(12)

s 9

7 NSH o
> N/Z<O /%
b a

N-Boc-2,3-dihydro-1H-pyrrole (172 uL, 1.50 mmol) was added to a solution of [Cp*RhCl,], (6 mg,
0.01 mmol), CsOAc (58 mg, 0.3 mmol) and N-(pivaloyloxy)benzamide (221 mg, 1.00 mmol) in
MeOH (5 mL, 0.2 M) in avial under a nitrogen atmosphere. The reaction was heated to 45 °C for 16
hours, after which time the solvent was removed in vacuo. The crude material was purified by flash
silica chromatography using an eluent of 50% EtOAc in hexane then crystallised from EtOAc—
pentane to afford pale yellow crystals (131 mg, 45%). M.p. 161-165 °C (DCM-pentane); oy (500
MHz, 343K, DMSO-dg) 7.94 (1H, d, J 7.2, Hg), 7.53 (1H, td, J 7.3, 1.0, Hg), 7.42-7.38 (2H, m, H; and
Hs), 7.27 (1H, br s, NH), 5.51 (1H, d, J 6.4, H3), 3.54 (2H, dt, J 10.8, 6.7, H,), 3.46-3.33 (2H, m, 2H,),
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2.38 —2.26 (1H, m, Hyp), 2.01-1.91 (1H, m, Hy), 1.47 (9H, s, Bu); dc (126 MHz, 343K, DMSO-d;) &
161.9 (CONH), 153.0 (CO,'Bu), 138.3 (C,CONH), 131.9, 127.3, 127.0, 126.8, 126.3 (C,), 79.3 (O-
C'Bu), 66.7 (C5), 44.4 (C.,), 31.9 (Cp), 27.8 (C(CHs)3). C, is obscured by the DM SO signal (identified
in the HMQC); IR (Vimay, S0lid, cm™): 3585, 3518, 3199, 2955, 2849, 1705, 1650, 1464, 1387, 1284,
1122; HRMS: vz caculated for formula Cy6H,N,O5 [MH?] 289.1547; found 289.1542.

Vinyl N,N-diisopropylcarbamate (13a)

(0]
i
CI)J\N’Pr o
BuLi (1.5 eq) . i :
o " OLi Pr i
“/ /\O)J\N,Pr
t 16 h 0°C-rt,4h iPr

Following a modified procedure by Clayden et al.,*” n-butyllithium (2.5 M in hexanes, 6.0 mL,
15 mmol) was added to THF (11 mL, 1.3 M) at room temperature. After 16 hours N,N-diisopropy!
carbamoyl chloride (1.6 g, 10 mmol) was dissolved in DMPU (11 mL, 0.91 M) and added dropwise to
a cooled solution (0 °C) containing the lithium ethenolate. The reaction was warmed to room
temperature over four hours. The reaction was quenched with saturated NH,Cl and extracted with
Et,O (3x 25 mL). The organic layer was washed with water and dried over Na,SO,. The solvent was
removed in vacuo and purified by flash silica chromatography using 33% EtOAc in hexane to afford a
clear oil (1.42 g, 83%). Rr0.84 (50% EtOAc in hexane); 6y (300 MHz, CDCl3;) 7.26 (1H, dd, J 14.7,
5.6, C=CH-0), 4.77 (1H, dd, J 14.0, 1.4, OC=CH trans), 4.43 (1H, dd, J 6.3, 1.4, OC=CH cis), 4.07
(1H, br s, CH-(Me),), 3.86 (1H, br s, CH-(Me),), 1.25 (12H, d, J 6.7, Me); dc (75 MHz, CDCl;) 152.7
(CO), 142.3 (C=CO), 94.5 (C=CO), 46.7 (C(Me),), 45.8 (C(Me),), 20.4 (Me), 19.4 (Me); IR (Vmax,
film, cm™): 3417, 2972, 1713, 1646, 1436, 1371, 1316, 1144, 1048; HRMS: m/z calculated for
formula CoH1gNO, [MH'] 172.1332; found 172.1328. The 'H NMR spectral data corresponds to the

literature values.*®
Vinyl N,N-diisopropylcar mabate-d; (13b)

i) sec-BuLi (1.1 eq)
0 TMEDA (1.1 eq) D O

/\OJLNJP’ THF,78°C }\o)Lijr

Pr i) DCl in D,O Pr

sec-Butyllithium (1.4 M in hexanes, 1.40 mL, 1.90 mmol) was added dropwise to a solution of
TMEDA (290 mL, 1.93 mmol) in THF (2 mL) a -78 °C. After ten minutes O-vinyl-N,N-
diisiopropylcarbamate (300 mg, 1.75 mmol) was added to the yellow solution. After two hours at -
78 °C, the reaction was quenched with DCI in D,O (35% wt solution, 100 mL, 2.47 mmol) and the
solution was allowed to warm to room temperature. The reaction was diluted with water and the
product was extracted with Et,O (3 x 20 mL). The organic layers were combined and washed with
brine (30 mL) and dried over Na,SO,. The crude material was passed through a silica plug to remove
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base line impurities using 50% EtOAc in hexane. The solvent was concentrated in vacuo to afford a
colourless oil (288 mg, 96%, 87% D by *H NMR). Rg 0.84 (50% EtOAc in hexane); &y (500 MHz,
CD3CN) 7.20 (0.13 H, dd, J 14.1, 6.3 Hz, 1H), 4.75 (1H, s, HHC=CD), 4.41 (1H, s, HHC=CD), 3.99
(2H, br s, CH(Me),), 1.22 (12H, d, J 6.8, CH(Me),); 6¢c (126 MHz, CD3;CN ) 153.47, 143.2 (C=CH-
0), 142.9 (t, J 16.3, C=CDO), 94.9 (C=CO), 47.6 (C(Me),), 46.8 (C(Me),), 21.7 (Me), 20.7 (Me); IR
(Vma film, cm™): 2972, 1714, 1622, 1435, 1371, 1314, 1144, 1050. HRMS: mvz calculated for
formula CoH1sDNO, [M,H"] 345.2748; found 345.2761.

I soquinolin-1(2H)-one-d; (5aD)

Vinyl N,N-diisopropylcarmabate-d; (258 mg, 1.50 mmol) was added to a solution of N-
(pivaoyloxy)benzamide (221 mg, 1.00 mmol), CsOAc (57 mg, 0.30 mmol) and [Cp* RhCl,], (6 mg,
0.01 mmol) in MeOH (5.00 mL, 0.20 M) with mesitylene (46 uL, 0.33 mmol), as an internal standard.
The reaction was heated to 45 °C for 16 hours after which time the reaction was concentrated in
vacuo. The 'H NMR of the crude reaction mixture indicated 10% conversion to the isoquinolone
(5aD) (see spectrum). The desired compound was isolated as a crude solid (10 mg, 6%, 85% D by 'H
NMR) containing impurities (<90% pure) by preparative TLC using 50% EtOAc in hexane. dy (500
MHz, CDCl5) 10.68 (1H, s, NH), 8.42 (1H, d, J 8.1, ArH), 7.67 (1H, t, J 8.1, ArH), 7.56 (2H, d, J 7.8,
ArH), 7.51 (1H, t, J 7.1, ArH), 7.14 (0.15 H, d, J 7.1, Hs), 6.55 (1H, S, H,).

Substituted vinylic ester substrates
The following substrates were investigated under the standard reaction conditions. The only substrate
to return product was propenyl acetate A, which gave a 7% yield of 3-methylisoquinoline-1(2H)-one.

)LOAC /”¢OA° J\ J\OAC Eto\gJ\oAc \(

|
Ph Ph” ~OAc OAc
A B c D E F
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Spectrafor N-(pivaloyloxy)benzamide derivatives

(=4 M= G 0w Q0w o
Ak o ThNOC 10U o kY u M
@ BORR RRS BS RS .—«.r
| |

500 MHz *H NMR of 4ain CDCl,

e

Ir Ir
i 1S
d 1
| 1l
B
o s o
533 (o o BRVs m
o = n
& 228 o
2.5 a.0 8.5 8.0 75 70 6.5 6.0 5.3 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

g % I?i g % % 0w T w m

r~ o 0o owm o~ 10w 2 i)

~ el Mmoot M~ ~ 9O o | o

— — — - = M~~~ m r

3] [ ) Sy -
75 MHz °C NMR of 4ain CDCl,
(o]
.0
o<
[¢]
1
L]
1
|
1
[ ) . . , .
T T T T T ¥ T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 an B0 70 60 50 40 30 20 in0 i}

f1 (ppm)

S32



LET—
85 T—

9L—

LLE
BLE
T6'L
EB'L

0€'6—

300 MHz 'H NMR of 4b in CDCl,

e}

——

Fsre

woﬁ.ﬂ

0.3

1.0

1.5

2.0

2.5

3.5

4.5 4.0

5.0
f1 (ppm)

5.5

6.5

7.0

75

a.5

10.0

86'9C—

8F'8E—

c9'8L
wD.RV

hv.hn\

9T'9TT~
89T~

0z'821—
BS'ZET~,
bEPET—

BLPIT—

LL9LT—

75 MHz **C NMR of 4b in CDCl5

o]

WMWWMwquMmmm MMWWMW

190 180 170 160 150 140 130 120 110 100 90 8o 70 60 a0 40 30 20 10
f1 (ppm)

200

S33



TRE—

9
s
s6'L-F
s5et

L6

300 MHz 'H NMR of 4cin CDCls

"

,OWJ<
(o]

[e]
N
H

Foss

Feez

FoeT
ooz

leh.o

4.0

0.5 0.0

1.0

58'92

15

20T

8b'BE—

3.0 25 2.0

35

£9'94x
SO°LL
wm.nnv
BfLL

5.0 45
f1 (ppm)

5.5

6.0

mm,mmﬁ\\
zo'ger

SLPET
E6'BET~

6.5

70

75

8.0

B5'S9T—

8.5

LB'9LT—

9.5

L6 —

10.0

75 MHz ¥¥C NMR of 4c in CDCl,

M,

190 180 170 180 150 140 130 120 110 100 90 80 70 60 50 40 o 20 10
f1 (ppm)

200



gET—

9C'L—
B69'L

mh.hV
B85

mm.h\r

ES'6—

e

300 MHz *H NMR of 4d in CDCls

FiC

Foos

Feoz

Fooz

Feso

a.0 8.5 8.0 75 7.0 6.3 6.0 ES 5.0 4.5 4.0 3.5 3.0 2.5 2.0 t S 1.0 0.5 0.0
f1 (ppm)

8.5

10.0

p9'BE—

LF'S9T—

OT'LLT—

75 MHz °C NMR of 4d in CDClj

,of<

o]

N
jon
FiC

190 180 170 160 150 140 130 120 110 100 90 B0 70 60 50 40 30 20 10
f1 (ppm)

200



00'0-—

PEE—

b
she
Sbi
b
BbL
BbL
Se
sLe
I
6L
6L
084

300 MHz 'H NMR of 4ein MeOD-d,

)

_—

——

Fers

F6'T

L0E

2.0 1.5 1.0

25

50 45 4.0
f1 (ppm)

55

65

70

8.0

8.5

9.5

10.0

8k Li—

€' 6E—
86 'L
8T8t
S 8b
S48t
£0' 64
fataly o3
09'6b-
88’ QL

TE00T—

CT0ET~
Zreer—

6T'6ET—

6T 49T —

05'LLT—

75 MHz *C NMR of 4e in MeOD-d,

190 180 170 160 150 140 130 120 110 100 ag 80 70 a0 50 40 30 20 10
1 {ppm)

200

S36



SET—-

9CL—
BS'E
cm,n.V
T9'E
9L
EgE:
99'¢
L9'E
89'L
69'L
0L&
0LE

ZE'6—

300 MHz 'H NMR of 4f in CDCl,

o

Br

=186

Feeo

0.0

0.5

9.0 8.5 8.0 75 7.0 6.3 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

9.5

100

00'LE

O gE—

T9'9L
m:.th

ann\

EEVEa
ToszI
99'621,
sozer

§8'99T—

TOLLT—

75 MHz **C NMR of 4f in CDCl5

o]

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S37



9g'T—
85'T—

e
sT-L
81 ,mﬁ
szt

8L
bE'L
S8'¢

8

300 MHz *H NMR of 4gin CDCl4

o

]

02

Fooz

Foeso

0.0

0.5

15

2.0

2.5

7.0 6.5 6.0 5.5 45 4.0
f1 (ppm)

7.5

9.5 9.0 8.5

10.0

20E

a1z
g2zt

8p'8E—

T9'9L
./

E0'LL
£2 th
9 LL

TE'STT~_
0z'e1T"
S0LZT
LOLET
£6'6CT-7
sooet/

SLIEST~_

ETLLT—

75 MHz *C NMR of 4gin CDCl

o

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

200

S38



10

20

=
I
in
Fa
=
-
SET— =, Fe96| PO'LT
5 Py
| o 9'BE—
o~
n
i
Sbie5—
=
C o
in
e
09'9¢
HRiE— = A T Fere| o mc.RV
] SkLL
il
b
=
o &
[ A
=]
]
"
S0P TT—
=
Fe
PO'EET—
"
F&é SHEET—
mm.wv o e == Fooz| o
C ~
sz
9L a -
© L2
c
BLL~ = = [461
18¢" = o
< %
ks] 9T'E9T—
x - PLG9T—
s [ o
zZ
T o | = ST ULT—
- Q 2 o
SEH— N zT Y —— %vmd
I O in
M =
3 <
™ \O g

30

40

50

60

70

100 90 80
S39

f1 (ppm)

110

120

170 160 150 140 130

o Kk

180

(o]

o
\0/

190

75 MHz **C NMR of 4h in CDCl,

200




QT

=

9T

85'9—
9C'Lq
|

SEL
82'L
OF'L
GbL

Lyl
Le'L
BF'L
BF 'L
05'L
PS'L
as'L
SB'L

GE'H—

300 MHz *H NMR of 4i in CDCl4
o
.

pun

=2l
=98'TT

F 9z

ST'T
80°7
co'T
0o'T

A=y

9.5 2.0 8.5 8.0 7.5 7.0 6.3 6.0 3.5 5.0 4.5 4.0 3.5 3.0 23 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

100

ET'EE~C

6E'BT

S BE—

55'09—

EPLTT~
Z0°ETT~
POEET

TSBZT~—
69'TET—

E0'BET—

LB'ZET—

OF'9eT—

LOELT—

75 MHz C NMR of 4i in CDCl;

o]

o
o
=]
o
~
o
M
o
2
=)
A
o
2
o
=
o
3
o
B
oE (@)
ga
= M
o

o
=
-
o
~
=
o
A
=
o
5
=
o
in
-
o
5]
=
o
B
=
o
@
=
o
&
=
o
=
N



LB~

st
L
E
e
8L
6EL
ob'c |
bt
he
e
E
obi g
e
8b'eA
6
157-¥
bse
VR
09
1ol
see
EIs
9t
8Lt
6Lt
€08
po's
po'a’
05'6—

Jo

300 MHz *H NMR of 4j in CDCl,

,o\wk
o

o

N
H

186

e -< I-030

7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 05 0.0
f1 (ppm)

7.5

8.5

9.0

9.5

10.0

S0LE—

05'8E—

29'9L
SO°LL
SeLL
[A XA

60'9ZT
6Z'9ZT
LTLTT
SG'LET
hm.mmﬁ/.
0E'6ZT"
9E'TET
SETET
08'6ET—
86'THI—

08'99T—

OT4LT—

75 MHz *C NMR of 4j in CDClj4

A

——

180 80 170 160 150 140 130 1200 110 100 a0 80 70 &0 50 40 30 20 10
f1 (ppm)

100

41



9E'T—

S04
804
60
602
ot
e
9%
ered
Eras
e
sed
seed
gee

PEE—

—

300 MHz 'H NMR of 4k in CDCl,

B

T-2907

Fooeqg

F oot

I erg

1.0 0.5 0.0

5

45 4.0 3.5 3.0 2.5 2.0

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

E0°LE

Lb'BE—

Sb'S5—

£9' wn./

S0°LL
mv.nm\

FEZIT—
02'6TT
mm.mzv

PE'EET~—
ZT'2eET—

PE'EET—

T9'98T—

E0LLT—

75 MHz **C NMR of 4k in CDCl5

100
f1 (ppm)

10

a0 70 60 50 40 30

90

150 180 170 160 150 140 130 120 110

200

42



LET—

9
.mmé._
L2
8k
82k
6k
6E'k
0E'R
TER
TEY
e
EER
EE'L

TE6—

300 MHz 'H NMR of 41 in CDCl,

(0]

S

-

_—

Fers

Feow

00T

Feez

80

4.0 3.5 3.0 2.5 2.0 5 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 20 6.5 6.0 55

10.0

f1 (ppm)

£T LT

858 —

L2 b9,
LS

PLAL
o7 ,thq
85°LL

LTETT~,
B9LTTY
61721~
5021~

69ERT—
69LPT—

LF'98T—

6CLLT—

75 MHz °C NMR of 41 in CDCl,4

8

190 180 170 160 150 140 130 120 110 100 90 8O 70 60 50 40 30 20 10
f1 (ppm)

200

43



FET—
95'T—

s0'9—

P89~
£8'94"
8zL
6T~k
mm,mw
LEL
BEL
ob'L
ob'L

LT6—

= fu.. *=86'07

S === T 007
— - E0'7]
2 == e gyl
S
< L
.
5 4,
o o [
= zz
2 o
T L
1Z - -—= = 59'0
W o_o |
o
Q
™

4.0 35 3.0 2.5 2.0 1.5 1.0 0.5

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

E0LE—

9F'8E—

65 wn/

e0'LL—p—=
Ew.nn\

88'T0T—
98'40T
mm.mcﬁ\./..

E9ZET~
9L'pET—

ET'BFT—
EFTSI—

6E'99T—

EZULLT—

75 MHz *C NMR of 4min CDCl,

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 0 20 10
f1 (ppm)

200



LET—
85'T—

sz
_HNL
2L
0E'o
T
2be
b
b
9’
b
B
15¢4
25
b5
ssd
{5 *
09

300 MHz 'H NMR of 4n in CDCl,

M

=Zi'B

.m_wmw.o

26'0
Mmmd
00'T

Favo

0.0

0.5

1.5

2.0

25

3.0

3.5

4.0

4.5

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.5

0.0

1042

+T LT

8p'8E—

Hmdh
vm,hh./.

¥2'LL]
b Led

£0T9T~.
ZEPAT~_
Tb'S9T-"

86'9L1—

75 MHz *C NMR of 4n in CDCl,

o]

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

0o

45



00'0—

0ET—
18T—

2L
azeq
62¢
e
294
29

mmNJW
£9'¢+

59
mw,TT
592
994
s9ed
89
59
8L
o5
ope]

300 MHz 'H NMR of 40 in CDCl,

——

=0T

T 8o

F st'd
007

F 85’0y

1.0 0.5 0.0

15

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20
f1 (ppm)

10.0

£6'9C

00'Lz
£0°4E

cF'BE—

0£9L
et
SS'LL

BLTTTA_
B6'SZT~
9Z'0ET

S.cmﬁw
b9'ZET
£p'seT

PT'S9T—

EL'9LT—

75 MHz ¥C NMR of 40in CDCl,

190 180 170 160 150 140 130 120 110 _ 100 a0 80 70 60 50 40 0 20 10
f1 (ppm)

200

$46



EE'T—

Te'E—

58'9
_wm.w.vu
9Ci—
TLL
TLL
€LL-
£LL

mm.hg\.

€6'LY

r9'6—

500 MHz *H NMR of 4p in CDCls

oze

Fere

Foot

Frot
Feso

%.:,o

11.0 10.5  10.0 9.5 2.0 8.5 a.0 7.3 7.0 6.5 6.0 3.3 5.0 4.5 4.0 3.5 3.0 2.5 2.0 e 2 1.0 0.5 0.0
f1 (ppm)

ns

ZT'ic

SE'LT

95'8E—

b5 85—

T6' 9L
a1 .hhv
Th'LL

BETTTA,
861117

6z'peT<"
£5'82T—
BB'TET~_

FEBET—

6E'SST—

E2LLT—

125 MHz **C NMR of 4p in CDClj

10

20

30

40

50

60

70

80

n
&
E ~
o
S M
=
=
]
]
o
~
g

180 180 170 160 150 140 130

200



Heter ocyclic hydroxamate esters

e
#T HW
ST'L
85'E:
Dm,ﬁv
092
mm,h%.

£9'E

ar'e—

300 MHz *H NMR of 8ain CDCl,

|

)

O
/
(o}

4

HN-Q

0

—_—

Fevor

= 860

L seqr
mﬂ 00T

I 80

2.0 1.5 1.0 0.5

2.5

3.5

9.5 9.0 8.5 8.0 Z5 70 6.5 6.0

10.0

20

Lp'BE—

m_UDUmm.um
1900 00, /

ENA0 TTEL
EDTD EbLE

9FLZT~_
Sp'0ET~
93 TET—
pageT”

£8'T9T—

S0LLT—

75 MHz *C NMR of 8ain CDCl,

190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

200

48



8E'T—

9284
TFL
£F'L
St
YA
aF'L
05'L
054

L8
£8L
684
06°L

g6

PE'E—

UL

300 MHz 'H NMR of 8bin CDClj
O,
-0

=59'6

reoe

90'
00T

=180

7.0 6.5 6.0 55 5.0 45 40 35 3.0 15 20 15
f1 (ppm)

7.5

9.5

10.0

0T

T5'8E—

ajelale] cm.mn/
€/2a2 mo,mmw
m,UDUvTR

89'ZCT~_
PT'SET
PP'SCT
Dc.hmﬁ%
0g' et r
CTEETY
Z9'BET"

£0'29T—

66'3LT—

75 MHz ¥C NMR of 8b in CDClj,

>

HN-O

=

O,

2

Cx

O

T

190 180 170 160 150 140 130 120 110 100 90 80 70 a0 50 40 30 20 10
1 (ppm)

200

49



9T
0E'2A
0E'L
ze'e
Se
S
Ep'y W
LA

Fi il
6L
¥ L
25
V2
65
89'¢1
Teet

69'6—

300 MHz 'H NMR of 8cin CDClj

/ JJ

Ml

F16%

(E0T
101
50T
660
00’1

Wmmd

4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

5.5

6.5

8.0 75 70

8.5

9.5

10.0

EFTT—

T0LE
s0LE

258E—

1202 6494
1200 $OLL

€1002 £Z¢L
€10a0 6ZLL

TOZIT~
OLETT+
LEEET

66'E2T A
26921
eover

985PT—

B66FST~
20LST

059LT—

75 MHz ¥C NMR of 8c in CDCl,

O

N
(¢}

HN-O

L

-10

200 190 i80 170 160 150 140 130 120 110 A %UD ) g0 80 70 60 50 40 30 20 10
Bpm

210

S50



g8E—

S0°¢:
PIL
ST'L
VA
ar's
6T'L
9g'L:

#9 .hk
99°L

Ok'6—

b

300 MHz 'H NMR of 8d in CDCl,

Feze

Feoe

£0°T
T0'T
H#mc.m

w.mc.ﬁ

Foot

3.0 2.5 2.0 1.5 1.0 0.5 0.0

35

10

20

20

Lp'BE—

m_UDUmm.mm
1900 00, ./

55 50 45
f1 (ppm)

10.0 9.5 9.0 8.5 8.0 75 70 6.5 6.0

105

ENA0 TTEL
EDTD EbLE

9FLZT~_
Sp'0ET~
93 TET—
pageT”

£8'T9T—

S0LLT—

40

50

60

70

100 90 80
f1 (ppm)
Sh51

110

120

190 180 170 160 150 140 130

75 MHz **C NMR of 8d in CDCl5

200




SE'T—

az'L
95 .h./
65L
19 .h%
LLL

BLL:
T8

PRL
mo.m%
e
e

298

E2'6
6

300 MHz *H NMR of 8gin CDCl4

=0T'6

Negr
Rz
F50T

Feot

=007

0.0

0.5

1.5

100 &5 90 85 &0 75 AD 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

0.5

£0Le—

158E—

E12aD TTLL

mm,wh
m_UOU HG.ﬁhW
€1200 #riEL

B5'ECT
Nn,@mﬁﬂ.
BLLET—
LBEZT
FTGET-
T6'TET
om,me\

LELPT~
EEGPT

BEFIT—

8E9LT—

oY <

C NMR of 8gin CDCl;

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

oo

S52



| soquinolone Spectra

u

05'Z-
Dm.NW-
T5'C

9g'E—

5

=

3]
|

NH

300 MHz *H NMR of 5a in DMSO-dg
o}

F66'0

.T.ADH
¥e0T
b 66'T

)

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

11.0 10,5 100 9.5 2.0 8.5 8.0 75 70 6.5 6.0 5.3
f1 (ppm)

115

65'F0T—

Z0'92T
mﬁ.omﬁv
9z'921;

S_wmi_“_‘
Te'821]
szzerd
PELET

6LT9T—

75 MHz **C NMR of 5ain DM SO-dg

NH

o

30 20 10

40

190 180 170 160 150 140 130 120 110 100 a0 80 70 60
f1 (ppm)

200

S53



05'Z

9EE—

198~
£9'97
0E'L
ZE'L
ud
Bt

£8°L

29'TT—

- ——— oot

Foor
Feso

— {02

NH

N SEez Feso

300 MHz *H NMR of 5b in DMSO-dg

0.0

11.5 11.0 10,5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 13 1.0
f1 (ppm)

12.0

£9'8g
68’ mm#@

€L mm&n
00' 0

820k

SLEOT—

TOPIT—
0E'8TT—
mm,nmﬁ./
PO'BET
BE'BZT—
POTET
EETET
PELET—

2e'08T—

75 MHz **C NMR of 5b in DM SO-dg

o

NH

N

|

|

|
‘ !
130

!

160

10

20

110 100 ag 80 70 60 50 40
f1 (ppm)

120

140

150

190 180 170

200



£9°9~
g
&7

mm,hﬁ
0L~

98'L
Nm,n/
26'L
v6'L
S6'L
oo'sd
528
gzred

BLTT—

300 MHz *H NMR of 5¢c in DM SO-dg

0]

NH

m F96'C

N

2.0 1.5 1.0 0.5 0.0

25

115 110 105 100 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35
f1 (ppm)

12.0

£0'tz—
59'BE
£6'BE-
126
6% 6E
LEBE
b0’ 0b
ze opd

SLBO0T—

9'BTT
88'9ZT
BOLZT
LTLTT
29'82T
68'82T
S.omﬁ\
96'LET~
0€'6ET-"

LETIT—

00'BET—

75 MHz **C NMR of 5¢ in DMSO-dg
(0]
NH
=

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

200

S55



#9180~
i

8L L\

0Ly

0LL
mh,hWn
£LL
98'L

758,
55'87

89 TT—

300 MHz 'H NMR of 5d in CDClj

o]

NH

=

FsC

Foot
=660

ror

*om,o

125 120

3.0 25 20 15 10 05 0.0

3.5

100 95 a.0 8.3 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.5

115 110

85'90T—

00'ger

ﬁw,mmﬁ”
vm,mmH/
PO'BET—
mm,mmﬁ\,
BTRET-F
ELFET

Dm,mmﬁ.\\

PLEST—

75 MHz **C NMR of 5d in CDCl5

0]

NH

=

FsC

O

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 pili}
f1 (ppm)

200



TEE—

89~
05'9"

6T
ras
gzt
N
190
veL
e
e
62
T6°C
ergl

QE'TI—

300 MHz *H NMR of 5e in DM SO-dj

o

NH

Foot

Faso

Fest

Fr6'0

% 60 |

4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

4.5

5.

a
=

115 110 105 10.0 95 9.0

120

£9'8E-
T 8E|
61'6EA)

be6e
Z00F
0£' 0k

PL00T—
LEEQT—

TT'GET~
TSBET~
CZ'0ET—
SSFET
6L'PET
CSBET"

95191 —

75 MHz **C NMR of 5¢ in DMSO-dg

(e}

NH

o
—
=]
~
o
m
=
=
=]
o]
o
=]
o
~
o
@
o
&
E N~
oa
==
=t
el
o
—
—
=]
&
-
=]
m
—
o
&
—
o
n
-
o
]
—
o
=
-
=]
@
-
=]
=l
—
o
=
&



[srotate
0s'c—
Cal A

ZEE—

159~
#5987

1L
NNHW
¥C'L
094
mm.mW
£9°L
6L

6L
90’8
60" 8-

9E'TT—

300 MHz *H NMR of 5f in DMSO-dg

0]

NH

Br

J

Foot

Feot
Foot

60
Whmd

Mlmm.o

6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)

635

115 11.0 105 100 95 9.0 8.5

12.0

2.5

99'8€
b6’ BE
Z2'6E
05'6E
LEBE
500k
geop!

85'E0T—

smbar
mm.mmﬁW
seazia”
86827
arezrd
zs0er!
TBET—

SE'T9T—

75 MHz **C NMR of 5f in DM SO-dg

0]

NH

Br

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 a0 40 30 20 10
f1 (ppm)

200

S58



IEE—

758~

2L
TEL
SF 'Ly
mv.wn%

0Z's
ZZ'8
€2'8

528!

0ETT—

300 MHz *H NMR of 5g in DMSO-ds

0]

NH

FooT

-S6'0
whmo.ﬁ

Rgso [

60

Fsi0

5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 03 0.0

6.0

70

11.0 105 10,0 95 2.0 8.5 8.0 75

11.5

f1 (ppm)

LO'POT
:.vcﬁv
TLOTT
Do.:”ﬁv
PSRIT-T
SERIT

06'ger—
LO'OET
TE'0ET-
L¥'0ET
CT'0PT
LEOFT

STIOT~
§9'29T"
66’597~

75 MHz C NMR of 5g in DMSO-dg

0]

NH

190 180 170 160 150 140 120 120 110 100 a0 8o 70 60 a0 40 30 20 10
f1 (ppm)

200

S59



PLT—

Z6'E—

Lb'9~
B3y
6 m.V.
90°L~
£0°L
60°L
0T £
9Z'L

ZE8~
S8

2rll—

300 MHz 'H NMR of 5h in CDCl,

NH

—_

- —

Fi6z

Toot |-

oot

Fest|

Foor

Feeo [

6.0 5.5 3.0 4.5 4.0 3.3 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.5

115 110 105 100 95 9.0 85 8.0 5

12.0

6F 55—

6594
.nn.f

To'll
Eb'LL

PEO0T-_
96'90T~"

SEOTT—

ZE'BET~_
PE'BZT

TEOFT—

E0°EST~_
LLE9T"

75 MHz **C NMR of 5h in CDCl5

NH

NI —

o
o
=
=]
~
o
bl
=
T
2
3]
=]
=]
o
~
o
@
o
@
o E o
oo
T %
el

o
—
—
o
&
-
o2
m
—
o
4
—
=
"
—
=]
=]
=
o
~
—
=]
@
=
o
=
—
=]
=]
&



05'T

05'c—

CE'E—

9~
o

o't
0L
v
&t
st
69°L
sor/
©8
8

T19'6—

60°TT
0T'TT

300 MHz 'H NMR of 5i in DMSO-ds

NH

(6]
=

.ot

&

L —_—

Foot
Feso

Wmo.ﬂ -
00T

Feeo |

Feso

Mu 96'0

11.0 105 10.0 9.5 9.0 8.5 8.0 73 70 6.5 6.0 5.3 5.0 4.3 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

11.5

80'8c—

99'BE.
b6’ BE
Jmm. mm

2468
90° 0k
£E'Op-

62 6L—

LEPOT—

ETHPIT—

0S'EET~
29921
m@.mmﬁw
S8'92T
Nm.mmﬁ\.
EBLET-

CLTET—

09'T9T—

75 MHz **C NMR of 5i in DMSO-ds

NH

o
=

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S61



85'T—

000T—

300 MHz 'H NMR of

5) in CDCl5

0]

NH

Ph

40T

EHOT

0T
Wmm.m
FI1TT

hezz

FEOT L

=007

Foro

00 95 o0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 28 15 1.0 0.5 0.0
f1 (ppm)

L5

19944
mc,hhk

YT LE
I LL

Ska0T—

B6E'STIA

28921
STETT
THLET
E_nmﬂa

S6'8Z1
89'TET

vo.hmﬂt\v
EL'BET

LB'BET

£0'b9T—

75 MHz *C NMR of 5j in CDCl4

NH

Ph

-10

60 50 40 30 20 10

70

210 200 190 180 170 160 150 140 130 120 110 100 a0
f1 (ppm)

220

S62



£E'E
EE'E
PE'EY
PE'E
PEE
LEE
98'E
ﬁm.mV
-

E8'E
mm._mg_j

88—

999
899
86'9
669
80
6041
14
fass
[
52|
SE'¢H
sE
9£'¢]
£
'L
ap'e
'L
09'¢ )
za¢ 4
s
T
Bg¢
B8'¢

B W T

o]

5k(ii) & 5k(i)
3:2

300 MHz *H NMR of 5k(i) and 5k(ii) in MeOD-d,
[e]

1.5 1.0 0.5 0.0

2.0

2.5

3.5

4.5 4.0
f1 (ppm)

5.0

5.5

9.0 8.3 8.0 7.5 70 6.5

9.5

S9ile—

818y
b8t
L8|

ZE'BF
09" &b
68’6k
£0'95
ZF'95

aT'zoT
RN
B.BL.
S0ETTy
ZHETT|
nm.vmﬁ/
pbazT
66221
aT'8zI
ge'8aT
¢m.mmd\m
8L'05T
B6'EET

ZT'98T—
0E'09T—

10

20

30

40

50

a0 80 70 60

100
f1 (ppm)

S63

110

120

150 140 130

(o]
NH
160

170

180

5Kk(ii) & 5K(i)
3:2

o

190

200

75 MHz *C NMR of 5k(i) and 5k(ii) in MeOD-d,
|
0.




05'Z
Dm.mv.
152
ZE'E—

PE'b
PE'E
9E'F
LEb
82" b
mm..L

£5'9~
o
&
T0'L
or—
99'L~,
69

60 TT—

300 MHz *H NMR of 5 in DMSO-ds

NH

=

0]

8

h

L

Feow

Feso

oot
Feot

Foot

%mm.o

1.0 0.5 0.0

15

2.0

2.5

3.5

4.0

4.5

5.5
f1 (ppm)

6.0

IS5 e 103 100 935 a.0 8.5 8.0 75 70

12.0

99'8L
6 BE
fata =iy

wn.mm%
S0°0F

£ cvl__

P +9
mm.v@v

29'[6—

PEATT~_
TLETT,
8T'0ZT~

26'82T
hm.mmﬁv
b IET—

00'SHT—

L)

75 MHz ¥¥C NMR of 5l in DMSO-ds

NH

=

o}

O

190 180 170 160 150 140 130 120 110 100 ag a0 70 60 50 40 30 20
f1 (ppm)

200



L&
05'g—
ELZ~

ZEE—

@
EE'9~
se'gf

L
€1 .NW
bTL
LEt~
08"

POTT—

300 MHz *H NMR of 5m in DMSO-dg

96'T
~e0T

Feoz

Foot

ﬁ!ﬁc.ﬁ

11,5 11.0 105 10,0 9.5 9.0 8.5 8.0 75 7.0 6.3 6.0 5.5 5.0 4.5 4.0 3:5; 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

12.0

mw.mm.\
82'Z0T—
vN.mOﬁ/.

S0°TET
mm.ﬂmaw
00'ZeET

B89'6ZT—

S8'0FT—

PT'6bT—

POTOT—

75 MHz **C NMR of 5m in DM SO-dg

190 180 170 160 150 140 130 120 110 100 90 8o 70 60 50 40 30 20 10
f1 (ppm)

200

S65



k0'C
PO'E
S0z
[80'e
0T
Lo'e-
80'g

£ae—

£5'9
65'9~)
mm.mN
27
vm,Lr
ZEU~E
see
e f
Bt
Bb'E
15'¢4
5L
124
ELL
(743
9L
88%
S
T6'L
26'L
80'81
0784
TT'8

300 MHz *H NMR of 5n(i) and 5n(ii) in acetone-dg

o

5n(i) & 5n(ii)

2:1

Z5'0
WHGG.H

oro
Aego
62
FEE0
LE0
260

2.0 8.3 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

9.5

10.0

SE'E—

459~
6594
Jas _h/
2t
t..h/
6b'L
25t
bS'L
St
09t
9Lt
8'L
¥8'L
00'8
€0'el

B8R TT—

300 MHz *H NMR of 5n(i) and 5n(ii) in DM SO-ds

o}

(e}

NH

5n(i) & 5n(ii)

2:1

Foot
FE60
Feoz
Feeo

%ﬁm.o

0.0

35 3.0 25 2.0 1.5 10

4.0

4.5

6.0 5.5

6.5
f1 (ppm)

i2.0 115 11.0 105 10.0 9.5 9.0 85 80 73 70

125

S66



29'8E
mm.ml
£1°66-

er6e
100k
820k

9E' 96
96

BTLTT
PELTTA
mm.mmi,r
82T
14921
mm.mmﬁw
b6'92T
bLEZT %
0BT

67'0E7

22'SSTn
28897
L0591

sost”

75 MHz *C NMR of 5n(i) and 5n(ii) in DMSO-dg

o

o

NH

5n(i) & 5n(ii)

2:1

190 180 170 160 150 140 120 120 110 100 ag 80 70 B0 50 40 30 20 10
f1 (ppm)

200

S67



e

Bk T+

ey
o5z
9T'En,
9T E~
ose/

659
95'9
99
59'9
0z
T2
zz'L ﬂ
og'c
162
eeedl
e
62
Op'L]
79
vaed
2]
o'
e
varcd
66
6L
108
10'8
678
0Z'B
¥Z'8

528
TETT~
LR

300 MHz *H NMR of 50(i) and 50(ii) in DM SO-ds

o
NH

1:10

50(i) & 50(ii)

Br

> 00T [

H60'0

Hs oot
oro
zro

=0T

00T
=170

#600

L06'0

F98'0

1.0 0.5 0.0

1.5

3.0 2.5 2.0

3.5

4.0

11.0 105 10.0 9.5 9.0 8.5 8.0 73 7.0 6.3 6.0 5.5
f1 (ppm)

11.5

0 mmq
BT'6E
9E'BE-
Z5'6E:
£9'6E

8L6E
983'6E
56'6E
£0°'0b
10k

LS'20T~
ET'b0T-"

POBTT—
E€L'92T
nm,nmﬁw

sseet
g9'8z1
tazt

TLBET
TB'0ET
TT'SET
S0°'9ET
Z8'9ET-

£9'09T—

75 MHz 3C NMR of 50(i) and 50(ii) in DMSO-dg

o
NH

Br
50(i) & 50(ii)

(o}

Br

1:10

40 30 20 10

50

180 170 160 150 140 130 120 110 100 20 80 70
f1 (ppm)

190

200



05'2—

T&8E—

96'E—

05'9
25'9
8T'L
6T 'L
6T 'L

0Z'L \‘
6Z°L

ETTTI—

500 MHz *H NMR of 5p in DMSO-dg

0]

NH

Br-

HEE

Foot

T
't

Foot

TGG,H

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0

6.0
f1 (ppm)

115 110 105 10,0 85 9.0 8.5 8.0 75 7.0

2.0

20'6EY
6T'GE
GE'BE-
£5'6E
19'6E
69'6E.

8L 6E~]
58'6E
F6'6E
€0 0f-
1T 0k
£9.55=—

0T'P0T—
8507~
PTOTT—

59'02T—

8T'0ET~_
SO'TET

TE'GET—

CO'85T—
Sk08T—

125 MHz 3C NMR of 5p in DMSO-dg

0]

NH

Br-

0 O 0 M O e

20

30

40

50

60

70

80

el

E

wE (o2}
g A
S

o

=

g

g

190 180 170 160 150 140 130 120

200



Heterocyclic pyridones

12.67

300 MHz *H NMR of 9ain CDCl,

.

L

(L

0.00

s s A
o %] ol
[ o
5 m =
13.0 125 12,0 115 11.0 10,5 10.0 8.5 8.0 8.5 8.0 A 7.0 6.5 6.0 55 50 45 40 35 3.0 2.5 2.0 15 1.0 0.5 0.0
1 (ppm)
mm @M
DU gy
[aYalalyal
= o [ T el W [SRTRENE)
L&} (= 0N M =) [ A ')
— o Mmoo T m T 0o
) o LT 9 RRIR €
I [ 5% 1 b
13 ;
75MHz “°C NMR of 9ain CDCl3
N NH
S @)
ML T (o ik AN gy ! Aok b WA
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o
f1 (ppm)

S70



05'%—

6T
"
s
05t
51
9L
85t
5L
9
o
g
bra s
CEBF
se'ad

LB'TT—

M\L_Jl L\___A____J_

= L Te60

56'0

—_—— ———— = {uwe
~— Ib ~00'T
—_— —-00'T

—_— — ]

NH
6}

\

300 MHz *H NMR of 9b in DMSO-dg
S

50 45 40 3.5 3.0 25 240 1.5 1.0 0.5 0.0

5.5

120 115 110 105 10.0 95 &80 &5 80 75 A0

12,5

OmEme.mm
OmEDvm.mm
OSWa 2Z'6E:
oemens

0sia R_mmA
OSWa 5004
OSWa EEDF

£1T'00T—

et
aeer
o5z
zzeat
eraat/y
Torer/,
g6beT/
L8O~
60ZhT—

LBST—

3
3
=
(@)
c

Ko
(=2}

75 MHz *C NMR of

NH

B
:

160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20
f1 (ppm)

170

S71



(|

TEE—

66'N

T0'L
9g'L
88

£t
s
sp—
09
£9
59'

6L
T8
78

srgd

300 MHz *H NMR of 9¢c in DM SO-dg

N\
o

NH

0]

)

e

Fge0 |

20T
FI'T
G
0T
00T

%ﬁo.ﬁ

0.0

55 S0 45 40 35 30 25 240 15 1.0

6.0

90 85 80 75 70

9.5

125 120 115 11.0 105 100

13.0

OSWA £9'8Ey
OSIWGa F6'85)

OSWQ 26

0SNG BL'BE:
OsWa mo.ovn_
OSla E€'0

8E'BE—

£6°60T
8p'60T
abzTT

SP'ZET~
89'ezT-"
96°BZT~.
6T'0ET—

GEEPT—

in DM SO-dg

TLSET—

o
[N
i
&
3
/

|

75 MHz °C NMR of 9c

\
o

NH

0]

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S72



98 b—

86'91
0oL
€T
PTL
szL
Pl
2L
Lyl
Bb L
8L
8L~
Ss'L
6L
86°L

SETT—

MJ

3 JS0T
—_— a7 ) 90T
- > 860
e £0'T
- 00T

— ! Toor

500 MHz *H NMR of 9d in CDCl

— J Fseo

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5 5.0

ppm)

)

6.5

ii.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0

115

PSTE—

ﬁm,wn./

ThLL

SETOT—

LT0TT—

hﬂomﬁ.f
8k TET |
0L'TET
STRET—~
BT'9ET—
E.nmﬁkﬁ
mN.hmTﬁ_

0T THT—

81'85T—

125 MHz *C NMR of 9d in CDCl;

40 30 20 10

50

i70 160 150 140 130 120 110 100 a0 BO 70
f1 (ppm)

180

S73



e e )

500 MHz *H NMR of 9g in DMSO-ds

=0T

=507
BITa
SEET
=ITT
» 82T

=007

5.0 4.5 40 3.5 3.0 2.5 2.0 i5 1.0 0.5 0.0

60 55
1 (ppm)

6.5

7.0

75

110 105 100 85 9.0 8.5

115

500 MHz *H NMR NOESY of 9gin DMSO-dj

A

N

]

H O

H

NH

X
N~
N

X
=

(wdd) 1y

o n o n =

= it a n hid L4 @ i = o o - Il

o ) ~ = @ @ o o = = = = -
I h i i 1 f f 1 1

:
3

0 6.5 6.0 5.5

7.5

8.0

12 {ppm)
S74

105 10.0 9.5 9.0 8.5

110



OSIANQ 99'8E
CSWA bh'8E
OSWa 22'6E,

OSla mmdq.__

#0'90T—

8£'021
om.muw
£0'92T-Y
£1'82T~—
19'62T+
THCETT
ov.mmﬁ\
oszer

05T
$T'EST—

TS C8T—

©
=]

3
=

75 MHz ®C NMR of 9gin D

180 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20
f1 (ppm)

200

S75



Regiochemical Assignment

8810y
680
T6'07
PET

me
SE'TH
SET

9E'T
LE'TH

Fosans

LET
8E'T
PS'T
ss'T
957
57
57
85T
bb'E
She
SkE
9p'E ]
LhE
8b'E
PSE
SS'EA|

95E}

£S'E4
L5'E4
85'€4
#9'E
S9'E
soe]
99'E
69'E
69'E
69E
02 '€
TLE
8b'p
6k
05k
9Z't.
Zh'LA
'L
L
[ads
PP
b
Sb'L.
St |
LS
ELYE
8|

B
E5°¢
£5'L
LT s

608
e0'e

oT'8
or's!

Afp——

500 MHz *H NMR of 10ain CDCl,

o]

NH

O"Bu

L.

Feee

86'C
6Z'C

LE'

a0t

Feso

fmm.m

oot

0.C

0.5

1.0

15

2.0

25

3.0

35

4.0

5.0

5.5

6.0

6.5

7.0

75

8.0

8.5

(ppm)

eLEl—

9T'6T—

ET°LE
8p TE—
pa'eeE—"
£5'BE~

B60'28—

ba' oL
90'tL %
A

s

cg'08

£6'92T
TSEET
_R.nmﬁw
cT'BET
PLZET
Nm,wmﬁ‘\

S6'98T—

E0'kET—

126 MHz *C NMR of 10ain CDCl,

o]

NH

O"Bu

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



Wame njw
Rocm Ho g53k
Sample NW72 £11-23

2D NOESY
"BuO )
. i sk
. an
[ 0 L1
._n‘ RS
1 s i -
- 4
S
NH‘)
F6
-7
)/\/ »
T T T T T T T T T T T T T T T s |‘ T
85 B0 7.5 7.0 65 6.0 55 50 45 4.0 35 3.0 25 20 1.5 10 05

S77

pRm

HAME BN7E [l
EXENO
PROCRG

20110%
19

@

1
b i Q0D E
DLE 0, 00020000
oag 0,55860000 auc
) 0, 00011620 sec

10,00

20

-Z.80 <8
EFO1 SO0, 5P2H50 MHZ

iz
Hz
Ppe



6Lk
08’
TE'F
2Bk
8’k
£8'F

PTE
faga
ET'L
vTL
STL
[itd
gE'L
5L
EE'L
[t
THE
ZhL
86~
008"

6b'8—

500 MHz *H NMR of 10b in CDCl4

Fsaz

Fees

me.c
760
Erot
T-001

Feeo

Foot
T.m.a

B.O 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.5

9.0

CLET—

9T'6T—

ETLE

8p'TE—
bEEETT
£L5'BE~

60'L9—

bo oL
90'LLs
A

74

g8

£6'92T
TSLZT
hh.hm.ﬁw
ZT'8ZT
FLEET
Nm.wm.ﬁ\

56'98T—

E0'F8T—

126 MHz *C NMR of 10b in CDCl,

o]

O"Bu

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
f1 (ppm)

200

S78



Hanme nju
Rean He g3k
Sampla HN?Z B E1-I

o

NH 2D NOESY

O"Bu
Y .« . S S
-
- e
am
L] [} -
" L "
[ - o
.1
& B
. (o]
NH
Q O"Bu
. HH X
-~ ﬂ'. i
[ 4 2061 STONIZS PHC
=T WM TR
o '5;' z
"" m 1
NH HH
B R
(o)
i
TP T T L] T T
T B 5 4 2 2 1 0 ppm

S79



Ere
PT'T
sr'e
sT'T
e

ch'e
PEE
Lb'E
(5] s

ﬁo,vq
Z0'b
#0'F
S0
L0
60'b—=
Nﬁé\‘

9€'p-"

P8P
98k

i
9
B
05
o5
=5
st
S5+
S5¢
iS¢
a5t

T8N
818

300 MHz *H NMR of 11ain CDCls

0]

NH

Faen

HVDH.H

Feoz
Fore

Wvo..ﬁ

Foso

Fere
Foot

9.0 85 8.0 7.5 7o 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 3.5 0.0
f1 (ppm)

9.5

10.0

500 MHz *H NMR NOESY of 11ain CDCl,

Haazm

{wdd) 14

=1 ) = in =) in = n =1 1 =) '] =] n
o ] m o ¥+ o+ i i o =] "~ ~ o ==}
1 L 1 L L 1 1 1 I L L L L
L -
< @ P
- - . —= =
= —_— e —
———— o ——
= Lﬂ =
o ——

_
2
-
6=—
NH =

8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0
f2 (ppm)

8.5

S80



eu e wdd
v0'Z (wddy 74
50, s
L0 =2 W =2 9w g 0 =2 1B =2 1 o an 2 i
™~ ™~ ™ (3] <+ =+ ['s) ["e] w i=1 ~ M~ -] -]
MD,N 1 1 L 1 1 1 1 1 L 1 ' 1 1 1
60'21 Ha "
z1'e
BE'Z LN
ob'z L@ %, y
Ok \a@ =
TbE M \
b’z | 4 _
R o @
chz = '
£b'2
bb'E = .-
e = FT'T
Sb'E \
gF'e %mo_ﬂ ] .
b f/J il R
6b'E ® _.AJ e
L2 h
bHE = 8
hv,mWw & & = B% u -
EP'E = ~soT - 1
ﬁm,m.\ /.{/ H m - "
88'E~ y
06'E-F Fewz| o B
T6'E i
£6'E @_
b6'E L ?
SE'E ¥
96'E =
86 Lok
5 & ) -
6b'S = T 2 - nén =
6b'S
Hm,mw — oot 12
15'G
=
L2 -
(@)
]
L O
BT o e = Feot =
m_» = (¥ =
teet O - ; -~
= T8 | —
bt c F il [e)
s0's 3 W
: L=
so' — — Lot [ L
L08 u— @)
80'8 O " =z
R il Qu R
W - 0O = zZ
= a =
N O
w
I F o H_W_
o e =
S 2 S
™ i)

4.3 4.0 35 3.0 25 2.0

5.0
f2 (ppm)

70 6.5 6.0 5.5
81

73

8.0




Lp'T—

1
get

TEC
PE'T
om,m;\

SE'E
LEE
BE'E
BE'E
THE
EFE
TSE
ESE
£5E
#SE
S5'E
95'E

'—l—l—hh_.'a____W

05's
mm,muv

LT'E
BE'L
BE'L
Op'L
5L
5L
EGE:
PSE
S5'E
55°¢
£6'L
S6'L

500 MHz *H NMR of 12 in DMSO-ds at 343K

=bb'e

Faot

FroT

91’2
LO0°T

oot

Fieo
802
Lot

oot

4.0

4.5

3.0 2.5 20 15 10 0.5 0.0

35

f1 fanm)

8.0 75 7.0 6.5 6.0 5.5 5.0

8.5

LLE—
b6 TE—

£5'6E
F br—

£9:99—

SZEL—

mm,wmﬁ
mn,wmﬁw
66'9ET
ZELCT
BE'TET
8Z'BET—

TO'EST—

88 19T—

126 MHz **C NMR of 12 in DMSO-dg at 343 K

o
o
—
=]
~
=]
]
o
+
o
]
=]
=]
=]
~
o
@
=]
=
E [q)
a
oS
g2
—
=
o
=
—
=]
~
—
=]
bl
—
o
g
-
=]
"
—
=]
B
—
=l
~
—
=]
@
—~
o
&
—

00



NH22 RRET ¥ 3
Lot + ¥+ T (5]
RS N

500 MHz *H NMR of 13b in CD;CN

D

(e}
87% D incorporation
0

8 —t
e R R o
a.lo ?.IS 7:0 6:5 6‘.0 5‘.5 S.IU 4‘.5 4—‘.0 3:5
f1 (ppm)
i T
500 MHz *H NMR spectrum
of crude reaction mixture
containing 5a(D) in MeOD-d,,
Internal standard: mesitylene
(6 6.75 and 6 2.24)
o
NH
“>p
H
|
il i B
2 g2
o ia E=]
T X T ¥ T * T L T x T T X T % T X T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

S83

—2:14
—1.94
L2

o123

12911




—10.68
8,42
8,41

&

500 MHz *H NMR of 5a(D) in CDCls

after preparative TLC.

o
NH 85% D incorporation

D

H,{-‘

;;E——_

L i el B T

o o D M 0D L (=]

@ o S| S

= - A-o|o =
T T T T T T T T T " T T T T T T T T T T T T T
11,5 1.0 105 100 95 9.0 B85 80 75 0 65 50 45 40 35 30 25 20 15 10 05 0.0



Appendix
Compound 11a

)

ah
-
B I‘
1
ANST N AP
Ol
u ~N” .
| | w ~
a | =
A a Y
AR a n
PN . P
w W\ N\
L ar A
A o 4
 J N
[~ &= > 4
s

Tablel. Crystal dataand structure refinement.

Identification code
Formula

Formula weight

Size

Crystal morphology
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Data collection range
Index ranges
Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission

Compound 11a

C11H11NO,

189.21

0.5284 x 0.2603 x 0.1529 mm
Colourless block

100.00(10) K

0.7107 A [Mo-K,]
Orthorhombic

Pna2,

a=7.2675(4) A a=90°
b = 12.9319(6) A B =90°
c=9.6419(5) A y=90°
906.18(8) A®

4

1.387 Mg/m®

0.096 mm™

400

3.15<60<26.35°

-7<h<9, -16<k<15, -12<1<10
3228

1560 [R(int) = 0.0632]

13151 >25(1)]

multi-scan

1 and 0.46407

S85



Refinement method Full

Data/ restraints/ parameters 1560/ 1/ 127

Goodness of fit 1.07

Final Rindices [l >2c(1)] R, = 0.0529, wR, = 0.1146
Rindices (all data) R, = 0.0661, wR, = 0.1307
Largest diff. pesk and hole 0.235and -0.27e A
Absolute structure parameter -1(2)

Table 2. Atomic co-ordinates (x 10%) and equivalent isotropic displacement parameters (A% x 10%) with

standard uncertainties (s.u.s) in parentheses. U, is defined as !/, of the trace of the orthogonalized Ui

tensor.
X y z Ueq
0O(2) 1974(3) 3108.8(13) 2622(2) 196(5)
0(1) 4405(3) 4199.2(15) -1392(2) 249(6)
N(1) 4637(3) 3526.3(17) 1551(3) 165(6)
C(8) -331(4) 5979.4(19) 1487(3) 199(7)
C(5) 2955(4) 5262(2) 336(3) 155(6)
C(7) 542(4) 6536(2) 441(3) 215(7)
C(10) 2069(4) 4704(2) 1373(3) 157(6)
C(11) 2885(4) 3715(2) 1901(3) 141(7)
C(4) 4749(5) 4872(2) -231(3) 174(7)
C(9) 420(4) 5052(2) 1941(3) 187(7)
C(6) 2166(4) 6177(2) -135(3) 205(7)
C(1) 5796(4) 3404(2) -1419(4) 246(8)
C(2) 7081(4) 3623(2) -207(3) 224(7)
C(3) 5846(4) 4230(2) 785(3) 159(6)

Table 3. Anisotropic displacement parameters (A% x 10°). The anisotropic displacement factor
exponent takes the form:

'27'52[h2a*2U11 +..+2hka" b* U12]

Uu U2 Uss Uzs Uis U
0(2) 241(11) 164(9) 184(11)  21(9) 34(11)  -3.6(8)
o(1) 30.7(13) 289(10) 152(11) -4.6(10) -40(11)  4.8(10)
N(1) 183(13) 16.8(10) 144(13) 36(11) 16(13) 2.1(10)
c(®) 141(15) 226(13) 229(17) -50(14) -21(15) 0.7(12)
C(5) 180(16) 18.1(13) 103(14) 00(12) -23(14) -5.6(12)
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C(7)
C(10)
C(11)
C(4)
C(9)
C(6)
C(1)
C(2)
C(3)

25.8(18)
18.8(15)
16.9(16)
23.3(17)
18.3(17)
29.0(18)

33(2)
20.8(17)
16.7(14)

17.1(13)
15.7(12)
15.5(13)
17.4(12)
19.5(13)
15.8(13)
18.3(13)
25.7(14)
18.8(12)

21.8(18)
12.6(15)
10.0(14)
11.6(15)
18.4(16)
16.6(15)
22.3(17)
20.6(16)
12.1(14)

0.0(13)

-4.6(11)
-3.6(12)

1.7(12)

-3.4(12)

0.3(13)

-1.0(13)

2.9(13)
3.1(11)

-10.4(15)
-2.3(13)
-0.5(13)
-0.6(13)
-1.5(14)
-3.2(15)

4.5(16)
6.4(15)
1.2(13)

2.9(12)
-3.5(12)
-2.8(12)
-1.5(12)
-4.8(12)
-2.1(12)

1.1(13)

1.4(14)
-1.7(12)

Table 4. Hydrogen atom co-ordinates (x 10°) and isotropic displacement parameters

(A? x 10%) with s.u.sin parentheses.

X y z Ueq

H(1) 5092. 2941. 1798. 20.
H(8) -1413. 6227. 1879. 24.
H(7) 32. 7153. 128. 26.
H(4) 5496. 5461. -537. 21.
H(9) -174. 4666. 2621. 22.
H(6) 2732. 6549. -842. 25.
H(1a) 6468. 3425. -2288. 30.
H(1b) 5238. 2727. -1321. 30.
H(2a) 8132. 4032. -497. 27.
H(2b) 7512. 2087. 215. 27.
H(3) 6569. 4666. 1413. 19.
Table5. Interatomic distances (A) with s.u.sin parentheses.

0(2)-C(11) 1.240(3) 0(1)-C(4) 1.440(3)
0(1)-C(1) 1.442(4) N(1)-C(11) 1.339(3)
N(1)-C(3) 1.465(4) C(8)-C(7) 1.392(5)
C(8)-C(9) 1.389(4) C(5)-C(10) 1.391(4)
C(5)-C(4) 1.501(4) C(5)-C(6) 1.391(4)
C(7)-C(6) 1.385(5) C(10)-C(11) 1.498(4)
C(10)-C(9) 1.392(4) C(4)-C(3) 1.511(4)
C(1)-C(2) 1.523(5) C(2)-C(3) 1.528(4)
Table6. Angles between interatomic vectors (°) with s.u.sin parentheses.

C(4)-0(1)-C(2) 108.8(2) C(11)-N(1)-C(3) 125.7(2)
C(9)-C(8)-C(7) 119.8(3) C(10)-C(5)-C(4) 119.4(2)
C(10)-C(5)-C(6) 119.0(3) C(6)-C(5)-C(4) 121.6(3)
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C(6)-C(7)-C(8) 120.3(3) C(5)-C(10)-C(11) 120.2(3)
C(5)-C(10)-C(9) 120.9(3) C(9)-C(10)-C(11) 118.9(3)
0(2)-C(11)-N(2) 122.3(2) 0(2)-C(11)-C(10) 121.2(3)
N(1)-C(11)-C(10) 116.5(2) 0(1)-C(4)-C(5) 109.6(2)
0O(1)-C(4)-C(3) 105.3(2) C(5)-C(4)-C(3) 114.0(2)
C(8)-C(9)-C(10) 119.6(3) C(7)-C(6)-C(5) 120.4(3)
0(1)-C(1)-C(2) 106.5(2) C(1)-C(2)-C(3) 102.4(2)
N(1)-C(3)-C(4) 110.6(2) N(1)-C(3)-C(2) 110.4(2)
C(4)-C(3)-C(2) 100.8(2)

Table7. Torsion angles (°) with s.u.sin parentheses.

0(1)-C(4)-C(3)-N(2) -78.5(3) 0(1)-C(4)-C(3)-C(2) 38.3(3)
0(1)-C(2)-C(2)-C(3) 24.8(3) C(8)-C(7)-C(6)-C(5) -0.8(5)
C(5)-C(10)-C(11)-0(2) -166.2(2) C(5)-C(10)-C(11)-N(2) 13.7(4)
C(5)-C(10)-C(9)-C(8) -1.3(4) C(5)-C(4)-C(3)-N(1) 41.6(3)
C(5)-C(4)-C(3)-C(2 158.4(2) C(7)-C(8)-C(9)-C(10) 1.8(4)
C(10)-C(5)-C(4)-0O(1) 90.0(3) C(10)-C(5)-C(4)-C(3) -27.6(3)
C(10)-C(5)-C(6)-C(7) 1.4(4) C(12)-N(2)-C(3)-C(4) -32.1(4)
C(11)-N(1)-C(3)-C(2) -142.7(3) C(11)-C(10)-C(9)-C(8) 178.5(3)
C(4)-0(1)-C(1)-C(2) -1.0(3) C(4)-C(5)-C(10)-C(1)1) -0.9(4)
C(4)-C(5)-C(10)-C(9) 178.8(3) C(4)-C(5)-C(6)-C(7) -177.7(3)
C(9)-C(8)-C(7)-C(6) -0.8(5) C(9)-C(10)-C(11)-0(2) 14.0(4)
C(9)-C(10)-C(11)-N(2) -166.0(2) C(6)-C(5)-C(10)-C(11) 179.9(3)
C(6)-C(5)-C(10)-C(9) -0.3(4) C(6)-C(5)-C(4)-0(1) -90.9(3)
C(6)-C(5)-C(4)-C(3) 151.5(3) C(1)-0(2)-C(4)-C(5) -146.8(2)
C(1)-0(2)-C(4)-C(3 -23.8(3) C(1)-C(2)-C(3)-N(2) 79.2(3)
C(1)-C(2)-C(3)-C(4) -37.7(3) C(3)-N(1)-C(11)-0(2) -175.7(3)
C(3)-N(1)-C(11)-C(10) 4.4(4)
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Tablel. Crystal data and structure refinement.

Identification code Compound 12

Formula C32H41N4Os 50

Formula weight 585.69

Size 0.3092 x 0.2031 x 0.1568 mm

Crystal morphology Colourless block

Temperature 100.00(10) K

Wavelength 0.7107 A [Mo-K,]

Crystal system Monoclinic

Space group P2,/n

Unit cell dimensions a=10.1273(5) A a=90°
b = 12.4095(5) A B = 91.343(4)°
c=24.1328(9) A y =90°

Volume 3032.0(2) A?

z 4

Density (cal cul ated) 1.283 Mg/m®

Absorption coefficient 0.09 mm*

F(000) 1252

Data collection range 1.85<6<29.88°

Index ranges -10<h<14, -16<k<14, -32<1<32

Reflections collected 18513

Independent reflections 7396 [R(int) = 0.034]

Observed reflections 6032 [| >20(1)]

Absorption correction multi-scan

Max. and min. transmission 1 and 0.87787

Refinement method Full

Data/ restraints / parameters 7396/0/ 551
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Goodness of fit

Final Rindices [I >2c(1)]
Rindices (all data)
Largest diff. peak and hole

Table 2. Atomic co-ordinates (x 10%) and equivalent isotropic displacement parameters (A% x 10%) with

standard uncertainties (s.u.s) in parentheses. U, is defined as !/5 of the trace of the orthogonalized Ujj

1.016

R; = 0.0461, wR, = 0.1063
R; = 0.0594, wR, = 0.1149
0.295 and -0.275e. A3

tensor.
X y z Ueq
0(1) 591.3(9) 4073.8(8) 2066.7(4) 210(2)
O(3b) -158.1(9) 2244.0(8) 8436.2(4) 231(2)
0O(2) 1307.6(9) 2620.5(8) 4088.2(4) 214(2)
O(2b) 1098.6(9) 3768.1(8) 8526.2(4) 228(2)
O(1b) 1162.6(9) 5936.2(8) 6727.6(4) 255(2)
O(@3) -48.8(10) 1184.6(9) 4244.5(4) 291(2)
N(2) 896.2(11) 1451.1(9) 3415.6(4) 184(2)
N(2b) 1132.2(11) 2837.3(9) 7745.8(4) 194(2)
N(1) 974.4(11) 2907.3(9) 2770.3(4) 170(2)
N(1b) 1466.5(11) 4564.1(9) 7330.7(5) 190(2)
C(1) 1180.5(12) 3272.8(10) 2257.1(5) 159(2)
C(12) 658.8(13) 1717.1(12) 3948.3(5) 207(3)
C(7b) 3292.6(12) 3608.2(11) 6614.1(5) 180(3)
C(9Db) 2106.9(12) 3574.7(11) 7531.0(5) 178(3)
C(12b) 622.8(12) 2892.7(11) 8260.4(5) 186(3)
C(2) 2123.3(12) 2649.4(11) 1915.6(5) 167(3)
C(2b) 2806.8(12) 4638.9(11) 6515.5(5) 177(3)
C(7) 2603.9(12) 1654.0(11) 2098.0(5) 177(3)
C(8b) 2725.5(12) 2924.0(11) 7063.8(5) 188(3)
C(1b) 1743.8(12) 5099.7(11) 6863.7(5) 182(3)
C(9) 1743.1(12) 2059.7(11) 3051.1(5) 166(3)
C(8) 2190.3(13) 1204.0(11) 2642.6(5) 180(3)
C(5b) 4801.7(13) 3849.3(13) 5865.9(6) 246(3)
C(11b) 837.5(13) 1923.1(11) 7379.8(6) 203(3)
C(3b) 3314.8(13) 5278.1(12) 6097.0(5) 209(3)
C(6b) 4286.0(13) 3211.0(12) 6278.7(6) 214(3)
C(3) 2473.5(13) 3046.5(12) 1399.2(6) 207(3)
C(5) 3782.6(13) 1472.5(13) 1246.1(6) 251(3)
C(13b) 670.8(14) 4039.5(12) 9088.8(5) 228(3)
C(10b) 1590.1(13) 2188.6(12) 6858.8(6) 212(3)
C(6) 3433.7(13) 1065.0(12) 1757.4(6) 223(3)
C(4b) 4324.1(13) 4881.1(13) 5775.0(6) 243(3)
C(13) 1180.6(14) 3122.4(12) 4637.1(5) 229(3)
C(11) 471.7(13) 413.6(11) 3184.7(6) 204(3)
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C(16) 2164.0(16) 4042.2(14) 4602.2(7) 290(3)
C(4) 3308.6(13) 2461.4(13) 1065.6(6) 247(3)
C(15) 1591.2(18) 2356.4(15) 5099.4(6) 333(4)

Table 2. (continued)

C(14) -224,0(15) 3536.1(15) 4688.6(6) 301(3)
C(10) 992.6(13) 443.1(11) 2596.6(6) 202(3)
C(15b) -817.5(15) 4187.1(14) 9087.9(6) 274(3)
C(14b) 1148.0(18) 3182.2(14) 9493.7(7) 318(3)
C(16b) 1373.1(18) 5102.9(14) 9188.1(7) 338(4)
O(4)" 8693(3) 540(2) 5241.5(10) 411(6)

Key to superscripts on atoms with refinement constraints/restraints:

g - rigid group refinement of site
p - partial occupancy constraint

Table 3. Anisotropic displacement parameters (A% x 10°). The anisotropic displacement factor
exponent takes the form:

'27'52[h2a*2U11 +..+2hka" b* U12]

Uit U2 Uss U2 Uiz U
o(1) 241(5)  167(5)  223(5)  26(4)  34(4)  28(4)
0(3b) 231(5)  183(5)  280(5)  34(4)  33(4)  -25(4)
0(2) 246(5)  231(5)  166(4)  -22(4)  32(4)  -18(4)
0o(2b) 279(5)  204(5)  203(5)  -27(4)  49(4)  -50(4)
O(1b) 270(5)  221(5) 278(5)  38(4)  86(4)  67(4)
o(3) 320(6) 309(6) 236(5)  69(5)  53(4)  -70(4)
N(2) 197(5)  166(6)  188(5)  14(5) 6(4)  -25(4)
N(2b) 201(5)  167(6) 215(5)  -12(5)  15(4)  -35(4)
N(1) 176(5)  147(6)  186(5) a4 214 26(4)
N(1b) 190(5)  179(6) 205(5)  -24(5)  52(4) 6(4)
c() 157(6)  135(6)  184(6)  -16(5) a4 -27(5)
c(12) 202(6) 217(7)  203(6)  42(6) A(B)  18(5)
C(7h) 132(6)  217(7)  191(6)  -46(5)  -22(4)  -10(5)
C(9b) 160(6)  185(7)  190(6)  -16(5) A(B)  -22(5)
C(12b) 183(6)  153(7) 222(6)  16(5)  -14(5  22(5)
c) 138(6)  178(7)  184(6)  -40(5) 24 -29(5)
C(2h) 127(6) 211(7)  191(6)  -39(5) o4 -12(5)
c(7) 139(6)  196(7)  194(6)  -43(5)  -3(5)  -23(5)
C(8h) 166(6) 171(7)  227(6)  -10(5) 6(5)  15(5)
C(1b) 173(6)  172(7)  202(6)  -27(5)  13(5)  -17(5)
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C(9) 157(6) 167(7) 175(6) 10(5) -4(5) -5(5)
C(8) 173(6) 166(7) 201(6) -8(5) -16(5) 26(5)
C(5b) 168(6) 332(8) 239(7) -76(6) 33(5) 10(5)
C(11b) 181(7) 168(7) 260(7) -28(6) -16(5) -15(5)
C(3b) 189(6) 210(7) 227(6) -15(6) 9(5) -9(5)
C(6b) 161(6) 243(8) 237(6) -51(6) -22(5) 25(5)
C(3) 190(6) 221(7) 212(6) -8(6) 15(5) -39(5)
C(5) 199(7) 286(8) 271(7) -101(6) 55(5) -15(6)
C(13b) 309(7) 204(7) 172(6) 0(5) 29(5) -12(6)
C(10b) 211(7) 174(7) 251(7) -45(6) -1(5) 1(5)
C(6) 186(6) 208(7) 274(7) -62(6) 8(5) 0(5)
C(4b) 206(7) 313(8) 213(6) -21(6) 44(5) -47(6)
C(13) 259(7) 276(8) 153(6) -28(6) 6(5) 36(6)
C(11) 205(7) 154(7) 252(7) 19(6) -16(5) -11(5)
C(16) 294(8) 312(9) 263(7) -57(7) -14(6) 4(6)
C(4) 222(7) 308(8) 213(7) -37(6) 59(5) -62(6)
C(15) 420(10)  369(10) 208(7) 25(7) -31(6) 63(8)
C(14) 272(8)  400(10) 232(7) -39(7) 41(6) 54(7)
C(10) 223(7) 146(7) 237(7) 7(6) -4(5) -10(5)
C(15b) 326(8) 279(9) 217(7) 17(7) 34(6) 53(6)
C(14b) 392(9) 294(9) 267(8) 51(7) -47(6) 19(7)
C(16b) 462(10) 300(9) 254(8) -53(7) 64(7) -96(7)
O(4) 524(15) 381(15) 332(12) 64(11) 92(10) 49(11)
Table 4. Hydrogen atom co-ordinates (x 10°) and isotropic displacement parameters

(A? x 10%) with s.u.sin parentheses.

X y Ue

H(4a) 902.1 71.4 493.3 62.
H(4c) 919.8 9. 540.6 62.
H(8) 292.9(14) 81.3(12) 282.4(6) 13.(3)
H(9) 246.0(14) 235.6(12) 325.8(6) 14.(3)
H(10a) 126.5(15) -28.2(14) 246.6(6) 26.(4)
H(10b) 32.3(15) 75.2(13) 233.3(6) 23.(4)
H(8b) 341.0(15) 245.0(13) 723.8(6) 21.(4)
H(11a) -48.1(16) 34.5(13) 319.8(6) 21.(4)
H(11c) -10.9(15) 186.0(12) 731.7(6) 17.(4)
H(10c) 101.1(15) 256.8(13) 658.7(6) 23.(4)
H(9b) 277.1(14) 374.8(12) 783.8(6) 13.(3)
H(1) 36.9(17) 327.3(15) 296.1(7) 32.(4)
H(6b) 460.7(15) 248.3(14) 633.5(6) 24.(4)
H(1b) 88.2(17) 485.8(15) 754.8(7) 31.(4)
H(4b) 469.9(16) 533.3(14) 549.0(7) 27.(4)
H(3b) 298.4(15) 597.4(14) 604.2(6) 21.(4)
H(3) 212.5(15) 371.4(14) 127.6(6) 23.(4)
H(11b) 88.1(16) -20.5(14) 340.4(7) 30.(4)
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H(10d) 191.6(17) 153.5(15) 666.8(7) 33.(4)
H(14d) 211.(2) 307.3(16) 945.1(7) 42.(5)
H(14a) -84.1(19) 290.7(16) 470.9(7) 41.(5)
H(4) 354.2(16) 273.8(15) 71.7(7) 33.(4)
H(11d) 113.9(16) 123.0(14) 756.4(7) 28.(4)
H(15d) -108.9(17) 460.5(15) 877.1(7) 34.(5)
H(14b) -27.9(17) 395.3(15) 502.7(8) 34.(5)
H(6) 375.4(16) 35.8(15) 188.0(7) 32.(4)
H(15e) -127.3(17) 348.3(16) 907.5(7) 37.(5)
H(14e) 70.1(17) 247.8(16) 943.5(7) 33.(5)
H(16a) 195.3(17) 450.2(15) 429.0(7) 34.(5)
H(16d) 110.6(17) 564.0(16) 889.6(7) 37.(5)
H(14c) -44.5(18) 398.6(15) 436.8(8) 38.(5)
H(5) 439.0(17) 105.6(14) 101.5(7) 33.(4)
H(5b) 551.8(18) 358.5(15) 564.6(7) 35.(5)
H(16e) 114.2(18) 539.6(15) 955.9(8) 40.(5)
H(16f) 232.(2) 502.6(16) 916.8(7) 41.(5)
H(16b) 306.8(19) 376.5(15) 454.2(7) 40.(5)
H(15a) 94.(2) 178.2(17) 513.3(8) 47.(6)
H(14f) 95.9(18) 342.5(16) 988.3(8) 47.(5)
H(15b) 164.4(18) 275.6(16) 544.3(8) 40.(5)
H(15c) 248.(2) 204.3(17) 503.1(8) 48.(5)
H(15f) -106.3(17) 455.5(15) 942.9(8) 37.(5)
H(16c) 216.0(17) 449.5(15) 495.2(7) 38.(5)
Table5. Interatomic distances (A) with s.u.sin parentheses.

0(1)-C(1) 1.2421(16) O(3b)-C(12b) 1.2121(16)
0(2)-C(12) 1.3388(17) 0O(2)-C(13) 1.4720(15)
0O(2b)-C(12b) 1.3450(16) 0O(2b)-C(13b) 1.4739(16)
O(1b)-C(1b) 1.2341(16) 0O(3)-C(12) 1.2187(16)
N(2)-C(12) 1.3541(17) N(2)-C(9) 1.4543(16)
N(2)-C(11) 1.4636(17) N(2b)-C(9b) 1.4507(17)
N(2b)-C(12b) 1.3577(17) N(2b)-C(11b) 1.4641(18)
N(1)-C(1) 1.3399(16) N(1)-C(9) 1.4653(16)
N(1b)-C(9b) 1.4652(17) N(1b)-C(1b) 1.3436(17)
C(1)-C(2) 1.4920(17) C(7b)-C(2b) 1.3890(19)
C(7b)-C(8b) 1.5026(19) C(7b)-C(6b) 1.3959(18)
C(9b)-C(8b) 1.5325(18) C(2)-C(7) 1.3950(19)
C(2-C(3) 1.3937(18) C(2b)-C(1b) 1.4948(17)
C(2b)-C(3b) 1.3922(19) C(7)-C(8) 1.4970(18)
C(7)-C(6) 1.3958(18) C(8b)-C(10b) 1.5405(18)
C(9)-C(8) 1.5250(18) C(8)-C(10) 1.5391(19)
C(5b)-C(6b) 1.384(2) C(5b)-C(4b) 1.384(2)
C(11b)-C(10b) 1.5218(19) C(3b)-C(4b) 1.3887(19)
C(3)-C(4) 1.3866(19) C(5)-C(6) 1.387(2)
C(5)-C) 1.384(2) C(13b)-C(15b) 1.518(2)
C(13b)-C(14b) 1.516(2) C(13b)-C(16b) 1.516(2)



C(13)-C(16) 1.518(2) C(13)-C(15) 1.516(2)
C(13)-C(149) 1.520(2) C(11)-C(10) 1.5261(19)
Table6. Angles between interatomic vectors (°) with s.u.sin parentheses.

C(12)-0(2)-C(13) 121.91(10) C(12b)-O(2b)-C(13b)  120.94(10)
C(12)-N(2)-C(9) 124.61(11) C(12)-N(2)-C(11) 121.25(11)
C(9)-N(2)-C(11) 113.50(10) C(9b)-N(2b)-C(11b) 113.83(10)
C(12b)-N(2b)-C(9b) 124.84(11) C(12b)-N(2b)-C(11b)  120.97(11)
C(1)-N(1)-C(9 125.30(11) C(1b)-N(1b)-C(9Db) 126.27(11)
O(1)-C(1)-N(1D) 121.93(11) O(1)-C(1-C(2 121.25(11)
N(1)-C(1)-C(2) 116.79(11) 0(2)-C(12)-N(2) 110.28(11)
0O(3)-C(12)-0(2) 126.72(12) 0O(3)-C(12)-N(2) 123.00(13)
C(2b)-C(7b)-C(8b) 120.28(11) C(2b)-C(7b)-C(6b) 118.88(12)
C(6b)-C(7b)-C(8b) 120.81(12) N(2b)-C(9b)-N(1b) 110.29(10)
N(2b)-C(9b)-C(8b) 102.93(10) N(1b)-C(9b)-C(8b) 112.60(10)
O(3b)-C(12b)-0O(2b) 126.79(12) O(3b)-C(12b)-N(2b) 123.47(13)
O(2b)-C(12b)-N(2b) 109.73(11) C(7)-C(2-C(1) 120.52(11)
C(3)-C(2)-C(1) 119.35(12) C(3)-C(2)-C(7) 120.06(12)
C(7b)-C(2b)-C(1b) 120.85(12) C(7b)-C(2b)-C(3b) 120.90(12)
C(3b)-C(2b)-C(1b) 118.24(12) C(2)-C(7)-C(8) 120.30(11)
C(2)-C(7)-C(6) 119.23(12) C(6)-C(7)-C(8) 120.42(12)
C(7b)-C(8b)-C(9b) 113.79(11) C(7b)-C(8b)-C(10b) 113.44(11)
C(9b)-C(8b)-C(10b) 103.51(10) O(1b)-C(1b)-N(1b) 122.12(12)
O(1b)-C(1b)-C(2b) 121.16(12) N(1b)-C(1b)-C(2b) 116.72(12)
N(2)-C(9)-N(1) 109.76(10) N(2)-C(9)-C(8) 102.57(11)
N(1)-C(9)-C(8) 111.31(10) C(7)-C(8)-C(9) 113.66(11)
C(7)-C(8)-C(10) 113.68(11) C(9)-C(8)-C(10) 103.20(10)
C(4b)-C(5b)-C(6b) 120.45(12) N(2b)-C(11b)-C(10b)  103.40(11)
C(4b)-C(3b)-C(2b) 119.55(14) C(5b)-C(6b)-C(7b) 120.29(13)
C(4)-C(3)-C(2) 120.37(14) C(4)-C(5)-C(6) 120.63(13)
0O(2b)-C(13b)-C(15b) 109.85(11) 0O(2b)-C(13b)-C(14b)  109.71(12)
0O(2b)-C(13h)-C(16b) 101.40(11) C(14b)-C(13b)-C(15b) 112.77(13)
C(16b)-C(13b)-C(15b) 110.94(13) C(16b)-C(13b)-C(14b) 111.59(13)
C(11b)-C(10b)-C(8b) 104.32(11) C(5)-C(6)-C(7) 120.16(14)
C(5b)-C(4b)-C(3b) 119.90(13) 0(2)-C(13)-C(16) 101.36(11)
0(2)-C(13)-C(15) 111.63(12) 0O(2)-C(13)-C(14) 108.55(11)
C(16)-C(13)-C(14) 111.52(13) C(15)-C(13)-C(16) 110.07(13)
C(15)-C(13)-C(14) 113.12(13) N(2)-C(11)-C(10) 103.18(11)
C(5)-C(4)-C(3) 119.55(13) C(11)-C(10)-C(8) 103.69(11)
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