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[bookmark: _Toc447039394]4.1.1 Preparation of ester derivatives 
Note: Non-commercial esters were prepared by transesterification with 3-nitrobenzeneboranic acid.[1] Despite repeated column chromatography, ~10% of the enol tautomer is present in the sample. Characteristic signals for the enol form are present at 5ppm in the 1H NMR spectrum and at 22, 63, 90, 173 and 176 ppm in the 13C NMR spectrum for these samples.


4-Methylbenzyl 3-oxobutanoate[2] 50
4-Methylbenzyl alcohol 126 (2.01 g, 16.45 mmol) was added to a stirring solution of ethyl acetoacetate 9 (2.14 g, 16.45 mmol) in toluene (50 mL). 3-Nitrobenzeneboronic acid 8 (69 mg, 411 μmol, 2.5 mol %) was then added as catalyst. The reaction was heated under reflux (150 °C) overnight with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. TLC analysis after 18 h indicated complete consumption of the ethyl acetoacetate 9 and, after cooling, the toluene was removed under reduced pressure to give the product, 4-methylbenzyl 3-oxobutanoate 50 as a yellow oil (3.61 g, 94%), which was used without further purification. δH(CDCl3, 400 MHz): 2.22 [3H, s, CH3C(O)], 2.34 (3H, s, CH3 on aryl ring), 3.46 [2H, s, C(O)CH2C(O)], 5.12 (2H, s, OCH2), 7.15-7.17 (2H, m, 2 x Ar-H), 7.23-7.25 (2H, m, 2 x Ar-H); δC(CDCl3, 100 MHz): 21.2 (CH3), 30.1 (CH3), 50.1 [C(O)CH2C(O)], 67.1 (OCH2), 128.6 (2 x o-Ar-CH), 129.3 (2 x m-Ar-CH), 132.3 (Cq-CH3), 138.4 (Cq), 166.9 (C=O) ester, 200.4 (C=O) ketone; max(ATR)/cm-1 3009, 1740, 1714; HRMS (ES+): Exact mass calculated for C12H14O3Na [M+Na]+ 229.0835. Found 229.0834; m/z (ES+) 229.3 [(M +Na), 100 %].





 4-Methoxybenzyl 3-oxobutanoate[3] 51 
The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 4-methoxybenzyl alcohol 75 (2.60 g, 18.79 mmol), ethyl acetoacetate 9 (2.45 g, 18.79 mmol) and 3-nitrobenzeneboronic acid 8 (78 mg, 470 μmol, 2.5 mol %) in toluene (60 mL). The reaction was heated under reflux for 18 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus, and, after cooling, the toluene was removed under reduced pressure. Following purification of the crude product by chromatography on silica gel, using hexane-ethyl acetate (70:30) as eluent, 4-methoxybenzyl 3-oxobutanoate 51 was isolated as a pale yellow oil (4.00 g, 96 %). δH(CDCl3, 400 MHz): 2.23 [3H, s, CH3C(O)], 3.47 [2H, s, C(O)CH2C(O)], 3.80 (3H, s, OCH3), 5.11 (2H, s, OCH2), 6.86-6.95 (2H, m, 2 x Ar-H), 7.28-7.35 (2H, m, 2 x Ar-H); δC(CDCl3, 100 MHz): 30.1 (CH3), 50.1 [C(O)CH2C(O)], 55.3 (OCH3), 66.9 (OCH2), 114.0 (2 x Ar-CH), 127.4 (Cq), 130.3 (2 x Ar-CH), 159.8 (Cq-OCH3), 167.0 (C=O) ester, 200.5 (C=O) ketone; max(ATR)/cm-1 1738, 1713; HRMS (ES+): Exact mass calculated for  C12H14O4Na [M+Na]+ 245.0784. Found 245.0785; m/z (ES+) 245.3 [(M +Na), 90 %], m/z (ES-) 221.3 [(M -H), 100 %].
Spectral characteristics were consistent with those previously reported.[3]


4-(Methylthio)benzyl 3-oxobutanoate 52  
  The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 4-(methylthio)benzyl alcohol  129 (2.44 g, 15.80 mmol), ethyl acetoacetate 9 (2.06 g, 15.80 mmol) and 3-nitrobenzeneboranic acid 8 (66 mg, 395 μmol, 2.5 mol %) in toluene (50 mL). The reaction was heated under reflux for 18 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. Following purification of the crude product by repeated chromatography on silica gel, using hexane-ethyl acetate (70:30) as eluent, 4-(methylthio)benzyl 3-oxobutanoate 52 was isolated as a pale yellow oil (2.94 g, 78 %). δH(CDCl3, 400 MHz): 2.23 [3H, s, CH3C(O)], 2.47 (3H, s, SCH3), 3.47 [2H, s, C(O)CH2C(O)], 5.12 (2H, s, OCH2), 7.18-7.3 (4H, m, 4 x Ar-H); δC(CDCl3, 100 MHz): 15.6 (SCH3), 30.2 (CH3), 50.0 [C(O)CH2C(O)], 66.8 (OCH2), 126.5 (2 x Ar-CH), 129.1 (2 x o-Ar-CH), 131.9 (Cq), 139.2 (Cq-SCH3), 166.9 (C=O) ester, 200.4 (C=O) ketone; max(ATR)/cm-1 1739, 1713; HRMS (ES+): Exact mass calculated for  C12H14O3SNa [M+Na]+ 261.0556. Found 261.0557; m/z (ES+) 261.2 [(M +Na), 30 %], m/z (ES-) 237.3 [(M -H), 100 %].


4-Fluorobenzyl 3-oxobutanoate[4] 53
The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 4-fluorobenzyl alcohol 127 (1.59 g, 12.65 mmol), ethyl acetoacetate 9 (1.65 g, 12.65 mmol) and 3-nitrobenzeneboranic acid 8 (52 mg, 316 μmol, 2.5 mol %) in toluene (60 mL). The reaction was heated under reflux for 18 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. Following purification of the crude product by chromatography on silica gel, using hexane-ethyl acetate (70:30) as eluent, 4-fluorobenzyl 3-oxobutanoate 53 was isolated as an oil (2.39 g, 90 %). δH(CDCl3, 400 MHz): 2.26 [3H, s, CH3C(O)], 3.49 [2H, s, C(O)CH2C(O)], 5.14 (2H, s, OCH2), 7.00-7.08(2H, m, 2 x Ar-H), 7.31-7.38 (2H, m, 2 x Ar-H); δC(CDCl3, 100 MHz): 30.3 (CH3), 49.8 [C(O)CH2C(O)], 65.5 (OCH2), 123.8 (2 x Ar-CH), 128.5 (2 x Ar-CH), 142.6 (Cq), 147.8 (Cq), 166.6 (C=O) ester, 200.0 (C=O) ketone; max(ATR)/cm-1 1742, 1715; ; HRMS (ES+): Exact mass calculated for  C11H12O3F [M+H]+ 211.0770. Found 211.0764; m/z (ES+) 233.3 [(M +Na), 90 %], m/z (ES-) 209.3 [(M -H), 30 %].
Spectral characteristics were consistent with those previously reported.[4] 


4-Chlorobenzyl 3-oxobutanoate  [5]  54                                               
The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 4-chlorobenzyl alcohol 128 (2.19 g, 15.36 mmol), ethyl acetoacetate 9 (1.99 g, 15.36 mmol) and 3-nitrobenzeneboranic acid 8 (64 mg, 384 μmol, 2.5 mol %) in toluene (60 mL). The reaction was heated under reflux for 20 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. Following purification of the crude product by chromatography on silica gel, using hexane-ethyl acetate (70:30) as eluent, 4-chlorobenzyl 3-oxobutanoate 54 was isolated as a yellow oil (3.04 g, 87 %). δH(CDCl3, 400 MHz): 2.24 [3H, s, CH3C(O)], 3.49 [2H, s, C(O)CH2C(O)], 5.13 (2H, s, OCH2), 7.26-7.35 (4H, m, 4 x Ar-H); δC(CDCl3, 100 MHz): 30.2 (CH3), 49.9 [C(O)CH2C(O)], 66.2 (OCH2), 128.8 (2 x Ar-CH), 129.7 (2 x Ar-CH), 133.8 (Cq), 134.4 (Cq), 166.8 (C=O) ester, 200.2 (C=O) ketone; max(ATR)/cm-1 1741, 1714;  HRMS (ES+): Exact mass calculated for  C11H12ClO3 [M+H]+ 227.0475. Found 227.0473; m/z (ES+) 249.2 [(C11H11O3Cl35 +Na), 100 %], 251.2 [(C11H11 O3Cl37 +Na), 40 %].
Spectral characteristics were consistent with those previously reported.[5]


4-Nitrobenzyl 3-oxobutanoate[6] 55                      
The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 4-nitrobenzyl alcohol 130 (2.02 g, 13.20 mmol), ethyl acetoacetate 9 (1.72 g, 13.20 mmol) and 3-nitrobenzeneboranic acid 8 (55 mg, 330 μmol, 2.5 mol %) in toluene (60 mL). The reaction was heated under reflux for 20 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. Following purification of the crude product by chromatography on silica gel, using hexane-ethyl acetate (60:40) as eluent, 4-nitrobenzyl 3-oxobutanoate 55 was isolated as a pale yellow solid (2.88 g, 92 %), mp 44-46 °C, Lit[6] mp 44-45 °C. Found C 55.46, H 4.70, N, 6.37%; C11H11O5N requires C 55.70, H 4.67, N 5.90%; δH(CDCl3, 400 MHz): 2.29 (3H, s, CH3), 3.59 [2H, s, C(O)CH2C(O)],  5.28 (2H, s, OCH2), 7.52-7.59 (2H, m, 2 x Ar-H), 8.19-8.27 (2H, m, 2 x Ar-H); δC(CDCl3, 100 MHz): 30.3 (CH3), 49.8 [C(O)CH2C(O)], 65.5 (OCH2), 123.8 (2 x Ar-CH), 128.5 (2 x Ar-CH), 142.5 (Cq), 147.9 (Cq), 166.6 (C=O) ester, 199.9 (C=O) ketone; max(ATR)/cm-1 1746, 1715, 1514, 1343; HRMS (ES-): Exact mass calculated for C11H10NO5 [M-H]- 236.0559. Found 236.0552; m/z (ES-) 236.3 [(M -H), 100 %].
Spectral characteristics were consistent with those previously reported.[6]


4-(Trifluoromethyl)benzyl 3-oxobutanoate[7]  56
The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 4-(trifluoromethyl)benzyl alcohol 131 (2.73 g, 15.47 mmol), ethyl acetoacetate 9 (2.01 g, 15.47 mmol) and 3-nitrobenzeneboranic acid 8 (65 mg, 387 μmol, 2.5 mol %) in toluene (50 mL). The reaction was heated under reflux for 18 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. Following purification of the crude product by chromatography on silica gel, using hexane-ethyl acetate (70:30) as eluent, 4-(trifluoromethyl)benzyl 3-oxobutanoate 56 was isolated as a colourless oil (3.64 g, 90 %). δH(CDCl3, 400 MHz) 2.26 (3H, s, CH3), 3.53 [2H, s, C(O)CH2C(O)], 5.23 (2H, s, OCH2), 7.45-7.51 (2H, m, 2 x Ar-H), 7.60-7.67 (2H, m, 2 x Ar-H); δC(CDCl3, 100 MHz): 30.2 (CH3), 49.9 [C(O)CH2C(O)], 66.0 (OCH2), 125.6 (2 x Ar-CH), 127.9 (Cq), 128.3 (2 x Ar-CH), 130.6 (q, CF3, 1JCF 320 Hz), 139.3 (Cq), 166.7 (C=O) ester, 200.1 (C=O) ketone; max(ATR)/cm-1 1745, 1717; HRMS (ES+): Exact mass calculated for  C12H12O3F3 [M+H]+ 261.0739. Found 261.0732; m/z (ES+) 283.2 [(M +Na), 100 %], m/z (ES-) 259.3 [(M -H), 100 %].


3,3-Dimethylbutan-2-yl 3-oxobutanoate[8] 57
The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 3,3-dimethyl-2-butanol 132 (1.18 g, 11.54 mmol), ethyl acetoacetate 9 (1.50 g, 11.54 mmol) and 3-nitrobenzeneboranic acid 8 (48 mg, 289 μmol, 2.5 mol %) in toluene (50 mL). The reaction was heated under reflux for 22 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. The reaction was cooled and the toluene removed under reduced pressure to give a clear oil. Following purification on silica gel using 80:20 hexane:ethyl acetate, 3,3-dimethylbutan-2-yl 3-oxobutanoate 57 was obtained as a pale yellow oil (1.89 g, 88 %). δH(CDCl3, 400 MHz): 0.91 (9H, s, 3 x CH3 of t-butyl), 1.17 (3H, d, OCHCH3,  J 6.1), 2.28 [3H, s, CH3C(O)], 3.45 [2H, s, C(O)CH2C(O)], 4.74 (1H, q, OCHCH3, J 6.3); δC(CDCl3, 100 MHz): 14.8 (CH3), 25.6 (3 x CH3 of t-butyl group), 30.1 (CH3), 34.1 [C(CH3)3], 50.4 [C(O)CH2C(O)], 79.1 [COC(CH3)], 166.7 (C=O) ester, 200.6 (C=O) ketone. max(ATR)/cm-1 1740, 1715; HRMS (ES+): Exact mass calculated for C10H18O3Na [M+Na]+ 209.1148. Found 209.1144; m/z (ES+) 209.3 [(M +Na), 100 %].


Pentan-3-yl 3-oxobutanoate[9] 58
The title compound was prepared following the procedure described for 4-methylbenzyl 3-oxobutanoate 50 using 3-pentanol 133 (1.02 g, 11.59 mmol), ethyl acetoacetate 9 (1.51 g, 11.59 mmol) and 3-nitrobenzeneboranic acid 8 (48 mg, 290 μmol, 2.5 mol %) in toluene (60 mL). The reaction was heated under reflux for 18 h with the toluene-ethanol azeotrope continuously removed from the reaction using a Dean-Stark distillation apparatus. Following purification of the crude product by chromatography on silica gel, using hexane-ethyl acetate (80:20) as eluent, pentan-3-yl 3-oxobutanoate 58 was isolated as a pale yellow oil (1.99 g, 80 %). δH(CDCl3, 400 MHz): 0.89 (6H, m, 2 x CH3), 1.55 – 1.67 (4H, m, 2 x CH2), 2.27 ( 3H, s, CH3), 3.45 [2H, s, C(O)CH2C(O)], 4.78 – 4.85 (1H, m, OCH); δC(CDCl3, 100 MHz): 9.5 (2 x CH3), 26.3 (2 x CH2), 30.1 (CH3), 50.4 [C(O)CH2C(O)], 78.1 (OCH),  166.9 (C=O) ester, 200.6 (C=O) ketone; max(ATR)/cm-1 1736, 1715; HRMS (ES+): Exact mass calculated for C10H18O3Na [M+Na]+ 195.0991. Found 195.0977; m/z (ES+) 195.3 [(M +Na), 100 %], m/z (ES-) 171.3 [(M-H), 100%]. 
Spectral characteristics were consistent with those previously reported.[9]

[bookmark: _Toc447039395]4.1.2 Diazo transfer reactions to β-ketoesters 


Isopropyl 2-diazo-3-oxobutanoate 44  
The title compound was prepared following the procedure described for ethyl 2-diazo-3-oxobutanoate 11 in section 2.2.3 using triethylamine (1.96 mL, 14.07 mmol), isopropyl 3-oxobutanoate 134 (2.03 g, 14.07 mmol) in acetonitrile (35 mL), and a solution of p-toluenesulfonyl azide 1 (2.78 g, 14.07 mmol) dissolved in acetonitrile (5 mL).  The reaction was stirred overnight under an inert nitrogen atmosphere. After 18 h TLC analysis showed complete consumption of the ester starting material 134 and the reaction mixture was concentrated under reduced pressure. The resulting cream residue was dissolved in ether (30 mL) and washed with 9 % KOH (3 x 30 mL) followed by brine (1 x 30 mL) and water (1 x 30 mL). The organic layer was dried (MgSO4) and concentrated under reduced pressure to give isopropyl 2-diazo-3-oxobutanoate 44 was obtained as a yellow oil (1.96 g, 82 %), which was used without further purification. δH(CDCl3, 400 MHz): 1.32 (6H, d, 2 x CH3, J 6.4), 2.47 [3H, s, C(O)CH3], 5.11-5.21 (1H, sept, CH, J 6.4); δC(CDCl3, 100 MHz): 21.9 (CH3 x 2 of isopropyl group), 28.1 (CH3), 69.33 (CH), 160.9 (C=O) ester, 190.1 (C=O) ketone, no signal observed for (C=N2); max(film)/cm-1 2140, 1714, 1657; HRMS (ES+): Exact mass calculated for C7H11O3N2 [M+H]+ 171.0770. Found 171.0764; m/z (ES+) 171.3 [(M+H), 5%], 193.3 [(M +Na), 100 %].


Benzyl 2-diazo-3-oxobutanoate[10] 46  
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (0.39 mL, 2.76 mmol), benzyl 3-oxobutanoate 135 (0.53 g, 2.76 mmol) in acetonitrile (10 mL), and p-toluenesulfonyl azide 1 (0.54 g, 2.76 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred overnight under an inert nitrogen atmosphere. After 16 h TLC analysis showed complete consumption of the ester starting material 135. Following the work-up benzyl 2-diazo-3-oxobutanoate 46 was obtained as a yellow oil (0.54 g, 89%), which was used without further purification. δH(CDCl3, 400 MHz): 2.46 (3H,s, CH3), 5.25 (2H, s, COCH2-Ar), 7.28-7.41 (6H, m, Ar-H); δC(CDCl3, 100 MHz): 28.2 (CH3), 66.9 (OCH2), 128.3 (Ar-CH), 128.6 (Ar-CH), 128.7 (Ar-CH), 135.2 (Ar-Cq), 161.23 (C=O) ester, 189.9 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 2141, 1698, 1645; HRMS (ES+): Exact mass calculated for C11H11O3N2 [M+H]+ 219.0770. Found 219.0769; m/z (ES+) 241.3 [(M +Na), 70 %].
Spectral characteristics were consistent with those previously reported.[10]


4-Methylbenzyl 2-diazo-3-oxobutanoate 59
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (0.17 mL, 1.18 mmol), 4-methylbenzyl 3-oxobutanoate 50 (0.26 g, 1.18 mmol) in acetonitrile (15 mL) and p-toluenesulfonyl azide 1 (0.23 g, 1.18 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred at room temperature under an inert nitrogen atmosphere overnight. Following the work-up 4-methylbenzyl 2-diazo-3-oxobutanoate 59 was obtained as a bright yellow solid (0.29 g, 98 %) which was used without further purification, mp 32-34°C. Found C 62.15, H 5.38; C12H12O4N2 requires C 62.06, H 5.21;   δH(CDCl3, 400 MHz): 2.35 (3H, s, CH3), 2.47 (3H, s, Ar-CH3), 5.22 (2H, s, COCH2-Ar), 7.17-7.19 (2H, m, Ar-H), 7.25-7.27 (2H, m, Ar-H) ); δC(CDCl3, 100 MHz): 21.2 (CH3), 28.2 (Ar-CH3), 66.9 (OCH2Ar), 128.5 (2 x ArCH), 129.4 (2 x ArCH), 132.2 (ArCq), 138.6 (ArCq), 161.3 (C=O) ester, 190.1 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 3009, 2138, 1705, 1653; HRMS (ES+): Exact mass calculated for C12H12O3N2Na [M+Na]+ 255.0746. Found 255.0734; m/z (ES+) 233.3 [(M+H), 8%], 255.3 [(M +Na), 100 %]. 


4-Methoxybenzyl 2-diazo-3-oxobutanoate[11] 60
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (1.25mL, 8.98 mmol), 4-methoxybenzyl 3-oxobutanoate 51 (2.00 g, 8.98 mmol) in acetonitrile (25 mL), and p-toluenesulfonyl azide 1 (1.77 g, 8.98 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred overnight under an inert nitrogen atmosphere. After 18 h TLC analysis showed complete consumption of the ester starting material 51. Following the work-up 4-methylbenzyl 2-diazo-3-oxobutanoate 60 as a pale yellow solid (1.97 g, 88%), which was used without further purification. Found C 58.08, H 4.94, N, 10.82%; C12H12O4N2 requires C 58.06, H 4.87, N 11.29%; mp  60-62°C; δH(CDCl3, 400 MHz): 2.43 (3H, s, CH3), 3.76 (3H, s, OCH3), 5.16 (2H, s, COCH2-Ar), 6.83-6.91 (2H, m, Ar-H), 7.25-7.32 (2H, m, Ar-H) ); δC(CDCl3, 100 MHz): 28.1 (CH3), 55.2 (OCH3), 66.7 (OCH2Ar), 114.0 (2 x ArCH), 127.3 (ArCq), 130.3 (2 x ArCH), 159.9 (ArCq), 161.2 (C=O) ester, 189.8 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 3007,2144, 1700, 1649; HRMS (ES+): Exact mass calculated for C12H12O4N2Na [M+Na]+ 271.0695. Found 271.0673; m/z (ES+) 271.2 [(M +Na), 45 %].


4-(methylthio)benzyl 2-diazo-3-oxobutanoate 61
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (1.48 mL, 10.60 mmol), 4-(methylthio)benzyl 3-oxobutanoate 52 (2.53 g, 10.60 mmol) in acetonitrile (45 mL), and p-toluenesulfonyl azide 1 (2.09g, 10.60 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred overnight under an inert nitrogen atmosphere. After 18 h TLC analysis showed complete consumption of the ester starting material. Following the work-up 4-(methylthio)benzyl 2-diazo-3-oxobutanoate 61 as a yellow solid (2.56 g,  91%), which was used without further purification, mp  48-50°C. Found C 54.45, H 4.51, N 9.86%; C12H12O3N2S requires C 54.13, H 4.58, N 10.00%; δH(CDCl3, 400 MHz): 2.48, 2.49 (3H, s, CH3), (3H, s, SCH3), 5.22 (2H, s, COCH2-Ar), 7.22-7.33 (4H, m, Ar-H); δC(CDCl3, 100 MHz): 15.6 (CH3), 28.3 (SCH3), 66.7 (OCH2Ar), 126.5 (2 x ArCH), 129.1 (2 x ArCH), 131.7 (ArCq), 139.6 (ArCq), 161.3 (C=O) ester, 190.0 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 2141, 1713, 1655; HRMS (ES+): Exact mass calculated for C12H13O3N2S [M+H]+ 265.0647. Found 265.0657; m/z (ES-) 263.3 [(M-H), 10 %].


4-Fluorobenzyl 2-diazo-3-oxobutanoate 62
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (1.45 mL, 10.42 mmol), 4-fluorobenzyl 3-oxobutanoate 53 (2.07 g, 10.42 mmol) in acetonitrile (25 mL) and p-toluenesulfonyl azide 1 (2.05 g, 10.42 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred at room temperature under an inert nitrogen atmosphere overnight. Following the work-up 4-fluorobenzyl 2-diazo-3-oxobutanoate 62 was obtained as a bright yellow oil (1.93 g, 80 %), which was used without further purification. δH(CDCl3, 400 MHz):2.49 (3H, s, CH3), 5.37 (2H, s, COCH2-Ar), 7.50-7.57 (2H, m, Ar-H), 8.20-8.28 (2H, m, Ar-H); δC(CDCl3, 100 MHz): 28.2 (CH3), 65.4 (OCH2Ar), 76.1 (C=N2), 124.0(2 x ArCH), 128.7 (2 x ArCH), 142.3 (ArCq), 148.0 (ArCq), 160.9 (C=O) ester, 189.5 (C=O) ketone; HRMS (ES+): Exact mass calculated for C11H10O3FN2 [M+H]+ 237.0675. Found 237.0678; m/z (ES+) 237.2 [(M+H), 20%].


4-Chlorobenzyl 2-diazo-3-oxobutanoate 63
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (1.45 mL, 10.42 mmol), 4-chlorobenzyl 3-oxobutanoate 54 (2.07 g, 10.42 mmol) in acetonitrile (25 mL) and p-toluenesulfonyl azide 1 (2.05 g, 10.42 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred at room temperature under an inert nitrogen atmosphere overnight. Following the work-up 4-chlorobenzyl 2-diazo-3-oxobutanoate 63 was obtained as a bright yellow solid,  (1.93 g, 80 %), which was used without further purification, mp  111-114°C; δH(CDCl3, 400 MHz):2.45 (3H, s, CH3), 5.22 (2H, s, COCH2-Ar), 7.28-7.38 (4H, m, Ar-H); δC(CDCl3, 100 MHz): 28.2 (CH3), 66.0 (OCH2Ar), 76.2 (C=N2), 128.9 (2 x ArCH), 129.8 (2 x ArCH), 133.7 (ArCq), 134.5 (ArCq), 161.1 (C=O) ester, 189.6 (C=O) ketone; max(ATR)/cm-1 2145, 1710, 1655; HRMS (ES+): Exact mass calculated for C11H10O3N2Cl35 [M+H]+ 253.0380. Found 253.0372; m/z (ES+) 275.2 [(C11H9O3Cl35 +Na), 100 %], 277.2 [(C11H11 O3Cl37 +Na), 40 %].


4-Nitrobenzyl 2-diazo-3-oxobutanoate[12] 64
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (1.45 mL, 10.40 mmol), 4-nitrobenzyl 3-oxobutanoate 55 (2.47 g, 10.40 mmol) in acetonitrile (35 mL), and p-toluenesulfonyl azide 1 (2.05 g, 10.40 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred overnight under an inert nitrogen atmosphere. After 20 h TLC analysis showed complete consumption of the ester starting material 55. Following the work-up 4-nitrobenzyl 2-diazo-3-oxobutanoate 64 as a dark yellow solid (2.47g, 91%), which was used without further purification, mp 128-130°C. Found C 50.02, H 3.52, N, 16.19%; C11H9O5N3 requires C 50.20, H 3.45, N 15.96%;  δH(CDCl3, 400 MHz): 2.49 (3H, s, CH3), 5.36 (2H, s, COCH2-Ar), 7.52-7.56 (2H, m, Ar-H), 8.23-8.28 (2H, m, Ar-H) ); δC(CDCl3, 100 MHz): 28.3 (CH3), 65.4 (OCH2Ar), 124.0 (2 x ArCH), 128.7 (2 x ArCH), 142.2 (ArCq),  148.0 (ArCq), 160.9 (C=O) ester, 189.5 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 2147, 1707, 1660, 1515, 1341, HRMS (ES+): Exact mass calculated for C11H10N3O5 [M+H]+ 264.0620. Found 264.0629; m/z (ES-) 262.3 [(M-H), 10%].
Spectral characteristics were consistent with those previously reported.[12]


4-(Trifluoromethyl)benzyl 2-diazo-3-oxobutanoate 65
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (1.42 mL, 10.14 mmol), 4-(trifluoromethyl)benzyl 3-oxobutanoate 56 (2.64 g,  10.14 mmol) in acetonitrile (40 mL), and p-toluenesulfonyl azide 1 (1.99 g, 10.14 mmol) dissolved in acetonitrile (10 mL). The reaction was stirred overnight under an inert nitrogen atmosphere. After 18 h TLC analysis showed complete consumption of the ester starting material 56. Following the work-up 4-(trifluoromethyl)benzyl 2-diazo-3-oxobutanoate 65 as a yellow oil (2.53 g, 87%), which was used without further purification. δH(CDCl3, 400 MHz): 2.49 (3H, s, CH3), 5.32 (2H, s, COCH2-Ar), 7.46-7.52 (2H, m, Ar-H), 7.63-7.69 (2H, m, Ar-H); δC(CDCl3, 100 MHz): 28.3 (CH3), 65.9 (OCH2Ar), 125.7 (ArCq), 125.8 (2 x ArCH), 128.4 (2 x ArCH), 130.9 (q, CF3, 1JCF 320 Hz), 139.1 (ArCq), 161.1 (C=O) ester, 189.7 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 2149, 1710, 1651; mp  72-74°C. HRMS (ES+): Exact mass calculated for C12H10N2O3F3 [M+H]+ 287.0644. Found 287.0657; m/z (ES+) 309.2 [(M+Na), 50%], m/z (ES-) 285.3 [(M-H), 25%].


3,3-Dimethylbutan-2-yl 2-diazo-3-oxobutanoate 66
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (0.94 mL, 6.74 mmol), 3,3-dimethylbutan-2-yl 3-oxobutanoate 57 (1.26 g, 6.74 mmol) in acetonitrile (20 mL) and p-toluenesulfonyl azide 1 (1.33 g, 6.74 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred at room temperature under an inert nitrogen atmosphere overnight. Following the work-up 3,3-dimethylbutan-2-yl 2-diazo-3-oxobutanoate 66 was obtained as a bright yellow oil (1.29 g, 90 %), which was used without further purification. δH(CDCl3, 400 MHz): 0.93 (9H, s, 3 x CH3 of t-butyl), 1.23 (3H, d, OCHCH3, J 6.5), 2.48 (3H, s, CH3), 4.83 (1H, q, OCHCH3, J 6.4); δC(CDCl3, 100 MHz): 15.1 (OCHCH3), 25.6 (3 x CH3 of t-butyl), 29.2 (CH3), 34.3 (Cq of t-butyl), 79.4 (OCHCH3), 161.1 (C=O) ester, 190.2 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 2137, 1711. 1658; Found (HRMS, ESI): Exact mass calculated for C10H16N2O3Na [M+Na]+ 235.1059. Found 235.1049; m/z (ES+) 235.3 [(M+Na), 100 %].  


Pentan-3-yl 2-diazo-3-oxobutanoate 67
The title compound was prepared following the procedure described for isopropyl 2-diazo-3-oxobutanoate 44 using triethylamine (0.81 mL, 5.83 mmol), pentan-3-yl 3-oxobutanoate 58 (1.26 g, 6.74 mmol) in acetonitrile (20 mL) and p-toluenesulfonyl azide 1 (1.15 g, 5.83 mmol) dissolved in acetonitrile (5 mL). The reaction was stirred at room temperature under an inert nitrogen atmosphere overnight. Following the work-up pentan-3-yl 2-diazo-3-oxobutanoate 67 was obtained as a bright yellow oil (0.94 g, 82 %), which was used without further purification. δH(CDCl3, 400 MHz): 0.92 (6H, t, 2 x CH3, J 7.4), 1.59-1.72 (4H, m, 2 x CH2), 2.48 (3H, s, CH3), 4.87-4.94 (1H, m, OCH); δC(CDCl3, 100 MHz): 9.5 (2 x CH3), 26.4 (2 x CH2), 28.2 (CH3), 78.4 (OCH), 161.4 (C=O) ester, 190.3 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 2137, 1710, 1657;  HRMS (ES+): Exact mass calculated for C9H15N2O3 [M+H]+ 199.1083. Found 199.1080; m/z (ES+) 199.3 [(M+H), 10%], 221.3 [(M+Na), 100 %].

[bookmark: _Toc447039396]4.2 Rh(II) catalysed decomposition reactions of α-diazo β-ketoesters
[bookmark: _Toc447039397]4.2.1 Decomposition of benzyl 2-diazo-3-oxobutanoate 46


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.16 mg, 0.37 μmol, 0.04 mol %) was added to a stirring solution of benzyl 2-diazo-3-oxobutanoate 46 (0.20 g, 0.92 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 7 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude material shows a complex mixture of products. Purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-60:40) gave two identifiable fractions. The less polar fraction, (E)-4-phenylbut-3-en-2-one 70 (38 mg, 28 %) was isolated as a pale yellow oil and the more polar fraction contained 6-methyl-2-phenyl-4H-1,3-dioxin-4-one 69 (23 mg, 13 %) as a clear oil. Evidence for benzaldehyde 71 was seen in the crude reaction mxture but it was not isolated after column chromatography.


(E)-4-Phenylbut-3-en-2-one43 70
δH(CDCl3, 400 MHz): 2.39 [3H, s, C(O)CH3], 6.72 (1H, d, HC=C, J 16.3), 7.33-7.43 (3H, m, Ar-H), 7.51-7.58 [4H, m, containing (1H, d, C=CH, ), (3H, m, Ar-H); δC(CDCl3, 100 MHz): 27.5 (CH3), 127.2 (Ar-CH), 128.3 (2 x Ar-CH), 129.0 (2 x Ar-CH), 130.6 (CH), 134.4 (Cq), 143.5 (CH), 198.5 (C=O) ketone; max(film)/cm-1 1689, 1666; HRMS (ES+): Exact mass calculated for C10H11O [M+H]+ 147.0810. Found 147.0799; m/z (ES+) 147.3 [(M+H), 100%].


6-Methyl-2-phenyl-4H-1,3-dioxin-4-one44 69
δH(CDCl3, 400 MHz): 2.12 (3H, s, CH3), 5.43 (1H, s, CH alkene), 6.39 (1H, s, OCH), 7.31-7.39 (1H, m, Ar-H), 7.44-7.49 (2H, m, Ar-H), 7.57-7.62 (2H, m, Ar-H); δC(CDCl3, 100 MHz): 19.6 (CH3), 96.5 (CH) alkene, 100.0 (OCH), 126.6 (2 x Ar-CH), 128.6 (2 x Ar-CH), 130.4 (CH), 133.7 (Cq), 162.2 (Cq) alkene, 172.0 (C=O); max(ATR)/cm-1 1732, 1629, 1378, 1337; HRMS (ES+): Exact mass calculated for C11H11O3 [M+H]+ 191.0708. Found 191.0699; m/z (ES+) 191.3 [(M+H), 5%], (ES-) 190.2 [(M-H), 5%].


Benzaldehyde[13] 71
Key signal observed: 1H s at H 10 ppm.


Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (35 mg, 0.08 mmol, 5 mol %) was added to a stirring solution of benzyl 2-diazo-3-oxobutanoate 46  (0.35 g, 1.60 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. The characteristic doublet of (E)-4-phenylbut-3-en-2-one 70 at 6.7 ppm is visible in the 1H NMR spectrum of the crude reaction mixture, however there is no evidence of dioxinone formation. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-70:30), one identifiable fraction was obtained. The fraction contained the (E)-4-phenylbut-3-en-2-one 70 as a pale yellow oil (20 mg, 9 %). Evidence for benzaldehyde 71 was seen in the crude reaction mxture but it was not isolated after column chromatography.Spectral details as listed above.



Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (32 mg, 0.07 mmol, 5 mol %) was added to a solution of benzyl 2-diazo-3-oxobutanoate 46  (0.32 g, 1.45 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 46. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. The characteristic doublet of (E)-4-phenylbut-3-en-2-one 70 at 6.7 ppm is visible in the 1H NMR spectrum of the crude reaction mixture, however there is no evidence of dioxinone formation. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-60:40), one identifiable fraction was obtained. The fraction contained the (E)-4-phenylbut-3-en-2-one 70 as a pale yellow oil (32 mg, 15 %). Evidence for benzaldehyde 71 was seen in the crude reaction mxture but it was not isolated after column chromatography.
Spectral details as listed above.

[bookmark: _Toc447039398]4.2.2 Decomposition of 4-methylbenzyl 2-diazo-3-oxobutanoate 59


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.2 mg,  0.4 µmol, 0.04 mol %) was added to a solution of 4-methylbenzyl 2-diazo-3-oxobutanoate 59 (0.21 g, 0.99 mmol) in dichloromethane (3 mL). The reaction was heated to 100 °C under microwave irradiation for 3 min, in a sealed microwave tube (pressure ~ 5.6 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a pale brown oil. The 1H NMR spectrum of the crude reaction mixture showed a complex mixture of products. Repeated careful column chromatography on silica gel using hexane-ethyl acetate (95:5 – 65:35) gave two identifiable fractions. The less polar fraction, (E)-4-(p-tolyl)but-3-en-2-one 72 (25 mg, 16 %) was isolated as a clear oil and the more polar fraction contained 6-methyl-2-(p-tolyl)-4H-1,3-dioxin-4-one 73 (60 mg, 17 %) as a pale yellow oil. Evidence for 4-methylbenzaldehyde 74 was seen in the crude reaction mxture but it was not isolated after column chromatography.


(E)-4-(p-tolyl)but-3-en-2-one[14] 72
δH(CDCl3, 400 MHz): 2.37, 2.38 [3H, s, C(O)CH3], [3H, s, Ar-CH3), 6.68 (1H, d, HC=C, J 16.2), 7.18-7.25 (H, m, Ar-H), 7.42-7.55 [3H, m, containing (1H, d, C=CH), (2H, m, Ar-H); δC(CDCl3, 100 MHz): 27.5 (CH3), 127.2 (Ar-CH), 128.2 (2 x Ar-CH), 128.9 (2 x Ar-CH), 129.4 (CH), 134.5 (Cq), 143.4 (CH), 198.4 (C=O) ketone; max(film)/cm-1 1663, 1608; HRMS (ES+): Exact mass calculated for C11H13O [M+H]+ 161.0966. Found 161.0963; m/z (ES+) 183.3 [(M+Na), 30 %].


6-Methyl-2-(p-tolyl)-4H-1,3-dioxin-4-one[15] 73
δH(CDCl3, 400 MHz): 2.11 (3H, s, Ar-CH3), 2.40 (3H, s, CH3), 5.42 (1H, s, CH alkene), 6.36 (1H, s, OCH), 7.24-7.30 (2H, m, Ar-H), 7.44-7.51 (2H, m, Ar-H); δC(CDCl3, 100 MHz): 19.6 (Ar-CH3), 21.4 (CH3), 96.4 (CH) alkene, 100.2 (OCH), 126.5 (2 x Ar-CH), 129.3 (2 x Ar-CH), 130.8 (Cq), 140.5 (Cq), 162.4 (Cq) alkene, 172.1 (C=O); max(ATR)/cm-1 1719, 1629, 1342;HRMS (ES+): Exact mass calculated for C12H13O3 [M+H]+ 205.0865. Found 205.0859; m/z (ES+) 205.3 [(M+H), 10%], 227.3 [(M+Na), 30 %].


4-Methylbenzaldehyde[16] 74
Key signal observed: 1H s at H 9.9 ppm.


Method 2: Using 5 mol % Rh2(OAc)4 under reflux for 1.5 h
Rhodium(II) acetate dimer (49 mg,  0.05 mmol, 5 mol %) was added to a stirring solution of 4-methylbenzyl 2-diazo-3-oxobutanoate 59 (0.51 g, 2.22 mmol) in dichloromethane (10 mL). The reaction was heated under reflux for 1.5 h after which time TLC analysis indicated complete consumption of the diazocarbonyl starting material. The reaction mixture was cooled and the dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. Following purification by column chromatography on silica gel, using hexane-ethyl acetate (95:5 – 65:35) as eluent, (E)-4-(p-tolyl)but-3-en-2-one 72 (38 mg, 11 %) was isolated as a clear oil. 6-Methyl-2-(p-tolyl)-4H-1,3-dioxin-4-one 73 (35 mg, 14 %) was isolated as a pale yellow oil. Evidence for 4-methylbenzaldehyde 74 was seen in the crude reaction mxture but it was not isolated after column chromatography. Spectral details as above.

Using 5 mol % Rh2(OAc)4 at r.t. 
Rhodium(II) acetate dimer (22 mg,  0.05 mmol, 5 mol %) was added to a stirring solution 4-methylbenzyl 2-diazo-3-oxobutanoate 59 (0.21 g, 1.01 mmol) in dichloromethane (10 mL) under an inert nitrogen atmosphere. The reaction was stirred at room temperature for 18 h after which time TLC analysis indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a pale green oil. Following purification by column chromatography on silica gel, using hexane-ethyl acetate (95:5 – 65:35) as eluent, (E)-4-(p-tolyl)but-3-en-2-one 72 (42 mg, 13 %) was isolated as a clear oil. Evidence for 4-methylbenzaldehyde 74 was seen in the crude reaction mxture but it was not isolated after column chromatography.

[bookmark: _Toc447039399]4.2.3 Decomposition of 4-methoxybenzyl 2-diazo-3-oxobutanoate 60


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.15 mg, 0.3 µmol, 0.04 mol %) was added to a stirring solution of 4-methoxybenzyl 2-diazo-3-oxobutanoate 60 (0.21 g, 0.82 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 7 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a brown oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-60:40) gave three identifiable fractions. The first fraction, 4-methoxybenzyl alcohol 75 (10 mg, 9 %) was isolated as a clear oil. The second fraction contained 4-methoxybenzaldehyde 76 (11 mg, 10%) as a yellow oil, and the most polar fraction contained 2-(4-methoxyphenyl)-6-methyl-4H-1,3-dioxin-4-one 78 (36 mg, 20 %) as a yellow oil. Evidence for (E)-4-(4-methoxyphenyl)but-3-en-2-one 77 was seen in the crude reaction mxture but it was not isolated after column chromatography.


4-Methoxybenzyl alcohol[17] 75
δH(CDCl3, 400 MHz): 3.81 (3H, s, OCH3), 4.46 (2H, s, CH2OH), 6.86-6.91 (2H, m, 2 x Ar-CH), 7.25-7.30 (2H, m, 2 x Ar-CH); δC(CDCl3, 100 MHz): 55.3 (OCH3), 71.5 (CH2OH), 113.8 (2 x Ar-CH), 129.4 (2 x Ar-CH), 130.5 (Ar-Cq), 159.2 (Ar-Cq). 


4-Methoxybenzaldehyde[18] 76
δH(CDCl3, 400 MHz): 3.89 (3H, s, OCH3), 6.98-7.03 (2H, m, 2 x Ar-CH), 7.79-7.87 (2H, m, 2 x Ar-CH), 9.89 [1H, s, C(O)H]; δC(CDCl3, 100 MHz): 55.6 (OCH3), 114.3 (2 x Ar-CH), 129.9 (Ar-Cq), 132.0 (2 x Ar-CH), 165.6 (Ar-Cq), 190.9 (C=O); max(film)/cm-1 1681, 1596, 1255; HRMS (ES+): Exact mass calculated for C8H9O2 [M+H]+ 137.0603. Found 137.0601.


(E)-4-(4-Methoxyphenyl)but-3-en-2-one[19] 77
Key signal observed: 1H d at H 6.7  ppm.




2-(4-Methoxyphenyl)-6-methyl-4H-1,3-dioxin-4-one[15] 78
δH(CDCl3, 400 MHz): 2.10 (3H, s, CH3), 3.84 (3H, s, OCH3), 5.42 (1H, s, CH alkene), 6.34 (1H, s, OCH), 6.94-6.99 (2H, m, Ar-H), 7.48-7.53 (2H, m, Ar-H); δC(CDCl3, 600 MHz): 19.6 (Ar-CH3), 55.4 (OCH3), 96.4 (CH) alkene, 100.1 (OCH), 114.0 (2 x Ar-CH), 128.2 (2 x Ar-CH), 130.1 (Cq), 161.1 (Cq), 162.5 (Cq) alkene, 172.1 (C=O); max(film)/cm-1 1732, 1629, 1378, 1337; HRMS (ES+): Exact mass calculated for C12H13O4 [M+H]+ 221.0814. Found 221.0810; m/z (ES+) 221.2 [(M+H), 5%].

Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (30 mg, 0.08 mmol, 5 mol %) was added to a stirring solution of 4-methoxybenzyl 2-diazo-3-oxobutanoate 60  (0.33 g, 1.33 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (80:20-70:30), two identifiable fractions were obtained. The less polar fraction contained 4-methoxybenzaldehyde 76 (62 mg, 34%) as a yellow oil, while the more polar fraction contained 6-methoxy-2-phenyl-4H-1,3-dioxin-4-one 78 (26 mg, 9 %) as a yellow oil. Evidence for (E)-4-(4-methoxyphenyl)but-3-en-2-one 77 was seen in the crude reaction mxture but it was not isolated after column chromatography. Spectral details as listed above.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (23 mg, 0.05 mmol, 5 mol %) was added to a solution of 4-methoxybenzyl 2-diazo-3-oxobutanoate 60  (0.26 g, 1.04 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 60. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-60:40), one identifiable fraction was obtained. The fraction contained the (E)- 4-methoxybenzaldehyde 76 (22 mg, 15%) as a yellow oil. Evidence for (E)-4-(4-methoxyphenyl)but-3-en-2-one 77 was seen in the crude reaction mxture but it was not isolated after column chromatography. Spectral details as listed above.


[bookmark: _Toc447039400]4.2.4 Decomposition of 4-(methylthio)benzyl 2-diazo-3-oxobutanoate 61


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.15 mg, 0.3 µmol, 0.04 mol %) was added to a stirring solution of 4-(methylthio)benzyl 2-diazo-3-oxobutanoate 61 (0.21 g, 0.82 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 7 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a purple oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-60:40) gave two identifiable fractions. The first fraction, 4-(methylthio)benzaldehyde 80 (40 mg, 10 %) was isolated as a clear oil. The second fraction contained (E)-4-(4-(methylthio)phenyl)but-3-en-2-one 79 (58 mg, 16%) as a pale yellow oil.


4-(Methylthio)benzaldehyde[20] 80
δH(CDCl3, 400 MHz): 2.54 (3H, s, OCH3), 7.31-7.36 (2H, m, 2 x Ar-CH), 7.7-7.81 (2H, m, 2 x Ar-CH), 9.93 [1H, s, C(O)H]; δC(CDCl3, 100 MHz): 29.6 (SCH3), 114.4 (2 x Ar-CH), 131.2 (Ar-Cq), 132.2 (2 x Ar-CH), 164.8 (Ar-Cq), 190.7 (C=O); max(ATR)/cm-1 1692, 1589, 1560; HRMS (ES+): Exact mass calculated for C8H9OS [M+H]+ 153.0374. Found 153.0373; m/z (ES+) 153.2 [(M+H), 100%].


(E)-4-(4-(methylthio)phenyl)but-3-en-2-one 79
δH(CDCl3, 400 MHz): 2.38 (3H, s, C(O)CH3), 2.51 [3H, s, ArSCH3], 6.68 (1H, d, HC=C, J 16.5), 7.22-7.27 (2H, m, Ar-H), 7.44-7.49 [3H, m, containing (1H, d, C=CH), (2H, m, Ar-H)]; δC(CDCl3, 100 MHz): 15.1 (CH3), 27.6 (SCH3) 126.2 (2 x Ar-CH), 128.6 (2 x Ar-CH), 130.9 (Cq), 142.4 (Cq), 142.9 (CH), 198.4 (C=O) ketone; max(ATR)/cm-1 1718, 1627, 1517; HRMS (ES+): Exact mass calculated for C11H13OS [M+H]+ 193.0687. Found 193.0680; m/z (ES+) 193.3 [(M+H), 100%].

Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (30 mg, 0.08 mmol, 5 mol %) was added to a stirring solution of 4-(methylthio)benzyl 2-diazo-3-oxobutanoate 61  (0.33 g, 1.25 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min showed complete consumption of 61. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-75:25), 4-(methylthio)benzaldehyde 80 (57 mg, 30 %) was recovered as a clear oil. Spectral details as listed above.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (23 mg, 0.05 mmol, 5 mol %) was added to a solution of 4-(methylthio)benzyl 2-diazo-3-oxobutanoate 61  (0.26 g, 1.04 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of 61.  The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-80:20), 4-(methylthio)benzaldehyde 80 (88 mg, 22 %)  was recovered as a clear oil. Spectral details as listed above.

[bookmark: _Toc447039401]4.2.5 Decomposition of 4-chlorobenzyl 2-diazo-3-oxobutanoate 63


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.35 mg, 0.8 µmol, 0.04 mol %) was added to a stirring solution of 4-chlorobenzyl 2-diazo-3-oxobutanoate 63 (0.49 g, 1.96 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 10 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a brown oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30) gave three identifiable fractions. The first fraction was isolated as a clear oil (102 mg), and has been tentatively assigned as a number of structural fragments based on signals observed in the 1H and 13C NMR spectra, however further investigation and characterisation is required to determine the exact structure of this compound 85. The second fraction contained (E)-4-(4-chlorophenyl)but-3-en-2-one 83 (63 mg, 18 %) was isolated as a clear oil, and the most polar fraction contained 2-(4-chlorophenyl)-6-methyl-4H-1,3-dioxin-4-one 84 (43 mg, 10 %) as a yellow oil. 4-Chlorobenzaldehyde 82 was observed as the major product by 1H NMR in the crude reaction mixture but was not isolated following column chromatography.


4-Chlorobenzaldehyde[18] 82
Key signal observed: 1H s at H 10  ppm.



Tentative assignment of first fraction 85

(See Chapter 4 Results and Discussion, Section 4.1.3.6, Figure 4.7 for detailed 1H NMR analysis)

δH(CDCl3, 600 MHz):  2.24 (3H, s, CH3), 5.23 (2H, apparent quartet, CH2), 6.69 (1H, s, CH), 7.35 -7.48 (8H, m, 8 x Ar-CH); δC(CDCl3, 150 MHz): 11.5 (CH3), 65.5 (CH2), 107.1 (CH), 127.8 (2 x Ar-CH), 128.8 (2 x Ar-CH), 128.9 (2 x Ar-CH), 129.8 (2 x Ar-CH), 134.1 (Cq), 134.1 (Cq), 134.4 (Cq), 136.2 (Cq), 149.5 (C=O), 160.2 (C=O); max(ATR)/cm-1 1739, 1702, 1493.


(E)-4-(4-Chlorophenyl)but-3-en-2-one[21] 83
δH(CDCl3, 400 MHz): 2.44 [3H, s, C(O)CH3], 6.68 (1H, d, HC=C, J 16.4), 7.34-7.39 (2H, m, Ar-H), 7.43-7.49 [3H, m, containing (1H, d, C=CH), (2H, m, Ar-H); δC(CDCl3, 100 MHz): 27.7 (CH3), 127.5 (CH - alkene), 129.3 (2 x Ar-CH), 129.4 (2 x Ar-CH), 132.9 (Cq), 136.4 (Cq), 141.9 (CH - alkene), 198.1 (C=O) ketone; max(ATR)/cm-1 1692, 1666, 1597, 1507; HRMS (ES+): Exact mass calculated for C10H10OCl35 [M+H]+ 181.0420. Found 181.0416; m/z (ES+) 181.3 [(C10H9OCl35+H), 100%], 183.3 [(C10H9OCl37+H), 40%].


2-(4-Chlorophenyl)-6-methyl-4H-1,3-dioxin-4-one 84
δH(CDCl3, 400 MHz): 2.12 (3H, s, CH3), 5.44 (1H, s, CH alkene), 6.36 (1H, s, OCH), 7.01-7.12 (2H, m, Ar-H), 7.50-7.62 (2H, m, Ar-H); δC(CDCl3,100 MHz): 19.5 (CH3), 96.6 (CH) alkene, 99.4 (OCH), 125.7 (2 x Ar-CH), 128.7 (2 x Ar-CH), 131.6 (Cq), 141.2 (Cq), 162.0 (Cq alkene), 171.9 (C=O); max(ATR)/cm-1 1725, 1630, 1462, 1599, 1377; HRMS (ES+): Exact mass calculated for C11H10O3Cl [M+H]+ 225.0318. Found 225.0320; m/z (ES+) 225.2 [(M+H), 35%].

Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (44 mg, 0.1 mmol, 5 mol %) was added to a stirring solution of 4-chlorobenzyl 2-diazo-3-oxobutanoate 63 (0.51 g, 2.00 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), one identifiable fractions were obtained. This fraction contained (E)-4-(4-chlorophenyl)but-3-en-2-one 83 (38 mg, 14 %) as a clear oil. 4-Chlorobenzaldehyde 82 was observed as the major product by 1H NMR in the crude reaction mixture but was not isolated following column chromatography. Spectral details as listed above.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (45 mg, 0.10 mmol, 5 mol %) was added to a solution of 4-chlorobenzyl 2-diazo-3-oxobutanoate 63  (0.51 g, 2.03 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 63. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), one identifiable fractions were obtained. This fraction contained (E)-4-(4-chlorophenyl)but-3-en-2-one 83 (51 mg, 14 %) as a clear oil. 4-Chlorobenzaldehyde 82 was observed by 1H NMR in the crude reaction mixture but was not isolated following column chromatography. Spectral details as listed above.

[bookmark: _Toc447039402]4.2.6 Decomposition of 4-fluorobenzyl 2-diazo-3-oxobutanoate 62


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.03 mg, 0.9 µmol, 0.04 mol %) was added to a stirring solution of 4-fluorobenzyl 2-diazo-3-oxobutanoate 62 (0.51 g, 2.16 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 7 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a brown oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Purification by chromatography on silica gel using hexane-ethyl acetate (90:10) gave three identifiable fractions. The first fraction was isolated as a clear oil (120 mg), and has been tentatively assigned as a number of structural fragments based on signals observed in the 1H and 13C NMR spectra, however further investigation and characterisation is required to determine the exact structure of this compound 89. The second fraction contained (E)-4-(4-fluorophenyl)but-3-en-2-one 87 (88mg, 25%) as a pale yellow oil, and the most polar fraction contained 2-(4-fluorophenyl)-6-methyl-4H-1,3-dioxin-4-one 88 (36 mg, 8%) as a yellow oil. 4-Fluorobenzaldehyde 86 was observed by 1H NMR in the crude reaction mixture but was not isolated following column chromatography.


4-Fluorobenzaldehyde[22] 86
Key signal observed: 1H s at H 10  ppm.



Tentative assignment of first fraction 89

(See Chapter 4 Results and Discussion, Section 4.1.3.7 for detailed 1H NMR analysis)

δH(CDCl3, 400 MHz): 2.17 (3H, s, CH3), 5.17 (2H, apparent quartet, CH2), 6.61 (1H, s, CH), 6.93-7.48 (8H, m, 8 x Ar-CH); δC(CDCl3, 100 MHz): 11.4 (CH3), 65.6 (CH2), 107.3 (CH), 128.5 (2 x Ar-CH), 128.6 (2 x Ar-CH), 130.4 (2 x Ar-CH), 130.5 (2 x Ar-CH), 134.5 (Cq), 134.6 (Cq), 134.9 (Cq), 137.0 (Cq), 149.5 (C=O), 160.3 (C=O); max(ATR)/cm-1 1741, 1698, 1488.


(E)-4-(4-fluorophenyl)but-3-en-2-one 87[23]
δH(CDCl3, 400 MHz): 2.38 [3H, s, C(O)CH3], 6.65 (1H, d, HC=C, J 16.7), 7.04-7.13 (2H, m, Ar-H), 7.44-7.57 [3H, m, containing (1H, d, C=CH), (2H, m, Ar-H); δC(CDCl3, 100 MHz): 27.6 (CH3), 116.1 (2 x Ar-CH, d, 2JCF 22 Hz), 126.8 (CH - alkene), 130.1 (2 x Ar-CH, d, 3JCF 8 Hz), 130.6 (Cq, d, 4JCF 3), 142.1 (CH - alkene), 164.0 (Cq, d, 1JCF 252), 198.2 (C=O) ketone; max(ATR)/cm-1 1692, 1666, 1597; HRMS (ES+): Exact mass calculated for C10H10OF [M+H]+ 165.0716. Found 165.0713; m/z (ES+) 165.3 [(M+H), 100%].
                                  

  2-(4-fluorophenyl)-6-methyl-4H-1,3-dioxin-4-one 88
δH(CDCl3, 400 MHz): 2.12 (3H, s, CH3), 5.44 (1H, s, CH alkene), 6.37 (1H, s, OCH), 7.11-7.19 (2H, m, Ar-H), 7.55-7.61 (2H, m, Ar-H); δC(CDCl3,100 MHz): 19.6 (CH3), 96.6 (CH) alkene, 99.4 (OCH), 115.7 (2 x Ar-CH, d, 2JCF 22), 128.7 (2 x Ar-CH, d, 3JCF 8.7), 129.7 (Cq, d, 4JCF 3), 161.9 (Cq alkene), 163.8 (Cq, d, 1JCF 250), 171.9 (C=O); max(ATR)/cm-1 1719, 1627, 1432, 1378; HRMS (ES+): Exact mass calculated for C11H10O3F [M+H]+ 209.0614. Found 209.0618; m/z (ES+) 209.3 [(M+H), 55%].

Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (48 mg, 0.11 mmol, 5 mol %) was added to a stirring solution 4-fluorobenzyl 2-diazo-3-oxobutanoate 62 (0.51 g, 2.15 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), two identifiable fractions were obtained. (E)-4-(4-fluorophenyl)but-3-en-2-one 87 (42 mg, 12%), and the most polar fraction contained 2-(4-fluorophenyl)-6-methyl-4H-1,3-dioxin-4-one 88 (19 mg, 5%). Evidence for 4-fluorobenzaldehyde 86  was seen in the crude reaction mxture but it was not isolated after column chromatography. Spectral details as listed above.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (22 mg, 0.06 mmol, 5 mol %) was added to a solution of 4-fluorobenzyl 2-diazo-3-oxobutanoate 62  (0.24 g, 1.02 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 63. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-70:30), two identifiable fractions were obtained. (E)-4-(4-fluorophenyl)but-3-en-2-one 87 (20 mg, 12%), and the most polar fraction contained 2-(4-fluorophenyl)-6-methyl-4H-1,3-dioxin-4-one 88 (10 mg, 5%). Evidence for 4-fluorobenzaldehyde 86  was seen in the crude reaction mxture but it was not isolated after column chromatography. Spectral details as listed above.

[bookmark: _Toc447039403]4.2.7 Decomposition of 4-(trifluoromethyl)benzyl 2-diazo-3-oxobutanoate 65


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.3 mg, 0.43 µmol, 0.04 mol %) was added to a stirring solution of 4-(trifluoromethyl)benzyl 2-diazo-3-oxobutanoate 65 (0.31 g, 1.08 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 5 Bar). Nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a brown oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-70:30), no identifiable products were isolated. Although evidence for 4-(4-(trifluoromethyl)phenyl)but-3-en-2-one 92 and 4-(trifluoromethyl)benzaldehyde 93 were observed in the 1H NMR spectrum of the crude reaction mixture, they were not isolated.


4-(4-(Trifluoromethyl)phenyl)but-3-en-2-one[24] 92
Key signal observed: 1H d at H 6.69 ppm.




4-(Trifluoromethyl)benzaldehyde[25] 93
Key signal observed: 1H s at H 10.01 ppm.


Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (37 mg, 0.08 mmol, 5 mol %) was added to a stirring solution of 4-(trifluoromethyl)benzyl 2-diazo-3-oxobutanoate 65 (0.48 g, 1.68 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), no identifiable products were isolated. Although evidence for 4-(4-(trifluoromethyl)phenyl)but-3-en-2-one 92 and 4-(trifluoromethyl)benzaldehyde 93 were observed in the 1H NMR spectrum of the crude reaction mixture, they were not isolated.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (40 mg, 0.09 mmol, 5 mol %) was added to a solution of 4-(trifluoromethyl)benzyl 2-diazo-3-oxobutanoate 65  (0.52 g, 1.09 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 92. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-70:30), no identifiable products were isolated. Although evidence for 4-(trifluoromethyl)benzaldehyde 93 were observed in the 1H NMR spectrum of the crude reaction mixture, it was not isolated.






[bookmark: _Toc447039404]4.2.8 Decomposition of 4-nitrobenzyl 2-diazo-3-oxobutanoate 64


 Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.4 mg, 0.43 µmol, 0.04 mol %) was added to a stirring solution of 4-nitrobenzyl 2-diazo-3-oxobutanoate 64 (0.31 g, 1.08 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 5 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a brown oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-70:30) gave one identifiable fractions. This contained 4-nitrobenzyl 2-acetoxyacetate 96 as a clear oil (27 mg, 10%). Although evidence for (E)-4-(4-nitrophenyl)but-3-en-2-one 94 and 4-nitrobenzaldehyde 95 were observed in the 1H NMR spectrum of the crude reaction mixture, they were not isolated.


4-Nitrobenzyl 2-acetoxyacetate 96
δH(CDCl3, 400 MHz): 2.62 (3H, s, CH3), 5.32 (2H, s, CH2), 5.82 (2H, s, CH2), 7.56-7.58 (2H, d, Ar-CH), 8.24-8.25 (2H, d, Ar-CH); δC(CDCl3, 100 MHz): 14.7 (CH3), 65.7 (CH2), 74.3 (CH2), 123.9 (Ar-CH), 128.1 (Ar-CH), 142.8 (Cq), 147.7 (Cq), 161.8 (C=O), 163.3 (C=O); max(ATR)/cm-1 1737, 1702, 1602, 1518; HRMS (ES+): Exact mass calculated for C11H11NO6 [M+H]+ 254.0586. Found 254.0592; m/z (ES+) 254.4 [(M+H), 50%].


(E)-4-(4-Nitrophenyl)but-3-en-2-one[18] 94
Key signal observed: 1H d at H 6.7 ppm.




4-Nitrobenzaldehyde[26] 95
Key signal observed: 1H s at H 10 ppm.



Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (41 mg, 0.0 mmol, 5 mol %) was added to a stirring solution of 4-nitrobenzyl 2-diazo-3-oxobutanoate 64 (0.48 g, 1.89 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), no identifiable products were isolated. Although evidence for (E)-4-(4-nitrophenyl)but-3-en-2-one 94 and 4-nitrobenzaldehyde 95 were observed in the 1H NMR spectrum of the crude reaction mixture, they were not isolated.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (47 mg, 0.11 mmol, 5 mol %) was added to a solution of 4-nitrobenzyl 2-diazo-3-oxobutanoate 64  (0.54 g, 2.13 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (95:5-70:30), no identifiable products were isolated. Although evidence for (E)-4-(4-nitrophenyl)but-3-en-2-one 94 and 4-nitrobenzaldehyde 95 were observed in the 1H NMR spectrum of the crude reaction mixture, they were not isolated.


[bookmark: _Toc447039405]4.2.9 Decomposition of 3,3-dimethylbutan-2-yl 3-oxobutanoate 57


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.4 mg, 0.94 μmol, 0.04 mol %) was added to a stirring solution of 3,3-dimethylbutan-2-yl 3-oxobutanoate 57 (0.49 g, 2.35 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 7 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30) gave one identifiable fraction. The fraction contained 2-(t-butyl)-2,6-dimethyl-4H-1,3-dioxin-4-one 97 (52 mg, 12%) as a clear oil. 3-Acetyl-4-(tert-butyl)-4-methyloxetan-2-one 100 was observed by 1H NMR in the crude reaction mixture but was not isolated following column chromatography.


2-(t-butyl)-2,6-dimethyl-4H-1,3-dioxin-4-one[27] 97
δH(CDCl3, 400 MHz): 1.09 (9H, s, 3 x CH3), 1.59 (3H, s, CH3), 1.98 (3H, s, CH3), 5.19 (1H, s, CH alkene); δC(CDCl3, 100 MHz): 16.5 (CH3), 19.9 (CH3), 24.4 (3 x CH3), 38.9 (Cq), 93.3 (CH) alkene, 111.6 (Cq), 161.4 (Cq) alkene, 168.7 (C=O); max(ATR)/cm-1 1737, 1447, 1372; HRMS (ES+): Exact mass calculated for C10H17O3 [M+H]+ 185.1178. Found 185.1169; m/z (ES+) 185.4 [(M+H), 50%], 207.3 [(M+Na), 40%], (ES-) 183.4 [(M-H), 20%].


3-Acetyl-4-(tert-butyl)-4-methyloxetan-2-one 100
Key signal observed: 1H s at H 4.22 ppm.





Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (27 mg, 0.06 mmol, 5 mol %) was added to a stirring solution of 3,3-dimethylbutan-2-yl 3-oxobutanoate 57  (0.26 g, 1.21 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), no identifiable products were isolated. 3-Acetyl-4-(tert-butyl)-4-methyloxetan-2-one 100 was observed by 1H NMR in the crude reaction mixture but was not isolated following column chromatography.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (25 mg, 0.06 mmol, 5 mol %) was added to a solution 3,3-dimethylbutan-2-yl 3-oxobutanoate 57 (0.24 g, 1.12 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 57. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (80:20-70:30), no identifiable products were isolated.

[bookmark: _Toc447039406]4.2.10 Decomposition of pentan-3-yl 2-diazo-3-oxobutanoate 67


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.4 mg, 0.94 μmol, 0.04 mol %) was added to a stirring solution of pentan-3-yl 2-diazo-3-oxobutanoate 67 (0.48 g, 2.39 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 8 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), no identifiable products were isolated. Although evidence for 2,2-diethyl-6-methyl-4H-1,3-dioxin-4-one 101  and 3-acetyl-4,4-diethyloxetan-2-one 102 were observed in the 1H NMR spectrum of the crude reaction mixture, they were not isolated.


2,2-Diethyl-6-methyl-4H-1,3-dioxin-4-one[28] 101
Key signal observed: 1H s at H 5.19 ppm.




3-Acetyl-4,4-diethyloxetan-2-one 102
Key signal observed: 1H s at H 4.21 ppm.



Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (27 mg, 0.06 mmol, 5 mol %) was added to a stirring solution of pentan-3-yl 2-diazo-3-oxobutanoate 67  (0.26 g, 1.21 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), no identifiable products were isolated. Although evidence for 3-acetyl-4,4-diethyloxetan-2-one 102 was observed in the 1H NMR spectrum of the crude reaction mixture, it was not isolated.



Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (25 mg, 0.06 mmol, 5 mol %) was added to a solution pentan-3-yl 2-diazo-3-oxobutanoate 67 (0.24 g, 1.12 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 57. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (80:20-70:30), no identifiable products were isolated.

[bookmark: _Toc447039407]4.2.11 Decomposition of isopropyl 2-diazo-3-oxobutanoate 44


Method 1: Using 0.04 mol % Rh2(OAc)4 under MW irradiation
Rhodium(II) acetate dimer (0.5 mg, 0.94 μmol, 0.04 mol %) was added to a stirring solution of isopropyl 2-diazo-3-oxobutanoate 44 (0.53 g, 3.13 mmol)  in dichloromethane (3 mL) at room temperature. The reaction mixture was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~ 7 Bar). Vigorous nitrogen gas evolution was observed upon releasing the pressure in the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude products shows a complex mixture of products. Purification by chromatography on silica gel using hexane-ethyl acetate (80:20) gave two identifiable fraction. The less polar compound fraction contained 2-(t-butyl)-2,6-dimethyl-4H-1,3-dioxin-4-one 49 (44 mg, 10%) as a clear oil, and the second fraction contained diisopropyl maleate 103 (72 mg, 11 %) as a pale yellow oil.


2,2,6-trimethyl-4H-1,3-dioxin-4-one[29] 49 
δH(CDCl3, 300 MHz): 1.69 (6H, s, 2 x CH3), 1.99 (3H, s, CH3), 5.24 (1H, s, CH alkene); δC(CDCl3, 75.5 MHz): 19.8 (CH3), 24.9 (2 x CH3), 93.7 (CH) alkene, 106.3 (Cq), 161.1 (Cq) alkene, 168.7 (C=O); max(ATR)/cm-1 1737, 1372; HRMS (ES+): Exact mass calculated for C7H11O3 [M+H]+ 143.0708. Found 143.0651; m/z (ES+) 165.3 [(M+H), 50%], (ES-) 141.3 [(M-H), 10%].


Diisopropyl maleate[30] 103
δH(CDCl3, 300 MHz): 1.29 (12H, d, 4 x CH3, J 6.3), 5.12 (2H, sept, 2 x CH, J 6.3), 6.18 (H, s, 2 x CH alkene); δC(CDCl3, 75.5 MHz): 21.7 (4 x CH3), 68.9 (2 x CH), 130.3 (2 x CH) alkene, 164.8 (C=O); max(ATR)/cm-1 2999, 1721, 947; HRMS (ES+): Exact mass calculated for C10H17O4 [M+H]+ 201.1049. Found 201.1023; m/z (ES+) 201.3 [(M+H), 60%], (ES-) 199.3 [(M-H), 15%].

Method 2: Under reflux heating using 5 mol % Rh2(OAc)4
Rhodium(II) acetate dimer (67 mg, 0.15 mmol, 5 mol %) was added to a stirring solution of isopropyl 2-diazo-3-oxobutanoate 44  (0.52 g, 3.06 mmol) in dichloromethane (10 mL) at room temperature. The reaction was heated under reflux (45 °C) under an inert nitrogen atmosphere. TLC analysis after 90 min indicated complete consumption of the diazocarbonyl starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using gradient hexane-ethyl acetate (90:10-70:30), one fraction was isolated which contained 2-(t-butyl)-2,6-dimethyl-4H-1,3-dioxin-4-one 49 with a mixture of other decomposition products.

Method 3: Using 5 mol % Rh2(OAc)4 at r.t. for 18 h
Rhodium(II) acetate dimer (31 mg, 0.07 mmol, 5 mol %) was added to a solution isopropyl 2-diazo-3-oxobutanoate 44 (0.24 g, 1.41 mmol) in dichloromethane (10 mL) at room temperature. The reaction mixture was stirred under an inert nitrogen atmosphere for 18 h after which time TLC analysis of the crude reaction material showed complete consumption of the diazocarbonyl starting material 44. The dichloromethane solvent was removed under reduced pressure to give the crude reaction products as a dark green oil. The 1H NMR spectrum of the crude reaction mixture shows a complex mixture of products. Following purification by chromatography on silica gel using hexane-ethyl acetate (80:20), one fraction was isolated which contained 2-(t-butyl)-2,6-dimethyl-4H-1,3-dioxin-4-one 49 with a mixture of other decomposition products.
[bookmark: _Toc440620316]
[bookmark: _Toc447039408]4.3 Attempted OH insertions

[bookmark: _Toc440620317][bookmark: _Toc447039409]4.3.1 Gadolinium (III) acetate catalysed reactions
[bookmark: _Toc440620318][bookmark: _Toc447039410]4.3.1.1 Gadolinium (III) acetate at room temperature


Method 1: Using 1 mol% Gd(OAc)3 at r.t. 
Gadolinium (III) acetate (3.3 mg,  0.01 mmol, 1 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.94g, 10 mmol) in dichloromethane (3 mL) under an inert nitrogen atmosphere. The reaction was stirred at room temperature for 48 h, while being monitored by TLC analysis. After 48h, TLC analysis indicated no consumption of starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a pale yellow oil. NMR analysis confirmed that the reaction mixture contained starting material only.

	Entrya
	Catalyst
	Catalyst Loading
(mol %)
	Time
	Result


	1
	Gd(OAc)3
	1
	48
	No reaction

	2
	Gd(OAc)3
	5
	48
	No reaction

	3
	Gd(OAc)3
	10
	48
	No reaction


a Reactions typically carried out on a 1 mmol scale in dichloromethane

[bookmark: _Toc440620319][bookmark: _Toc447039411]4.3.1.2 Gadolinium (III) acetate at reflux (45 °C)


Method 2: Using 1 mol% Gd(OAc)3 at reflux (45 °C) 
Gadolinium (III) acetate (3.3 mg,  0.01 mmol, 1 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and phenol 117 (0.94g, 10 mmol) in dichloromethane (3 mL). The reaction mixture was refluxed at 45 °C for 19.5h, at which time TLC analysis indicated no consumption of starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a pale yellow oil. NMR analysis confirmed that the reaction mixture contained starting material only.

	Entrya
	Catalyst
	Catalyst Loading
(mol %)
	Temperature
°C
	Time
	Result


	1
	Gd(OAc)3
	1
	45
	19.5
	No reaction

	2
	Gd(OAc)3
	5
	45
	24
	No reaction

	3
	Gd(OAc)3
	10
	45
	24
	No reaction



[bookmark: _Toc440620320][bookmark: _Toc447039412]4.3.1.3 Gadolinium (III) acetate under MW irradiation


Using 1 mol% Gd(OAc)3 under MW irradiation
Gadolinium (III) acetate (3.3 mg, 0.01 mmol, 1 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.09 g, 1 mmol) in dichloromethane (3 mL). The reaction was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~6 Bar). Some nitrogen gas evolution was observed as the pressure was released from the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a brown oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate two identifiable fractions were isolated. The least polar fraction contained a mixture of unidentifiable decomposition products. The next fraction contained unreacted t-butyl 2-diazo-3-oxobutanoate 12 (0.15 g, 83%). The final fraction contained phenol as an off-white solid (0.06 g, 69%). 


Using 5 mol% Gd(OAc)3 under MW irradiation
Gadolinium (III) acetate (16.5 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.09 g, 1 mmol) in dichloromethane (3 mL). The reaction was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~6 Bar). Some nitrogen gas evolution was observed as the pressure was released from the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a brown oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate two identifiable fractions were isolated. The least polar fraction contained unidentifiable decomposition products. The next fraction contained unreacted t-butyl 2-diazo-3-oxobutanoate 12 (0.14 g, 80%). The final fraction contained phenol 117 as an off-white solid (0.07 g, 80%). Additional fractions contained unidentifiable decomposition products.

[bookmark: _Toc440620321][bookmark: _Toc447039413]4.3.2 Erbium (III) triflate catalysed reactions

[bookmark: _Toc440620322][bookmark: _Toc447039414]4.3.2.1 Erbium (III) triflate at room temperature


Using 1 mol% Er(OTf)3 at r.t.
Erbium(III) triflate (6.1 mg,  0.01 mmol, 1 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and phenol 117 (0.94g, 10 mmol) in dichloromethane (3 mL) under an inert nitrogen atmosphere. The reaction was stirred at room temperature for 48 h, while being monitored by TLC analysis. After 48h, TLC analysis indicated only partial consumption of starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a pale yellow oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate three identifiable fractions were isolated. The least polar fraction contained 2-(t-butyl)phenol 118 (4 mg, 8%). The next fraction contained unreacted phenol 117 (0.61 g, 65%) as an off-white solid. The most polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (54.3 mg, 30%) as a dark yellow solid.


2-(t-Butyl)phenol[31] 118
δH(CDCl3, 400 MHz):  1.41 (9H, s, 3 x CH3), 4.78 (1H, br s, OH),  6.64-6.68 (1H, dd, Ar-CH, J 7.9, 1.3), 6.87-6.90 (1H, td, Ar-CH, J 7.6, 1.), 7.04-7.10 (1H, td, Ar-CH, J 7.5, 1.6), 7.24-7.29 (1H, dd, Ar-CH, J 7.9, 1.6); δC(CDCl3, 100 MHz): 29.6 (3 x CH3), 34.5 (Cq), 116.5 (Ar-CH), 120.6 (Ar-CH), 127.0 (Ar-CH), 127.1 (Ar-CH), 136.1 (Ar-Cq), 154.2 (Ar-C-OH); HRMS (ES+): Exact mass calculated for C10H15O [M+H]+ 151.1123. Found 151.1118; m/z (ES-) 149.3 [(M -H), 100 %].

2-Oxopropyl 2-diazo-3-oxobutanoate[32] 119
δH(CDCl3, 400 MHz): 2.20 (3H, s, CH3), 2.48 (3H, s, CH3), 4.82 (2H, s, CH2); δC(CDCl3, 100 MHz): 25.9 (CH3), 28.2 (CH3), 68.4 (CH2), 160.7 (C=O) ester, 189.6 (C=O) ketone, 200.3 (C=O) ketone, no signal observed for (C=N2); max(ATR)/cm-1 2136, 1729, 1713, 1680; HRMS (ES+): Exact mass calculated for C7H9O4N2 [M+H]+ 185.0562. Found 185.0557; m/z (ES+) 185.3 [(M +H), 20 %], 207.2 [(M +Na), 100%].


Using 5 mol% Er(OTf)3 at r.t. 
Erbium(III) triflate (30.7 mg,  0.05 mmol, 5 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and phenol 117 (0.94g, 10 mmol) in dichloromethane (3 mL) under an inert nitrogen atmosphere. The reaction was stirred at room temperature for 48 h, while being monitored by TLC analysis. After 48h, TLC analysis indicated only partial consumption of starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a pale yellow oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate three identifiable fractions were isolated. The least polar fraction contained 2-(t-butyl)phenol 118 (30.6 mg, 20%). The next fraction contained unreacted phenol 117 (0.53 g, 56%) as an off-white solid. The most polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (56 mg, 30%) as a dark yellow solid. Spectral characteristics were consistent with those previously reported.

[bookmark: _Toc440620323][bookmark: _Toc447039415]4.3.2.2 Erbium (III) triflate at reflux


Using 1 mol% Er(OTf)3 at reflux (45 °C) 
Erbium(III) triflate (6.1 mg,  0.01 mmol, 1 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and phenol 117 (0.94g, 10 mmol) in dichloromethane (3 mL). The reaction mixture was refluxed at 45 °C for 24h. The solution was cooled and the dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark brown oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate three identifiable fractions were isolated. The least polar fraction contained 2-(t-butyl)phenol 118 (22.9 mg, 15%). The next fraction contained unreacted phenol 117 (0.59 g, 63%) as an off-white solid. The most polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (34 mg, 18%) as a dark yellow solid. Spectral characteristics were consistent with those previously reported.


Using 5 mol% Er(OTf)3 at reflux (45 °C) 
Erbium(III) triflate (30.7 mg,  0.05 mmol, 5 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and phenol 117 (0.94g, 10 mmol) in dichloromethane (3 mL). The reaction mixture was refluxed at 45 °C for 24h. The solution was cooled and the dichloromethane was removed under reduced pressure to give the crude reaction mixture as a dark brown oil. Following column chromatography on silica gel using 70:30 hexane: ethyl acetate three identifiable fractions were isolated. The least polar fraction contained 2-(t-butyl)phenol 118 (20 mg, 13%).  The next fraction contained unreacted phenol 117 (0.55 g, 59%) as an off-white solid. The most polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (50.0 mg, 27%) as a dark yellow oil. Spectral characteristics were consistent with those previously reported.
[bookmark: _Toc440620324][bookmark: _Toc447039416]4.3.2.3 Erbium (III) triflate under MW irradiation


Using 1 mol% Er(OTf)3 under MW irradiation
Erbium(III) triflate (6.1 mg,  0.01 mmol, 1 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and phenol 117 (0.94g, 1 mmol) in dichloromethane (3 mL). The reaction was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~6 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a dark brown oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate two identifiable fractions were isolated. The first fraction contained t-butyl 2-diazo-3-oxobutanoate 12 (0.10 g, 54%).  The more polar fraction contained unreacted phenol 117 (0.05 g, 53%) as an off-white solid. Other fractions contained unidentifiable decomposition products. Spectral characteristics were consistent with those previously reported.

Using 5 mol% Er(OTf)3 under MW irradiation
Erbium(III) triflate (30.7 mg,  0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and phenol 117 (0.94g, 1 mmol) in dichloromethane (3 mL). The reaction was heated to 100 °C under microwave irradiation for 3 min in a sealed microwave tube (pressure ~7 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a dark brown oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate three identifiable fractions were isolated. The first fraction contained t-butyl 2-diazo-3-oxobutanoate 12 (0.11 g, 60%).  The next fraction contained unreacted phenol 117 (0.55 g, 59%) as an off-white solid. The most polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (36 mg, 24%) as a dark yellow oil. Spectral characteristics were consistent with those previously reported.

[bookmark: _Toc440620325][bookmark: _Toc447039417]4.4 Attempted SH insertions


Method 1: Using 1 mol% Gd(OAc)3 at r.t. 
Gadolinium (III) acetate (3.3 mg,  0.01 mmol, 1 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and thiophenol 120 (0.11g, 1 mmol) in dichloromethane (3 mL) under an inert nitrogen atmosphere. The reaction was stirred at room temperature for 78 h, while being monitored by TLC analysis. After 78h, TLC analysis indicated no consumption of starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.

	Entrya
	Catalyst
	Catalyst Loading
(mol %)
	Time
	Product


	1
	Gd(OAc)3
	1
	78
	No reaction

	2
	Gd(OAc)3
	5
	78
	No reaction


a Reactions typically carried out on a 1 mmol scale in dichloromethane


Method 2: Using 1 mol% Gd(OAc)3 at reflux (45 °C) 
Gadolinium (III) acetate (3.3 mg,  0.01 mmol, 1 mol %) was added to a stirring solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol)  and thiophenol (0.11g, 1 mmol) in dichloromethane (3 mL) under an inert nitrogen atmosphere. The reaction mixture was refluxed at 45 °C for 24h, at which time TLC analysis indicated no consumption of starting material. The dichloromethane was removed under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.

	Entrya
	Catalyst
	Catalyst Loading
(mol %)
	Temperature
°C
	Time
	Product


	1
	Gd(OAc)3
	1
	45
	24
	No reaction

	2
	Gd(OAc)3
	5
	45
	24
	No reaction





Using 1 mol% Gd(OAc)3 under MW irradiation
Gadolinium (III) acetate (3.3 mg, 0.01 mmol, 1 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and thiophenol 120 (0.11g, 1 mmol) in dichloromethane (3 mL). The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~6 Bar). Some nitrogen gas evolution was observed as the pressure was released from the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.

	Entrya
	Catalyst
	Catalyst Loading
(mol %)
	Temperature
°C
	Time
	Result


	1
	Gd(OAc)3
	1
	100
	10
	No reaction

	2
	Gd(OAc)3
	5
	100
	10
	No reaction



Using 1 mol% Gd(OAc)3 under MW irradiation
Gadolinium (III) acetate (3.3 mg, 0.01 mmol, 1 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and thiophenol 120 (0.11g, 1 mmol) in dichloromethane (3 mL). The reaction was heated to 100 °C under microwave irradiation for 40 min in a sealed microwave tube (pressure ~8 Bar). Some nitrogen gas evolution was observed as the pressure was released from the microwave vial. The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate one identifiable fraction was isolated. This contained S,S-diphenyl 2-methylpropanebis(thioate) 121 (0.03 g, 10%) as a dark yellow oil.


S,S-Diphenyl 2-methylpropanebis(thioate)[33] 121
δH(CDCl3, 400 MHz): 1.59 (3H, d, CH3, J 6.9), 4.07 (1H, q, CH, J 6.9), 7.40-7.48 (10H, m, 10 x Ar-H); δC(CDCl3, 100 MHz): 14.8 (CH3), 61.5 (CH), 126.8 (2 x Cq), 129.4 (2 x Ar-CH), 129.8 (4 x Ar-CH), 134.5 (4 x Ar-CH), 192.9 (2 x C=O) thioester, HRMS (ES+): Exact mass calculated for C16H15O2S2 [M+H]+ 303.0513. Found 303.0502; m/z (ES+) 325.1 [(M +Na), 100 %].
[bookmark: _Toc440620326]
[bookmark: _Toc447039418]4.5 Studies on reactivity using various catalysts under microwave irradiation

[bookmark: _Toc440620327][bookmark: _Toc447039419]4.5.1 Catalyst Free


Microwave Irradiation in the absence of a catalyst
A solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.09 g, 1 mmol) in dichloromethane (3 mL) was placed in a sealed microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~8 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis showed no reaction had occurred, with only starting material present in the mixture.

[bookmark: _Toc447039420][bookmark: _Toc440620328]4.5.2 Gadolinium (III) acetate 


Using 5 mol% Gd(OAc)3 under microwave irradiation
Gadolinium (III) acetate (16.7 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~6 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis showed no reaction had occurred, with only starting material present in the mixture.


Using 5 mol% Gd(OAc)3 under microwave irradiation with phenol
Gadolinium (III) acetate (16.7 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.09 g, 1 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10  min in a sealed microwave tube (pressure ~5 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis showed no reaction had occurred, with only starting material present in the mixture.
[bookmark: _Toc440620329]
[bookmark: _Toc447039421]4.5.3 Gadolinium (III) triflate 


Using 5 mol% Gd(OTf)3 under microwave irradiation
Gadolinium (III) triflate (3.3 mg, 0.01 mmol, 1 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~7 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis of the crude reaction mixture showed some decomposition had occurred. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate one identifiable fraction was isolated. This contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (48.5 mg, 26%) as a dark yellow solid. Additional fractions contained unidentifiable decomposition products. Spectral characteristics were consistent with those previously reported.


Using 5 mol% Gd(OTf)3 under microwave irradiation with phenol
[bookmark: _Toc440620330]Gadolinium (III) triflate (30.2 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.09 g, 1 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~9 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a brown oil. 1H NMR analysis showed formation of an unknown product. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate two identifiable fractions were isolated. The less polar fraction contained unreacted phenol 117 (0.08, 85%) as an off-white solid. The more polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (54.3 mg, 30%) as a dark yellow solid. An additional fraction contained unidentifiable decomposition products. Spectral characteristics were consistent with those previously reported.

[bookmark: _Toc447039422]4.5.4 Erbium (III) triflate 


Using 5 mol% Er(OTf)3 under microwave irradiation
Erbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~7 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis of the crude reaction mixture showed some decomposition had occurred. Following column chromatography on silica gel using 50:50 hexane: ethyl acetate one identifiable fraction was isolated. This contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (50.1 mg, 27%) as a dark yellow solid. Additional fractions contained unidentifiable decomposition products. Spectral characteristics were consistent with those previously reported.


Using 5 mol% Er(OTf)3 under microwave irradiation with phenol
[bookmark: _Toc440620331]Erbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.09 g, 1 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~7 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a brown oil. 1H NMR analysis showed formation of an unknown product. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate two identifiable fractions were isolated. The less polar fraction contained unreacted phenol 117 (0.07 g, 74%) as an off-white solid. The more polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (54.3 mg, 30%) as a dark yellow solid. Spectral characteristics were consistent with those previously reported.

[bookmark: _Toc447039423]4.5.5 Ytterbium (III) triflate 


Using 5 mol% Yb(OTf)3 under microwave irradiation
Ytterbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~7 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis of the crude reaction mixture showed some decomposition had occurred. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate one identifiable fraction was isolated. This contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (58.2 mg, 32%) as a dark yellow solid. An additional fraction contained unidentifiable decomposition products. Spectral characteristics were consistent with those previously reported.


Using 5 mol% Yb(OTf)3 under microwave irradiation with phenol
Ytterbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of t-butyl 2-diazo-3-oxobutanoate 12 (0.18 g, 1.00 mmol) and phenol 117 (0.09 g, 1 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 10 min in a sealed microwave tube (pressure ~7 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a brown oil. 1H NMR analysis showed formation of an unknown product. Following column chromatography on silica gel using 80:20 hexane: ethyl acetate two fractions were isolated. The less polar fraction contained unreacted phenol 117 (0.07 g, 77%) as an off-white solid. The more polar fraction contained 2-oxopropyl 2-diazo-3-oxobutanoate 119 (54.6 mg, 30%) as a dark yellow solid. Spectral characteristics were consistent with those previously reported.


Using 5 mol% Er(OTf)3 under microwave irradiation
Erbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of 2-oxopropyl 2-diazo-3-oxobutanoate 119 (0.18 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 20 min in a sealed microwave tube (pressure ~2 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.


Using 5 mol% Er(OTf)3 under microwave irradiation
Erbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of 2-oxopropyl 2-diazo-3-oxobutanoate 119 (0.16 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 20 min in a sealed microwave tube (pressure ~1 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.


Using 5 mol% Er(OTf)3 under microwave irradiation
Erbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of methyl 2-diazo-3-oxobutanoate 125 (0.14 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 20 min in a sealed microwave tube (pressure ~2 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.


Using 5 mol% Er(OTf)3 under microwave irradiation
Erbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of isopropyl 2-diazo-3-oxobutanoate 44 (0.17 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 20 min in a sealed microwave tube (pressure ~2 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.


Using 5 mol% Er(OTf)3 under microwave irradiation
Erbium (III) triflate (30.7 mg, 0.05 mmol, 5 mol %) was added to a solution of benzyl 2-diazo-3-oxobutanoate 46 (0.22 g, 1.00 mmol) in dichloromethane (3 mL) in a microwave tube. The reaction was heated to 100 °C under microwave irradiation for 20 min in a sealed microwave tube (pressure ~2 Bar). The reaction mixture was cooled and concentrated under reduced pressure to give the crude reaction mixture as a pale yellow oil. 1H NMR analysis confirmed that the reaction mixture contained starting material only.
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