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I Supplementary Notes 152 

Isolation of compounds 153 

General isolation methods were outlined in the Method section of main text. The source, yield, and 154 
analytical data of each compound were listed here. 155 

Isolation of compound 1 156 

Compound 1 was isolated from 2L of CDST agar plates inoculated with A. nidulans expressing SdnA-C-157 

B-H-F-E as 40 mg reddish white solid (20 mg/L). []23 
D = -53.4 (c 4.2 MeOH), lit.1 -55.3 (c 0.19 MeOH); 158 

1H NMR (500 MHz, d5-pyridine) δ 10.26 (s, 1H), 6.16 (dd, J = 3.7, 1.3 Hz, 1H), 4.38 (d, J = 10.7 Hz, 1H), 159 
4.23 (d, J = 10.6 Hz, 1H), 2.98 (t, J = 3.9 Hz, 1H), 2.74 (sept, J = 6.8 Hz, 1H), 2.45 (m, 1H), 2.37-2.27 (m, 160 
2H), 2.08-1.96 (m, 4H), 1.78 (m, 1H), 1.51 (d, J = 12.4 Hz, 1H), 1.11 (t, J = 6.7 Hz, 6H), 1.05 (m, 2H), 0.84 161 
(d, J = 6.9 Hz, 3H); 13C NMR (500 MHz, d5-pyridine) δ 204.7, 175.6, 148.6, 130.7, 73.5, 67.2, 66.6, 59.1, 162 
46.8, 41.7, 41.6, 32.1, 31.3, 29.4, 28.9, 27.9, 26.6, 22.5, 21.0, 17.4; HRMS for C20H28O4 (ESI, [M+H+]) 163 
calculated 333.2060, found 333.2072 (deviation 3.49 ppm). The 1H and 13C NMRs of compound 1 match 164 
with those previously reported for sordaricin1. See Supplementary Table 3, Supplementary Figs. 4, 9-13 for 165 
more spectroscopic data. 166 

Isolation of compound 2 167 

Compound 2 was isolated from 2L of CDST agar plates inoculated with A. nidulans expressing SdnA-C-B 168 

as 50 mg light yellow solid (25 mg/L). []23 
D = 42.5 (c 3.0 DMSO); 1H NMR (500 MHz, CDCl3) δ 5.15 169 

(t, J = 1.0 Hz, 1H), 4.93 (s, 1H), 4.47 (dt, J = 5.3, 1.9 Hz, 1H), 4.35 (d, J = 5.4 Hz, 1H), 3.15 (sept, J = 6.8 170 
Hz, 1H), 2.13 (m, 3H), 2.03 (m, 1H), 1.91-1.77 (m, 2H), 1.67 (m, 2H), 1.62-1.51 (m, 2H), 1.39 (m, 1H), 171 
1.36-1.26 (m, 2H), 0.97 (s, 3H), 0.94 (d, J = 6.9 Hz, 3H), 0.91 (d, J = 6.7 Hz, 3H), 0.78 (d, J = 7.1 Hz, 3H); 172 
13C NMR (500 MHz, CDCl3) δ 155.9, 146.8, 137.8, 106.6, 76.3, 69.1, 50.6, 50.4, 45.6, 43.0, 41.5, 34.6, 173 
34.4, 34.4, 28.4, 27.3, 26.8, 21.8, 20.7, 14.7; HRMS for C20H32O2 (ESI, [M+H+-H2O]) calculated 287.2369, 174 
found 287.2384 (deviation 5.08 ppm). See Supplementary Table 4, Supplementary Figs. 4, 14-19 for more 175 
spectroscopic data. 176 

Isolation of compound 3 177 

Compound 3 was coisolated with compound 2 as 7 mg light yellow solid (3.5 mg/L). 1H NMR (500 MHz, 178 
CDCl3) δ 9.97 (s, 1H), 5.09 (q, J = 1.5 Hz, 1H), 4.85 (s, 1H), 4.06-3.94 (m, 2H), 3.45-3.38 (sept, J = 7.0 Hz, 179 
1H), 2.47-2.39 (m, 2H), 2.21-2.12 (m, 2H), 1.89-1.75 (m, 3H), 1.68 (dd, J = 14.1, 9.4 Hz, 1H), 1.59 (m, 180 
1H), 1.57-1.47 (m, 2H), 1.41-1.29 (m, 2H), 1.19 (s, 3H), 1.11 (d, J = 6.9 Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H), 181 
0.87 (d, J = 7.1 Hz, 3H); 13C NMR (500 MHz, CDCl3) δ 188.9, 172.8, 152.2, 142.0, 109.4, 64.6, 50.1, 48.2, 182 
44.9, 36.1, 36.1, 35.6, 33.5, 30.1, 28.9, 26.9, 26.4, 21.7, 21.7, 16.1; HRMS for C20H32O2 (ESI, [M+Na+]) 183 
calculated 327.2295, found 327.2306 (derivation 3.51 ppm). See Supplementary Table 5, Supplementary 184 
Figs. 4, 20-24 for more spectroscopic data. 185 

Isolation of compound 5 186 

Compound 5 was isolated from 2L of CDST agar plates inoculated with A. nidulans expressing SdnA-C-187 
B-H as 14 mg light yellow solid (9 mg/L). 1H NMR (500 MHz, d5-Pyridine) δ 10.20 (s, 1H), 6.85 (d, J = 188 
5.8 Hz, 1H), 6.49 (dd, J = 5.4 Hz, 1H), 5.55 (t, J = 1.9 Hz, 1H), 5.03 (s, 1H), 4.36 (m, 2H), 3.44 (sept, J = 189 
7.0 Hz, 1H), 2.36 (m, 1H), 2.28 (dd, J = 13.9, 3.1 Hz, 1H), 1.98-1.85 (m, 3H), 1.68 (m, 1H), 1.54-1.48 (m, 190 
1H), 1.37 (s, 3H), 1.29-1.20 (m, 1H), 1.14 (d, J = 6.8 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H), 0.83 (d, J = 7.0 Hz, 191 
2H); 13C NMR (500 MHz, d5-Pyridine) δ 184.4, 170.0, 157.2, 153.8, 144.0, 128.7, 108.4, 64.5, 57.8, 47.9, 192 
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45.0, 36.4, 34.9, 33.3, 30.1, 26.4, 22.8, 22.7, 22.5, 15.5; HRMS for C20H30O2 (ESI, [M+H+]) calculated 193 
303.2319, found 303.2325 (derivation 2.12 ppm). See Supplementary Table 7, Supplementary Figs. 4, 30-194 
34 for more spectroscopic data. 195 

Isolation of compound 6 196 

Compound 6 was coisolated with compound 5 as 9 mg light yellow solid (4.5 mg/L). 1H NMR (500 MHz, 197 
d5-Pyridine) δ 6.72 (d, J = 5.5 Hz, 1H), 6.51 (d, J = 5.4Hz, 1H), 5.54 (s, 1H), 5.16 (s, 1H), 4.46 (d, J = 14.9 198 
Hz, 1H), 4.40 (d, J = 14.9 Hz, 1H), 4.33 (m, 1H), 2.50 (d, J = 13.9, 1H), 2.43 (m, 1H), 2.10-2.02 (m, 1H), 199 
1.93 (m, 2H), 1.76-1.68 (m, 1H), 1.57 (s, 3H), 1.51 (m, 2H), 1.26 (m, 1H), 1.25 (d, J = 6.8 Hz, 3H), 1.19 200 
(d, J = 6.9 Hz, 3H), 0.87 (d, J = 7.1 Hz, 3H); 13C NMR (500 MHz, d5-Pyridine) δ 167.6, 163.7, 153.9, 201 
153.9, 136.6, 128.2, 108.3, 64.4, 58.7, 48.1, 45.2, 36.2, 35.0, 33.3, 29.8, 27.8, 23.3, 22.7, 22.3, 15.4; HRMS 202 
for C20H30O3 (ESI, [M+H+-H2O]) calculated 301.2162, found 301.2161 (deviation 0.35 ppm). See 203 
Supplementary Table 8, Supplementary Figs. 4, 35-39 for more spectroscopic data. 204 

Isolation of compound 8 205 

Plasmid XW55 harboring SdnH was transformed into Saccharomyces cerevisiae RC01 via Frozen-EZ 206 
Yeast Transformation II Kit (Zymo Research)2. The transformant was grown in 20 mL uracil drop out 207 
media (2% glucose, 0.5% casamino acid, 0.67% yeast nitrogen base w/o amino acid, 0.002% adenine, 0.002% 208 
L-tryptophan) overnight which was then used to inoculate 300 mL YPD media (1% yeast extract, 2% 209 
peptone, 2% glucose). This culture was shaken at 28 °C 250 rpm overnight before fed with 10 mg compound 210 
2 in DMSO. The culture was left in shaker for additional two days. Cells and media were extracted 211 
separately by acetone and ethyl acetate respectively. The organics were combined and dried with a rotary 212 
evaporator. The crude extract was then separated by HPLC as stated in main methods. Compound 8 was 213 
obtained as 4 mg of light yellow solid (40% isolation yield from 2). 1H NMR (500 MHz, CDCl3) δ 6.26 (d, 214 
J = 5.4 Hz, 1H), 6.02 (d, J = 5.4, 1H), 5.21 (t, J = 1.2 Hz, 1H), 4.90 (s, 1H), 4.68 (d, J = 5.7 Hz, 1H), 4.656 215 
(d, J = 5.7 Hz, 1H), 3.37 (sept, J = 6.8 Hz, 1H), 2.00 (d, J = 14.6 Hz, 1H), 1.97-1.88 (m, 3H), 1.74 (m, 1H), 216 
1.65-1.54 (m, 1H), 1.45 (dd, J = 14.5, 9.6 Hz, 1H), 1.15 (s, 3H), 1.12 (d, J = 6.8 Hz, 3H), 1.10 (d, J = 6.9 217 
Hz, 3H), 0.79 (d, J = 7.1 Hz, 3H), 0.75-0.66 (m, 1H); 13C NMR (500 MHz, CDCl3) δ 155.0, 148.7, 145.4, 218 
141.9, 129.4, 107.8, 75.2, 70.0, 57.1, 48.4, 48.0, 40.1, 38.1, 33.4, 32.5, 27.1, 24.1, 23.4, 21.7, 15.9; HRMS 219 
for C20H30O2 (ESI, [M+H +-H2O]) calculated 285.2213, found 285.2220 (deviation 2.48 ppm). See 220 
Supplementary Table 10, Supplementary Figs. 4, 45-50 for more spectroscopic data. 221 

Isolation of compound 11 222 

A. nidulans expressing SdnA-C-B-H-F was used to inoculate 3L of CDST liquid culture which was then 223 
shaken at 28 °C for 6 days. Cell body and media were separated by filtration and extracted separately by 224 
acetone and ethyl acetate respectively. The organics were combined and dried with a rotary evaporator. The 225 
crude extract was then separated by normal-phase flash chromatography with a gradient of hexane and ethyl 226 
acetate and then by reverse-phase HPLC as stated in main methods. Compound 11 was obtained as 3 mg 227 
light yellow solid (1 mg/L). 1H NMR (500 MHz, d5-Pyridine) δ 10.07 (d, J = 1.0 Hz, 1H), 5.97 (d, J = 3.4, 228 
1H), 2.63 (sept, J = 6.8, 1H), 2.23 (m, 2H), 2.05 (t, J = 13.4 Hz, 1H), 1.92-1.78 (m, 4H), 1.53 (m, 1H), 1.39-229 
1.28 (m, 2H), 1.24 (s, 3H), 0.98 (d, J = 6.8 Hz, 3H), 0.95 (d, J = 6.9 Hz, 3H), 0.92-0.81 (m, 2H), 0.68 (d, J 230 
= 6.6 Hz, 3H); 13C NMR (500 MHz, d5-Pyridine) δ 204.8, 175.5, 148.8, 131.5, 72.8, 62.1, 58.8, 50.9, 42.1, 231 
41.6, 32.9, 32.3, 31.4, 29.6, 28.1, 26.8, 22.5, 22.4, 21.2, 17.6; HRMS for C20H28O3 (ESI, [M+H+-H2O]) 232 
calculated 299.2006, found 299.2009 (deviation 1.15 ppm). See Supplementary Table 13, Supplementary 233 
Figs. 4, 62-66 for more spectroscopic data. 234 

 235 
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Isolation of compound 12 236 

Compound 12 was coisolated with compound 11 as 3 mg light yellow solid (1 mg/L). 1H NMR (500 MHz, 237 
d5-Pyridine) δ 5.97 (d, J = 3.6 1H), 3.74 (d, J = 11.6 Hz, 1H), 3.61 (d, J = 11.6 Hz, 1H), 2.89 (sept, J = 6.8 238 
Hz, 1H), 2.29-2.12 (m, 4H), 2.06-1.95 (m, 3H), 1.79 (m, 1H), 1.52 (d, J = 14.0, 6.6 Hz, 1H), 1.43 (s, 3H), 239 
1.27-1.17 (m, 2H), 1.16 (d, J = 7.0 Hz, 3H), 1.14 (d, J = 7.0 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H); 0.30 (d, J = 240 
12.3 Hz, 1H); 13C NMR (500 MHz, d5-Pyridine) δ 179.5, 149.8, 130.6, 68.0, 63.4, 50.7, 49.9, 43.3, 42.8, 241 
33.6, 33.0, 32.7, 32.7, 28.8, 27.1, 24.2, 24.1, 23.1, 21.6, 18.3; HRMS for C20H30O3 (ESI, [M+H+-H2O]) 242 
calculated 301.2162, found 301.2167 (deviation 1.64 ppm). See Supplementary Table 14, Supplementary 243 
Figs. 4, 67-71 for more spectroscopic data. 244 

Isolation of compound 13 245 

Compound 13 was coisolated with compound 1 as 5.5 mg light yellow solid (2.3 mg/L). 1H NMR (500 246 
MHz, d5-Pyridine) δ 6.73 (m, 1H), 6.55-6.50 (m, 1H), 4.40-4.32 (m, 1H), 3.15 (m, 1H), 2.63 (d, J = 13.7 247 
Hz, 1H), 2.56-2.48 (m, 1H), 2.02-1.94 (m, 2H), 1.83-1.75 (m, 1H), 1.64-1.53 (m, 2H), 1.58 (s, 3H), 1.53-248 
1.42 (m, 1H), 1.27 (m, 1H), 1.29 (dd, J = 7.1, 3.2 Hz, 3H), 1.27 (d, J = 7.0 Hz, 3H), 1.22 (d, J = 7.0 Hz, 249 
3H), 0.84 (d, J = 7.1 Hz, 3H); 13C NMR (500 MHz, d5-Pyridine) δ 179.6, 167.4, 164.2, 153.9, 128.4, 58.8, 250 
44.8, 43.5, 39.9, 36.7, 35.2, 34.0, 27.9, 23.2, 22.8, 22.1, 15.1, 10.8; HRMS for C20H30O4 (ESI, [M+H+-H2O]) 251 
calculated 317.2111, found 317.2117 (derivation 1.82 ppm). See Supplementary Table 15, Supplementary 252 
Figs. 4, 72-76 for more spectroscopic data. 253 

Isolation of compound 14 254 

Compound 14 was coisolated with compound 1 as 3 mg light yellow solid (1.5 mg/L). 1H NMR (500 MHz, 255 
d5-Pyridine) δ 6.72 (m, 1H), 6.52 (m, 1H), 4.35 (m, 1H), 3.75-3.64 (m, 2H), 2.59 (d, J = 13.9, 1H), 2.41-256 
2.28 (m, 1H), 2.07 (m, 1H), 2.01-1.88 (m, 2H), 1.58 (s, 3H), 1.54 (m, 2H), 1.47 (m, 1H), 1.41-1.30 (m, 2H), 257 
1.27 (d, J = 7.0 Hz, 3H), 1.21 (d, J = 7.0 Hz, 3H), 0.96 (d, J = 6.7 Hz, 3H), 0.84 (d, J = 7.0 Hz, 3H); 13C 258 
NMR (500 MHz, d5-Pyridine) δ 167.4, 164.1, 154.1, 136.4, 136.4, 128.3, 68.2, 58.9, 43.4, 43.4, 36.9, 35.5, 259 
34.3, 27.9, 23.4, 22.8, 22.2, 22.0, 15.2, 11.3; HRMS for C20H32O3 (ESI, [M+H+-H2O]) calculated 303.2319, 260 
found 303.2322 (deviation 2.12 ppm). See Supplementary Table 16, Supplementary Figs. 4, 76-81 for more 261 
spectroscopic data. 262 

Chemical synthesis of compounds 4, 7, and 10 263 

General synthetic methods were outlined in the main methods. The source, yield and analytical data of each 264 
compound were listed here. 265 

Synthesis of compound 4 266 

Compound 4 was synthesized from 5 mg of compound 3 with a yield of 100% estimated from UV of the 267 
remaining reactant. 1H NMR (500 MHz, CD2Cl2) δ 9.95 (s, 1H), 9.48 (s, 1H), 6.20 (s, 1H), 5.97 (d, J = 0.8 268 
Hz, 1H), 3.44-3.35 (sept, J = 7.0 Hz, 1H), 2.57 (m, 1H), 2.40 (m, 2H), 2.20 (m, 1H), 1.96-1.84 (m, 2H), 269 
1.80 (m, 1H), 1.76-1.67 (m, 2H), 1.53-1.42 (m, 1H), 1.39 (m, 1H), 1.40-1.32 (m, 1H), 1.29 (dd, J = 14.3, 270 
2.0 Hz, 1H), 1.16 (s, 3H), 1.10 (d, J = 6.9 Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H), 0.89 (d, J = 7.1 Hz, 3H); 13C 271 
NMR (126 MHz, CD2Cl2) δ 195.4, 188.6, 172.5, 154.3, 142.3, 134.7, 50.3, 45.5, 43.2, 36.9, 36.5, 36.1, 272 
33.8, 30.4, 29.6, 27.2, 26.4, 21.8, 21.8, 16.0; HRMS for C20H30O2 (ESI, [M+H+]) calculated 303.2319, 273 
found 303.2325 (deviation 2.12 ppm). See Supplementary Table 6, Supplementary Figs. 4, 25-29 for more 274 
spectroscopic data. 275 

Synthesis of compound 7 276 
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Compound 7 was synthesized from 3 mg of compound 5 with a yield of 100% estimated from UV of the 277 
remaining reactant. 1H NMR (500 MHz, CD2Cl2) δ 9.90 (s, 1H), 9.45 (s, 1H), 6.77 (d, J = 5.3 Hz, 1H), 6.44 278 
(d, J = 5.3 Hz, 1H), 6.10 (s, 1H), 5.93 (s, 1H), 3.47 (sept, J = 6.8 Hz, 1H), 2.50 (m, 1H), 1.93-1.79 (m, 3H), 279 
1.77-1.66 (m, 2H), 1.25 (m, 3H), 1.23 (d, J = 6.9 Hz, 3H), 1.19 (d, J = 6.9 Hz, 3H), 1.19 (s, 3H), 0.78 (d, J 280 
= 7.1 Hz, 3H); 13C NMR (500 MHz, CD2Cl2) δ 195.6, 184.2, 170.9, 157.0, 153.9, 143.3, 134.4, 128.5, 57.6, 281 
45.4, 42.1, 36.3, 34.3, 33.2, 29.8, 26.5, 22.9, 22.5, 22.4, 15.0; HRMS for C20H28O2 (ESI, [M+Na+]) 282 
calculated 301.2162, found 301.2168 (deviation 1.97 ppm). See Supplementary Table 9, Supplementary 283 
Figs. 4, 40-44 for more spectroscopic data. 284 

Synthesis of compound 10 285 

Compound 10 was synthesized from 5 mg of compound 6 with a yield of 95% estimated from UV of the 286 
remaining reactant. 1H NMR (500 MHz, d5-Pyridine) δ 9.61 (s, 1H), 6.67 (d, J = 5.4 Hz, 1H), 6.51 (d, J = 287 
5.3 Hz, 1H), 6.33 (s, 1H), 5.93 (s, 1H), 4.31 (sept, J = 6.8 Hz, 1H), 2.79 (m, 1H), 2.33 (d, J = 13.9 Hz, 1H), 288 
2.07-1.76 (m, 4H), 1.69 (m, 1H), 1.51 (s, 3H), 1.40-1.31 (m, 2H), 1.31 (d, J = 6.8 Hz, 3H), 1.19 (d, J = 6.9 289 
Hz, 3H), 0.84 (d, J = 7.0 Hz, 3H); 13C NMR (500 MHz, d5-Pyridine) δ 195.5, 167.2, 164.2, 154.3, 153.7, 290 
136.1, 134.5, 128.4, 58.6, 46.1, 42.2, 36.6, 34.7, 33.7, 30.3, 27.9, 23.2, 22.8, 22.2, 15.4; HRMS for C20H28O3 291 
(ESI, [M+H+-H2O]) calculated 299.2006, found 299.2009 (deviation 1.15 ppm). See Supplementary Table 292 
12, Supplementary Figs.4, 57-61 for more spectroscopic data. 293 

Preparation of compound 9 294 

Compound 9 was a formed by cyclization of compound 7. During the synthetic reaction of 7, 9 was only 295 
observed as a minor product (less than 5%). However, when a solution of compound 7 (9 mg) in CH2Cl2 296 
was evaporated in vacuum, ~ 66% of 9 cyclizes (Supplementary Fig. 51). How the concentration process 297 
promotes cyclization of 7 is not fully understood but is possibly caused by increased energy of the system 298 
due to higher collision frequency between concentrated molecules. Residue containing compounds 7 and 9 299 
was further separated by HPLC as stated in the main methods to yield 4 mg of compound 9 as light-yellow 300 
solid. 1H NMR (500 MHz, MeOD) δ 10.15 (s, 1H), 9.81 (s, 1H), 6.13 (dd, J = 3.4, 1.4 Hz, 1H), 2.43 (dd, J 301 
= 4.3, 3.5 Hz, 1H), 2.22-2.12 (m, 1H), 2.14-2.03 (m, 3H), 2.02 (dd, J = 12.6, 4.4 Hz, 1H), 1.84 (m, 1H), 302 
1.77-1.64 (m, 2H), 1.65 (dd, J = 14.3, 6.4 Hz, 1H), 1.32 (d, J = 12.5 Hz, 1H), 1.26-1.19 (m, 1H), 1.16 (s, 303 
3H), 1.05-0.92 (m, 1H), 0.98 (d, J = 6.9 Hz, 3H), 0.93 (d, J = 6.9 Hz, 3H), 0.78 (d, J = 7.0 Hz, 3H); 13C 304 
NMR (500 MHz, MeOD) δ 206.9, 206.2, 165.0, 150.1, 134.1, 76.1, 63.3, 61.5, 51.9, 43.1, 42.4, 34.7, 33.2, 305 
32.5, 30.3, 28.9, 27.1, 23.2, 21.8, 21.5, 17.8; HRMS for C20H28O2 (ESI, [M+H+]) calculated 301.2162, 306 
found 301.2172 (deviation 3.3 ppm). See Supplementary Table 11, Supplementary Figs. 4, 52-56 for more 307 
spectroscopic data. 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 
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II Supplementary Tables 317 

Supplementary Table 1. Annotation of the putative sordaricin B cluster. 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 

 327 

Gene 
GenBank 
accession 

Size 
(aa) 

Proposed function 

Homologs in 
S. araneosa 

(identity/simil
arity, %) 

Homologs in 
other pathways 

(identity/similari
ty, %) 

Orf1 
GAP90682.1 

[https://www.ncbi.nlm.nih.
gov/protein/GAP90682.1] 

406 Terpene cyclase 
SdnA 

(66/79) 
S0DX56.1 

(38/59) 

Orf2 
GAW26838.1 

[https://www.ncbi.nlm.nih.
gov/protein/GAW26838.1] 

537 P450 
SdnB 

(62/78) 
A0A084R1M7.1 

(35/56) 

Orf3 
GAW26839.1 

[https://www.ncbi.nlm.nih.
gov/protein/GAW26839.1] 

245 Methyltransferase 
SdnD 

(58/75) 
P74838.1 
(31/48) 

Orf4 
GAP90684.1 

[https://www.ncbi.nlm.nih.
gov/protein/GAP90684.1] 

514 Glycosyltransferase 
SdnJ 

(60/79) 
A0A411KZY6.1 

(31/51) 

Orf5 
GAP90685.1 

[https://www.ncbi.nlm.nih.
gov/protein/GAP90685.1] 

524 P450 
SdnH 

(66/79) 
Q6WP51.1 

(38/58) 

Orf6 
GAP90686.1 

[https://www.ncbi.nlm.nih.
gov/protein/GAP90686.1] 

144 
Hypothetical 

protein 
SdnG 

(51/68) 
Q7V2Q8.1 

(29/54) 

Orf7 
GAP90687.1 

[https://www.ncbi.nlm.nih.
gov/protein/GAP90687.1] 

433 P450 
SdnF 

(71/83) 
C9K202.1 

(34/53) 

Orf8 
GAP90688.2 

[https://www.ncbi.nlm.nih.
gov/protein/GAP90688.2] 

520 P450 
SdnE 

(70/82) 
C8V7P3.1 

(40/62) 
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Supplementary Table 2. DNA and protein sequence of SdnG (S. araneosa) used in this study. 328 

DNA sequence ATGGCTGGCAAGGAAATTCAGACCCCCGATCAGGCCGAGGCATTCGT
CGCCAAGGTATTTGACGTCCTCGATTCATATGATTACACCCGTTTCGG
TGAGGTGCTTTCCACCGACCTGAAGTACGAAGGTGGTTTGCAAAAGA
CCTCTGGGCTGGATAACTTCATCAATGACATCAAGGCATCCACCCAG
CGAATGCCAGGGCTCCAGACCTCTCACTCCCGATATCGCACTGAACT
CACCGCCGAGGGCACCATCTACAGCGAGGGTCACTCAAACGCATCTT
TGGAGTCGAATCCGGGCAAGGTTGTGACTGTACCCATGATTGGCGTG
TTCAAGTTGGACAGTGAAGATGGCAAGATCAAGGAGATGCGCATTTA
CAAGGATCGTTTGCCATTCTTGGCGCTCCATCAAGCACTCCCTGGGAT
GAAGGCGAACAATTAG 

Protein sequence 

(UniProt accession: 
A0A1B4XBH4, 
[https://www.unipr
ot.org/uniprot/A0A
1B4XBH4]) 

MAGKEIQTPDQAEAFVAKVFDVLDSYDYTRFGEVLSTDLKYEGGLQKT
SGLDNFINDIKASTQRMPGLQTSHSRYRTELTAEGTIYSEGHSNASLESNP
GKVVTVPMIGVFKLDSEDGKIKEMRIYKDRLPFLALHQALPGMKANN 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 
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Supplementary Table 3. Spectroscopic data of compound 1. 347 

 348 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.27, m 28.8  
2 1.77, m 41.6 H1, H3, H6 
3 2.00, m 31.3 H16 
4 1.80, m 

0.92, m 
32.1 H3, H4, H5 

5 2.00, m 
1.05, m 

26.6 H4, H5, H6 

6 2.47, m 41.7 H2, H5 
7  59.1  
8 10.25 204.5  
9  175.6  
10  73.4  
11  67.2  
12 2.98, t (3.8) 46.8 H13, H17 
13 6.16, d (3.3) 130.7 H12, H15 
14  148.6  
15 2.74, septet (6.8) 27.9 H13, H19, H20 
16 0.84, d (7.0) 17.4 H3 
17 2.00, m 

1.52, d (12.4) 
29.4 H12 

18 4.37, d (10.6) 
4.24, d (10.6) 

66.6  

19 1.11, d (6.7) 21.1 H15 
20 1.11, d (6.8) 22.4 H15 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 

 357 
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Supplementary Table 4. Spectroscopic data of compound 2. 358 

 359 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 1.57, d (14.5) 

1.32, dd (14.5, 10.4) 
43.0  

2 1.65, m 50.4 H3 
3 2.02, m 41.5 H2, H16 
4 1.39, m 

1.33, m 
34.4 H3, H5 

5 2.09, m 
1.65, m 

34.6 H4, H6 

6 1.86, m 45.6 H5 
7  155.9  
8 4.47 dt (5.4, 1.6) 76.3 H9, H17 
9 4.34 d (5.4) 69.1 H8 
10  137.8  
11  50.6  
12 1.58, m 

1.32, m 
34.4 H13 

13 2.14, m 26.8 H12 
14  146.8  
15 3.14, septet (7.0) 28.4 H19, H20 
16 0.78, d (7.2) 14.7 H3 
17 5.15, t (1.0) 

4.93, s 
106.6 H8 

18 0.96, s 27.3  
19 0.91, d (6.7) 21.7 H15 
20 0.94, d (6.9) 20.7 H15 

 360 

The stereochemistry of 2 was determined by NOESY based on the reported stereochemistry for 361 
cycloaraneosene3,4. 362 

 363 

 364 

 365 

 366 

 367 

 368 
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Supplementary Table 5. Spectroscopic data of compound 3 369 

 370 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 1.69, dd (14.2, 9.5) 

1.50, m 
36.1  

2 1.60, m 44.9 H3 
3 2.17, m 36.1 H2, H16 
4 1.78, m 

1.37, m 
33.5 H3 

5 1.85, m 
1.37, m 

28.9 H6 

6 2.17, m 48.2 H5 
7  152.2  
8 3.99, m 64.6 H17 
9 9.97 188.9  
10  142.0  
11  50.1  
12 1.80, m 

1.34, m 
35.6 H13 

13 2.43, m 30.1 H12 
14  172.8  
15 3.41, septet (7.0) 26.9 H19, H20 
16 0.86, d (7.1) 16.1 H3 
17 5.09, q (1.6) 

4.85, s 
109.4 H8 

18 1.19, s 26.4  
19 1.11, d (6.9) 21.7 H15 
20 1.09, d (6.9) 21.5 H15 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 
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Supplementary Table 6. Spectroscopic data of compound 4. 380 

 381 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 1.71, m 

1.31, dd (14.2, 1.9) 
36.5  

2 1.79, m 45.5 H3, H6 
3 2.21, m 37.0 H2, H16 
4 1.91, m 

1.37, m 
33.8 H3 

5 1.91, m 
1.37, m 

29.6 H6 

6 2.58, m 43.2 H2, H5 
7  154.3  
8 9.48, s 195.4  
9 9.95, s 188.6  
10  142.3  
11  50.3  
12 1.71, m 

1.50, m 
36.1 H13 

13 2.43, m 30.4 H12 
14  172.5  
15 3.40, septet (6.9) 27.2 H19, H20 
16 0.86, d (7.1) 16.0 H3 
17 6.20 

5.97, d (0.6) 
134.7  

18 1.16, s 26.4  
19 1.10, d (6.9) 21.8 H15 
20 1.09, d (6.9) 21.8 H15 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 
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Supplementary Table 7. Spectroscopic data of compound 5 391 

 392 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.27, dd (14.0, 3.0) 

1.90, m 
34.9 H2 

2 1.49, m 45.0 H1 
3 1.90, m 36.4 H16 
4 1.67, m 

1.24, m 
33.3 H3, H4, H5 

5 1.90, m 
1.49, m 

30.1 H4, H5, H6 

6 2.35, m 47.9 H5 
7  153.8  
8 4.36, m 64.5 H17 
9 10.2 184.4  
10  144.0  
11  57.8  
12 6.86, d (5.0) 157.2 H13 
13 6.49, d (5.2) 128.7 H12 
14  170.0  
15 3.45, septet (7.0) 26.4 H19, H20 
16 0.82, d (7.0) 15.5 H3 
17 5.55, t (1.9) 

5.03, s 
108.4 H8, H17 

18 1.37, s 22.8  
19 1.14, d (6.8) 22.7 H15 
20 1.11, d (6.8) 22.5 H15 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 
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Supplementary Table 8. Spectroscopic data of compound 6. 403 

 404 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.52, d (13.4) 

1.94, m 
34.0 H1, H2 

2 1.49, m 45.0 H1 
3 2.07, m 36.2 H4, H16 
4 1.73, m 

1.26, m 
33.3 H3, H4, H5 

5 1.94, m 
1.51, m 

29.8 H4, H5, H6 

6 2.44, m 48.1 H2, H5 
7  153.9  
8 4.46, d (14.9) 

4.40, d (14.9) 
64.4 H8, H17 

9  167.6  
10  136.6  
11  58.7  
12 6.73, d (5.3) 153.9 H13 
13 6.52, d (5.2) 128.2 H12 
14  163.7  
15 4.33, m 27.8 H19, H20 
16 0.88, d (7.2) 15.4 H3 
17 5.54, s 

5.16, s 
108.3 H8, H17 

18 1.57, s 23.3  
19 1.26, d (7.0) 22.7 H15 
20 1.20, d (7.0) 22.3 H15 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

 413 
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Supplementary Table 9. Spectroscopic data of compound 7. 414 

 415 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 1.90, d (14.1, 2.9) 

1.73, dd (14.0, 10.1) 
34.3  

2 1.25, m 45.4 H3 
3 1.85, m 36.3 H16 
4 1.73, m 

1.25, m 
33.2 H5 

5 1.88, m 
1.25, m 

29.8 H4, H6 

6 2.49, m 42.1 H5 
7  153.9  
8 9.45 s 195.5  
9 9.90 s 184.2  
10  143.26  
11  57.6  
12 6.45, d (5.4) 145.4 H13 
13 6.76, d (5.3) 157.0 H12 
14  170.9  
15 3.47, septet (6.7) 26.5 H19, H20 
16 0.79, d (7.2) 15.0 H3 
17 6.10, s 

5.93, s 
134.4  

18 1.19, s 22.5  
19 1.23, d (6.9) 22.9 H15 
20 1.19, d (6.9) 22.4 H15 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 
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Supplementary Table 10. Spectroscopic data of compound 8. 426 

 427 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 1.98, d (14.4) 

1.43, dd (14.4, 9.4) 
38.1  

2 0.70, q 48.0 H3 
3 1.94, m 40.1 H16 
4 1.72, m 

1.28, m 
33.4 H3, H5 

5 1.94, m 
1.60, m 

32.5 H4, H6 

6 1.94, m 48.4 H5 
7  155.1  
8 4.56 d (5.6) 75.2 H9, H17 
9 4.67 d (5.6) 70.0 H8 
10  141.9  
11  57.1  
12 6.01, d (5.4) 145.4 H13 
13 6.25, d (5.5) 129.4 H12 
14  148.7  
15 3.37, septet (6.8) 27.1 H19, H20 
16 0.78, d (7.0) 15.9 H3 
17 5.20, t (1.2) 

4.90, s 
107.8 H8 

18 1.15, s 24.1  
19 1.02, d (6.8) 23.7 H15 
20 1.00, d (6.7) 21.4 H15 

 428 

The stereochemistry of 8 was determined by NOESY based on the reported stereochemistry for 429 
cycloaraneosene3,4 430 

 431 

 432 

 433 

 434 

 435 

 436 
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Supplementary Table 11. Spectroscopic data of compound 9. 437 

 438 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.10, t (13.5) 

1.65, dd (14.0, 6.5) 
32.9 H2 

2 1.84, m 43.1 H1 
3 2.07, m 32.5 H16 
4 2.07, m 

1.21, m 
33.2 H5 

5 1.70, m 
0.97, m 

27.1 H4, H6 

6 2.17, m 42.4 H5 
7  61.5  
8 9.80, s 206.1  
9 10.15, s 206.9  
10  76.1  
11  63.3  
12 2.43, dd (4.3, 3.5) 51.9 H13, H17 
13 6.13, dd (3.3, 1.3) 134.1 H12, H15 
14  150.1  
15 2.17, m 28.9 H13, H19, H20 
16 0.78, d (7.2) 17.8 H3 
17 2.00, dd (12.5, 4.3) 

1.31, d (12.6) 
30.3 H12 

18 1.16, s 21.5  
19 0.93, d (6.8) 23.2 H15 
20 0.98, d (6.7) 21.8 H15 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

 446 

 447 
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Supplementary Table 12. Spectroscopic data of compound 10. 448 

 449 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.33, d (13.9) 

1.89, dd (14, 10.2) 
34.7 H2 

2 1.70, m 46.1 H3, H6 
3 2.03, m 36.6 H2, H16 
4 1.81, m 

1.31, m 
33.6 H3 

5 1.96, m 
1.36, m 

30.3 H6 

6 2.78, m 42.2 H2, H5, H17 
7  154.3  
8 9.61, s 195.5 H17 
9  167.2  
10  136.1  
11  58.6  
12 6.67, d (5.4) 153.7 H13 
13 6.50, d (5.4) 128.4 H12 
14  164.2  
15 4.31, septet (6.8) 27.9 H19, H20 
16 0.83, d (7.0) 15.3 H3 
17 6.33, s 

5.93, s 
134.5 H6, H8 

18 1.51, s 23.3  
19 1.31, d (6.8) 22.8 H15 
20 1.19, d (6.8) 22.2 H15 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 

 459 
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Supplementary Table 13. Spectroscopic data of compound 11. 460 

 461 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.05, t (13.4) 

1.35, dd (14.3, 6.4) 
32.9  

2 1.53, m 42.1  
3 1.87, m 31.4 H16 
4 1.80, m 

0.92, m 
32.3 H3, H5 

5 1.87, m 
0.87, m 

26.8 H4, H6 

6 2.26, m 41.6 H5 
7  58.8  
8 10.07, s 204.8  
9  175.4  
10  72.8  
11  62.1  
12 2.23, m 50.9 H13 
13 5.97, d (3.4) 131.4 H12, H15 
14  148.7  
15 2.63, septet (6.7) 28.1 H13, H19, H20 
16 0.68, d (6.7) 17.6 H3 
17 1.80, t (13.4) 

1.30, d (12.6) 
29.6 H12 

18 1.24, s 22.5  
19 0.95, d (6.7) 22.4 H15 
20 0.98, d (6.8) 21.1 H15 

 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 
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Supplementary Table 14. Spectroscopic data of compound 12. 471 

 472 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.19, m 

1.51, dd (14.3, 6.4) 
33.6 H2 

2 1.79, m 42.8 H1 
3 2.01, m 32.7 H16 
4 2.19, m 

1.20, m 
27.1 H5 

5 2.01, m 
1.11, m 

32.7 H4, H6 

6 2.23, m 43.3 H5 
7  49.9  
8 3.75, d (11.6) 

3.62, d (11.9) 
68.0  

9  179.5  
10  72.6  
11  63.4  
12 2.23, m 50.7 H13 
13 5.97, d (3.4) 130.6 H12, H15 
14  149.8  
15 2.89, septet (6.8) 28.8 H13, H19, H20 
16 0.84, d (6.9) 18.3 H3 
17 2.01, m 

0.31, d (12.3) 
33.0  

18 1.43, s 24.1  
19 1.16, d (7.0) 23.1 H15 
20 1.14, d (7.0) 21.5 H15 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

 481 
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Supplementary Table 15. Spectroscopic data of compound 13. 482 

 483 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.64, d (13.4) 

1.97, m 
35.2 H2 

2 1.45, m 43.5 H1 
3 1.98, m 36.7 H4, H16 
4 1.57, m 

1.27, m 
34.0 H3, H5 

5 1.79, m 
1.65, m 

23.2 H4, H6 

6 2.52, m 44.8 H2, H5 
7 3.15, m 39.9 H6, H17 
8  179.6  
9  167.4  
10  135.9  
11  58.8  
12 6.73, m 153.9 H13 
13 6.52, m 128.3 H12 
14  164.2  
15 4.36, m 27.9 H19, H20 
16 0.85, d (7.1) 15.1 H3 
17 1.29, dd (7.1, 3.2) 10.8 H7 
18 1.57, s 23.2  
19 1.27, d (7.0) 22.8 H15 
20 1.22, d (7.0) 22.1 H15 
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Supplementary Table 16. Spectroscopic data of compound 14. 494 

 495 

Position δH (ppm), mult (J in Hz) δC (ppm) COSY 
1 2.60, d (13.8) 

1.92, m 
35.5 H2 

2 1.47, m 43.4 H1 
3 1.92, m 36.9 H4, H16 
4 1.54, m 

1.35, m 
34.3 H3, H5 

5 1.54, m 
1.35, m 

22.0 H4 

6 2.08, m 43.4 H7 
7 2.33, m 36.9 H6, H8, H17 
8 3.69, m 68.2 H7 
9  167.4  
10  136.4  
11  58.9  
12 6.73, m 154.1 H13 
13 6.52, m 128.3 H12 
14  164.1  
15 4.35, m 27.9 H19, H20 
16 0.84, d (7.1) 15.2 H3 
17 0.96, d (6.8) 11.3 H7 
18 1.58, s 23.4  
19 1.27, d (7.0) 22.8 H15 
20 1.21, d (7.0) 22.2 H15 
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III Supplementary Figures 506 

 507 

Supplementary Fig 1. Proposed biosynthesis of sordaricin, sordarin, and hypoxysordarin by Kudo, et 508 
al19. Genes in sdn but absent from the sordarin B cluster are colored gray. Solid arrows represent 509 
experimentally characterized steps while dashed arrows represent proposed reactions. Five structures 510 
named in bold were isolated from S. araneosa and characterized by the same study. TC, terpene cyclase; 511 
GGPPS, geranylgeranyl pyrophosphate synthase; MT, methyl transferase; HP, hypothetical protein; DH, 512 
dehydratase; GT, glycosyl transferase; SDR, short chain reductase; TF, transcription factor; FMO, flavin-513 
dependent monooxygenase; HRPKS, highly reducing polyketide synthase. 514 

 515 

 516 
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 522 

 523 

 524 
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 525 

Supplementary Fig 2. GC-MS analysis of A. nidulans transformed with SdnA-C. The fragmentation 526 
pattern of cycloaraneosene (MW 272) matches with that reported by Kudo, et al4. 527 

 528 
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 546 

Supplementary Fig 3. Stepwise reconstitution of genes involved in sordaricin biosynthesis. a, metabolic 547 
profiles of A.nidulans coexpressing SdnA-C with SdnB/E/F/H individually. b, metabolic profiles of 548 
A.nidulans coexpressing SdnA-C-B with SdnE/F/H individually. c, metabolic profiles of A.nidulans 549 
coexpressing SdnA-C-B-H with SdnE/F individually. The trace mount of 11 in A.nidulans expressing 550 
SdnA-C-B-H and A-C-B-H-E is likely a result of air or host oxidation of compound 7 to 10 which then 551 
undergo non-enzymatic cyclization to form 11. The chromatograms in all cases are extracted from mass 552 
spectra of the base peak for each compound. 553 

 554 
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 555 

Supplementary Fig 4. UV-vis spectra of purified compounds. All spectra were measured with an Agilent 556 
1260 Infinity II LC system equipped with a variable wavelength detector. 557 
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 558 

Supplementary Fig 5. Proposed mechanism of SdnB (diol cleavage5) and SdnH (desaturation6). 559 

 560 

 561 
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 562 

Supplementary Fig 6. Reconstitution of sordaricin biosynthesis in S. cerevisiae RC01. 563 
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 564 

Supplementary Fig 7. Blast research results for SdnG homologs in NCBI genomic database. SdnG from 565 
S. araneosa was used as query. All identified homologs of SdnG cluster with other Sdn enzymes responsible 566 
for sordaricin biosynthesis except for the last entry (highlighted with *) which is an orphan gene. 567 

 568 

 569 
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 570 

Supplementary Fig 8. Characterization of SdnG. a, SDS-PAGE (12%) of purified SdnG. b, Rates of 571 
cyclization of 10 and 7 (100 µM) in the presence of SdnG or BSA. The bars and error bars represent the 572 
mean and standard deviation of n=3 independent measurements respectively. The rate with 10 µM BSA is 573 
within the detection limit of the assay (0.2 min-1). Source data are provided as a Source Data file. 574 

 575 

 576 

 577 

 578 



 
34 

 

 579 

Supplementary Fig 9. 1H NMR of compound 1 in d5-pyridine, 500 MHz. 580 

 581 

 582 

Supplementary Fig 10. 13C NMR of compound 1 in d5-pyridine, 500 MHz. 583 

 584 
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 585 

Supplementary Fig 11. 1H-1H COSY of compound 1 in d5-pyridine, 500 MHz. 586 

 587 

Supplementary Fig 12. 1H-13C HSQC of compound 1 in d5-pyridine, 500 MHz. 588 

 589 
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 590 

Supplementary Fig 13. 1H-13C HMBC of compound 1 in d5-pyridine, 500 MHz. 591 

 592 

 593 

Supplementary Fig 14. 1H NMR of compound 2 in CDCl3, 500 MHz. 594 

 595 
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 596 

 597 

Supplementary Fig 15. 13C NMR of compound 2 in CDCl3, 500 MHz. 598 

 599 

Supplementary Fig 16. 1H-1H COSY of compound 2 in CDCl3, 500 MHz. 600 

 601 
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 602 

Supplementary Fig 17. 1H-13C HSQC of compound 2 in CDCl3, 500 MHz. 603 

 604 

 605 

Supplementary Fig 18. 1H-13C HMBC of compound 2 in CDCl3, 500 MHz. 606 

 607 
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 608 

Supplementary Fig 19. 1H-1H NOESY of compound 2 in CDCl3, 500 MHz. 609 

 610 

 611 

Supplementary Fig 20. 1H NMR of compound 3 in CDCl3, 500 MHz. 612 

 613 
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 614 

 615 

Supplementary Fig 21. 13C NMR of compound 3 in CDCl3, 500 MHz. 616 

 617 

Supplementary Fig 22. 1H-1H COSY of compound 3 in CDCl3, 500 MHz. 618 

 619 
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 620 

Supplementary Fig 23. 1H-13C HSQC of compound 3 in CDCl3, 500 MHz. 621 

 622 

 623 

Supplementary Fig 24. 1H-13C HMBC of compound 3 in CDCl3, 500 MHz. 624 

 625 



 
42 

 

 626 

Supplementary Fig 25. 1H NMR of compound 4 in CD2Cl2, 500 MHz. 627 

 628 

 629 

Supplementary Fig 26. 13C NMR of compound 4 in CD2Cl2, 500 MHz. 630 

 631 
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 632 

Supplementary Fig 27. 1H-1H COSY of compound 4 in CD2Cl2, 500 MHz. 633 

 634 

 635 

Supplementary Fig 28. 1H-13C HSQC of compound 4 in CD2Cl2, 500 MHz. 636 

 637 
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 638 

Supplementary Fig 29. 1H-13C HMBC of compound 4 in CD2Cl2, 500 MHz. 639 

 640 

 641 

 642 

Supplementary Fig 30. 1H NMR of compound 5 in d5-pyridine, 500 MHz. 643 
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 644 

 645 

Supplementary Fig 31. 13C NMR of compound 5 in d5-pyridine, 500 MHz. 646 

 647 

Supplementary Fig 32. 1H-1H COSY of compound 5 in d5-pyridine, 500 MHz. 648 

 649 
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 650 

Supplementary Fig 33. 1H-13C HSQC of compound 5 in d5-pyridine, 500 MHz. 651 

 652 

 653 

Supplementary Fig 34. 1H-13C HMBC of compound 5 in d5-pyridine, 500 MHz. 654 

 655 
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 656 

Supplementary Fig 35. 1H NMR of compound 6 in d5-pyridine, 500 MHz. 657 

 658 

 659 

 660 

Supplementary Fig 36. 13C NMR of compound 6 in d5-pyridine, 500 MHz. 661 
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 662 

Supplementary Fig 37. 1H-1H COSY of compound 6 in d5-pyridine, 500 MHz. 663 

 664 

 665 

Supplementary Fig 38. 1H-13C HSQC of compound 6 in d5-pyridine, 500 MHz. 666 

 667 
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 668 

Supplementary Fig 39. 1H-13C HMBC of compound 6 in d5-pyridine, 500 MHz. 669 

 670 

 671 

Supplementary Fig 40. 1H NMR of compound 7 in CD2Cl2, 500 MHz. 672 

 673 
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 674 

Supplementary Fig 41. 13C NMR of compound 7 in CD2Cl2, 500 MHz. 675 

 676 

Supplementary Fig 42. 1H-1H COSY of compound 7 in CD2Cl2, 500 MHz. 677 

 678 

 679 
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 680 

Supplementary Fig 43. 1H-13C HSQC of compound 7 in CD2Cl2, 500 MHz. 681 

 682 

Supplementary Fig 44. 1H-13C HMQC of compound 7 in CD2Cl2, 500 MHz. 683 

 684 
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 685 

Supplementary Fig 45. 1H NMR of compound 8 in CDCl3, 500 MHz. 686 

 687 

 688 

 689 

Supplementary Fig 46. 13C NMR of compound 8 in CDCl3, 500 MHz. 690 
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 691 

Supplementary Fig 47. 1H-1H COSY of compound 8 in CDCl3, 500 MHz. 692 

 693 

 694 

Supplementary Fig 48. 1H-13C HSQC of compound 8 in CDCl3, 500 MHz. 695 

 696 
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 697 

Supplementary Fig 49. 1H-13C HMBC of compound 8 in CDCl3, 500 MHz. 698 

 699 

 700 

Supplementary Fig 50. 1H-1H NOESY of compound 8 in CDCl3, 500 MHz. 701 

 702 
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 703 

Supplementary Fig 51. 1H NMR of mixed compounds 7 and 9 in d5-pyridine, 500 MHz. The spectrum 704 
was taken after a pure sample of compound 7 in CDCl2 was dried in vacuum and redissolved in d5-705 
pyridine. Concentration promoted cyclization of 7 to form a 1 to 2 mixture of 7 and 9. 706 

 707 

 708 

Supplementary Fig 52. 1H NMR of compound 9 in CDCD3, 500 MHz. 709 
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 710 

 711 

 712 

Supplementary Fig 53. 13C NMR of compound 9 in CDCD3, 500 MHz. 713 

 714 

Supplementary Fig 54. 1H-1H COSY of compound 9 in CDCD3, 500 MHz. 715 
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 716 

 717 

Supplementary Fig 55. 1H-13C HSQC of compound 9 in CDCD3, 500 MHz. 718 

 719 

 720 

Supplementary Fig 56. 1H-13C HMBC of compound 9 in CDCD3, 500 MHz. 721 
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 722 

Supplementary Fig 57. 1H NMR of compound 10 in CD2Cl2, 500 MHz. Signals labeled with * are from 723 
compound 11, which formed via the cyclization of 10 during the synthesis and reaction workup. 724 

 725 

 726 

Supplementary Fig 58. 13C NMR of compound 10 in CD2Cl2, 500 MHz. Signals labeled with * are from 727 
compound 11, which formed via the cyclization of 10 during the synthesis and reaction workup. 728 
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 729 

Supplementary Fig 59. 1H-1H COSY of compound 10 in CD2Cl2, 500 MHz. 730 

 731 

 732 

Supplementary Fig 60. 1H-13C HSQC of compound 10 in CD2Cl2, 500 MHz. 733 

 734 
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 735 

Supplementary Fig 61. 1H-13C HMBC of compound 10 in CD2Cl2, 500 MHz. 736 

 737 

 738 

Supplementary Fig 62. 1H NMR of compound 11 in d5-pyridine, 500 MHz. 739 

 740 
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 741 

Supplementary Fig 63. 13C NMR of compound 11 in d5-pyridine, 500 MHz. 742 

 743 

Supplementary Fig 64. 1H-1H COSY of compound 11 in d5-pyridine, 500 MHz. 744 

 745 
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 746 

Supplementary Fig 65. 1H-13C HSQC of compound 11 in d5-pyridine, 500 MHz. 747 

 748 

 749 

Supplementary Fig 66. 1H-13C HMBC of compound 11 in d5-pyridine, 500 MHz. 750 

 751 
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 752 

Supplementary Fig 67. 1H NMR of compound 12 in d5-pyridine, 500 MHz. 753 

 754 

 755 

Supplementary Fig 68. 13C NMR of compound 12 in d5-pyridine, 500 MHz. 756 

 757 
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 758 

Supplementary Fig 69. 1H-1H COSY of compound 12 in d5-pyridine, 500 MHz. 759 

 760 

 761 

 762 

Supplementary Fig 70. 1H-13HSQC of compound 12 in d5-pyridine, 500 MHz. 763 
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 764 

 765 

Supplementary Fig 71. 1H-13HMBC of compound 12 in d5-pyridine, 500 MHz. 766 

 767 

 768 

Supplementary Fig 72. 1H NMR of compound 13 in d5-pyridine, 500 MHz. 769 
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 770 

Supplementary Fig 73. 13C NMR of compound 13 in d5-pyridine, 500 MHz. 771 

 772 

Supplementary Fig 74. 1H-1H COSY of compound 13 in d5-pyridine, 500 MHz. 773 

 774 
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 775 

Supplementary Fig 75. 1H-13C HSQC of compound 13 in d5-pyridine, 500 MHz. 776 

 777 

Supplementary Fig 76. 1H-13C HSQC of compound 13 in d5-pyridine, 500 MHz. 778 
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 779 

Supplementary Fig 77. 1H NMR of compound 14 in d5-pyridine, 500 MHz. 780 

 781 

Supplementary Fig 78. 13C NMR of compound 14 in d5-pyridine, 500 MHz. 782 
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 783 

Supplementary Fig 79. 1H-1H COSY of compound 14 in d5-pyridine, 500 MHz. 784 

 785 

Supplementary Fig 80. 1H-13C HSQC of compound 14 in d5-pyridine, 500 MHz. 786 
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 787 

Supplementary Fig 81. 1H-13C HMBC of compound 14 in d5-pyridine, 500 MHz. 788 

 789 

 790 

 791 

 792 

Supplementary Fig 82. Intrinsic reaction coordinate calculation initiated from TS-2.  793 

 794 

 795 
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