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I. General experimental: 

Solvents used in reactions requiring air-free/dry conditions were obtained from a MBraun 

Manual Solvent Purification System and stored over 4 Å molecular sieves under nitrogen prior 

to use. Otherwise, unless noted, solvents for procedures performed under ambient conditions 

were obtained and used as is from commercial sources. Chromatography was performed with 

Selecto Scientific Si gel (particle size 100–200 μm). NMR spectra were recorded on a Agilent 

MR400DD2 spectrometer, with a multinuclear probe with two RF channels and variable 

temperature capability (1H NMR: 400 MHz, 13C NMR: 101 MHz). For NMR, the solvent was 

CDCl3 and signals are reported in parts per million (ppm) relative to residual CHCl3. Signals 

are described with multiplicity, singlet (s), doublet (d), triplet (t), triplet of doublet (td), quartet 

(q), sextet (sx) and multiplet (m); coupling constants (J; Hz) and integration. The accurate 

mass was acquired at Georgia State University Mass Spectrometry Facility using Waters 

QTof micro mass spectrometer with an ESI source in a negative mode. The accurate mass 

was measured in the presence of an internal standard.   

 

II. Iodine-mediated hydration: 
 

 
 

SUBSTRATE R 

a CO2Me 
b CO2Et 
c CO2tBu 
d PO(OMe)2 

e SO2Ph 

 
Scheme S1: Iodine-mediated hydration of the keto alkyne scaffolds 
 

a. Representative procedure 

Methyl 3,6-dioxononanoate (15a) 

A vial equipped with a stirring bar was charged with methyl 3-oxonon-6-ynoate (11a, 91.1 mg, 

0.5 mmol) dissolved in acetonitrile (10 mL) followed by the addition of iodine (253.8 mg, 
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1.0 mmol). The reaction mixture was stirred under ambient atmosphere at room temperature 

and monitored by TLC. Upon completion, after 1.0 hours, the reaction was quenched with 

concentrated aqueous sodium sulfite (5 mL) with vigorous stirring for thirty minutes.  The 

resulting yellow suspension was extracted three times with ethyl acetate (10 mL).  The 

combined ethyl acetate extract was washed with DI water (10 mL) followed by brine (10 mL) 

and, dried with sodium sulfate.  The dried organic extract was concentrated under vacuum and 

the crude product was purified by flash column chromatography (10% ethyl acetate in hexanes 

followed by 15% ethyl acetate in hexanes) to provide 15a as pale yellow oil (80.1 mg, 

80%).1H NMR (400 MHz, CDCl3) δ 3.72 (s, 3H), 3.50 (s ,2H), 2.79 (t, J = 6.0 Hz, 2H), 2.69 (t, J 

= 6.0 Hz, 2H), 2.41 (t, J = 7.3 Hz, 2H), 1.59 (sx, J = 7.4 Hz, 2H)), 0.89 (t, J = 7.4 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 209.0, 201.5, 167.5, 52.3, 49.1, 44.6, 36.3, 36.1, 17.3, 13.7; 

HRMS (ESI, negative ion mode) m/z: [M - H]- calculated for C10H15O4: 199.0970; Found: 

199.0960.  

 

Ethyl 3,6-dioxononanoate (15b). Synthesized from ethyl 3-oxonon-6-ynoate 11b according to 

the procedure for 15a, reaction time: 1.5 h; purification with 10% ethyl acetate in hexanes 

followed by 15% ethyl acetate in hexanes, orange oil, (90.5 mg, 85%). 1H NMR (400 MHz, 

CDCl3) δ 4.15 (q, J = 7.4 Hz, 2H), 3.47 (s, 2H), 2.78 (t, J = 6.8 Hz, 2H), 2.68 (t, J = 6.8 Hz, 2H), 

2.40 (t, J = 7.3 Hz, 2H), 1.58 (sx, J = 7.4 Hz, 2H), 1.24 (t, J = 7.1 Hz, 3H), 0.88 (t, J = 7.4 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 208.9, 201.6, 167.1, 61.3, 49.3, 44.6, 36.3, 36.0, 17.2, 14.0, 

13.6 HRMS (ESI, negative ion mode) m/z: [M - H]- calculated for C11H17O4: 213.1127; Found: 

213.1119.     
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1-(Dimethylphosphoryl)octane-2,5-dione (15d) Synthesized from dimethyl (2-oxooct-5-yn-1-

yl)phosphonate 11d according to the procedure for 15a, reaction time: 22 h; purification with 

100% ethyl acetate, orange oil, (85.6 mg, 68%). 1H NMR (400 MHz, CDCl3) δ 3.75 (d, 3JH-P = 

11.3 Hz, 6H), 3.12 (d, 2JH-P = 22.7 Hz, 2H), 2.84 (t, J = 6.1 Hz, 2H), 2.65 (t, J = 6.1 Hz, 2H), 2.39 

(t, J = 74. Hz, 2H), 1.56 (sx, J = 7.4 Hz, 2H), 0.86 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) 

δ 209.1, 200.6 (d, JC-P = 6.2 Hz), 53.0 (d, JC-P = 6.5 Hz), 44.5, 41.2 (d, JC-P = 128.9 Hz), 37.5 (d, 

JC-P = 1.8 Hz), 36.0, 17.2, 13.6; HRMS (ESI, negative ion mode) m/z: [M - H]- calculated for 

C10H18O5P: 249.0892; Found: 249.0883.     

 

1-(Phenylsulfonyl)octane-2,5-dione (15e). Synthesized from 1-(phenylsulfonyl)oct-5-yn-2-one 

11e according to the procedure for 15a, reaction time: 3.5 h; purification with 20% ethyl acetate 

in hexanes, orange oil, (100.3 mg, 71%). 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.9 Hz, 2H), 

7.65 (tt, J = 7.4, 1.5 Hz, 1H), 7.55 (tt, J = 7.9, 1.5  Hz, 2H), 4.21 (s, 2H), 2.92 (t, J = 5.8 Hz, 2H), 

2.69(t, J = 5.8 Hz, 2H), 2.37 (t, J = 7.3 Hz, 2H), 1.55 (sx, J = 7.4 Hz, 2H), 0.87 (t, J = 7.4 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 208.6, 197.1, 138.8, 134.2, 129.3, 128.2, 67.2, 44.4, 37.7, 36.3, 

17.2, 13.6; HRMS (ESI, negative ion mode) m/z: [M - H]- calculated for C14H17O4S: 281.0848; 

Found: 281.0846.     
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III. Synthesis of the keto alkyne scaffolds: 
 

 
 

SUBSTRATE R 

a CO2Me 
b CO2Et 
c CO2tBu 
d PO(OMe)2 

e SO2Ph 

 

Scheme S1: Synthesis of the keto alkyne scaffolds 
 

a. Representative procedure 

Methyl 3-oxonon-6-ynoate (11a) 

An oven-dried round bottomed flask equipped with a stirring bar and nitrogen-inlet was charged 

with freshly distilled diisopropylamine (2.54 mL, 17.4 mmol) in dry THF (25.5 mL).  The solution 

was cooled with an ice-water bath (0 °C) and treated with a drop-wise addition of n-butyllithium 

(2.5 M hexanes solution, 6.36 mL, 17.4 mmol).  After 30 minutes, the resulting transparent, 

yellow solution was cooled with an ice–salt water bath (−15 °C) and methyl 3-oxobutanoate 

(0.82 mL, 7.57 mmol) was added drop-wise.  The resulting solution had an intense orange-brown 

color. After 45 minutes, the reaction mixture was treated with drop-wise addition of 1-bromopent-

2-yne (0.72 mL, 7.64 mmol). The reaction mixture was stirred overnight and allowed to warm to 

room temperature.  The reaction was quenched with an aqueous solution of saturated 

ammonium chloride (10 mL) and extracted twice with ethyl acetate (50 mL).  The combined 

organic extract was washed once with deionized (DI) water (10 mL) followed by brine (10 mL), 

and dried with sodium sulfate.  The dried organic extract was concentrated under vacuum and 

the crude orange product was purified by flash column chromatography (20% ethyl acetate in 

hexanes) to provide 11a, yellow oil, (745.0 mg, 54%). Compound 11a is known [1]. 1H NMR (400 
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MHz, CDCl3) δ  3.72 (s, 3H), 3.47 (s, 2H), 2.73 (t, J = 7.3 Hz, 2H), 2.43 (tt, J = 7.3, 2.4 Hz, 2H), 

2.11 (qt, J = 7.5, 2.4 Hz, 2H), 1.07 (t, J = 7.5 Hz 3H); 13C NMR (101 MHz, CDCl3) δ 201.0, 167.4, 

89.4, 82.6, 52.4, 48.9, 42.3, 14.1, 13.3, 12.3.    

 

Ethyl 3-oxonon-6-ynoate (11b). Synthesized from ethyl acetoacetate according to the procedure 

for 11a; purification with 10% ethyl acetate in hexanes, yellow oil, (1.02 g, 52% based on 

10 mmol ethyl acetoacetate). 1H NMR (400 MHz, CDCl3) δ 4.19 (q, J = 7.1 Hz, 3H), 3.45 (s, 2H), 

2.73 (t, J = 7.3 Hz, 2H), 2.42 (t, J = 7.3, 2.4Hz, 2H), 2.12 (qt, J = 7.5, 2.4 Hz, 2H), 1.27 (t, J = 7.1 

Hz, 3H), 1.08 (t, J = 7.5 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 201.1, 166.9, 89.7, 82.5, 61.4, 

49.3, 42.3, 14.1, 14.1, 13.3, 12.3; HRMS (ESI, negative ion mode) m/z: [M - H]- calculated for 

C11H15O3: 195.1021; Found: 195.1028.     

 

tert-Butyl 3-oxonon-6-ynoate (11c). Synthesized from tert-butyl acetoacetate according to the 

procedure for 11a; purification with 5% ethyl acetate in hexanes, yellow oil, (795.0 mg, 35% 

based on 10 mmol of tert-butyl acetoacetate). 1H NMR (400 MHz, CDCl3) δ 3.35 (s, 2H), 2.71 (t, 

J = 7.3 Hz, 2H), 2.41 (tt, J = 7.3, 2.4 Hz, 2H), 2.11 (qt, J = 7.5, 2.4 Hz, 2H), 1.45 (s, 9H), 1.07 (t, 

J = 7.5 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 201.6, 166.2, 82.4, 82.0, 50.6, 42.3, 27.9, 14.1, 

13.2, 12.3; HRMS (ESI, negative ion mode) m/z: [M - H]- calculated for C13H19O3: 223.1334; 

Found: 223.1334.   

 

Dimethyl (2-oxooct-5-yn-1-yl)phosphonate (11d). Synthesized from dimethyl (2-

oxopropyl)phosphonate according to the procedure for 11a; purification with 60% ethyl acetate 

in hexanes, orange oil, (566.0 mg, 48% based on 5 mmol of dimethyl (2-
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oxopropyl)phosphonate). 1H NMR (400 MHz, CDCl3) δ 3.74 (d, 3J H-P = 11.2 Hz, 6H), 3.07 (d, 

2JH-P = 22.7 Hz, 2H), 2.77 (t, J = 7.2 Hz, 2H), 2.37 (tt, J = 7.2, 2.4 Hz, 2H), 2.08 (qt, J = 7.5, 2.4 

Hz, 2H), 1.04 (t, J = 7.5 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 200.2 (d, 2JH-P = 6.5 Hz), 82.4, 

77.3, 53.0 (d, 2JH-P = 6.5 Hz), 43.4(d, 3J H-P = 1.4 Hz), 41.9 & 40.6 (d, J = 128.3 Hz), 14.1, 13.2, 

12.3; HRMS (ESI, negative ion mode) m/z: [M - H]- calculated for C10H16O4P: 231.0786; Found: 

231.0788.     

 

1-(Phenylsulfonyl)oct-5-yn-2-one (11e). Synthesized from phenylsulfonylacetone according to 

the procedure for 11a; purification with 20% ethyl acetate in hexanes followed by 30% ethyl 

acetate in hexanes, beige solid, (1.09 g, 41% based on 10 mmol phenylsulfonylacetone). Mp 

58.4–60.8 °C, 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 7.7 Hz, 2H), 7.67 (t, J = 7.7 Hz, 1H), 7.56 

(t, J = 7.7 Hz, 2H), 4.17 (s, 2H), 2.90 (t, J = 7.1 Hz, 2H), 2.39 (tt, J = 7.1, 2.4 Hz, 2H), 2.10 (qt, J 

= 7.5, 2.4 Hz, 2H), 1.07 (t, J = 7.5 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 196.6, 138.5, 134.3, 

129.3, 128.3, 82.8, 76.9, 66.9, 43.6, 14.1, 13.2, 12.3; HRMS (ESI, negative ion mode) m/z: [M - 

H]- calculated for C14H15O3S: 263.0742; Found: 264.0744.    
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IV. C/H Correlation spectrum for 9 
 

                

 
 

Figure S1: HSQC C/H Correlation spectra for α-iodo intermediate 9 in CD3CN. 
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Figure S2: 1H NMR Spectrum for for α-iodo intermediate 9 in CD3CN 
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Figure S3: 13C NMR for α-iodo intermediate 9 in CD3CN 
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V. 1H- and 13C NMR spectra for substrates and hydration products 
 
1H NMR 
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13C NMR 
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1H NMR 
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13C NMR 
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13C NMR 
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1H NMR 
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13C NMR 
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13C NMR 
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1H NMR 
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13C NMR 
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VI. High resolution mass spectra (negative ion mode) 
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%

0

100

KSAX_47_ESINEG_GS_07122019_ 520 (9.689) AM (Cen,4, 80.00, Ht,5000.0,248.96,0.80); Cm (520:526)

TOF MS ES- 3.87e3199.0960
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221.0688

295.0968

250.0950

258.0836 263.1095 293.1005
285.0665

296.1019

316.9473296.1693 377.0021346.9519326.9917 349.8516
362.0547

452.9280
384.9771

[M-H]- 

[M-H]- 

m/z
190.0 192.0 194.0 196.0 198.0 200.0 202.0 204.0 206.0 208.0 210.0 212.0 214.0 216.0 218.0 220.0 222.0 224.0 226.0 228.0 230.0 232.0 234.0 236.0

%

0

100

KSA_JUNE30_ESINEG_GS_07122019_2 178 (3.313) AM (Cen,4, 80.00, Ht,5000.0,248.96,0.80); Cm (177:183)
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248.9617

194.8894 212.0780 247.0129
221.0688

295.0968

250.0950

258.0836 263.1095 293.1005
285.0665

296.1019

316.9473296.1693 377.0021346.9519326.9917 349.8516
362.0547

452.9280
384.9771

[M-H]- 



S30 

 

 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
  

m/z
267.0 268.0 269.0 270.0 271.0 272.0 273.0 274.0 275.0 276.0 277.0 278.0 279.0 280.0 281.0 282.0 283.0 284.0 285.0 286.0 287.0 288.0 289.0 290.0 291.0 292.0 293.0 294.0 295.0 296.0

%

0

100

BTSI_39_ESINEG_GS_07122019_2 147 (2.738) AM (Cen,4, 80.00, Ht,5000.0,316.95,0.80); Cm (145:149)
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203.0143

203.4153 203.9374

[M-H]- 

m/z
155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385

%

0

100

MLPII_21CC_ESINEG_GS_07122019_2 292 (5.461) AM (Cen,4, 80.00, Ht,5000.0,316.95,0.80); Cm (292)

TOF MS ES- 1.31e3223.1334

180.9763
157.0910

167.0710 180.9163

212.0788
181.0358

207.1426193.0530
197.0183

223.0337

224.1399

248.9650231.0858
237.1167

245.0925

316.9473

302.9733
297.1298

255.1251 281.0923273.1263265.1577 316.8880 384.9422370.9606317.0317 331.1988

[M-H]- 



S31 
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m/z
220.0 221.0 222.0 223.0 224.0 225.0 226.0 227.0 228.0 229.0 230.0 231.0 232.0 233.0 234.0 235.0 236.0 237.0 238.0 239.0 240.0 241.0 242.0 243.0 244.0

%

0

100

NNI_19CC_CLEAN_ESINEG_GS_07122019_2 234 (4.356) AM (Cen,4, 80.00, Ht,5000.0,248.96,0.80); Cm (234:236)

TOF MS ES- 1.05e3231.0788

230.8679229.9687229.0153

232.0830

231.9908 233.0851
234.9786234.0509 240.1233236.2486

m/z
252.0 253.0 254.0 255.0 256.0 257.0 258.0 259.0 260.0 261.0 262.0 263.0 264.0 265.0 266.0 267.0 268.0 269.0 270.0 271.0 272.0 273.0 274.0 275.0

%

0

100

KSAX_21CC_ESINEG_GS_07122019_2 489 (9.108) AM (Cen,4, 80.00, Ht,5000.0,316.95,0.80); Cm (487:490)

TOF MS ES- 1.72e3263.0744

258.0837

255.1245253.1890251.8405
253.5595 257.9932

256.1472

262.9660

260.0854259.0815 261.4414

264.0791

263.9790
265.0548

264.3424 269.1484
267.0687266.0683 267.9727 271.0759270.2116 273.1012272.0342

m/z
220.0 221.0 222.0 223.0 224.0 225.0 226.0 227.0 228.0 229.0 230.0 231.0 232.0 233.0 234.0 235.0 236.0 237.0 238.0 239.0 240.0 241.0 242.0 243.0 244.0

%

0

100

NNI_19CC_CLEAN_ESINEG_GS_07122019_2 234 (4.356) AM (Cen,4, 80.00, Ht,5000.0,248.96,0.80); Cm (234:236)

TOF MS ES- 1.05e3231.0788

230.8679229.9687229.0153

232.0830

231.9908 233.0851
234.9786234.0509 240.1233236.2486

[M-H]- 

m/z
252.0 253.0 254.0 255.0 256.0 257.0 258.0 259.0 260.0 261.0 262.0 263.0 264.0 265.0 266.0 267.0 268.0 269.0 270.0 271.0 272.0 273.0 274.0 275.0

%

0

100

KSAX_21CC_ESINEG_GS_07122019_2 489 (9.108) AM (Cen,4, 80.00, Ht,5000.0,316.95,0.80); Cm (487:490)

TOF MS ES- 1.72e3263.0744

258.0837

255.1245253.1890251.8405
253.5595 257.9932

256.1472

262.9660

260.0854259.0815 261.4414

264.0791

263.9790
265.0548

264.3424 269.1484
267.0687266.0683 267.9727 271.0759270.2116 273.1012272.0342

[M-H]- 
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