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Figure S1. '"H-NMR spectrum (DMSO-d6 — 600 MHz) of Compound A
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Figure S2. COSY NMR spectrum (DMSO-d6 — 600 MHz) of compound A
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Figure S6. '"H NMR spectrum (CDCls-600 MHz) of compound B
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Figure S7. COSY NMR spectrum (CDCls-600 MHz) of compound B
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Figure S10. 'H NMR spectrum (CDCls- 600 MHz) of compound C
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Figure S15. 3C NMR spectrum (CDCls-150 MHz) of compound D
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Figure S24. 'TH NMR spectrum (CDCl3-600 MHz) of compound F
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Figure S30. 3C NMR spectrum (DMSO-d6 - 150 MHz) of compound G
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Figure S31. COSY NMR spectrum (DMSO-d6 — 600 MHz) of compound G
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Figure S34. 'TH NMR spectrum (CDCls-600 MHz) of compound H
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Figure §35. HRESIMS (MeOH) of compound A
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2 C15H16Na05 299.0890 1.3 42 2 8730 7.5 even ok

Figure §36. HRESIMS (MeOH) of compound B
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Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 I/min
Scan End 1500 m/z Set Collision Cell RF  600.0 Vpp Set Divert Valve Source
Intens. | +MS, 2.3-2.4min #139-142
x105]
] 261:1126
3-
2..
1 -
]
1 239.11491 ) ’ 283.9944 309.12018
200 220 240 260 280 ' 300 320 m/z
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
261.1126 1 C15H1704 261.1121 -1.8 2.6 1 100.00 7.5 even ok

Figure S37. HRESIMS (MeOH) of compound C
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Acquisition Parameter

ok
ok
ok
ok
ok
ok
ok
ok
ok
ok

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1500 m/z Set Collision Cell RF  600.0 Vpp Set Divert Valve Source
J
* :
'n:(e%sé: . ¥ VH" +MS, 4.0-4.2min #241-251
1 - 1+ 622:2644
1.5 545.2168
1.0
- w1t
0.5 t <.
4 1 1: s ar 1+
] 512.4151 556.4412 600.4675 644.4938
0.0-
500 520 540 560 580 600 620 640 660 m/z
Meas. m/z # lon Formula m/z err [ppm] mSigma #mSigma Score rdb e Conf N-Rule
5452168 1 (C32H3308 545.2170 0.4 8.6 1 100.00 16.5 even
2 C29H25N1002 545.2156 -2.1 10.0 2 60.03 225 even
3 C33H29N404 545.2183 2.8 20.2 3 3817 215 even
622.2644 1 C34H40NO10 622.2647 04 6.3 1 100.00 15.5 even
2 C31H32N1104 622.2633 -1.8 1T 2 6341 215 even
3 C35H36N506 622.2660 26 17.9 3 38.03 205 even
4 (C32H28N15 622.2647 0.4 18.6 4 7933 26.5 even
627.2193 1 C34H36Na0O10 627.2201 1.2 11.0 1 100.00 16.5 even
2 C30H32N6Na0O8  627.2174 -3.1 11.3 2 4590 17.5 even
3 C31H28N10NaO4 627.2187 -1.0 14.8 3 9878 225 even
4 C32H24N14Na 627.2201 1.2 24.2 4 7655 275 even

Figure 538. HRESIMS (MeOH) of compound D

ok
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Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 1500 m/z Set Collision Cell RF  600.0 Vpp Set Divert Valve Source
Intens. +MS, 3.5-3.8min #207-228
,(105_ 1+
282.2790
08
0.6
0.4 1+ 1+
304,2608 4, i 5635503 4,
+
0.2 - T 5164251 Spat7
S 360.3233
0.0 N WY o U (O TS Mo bl ’ L 8 ml Aend lll h‘ (T
250 300 350 400 450 500 550 600 650 miz
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
2822790 1 C18H36NO 2822791 0.4 30.2 1 100.00 1.5 even ok
304.2608 1 C18H35NNaO 304.2611 0.9 13.8 1. 10000 15 even ok
2 C15H34N303 304.2595 -4.5 204 2 4840 05 even ok
4883939 1 C23H50N704 488.3919 -4.1 271 1 3439 25 even ok
2 C24H46N11 488.3932 -1.4 278 2 79.11 7.5 even ok
3 C27H54NO6 488.3946 14 299 3 100.00 1.5 even ok
4 C26H51N5NaO2 488.3935 -0.8 304 4 85.24 35 even ok
5 C28H50N502 488.3959 4.1 396 5 2493 65 even ok
516.4251 1 C29H58NO6 516.4259 1.5 91 1 100.00 15 even ok
2 C28HS55N5NaO2 516.4248 -06 1.1 2 9044 35 even ok
3 C26HS50N11 516.4245 -1.1 13.2 3 7615 7.5 even ok
4 C25H54N704 516.4232 -3.7 247 4 2614 25 even ok
5444564 1 C31H62NO6 544 4572 14 1.0 1 83.99 1.5 even ok
2 C27HS58N704 544 4545 -35 134 2 3901 25 even ok
3 C30HS59N5NaO2 544.4561 -0.5 14.2 3 10000 3.5 even ok
4 C28H54N11 544.4558 -11 14.5 4 6537 75 even ok
563.5503 1 C36H71N202 563.5510 1.3 545 1 100.00 25 even ok
2 CB34H72N2Na02 563.5486 -3.0 61.2 2 4445 -05 even ok
3 C32H67N8 563.5483 -3.5 63.6 3 3338 35 even ok
603.2217 1 C34H35010 603.2225 13 49 1 8381 175 even ok
2 C33H32N4NaO6 603.2214 -0.5 7.7 2 100.00 195 even ok
3 C31H27N1004 603.2211 -1.0 10.0 3 8393 235 even ok
4 C34H28N8BNaO2 603.2227 1.7 1186 4 6405 245 even ok
5 C32H23N14 603.2225 1.2 12.8 5 73.02 285 even ok
6 C30H24N14Na 603.2201 2.7 137 6 4154 255 even ok
7 CB32H36NaO10  603.2201 2.7 16.0 7 3993 145 even ok
8 C30H31N608 603.2198 -3.2 1786 8 3161 185 even ok
619.6126 1 C40H79N202 619.6136 16 28.2 1 100.00 25 even ok
2 (C38HBON2NaO2 619.6112 -2.3 35.7 2 6489 -05 even ok
3 C36H75N8 619.6109 2.7 38.1 3 50.45 35 even ok
638.2588 1 C32H41NNaO11 638.2572 25 55 1 5661 125 even ok
2 C30H38N709 638.2569 -3.0 74 2 4483 165 even ok
3 C34H40NO11 638.2596 1.2 13.7 3 81.16 155 even ok
4 C33H37N5NaO7 638.2585 04 15.4 4 10000 17.5 even ok
§ C31H32N1105 638.2582 -0.9 15.8 5 8700 215 even ok
6 C30H29N15Na0 638.2572 26 18.7 6 4363 235 even ok
7 C32H28N150 638.2596 1.2 268 7 6167 265 even ok
8 (C34H33N9NaO3 638.2599 16 26.8 8 5280 225 even ok
9 CA47H32N3 638.2591 04 87.5 9 10.66 335 even ok

Figure §39. HRESIMS (MeOH) of compound E
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Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 l/min
Scan End 1500 m/z Set Collision Cell RF  600.0 Vpp Set Divert Valve Source
lmens.q +MS, 2.9-3.1min #175-186
x105
: 1 137.0597
3.
2 155.0702
i
~132.1017 | . 149.{)231 . :
130 135 140 145 150 155 160 m/z
Meas. m/z # lon Formula m/z err[ppm] mSigma # mSigma Score rdb e Conf N-Rule
137.0597 1 C8H902 137.0597 0.3 24 1 100.00 4.5 even ok
165.0702 1 C8H1103 155.0703 0.6 3.0 1 100.00 3.5 even ok

Figure 540. HRESIMS (MeOH) of compound F



44 of 57

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 I/min
Scan End 1500 m/z Set Collision Cell RF  600.0 Vpp Set Divert Valve Source
Intens. +MS, 3.4-3.7min #204-219
x1061
d 141.0549
0.8
0.6
0.4
0.2
142.0582
00 v T ¥ Y Y T T M T T Y T T T Il T T T v Y T Y T T ¥ Y T Y T =,
139 140 141 142 143 144 145 146 m/z
Meas. m/z # lon Formula m/z err[ppm] mSigma # mSigma Score rdb e Conf N-Rule
141.0549 1 C7HS03 141.0546 -1.7 1.3 1 100.00 3.5 even ok

Figure S41. HRESIMS (MeOH) of compound G
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Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 l/min
Scan End 1500 m/z Set Collision Cell RF  600.0 Vpp Set Divert Valve Source
Intens.T +MS, 2.5-2.6min #152-157
x105
661:4312
6-
4..
662.4343
2
663.4372
_J\ L 664.:1405
659 660 661 662 663 664 665 666 ‘miz
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
661.4312 1 C38H6109 661.4310 -0.3 20.0 1 100.00 85 even ok
2 C39H57N405 661.4323 1.7 31.3 2 4827 135 even ok

Figure S42. HRESIMS (MeOH) of compound H
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Figure S43. HPLC chromatogram (MeOH) of compound A

70.0 Peak #3 100% at 22.71 min
% No spectra library hits found!
234.3
n 2
1 279.7
-10,04————+———F—+——+—+—— 77T — -0
200 250 300 350 400 450 500 550 595

Figure S44. UV-Vis spectrum (MeOH) of compound A
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Figure S45. HPLC chromatogram (MeOH) of compound B
70.0 Peak #1 100% at 23.35 min
% No spectra library hits found!
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Figure S46. UV-Vis spectrum (MeoH) of compound B
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Figure S47. HPLC chromatogram (MeOH) of compound C
70.0 Peak #1 100% at 23.99 min
% No spectra library hits found!
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Figure 548. UV-Vis spectrum (MeOH) of compound C
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Figure S49. HPLC chromatogram (MeOH) of compound D
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Figure §50. UV-Vis spectrum (MeOH) of compound D
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Figure S51. HPLC chromatogram (MeOH) of compound E
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Figure S52. UV-Vis spectrum (MeOH) of compound E
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Figure S53. HPLC chromatogram (MeOH) of compound F
70.0 Peak #2 100% at 6.23 min
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Figure S54. UV-Vis spectrum (MeOH) of compound F
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Figure S55. HPLC chromatogram (MeOH) of compound G
70.0 Peak #1 100% at 10.66 min
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Figure S56. UV-Vis spectrum (MeOH) of compound G
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Figure S57- HPLC-chromatogram (MeOH) of compound H
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Figure S58. UV-Vis spectrum (MeOH) of compound H
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Stereochemical studies of F

The ROESY spectrum of F showed correlation between the 5-H and 6-H protons of the adjacent stereogenic centers indicating their cis relative configuration.
Therefore the conformational analysis and chiroptical calculations were performed on the arbitrarily selected cis-(55,65) stereoisomer. The Merck molecular force
field (MMEFF) conformational search produced 16 conformers in a 21 kJ/mol energy window which were re-optimized at the wB97X/TZVP PCM/MeCN and the
B3LYP/TZVP PCM/CHCIs levels, separately, yielding 10 and 8 low-energy conformers over 1% Boltzmann population, respectively (Figures S60 and S61). In the
low-energy computed conformers, the 5,6-dihydro-a-pyrone moiety adopted a conformation, which oriented the C-5 hydroxyl group to axial and the C-6 prop-1-
en-1-yl substituent to equatorial position. ECD spectra computed at four levels for the wB97X conformers gave acceptable agreement with the experimental ECD
spectrum (Figure S59) with CAM-B3LYP/TZVP giving the best agreement. Optical rotation calculations performed for the same conformers at four levels and PCM
solvent model for EtOH reproduced the large experimental positive value {[a]?*p +172} in the range of +81 — +99 (Table S1). VCD spectra computed at the
B3LYP/TZVP PCM/CHCIs level for the same level optimized conformers gave good agreement with the experimental VCD spectrum (Figure X3). That is, all three

applied chiroptical methods suggested (5S5,6S) absolute configuration for F allowing elucidation of the absolute configuration as (55,6S).

12
—— Experimental ECD
—— Ae (B3LYP/TZVP)
—_ Ae (BH&HLYP/TZVP)
7E 6 Ae (CAM-B3LYP/TZVP)
O —— Az (PBEO/TZVP)
=
N
w
4
| //
T

T T
200 250 300 350
wavelength (nm)

Figure S59. Comparison of the experimental ECD spectrum of F measured in MeCN and the calculated ECD spectra of (55,6S)-F computed at various levels of
theory for the 10 lowest-energy wB97X/TZVP PCM/MeCN conformers. Black: experimental, red: BALYP/TZVP PCM/MeCN with half-height width 4200 cm*, blue:
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BH&HLYP/TZVP PCM/MeCN with half-height width 2100 cm”, olive: CAM-B3LYP/TZVP PCM/MeCN with half-height width 4200 cm™!, purple: PBEQ/TZVP
PCM/MeCN with half-height width 4200 cm-1.

Conf. H Conf. |
1.3% 1.2%

Figure S60. Geometries of the low-energy wB97X/TZVP PCM/MeCN conformers of (5S,65)-F.

Table S1. Boltzmann populations and specific optical rotations of the low-energy conformers of (55,65)-F computed at various levels for the low-energy wB97X

conformers.
B3LYP/TZVP BH&HLYP/TZVP CAM-B3LYP/TZVP PBEO/TZVP
Conformer Boltzmann population
PCM/EtOH PCM/EtOH PCM/EtOH PCM/EtOH
Conf. A 26.93% 134.70 98.20 104.21 130.74
Conf. B 23.55% 29.58 5.44 9.46 29.68
Conf. C 20.95% 214.32 199.47 197.39 211.76
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Conf.D 9.90% -104.45 -80.52 -97.75 -93.21
Conf. E 8.24% 211.30 192.34 193.43 209.37
Conf. F 2.73% -128.11 -87.40 -111.23 -111.39
Conf. G 2.09% 228.43 189.15 199.16 223.73
Conf. H 1.32% -56.67 -26.86 -45.34 -45.81
Conf. 1 1.24% -155.48 -96.97 -122.07 -146.94
Conf. ] 1.19% 263.77 211.06 223.80 260.09
Average N/A 98.79 81.43 81.10 98.73

Figure S61. Geometries of the low-energy B3LYP/TZVP PCM/CHCIs conformers of (5S,6S)-F.

Conf. G
1.6%

Conf. H
1.2%




57 of 57

Computational details

Mixed torsional/low-frequency mode conformational searches were carried out by means of the Macromodel 10.8.011 software by using the MMFF with an implicit
solvent model for CHCls [1]. Geometry re-optimizations were carried out at the wB97X/TZVP level with the PCM solvent model for MeCN and the B3LYP/TZVP
level with PCM solvent model for CHCls. TDDFT-ECD and OR calculations were run with various functionals (B3LYP, BH&HLYP, CAMB3LYP, and PBE() and
the TZVP basis set as implemented in the Gaussian 09 package with the PCM/MeCN and the PCM/EtOH solvent models, respectively [2]. ECD spectra were
generated as sums of Gaussians with 2100-4200 cm™! width at half-height, using dipole-velocity-computed rotational strength values [3]. VCD spectra were
generated with 8 cm half-height width and scaled by a factor of 0.99. Boltzmann distributions were estimated from the wB97X and the B3LYP energies. The Molekel

software package was used for visualization of the results [4].
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