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1. Crystal data of compounds 1 and 5

Table 1S. Crystal data and structure refinement for Cu_1_0m
Identification code Cu_1_0m

Empirical formula C15 H22 O2

Formula weight 234.32

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a = 7.70800(10) Å = 90°.

b = 12.5490(2) Å = 90°.

c = 13.1278(2) Å  = 90°.

Volume 1269.82(3) Å3

Z 4

Density (calculated) 1.226 mg/m3

Absorption coefficient 0.621 mm-1

F(000) 512

Crystal size 0.850 x 0.220 x 0.190 mm3

Theta range for data collection 4.875 to 70.187°.

Index ranges -8<=h<=9, -15<=k<=14, -15<=l<=14

Reflections collected 8045

Independent reflections 2306 [R(int) = 0.0442]

Completeness to theta = 67.679° 99.3 % 

Absorption correction Semi-empirical from equivalents

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2306 / 0 / 161

Goodness-of-fit on F2 1.061

Final R indices [I>2sigma(I)] R1 = 0.0513, wR2 = 0.1314

R indices (all data) R1 = 0.0513, wR2 = 0.1315

Absolute structure parameter 0.09(6)

Extinction coefficient 0.0064(17)

Largest diff. peak and hole 0.292 and -0.319 e.Å-3



Table 2S. Crystal data and structure refinement for Cu_5_0m
Identification code Cu_5_0m

Empirical formula C16 H24 O4

Formula weight 280.35

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Monoclinic

Space group P21

Unit cell dimensions a = 6.4948(2) Å = 90°.

b = 7.4524(3) Å = 101.0040(10)°.

c = 15.2812(6) Å  = 90°.

Volume 726.04(5) Å3

Z 2

Density (calculated) 1.282 mg/m3

Absorption coefficient 0.736 mm-1

F(000) 304

Crystal size 0.640 x 0.420 x 0.100 mm3

Theta range for data collection 2.946 to 70.141°.

Index ranges -7<=h<=7, -8<=k<=8, -15<=l<=17

Reflections collected 7540

Independent reflections 2510 [R(int) = 0.0263]

Completeness to theta = 67.679° 94.8 % 

Absorption correction Semi-empirical from equivalents

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2510 / 1 / 191

Goodness-of-fit on F2 1.056

Final R indices [I>2sigma(I)] R1 = 0.0327, wR2 = 0.0844

R indices (all data) R1 = 0.0327, wR2 = 0.0845

Absolute structure parameter 0.17(3)

Extinction coefficient n/a
Largest diff. peak and hole 0.217 and -0.260 e.Å-3



2. Supplementary Figures

Figure 1S. 1H NMR spectrum of 1 (600 MHz, CDCl3)
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Figure 2S. 13C NMR and DEPT spectra of 1 (150 MHz, CDCl3)
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Figure 3S. HSQC spectrum of 1 (CDCl3)
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Figure 4S. 1H-1H COSY spectrum of 1 (CDCl3) 
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Figure 5S. HMBC spectrum of 1 (CDCl3) 
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Figure 6S. ROESY spectrum of 1 (CDCl3) 
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Figure 7S. HREIMS (+) report of 1



Figure 8S. 1H NMR spectrum of 2 (600 MHz, CD3OD)
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Figure 9S. 13C NMR and DEPT spectra of 2 (150 MHz, CD3OD)
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Figure 10S. HSQC spectrum of 2 (CD3OD)
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Figure 11S. 1H-1H COSY spectrum of 2 (CD3OD) 
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Figure 12S. HMBC spectrum of 2 (CD3OD) 
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Figure 13S. ROESY spectrum of 2 (CD3OD) 
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Figure 14S. HREIMS (+) report of 2.



Figure 15S. 1H NMR spectrum of 3 (600 MHz, CDCl3)
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Figure 16S. 13C NMR and DEPT spectra of 3 (150 MHz, CDCl3)
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Figure 17S. HSQC spectrum of 3 (CDCl3)
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Figure 18S. 1H-1H COSY spectrum of 3 (CDCl3) 
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Figure 19S. HMBC spectrum of 3 (CDCl3) 
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Figure 20S. ROESY spectrum of 3 (CDCl3) 
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Figure 21S. HRESIMS (+) report of 3



Figure 22S. 1H NMR spectrum of 4 (600 MHz, CD3OD)
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Figure 23S. 13C NMR and DEPT spectra of 4 (150 MHz, CD3OD)
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Figure 24S. HSQC spectrum of 4 (CD3OD)
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Figure 25S. 1H-1H COSY spectrum of 4 (CD3OD) 
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Figure 26S. HMBC spectrum of 4 (CD3OD) 
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Figure 27S. ROESY spectrum of 4 (CD3OD) 
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Figure 28S. HRESIMS (+) report of 4



Figure 29S. 1H NMR spectrum of 5 (600 MHz, CD3OD)
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Figure 30S. 13C NMR and DEPT spectra of 5 (150 MHz, CD3OD)
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Figure 31S. HSQC spectrum of 5 (CD3OD)
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Figure 32S. 1H-1H COSY spectrum of 5 (CD3OD)
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Figure 33S. HMBC spectrum of 5 (CD3OD) 
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Figure 34S. ROESY spectrum of 5 (CD3OD) 
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Figure 35S. HRESIMS (+) report of 5



Figure 36S. 1H NMR spectrum of 6 and 7 (600 MHz, CDCl3)
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Figure 37S. 13C NMR and DEPT spectra of 6 and 7 (150 MHz, CDCl3) 
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Figure 38S. HSQC spectrum of 6 and 7 (CDCl3)
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Figure 39S. 1H-1H COSY spectrum of 6 and 7 (CDCl3) 
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Figure 40S. HMBC spectrum of 6 and 7 (CDCl3) 
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Figure 41S. ROESY spectrum of 6 and 7 (CDCl3) 
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Figure 42S. HREIMS (+) report of 6
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Figure 43S. HRESIMS (+) report of 7
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Figure 44S. 1H NMR spectrum of 8 (600 MHz, CDCl3)
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Figure 45S. 13C NMR and DEPT spectra of 8 (150 MHz, CDCl3)
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Figure 46S. HSQC spectrum of 8 (CDCl3) 
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Figure 47S. 1H-1H COSY spectrum of 8 (CDCl3) 
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Figure 48S. HMBC spectrum of 8 (CDCl3) 
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Figure 49S. HREIMS (+) report of 8



Figure 50S. 1H NMR spectrum of 9 (500 MHz, CDCl3) 
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Figure 51S. 13C NMR and DEPT spectra of 9 (125 MHz, CDCl3)
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Figure 52S. 1H NMR spectrum of 9a (500 MHz, CDCl3)
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Figure 53S. 13C NMR and DEPT spectra of 9a (125 MHz, CDCl3)
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3. Computational details for 8

O O
6

A conformation search based on molecular mechanics with MMFF94s force fields were 

performed for (6S)-8 gave 10 stable conformers with distributions higher than 1%.1,2 All 

these conformers were further optimized by the density functional theory method at the 

B3LYP/6-31G(d,p) level in Gaussian 09 program package,3 led to six ((6S)-8a–(6S)-8f) 

conformers within 3 kcal/mol energy threshold from global minimum, respectively. The 

predominant conformers were subjected to theoretical calculation of ECD using time-

dependent density functional theory (TDDFT) at B3LYP/6-31G(d,p) level with 

IEFPCM model in air based on B3LYP/6-31G(d,p) optimized conformers. The 

calculated ECD curves for (6S)-8 were weighted using SpecDis 1.71 with σ = 0.2 eV, 

and UV shift 11 nm, respectively.4 The ECD curve of the enantiomer (6R)-8 was 

generated by SpecDis by the function “enantiomeric ECD”.

Table S1. Energy analysis for conformers of (6S)-8a–(6S)-8f at B3LYP/6-31G(d,p) 
level in the gas phase.

Species E′=E+ZPE E H G ΔE (kcal/mol) PE%
(6S)-8a 733.761789 733.778874 733.760845 733.822524 0.00 50.7 
(6S)-8b 733.760472 733.777482 733.759528 733.820998 0.96 9.2 
(6S)-8c 733.760548 733.777528 733.759603 733.820912 1.01 5.1 
(6S)-8d 733.761192 733.778096 733.760248 733.821357 0.73 13.3 
(6S)-8e 733.761144 733.778017 733.760200 733.821137 0.87 10.1 
(6S)-8f 733.760329 733.777416 733.759384 733.821258 0.79 11.7 

E, E′, H, G: total energy, total energy with zero point energy (ZPE), enthalpy, and Gibbs free energy

Standard orientation of (6S)-8a
Atom X Y Z
C(1) 0.595 -0.102 1.871
C(2) 0.371 -0.265 0.341
C(3) 0.981 -1.622 -0.107
C(4) 1.135 0.847 -0.420
C(5) 2.484 -1.644 -0.150
C(6) 3.279 -0.560 -0.211



C(7) 2.651 0.784 -0.260
C(8) 4.782 -0.614 -0.228
O(9) 3.321 1.807 -0.232
C(10) -3.477 0.407 0.033
C(11) -3.314 -1.096 -0.165
C(12) -1.875 -1.378 -0.041
C(13) -1.141 -0.251 0.081
C(14) -2.046 1.010 -0.044
O(15) -4.207 -1.902 -0.357
C(16) -1.849 2.064 1.062
C(17) -1.871 1.680 -1.431
H(18) 0.029 -0.858 2.422
H(19) 1.654 -0.225 2.116
H(20) 0.284 0.882 2.224
H(21) 0.639 -2.425 0.556
H(22) 0.600 -1.883 -1.106
H(23) 0.934 0.753 -1.497
H(24) 0.829 1.851 -0.120
H(25) 2.945 -2.632 -0.136
H(26) 5.142 -1.645 -0.185
H(27) 5.178 -0.139 -1.131
H(28) 5.198 -0.057 0.618
H(29) -4.174 0.829 -0.696
H(30) -3.917 0.564 1.026
H(31) -1.507 -2.397 -0.050
H(32) -0.866 2.541 1.021
H(33) -1.978 1.629 2.058
H(34) -2.598 2.855 0.947
H(35) -2.029 0.958 -2.239
H(36) -2.612 2.479 -1.544
H(37) -0.886 2.129 -1.562

Standard orientation of (6S)-8b
Atom X Y Z
C(1) -0.637 -1.700 -1.193
C(2) -0.342 -0.526 -0.228
C(3) -0.874 -0.896 1.192
C(4) -1.134 0.706 -0.732
C(5) -2.373 -0.872 1.313
C(6) -3.211 -0.231 0.477
C(7) -2.650 0.537 -0.666
C(8) -4.708 -0.241 0.616
O(9) -3.376 1.070 -1.493



C(10) 3.354 0.579 0.501
C(11) 3.457 -0.818 -0.101
C(12) 2.080 -1.259 -0.372
C(13) 1.172 -0.291 -0.125
C(14) 1.883 1.034 0.284
O(15) 4.482 -1.449 -0.290
C(16) 1.856 2.053 -0.884
C(17) 1.344 1.699 1.567
H(18) -0.214 -2.640 -0.831
H(19) -1.713 -1.852 -1.300
H(20) -0.224 -1.499 -2.186
H(21) -0.499 -1.890 1.466
H(22) -0.461 -0.215 1.947
H(23) -0.911 1.587 -0.120
H(24) -0.878 0.957 -1.765
H(25) -2.791 -1.417 2.159
H(26) -5.022 -0.832 1.480
H(27) -5.096 0.777 0.725
H(28) -5.177 -0.652 -0.283
H(29) 3.592 0.500 1.569
H(30) 4.093 1.253 0.060
H(31) 1.880 -2.260 -0.733
H(32) 0.852 2.414 -1.112
H(33) 2.272 1.611 -1.795
H(34) 2.467 2.924 -0.623
H(35) 1.383 1.012 2.419
H(36) 1.966 2.565 1.816
H(37) 0.317 2.059 1.466

Standard orientation of (6S)-8c
Atom X Y Z
C(1) 0.243 -1.930 -2.028
C(2) -0.353 -1.008 -0.934
C(3) -1.054 -1.871 0.148
C(4) -1.476 -0.162 -1.581
C(5) -1.943 -1.073 1.067
C(6) -2.482 0.122 0.761
C(7) -2.238 0.705 -0.587
C(8) -3.344 0.922 1.697
O(9) -2.675 1.804 -0.899
C(10) 2.895 0.626 0.515
C(11) 2.181 1.752 -0.226
C(12) 0.952 1.167 -0.788



C(13) 0.765 -0.109 -0.384
C(14) 1.855 -0.520 0.651
O(15) 2.576 2.897 -0.352
C(16) 1.285 -0.485 2.092
C(17) 2.525 -1.884 0.400
H(18) 0.969 -2.637 -1.623
H(19) -0.557 -2.508 -2.502
H(20) 0.739 -1.338 -2.803
H(21) -1.666 -2.626 -0.370
H(22) -0.330 -2.444 0.733
H(23) -1.119 0.469 -2.398
H(24) -2.206 -0.858 -2.021
H(25) -2.158 -1.513 2.040
H(26) -3.475 0.410 2.654
H(27) -2.901 1.906 1.881
H(28) -4.329 1.108 1.257
H(29) 3.746 0.311 -0.102
H(30) 3.300 0.972 1.470
H(31) 0.308 1.746 -1.437
H(32) 0.530 -1.253 2.270
H(33) 0.835 0.487 2.312
H(34) 2.098 -0.654 2.807
H(35) 2.951 -1.945 -0.606
H(36) 3.344 -2.021 1.114
H(37) 1.838 -2.725 0.532

Standard orientation of (6S)-8d
Atom X Y Z
C(1) 0.617 -0.260 1.829
C(2) 0.390 -0.052 0.305
C(3) 0.951 -1.261 -0.492
C(4) 1.199 1.194 -0.137
C(5) 2.454 -1.343 -0.507
C(6) 3.289 -0.308 -0.305
C(7) 2.714 1.036 -0.042
C(8) 4.788 -0.416 -0.324
O(9) 3.429 1.999 0.197
C(10) -3.524 -0.106 0.075
C(11) -3.125 1.341 -0.192
C(12) -1.658 1.393 -0.096
C(13) -1.111 0.169 0.065
C(14) -2.211 -0.935 -0.001
O(15) -3.882 2.270 -0.412



C(16) -2.181 -1.673 -1.365
C(17) -2.165 -1.973 1.136
H(18) 0.114 -1.153 2.201
H(19) 1.684 -0.366 2.047
H(20) 0.241 0.602 2.388
H(21) 0.550 -2.201 -0.100
H(22) 0.607 -1.200 -1.534
H(23) 0.969 1.427 -1.186
H(24) 0.941 2.079 0.450
H(25) 2.876 -2.325 -0.720
H(26) 5.111 -1.441 -0.523
H(27) 5.215 0.244 -1.087
H(28) 5.211 -0.091 0.632
H(29) -3.958 -0.150 1.082
H(30) -4.297 -0.440 -0.622
H(31) -1.131 2.337 -0.152
H(32) -1.299 -2.305 -1.484
H(33) -2.211 -0.963 -2.197
H(34) -3.059 -2.322 -1.444
H(35) -2.201 -1.495 2.120
H(36) -3.035 -2.635 1.058
H(37) -1.274 -2.605 1.094

Standard orientation of (6S)-8e
Atom X Y Z
C(1) 0.653 -1.118 1.420
C(2) 0.395 -0.186 0.213
C(3) 0.923 -0.854 -1.097
C(4) 1.223 1.108 0.416
C(5) 2.425 -0.896 -1.201
C(6) 3.278 -0.126 -0.502
C(7) 2.728 0.879 0.447
C(8) 4.776 -0.215 -0.606
O(9) 3.457 1.538 1.174
C(10) -3.458 -0.064 -0.465
C(11) -3.012 1.394 -0.473
C(12) -1.557 1.383 -0.239
C(13) -1.095 0.145 0.041
C(14) -2.277 -0.864 0.151
O(15) -3.717 2.367 -0.669
C(16) -2.081 -2.195 -0.597
C(17) -2.615 -1.152 1.637
H(18) 0.147 -2.080 1.313



H(19) 1.721 -1.325 1.520
H(20) 0.317 -0.653 2.351
H(21) 0.535 -1.873 -1.191
H(22) 0.526 -0.306 -1.965
H(23) 1.046 1.794 -0.422
H(24) 0.939 1.633 1.332
H(25) 2.830 -1.619 -1.909
H(26) 5.080 -0.980 -1.325
H(27) 5.202 0.747 -0.911
H(28) 5.217 -0.449 0.368
H(29) -4.404 -0.190 0.067
H(30) -3.631 -0.362 -1.507
H(31) -0.981 2.297 -0.298
H(32) -1.295 -2.815 -0.157
H(33) -1.841 -2.034 -1.653
H(34) -3.009 -2.775 -0.555
H(35) -2.798 -0.222 2.184
H(36) -3.526 -1.759 1.692
H(37) -1.825 -1.699 2.153

Standard orientation of (6S)-8f
Atom X Y Z
C(1) 0.653 0.775 1.652
C(2) 0.387 -0.092 0.398
C(3) 1.039 -1.484 0.619
C(4) 1.100 0.534 -0.837
C(5) 2.544 -1.464 0.608
C(6) 3.299 -0.535 -0.008
C(7) 2.624 0.574 -0.729
C(8) 4.802 -0.536 -0.015
O(9) 3.261 1.470 -1.264
C(10) -3.382 0.293 -0.585
C(11) -3.139 -1.210 -0.559
C(12) -1.718 -1.393 -0.217
C(13) -1.113 -0.228 0.103
C(14) -2.159 0.930 0.132
O(15) -3.952 -2.083 -0.806
C(16) -2.575 1.256 1.590
C(17) -1.736 2.228 -0.580
H(18) 0.131 0.371 2.524
H(19) 1.721 0.792 1.882
H(20) 0.334 1.810 1.509
H(21) 0.679 -1.923 1.557



H(22) 0.722 -2.175 -0.174
H(23) 0.859 -0.064 -1.727
H(24) 0.771 1.553 -1.040
H(25) 3.039 -2.288 1.122
H(26) 5.202 -1.386 0.544
H(27) 5.185 -0.575 -1.040
H(28) 5.193 0.389 0.422
H(29) -3.422 0.603 -1.637
H(30) -4.344 0.553 -0.135
H(31) -1.274 -2.380 -0.238
H(32) -1.765 1.701 2.170
H(33) -2.915 0.355 2.111
H(34) -3.404 1.972 1.579
H(35) -1.444 2.044 -1.618
H(36) -2.583 2.923 -0.594
H(37) -0.911 2.738 -0.076
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