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Concentration dependence of chemical shifts

Table S1: Proton resonances of (−)-strychnine base in CDCl3
	proton resonances
	concentration of the sample: 2 mg/ml
	concentration of the sample: 100 mg/ml
	difference (2 mg/ml – 100mg/ml)

	H4
	8.09
	8.05
	0.04

	H3
	7.26
	7.2
	0.06

	H1
	7.18
	7.12
	0.06

	H2
	7.1
	7.05
	0.05

	H22
	5.95
	5.85
	0.1

	H12
	4.29
	4.24
	0.05

	H23 proR
	4.16
	4.1
	0.06

	H23 proS
	4.06
	4.01
	0.05

	H16
	4.01
	3.89
	0.12

	H8
	3.87
	3.81
	0.06

	H20 proR
	3.75
	3.65
	0.1

	H18 proR
	3.27
	3.15
	0.12

	H14
	3.17
	3.1
	0.07

	H11 proS
	3.14
	3.08
	0.06

	H18 proS
	2.9
	2.82
	0.08

	H20 proS
	2.78
	2.68
	0.1

	H11 proR
	2.67
	2.62
	0.05

	H15 proS
	2.37
	2.31
	0.06

	H17 proR and proS
	1.92
	1.84
	0.08

	H15 proR
	1.49
	1.4
	0.09

	H13
	1.29
	1.22
	0.07


Table S2: Proton resonances of (−)-strychnine HCl in methanol-d3
	proton resonances
	concentration of the sample: 2 mg/ml
	concentration of the sample: 65 mg/ml
	difference (2 mg/ml – 65 mg/ml)

	H4
	8.04
	8.02
	0.02

	H1
	7.41
	7.45
	-0.04

	H3
	7.35
	7.33
	0.02

	H2
	7.21
	7.2
	0.01

	H22
	6.43
	6.43
	0

	H16
	4.49
	4.55
	-0.06

	H12
	4.41
	4.41
	0

	H23 proR
	4.27
	4.28
	-0.01

	H23 proS
	not detected
	4.21
	

	H20 proR
	4.23
	4.24
	-0.01

	H20 proS
	3.58
	3.57
	0.01

	H8
	4.21
	4.21
	0

	H18 proS
	3.85
	3.88
	-0.03

	H18 proR
	3.41
	3.39
	0.02

	H14
	3.46
	3.45
	0.01

	H11 proS
	3.09
	3.07
	0.02

	H11 proR
	2.75
	2.74
	0.01

	H15 proS
	2.6
	2.61
	-0.01

	H15 proR
	1.76
	1.73
	0.03

	H17 proR
	2.25
	2.21
	0.04

	H17 proS
	2.07
	2.08
	-0.01

	H13
	1.5
	1.48
	0.02

	H19
	not detected
	10.7
	


Table S3: Proton resonances of (−)-strychnine HCl in methanol-d3 (65 mg/ml) and in DMSO-d6 (36 mg/ml)

	proton resonances
	methanol-d3 (65 mg/ml)
	DMSO-d6 (36 mg/ml)
	difference (methanol-d3 – DMSO-d6

	H4
	8.02
	7.94
	0.08

	H1
	7.45
	7.39
	0.06

	H3
	7.33
	7.31
	0.02

	H2
	7.2
	7.16
	0.04

	H22
	6.43
	6.33
	0.1

	H16
	4.55
	4.41
	0.14

	H12
	4.41
	4.36
	0.05

	H23 proR
	4.28
	4.18
	0.1

	H23 proS
	4.21
	4.13
	0.08

	H20 proR
	4.24
	4.08
	0.16

	H20 proS
	3.57
	3.5
	0.07

	H8
	4.21
	4.08
	0.13

	H18 proS
	3.88
	3.71
	0.17

	H18 proR
	3.39
	3.13
	0.26

	H14
	3.45
	3.32
	0.13

	H11 proS
	3.07
	2.96
	0.11

	H11 proR
	2.74
	2.65
	0.09

	H15 proS
	2.61
	2.48
	0.13

	H15 proR
	1.73
	1.59
	0.14

	H17 proR
	2.21
	2.18
	0.03

	H17 proS
	2.08
	1.85
	0.23

	H13
	1.48
	1.45
	0.03

	H19
	10.7
	12.01
	-1.31


Table S4: 13C resonances of (−)-strychnine HCl in methanol-d3 and in DMSO-d6

	13C resonances
	methanol-d3 (65 mg/ml)
	DMSO-d6 (36 mg/ml)
	differences (methanol-d3 – DMSO-d6)

	C10
	171.44
	169.5
	1.94

	C5
	143.23
	142.3
	0.93

	C22
	137.3
	135
	2.3

	C21
	133.73
	133.6
	0.13

	C3
	130.79
	129.7
	1.09

	C6
	130.62
	130.1
	0.52

	C2
	126.02
	124.7
	1.32

	C1
	123.76
	123.3
	0.46

	C4
	117.33
	115.8
	1.53

	C12
	77.95
	76.5
	1.45

	C23
	64.96
	63.6
	1.36

	C16
	63.66
	61.3
	2.36

	C8
	60.23
	59
	1.23

	C20
	53.22
	51.4
	1.82

	C7
	53.2
	51.8
	1.4

	C18
	52.22
	50.7
	1.52

	C13
	48.1
	46.6
	1.5

	C11
	42.7
	41.7
	1

	C17
	41.98
	40.9
	1.08

	C14
	31.58
	30.1
	1.48

	C15
	25.85
	24.8
	1.05


ORD

For (−)-strychnine base with the smaller basis set cc-pvdz the correct AC would have been predicted, however, with a worse match to experiment (Fig. S1). In contrast, the AC prediction for (−)-strychnine HCl would have failed with the smaller basis set (Fig. S2). In conclusion, the difference in [] using the two basis sets cc-pvdz and aug-cc-pvdz is large enough to switch the sign of the predicted value, and hence, would give the incorrect result in case of strychnine HCl. The difference between the two solvents DMSO and chloroform is much less (Fig. S3).

Figure S1: Calculated (mpw1pw91/ iefpcm: chloroform, major conformer; in blue: cc-pvdz, in red: aug-cc-pvdz) and experimental (in green, 2 % in chloroform) ORD curve of (−)-strychnine base based on four wavelengths (589, 546, 495, and 436 nm respectively)


[image: image1]
Figure S2: Calculated (mpw1pw91/ iefpcm: methanol, major conformer; in blue: cc-pvdz, in red: aug-cc-pvdz) and experimental (in green, 2 % in methanol) ORD curve of (−)-strychnine HCl/protonated strychnine based on four wavelengths (589, 546, 495, and 436 nm respectively)
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Figure S3: Calculated (mpw1pw91/cc-pvdz, iefpcm, major conformer; in blue: DMSO, in red: chloroform) and experimental (in green, 2 % in chloroform) ORD curve of (−)-strychnine base based on four wavelengths (589, 546, 495, and 436 nm respectively)
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Calculated and experimental UV/Vis and ECD spectra

Solution phase calculations of n-* transitions can be difficult as exemplified in the following. The gas phase and water phase n-* transition of pyrimidine was correctly calculated using the PCM approach (Manzoni et al., 2010). The calculated values for gas and water phase (291 and 278 nm, respectively) match very well to the experimental values (298-292 nm, 271 nm). The two lowest energy transitions of uracil in the gas phase are n-* followed by -*. However, in water the first one should show a blue shift while the latter one a red shift bringing the two transitions close in energy. So far, no experimental study could find a n-* transition, most probably due to the overlaid strong -* transition. In a computational study Ludwig et al. (2007) showed that using 60 solute-solvent configurations with the explicit inclusion of 200 water molecules these solvatochromic shifts could be reproduced by quantum mechanical calculations. The authors suggest that the n-* transition lies around 255 nm hidden by the intense and broad -* transition at 260 nm. Interestingly, the sign of the solvent-dependent shifts was also correctly reproduced by using only the PCM approach instead of the Monte Carlo/QM procedure from above. An even more complicated case is the blue shift of the lowest -* transition of phenol going from gas phase to water (Barreto et al., 2009). Depending if phenol is the proton-donor or –acceptor different shifts were observed and calculated: red shift versus blue shift, respectively. The overall blue shift was assigned to contributions of outer solvent water molecules (Barreto et al., 2009).

Figure S4: ECD spectrum of (−)-strychnine base in chloroform (0.049 mg/ml) at 25 °C
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Figure S5: UV/Vis spectrum of (−)-strychnine base in chloroform (0.049 mg/ml) at 25 °C
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Figure S6: UV/Vis spectrum of (−)-strychnine base in acetonitrile (0.145 mg/ml) at 25 °C
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Figure S7: ECD spectrum of (−)-strychnine base in acetonitrile (0.029 mg/ml) at 25 °C
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Figure S8: UV/Vis spectrum of (−)-strychnine base in acetonitrile (0.029 mg/ml) at 25 °C
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Figure S9: Experimental ECD spectrum of (−)-strychnine HCl  (1.3 mg/ml) in methanol-d3
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Figure S10: Experimental UV/Vis spectrum of (−)-strychnine HCl  (1.3 mg/ml) in methanol-d3
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Table S5: Calculated rotational strengths of (−)-strychnine base (chloroform) and protonated (−)-strychnine (methanol) of the major conformer
	Excitation frequency in nm
	Rotational strength for strychnine base in cgs (10-40 erg esu cm/Gauss)
	Excitation frequency in nm
	Rotational strength for protonated strychnine in cgs (10-40 erg esu cm/Gauss)

	260.17
	-1.46
	257.29
	-7.36

	256.24
	-4.23
	248.52
	3.56

	250.59
	-28.25
	243.07
	15.93

	247.84
	7.76
	234.84
	-11.35

	242.01
	1.31
	220.74
	-12.76

	235
	-4.24
	204.89
	-5.7

	225.58
	-3
	204.1
	6.8

	206.94
	2.62
	201.79
	11.23

	205.69
	-4.26
	200.18
	-67.46

	203.72
	-17.2
	198.47
	-0.84

	200.42
	3
	197.1
	-5.4

	199.92
	-15.5
	194.56
	88.7

	198.96
	11.7
	193.59
	32.8

	194.84
	-6.2
	190.27
	-4.7

	193.13
	1.6
	189.22
	0.7

	189.85
	28.2
	184.07
	-16.8

	188.55
	-42.6
	182.39
	3.5

	188.27
	21.7
	178.38
	-10.2

	185.43
	29
	175.24
	-2.1

	184.47
	-2.4
	173.45
	-5.9

	183.62
	20.5
	172.09
	16.4

	180.45
	4.8
	169.85
	-16.6

	178.55
	-4.5
	167.63
	-32.2

	175.21
	-6.3
	167.55
	-37.4

	174.15
	-0.2
	166.92
	22.5

	173.55
	-25.8
	165.2
	-23.2

	171.94
	4.1
	164.63
	6.6

	170.03
	1.6
	164.24
	-28.5

	169.68
	-8
	164.15
	0.2

	167.78
	37.4
	163.53
	102.7


IR/VCD spectra

The calculated IR spectra for the major conformer of (−)-strychnine base and protonated (−)-strychnine are very similar (Figure S11), and only some of the bands in the VCD spectra are shifted (Figure S12). Concentrating on only few or only one band, in this case the amide stretch, there were no significant changes. In addition, the structural differences between the major and minor conformer do not change the IR and VCD spectra of (−)-strychnine base significantly (Figures S13 and S14) with some exceptions (e.g. the IR band at 1193 cm-1 of the major conformer shows a strong negative VCD band, whereas for the minor conformer almost no VCD band occurs in that region).

Figure S11: Calculated IR spectra of (−)-strychnine base (in orange) and protonated (−)-strychnine (in blue) of the major conformer (mpw1pw91/cc-pvdz, IEFPCM: chloroform and methanol, respectively)
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Figure S12: Calculated VCD spectra of (−)-strychnine base (in orange) and protonated (−)-strychnine (in blue) of the major conformer (mpw1pw91/cc-pvdz, IEFPCM: chloroform and methanol, respectively)
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Figure S13: Calculated IR spectrum of (−)-strychnine base of the major (in blue) and minor conformer (in orange) (mpw1pw91/cc-pvdz, IEFPCM: chloroform)
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Figure S14: Calculated VCD spectrum of (−)-strychnine base of the major (in blue) and minor conformer (in orange) (mpw1pw91/cc-pvdz, IEFPCM: chloroform)
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G09 files (.mol) of the nitrogen inverted major and minor conformers
Major Conformer of protonated (−)-strychnine (geometry optimized on the mpw1pw91/cc-pvdz (IEFPCM: methanol) level of theory, inverted nitrogen

Title Card Required

Created by GaussView 5.0.8

 48 54  0  0  0  0  0  0  0  0  0    0

    2.3583    0.4936    0.1492 C   0  0  0  0  0  0  0  0  0  0  0  0

    2.0618   -0.8634   -0.0372 C   0  0  0  0  0  0  0  0  0  0  0  0

    3.6345    0.9972   -0.0975 C   0  0  0  0  0  0  0  0  0  0  0  0

    3.0415   -1.7398   -0.4871 C   0  0  0  0  0  0  0  0  0  0  0  0

    4.6068    0.1049   -0.5542 C   0  0  0  0  0  0  0  0  0  0  0  0

    4.3207   -1.2464   -0.7541 C   0  0  0  0  0  0  0  0  0  0  0  0

    1.2095    1.1876    0.5750 N   0  0  0  0  0  0  0  0  0  0  0  0

    0.0433    0.3013    0.5010 C   0  0  0  0  0  0  0  0  0  0  0  0

    0.6492   -1.1441    0.3953 C   0  0  0  0  0  0  0  0  0  0  0  0

   -1.7128   -0.2271   -1.3992 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.2784   -1.9762   -0.4904 C   0  0  0  0  0  0  0  0  0  0  0  0

    1.0075    2.5486    0.4836 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.4494    2.9570    0.5671 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.7953    0.8040   -0.7029 C   0  0  0  0  0  0  0  0  0  0  0  0

   -1.4229    2.1499   -0.3149 C   0  0  0  0  0  0  0  0  0  0  0  0

   -2.9003   -0.7637   -0.5909 C   0  0  0  0  0  0  0  0  0  0  0  0

   -3.8476    0.0492   -0.1108 C   0  0  0  0  0  0  0  0  0  0  0  0

   -3.7520    1.5444   -0.2591 C   0  0  0  0  0  0  0  0  0  0  0  0

   -2.6175    2.0471    0.4414 O   0  0  0  0  0  0  0  0  0  0  0  0

   -2.7646   -2.1973   -0.1024 C   0  0  0  0  0  0  0  0  0  0  0  0

   -1.4034   -2.0901    0.5228 N   0  0  0  0  0  0  0  0  0  0  0  0

   -0.7435   -2.7985    1.6605 C   0  0  0  0  0  0  0  0  0  0  0  0

    0.5689   -1.9720    1.7322 C   0  0  0  0  0  0  0  0  0  0  0  0

    1.9227    3.3478    0.3711 O   0  0  0  0  0  0  0  0  0  0  0  0

   -0.5400    0.4170    1.4295 H   0  0  0  0  0  0  0  0  0  0  0  0

    2.8209   -2.7985   -0.6302 H   0  0  0  0  0  0  0  0  0  0  0  0

    5.0979   -1.9211   -1.1127 H   0  0  0  0  0  0  0  0  0  0  0  0

    5.6109    0.4787   -0.7580 H   0  0  0  0  0  0  0  0  0  0  0  0

    3.8484    2.0506    0.0562 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.7753    2.8065    1.6088 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.5055    4.0304    0.3618 H   0  0  0  0  0  0  0  0  0  0  0  0

   -1.6362    2.7051   -1.2448 H   0  0  0  0  0  0  0  0  0  0  0  0

   -4.6265    2.0285    0.1913 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.0508    1.0486   -1.4785 H   0  0  0  0  0  0  0  0  0  0  0  0

   -2.7505   -2.9787   -0.8692 H   0  0  0  0  0  0  0  0  0  0  0  0

   -3.5008   -2.4456    0.6677 H   0  0  0  0  0  0  0  0  0  0  0  0

    1.4348   -2.6395    1.8001 H   0  0  0  0  0  0  0  0  0  0  0  0

    0.5837   -1.3144    2.6100 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.5929   -3.8483    1.3925 H   0  0  0  0  0  0  0  0  0  0  0  0

   -1.3723   -2.7278    2.5526 H   0  0  0  0  0  0  0  0  0  0  0  0

   -3.7142    1.8450   -1.3211 H   0  0  0  0  0  0  0  0  0  0  0  0

   -4.6573   -0.3586    0.4987 H   0  0  0  0  0  0  0  0  0  0  0  0

   -2.1089    0.2546   -2.3059 H   0  0  0  0  0  0  0  0  0  0  0  0

    0.1105   -2.9916   -0.6383 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.7946   -1.3808   -1.7809 C   0  0  0  0  0  0  0  0  0  0  0  0

   -1.3130   -2.1432   -2.3751 H   0  0  0  0  0  0  0  0  0  0  0  0

    0.0573   -1.0359   -2.3813 H   0  0  0  0  0  0  0  0  0  0  0  0

   -1.4904   -1.1480    0.9184 H   0  0  0  0  0  0  0  0  0  0  0  0

  1  2  4  0  0  0  0

  1  3  4  0  0  0  0

  1  7  1  0  0  0  0

  2  4  4  0  0  0  0

  2  9  1  0  0  0  0

  3  5  4  0  0  0  0

  3 29  1  0  0  0  0

  4  6  4  0  0  0  0

  4 26  1  0  0  0  0

  5  6  4  0  0  0  0

  5 28  1  0  0  0  0

  6 27  1  0  0  0  0

  7  8  1  0  0  0  0

  7 12  4  0  0  0  0

  8  9  1  0  0  0  0

  8 14  1  0  0  0  0

  8 25  1  0  0  0  0

  9 11  1  0  0  0  0

  9 23  1  0  0  0  0

 10 14  1  0  0  0  0

 10 16  1  0  0  0  0

 10 43  1  0  0  0  0

 10 45  1  0  0  0  0

 11 21  1  0  0  0  0

 11 44  1  0  0  0  0

 11 45  1  0  0  0  0

 12 13  1  0  0  0  0

 12 24  2  0  0  0  0

 13 15  1  0  0  0  0

 13 30  1  0  0  0  0

 13 31  1  0  0  0  0

 14 15  1  0  0  0  0

 14 34  1  0  0  0  0

 15 19  1  0  0  0  0

 15 32  1  0  0  0  0

 16 17  2  0  0  0  0

 16 20  1  0  0  0  0

 17 18  1  0  0  0  0

 17 42  1  0  0  0  0

 18 19  1  0  0  0  0

 18 33  1  0  0  0  0

 18 41  1  0  0  0  0

 20 21  1  0  0  0  0

 20 35  1  0  0  0  0

 20 36  1  0  0  0  0

 21 22  1  0  0  0  0

 21 48  1  0  0  0  0

 22 23  1  0  0  0  0

 22 39  1  0  0  0  0

 22 40  1  0  0  0  0

 23 37  1  0  0  0  0

 23 38  1  0  0  0  0

 45 46  1  0  0  0  0

 45 47  1  0  0  0  0

Minor Conformer of protonated (−)-strychnine (geometry optimized on the mpw1pw91/cc-pvdz (IEFPCM: methanol) level of theory, inverted nitrogen

Title Card Required

Created by GaussView 5.0.8

 48 54  0  0  0  0  0  0  0  0  0    0

    2.2952    0.5259    0.2053 C   0  0  0  0  0  0  0  0  0  0  0  0

    2.0504   -0.8254   -0.0889 C   0  0  0  0  0  0  0  0  0  0  0  0

    3.5522    1.0951    0.0165 C   0  0  0  0  0  0  0  0  0  0  0  0

    3.0688   -1.6256   -0.5908 C   0  0  0  0  0  0  0  0  0  0  0  0

    4.5630    0.2782   -0.4953 C   0  0  0  0  0  0  0  0  0  0  0  0

    4.3304   -1.0632   -0.8025 C   0  0  0  0  0  0  0  0  0  0  0  0

    1.1130    1.1457    0.6593 N   0  0  0  0  0  0  0  0  0  0  0  0

   -0.0071    0.2304    0.4505 C   0  0  0  0  0  0  0  0  0  0  0  0

    0.6502   -1.1884    0.3293 C   0  0  0  0  0  0  0  0  0  0  0  0

   -1.7270   -0.2895   -1.4278 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.2796   -2.0502   -0.5358 C   0  0  0  0  0  0  0  0  0  0  0  0

    0.8427    2.5004    0.6683 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.6445    2.8086    0.6092 C   0  0  0  0  0  0  0  0  0  0  0  0

   -0.7321    0.7150   -0.8255 C   0  0  0  0  0  0  0  0  0  0  0  0

   -1.2811    2.1464   -0.6310 C   0  0  0  0  0  0  0  0  0  0  0  0

   -2.8348   -0.7280   -0.4593 C   0  0  0  0  0  0  0  0  0  0  0  0

   -3.5690    0.1294    0.2629 C   0  0  0  0  0  0  0  0  0  0  0  0

   -3.5008    1.6255    0.2672 C   0  0  0  0  0  0  0  0  0  0  0  0

   -2.6925    2.2407   -0.7086 O   0  0  0  0  0  0  0  0  0  0  0  0

   -2.7706   -2.1919   -0.0341 C   0  0  0  0  0  0  0  0  0  0  0  0

   -1.3678   -2.1815    0.5198 N   0  0  0  0  0  0  0  0  0  0  0  0
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    5.1368   -1.6779   -1.2019 H   0  0  0  0  0  0  0  0  0  0  0  0
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   -1.1162    2.4372    1.5322 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.7668    3.8959    0.5856 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.9712    2.7328   -1.5049 H   0  0  0  0  0  0  0  0  0  0  0  0

   -3.2190    1.9403    1.2910 H   0  0  0  0  0  0  0  0  0  0  0  0

    0.0726    0.8022   -1.5732 H   0  0  0  0  0  0  0  0  0  0  0  0

   -2.8512   -2.9421   -0.8257 H   0  0  0  0  0  0  0  0  0  0  0  0

   -3.4714   -2.4249    0.7731 H   0  0  0  0  0  0  0  0  0  0  0  0

    1.5168   -2.6766    1.6931 H   0  0  0  0  0  0  0  0  0  0  0  0

    0.6552   -1.3861    2.5463 H   0  0  0  0  0  0  0  0  0  0  0  0

   -0.4932   -3.9412    1.3352 H   0  0  0  0  0  0  0  0  0  0  0  0

   -1.2611   -2.8551    2.5376 H   0  0  0  0  0  0  0  0  0  0  0  0
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