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X-Ray studies

Crystals of 6a and 6b, suitable for X-ray diffraction analysis, were obtained by slow evaporation from
dichloromethane/n-hexane solution. The most relevant crystal and refinement data are collected in Table
I1 of the Supporting Information. Single crystal X-ray diffraction data were collected on a SuperNova CCD
diffractometer equipped with Cu Ka radiation. The measurements were first performed at room
temperature but for the a-naphtol derivative (6a) additional data collection has been performed at 150K.
Both room and low temperature data sets for (6a) indicated a nearly whole molecule disorder around the
two-fold symmetry axis in P3,21 space group, with one carbon atom of the cyclopropane ring on site
symmetry 3b. At this point we have faced the following ambiguity in interpreting the disorder model.
Either the formally C, symmetric molecule utilizes this symmetry in crystal but adopts two partially and
unevenly occupied orientations, or the molecule in crystal adopts the C; symmetry but in spite of this it is
situated on a two-fold symmetry axis. The latter interpretation requires 50:50% occupancy of the two
symmetry two-fold related sites. The answer which of the two models is more reliable came from the
analysis of the data deposited in the csb™. We have searched for cyclopropane substituted at C1 and C2
by Csp2 carbon atoms using filters no-disorder, no-powder, R<7.5%. Among 14 crystal structures containing
chiral cyclopropane ring the 18 values of the Cspz—C5p3—C5p3— Csp2 torsion angle magnitude covered a narrow
range of 133.5 to 144.9°. The observation was confirmed by quantum chemical calculations. The average
value of the CSpZ—CSp3—CSp3— Csp2 torsion angle moduli in six low-energy conformers amounts to 142.3(1.7)¢
(Table H1). To achieve similar value in our model structure we had to assume that the molecule in crystal
possesses non-symmetrical conformation but is nonetheless situated on a two-fold symmetry axis.
Therefore the occupancy ratio of the two sites has to be 50:50. Unfortunately, the assumption of the equal
occupancy of the two positions yielded noticeably different atomic displacement parameters in the two
parts of one molecule. Therefore, we have lowered the crystal symmetry to P3, assuming the presence of
the merohedral twinning. The twin law (01 01 00 0 0 -1) corresponded to the twofold operation that is
present in the apparent Laue group, but not in the true space group. Lowering the crystal symmetry had no
effect on the disorder but allowed us to reasonably model the molecular conformation and the partial
occupancy of the two alternative positions, which refined to values 0.54:0.46. Due to the presence of
disorder it became necessary to apply in the refinement process the rigid group constrains for the
naphthalene moieties (AFIX 167) and restrains on displacement parameters (SIMU 0.04). Data collection
strategy, data reduction and cell refinement were performed with the program CrysAlisPRO.[Z] The
intensity data were corrected for Lp effects. The structures were solved by direct methods using
SHELXS86! and refined by least-squares techniques with SHELXL-2014/7."" For all non-hydrogen atoms
anisotropic displacement parameters were employed. The positions of the hydrogen atoms were
calculated at standardized distances and were refined using a riding model with the distance constraints
depending on the temperature at which the X-ray measurements have been carried out, i.e. C(phenyl)—
H=0.95, methine C(sp’)-H=1.00 and methylene C(sp®)-H=0.99A [Uix(H) = 1.2Uq(C)] for the crystal
structure of 10a determined at 150K, and C(phenyl)-H=0.93, methine C(sp’)-H=0.98 and methylene
C(sp®)-H=0.97A [Uiso(H) = 1.2Ueq4(C)] for the crystal structure of 6b determined at 295 K. The absolute
structure of the crystals could not be determined solely on the basis of the X-ray data, for the Flack
parameter[S] was inconclusive. The final confirmation of the correctly determined absolute structure of
crystals 6a and 6b arose from comparison of molecular configuration obtained from X-ray structure with
the absolute configuration of the substrates, which was (1S, 25).

Figures were prepared using Mercury™ program.
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X-Ray diffraction study of 6b

Diester 6b crystallizes in P2; space group with two symmetry independent molecules of C; symmetry. The
two molecules differ mainly in the anti/syn orientation of the C-O bond with respect to the cyclopropane
C—C bond, described in Figure 2 by a set of the y-angles, which adopt the values of -157.2(4) and -166.7(4)
in one molecule, and 15.0(5) and 29.0(6)2 in the other molecule. Both molecules possess the same (S,5)
chirality at the stereogenic centers. Unlike in 6a, the two naphthyl groups in 6b are nearly parallel forming
angles of 8.3 and 17.4° (Figure A2).

In all crystallographically characterized molecules one can distinguish several pairs of either C=0 or C-0
bonds that lie nearly parallel to the C-H dipoles situated in relative 1,3-positions, which suggest the
presence of stabilizing local CO/CH dipole/dipole interactions.
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Computational details

It is well-documented that the conformation of a molecule has a substantial influence on its physical and
chemical properties.m Thus, reliable conformational analysis is of critical importance for arriving at
computational results close to the experimental ones. It has been shown that even minor changes in
molecule conformation can result in a change of sign and/or magnitude of the calculated chiroptical
properties.[sl For generation of all possible conformers of the molecule in question, the Monte Carlo search
or systematical conformational search with the use of common force field methods is the most frequently
used solution. In the latter case, the number of possible conformers grows rapidly with the increase of
variables such as the number of torsion angles or other structural parameters taken into consideration.
Although usually underrated, the computational conformation analysis of flexible molecules is the most
important step of whole analysis and should be done with the highest available accuracy.™®

Since there is no possibility to directly confront the conformational equilibria of 1-10 with the
experiment, the choice of the best method of geometry/energy determination can be done indirectly
either by comparising the calculated ECD with the experimental data, or by invoking literature precedents.
The last “copy-paste” approach however may fail if one takes everything at face value. Since the
compounds investigated, contain naphthalene moieties it is expected that they may have an effect on each
other, and by this determine the overall conformation of molecule. Due to the size of the compounds
studied, the recommended approach for estimation of the eventuality of n/m interaction by the use of ab
initio coupled cluster calculations with single and double substitutions with noniterative triple excitations
[CCSD(T)] together with enhanced basis set (preferably augmented-valence triple-§ with polarisation
functions) is rather unrealistic vision. On the other hand the cheaper and computationally simpler

alternative like as second-order Mgller-Plesset perturbation theory is widely used,!

although it is also
known that the MP2 method tends to overestimate this contribution.
In our studies we used approach that includes (i) systematic conformational search at molecular mechanics
level, (ii) pre-optimization of energy minima at the PBE0/6-31G(d) level, that reduce number of possible
structures, (iii) re-optimization of conformers found at low-DFT level at DFT/6-311++G(d,p) level followed
by frequency calculation, that confirmed stability of calculated structures, (iv) single-point energy
calculations at the MP2/6-311++G(d,p) level (v) calculations on relative energies (AEper, AGprr and AEpp))
using Boltzmann statistics and T = 298.15 K (vi) calculations of rotatory strengths at the TD-DFT/6-
311++G(d,p) level for all stable conformers ranging from 0.0 to 2.0 kcal mol™ in relative energies.
Preliminary conformer distribution search was performed by the Scigress packagem] using the
MM3 molecular mechanics force field. The systematic search of all possible conformers has been
performed using molecular mechanics method taking into account the degrees of freedom of the
molecule. The real minimum energy conformers found by molecular mechanics were further fully
optimized at the PBEO/6-31G(d) level as implemented in the Gaussian09 package.[13] This reduced
significantly the number of conformers. For higher accuracy calculations we used four different functionals
including pure functional with empirical dispersion correction B97-DI*4 hybrid functional PBEO™*™ and long-
range corrected modification of PBE, called LC-wPBE™® and newly developed by Thruhlar and coworkers
MO06-2X functional.*”! All calculations with the use of DFT methods started from structures obtained from
molecular mechanics and pre-optimized at PBEO/6-31G(d) level. Then all stable conformers, regardless
their relative energies, were re-optimized at the DFT/6-311++G(d,p) or DFT/6-311G(2d,p) levels, using the
same density functionals as for preliminary optimization. These conformers were the real minima (no
imaginary frequencies have been found). Additionally the single-point energies were calculated at the
B2PLYP-D/6-311++G(d,p) and MP2/6-311++G(d,p) level for all stable conformers.
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Total and free energy values have been calculated and used to obtain the Boltzmann population of
conformers at 298.15 K. Only the results for conformers that differ from the most stable one by less than 2
kcal mol™ have been taken into account for further calculations, following a generally accepted protocol.“sl

The TD-DFT/6-311++G(d,p) calculations of ECD of 1a, 5a-6a, 10a-15 were performed for all
structures re-optimized at higher levels of theory. We used five different density functionals for calculation
of rotatory strengths: PBEO™!, LC-wPBE,"*® CAM-B3LYP,™ hybrid part of B2PLYP functional®® and M06-2X
functional.l”! Rotatory strengths were calculated using both length and velocity representations. In the
present study, the differences between the length and velocity representations of the calculated values of
rotatory strengths were quite small, and for this reason only the velocity representations were further
used. The CD spectra were simulated by overlapping Gaussian functions for each transition according to
the procedure previously described.””! Since the all ECD measurements were done in non-polar
environment, the solvent dielectric constant was not taken into account during calculations.

Note that in figures presented in Supporting Info, rotatory strengths calculated using velocity
representations were Gaussian-fitted with the use of 0.3 eV the exponential half-widths at 1/e height
whereas rotatory strengths calculated using length representations were Gaussian-fitted with the use of
0.4 eV the exponential half-widths at 1/e height.

A good agreement between the calculated and the experimental UV/CD spectra was observed
regardless the method used for structure/spectra calculations, however the best results in term of
consistency were obtained using the LC-wPBEO/6-311++G(d,p) method for structure refining and AG-based
conformer distributions and TD-B2LYP/6-311++G(2d,2p) method for calculations of CD spectra.

We did not observe any advantage of MP2 and B2PLYP-D methods for calculations of energies and
conformers distributions. In general these methods overestimate the role of n-it interactions between
naphthalene rings, thus, the conformers in which these interactions were possible were characterized by
the lowest values of relative energies. In some cases this situation affected calculated Boltzmann-averaged
ECD spectra. To sum-up, in the case of dinapthyl esters the use of balanced long-range corrected hybrid
functional provided better and more consistent results that use of MP2 method or dispersion-corrected
functionals.
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Table SA1. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEopLyp-p, AEMp2, in kcal mol'l)
and percentage populations of low-energy conformers of 1a calculated at B2PLYP-D/6-311++G(d,p)//B97-
D/6-311++G(d,p) and MP2/6-311++G(d,p)//B97-D/6-311++G(d,p) levels.

Conf.a Eoer ANEper POp AGprr POp AEgypiypp POp Evipa POp
2 -

1265.082103 0.00 96 0.00 79 0.00 96 0.00 100
16 -

1265.078702 2.13 1.58 6 2.15 4.09
23 -

1265.078992 195 4 1.15 11 1.86 4 3.12
35 -

1265.074285 4.91 1.84 4 6.07 11.54

® Conformers are numbered in the order of appearance in the conformational search.

Table SA2. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopiyp-p, AEmp, in kcal mol'l)
and percentage populations of low-energy conformers of 1a calculated at B2PLYP-D/6-
311++G(d,p)//PBEO/6-311++G(d,p) and MP2/6-311++G(d,p)//PBE0/6-311++G(d,p) levels.

Conf.? Eper AEper Pop. AGper Pop. AEgypLyp Pop. AEvp, Pop.
2 -1264.51097 0.00 57 0.78 6 0 96 0 85
3 -1264.50646 2.83 1.76 1 3.42 3.79

16 -1264.50787 1.95 2 1.39 2 1.91 4 1.26 10
19 -1264.50753 2.16 1.20 3 6.17 9.24

23 -1264.5078  1.99 2 1.29 3 2.21 173 5

24 -1264.50565 3.34 1.47 2 6.00 8.05

25 -1264.50998 0.62 20 0.00 24 2.69 4.19

26 -1264.50964 0.83 14 0.15 18 2.53 3.74

28 -1264.50871 1.42 5 0.06 22 4.26 6

29 -1264.50692 2.54 1.52 2 5.26 6.9

31 -1264.50673 2.66 1.26 3 5.27 6.81

32 -1264.50727 2.33 0.71 7 5.98 8.63

33 -1264.50763 2.10 0.71 7 6.03 8.86

® Conformers are numbered in the order of appearance in the conformational search.
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Table SA3. Total energies (Epfr, in Hartree), relative energies (AEprr, AGper, AEgopiyp-p, AEmp2, in kcal mol’l)
and percentage populations of low-energy conformers of 1a calculated at B2PLYP-D/6-311++G(d,p)//LC-
wPBE/6-311++G(d,p) and MP2/6-311++G(d,p)//LC-wPBE/6-311++G(d,p) levels.

Conf.? Eper AEper Pop. AGprr Pop. AEgpiye Pop. AEypr
2 -1265.06708 0.00 63 154 4 0.00 91 0.00
16 -1265.063976 1.95 2 2.45 1.65 6 0.88
17 -1265.063036 2.54 1.25 6 5.93 8.57
23 -1265.063857 2.02 2.44 1.95 3 1.35
25 -1265.065869 0.76 17 0.68 15 26 3.95
26 -1265.065636 0.91 14  0.77 13 248 3.59
28 -1265.064528 1.60 4 0.00 48 4.12 5.62
32 -1265.062911 2.62 1.62 3 5.67 8.04
33 -1265.063062 2.52 1.34 5 5.86 8.45

® Conformers are numbered in the order of appearance in the conformational search.

Table SA4. Total energies (Epfr, in Hartree), relative energies (AEprr, AGper, AEgopiyp-p, AEmp, in kcal mol'l)

and percentage populations of low-energy conformers of 1a calculated at B2PLYP-D/6-311++G(d,p)//MO06-

2X/6-311++G(d,p) and MP2/6-311++G(d,p)//M06-2X/6-311++G(d,p) levels.

Conf?  Eper AEper Pop. AGper Pop. AEgpive Pop. AEypr
2 -1265.479 0.00 95 0.00 62 0.00 97 0.00
16 -1265.475903 1.69 5 1.12 9 1.99 3 2.49
23 -1265.475383  2.02 1.03 11 2.12 2.9
25 -1265.474201 2.76 1.16 9 3.32 5.66
26 -1265.474365 2.66 1.12 9 3.26 5.54

® Conformers are numbered in the order of appearance in the conformational search.
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Table SB1. Total energies (Eper, in Hartree), relative energies (AEprr, AGprr, AEgypivp-p, AEmp, in kcal mol'l)
and percentage populations of low-energy conformers of 2a calculated at B2PLYP-D/6-311++G(d,p)//B97-
D/6-311++G(d,p) and MP2/6-311++G(d,p)//B97-D/6-311++G(d,p) levels.

Conf.? Eper AEper POp AGper POp AEgypLypp POp Evipa POp

2 1376.176035 033 31 0.00 93 0.42 29 0.46 28

3 1376.176563 0.00 54 1.96 3 0.00 60 0.00 60

4 1376.175331 >77 1° 194 4 1.02 11 094 12

® Conformers are numbered in the order of appearance in the conformational search.

Table SB2. Total energies (Eper, in Hartree), relative energies (AEprr, AGprr, AEgypiyp-p, AEmp, in kcal mol'l)
and percentage populations of low-energy conformers of 2a calculated at B2PLYP-D/6-
311++G(d,p)//PBEO/6-311++G(d,p) and MP2/6-311++G(d,p)//PBE0/6-311++G(d,p) levels.

Conf.?  Eper AEper Pop.  AGper Pop.  AEgpiypp  Pop.  Ewp Pop.
1 -1375.56886 0.00 63 1.91 4 0.00 66 0.00 58
2 -1375.56806 0.50 27 0.00 96 1.08 11 0.86 14
3 -1375.56677 1.31 67 2.87 0.69 20 0.50 25
4 -1375.56604 1.77 3 2.76 1.83 3 1.78 3

? Conformers are numbered in the order of appearance in the conformational search.

Table SB3. Total energies (Epsr, in Hartree), relative energies (AEprr, AGorr, AEgapiyp-p, DEmpa, in kcal mol™)
and percentage populations of low-energy conformers of 5a calculated at B2PLYP-D/6-311++G(d,p)//LC-
WPBE/6-311++G(d,p) and MP2/6-311++G(d,p)//LC-wPBE/6-311++G(d,p) levels.

Conf.a EDFT AEDFT POp AGDFT POp AEBZPLYP—D POp EMPZ POp
1 -1376.16557 0.00 62 0.80 18 0 66 0.00 67

2 -1376.164768 0.50 27 0.00 69 1.03 12 1.00 12

3 -1376.163617 1.23 8 1.57 5 0.75 19 0.78 18
4 -1376.162819 1.73 3 1.25 8 1.81 3 1.83 3

® Conformers are numbered in the order of appearance in the conformational search.

Table SB4. Total energies (Epsr, in Hartree), relative energies (AEprr, AGorr, AEgapiye-p, DAEmpa, in kcal mol™)
and percentage populations of low-energy conformers of 5a calculated at B2PLYP-D/6-311++G(d,p)//MO06-
2X/6-311++G(d,p) and MP2/6-311++G(d,p)//M06-2X/6-311++G(d,p) levels.

Conf.?  Eper ANEper Pop. AGprr Pop. AEgopLyp-D Pop. Ewmpz Pop.
1 -1376.608433 0.00 78 137 9 0.00 67 0.00 57
2 -1376.606756 1.05 13 0.00 91 1.06 11 0.75 16
3 -1376.60642 1.26 9 2.33 0.74 19 053 23
4 -1376.604836 2.26 2.02 1.84 3 156 4

® Conformers are numbered in the order of appearance in the conformational search.
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Table SC1. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLyp-p, AEmp), in keal mol'l)
and percentage populations of low-energy conformers of 6a calculated at B2PLYP-D/6-311++G(d,p)//B97-
D/6-311++G(d,p) and MP2/6-311++G(d,p)//B97-D/6-311++G(d,p) levels.

Conf.? Eper AEper Pop. AGper Pop. AEgpiven Pop. Ewp Pop.
4 -1263.835506 0.86 15 1.21 5 1.67 5 4.44
5 _1263.834955 1.21 9 1.77 2 2.19 5.09
13 _1263.835106 1.11 10 1.53 3 1.71 5 3.17
14 -1263.83688 0.00 66 1.63 3 0.00 90 0.00 100
18 _1263.833454 2.15 1.26 5 4.27 9.89
22 -1263.833552 2.09 0.00 40 2.65 8.13
23 _1263.833249 2.28 1.71 2 2.84 7.56
24 ;263.833552 2.09 0.09 35 2.65 8.13
26 _1263.832478 2.76 1.60 3 3.49 9.04
36 -1263.832198 2.94 1.72 2 3.19 4.44

® Conformers are numbered in the order of appearance in the conformational search.

Table SC2. Total energies (Eper, in Hartree), relative energies (AEprr, AGorr, AEgapiye-n, AEmpa, in kcal mol™)
and percentage populations of low-energy conformers of 6a calculated at B2PLYP-D/6-
311++G(d,p)//PBEO/6-311++G(d,p) and MP2/6-311++G(d,p)//PBE0/6-311++G(d,p) levels.

Conf.? Eper AEper  Pop. AGprr Pop.  AEgpiyen  Pop.  Ewp Pop.
18 -1263.278787 0.00 34 1.03 9 0 31 0.00 32
22 -1263.278624 0.10 29 0.00 46 0.12 26 0.03 32
23 -1263.276630 1.35 3 1.56 3 0.6 11 1.10 5

24 -1263.278599 0.12 28 0.13 37 0.26 20 0.15 25
26 -1263.276386 1.51 3 1.75 2 1.07 6 141 3

36 -1263.276602 1.37 3 1.55 3 1.01 6 1.24 4

? Conformers are numbered in the order of appearance in the conformational search.
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Table SC3. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLyp-p, AEmp, in keal mol'l)

and percentage populations of low-energy conformers of 6a calculated at B2PLYP-D/6-311++G(d,p)//LC-

wPBE/6-311++G(d,p) and MP2/6-311++G(d,p)//LC-wPBE/6-311++G(d,p) levels.

Conf.® Epgr AEprr Pop.  AGper Pop.  AEgpivpp  Pop. Emp2
18 -1263.824339  0.00 31 0.50 16 0.06 24 0.46
22 -1263.824296 0.03 28 0.01 37 0 27 0.25
23 -1263.822596 1.09 5 1.71 3 0.3 16 0.00
24 -1263.824242  0.06 28 0.00 37 0.28 17 0.77
26 -1263.822453  1.18 4 1.42 3 0.61 10 0.51
36 -1263.822468 1.17 4 1.27 4 0.85 6 0.98

® Conformers are numbered in the order of appearance in the conformational search.

Table SC4. Total energies (Epfr, in Hartree), relative energies (AEper, AGprr, AEgapiyp-p, AEwmpy, in keal mol'l)
and percentage populations of low-energy conformers of 6a calculated at B2PLYP-D/6-311++G(d,p)//M06-
2X/6-311++G(d,p) and MP2/6-311++G(d,p)//M06-2X/6-311++G(d,p) levels.

Conf.®  Eper AEper Pop.  AGper  Pop. AEgypiyep  Pop. Evp2
3 1264.241837 0.40 12 3.29 0.00 34 0.00
4 1264.241571 0.57 9 3.20 0.29 21 3.3

5 1264.240234 1.40 2 3.63 1.14 5 3.97
14 1264.242472 0.00 24 2.44 0.12 28 2.32
18 -1264.24173 0.47 11 1.04 7 1.6 2 8.1

22 1264.241641 0.52 9 0.00 42 1.95 1 8.76
23 1264.240152 1.46 2 1.27 5 2.44 8.77
24 -1264.24154 0.58 9 0.23 29 2.04 8.88
26 1264.239909 1.61 2 1.27 5 2.96 9.68
36 -1264.24008 1.50 2 1.42 4 2.69 9.21
39 1264.242177 0.19 18 0.99 8 0.77 9 6.11

® Conformers are numbered in the order of appearance in the conformational search.
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Table SD1. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopiye-p, AEmp, in keal mol'l)
and percentage populations of low-energy conformers of 7a calculated at B2PLYP-D/6-311++G(d,p)//B97-
D/6-311++G(d,p) and MP2/6-311++G(d,p)//B97-D/6-311++G(d,p) levels.

Conf.a Eoer ANEper POp AGprr POp AEgypiypp POp Evipa POp

7 - 0.00 62 1.18 12 0.00 67 0.00 100
1303.132877

32 - 0.30 38 0.00 85 0.43 33 2.20
1303.132403

35 - 3.96 1.95 3 5.02 9.79
1303.126564

® Conformers are numbered in the order of appearance in the conformational search.

Table SD2. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLye-p, AEmp, in keal mol'l)
and percentage populations of low-energy conformers of 7a calculated at B2PLYP-D/6-
311++G(d,p)//PBEO/6-311++G(d,p) and MP2/6-311++G(d,p)//PBE0/6-311++G(d,p) levels.

Conf.? Eper AEper Pop. AGprr Pop.  AEgypiyvpp  Pop. Evip2 Pop.
3 _1302.551765 0.59 10 1.43 4 3.49 0.24 12
7 _1302.551607 0.69 8 0.28 26 3.23 0.06 16
8 -1302.551687 0.64 9 0.00 41 3.34 0.09 15
18 _1302.551721 0.62 9 1.62 3 3.02 0.52 7
26 ;302.551609 0.69 8 1.04 7 3.17 0.00 17
32 -1302.552084 0.39 14 0.91 9 1.16 12 1.05 3
35 -1302.551601 0.69 8 1.30 4 3.52 0.24 12
39 -1302.552707 0.00 26 1.67 2 0.00 88 046 8
61 _1302.551553 0.72 8 1.34 4 3.63 0.28 11

® Conformers are numbered in the order of appearance in the conformational search.
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Table SD3. Total energies (Epfr, in Hartree), relative energies (AEpet, AGprr, AEsopLyp-n, AEmpy, in kcal mol'l)

and percentage populations of low-energy conformers of 7a calculated at B2PLYP-D/6-311++G(d,p)//LC-
wPBE/6-311++G(d,p) and MP2/6-311++G(d,p)//LC-wPBE/6-311++G(d,p) levels.

Conf.? Eper AEper Pop. AGper Pop. AEgypypp Pop. Ewp Pop.
3 -1303.123112 0.72 8 0.00 46 3.51 5.79
7 -1303.123219 0.65 9 0.83 11 3.12 4.94
8 -1303.123257 0.63 9 1.03 8 3.14 5.08
14 -1303.123367 0.56 11 1.05 8 2.9 4.48
18 -1303.123095 0.73 8 1.76 2 3.07 4.93
25 -1303.124254 0.00 28 1.92 2 0.00 89 0.00 100
26 -1303.123255 0.63 9 0.83 11 3.18 5.08
32 -1303.123372 0.55 11 1.14 7 1.22 11 2.01
35 -1303.122992 0.79 7 1.32 5 3.53 5.78

® Conformers are numbered in the order of appearance in the conformational search.

Table SD4. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopiye-p, AEmp, in keal mol'l)

and percentage populations of low-energy conformers of 7a calculated at B2PLYP-D/6-311++G(d,p)//MO06-

2X/6-311++G(d,p) and MP2/6-311++G(d,p)//M06-2X/6-311++G(d,p) levels.

Conf.?  Eper AEper Pop. AGprr  Pop. AEgpiyep  Pop.  Ewp Pop.
3 -1303.54038 1.40 6 0.13 25 2.51 6.3

7 -1303.54072 1.19 8 0.25 21 1.77 5 4.82

18 -1303.54088 1.09 10 0.00 30 2.09 5.45

26 -1303.54059 1.27 7 0.54 13 2 3 5.19

35 -1303.54054 1.30 7 1.29 4 2.57 6.51

61 -1303.54261 0.00 62 1.41 3 0.00 92 0.00 100
73 -1303.53799 2.90 1.26 4 3.32 5.75

® Conformers are numbered in the order of appearance in the conformational search.
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Table SE1. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLypn, AEwpy, in kcal mol'l)
and percentage populations of low-energy conformers of 8a calculated at B2PLYP-D/6-311++G(d,p)//B97-
D/6-311++G(d,p) and MP2/6-311++G(d,p)//B97-D/6-311++G(d,p) levels.

Conf.?  Eper AEper Pop. AGper Pop. AEgpiypp Pop.  Ewps Pop.
2 -1342.461159 0.00 100 0.00 52 0.00 100 0.00 100
4 -1342.453 4.90 1.28 6 5.97 11.58

6 -1342.453812 4.61 1.39 5 5.74 9.67

11 -1342.454162 4.39 1.30 6 5.15 10.4

12 -1342.455173 3.76 0.52 22 4.74 9.51

16 -1342.453 5.30 1.68 3 6.52 11.33

24 -1342.45303 5.10 1.32 6 6.13 11.47

® Conformers are numbered in the order of appearance in the conformational search.

Table SE2. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLypn, AEwpy, in kcal mol'l)
and percentage populations of low-energy conformers of 8a calculated at B2PLYP-D/6-
311++G(d,p)//PBEO/6-311++G(d,p) and MP2/6-311++G(d,p)//PBE0/6-311++G(d,p) levels.

Conf.® Eper AEper Pop. AGper Pop.  AEgypiyep Pop Evp2 Pop.
2 -1341.855408 0.62 14 1.42 5 0.00 53 2.20

4 -1341.856392 0.00 41 0.00 58 1.61 3 0.00 54
6 -1341.855034 0.85 9 0.84 14 2.38 1.47 5

11 -1341.855301 0.68 13 1.85 2 0.36 28 1.10 9

12 -1341.855596 0.50 17 0.85 13 0.96 10 0.69 16
16 -1341.853475 1.83 2 1.75 3 2.32 1.62 3

24 -1341.854333 1.29 4 141 5 1.38 6 0.81 13

® Conformers are numbered in the order of appearance in the conformational search.
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Table SE3. Total energies (Eper, in Hartree), relative energies (AEprr, AGprr, AEgopiye-p, AEmp2, in kcal mol'l)

and percentage populations of low-energy conformers of 8a calculated at B2PLYP-D/6-311++G(d,p)//LC-
wPBE/6-311++G(d,p) and MP2/6-311++G(d,p)//LC-wPBE/6-311++G(d,p) levels.

Conf.? Eper AEper Pop. AGper  Pop.  AEgypypp  PoOp.  Ewnpa Pop.
2 -1342.453544  0.00 36 0.26 22 0.51 17 0.70 11
4 -1342.453051 0.31 22 0.00 35 1.52 3 2.55

6 -1342.452811 0.46 17 0.05 33 2.22 3.81

11 -1342.452066 0.93 8 2.13 0.19 29 0.39 18
12 -1342.452646 0.56 14 1.77 2 0.00 38 0 35
14 -1342.447394  3.86 5.46 1.03 7 0.11 30
24 -1342.451259 143 3 1.29 4 1.13 6 1.05 6
27 -1342.449541 2,51 1.06 6 3.14 4.17

® Conformers are numbered in the order of appearance in the conformational search.

Table SE4. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLypp, AEwpy, in kcal mol'l)

and percentage populations of low-energy conformers of 8a calculated at B2PLYP-D/6-311++G(d,p)//MO06-

2X/6-311++G(d,p) and MP2/6-311++G(d,p)//M06-2X/6-311++G(d,p) levels.

Conf.a Eoer

AEper

Pop.

AGper

Pop.

AEgypivpp

Pop.

Emp2

Pop.

2 -1342.88778 0.00

100

0.00

100

0.00

100

0.00

100

® Conformers are numbered in the order of appearance in the conformational search.
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Table SF1. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgypLyp.n, AEmpa, in kcal mol'l)
and percentage populations of low-energy conformers of 9a calculated at B2PLYP-D/6-311++G(d,p)//B97-
D/6-311++G(d,p) and MP2/6-311++G(d,p)//B97-D/6-311++G(d,p) levels.

Conf.a EDFT AEDFT POp AGDFT POp AEBZPLYP—D POp EMPZ POp
3 1381.759341 0.82 20 0.63 24 1.51 7 3.5

10 -1381.75665 2.50 1.58 5 2.95 4.74

19 -1381.761 0.00 80 0.00 71 0.00 98 0.00 100

® Conformers are numbered in the order of appearance in the conformational search.

Table SF2. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLyr.p, AEmpa, in kcal mol'l)
and percentage populations of low-energy conformers of 9a calculated at B2PLYP-D/6-
311++G(d,p)//PBEO/6-311++G(d,p) and MP2/6-311++G(d,p)//PBE0/6-311++G(d,p) levels.

Conf.? Eoer AEper POp AGper POp AEgypiypp POp Evipa POp
2 - 20 0.00 94 0.00

1381.14084542 0.00 76 0.78 70
11 - 2.19 2.43

1381.13963676 0.76 21 0.00 74

19 - 1.63 6 0.49 30
1381.13779889 1.91 3 1.46 6

® Conformers are numbered in the order of appearance in the conformational search.

Table SF3. Total energies (Eper, in Hartree), relative energies (AEper, AGprr, AEgopLyp.p, AEmpa, in kcal mol'l)
and percentage populations of low-energy conformers of 9a calculated at B2PLYP-D/6-311++G(d,p)//LC-
WPBE/6-311++G(d,p) and MP2/6-311++G(d,p)//LC-wPBE/6-311++G(d,p) levels.

Conf.? Eper AEper  Pop.  AGper Pop. AFEgpiyep Pop.  Ewe Pop.
2 -1381.763378 0.00 79 1.29 10 0.00 95 0.00 81
11 -1381.762104 0.80 21 0.00 86 2.21 3.01

19 -1381.76018 2.01 1.73 4 1.72 5 0.88 19

® Conformers are numbered in the order of appearance in the conformational search.
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Table SF4. Total energies (Eper, in Hartree), relative energies (AEper, AGprr, AEgopLyp.p, AEmpa, in kcal mol'l)
and percentage populations of low-energy conformers of 9a calculated at B2PLYP-D/6-311++G(d,p)//MO06-
2X/6-311++G(d,p) and MP2/6-311++G(d,p)//M06-2X/6-311++G(d,p) levels

Conf.a Eper ANEper POp AGDFT POp AEgopLyp-p POp Evipz POp
3 1382.193625 0.74 22 044 30 1.55 7 4.24
10 1382.190756 2.54 135 6 2.84 5.66
19 -1382.19481 0.00 78 0.00 64 0.00 93 0.00 100

® Conformers are numbered in the order of appearance in the conformational search.
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Table SG1. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopiye-p, AEmp, in kcal mol'l)
and percentage populations of low-energy conformers of 10a calculated at B2PLYP-D/6-311++G(d,p)//B97-

D/6-311++G(d,p) and MP2/6-311++G(d,p)//B97-D/6-311++G(d,p) levels

Conf.a EDFT AEDFT POp AGDFT POp AEBZPLYP»D POp EMPZ POp
1 1380.531372 0.00 100 0.00 39 0.00 100 0.00 100
3 1380.521294 6.32 1.83 2 7.58 13.42

6 -1380.523 4.96 0.86 9 6.24 11.54

14 1380.524932 4.04 0.31 23 4.62 7.48

15 1380.524932 4.04 0.26 25 4.62 7.48

31 -1380.522 6.08 1.78 2 7.48 12.86

® Conformers are numbered in the order of appearance in the conformational search.

Table SG2. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopLye-p, AEmp, in kcal mol'l)
and percentage populations of low-energy conformers of 10a calculated at B2PLYP-D/6-
311++G(d,p)//PBEO/6-311++G(d,p) and MP2/6-311++G(d,p)//PBEQ/6-311++G(d,p) levels

Conf.? EDFT AEDFT POp AGDFT POp AEBZPLYP-D POp EMPZ POp

1 - 18 0.00
1379.91026166 0.00 73 0.76 0.00 92 62

6 - 0.32 36
1379.90918744 0.67 23 0.00 68 2.16

14 - 1.97
1379.90749201 1.74 4 0.95 14 1.42 8 2

® Conformers are numbered in the order of appearance in the conformational search.

Table SG3. Total energies (Epfr, in Hartree), relative energies (AEprr, AGprr, AEgopiye-p, AEmp, in kcal mol'l)
and percentage populations of low-energy conformers of 10a calculated at B2PLYP-D/6-311++G(d,p)//LC-
wPBE/6-311++G(d,p) and MP2/6-311++G(d,p)//LC-wPBE/6-311++G(d,p) levels

Conf.? Epgr AEper Pop. AGper Pop. AEgzpLypp Pop. Ewmp Pop.
1 -1380.519522  0.00 75 1.07 13 0.00 92 0.00 71
6 -1380.51835 0.74 22 0.00 80 2.17 2.89

14 -1380.516679  1.78 3 1.48 4 1.46 8 0.53 29

® Conformers are numbered in the order of appearance in the conformational search.
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311++G(d,p)//M06-2X/6-311++G(d,p) and MP2/6-311++G(d,p)//M06-2X/6-311++G(d,p) levels

ARKIVOC 2017 (ii) S1-586
Table SG4. Total energies (Epfr, in Hartree), relative energies (AEper, AGprr, AEsopLyp-n, AEmpy, in kcal mol'l)
and percentage populations of low-energy conformers of 10a calculated at B2PLYP-D/6-

Conf.? Eper NEper Pop. AGprr Pop.  AEgopypp Pop. Evipz Pop.
1 -1380.970319 0.00 93 0.20 39 0.00 92 0.00 72
6 _1380.966442 2.43 1.56 4 3.14 5.41

15 -1380.9679 1.52 7 0.00 55 1.47 8 0.81 18
28 _1372.918014 1.14 10 2.05 2.05 1.14 10
32 _1380.966537 2.37 181 2 2.95 2.49

® Conformers are numbered in the order of appearance in the conformational search.
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Table SH1. Values of dihedral angles a, B, y, o and 6 (in degrees) for low-energy conformers of 1a, 2a, 6a-
10a calculated at the LC-wPBE level

Conf? Dihedral angle®
a o B B’ Y v o] o' 6

1a (2) 80.4 81.0 -179.0 1799 1615 1584 -19.2 -23.0 -61.7
1a (16) 116.8 85.1 173.1 -177.9 -24.1  171.7 158.4 -8.6 -56.7
1a (17) 120.6 121.3 -175.7 -178.8 -168.0 174.2 135 -54 161.9
1a (23) 115.1 87.7 1769 1786 -19.8 165.5 162.3 -15.6 -58.2
1a (25) -115.0 84.2 -178.5 1785 172.2 1564 -8.6 -25.6 -63.8
1a (26) 82.3 -109.7 -1794 -175.8 161.1 1634 -19.8 -17.6 -61.7
1a (28) -115.1 -106.6 -177.8 -176.3 172.2 1594 -8.6 -22.2 -62.7
1a (32) 121.7 -929 -176.7 -179.1 -166.9 176.1 14.8 -34 -163.1
1a (33) -121.9 1228 -177.1 179.8 -166.8 173.3 14.3 -6.6 -163.5
2a (1)° 86.2 178.7 58.5 171.1 -122.2
2a(2) -108.7 87.0 -172.8 1784 61.6 58.3 169.8 -118.0 -122.5
2a (3) -89.8 86.5 179.3 179.8 -108.6 55.1 -176.4 70.1 -126.0
2a (4) 108.1 86.3 176.2 179.5 -110.8 546 -176.9 67.8 -126.6
6a (18)° 119.8 -178.4 142.8 -36.8 -143.1
6a (22) 93.1 -122.2 -179.9 1793 143.2 1453 -36.7 -349 -144.2
6a (23) 90.4 -939 -1786 179.3 139.8 -36.4 -39.7 143.7 -140.5
6a (24) -121.1 1206 1784 1795 147.6 144.9 -32.9 -35.1 -144.6
6a (26) 90.6 89.4 90.6 1799 1413 -39.1 -38.5 1409 -140.6
6a (36) -117.6 89.5 -179.8 -179.8 144.6 -38.7 -35.6 1514 -140.9
7a (3) 117.6 -122.8 177.1 177.7 173.2 176.5 -8.4 -5.2 -102.4
7a(7) 120.0 89.0 178.7 -178.8 -172.7 1549 6.9 -26.3 -99.5
7a (8) 914 -120.2 1795 179.2 165.2 -175.6 -16.3 3.5 -100.1
7a (14) 89.6 178.7 172.5 -8.9 -101.0
7a (18) -120.2 -1279 1774 1780 162.0 52.7 -20.2 -127.4 -100.9
7a (25) -125.4 88.4 177.5 180.0 55.8 142.6 -124.3 -38.3 -99.0
7a (26) 88.4 1176 1788 176.2 162.8 -178.1 -18.9 0.7 -101.8
7a (32) 122.4 -107.3 -178.9 -178.2 66.6 125.6 -1124 -54.2 -99.9
7a (35)° -120.6 177.5 179.6 2.1 -102.2
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8a (2)° 81.4
8a (4) -101.9
8a (6) 86.0
8a (9) -136.1
8a (11) -127.1
8a (12) 119.5
8a (14) -138.9
8a (24) -91.6
8a (27) 93.9
9a (2)° 81.9
9a (11) -107.5
9a (19) 117.2
10a (1)° 81.8
10a (6) 82.4
10a (14) 87.0

131.2
-114.6
-136.0

-85.0

85.1

-91.7

-92.2

-95.5

834
88.2

-112.1
121.7

-177.5
-179.9
-178.6
-177.3
179.3
178.6
175.8
-177.2
174.5

179.4
-175.5
177.0

178.2
179.5
178.7

175.2
-178.5
178.2
-176.7
175.2
-1.7
-175.3
-178.1

179.7
179.0

-175.9
177.9

159.3
155.9
151.5
-45.3
64.8
54.1
46.3
64.5
-60.2

158.5
161.5
-21.2

156.8
158.4
165.7

441
177.4

49.6
-42.4
139.3
156.0
-44.1
-59.6

158.4
165.5

156.2
-26.6

-21.1
-26.0
-29.9
137.2
114.5
126.2
135.4
114.5
118.8

-23.0
-19.7
161.5

-25.3
-23.4
-15.8

ARKIVOC 2017 (ii) S1-S86

-137.3
-2.7
-131.5
140.2
-42.9
-25.9
138.8
120.3

-23.2
-15.7

-25.6
156.9

-69.9
-89.9
-72.3
-89.0
-93.6
-99.0
-92.4
-87.9
-66.8

-60.0
-59.6
-56.6

-55.6
-54.5
-51.7

® Conformers are numbered in the order of appearance in the conformational search; [b] a, o’ = C9-C1-O-
C(=0); B, B’ = C1-0-C(=0)-C; y, v’ = O-C(=0)-C*-C*; & = (0=)C-C*-C*-C(=0); [c] Co-symmetry; [d] 0, 0’ = O=C-

C*-C*.
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Table SH2. Distances and angles T, J and w between electronic transition dipole moments polarized along

the long axis of naphthalene chromophore (in degrees), estimated rotatory strengths (R) based on

Norden’s and Rodger’s geometrical model, long- and short-wavelengths rotatory strengths and amplitudes

of rotatory strengths calculated for low-energy conformers of 1a, 2a, 6a-10a at the LC-wPBE/6-

311++G(d,p) level

Conformer® o T b w® Rf Riong Rshort AB
[A] [°] [°] [°]

1a (conf. 2) 6.701 54 54 79 4.305 1321 -1114 2435
1a (conf. 16) 6.615 50 48 -82 -3.729 778 -697 1475
1a (conf. 17) 11.226 84 83 73 10.597 440 -270 710
1a (conf. 23) 6.730 52 50 87 4.057 947 -905 1852
1a (conf. 25) 8.754 60 39 64 4.288 729 -743 1472
1a (conf. 26) 8.447 38 59 76 4.325 726 -712 1438
1a (conf. 28) 10.203 45 43 57 4.127 467 -679 1146
1a (conf. 32) 11.446 74 77 54 8.673 142 -54 196
1a (conf. 33) 11.614 76 67 21 3.717 110 -82 192
2a (conf. 1) 10424 81 81 -78 -9.947  -137 170 -307
2a (conf. 2) 10.468 78 82 -81 -10.015 -254 293 -547
2a (conf. 3) 10.458 90 81 -55 -8.461 -390 362 -752
2a (conf. 4) 10.453 82 82 -45 -7.248  -569 611 -1180
6a (conf. 18) 9.193 69 69 23 3.131 667 -388 1055
6a (conf. 22) 10.368 59 74 -74 -8.212  -205 147 -352
6a (conf. 23) 9.183 81 67 -64 -7.504 -840 785 -1625
6a (conf. 24) 10.673 56 84 -41 -5.773  -190 234 -424
6a (conf. 26) 10.466 55 88 -64 -7.701  -300 253 -553
6a (conf. 36) 10.853 76 59 -77 -8.795 -313 363 -676
7a (conf. 3) 10.983 88 51 50 6.534 218 -148 366
7a (conf. 7) 9.491 66 85 80 8.506 407 -185 592
7a (conf. 8) 10.999 49 77 34 4,523 351 -387 738
7a (conf. 14) 9.209 70 70 57 6.820 949 -755 1704
7a (conf. 18) 8.956 36 88 32 2.788 313 -366 679
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7a (conf. 25)
7a (conf. 26)
7a (conf. 32)

7a (conf. 35)

8a (conf. 2)
8a (conf. 4)
8a (conf. 6)
8a (conf. 11)
8a (conf. 12)
8a (conf. 14)
8a (conf. 24)
8a (conf. 27)

9a (conf. 2)
9a (conf. 11)
9a (conf. 19)

10a (conf. 1)
10a (conf. 6)
10a (conf. 14)

6.520
9.667
7.464
11.579

6.966
7.667
8.987
6.536
6.215
5.960
6.757

8.563

6.647
8.311
6.598

6.605
8.240

6.512

45
89
45
63

53
74
60
53
61
47
48
65

54
38
54

54
58
48

81
69
57
63

53
27
42
81
75
73
83
47

54
58
49

54
33
55

55 3.730
75 8.716
65 4.012
4 0.641
73 4.249
55 2.741
56 4.317
82 5.105
64 4.719
-69 -3.891
62 4.401
78 5.552
80 4.284
79 4.259
90 4.029
82 4.281
78 3.723
-87 -3.959

2018
555
-337
54

1391
527
72
-187
258
-989
703

-240

1329
772
892

1382
769
896

-932
-333
428

-262

-1197
-483
-749
223
-279
865
-657
304

-1124
-710
-798

-1115
-676

-718

2950
888
-765
316

2588
1010
821
-410
537
-1854
1360

-544

2453
1482
1690

2497
1445
1614

® Conformers are numbered in the order of appearance in the conformational search; ® measured between
the midpoints of dipoles; [c] T = a-c-¢” or b-c-c’ and 0° <t <£90°; [d] Y = a’-c’-c or b’-c’-c and 0° < £ 90° [e]

w = a-c-c’-a’ or b-c-¢’-a’ or a-c-c’-b” or b-c-c’-b’ and 0° < |w| < 180°; [f] R = const | sinT siny sinw [g] A = Riong

. -40 -1
— Rshort, in 107 erg esu cm Gauss .
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Table SI1. Crystal data and data collection, and refinement parameters

6a 6b

Crystal data
Chemical formula CysH1504
M, 382.39
Crystal system, space group |Trigonal, P3, Monoclinic, P24
Temperature (K) 150 295
a, b, c(R) 7.7367 (1), 7.7367 (1), 8.2590 (3), 5.8054 (2), 40.0039

27.7775 (3) (14)
B0, (%) 90, 90, 120 90, 90.611 (3), 90
V(A3 1439.91 (4) 1917.95 (12)
Radiation type Cu Ka
V4 3 4
(mm™) 0.72 0.73

Crystal size (mm)

0.55x0.35x0.10

0.40 x 0.07 x0.04

Data collection

Tmim Tmax

0.784, 1.000

0.789, 1.000

No. of measured,
independent and
observed [/ > 2B(/)]

20729, 3375, 3362

14673, 6157, 4839

reflections
Rint 0.028 0.035
(sin B/B)max (A7) 0.595 0.595

Refinement

RIF? > 2B(F)], wR(F?), S

0.057, 0.161, 1.08

0.045, 0.103, 1.02

parameter

No. of reflections 3375 6157

No. of parameters 403 523

No. of restraints 913 1

Prmaxs BPmin (€ A7) 0.26,-0.28 0.13,-0.16
Absolute structure 0.01 (7) 0.23 (13)

Page S28

©ARKAT USA, Inc



Issue in Honor of Prof. Jacek Mlochowski

ARKIVOC 2017 (ii) S1-586
Table SI2. Torsion and pseudotorsion angles (°) and distances between centroids of the naphthalene rings

(A) as found in the crystal structures of 6a and 6b. For definition of the used notation, see Figures 2 and

A2)

6a 6b

two independent molecules two independent molecules
C19-C11-02-C4 | -97.2(12) | C11-C12-02-C4 | 102.0(4)
C29-C21-04-C5 82.3(12) | C21-C22-04-C5 | -116.0(4)
C49-C41-06-C34 89.7(13) | C41-C42—-06-C34 | -128.5(4)
C59-C51-08-C35 | -104.3(16) | C51-C52—-08—C35 99.4(4)
C11-02-C4-C2 -176.2(9) | C12-02-C4-C2 |-176.1(4)
C21-04-C5-C3 -174.5(9) C22-04-C5-C3 -174.1(4)
C41-06-C34-C2 | -171.8(10) | C42—-06—-C34—C32 | 179.2(3)
C51-08-C35-C3 | -179.9(11) | C52—-08-C35—C33 | 174.3(3)
02-C4-C2-C3 | -151.6(11) 02-C4-C2-C3 -157.2(4)
04-C5-C3-C2 | -134.6(11) 04-C5-C3-C2 -166.7(4)
06-C34-C2-C3 |-137.0(13) | 06—C34-C32-C33 15.0(5)
08-C35-C3-C2 |-149.5(14) | 08—-C35-C33-C32 29.0(6)
C4—-C2-C3-C5 144.4(10) C4-C2-C3-C5 148.7(4)
C34-C2-C3-C35 | 145.2(11) | C34-C32-C33-C35 | 143.9(4)
a—c—c'-b’ 35.1 a—c—c'-b’ 14.8
b—c—c’-a’ 35.1 b—c—c’-a’ -3.7
a—c—c'-b’ 35.6 a—c—'-b’ -38.1
b—c—c'-a’ 35.5 b—c—c'-a’ -39.9
c—’ 10.51 c—’ 13.02
10.69 12.48
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Figure SA1. CD spectra of 1a, 2a, 6a-10a experimental (solid black lines) and calculated at the TD-DFT level,
AEper, AGper, AEgyvp.p and AEypy-based and Boltzmann averaged (blue lines, geometries optimized at the
LC-wPBE/6-311++G(d,p)

experimental UV spectra.

level). All calculated spectra were wavelength corrected to match the
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Figure SA2. Perspective view of two independent molecules of 6a that occupy the same site in crystal (top
two molecules). The occupancy factors for the two sites refined to 0.54 and 0.46. Two independent
molecules of 6b, (bottom). Thermal ellipsoids are drawn at 40% probability level. H-atoms are drawn in
arbitrary scale.
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1a (conf. 2) 1a (conf. 16) 1a (conf. 17)

1a (conf. 25) 1a (conf. 26)

1a (conf. 28) 1a (conf. 32) 1a (conf. 33)

Figure SB1. Structures of low-energy conformers of 1a calculated at the LC-wPBE/6-311++G(d,p) level.
Conformers are numbered in the order of appearance in the conformational search.

2a (conf. 1) 2a (conf. 2)

ke 2a (conf. 3) 2a (conf. 4)

Figure SB2. Structures of low-energy conformers of 2a calculated at the LC-wPBE/6-311++G(d,p) level.
Conformers are numbered in the order of appearance in the conformational search.
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Figure B3. Structures of low-energy conformers of 6a calculated at the LC-wPBE/6-311++G(d,p) level.
Conformers are numbered in the order of appearance in the conformational search.

Page $33 ©ARKAT USA, Inc



Issue in Honor of Prof. Jacek Mlochowski ARKIVOC 2017 (ii) S1-S86

L]

¢ 9
7a (conf.3) 7a (conf.7) 7a (conf.8)

)
(]
7a (conf.14) 7a (conf.18) 7a (conf.25)
(]
¢ g o
7a (conf.26) 7a (conf.32) 7a (conf.35)

Figure SB4. Structures of low-energy conformers of 7a calculated at the LC-wPBE/6-311++G(d,p) level.
Conformers are numbered in the order of appearance in the conformational search.
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(2
¢ @
(S,5)-8a (conf.12) (5,5)-8a (conf.14)

(5,5)-8a (conf.24) (5.5)-8a (conf.27)

Figure SB5. Structures of low-energy conformers of 8a calculated at the LC-wPBE/6-311++G(d,p) level.
Conformers are numbered in the order of appearance in the conformational search.

9a (conf.2) 9a (conf.11) 9a (conf.19)

Figure SB6. Structures of low-energy conformers of 9a calculated at the LC-wPBE/6-311++G(d,p) level.
Conformers are numbered in the order of appearance in the conformational search.

(8.5)-10a (conf.1) (5,5)-10a (conf.6) (5,5)-10a (conf.14)

Figure SB7. Structures of low-energy conformers of 10a calculated at the LC-wPBE/6-311++G(d,p) level. Conformers
are numbered in the order of appearance in the conformational search.
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TD-B2LYP/E-311+4G(d,p) TD-CAM-B3LYP/6-311++G(d,p) TD-LC-WPBE/B-311++G(d,p)

TD-M0B-2X/6-311+-+G(d,p)

Figure SC1. UV (upper panels) and CD (lower panels) spectra of 1a experimental (solid black lines) and
calculated at the TD-DFT level, AEper, AGprr, AEgy1ve-p and AEyvpo-based and Boltzmann averaged (blue lines,
geometries optimized at the DFT/6-311++G(d,p) level). All calculated spectra were wavelength corrected to

match the experimental UV spectra.
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Figure SC2. UV (upper panels) and CD (lower panels) spectra of 2a experimental (solid black lines) and
calculated at the TD-DFT level, AEper, AGprr, AEgo1ve-p and AEyvpo-based and Boltzmann averaged (blue lines,

geometries optimized at the DFT/6-311++G(d,p) level). All calculated spectra were wavelength corrected to

match the experimental UV spectra.
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Figure SC3. UV (upper panels) and CD (lower panels) spectra of 6a experimental (solid black lines) and
calculated at the TD-DFT level, AEpgr, AGprr, AEgo1ve-p and AEyvpo-based and Boltzmann averaged (blue lines,

geometries optimized at the DFT/6-311++G(d,p) level). All calculated spectra were wavelength corrected to

match the experimental UV spectra.
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Figure SC4. UV (upper panels) and CD (lower panels) spectra of 7a experimental (solid black lines) and
calculated at the TD-DFT level, AEpgr, AGprr, AEgo1ve-p and AEyvpo-based and Boltzmann averaged (blue lines,
geometries optimized at the DFT/6-311++G(d,p) level). All calculated spectra were wavelength corrected to
match the experimental UV spectra.
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Figure SC5. UV (upper panels) and CD (lower panels) spectra of 8a experimental (solid black lines) and
calculated at the TD-DFT level, AEper, AGprr, AEgy1ve-p and AEyvpo-based and Boltzmann averaged (blue lines,
geometries optimized at the DFT/6-311++G(d,p) level). All calculated spectra were wavelength corrected to
match the experimental UV spectra.
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Figure SC6. UV (upper panels) and CD (lower panels) spectra of 9a experimental (solid black lines) and
calculated at the TD-DFT level, AEper, AGprr, AEgo1ve-p and AEyvpo-based and Boltzmann averaged (blue lines,
geometries optimized at the DFT/6-311++G(d,p) level). All calculated spectra were wavelength corrected to

match the experimental UV spectra.
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Figure SC7. UV (upper panels) and CD (lower panels) spectra of 10a experimental (solid black lines) and
calculated at the TD-DFT level, AEpgr, AGprr, AEgo1ve-p and AEyvpo-based and Boltzmann averaged (blue lines,
geometries optimized at the DFT/6-311++G(d,p) level). All calculated spectra were wavelength corrected to

match the experimental UV spectra.
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Figure SC8. Energy profile for rotation of C-O bond in O-acetylo-1-naphthol calculated at the LC-wPBE/6-
311++G(d,p) level.
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bs 16 PROCESSING G
tpwr 55 1b 1 L
pw 8.7 wtfile
dl 0 proc ft
tof 0 fn not used o
nt le+06 math i = &
ct 7386 o hBode
alock s werr S hplice
gain not used wexp e~ o
FLAGS whs 5| (T Sae
i n  wnt o | 57 -
in n < {\ - lxi
gg v G A Tue o = i
nn o guidilns IV
DISPLAY 8% T |Ee, saw E
sp -817.6 = ‘oo Tne 2 -
wp 16501.7 ﬁ\ gg:gg “.M\ o I
e | EEE " 0y
L e
we 250 n B
hzmm 66.01 T ‘ | J
is 500.00 e [~
rfl 6625.9 [ = ‘
rfp 5808.4 - | s |
th zBs | ‘ ‘ a ‘ ‘
ins 100.000 $8%< |
~Sa
nm no P s onn et =
3k 1 | |
ww g _~
~ -
"s L L\\;\\ ! | ‘ | I
o®e
R,

e 1725 A2 6
155:..459
i
//
/
80.118
53.633

R A 5 - )

r

LG (REL L IF 3 2 . O O R N e B DY B O N e e R L O i I

140 120 100 80 60 40 20 0 ppm
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JGawronski_2
IG6_NWA_167/09_1H
CDCI3+TMS

250

ba

ARKIVOC 2017 (ii) S1-586

—26000

24000

22000

~20000

18000

~16000

14000

12000

~10000

=8000

6000

—4000

-2000

9.0 8.5 8.0 75 7.0 6.5

. . .
60 55 50 45 40 35 3.0 25
fL (ppm)
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JGawronski_2
IG_NWA_167/09_13C
CDCI3+TMS

250

ARKIVOC 2017 (ii) S1-586

b
PR R Al

40000

~35000

—30000

25000

~20000

15000

—10000

o000

210 200 180 180 170 160 150 140 130

T T T T T
110 100 a0 80 70
fL (ppm)
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JGawronski_2
JG_NWA_ 168/09 1RC

CDCI3+TMS
25C
6b
; 6b
BE@mEESS NN 0T TR ST
&y :
||F
| ||[ |
) o !
[8,(d)
|?s_
.."_
G
7

13371
13156
129.54
127,80
2770
12670
125.89
120.80
118,46

7
7
i
Y

ARKIVOC 2017 (ii) S1-586

43,08

E (m) | F(m)|
2.67 1.81 ;
g5 =
o
e ST
~
2

C1E+05
18000

17000
F1E+05

-16000

~30000

14000

80000
-13000

12000
70000

-11000

56680
0000
8880
-7000

40000
-6000

LD
4000
-2980°
F2000

F10000
1000

r-1000

LU L T

9.0 2108.5 200 8.0090 7580 IM0 1&EF 156.0

1405.5 130 5.0020 4H0
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JGawronski_2
IG_NWA-168/08_13C

ARKIVOC 2017 (ii) S1-586

18000
17000
16000
15000
;14000
13000
~12000
11000
10000
~9000
—8000
-7000
6000
—o000
+4000
3000
2000

~1000

1000

CDCI3+TMS
25C
~AhBRRE RS P
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o
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f1 (ppm)

Page S72

©ARKAT USA, Inc
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Issue in Honor of Prof. Jacek Mlochowski
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0E £
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5
EE 1
BE 4]
BE £
]
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s
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—
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JG_WWA_ 130 09 1H
z

JG_MNWWA_130_09_1H
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660
LE'E
60T
ooz
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IG_NWA 130 09 13C
JG_NWA_130_09 13C

Ia

12536

128.03

26370
126,58
126,47
126.16

2087
11797

N2

134,65

17181

146.38

22.29

17000

16000

~15000

14000

13000

12000

11000

=10000

~9000

8000

7000

6000

5000

~4000

3000

-2000

~1000
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fL (ppm)
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JGawronski_2
IG_NWA_151/08_13C
CDCI3+TMS

25C —30000

8a 45000
40000
35000

30000

~25000

4770
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12539
121.11
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=20000

a7l
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-15000
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| 10000
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ARKIVOC 2017 (ii) S1-586

52/00_1H

JG_NWa_15

cDcl3

25C

Issue in Honor of Prof. Jacek Mlochowski
1Gawronski_2

FIE oo
+a° m%.

E{m)
7129

L H;.am.ﬁ

Lo 10jE

mwr
WWGG.N

Fim)
A51

-

Gi(d}

I (dd)
7188
(m
F.82
HiH_H
A6k
L
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JGawronski_2
IG_NWA_152/08_13C
CDCI3+TMS

250

10000
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=126.47
12615
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118.04

7
§t

173.39
146.60
—134.66
128.01
126.80
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o~
\\:\ N\ A Lpp |
; Q0 ™y
"~
T ‘J)‘w_, ~1MNp
N
JG_RC1_rpl_1H
CDbEL3
% 64
Current Data Parameters
NAME JGawronski
o EXPNO 35
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090216
Time 14.38
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30
D 65536
SOLVENT €DC13
" NS 42
DS 0
SWH 3987.241 Hz
FIDRES 0.060840 Hz
AQ 8.2182646 sec
RG 161
Dw 125.400 usec
L DE 10.00 usec
TE 298.0 K
D1 1.00000000 sec
D0 1
======== CHANNEL fl ========
NUC1 1H
Pl 10.80 usec
PL1 ~-4.00 dB
SFO1 400.1315718 MHz
F2 - Processing parameters
ST 32768
SF 400.1300182 MHz
WDW EM
e 44 = $5B 0
LB 0.20 Hz
GB 0
J BC 1.00
G on J

\

L R R i b S e e e | — L e B B v e s e B W

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

59 EeRe 5 3l e
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Issue in Honor of Prof. Jacek Mlochowski

JGLREY. .rpl. 1I3€
CDC13

25C 67[)

Current Data Parameters

NAME JGawronski
EXPNO 41
PROCNO 1

F2 - Acquisition Parameters
Date_ 20090218
Time 11.30
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30

D 65536
SOLVENT cbcl3

NS 102

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 2050

bW 20.800 usec
DE 10.00 usec
TE 297.8 K
D1 1.00000000 sec
dil 0.03000000 sec
DELTA 0.89999998 sec
TDO 1

CHANNEL f1

Pl 12.00 usec
PL1 0.00 4B
SFO1 100.6228298 MHz

sFO2 400.1316005 MHz
Processing parameters
32768

SF 100.6127718 MHz

ARKIVOC 2017 (ii) S1-586

210

L A A
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ARKIVOC 2017 (ii) S1-586

mmemmms | NN bRk o : /-\,
N
N\"/ : \N \ ¢ A,
JG_RC1_rp2_1H
EDEL3
2s5c B
Current Data Parameters
NAME JGawronski
EXPNO 36
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090216
Time 14.47
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 32
DS 0
SWH 4105.090 Hz
FIDRES 0.062639 Hz
AQ 7.9823346 sec
RG 161
DW 121.800 usec
( DE 10.00 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
===a==== CHANNEL f]l ==s=====
NUC1 1H
P1 10.80 usec
PL1 -4.00 dB |
SFO1 400.1316384 MHz
F2 - Processing parameters
51 2768
SF 400.1300196 MHz
WDW EM
SSB 0
LB 0.20 Hz
— GB 0 i
ik g it e
A 1 i il
™ E A R | T T B R e e B e ) L TR e e e LR e T L
90 85 80 75 70 65 6.0 55 50 45 4.0 35 30 25 20 15 1.0 05 0.0 ppm

N N w -
I =11=1k ¥ {F =18

5k Ees
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JdG_RE1_rp2 13 /

ChCL3 -
2sc [ B

Current Data Parameters

NAME JGawzronski
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 200902
12.29
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
™D 65536
SOLVENT CDC13
NS 100

q
SWH 24038.461 Hz
FIDRES 0.366798 Kz
AQ 1.3631988 sec

&G 2050
Dl 20.800 usec
DE 10.00 usec
TE 297.7 K

Dl 1.00000000 sec
d1l 0.03000000 sec
DELTA 0.89999998 sec
TDO 1
mmmmms=a CHANNEL £1

NUC1 13C

Pl 12.00 usec
PL1 0.00 dt
SFO1 100.6228298 MHz

CHANNEL f2 ====m=ma
waltzlé

H
100.00 usec
15.17 dB
17.00 dB
-4.00 dB
400.1316005 MHz

F2 - Processing parameters

SI 32768

SE 100.6127726 MHz
WO EM

SSB 0

LB 1.00 Hz
GB 0

BC 1.40

T T T T T T T T T T T T T T T T T [T [ [ T T [P [T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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ARKIVOC 2017 (ii) S1-586

A L

JG RC2 rpl. 1H
ChEl3 = A

25C b % a0
I

Current Data Parameters

NAME JGawronski

EXPNO

PROCNO

F2 - Acquisition Parameters

Date_ 20090216

Time 14.56

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 2930

™ 65536

SOLVENT cocl3

NS 26

DS o

SWH 3974.563 Hz

FIDRES 0.060647 Hz

AQ 8.2444792 sec

RG 57

oW 125.800 usec

DE 10.00 usec

TE 298.0 K

D1 1.00000000 sec

TDO 1

======== CHANNEL f1

NUC1 1H

Pl 10.80 usec

PL1 -4.00 dB

SFO1 400.1316093 MHz

F2 - Processing parameters
327

SI 2768

SF 400.1300359 MHz
WDW EM
SSB 0

LB 0.20 Hz
GB 0

PC 1.00

85 80 75

oo o
S =
~lal e

ﬁh
iy
-]

7.0

/
|

6.5

BEERT TN R

6.0

=
\f‘.
lo

5.5

.
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JG_RC2_rpl_13C

CDE13
250 — N

B0, o 4
Current Data Parameters
NAME JGawronski
EXPNO 47
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090218
Time 13.28
INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG zgpg30
TD 65536
SOLVENT CDCl3
NS 100
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG Q
DW 20.800 usec
DE 10.00 usec
TE 297.7 K
D1 1.00000000 sec
dll 0.03000000 sec
DELTA 0.89999998 sec
TDO &

PL2 -4.00 dB
SFO02 400.1316005 MHz
F2 - Processing parameters
SI 32768
SF 100.6127793 MHz
WDW EM
SSB o]
LB 1.00 Hz
GB o

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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JG RC2 rp2. 1H

ChEL3 =~
25€ 2 %

Current Data Parameters

ARKIVOC 2017 (ii) S1-586

NAME JGawronski
EXPNO 38
PROCNO b
F2 - Acquisition Parameters
Date_ 20090217
Time 10.35
INSTRUM spect
PROBHD 5 mm PABBO BB~
PULPROG 2930
D 65536
SOLVENT CDC13
NS 41
Ds 0
SWH 4681.648 Hz
FIDRES 0.071436 Hz
AQ 6.9992948 sec
RG 161
DW 106.800 usec
DE 10.00 usec
TE 298.0 K
D1 1.00000000 sec
DO 1
—
Pl 10.80 usec )
PL1 -4.00 dB = }V*
SFO1 400.1318672 MHz Lty
F2 - Processing parameters
sI 32768
SF 400.1299701 MHz
WDW EM
SSB 0
LB 0.20 Hz 4 J —
GB 0
pC 1.00 \_J U
i S, | S L,
R T T T T T [0 e e R R S e a7 R e e B o e s r ™
10 9 8 7 6 4 3 2 1 0 ppm
Or-ooo [o2] o | (0 0
Ko @5 = ] el «
— OIO| v+ o o ol o o
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28

J&._RC2.1p2. 13C
CDC13

25C
59

Current Data Parameters
NAME JGawronski
EXPNO 50
PROCNO

F2 - Acquisition Parameters
Date. 20090218

Time 14.43
INSTRUM S|

PROBHD 5 mm PABBO BB~
BULPROG zgpg30

™ 65536
SOLVENT €c13

NS 100

DS 4

Sus 24038.461 Hz
FIDRES 0.366798 Hz
aQ 1.3631988 sec
BG 2050

oW 20.800 usec
oE 10.00 usec
TE 97.8 K

o1 1.00000000 sec
dll 0.03000000 sec
DELTA 0.89999998 sec
™0 1

NUC1

Pl 12.00 usec
PL1 0.00 aB
SFO1 100.6226298 MHz
mmmmmm=n CHANNEL £2

CPDPRG2 waltzl

NUC2 1H
PCPD2 100.00 usec
PL12 15.17 dB
PL13 17.00 dg
PL2 -4.0

SFO2 200.1316005 Mz
F2 - Processing parameters
SI 32768

SF 100.6127726 MHz
WDW EM

SSB 1)

L8 1.00 Hz
GB

PC 1.40

T T T T T T e T e T e e e e Aiaadasay v T T I BARRRARESS B IARABARAAMY RAMAARAAM wu T -

1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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