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Experimental Procedures

1.1. NMR spectroscopy

The synthesis and characterization of boranes I, Il and Il were performed as described previously.*! For the NMR
measurements the solid products were dissolved in toluene-d8 (99.6%, Sigma Aldrich Chemical Co.) at ~0.1 M initial
concentration. The solvent was dried on 3-4 A molecular sieves (Merck KgaA) for 12 hours which had been activated at 120°C
under vacuum and stored under inert atmosphere in a glove box. The samples were transferred into screw cap NMR tubes.

The H, 1B and '°F dimensions were referenced to the residual solvent signal, BFs and TFA, respectively. The 1D !B, 1°F,
H, 1F DOSY (Diffusion Ordered Spectroscopy) measurements were recorded with a narrow bore Varian NMR SYSTEM
spectrometer operating at 400 MHz H frequency, equipped with an inverse broadband HX probe (Z gradient=20 G/cm) or a
Varian NMR SYSTEM spectrometer operating at 600 MHz H frequency, equipped with an inverse triple resonance HFC probe
or a dual resonance H-1°F/X probe (Z gradient=60 G/cm in both cases). The H-decoupled 1D *°F (}*F-{*H}), 1°F-1H HOESY
(Heteronuclear Overhauser Effect Spectroscopy) and F-1°F-EXSY (Exchange Spectroscopy)) experiments were performed
using the 600 MHz instrument exclusively. For these measurements the 1°F pulse was always calibrated with the typical 90°
19F pulse length being ~13 ps (HFC) or ~16 us (*H-'°F/X). The temperature of the samples was controlled by airflow with an
accuracy of 0.1 K. All the samples were equilibrated for at least 30 min before the measurements.

Standard pulse sequences from the Varian’s Vnmr] 4.2 software library were used throughout: ‘NOESY’ for °F-EXSY,
‘Dbppste_cc’ for °F DOSY, ‘FH_HOESY’ for °F-1H HOESY, ‘Fhdec’ for *H-decoupled 1D *°F, ‘s2pul’ for 1D 11B. The 1D *H and
19F measurements applied 32 scans (NS) with the interscan delay (D1) of 16.0 s. The 1B spectra were recorded with NS=512
and D1=2.0's. For the 1D '°F measurements the pulse angle was reduced from 90° to 30°. The F-{*H} spectra were recorded
with decoupling during acquisition only using the waltz16 decoupling scheme with a decoupler frequency at 4 ppm. Typical
acquisition times (taq) for the *H, *°F and !B spectra were chosen around 4.0's, 1.0 s and 0.5 s, respectively.

The H-decoupled °F spectra (}°F-{*H}) of the piperidine (p) + I and p+ll systems (p+l: Figure S18, p+ll: Figure 5) were used
to distinguish between F-F and °F-'H J-couplings. While both types of J-couplings impact the signal patterns in the
standard °F spectrum the effects of °F-'H couplings are removed in the F-{*H} spectrum. Thus, in the latter the F-1°F J-
coupling values can be directly extracted from the fine structure of the '°F signals. Considering that in our systems the fluorine
atoms are located on different aromatic rings, and therefore, are separated by six chemical bonds, the emerging °F-°F J-
couplings must exist through space (TS) rather than through bond.!** Indeed, TS Ji-coupling occurs when two atoms, at least
one of which has lone-pair electrons, are constrained at a distance smaller than the sum of their van der Waals radii and
show quasi-exponential decay as a function of the distance between the coupled nuclei. In this way, the detection of °F-1°F
TS couplings confirms the spatial vicinity of fluorine atom pairs in p—1 and p—Il atropisomers. (Section 6, Table S9)

The F-'H HOESY is a well-established NMR technique for the structural characterization of fluorinated organic
compounds.!*”! By correlating the frequencies of spatially close (<~5 A) 'H and '°F nuclei, in the slow exchange regime the 2D
19F-1H HOESY spectrum is able to provide direct experimental insights into the relative orientation of p and the borane aryl
rings and reveal the particular F-arrangements of the p-adduct conformers. (Section 6) However, the lowest applicable
temperature for the required HFC probe is ~273 K which in case of the p+lll mixture is close to the coalescence point of the
19F signals. (Figure S15) Due to this technical limitation, for the p+lll system F-'H HOESY studies were not performed. For
the p+l and p+ll systems the 2D F-'H HOESY experiment was recorded with D1=10 s, NS=64, t;=128 indirect time domain
points, t,=4906 direct time domain points, tag™0.2 s and the respective mixing times (tmix) of 400 ms and 60 ms. For 2D
processing the HOESY spectra were zero-filled to a 512x16384 real data matrix and multiplied with a Gaussian function along
both dimensions before Fourier-transformation.

To characterize the dynamic behavior of the p+borane systems 2D 1°F-1°F EXSY measurements were performed in the
slow exchange regimes. These were recorded uniformly with D1=10 s, NS=64, t;=128, t,=4096, taq~0.2 s and Tmix Values
adjusted to the dynamic properties of the system. (Table S1) For 2D processing the °F-EXSY spectra were zero-filled to a
512x8192 real data matrix and multiplied with a Gaussian function along both dimensions before Fourier-transformation.
Exchange rates between chemically nonequivalent fluorines (kf) were determined by the full relaxation matrix analysis of
the corresponding !°F-EXSY cross- and diagonal peak amplitudes using the EXSYCalc freeware (Mestrelab:
https://mestrelab.com/software/freeware/). The cross-peak amplitudes are related to the kg values and the applied Tmix
through the following expression:

-1
R=— InA — X(InA)X (1)

Tmix Tmix

In Equation 1 matrix R contains the kg values as off-diagonal elements whereas matrix A contains the peak amplitudes at Tmix
divided by the corresponding diagonal peak intensity in the reference spectrum recorded with tmix=0. Matrix R matrix is
obtained according to the eigen-values eigen-vector method where A is the matrix of the eigenvalues of A and Xis the square
matrix of the eigenvectors of A.?*! As for the p+l and p+I systems multiple fluorine exchanges can be assigned to the same
chemical exchange process the exchange rate of a chosen process (kex) was determined by averaging the corresponding ke
fluorine exchange rates. (See the ke values for the p—Il conformational exchanges at 293.0 K in Table S12 vs the averaged kex
values in Table S13 as example.) For the p+lll (Table S11) and p+l systems (Table S16) the kex values were determined at a
single respective temperature point only, that is, at 253.0 and 323.0 K. For the p—-lI system multiple *°F-EXSY-s were measured



in the range from 293.0 K to 333.0 K (Table S13) to determine thermodynamic parameters (Tables S14-S15) from the
extracted ke values. Here, the energy barrier of activation (AG¥) was calculated using the Eyring-theory:

kpT

AG* = RT[In (*27) = In (key)] (2)

In Equation 2 T is the applied temperature, R is the universal gas constant, h is the Planck constant and kg is the Boltzmann
constant. The processes’ entropy of activation (AS*) and enthalpy of activation (AH*) were determined by fitting a linear to
the points of the Eyring-plot with the ordinary least-squares method. That is, the AS* and the AH* were calculated from the
intercept of the fitted linear and the y axis, and the slope of the fitted linear, respectively. The detected exchange processes
are detailed in Section 7 for each p-adduct.

Table S1. The corresponding temperature (T) and mixing time values (tmix) applied for the 1°F-EXSY experiments to characterize the
conformational interconversions of the p-borane adducts.

p-borane T/K Tmix/ MS

p—lil 253.0 400
293.0 1000
300.0 500
303.0 400

p-il 310.0 200
317.0 100
323.0 50
333.0 33

p—l 323.0 600

The corresponding sp? borane, dative p-complex and aqueous p-complex forms (Section 9) were clearly distinguishable
based on their differences in diffusional properties using diffusion NMR spectroscopy (DOSY). (Section 9) These double
stimulated echo measurements applied bipolar gradients and convection compensation with NS=32 and D1=4.0 s. The
diffusion encoding/decoding gradients varied linearly between 5% and 95% of their maximum output over 50 increments.
For the p+l and p+ll systems at 298.2 K the duration of these gradients and the diffusion delay time were set to 4 ms and 100
ms, respectively. These values were adjusted to respectively 2 ms and 200 ms when the p+lll system was measured at low
temperature. The obtained intensity decays were translated to the corresponding DOSY spectra using the VnmrJ 4.2 ‘DOSY’
processing function.

1.2. Structure Calculation

To explore the conformational space of each molecule including p, boranes |, I, 1l (Table S2) and the p-adducts p—I (Table
S6), p—ll (Table S5), and p-lll (Table S4), we performed Monte Carlo conformational searches with MacroModel in the
Schrodinger program suite.?®! The subsequent quantum mechanical density functional theory (DFT) computations were
carried out using the B3LYP-D3[®! dispersion-corrected exchange correlation functional with the Gaussian09 package.?”) The
generated structures were subjected to geometry optimizations using the 6-311G(d,p) basis set.!?®! The vibrational analysis
confirmed that all obtained geometries correspond to local minima. Thermal and entropic corrections were evaluated using
the ideal gas-rigid rotor-harmonic oscillator (RRHO) approximations at 243.15 K or 298.15 K and ¢ = 1 mol/dm? conditions.
The solvation effect of the toluene medium was estimated by single-point energy calculations applying the SMD solvation
model.!”! To obtain more accurate complexation free energy results, we performed single-point energy calculations for the
optimized geometries utilizing a low-order scaling, local natural orbital CCSD(T) (denoted as LNO-CCSD(T)) method as
implemented in the MRCC program.% The CCSD(T) correlation energy was extrapolated as

ET - EN (3)
2

where N and T refer to “normal” and “tight” composite cutoff thresholds offered by the MRCC program. The LNO-CCSD(T)
calculations were carried out using the correlation consistent basis set developed by Dunning.2Y The complete basis set limit
of the LNO-CCSD(T) energies were estimated relying on extrapolation techniques employing the aug-cc-pVTZ and aug-cc-
pVQZ basis sets. From the results with the aug-cc-pVTZ (TZ) and the aug-cc-pVQZ (QZ) basis sets, we extrapolated towards
the complete basis set (CBS) limit of the Hartree-Fock and the correlation energy according to [32]:

Eyr=Er+

HF HF
B, = Bt + ——oe ) “
4exp[6.57 (V4 —V3)]
3°Er, — £°Eq (5)
N



We estimated the CCSD(T)/CBS limit by extrapolating towards the CCSD(T) limit on the TZ basis and extrapolating towards
the CBS limit with the normal threshold. The final LNO-CCSD(T)/CBS energies were calculated according to the following
formula:

ECCESSD(T) = EﬁBS + EI-\II—ZT - Egz (6)

where EGB is the sum of Efis and E&s, whereas Ef% and EJ refer to CCSD(T) correlation energies. The correlation of the

core electrons was neglected. The Gibbs free energies (4G) were finally calculated by applying the obtained solvation and
thermal corrections to the LNO-CCSD(T)/CBS(aug-cc-pVTZ,aug-cc-pVQZ) energies. These values were used to quantify the
Lewis acidity strengths of the boranes with respect to p. In Equation 7 Gy, Gporane(a) 3N Gpase(a) refer to the obtained Gibbs
free energies of the chosen adduct conformer and the lowest lying conformer of the borane and p, respectively.

AG® = Gy — Gporane(a) — Goase(@) 7)

In our calculations for the free p, the N lone electron pair favored the axial rather than the equatorial orientation by 0.7
kcal'mol™. The AG? values were displayed with respect to the more stable conformer. In contrast, the p-adducts the favored
orientation of the B-N bond is equatorial. Hydride affinity values (AG") were also defined according to Equation 7, but in
these cases Gy Was the Gibbs free energy of the free H™ anion (Gpygriqe = —0-5276 hartrees) whereas all the rotameric
states of each borane were considered as Lewis acid partners. (Table $3) The AG" values were defined in toluene. Notably,
these values are still expected to bear significant errors due to the poor description of solvated H™ anion. Nevertheless, the
relative values (4,AG™), that reflect Lewis acidity relations between the diverse rotameric states of a borane, are expected
to be more accurate. For the p-adducts a computed conformational distribution (P¢) was calculated from the corresponding
stabilities based on the Boltzmann-equation:

N G,(T)—-G,, (T (8)

x1

In Equation 8 Ny,/N, 1 stands for the population ratio of the conformers y1 and x2 at temperature T, the G values are the
corresponding Gibbs free energies. For best comparability with the experimental data, the AG® values were recomputed at
243.15 K applying the same protocol.



Results and Discussion

2. Computed Borane and Hydride Complex Structures

The computed sp? states and hydride adducts of boranes I, Il and Ill are shown in Tables S2-23. In both types of structures
two rings always adopt the tilt angle of ~40°-45° while the orientation of the third ring varies from structure to structure.
(Figure S1)

Table S2. The computed borane structures in tube representation along with their Gy, y-qne and 4Gy or-ane Values latter being the difference
with respect to the lowest lying energy conformational state (a) at 298.15 K. Cl: green, F: blue, B: pink, C: gray, H: white. The structures
are shown in the same respective orientations as the ‘Top view’-s in Figure 3A in the main text. To guide the eye, the spatial position of
the halogen atoms on the fluorinated rings is indicated by upwards or downwards arrow in the corresponding color depending on whether
the halogen atom is found above or below the plane defined by the boron atom and the aryl rings.

Borane
Conformer
Structure

Gborane /
hartree

—3113.6762

—2393.6886

—2393.6883

AGborane/
kcal-mol-!

0.0

0.0

0.2

Borane

Conformer

Structure

Gborane /
hartree

—2753.6830

—2753.6830

—2753.6817

AGborane/
kcal-mol-!

0.0

0.3

0.8




Table S3. The computed borane—hydride complex structures along with the way of their formation and the corresponding 4G, values at
298.15 K. Cl: green, F: blue, B: pink, C: gray, H: white. The structures are shown with the B—H bond pointing towards the viewer. To guide
the eye, the spatial position of the halogen atoms on the fluorinated rings is indicated by upwards or downwards arrow in the
corresponding color depending on whether the halogen atom is found above or below the plane defined by the boron atom and the aryl
rings. In most cases distinct AGj, and [borane—H]- complex conformations could be determined depending on which side (top or bottom,
see Figure 4 in the main text) was available for interaction with the H-. Uniformly, it shows more than 1 kcal-mol-! favorable for the H- to
attack the side of the borane rotamer which has the most Cl atoms.

borane— [-H](a) [I=H]-(B) [H-H]~(ax)
hydride
complex
(conformer)
Reaction route lll{a) [Bottom side] + H- Ill{a) [Top side] + H- ll(a) [Bottom side] + H-
Structure

i

Gy, / hartree —-3114.3940 -3114.3919 —-2754.4024
AGy, [ kealmol- -52.9 -51.6 -54.0
1
borane — [lI-H]-(B) [l=H]~(y) [-H]~(6)
hydride
complex
(conformer)
Reaction route I1(B) [either side] + H- li(y) [either side] + H- ll(a) [Top side] + H-
Structure

S ‘f

ty

Gy, / hartree —2754.4000 —2754.3998 —2754.3975
AGy, [ kcalmol- -52.5 -52.4 -50.9
1




Table S3 (continued). The computed borane—hydride complex structures along with the way of their formation and the corresponding
AGy, values at 298.15 K. Cl: green, F: blue, B: pink, C: gray, H: white. The structures are shown with the B-H bond pointing towards the
viewer. To guide the eye, the spatial position of the halogen atoms on the fluorinated rings is indicated by upwards or downwards arrow
in the corresponding color depending on whether the halogen atom is found above or below the plane defined by the boron atom and the
aryl rings. In most cases distinct AG),, and [borane—H]~- complex conformations could be determined depending on which side (top or
bottom, see Figure 4 in the main text) was available for interaction with the H-. Uniformly, it shows more than 1 kcal-mol-! favorable for
the H- to attack the side of the borane rotamer which has the most Cl atoms.

borane- [I-H]~(a) [I-HI=(B) [I-HI~(v)

hydride

complex
(conformer)

Reaction route I(B) [Bottom side] + H- I(at) [Bottom side] + H- I(a) [Top side] + H-

Structure
}f by

4 3

Gy, / hartree —2394.4089 —2394.4076 —2394.4052
AGy, [ kcalmol- -54.6 -53.8 -52.3
1
borane— [I-H]-(6)
hydride
complex
(conformer)
Reaction route I(B) [Top side] + H-
Structure

Gy, / hartree —2394.4033

AGy, [ kcalmol- -51.1
1




sp? borane Hydride complexes
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Figure S1. The tilt angles of the three aryl rings in the sp? borane and the borane—hydride complex structures. The tilt angles were
defined by the Cx-B-Cy-C; atoms. Degenerated angle values are indicated by squares. The average tilt angles per each ring are shown
above with their standard deviation values in parenthesis.



3. Lewis Base Screening via Single-Pulse NMR

The asymmetrically halogenated boranes I-lll were (separately) reacted with a chosen library of N-bases which was
monitored through 1D H, °F and B NMR spectra. (Figure S2) The liquid N-bases were distilled over KOH to minimize their
water content and added to the boranes with a Hamilton syringe through the septum of the cap. To illuminate the multiple
Lewis acidity of the Lewis acidic boranes I-lll, our goal was to find a Lewis base (LB) which is able to form a dative adduct with
each of the investigated boranes; besides, the adduction process needed to allow for the emergence of multiple
conformational states of each LB-borane adduct which are sufficiently long-lived to be detected by NMR. The formation of
the dative LB-borane adduct could be directly confirmed by a 1B signal at around 0 ppm. (Figures $3-S8) The linewidth (sharp
vs broad) of the LB-borane !B NMR signal also reflects the dynamic properties of the adduct. Multiple distinct °F signals of
a dative LB-borane adduct reflect the number of the emerging long-lived conformational (atropisomeric) states. In contrast,
a single weighted-average borane-LB °F signal is the result of the fast exchange between its plausible conformational states
which precludes their distinction and characterization (Figure 2B). As Figure S2 shows, although at room temperature the
dative adduct formation of I and Il could be confirmed with several Lewis bases, only a few of those yielded multiple *°F
signals for both the LB—I and LBl adducts. The highest number of distinct LB—I and LB-Il conformational states could be
obtained when piperidine (p) was used as LB. Furthermore, the multiple conformational states of the piperidine—lll adduct
could be detected at lower temperatures. Thus, we chose p as the model base to illuminate the multiple Lewis acidity of
boranes I-lll. The single-pulse 1B, °F and *H NMR spectra of the three p+borane systems are shown in Figures S3—S8, Figures
S9-S18, and Figures S19-S24, respectively. The °F NMR spectra of the quinuclidine (C)+ll or | systems is discussed in Sl
Section 12.

11 19
LB B F
| | Il |
B: ——CN G: K: Q: U: B - -
X NH, AN e
\'/ | C broad broad| 5 6
N/ \\\‘\\‘.« " .""I"’I ; P D - - spz sz
C: H E _ _ 2 sp?
N F - broad | sp? 3
N H: L NH, R: V: G . » s sp?
X NH,
A H - - sp?  sp?
D: N
N/ _ I broad broad| 6 12
L J - broad | sp>2 6
N K - broad | sp?
I: M: i S: X: L - sharp | sp? 1
0 ’ NC NH, A M - broad | sp? 3
ks )J\ N - - sp?2 sp?
\N N/ N N/ Q - broad | sp? 3
| | R - sharp | sp? 1
J: N: T: M S - sharp | sp? 1
F: N NH, i - sharp | sp? 1
U broad sharp 2 1
N/ N NC V  broad broad| 2 6
X - broad | sp? 3

Figure S2. The N-bases (B—X) with which boranes I-Il were reacted. The table presents the respective 11B linewidths (‘sharp’ (40-60 Hz) or
‘broad’ (>100 Hz)) as well as number of 1°F NMR signals observed for these LB-borane mixtures at 298.2 K. Here, ‘sp?’ indicates that
despite adding the LB to the borane only the respective sp? borane signal could be detected. A single shifted average signal indicates free
ring rotations in the sp3 state. The most complex 1°F NMR spectra could be obtained when piperidine was added to the boranes. The 1°F
NMR spectra of the quinuclidine (C)+ll or | systems is discussed in Sl Section 12.
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Figure S3. 11B spectrum (128 MHz) of lll (top) and the mixture of p and Il using a p to lll ratio of 3:1 (bottom) recorded at 243.2 K. In the
11B spectrum of p+lll the forming p-adduct atropisomers are represented by single weighted-average signal at ~0 ppm.
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Figure S4. 11B spectrum (128.3 MHz) of the mixture of p and 1l using a p to Il ratio of 3:1 recorded at 243.2 K (top), 273.0 K (middle) and
323.0 K (bottom). The forming p-adduct atropisomers are represented by single weighted-average signal at ~0 ppm throughout.
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Figure S5. 11B spectrum (128.3 MHz) of 1l (top) and the mixture of p and Il using a p to Il ratio of 3:1 (bottom) recorded at 298.2 K. In the
11B spectrum of p+l the forming p-adduct atropisomers are represented by single weighted-average signal at ~0 ppm.



87 82 77 72 67 62 57 52 47 42 37 32 27 22 17 12 7 2 3 8
"B & (ppm)

Figure S6. 11B spectrum (128.3 MHz) of the mixture of p and Il using a p to Il ratio of 3:1 recorded at 243.2 K (top), 273.0 K (middle) and
323.0 K (bottom). The forming p-adduct atropisomers are represented by single weighted-average signal at ~0 ppm throughout.

87 82 77 72 67 62 57 52 47 42 37 32 27 22 17 12 7 2 3 -8
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Figure S7. 11B spectrum (128.3 MHz) of I (top) and the mixture of p and | using a p to I ratio of 3:1 (bottom) recorded at 298.2 K. In the
11B spectrum of p+l the forming p-adduct atropisomers are represented by single weighted-average signal at ~0 ppm.
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Figure S8. 11B spectrum (128.3 MHz) of the mixture of p and I using a p to I ratio of 3:1 recorded at 243.2 K (top), 273.0 K (middle) and
323.0 K (bottom). The forming p-adduct atropisomers are represented by single weighted-average signal at ~0 ppm throughout.
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Figure S9. 19F signal (376 MHz) of lll recorded at 243.2 K.
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Figure S10. 1°F signal (564 MHz) of Il at 243.2 K. Unfortunately, as a leftover product of the synthesis procedure some Ill cross-
contaminated the sample which’s sharp doublet of doublets is superimposed onto the signal of Il at ¥~—99.6 ppm.
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Figure S11. 19F signal (564 MHz) of | recorded at 298.2 K.
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Figure S12. 19F spectra (376 MHz) of lll (top) and the mixture of p and 1l using a p to Il ratio of 3:1 recorded at 243.2 K. In the latter in
addition to the signals of p~Ill adduct atropisomers (a, B, y) the signals of aqueous forms (w-lll, w-1II’) and that of the residual sp? lll also
emerge. For the signals of p—lll atropisomers the spatial position of the represented fluorine atom is indicated in parenthesis.
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Figure S13. 19F spectra (564 MHz) of Il (top) and the mixture of p and Il using a p to Il ratio of 1:2 (middle) and 3:1 (bottom) recorded at
298.2 K. In addition to the signals of p—Il adduct atropisomers (a, B, y) the signals of the aqueous form (w-Il) and that of the residual sp?
Il also emerge. For the signals of p—ll atropisomers the spatial position of the represented fluorine atom is indicated in parenthesis.
*Signals of non-characterized contaminating compounds.
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Figure S14. 19F spectra (564 MHz) of | (top) and the mixture of p and I using a p to I ratio of 1:2 (middle) and 3:1 (bottom) recorded at
298.2 K. In addition to the signals of p—l adduct atropisomers (a, B, y, 8) the signals of the aqueous form (w-1) and that of the residual sp?
I also emerge. For the signals of p—I atropisomers the spatial position of the represented fluorine atom is indicated in parenthesis.
*Signals of non-characterized contaminating compounds.
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Figure S15. 19F spectrum (376 MHz) of the mixture of p and Ill using a p to lll ratio of 3:1 recorded at (from bottom to top) 243.2 K, 253.0
K, 273.0 K, 298.2 Kand 323.0 K.
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Figure S16. 1°F spectrum (564 MHz) of the mixture of p and Il using a p to Il ratio of 3:1 recorded at (from bottom to top) 243.2 K, 273.0
K, 298.2 K and 323.0 K.
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Figure S17. 19F spectrum (564 MHz) of the mixture of p and I using a p to I ratio of 1:2 recorded at (from bottom to top) 243.2 K, 273.0 K,
298.2 Kand 323.0 K.
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Figure S18. Single-pulse '°F (top) and H-decoupled °F (bottom) spectrum (564 MHz) of the mixture of p and | using a p to | ratio of 3:1
recorded at 298.2 K. In the *H-decoupled °F spectrum the fine structure of most signals simplifies into a singlet whereas those affected
by through space 1°F-1°F couplings (Jer) display higher order fine structure. The obtained J+ values are listed in Table S9 (Section 6).
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4. Computed Piperidine-Borane Adduct Structures

The electronic and steric interactions that emerge between p and respectively I, Il and Il define a uniform molecular shape
for all the computed p-adduct structures. (Tables S4-56) With respect to the equatorial B-N bond the three aryl rings adopt
‘horizontal’ (h), ‘tilted’ (t) and ‘vertical’ (v) orientations (Figure S25) based on the corresponding X-B-Cy-Cy’ torsion angles. In
this particular molecular topology the N—H group of p forms hydrogen bonds with 1-1 halogen atom of both the tilted and
vertical rings. We assigned these hydrogen bonding halogen atoms of the vertical and tilted rings as being in syn position
with respect to the N-H bond (syn-vertical: sy, syn-tilted: st) while their ortho-counterparts that point in the opposite
direction were assigned as anti-positioned halogens (av and ar). The distinction of the syn and anti positions on the vertical
and tilted aryl rings was motivated by the remarkably distinct 1°F NMR properties the fluorine atom displays upon hydrogen
bonding compared to the situation when the ortho-Cl atom interacts with the N-H group instead. The horizontal ring is
oriented almost perpendicularly with respect to the B—N bond. This creates steric clash (back-strain) between the horizontal
and anti halogen atoms. Due to the differences in the emerging steric hindrance, we further distinguished the two horizontal
halogen ligands of the computed p-adduct structures based on whether they point towards the vertical (hy) or the tilted (h+)
aryl ring.

The atropisomers of p—I, p—Il and p—lll are thus defined based on their unique F/Cl atom distributions between the six
possible halogen atom positions in space being sy, st, av, ar, hy and hr. By permutation, only considering the ring rotations,
this yields 8, 12, and 6 plausible atropisomers in total for p—I, p—Il and p-lll, respectively. Our conformational search found
most of these as 6, 7 and 4 atropisomers of p—I, p—Il and p-lll, respectively, were computed. We found that the missing
structures impose unfavored interactions that the system can overcome with relative ease by minor rearrangements. For
example, while the orientations h, t and v are defined at the point of complex formation, small conrotation (<30°) of rings t
and v is still allowed and can switch them. This means the interaction with the nearby N—H group can induce rearrangement
in the initial conformation search process and neglects the energetically less stable state. In the computed structures the
fluorine in syn position is typically allocated to the vertical ring (sy). This arrangement provides short N—H-F distance (~1.9
R) and acceptable arrangement between the fluorine and the amine group to form a hydrogen bond which stabilizes the
local geometry and rigidifies the vertical ring. When this fluorine is rotated away to the st position, it is less capable of
interaction due to its larger N-H-F distance (>2.0 A) and an acute angle, sub-optimal for a hydrogen bond. Moreover, the
chlorine atom, which is concurrently pushed to the sy position, can only form a much weaker hydrogen bond. Concomitantly,
the ring with the tilted orientation shows preference for the fluorine atom to be in the anti-position (ar). This also alleviates
the back-strain emerging primarily between the highly congested hr, ar and ay positions. As the ar halogen is exposed to the
steric repulsion from both the hr and ay ligands the smaller van der Waals radius of the fluorine atom than that of the chlorine
atom mitigates the steric congestion. Based on these, a fluorinated ring with its F atom in the unfavored st or ay position is
expected to converge into the respective more stable sy or ar position. This explains the absence of computed structures
that would display a fluorine in the st and/or ay positions unless, as shown by particular p—I, and p—Il structures, both syn
(p—1(8), p—1(6), p—11(5)) or indeed, anti positions (p—1(B), p—1(5), p—11(4)) are occupied by F atoms.

Notably, amongst the computed p-adduct structures several atropisomer pair(s) are defined that mutually differ in the
phase of the horizontal fluorinated ring, that is, whether the fluorine ligand is in the hr or the hy position. This being the case
for the a/y, B/5, and 6/6 atropisomer pairs of p—I; the a/6 and y/5 atropisomer pairs of p—Il; and the B vs y atropisomers of
p-1Il. Uniformly, of these atropisomer pairs the one with the fluorine placed in the hr rather than the hy position shows more
stable by at least 1.7 kcal'mol™ according to the computations. This, again, is due to the high steric congestion between the
h1, ar and ay positions which is mitigated when the asymmetrically halogenated horizontal ring places its fluorine ligand in
the hr position, while the chlorine atom in the hy position is allowed to take up more space next to the vertical ring.

We also note that our conformational search provided plausible, albeit relatively less-stable conformers for the p-I
system in which the B—N bond is axial.
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Table S4. The computed atropisomers of p-lll along with their G, and AG® values at 243.15 K. The diverse atropisomeric states are
designated with Greek letters which refer to the order of their detected stability with the a-state being the most abundant atropisomeric
state. The non-detected atropisomer is designated as p—1ll(4). Cl: green, F: blue, B: pink, N: purple, C: gray, H: white. To guide the eye, the

F-atom is highlighted by an arrow for each structure. The respective F atom positions are specified according to the scheme in Figure 6 in
the main text.

p-lil
Atropisomer o B
Structure
4
F-positions ar hr Sy
G, / hartree —3365.1224 —3365.1229 —-3365.1211
AG%/ kcal-mol~ -0.1 -0.3 0.8
1
Atropisomer 4
F-positions
G, / hartree —3365.1178
AG?%/ kcal-mol~ 2.8
1
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Table S5. The computed atropisomers of p—Il along with their G, and AG® values at 243.15 K. The diverse atropisomeric states are
designated with Greek letters which refer to the order of their detected stability with the a-state being the most abundant atropisomeric
state. The non-detected atropisomers are designated with numbers. Cl: green, F: blue, B: pink, N: purple, C: gray, H: white. To guide the
eye, the F-atoms are highlighted by arrows. The respective F atom positions are specified according to the scheme in Figure 6 in the main

text.

p-ll
Atropisomer o B
Structure
— N
v é” \
A
v
F-positions hr +ar Syv+ar hr + sy
G, / hartree —3005.1388 —3005.1379 —3005.1384
AG%/ kcal-mol~ -6.0 -5.5 -5.8
1
Atropisomer 4 5 6
3 X
=
S ——
- A
A 4
F-positions ar+ay ST+ Sy ar+hy
G, / hartree —-3005.1366 —3005.1348 —3005.1347
AG?%/ kcal-mol~ -4.7 -3.5 -3.4
1
Atropisomer 7
v
F-positions Sy + hy
G, / hartree —3005.1344
AG%/ kcal-mol~ -3.3
1
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Table S6. The computed atropisomers of p—l along with their G, and AG® values at 243.15 K. The diverse atropisomeric states are
designated with Greek letters which refer to the order of their detected stability with the a-state being the most abundant atropisomeric
state. The non-detected atropisomers are designated with numbers. Cl: green, F: blue, B: pink, N: purple, C: gray, H: white. To guide the
eye, the F-atoms are highlighted by arrows. The axial arrangement of the lone electron pair of N (7, 8, 9) is clearly less favored than the
equatorial (a, B, v, 6, 5, 6) in these structures. The respective F atom positions are specified according to the scheme in Figure 6 in the

main text.

p-l
Atropisomer a
Structure
=
A
F-positions hr+ar+ sy hr+ar+ay hy+ sy +ar
G, / hartree —2645.1544 —2645.1516 —2645.1509
AG?/ kcalmol-! -12.4 -10.6 -10.1
Atropisomer [ 5 6
Structure
F-positions hr+st+5sy ar+ay+hy st+sy+hy
G, / hartree —-2645.1513 —2645.1489 —2645.1470
AG?/ kcalmol-! -10.4 -8.9 -7.7
Atropisomer 7 8 9

F-positions sy+ar+hr st+Sv+hr hy+ sy +ar
G, / hartree —2645.1426 —2645.1401 —2645.1380
AG?/ kcalmol-! -5.0 -3.4 -2.0
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Figure S25. The tilt angles of the three borane aryl rings in the dative p-adduct structures. The tilt angles were defined by the X-B-Cy-Cy’
atoms. For each structure, the three aryl rings feature remarkably distinct tilt angles averaging respectively ~5°, ~46° and ~78° such that
they unambiguously define the vertical, tilted and horizontal ring orientations. The average tilt angel values are indicated with their
standard deviations in parenthesis.
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5. 1°F Chemical Shift Calculations

Chemical shielding factors were obtained with the default GIAO method®®3 for each computed sp? borane and p-adduct
structure with equatorial B-N bond at the B3LYP-D3/6-311+G(2d,p) level of theory. The theoretical °F chemical shifts (o)
were calculated using the chemical shielding obtained for CFCls. (Figure S26 and Tables S7-S8) In the obtained ~40 ppm °F
chemical shift window the sp? state and the three distinct fluorine atom positions in the p-adduct structures being horizontal,
anti or syn define their respective domains with the general order of syn < sp? < horizontal < anti. This assessment aided us
in the interpretation of the p + borane mixtures’ °F spectra and the assighment of the computed structures. (Section 6)
When the corresponding computed and experimental (o) 1°F chemical shifts of the detected structures are compared (Tables
S7-58) we notice that the computed values show consistently lower by 10-20 ppm than the corresponding experimental 1°F
chemical shifts. This emerges because these chemical shift calculations were performed in vacuum. Regardless, as shown in
Figure S30 the great correlation between their o and of values supports the assignment of the detected p-atropisomers to
the computed structures.

p-adduct: anti @ horizontal @ syn sp% @

SUTEP AR S . ‘

B6 4 ay4a 6

7 5
P+l &4 ¢eodd® o @ce o Soe

5+B 6+y
v 5 a5 J'aB ﬂ 5§ 6 v6a &
p+l . e @ aen s ee  moae
-85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135

19F o (ppm)

Figure S26. The computed 1°F chemical shifts (o€) of the sp? borane and p-adduct atropisomer structures. (Tables S8 and S9) The
computed sp? signals are shown in green. The p-adduct signals are assigned with the corresponding atropisomeric state whereas the
color coding specifies the spatial position of the fluorine atom.

Table S7. The computed (o¢) and experimental (of) 1°F chemical shifts per borane structure.

Structure ot (F1) / ppm o€ (F2) / ppm o¢ (F3) / ppm ot / ppm
11{o)tel -113.4 —99.6 (sharp multiplet,

Figure S9)

(o) -111.2 -114.9 —99.3 (broad, Figure S10)

11(B) -111.6 -111.6

() -113.7 -113.7

I(a) -113.4 -114.4 -115.5 —100.8 (sharp multiplet,

1(B) -114.5 -114.8 -115.4 Figure S11)

[a] Values obtained at 243.2 K rather than 298.2 K.
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Table $8. The computed (o) and experimental (of) 1°F chemical shifts per p-adduct structure.

Structure Detected F1 F2 F3
atropisomer?
Position o</ ppm of / ppm Position o/ ppm of / ppm Position ot/ ppm of / ppm
p—li{a)t! yes ar —89.0 -78.3
p—lI(B)k! yes hy —96.9 -82.9
p—ll(y)e! yes Sy -125.3 -107.3
p—l11(4)] no hy -103.3
p—l(a) yes ar —95.9 —85.0 hr -100.3 —86.9
p—II(B) yes ar —90.1 -79.4 Sy -126.6 —108.8
p—li(y) yes hr —97.9 —83.9 Sy -126.2 -108.5
p—11(4) no ar —94.4 ay —99.4
p-II(5) no St -120.7 Sy -128.3
p-II(6) no ar —91.0 hy -102.4
p—I1(7) no hy -108.1 Sy -129.9
p—l(a) yes ar -96.9 —85.8 hr -101.2 —87.6 Sy -127.6 -109.1
p—I(B) yes ar —-100.2 —88.9 ay -101.7 —89.5 hr -101.8 —88.1
p-I(y) yes ar -91.5 -81.4 hy -103.9 -90.0 Sy -126.9 -107.6
p—1(8) yes hr —98.6 —84.9 St -119.9 -103.7 Sy -129.8 -111.3
p-I(5) no ar -95.2 ay —100.2 hy —104.6
p-1(6) no hy —103.9 St -121.6 Sy -127.2

[a] Values obtained at 243.2 K rather than 298.2 K.
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6. 1°F Signal Assignment and Structure Validation

In the slow-exchange regimes the °F NMR spectra of the p+l, p+ll and p+lIl mixtures showed uniform trends in °F signal
characteristics. As detailed in the following, three distinct types of °F signals could be observed throughout which we
correlated with the proposed horizontal, syn or anti spatial position of the fluorine atom. (Figure S27)

The °F signals of the p-adducts appear normally below =107 ppm (upfield-shifted region) or above —90 ppm (downfield-
shifted region). The only exception from this was made by a signal in the °F spectrum of the p+l mixture (i.e. —103.7 ppm at
298.15 K) that could be assigned to the h-positioned fluorine of the p—I(8) atropisomer. (Figure S14) Nevertheless, it was
clear that in the p-adducts the fluorine(s) display their °F signals at remarkably distinct frequencies than in the sp? borane
states (~—100 ppm, see for p+lIl: Figure S12, p+ll: Figure S13, p+l: Figure S14) which reflects their adduction with p. In all
cases, the number of p-adduct *°F signals (p+llI: 3, p+ll: 6, p+l: 12) showed a multiple of the respective humber of fluorine
atoms (p+lll: 1, p+1l: 2, p+l: 3) suggesting the formation of respectively 3, 3 and 4 atropisomers of p—lll, p—Il and p—I. Indeed,
in the p-adduct state the fluorines of the multifluorinated compounds I and Il are chemically nonequivalent as each is
represented by a distinct F signal whereas in the sp? state the boranes feature a single weighted-average *°F signal. This
points towards the rigidity of the aryl rings in the dative p-adducts in contrast to their free rotation at NMR timescale in the
sp? state.

The computed °F chemical shifts (Section 5) revealed that for any p-adduct atropisomer the '°F signal of a syn positioned
F atom is expected to show up in the upfield-shifted region exclusively, while the downfield-shifted °F signal region shall be
populated by those of horizontal and anti-positioned F atoms. This was supported through *°F-*H HOESY measurements!*”!
performed for the p+lI (Figure S28) and p+l (Figure S29) systems. In the obtained °F-'H HOESY spectra the upfield-shifted *°F
signals are correlated with many p hydrogen resonances including those of the alkyl 2-CH; as well as 3-CH; groups (as defined
in Figure 6 in the main text) in addition to the N—H proton (HV). This means that a fluorine with upfield-shifted signal is found
in the vicinity to most part of the p ring while it is also in contact with the N-H group itself. The interaction with the H" spin
explains the overall enhanced electronic shielding, and also, the exceptionally high °F=*H J-couplings of 20-25 Hz that inflict
apparent signal broadenings on the upfield-shifted *°F signals of all the p-adducts.[*® All these confirm that the upfield-shifted
9F signals indeed represent fluorine atoms in syn spatial position. The downfield-shifted *°F signals of the p—1 and p—ll adducts
are either correlated with p hydrogens limited to 2-CH, group(s) or do not show any correlation with p H frequencies at all.
These two distinct 1°F-'H HOESY patterns distinguish the proposed horizontal and anti fluorine positions. Indeed, as in the
horizontal position the fluorine atom is on the opposite side of the p ring than the N—H bond, only particular 2-CH, protons
remain sufficiently close to establish F-'H HOESY contacts. In the anti positions, however, the fluorine is too far from the p
ring to generate any °F-'H HOESY cross-peaks above the level of detection but with neighboring aromatic protons. The °F
signal fine structure turned out to be characteristic in the horizontal and anti positions as well. That is, the horizontal *°F
signals are typically broader and lack any complex fine structure, while those of anti fluorines show sharp multiplets
complexified by multiple F—tH J-couplings (of 5-12 Hz) that arise between the fluorine and the aromatic proton spins of the
same borane ring. Apart from recognizing the correlations in the frequency, linewidth, and fine structure of the °F signals
with the atom allocated to the syn, horizontal or anti positions, their detailed explanation did not constitute the goal of this
work.
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Figure S27. The 19F signals (376 MHz) of the p—l, p—~Il and p-lll adducts at 243.2 K. For the best visibility of the peak fine structures the
signal intensities were rescaled arbitrarily. The spatial position of the represented fluorine atom is indicated for each p-adduct
atropisomer signal in parenthesis. Here, the p—I(8) signals are omitted for clarity, but they are shown in Figure S14.
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Figure S28. The 19F-1H HOESY spectrum of the p+ll system using a p to Il ratio of 3:1. The spectrum was recorded at 283.0 K with the
mixing time of 60 ms. The cross-peaks are assigned to the diverse atropisomeric states (Greek letters) of p—Il along the °F dimension.
The spatial position of the represented fluorine atom is indicated in parenthesis. Along the 1H dimension the distinct chemical shift
ranges of the 3-CH,, 2-CH, and HN groups of p are shown explicitly. Inset: magnifying the signal intensities along the 1°F frequency of the
aqueous w-ll complex (Section 9) reveals a correlation with particular alkyl p protons frequencies.
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Figure S29. The 19F-1H HOESY spectrum of the p+l system using a p to I ratio of 3:1. The spectrum was recorded at 273.0 K with the
mixing time of 400 ms. The cross-peaks are assigned to the diverse atropisomeric states (Greek letters) of p—l along the 1°F dimension.
The spatial position of the represented fluorine atom is indicated in parenthesis. Along the 1H dimension the distinct chemical shift
ranges of the 3-CH,, 2-CH; and HN groups of p are shown explicitly. Certain cross-peaks of the low abundance y and & atropisomers are
highlighted with squares for clarity. Notably, the 1°F signal of the aqueous w-I complex (Section 9) is correlated with particular alkyl p
proton frequencies.

Identifying the °F NMR signals of the p—l, p—Il and p—lll adducts with the proposed syn, horizontal or anti spatial position
of the represented fluorine atom allowed us to assign their respective sets of atropisomers to the computed structures. That
is, the three slow exchanging °F signals of the p—lll adduct (Figure S27) display an anti, a horizontal, and a syn positioned
fluorine, respectively, thus, the three p—lll atropisomers could be respectively assigned to the computed p-lli(a), p—IlI(B)
and p—lll(y) structures. The second most abundant atropisomer of the p—Il adduct features two °F signals that represent an
anti, and a syn fluorine, respectively, thus, it could be assigned to the computed p—lI(B) structure etc. Note that based on °F
chemical shift, peak width and H-1°F coupling arguments it was not possible to specify whether the fluorinated horizontal
ring points the F atom towards the vertical (hy) or the tilted (hr) aryl ring. As discussed in Section 4, however, for these p-
borane adducts a more stable conformation is expected to form with the F atom being placed in the hr rather than the hy
position. By exploiting the presence of through space (TS) F-'°F J-couplings (Jr) this could be confirmed experimentally for
multiple p—Il (Figure 5) and p—l atropisomers (Figure S18). The emerging TS Jie-s reflect the spatial vicinity of the coupled °F
nuclei.’¥ In our systems TS Jg-s could be observed between horizontal-anti, anti—anti or syn—syn fluorine pairs. (Table S9)
That is, the two signals of the p—ll(a) atropisomer are both split by the large TS Ji of 39.5 Hz as a result of the spatial vicinity
(2.5 A in the computed structure) of the ar- and hr-positioned fluorines. Indeed, in the hy position (see the non-detected p—
11(6) structure in Table S5) the horizontal fluorine would be found too distant (~5 A) from the ar fluorine to generate
measurable TS Jg. Furthermore, the detected p—l(a) and p—l(y) atropisomers both feature the combination of 1 ar, 1 sy and
1 horizontal fluorine but differ from each other in the hr or hy direction of the latter. Again, the spatial vicinity of the ar- and
hr-positioned fluorines (2.6 A) in the p—I(a) atropisomer is reflected by their large TS J of 26.4 Hz. In contrast, the isolated
fluorine atoms (ar, sv, hv) of the p—I(y) atropisomer do not show any measurable TS Jg. Additional large TS Je-s could be
detected for the p—I(B) and p—I(8) atropisomers (Table S9) which confirm the spatial vicinity of their respective syn—syn and
anti—anti fluorine pairs. For these atropisomers, however, the particular TS Je with the horizontal fluorine does not specify
its hr or hy direction due to the symmetry of the F/Cl distribution on the vertical and tilted rings.

Allin all, using °F NMR spectroscopy and energetic arguments derived from the computations we could unambiguously
assign the detected 4, 3 and 3 atropisomers of p—I, p—Il and p-lll, respectively, to the corresponding computed structures.
Our assignment is further supported by the overall good agreement between the experimental and the computed
conformational distributions (Table S10) as well as *°F chemical shift data (Figure S30).
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Table S9. The through space (TS) 1°F-1°F scalar couplings (Jer) detected for particular p—1 and p—Il atropisomers. The values were obtained

from the corresponding *H-decoupled 1°F spectra (p+l: Figure S18, p+lI: Figure 5).

Figure S30. The correlation between the computed (6€) and the experimental (6F) 1°F chemical shifts of the detected p-adduct
atropisomers. The values were obtained at 243.2 K for p-Ill and at 298.2 K for both p-Il and p-I. The spatial position of the fluorine atom

F 6¢(ppm)

F 6¢(ppm)

is marked in parenthesis.
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p-adduct (atropisomer) Coupled F-pair Value of TS Jg (Hz)
p-ll(a) ar- hr 39.5
p-l(a) ar- hr 26.4
p—l(B) ar- hr 15.3
p-1(B) ar-av 80.0
p—1(8) ST- Sy 20.2
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Table S10. The experimental (PE) and computed (P€) conformational distributions of the three investigated p-borane adducts at 243.2 K.
The PEvalues were obtained from the corresponding 1°F signal integrals. The PEvalues were calculated as described in Section 1.2.

p-borane Detected atropisomers (fluorine PE (%) PC (%)
adduct spatial positions)
p-lil p-lil(a) (a7) 61.2 32.3
p—(B) () 29.7 61.7
p-1i(y) (sv) 9.1 6.0
p-ll p-ll(at) (ar, hy) 50.8 52.5
p-1I(B) (az, sv) 29.7 16.3
p=li(y) (A, sv) 19.5 31.2
p-l p-l(a) (a7, sv, hr) 85.2 94.8
p—l(B) (OT, ay, hT) 9.5 2.5
p-l(y) (as, sv, hv) 3.2 1.0
p—I(6) (Sv, ST, h'r) 2.1 1.7
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7. Kinetic and Thermodynamic Studies Using F-EXSY

p+lll system: In the mixture of p and Ill at 253.0 K the p—lll(a) atropisomer does not show exchange with other species while
the p-III(B) and p-Illl(y) atropisomers show complete dissociation and interconversion into each other as well. The
dissociation of both p=lll(B) and p-Ill(y) is much faster than their conversion into one another. The two aqueous forms of
p+11 (w-1lIl and w-I’, see Section 9) show exchange with each other only. (Figure S31) The exchange rate (kex) values of these
processes are collected in Table S11.

Table S11. Exchange rates (kex) of the species in the mixture of p and Il at 253.0 K. The distinct atropisomers of p-lll are indicated with
Greek letters whereas the aqueous forms of p and lll are indicated with w and w’.

Conformational
p+l system Dissociation and reassociation of p-Ill interconversions of p— Exchar;ges of tfhe agueous
m orms of p+lIl
Process B—>sp? sp>~>B y—>sp? sp?y By \ad ) wow wow
kex (s7) 10.0 2.8 5.6 0.4 0.2 0.2 1.2 1.9
a B w-lll sp?  w-lIr Y
| | | | | |
-108 = [ [ | [ [
E | —Y
=106 -
-104 -
| = ’
102 = ' § w-lll
100 | i I —sp?
-98 =
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Figure S31. The 19F-EXSY spectrum (564 MHz) of the p+lll system using a p to lll ratio of 3:1. The spectrum was recorded at 253.0 K with

the mixing time of 400 ms. The 1°F frequencies are assigned along both dimensions with the distinct p-lll atropisomer signals indicated

with Greek letters. Cross-peaks indicating the exchanges that involve the sp?lll form, the two aqueous forms of p+lil (w-11l and w-1II’) or
the atropisomers of p—lll exclusively, are highlighted with orange, blue and white squares, respectively.
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p+ll system: In the mixture of p and Il between 293.0 K and 333.0 K all the p—-Il atropisomers show complete dissociation and
interconversion with each other at sufficiently long mixing times. Due to the presence of the cross-contaminating sp? lll (see
Figure S10) we could not quantify the kinetics of the dissociation and reassociation processes. This, nonetheless, based on
the short mixing time °F-EXSY spectrum of the p+ll mixture containing the excess of Il (Figure S32) the dissociation of the p—
Il adduct atropisomers is a faster process than their interconversion. At 293.0 K the aqueous form of p+ll (w-Il) shows
chemical exchange with the sp? Il only but as the temperature increases it gradually participates in the exchanges with the
p-Il adduct as well. (Figure 7) The fluorine exchange rate (kg) values (Section 1.1.) associated with the conformational
interconversions of p—Il at 293.0 K are collected in Table S12 for illustration (other kr values: not shown). The ke values of
the diverse exchange processes of the p-Il species are collected in Table S13.

Table S12. Fluorine exchange rates (ke) associated with the p—Il conformational interconversions at 293.0 K. The distinct atropisomers of
p-Il are indicated with Greek letters whereas the spatial position of the chosen fluorine atom is shown in parenthesis. The initial and final
position of the fluorine upon the conformational exchange is indicated in the left column and top row, respectively. The kg-s of the same
conformational interconversion process are always within an order of magnitude regardless of the initial and final position of the chosen
fluorine.

_ 1 Final position
Ptk (s o (h) o (ar) B o) B sy v () Y
a(h) > 0.01 0.02 0.28 0.27
a(a)> 0.02 0.01 0.35 0.29
Initial B(d)> 0.01 0.01 0.04 0.03
position B(s)> 0.02 0.01 0.06 0.02
v(h > 1.0 1.2 0.02 0.09
V() > 0.61 0.35 0.07 0.03

Table S13. Exchange rates (kex) of the species in the mixture of p and Il at different temperatures. The distinct atropisomers of p-Il are
indicated with Greek letters whereas the aqueous form of p+ll is indicated with w. A hyphen means that no exchange between the
indicated species was detectable or the signal-to-noise ratio of the corresponding EXSY cross-peaks did not reach the level of quantification,
thus, the exchange rates were not quantified.

p+Hi

—1
system ke (71)

Conformational exchanges of p-lI Exchanges with the aqueous form of p+lI
(d] B>a oy y~>a By y->B oa>wW w-a Bow w-PB yow w-y
293.0 0.01 0.01 0.30 0.79 0.04 0.05 - - - - - -
300.0 0.02 0.03 0.66 2.08 0.12 0.22 - - - - - -

T(K)

303.0 0.08 0.10 1.39 4.52 0.21 0.34 0.03 0.04 - - 0.13 0.11
310.0 0.21 0.40 2.56 10.21 0.37 0.87 0.18 0.30 0.02 - 0.60 0.32
317.0 0.51 0.83 4.69 19.75 0.56 1.69 0.75 1.04 0.11 0.11 231 0.77
323.0 0.92 131 6.34 41.31 0.590 3.03 1.82 2.08 0.26 0.24 7.95 1.39
333.0 3.69 4.42 4.96[2] 82.62 0.680! 7.68 11.80 11.40 1.72 1.46 32.84 2.48

[a] Outlier values that were omitted from the fitting of the Eyring equation.
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Figure S32. The 19F-EXSY spectrum (564 MHz) of the p+ll system using a p to Il ratio of 1:2. The spectrum was recorded at 313.0 K with
the mixing time of 2 ms. The 19F frequencies are assigned along both dimensions with the distinct p—Il atropisomer signals indicated with
Greek letters. The EXSY cross-peaks of the identified p—Il adduct conformers (highlighted in orange) indicate their exchanges with the sp?
I1. At this short mixing time cross-peaks that would correlate the 1°F frequencies of the distinct p—Il atropisomers remain below the level
of detection which means that the p—Il conformational interconversions are slower processes than the dissociation and reassociation of

the p-Il adduct. A The 1°F-EXSY spectrum of the p+ll system with higher mixing time can be found in the main text (Figure 7).

Table S14. The experimental AG* values of the p—Il conformational interconversions calculated from the corresponding kex-s (Table S13) at
300.0 K. The distinct atropisomers of p—Il are indicated with Greek letters.

Conformational exchanges of p-li
Process oa—->B B>a oy y~>a By y—>B
AGE, .. (kcalmolY) 19.9 19.7 17.8 17.1 18.8 18.5

Table S15. The enthalpy (AH*) and entropy (AS*) of activation values of the exchanges detected for the p+ll system. The distinct
atropisomers of p—Il are indicated with Greek letters whereas the aqueous form of p and Il is indicated with w. The standard errors on the
values that originate from the error in the regression are indicated in squared brackets.

Conformational exchanges of p-lI

Process o—>B B~>a a-y y>o | B->v vy->B
AH? (kcal-mol-?) 28.3[3.7] 29.0[4.8] 18.9 [3.3] 22.1[2.5] 19.6 [5.0] 22.8[2.9]
AS* (cal-mol- K-1) 29.2 [12.0] 32.0[15.5] 3.9[10.8] 17.0[8.2] 2.3[16.7] 14.3[9.3]

Exchanges with the aqueous form of p+lI

Process oW wooo Bow w-B yow w-oy
AH? (kcal-mol-?) 38.4[0.4] 35.5[2.6] 38.5[1.8] 40.6 [3.0] 36.9[1.4] 26.3[1.2]
AS* (cal-mol- K-1) 64.1[9.4] 53.0[8.2] 57.8 [5.7] 64.1[9.4] 59.2 [4.3] 23.7[3.9]

p+l system: In the mixture of p and | at 323.0 K all the p-I atropisomers show complete dissociation and interconversion into
each other. (Figure S33) The dissociation of any p—I atropisomer occurs 1-2 magnitudes of order faster than their conversion
into another p-l atropisomer. The aqueous form of p and | (w-1) does not show any exchange. The corresponding kex values
are collected in Table S16.
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Table S16. Exchange rates (kex) of the species in the mixture of p and I at 323.0 K. The distinct atropisomers of p-I are indicated with Greek

letters.
Conformational interconversions of p—I Dissociation and reassociation of p—I
Process oa->B B>a oy y->a a—>6 5-a a->sp? sp’~>a B—>sp? sp>->B
kex (s71) 0.003 0.01 0.01 0.58 0.03 0.41 0.40 0.22 0.14 0.02
Process By v=>B B->6 5->B y>8 5y y->sp? sp>>y 6->sp? sp?>6
kex (s71) 0.01 0.05 0.07 0.11 0.28 0.04 6.04 0.13 1.53 0.006
da a By w-l sp? [ v a [
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Figure S33. 19F EXSY spectrum (564 MHz) of the mixture of p and | using a p to | ratio of 1:2. The spectrum was recorded at 323.0 K with
the mixing time of 600 ms. The 1°F frequencies are assigned along both dimensions with the distinct p—I atropisomer signals indicated with
Greek letters. Cross-peaks indicating fast dissociative equilibria between the sp2 and sp3 states of | are highlighted in orange. Cross-peaks
indicating the slow atropisomeric exchanges of the dative p-adduct are highlighted with white squares. The kinetically stable aqueous

complex w-I does not show exchanges with any other forms.
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According to Reviewers’ suggestions we added the °F EXSY spectrum of the p+ll system using a p:ll ratio of 3:1 (Figure S34).
Under these circumstances the sp? form is not detectable, and thus, the dynamic exchanges between the dative p—Il adduct
atropisomers and the Il sp? state is not detectable. This, nonetheless, the atropisomeric exchanges of the p—ll adduct remain
detectable.
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Figure S34. The 1°F-EXSY spectrum (564 MHz) of the p+ll system using a p to Il ratio of 3:1. The spectrum was recorded at 313.0 K with
the mixing time of 150 ms. The 1°F frequencies are assigned along both dimensions with the distinct p—Il atropisomer signals indicated
with Greek letters. Cross-peaks indicating the exchanges of the p—Il adduct atropisomers are highlighted with squares.
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8. PES Scans

To confirm the mechanism of the interconversion between the atropisomers of p-borane adducts, the barrier heights that
can be associated with these events were estimated via a series of potential energy surface (PES) scans carried out for the
p-Il adduct. The PES scans were performed at the same level of theory as the unconstrained geometry optimizations. Starting
from the energetically lowest lying atropisomeric state p-ll(a), the p moiety and the borane aryl rings were rotated
separately around the respective bonds formed with the central boron atom so as to mimic the intramolecular
rearrangements required for the conformational interconversions (Figure S35). In these calculations, only one ring was
rotated at a time while all other intramolecular coordinates, including the B—N distance and those of the other rings, were
unconstrained and allowed to relax freely. The relative electronic energies and B—N distances inferred by the ring rotations
are plotted in Figure S36. Accordingly, in the p—ll structure, the p (A) and the borane aryl ring (B, C and D) rotations are clearly
hindered as the points with the highest energies lie between 25 and 53 kcal'mol™ above the starting pomt These values are
remarkably higher than the experimental activation barriers of the conformational interconversions (AG300K) which are in
the 17.1-19.9 kcal'mol™ range as obtained from the exchange rates at 300 K (Table S14). We wish to highlight that the
dissociation of the p-Il adduct during these PES scans could be observed. These events were identified by the occasional
increase of the BN bond length from the prevailing 1.6-2.1 A to 3.5 A or above. Although most of the high-lying local maxima
for the ring rotations still belong to datively bound adducts, these allude to the preference for dissociation during the ring
rearrangements, as it can release the strain in these adducts. Overall, the PES scans suggest that the interconversion of the
distinct conformational states of a p-adduct cannot take place in the dative bonding sp?® state, but instead the complete
dissociation of the B—N bond is required for the transformation of isomers.

For comparison, we applied a similar PES screening for the ring rotation (E, F and G) barriers in the sp? Il borane structure as
well. The obtained PES profiles are depicted in Figure S37. The points with the highest energies lie between 14.3-19.6
kcal'mol™ above the starting point, which are much lower than the values obtained for the B-D rotations in the adducts. In
order to evaluate the accuracy of these barrier heights, we started transition state searches from the highest lying points.
These calculations resulted in structures with a single imaginary vibrational mode with frequencies between 46.0i cm™ and
48.5i cm™ that are all related to ring rotations. Relative energies of these structures are depicted as black dashed lines in
Figure S37. The differences between the heights of the peaks in the PES scans and the energies of the true transition states
corresponding to these peaks are on the scale of 0.7-7.7 kcal'mol™. These calculations not only reveal that the barrier heights
(11.9-13.6 kcal'mol™) allow the more facile rotation of the rings in the sp? boranes on the NMR timescale, but also give an
estimation about the inaccuracy of the PES scan evaluation of barrier heights. Considering these results, however, the
estimated barrier heights for the A-D ring rotations in the p-adducts are still considered sufficiently high to exclude the
interconversion of the distinct atropisomers through the dative bonding state.

We also carried out PES scans for borohydride [llI-H]" to monitor the rotational barriers of conformational changes. We
investigated the rotation of the 3 rings around the axes defined in Figure S38 (B, C and D refer to the analogous axes in the
piperidine complex defined in Figure S35). According to the scans, the barriers of these rotations are not higher than 27
kcal/mol and most of the estimated barriers range between 10 and 15 kcal/mol. These results clearly indicate that the
rotation of the aryl rings in the borohydride complexes is kinetically feasible at room temperature.

A:Hy-N-B-C,
B:C,-B-C,-C,
C:C,-B-C,—C,
D:C,—B-C,—C,

Figure S35. Potential energy surface scans carried out on the p—~Il adduct starting from the a conformation. A-D rotations are defined
with the noted atoms. The axes of rotation were depicted as dashed lines, and positive rotation directions are signed with black curved
arrows.
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Figure S36. Results of the potential energy surface scans performed on p-ll(a) towards negative direction (blue) and positive direction
(red). In each of the four segments, the top plots depict the relative electronic energies, and the bottom plots depict the B—N interatomic
distances in the system. Labels A-D refer to the rotations defined in Figure S35.
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Figure S37. Potential energy surface scans carried out on Il. (Top left) E, F, and G rotations are defined with the noted atoms. The axes of
rotation were depicted as dashed lines, and positive rotation directions are signed with black curved arrows. (Top right, bottom left, and
bottom right) Results of the potential energy surface scans towards (blue) negative direction and (red) positive direction. Relative
energies of the transition states starting from the peaks are depicted with black dashed lines and given in brackets.
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9. Aqueous Complexes and X-ray Crystallography

Despite the efforts to establish water-free conditions (dry solvents, glove box) aqueous forms of the dative p-borane adducts
(w-borane) also emerged in the toluene solutions. Such clusters of interacting borane, p and water molecules feature broad
19F NMR signals close to that of the sp? borane state. In the p+l, p+ll and p+lll mixtures respectively 1, 1 and 2 aqueous
clusters were detected. In these species the spatial vicinity of p to boranes | and respectively Il could be demonstrated
through °F-H HOESY correlations, see °F-'H HOESY spectra in Section 6. (Figures S28-529) The aqueous clusters appear
kinetically frozen as they do not undergo dynamic exchanges with the dative adduct or sp? forms at NMR timescale (Section
7) except for the p+ll system at higher (>300 K) temperatures. The distinction of the aqueous clusters and the dative p-
borane adducts could be made unequivocally using *°F diffusional NMR spectroscopy. Given their larger size, the aqueous
clusters were shown to diffuse about 20% and 30% slower than the corresponding dative p-adducts and the sp? state,
respectively. (Figures S39-541)
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Figure $39. 19F DOSY spectrum (376 MHz) of the mixture of p and Ill using a p to lll ratio of 3:1 recorded at 243.2 K. There are clear
differences in the diffusional coefficients of the distinct forms with the order of sp? lll > p—lll atropisomers > aqueous forms (w-1ll, w-
n).

43



o

0 2
D(10 m's)
3] » w N -
Lovastoanslonastonnslonnatonnslonentonnslonnatonnalonnatonnalonastonnslosantonsy

o

- |

~
i

©

T TS T F TP TE T T F T P T T TP T ST PSP e rr e e e
.76 78 80 -82 -84 -86 -88 -90 -92 -94 96 -98 -100 -102 -104 -106 -108 -110
"“F & (ppm)

w-ll

p-ll
sp?ll
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Figure S41. 19F DOSY spectrum (376 MHz) of the mixture of p and | using a p to | ratio of 1:2 recorded at 298.2 K. There are clear
differences in the diffusional coefficients of the distinct forms with the order of sp? | > p—I atropisomers > aqueous form (w-I).

Although the solution structure of the aqueous clusters was not investigated in detail, the crystal structures of the
aqueous p-lll adduct were determined using single crystal X-ray diffraction. Towards this, single crystals were grown from
the mixture of p and Il (3:1 ratio) using vapor diffusion directly in the NMR tube at 253.0 K. Based on the X-ray diffraction
experiments, the interaction of p and Ill indeed shows water-mediated as the crystal structures features a OH™ bonded to
the boron atom while a H* is taken up by a p molecule to form a [p—H]*~[OH-III]"complex. However, multiple crystal disorders
were observable causing variations in the number of p molecules per asymmetric unit and the conformation of the [OH-II]~
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unit as well. We distinguished crystal forms 1 and 2 based on the former aspect in which two and three p molecules complete
the asymmetric unit, respectively. In 2 the appearance of the 3™ p molecule showed disorder as its presence could be
confirmed in the ~60% of the asymmetric units. In 1 the orientation of the aryl rings appeared to be disordered. The two
emerging conformers can be best characterized by the orientation of the fluorinated aryl ring which’s Cl or F atom is points
towards the O atom in 60% (form 1-A) and 40% (form 1-B) of the structures, respectively (Figure S42 and Figure S43). The
arrangement of the [OH-III]" unit is quasi-identical in 2 and 1-B. (Table S17)

Figure S42. The overlay and relative ratio of the best fit structures in crystal form 1. The following color coding was applied:
blue —F, green —Cl, gray — C, red — O, pink — B.
Top view

LA 4

Figure S43. The top and bottom views of the [OH-III]~ unit of 1-A and 2 are shown in vdW representation.
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Table $17. List of the analyzed interatomic distances (r) in 1-B and 2.

Contact r(A)in 1-B r(A)in2
O-N 2.714(3) 2.73(3)
0-B 1.495(3) 1.47(3)
0-Cl 3.0044(18) 2.909(15)
0-Cl 2.981(4) 2.899(15)
O-F 2.741(12) 2.764(17)

(0)H-CI 232

Close contacts detected for the OH™ oxygen to the halogen atoms unambiguously fixed its position in both forms (Table
S17). The hydrogen atom positions could be determined based on the difference electron density map in case of 1.
Unfortunately, the crystal size and stability were sub-optimal for the localization of the water hydrogens and the p HV-s in
case of 2. Nevertheless, based on the experimental data we can assume that the H-bonding pattern is similar in 1 and 2
(Figure S44). We conclude that the crystal structures demonstrate that for the water molecule (and subsequently for p) it is
possible to attack both the fully chlorinated and the fluorinated sites of the [OH-1II]” unit. CCDC 2004799 (1) and 2004800
(2) contain the supplementary crystallographic data for this paper. The data is available in the Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/structures.

Figure S44. The plausible hydrogen-bonding system in the asymmetric unit of 1-A and 2. The water hydrogen and p HN positions in 2
could not be found in the difference electron density map.

Crystal Clear® (developed by Rigaku Company) software was used for data collection and the refinement of crystals 1 and
2. Numerical absorption corrections or empirical correction®-3¢ were applied to the data. The structures were solved by
direct methods. Anisotropic full-matrix least-squares refinements were performed on F? for all non-hydrogen atoms.
Hydrogen atoms bonded to C atoms were placed in calculated positions and refined in a riding-model approximation. The
computer programs used for the structure solution, refinement and analysis of the structures were Shelx®7-3%, Sir201457,
Wingx“ and Platon®Y. Visualization software Mercury!*? was used for the graphical representation of the described
structures. For interatomic distance measurements the sum of vdW radius of the O+Cl and O+F atom pairs were specified
around 3.27 A and 2.99 A, respectively®3). Further details on the crystallographic data, data collection and the refinement of
1 and 2 are collected in Table S18 and Figure S45.

Crystal data of 1: C13H9BCIsF, H,0, 2CsH11N, Fwt.: 620.62, colourless, block, size: 0.50 x 0.25 x 0.20 mm, monoclinic, space
group P 21/n, a = 8.5595(2) A, b = 18.0868(4) A, c = 18.9345(4) A, a = 90°, 8 = 99.522(7)°, y = 90°, VV = 2890.94(13) A3, T =
103(2)K, Z= 4, F(000) = 1288, D, = 1.426 Mg/m?3, 1 = 0.534 mm™. A crystal of 1 was mounted on a fiber. Cell parameters were
determined by least-squares using 131696 reflections in the range of 3.02° < < 29.095°. Intensity data were collected on a
Rigaku RAXIS-RAPID Il diffractometer (monochromator; Mo-Ka radiation, A = 0.71075 A) at 103(2) K in the range of 3.025° <
J < 25.349°. A total of 116433 reflections were collected of which 5286 were unique (R(int) = 0.0357, R(o) = 0.0114);
intensities of 5089 reflections were greater than 2o0(/). Completeness to ¥ = 0.998. A numerical absorption correction was
applied to the data (the minimum and maximum transmission factors were 0.958676 and 0.986656, respectively). The
structure was solved by direct methods (and subsequent difference syntheses). Anisotropic full-matrix least-squares
refinement on F? for all non-hydrogen atoms yielded R; = 0.0509 and wR? = 0.1165 for 1332 [/>20(/)] intensity data; and Ry =
0.0536 and wR? = 0.1180 for all the 5286 unique intensity data (number of parameters = 410, goodness-of-fit = 1.195, the
maximum and mean shift/esd is 0.000 and 0.000). The maximum and minimum residual electron density in the final
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difference map was 0.67 and —0.51 e'’A3.The weighting scheme applied was w = 1/[0%(F,2)+(0.04443.6442P)*+3.6442P) where
P = (F,2+2F:)/3. Hydrogen atomic positions were calculated from assumed geometries except H10, HINA, HINB, H2N which
were located via the difference maps. Hydrogen atoms were included in structure factor calculations, but they were not
refined. The isotropic displacement parameters of the hydrogen atoms were approximated from the U(eq) value of the atom
they were bonded to. In the refinement procedure of crystal 1 disorder conformations were considered. The occupancy of
the C13A C14A C15A C16A C17A C18A CI5A F1A and the C13B C14B C15B C16B C17B C18B CI5B F1B rings were found to be
60% and 40%, respectively.

Crystal data of 2: C1sHsBClsF, H,0, 3CsH11N, Fwt.: 633.42, colourless, platelet, size: 0.25 x 0.25 x 0.01 mm, monoclinic, space
group C ¢, a = 10.208(2)A, b = 17.008(3)A, ¢ = 20.085(4)A, a = 90°, 8 = 91.581(6)°, y = 90°, V = 3486(1)A3, T = 123(2)K, Z= 4,
Z’=1, F(000) = 1310, D, = 1.207 Mg/m?3, 11 0.445 mm™, A crystal of 2 was mounted on a fiber. Cell parameters were determined
by least-squares using 10248 reflections in the range of 3.045° < ¥ < 21.85°. Intensity data were collected on a Rigaku R-AXIS-
RAPID Il diffractometer (monochromator; Mo-Ka radiation, A = 0.71075 A) at 123(2) K in the range of 3.052° < & < 21.897°. A
total of 14920 reflections were collected of which 4200 were unique [R(int) = 0.1706, R(o) = 0.1662]; intensities of 2303
reflections were greater than 20(/). Completeness to ¢ = 0.992. A numerical absorption correction was applied to the data
(the minimum and maximum transmission factors were 0.971643 and 0.996687). The structure was solved by direct methods
(and subsequent difference syntheses). Anisotropic full-matrix least-squares refinement on F? for all non-hydrogen atoms
yielded R; = 0.1116 and wR? = 0.2789 for 1332 [/>20(/)] intensity data; and R; = 0.1705 and wR? = 0.3163 for all the 4200
unique intensity data (number of parameters = 271, goodness-of-fit = 0.994, the maximum and mean shift/esd is 0.019 and
0.001). The absolute structure parameter is 0.5. (Friedel coverage: 0.997, Friedel fraction max.: 0.993, Friedel fraction full:
0.993). The maximum and minimum residual electron density in the final difference map was 0.71 and —0.36 e’A=3. The
weighting scheme applied was w= 1/[0%(F,%)+(0.17860.0000P)?+0.0000P] where P = (F,2+2F.2)/3. Hydrogen atomic positions
were calculated from assumed geometries. Hydrogen atoms were included in structure factor calculations, but they were
not refined. The isotropic displacement parameters of the hydrogen atoms were approximated from the U(eq) value of the
atom they were bonded to. Two disordered p molecules were partially modelled in crystal 2. The occupancy of the N2 C24
C25 C26 C27 C28 and N3 C29 C30 C31 C32 C33 rings showed 60%.
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Table $18. Summary on the crystallographic data, data collections, structure determination and the refinement of crystals 1 and 2.

crystal structure 1 2
CCDC 2004799 2004800
Empirical formula C13HloBC|5F, Hzo, C13HloBC|5F, Hzo,
2CsHi1N 3CsHi1N
Formula weight 620.62 633.42
Temperature (K) 103(2) 293(2)
Radiation and wavelength (A) Mo-Ka, Mo-Ka,
1=0.71075 1=0.71075A
Crystal system monoclinic monoclinic
Space group P21/n Cc
Unit cell dimensions:
a(A) 8.5595(2) 10.208(2)
b (A) 18.0868(4) 17.008(3)
c(A) 18.9345(4) 20.085(4)
(%) 90 90
8(°) 99.522(7) 91.581(6)
v(°) 90 90
Volume 2890.94 (13) 3485.8(12)
27 4;1 4;1
Density (calculated) (Mg/m3) 1.426 1.20
Absorption coefficient, 0.534 0.445
p(mm)
F(000) 1288 1310

Crystal colour, description

colourless, block

colourless, platelet

0.50x0.25x0.20

0.25x0.25x0.01

Crystal size (mm)
Absorption correction numerical numerical
Max. and min. transmission 0.958676 and 0.971643 and
0.986656 0.996687
U-range for data collection 3.025° << 25.349° 3.052° <$<21.897°
Index ranges -10<h<10; -10<h<10;
—-21< k <21; -17< k<17;
-22<1<22 -21</<21
Reflections collected 116433 14920
Completeness to 2¢ 0.998 0.992
Independent reflections 5286 4200
[R(int) =0.0357] [R(int) =0.1706]
Reflections I > 20(/) 5089 2303
Data / restraints / parameters 5286 /72 /410 4200/121/271
Goodness-of-fit on F2 1.195 0.994
Final R indices [ /> 20(/)] R; =0.0509, R;=0.1116,
wR2=0.1165 wR2=0.2789
R indices (all data) R1=0.0536, R1=0.1705,
wR2=0.1180 wR2=0.3163
Max. and mean shift/esd 0.000; 0.000 0.019; 0.001
Largest diff. peak and hole (e.A-3) 0.67 and —0.51 0.71 and -0.36
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Direction 1 (50% ellipsoid) Direction 2 (50% ellipsoid)

- }

Figure S45. ORTEP style ellipsoid [40] representation of the asymmetric units
of 1 and 2. Hydrogen atoms are omitted for clarity.
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10. Additional Borohydride and FIA Calculations

1) Test calculations using diffuse basis functions in the geometry optimization of the borohydride adducts

In order to check whether our computational protocol described in Section 1.2 can be reliably applied to the negatively
charged borohydride species as well, we carried out test calculations for the four borohydride rotameric states derived from
borane I. In these calculations, the geometries of the borohydride conformers (and that of borane I as well) were optimized
using the 6-311++G(d,p) basis set, which includes diffuse functions for all atoms. LNO-CCSD(T)/CBS energies were computed
using the reoptimized structures and the hydride affinities were estimated based on the electronic energies for both sets of
optimized structures. The results are summarized in Figure S46.

[I-H]~(0) [I-HI-(B)
(0.0; 0.0) (0.8;1.0)

[I-H]=(5)
(3.1;3.3)

Figure S46. Overlay of optimized structures obtained with the 6-311G(d,p) and 6-311++G(d,p) basis sets. The original structures are in
white, those obtained with the extended basis are colored. Relative stabilities are given in parentheses (in kcal/mol). First and second
numbers correspond to results obtained with 6-311G(d,p) and 6-311++G(d,p) basis sets, respectively.

The overlay images display only slight variations in the orientation of the aryl groups, and the computed bond lengths differ
by less than 0.005 A. Our test calculations indicate that the hydride affinities obtained with our original protocol and those
computed using the reoptimized structures differ by at most 0.2 kcal/mol, which confirms the relevance of the approximation
used in our computational protocol.

2) Comparison of hydride and fluoride ion affinities

Calculations were carried out using our computational protocol to parallel the hydride ion and fluoride ion affinities (HIA and
FIA) as two different measures of Lewis acidity. The FIA calculations were carried out for the four different rotameric states
of fluoride adducts [I-F]~ with borane I, which are analogous to those of the hydride rotamers. The relative stabilities of
hydride and fluoride species computed from the electronic energies are listed in Table S19. The results indicate that the
relative stabilities of fluorides span a somewhat narrower energy range, the stability order of the rotamers follows that
obtained for the analogous hydride forms.

Table S19. Relative stabilities (in kcal/mol) computed for various rotameric states of [I-H]~ hydride and [I-F]- fluoride adducts.

hydrides fluorides
[I-XI"(a) 0.0 0.0
[I-XI-(B) 0.8 0.5
[1-XI(y) 2.1 1.6
[I-XI(6) 3.1 2.4
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11. Additional Activation-Strain Analysis

To verify our assumption that the different stability of different hydride/piperidine complexes mainly originates from the
difference in the back-strain, we carried out activation-strain analysis on some structures. In the activation-strain model*¥,
the energy of adduct formation is separated into two terms, the strain energy and the interaction energy:

AE = AEstrain + AEint'

AE i .in is the energy required to distort the borane (and piperidine in the case of p-adducts) from their optimized geometry
into their structure in the complex:

distorted __ EOPt
borane borane

AEstrain(b)

— distorted opt
AEstrain - (+EP B Ep )’

AEstrain(p)

and AE;,, is the energy gain from the interaction of the distorted molecules:

distorted

distorted
borane '

AEint = Ecomplex p/H™

This analysis was carried out at the B3LYP-D3/6-311G(d,p) level of theory.

We first compared the formation the borohydrides [I-H](at) and [I-H]7(8). These borohydrides can be derived from borane
I(B) by the attack of a hydride-ion from the bottom and the top side respectively (see Table S3). Upon the bottom side attack,
the chlorines of the aryl groups get closer to each other, while after a top side attack, the fluorine atoms will be close. The
steric strain is expected to be smaller in the latter case, which is reflected in the 1.4 kcal/mol lower strain energy (Table S20).
The interaction energy is 1.6 kcal/mol lower in this borohydride and thus the overall formation energy difference is 3.0
kcal/mol. These results suggest that the reduced steric strain and the larger interaction energy are equally important in the
overall greater stability of the [I-H] (at) adduct. However, we note that AE;.;iy, is likely underestimated in the neutral borane
as in the borohydride adduct, the negative charge is partially distributed among the aryl rings, and the repulsion is more
enhanced between charged moieties.

Table S20. Strain, interaction and total formation energy of borohydrides [I-H]-(at) and [I-H]~(8) [kcal/mol].

AEStI‘aiH AEint AE
[IFH] (@) 23.1 -116.1 -93.0
[I=-HI~(6) 24.5 -114.5 -90.0

Next, we investigated the importance of steric strain in piperidine complexes. The activation-strain analysis was carried out
for the most favored isomers of each adduct: p-lli(a) (Table S4), p-ll(a) (Table S5) and p—l(a) (Table S6). The results are
collected in Table S21. The results reveal that the interaction energies and the strain energies originating from the distortion
of the piperidine (AEiain (p)) are similar in the three complexes and the changes in the stability can primarily be attributed
to the changes in the back-strain (AEgi 4in (b))

Table S21. Strain, interaction and total formation energy of piperidine adducts [kcal/mol].

AEstrain (b) AEstrain (p) AEint AE
p-lii{a) 485 3.4 -64.5 -12.6
p-i(a) 41.6 3.0 -63.9 -19.2
p-i{a) 36.0 3.2 -65.3 -26.0
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12. 'F NMR Spectra of the Quinuclidine+Borane Systems

In the presented piperidine—borane LA-LB adducts the syn positioned halogen atoms are able to form hydrogen bonds with
the N—H group of the Lewis base which most likely increases the number of stable atropisomers per adduct. However, it is
important to emphasize that this stabilizing effect is not prerequisite for atropisomer formation. To illustrate the
atropisomeric dative adduct forming capacity of boranes | and Il with a LB lacking N-H group, the °F spectra of the
quinuclidine (1-azabicyclo[2.2.2]octane)+l and quinuclidine+ll systems are shown in Figure S47. These were recorded during
the LB screening described in Section 3 (see quinuclidine as entry C in Figure S2). Based on the observations with the
p+borane systems, the downfield shifted (>-90 ppm) °F resonances indicate the presence of multiple atropisomers for both
the quinuclidine=l and quinuclidine=ll dative adducts. At ambient temperatures these adducts appear dynamic and
kinetically more labile than the p—1 and p—ll adducts as only about 20% of the sp? borane forms adducts with the LB. Notably,
in contrast to the p+borane systems, in the '°F spectra of quinuclidine+l and quinuclidine+ll systems no upfield shifted (<—
107 ppm) °F NMR signals are present. This supports the assignment of the upfield shifted °F NMR signals of p—borane
adducts to the N-H~F hydrogen bonded syn fluorine atoms. (see Sl section 5) Thus, the LB quinuclidine is also suitable to
generate atropisomeric dative adducts with boranes I and Il due to the directional anisotropy of the boranes, so the N-H-Cl
or N-H~F hydrogen bond is not a prerequisite of multiple atropisomeric adduct formation. However, to demonstrate the MLA
experimentally, we chose piperidine (p) as a model base which generated higher number of atropisomeric states for its
respective dative adducts with I, and Il (and also, with 111). Also, for the p—borane adducts high quality *°F NMR spectra could
be obtained in a wide temperature range with sharp °F NMR signals that allowed their detailed structural and dynamic
characterization of the p—borane systems.

quinuclidine +1

. L _ w-| signal
quinuclidine-I atropisomer
signals
A
| |

" i

quinuclidine +1I sp? Il signal

quinuclidine-Il atropisomer
signals

A
[ |

A A | JL

T T T T T T T T T T T T T T T T T T T T T T

-85 -86 -87 -88 -89 =90 -91 92 -93 -94 -95 96 -97 98 -99 -100 -101 -102 -103 -104 -105 -106 -107 -108 ~-109

BF chemical shift (ppm)

Figure S47. 1°F spectra (564 MHz) of the quinuclidine+l (top) and quinuclidine+ll (bottom) systems using the quinuclidine to borane ratio
of 3:1 recorded at 298.2 K in toluene-d8.
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List of Atomic Coordinates

Boranes:

HI(a): (a):

B -0.03735100 -0.05510100 -0.06874000 B -0.06775800 0.02352000 -0.13018700
C -1.61019800 0.01204900 -0.12890800 C -1.39155000 0.85234000 -0.25232300
C 0.80990700 1.26476500 0.07559300 C 1.30310400 0.79633500 -0.06227300
C 0.67285000 -1.44540700 -0.18244700 C -0.10154000 -1.54081500 -0.13519500
C 1.72700000 -1.88194100 0.63656900 C 0.66155800 -2.37712800 0.69784300
C 2.33212700 -3.12385900 0.48658100 C 0.60158900 -3.76448500 0.63241300
C 1.89468100 -3.97501700 -0.52455300 C -0.23117800 -4.36622600 -0.30624300
C 0.85484400 -3.59395100 -1.36602900 C -1.00433800 -3.58878500 -1.16181700
C 0.27169900 -2.35559400 -1.16663700 C -0.92589800 -2.21290600 -1.04709100
cl 2.28131700 -0.87212200 1.96822300 cl 1.69842800 -1.68289800 1.93960000
H 3.12940200 -3.41799900 1.15560300 H 1.19772100 -4.36020400 1.31023900
H 2.36714200 -4.94139500 -0.65364900 H -0.27664100 -5.44688800 -0.36864900
H 0.49297800 -4.22834100 -2.16433300 H -1.65841000 -4.02177500 -1.90702200
F -0.72132000 -1.99146200 -2.00904900 F -1.67143700 -1.47783200 -1.90280400
C 1.82887800 1.60461000 -0.82957400 C 2.28881200 0.66203000 -1.04713600
C 2.58223700 2.76663800 -0.72451900 C 3.49694300 1.34677100 -1.00902100
C 2.33812700 3.63707900 0.33164600 C 3.75251100 2.20094300 0.05847900
C 1.34848600 3.34716700 1.26354600 C 2.80788700 2.37114500 1.06552000
C 0.60516600 2.18278400 1.11761500 C 1.60749100 1.67784700 0.98243100
cl 2.15902300 0.56432700 -2.21552400 cl 1.98045400 -0.38264800 -2.43562000
H 3.34432000 2.98210400 -1.46136000 H 4.21857300 1.21252700 -1.80370600
H 2.92235600 4.54434400 0.42911600 H 4.69257000 2.73765100 0.10553200
H 1.15383300 4.00871800 2.09699200 H 2.99633600 3.02669000 1.90522500
cl -0.59227100 1.83585700 2.36350100 cl 0.44864800 1.87232200 2.29863400
C -2.42061500 -0.70936700 0.76197000 C -2.54261800 0.64156100 0.52371800
C -3.80839400 -0.66191700 0.73543700 C -3.69507500 1.40545700 0.38594800
C -4.43821300 0.11893000 -0.22755300 C -3.72966800 2.41467500 -0.57285900
C -3.68577300 0.84331200 -1.14468500 C -2.62022400 2.66441300 -1.37306600
C -2.29920300 0.78271600 -1.07687800 C -1.48916400 1.88902700 -1.18562900
cl -1.67229700 -1.67963600 2.03159000 cl -2.53386600 -0.58711400 1.78706600
H -4.38055800 -1.22585700 1.45988900 H -4.54757000 1.21362100 1.02334200
H -5.52026200 0.16173100 -0.26390100 H -4.62710400 3.00959600 -0.69304900
H -4.16135000 1.44606400 -1.90673100 H -2.61384700 3.43718600 -2.13038200
cl -1.39288200 1.68047600 -2.29423300 F -0.42489400 2.13411700 -1.98356800
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=

""IIIQOOOOOOIIIOOOOOOOIII'ﬂﬁﬁﬁﬁﬁﬁﬁﬁm

0.00000000
1.32676300
0.00000000

-1.32676300

-2.53627200

-3.75483200

-3.79348400

-2.63014600

-1.42659100

-2.51787900

-4.63806400

-4.73421000

-2.65296100
0.00000000

-0.20052500

-0.19781800
0.00000000
0.19781800
0.20052500

-0.41764200

-0.34504300
0.00000000
0.34504300
0.41764200
1.42659100
2.63014600
3.79348400
3.75483200
2.53627200
0.00000000
2.65296100
4.73421000
4.63806400

2.51787900

0.00000000
0.33940800
0.00000000
-0.33940800
0.23307600
0.00769900
-0.86069600
-1.48006700
-1.20798000
1.09578400

0.50847400
-1.06049300
-2.16874200
-2.05599100
-1.16745400
-1.19153800
0.00000000
1.19153800
1.16745400
-2.69142400
-2.12600200
0.00000000
2.12600200
2.69142400
1.20798000
1.48006700
0.86069600
-0.00769900
-0.23307600
2.05599100
2.16874200
1.06049300
-0.50847400
-1.09578400

0.06568300
-0.69139000
1.64168700
-0.69139000
-0.28066500
-0.89652700
-1.98161100
-2.43057900
-1.79214300
0.75963400
-0.52263200
-2.48052000
-3.26417900
-2.38157500
2.38432000
3.77328600
4.46412200
3.77328600
2.38432000
1.52091700
4.29821300
5.54762600
4.29821300
1.52091700
-1.79214300
-2.43057900
-1.98161100
-0.89652700
-0.28066500
-2.38157500
-3.26417900
-2.48052000
-0.52263200
0.75963400

=

IIIQOOOOOOIII'HOOOOOOIII'HOOOOOOOOW

o

0.00000000
0.00000000
0.40754300

-0.40754300

-1.27961500

-1.74566400

-1.30745400

-0.42629200
0.00000000

-1.73680800

-2.43401300

-1.65144000

-0.06844400
1.14952900
1.27961500
1.74566400
1.30745400
0.42629200
0.00000000
1.73680800
2.43401300
1.65144000
0.06844400

-1.14952900

-1.15191500

-1.17474900
0.00000000
1.17474900
1.15191500

-2.67474000

-2.09773400
0.00000000
2.09773400
2.67474000

0.00000000
0.00000000
-1.29575500
1.29575500
1.20115500
2.28255500
3.55309600
3.71953500
2.60352600
-0.02223400
2.11511200
4.41915100
4.70172200
2.88627500
-1.20115500
-2.28255500
-3.55309600
-3.71953500
-2.60352600
0.02223400
-2.11511200
-4.41915100
-4.70172200
-2.88627500
0.27642500
0.27536300
0.00000000
-0.27536300
-0.27642500
0.57460500
0.48261500
0.00000000
-0.48261500
-0.57460500

-0.17947300
1.39572600
-0.96011700
-0.96011700
-2.05232700
-2.77751000
-2.41988800
-1.35603700
-0.64443300
-2.40456400
-3.59532900
-2.97254900
-1.07868000
0.65999800
-2.05232700
-2.77751000
-2.41988800
-1.35603700
-0.64443300

-2.40456400

-3.59532900
-2.97254900
-1.07868000
0.65999800
2.14362400
3.53205900

4.22382100
3.53205900
2.14362400
1.30323500
4.05686300
5.30729500
4.05686300
1.30323500
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I(a):

cooooo0oonn®

I T T TOOOOO™TTIIIO

ooo0oo0oo0ooo

M T T T

-0.09109900
1.00805600
0.29315300

-1.59961300
-2.62560100
-3.95406500
-4.29601600
-3.31922500
-2.00866300
-2.23452500
-4.70379300
-5.33007200
-3.55060000
-1.06936700
-0.26005600
0.03362200
0.92178300
1.49733100
1.18409100
-1.10917000
-0.42859000
1.16699200
2.17830200
1.90409100
2.20014200
3.15137000
2.93407500
1.77156200
0.84575100
2.51756400
4.04568000
3.67555500
1.57182500
-0.26781900

-0.10607600
-1.21229900
1.40988500
-0.52448700
0.02338000
-0.36989900
-1.33644000
-1.91189600
-1.49954100
1.21445600
0.07226800
-1.64300100
-2.66229000
-2.05594200
2.21678500
3.55777800
4.15466500
3.41208300
2.06359700
1.64564600
4.10365400
5.20469900
3.87058400
1.18335500
-1.27008900
-2.26759200
-3.25008100
-3.24327100
-2.24048600
-0.07862700
-2.27279000
-4.02530300
-3.98802800
-2.23727000

0.08122300
-0.05594700
0.16243900
0.15972700
-0.62420100
-0.50999100
0.43184400
1.23807500
1.07336800
-1.86462700
-1.15208000
0.53444900
1.98252700
1.87428600
1.16145400
1.33183400
0.44322200
-0.58434800
-0.70268100
2.04745500
2.14368400
0.54834100
-1.28849700
-2.04891800
0.68503100
0.50683800
-0.45510300
-1.21834400
-0.99152000
1.94455800
1.11502600
-0.60688800
-1.97740400
-1.75981700

=

""IIIQOOOOOOIII'HOOOOOT‘IIIﬁﬁﬁﬁﬁﬁﬁﬁﬁm

0.00000000 0.00000000 0.22995100

0.00000000
1.35597500
-1.35597500
-1.69050600
-2.90485500
-3.82937800
-3.54743100
-2.33188300
-0.57450100
-3.12130400
-4.77569600
-4.24181100
-2.06312600
1.57038600
2.74247500
3.77097400
3.61737600
2.42711000
0.58198800
2.83049100
4.69801700
4.40543200
2.25164000
-0.73660400
-0.71252000
0.05840400
0.80495600
0.76149700
-1.67713900
-1.28412800
0.07767900
1.41132000

-1.56574500
0.78287300
0.78287300
1.82657100
2.49986700
2.14345300
1.11862700
0.46701200
2.26828200
3.28486900
2.66755300
0.81935900
-0.51912400
1.78596300
2.51285100
2.24461200
1.26574500
0.55073600
2.04628200
3.26383700
2.80209800
1.06069400
-0.63660800
-2.37730700
-3.76561200
-4.38806600
-3.63147900
-2.25297600
-1.63167400
-4.34556300
-5.46965100
-4.08319600

0.25364600
0.25364600
0.25364600
-0.62144800
-0.56196500
0.41638700
1.31396000
1.20243500
-1.91191900
-1.27387700
0.47597600
2.08793200
2.09013900
1.20243500
1.31396000
0.41638700
-0.56196500
-0.62144800
2.09013900
2.08793200
0.47597600
-1.27387700
-1.91191900
-0.62144800
-0.56196500
0.41638700
1.31396000
1.20243500
-1.91191900
-1.27387700
0.47597600
2.08793200

1.48113800 -1.52715700 2.09013900
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Hydride Complexes:

[-H]-(): [I=H]-(B):

C 04819280 1.4448770 0.1930300 C -1.2035620 -1.1088490  0.3300020
B -0.0270040 -0.0968840  0.4433760 B 0.0045900 -0.0329660 0.5826750
H  -0.0669230 -0.1646490 1.6465150 H 00095910 0.0944070 1.7824920
C  1.0158520 -1.2811340 0.0250130 C -0.3056360 1.4812030 0.0345520
C -1.5687500 -0.3901830 -0.0395750 C  1.5198650 -0.5906550 0.2847710
C -2.3732310 -1.3037640 0.6668450 C 26161220 -0.0297960 0.9697630
C -3.7173470 -1.5522920 0.4069730 C  3.9274870 -0.4864810 0.8935190
C  -43412560 -0.8746130 -0.6326870 C 42166410 -1.5786370 0.0853430
C -3.6000620 0.0090660 -1.4051670 C  3.1948630 -2.1655030 -0.6481430
C -2.2554810 0.2134450 -1.1057600 C  1.9010660 -1.6594990 -0.5451500
€l -1.6763750 -2.2762230 1.9864160 Cl 2.3851460 1.4030890 2.0017660
H  -4.2591010 -2.2677810 1.0124470 H 47040890 0.0108470 1.4605220
H  -5.3904410 -1.0455430 -0.8481260 H 52302650 -1.9583560 0.0166010
H -4.0481260 0.5301920 -2.2416450 H  3.3920800 -2.9991040 -1.3101950
€l -1.4008740 1.2844270 -2.2396480 €l 07288280 -2.4222060 -1.6443170
C 22091810 -1.5140190 0.7235720 C -1.2458820 2.2893750 0.7022760
C  3.0926350 -2.5587770 0.4610440 C -1.5200820 3.6178030 0.3951140
C 27956850 -3.4525240 -0.5614840 C -0.8348260 4.2250350 -0.6494410
C  1.6329510 -3.2759730 -1.3038100 C  0.0850690 3.4825940 -1.3769150
C 07993620 -2.2114310 -0.9953250 C 03128940 2.1523260 -1.0338110
Cl 2.6992850 -0.3990300 2.0195950 €l -2.2208600 1.6154630 2.0310800
H  3.9957390 -2.6616220 1.0489190 H  -2.2605890 4.1607580 0.9684840
H  3.4679600 -4.2749260 -0.7803790 H -1.0259160 5.2623340 -0.9021150
H 13612560 -3.9346190 -2.1198200 H 06162870 3.9183530 -2.2135200
F -0.2962350 -2.0765060 -1.7913660 €l 1.4243650 1.2933290 -2.1240470
C 15119200 1.8973270 -0.6498900 € -2.2238910 -1.1126240 -0.6284980
C  1.9734160 3.2101200 -0.7091160 C  -3.2664280 -2.0395660 -0.6699110
C  1.3792850 4.1785690 0.0879100 C -3.3148220 -3.0526500 0.2787130
C  0.3265900 3.8173190 0.9187980 C -2.3180590 -3.1260580  1.2469500
C  -0.0857500 2.4894470 0.9493240 C 13151140 -2.1707320 1.2373440
€l 2.2930510 0.7998630 -1.8128650 €l -2.2211190 0.0706300 -1.9553410
H 27805050 3.4632200 -1.3847670 H  -4.0175080 -1.9667060 -1.4460420
H 17249240 52060240 0.0535370 H -4.1167770 -3.7824970 0.2580210
H -0.1726010 4.5499060 1.5401390 H  -2.2984740 -3.9024100 2.0021970
Cl -1.4594190 2.1615530  2.0347630 F -0.3609300 -2.3068560 2.1973230
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[-H]-():

C
B
H
C
C
C
C
C
C
C

T T OOOO0OO0OO0OO0MIITITOOOOOO0OTMIIIO

ox

1.1929590
-0.0972160
-0.1582900
0.0969090
-1.5172220
-2.7415620
-3.9666810
-4.0108570
-2.8366260
-1.6513550
-2.7978580
-4.8650160
-4.9530670
-2.8167810
-0.5494310
1.0196980
1.1741520
0.3651700
-0.5673380
-0.6633760
2.1178710
1.9166210
0.4648530
-1.2131090
-1.5630310
2.1514810
3.2897100
3.5103870
2.5770520
1.4619820
1.9408910
3.9816330
4.3922730
2.7040290
0.3119300

0.9740780
0.0288250
0.0626980
-1.5625060
0.6513510
0.3642930
0.9202570
1.8238430
2.1393560
1.5461780
-0.8138400
0.6432430
2.2713350
2.8250370
1.8764550
-2.3575010
-3.7319350
-4.3920330
-3.6642630
-2.2974270
-1.6018460
-4.2671500
-5.4620650
-4.1263000
-1.6457660
0.7540960
1.5311480
2.6342700
2.9505880
2.1337960
-0.5575680
1.2752120
3.2504810
3.8189310
2.6781200

0.0328570
0.4082190
1.6125850
0.0861600
-0.1102230
0.5090220
0.1454030
-0.9102010
-1.5848550
-1.1749520
1.8420080
0.6822220
-1.2073130
-2.4233550
-1.9033670
0.7801860
0.6087170
-0.3086790
-1.0404880
-0.8282490
1.9595440
1.1867720
-0.4546700
-1.7774380
-1.6151730
-0.9702320
-1.1694570
-0.3559640
0.6227690
0.7835510
-2.1550910
-1.9617840
-0.4937780
1.2567410
2.0308100

[I-HI(B):

C
B
H
C
C
C
C
C
C
C

C
H
H
H

oOoo0oo0oo0ooo

I T T TOOOOO™TTIII

o

0.8313130
-0.0763920
-0.1031330

0.5876870
-1.6535250
-2.6623710
-4.0294470
-4.4678990
-3.5306820
-2.1745210
-2.2294810
-4.7324250
-5.5286400
-3.8381660
-1.0874160

1.6913710

2.2544770

1.7032260

0.6123210

0.1031940

2.4958320

3.1111610

2.1244980

0.1531530
-0.9386810

0.5402340

1.2383740
2.3314900
2.6770450

1.9255570

-0.5237150

0.9161130

2.9035100

3.5122970
2.4186000

1.3058370
-0.0509530
-0.2179500
-1.4205010
0.1424960
-0.5769590
-0.4180030
0.5032180
1.2162690
1.0104270
-1.8358560
-1.0118820
0.6505200
1.9164820
1.8945390
-2.0420960
-3.2441620
-3.8988150
-3.3343980
-2.1324320
-1.2597030
-3.6511970
-4.8369890
-3.7956480
-1.6214820
2.3608880
3.5533220
3.7515410
2.7604400
1.5850790
2.2306020
4.2958740
4.6716540
2.8916130
0.4438030

0.3821430
0.5381840
1.7330840
-0.0509880
0.1191750
0.7870630
0.5805680
-0.3619680
-1.0971930
-0.8554230
1.9717560
1.1508320
-0.5340620
-1.8635610
-1.9515100
0.5502440
0.1273210
-0.9682490
-1.6204270
-1.1516090
1.9302260
0.6490570
-1.3126580
-2.4864330
-1.8631890
1.2578290
1.3532830
0.5151700
-0.3938640
-0.4454840
2.0961630
2.0732450
0.5642520
-1.0698680
-1.7185370
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[-HI(v):
1.4446310
0.0216720
0.0158340

-0.0506730

-1.2917860

-2.5261350

-3.6565840

-3.5872980

-2.3969560

-1.3097420

-2.7311940
-4.5713530
-4.4546360
-2.2922150

-0.1954060
0.7583240
0.7306060

-0.1530020

-0.9668830

-0.8893120
1.9491600
1.3922210

-0.1988310

-1.6513060

-1.9186560
1.9894320
3.2105620
3.9784320
3.4954570
2.2557030
1.2840100
3.5327170
4.9397190
4.0601450
1.7073520

T T OO0OO0OO0OO0OO0OTMIITITOOOOOOOO0OImO

ox

I T T TOOOOO

o

0.8656700
0.1448470
0.0823280
-1.4307630
1.0581370
0.8562140
1.6491240
2.7306230
2.9869580
2.1546690
-0.5282450
1.4150370
3.3625630
3.8071140
2.4457290
-2.3812140
-3.7527680
-4.2619240
-3.3859250
-2.0197600
-1.8577700
-4.4046670
-5.3285800
-3.7479470
-1.0220990
1.7830240
2.4256170
2.1658450
1.2871710
0.6775380
2.0969770
3.1112460
2.6495700
1.0787410
-0.3614980

0.1851930
0.5680450
1.7731070
0.1040880
0.2337050
0.8695590
0.6848790
-0.1858920
-0.8575570
-0.6337420
1.9677930
1.2142400
-0.3427880
-1.5576030
-1.3586470
0.7579330
0.5281920
-0.4145630
-1.1188530
-0.8584990
1.9756560
1.0843120
-0.6055960
-1.8754710
-1.9137660
1.0920420
0.9563080
-0.1742320
-1.1354560
-0.9399340
2.2123310
1.7308330
-0.3096600
-2.0352010
-2.2743050

[1I-H](6):

C
B
H
C
C
C
C
C
C
C
F
H
H
H

I T T TOOOOOO

OO0 00o0

oxTxTOo

0.9737620
-0.0312120
0.0839510
-1.6304920
0.4543300
0.0768590
0.4521060
1.2719460
1.6758500
1.2565990
-0.7383360
0.0966990
1.5863120
2.2994100
1.7624720
-2.2219970
-3.5683950
-4.4361930
-3.9268820
-2.5578140
-1.4239050
-3.9076700
-5.4968280
-4.5733280
-2.0216100
0.7272990
1.5828720
2.7915410
3.1278060
2.2311940
-0.7190000
1.3035830
3.4711350
4.0726620
2.8015490

-1.2124510
-0.0048440
-0.0095220
-0.2951750
1.4964730
2.5607090
3.8845820
4.2177360
3.2223190
1.9086000
2.3029830
4.6222270
5.2441730
3.4529850
0.7468860
-1.2502190
-1.5738170
-0.9101600
0.0387200
0.3120950
-1.9475640
-2.3329890
-1.1367080
0.5576740
1.4642130
-2.2177780
-3.2823920
-3.3766480
-2.3952050
-1.3604310
-2.1581120
-4.0143870
-4.1975830
-2.4241050
-0.1434620

0.2073580
0.6837570
1.8858990
0.4732050
0.2475070
1.0768740
0.9163430
-0.1575670
-1.0377070
-0.8228730
2.1350480
1.6256850
-0.3122010
-1.8919910
-2.0703400
1.3116510
1.3499230
0.4879470
-0.3887920
-0.3827150
2.1647350
2.0442830
0.4923200
-1.0850170
-1.6269890
-0.7438790
-1.0182260
-0.3425020
0.5811920
0.8255030
-1.7781060
-1.7654190
-0.5440560
1.1088050
1.9945760
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[I=H]~(at):

C
B
H
C
C
C
C
C
C
C

OO0 O0O0O ™I I IO

I I T TOOOOO™TIIIO

o

0.0000000
0.0000000
0.0000000
1.3680250
-1.3680250
-1.8075350
-2.9953700
-3.8223390
-3.4376430
-2.2397700
-0.7991760
-3.2588420
-4.7534310
-4.0363490
-1.9103890
2.5905570
3.7672300
3.7603250
2.5866040
1.4528760
2.7134930
4.6676830
4.6631320
2.5301940
0.3532060
0.7868950
0.8510390
0.0620150
-0.7718590
-0.7830220
1.5571830
1.5061550
0.0902990
-1.4088410
-1.9143170

1.5796600
0.0000000
0.0000000
-0.7898300
-0.7898300
-1.9477360
-2.6206440
-2.1352200
-1.0020290
-0.3845040
-2.6718670
-3.5082830
-2.6401270
-0.5912290
0.6951170
-0.5915030
-1.2837450
-2.2426330
-2.4760720
-1.7474460
0.6438270
-1.0680990
-2.7965280
-3.1999660
-2.0020040
2.1319500
3.4781010
4.3778530
3.9043890
2.5392400
1.3068870
3.7911960
5.4366550
4.5763810
2.0280400

-0.0636700
0.3635700
1.5708290
-0.0636700
-0.0636700
0.5917960
0.3093020
-0.6969340
-1.4057580
-1.0779240
1.8684160
0.8702520
-0.9303070
-2.2098120
-1.8404050
0.5917960
0.3093020
-0.6969340
-1.4057580
-1.0779240
1.8684160
0.8702520
-0.9303070
-2.2098120
-1.8404050
-1.0779240
-1.4057580
-0.6969340
0.3093020
0.5917960
-1.8404050
-2.2098120
-0.9303070
0.8702520
1.8684160

[-HI(B):

C
B
H
C
C
C
C
C
C
C

OO0 O0O0O ™I ITIO

I I T TOOOOO™TIIIO

o

1.3530610
-0.0583120
-0.0889940
-0.0466230
-1.4165260
-2.6727670
-3.8573680
-3.8286740
-2.6195610
-1.4752190
-2.8268080
-4.7812540
-4.7387230
-2.5374730
-0.3383600
0.7929830
0.8140820
-0.0514720
-0.9076970
-0.8720440
1.9431540
1.4976850
-0.0547470
-1.5948890
-1.7135890
2.0371460
3.2721530
3.9037770
3.2786370
2.0361990
1.4790020
3.7109650
4.8709250
3.7359660
1.2947190

0.8663960
0.0918480
-0.0732120
-1.4264980
0.9495230
0.5648800
1.2749300
2.4649560
2.9119650
2.1546330
-0.9451750
0.8961380
3.0348450
3.8300780
2.6667310
-2.4325280
-3.7508120
-4.1269740
-3.1783400
-1.8826520
-2.0578540
-4.4627200
-5.1481230
-3.4141190
-1.0040850
1.5222400
2.1440830
2.1407390
1.5292340
0.9257620
1.5771490
2.6135760
2.6154700
1.5244540
0.2416760

0.2463930
0.5703270
1.7650360
-0.0546960
0.2490250
0.7462290
0.5652950
-0.1530820
-0.6715560
-0.4582970
1.6771760
0.9834790
-0.3056990
-1.2408760
-1.0047510
0.4437610
-0.0105320
-1.0305120
-1.5793150
-1.0872850
1.7511600
0.4342240
-1.3959710
-2.3828940
-1.6968360
1.2759260
1.1547640
-0.0837320
-1.1638960
-0.9751850
2.5151240
2.0270040
-0.2093420
-2.1450650
-2.4391130
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[=HI(y):

C
B
H
C
C
C
C
C
C
C
F
H
H
H

OOO0OO0OO0OO0OIIITOOOOOO

o

mM I T T

0.9974600
-0.0902260
-0.0243480
-1.6519550

0.2724710
-0.3731860
-0.1687970

0.7548150

1.4292770

1.1704710
-1.2902400
-0.7298920

0.9424380

2.1442770

2.0514380
-2.4094840
-3.7536970
-4.4318580
-3.7443990
-2.3922120
-1.8099660
-4.2376290
-5.4834170
-4.2385250
-1.5972040

2.2836400

3.2340970

2.9140470

1.6575990

0.7578710

2.8075800

4.2062030

3.6386590

1.3586020
-0.4390180

-1.2434910
-0.1172150
-0.1333300
-0.4823230
1.4373720
2.4339560
3.7988680
4.2531960
3.3307100
1.9683060
2.0543860

4.4722720
5.3147850
3.6531680
0.9077890
-1.2071790
-1.5271650
-1.1149710
-0.4103280
-0.1249100
-1.6609790
-2.0892260
-1.3473050
-0.0918720
0.7087930
-1.3151320
-2.2855790
-3.2750780
-3.2669770
-2.2689950
-0.0733010
-2.2575060
-4.0409760
-4.0077110
-2.3182620

0.2031030
0.6713680
1.8767340
0.3174440
0.2822310
1.0278610
0.9092330
-0.0273930
-0.8156740
-0.6519470
1.9592950
1.5459340
-0.1461710
-1.5617560
-1.7776280
1.2450620
1.1161460
-0.0257980
-1.0064000
-0.8169230
2.3791520
1.9059340
-0.1553830
-1.9154610
-2.1700000
0.7612690
0.4533760
-0.4693800
-1.0642540
-0.7166410
1.9225180
0.9288060
-0.7235810
-1.7961360
-1.3625350

[I-H]~(8):

C
B
H
C
C
C
C
C
C
C
F
H
H
H

OOO0OOO0OO0OIIITOOOOOO

o

M I T T

-1.3576880
0.0000000
0.0000000
1.4011300

-0.0434430
0.7336900
0.7767000

-0.0081480

-0.7947140

-0.7864570
1.5374530
1.4194620
0.0000000

-1.4014930

-1.7549810
1.7648860
2.9380330
3.8554340
3.5626880
2.3585230

0.9031060
3.1077550
4.7846360
4.2472190
2.0602740

-1.5720660

-2.7679740

-3.8472860

-3.7147330

-2.4985760

-0.3052920

-2.8457270

-4.7846360

-4.5272180

-2.4405600

0.8340250
0.0000000
0.0000000
0.7587800
-1.5928040
-2.4615110
-3.8409770
-4.4471680
-3.6550100
-2.2693260
-1.9304660
-4.4080540
-5.5248220
-4.0951140
-1.3657600
1.8661500
2.5931300
2.2165280
1.1392620
0.4535720
2.2967070
3.4333170
2.7624110
0.8338290
-0.8369780
1.8157550
2.5157470
2.2306400
1.2478460
0.5953610
2.2027380
3.2612850
2.7624110
0.9747370
-0.3662400

0.4031920
0.7877840
1.9963030
0.4031920
0.4031920
1.1817670
1.0599310
0.0836880
-0.7422770
-0.5721130
2.1425450
1.7224650
-0.0386110
-1.5233550
-1.7592320
1.1817670
1.0599310
0.0836880
-0.7422770
-0.5721130
2.1425450
1.7224650
-0.0386110
-1.5233550
-1.7592320
-0.5721130
-0.7422770
0.0836880
1.0599310
1.1817670
-1.7592320
-1.5233550
-0.0386110
1.7224650
2.1425450
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p-adducts:

p-lil(a):

N
B
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

cl
cl
cl
cl

o

I I I IIIIIIrIIrrrrrxrrxrrxxrxTxITxTxIT™Mm

-0.2794430
0.0804090
-0.1043400
1.6012490
-1.1113660
0.2384760
-0.3678840
-0.1948980
-0.6920640
0.0153620
2.8030160
4.0820360
4.2379110
3.1078710
1.8456090
-2.3341580
-3.3484480
-3.1793730
-1.9755640
-0.9930760
0.8045870
0.6248590
-0.5422060
-1.5090480
-1.2777120
0.5440150
2.8294310
0.5129800
-2.7427620
-2.6487680
1.9712810
-1.2952760
1.3218880
0.0169530
-1.4321840
0.1034430
-0.7275490
0.8658000
-1.7763840
-0.5002700
-0.2767750
1.0897690
4.9407380
5.2266370
3.1896990
-4.2556190
-3.9603990
-1.7799680
1.4101860
-0.7052600
-2.4411700

-1.6900370
-0.0371120
0.6280610
0.0125530
0.7976410
-2.4883850
-3.8917840
-4.6582440
-3.8059130
-2.4539410
-0.2708880
-0.1454840
0.2397490
0.4314650
0.2886480
0.3507200
1.1618180
2.5343260
3.0564640
2.2066850
1.5096860
2.1366690
1.9164540
1.0817010
0.4827580
0.4102950
-0.8794380
3.0399130
-1.3837870
-0.5141440
1.8235280
-1.7138810
-2.5364280
-1.9323740
-3.8169870
-4.4266910
-5.6120530
-4.8910940
-3.6561530
-4.3038930
-1.8462380
-2.5960430
-0.3538540
0.3570560
0.6783410
0.7080340
3.1820260
4.1193480
2.7887740
2.3950170
0.8983240

0.1296650
0.0441250
1.5692660

-0.6406430
-0.8292280
-1.0415600
-1.1013000

0.2139980
1.3867710
1.3966340
0.0508130

-0.4813180
-1.8029220
-2.5786180
-2.0072130
-1.3717460
-1.8735760
-1.8944790
-1.4518110
-0.9573910
2.1831750
3.4069850
4.1194860
3.5780530
2.3428000
-3.2137670
1.7260760
-0.5683070
-1.5878130
1.7853350
1.5755330
0.0464280
-0.9325660
-1.9485040
-1.3428960
-1.9308610
0.1710950
0.3672690
1.3206800
2.3413940
2.2462450
1.4457390
0.1422080
-2.2298960
-3.6283470
-2.2485260
-2.2734430
-1.4955720
3.7661800

5.0774380
4.0949220

p—II(B):

N
B
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

cl
cl
cl

-1.0403940
0.0387720
1.1540280
0.5625540
-0.7764030
-0.8702260
-2.1045720
-2.3410470
-2.4322130
-1.2327640
1.8870330
2.2024500
1.2041180
-0.1138800
-0.3910090
-2.1307350
-2.7103500
-1.9304920
-0.5769590
-0.0432630
2.0064670
2.9680050
3.1127790
2.2645860
1.3006050
-2.1512860
3.3608860
1.7106630
-3.3396250
0.2039300
1.8894930
-1.9365100
0.0106110
-0.6783500
-1.9587020
-2.9800370
-3.2495620
-1.5066100
-3.3569880
-2.4758900
-1.3378410
-0.3170180
3.2430470
1.4493620
-0.9278640
-3.7665760
-2.3668170
0.0796790
3.5804650
3.8627630
2.3263690

-1.0318390
-0.0609960
-1.1682350

1.1821450

0.7350700
-1.1266190
-1.7530480
-3.1674540
-3.1351780
-2.4228910

1.5864330

2.6573540

3.4240110

3.1117170

2.0342980

0.7124170

1.5254110

2.4431720

2.4972900

1.6600120
-1.7694720
-2.7286080
-3.1842110
-2.6958940
-1.7377640

1.8081160

0.8406800

1.7619560
-0.4274980
-1.3695750
-1.4008180
-0.5636240
-1.7309350
-0.1324770
-1.7675600
-1.1209730
-3.6004160
-3.8109400
-2.6346740
-4.1478370
-2.3415590
-2.9760490

2.8858880

4.2576870

3.6908800

1.4300050

3.0895520

3.1703010
-3.0858900
-3.9263680
-3.0620620

-0.9836420
-0.0706920
0.4432000
-1.0866490
1.1790640
-2.4812630
-3.1252730
-2.5850800
-1.0558240
-0.4289940
-1.4072560
-2.2448190
-2.8171540
-2.5345630
-1.7001080
1.5721510
2.5423760
3.2229520
2.9378330
1.9651320
-0.4925790
-0.2409140
1.0628860
2.0448830
1.7231350
-1.4817240
-0.7566510
1.8430740
0.8975170
3.0658630
-1.8025940
-0.8548050
-2.6727250
-2.8702830
-4.2091680
-2.9330290
-3.0122530
-2.8894640
-0.7546860
-0.6445950
0.6507320
-0.6321010
-2.4300700
-3.4639160
-2.9488600
2.7537730
3.9746430
3.4724090
-1.0582480
1.3081950
3.0606180
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p—lli(y):
-0.9127570
-0.0591460
-1.0909290
0.1352220
1.3189430
-0.8743680
-1.9881880
-1.9591820
-1.9218920
-0.7561570
1.2995940
1.3595810
0.2414820
-0.9442250
-0.9691650
1.5540640
2.7285240
3.7408190
3.5455670
2.3684740
-2.4083110
-3.2883180
-2.8618440
-1.5631960
-0.7265100
Cl -2.6192270
Cl 2.8566900
Cl 2.3229560
cl 0.3302040
cl 0.9190860
F -2.9582940
H -1.8741730
H  0.1108300
H -0.9683970
H -2.9522570
H -1.8828020
H -2.8242680
H -1.0656050
H -2.8637030
H -1.8057810
H -0.6785640
H
H
H
H
H
H
H
H
H
H

OO0 000000000000000mZ2

0.1766840
2.2948350
0.2887440
-1.8503670
2.8260720
4.6593000
4.2999040
-4.2826020
-3.5229350
-1.1801950

-1.4377490
-0.0747970
0.7201270
1.0336130
-0.7441110
-2.6014430
-3.6062180
-4.0832270
-2.8830760
-1.9606920
1.7744490
2.7038000
2.9783240
2.3330950
1.4165170
-0.9428550
-1.4660100
-1.8965180
-1.8284330
-1.2816390
0.3743230
1.0844770
2.2764750
2.6958970
1.9297750
0.7684860
1.6653510
-1.3050830
-0.6354200
2.5339970
-0.8010440
-1.1106790
-3.0592500
-2.2088590
-3.1377460
-4.4503850
-4.7181570
-4.6973880
-2.3241090
-3.2130740
-1.1153370
-2.5120730
3.2112040
3.6975200
2.5388980
-1.5472860
-2.3022410
-2.1849080
0.6867740
2.8634390
3.6067560

0.5772180
0.0087980
-1.0698220
1.2590180
-0.6451590
-0.3802330
-0.0811090
1.3760470
2.3309400
1.9805630
1.6056070
2.6438130
3.4103320
3.1069420
2.0609860
-2.0261890
-2.5658670
-1.7271460
-0.3572440
0.1410390
-1.3988100
-2.1955790
-2.7577720
-2.5110650
-1.7042940
1.8015610
0.7601760
1.9222210
-3.2783120
-1.5958900
-0.9192180
0.5493020
-0.2865230
-1.3892150
-0.3011090
-0.7686770
1.5854940
1.5415080
2.2810190
3.3671970
2.6584520
2.0272950
2.8364670
4.2189950
3.6602650
-3.6398430
-2.1338870
0.3307890
-2.3507100
-3.3833380
-2.9508790

p—11(4):
-0.5929430
0.0112000
1.2811200
0.3087360
-1.2183900
-0.3288930
-1.2572110
-1.0245510
-1.1959940
-0.3505390
1.5034100
1.6476260
0.5800800
-0.6388320
-0.7425600
-2.5214810
-3.4973910
-3.2068250
-1.9266440
-0.9859090
1.2302940
2.2477060
3.4202830
3.5305090
2.4809580
Cl -2.4006950
Cl 2.9694940
cl 0.6231490
Cl -3.1414440
cl 2.7807910
F 0.1036560
H -1.6003640
H  0.7046330
H  -0.4465930
H -2.3013380
H -1.0689690
H -0.0075070
H -1.7105630
H -2.2508990
H -0.9076120
H  0.7085930
H
H
H
H
H
H
H
H
H
H

OO0 000000000000000m2Z2

-0.5585160
2.6027450
0.6898060

-1.5078280

-4.4737290

-3.9557220

-1.6376420
2.0845850
4.2328910
4.4206960

1.6059690
0.0360910
0.3341380
-0.7514230
-0.8804660
2.2205590
3.4068620
4.4977960
3.9115090
2.6527760
-1.3701770
-1.9791750
-2.0488880
-1.5236240
-0.9124640
-0.5323150
-1.4107730
-2.7577570
-3.1810340
-2.2620280
0.0047650
0.1983250
0.8103440
1.2357800
1.0074910
-0.3156390
-1.5521230
-2.9565180
1.1523750
1.6722070
-0.5296700

1.4521770
2.5447500
1.4591570
3.0715430
3.7870790
4.8919600
5.3360800
3.6797820
4.6382350
2.9001800
2.1992420
-2.4135850
-2.5253680
-1.5839060
-1.0288280
-3.4586870
-4.2169010
-0.1277160
0.9719100
1.7412370

0.3297510
-0.0768270
-1.1032600

1.3752810

-0.8196940

1.6857600

1.9320510

0.8818980
-0.5228500
-0.7315060

1.8290040

3.0760800

3.9527740

3.5587190

2.3140730
-1.2277740
-1.6918390
-1.8049320
-1.4910490
-1.0407990
-2.4686140
-3.3927950
-2.9847860
-1.6676000
-0.7841750

2.0019360

0.8499720
-0.8489160
-1.2201670

0.8373730
-3.0006290

0.3211460

1.7017300

2.4465770

1.9109200

2.9401970

0.9952710

1.0303330
-0.6935560
-1.2880290
-0.6992500
-1.6980650

3.3378540

4.9194480

4.1997440

-1.9569740
-2.1527610
-1.6068700
-4.4116780
-3.6826000
-1.3190240
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p-li(a):
-0.1042560
0.0911460
1.7310310
-0.8040660
-0.6075690
0.7937680
0.3896530
0.3455310
-0.5290840
-0.0550500
-1.7176440
-2.5215410
-2.4416610
-1.5334880
-0.7513410
0.0063360
-0.5895540
-1.9042720
-2.5941420
-1.9460460
2.5720870
3.9507170
4.6000060
3.8515300
2.4625820
Cl  0.4208210
Cl  -1.9489430
Cl  -2.9825080
F  1.2800510
Cl  1.6869840
F  2.0137550
H -1.0547140
H  1.8070010
H  0.7655800
H  -0.5906400
H  1.1027530
H -0.0274890
H  1.3613860
H -1.5755070
H -0.5051500
H -0.6656650
H
H
H
H
H
H
H
H
H
H

OO0 000000000000000mZ2

0.9718530
-3.1985600
-3.0639230
-1.4136330
-0.0026170
-2.3905890
-3.6246170

4.4792920

5.6783220

4.3320070

1.6800010
0.0104660
-0.1499600
-0.5914600
-0.7251690
2.4936020
3.9669290
4.5726620
3.7093790
2.2581290
0.0419170
-0.5980060
-1.9708620
-2.6686840
-1.9874690
-1.7009880
-2.3630720
-2.0770910
-1.1371450
-0.5057570
0.0067420
-0.0980450
-0.3491670
-0.4469920
-0.3256620
-3.0214810
1.8205730
0.6614700

-2.0896770
-0.3340460

0.3151230
1.8533840
2.3830050
2.0499760
4.0678320
4.5009690
5.5996700
4.6162720
3.7509210
4.0810540
1.6383790
2.1857690
-0.0127990
-2.4853460
-3.7382760
-3.0954310
-2.5830890
-0.8928450
0.0167940
-0.4469830
-0.6043510

-0.2973210
-0.1241450
0.0395810
1.1689660
-1.4550010
0.6013150
0.6335690
-0.7734030
-1.6891580
-1.6894220
2.0356300
2.9759500
3.1238080
2.3447660
1.4201980
-2.2614880
-3.3248130
-3.6547750
-2.9028580
-1.8447910
-1.0706100
-1.0789910
0.1222960
1.2858790
1.2304160
0.5996880
2.1056460
-0.9820800
-2.0224010
2.8267810
-2.2785600
0.0291220
0.2165390
1.5934530
1.1095380
1.2680340
-0.7362090
-1.1847330
-1.3631440
-2.7174990
-2.3383200
-2.0365500
3.5831220
3.8458640
2.4520670
-3.8636530
-4.4798920
-3.1222390
-2.0162440
0.1564550
2.2419450

p—II(B):

OO0 000000000000000m2Z2

cl

I I TIIXIIIXIIIrIIIIIrrrrrxrrxrrxrxrxrxrxTIxTxTxTxTm

0.1723390
-0.0134820
0.9893300
-1.6518310
0.6529130
-0.0652900
0.5000950
-0.1545340
-0.0321020
-0.5398350
-2.2585230
-3.6193250
-4.4891410
-3.9849630
-2.6187570
0.0779510
0.6454220
1.8907740
2.5432370
1.9289860
1.9487660
2.8680070
2.8696550
1.9394880
1.0398930
-2.2051330
-1.3570240
2.9489720
-1.1360440
-0.1343560
2.0277370
1.1639630
-1.1385990
0.3826640
1.5857660
0.3327790
0.2973910
-1.2150680
1.0135790
-0.5971700
-0.3838430
-1.6047400
-3.9821120
-5.5485780
-4.6389490
0.0906750
2.3543520
3.5237590
3.5559850
3.5762990
1.8945260

-1.5977570
-0.0628100
0.9850500
0.2284720
-0.0189110
-2.8075260
-4.0579510
-4.2865670
-3.0271230
-1.7850510
0.9721000
1.2594640
0.7618330
-0.0461330
-0.3028700
0.6670220
0.8166000
0.2639050
-0.4123090
-0.5220980
0.6354350
1.4757200
2.8166650
3.2650250
2.3693040
-1.4052000
1.6024850
-1.3593810
1.2487620
3.1091380
-0.6677720
-1.6340870
-2.9056950
-2.6280410
-3.9522470
-4.9129900
-5.1440250
-4.5251440
-2.8648470
-3.1363360
-0.8917310
-1.8602580
1.8622160
0.9825560
-0.4794240
1.3649190
0.3649400
-0.8421170
1.0587840
3.5043670
4.3085400

-0.6633040
-0.0065620
-0.8536620
-0.1257100
1.5234740
0.1964400
-0.4741430
-1.8419970
-2.7077000
-1.9770230
-1.1664690
-1.2533440
-0.2993430
0.7063900
0.7634020
2.6094420
3.8650080
4.1173970
3.0968620
1.8520540
-1.8111430
-2.4146990
-2.0663640
-1.1388670
-0.5693490
2.1039790
-2.5661160
0.6461840
2.4792350
0.5155750
-2.2675450
-0.8880780
0.3349780
1.1700820
-0.5848040
0.1868700
-2.3478410
-1.6957450
-2.9899820
-3.6377390
-2.5728760
-1.7532460
-2.0746940
-0.3501230
1.4507790
4.6150630
5.0911280
3.2501730
-3.1384350
-2.5143510
-0.8579070
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p-li(y):

OO0 000000000000000mZ2

cl

I I TIIXIIIXIIIIIIIIrIrrrxrxrxrTrxTxTxTxTm

0.9767750
0.0295570
0.6207300
0.2998820
-1.4848480
0.6155010
1.7310270
2.0666540
2.3468150
1.1927220
-0.6568430
-0.3351870
0.9856270
1.9794360
1.6200700
-2.1075750
-3.3383570
-4.0497650
-3.4874300
-2.2307240
1.7146740
2.2340120
1.6373930
0.5386260
0.0620170
3.0586350
-2.4140870
-1.6175830
-1.4593920
-1.3937180
2.3925920
1.9002310
-0.3116580
0.4165620
2.6183520
1.4161010
2.9228480
1.2179320
3.2726120
2.4925960
1.3820730
0.2704390
-1.1358070
1.2364430
3.0248800
-3.7150760
-5.0243100
-4.0041330
3.0915160
2.0175730
0.0348750

-1.2697210
-0.0597120
0.1969390
1.3829220
-0.7162450
-2.6626380
-3.6520290
-3.6373020
-2.2049910
-1.2718470
2.3084440
3.5026300
3.8693730
3.0357350
1.8537020
-0.8291010
-1.3993610
-1.9408960
-1.9218400
-1.3452980
-0.4292090
-0.1643810
0.8214820
1.4951210
1.1756120
0.9501750
2.1201970
-1.5535090
-0.3313560
2.0403590
-1.4323160
-1.0959910
-2.9320460
-2.6316430
-3.3968150
-4.6498570
-4.2851620
-4.0409500
-1.8312500
-2.1737110
-0.2505240
-1.5990950
4.1418850
4.7967120
3.2916420
-1.3933250
-2.3865810
-2.3645490
-0.7312750
1.0593490
2.2591480

-0.7876820
-0.0621960
1.4829930
-0.8830020
-0.1465160
-0.3397340
-0.6723050
-2.1687690
-2.6413600
-2.2778910
-1.3793910
-2.0248390
-2.2102030
-1.7279160
-1.0893830
-1.3978010
-1.6594270
-0.5967650
0.6703620
0.8686510
2.0908040
3.3454190
4.1156280
3.6015590
2.3336700
-0.5203390
-1.2191520
2.5195110
-2.4918060
1.8587360
1.4246370
-0.3985560
-0.8457160
0.7284330
-0.0838290
-0.3537910
-2.3751910
-2.7344010
-2.1877630
-3.7248870
-2.5969250
-2.7488630
-2.3710390
-2.7108050
-1.8339000
-2.6738010
-0.7552510
1.5110170
3.6834200
5.1015010
4.1780780

p1I(4):

OO0 000000000000000m2Z2

cl

I I TIIXIIIXIIIrIIIIIrrrrrxrrxrrxrxrxrxrxTIxTxTxTxTm

-0.2105430
0.0804530
-0.1389260
1.6129770
-1.1271470
0.2120270
-0.3322430
0.0407910
-0.3527310
0.2681240
2.8064000
4.0934290
4.2700560
3.1533260
1.8813080
-0.9584860
-1.8638720
-3.0740810
-3.3183460
-2.3599870
0.6685030
0.4637660
-0.6245220
-1.4947530
-1.2456430
0.6037170
2.8167500
-2.8491450
0.2174440
-2.5196700
1.7519260
-1.2282170
1.3021290
-0.1326120
-1.4209970
0.0549060
-0.4423830
1.1230480
-1.4434840
-0.0156330
0.0368460
1.3493360
4.9431240
5.2653280
3.2532270
-1.5974440
-3.8120620
-4.2422660
1.1686410
-0.8028240
-2.3693670

0.9031160
-0.0414340
-1.6596120
0.4042030
0.1942450
2.3418200
3.2280720
2.6986060

1.2222560
0.4085700
-0.0626470
0.2712650
1.1443660
1.6969850
1.3444230
-0.5237850
-0.6227360
0.0492590
0.8065540
0.8673710
-2.6835220
-4.0432860
-4.4784860
-3.5372880
-2.1840560
2.2764080
-1.1680120
1.9797950
-1.1663430
-1.1216580
-2.3770420
0.9191250
2.3483710
2.6837450
3.2933560
4.2398530
3.2958450
2.7935250
1.1132100
0.8046750
-0.6491790
0.5132930
-0.1589350
1.4046920
2.4099480
-1.2117900
-0.0059650
1.3578590
-4.7283180
-5.5360430
-3.8379840

-1.3421410
0.0101090
-0.3430280
0.4978340
1.1503700
-1.1810420
-2.3015880
-3.6903760
-3.8128060
-2.6810920
-0.1048740
0.3045310
1.3653810
1.9672740
1.5203590
2.3492200
3.3867970
3.2784070
2.1445490
1.1317600
0.1881850
0.0141900
-0.7262200
-1.2560960
-1.0398390
2.3400260
-1.5051910
-0.1849040
2.5410450
-1.6990150
0.9345930
-1.4118240
-1.1718260
-0.2096180
-2.2138300
-2.1511590
-4.4682320
-3.8408320
-3.7879790
-4.7656450
-2.7607820
-2.6939410
-0.2078450
1.7050400
2.7743650
4.2545660
4.0691920
2.0351820
0.4670140
-0.8783550
-1.8167670
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p-lI(6):
-0.1139210
0.0744930
1.5245360
-1.2377120
-0.0540420
0.3493020
-0.0981310
0.3313210
-0.1174300
0.4091090
-2.4425030
-3.5362180
-3.4781040
-2.3072490
-1.2433700
0.8207370
0.6907490
-0.3848940
-1.3144840
-1.1360650
1.5531700
2.6853960
3.9291000
3.9971470
2.8229890
Cl  0.1864830
Cl  -2.7548020
Cl  -2.4447870
F 1.8930060
Cl 3.1176960
F  0.3824810
H -1.1245620
H 1.4366660
H -0.0308200
H -1.1857940
H 0.3232720
H -0.0804130
H 1.4234810
H -1.2119460
H 0.2501660
H 0.1284890
H
H
H
H
H
H
H
H
H
H

OO0 000000000000000mZ2

1.4927040
-4.4189020
-4.3210640
-2.2022190

1.4402430
-0.5073320
-2.1768670

2.5638210

4.8364020

4.9521140

-1.6622660
-0.0018280
0.1088610
0.6216600
0.7750440
-2.4954750
-3.9534090
-4.5823510
-3.6979910
-2.2757110
0.0168770
0.6758820
2.0398180
2.7064860
2.0070370
1.7779930
2.4869770
2.2275580
1.2711300
0.5936560
0.2501720
0.3674280
0.3014070
0.0828350
-0.0267390
3.0130300
-1.7524080
-0.5636970
2.1381020
-0.4080290
0.2394450
-1.7898090
-2.4285860
-2.0322280
-4.0119970
-4.5031450
-5.5906990
-4.6793440
-3.6796950
-4.0915520
-1.6368100
-2.2791200
0.1097340
2.5693810
3.7670300
3.2315190
2.7685120
1.0524070
0.4981670
0.3963000
-0.0090740

0.2043390
-0.0335420
-0.8347030
-0.9137250

1.4362430
-0.9654510
-0.8513550

0.4785490

1.6472240

1.4767430
-1.3296290
-1.8885940
-2.1033180
-1.7833270
-1.2259150

1.8921210
3.0772490
3.9105270
3.5274150
2.3246410
-2.2312410
-3.0202900
-2.4115020
-1.0425800
-0.3001230
-0.9751170
-1.2535900

1.9681450

1.1527270
1.4139890
-2.9254660

0.2486920

-0.9851840
-1.8735690
-0.9504270
-1.6979310

0.5732160

0.5030380

1.7143260

2.5990700

2.3081230

1.4131240
-2.1526150
-2.5301160
-1.9681430

3.3116580
4.8409740
4.1423520
-4.0876010
-2.9956640
-0.5433700

p—I1(5):

N
B
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

cl
cl

o

I I TIIXIIIXIIIrIIIIIrrrrrxrrxrrxrxrxrxrxTIxTxTxTxTm

1.2248020
0.1291650
-0.4973040
-0.9187420
1.0485500
1.7462890
3.0161300
2.8086510
2.2040600
0.9263380
-1.9495740
-2.8774890
-2.8024690
-1.7674320
-0.8517530
2.4426690
3.1924950
2.5347080
1.1511070
0.4561460
0.4181740
0.1603680
-1.1391960
-2.1114480
-1.7956140
0.4777800
-2.1914430
-1.2818060
3.2276700
-3.2007560
1.7373960
2.0181690
0.9475150
1.9364130
3.8160560
3.3273360
3.7541770
2.1251080
2.9236540
1.9648840
0.4670630
0.2008790
-3.6494680
-3.5261570
-1.6503520
4.2690140
3.0871390
0.5994750
0.9735230
-1.3913390
-3.1302780

-1.2471190
-0.0594030
0.7115750
-0.8808940
1.1731580
-2.0936620
-2.8419770
-3.6774890
-2.8146370
-2.1311980
-1.7218430
-2.3875820
-2.2754020
-1.5428150
-0.9002400
1.3074710
2.3803150
3.4619420
3.4195940
2.3105920
1.0938140
1.8180520
2.2531220
1.9472550
1.2034740
-0.1548380
-2.0486620
2.3827990
0.2910730
0.9495710
0.7266000
-0.6915260
-2.7823270
-1.4409840
-2.1119490
-3.4745230
-4.1211160
-4.5072790
-2.0545830
-3.4225450
-1.5250300
-2.8751750
-2.9826370
-2.7741870
-1.4728980
2.3388900
4.3201680
4.2362070
2.0318430
2.8283110
2.2825850

-0.5717830
-0.0671320
-1.4113240
0.9226710
0.6319540
0.5572090
0.1504200
-1.1183740
-2.2331750
-1.7495130
0.4375550
1.2324160
2.6108960
3.1664840
2.3363790
0.5906690
1.0422230
1.6042660
1.6997110
1.2268750
-2.4061110
-3.5534890
-3.7691840
-2.8302800
-1.6901340
3.2534690
-1.2967460
1.4803070
0.0752710
-0.6432520
-2.2594960
-0.8773420
0.8363280
1.4041660
-0.0094500
0.9866890
-1.4417600
-0.9008930
-2.5610930
-3.1103560
-2.5257360
-1.4326290
0.7638700
3.2443070
4.2393350
0.9401990
1.9665130
2.1454560
-4.2346700
-4.6516260
-2.9682420
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p-11(7):

N
B
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

-0.8613490
-0.0594610
-1.1381240
0.1696280
1.2858590
-0.8458620
-1.9177680
-1.7869430
-1.7274880
-0.6136510
1.3457370
1.4437440
0.3528510
-0.8451380
-0.9064690
1.3756420
2.4442280
3.5228680
3.4884260
2.3929950
-2.4547190
-3.3619010
-2.9646220
-1.6683450
-0.8055480
-2.5606430
2.8617970
2.5198290
0.3312410
0.8231900
-2.9829420
-1.8295490
0.1523110
-0.9969180
-2.9039220
-1.8342060
-2.6188670
-0.8674440
-2.6869640
-1.5414650
-0.5339410
0.3413560
2.3856700
0.4294230
-1.7314440
2.3954910
4.3746900
4.3045570
-4.3535230
-3.6466510
-1.3099010

-1.5152370
-0.0594410
0.8575580
0.8201740
-0.5726210
-2.5000300
-3.5754280
-4.2905060
-3.2696390
-2.2536260
1.4916510
2.2151010
2.3397770
1.7569070
1.0450840
-0.4821280
-0.9012320
-1.5117370
-1.7055590
-1.2554920
0.5319100
1.3230650
2.5832360
2.9917850
2.1443170
0.4391810
1.5583980
-1.6125770
0.0165720
2.7769720
-0.6994180
-1.2151290
-2.9375310
-1.9441570
-3.1085560
-4.2875110
-4.9850140
-4.8883970
-2.7477310
-3.7666020
-1.5271820
-2.7607190
2.6839820
2.8993860
1.8554620
-0.7495570
-1.8481570
-2.1972940
0.9316000
3.2333140
3.9603290

0.2868290
-0.0789280
-1.0050130
1.3286320
-0.8976640
-0.8539800
-0.6737060
0.6768290
1.8204010
1.5744780
1.7610450
2.9499810
3.7911330
3.4157130
2.2227830
-2.2952460
-3.0734240
-2.4544230
-1.0799350
-0.3483300
-1.3543500
-2.0382300
-2.4520440
-2.1744400
-1.4852240
1.9003810
0.8435920
1.3899920

-3.0067340
-1.2886460
-1.0061860
0.3606290
-0.8840930
-1.7767180
-0.7561930
-1.4998550
0.8215360
0.6850390
1.9168200
2.7767360
2.3786770
1.4882380
3.1996050
4.7155060
4.0276330
-4.1438160
-3.0329500
-0.5683980
-2.2236320
-2.9860720
-2.4958980
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p-l(a):
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mo

cl

o

I I TIIXIIIXIIIIIIIIrIrrrxrxrxrTrxTxTxTxTm

-0.0180730
1.1224120
0.4772380
0.0768490

-1.6031260

-1.0358490

-0.7067800

-0.4228840
0.6454660
0.2666420
2.4816140
3.4728610
3.1375780
1.8245940
0.8789360

-2.6666950

-3.9850330

-4.3179230

-3.3315850

-2.0425750
0.4717730
0.9517740
1.4786150
1.5085190
1.0181180
3.0975280

-0.3622560

-2.4563850

-1.1390070

-0.2345910
1.0835240
0.9256390

-1.9383480

-1.1902070
0.1623890

-1.5443380

-0.1086870

-1.3463370
1.6135270
0.7828770
1.0304100

-0.6654090
4.4892010
3.8941740
1.5043840

-4.7379640

-5.3383630

-3.5313140
0.8994030
1.8557860
1.9017410

0.0702040
-0.2556560
-0.8370690

1.6972070
-0.1134060

2.1628170

3.5201470

4.5703510

4.0599450

2.6947080

0.1042380
-0.2125050
-0.9577930
-1.3703380
-1.0201520
-0.6066140
-0.7071060
-0.2680720

0.2907600

0.3573620
-2.2487170
-3.0702590
-2.5050390
-1.1238740
-0.3622510

1.0330710
-1.4952330
-1.1026570

0.9571530
-3.1027340
0.9982740

1.7589380

2.2142020

1.4049190

3.4086380

3.8279960

5.5136910

4.7759310

3.9809340

4.7595720

2.3125660

2.7504350

0.1167200
-1.2191480
-1.9644460
-1.1189940
-0.3464490

0.6693670
-4.1440980
-3.1340750
-0.6193450

0.0751240
1.2483320
-1.2316100
-0.3236810
0.5137390
-1.2250430
-1.8417990
-0.7608060
0.2144900
0.7860670
1.1455840
2.0705710
3.1918240
3.3550120
2.4033880
-0.2667950
0.1805680
1.4532880
2.2549400
1.7591920
-1.1922940
-2.2072480
-3.3608230
-3.4765140
-2.4303030
-0.2519700
2.6574400
-1.9584740
2.5889970
0.1784010
-2.6628150
-0.8824290
-0.6152430
-1.9874240
-2.4993210
-2.4740880
-1.2154760
-0.2057040
-0.2947120
1.0437990
1.4583370
1.3433050
1.9021480
3.9216220
4.2009980
-0.4775630
1.8084270
3.2488280
-2.0886460
-4.1578080
-4.3493310

p-(B):
-0.0848270
-1.7078480
0.7626090
-0.0298720
0.7618650
-0.9931880
-0.7161700
-0.7406620
0.1959010
-0.1410240
-2.5115660
-3.8843210
-4.5419180
-3.8215740
-2.4630830
1.5858200
2.3086140
2.2322730
1.4250410
0.7350420
2.0711020
2.8309430
2.2985000
1.0286530
0.3157870
Cl  -1.8665210
F -1.8301160
Cl 1.7797180
F  -0.0634260
Cl 2.9280870
F  -0.8969930
H  0.9047470
H  -1.9939160
H -0.9210300
H  0.2584550
H -1.4634660
H  -0.4588590
H -1.7613890
H  1.2384860
H  0.1237460
H  0.5190050
H
H
H
H
H
H
H
H
H
H

OO0 0000000000000Z200wW

-1.1601390
-4.4242970
-5.6065710
-4.2794180
2.9203440
2.7901730
1.3081680
3.8262660
2.8733170
0.5678190

0.1235850
0.3487660
1.4567320
-1.0781270
-0.3148710
-2.2091900
-3.4036770
-3.0024120
-1.8126970
-0.6528380
-0.1844010
0.0404200
0.8033140
1.3143620
1.0638660
-1.4023460
-1.5224920
-0.5209330
0.5823910
0.6419340
1.4052880
2.5072320
3.7794430
3.9162800
2.7823420
-1.2837380
1.5712930
-2.8323550
1.7244650
-0.1489030
3.0367980
-1.4762620
-1.8141800
-2.4799580
-3.8343520
-4.1742320
-3.8494630
-2.7183040
-2.1139390
-1.4594040
0.1951510
-0.3092210
-0.3939610
0.9844880
1.9040330
-2.3990930
-0.6040680
1.3902570
2.3606680
4.6511320
4.8825140

-0.0516030
0.1861020
-0.5919400
-1.2145000
1.3139980
-0.9596520
-1.8703700
-3.3495300
-3.5890630
-2.6555240
1.2113920
1.3279990
0.3746270
-0.6969170
-0.7535190
1.6422560
2.8297540
3.7844380
3.5395940
2.3450850
-1.1101950
-1.4947740
-1.3439140
-0.8041880
-0.4451440
2.4490230
-1.8523410
0.5818100
2.1829230
-1.3011170
0.0945000
-1.1195910
-1.1335200
0.0903620
-1.6189600
-1.6609670
-3.9806590
-3.6332010
-3.4309400
-4.6215580
-2.8120150
-2.8151190
2.1583840
0.4596120
-1.4803430
2.9939090
4.7090780
4.2499990
-1.8917880
-1.6323010
-0.6448700
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p-l(y):

B
C
C
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

0.0208580
-1.2385780
-0.4447480

0.0693650

1.5359900

0.6941680

0.3440110

0.8193510

0.2869460

0.6137110
-1.4838490
-2.5731400
-3.5123100
-3.3303320
-2.2251170

2.7301460

3.9787410

4.1041610

2.9828770

1.7687120
-1.5351210
-1.9881340
-1.3564760
-0.2949500

0.1188130
-0.3583830
-2.1455840

2.7836800
0.7409140
-2.5078450

1.1569410
-0.9118990

1.7699130

0.3509190
-0.7406850

0.8018640

0.5032660

1.9159550
-0.7987680

0.7162170

0.1967460

1.6914430
-2.6713740
-4.3660050
-4.0157420

4.8396670

5.0691650

3.0200700
-2.8308970
-1.6967260

0.2306540

0.0294500
-0.4538610
-0.5127470
1.7018850
-0.3989650
2.4233970
3.9097560
4.5455820
3.7566100
2.2696810
-1.8133430
-2.2848110
-1.3917410
-0.0386780
0.3663730
-0.4037750
-0.7559770
-1.1049190
-1.0647280
-0.7032310
-0.0047100
-0.5033680
-1.6063050
-2.1844150
-1.6390340
-3.0677670
1.7408530
0.0690340
-0.6160020
1.3690580
-2.2866340
1.9705670
2.2806450
1.9535560
4.0289390
4.4048450
5.5906200
4.5426460
3.8747210
4.1331470
1.6969530
2.1031980
-3.3477810
-1.7471300
0.7148730
-0.7538480
-1.3885400
-1.2973920
-0.0359640
-2.0126070
-3.0521180

-0.0579480
-1.0605020
1.4438180
-0.0801510
-0.5757270
1.0787950
1.0301440
-0.2827070
-1.4857450
-1.3650830
-1.3593060
-2.0860140
-2.5831860
-2.3504710
-1.6208530
0.1755080
-0.3337460
-1.6712840
-2.4859320
-1.9257890
2.1790510
3.3973700
3.9540960
3.2763950
2.0708010
-0.8409460
-1.4836440
1.8919060
-2.8145260
1.5793380
1.4966960
-0.0582000
1.0126970
1.9972050
1.1375400
1.8910610
-0.3400560
-0.3052590
-1.5659570
-2.4185900
-2.1890620
-1.3522730
-2.2604380
-3.1470300
-2.7156780
0.3208230
-2.0735840
-3.5421360
3.8882870
4.8988060
3.6530320

p—1(5):
-0.0969160
1.0400840
0.1001620
-1.6224440
-0.1425750
-2.7461580
-4.0874740
-4.3561320
-3.1672930
-1.8630620
2.2524400
3.1381080
2.8616320
1.6917370
0.8564360
-0.3941490
-0.4387660
-0.2765560
-0.0995860
-0.0543580
1.2613520
1.5373290
0.6352250
-0.5282230
-0.7430070
cl 2.8259410
F -0.2794020
cl -0.7616160
F 0.0824180
cl 2.4713310
F -1.9387420
H -1.7162170
H  -2.7350680
H  -2.5285620
H  -4.0839340
H  -4.8768280
H -5.2754660
H  -4.5076080
H  -3.0820430
H  -3.3099730
H  -1.0073370
H
H
H
H
H
H
H
H
H
H

OO0 0000000000000Z200wW

-1.9069490
4.0466560
3.5517690
1.4156370

-0.6136280

-0.3063930
0.0121710
2.4531280
0.8378840

-1.2731490

-0.0525920
-0.5318000
-1.1570670
-0.3023670
1.5375060
0.2224220
-0.3575720
-0.0777060
-0.5325870
0.0852400
0.0590550
-0.5498450
-1.8013330
-2.4454980
-1.7985180
2.0952630
3.4665220
4.3679860
3.8868180
2.5175310
-1.1676250
-2.1087920
-3.1349680
-3.1946020
-2.2279110
1.6400970
-2.5058890
1.0970140
2.1160880
0.0980210
-2.3890980
-1.3147050
1.3091760
-0.0277410
-1.4368600
0.0688990
-0.5737010
0.9991160
-1.6260440
-0.2490010
-0.2360560
1.1704150
-0.0297030
-2.2685400
-3.4260280
3.8132370
5.4338590
4.5381070
-2.0250960
-3.8745770
-3.9674750

-0.0964880
-1.2211830
1.1442150
-0.7728270
0.3300200
0.0787250
-0.3664150
-1.8503890
-2.7068580
-2.2052950
-1.6449100
-2.5385120
-3.0659170
-2.6885010
-1.7990750
1.5986310
1.8526690
0.8103700
-0.4797570
-0.6675920
1.9469300
2.9338020
3.1791660
2.4280780
1.4605210
-1.0920270
-1.4733070
3.0184250
-1.9645460
1.7731770
0.7868490
-0.7581690
-0.0119120
1.1136240
-0.1805830
0.2590490
-2.1731660
-1.9940550
-2.6847740
-3.7534920
-2.7937420
-2.2549870
-2.8099490
-3.7577440
-3.0535900
2.8620950
1.0015980
-1.3366520
3.5032250
3.9440360
2.5653430
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p-I(5):

B
C
C
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
F

0.0731220
1.5499320
-0.0303290
-0.2016480
-1.1830510
0.0796650
-0.4434430
0.1132430
-0.1290400
0.4396700
1.6336590
2.7974110
4.0144920
4.0251950
2.8218110
-2.4566660
-3.4358100
-3.1722820
-1.9240310
-1.0008710
-1.0438260
-1.1870530
-0.2969840
0.7049480
0.8063450
0.4861240
3.0389620
-3.0026700
0.2017580
-2.3260600
1.8128930
-1.2070750
1.1612700
-0.3625690
-1.5366330
-0.1705070
-0.3417970
1.1918010
-1.2024810
0.3398950
0.2927410
1.5073940
2.7212930
4.9451960
4.9578900
-4.3912170
-3.9255420
-1.6439570
-1.9959070
-0.3933670
1.4206850

-0.0310860
0.1709470
-1.2800670
1.4431650
-0.3779460
2.6190610
3.9268170
4.1746390
2.9490410
1.6902050
0.5384970
0.7493140
0.6238130
0.3144040
0.1080860
0.1778260
-0.3603550
-1.5182400
-2.1129310
-1.5336460
-1.4306680
-2.5201360
-3.5795230
-3.5261480
-2.4113740
0.7594480
-0.2421300
1.7120820
-2.1535930
-0.2056180
-2.4718120
1.4572240
2.6611790
2.4076520
3.9003980
4.7411620
5.0667930
4.3639680
2.8139920
3.0774480
0.8088490
1.8009630
1.0139700
0.7776090
0.2269680
0.1385110
-1.9443360
-3.0081290
-2.5353640
-4.4388550
-4.3264750

0.0784750
0.8079960
-1.0179180
-0.6500730
1.1378180
0.2520220
-0.3407430
-1.7475140
-2.6362710
-1.9873040
2.1590760
2.8801660
2.2273330
0.8744150
0.2021260
1.3467990
2.1853480
2.8969970
2.7680610
1.9201370
-1.9840200
-2.8396080
-2.7395830
-1.7830050
-0.9649110
2.8596680
-1.5307380
0.5939440
1.8621360
-2.1815770
-0.0669170
-0.8225650
0.3797820
1.2227520
-0.3749690
0.3364670
-2.1859060
-1.6857090
-2.8148330
-3.6157740
-2.6050880
-1.8156630
3.9267830
2.7599080
0.3339560
2.2737040
3.5482260
3.3078020
-3.5574310
-3.3920140
-1.6474540

p-1(6):

B
C
C
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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0.1402900
-0.3714920
1.0907590
1.1861840
-0.9918860
1.6580880
2.8863160
2.6137080
2.0442150
0.8206420
-1.6226660
-1.8608960
-0.8519050
0.4059330
0.5873880
-0.8901090
-1.7658530
-2.8313870
-2.9669010
-2.0564760
0.5423660
1.2788120
2.6625710
3.2791150
2.4900510
-3.0571180
1.8706960
0.1717650
-2.3519380
-1.1956200
3.2403480
2.0073120
0.8257510
1.8657160
3.7196870
3.1767020
3.5272740
1.8875050
2.8054090
1.7551620
0.4061220
0.0398170
-2.8483790
-1.0434470
1.2441000
-1.5877570
-3.5396070
-3.7714370
0.7581030
3.2459780
4.3530950

0.0432700
-0.7203210
-1.1330040

1.3012210

0.7951940

2.0801850

2.9217970

3.8572900

3.0701900

2.2575050
-1.2979920
-2.0160280
-2.2059420
-1.6806960
-0.9873430

0.7897810

1.3966650

2.1214920

2.2410460

1.6050160
-2.2580570
-3.3162160
-3.3155650
-2.2421730
-1.2191450
-1.1916840
-0.5252280
0.1721220

1.9253310
-2.4074430
-0.2047530

0.8147250

2.7091420

1.3735050

2.2510960

3.4925810

4.3836060

4.6219660

2.3933730

3.7444080

1.6860620

2.9132030
-2.4219950
-2.7611860
-1.8013770

1.2945740

2.6046890

2.8225420
-4.1300280
-4.1349190
-2.1676730

-0.0083880
1.3811900
-0.7635000
0.3882260
-0.9442700
-0.8099430
-0.4667420
0.7181330
1.9056680
1.4844360
1.7050480
2.8801910
3.8109790
3.5523040
2.3715050
-2.3437230
-3.2281390
-2.7147040
-1.3386020
-0.4961110
-1.4205000
-1.9460610
-1.8449820
-1.2248970
-0.7246140
0.6757560
2.1835230
-2.9287530
1.2289820
-1.6535610
-0.1560960
0.7364520
-1.1284940
-1.6098450
-0.2338750
-1.3534170
1.0075200
0.4164730
2.3125210
2.7167880
2.3111970
1.1066040
3.0522670
4.7210260
4.2260040
-4.2906380
-3.3768900
-0.9094360
-2.4323260
-2.2465920
-1.1150650
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p-1(7):
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-0.0410830
-1.1039060
-1.0022240
0.5100860
1.3440550
0.9264310
2.4289330
3.2205720
2.9130280
1.4243410
-1.6769040
-2.6331240
-3.0872650
-2.5686300
-1.6208130
1.9607660
3.1739840
3.8585470
3.3304980
2.1236630
-2.0561550
-2.9179660
-2.7753880
-1.7791480
-0.9445380
-1.1580110
-1.1723760
1.2870310
1.6941350
-2.4248060
-0.0220070
-0.3550340
0.4137320
0.5271040
2.5576360
2.8099030
2.9438540
4.2908630
3.4431270
3.2475360
1.1425440
1.1871390
-3.0071460
-3.8319600
-2.8769660
3.5730580
4.7993170
3.8240140
-3.6920220
-3.4390310
-1.6247900

-0.0923420
1.1809480
-1.3014700
-0.5859510
0.2596770
-2.0287470
-2.3122380
-1.3167870
0.0981030
0.3999990
1.8456680
2.8524040
3.2674370
2.6648420
1.6674010
1.5126680
1.7001680
0.6072180
-0.6653950
-0.7862640
-1.9313380
-2.8869210
-3.2631510
-2.6711580
-1.7317740
1.4686090
1.1525330
3.0099460
-2.0693530
-1.5358530
-1.2160050
-0.5206310
-2.6362960
-2.2903730
-3.3339060
-2.3030050
-1.4122700
-1.5275850
0.8476350
0.2171510
0.3806180
1.3883270
3.3066260
4.0497610
2.9394180
2.7000950
0.7461700
-1.5580500
-3.3159480
-4.0005540
-2.9120600

0.1311740
0.3356100
-0.5090350
1.6487440
-0.6902910
1.8849100
1.8726780
2.7202650
2.2311440
2.3533600
-0.7721100
-0.6847540
0.5597550
1.6946550
1.5414730
-0.8647590
-1.5297080
-2.0397210
-1.8625120
-1.2005410
0.1852500
-0.3468980
-1.6743040
-2.4339030
-1.8481040
-2.4139010
2.7404400
-0.1898080
-1.0145640
1.8882590
-2.6933300
2.1771520
1.1436240
2.8693100
2.2436690
0.8541430
3.7782460
2.6491820
2.8262210
1.1990600
3.4094870
1.9719710
-1.5923290
0.6403980
2.6949120
-1.6325680
-2.5585010
-2.2240380
0.2747410
-2.1091720
-3.4776010

p—1(8):
0.0684810
1.2419020
0.9685640
-0.6700520
-1.1941060
-1.2700870
-2.7914830
-3.5194650
-3.0093320
-1.5091200
1.9726670
3.0184410
3.4161300
2.7553350
1.7225990
-1.6658770
-2.8000220
-3.5529510
-3.1757720
-2.0388250
1.1371930
2.0293560
2.8173770
2.7116700
1.8191530
Cl  1.5686480
F 1.1479460
Cl  -0.9021540
F  -1.7534450
Cl  0.2554660
F 1.7892200
H 0.1517850
H -0.7829940
H -0.9786460
H -3.0690380
H -3.0930280
H -3.3366470
H -4.5988560
H -3.4911410
H  -3.2469090
H -1.3148750
H
H
H
H
H
H
H
H
H
H

OO0 0000000000000Z200wW

-1.1251810
3.5087350
4.2291490
3.0164070

-3.0880770

-4.4328960

-3.7306680
2.0971970
3.5061440
3.3006010

-0.0006500
-1.1931860
1.4099860
-0.1492150
-0.1068170
1.0547120
1.1961730
-0.1108840
-1.1979810
-1.3998680
-1.4060220
-2.3129420
-3.0815730
-2.9214550
-2.0017880
-1.2295300
-1.2168950
-0.0573380
1.0727650
1.0003820
2.4119170
3.4802480
3.6145140
2.6647610
1.6264950
-0.5188660
-1.9376620
-2.8249230
2.1254170
2.4535840
0.7242120
-0.3401330
1.9399360
0.9530690
1.9807440
1.5491310
-0.4091740
0.0233230
-2.1587900
-0.9360650
-1.7631100
-2.1446880
-2.4090660
-3.7907260
-3.4821380
-2.1189640
-0.0411110
2.0009380
4.2019390
4.4452640
2.6991230

0.2739700
0.1666690
0.2692840
1.7983250
-0.7684040
2.5048820
2.4316720
2.7453500
1.7994910
1.9739960
-1.0231570
-1.1641040
-0.0789330
1.1283980
1.2042950
-1.4734670
-2.2868430
-2.4049760
-1.6907280
-0.9085840
-0.7162910
-0.5894220
0.5426320
1.5481550
1.3657600
-2.4880980
2.4575180
-1.3402830
-0.1906990
-2.2522890
2.4049840
2.3602880
2.1039780
3.5550270
3.1426000
1.4482650
3.7858540
2.6361190
2.0032370
0.7667580
2.9867530
1.2827600
-2.1234030
-0.1749020
2.0163900
-2.8093550
-3.0365910
-1.7294620
-1.3920230
0.6354270
2.4552720
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p—1(9):
0.0681200
1.3332380
0.8213670
-0.4732980
-1.2862880
-1.1901870
-2.7128210
-3.1788930
-2.6066350
-1.0829410
1.8977710
3.0213390
3.6717330
3.1701300
2.0476510
-2.3205350
-3.4767170
-3.6676510
-2.7069660
-1.5803570
1.7320830
2.4364050
2.2802150
1.4240850
0.7381460
Cl  1.1837980
F 1.6392580
Cl  -2.2773500
F -0.7242120
Cl 2.1265910
F -0.0778970
H 0.4172670
H -0.8797770
H -0.7947240
H -3.0575330
H -3.1542120
H -2.8335180
H -4.2709680
H -2.8995640
H -2.9986330
H -0.7205100
H
H
H
H
H
H
H
H
H
H

OO0 0000000000000Z200w

-0.6682640
3.3735820
4.5489720
3.6173860

-4.2143930

-4.5603720

-2.8056600
3.1060280
2.8249530
1.2613830

-0.0473320
-1.1631970
1.3785630
0.0113900
-0.4548060
1.2408040
1.1460210
-0.1362720
-1.3240530
-1.2818530
-1.6225410
-2.4387400
-2.8663180
-2.4735850
-1.6621700
0.4091690
-0.0083800
-1.3571980
-2.2694830
-1.7971690
2.1025840
3.2340550
3.7044570
3.0313460
1.9191080
-1.2023620
-1.3728860
2.1648860
-2.7683450
1.6073840
1.3559800
0.0557580
2.0818950
1.4025630
2.0351230
1.1929530
-0.1637200
-0.1778950
-2.2749870
-1.3237700
-1.4014930
-2.0922240
-2.7347120
-3.4981020
-2.7745700
0.7248430
-1.6899570
-3.3344300
3.7238160
4.5787330
3.3438870

0.1491820
0.0965130
-0.2759990
1.7413240
-0.7033010
2.2687770
2.3509560
3.0374490
2.2658890
2.2592910
-1.1169400
-1.2148550
-0.0660780
1.1628030
1.1951810
-1.1188300
-1.7751100
-2.0439800
-1.6342020
-0.9814260
0.5208170
0.1161430
-1.1790730
-2.0356560
-1.5741410
-2.6735640
2.4827690
-0.8231560
-0.5574490
2.1911540
-2.4928970
2.2273550
1.6535250
3.2759190
2.8877220
1.3578160
4.0790450
3.0598650
2.7210710
1.2468570
3.2831520
1.6672750
-2.1937360
-0.1315690
2.1010610
-2.0718070
-2.5595200
-1.7989820
0.8099690
-1.5139640
-3.0587910
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