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1. Materials and Methods

1.1. General Information

Chemicals

Chemicals were purchased from commercial suppliers (Abcr, Acros Organics, Alfa Aesar,
Apollo Scientific, Fisher Scientific, Fluorochem, Manchester Organics, Oxchem Corporation,
Sigma-Aldrich, Strem Chemicals, TCI Deutschland) as reagent grade and used without further
purification unless otherwise stated. EtsN and pyridine were dried and stored over molecular
sieves and under Ar. Citral and Neral were distilled prior to use and stored under Ar in Schlenk
flasks in the freezer (—20 °C). The E/Z-ratio of Citral was determined by gas chromatography.
The following compounds were synthesized from commercially available starting materials
according to literature procedures: Neral!, P(NTf)Cls (S18) and IDPi S5?
hexachlorobisphosphazonium hexachlorophosphate (HCPP) (S16)3, diboronate S11 and
MOM-protected BINOL S14%, diol S17°, IDP S4°, iIDP S6 and iIDP S8’ and achiral acid 3%
(subsequent acidification following the general procedure GP-2).

Solvents

Solvents (Et,O, THF, 1,4-Dioxane, CH.Cl,, CHCl3, PhMe) were dried by distillation from an
appropriate drying agent in the technical department of the Max-Planck-Institut fir
Kohlenforschung and received in Schlenk flasks under Ar.° Additional solvents (CHCIs,
MeCN, EtOAc, MeOH) were purchased from commercial suppliers and dried over molecular

sieves.

Inert gas

Dry argon (Ar) was purchased from Air Liquide with >99.5% purity.

Thin-layer chromatography

Thin-layer chromatography (TLC) was performed using silica gel pre-coated polyester sheets
(POLYGRAM® SIL G/UV2s, 0.2 mm silica gel 60 with fluorescent indicator; Macherey-
Nagel) and aluminium oxide pre-coated polyester sheets (POLYGRAM® ALOX N/UVas4,
0.2 mm aluminium oxide N with fluorescent indicator; Macherey-Nagel), which were
visualized by irradiation with UV light (A =254 or 366 nm), basic KMnOs, and/or
phosphomolybdic acid (PMA). KMnOQg stain: ag. NaOH (10 wt%, 1.25 mL), KMnO4 (1.5 g),
K2COs3 (10 g) in H20 (200 mL); PMA stain: PMA (20 g) in EtOH (200 mL).



Preparative thin-layer chromatography was performed on silica gel pre-coated TLC plates SIL

G-25 UV2s4, 0.25 mm silica gel with fluorescent indicator (Macherey-Nagel).

Column Chromatography

Flash column chromatography (FCC) was carried out using Merck (60 A, 230—-400 mesh,
particle size 0.040—0.063 mm), VWR (40—63 um) silica gel or Thermo Scientific™
(aluminium oxide (ALOX), basic, Brockmann I, 40 to 300 um, 60 A) activated with 20% water
using technical grade solvents. Elution was accelerated using compressed air. Automated
column chromatography was conducted on a Biotage® IsoleraTM 1SO—4SW instrument, using
SNAP Ultra HP-Sphere™ 25 um chromatography cartridges. All fractions containing a desired
substance were combined and concentrated under reduced pressure, then redissolved in an
appropriate solvent and filtered through cotton to remove silica residues. All reported yields

refer to chromatographically and spectroscopically pure compounds unless otherwise stated.

Nomenclature

Nomenclature follows the suggestions proposed by the computer program ChemDraw
Professional (20.1.1.125) of PerkinElmer®.

Melting Points

Melting points (m. p.) were measured on a Blichi Melting Point M-565 apparatus in open glass

capillaries and are uncorrected.

IR Spectroscopy

IR spectra were recorded on a Perkin Elmer Spectrum Two FT-IR spectrometer. The spectra
were measured in the neat state unless otherwise stated on a UATR Two crystal plate. Selected
absorption bands are reported in wavenumbers (cm™1). Intensities are reported as follows: br

(broad), w (weak), m (medium) and s (strong).

Nuclear Magnetic Resonance Spectroscopy

'H, 2H, 13C, °F, 3P nuclear magnetic resonance (NMR) spectra were recorded on a Bruker
Avance NEO 600 or Avancelll 500 MHz NMR or AV-300 spectrometer in a suitable deuterated
solvent. The solvent employed and respective measuring frequencies (reported in MHz) are
indicated for each experiment. Chemical shifts are reported with tetramethylsilane (TMS)
serving as universal reference of all nuclides and with two or one digits after the comma. The

resonance multiplicity is described as s (singlet), d (doublet), t (triplet), q (quadruplet), p



(pentet), hept (heptet), m (multiplet), and b (broad) and combinations thereof. All spectra were
recorded at 298 K unless otherwise noted and processed with MestreNova 14.2.3. Multiplicity
and coupling constants are reported as observed. The residual solvent signal relative to
tetramethylsilane was used as the internal reference in *H NMR, ?H NMR and *C NMR spectra
(e.9. CHCI3 = 7.26 ppm, CDHCIl,= 5.32 ppm)*®!1, which are reported as follows: chemical shift
& in ppm (multiplicity, coupling constant J in Hz, number of protons). 1°F spectra and 3P NMR
spectra were referenced according to Z-values (IUPAC recommendations 2008)*? relative to
the internal references set in *H NMR spectra (e.g. °F: CCIsF, 3'P: H3PO4 each 0.00 ppm). All
spectra are broadband decoupled unless otherwise noted.

Mass Spectrometry

Electron impact (El, 70 eV) mass spectrometry was performed on a Thermo Fisher Scientific
Q Exactive GC Orbitrap GC-MS/MS system (LRMS and HRMS). Chemical ionization (ClI)
mass spectrometry was performed on a Thermo Fisher Scientific Q. Exactive GC Orbitrap GC-
MS/MS system (LRMS and HRMS).Electrospray ionization (ESI) was performed on a Thermo
Fisher Scientific Q Exactive Plus Orbitrap (LRMS and HRMS). The ionization method and
mode of detection employed is indicated for the respective experiment and all masses are

reported in atomic mass units divided by elementary charge number (m/z).

Specific Rotations

Specific rotations [a] were measured on a Rudolph RA AUTOPOL® IV Automatic
Polarimeter at the indicated temperature with a sodium lamp (sodium D line, A =589 nm).
Measurements were performed in an acid resistant 1 mL cell (50 mm length) with

concentrations (g/(100 mL)) reported in the corresponding solvent.

High Performance Liquid Chromatography

High performance liquid chromatography (HPLC) was performed on a Shimadzu LC-40AD
(SIL-40C XS autosampler, DGU-405 degasser, CTO-40C column oven, SPD-M40 PDA
detector, SCL-40 controller, LC-40D XS pump) or Prominence LC-2030C (LC-2030
autosampler, LC-2030/2040 degasser, LC-2030 column oven, LC-2030 PDA detector, LC-
2030 pump) using CHIRALPAK® and CHIRALCEL® columns. All solvents used were HPLC-
grade solvents purchased from Sigma-Aldrich. The specific column employed and respective

solvent mixtures are indicated for each experiment.



Preparative High Performance Liquid Chromatography

Preparative High Performance Liquid Chromatography (prep-HPLC) was performed on a
Shimadzu LC-20AP (SIL-20A HT autosampler, DGU-20A 3R degasser, CTO-20AC column
over, SPD-20A UV/Vis detector, FRC-10A fraction collector, CBM-20A controller, LC-20AP

pump). All solvents used were HPLC-grade solvents purchased from Sigma-Aldrich.

Liquid Chromatography-Mass Spectrometry

Liquid Chromatography-Mass Spectrometry (LC-MS) was performed on a Shimadzu LC-
20AD. All solvents used were HPLC-grade solvents purchased from Sigma-Aldrich. The
column employed, the respective solvent mixture, and the MS parameters are indicated for each

experiment.
Gas Chromatography

Gas chromatography (GC) analyses were performed on an Agilent Technologies 6890N,
Agilent Technologies 6890, Agilent Technologies 7890A, Agilent Technologies 7890B (split-
mode capillary injection system, flame ionization detector (FID)). The conditions for achiral
and chiral separation employed are described in detail for the individual experiments.

Gas Chromatography-Mass spectrometry

Gas Chromatography-Mass Spectrometry analyses were performed on a Thermo Fisher
Scientific Q Exactive Orbitrap / Thermo Scientific Trace 1310. The columns and conditions
employed are described in detail for the individual experiments.



1.2. Cyclization of neral/citral to isopiperitenol
1.2.1. Evaluation of several Brgnsted acid catalysts in the targeted reaction

N 5 mol% catalyst é\ . é
__ > mol% catalyst
SO CH,Cl, (0.05 M), T, < “OH =~ "OH
/\ /\

16 h
1 trans-2 cis-2
entry catalyst T[°C] conversion* [%] yield* [%] (tradn-;;is) e.rt (trans) e.r.t (cis)
18 HCI 23 n.d. <5
2 TsOH 23 n.d. <5
3 S$1 23 >95 <5
4 S2 23 >95 <5
5 3 23 >95 <5
6" s1 -15 12 <5
7* S2 -15 20 <5
8 3 -15 12 <5
9 s3 23 10 <5
10 s4 23 10 <5
1% S5 -40 >95 <5
12°  S6 -40 36 35 16:1 52:48 42:58
13" S7 -40 <5 <5
14" S8 -40 52 49 >20:1 145:855  44:56
15%  S9 -40 30 13 8:1 38:62 47:53
16" 5 -40 71 70 >20:1 99.5:0.5 71.5:285
Phosphoric acid (S3) IDP (S4) IDPi (S5)
ey
/@/S‘OH
R
S1R=H
S2R=Cl

/IDP (S6-S9, 5)

R Ry

CF; R Ry CF3

Sy S0 e U L 0T

- - R -
O 2
Ot " gk
s\ 0\
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Figure S1: Performance of selected achiral Brgnsted acids (BA) and chiral, confined BA catalysts of
varying acidity in the targeted transformation. All reactions were performed on a 0.029 mmol scale of neral
(Z:E>95:5) with 5 mol% of catalyst."Conversion and yield were determined by *H NMR spectroscopy using
mesitylene as an internal standard. TDiastereomeric and enantiomeric ratios were determined by gas
chromatography. $10 mol% catalyst used. #PhMe as solvent. {Lowering the reaction temperature was not
beneficial for the formation of the desired product.**Concentration of the reaction is 0.005 M.



1.2.2. Optimization of reaction conditions

Note: In the following subchapters A-C, the reaction parameters (concentration, catalyst
loading, solvent, temperature) were optimized using iIDP catalyst 5 and in the subchapter D—
E, the Z:E-ratio of the starting material and the dependence of the catalyst loading on the
decomposition of isopiperitenol was investigated.

e O
SO0 solvent, T, 16 h < NoH ~"""OH
P P

1 trans-2 cis-2

General reaction procedure for the cyclization of neral (GP-1): In an oven-dried vial, iIDP
catalyst 5 was dissolved and if desired cooled down to the desired reaction temperature. a, -
Unsaturated aldehyde 1 (5.0 uL, 0.029 mmol, 1.0 equiv., Z:E-ratio >95:5 unless stated
otherwise) was added in one portion and the reaction was stirred for 16 h. The reaction was
guenched with two drops of triethylamine. Mesitylene was added as internal standard and the
yield was determined by *H NMR spectroscopy. After evaporation of the solvent, purification
of the crude mixture by preparative TLC (silica gel, 10:1 hexane:EtOAc, partially stained with
KMnO4) afforded isopiperitenol (2) as an inseparable mixture of diastereoisomers.

A — Concentration

Table S1. Evaluation of different concentrations using optimal iIDP catalyst 5 in the targeted
transformation. The optimal concentration is highlighted in green. All reactions were performed following
GP-1 using 5 mol% iIDP 5 in PhMe at —20 °C.*Yields were determined by *H NMR spectroscopy using
mesitylene as internal standard. TDiastereomeric and enantiomeric ratios were determined by gas chromatography.

78 20:1 99:1 62:38
77 >20:1 99:1 62:38
37 19:1 98.5:1.5 61.5:38.5
34 20:1 98.5:1.5  60:40
19 19:1 98.5:1.5 57.5:42.5



B - Solvent and temperature

Table S2. Evaluation of selected solvents at different temperatures (-60 to 20 °C) using optimal iIDP catalyst
5 in the targeted transformation. Optimal solvent/temperature conditions are highlighted in green. All
reactions were performed following GP-1 using 5 mol% ilDP 5 and 0.6 mL of solvent.”Yields were determined
by 'H NMR spectroscopy using mesitylene as internal standard. *Diastereomeric and enantiomeric ratios were
determined by gas chromatography. $ilDP catalyst 5 is not fully soluble.

yield* [%0]
d.r. (trans:cis)’
e.r. (trans)f

T[°C
S I

solvent
/

43 14
-50 >20:1 17:1 9 5 <5
99.5:0.5 99:1
67 35 21 12
—40 18:1 17:1 >20:1 13:1 <5
99.5:0.5 99.5:0.5 99:1 97.5:2.5
70 66 35 29
-30 16:1 17:1 >20:1 12:1 6
99.5:0.5 99.5:0.5 99:1 97.5:2.5
40 73 77 44 21
-20 6:1 13:1 >20:1 15:1 10:1
98.5:1.5 99:1 99:1 98.5:1.5 96.5:3.5
18 63 80 63 32
-15 3:1 8:1 17:1 14:1 17:1
96:4 99:1 99:1 98.5:1.5 99.5:0.5
40 69 7 47
-10 8 5:1 14:1 12:1 17:1
98.5:1.5 99:1 98.5:1.5 99:1
26 40 58
- 8 5:1 71 19:1
97.5:25 97:3 99:1
44
10 - <5 - - 13:1
98.5:1.5
17
20 - - - - 8:1
97.5:25



C - Catalyst loading

Table S3. Evaluation of the catalyst loading using optimal iIDP catalyst 5 in the targeted transformation.
Optimal catalyst loading is highlighted in green. All reactions were performed following GP-1 using PhMe
(0.6 mL) at —20 °C."Yields were determined by *H NMR spectroscopy using mesitylene as internal standard.
tDiastereomeric and enantiomeric ratios were determined by gas chromatography.

catalyst loading | yield* d.r.f e.r.f e.r.t
[mol%] [%%6] (trans:cis) | (trans) (cis)
34 191 99505 675325
63 201 991 505405

77 >20:1 99:1 62:38

D — Z:E-ratio of the starting material

84 19:1 99:1  56.5:43.5

Table S4. Evaluation of different Z:E-ratios of the starting material (Neral/Geranial) using optimal iIDP
catalyst 5 in the targeted transformation. All reactions were performed following GP-1 using 5 mol% iIDP 5
and PhMe (0.05 M) at —20 °C.*Yields were determined by *H NMR spectroscopy using mesitylene as internal
standard. TDiastereomeric and enantiomeric ratios were determined by gas chromatography. $Z:E-ratios of the
starting materials were analyzed by gas chromatography prior to use!. The different Z:E-mixtures were obtained
by mixing Neral and Citral.

based | based d.rt .r. : based | based d.r.t
on on (trans:cis) on (o] (trans:cis)
SM Neral SM Neral
77 77 >20:1 99:1 66.4:33.6 50 76 >20:1 99:1

99.9:0.1
93.7:6.3 74

79 : : 61.5:38.5 47 7 >20:1 99:1

79 : 58.8:41.2 44 75 >20:1 99:1

= -
=3 -
£ -
&3 -
I -

79 : : 55.4:44.6 40 72 >20:1 99:1

75 : 49.9:50.1 38 77 >20:1 99:1

76 : : 43.8:56.2 34 78 >20:1 99:1

76

1 GC-conditions: Column: 24.3 m, RTX-5 0.25/0.5df; Temperature program: 220/ 50 5/min 150 12/min 320;
Gas: 0.40 bar (Hy). tr (Neral) = 15.17 min; tr (Geranial) = 16.04 min.

10



E — Dependence of the catalyst loading on the decomposition of isopiperitenol

OH PhMe-dg 15 °C,

/:\ 16 h

trans-2
In an oven-dried vial, iIDP catalyst 5 was dissolved in PhMe-dg (0.6 mL) and cooled down to
-15 °C. Isopiperitenol 2 (5.0 uL, 0.031 mmol, 1.0 equiv., d.r. (trans:cis) = 10:1) was added in
one portion and the reaction was stirred for 16 h. The reaction was quenched with two drops of

triethylamine. Mesitylene was added as internal standard and the conversion to the sideproducts

was determined by *H NMR spectroscopy.

Table S5. Evaluation of the product decomposition using different catalyst loadings of optimal ilDP catalyst
5. "Conversions were determined by *H NMR spectroscopy using mesitylene as internal standard.

35
30 ®
; Big 25
52 20 ®
3.6 02
’ o s 15
c 2
9.2 8§ 10 °
5
19 ®
00
30 0 5 10 15 20 25

catalyst loading [mol%]

11



1.2.3. Large-scale reaction of the cyclization of neral

o L O
N0  PhMe,-22°C, 16 h < OH ~"""OH

X

In a flame-dried round-bottom flask under Ar, iIDP catalyst 5 (3.1 g, 1.7 mmol, 5 mol%) was
dissolved in PhMe (700 mL) and cooled to —22 °C. Neral (1) (6.0 mL, 35.0 mmol, 1.0 equiv.)
was slowly added and the reaction was stirred for 16 h. The reaction was quenched with
trimethylamine (10 mol%) and warmed up to room temperature. The solvent was removed
under reduced pressure (40 °C water bath, 40 mbar). Purification by FCC (spherical silica gel,
gradient 20:1 to 10:1 pentane:Et>0) yielded the desired product 2 as colorless oil (4.05 g, 76%
yield) and as mixture of diastereoisomers (d.r. (trans:cis) >20:1, e.r. (trans)=99:1),
[a]Z® =-19.4 (c = 0.65, CHCI5)).

Table S6. Selected results from the experiments on larger scale using iIDP catalyst 5. All reported yields refer
to isolated, chromatographically and spectroscopically pure compounds.  Yield was determined by *H NMR

spectroscopy using mesitylene as internal standard. &ilDP catalyst 5 was recovered after the reaction in 95% yield
(2.5 g) after purification by FCC and subsequent acidification following GP-2.

PhMe 29 -18 5 70 19:1 99:1 55:45
PhMe 35 —22 5 76 >20:1 99:1 59:41
pentane 58 0 0.5 33 (38") 12:1 98.5:1.5 68.5:31.5

12



1.3. Supplementary methods

1.3.1. Synthesis of 3,3’-substituted binaphthyl diols
(S)-3,3"-bis(2-(5,6,7,8,-tetrafluoro)naphthyl)-[1,1'-binaphthalene]-2,2'-diol (S10)

F | F
F Cl 0 ref. 13 F
oy SO
F F S TfO F
F
s12

F

% s12

B~ (2.7 equiv.)
OO Pd(PPhs), (6.8 mol%)

OMOM K,CO3 (6.0 equiv.)

OMOM  dioxane/H,O (4.5:1)
OO reflux, 16 h

o

S11
In a flame-dried flask under Ar, (S)-2,2'-(2,2'-bis(methoxymethoxy)-[1,1'-binaphthalene]-3,3'-
diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (S11) (975 mg, 1.56 mmol, 1.0 equiv.),
potassium carbonate (1.3 g, 9.4 mmol, 6.0 equiv.) and 5,6,7,8-tetrafluoronaphthalen-2-yl

HCI (4 M dioxane)

dioxane, r.t., 16 h
88% yield
over two steps

trifluoromethanesulfonate (512)*2 (1.5 g, 4.2 mmol, 2.7 equiv.) were dissolved in 1,4-dioxane
(7mL) and water (1.6 mL). After degassing the reaction mixture, Pd(PPhs)s (123 mg,
0.106 mmol, 6.8 mol%) was subsequently added and the reaction was sealed and was heated to
reflux for 16 h. The reaction mixture was cooled to room temperature, exposed to air, diluted
with H20 (15 mL) and CH2Cl. (15 mL). The layers were separated and the aqueous layer was
further extracted with CH2Cl> (3x15 mL). The combined organic layers were washed with
brine, dried over Na;SOs, filtered and concentrated under reduced pressure. The crude reaction

product was submitted to MOM-deprotection without prior purification.

A flame-dried flask was charged with crude MOM-protected 3,3’-substituted BINOL
and HCI (4 M in dioxane, 2.3 mL, 6.0 equiv.) was added at room temperature. The reaction was
stirred until full conversion of the starting material. The solvents were removed under reduced
pressure. Purification by automated CC (spherical silica gel, 20:1 hexane:EtOAc) afforded

compound S10 (930 mg, 88% yield) as a pale-yellow solid.

R = 0.50 (10:1 hexane:EtOAC).
m.p. = 257 °C.

13



'H NMR (501 MHz, CDCl,) & =8.44 (s, 2H), 8.20 (s, 2H), 8.17 (d, J =9.0 Hz, 2H), 8.06
(dd, J=8.8, 1.6 Hz, 2H), 8.02 (d, J = 8.1 Hz, 2H), 7.47 (ddd, J =8.2, 6.8, 1.2 Hz, 2H), 7.40
(ddd, J=8.2, 6.8, 1.3 Hz, 2H), 7.26 (d, J = 8.6 Hz, 2H), 5.51 (s, 2xOH) ppm.

13C NMR (126 MHz, CD.Cl,) &c = 150.78, 143.82, 143.63, 141.81, 141.64, 139.60, 139.47,
139.34, 139.21, 137.72, 137.59, 137.46, 137.33, 137.17, 133.73, 132.76, 130.07, 130.04,
129.84, 129.17, 128.39, 125.18, 124.45, 120.84, 120.82, 120.80, 120.78, 120.75, 120.34,
120.31, 120.29, 120.27, 120.24, 120.19, 120.14, 120.09, 119.26, 119.22, 119.14, 119.11,
112.53 ppm (no further signals detected or observed).

9F NMR (471 MHz, CD:Cly) &k =-151.01 (t, J=16.0 Hz), —151.12 (t, J=16.2 Hz),
—159.59 — —-159.96 (m) ppm.

HRMS (ESI) m/z calculated for C4H17FsO2 [M—H]": 681.1106, found: 681.1105.

IR (neat) = 3517 (br), 1668 (w), 1617 (m), 1494 (s), 1462 (m), 1364 (m), 1235 (m), 1126 (m),
1033 (s), 961 (m), 889 (m), 822 (m), 749 (s), 713 (m), 673 (m) cm™™.

[a]%® = 22.1 (c = 0.65, CHCI5).

(S)-3,3"-bis-(1,3,4,5,6,7,8-heptafluoronaphthalene)-[1,1'-binaphthalene]-2,2'-diol (S13)

OO nBulLi (4.0 equiv.),
OMOM -78°Cto0°C,4h
OMOM  then s15 (7.0 equiv.)
OO in THF (0.3 M)
-78°Ctort, 16 h

S14

HCI (4 M dioxane)

dioxane, r.t., 16 h
71% yield
over two steps

The compound S13 was prepared according to a modified literature procedure.*

In a flame dried round-bottom flask under Ar, MOM-protected (S)-BINOL S14 (5.0 g,
13. mmol, 1.0 equiv.) was dissolved in dry THF (90 mL) and the reaction was cooled to -78 °C.
nBuLi (2.5 M in hexane, 21.4 mL, 53.4 mmol, 4.0 equiv.) was added dropwise and the reaction
mixture was warmed up to 0 °C and was stirred for 4 h. After cooling to -78 °C, a solution of
octofluoronaphtalene (S15) in THF (25.4 g, 93.5 mmol, 0.3 M in THF, 7.0 equiv.) was slowly
added to the reaction mixture. After stirring for 2 h at -78 °C, the reaction mixture was warmed
up to room temperature and was stirred overnight until full conversion of the starting material.

The reaction mixture was quenched with sat. ag. NH4Cl and was diluted with Et.O. The phases

14



were separated? and the aqueous layer was extracted with Et;O (3x200 mL). The combined
organic layers were washed with brine, dried over Na>SOs, filtered and concentrated under
reduced pressure. The excess of octafluoronaphtalene was carefully removed by sublimation
(30 mbar, ~40°C) and the resulting crude reaction mixture was submitted to MOM-

deprotection without further purification.

A flask was charged with crude product and HCI (4 M in dioxane, 20.0 mL, 6.0 equiv.)
was added at room temperature. The reaction stirred at room temperature until full conversion
of the starting material. The solvents were removed under reduced pressure. Purification by
automated CC (spherical silica gel, gradient 20:1 to 1:1 hexane:EtOAc) afforded compound
S13 (7.5 g, 71% vyield) as a pale-yellow solid.

Rf=0.21 (3:1 hexane:CHCly);

m.p. =171 °C;

'H NMR (501 MHz, CD.Cl,) 8+ =8.18 (s, 2H), 8.05—7.98 (m, 2H), 7.55—7.45 (m, 4H),
7.36 —7.27 (m, 2H), 5.48 — 5.45 (m, 2xOH) ppm;

13C NMR (126 MHz, CDCly) 8¢ = 151.42, 151.04, 151.03, 151.01, 149.37, 147.47, 145.43,
143.26, 142.79, 142.23, 142.07, 141.42, 141.30, 141.18, 140.80, 140.64, 140.30, 140.19,
140.06, 139.38, 139.26, 139.14, 138.29, 138.18, 138.04, 134.58, 134.36, 134.33, 134.29,
129.57, 129.36, 129.30, 129.28, 125.46, 125.35, 124.42, 124.40, 124.36, 124.34, 117.04,
117.03, 117.02, 116.44, 116.38, 116.26, 116.21, 116.10, 116.04, 111.99, 111.98, 111.97,
111.96, 111.90, 111.79, 111.68, 108.60, 108.46, 108.36 ppm (no further signals detected or
observed);

19F NMR (471 MHz, CD2Cly) 8¢ =-118.53 — -118.83 (m), —119.13 (dd, J = 68.7, 18.0 Hz),
-135.16 — —-135.48 (m), —144.46 —-144.95 (m), —146.80 —-147.18 (m), —149.96 — -150.49
(m), —154.29 (t, J = 18.7 Hz), —156.56 — —156.80 (m) ppm;

HRMS (ESI) m/z calculated for C4oH11F1402 [M—H]": 789.0541, found: 789.0543;

IR (neat) = 3538 (br), 1651 (m), 1601 (w), 1522 (w), 1494 (m), 1463 (m) 1403 (s), 1213 (m),
1115 (s), 951 (s), 900 (m), 753 (s), 682 (m) cm'L;

[a]%® = —6.48 (c = 0.68, CHCl5).

The analytical and spectroscopic data are in accordance with those reported.'*

2 If necessary, the biphasic mixture was filtered through glass wool to accelerate the separation of the layers.
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1.3.2.  Synthesis of chiral Brgnsted acids

General reaction procedure for the acidification of chiral Bransted acids (GP-2): DOWEX®
50WX8 (hydrogen form, 50—-100 mesh) was activated/regenerated prior to use by stirring with
0.15 M ag. H2SO4 for 30—60 min. The regenerated resin was packed into a column and rinsed
with water (3 CV), MeOH (3 CV) and CH.Cl, (3-5 CV) applying nitrogen pressure. The
purified catalyst salt was dissolved in CH.Cl, and loaded onto the column, which was
subsequently rinsed with CH>Cl> until no further UV-active material was released. The solvent
was evaporated under reduced pressure to furnish the acidified catalysts. The acidified catalysts
were dried in high vacuum overnight prior to use. Due to the high confinement of the catalyst
and stabilization effects of the inner core structure, especially for the bifunctional iIDP

catalysts, solvent residues and/or water can remain in the pocket of the catalyst.

(S,5)-IDP 4

(25)-4-(((2S)-4-hydroxy-2,6-bis(perfluoronaphthalen-2-yl)-42°-dinaphtho[2,1-d:1',2'-f]
[1,3,2]dioxaphosphepin-4-ylidene)amino)-2,6-bis(perfluoronaphthalen-2-yl)dinaphtho[2,1-
d:1',2'-f][1,3,2]dioxaphosphepine 4-oxide (4)

R R R
OO SCI pyridine, 2 h OO OO
OH 6 then H,0, 16 h, r.t. o %
ont O e c .y O RN-R O R =
A s e O R -
R R R

S16
4

S$13

The synthesis is a modified literature procedure for a related compound.®

In a flame-dried Schlenk flask under Ar, HCPP (S16) (112 mg, 0.210 mmol, 1.0 equiv.) and
(S)-3,3"-bis-(1,3,4,5,6,7,8-heptafluoro-naphthalene)-[1,1'-binaphthalene]-2,2'-diol (S13)
(333 mg, 0.421 mmol, 2.0 equiv.) were dissolved in dry pyridine (2 mL). The clear solution
slowly formed a precipitate. After 2 h water (0.4 mL) was added to the reaction and the reaction
was stirred overnight. The reaction was treated with excess of agq. HCI (10 %) to remove the
pyridine. The layers were separated and the organic layer was extracted with CH2Cl
(3x20 mL). The combined organic layers were washed with brine, dried over Na>SOg, filtered
and concentrated under reduced pressure. The crude was purified by automated CC (spherical

silica gel, gradient 20:1 to 3:1 hexane:EtOAc) and the desired catalyst was acidified with
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DOWEX® 50WX8 (hydrogen form, 50—-100 mesh) following GP-2. The acidified catalyst 4
was obtained after evaporation of the solvent and drying in high vacuum overnight as colorless
solid (197 mg, 56% vyield) and as inseparable mixture of rotamers.

R = 0.44 (3:1 hexane:EtOAC).

m.p. = 297 °C (decomposition).

'H NMR (600 MHz, CD2Cl») 64 = 8.19 — 7.92 (m, 6H), 7.91 — 7.53 (m, 10H), 7.52 — 7.37 (m,
4H), 6.25 (br. s, OH) ppm.

13C NMR (151 MHz, CDCl) 8¢ = 151.00, 150.92, 149.31, 149.21, 146.98, 146.90, 146.40,
146.34, 145.35, 145.20, 145.17, 145.15, 145.12, 145.07, 145.00, 144.98, 144.95, 144.92,
144.88, 144.86, 144.74, 144.70, 144.66, 143.99, 143.86, 142.73, 142.34, 141.85, 141.14,
141.05, 140.93, 140.67, 140.14, 139.94, 139.84, 139.45, 139.36, 139.27, 138.25, 138.15,
134.80, 134.41, 134.19, 134.04, 133.89, 133.71, 133.67, 133.53, 133.49, 133.37, 133.34,
133.31, 133.19, 133.07, 132.99, 131.89, 131.71, 131.64, 131.61, 131.38, 129.34, 129.18,
129.04, 129.01, 128.87, 128.82, 128.78, 128.66, 128.56, 128.36, 128.20, 128.04, 127.81,
127.76, 127.56, 127.52, 127.50, 127.39, 127.23, 127.02, 126.96, 126.84, 126.71, 126.61,
123.67, 123.62, 123.53, 123.50, 122.87, 122.80, 122.61, 122.56, 120.00, 119.85, 119.75,
119.67, 119.60, 119.51, 118.01, 115.61, 115.47, 115.25, 111.85, 111.71, 111.53, 111.43,
108.35, 108.27, 107.72, 107.66, 107.57, 107.50 ppm (no further signals observed).

F NMR (565 MHz, CD.Cly) 8¢ =-115.95, -116.07, -116.40, -116.53, —-116.66, —117.27,
-117.76, -117.79, -117.87, -117.90, -118.00, -118.03, -118.09, -118.12, -118.15, -118.19,
-118.22, -118.40, -118.42, -118.43, —118.45, —118.52, —118.55, —118.58, —118.64, —118.67,
-118.71, -118.76, —118.79, -119.05, -119.18, —119.29, —119.41, —119.53, —119.74, —119.88,
-119.91, -119.94, -119.99, -120.03, —-120.06, -120.11, -120.14, —120.20, -120.30, —120.33,
-120.52, -120.62, —-120.65, —120.74, -120.78, -120.81, -121.06, -121.10, -121.12, -121.19,
-121.22, -121.25, -133.76, —133.88, —134.40, —134.73, —134.77, —135.09, -135.12, -135.16,
-135.19, -135.27, -135.29, -135.30, —-135.32, —135.36, —135.43, —135.60, —135.75, —135.78,
-135.81, -135.99, -136.01, —136.03, —136.04, —136.14, —136.16, —136.27, —136.29, —136.35,
-136.38, —136.44, —136.60, —136.68, —136.82, —136.84, —136.93, —137.28, —137.57, —137.66,
-137.94, -138.07, —138.30, —138.82, —139.04, —139.36, —140.03, —140.31, —142.64, —142.77,
-142.98, —-143.01, —-143.08, —143.17, —143.63, —143.73, —143.75, —143.79, —143.86, —143.89,
—-143.90, —143.93, —143.99, —144.02, -144.06, —144.09, -144.12, -144.19, —144.22, —144.25,
—144.35, —144.36, —144.47, —144.49, —144.76, —144.79, —144.88, —144.91, —144.94, —144.98,
—145.00, —145.03, —145.06, —145.10, —145.13, —145.18, —145.33, —145.44, —145.47, —145.51,
—145.54, —145.56, —145.59, —145.63, —145.66, —145.74, —145.77, —145.83, —145.86, —145.90,
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-145.93, -145.96, —145.99, —-146.01, —146.04, -146.09, -146.11, -146.21, —146.31, —146.34,
—146.38, —146.45, —146.48, —146.70, —146.81, —146.98, —147.05, —147.08, —147.11, —147.13,
—147.15, -147.18, —147.21, -147.24, —147.26, —147.29, —147.31, —147.33, —147.36, —147.39,
—147.41, -147.44, —147.46, —147.49, -147.67, -147.69, —147.76, —147.78, —147.81, —147.83,
—147.86, —147.89, —147.91, —147.94, -147.96, -148.03, —148.06, —148.13, —148.16, —148.20,
—148.23, —148.27, —148.34, —148.37, —148.45, —148.75, —148.78, —148.81, —148.84, —148.88,
—148.91, —148.94, —148.97, —149.05, —149.25, —149.34, —149.41, —149.44, —149.48, —149.51,
—149.55, -149.58, —-150.18, —150.21, —-150.24, -150.31, —150.34, —150.36, —150.40, —150.44,
-150.47, -151.04, -151.16, —-151.22, -151.33, —-152.15, -152.19, -152.21, -152.25, —152.28,
—152.31, —152.35, —152.38, —152.41, —153.64, —153.68, —153.77, —153.80, —153.92, —154.02,
—154.12, -154.21, —154.30, —155.41, —155.68, —155.71, —155.74, —155.78, —155.81, —155.91,
-155.97, -156.01, —156.03, —156.06, —156.10, -156.17, —156.20, —156.24, —156.29, —156.32,
-156.35, —156.36, —156.47, —156.51, —156.61, —156.78, —157.41, -157.79, -157.82, —157.86,
—158.04, —158.09, —158.13, —158.16, —158.34, —158.41, —158.44, —158.48, —158.51, —158.54,
—158.80, —158.86, —159.14 ppm (no further signals detected or observed).

3P NMR (243 MHz, CDCl,) &p = 10.41, 10.17, 9.92, 9.69, 9.28, 5.73, 5.36, 5.23, 4.86, 4.25,
4.16, 3.87, 3.78, 3.63, 3.49, 3.34, 3.25, 3.06, 2.91, 2.88, 2.78, 2.69, 2.66, 2.51, 1.86, —1.09,
-1.37,-1.60, —1.82 ppm (no further signals detected or observed).

HRMS (ESI) m/z calculated for CgoH20F28N10sP2 [M—H]: 1684.0324, found: 1684.0334.
IR (neat) = 1652 (m), 1603 (w), 1524 (w), 1495 (m), 1463 (m), 1404 (s), 1325 (m), 1188 (m),
1116 (m), 949 (s), 750 (s), 665 (m), 573 (m) cm™.

[a]3’ = 123.72 (c = 0.61, CHClI5).

LC-MS (50 mm Zorbax 300SB-C8, 4.6 mm i.d., MeCN /1% TFA =75:25, 1.0 mL/min,
5.9 MPa, 308 K, UV 254 nm): tr = 5.65 (99.60%); m/z = 1684 ([M—H]).
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(S,5)-ilDP S7

N-(4-((2,6-di(naphthalen-2-yl)-4-oxidodinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-
yl)imino)-2,6-di(naphthalen-2-yl)-4)°-dinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)-

1,1,1-trifluoromethanesulfonamide (S7)

R pyridine, 2 h

OO gu then NH,S0,CF
6
OH (5.0 equiv), 16 h
+ C| @ C| il ) P’N P R=
OH " ci—p=N=R-cI then H0, 2 h ONHOO
cr CI 65% yield
R

S16

S$17

The synthesis is a modified literature procedure for a related compound.®

In a flame-dried Schlenk flask under Ar, HCPP (S16) (197 mg, 0.37 mmol, 1.0 equiv.) and (S)-
[2,3:1',1":3",2"-quaternaphthalene]-2',2"-diol (S17) (398 mg, 0.74 mmol, 2.0 equiv.) were
dissolved in dry pyridine (4 mL). The clear solution slowly formed a precipitate and after 2 h
trifluoromethane sulfonamide (275 mg, 1.85 mmol, 5.0 equiv) was added to the reaction. After
16 h, water (0.4 mL) was added to the reaction and was stirred for further 2 h. The reaction was
treated with excess of aq. HCI (10 %) to remove the pyridine. The layers were separated and
the organic layer was extracted with CH2Cl> (3x30 mL). The combined organic layers were
washed with brine, dried over Na2SOs, filtered and concentrated under reduced pressure. The
crude was purified by FCC (silica gel, 4:1:1 hexane:EtOAc:CH2Cl>) and the desired catalyst
was acidified with DOWEX® 50WX8 (hydrogen form, 50-100 mesh) following GP—2. The
acidified catalyst S7 was obtained after evaporation of the solvent and drying in high vacuum

overnight as a pale yellow solid (318 mg, 65% vyield).

= 0.42 (2:1:1 hexane:CH2Cl2:EtOAC).

m.p. =290 °C (decomposition).

'H NMR (501 MHz, CD.Cl,) 64 =8.21 (d, J = 8.2 Hz, 2H), 8.16 (d, J = 11.1 Hz, 2H), 8.10 (t,
J=7.6 Hz, 2H), 8.06 (dd, J=11.1, 8.6 Hz, 2H), 7.96 — 7.86 (m, 3H), 7.85—7.77 (m, 2H),
7.76 —7.72 (m, 3H), 7.69 — 7.54 (m, 11H), 7.51 (d, J = 9.6 Hz, 2H), 7.48 — 7.31 (m, 16H), 6.80
(dd, J=8.6, 1.8 Hz, 1H), 6.75 (dd, J = 8.5, 1.8 Hz, 1H), 6.42 (dd, J = 8.5, 1.8 Hz, 1H), 6.32
(dd, J=8.5, 1.8 Hz, 1H) ppm.

13C NMR (126 MHz, CD2Cly) 8¢ = 144.86, 144.78, 144.53, 144.50, 144.45, 144.43, 143.30,
143.23, 134.27, 134.25, 134.17, 134.15, 133.98, 133.95, 133.92, 133.89, 133.87, 133.72,
133.63, 133.59, 133.46, 133.35, 133.19, 133.16, 132.91, 132.74, 132.37, 132.33, 132.28,
132.21, 132.15, 131.86, 131.63, 131.24, 129.61, 129.55, 129.16, 129.12, 129.10, 129.07,
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128.88, 128.75, 128.67, 128.50, 128.38, 128.06, 128.04, 127.96, 127.91, 127.86, 127.76,
127.73, 127.69, 127.65, 127.56, 127.49, 127.44, 127.36, 127.28, 127.22, 127.15, 127.12,
126.96, 126.92, 126.89, 126.77, 126.64, 126.58, 126.43, 126.35, 126.25, 126.13, 125.89,
124.17, 124.15, 123.85, 123.83, 123.07, 123.04, 122.74, 122.72, 122.27, 122.25, 120.52,
120.49, 117.98, 117.95, 115.43, 115.40 ppm (no further signals detected or observed).

19F NMR (471 MHz, CDCl,) 8¢ = —80.41 ppm.

3P NMR (203 MHz, CD2Cly) 8 =-5.77 (d, J = 127.2 Hz), -10.92 (d, J = 126.5 Hz) ppm.
HRMS (ESI) m/z calculated for CgiHagF3sN207P2S1 [M—H]: 1311.2615, found: 1311.2615;
IR (neat) = 3053 (br), 1596 (w), 1496 (w), 1441 (w), 1398 (m), 1321 (m), 1197 (s), 1185 (s),
1149 (m), 982 (m), 953 (m), 889 (m), 854 (m), 816 (m), 745 (s), 474 (s) cm™.

[a]3® = 428.89 (c = 0.57, CHClI5).

LC-MS (50 mm Zorbax SB300-C8, 3.5um, 4.6 mm id, MeCN/1% TFA =70:30,
1.0 mL/min, 7.5 MPa, 308 K, UV 254 nm): tr = 5.62 (97.78%), m/z = 1311 ([M—H]).

(S,5)-ilDP S9

1,1,1-trifluoro-N-(4-((4-oxido-2,6-bis(5,6,7,8-tetrafluoronaphthalen-2-yl)dinaphtho[ 2,1-
d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)imino)-2,6-bis(5,6,7,8-tetrafluoronaphthalen-2-yl)-42.°-
dinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)methanesulfonamide (S9)

+ oo @ o (5.0 equiv), 16 h P -N-g R=
OH  ci—p=N=F-cI then H,0, 2 h O o' Nu & O Q
o ol 70% yield T
R R R

S16

F

R 5 pyridine, 2 h OO OO E
OO PClg then NH,SO,CF3 o E F
OH . iv), ] ‘

$10 S9

The synthesis is a modified literature procedure for a related compound.®

In a flame-dried Schlenk flask under Ar, HCPP (S16) (60.4 mg, 0.114 mmol, 1.0 equiv.) and
(S)-3,3"-bis(2-(5,6,7,8,-tetrafluoro)naphthyl)-[1,1'-binaphthalene]-2,2'-diol  (S10) (155 mg,
0.227 mmol, 2.0 equiv.) were dissolved in dry pyridine (1.25 mL). The clear solution slowly
formed a precipitate and after 2 h trifluoromethane sulfonamide (84.6 mg, 0.567 mmol,
5.0 equiv.) was added to the reaction. After 16 h, water (0.15 mL) was added to the reaction
and stirred for further 2 h. The reaction was treated with excess of aq. HCI (10 %) to remove
the pyridine. The layers were separated and the organic layer was extracted with CHCl;
(3x20 mL). The combined organic layers were washed with brine, dried over Na>SOg, filtered
and concentrated under reduced pressure. The crude was purified by automated CC (spherical
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silica gel, gradient 10:1 to 3:1 hexane:EtOAc) and the desired catalyst was acidified with
DOWEX® 50WX8 (hydrogen form, 50-100 mesh) following GP-2. The acidified catalyst S9
was obtained after evaporation of the solvent and drying in high vacuum overnight as a colorless
solid (128 mg, 70% vyield).

Rf = 0.42 (3:1 hexane:EtOAC).

m.p. = 230 °C (decomposition).

'H NMR (501 MHz, CDCl,) &4 = 8.43 (br. s, NH), 8.28 (s, 1H), 8.20 (s, 1H), 8.16 — 8.10 (m,
2H), 8.08 (dd, J =8.3, 5.2 Hz, 2H), 7.90 (q, J = 8.0 Hz, 2H), 7.88 — 7.82 (m, 4H), 7.80 — 7.73
(m, 4H), 7.71 (d, J = 8.9 Hz, 1H), 7.69 — 7.58 (m, 4H), 7.50 (d, J = 8.8 Hz, 1H), 7.49 — 7.42 (m,
3H), 7.40 (d, J = 8.5 Hz, 1H), 7.35 (s, 1H), 7.28 (s, 1H), 6.81 (d, J = 8.8 Hz, 1H), 6.73 (d,
J=8.8 Hz, 1H), 6.63 (dd, J = 8.6, 3.3 Hz, 2H) ppm.

13C NMR (126 MHz, CDCly) 8¢ = 143.87, 143.65, 142.47, 141.36, 139.28, 137.29, 135.82,
135.81, 135.59, 135.57, 135.52, 135.51, 135.24, 135.22, 135.19, 133.09, 132.69, 132.68,
132.57, 132.53, 132.48, 132.46, 132.45, 132.43, 132.16, 132.13, 132.09, 131.93, 131.88,
131.60, 131.51, 131.49, 129.86, 129.76, 129.71, 129.52, 129.44, 129.36, 129.31, 128.79,
128.69, 128.47, 128.41, 128.39, 128.37, 128.14, 127.93, 127.76, 127.47, 127.38, 127.23,
127.13, 124.15, 124.12, 123.83, 123.81, 122.91, 122.89, 122.34, 122.33, 120.96, 120.89,
120.79, 120.60, 120.56, 120.12, 120.04, 119.97, 119.76, 119.74, 119.65, 119.62, 119.60,
119.04, 119.01, 118.92 ppm (no further signals detected or observed).

19F NMR (471 MHz, CD,Cl,) 8¢ = —80.95, —149.80 — ~150.13 (m), —-150.81 — —151.14 (m), —
151.34 (t, J=17.0 Hz), —-151.45 (t, J = 16.7 Hz), —158.71 (t, J = 18.5 Hz), —159.12 — -159.31
(m), —159.31 —-159.51 (m), —159.68 —-159.86 (m) ppm (no further signals detected or
observed).

3P NMR (203 MHz, CD:Cly) 8p =-4.57 (d, J =123.8 Hz), -10.61 (d, J = 123.9 Hz) ppm.
HRMS (ESI) m/z calculated for CgiHz2F19N207P2S1 [M—H]: 1599.1108, found: 1599.1126.
IR (neat) = 1668 (w), 1618 (m), 1515 (m), 1495 (s), 1462 (m), 1403 (m), 1362 (m), 1325 (m),
1242 (w), 1187 (s), 1125 (m), 1035 (s), 955 (s), 888 (m), 823 (m), 750 (m), 562 (m) cm™.
[a]3® = 333.39 (c = 0.64, CHCI5).

(S,5)-iIDP 5

1,1,1-trifluoro-N-((2S)-4-(((2R)-4-oxido-2,6-bis(perfluoronaphthalen-2-yl)dinaphtho[2,1-
d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)imino)-2,6-bis(perfluoronaphthalen-2-yl)-4>-
dinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)methanesulfonamide (5)
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R 5 pyridine, 2 h O R R O F
OO PCl then NH,80,CF5 o F ‘l F

i O
H .
OH | o e C (5.0 equiv), 16 h LoN-p R= F .
OH Cl—P=N=R-Cl then H,0, 2 h O o }\‘H 1 \o O
4 "
Cl Cl 63% vyield T F
R s16 R R E
S$13 5

The synthesis is a modified literature procedure for a related compound.®

In a flame-dried Schlenk flask under Ar, HCPP (S16) (286 mg, 0.537 mmol, 1.0 equiv.) and
(S)-3,3"-bis-(1,3,4,5,6,7,8-heptafluoro-naphthalene)-[1,1'-binaphthalene]-2,2'-diol (S13)
(851 mg, 1.08 mmol, 2.0 equiv.) were dissolved in dry pyridine (5.5 mL). The clear solution
slowly formed a precipitate and after 2 h trifluoromethane sulfonamide (437 mg, 2.93 mmol,
5.5 equiv) was added to the reaction. After 16 h, water (0.5 mL) was added to the reaction and
stirred for further 2 h. The reaction was treated with excess of aq. HCI (10 %) to remove the
pyridine. The layers were separated and the organic layer was extracted with CH2Cl>
(3x100 mL). The combined organic layers were washed with brine, dried over Na>SOs, filtered
and concentrated under reduced pressure. The crude was purified by FCC (silica gel,
hexane:EtOAc:CHCl,, 3:1:1) and the desired catalyst was acidified with DOWEX® 50WX8
(hydrogen form, 50-100 mesh) following GP-2. The acidified catalyst 5 was obtained after
evaporation of the solvent and drying in high vacuum overnight as a brown-yellow solid
(618 mg, 63% yield) and as an inseparable mixture of rotameric compounds.

R =0.37 (3:1 hexane:EtOAC).

m.p. = 277 °C (decomposition).

'H NMR (500 MHz, CD2Cl;) 64 =8.21-7.97 (m, 6H), 7.92-7.58 (m, 11H), 7.53 (q,
J=8.2 Hz, 1H), 7.50 — 7.37 (m, 3H) ppm.

13C NMR (151 MHz, CDCly) &¢c = 151.25, 150.52, 149.22, 146.34, 146.25, 146.07, 144.71,
144.68, 144.66, 144.64, 144.60, 144.54, 144.51, 144.48, 144.45, 144.43, 144.40, 144.38,
14431, 144.22, 144.21, 144.14, 144.06, 144.05, 144.03, 143.95, 143.92, 143.89, 143.09,
143.03, 142.92, 142.72, 142.65, 142.04, 141.41, 141.29, 141.04, 140.92, 140.35, 140.24,
140.16, 140.03, 139.38, 139.26, 138.15, 135.11, 134.98, 134.95, 134.69, 134.63, 134.47,
134.19, 134.12, 133.94, 133.81, 133.72, 133.64, 133.57, 133.51, 133.26, 133.17, 133.12,
132.18, 132.06, 131.99, 131.93, 129.45, 129.41, 129.38, 129.08, 129.01, 128.96, 128.94,
128.79, 128.73, 128.61, 128.56, 128.51, 128.46, 128.37, 128.33, 128.18, 128.11, 128.03,
127.94, 127.88, 127.78, 127.72, 127.66, 127.60, 127.42, 127.39, 127.34, 127.30, 127.27,
127.18, 127.12, 127.09, 127.02, 123.31, 123.29, 123.23, 123.13, 123.10, 123.08, 123.06,
123.03, 123.01, 122.97, 122.94, 122.90, 122.88, 122.84, 122.75, 122.74, 122.68, 122.65,
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122.38, 120.39, 119.57, 119.52, 119.45, 119.22, 119.10, 119.02, 114.39, 114.18, 114.01,
112.37, 112.26, 112.16, 112.03, 108.90, 108.81, 108.69, 107.91, 107.82, 107.68 ppm (no
further signals detected or observed).

FENMR (471 MHz, CD2Cl,) ¢ =-80.76, —80.79, —80.82, —80.84, —80.88, —80.95, —80.96,
-81.02, -81.03, -81.10, -81.11, -81.17, -81.22, -81.25, -81.26, —81.30, —116.31, —116.35,
-116.46, -116.50, -116.63, -116.70, -116.74, -116.79, —116.85, —116.89, —116.93, —117.31,
-117.40, -117.44, -117.55, -117.59, -117.64, -117.67, —117.71, —117.74, —117.78, —117.83,
-117.87, -117.93, -117.98, -118.02, -118.08, —118.11, -118.16, —118.22, —118.26, —118.31,
-118.36, -118.40, -118.71, -118.86, —118.99, —119.11, -119.46, —119.61, —119.65, —119.70,
-119.75, -119.79, -120.79, -120.93, -121.02, -121.16, —121.32, —121.37, —121.42, —121.47,
—121.52, -121.56, —121.69, -121.73, -121.83, —121.87, —122.08, —122.23, —122.39, —122.55,
—126.56, —126.75, —127.68, —127.88, —128.71, —128.88, —133.97, —134.01, —134.07, —134.11,
—134.18, —134.20, —134.33, —134.47, —134.82, —135.00, —135.04, —135.31, —135.39, —135.43,
—135.54, -135.82, —135.85, —135.95, -136.02, —136.06, —136.17, —136.39, —136.42, —136.70,
-137.16, -137.29, -137.33, -137.38, —137.56, —137.69, —137.73, —137.88, —138.07, —138.11,
—138.39, —138.43, —138.53, —138.56, —138.71, —138.90, —139.12, —139.95, —140.15, —140.20,
—142.54, -142.74, -142.78, —142.94, —143.08, —143.26, —143.48, —143.52, —143.55, —143.58,
—143.63, —143.66, —143.70, —143.73, —143.77, —143.80, —143.84, —143.87, —143.94, —143.97,
—144.41, —144.45, —144.48, —144 .56, —144.59, —144.63, —144.72, —144.75, —144.79, —144.87,
—144.90, —144.99, —145.02, —145.06, —145.10, —145.14, —145.17, —145.21, —145.24, —145.35,
—145.38, —145.41, —145.45, —145.49, —145.53, —145.56, —145.60, —145.73, —145.77, —145.80,
—145.84, —145.88, —145.91, —145.95, —145.99, —146.16, —146.20, —146.24, —146.31, —146.37,
—146.41, -146.44, -146.49, —146.53, —146.57, —146.89, —146.99, —147.02, —147.05, —147.08,
-147.11, -147.15, -147.19, -147.23, -147.27, -147.31, —147.34, —147.40, —147.49, —147.53,
—147.56, —147.69, —147.73, -147.76, —147.85, —147.89, —147.96, —148.00, —148.04, —148.08,
—148.09, —148.14, —148.18, —148.22, —148.26, —148.30, —148.37, —148.41, —148.45, —148.50,
—148.54, —148.58, —148.62, —148.67, —148.70, —148.83, —148.99, —149.12, —149.28, —149.32,
—149.36, —149.40, —149.44, -149.48, —149.53, —149.77, —149.83, —149.90, —150.06, —150.18,
-150.73, —150.88, —150.91, —-150.95, -151.04, -151.07, -151.28, —152.10, —152.14, —152.18,
—152.22, -152.26, —152.30, —152.34, —152.38, —153.27, —153.30, —153.38, —153.42, —153.45,
—153.50, —153.54, —153.57, —153.64, —153.68, —153.72, —153.77, —153.81, —153.88, —153.93,
—153.97, —154.00, —154.19, —154.39, —154.45, —154.53, —154.75, —154.79, —154.83, —154.87,
—154.93, —154.96, —155.00, —155.29, —155.43, —155.47, —155.52, —155.56, —155.79, —155.83,
—155.88, —155.98, —156.03, —156.07, —156.13, —156.26, —156.30, —156.35, —156.42, —156.53,
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-156.57, —-156.61, —156.66, —156.80, —157.03, -157.07, -157.11, -157.17, -157.37, -157.47,
—157.51, —157.62, —157.74, —157.86, —158.29 ppm (no further signals detected or observed).
3P NMR (203 MHz, CD2Cl) &p = 4.34, 4.14, 4.03, 3.94, 3.86, 3.70, 3.62, 3.52, 3.44, 3.39,
3.25,3.19, 3.12, 3.04, 2.90, 2.83, 2.76, 2.68, 2.62, 2.56, 2.34, 2.20, 2.08, 1.88, 1.56, 1.41, 0.94,
0.89, 0.41, 0.34, -0.34, -0.96, -1.45, -1.71, -2.02, -2.20, -2.47, -2.80, —2.95, -3.21, -3.29,
-3.44, -3.61, -3.70, -3.91, -4.02, —4.10, —4.40, -4.73, —4.93, —4.98, -5.24, -5.50, -5.90,
—6.11 ppm (no further signals detected or observed).

HRMS (ESI) m/z calculated for CgiH2oF31N207P2S:1 [M—H]: 1814.9977, found: 1814.9977.
IR (neat) = 1652 (m), 1605 (w), 1525 (w), 1495 (m), 1464 (m), 1406 (s), 1323 (m), 1231 (w),
1187 (m), 1116 (m), 1068 (m), 951 (s), 895 (m), 750 (m), 572 (s) cm™.

[a]3°(S,S)= +109.95 (c = 0.61, CHCls), [a]3°(R,R) = —-107.06 (c = 0.61, CHCls).

LC-MS (50 mm Zorbax 300SB-C8, 3.5um, 4.6 mm id.): MeCN/1% TFA =80:20,
1.0 mL/min, 5.2 MPa, 308 K, UV 220 nm): trot1 =2.80 (29.90%), trotz =2.91 (69.45%),
m/z = 1816 ([M—H]"), purity = 99.4%.

(S,S)-1DPi 6
N-((2S)-2,6-bis(perfluoronaphthalen-2-yl)-4-((2-((S)-perfluoronaphthalen-2-yl)-6-
(perfluoronaphthalen-2-yl)-4-(((trifluoromethyl)sulfonyl)imino)-41°-dinaphtho[2,1-d:1',2'-
f][1,3,2]dioxaphosphepin-4-yl)imino)-41°-dinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-
yl)-1,1,1-trifluoromethanesulfonamide

R Et3N (16 equiv.) R R i
OO, e M Py
OH N/S\CF3 HMDS (0.5 equiv.) 7 ‘

\’N\ R= F.
p=N-p
OH C,/‘F‘\’\m PhMe, 115 °C, 3 d OO O \H N O QO O "
O Cl 34% yield T Tf F
R R R F

s13 6

The synthesis is a modified literature procedure for a related compound.®

In a flame-dried Schlenk flask under Ar, phosphazene reagent (S18) (151 mg, 0.532 mmol,
1.05 equiv.) and (S)-3,3'-bis-(1,3,4,5,6,7,8-heptafluoro-naphthalene)-[1,1'-binaphthalene]-2,2'-
diol (S13) (400 mg, 0.506 mmol, 1.0 equiv.) were dissolved in PhMe (3 mL). Triethylamine
(2.1 ml, 8.10 mmol, 16 equiv.) was subsequently added. After 1h, HMDS (52.8 uL,
0.253 mmol, 0.5 equiv.) was added. The reaction was sealed and was heated to 120 °C over
three days. After cooling down to room temperate, the reaction was treated with excess of ag.

HCI (10 %). The layers were separated and the organic layer was extracted with CH2Cl»
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(3x30 mL). The combined organic layers were washed with brine, dried over Na>SOg, filtered
and concentrated under reduced pressure. The crude was purified by automated CC (spherical
silica gel, gradient 10:1 to 1:1 hexane:EtOAc) and the desired catalyst was acidified with
DOWEX® 50WX8 (hydrogen form, 50-100 mesh) following GP—2. The acidified catalyst 6
was obtained after evaporation of the solvent and drying in high vacuum overnight as orange-

brown solid (170 mg, 34% yield) and as inseparable mixture of rotamers.

Rs1 = 0.26 (2:1 hexane:EtOAC), Rr. = 0.12 (2:1 hexane:EtOAC).

m.p. = 278 °C (decomposition).

IH NMR (501 MHz, CD2Cly) 81 = 8.23 —8.00 (m, 6H), 7.97 — 7.56 (m, 10H), 7.54 — 7.40 (m,
4H), 7.36 (br. s., NH) ppm.

13C NMR (126 MHz, CDCl) 8¢ = 151.40, 149.36, 149.18, 145.91, 145.06, 144.54, 144.20,
143.96, 143.14, 141.93, 141.05, 139.87, 139.30, 137.94, 135.17, 135.14, 135.12, 134.94,
134.85, 134.35, 134.23, 133.99, 133.80, 133.71, 133.59, 133.52, 133.46, 133.31, 133.10,
133.06, 133.01, 132.26, 132.21, 132.18, 132.09, 132.06, 132.01, 131.82, 129.43, 129.39,
129.37, 129.28, 129.22, 129.17, 129.11, 129.08, 128.99, 128.94, 128.90, 128.80, 128.75,
128.57, 128.50, 128.48, 128.42, 128.29, 128.18, 128.12, 127.86, 127.80, 127.76, 127.67,
127.65, 127.61, 127.56, 127.49, 127.45, 127.36, 127.32, 127.25, 126.98, 123.14, 123.04,
123.00, 122.82, 122.67, 122.60, 122.28, 122.22, 120.43, 120.12, 119.77, 119.44, 119.37,
119.20, 119.03, 118.98, 117.89, 117.64, 117.57, 117.49, 114.22, 112.24, 112.01, 111.83,
111.57, 108.78, 108.65, 108.43, 108.09, 107.98, 107.89 ppm (no further signals detected or
observed).

PF NMR (471 MHz, CD.Cl,) &r =-78.94, -79.02, -79.04, -79.17, -79.22, -79.23, —79.32,
—79.37, —79.40, —-79.50, —79.53, —-79.55, -79.64, —79.70, —-79.73, —79.80, —79.82, —79.86,
—-79.91, —79.94, -80.11, -116.28, -116.38, —116.43, -116.47, -116.52, —-116.58, —116.62,
-117.46, -117.51, -117.56, -117.60, -117.66, —117.70, -118.44, -118.59, —118.72, —118.75,
-118.88, -119.22, -119.26, -119.36, —119.40, -119.51, -119.66, —119.79, -119.98, —120.02,
-120.13, -120.17, -120.33, -120.37, —-120.48, -120.52, -120.57, —-120.73, —120.76, —120.91,
-121.16, -121.31, -121.91, -121.95, -122.05, -122.09, -122.20, —-122.23, -122.34, —122.38,
-122.51, -122.66, -123.13, -123.16, —-123.23, -123.27, -123.32, -123.38, -123.41, —128.26,
-128.40, —129.49, —134.66, —134.77, —134.84, -135.32, -135.56, —135.75, —135.93, —136.16,
-136.27, -136.69, —136.85, —137.03, —137.06, —137.16, —137.33, —137.52, —137.59, —137.63,
—137.82, —137.93, —-137.97, —-138.52, —139.01, —139.28, —139.38, —139.41, —139.57, —139.59,
—140.03, —140.06, —140.32, —143.17, —143.35, —143.44, —143.47, —143.51, —143.57, —143.61,
—143.65, —143.68, —143.83, —144.01, —144.05, -144.08, —144.12, -144.15, -144.19, —144.23,
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14427, —-144.46, —144.49, —144.53, -144.61, -144.65, —144.68, —144.79, —144.83, —144.86,
—145.24, -145.28, —145.31, —145.48, —145.51, —145.55, —145.62, —145.66, —145.70, —145.74,
—145.77, -145.85, —145.89, —145.92, —146.22, —146.26, —146.29, —146.37, —146.40, —146.44,
-146.66, —146.69, —146.73, —146.80, —146.84, -146.87, —146.91, —146.95, —146.98, —147.05,
-147.09, -147.12, -147.33, —147.36, —147.42, -147.46, —147.50, —147.54, —147.57, —147.60,
—147.64, -147.67, -147.73, -147.76, —147.79, —147.91, —147.95, —147.98, —148.01, —148.04,
—148.10, —148.13, —148.26, —148.28, —148.31, —148.33, —148.37, —148.40, —148.43, —148.46,
—148.74, -148.84, —148.88, —148.92, —148.96, —149.00, —149.04, —149.24, —149.28, —149.32,
—149.36, —149.40, —-149.44, —149.47, -149.53, -149.57, -149.61, —149.69, —149.73, —149.82,
—150.22, —150.35, —150.39, —150.53, —150.69, —150.82, —151.29, —151.43, —151.57, —151.84,
—151.88, —151.92, —151.96, —152.00, —152.04, —152.08, —152.12, —152.16, —154.00, —154.04,
—154.08, —154.13, —154.51, —-154.82, —154.93, -154.97, -155.02, —155.07, —155.10, —155.14,
—155.18, —155.22, —-155.26, —155.30, —155.34, —155.40, —155.43, —155.48, —155.61, —155.65,
—155.68, —155.84, —155.88, —155.91, —156.01, —156.04, —156.08, —156.45, —156.77, —157.18,
-157.32, -157.35, —157.39, —157.48, —157.51, -157.73, —157.93, —158.18, —158.33, —158.60,
-158.97, -159.46, —159.60, —159.65, —159.69, —160.09 ppm (no further signals detected or
observed).

31P NMR (203 MHz, CD.Cl) &p = 3.52, 3.23, 1.16, -0.89, -1.87, -2.06, —2.19, —2.43, —3.49,
-3.74, -4.05, —4.53 ppm.

HRMS (ESI) m/z calculated for CgoH20F34N3OgP2S, [M—H]: 1945.9630, found: 1945.9639;
IR (neat) = 1653 (m), 1606 (w), 1526 (w), 1496 (m), 1465 (m), 1406 (s), 1300 (m), 1186 (m),
1152 (m), 1115 (m), 952 (s), 895 (m), 750 (m), 611 (m), 572 (s), 502 (m) cm™.

[a]3® = 124.08 (c = 0.49, CHCI5).

LC-MS (50 mm Zorbax 300SB-C8, 4.8 mm i.d. MeCN / 1% TFA =80:20, 1.0 mL/min,
5.4 MPa, 308 K, UV 254 nm): trou =2.39 (11.78%), troz = 2.53 (47.71%), trow = 2.78
(35.78%), m/z = 1946 ([M-H]), purity = 95.3%.

26



1.3.3. Synthesis of racemic and enantiomerically pure isopiperitenol

A Synthesis of racemic-isopiperitenol (rac-2) B Synthesis of enantiomerically pure isopiperitenol ((6S)-2) & (6R)-2)
HO,
ref. 16 é ref. 17-19 é\
- OH - T T N ToH OH
(rac)-carvone rac-2 (6S)-2 (6R)-2

rac-isopiperitenol (rac-2)

The compound rac-2 was prepared according to the literature procedure.’® The
desired product (rac)-2 was obtained as a colorless liquid (970 mg, 20% yield over

O four steps) and as inseparable mixture of diastereoisomers (d.r. (trans:cis) = 1.3:1;
e.r. (trans) = 51:49; e.r. (cis) = 51:49).

R =10.20 (10:1 hexane:EtOAC);

!H NMR (600 MHz, CDCly, trans and cis) 84 = 5.63 (ddg, J = 5.0, 2.8, 1.4 Hz, 1H, Hcis), 5.40
(tp, J=2.7, 1.4 Hz, 1H, Hyrans), 4.95 (dq, J = 2.2, 1.1 Hz, 1H, Hcis), 4.86 (dt, J =2.9, 1.5 Hz,
1H, Hirans), 4.82 (dt, J = 2.3, 0.8 Hz, 1H, Hyrans), 4.77 (dg, J = 1.9, 0.9 Hz, 1H, Hcis), 4.08 (ddtd,
J=10.8,5.3, 3.6, 1.6 Hz, 2H, Hcis+Hjrans), 2.13-1.88 (m, 6H, Hcis+Htrans), 1.82-1.81 (m, 3H,
Heis), 1.74-1.67 (M, 12H, Hcis+Hirans), 1.65-1.54 (M, 2H, Hirans), 1.43 (s, OH) ppm.

13C NMR (151 MHz, CD.Cl,) 8¢ = 147.3, 147.3, 139.6, 136.8, 125.1, 123.2, 112.1, 111.5,
69.1, 64.4, 51.4, 46.6, 31.5, 30.6, 26.8, 23.5, 23.2, 22.7, 21.3, 19.6 ppm.

HRMS (GC-EIl) m/z calculated for C10H1501 [M—H]: 151.1117, found: 151.1117.

GC (achiral) (HP-5 MS 0.25/0.5df; 220/50, 5/min 150 12/min 320, 5 min iso/350, 0.5 bar H»):
tirans = 17.76 min, tcis = 18.33 min.

GC (chiral) (Hydrodex-beta-TBDAc-CD 0.25/?df; 220/95, 42 min iso 8/min, 3 min iso/350,
0.4 bar Hy): tiser = 30.37 min, tires = 31.38 min, tirer = 34.17 min, tises = 37.20 min.

The analytical and spectroscopic data are in accordance with those reported.1%/

(6S)-3-methyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol ((6S)-2)

The compounds (6S)-2 was prepared according to modified literature procedures.
17719 The desired product (6S)-2 was obtained as a colorless liquid (7.2 g, 73% yield
OH over two steps) and as inseparable mixture of diastereoisomers (d.r.

(trans:cis) = 1:4.9; e.r. (trans) = >99.9:0.1; e.r. (cis) = 99.8:0.2).

P
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The analytical and spectroscopic data are in accordance with those reported.'®/

(6R)-3-methyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol ((6R)-2)

The compounds (6R)-2 was prepared according to modified literature procedures.
1719 The desired product (6R)-2 was obtained as a colorless liquid (300 mg, 61%
O" vield over two steps) and as inseparable mixture of diastereoisomers (d.r.

(trans:cis) = 1:4.8; e.r. (trans) = 97:3; e.r. (cis) = 97:3).

The analytical and spectroscopic data are in accordance with those reported.'%

1.3.4. Hydrogenation of Isopiperitenol

Note: trans-Isopiperitenol (2) with shown diastereomeric and enantiomeric ratios was used for
following hydrogenation reactions, respectively.

10 mol%

5 mol%
menthol-isomers Lindlar's cat., Wilkinson's cat.
detected: H, (1 atm) H, (1 atm)
68% thol (7,
6 menthol (7) ~"NOH " OH " NOH

26% isomenthol (8) MeOH:H,0 (9:1), PhMe (0.1 M),

4% neomenthol PN rt,2d /\ r.E., 3_ h AL
2% neoisomenthol 88% vyield 90% yield
menthol (7) of menthol mixture isopiperitenol (2) piperitol (9)
e.r. =99:1 d.r. (trans:cis) = 19.5:1 d.r. > 20:1
e.r. (trans) = 99:1 e.r. =99:1
e.r. (cis) = 59:41
menthol (7)

The hydrogenation of isopiperitenol to menthol followed a modified literature procedure.?® In
a flame-dried round-bottom flask under Ar, isopiperitenol (2) (150 mg, 0.99 mmol, 1.0 equiv)
was dissolved in MeOH:H.O (9:1, 15mL) and Lindlar’s catalyst (209 mg, 0.09 mmol,
0.1 equiv) was subsequently added. The reaction was purged with hydrogen and was submitted
to hydrogenative conditions using a Ho-filled balloon (~1 atm). After two days (full conversion
of starting material indicated by TLC / KMnOQOs-stain), the reaction was filtered over a short pad
of Celite and the organic solvent was carefully removed under reduced pressure. The crude was
diluted with CH.Cl> and dried over Na:SO4. Without further purification, a mixture of four
menthol isomers was obtained (135 mg, 88% vyield; 95.9% GC purity). The observed ratios of
the four isomers are as following: menthol (7) (68.12%; e.r. = 99:1), isomenthol (8) (26.36%,
e.r. = 98.5:1.5), neomenthol (3.80%, e.r. = 86.5:13.5) and neoisomenthol (1.72%, e.r. = 77:23).

GC (achiral) (DB-1 0.25/0.25df; 220/ 50 2/min 110 12/min 320, 5 min iso/350, 0.6 bar Hy):

theomenthol = 17.48 Min,  tmenthot = 17.99 Min,  tneoisomenthol = 18.51 Min  tisomenthot = 18.91 min.
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GC (chiral) (BGB-176/BGB-15 0.25/0.25df; 220/ 80, iso/350, 0.6 bar H2)Z tos-
neomenthol = 58.30 min, t2R-neomenthol = 65.32 min, t2s-neoisomenthol = 68.45 min, or-
menthol = 70.39 MiN, tas-menthol = 70.83 mMinN, tas-isomenthol = 74.92 mMin, tar-isomenthol = 81.49 min, tzr-

neoisomenthol = 83.47 min.

piperitol (9)

In a flame-dried Schlenk flask under Ar, isopiperitenol (2) (180 mg, 1.12 mmol, 1.0 equiv) was
dissolved in PhMe (15.8 mL) and Wilkinson’s catalyst (55 mg, 0.059 mmol, 5 mol%) was
subsequently added. The reaction was purged with hydrogen and submitted to hydrogenative
conditions using a Ho-filled balloon (~1 atm). After full conversion of the starting material
(monitored by *H NMR spectroscopy, approx. ~3 h), the reaction was purged with Ar and the
solvent was evaporated under reduced pressure. Purification by automated FCC (ALOX,
pentane:Et2O 20:1) afforded piperitol (9) as a colorless oil and as a mixture of diastereoisomers
(165 mg, 90% yield, d.r. (trans:cis) = 20:1; e.r. (trans) = 99:1).

R =0.31 (10:1 hexane:EtOAc, ALOX).

'H NMR (501 MHz, CDCl) (major) 1 = 5.38 — 5.33 (m, 1H), 3.97 (s, 1H), 2.04 — 1.86 (m,
3H), 1.70 - 1.63 (m, 1H), 1.67 (s, 3H), 1.38 (br. s., OH), 1.35 -1.24 (m, 1H), 1.24 — 1.17 (m,
1H), 0.96 (d, J = 6.9 Hz, 3H), 0.83 (d, J = 6.9Hz, 3H) ppm.

13C NMR (126 MHz, CDCl,) (major) &¢c = 137.7, 126.0, 69.4, 48.4, 30.5, 27.0, 23.2, 21.4,
21.4,17.5 ppm.

HRMS (GC-EI) m/z calculated for C1oH1501 [M]": 154.1352, found: 154.1356.

GC (achiral) (DB-1 0.25/0.25df; 220/60, 3/min 120 12/min 320/350, 0.5 bar H>):
teis = 14.21 min, tyrans = 14.79 min.

GC (chiral) (Hydrodex-gamma-TBDAc-CD 0.25/?df; 220/90, 30 min iso 8/min 220/350,
0.5 bar Hy): tirer = 21.05 min, tises = 24.10 min, e.r. = 99:1.

The analytical and spectroscopic data are in accordance with those reported.?*
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1.3.5. Synthesis of Cannabinoids

Note: trans-isopiperitenol (2) with diastereomeric and enantiomeric ratios (d.r.
(trans:cis) = 19.5:1, e.r. (trans) =99:1, e.r. (cis) =59:41)) was used for the syntheses of
cannabinoids, respectively.

Cannabidiol (CBD) (10)

12a (1.0 equiv.) OH
pTSAH,0 (2.6 mol%) ‘ .
- 6
" OH PhMe, rt., 1 d : j

= ; /\
AL 35% vyield HO :
isopiperitenol (2) cannabidiol (10)

In a flame-dried Schlenk flask under Ar, olivetol (12a) (360 mg, 2.0 mmol, 1.0 equiv.),
isopiperitenol (480 uL, 3.0 mmol, 1.5equiv.) and pTSA<H.O (10 mg, 2.6 mol%) were
dissolved in PhMe (5 mL) at room temperature. The reaction flask was covered in aluminium-
foil paper and stirred for 24 h. After full completion of the reaction (monitored by TLC), the
reaction was quenched by five drops of triethylamine and the solvent was removed under
reduced pressure. The crude reaction mixture constituted a ~1:1-mixture of the desired product
cannabidiol (10) (C2-linkage) and its regioisomer, abnormal cannabidiol (C4- or C6-linkage).
Purification by FCC (spherical silica gel, 20:1 hexane:EtOAc) afforded cannabidiol (10)
(221 mg, 35% yield, e.r. = 96:4) as a pale-yellow oil.

Rf =0.28 (19:1 hexane:EtOAC).

'H NMR (600 MHz, CDCl3) 81 =6.28 (d, J = 1.5 Hz, 1H), 6.17 — 6.14 (m, 2H), 5.56 (s, 1H),
5.12 (br. s., OH), 4.65 — 4.59 (m, 1H), 4.52 — 4.44 (m, 1H), 3.87 —3.81 (m, 1H), 2.43 - 2.39
(m, 2H), 2.36 (td, J = 11.0, 3.6 Hz, 1H), 2.27 — 2.14 (m, 1H), 2.12 — 2.04 (m, 1H), 1.82 - 1.72
(m, 5H), 1.66 (s, 3H), 1.55 - 1.47 (m, 2H), 1.32 - 1.18 (m, 4H), 0.84 (t, J = 7.1 Hz, 3H) ppm.
13C NMR (151 MHz, CDCI3) 6¢c = 155.7, 153.8, 149.5, 143.1, 140.7, 123.7, 113.5, 111.0,
109.5, 107.8, 46.1, 36.7, 35.5, 31.5, 31.0, 30.2, 28.1, 24.1, 22.7, 20.3, 14.3 ppm.

HRMS (GC-EIl) m/z calculated for C21H3002 [M] *: 314.2240, found: 314.2242.

HPLC (IG-3, heptane:iPrOH =99:1, 1.0mL/min, 298 K, 254 nm): tr1=15.1min,
tr2 = 19.7 min, e.r. = 96:4.

[a]3® = —66.4 (c = 1.0, CHCI5).

The analytical and spectroscopic data are in accordance with those reported.??
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methyl (1'R,2'R)-2,6-dihydroxy-5'-methyl-4-pentyl-2'-(prop-1-en-2-y)-1',2',3',4'-tetrahydro-[1,1'-
biphenyl]-3-carboxylate (11)

12b (1.0 equiv.)
BF3+Et,0 (10 mol%)
" OH CH,Cly, rt., 5d

/Z\ 61% vyield

isopiperitenol (2)

In a flame-dried Schlenk flask under Ar, methyl 2,4-dihydroxy-6-pentylbenzoate (12b) (95 mg,
0.4 mmol, 1.0 equiv.), isopiperitenol (72 uL, 0.44 mmol, 1.1 equiv.) and BFz*Et:O (5 pL,
10 mol%) were dissolved in CH>Cl> (4 mL) at room temperature. The reaction flask was
covered in aluminium-foil paper and was stirred for 5 d. After completion of the reaction
(monitored by TLC), the reaction was quenched with five drops of triethylamine and the solvent
was removed under reduced pressure. Purification by FCC (spherical silica gel, 20:1 to 10:1
hexane:EtOAc) afforded desired product 11 (92 mg, 61% yield, e.r. = 97:3) as a colorless oil.

Rf=0.41 (19:1 hexane:EtOAC).

IH NMR (600 MHz, CDCl3) 81 = 11.98 (s, 1H), 6.50 (s, 1H), 6.21 (s, 1H), 5.56 (s, 1H), 4.52
(dg, J = 2.3, 1.5 Hz, 1H), 4.38 (s, 1H), 4.10 (d, J = 9.1 Hz, 1H), 3.90 (s, 3H), 2.90 — 2.80 (m,
1H), 2.80 — 2.67 (m, 1H), 2.38 (q, J = 9.1 Hz, 1H), 2.31 - 2.19 (m, 1H), 2.16 —2.04 (m, 1H),
1.86 - 1.75 (m, 5H), 1.71 (s, 3H), 1.59 — 1.44 (m, 2H), 1.44 — 1.24 (m, 4H), 0.94 —0.83 (m,
3H) ppm.

13C NMR (151 MHz, CDCl3) 6c =172.8, 163.3, 160.1, 147.4, 146.1, 140.4, 124.2, 114.5,
111.6, 111.4, 104.0, 51.9, 46.8, 37.0, 35.5, 32.2, 31.5, 30.4, 28.0, 23.9, 22.7, 19.0, 14.2 ppm.
HRMS (ESI) m/z calculated for C23Hz304 [M+H]": 373.2373, found: 373.2374.

HPLC (AD-3, heptane:iPrOH=99:1, 0.5 mL/min, 298 K, 254 nm): tr1=7.9 min,
tr2 = 9.1 min, e.r. = 97:3.

[a]3’ = 9.8 (c = 1.0, CHCI3).
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A°-Tetrahydrocannabinol (13)

12a (1.0 equiv.)

HSiEt; (5.0 equiv.)
é\ HNTF, (in CH,Cly) (2.3 mol%) OH
" YOH CHyCly, rit., 1.5 h :
AL 45% yield 7’\0
isopiperitenol (2) AS-THC (13)

In a flame-dried Schlenk flask under Ar, olivetol (12a) (217 mg, 1.2 mmol, 1.0 equiv.) and
triethylsilane (0.96 mL, 6.0 mmol, 5.0 equiv.) were dissolved in CH2Cl; (24 mL) at room
temperature. A freshly prepared solution of bistriflimide (0.425M in CHCIs;, 64 uL,
0.027 mmol, 2.3 mol%) was added and the reaction stirred for 20 minutes before isopiperitenol
(220 mg, 1.44 mmol, 1.2 equiv.) was subsequently added. The reaction flask was covered in
aluminium-foil paper and was stirred for 1.5 h (reaction progress was monitored by GC-MS).
The reaction was quenched by five drops of triethylamine and the solvent was removed under
reduced pressure. Purification by FCC (spherical silica gel, gradient 100:1 to 50:1
pentane:Et,0) afforded A°-THC (13) (168 mg, 45% yield, e.r. = 95.5:4.5) as a colorless oil.

IH NMR (600 MHz, CDCl3) 81 = 6.30 (hept, J = 1.8 Hz, 1H), 6.27 (d, J = 1.6 Hz, 1H), 6.14
(d, J=1.6 Hz, 1H), 4.75 (s, 1H), 3.20 (dhept, J=11.1, 2.1 Hz, 1H), 2.48 —2.39 (m, 2H),
2.22 —2.12 (m, 2H), 1.95 — 1.88 (m, 1H), 1.70 (td, J = 12.0, 11.1, 2.1 Hz, 1H), 1.70 — 1.66 (m,
3H), 1.56 (p, J = 7.5 Hz, 2H), 1.45 — 1.37 (m, 1H), 1.41 (s, 3H), 1.35—1.25 (m, 4H), 1.09 (s,
3H), 0.88 (t, J = 7.1 Hz, 3H) ppm.

13C NMR (151 MHz, CDCls) 6¢c = 154.9, 154.3, 143.0, 134.6, 123.9, 110.2, 109.2, 107.7, 77.4,
45.9, 35.6, 33.7, 31.7, 31.3, 30.8, 27.7, 25.2, 23.5, 22.7, 19.4, 14.2 ppm.

HRMS (GC-EIl) m/z calculated for C21H3002 [M]": 314.2240, found: 314.2241.

HPLC (OJ-3R, MeCN/H.O/=60:40, 1mL/min, 298 K, 210nm): try=10.6 min,
tro =11.9 min, e.r. = 95.5:4.5.

[a]3® =-81.60 (c = 1.0, CHCl3);

The analytical and spectroscopic data are in accordance with those reported.'%?3

General reaction procedure for the synthesis of A8-THC and its derivative (GP-3): In a flame-
dried Schlenk flask under Ar, resorcinol derivative (1.0 equiv.) was dissolved in CH2Cl»
(0.05 M) at room temperature. Subsequently TMSOTf (0.2 equiv.) and isopiperitenol
(1.2 equiv.) were added. The reaction flask was covered in aluminium-foil paper and was stirred

for 17 h (reaction progress was monitored by GC-MS). The reaction was quenched by five
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drops of triethylamine and the solvent was removed under reduced pressure. Purification by

FCC (spherical silica gel, pentane:Et,O) afforded the desired compounds 14-15.

resorcinol derivative (1.0 equiv.)
TMSOTf (20 mol%)
Y OH CH,Cly, rt., 17 h

A

isopiperitenol (2)

A8-Tetrahydrocannbidiol (14):

The title compound was prepared according to the general procedure
GP-3 with olivetol (12a) (360 mg, 2.0 mmol, 1.0 equiv.), TMSOTf

7o
1.2 equiv.). Purification by FCC (spherical silica gel, gradient 100:1 to 20:1 pentane:Et,O)
yielded the desired compound A8-THC (14) (406 mg, 65% yield, e.r. = 96:4) as colorless oil.

(72 pL, 0.4 mmol, 0.2 equiv.) and isopiperitenol (2) (365 mg, 2.4 mmol,

'H NMR (501 MHz, CDCl3) 61 =6.28 (d, J = 1.5 Hz, 1H), 6.11 (d, J = 1.6 Hz, 1H), 5.43 (d,
J=43Hz, 1H), 4.76 (s, 1H), 3.24 - 3.12 (m, 1H), 2.70 (td, J = 10.8, 4.7 Hz, 1H), 2.44 (td,
J=7.6, 3.5 Hz, 2H), 2.18 —2.08 (m, 1H), 1.90 — 1.75 (m, 3H), 1.72 - 1.69 (m, 3H), 1.57 (p,
J=7.5Hz, 2H), 1.38 (s, 3H), 1.36 — 1.25 (m, 4H), 1.11 (s, 3H), 0.89 (t, J = 6.9 Hz, 3H) ppm.
13C NMR (126 MHz, CDCls) 8¢ = 155.0, 154.9, 142.9, 134.9, 119.5, 110.7, 110.3, 107.8, 76.8,
45.0, 36.2, 35.6, 31.7, 31.7, 30.7, 28.0, 27.7, 23.6, 22.7, 18.6, 14.2 ppm.

HRMS (GC-EIl) m/z calculated for C21H3002 [M]": 314.2240, found: 314.2243.

HPLC (AD-3, heptane:iPrOH=98:2, 1mL/min, 298 K, 254 nm): tr1=12.4min,
tr2 = 15.8 min, e.r. = 96:4.

[a]%® = -216.28 (c = 0.41, CHCI5).

The analytical and spectroscopic data are in accordance with those reported.®
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(1R,6S)-3-methyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol-(6aR,10aR)-6,6,9-trimethyl-3-(2-
methyloctan-2-yl)-6a,7,10,10a-tetrahydro-6H-benzo[c]chromen-1-ol (15):

The title compound was prepared according to the general procedure
GP-3 with 5-(1,1-dimethylheptyl)-resorcinol (12c) (236 mg,
1.0 mmol, 1.0 equiv.), TMSOTTf (36 uL, 0.2 mmol, 0.2 equiv.) and

isopiperitenol (2) (183 mg, 1.2 mmol, 1.2 equiv.). Purification by FCC (spherical silica gel,
gradient 100:1 to 20:1 pentane:Et,0O) yielded the desired compound 15 (330 mg, 89% yield,

e.r. = 96:4) as colorless oil.

IH NMR (600 MHz, CDCls) 84=6.39 (d, J=1.8Hz, 1H), 6.23 (d, J=1.8 Hz, 1H),
5.52 —5.41 (m, 1H), 4.68 (s, 1H), 3.19 (dd, J = 16.8, 4.8 Hz, 1H), 2.70 (td, J = 11.0, 4.8 Hz,
1H), 2.23-2.06 (m, 1H), 1.98 — 1.78 (m, 3H), 1.71 (s, 3H), 1.56 — 1.44 (m, 2H), 1.39 (s, 3H),
1.30 - 1.15 (m, 12H), 1.11 (s, 3H), 1.09 — 1.02 (m, 2H), 0.85 (t, J = 7.1 Hz, 3H) ppm.

13C NMR (151 MHz, CDCls) 8¢ = 154.7, 154.6, 150.2, 134.9, 119.5, 110.3, 108.2, 105.6, 76.8,
45.0, 44.6, 37.5, 36.1, 31.9, 31.7, 30.2, 28.9, 28.8, 28.0, 27.8, 24.8, 23.6, 22.8, 18.7, 14.2 ppm.
HRMS (ESI) m/z calculated for C2sHz902 [M+H]*: 371.2945, found: 371.2947.

HPLC (AD-3, heptane:iPrOH = 98:2, 1 mL/min, 298 K, 254 nm): tr1 = 6.1 min, trz = 6.8 min,
e.r.=96:4.

[a]3® = —204.71 (c = 0.59, CHCI5).
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1.3.6. Synthesis of a,-unsaturated aldehydes

The synthesis of B-substituted o,p-unsaturated aldehydes (S19-S25) followed the shown
general reaction scheme. The employed (E)-tosylate S26 was prepared according to literature

and the subsequent Negishi cross-coupling followed a respective literature procedure.?*

ZnCl, (in THF) (1.6 equiv.)

OTs then ®-MgX (in Et,O or THF) (1.5 equiv.)
6 o ref. 24 S then PdCIy(PPhs), (5 mol%) “
PN —_— A X
o THF or Et,0, r.t., 12 h

EtO” ~O X = Cl, Br EtO” ~O
$26 $27-533
the following aldehydes ($19-825) were prepared: | DIBAL-H (4.0 equiv.)
( H H\ CH,Cl,, -78 °Cto 0 °C

TE

DMP (2.0 equiv.)
®- NaHCO3 (10 equiv.)
CH,Cl,, 0°C, 2 h

wi: e $34-S40

ZnCl, (in THF) (1.6 equiv.)

OTs then ®-MgX (in Et,0 or THF) (1.5 equiv.)
then PdCly(PPh3), (5 mol%
X N 2(PPh3)z ( o) S N
THF or Et;,0, rt., 12 h

EtO” ~O EtO” ~O

S26 S$27-833

General procedure for the Negishi cross-coupling (GP—4): The synthesis followed a literature
procedure.?* A flame-dried flask under Ar was charged with a solution of ZnClz (0.5 M in THF,
1.6 equiv.), to which was carefully added a solution of Grignard reagent (alkylmagnesium
bromide or alkylmagenesium chloride in THF or Et;O) at room temperature. The solution
formed a precipitate after full addition of the Grignard reagent and the reaction was stirred for
45 minutes. A separate flame-dried flask under Ar was charged with (E)-tosylate S26%4, THF
(0.9 M) and PdCI2(PPhz)2 (5 mol%). The yellow suspension was carefully added to the reaction
flask and the reaction was stirred until full consumption of the tosylate (monitored by TLC).
The reaction was quenched with brine and diluted with Et>O. The layers were separated and the
aqueous layer was extracted with Et,O. The combined organic layers were dried over Na;SO4
and the solvent was removed under reduced pressure. Purification by automated CC (spherical

silica gel, gradient hexane:CH.Cl,) afforded the corresponding esters S27-S33.
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ethyl (2)-3-ethyl-7-methylocta-2,6-dienoate (S27)

The title compound was prepared according to the general procedure GP—4

/K/\/a with ZnClz (0.5 M in THF, 13.5 mL, 6.75 mmol), EtMgBr (3 M in THF,
o> 1.9mL, 5.7 mmol), S26 (1.5g, 4.26 mmol) and PdCI>(PPhs), (149 mg,

~ 0.21 mmol). Purification by automated CC (spherical silica gel, gradient

10:1to 5:1 hexane:CH2Cl.) yielded the desired compound S27 (546 mg, 61% yield) as colorless

oil.

= 0.33 (3:1 hexane:CHCly).
IH NMR (501 MHz, CDCls) 84 =5.61 (s, 1H), 5.15 (tp, J=7.2, 1.4 Hz, 1H), 4.13 (q,
J=7.1Hz, 2H), 2.64 — 2.57 (m, 2H), 2.21 — 2.09 (m, 4H), 1.69 — 1.65 (m, 3H), 1.60 (s, 3H),
1.26 (t, J = 7.1 Hz, 3H), 1.05 (t, J = 7.4 Hz, 3H) ppm.
13C NMR (126 MHz, CDCls) 8¢ = 166.7, 165.3, 132.1, 124.0, 114.5, 59.5, 32.6, 31.5, 27.4,
25.8,17.7, 14.5, 12.1 ppm.
HRMS (GC-EIl) m/z calculated for C13H220, [M] *: 210.1614, found: 210.1613.

ethyl (2)-7-methyl-3-propylocta-2,6-dienoate (S28)

The title compound was prepared according to the general procedure GP—4
with ZnCl, (0.5M in THF, 9.0 mL, 4.5 mmol), nPrMgCIl (2 M in Et:0,
1.7 mL, 3.5 mmol), S26 (1.0g, 2.8 mmol) and PdCl>(PPhs). (99.6 mg,
K 0.14 mmol). Purification by automated CC (spherical silica gel, 10:1

X

)

hexane:CHCl,) yielded the desired compound S28 (555 mg, 87% yield) as colorless oil.

= 0.35 (3:1 hexane:CHCly).
IH NMR (501 MHz, CDCl3) 81 = 5.61 (s, 1H), 5.18 — 5.11 (m, 1H), 4.13 (g, J = 7.1 Hz, 2H),
2.62 — 2.56 (m, 2H), 2.17 — 2.08 (m, 4H), 1.67 (s, 3H), 1.61 (s, 3H), 1.49 (h, J = 7.4 Hz, 2H),
1.26 (t, J = 7.2 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H) ppm.
13C NMR (126 MHz, CDCls) 8¢ = 166.7, 163.9, 132.1, 124.0, 115.6, 59.6, 40.7, 32.3, 27.4,
25.8, 20.9, 17.7, 14.5, 13.9 ppm.
HRMS (GC-EIl) m/z calculated for C14H240, [M] *: 224.1771, found: 224.1770.
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ethyl (E)-3-isobutyl-7-methylocta-2,6-dienoate (S29)

The title compound was prepared according to the general procedure GP—4
with ZnCl, (0.5M in THF, 9.0 mL, 4.5 mmol), iBuMgCIl (2 M in THF,
1.8 mL, 3.6 mmol), S26 (1.0g, 2.8 mmol) and PdCl>(PPhs). (99.6 mg,
K 0.14 mmol). Purification by automated CC (spherical silica gel, gradient
20:1 to 10:1 hexane:CH2Cl) yielded the desired compound S29 (392 mg, 58% vyield) as

colorless oil.

X

)

= 0.37 (3:1 hexane:CHCly).
'H NMR (501 MHz, CD,Cl,) 64 =5.59 (s, 1H), 5.15 (ddq, J = 8.7, 5.8, 1.5 Hz, 1H), 4.11 (q,
J=7.1Hz, 2H), 2.62 — 2.54 (m, 2H), 2.17 — 2.09 (m, 2H), 2.02 (dd, J = 7.2, 1.1 Hz, 2H), 1.85
(dp, J=13.7, 6.8 Hz, 1H), 1.68 (d, J = 0.8 Hz, 3H), 1.62 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H), 0.90
(d, J=6.6 Hz, 6H) ppm.
13C NMR (126 MHz, CD,Cl,) &c = 166.6, 163.1, 132.4, 124.3, 117.1, 59.8, 48.4, 32.3, 27.6,
26.9, 25.8, 22.7, 17.8, 14.6 ppm.
HRMS (GC-EIl) m/z calculated for C1sH2602 [M] *: 238.1927, found: 238.1928.

ethyl (E)-3-benzyl-7-methylocta-2,6-dienoate (S30)

The title compound was prepared according to the general procedure GP—4

with ZnCl, (0.5 M in THF, 9.0 mL, 4.5 mmol), BnMgCl (2 M in THF,

1.8 mL, 3.6 mmol), S26 (1.0 g, 2.8 mmol) and PdCl>(PPhz)> (99.6 mg,
OK 0.14 mmol). Purification by automated CC (spherical silica gel, gradient
10:1 to 4:1 hexane:CHCl.) yielded the desired compound S30 (646 mg, 84% yield) as colorless
oil.

Rf=0.29 (3:1 hexane:CHCly).

IH NMR (501 MHz, CDCl3) 81 = 7.33 — 7.28 (m, 2H), 7.26 — 7.21 (m, 1H), 7.19—7.15 (m,
2H), 5.59 (s, 1H), 5.15 (ddp, J = 7.2, 5.9, 1.4 Hz, 1H), 4.14 (q, J = 7.1 Hz, 2H), 3.47 (s, 2H),
2.66 —2.55 (m, 2H), 2.16 (q, J = 7.7 Hz, 2H), 1.69 (s, 3H), 1.60 (s, 3H), 1.27 (t, J = 7.1 Hz,
3H) ppm.

13C NMR (126 MHz, CDCls) 8¢ = 166.5, 162.4, 138.0, 132.3, 129.5, 128.7, 126.8, 123.9,
117.6, 59.7, 45.1, 32.0, 27.4, 25.8, 17.8, 14.4 ppm.

HRMS (GC-El) m/z calculated for C1gH240> [M] *: 272.1771, found: 272.1773.
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ethyl (E)-7-methyl-3-phenethylocta-2,6-dienoate (S31)

The title compound was prepared according to the general procedure GP—4

with ZnCl, (0.5M in THF, 9.0 mL, 4.5 mmol), 2-phenethylmagnesium
chloride (1M in THF, 3.5mL, 3.5mmol), S26 (1.0g, 2.8 mmol) and

Ao PdCI>(PPhs), (99.6 mg, 0.14 mmol). Purification by automated CC
_ (spherical silica gel, gradient 10:1 to 5:1 hexane:CH.Cl,) yielded the desired

X

compound S31 (656 mg, 81% yield) as colorless oil.

Rf=0.29 (3:1 hexane:CHCly).

'H NMR (501 MHz, CDCls) 81 = 7.33 - 7.28 (m, 2H), 7.24 — 7.16 (m, 3H), 5.69 (s, 1H), 5.18
(ddg, J=8.6, 5.8, 1.5 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 2.82 — 2.74 (m, 2H), 2.71 — 2.65 (m,
2H), 2.50 — 2.43 (m, 2H), 2.19 (q, J = 7.6 Hz, 2H), 1.71 - 1.68 (m, 3H), 1.63 (s, 3H), 1.29 (t,
J=7.1Hz, 3H) ppm.

13C NMR (126 MHz, CDCl3) 6¢c = 166.5, 162.9, 141.4, 132.3, 128.6, 128.4, 126.2, 123.8,
116.0,59.7, 40.5, 34.3, 32.5, 27.4, 25.8, 17.8, 14.5 ppm.

HRMS (GC-CI) m/z calculated for C19H270, [M+H]": 287.2006, found: 287.2008.

ethyl (Z)-7-methyl-3-(5-(triethylsilyl)pent-4-yn-1-yl)octa-2,6-dienoate (S32)

i~ The title compound was prepared according to the general procedure
( 3// “— GP-4 with ZnCl, (0.5M in THF, 9.0mL, 4.5mmol), (5-

X (triethylsilyl)pent-4-yn-1-yl)magnesium chloride® (~1 M in THF,

0”0 3.8 mL, 3.8 mmol), S26 (1.0 g, 2.8 mmol) and PdCI.(PPhs)2 (99.6 mg,

0.14 mmol). Purification by automated CC (spherical silica gel, gradient

20:1 to 10:1 hexane:CH2Cl,) yielded the desired compound S32 (532 mg, 52% yield) as

colorless oil.

Rf=0.31 (3:1 hexane:CHCly).

IH NMR (501 MHz, CD2Cly) 81 = 5.64 (s, 1H), 5.14 (tdd, J = 5.9, 2.7, 1.4 Hz, 1H), 4.11 (q,
J=7.1Hz, 2H), 2.66 — 2.56 (m, 2H), 2.33 — 2.23 (M, 4H), 2.14 (q, J = 7.7 Hz, 2H), 1.73 — 1.64
(m, 2H), 1.68 (s, 3H), 1.62 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H), 0.98 (t, J = 7.9 Hz, 9H), 0.57 (q,
J=7.9 Hz, 6H) ppm.

3 The employed Grignard reagent was freshly prepared according to a modified literature procedure for
a related compound® with (5-chloropent-1-yn-1-yltriethylsilane (1.0 g, 4.6 mmol, 1.0 equiv.) and
magnesium (224 mg, 9.22 mmol, 2.equiv.) and was diluted with THF to a concentration of 1 M.
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13C NMR (126 MHz, CD2Cly) &¢c = 166.6, 163.1, 132.5, 124.1, 116.4, 108.1, 82.6, 59.8, 37.6,
32.5,27.6, 27.2, 25.8, 19.8, 17.8, 14.5, 7.7, 4.9 ppm.
HRMS (GC-CI) m/z calculated for C22Hzs02Si1 [M] *: 362.2636, found: 362.2635.

ethyl (E)-3-cyclopentyl-7-methylocta-2,6-dienoate (S33)

The title compound was prepared according to the general procedure GP—4

with ZnCl, (0.5M in THF, 9.0 mL, 4.5 mmol), cyclopentylmagnesium

bromide (1 M in THF, 3.9 mL, 3.9 mmol), S26 (1.0g, 2.8 mmol) and

OK PdCI2(PPh3), (99.6 mg, 0.14 mmol). Purification by automated CC

(spherical silica gel, 10:1 hexane:CH2Cl,) yielded the desired compound S33 (393 mg, 55%

yield) as colorless oil.

Rf=0.35 (3:1 hexane:CHCly).

'H NMR (501 MHz, CDCls) &1 = 5.66 — 5.65 (m, 1H), 5.17 (tp, J = 7.2, 1.5 Hz, 1H), 4.14 (q,
J=7.1Hz, 2H), 2.62 — 2.57 (m, 2H), 2.57 — 2.49 (m, 1H), 2.14 (g, J = 7.8 Hz, 2H), 1.89 — 1.79
(m, 2H), 1.76 — 1.66 (m, 5H), 1.65 — 1.54 (m, 2H), 1.62 (s, 3H), 1.48 — 1.37 (m, 2H), 1.27 (t,
J=7.1Hz, 3H) ppm.

13C NMR (126 MHz, CDCls) 8¢ = 167.2, 166.8, 131.9, 124.1, 113.6, 59.4, 48.5, 32.3, 31.7,
27.9,25.7,25.0, 17.7, 14.3 ppm.

HRMS (GC-EIl) m/z calculated for C16H2602 [M] *: 250.1927, found: 250.1925.

DIBAL-H (4.0 equiv.
\ X ( quiv.) e N
CH,Cl,, -78°Ct0 0°C, 3 h

EtO” ~O OH
$27-833 S$34-S40

General procedure for the DIBAL-H reduction (GP-5): In a flame-dried flask under Ar, ester
S27-S33 (1.0 equiv.) was dissolved in CH2Cl> (0.25 M) and was cooled to —78 °C. A solution
of DIBAL-H (1 M in CHxCl,, 4.0 equiv.) was added dropwise and the reaction stirred for
15 minutes at —78 °C. The reaction was warmed up to 0 °C and was stirred until full conversion
of the ester (monitored by TLC). The reaction was quenched with a 1:1 mixture H.O/MeOH,
was warmed up to room temperature and was stirred for 2 h at room temperature. The resulting
reaction mixture was filtered over a pad of Na2SO4/Celite, which was extensively washed with

CH2Cl,. The organic layer was washed with brine, dried over NaSO4 and the solvent was
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removed under reduced pressure. Purification by FCC (spherical silica gel, hexane:EtOAC)

afforded the corresponding alcohols S34-S40.

(2)-3-ethyl-7-methylocta-2,6-dien-1-ol (S34)

The title compound was prepared according to the general procedure GP-5
/K/\/g\ with S27 (526 mg, 2.50 mmol), DIBAL-H (1M in CHxCl,, 10 mL,
OH

10 mmol). Purification by FCC (spherical silica gel, 10:1 hexane:EtOAc)
yielded the desired compound S34 (318 mg, 76% Yyield) as colorless oil.

R =0.30 (7:1 hexane:EtOAC).

IH NMR (501 MHz, CD:Cly) 84 =5.41—-5.35 (m, 1H), 5.12 (tp, J=7.1, 1.5Hz, 1H),
4.13 - 4.06 (M, 2H), 2.13 — 2.01 (M, 6H), 1.70 — 1.66 (m, 3H), 1.60 (s, 3H), 1.36 (s, OH), 1.02
(t, J=7.4 Hz, 3H) ppm.

13C NMR (126 MHz, CD2Cl,) 8¢ = 145.2, 132.5, 124.4, 123.3, 59.3, 30.9, 29.8, 27.6, 25.8,
17.7,12.8 ppm.

HRMS (GC-EIl) m/z calculated for C11H200:1 [M] *: 168.1509, found: 168.1508.

(2)-7-methyl-3-propylocta-2,6-dien-1-ol (S35)

The title compound was prepared according to the general procedure GP-5
with S28 (260 mg, 1.16 mmol), DIBAL-H (1M in CHCly, 4.6 mL,
oy 46 mmol). Purification by FCC (spherical silica gel, 10:1 hexane:EtOAc)
yielded the desired compound S35 (177 mg, 84% vyield) as colourless oil.

Rf=0.31 (7:1 hexane:EtOAC).

IH NMR (501 MHz, CDCls) 84 =5.41 (t, J=6.9 Hz, 1H), 5.13-5.07 (m, 1H), 4.11 (d,
J=7.0 Hz, 2H), 2.11 — 1.97 (m, 6H), 1.68 (s, 3H), 1.59 (s, 3H), 1.51 — 1.39 (m, 2H+OH), 0.89
(t, J=7.3 Hz, 3H) ppm.

13C NMR (126 MHz, CDCls) 8¢ = 143.7,132.4,124.1, 124.0, 59.2, 39.0, 30.5, 27.2, 25.8, 21.2,
17.8, 14.0 ppm.

HRMS (GC-EIl) m/z calculated for C12H2201 [M] *: 182.1665, found: 182.1666.
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(E)-3-isobutyl-7-methylocta-2,6-dien-1-ol (S36)

The title compound was prepared according to the general procedure GP-5

with S29 (392 mg, 1.75 mmol), DIBAL-H (1 M in CH2Cl,, 7 mL, 7 mmol).

Purification by FCC (spherical silica gel, 10:1 hexane:EtOAc) yielded the
desired compound S36 (274 mg, 80% yield) as colorless oil.

R =0.33 (7:1 hexane:EtOAC).

'H NMR (501 MHz, CDCls) 81 =5.40 (t, J=7.2 Hz, 1H), 5.13-5.07 (m, 1H), 4.13 (d,
J=7.1Hz, 2H), 2.09 — 2.01 (m, 4H), 1.90 (d, J = 7.4 Hz, 2H), 1.82 — 1.69 (m, 1H), 1.69 (s,
3H), 1.60 (s, 3H), 1.32 (s, OH), 0.87 (d, J = 6.6 Hz, 6H) ppm.

13C NMR (126 MHz, CDCls) 8¢c = 142.8,132.5,125.4,124.1,59.2, 46.5, 30.3, 27.1, 26.3, 25.8,
22.7,17.8 ppm.

HRMS (GC-CI) m/z calculated for C13H2501 [M+H]": 197.1900, found: 197.1900.

(E)-3-benzyl-7-methylocta-2,6-dien-1-ol (S37)

The title compound was prepared according to the general procedure GP-5
with S30 (624 mg, 2.29 mmol), DIBAL-H (1M in CHxClz, 9.2 mL,
9.2 mmol). Purification by FCC (spherical silica gel, 10:1 hexane:EtOACc)

o yielded the desired compound S37 (473 mg, 90% yield) as colorless oil.

Rf=10.20 (7:1 hexane:EtOAC).

IH NMR (501 MHz, CDCls) 8n = 7.32 — 7.27 (m, 2H), 7.23 — 7.16 (m, 3H), 5.46 (t, J = 7.0 Hz,
1H), 5.13 — 5.06 (M, 1H), 4.15 (d, J = 7.0 Hz, 2H), 3.37 (s, 2H), 2.09 — 2.03 (m, 4H), 1.70 (s,
3H), 1.59 (s, 3H), 1.47 (s, OH) ppm.

13C NMR (126 MHz, CDCls) §c = 142.8,139.6, 132.6, 129.2, 128.4, 126.3, 126.3, 123.9, 59.2,
43.6,30.2, 27.0, 25.8, 17.8 ppm.

HRMS (GC-EIl) m/z calculated for C16H2201 [M] *: 230.1665, found: 230.1665.
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(E)-7-methyl-3-phenethylocta-2,6-dien-1-ol (S38)

The title compound was prepared according to the general procedure GP-5
with S31 (650 mg, 2.27 mmol), DIBAL-H (1M in CHCl, 9.1 mL,
9.1 mmol). Purification by FCC (spherical silica gel, 10:1 hexane:EtOAc)

on yielded the desired compound S38 (487 mg, 88% vyield) as colourless oil.

Rf =0.20 (7:1 hexane:EtOAC).

IH NMR (501 MHz, CDClg) 8n = 7.31 — 7.27 (m, 2H), 7.22 — 7.17 (m, 3H), 5.46 (t, J = 7.1 Hz,
1H), 5.12 (ddt, J=8.4, 5.4, 1.5 Hz, 1H), 4.13 (d, J=7.0 Hz, 2H), 2.78 —2.72 (m, 2H),
2.38 —2.32 (m, 2H), 2.17 — 2.13 (m, 2H), 2.13 - 2.06 (m, 2H), 1.70 (s, 3H), 1.61 (s, 3H), 1.30
(s, OH) ppm.

13C NMR (126 MHz, CDCls) 8¢ = 143.1, 142.2, 132.6, 128.5, 128.5, 126.0, 124.5, 123.9, 59.2,
38.7,34.7,30.7, 27.2, 25.8, 17.8 ppm.

HRMS (GC-CI) m/z calculated for C17H2501 [M+H]": 245.1900, found: 245.1901.

(2)-7-methyl-3-(5-(triethylsilyl)pent-4-yn-1-yl)octa-2,6-dien-1-ol (S39)

BN The title compound was prepared according to the general procedure
(3// “—  GP-5 with S32 (530 mg, 1.46 mmol), DIBAL-H (1 M in CHCly,
= 5.8 mL, 5.8 mmol). Purification by FCC (spherical silica gel, 10:1

OH hexane:EtOAC) yielded the desired compound S39 (359 mg, 77% yield)

as colorless oil.

Rf=0.27 (7:1 hexane:EtOAC).

IH NMR (501 MHz, CDCl) 84 =5.42 (t, J=7.0 Hz, 1H), 5.14—5.08 (m, 1H), 4.09 (t,
J=6.1Hz,2H),2.24 (t,J = 6.9 Hz, 2H), 2.20 - 2.12 (m, 2H), 2.11 — 2.03 (m, 4H), 1.68 (s, 3H),
1.67 — 1.62 (m, 2H), 1.60 (s, 3H), 1.24 (t, J=5.5 Hz, OH), 0.98 (t, J = 7.9 Hz, 9H), 0.57 (q,
J=7.9 Hz, 6H) ppm.

13C NMR (126 MHz, CDCl,) &¢c = 142.8, 132.6, 125.2, 124.3, 108.8, 82.1, 59.3, 35.9, 30.7,
27.7,27.5,25.8,19.8, 17.8, 7.7, 4.9 ppm.

HRMS (GC-EI) m/z calculated for C20Hzs01Si1 [M] *: 320.2530, found: 320.2530.
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(E)-3-cyclopentyl-7-methylocta-2,6-dien-1-ol (S40)

The title compound was prepared according to the general procedure GP-5

with S33 (390 mg, 1.56 mmol), DIBAL-H (1M in CHxCly, 6.2 mL,

6.2 mmol). Purification by FCC (spherical silica gel, 10:1 hexane:EtOAc)
yielded the desired compound S40 (263 mg, 81% yield) as colourless oil.

Rf=0.29 (7:1 hexane:EtOAC).

IH NMR (501 MHz, CD:Cl,) 81 =5.42 (td, J=6.9, 1.3 Hz, 1H), 5.13 (ddg, J=8.5, 5.7,
1.5 Hz, 1H), 4.11 (d, J = 6.9 Hz, 2H), 2.42 (dtt, J = 14.5, 7.6, 3.9 Hz, 1H), 2.14 — 1.99 (m, 4H),
1.84—1.75 (m, 2H), 1.73—1.63 (m, 2H), 1.68 (s, 3H), 1.63—1.54 (m, 2H), 1.61 (s, 3H),
1.42 —1.32 (m, 2H), 1.29 (s, OH) ppm.

13C NMR (126 MHz, CD2Cl,) 8¢ = 146.7, 132.4, 124.5, 122.6, 59.6, 47.1, 32.1, 30.9, 28.5,
25.8, 25.3, 17.8 ppm.

HRMS (GC-EIl) m/z calculated for C14H2401 [M] *: 208.1822, found: 208.1821.

DMP (2.0 equiv.)
NaHCO3 (10 equiv.
X N 3 ( quiv.) \ N
CH,Cl,, 0°C, 2-3 h
OH S
S$34-S40 $19-S25

e}

General procedure for the DMP—oxidation (GP-6): In a flame-dried flask under Ar, alcohol
S34-S40 (1.0 equiv.) was dissolved in CH2ClI> (0.1 M). Solid NaHCO3 (10 equiv.) was added
and the reaction was cooled to 0 °C. DMP (2.0 equiv.) was added at 0 °C and the reaction was
stirred until full conversion of the alcohol (monitored by TLC). The reaction was quenched
with sat. ag. Na:S203 and the reaction was diluted with CH2Cl>. The aqueous layer was
extracted with CH.Cl, and the combined organic layers were dried over Na>SO4. The solvent
was removed under reduced pressure. Purification by FCC (spherical silica gel, gradient

pentane:Et20) afforded the corresponding aldehydes S19-S25.

(2)-3-ethyl-7-methylocta-2,6-dienal (519)

The title compound was prepared according to the general procedure GP—6

N with S34 (286 mg, 1.70 mmol), NaHCO3 (1.43 g, 17.0 mmol) and DMP

H 7O (1.449, 3.40 mmol). Purification by FCC (spherical silica gel, 10:1
pentane:Et,0) yielded the desired compound S19 (212 mg, 75% yield) as colorless oil.
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Rf=0.19 (20:1 hexane:Et20).

IH NMR (501 MHz, CD2Cly) 84 = 9.92 (d, J = 8.1 Hz, 1H), 5.81 (d, J = 8.2 Hz, 1H), 5.13 (tp,
J=7.4,14Hz 1H),2.58 (t,J = 7.6 Hz, 2H), 2.27 (qd, J = 7.5, 1.4 Hz, 2H), 2.22 (q, J = 7.6 Hz,
2H), 1.67 (s, 3H), 1.59 (s, 3H), 1.09 (t, J = 7.4 Hz, 3H) ppm.

13C NMR (126 MHz, CDCl,) &¢c = 191.3, 169.2, 133.8, 126.7, 123.0, 31.8, 31.2, 28.2, 25.7,
17.8, 12.0 ppm.

HRMS (GC-EIl) m/z calculated for C1:H1g01 [M] *: 166.1352, found: 166.1353.

(2)-7-methyl-3-propylocta-2,6-dienal (S20)

The title compound was prepared according to the general procedure GP-6
with S35 (248 mg, 1.36 mmol), NaHCOs (1.14 g, 13.6 mmol) and DMP
(1.15mg, 2.72 mmol). Purification by FCC (spherical silica gel, 10:1

X

pentane:EEO)oyielded the desired compound S20 (157 mg, 64% vyield) as colorless oil.
Rf=0.19 (20:1 hexane:Et20).

IH NMR (501 MHz, CD,Cl2) 8n = 9.91 (d, J = 8.1 Hz, 1H), 5.81 (d, J = 8.3 Hz, 1H), 5.13 (tdt,
J=7.3,29, 1.5Hz, 1H), 2.57 (t, J = 7.6 Hz, 2H), 2.28 — 2.17 (m, 4H), 1.70 — 1.66 (m, 3H),
1.59 (s, 3H), 1.59 — 1.48 (m, 2H), 0.94 (t, J = 7.3 Hz, 3H) ppm.

13C NMR (126 MHz, CDCl,) &¢c = 190.7, 167.3, 133.4, 127.4, 122.5, 40.0, 31.2, 27.7, 25.3,
20.7,17.4, 13.5 ppm.

HRMS (GC-EIl) m/z calculated for C12H200:1 [M] *: 180.1509, found: 180.15009.

(E)-3-isobutyl-7-methylocta-2,6-dienal (S21)

The title compound was prepared according to the general procedure GP—6

with S36 (259 mg, 1.32 mmol), NaHCO3 (1.11 g, 13.2 mmol) and DMP

LN (1.12g, 2.64 mmol). Purification by FCC (spherical silica gel, 10:1
pentane:Et20) yielded the desired compound S21 (179 mg, 70% yield) as colorless oil.

X

Rf=0.24 (20:1 hexane:Et20).

IH NMR (501 MHz, CD2Cl,) 61 =9.92 (d, J = 8.2 Hz, 1H), 5.79 (d, J = 8.2 Hz, 1H), 5.13 (tp,
J=7.4, 1.5Hz, 1H), 2.56 (t, J = 7.6 Hz, 2H), 2.26 — 2.17 (m, 2H), 2.10 (dd, J= 7.2, 1.1 Hz,
2H), 1.88 (dp, J = 13.6, 6.8 Hz, 1H), 1.68 (d, J = 0.8 Hz, 3H), 1.59 (s, 3H), 0.92 (d, J = 6.6 Hz,
6H) ppm.
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13C NMR (126 MHz, CD2Clp) 6c = 191.1, 166.8, 133.8, 129.1, 123.0, 47.8, 31.5, 28.1, 27.1,
25.8,22.7, 17.9 ppm.
HRMS (GC-El) m/z calculated for C13H2201 [M] *: 194.1665, found: 194.1666.

(E)-3-benzyl-7-methylocta-2,6-dienal (522)

The title compound was prepared according to the general procedure GP—6
with S37 (408 mg, 1.77 mmol), NaHCO3 (1.49 g, 17.7 mmol) and DMP

A (1.50 g, 3.54 mmol). Purification by FCC (spherical silica gel, 10:1
"o pentane:Et20) yielded the desired compound S22 (346 mg, 86% yield) as
colorless oil.

R =0.16 (20:1 hexane:Et20).

IH NMR (501 MHz, CD,Cl2) 81 = 9.92 (d, J = 8.1 Hz, 1H), 7.36 — 7.30 (m, 2H), 7.28 — 7.23
(m, 1H), 7.20 — 7.16 (m, 2H), 5.74 (d, J = 8.2 Hz, 1H), 5.13 (tp, J = 7.4, 1.5 Hz, 1H), 3.55 (5,
2H), 2.55 (t, J = 7.5 Hz, 2H), 2.24 (g, J = 7.5 Hz, 2H), 1.71 — 1.67 (m, 3H), 1.59 (s, 3H) ppm;
13C NMR (126 MHz, CD.Cl,) 8¢ =191.1, 166.0, 137.9, 134.0, 129.7, 129.2, 129.0, 127.2,
122.8,44.8, 31.2, 28.1, 25.8, 17.9 ppm.

HRMS (GC-EIl) m/z calculated for C16H2001 [M] *: 228.1509, found: 228.1509.

(E)-7-methyl-3-phenethylocta-2,6-dienal (S23)

The title compound was prepared according to the general procedure GP-6
with S38 (463 mg, 1.89 mmol), NaHCO3 (1.59 g, 18.9 mmol) and DMP
(1.61g, 3.79 mmol). Purification by FCC (spherical silica gel, 10:1
pentane:Et20) yielded the desired compound S23 (340 mg, 74% yield) as

colorless ail.

Rf=0.11 (20:1 hexane:Et20).

'H NMR (501 MHz, CDCl») 8+ =9.93 (d, J =8.1 Hz, 1H), 7.32 - 7.28 (m, 2H), 7.24 - 7.18
(m, 3H), 5.85 (d, J = 8.1 Hz, 1H), 5.14 (tp, J = 7.4, 1.5 Hz, 1H), 2.87 — 2.79 (m, 2H), 2.61 (t,
J=7.6 Hz, 2H), 2.58 — 2.52 (m, 2H), 2.25 (q, J = 7.5 Hz, 2H), 1.70 — 1.69 (m, 3H), 1.60 (s,
3H) ppm.

13C NMR (126 MHz, CD.Cl,) 6c =191.1, 166.6, 141.5, 134.0, 128.9, 128.7, 128.1, 126.5,
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122.8,40.1, 34.2, 31.8, 28.1, 25.8, 17.9 ppm.
HRMS (GC-El) m/z calculated for C17H2201 [M] *: 242.1665, found: 242.1665.

(2)-7-methyl-3-(5-(triethylsilyl)pent-4-yn-1-yl)octa-2,6-dienal (S24)

N The title compound was prepared according to the general
Z “— procedure GP—6 with $39 (335 mg, 1.05 mmol), NaHCOs (877 mg,
N 10.4 mmol) and DMP (886 g, 2.09 mmol). Purification by FCC
H™ ~0 (spherical silica gel, 10:1 pentane:Et,O) vyielded the desired

compound S25 (260 mg, 78% yield) as colorless oil.

R =0.15 (20:1 hexane:Et20).

'H NMR (501 MHz, CD:Cl) 64 =9.91 (d, J = 8.1 Hz, 1H), 5.83 (d, J = 8.1 Hz, 1H), 5.12 (ddg,
J=8.9,5.9,15Hz 1H), 2.58 (t,J = 7.6 Hz, 2H), 2.41 — 2.34 (m, 2H), 2.29 (t, J = 6.8 Hz, 2H),
2.23 (q, J=7.6 Hz, 2H), 1.75-1.68 (m, 2H), 1.68 (s, 3H), 1.59 (s, 3H), 0.98 (t, J = 7.9 Hz,
9H), 0.57 (q, J = 7.9 Hz, 6H) ppm.

13C NMR (126 MHz, CDCly) 8¢ = 191.0, 166.8, 133.9, 128.1, 122.8, 107.8, 82.8, 37.1, 31.7,
28.0,27.1,25.8,19.8,17.9, 7.7, 4.9 ppm.

HRMS (ESI) m/z calculated for C2oH3401Si1Nai [M+Na]*: 341.2271, found: 341.2269.

(E)-3-cyclopentyl-7-methylocta-2,6-dienal (S25)

The title compound was prepared according to the general procedure GP—6
with S40 (238 mg, 1.14 mmol), NaHCO3s (960 mg, 11.4 mmol) and DMP
(969 g, 2.28 mmol). Purification by FCC (spherical silica gel, 10:1
pentane:Et20) yielded the desired compound S25 (167 mg, 71% yield) as

colorless oil.

Rf=0.20 (20:1 hexane:Et20).

IH NMR (501 MHz, CD2Cly) 81 = 9.93 (d, J = 8.1 Hz, 1H), 5.85 (d, J = 8.1 Hz, 1H), 5.14 (tdt,
J=7.4,2.9, 1.5Hz, 1H), 2.65 - 2.54 (m, 3H), 2.23 (g, J = 7.7 Hz, 2H), 1.94 — 1.85 (m, 2H),
1.78 — 1.70 (m, 2H), 1.68 (s, 3H), 1.66 — 1.59 (m, 2H), 1.59 (s, 3H), 1.52 — 1.40 (m, 2H) ppm;
13C NMR (126 MHz, CDCl,) &¢c = 191.5, 171.4, 133.7, 125.8, 123.1, 48.3, 32.3, 31.7, 29.1,
25.8, 25.5, 17.9 ppm.

HRMS (GC-EIl) m/z calculated for C14H2201 [M] *: 206.1665, found: 206.1666.
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O
O

o i) CBry4 (2 equiv.), _ H Lindlar's catalyst (5 mol%), AN
ref. 25 H PPh3 (4 equiv.) =z chinolin (1 equiv.)
> So
W)LH ii) nBuLi (2.4 equiv.) CyH:EtOAc (1:4),
DMF (3 equiv.) rt,1d

45% yield 33% yield
s41 over two steps S42 S43

4,4, 7-trimethyloct-6-en-2-ynal (S42)

o In a flame-dried round-bottom flask under Ar, CBrs (4.73g, 14.3 mmol,

= " 2.0equiv.) was dissolved in CH2Cl> (37.5 mL) and the reaction was cooled to

0 °C. Triphenylphosphine (7.48 g, 28.5 mmol, 4.0 equiv.) was added and the

reaction was stirred for 15 minutes. A solution of aldehyde S41%° (1.0 g,

7.1 mmol, 1.0 equiv) in CH2Cl> (4 mL) was added and the reaction was stirred for 30 minutes
at room temperature. The reaction was quenched with H>O and the aqueous layer was extracted
with CH2Cl2. The combined organic phases were washed with water, brine and dried over
Na>SO4 and the solvent was removed under reduced pressure. The crude product was filtrated

over a short pad of silica (pentane) and was subsequently used for the next step.

The crude product was dissolved in THF (37 mL) and nBuLi (2.5 M in hexane, 6.3 mL,
15.7 mmol, 2.2 equiv.) was added dropwise to the solution at —78 °C. After stirring for 1 hour,
DMF (1.7 mL, 21.4 mmol, 3.0 equiv.) was carefully added and the reaction was stirred for
1.5 hours at 0 °C. After full conversion (monitored by TLC), the reaction was quenched with
sat. aq. NH4ClI solution and the aqueous layer was extracted with Et.O. The combined organic
layers were washed with brine, dried over Na>2SO4 and the solvent was removed under reduced
pressure. Purification by FCC (spherical silica gel, gradient pentane to 10:1 pentane:CH,Cly)
afforded compound S42 (532 mg, 45% yield) as a colorless liquid. Due to the high volatility of
the product, some solvent residue (CH2Cly) is still present.

Rf=0.29 (3:1 hexane:CHCly).

IH NMR (501 MHz, CDCls) 1 = 9.19 (s, 1H), 5.23 (tdg, J = 7.6, 2.9, 1.4 Hz, 1H), 2.22 — 2.16
(m, 2H), 1.74 (d, J = 0.8 Hz, 3H), 1.62 (s, 3H), 1.25 (s, 6H) ppm;

13C NMR (126 MHz, CDCls) 8¢ =177.5, 135.2, 119.6, 106.0, 81.5, 40.7, 32.5, 27.9, 26.1,
18.2 ppm.

HRMS (GC-EIl) m/z calculated for C11H1601 [M] *: 164.1196, found: 164.1196.
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(2)-4,4,7-trimethylocta-2,6-dienal (S43)

In a flame-dried round-bottom flask, aldehyde S42 (180 mg, 1.10 mmol, 1.0 equiv.)

No Wwas dissolved in CyH:EtOAc (1:4, 2mL). Quinoline (0.13ml, 1.1 mmol,

1.0 equiv.) and Lindlar’s catalyst (116 mg, 0.055 mmol, 5 mol%) was added to the

reaction. The reaction was purged with hydrogen and was submitted to hydrogenative

conditions using a Ho-filled balloon (~1 atm). After full conversion (indicated by TLC), the

reaction was filtered over a short pad of Celite, the pad was further washed with CH2Cl,. The

organic solvent was carefully removed under reduced pressure. Purification by automated CC

(spherical silica gel, gradient pentane to 10:1 pentane:CH.Cl,) afforded compound S43 (60 mg,
33% yield) as a colorless liquid and as a mixture of Z:E—isomers (Z:E ~93:7).

Rf = 0.23 (5:1 hexane:CHCly).

IH NMR (501 MHz, CDCls, major) 81 = 10.21 (d, J = 8.4 Hz, 1H), 6.43 (d, J = 12.6 Hz, 1H),
5.82 (dd, J = 12.5, 8.5 Hz, 1H), 5.13 (tp, J = 7.5, 1.5 Hz, 1H), 2.17 (d, J = 7.6 Hz, 2H), 1.71 (s,
3H), 1.59 (s, 3H), 1.28 (s, 6H) ppm.

13C NMR (126 MHz, CDCls, major) &c = 192.3, 160.0, 135.0, 129.6, 119.9, 42.4, 40.2, 29.8,
26.1, 26.1, 18.1 ppm.

HRMS (GC-EIl) m/z calculated for C1:H1g01 [M] *: 166.1352, found: 166.1354.

+Br

PhsP.
1.6 equiv.\O )
X X DMP (2.0 equiv.) X
N 1.6 equiv. nBulLi 1.5 equiv. TBAF NaHCO3 (10 equiv.)
| OTBDPS

OTBDPS —M—— OH o
THF, 0°Ctort, THF, rt. CH,Cl,, 0°C, 2-3h
3h 82% yield 84% yield
60% yield oY

Sa4 S$45 S46 47

(2)-tert-butyl((6-cyclohexylidene-3-methylhex-2-en-1-yl)oxy)diphenylsilane (S45)

In a flame-dried round-bottom flask under Ar, cyclohexyltriphenylphosphonium

h """ bromide (1.86 g, 4.36 mmol, 1.6 equiv.) was dissolved in THF (4.2 mL) and the
o

reaction was cooled to 0 °C. nBuLi (2.5 M in hexane, 1.75 mL, 4.36 mmol,
1.6 equiv.) was added dropwise to the reaction. The reaction was warmed up to
room temperature and stirred for 30 minutes. A solution of aldehyde S44% (1.0 g, 2.7 mmol,
1.0 equiv) in THF (1.7 mL) was added and the reaction was stirred for 2 h at room temperature.
After full conversion, the reaction was quenched with 10% aq. NHsCl. The layers were

separated and the aqueous layer was extracted with Et,O. The combined organic layers were
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washed with water, brine and dried over Na2SO4 and the solvent was removed under reduced
pressure. Purification by automated CC (spherical silica gel, 20:1 hexane:CH.Cl,) afforded
compound S45 (708 mg, 60% yield) as a colorless liquid.

Rf = 0.19 (hexane).

IH NMR (501 MHz, CDCls) 84 = 7.72 — 7.66 (m, 4H), 7.45 — 7.35 (m, 6H), 5.40 (td, J = 6.4,
1.5Hz, 1H), 496-4.91 (m, 1H), 4.19 (dd, J=6.4, 1.3 Hz, 2H), 2.04—-1.93 (m, 6H),
1.91-1.85(m, 2H), 1.73 - 1.69 (m, 3H), 1.53 — 1.37 (m, 6H), 1.05 (s, 9H) ppm.

13C NMR (126 MHz, CDCls) 6¢c = 140.2, 137.5, 135.8, 135.0, 134.2, 129.6, 127.9, 127.7,
125.1, 120.6, 61.0, 37.2, 32.8, 28.7, 28.7, 28.0, 27.1, 27.0, 26.7, 25.8, 23.6, 19.3 ppm.

HRMS (ESI) m/z calculated for C29H4001Si1Nai [M+Na]*: 455.2741, found: 455.2739.

(2)-6-cyclohexylidene-3-methylhex-2-en-1-ol (S46)

In a flame-dried round-bottom flask under Ar, protected alcohol S45 (708 mg,
1.64 mmol, 1.0 equiv.) was dissolved in THF (6.8 mL) and TBAF (2.5 M in THF,

25mL, 25 mmol, 1.5equiv.) was added dropwise to the reaction at room

OH

temperature. The reaction was stirred until full conversion (monitored by TLC,
KMnOg4) and was quenched with sat. ag. NaHCOs. The layers were separated and the aqueous
layer was extracted with CH2Cl2. The combined organic layers were washed with brine and
dried over Na2SO4 and the solvent was removed under reduced pressure. Purification by FCC
(spherical silica gel, 20:1 hexane:EtOAc) afforded compound S46 (260 mg, 82% yield) as a

colorless liquid.

Rf=0.21 (10:1 hexane:EtOAC).

IH NMR (300 MHz, CDCl3) 8n = 5.50 — 5.40 (m, 1H), 5.09 —5.00 (m, 1H), 4.13 —4.05 (m,
2H), 2.17 — 2.01 (m, 8H), 1.78 — 1.62 (m, 3H), 1.59 — 1.42 (m, 6H), 1.22 — 1.10 (m, OH) ppm.
13C NMR (75 MHz, CDCls) 6¢ = 140.9, 140.0, 124.6, 120.5, 59.2, 37.2, 32.5, 28.8, 28.8, 28.0,
27.0, 25.7, 23.6 ppm.

HRMS (GC-EIl) m/z calculated for C13H2201 [M] *: 194.1665, found: 194.1664.
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(2)-6-cyclohexylidene-3-methylhex-2-enal (S47)

The title compound was prepared according to the general procedure GP—6 with S46

. (115mg, 0.592 mmol), NaHCOsz (500 mg, 5.95mmol) and DMP (518 mg,

| 2.06 mmol). Purification by FCC (spherical silica gel, 10:1 pentane:Et20) yielded
the desired compound S47 (96 mg, 84% yield) as a colorless oil.

Rf=0.14 (20:1 hexane:Et20).

'H NMR (501 MHz, CDCl,) 64 =9.88 (d, J = 8.3 Hz, 1H), 5.83 (d, J = 8.2 Hz, 1H), 5.06 (t,
J=7.5Hz, 1H), 2.59 (t, J = 7.4 Hz, 2H), 2.25 (¢, J = 7.4 Hz, 2H), 2.10 (t, J = 5.7 Hz, 2H), 2.05
(t, J=5.9 Hz, 2H), 1.98 — 1.96 (m, 3H), 1.58 — 1.44 (m, 6H) ppm.

13C NMR (126 MHz, CDCl,) 8¢ = 191.0, 164.1, 142.1, 128.9, 119.4, 37.5, 33.3, 29.1, 28.9,
28.3,27.2, 26.5, 25.2 ppm.

HRMS (GC-EIl) m/z calculated for C13H2001 [M] *: 192.1509, found: 192.1506.
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1.3.7. Cyclization of o,B-unsaturated aldehydes

/\L /IDP 5 (5 mol%) Q O
OH ‘OH

PhMe, -22 °C,
16-24 h

General procedure for the cyclization of «,f-unsaturated aldehydes (GP-7): In an oven-dried
flask/vial, iIDP catalyst 5 was dissolved in PhMe (0.05 M) and was cooled to —22 °C. After
20 minutes the o,B-unsaturated aldehyde was dropwise added in one portion. The reaction was
guenched with triethylamine and warmed up to room temperature. Unless otherwise stated, the
solvent was removed (40 °C, 40 mbar) and purification of the crude mixture by FCC (silica gel,
pentane:EtoO) afforded the corresponding cyclic allylic alcohols. Reaction time, yields,

diastereomeric and enantiomeric ratios are given for each individual reaction.

Racemate synthesis: The racemates were prepared according to general procedure GP—7 using
a racemic mixture of the iIDP catalyst 5. The reactions were performed on 0.029 mmol scale.
After evaporation of the solvent, purification of the crude mixture by preparative TLC (silica
gel, 10:1 hexane:EtOAc, partially stained with KMnQs) afforded racemic cyclic allylic
alcohols.

3-ethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (16)
The title compound was prepared according to the general procedure GP—7 with (Z)-
é 3-ethyl-7-methylocta-2,6-dienal (S19) (44.5 mg, 0.268 mmol), iIDP catalyst 5
o (24.6 mg, 5 mol%) in 16 h. Purification by automated FCC (spherical silica gel,
AN pentane:Et,O 10:1) afforded compound 16 as a colourless oil and as a mixture of
diastereoisomers (31.9 mg, 72% vyield, d.r. (trans:cis) = 17:1; e.r. (trans) = 99:1).

= 0.29 (10:1 hexane:EtOAC).
IH NMR (501 MHz, CD,Cl,, major) &n=5.41-5.38 (m, 1H), 4.88—4.85 (m, 1H),
4.83-4.81 (m, 1H), 4.10 (d, J=9.1 Hz, 1H), 2.13-1.92 (m, 5H), 1.76 — 1.69 (m, 5H),
1.65 — 1.55 (m, 1H), 1.02 (t, J = 7.5 Hz, 3H) ppm.
13C NMR (126 MHz, CD.Cl,, major) 8¢ = 147.4, 142.3, 123.3, 112.1, 69.3, 51.7, 30.0, 29.0,
26.9, 19.6, 12.3 ppm.
HRMS (GC-EIl) m/z calculated for C11H1801 [M] *: 166.1352, found: 166.1353.
GC (chiral) (Hydrodex-beta-TBDAc-CD 0.25/?df; 220/ 70, 420min iso 8/min 220/350, 0.5 bar
H2): tirans = 235.45 min  (93.25%), twrans = 270.73 min (1.05%), teis = 282.91 min (3.83%),
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teis = 364.91 min (1.86%).
[a]%® = -21.0 (c = 0.18, CHCly).

6-(prop-1-en-2-yl)-3-propylcyclohex-2-en-1-ol (17)
The title compound was prepared according to the general procedure GP—7 with (Z)-
7-methyl-3-propylocta-2,6-dienal (S20) (48.9 mg, 0.271 mmol), iIDP catalyst 5
_ (25.8 mg, 5 mol%) in 16 h. Purification by automated FCC (spherical silica gel,
A pentane:Et,O 10:1) afforded compound 17 as a colourless oil and as mixture of
diastereoisomers (36.9 mg, 75% vyield, d.r. (trans:cis) = 15:1; e.r. (trans) = 99:1).

Rf =0.34 (10:1 hexane:EtOAC).

IH NMR (501 MHz, CD:Cl,, major) &u=5.42-5.38 (m, 1H), 4.88—4.85 (m, 1H),
4.84—-4.80 (m, 1H), 4.10 (d, J=8.9 Hz, 1H), 2.12-2.01 (m, 2H), 1.99 - 1.91 (m, 3H),
1.75 - 1.67 (m, 5H), 1.64 — 1.54 (m, 1H), 1.44 (h, J = 7.4 Hz, 2H), 0.89 (t, J = 7.3 Hz, 3H) ppm.
13C NMR (126 MHz, CDCl,, major) 8c = 147.4, 140.6, 124.6, 112.1, 69.2, 51.6, 39.5, 28.8,
26.9,21.1, 19.7, 14.0 ppm.

HRMS (GC-EIl) m/z calculated for C12H2001 [M] *: 180.1509, found: 180.1508;

GC (chiral) (BGB-174/BGB-1701 0.25/0.25df; 220/ 100, 76 min iso 8/min 240, 3 min iso/
350, 0.6 bar H2): twans =57.90 min (92.77%), twans =61.09 min (1.14%), tcis =65.01 min
(3.86%), teis = 71.52 min (2.23%).

[a]3’ = —18.7 (c = 0.23, CHCI5).

3-isobutyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (18)
The title compound was prepared according to the general procedure GP—7 with (E)-
3-isobutyl-7-methylocta-2,6-dienal (S21) (53.1 mg, 0.273 mmol), iIDP catalyst 5
(23.7 mg, 5 mol%) in 16 h. Purification by automated FCC (spherical silica gel,
/\ pentane:Et>O 10:1) afforded compound 18 as a colourless solid and as mixture of

diastereoisomers (42.6 mg, 80% vyield, d.r. (trans:cis) = 10:1; e.r. (trans) = 98:2).

R =0.33 (10:1 hexane:EtOAC).

IH NMR (501 MHz, CD:Cl,, major) &1 =5.41-5.36 (m, 1H), 4.89-4.85 (m, 1H),
4.83-4.80 (m, 1H), 4.11 (d, J = 9.1 Hz, 1H), 2.08 — 1.98 (m, 2H), 1.97 — 1.90 (m, 1H), 1.85
(dd, J=7.4, 3.8 Hz, 2H), 1.80 — 1.66 (m, 6H), 1.64 — 1.54 (m, 1H), 0.86 (dd, J = 6.5, 5.4 Hz,
6H) ppm.
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13C NMR (126 MHz, CD2Cl,, major) 8¢ = 147.4, 139.7, 125.9, 112.1, 69.2, 51.6, 47.1, 28.8,
26.9, 26.4, 22.7, 22.5, 19.7 ppm.

HRMS (GC-El) m/z calculated for C13H2201 [M] *: 194.1665, found: 194.1665.

GC (chiral) (IVADEX-1/PS086 0.25/0.15df; 220/ 100, 65 min iso 8/min 220/350, 0.5 bar Hy):
tirans = 50.02 min (1.61%), tcis = 53.26 min (4.24%), tyans = 54.52 min (88.74%), tcis = 57.67 min
(5.41%).

[a]2® = ~14.4 (c = 0.32, CHCly).

3-benzyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (19)
O The title compound was prepared according to the general procedure GP—7 with (E)-
3-benzyl-7-methylocta-2,6-dienal (S22) (59.3 mg, 0.260 mmol), iIDP catalyst 5
‘ (24.0 mg, 5 mol%) in 16 h. Purification by automated FCC (spherical silica gel,
/\ gradient 10:1 to 7:1 pentane:Et,O) afforded compound 19 as a colourless solid and
as mixture of diastereoisomers (54.8 mg, 92% vyield, d.r. (trans:cis) =16:1; e.r.
(trans) = 98.5:1.5).

Rf=10.22 (10:1 hexane:EtOAC).

IH NMR (501 MHz, CD:Cl,, major) 8n=7.31-7.26 (m, 2H), 7.22-7.17 (m, 3H),
5.49 — 5.45 (m, 1H), 4.88 — 4.85 (m, 1H), 4.83 —4.81 (m, 1H), 4.17 — 4.10 (m, 1H), 3.32 (d,
J=14.6 Hz, 1H), 3.27 (d, J = 14.7 Hz, 1H), 2.05 (ddd, J = 12.2, 8.9, 3.0 Hz, 1H), 2.02 — 1.96
(m, 1H), 1.95-1.87 (m, 1H), 1.73 (d, J=4.1 Hz, 1H), 1.72-1.71 (m, 3H), 1.71 - 1.66 (m,
1H), 1.62 — 1.52 (m, 1H) ppm.

13C NMR (126 MHz, CD-Cly, major) &¢c = 147.2, 140.1, 140.0, 129.3, 128.7, 126.5, 126.5,
112.2,69.2, 51.5, 43.9, 28.6, 26.8, 19.6 ppm.

HRMS (GC-EIl) m/z calculated for C16H2001 [M] *: 228.1509, found: 228.1509.

GC (chiral) (BGB-174/BGB-1701 0.25/0.25df; 220/ 130, 400 min iso 8/min 240/350, 0.5 bar
H2): twrans = 303.07 min (1.23%), tcis = 327.12 min (1.89%), trans = 335.03 min (92.82%),
teis = 369.23 min (4.05%).

[a]3® = -11.4 (c = 0.28, CHCl5).
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3-phenethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (20)
O The title compound was prepared according to the general procedure GP—7 with (E)-
7-methyl-3-phenethylocta-2,6-dienal (S23) (65.4 mg, 0.270 mmol), iIDP catalyst 5
(24.5 mg, 5 mol%) in 16 h. Purification by automated FCC (spherical silica gel, 10:1
pentane:Et2O) afforded compound 20 as a colourless liquid and as mixture of

O
(@)

diastereoisomers (52.4 mg, 80% yield, d.r. (trans:cis) = 15:1; e.r. (trans) = 99:1).

Rf =0.24 (10:1 hexane:EtOAC).

IH NMR (501 MHz, CD:Cl,, major) 81 =7.30—7.25 (m, 2H), 7.23-7.15 (m, 3H),
5.46 —5.43 (m, 1H), 4.89 —4.86 (m, 1H), 4.84—4.82 (m, 1H), 4.10 (d, J=9.1 Hz, 1H),
2.79 —2.71 (m, 2H), 2.33 — 2.25 (m, 2H), 2.20 — 1.96 (m, 3H), 1.78 — 1.68 (m, 5H), 1.67 — 1.56
(m, 1H) ppm.

13C NMR (126 MHz, CDCly, major) &c = 147.3, 142.7, 140.1, 128.7, 128.6, 126.1, 125.1,
112.2,69.2,51.5, 39.2, 34.6, 29.1, 26.8, 19.7 ppm.

HRMS (GC-EIl) m/z calculated for C17H2201 [M] *: 242.1665, found: 242.1668.

GC (chiral) (IVADEX-3 0.25/0.25df; 220/ 120, 800 min iso 8 min 220/350, 0.5 bar H>):
trans = 545.51 min  (93.58%), tcis = 614.15min  (3.21%), tirans = 657.64 min  (0.94%),
teis = 720.77 min (2.28%).

[a]3’ =—10.4 (c = 0.21, CHCI5).

6-(prop-1-en-2-yl)-3-(5-(triethylsilyl)pent-4-yn-1-yl)cyclohex-2-en-1-ol (21)
N The title compound was prepared according to the general procedure GP—
Z “— 7 with (2)-7-methyl-3-(5-(triethylsilyl)pent-4-yn-1-yl)octa-2,6-dienal
(S25) (82.5 mg, 0.259 mmol), i1IDP catalyst 5 (22.7 mg, 5 mol%) in 16 h.
=~ “OH Purification by automated FCC (spherical silica gel, 10:1 pentane:Et20)
N afforded compound 22 as a colourless liquid and as mixture of

diastereoisomers (75.6 mg, 92% vyield, d.r. (trans:cis) = 16:1; e.r. (trans) = 99:1).

Rf=0.31 (10:1 hexane:EtOAC).
IHNMR (501 MHz, CD,Cl,, major) &u=5.45-5.41 (m, 1H), 4.88—4.85 (m, 1H),
4.84-4.81 (m, 1H), 4.15—4.04 (m, 1H), 2.23 (t, J=7.0 Hz, 2H), 2.14—-2.01 (m, 4H),
1.99 -1.92 (m, 1H), 1.76 — 1.69 (m, 5H), 1.68 — 1.54 (m, 3H), 0.98 (t, J = 7.9 Hz, 9H), 0.57 (q,
J=7.9 Hz, 6H) ppm.
13C NMR (126 MHz, CDCl», major) &¢c = 147.3, 139.8, 125.2, 112.1, 108.8, 82.1, 69.2, 51.5,
36.2, 28.9, 27.3, 26.8, 19.8, 19.7, 7.7, 4.9 ppm.
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HRMS (ESI) m/z calculated for C20H3401Si1Nai [M+Na]*: 341.2271, found: 341.2274.

GC (chiral) (BGB-175/BGB-1701 0.25/0.25df; 220/ 170, 195 min iso 8/min 240, 3 min iso/
350, 0.5 bar Hy): tgans = 162.72 min (0.82%), tirans = 171.99 min (93.34%), tcis = 176.00 min
(2.59%), tcis = 188.05 min (3.25%).

[a]3’ =—12.2 (c = 0.39, CHCI5).

3-cyclopentyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (22)

The title compound was prepared according to the general procedure GP—7 with
(E)-3-cyclopentyl-7-methylocta-2,6-dienal (S24) (55.4 mg, 0.269 mmol), iIDP
Non catalyst 5 (24.0 mg, 5 mol%) in 16 h. Purification by automated FCC (spherical
A silica gel, 10:1 pentane:Et>O) afforded compound 21 as a colourless liquid and as

mixture of diastereoisomers (40.7 mg, 73% yield, d.r. (trans:cis) = 12:1; e.r. (trans) = 99:1).

Rf=0.31 (10:1 hexane:EtOAC).

'H NMR (501 MHz, CDCl,, major) &4 =5.45-541 (m, 1H), 4.87-4.84 (m, 1H),
4.84-4.81 (m, 1H), 4.13-4.08 (m, 1H), 2.35 (p, J=8.6 Hz, 1H), 2.15-1.95 (m, 3H),
1.80-1.69 (m, 7H), 1.69-1.63 (m, 2H), 1.62—-1.53 (m, 3H), 1.45-1.32 (m, 2H) ppm.
13C NMR (126 MHz, CD:Cl,, major) 8¢ = 147.4, 143.7, 122.6, 112.0, 69.4, 51.8, 47.0, 31.5,
31.2,27.7,27.0, 25.5, 19.6 ppm.

HRMS (GC-EIl) m/z calculated for C14H2201 [M] *: 206.1665, found: 206.1664.

GC (chiral) (BGB-175/BGB-1701 0.25/0.25df; 220/130, 120 min iso 8/min 240/350, 0.5 bar
H2): tirans =91.71 min (1.07%), tirans =96.79 min (91.46%), tcis=101.34 min (4.68%),
teis = 111.57 min (2.79%).

[a]%® = 5.5 (c = 0.15, CHCl5).

4,4-dimethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (23)
The title compound was prepared according to the general procedure GP—7 with
ﬁOH (2)-4,4,7-trimethylocta-2,6-dienal (S43) (5 uL, 4.4mg, 0.027 mmol), iIDP
AN catalyst 5 (2.4 mg, 5 mol%) in 16 h. Mesitylene was added as internal standard to
determine the yield by *H NMR spectroscopy (81% NMR vyield). After evaporation of the
solvent, purification of the crude mixture by preparative TLC (silica gel, 10:1 hexane:EtOAc,
partially stained with KMnOs) afforded compound 23 as an inseparable mixture of

diastereoisomers (d.r. (trans:cis) > 20:1; e.r. (trans) = 99:1).
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Rf=10.29 (10:1 hexane:EtOAC).

'H NMR (501 MHz, CDCls, major) &n =5.55 (dd, J=10.0, 1.7 Hz, 1H), 5.44 (dt, J=9.9,
1.6 Hz, 1H), 4.93 — 4.86 (m, 2H), 4.08 (dt, J = 9.3, 1.9 Hz, 1H), 2.27 (td, J = 9.7, 5.5 Hz, 1H),
1.84 (s, OH), 1.73 (t, J=1.1 Hz, 3H), 1.51 — 1.44 (m, 2H), 1.04 (s, 3H), 1.01 (s, 3H) ppm.
13C NMR (126 MHz, CDCls, major) 8¢ = 146.5, 138.8, 127.5, 112.6, 69.0, 48.4, 40.9, 33.3,
31.2, 28.2, 19.4 ppm.

HRMS (GC-EIl) m/z calculated for C11H1g01 [M] *: 166.1352, found: 166.1352.

GC (chiral) (BGB-176/BGB-15 0.25/0.25df; 220/ 60 is0/350, 0.6 bar Hy): tians = 165.36 min
(0.70%), tirans = 172.17 min (97.18%), tcis = 188.75 min (1.57%), tcis = 193.07 min (0.55%).

4-methyl-[1,1'-bi(cyclohexane)]-1',3-dien-2-ol (24)
The title compound was prepared according to the general procedure GP—7 with
(2)-6-cyclohexylidene-3-methylhex-2-enal (S47) (54.6 mg, 0.284 mmol), ilDP
catalyst 5 (25.5 mg, 5 mol%) in 24 h. Purification by automated FCC (spherical
silica gel, 10:1 pentane:Et20) afforded compound 24 as a colorless liquid and as

mixture of diastereoisomers (36.2 mg, 66% vyield, d.r. (trans:cis) > 20:1; e.r. (trans) = 99:1).

R =0.30 (10:1 hexane:EtOAC).

!H NMR (501 MHz, CDCl, major) &n = 5.55 (tt, J = 3.8, 1.8 Hz, 1H), 5.40 — 5.37 (m, 1H),
4.06 (d, J=9.1 Hz, 1H), 2.12 — 1.99 (m, 3H), 1.96 — 1.84 (m, 4H), 1.74 (s, OH), 1.68 (s, 3H),
1.67 — 1.54 (m, 6H) ppm.

13C NMR (126 MHz, CDCl,, major) 8¢ = 138.9, 136.6, 125.2, 123.9, 68.9, 51.9, 30.8, 26.7,
25.7,25.5, 23.4, 23.2, 23.1 ppm.

HRMS (GC-El) m/z calculated for C13H2001 [M] *: 192.1509, found: 192.1508.

GC (chiral) (IVADEX-3 0.25/0.25df; 220/ 110, 140 min iso 8/min 220, 3 min iso/ 350, 0.5 bar
H2): tirans = 98.68 min  (94.63%), teis =112.34 min (3.11%), tiwans = 120.56 min (0.87%),
teis = 130.97 min (1.39%).

[a]3® =—18.9 (c = 0.21, CHCly).
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1.3.8. Synthesis of deuterium-labelled substrate analogue 25

o
th%( ~ A A
X 5 DIBAL-D
oTBDPS —————————
| oTBoPS CH,Cl, rt., 1d CH,Cl, ~78 °C OTBDPS
0

72% yield O~ 68% yield OH
S44 o) DD
S48 S49

CIPO(OEt),, | CH,Cly, rit.

pyridine 85% yield
X i) TBAF, THF N N
0°Ctort. LiBEt;D
~ . OTBDPS
© ii) MnO,, CH,Cl OTBDPS THF, 0°Ctort.
Sl 83% yield OPO(OEt),
CD3 49 % yield CD3 ('
over two steps DD
25 s51 S50

ethyl (2E,6Z)-8-((tert-butyldiphenylsilyl)oxy)-2,6-dimethylocta-2,6-dienoate (S48)

In a flame-dried round-bottom flask under Ar, aldehyde S442% (2.0 g, 5.5 mmol,
oTEOPS 1.0equiv) was dissolved in CHxCl> (12mL) and ethyl-2-
O~  (triphenylphosphoranyliden)-propionate (4.0 g, 11 mmol, 2.0 equiv) was added

° at room temperature. The reaction was stirred until full conversion and was
concentrated under reduced pressure. Purification by automated CC (spherical silica gel, 4:1

EtOAc:hexane) afforded compound S48 (2.50 g, 72% yield) as a colorless liquid.

IH NMR (501 MHz, CDCl3) 84 = 7.71 — 7.66 (m, 4H), 7.45 — 7.34 (m, 6H), 6.61 (tq, J = 7.4,
1.5 Hz, 1H), 5.43 (td, J = 6.5, 1.5 Hz, 1H), 4.18 (dd, J = 6.5, 1.2 Hz, 2H), 4.14 (q, J = 7.1 Hz,
2H), 2.13 (q, J = 7.7 Hz, 2H), 2.00 — 1.94 (m, 2H), 1.75 - 1.73 (m, 3H), 1.73 — 1.71 (m, 3H),
1.25 (t, J = 7.1 Hz, 3H), 1.04 (s, 9H) ppm.

13C NMR (126 MHz, CDCls) 6¢c = 168.2, 141.3, 136.6, 135.7, 134.1, 129.7, 128.2, 127.8,
127.7, 125.8, 60.7, 60.5, 31.0, 27.4, 27.0, 23.4, 19.3, 14.4, 12.4 ppm.

HRMS (ESI) m/z calculated for C2gHss03SiiNa; [M+Na]™: 473.2482, found: 473.2486.

(2E,62)-8-((tert-butyldiphenylsilyl)oxy)-2,6-dimethylocta-2,6-dien-1,1-d>-1-ol (S49)

In a flame-dried round-bottom flask under Ar, ester S48 (2.25¢g, 4.99 mol,

b :}siph 1.0 equiv.) was dissolved in CH2Cl, (20 mL) and cooled down to —78 °C. After
OH stirring for 15 min, DIBAL-D (0.7 M in CHCl, 9.99 mmol, 14.2 mL) was
0P added dropwise and the reaction was stirred until full conversion of the starting

material at —78 °C. The reaction was quenched with a 1:1 mixture H.O/MeOH, was warmed up
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to room temperature and was stirred for 2 h at room temperature. The resulting reaction mixture
was filtered over a pad of Na,SO4/Celite, which was extensively washed with CH>Cl,. The
organic layer was washed with brine, dried over Na,SO4 and the solvent was removed under
reduced pressure. Purification by FCC (spherical silica gel, gradient from 4:1 to 1:1, EtO in
pentane) afforded protected alcohol S49 (1.39 g, 68% yield) as a colorless liquid.

'H NMR (501 MHz, CDCl3) &1 =7.72 - 7.66 (m, 4H), 7.47 — 7.35 (m, 6H), 5.40 (td, J = 6.4,
1.5 Hz, 1H), 5.28 (tq, J = 7.1, 1.5 Hz, 1H), 4.20 — 4.16 (dq, J = 6.3, 1.2 Hz, 2H), 2.07 — 1.98
(m, 2H), 1.96 — 1.92 (m, 2H), 1.72 - 1.70 (m, 3H), 1.59 — 1.57 (m, 3H), 1.19 (br. s., OH), 1.05
(s, 9H) ppm.

13C NMR (126 MHz, CDCls) 8¢ = 137.2,135.8, 135.3, 134.1, 129.7, 127.7, 125.7, 125.3, 61.0,
31.9, 27.0, 26.2, 23.5, 19.3, 13.7 ppm.

HRMS (ESI) m/z calculated for C26Hz2D20,Si1Na; [M+Na]*: 433.2502, found: 433.2501.

(2E,62)-8-((tert-butyldiphenylsilyl)oxy)-2,6-dimethylocta-2,6-dien-1-yl-1,1-d diethyl
phosphate (S50)

In a flame-dried round-bottom flask under Ar, alcohol S49 (530 mg, 1.29 mol,

= 1.0 equiv.) and pyridine (188 uL, 2.32 mmol, 1.8 equiv.) were dissolved in
(6} S
orooey, CHoCla (4 mL). Diethyl chlorophosphate (280 ul, 1.94 mmol, 1.5 equiv.)
DD

was slowly added at 0 °C and the reaction was stirred until full conversion.
The reaction was treated with an ag. sat. NH4Cl, the layers were separated and the organic layer
was extracted three times with EtOAc. Purification by FCC (ALOX, gradient from 10:1 to 3:1,
hexane:EtOAc) afforded compound S50 (597 mg, 85% vyield) as a colorless liquid.

IH NMR (501 MHz, CDCl2) 81 = 7.71 — 7.65 (m, 4H), 7.46 — 7.35 (m, 6H), 5.42 (td, J = 6.5,
1.5Hz, 1H), 5.40-5.36 (m, 1H), 4.20 (dd, J=6.5, 1.3 Hz, 2H), 4.09-3.99 (m, 4H),
2.09 - 2.01 (m, 2H), 1.97 — 1.90 (m, 2H), 1.74 —1.71 (m, 3H), 1.61 — 1.58 (s, 3H), 1.29 (td,
J=7.1,0.9 Hz, 6H), 1.03 (s, 9H) ppm.

13C NMR (126 MHz, CD.Cl,) 8¢ = 137.7, 136.0, 134.4, 131.4, 131.3, 130.0, 129.5, 128.0,
128.0, 125.5, 64.0, 63.9, 61.1, 31.9, 27.0, 26.7, 23.5, 19.4, 16.4, 16.3, 13.6 ppm.

31p NMR (203 MHz, CD2Cl,) &p = —0.99 ppm.

HRMS (ESI) m/z calculated C3oH43D2Na10sP1Si; for [M+Na]*: 569.2792, found: 569.2796.
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tert-butyl(((2Z,6E)-3,7-dimethylocta-2,6-dien-1-yl-8,8,8-d3)oxy)diphenylsilane (S51)

In a flame-dried round-bottom flask under Ar, phosphonate S50 (250 mg,

™ Ph_ Ph
0/\3" 0.46 mol, 1.0 equiv.) was dissolved in THF (2.5 mL). A freshly prepared solution
D of LiBEtzD¥ (1M in THF, 457 mL, 4.57 mmol, 10 equiv.) was added
D D

portionwise at 0 °C and the reaction was stirred until full conversion. The
reaction was quenched by slow addition of water, layers were separated and the organic layer
was extracted three times with hexane. The combined extracts were washed with 1M HCI, sat.
agq. NaHCOs, brine, dried over Na2SO4 and the solvent was removed under reduced pressure.
Purification by FCC (silica gel, gradient from pentane to 10:1 Et,O:pentane) afforded
compound S51 (150 mg, 83% yield) as a colorless liquid and as a mixture of double-bond
isomers (~85:15).

IH NMR (501 MHz, CDCls, major) 8x = 7.71 — 7.66 (m, 4H), 7.46 — 7.35 (m, 6H), 5.44 — 5.37
(m, 1H), 5.03 —4.97 (m, 1H), 4.20 (dd, J = 6.5, 1.2 Hz, 2H), 2.02 — 1.94 (m, 2H), 1.91 (ddd,
J=88, 6.5, 1.9 Hz, 2H), 1.72 (d, J=1.3 Hz, 3H), 1.51-1.50 (m, 3H), 1.03 (s, 9H) ppm.
13C NMR (126 MHz, CDCls) 6¢c =138.1, 136.0, 134.6, 134.5, 129.9, 128.0, 125.2, 124.3,
124.3, 61.5, 61.2, 39.9, 32.6, 30.5, 27.0, 27.0, 26.8, 23.5, 19.4, 17.6, 16.4 ppm.

HRMS (ESI) m/z calculated for C26H33D3Na;1O1Sii [M+Na]*: 418.2616, found: 418.2618.

(2Z,6E)-3,7-dimethylocta-2,6-dienal-8,8,8-d3 (25)

In a flame-dried round-bottom flask under Ar, protected alcohol S55 (0.14 g,
0.35 mmol, 1.0 equiv.) was dissolved in THF (4 mL). TBAF (1 M in THF, 0.53 mL,

[0}
p 0.53 mmol, 1.5 equiv.) was added to the solution at 0 °C, which was subsequently
D D

X

N

allowed to warm up overnight. The reaction was diluted with Et,O and washed three
times with sat. ag. NH4Cl solution. The combined aqueous layers were extracted with Et20.
The combined organic layers were washed with additional sat. ag. NH4Cl and brine, dried over
Na>SO0s, filtered and concentrated under reduced pressure. The crude was filtered through a

short pad of silica and used in the next oxidation step without further purification.

The crude alcohol was dissolved in CH2Cl, (1 mL) and manganese dioxide (309 mg,
3.56 mmol, 10 equiv.) were added at room temperature. After full conversion of the starting
material the reaction suspension was filtered through a pad of celite and washed with CH.Cl..
Purification by FCC (spherical silica gel, pentane) afforded deuterated aldehyde 25 (27 mg,
49% yield) as a colorless liquid and as a mixture of Z:E-isomers (Z:E = 70:30).
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'H NMR (600 MHz, CD,Clz, major (Z) and minor (E)) n = 9.97 (d, J = 8.1 Hz, 0.3H, 1Hmin),
9.88 (d, J=8.2 Hz, 0.7H, 1Hmaj), 5.86 —5.79 (M, 1H, 1Hmaj+1Hmin), 5.16 —5.05 (m, 1H,
THmaj+1Hmin), 2.58 (t, J = 7.5 Hz, 1.4H, 2Hmgj), 2.30 — 2.17 (M, 2.6H, 2Hmaj*+3Hmin), 2.15 (d,
J=1.3Hz, 0.9H, 3Hmin), 1.97 (d, J = 1.3 Hz, 2.1H, 3Hm), 1.68 (dg, J = 3.7, 1.2 Hz, 0.5H,
1Hmin), 1.61 (dt, J=1.4, 0.7 Hz, 0.8H, 3Hmin), 1.60 (dt, J = 1.4, 0.7 Hz, 1.8H, 3Hmaj) ppm.
2H NMR (92 MHz, CD:Cly) 8p = 1.60 (s, 3D), 1.54 (s, 0.2D). 1.53 (s, 0.3D) ppm.

13C NMR (151 MHz, CD.Cl,) &c =191.4, 190.9, 164.2, 133.8, 133.1, 128.9, 127.7, 123.2,
123.1, 122.9, 122.9, 41.0, 32.9, 32.9, 27.5, 27.4, 26.2, 26.2, 25.7, 25.3, 25.2, 25.1, 25.0, 25.0,
25.0, 24.9 (hept, J = 19.1 Hz), 24.6, 24.5, 17.8, 17.7 ppm.

HRMS (GC-EIl) m/z calculated for C1oH1301D3 [M]": 155.1384, found: 155.1384.
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1.4. Supplementary data

1.4.1. Copies of NMR spectra

(S)-3,3"-bis(2-(5,6,7,8,-tetrafluoro)naphthyl)-[1,1'-binaphthalene]-2,2'-diol (S10)

Parameter Value
1 Solvent CD2CI2 TOOORNNONMMAVORNNONLLHOO0O®®
A R B R R A R A R ARARNERARRANRARA R R
2 Temperature 297.9 BB BBBBBBBONNNNNNNNNNNNNNNNG
e L L e
—_—

3 Spectrometer Frequency500.81
4 Nucleus 1H

g 2% 558883
A @ % ® BB BB B o
Lo ST

N
R
I

|

—7.25

T T
7.25 7.20

T T T T T
755 750 7.45 7.40 7.35 7.30
T T T T T T 1H (ppm)
825 820 8.15 8.10 805 8.00
1H (ppm)
A ML
3
T T T T T T T T T T T T T T
14 13 12 1" 10 9 8 7 6 4 3 2 1 0
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ST
T'6TT 4
T'6TT 1
7611
€617
1027 1
1077
ozt
70T
€027
€021
€027
€027
2021
8027
8077 |
80T |
8077
bbTT
Tser
821
7621 1
86T
0'0€T
T0€T
82T
LEET
TULET
£LET A
SLET
9'LET
LLET A
T6ET |
£6ET |
S'6ET

9°6ET
9THT
8'TrT
9EPT \.
8'EPT

8'0ST —

Value

Parameter

CD2CI2
298.2

3 Spectrometer Frequency 125.94

2 Temperature
4 Nucleus

1 Solvent

13C

-10
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210

13C (ppm)

T6'6ST-
88'65T-
+8'6ST-
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08'65T-
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ST'TST-
18T
80°1ST-
S0°'TST-
10°TST-
86°0ST-

Value
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CD2CI2
297.8

3 Spectrometer Frequency 471.21

1 Solvent

2 Temperature

19F

4 Nucleus

T6'6ST-
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¥8'6ST-
£8'65T-
08'65T-
9L°6ST-

S

ST'1ST-

ISt #
80°TST- ~
S0'1ST- 7~
TO°TST- *
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<
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T
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19F (ppm)

T T T T
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(S,5)-1DP 4

Value

Parameter

CcD2CI2
298.0

3 Spectrometer Frequency 600.20

1 Solvent
4 Nucleus

2 Temperature

1H

I X0
Cy-ood

=N~
RTTR O R
OHO O

(e

oo

1H (ppm)
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e

0T8T~

Value

Parameter

CcD2CI2
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4 Nucleus

2 Temperature
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Cyood

5=N~
R=TR O R
OHO O

(0]

-10

30

80

90

210
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15°85T-
8v°85T-
bb'8sT-
91'85T-
£1'85T-
9€°95T-
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16'v¥1-
£6'9€T-
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SP'8TT-
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P T R S S S
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Value

Parameter

CcD2CI2
298.0
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CcD2CI2
298.0

3 Spectrometer Frequency 242.97
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2 Temperature

31P
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T T
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-10

-9

31P (ppm)
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(S,5)-ilDP S7

Value

Parameter

1 Solvent

CD2CI2
297.9

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

T€9

T€e9

€9~
mm.o\
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w9 —

€9
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T/t
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[arxas
s
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s
e
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62T
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o'zt
o'get
1821
82T |
5821 4
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16271
z6e1
9'621
9'621
TTIET ~
9'1€T 7
67T 7
TTET |
zzer
£2e1
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b'TET
rTet
62e1 ]
zeet ]
zeer
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33
o'eet
9'EET
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6'€ET
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6'€€T
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0'bET
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i a4
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— T

Value

Parameter

1 Solvent

CD2CI2!
298.0

3 Spectrometer Frequency125.94

4 Nucleus

2 Temperature

13C

13C (ppm)
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Parameter Value
1 Solvent CD2CI2
2 Temperature 298.0
3 Spectrometer Frequency471.21
4 Nucleus 19F

o Y
QWP
O P\:N\P\ O Re
R
O o NH ° Q
R R

-80.41

T T T T T T T T T T T T T T T T T T T T
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o o
2 2 g ]
Parameter Value R e
1 Solvent cpaci2 [ |
2 Temperature 298.0
3 Spectrometer Frequency202.73
4 Nucleus 31P
L, X2
2 ")
QX dd o~
s\ N
Dygndo 2 10
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R
T T T T T T T T T T T T T T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 6 0 -1 2 3 4 5 6 -7 -8 -9 -10 -11 -12 -13 -14 -15
31P (ppm)
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(S,5)-ilDP S9

T T T T
1H (ppm)

6.85 6.80 6.75 6.70 6.65 6.60

199

Value
CD2CI2

297.3

Parameter

1 Solvent

2 Temperature

500.81

3 Spectrometer

Frequency
4 Nucleus

1H

U

83 82 81 80 79 78 7.7 76 75 74 73

1H (ppm)

1H (ppm)
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78'65T-
18'6ST-
8L65T-
LL65T-
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mv.mmv%
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(S,5)-iIDP 5

Value

Parameter

1 Solvent

CD2CI2!
298.0
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Cannabidiol (10)

Atom | 3 (ppm) J cosy |HsQc| HMBC | NOESY ||| Atom|3 (ppm) 3 cosY| HSQC | HMBC | NOEsY
1C | 24.068 1 7 12C |153.781 13
H3 | 1.774 6,7 1 2,3,7 |7 13C | 107.765 13 15, 17
2C | 140.685 1,3, 3" H 6.153 | 1.50(15) |15 13 11,12, |17,18
14, 15,
3C  |30.207 3,3 |1,4, 4", 17
5,7
14C | 143.077 13, 17,
H' 2.205 3,4, 4" 3 2,7 3", 4', 4" 18
H'  |2.078 4,4" |3 2,7 3,4, 4" 15C | 109.454 15 13, 17,
101
4C | 28.089 4,4 |5
H 6.281 |1.50(13) |13 15 11,13, |17,18
H' 1.785 |11.00(5) |3,3",5/4 3,56 |3,3",5 16, 17
6 o
16 C | 155.723 15, 101
H*  |1.785 |3.60(5) |3,3", 5|4 3,56 |3,3"5
6,9" 17C |35.528 17 13, 15,
5C |46.145 5 4,47, 18, 19
9, 9" 10 H2 | 2.405 18 17 13,14, |13, 15,
15,18, |18,19
H 2.356 | 11.00(6), |4, 4", 6|5 3,4,6,8,|4,4" 9", 19
11.00(4", 9,10, 11 | 10, 100,
3.60(4") 101 18C |31.025 18 17, 19,
20
6C |36.676 6 4, 4" 5,
7 H2 | 1.505 17,1918 14,17, |13,15,17
19, 20
H 3.842 | 11.005) |1,5,7 |6 4,4" 7,
9", 10, 19C |31.547 19 17, 18,
100, 101 20, 21'
7C |123.677 7 1,3, 3" H2  |1.226 18 19 17,18, |17
20
H 5.556 1,6 7 1,3,5,6 | 1,6, 100,
101 20C |22.721 20 18, 19,
21"
8C |149.503 5,10
H2 | 1.264 21 |20 18, 19,
9C |111.030 9,9" |5 10 21
H' 4.623 9",10 |9 5,10 9", 10 21C | 14.344 21', 21", | 20
1
H' | 4.495 9,10 |9 5,10 4, 4", 5,
6o H3 |o0.842 |7.10(21"), |20 |21 19, 20
7.10(21™)
10C |20.278 10 59,9"
100 O
H3 | 1.659 9,9" |10 589 |569
H 5.115 56,7
11C |113.499 5,13, 15,
01 1010
H 6.153 11,15, |5,6,7
16

Remarks:

Due to broadened peaks at room temperature (caused by two dynamic processes: OH-exchange
with water and the hindered rotation around the C6-C11 bond) the sample was fully
characterized at —40 °C (233 K). The coupling constant between H6 and H5 is large, which
support their trans-configuration in the 6-membered ring. The reported data at room
temperature is in good agreement with literature?>. However, the peaks of C16 and C12 are
missing in the *C (likely due to the broadening). The 'H NMR also shows the significant
broadening of H15, H13, OH-100 and OH-101.
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1H NMR at different temperatures
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Methyl (1'R,2'R)-2,6-dihydroxy-5'-methyl-4-pentyl-2'-(prop-1-en-2-yl)-1',2',3',4'-tetrahydro-
[1,1'-biphenyl]-3-carboxylate (11)

Atom| 3 |&(ppm)  cosy HSQC HMBC NOESY Atom | 3| 5(ppm)|  cosy HSQC HMBC NOESY
1c 124.187 1 3ax, 3eq, 6, 18 15¢C 32.228 15 13', 13", 14, 16,
17
H 5556 | 3ax, 3eq, 6, | 1 3,5,6,7,18 6, 18, 101 H2 1324 |14 15 13,14,16,17 | 11,13, 13", 23
18
2¢ 140.368 3ax, 3eq, 4, 18 16C 22.681 16 14, 15, 17
3c 30.369 3ax, 3eq| 1,4, 5, 18 H2 1317 |17 16 14, 15, 17
Hax 2223 | 1,3eq, 4,6 |3 1,24 4,5, 101 17¢ 14.233 17 15, 16
Heq 2090 |1,3ax,4,6 |3 1,2,4,518 4 H3 0.897 |16 17 15, 16
4c 27.956 4 3ax, 3eq, 5' 18C 23.851 18 1,3eq
H2 1797 | 3ax, 3eq, 5 | 4 2,3,5,6,19 3ax, 3eq, 5,6, ||| H3 1.787 | 1,6 18 1,2,3 1,101
20cis
sC 46.804 5 1, 3eq, 4, 20cis, 19¢C 147.372 4, 5, 20cis,
20trans, 21 20trans, 21
S'H | 9.10(6)] 2.384 | 4,6 5 3,4,6,7,19, 20, | 3ax, 4, 20cis, 20cC 111.380 20cis, 20trans| 5, 21
21 101
6C 35.518 6' 14,5 Hcis 4381 | 20trans, 21 | 20 5,19, 21 4,5,6'
6'H |9.10(5)]4.098 |1,3ax, 3eq, |6 1,7,12 1, 4, 20cis, 21, ranel 12519 | 200 21 % s 1021 n
5,18 100 ' [
7¢ 114.509 1,5, 6, 11, 100, -
161 21C 18.952 21 5, 20cis, 20trans
8C 163.249 100
H3 1.709 | 20cis, 20trans| 21 5,19, 20 6', 20trans, 100
9cC 104.038 11, 13', 13", 100
2c 172.771 23
10C 146.097 13", 13", 14
23C 51.875 23
1c 111.633 1 13", 13", 101
H3 3.898 23 2 13", 13", 14, 15,
100
H 6.212 1 7,9,12,13 13', 13", 14, 15,
101 1000
12c 160.056 6, 11, 101
H 11.985 7,8,9 6, 21, 23
13¢C 36.956 13,13 | 11, 14, 15
1010
H 2838 |14 13 9,10, 11, 14, 15 | 11, 14, 15, 23
H 6.500 7,11, 12 1, 3ax, 5, 11, 18
He 2738 |14 13 9,10, 11, 14, 15 | 11, 14, 15, 23
14c 31.542 14 13', 13", 15, 16
H2 1511 |13,13",15 |14 10,13,15,16 | 11,13, 13", 23

The large 3Juens value (~9 Hz) supports their trans-configuration. OH-101 is exchanging with
water in the sample, while OH-100 is not. The later one is also quite deshielding, which could
be explained by H-bonding to the ester moiety. The molecule has an axial chirality along the
C6-C7 bond, which does not seem to rotate fast based on the NOEs observed.
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Value
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1 Solvent
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298.0

3 Spectrometer Frequency150.94
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13C

4 Nucleus
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N

13C (ppm)
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1H{13C},HSQC-EDITED, 600.20 MHz,CDCI3,298.0K, pulse sequence: hsqcedetgpsisp2.3

FUN
100 101 11 1 20trans 6 23 13" 5' 3ax 4 14 15 17 Fo
20cis 13" 3eq 18 16
21
10
17 1
2 21 20
1816 s 16
4
, H3eq-C3 4 L 30
1514 145
138 “He'-Ce e H13"-C13
L 40
5 “Hs'-c5
+50
23 "3
¢ 60
+100
9
20 H20trans-C20 L110
, 1 ‘11 H20cis-C20
120
1 “
k130
2 L 140
1910
T T T T T T T T T T T T T T T T
12.5 12.0 11.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1H (ppm)
1H{13C},HMBC, 600.20 MHz,CDCI3,298.0K, pulse sequence: hmbcetgpl3nd
A I . ” A l _
~-10
100 101 11 1 20trans  6' 23 13' 5 3eq 4 1415 17
20cis 13" 3ax 18 16 Lo
21
10
17 . -
2 H20trans-C21 HS5*-C21 H16-C17
— » H20cis-C21 H3eg-ctg H14C16___ _ [20
b H1-C18 H17-C16
Je—— 4 H13-c14 H5-C3  H4-C3hi6-c14 L 30
= G5t H1-C3 S5 C6  HA-Coyscs “Hi7-C15
3 Hi1-c13  H1-C6 ’ [ 40
s H20trans-C5 H4-C5
H1-C5 H20cis-C5 H21-C5 L 50
—_— 3 .
- 60
70
80
90
5 . H13'-C9 [ 100
H100-C9 H11-C9 H13"-C9
1120 H101-C11 X H13-C11 =110
7 : H5-C20  H21-C20
H100-C7 H11-C7  H1-C7 He'-C7
| H3eq-C1 r120
H6'-C1 “H1s-C1
130
5 H3eq-C2  H18-C2 [ 140
510 H20trans-C19 H13-Cl0ysic19  H21-C19
H20cis-C19 > H14-C10 [ 150
H101-C12
- H11-C12 H6'-C12 r 160
H100-C8
170
2 “H23-c22
+ 180
190
T T T T T T T T T T T T T T T T T T T T T
13.0 125 120 115 110 75 70 65 6.0 55 50 45 4.0 35 3.0 25 20 1.5 1.0 05 0.0
1H (ppm)

13C (ppm)

13C (ppm)
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1H{off},COSY, 600.20 MHz,CDCI3,298.0K, pulse sequence: cosygpppqf

| .
100 101 11 1 20trans 6 23 13 5 3eq 4 1415 17
20cis 13" 3ax 18 16 0
21
v 617 1
14-15
1415 16 1314, 13"-14 > 716
20trans-21  20cis-21 15-14
= 4182 3 ) 3ax-4; ?Q
1-18 6-18 3eq- L2
I 1-3eq 6-3eq 3ax-3eq4-3eq
o 6-5' 45
13" &
13 s 14-13"
3
o 23 ° 3eq-6' -4
16 20trans-20cis 186"
3 2otans % L 2 £21-20cis
20cis-20trans
-5
3ax-1
1 ° 6-1 3eq-118-1
+6
— 1 °
101 °
F7
100 o F12
13
T T T T T T T T T T T T T
13.0 125 120 1.5 11.07.0 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1H{off}, NOESY, 600.20 MHz,CDCI3,298.0K, pulse sequence: noesygpphpp
1 A ~ ”_A A L
100 101 11 1 20trans 6 23 13' 5' 3ax 4’ 1415 17
20cis 13" 3eq 18 16 O
21
—j 17 o L1
13-15
1516 . o “
14 R 11-15 23-15 13"-15 o
— 21 20cis-4 . 3ax-4 b2,
— 418 100-21 101-18 118 6-21 eq L,
3eq 5'-3ax A8
4-3
50 101-3ax o ©d
20cis-5' 3axs
1313 11-13" 23-13" 89 15-13"
F3
13-23 14-23
o = 100-23 Ay 13"-23 ) 15-23 +4
1-6' 20cis-6" . ~ 21-6'
o, 206 [T 5-20cis  4-20cis
1 trans ve 21-20trans
-5
! 101-1 . 6-1 18-1
4 i 13-11 13"-11 14-11 e
101-11 5-101 15-11
101 .
11-101 1-101 3ax-101 18-101
F7
6100
100 ¥ 23-100 21-100 12
13
T T T T T T T T T T T T T T T T T T T
13.0 125 120 115 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

1H (ppm)

13C (ppm)

13C (ppm)
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A®-Tetrahydrocannabinol (13)

Atom 5 J COSY |HSQC| HMBC | NOESY ||| Atom 5 J COSY | HSQC | HMBC | NOESY
(ppm) (ppm)
1C 154.286 7C 25.161 7ax, 7eq| 6a, 8
1'C 35617 1' 2,2, 3, Hax |1.395 |2.10(6a)|7eq, 8 |7 6a 7eq, 8,
4 10a
H2 | 2.434 2 1' 2,2,3, [2,2,4 Heq |1.914 7ax,8 |7 6a, 8, 9, | 6a, 7ax,
3,4 10a 8
1aC |109.172 2,4 8C |31.309 8 7eq, 10,
11
2C | 107.688 2 1,4 H2 |2.168 7ax, 8 6a, 7, 9, | 6a, 7ax,
7eq, 10, 10 7eq, 11
H 6.139 | 1.60(4) 4 2 1,1a,4 |1,2,3" 10a
2'C [30.792 2 1,3, 4 9C |134.563 7eq, 8,
11
H2 | 1.556 1,3 |2 1,3,3, (1,22, 10C |123.853 10 8 11
4 3,4 !
3C |142.970 1,2 H 6.303 8, 10a, | 10 6a,8, |10a,11,
11 10a, 11 | 100
3'C | 31.656 3 U, 2, 4, 10a C | 33.711 10a 6a, 7eq,
5 10
H2  |1.286 2,4 |3 U2, 4, 12,24 H 3.201 | 11.10(6a) 6a, 8, | 10a 7ax, 10,
5 10 13
4C  |110.246 4 1,2 11C |23.514 11 10
H 6.272 | 1.60(2) 2 4 1,1a,2, |1,2,3 H3 | 1681 10 11 8,9,10 |8, 10
4a
4C |22.688 4 2,3,5 12C |27.714 12 6a, 13
H2  [1.311 | 7.10(5) 3,5 |4 2,3,5 H3  [1.413 13 12 4a, 6, 6a 13
4aC |154.912 4,12 13C |19.417 13 6a
5'C |14.158 5' 3,4 H3  [1.003 12 13 6, 6a, 12| 10a, 12
H3 |0.879 |7.10(4) 4 5 3,4 100 0
6C |77.358 6a, 12, H 4,755 10
13
6a C |45.946 6a 7ax, 7eq,
8, 10, 12,
13
H 1.692 | 11.10(10a), |10a |6a 6,7, 10a, | 7eq, 8
2.10(7ax) 12,13
Remarks:

The large 3Jnearica Value (11.1 Hz) supports their trans-configuration. Exchange of OH-100

and H2 is likely due to the keto-enol-tautomerism.
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Tee
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9
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0£'9
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1€9

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency600.22

2 Temperature

1H

4 Nucleus

13

v )

06'T
om.AW.
16T

w6 1-f
mmq\

€6'T

e

7eq

T T T T T T T T
25 24 23 22 21 20 1.9
1H (ppm)

|
|
33 32 3.1

Dooe
£S5y

0
Ay
01
50T

HRmo.N

E10'T

Tm.c

00T
01
[

1H (ppm)

v

27201~
7601 —
zorr

6°€CT —

9PET —

0°EPT —

£PST~
6'bST "

Value
CDCI3
298.0

Parameter

1 Solvent
2 Temperature

3 Spectrometer Frequency 150.94

13C

4 Nucleus

viiL—

77.45 77.40 77.35 77.30

A
T

13C (ppm)

13C (ppm)
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1H,1H-COSY

L

1H,13C-HSQC-EDITED

[l

Y| ~
N
10 2 10a 1 8 7eq 6a 2 12 4 13 X 0.5
4 1 7ax
s
1.0
13
LI
127ax 7ax 7eq-7ax L1s
5
6all o-11 i
7eq c
87eq 7ax-7eq Loo
8 10-8 10a-8 & "-§cqrs
g los
3.0
10a 10-10a 8-10a Cea-100
£3.5
2
4 -
0 10a-10 8-10 11-10
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T U
6.6 6.4 6.2 6.0 5.83.4 3.2 30 252423222120191817161514131.21.11.00.90.80.70.6
1H (ppm)
0 2 10a r 8 7eq  6a 20 12 4 13 5
4 1 7ax 3
10
5 <,
13 13 20
4 " -,
Ju . ‘11 N
5 H7eq-C7  H7ax-c7
2‘ ) 12 | 30
’ mas o E ‘ “
. 10a
1 =
L 40
6a “6a
+50
100
8
1a .2 k110
4
120
0 “10
130
T T T T T T T T T
6.5 6.0 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1H (ppm)

1H (ppm)

1H (ppm)
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1H,13C-HMBC

10 2 1 8 7eq 6a 2 12 4 13 5
4 1 7ax 3
10
5 Ha'-C5'
H3-C5'
13 Hea-C13 [ 20
4on Hi0-C11 H8-C7 H6a-C7  “io.ca  ° H3-C4' “Tis-ca'
12 > . H7eq-C8_  H11-C8 H4-C2" “Hi13-c12 L 30
10a° H10-C8 - H1-Cc2' reqcior _P2-ca— TR sy
“Ha-c1'H2-C1' : “H2-c1' H3-C1'
L 40
6 H12-Céa )
H10-Céa He-Céa  H7eq-Céa H7ax-Céa H13-Coa 50
60
70
6 Héa-C6  “H12-C6 “H13-ce L 80
90
+100
=T - ThCs, THi-c2 [ 110
120
T 0 H8-C10 “Hi1-c10
130
7 9 H8-C9 “H7eq-Co “H11-CO
[ 140
7 3 “Hi-c3 “H2-c3
150
1 -
0" Ha-Ca H12-C4a
- 160
T T T T T T T T T T T T T T T T i
6.8 6.6 6.4 6.2 6.0 5.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6
1H (ppm)
1H,1H-NOESY
i !
10 2 100 10a 1 8 7eq 6a 2 124 13 5 ro-0
4 11 7ax
¥ Lo.s
5 o
1.0
B 10a-13 12-137%
223 -3 |
12, 78 10a-7ax s-7ax‘7eq-7axr w 13-12 1.5
Y 22 12 2, Sz
6all 8-11 7eq4?a :
7eq \ 8760  "6a-7edvax-7eq L2.0o
8 o
aa Exchange HO<->OH-100 7eq 118 “7ax8
! 2-1 ® 2-1 2.5
3.0
b 103 %10-10a © 7ax-10a13-10a
3.5
L4.0
L4s
100 Y40-100 e
5.0
— '
5.5
Exchange H2<->OH-100
+6.0
20 4
12 22 32
4
104 & 100-10 10a-10 11-10
£ 6.5
N
T T T T T T T T T T T T T T
6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1H (ppm)

13C (ppm)

1H (ppm)
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A8-Tetrahydrocannabinol (14)

Value

Parameter

CcbCI3
297.9

3 Spectrometer Frequency 500.81

1 Solvent
4 Nucleus

2 Temperature

1H

OH

1H (ppm)

1H (ppm)

89L~

8L0T~_
01T~
ied

S6IT—

6'VET —

6TYT —

6'vST v

0°SST

Value
CDCI3
298.0

Parameter

1 Solvent
2 Temperature

3 Spectrometer Frequency 125.94

4 Nucleus

13C

OH

-20

-10

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

250

13C (ppm)
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(10aR)-6,6,9-trimethyl-3-(2-methyloctan-2-yl)-6a,7,10,10a-tetrahydro-6H-benzo[c]chromen-
1-ol (15)

Chem3D model showing a few selectedNOEs

h_

Atom J & (ppm)| COSY | HSQC| HMBC NOESY Atom| 3| 5 (ppm) cosy HSQC| HMBC NOESY
1c 36.177 1ax, leq 3,921 16 C 24.766 16 15
Hax | 16.80(leq), | 1.875 | 1eq, 9,21 1 2,3,59 leq, 21 H2 1.064 15, 17 16 | 15,17,18 | 11,13,15
11.00(9) 17¢C 30.175 17 | 15,16, 19
Heq 16.80(1ax), 3.195 | 1ax, 9', 21 1 2,3,59,21 1ax, 9,21,
4.80(9) 00 H2 1.174 16 17 15
3¢ 134.893 1ax, leq, 18C 31.934 18 | 16,19,20
4ax, 4eq, 21 H2 1.204 18
3C 119.480 3 lax, leq, 19C 22.825 19 20
4ax, 4eq, 21
H2 1.241 20 19 | 17,18, 20
H 5.432 | 4eq, 21 3 1,4,5,21 | 4ax, 4eq, 21
20C 14.239 20 19
4C 28.034 4ax, 4eq 3,59
H3 0.848 19 20 18, 19
Hax 1.827 | 4eq, 21 4 2,3,6,9 3,9,23
21C 23.640 21 leq, 3
Heq 2.148 | 3,4ax, 5, 4 2,3,59 | 3,4eq, 5, 22
21 H3 1.701 | 1ax, leq, 3, 4ax, 21 1,2,3 1ax, leg, 3
4eq
5C 45.009 5 | 1ax, leq, 3,
4eq, 9', 22, 22C 27.761 22 23
23 H3 1.390 23 22 | 5623 | 4eq,5,23
5'H 11.00(9") 1.796 | 4eq, 9' 5 4,6 4eq,22,23 || 3¢ 18.671 3 2
6C 76.817 4aX'253" 22, H3 1.115 2 23 | 5622 |4ax 5,922
Te aes o 13 24C 28.885 24 15, 25
o
v 110308 RTRET) H3 1.203 24 |12,14,15,25 11,13
100 25C 28.818 25 15, 24
9C 31.657 9 1ax, leq, H3 1.203 25 |12,14,15,24 11,13
4ax, 4eq 1000
9'H 11.00(1ax), 2.696 | 1lax, leq, 9 1,4,5,7,8,| 1leq, 4ax, 23
4.80(1eq), o 10 H 4.676 8,10, 11 leq, 11
11.00(5")
10C 154.555 9', 11, 100
1C 105.556 11 13, 100
H 1.80(13) 6.228 13 11 |8,10,13,14 15,16, 24,
25, 100
12C 150.175 15, 24, 25
13C 108.186 13 11
H 1.80(11) 6.392 11 13 | 7,8, 11, 14| 15, 16, 24, 25
14C 37.457 11, 13, 15,
24,25
15C 44,622 15 16, 24, 25
H2 1.497 16 15 12, 14, 16, | 11, 13, 16, 17
17,24, 25
Remarks:

The large 3Jngns value (~11 Hz) supports their trans-configuration.

89



23

20

Value

Parameter

1 Solvent

CbCi3
298.0

3 Spectrometer Frequency600.20

2 Temperature

1H

4 Nucleus

22

|

Al

2.6

2.7

22 2120 19 18 1.7 16

3.1
1H (ppm)

3.2

3.3

1H (ppm)

Fse0

E 660

E 00T
001

1H (ppm)

fa4s
L'8T
8eC
o€z
8've
8'LT
08e
88z
682
zoe~S
L1€
61€
ToE
58
LR 2a
o'sy

89~

9'S0T ~
80T —
€011 —

S61T —

6VET —

T0ST ~
9'pST
LPST

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency150.94

2 Temperature
4 Nucleus

13C

13

10 12

13C (ppm)
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1H{13C},HSQC-EDITED, 600.20 MHz,CDCI3,298.0K, pulse sequence: hsqcedetgpsisp2.3

1311 100 leg 9 4eq lax 21 15 1923 20
J 4ax 22 2416 Lo
5 25
8 10
20 AR
23 1923 20
162119 21
422 Hdeq-C4. 24 16
g1724% . Haax-C4 22°% k30
18 ; Ho'-Co 7
14 - .
Hieq-Cl Hiax-C1 [ 40
15 “Hs-C5 15
50
60
Lo §
=]
_ 6
[so @
90
100
11
13 05 11 L 110
3 S 120
130
_
140
JE— 12 150
— 710
T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1H (ppm)
1H{13C},HMBC, 600.20 MHz,CDCI3,298.0K, pulse sequence: hmbcetgpl3nd
L
1311 3 100 leg 9 4eq 1lax 21 15 1923 20
4 4ax 22 2416 -0
5 25
— N H22-C23  io-
pr— PP HiegCt - 20
17 12425422 H3-C21 Hieq-Co H9-C4 Haeq-Co H15-C25 pig.cy7 ~ H20-C19
141 H13-C14 Ho'-CL H21:CL - H2a-c1g H20-C18
15 H11-C14 fs-ct Hleq-C5 H9'-C5  H4eq-C5 H23-C5 r40
H3-C5 Hiax-C5 * H16-C15
- 60
B H5'-C6 H22-C6. |
E— H23-C6 80
" Hi3-ci1 100 ,g
13 H100-C11
i o onmes “Hocs Haax-C3 s
3 Hleq-C3 H21-C3 120 Z)’
o
5 . H4ax-C2 i
Hieq-C2 H21-C2 L 140
H15-C12
— LR H13-C7 . " THaa-ci2
© ThHii-cio H100-C10 HY'-C10 L 160
180
200
F220
F240
T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

1H (ppm)
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1H{off},COSY, 600.20 MHz,CDCI3,298.0K, pulse sequence: cosygpppqf

13 11 3 100 teq 9 4eq lax 21 15 1923 20
4ax 2 2416
5 25
20 19-20
1 1516 17167 o
192324251817 22:28%
22 pe 23-2220-19
15 @
21 1ax-21 4ax-21 16-15
5 321 teg-21 . b5
Lax 43X q 9-5 21-4ax
5'-4eq
4eq 3-4eq 21-4eq
: 1ax-9'
o 1eq-9' 59"
tax-leq
leq 9'-1eq 21-leq
100
3 4eq3 213
_ " RERE]
- B * 113

T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

1H{off}, NOESY, 600.20 MHz,CDCI3,298.0K, pulse sequence: noesygpphpp

4_/\«—__/\,

20 4eq lax 4ax 5 21 15
16
23 4ax-23 15-16
. 5-23
242518 <15-17
19
22 4eq-22 522
15 f
21
¥ aax Caegs
1ax
0
o) N5
(
4eq @\94eq @ 5'-4eq
o 4ax-9'

22-23

16-15

22-5' 123-5"

22-4eq

T T T
2.3 22 2.1 2.0 1.9 1.8 1.7 1.6 1.5

T
1.4 1.3 1.2 1.1 1.0 0.9 0.8

2.0

2.5

3.0

3.5

L4.0

5.0

5.5

6.0

+6.5

F7.0

7.5

8.0

+0.8
+0.9
+1.0

[1.2
£1.3
[1.4
[1.5
[1.6
£1.7
[1.8
[1.9
[2.0
[2.1
[22
[2.3
[2.4
[25
[26
[27
[2.8
[2.9

1H (ppm)

1H (ppm)
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ethyl (2)-3-ethyl-7-methylocta-2,6-dienoate (S27)

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

£€T's

mﬁ.m\
9T’s
9T's

09'S
S\.mV
19
G.m\

N

52 5.1

1H (ppm)

5.6

1H (ppm)

Bore
=TE
H\oﬂ.m
=1TE
Fiev

Ex4%4

ETre

ET0°T

1H (ppm)

T —
SPT—
LT —

8'ST~
vie—
STE~
9ze "

S'65 —

SPIT—

0vZT —

TTer —

£69T ~
£'99T

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency125.94

2 Temperature
4 Nucleus

13C

13C (ppm)
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ethyl (2)-7-methyl-3-propylocta-2,6-dienoate (S528)

vou
16'0

mm.l
521
971
as
ias
8v'T
05T
15T
19'T
19T Y
oz
01°Zy
x4 |
ey
444 o
AR
Q.N;.
PTT

85T
85T
65T
65T
T9'C

Ty
[A%4
[454
mﬁ.‘u\
€T's
E£T'S
1457
ST'S
ST'S
ST'S
9T's
9T'S
9T'S
LTS
T9's

Sv'T
41 V
8v'1—~
03*\

IST

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

€577
9T
49T

(x4
01’z
a4
[4%4
[A¥Ay ]
€T
(a4
L4%4
ST'C

85T
wm.NW
65T

o
el

T T T T T T T T
2625242322212019181.716 1514

1H (ppm)

Esre

Fzot

=00T

1H (ppm)

617
SpT “
A
60¢

g5t —
ve
€26~

L'0p —

965 —

9'STT —
0veT —

TTer —

6°€9T —
£'99T —

gmod
sdgyg
VCZM,
e
5]
]
a g
2 i
a I
E o3
< 2@
5
& _8E§
S 85
E
S 0 &
0w - 0
-~ o

13C

4 Nucleus

13C (ppm)

94



ethyl (E)-3-isobutyl-7-methylocta-2,6-dienoate (S29)

|

89'T

Value

Parameter

1 Solvent

CD2CI2!
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

89T

8T
Nw.ﬁ/

€8T~

S8T—
98'T i
8T

68T

T0C
T0C N.
20T

€0C
(w4
(w4
[ard
we
€T'e
STT
S1C
ST'C
95T
85T v
85T
09T \

T
27 26 25 24 23 22 21 20 19 18 1.7 16

1H (ppm)

=199
Eape
A%
33
HHHMQ
1T
Azez

1T

EI10T

=001

1H (ppm)

9bT—
81—
AN
85z

AN
ot
e —

b8y —

865 —

TLaT—
P —

PCeET —

TE9T —
9°99T —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature
4 Nucleus

13C

13C (ppm)
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ethyl (E)-3-benzyl-7-methylocta-2,6-dienoate (S30)

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

Fore
e
TE

80T

Eire

Ere

Fe0

F00'1

00T

0T
T
10T

1H (ppm)

vyT —
8LT —

g5t —
ve !
0zE—

Tsy—

L6 —

9LIT —

6'€2T
8921 ~_
82T~
s6e1
ezer
0861 —

v'79T —
§'99T —

CDCI3
298.0

3 Spectrometer Frequency125.94

4 Nucleus

Value

Parameter

1 Solvent
2 Temperature

13C

13C (ppm)
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ethyl (E)-7-methyl-3-phenethylocta-2,6-dienoate (S31)

Value

Parameter

1 Solvent

CDCI3

298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

EIXANE
817~
617~
ﬁN.N\
svz
SH'C
9’z
o'z
o'z
e
L't
L't

wef
8v'z
8z

99T
9T
9T
49T

—

89'C
5927
wN“N%

8L'C
8LT
6L'T

08¢

2.2

23

2.4

26

2.7

2.8

1H (ppm)

Fore
0'€
T'E

Fe0z
H\oﬁ.N

LLX4
Wmﬁ.w

FP0'E
507

1H (ppm)

Syl —
8LT —

8’57 —
vz
SZE~
£pE—

S'0p —

165 —

01T —
FECT ~_
2921~
+'821

saer /.
ezer

PP —

67791 —
§°99T —

CDCI3
298.0

Value
3 Spectrometer Frequency125.94

Parameter

1 Solvent
2 Temperature

13C

4 Nucleus

13C (ppm)
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ethyl (2)-7-methyl-3-(5-(triethylsilyl)pent-4-yn-1-yl)octa-2,6-dienoate (S32)

ssu
250
850
090
£6°0
860
00'T
b2
ST'T
92T
291 4
297
89'T
04T
€1

Z.L
sz
9T'T |
12T
12T
12T
82
wN.Nu
62'C

0c'z
852
09
ow.&
19

oTb
4% 2

ST T

—

E£T's
€T's
£€T's
£T's
145
v1'S
1457
ST'S
ST'S
ST'S
9T's
9T'S
9T'S
LTS

Value
CD2CI2!

297.9

Parameter

1 Solvent

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

28 27 26 25 24 23 22212019 18 1.7 16 1.5

1H (ppm)

Rere
E6€
z20°€
s
B
ety

20T

Fsoz

Foot

1H (ppm)

6b—
LL—
ST —
8T~
861 —
857 —
N.R\
9z

sze/
9se—

8'65 —

98 —

T80T —
$91T —
Tver —

§TET —

T°e€9T —
9°99T —

Value
CD2CI2

298.0

Parameter

1 Solvent

3 Spectrometer Frequency125.94

2 Temperature
4 Nucleus

13C

13C (ppm)

98



ethyl (E)-3-cyclopentyl-7-methylocta-2,6-dienoate (S33)

Value

Parameter

1 Solvent

CDCI3
297.9

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

W
wT
6S°T
09T
09T
9T
91
9T
89°T /
69T
69T
LT
0L'T

7T
7T \
€8T

Nﬁ.N/

ETT~
[t
nﬁ.N\

€S°CT
€5°CT
85T
65T
65T

09°C
19—

1.6

1.7

1.8

1.9
1H (ppm)

26 25 24 22 21

1.5

1H (ppm)

£rT —
L —

0T~
L£ST—
6L
L€~
Tee '

S8p—

65 —

9ETT —

Tyer —

6'TET —

8997~
To1"

LA

CDCI3
298.0

3 Spectrometer Frequency125.94

4 Nucleus

Value

Parameter

1 Solvent

2 Temperature

13C

1H (ppm)
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(2)-3-ethyl-7-methylocta-2,6-dien-1-ol (S34)

~
S
N
_

= =

90t

Value

Parameter

1 Solvent

CD2CI2!
297.9

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

OH

LJ

1H (ppm)

Bere
60
M\\Mo.m

FITE

Fere

E0T
E00°T

1H (ppm)

8T —

LT —

85T~
9Lz~
867 —
608

€65 —

£ETT ~
(3745

§TET —

TShT —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature
4 Nucleus

13C

OH

13C (ppm)
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(2)-7-methyl-3-propylocta-2,6-dien-1-ol (S35)

w5 U
68°0

;.L
W

m?.AHM
0T
b1
b
9T
YT
6b'T
6b'1
65T
89'T
86'7
66'T
002
002
007
102 7
20z
€0'C
v0'T
50z
907 |
90'Z
NQNM
L0t

60z
LTSN

44

80'
80'

80'

60's
60's 7
%.mu
60'S

or's 4
or's |
01°S
or1's
1S ]
s
ﬁﬁ.muu
s

s e e

——

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

OH

L

ov'T /
W
AR
']
€77
mv.i
€T
b1
9T
Aa% o
A%
mw.ﬂ
6T
65T ;\
89T
86T
66T
00Z
00Z
00Z
107y
707
€0°Z
02
S0
90°Z A\
907~
20T
B.NW
80T
60
60

-

1H (ppm)

F60°€

Fere
20°€

0'€
Tveo

E66°0
E00T

[Na s

8LT—

e — =
8'ST\

TLe~

§0E~C 3

06E — =

T6s —

1H (ppm)

[R74% v

TveT

PTET —

L'EPT — E—

CDCI3
298.0

Value
3 Spectrometer Frequency125.94

13C

OH

Parameter

1 Solvent

2 Temperature
4 Nucleus
X

13C (ppm)
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(E)-3-isobutyl-7-methylocta-2,6-dien-1-ol (S36)

€0'¢

<]
802
802

r—
v

€Ty

80°'S
80'S
60°S

60'G ~
60°S 7
S.mu
or's

o1's 4
01's |
T1°6
:.mu
s

zrs ]
s
zr's |

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

OH

1.9 1.8 1.7 1.6

2.0

2.1

1H (ppm)

FL0T

E660
E00°T

LT~
ree

m.mw/
€97~
e
£0e~"

S99 —

Tes —

1H (ppm)

THTT ~
v'SeT

§TET —

8CrT —

gmod
sdgyg
VCZM,
e
5]
]
a g
2 i
a I
E o3
< 2@
5
& _8E§
S 85
E
S 0 &
0w - 0
-~ o

13C

4 Nucleus

OH

13C (ppm)
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(E)-3-benzyl-7-methylocta-2,6-dien-1-ol (S37)

1
65°T W
0L1T—

sS0'C
wo.NW.
0T

LEe—

Value

Parameter

1 Solvent

CDCI3
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

OH

=507

ES0T

Eo0T

F00°€
007

1H (ppm)

84T —

85T~
0z
T0E

9ty —

Tes —

6°€CT
€921 W
€9zt -
+'8ZT
N.mNH*
9Cer
9'6ET —
8Tl —

CDCI3
298.0

3 Spectrometer Frequency125.94

4 Nucleus

Value

Parameter

1 Solvent
2 Temperature

13C

OH

13C (ppm)
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(E)-7-methyl-3-phenethylocta-2,6-dien-1-ol (S38)

Value

Parameter

1 Solvent

CDCI3
298.0

2 Temperature

3 Spectrometer Frequency500.81

1H

4 Nucleus

OH

T T T T T T T T
2.0

29 28 27 26 25 24 23 22 21

1H (ppm)

F€0T

00T

F0E
002

8Ll —

65 —

1H (ppm)

6°€CT
SvZT V
0921 -

$'82T \
s8er s
9°TeT

T~
Tept

CDCI3

Value
298.0

Parameter

1 Solvent
3 Spectrometer Frequency125.94

4 Nucleus

2 Temperature

13C

OH

13C (ppm)

104



(2)-7-methyl-3-(5-(triethylsilyl)pent-4-yn-1-yl)octa-2,6-dien-1-ol (S39)

Value

Parameter

1 Solvent

2 Temperature

3 Spectrometer Frequency500.81

1H

4 Nucleus

OH

€T

T T T
1.3 1.2

80'%
60v —

Oﬁ.v\

T T T T T T T T T
19 18 1.7 1.6

42414039 24 23 22 21 20

15 14

1H (ppm)

1H (ppm)

E9

€06
160

€€
%N.N
T0°€
€
mﬁ,w
154

ETre

00T

EV0T

1H (ppm)

6 —
LL—

8'LT —
86T —
86T~
ST

N.NNW
L0€

6'SE

€65 —

T8 —

8'80T —

EVTT ~
vser

9'CET —

8CrT —

Value

Parameter

CD2CI2
298.0

3 Spectrometer Frequency125.94

1 Solvent
2 Temperature

13C

4 Nucleus

OH

13C (ppm)

105



(E)-3-cyclopentyl-7-methylocta-2,6-dien-1-ol (S40)

—n

Value

Parameter

1 Solvent

CD2CI2!
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

OH

1.7

1.8

1.9

T T T T
2.0

25 24 23 22 21

15 14 13 12

1.6

1H (ppm)

80
0T
T°S
(A
H/ﬁﬁ.
(A4

TFso1

F96'0
Foot

1H (ppm)

84T —

m.mm/
86—
S8 —
60—~
ﬁ.Nm\

Ty —

965 —

97T ~
SPer —

PCeET —

9T —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature
4 Nucleus

13C

OH

13C (ppm)

106



(2)-3-ethyl-7-methylocta-2,6-dienal (S19)

766~
€66~

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

1H (ppm)

=l'E
ep'e

(AN4
7T
Foze

E0'T

1H (ppm)

oz —
8Ll —
LT~
8T~

TIE~
81e"

0'€eT —
4921 —

8'EET —

69T —

£T6T —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

13C (ppm)

107



(2)-7-methyl-3-propylocta-2,6-dienal (S20)

€607
601
960
6T
ST
(SRS
75T
bS'T %
SS°T
SS°T
15T
65T~
891
o1/
612\
07z
ey
E.Nkﬁ
122
12T
e
€22
as
ssz
2574
85z
s
s
s
s
1S
'S ]
s
€15
£1's
£1°s
$1°5 ]
PT°S
E.mu
pT'S
sTs

om.mu*
18's

—

—

166~
66~

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

1.55 1.50

1H (ppm)

1.60

o0t

F00'T

1H (ppm)

ser
v
07—
£57
e~
TTE~

ooy —

sz —
b —

bEET —

€491 —

£°06T —

Value

Parameter

1 Solvent

CD2CI2!
298.0

3 Spectrometer Frequency125.94

4 Nucleus

2 Temperature

A

13C

13C (ppm)

108



(E)-3-isobutyl-7-methylocta-2,6-dienal (S21)

1607
760
651
89'T
89T
v8T
S8'T
281
881 %
68°T
6°T
76T
oz
o1z
T
e~
61C
0zz
12T
17T
e
vTT
¥ST
952
15T
s
s
s
s

[ 8
s
s
€1's
€1's
€r's
€1r's
pT'S
bT'S
pT'S
ST's

8L'S
08'S

16'6 ~,
266~

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

1H (ppm)

59

=Te
Dere
01
WS.N
12T
61T

=00'T

1H (ppm)

64T —
x44

8'ST ”
TLe~C
187
STE—

8Ly —

0'€eT —
Tezr —
8'EET —

8'99T —

16T —

Value

Parameter

1 Solvent

CcD2CI2
298.0

2 Temperature

3 Spectrometer Frequency125.94

13C

4 Nucleus

13C (ppm)

109



(E)-3-benzyl-7-methylocta-2,6-dienal (S22)

Value

Parameter

1 Solvent

CD2CI2
297.9

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

=60'€
e
81
Feee

/50T
£00°T

jAma.N

1H (ppm)

6°LT —

86T —
'8¢ —
i —

8'vr —

87T~

v AN

0621

621
0'bET
66T

oect \
a

0991 —

Value
CD2CI2
298.0
13C

16T —

Parameter

1 Solvent
3 Spectrometer Frequency125.94

2 Temperature
4 Nucleus
X

13C (ppm)

110



(E)-7-methyl-3-phenethylocta-2,6-dienal (S23)

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

MN.N/
i<a4
wN.N%
LT~
€S°C
¥S'T
vS'T
SS'C
SS'C
4
95T —
nm.~\-
L58°CT
09'C
19C
£€9°C
87—
[4:x4
[4:x4
[4:x4
¥8'C

3.0 29 28 2.7 26 25 24 23 22

1H (ppm)

=96'C
ere

Esrz
N4
(A%4
EYIC

Eio0T

E00'T

=00'T

1H (ppm)

64T —

8'ST—
8T —
8'TE —
Tre—

Tor —

8721~
59zt
Toer
821
6821 7
over 7

STPT —

9991 —

16T —

Value

Parameter

1 Solvent

CcD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

13C (ppm)
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(2)-7-methyl-3-(5-(triethylsilyl)pent-4-yn-1-yl)octa-2,6-dienal (S24)

06'6 ~_
66~

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

1.6

1.7

1H (ppm)

1H (ppm)

E819

=18C

Foes

%4
Mﬁ.N
%4
T

N

Eot

E10T

1H (ppm)

6 —
LL—

641~
861 —
85—
T W
o8z

L1€

TLEe—

878 —

80T —

8T —
8T —

6°€ET —

8'99T —

0'T6T —

Value

Parameter

1 Solvent

CcD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

13C (ppm)

112



(E)-3-cyclopentyl-7-methylocta-2,6-dienal (S25)

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

1T

we M
[{aags
STt 7

5T
65T /
09T
19T W
197

—=
[Ax4 \
€9°C

+¥9'C

1.9

T T T T T T T
2.0

27 26 25 24 23 22 21

1H (ppm)

1H (ppm)

127
6T
12°€
T
1T
T
Fsee

Ezor

Eo0T

1H (ppm)

64T —

§'sT

8'ST V
6T —
L€ —F
€ee

€8y —

Teer —
8'SZT —

LEET —

VT —

S'T6T —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

13C (ppm)

113



4,4, 7-trimethyloct-6-en-2-ynal (S42)

Parameter Value
1 Solvent cDei3 2 RARAIIIIRININNANA a2 IR
2 Temperature 297.9 T neene vs’,mn\ltm T f Sgonnne N\T/N ﬁ\/ﬁ/ﬁ 7
3 Spectrometer Frequency500.81
4 Nucleus 1H
0]
z M
r T
535 530 525
1H (ppm) 1
A
L (. .
d d 1734
@ < ! oo o
= - N Mo o
T T T T T T T T T T
14 13 12 9 8 7 6 5 4 2 0 -1
1H (ppm)
Parameter Value " ~ © .
1 Solvent cpci3 N v = S o ad a2z S
2 Temperature 298.0 T n i i @ T 7 N\'\g T
3 Spectrometer Frequency125.94
4 Nucleus 13C
(0]
z "
|
T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 160 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
13C (ppm)
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(2)-4,4,7-trimethylocta-2,6-dienal (S43)

Parameter Value N
1 Solvent coci3 8 TYEREgRLIIINANANNYT N2 IRYEAY
2 Temperature 2053 .-4\; \D\/\bm&mwmmmmmmmmmmmmmmmm fﬂ\(/\lv—‘\j;/vﬁ/v—‘
3 Spectrometer Frequency500.81
4 Nucleus 1H
X
o
o 5958
33 TR
\/ SV
|
A
minor minor
isomer isomer
T T T T T T T T T T T T
6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 59 58 5.7
1H (ppm)
| I
| A H lA
| |
g i I 2 I I%d
o S a S S wAa~
= = S - N IERAR]
T T T T T T T T T T T T T
14 13 12 8 7 6 5 4 3 2 1 0 -1
1H (ppm)
b 2 2 <t a N 0 —
% 3 8 2 oo dos @
a & a0 = = T AS8] =
[ I I NN
Parameter Value
1 Solvent CDCI3
2 Temperature 296.9
3 Spectrometer Frequency125.94
4 Nucleus 13C
X
o
|
y n M vl YN -
T T T T T T T T T T T T T T T T T T T
220 210 200 190 160 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

13C (ppm)
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(2)-tert-butyl((6-cyclohexylidene-3-methylhex-2-en-1-yl)oxy)diphenylsilane (S45)

Value

Parameter

1 Solvent

CDCI3
297.4

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

™ Ph_Ph

\ s

o’s'7<

w6
w6y
€6'%
£6'v
b6’y
S6't
S6't

8E'S
6€'S
ob's
or's
ws
ws

\
]

T T T T T T T
55 54 53 52 51

50 49 438

1H (ppm)

EO0v'6

Freso
26T
20T
9

ES6'T

E¥6'0

F00'T

Feg9
e a4

1H (ppm)

€61
9'€T
8'ST
£9T
0T
Tz
0'8¢
£'8C
L'8C
8'ce
e

B

90zt
ezt
e
6421
9621 ~
THET L

0'SET —

g'sel \

S'LET \

zovt

CDCI3
298.6

Value
3 Spectrometer Frequency125.94

Parameter

1 Solvent
2 Temperature

13C

4 Nucleus

\ s

O,Si7<

"N Ph_Ph

13C (ppm)
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(2)-6-cyclohexylidene-3-methylhex-2-en-1-ol (S46)

——

Value

Parameter

1 Solvent

CDCI3
300.0

3 Spectrometer Frequency300.15

2 Temperature

1H

4 Nucleus

OH

LJu

£y
201
Furo

ES0E

H\NN.w

oz

Fror

N

1H (ppm)

9€T
n.mw”
0Lt~

08z -7
8'87 \
8'87

m.Nm\

TLE

T6s —

5§02 —
9veT —

0°0bT ~
60bT

CDCI3
300.0

3 Spectrometer Frequency75.48

4 Nucleus

Value

Parameter

1 Solvent
2 Temperature

13C

OH

13C (ppm)
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(2)-6-cyclohexylidene-3-methylhex-2-enal (S47)

186~
686~

~o

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

1.9

2.0

2.1

24 23 22
1H (ppm)

2.5

2.6

2.7

Fueo

= 0P'E
€T

et

Ber

E0T

E00T

=0T

N

Lo

1H (ppm)

veTT —

6871 —

T —

P91 —

0°T6T —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

13C (ppm)
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3-ethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (16)

Value

Parameter

1 Solvent

CD2CI2
297.9

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

isomer

isomer

isomer

485 480 4.75
1H (ppm)

4.90

1H (ppm)

=b'e

Iopr
1€'S

Foss

01T
0°T
0'T

=00'T

Lw

1H (ppm)

€T —
96T —

697~
067~
00e "

L78~

£69 —

e —

€€ —

€Tl —

YT —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

OH

<

1H (ppm)
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6-(prop-1-en-2-yl)-3-propylcyclohex-2-en-1-ol (17)

ww.a:

160

©
n
-
-

eSS

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

or'T
wT
€T
ST
9T
8b'T
SS'T
9S'T
LS°T
LS'T
LS°T
8s'T
8S'T
8S'T

09T
owé/
09T
917
9T “
w9T

€91 \

e

OH

4

160 1.55 150 1.45 1.40
1H (ppm)

1.65

isomer

isomer

isomer

5.00 495 490 4.85 4.80 4.75

57 56 55 54 53

1H (ppm)

1H (ppm)

Fov'e

T
F9ST
Bez's
€€
£

0T
0T

F00'T

Lw

1H (ppm)

0vT —

L6T ~
1"

697 —

88—

5§66 —

91§ —

769 —

rar—

9veT —

9°0vT —

YiPT —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

OH

<

T T
210 200 190

T
220

13C (ppm)
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3-isobutyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (18)

mw.a:

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

OH

4

isomer

isomer

=3
1
S]

5.00 495 490 4.85 4.80 475 4.70

1H (ppm)

1H (ppm)

n

8T
H\mv.w

FYIT

H/m .
R

20'T
0T

=00'T

Lw

1H (ppm)

L'6T
44 W
Lz
P9T~

692 a

8'8C

Ty —
LRI

769 —

Tar —

6°5CT —

L'6ET —

Vv —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

OH

4

13C (ppm)
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3-benzyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (19)

¥ o
SSo
INENEN

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

9TeE—
60°€ ~—
0€eE— 7
gge—

isomer

isomer

5.00 495 4.90 4.85 4.80 4.75 4.70

1H (ppm)

T

E20'T

0T
0T

E86'0

2667
00

1H (ppm)

9'6T —
897 —
9'8C —
6'€r —

ST —

769 —

car —

91
s9zt V.
821 -7
£6CT \
00T
TovT v

T —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

OH

54

13C (ppm)
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3-phenethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (20)

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

T
O

54

isomer

isomer

isomer

57 56 55 54 53

1H (ppm)

1H (ppm)

o1
10T
6°0

ES56°0

6T
ooz

1H (ppm)

61T —
8'9¢ “
16T

9'vE —
THEN_

ST —

69 —

T —

15143
ozt V

9'8¢1 V.

4’821

TObT
Lt
€LPT ~

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

OH

54

13C (ppm)
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6-(prop-1-en-2-yl)-3-(5-(triethylsilyl)pent-4-yn-1-yl)cyclohex-2-en-1-ol (21)

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

isomer isomer

vb's
'S

minor
isomer

57 56 55 54 53

4.8 4.7 4.6

4.9

5.0

1H (ppm)

1H (ppm)

80T
20T
S0t

=00'T

Lw

1H (ppm)

6 —
LL—

ST —

69 —

18—

8'80T —
Tar—

e —

8'6ET —

LT —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

T T
210 200 190

T
220

13C (ppm)
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3-cyclopentyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (22)

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

isomer

isomer

isomer

57 56 55 54 53 52 50

4.8

4.9

1H (ppm)

1H (ppm)

1H (ppm)

96T —
§'sT

022 M
Lre

TIe w

S1€

0Ly —
8IS~

69 —

eIt —

9z —

LEPT —
YLpT —

L

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

OH

<

13C (ppm)
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4,4-dimethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (23)

10T
Y0
9T
Ras
Ras
8v'1 |
788
as
€T
¥8'T
vTT

mN.L
972
12T
827

62T
90t
L0
0%
80t
60t
60t
88t
88t
88
88t
88t
06’
06’
06t
160
6%
V'S
£'S
'S
S¥'S
Sb'S
9’S
vS'S
bS'S
95°'S
95°'S

—r

Value

Parameter

1 Solvent

CDCi3
297.9

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

OH

4

90t

T 14 T T T T
5.0 49 48 4742 41 40

56 55 54 53

1H (ppm)

0'€
T°€
1z
0°€
T

ot

EI0T

2660
860

1H (ppm)

b1 —

8T —
TreE~
€ee—

60 —

b8y —

069 —

9Tt —

Sz —

8'8ET —

SOpT —

CDCI3
298.0

3 Spectrometer Frequency125.94

4 Nucleus

Value

Parameter

1 Solvent
2 Temperature

13C

OH

4

-10

20

50

60

110

210

T
220

13C (ppm)
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4-methyl-[1,1'-bi(cyclohexane)]-1',3-dien-2-ol (24)

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

OH

O

isomer

isomer

T
5.5

5.3

54

5.6

57

1H (ppm)

59
1ze
1260

Ry

haans

E00'T
FS0'T

1H (ppm)

615 —

689 —

6°ETT ~
[ TA%a

9°9€T —
6'8ET —

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature

13C

4 Nucleus

OH

O

1H (ppm)
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ethyl (2E,62)-8-((tert-butyldiphenylsilyl)oxy)-2,6-dimethylocta-2,6-dienoate (S48)

$0'T
Za%
sTTA
RS
A%
[
bLT
bLT
96°T
6T

86'T
66T
T
[axa o
PTz\L
STT~%

STy
LTy

V'S
'S

Value

Parameter

CDCI3
298.0

1 Solvent
2 Temperature

3 Spectrometer Frequency 500.81

1H

4 Nucleus

N Ph Ph

\

,Si7<

(0]

(484
v~.v/
STy
Z.v%
8Tt~

wﬁ.v\
6Tt
61

w's
w's /
V'S

~

'S -1
I \
Sb's

659
099
199
T9'9
T9'9
P

199
w99 \“
€99

1H (ppm)

=606
=00'€
LT
LT
Beet
o

6'T
0T

Foot

Fs0'9
FE0'

1H (ppm)

a5
[aal
€61~
PEZ~_
0z

V.RV
0TE~

509~
097"

T89T —

Value
CDCI3
298.0

Parameter

1 Solvent
2 Temperature

3 Spectrometer Frequency 125.94

4 Nucleus

13C

\

,Si7<

") Ph Ph

(0]

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

13C (ppm)
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(2E,62)-8-((tert-butyldiphenylsilyl)oxy)-2,6-dimethylocta-2,6-dien-1,1-d>-1-0l (S49)

PO'T 7
S0'T 4
S0'Tq
90'T |
90'T |
90'T |
L5°T
85°T |
85°T |
85°T |
04T
7T
LT
12T

—

LT A

—

16T
w6t
€6°T
¥6°T
00°¢
10T
20T
€0°C
0T

(%4

LTy
LTy
8Tt
8T'v
8Tt
%4
6T'%

9T's
NN.m/

LTS N
175 ]

87'S 7
875 -]
8z's
62°S
62°S |
67°S |
og's |
0's ]
8e's |
65°S
or's
ov's
s

s

ot
e
e
8e'z ]
g
g ]
8eL
6€L
ovL
ovL
ovL
W
WL
e
WL
L
L
B
bhL
vb'L
9t
91
89
89,
69°L
69
69

0LL
oLL

L

Value

Parameter

1 Solvent

CDCI3
297.9

3 Spectrometer Frequency500.81

4 Nucleus

2 Temperature

1H

"N Ph_Ph

\ s

.S
OI

OH

LTy

8T’

Wﬁ
el

1H (ppm)

=906
=580
=88
=967
FE6'T
o0z

=68'T

=760

=860

Feo9
E00't

1H (ppm)

LET—

€61~
ST~
9T~
o’
6'TE ~

019 —

€51
szt

0T~
2621 —
THET
€SET—7
8'SET \

TLET

cbci3
298.0

3 Spectrometer Frequency125.94

4 Nucleus

Value

Parameter

1 Solvent
2 Temperature

13C

"N Ph Ph

K

N

O,Sl
OH

-10

210

T
220

13C (ppm)
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diethyl

(2E,62)-8-((tert-butyldiphenylsilyl)oxy)-2,6-dimethylocta-2,6-dien-1-yl-1,1-d>

phosphate (S50)

L
WL

L
L
St'L
L9°L
L9°L
L9°L
89°L
89°L
69°L
69°L
69°L
0L'L

Value
CD2CI2
298.0

Parameter
3 Spectrometer Frequency500.81

1 Solvent

2 Temperature

1H

4 Nucleus

»

OTBDPS

OPO(OEY),

D

0%

mo.v/

Yo'y —
o'y
SOy
L0t
6Tt
61'v
\rad
Ty

LES
LES <
8€'S
8€'S
8E'S

or'sE
s
s
w's
w's
£v's

|

T T T T T T T
43 42 41 40 39
1H (ppm)

56 55 54 53 52

Fo6'c
FE0T

6°0
Lo

Fooo
Fsov

1H (ppm)

9ET ~
€91

+'91 V
v'6T
s €T
L9t —r
0Lt \
6TE~"

9~

m,mov

0'¥9

o <
$C oo
TN O\
Soddm

O N = —

=
9
<
15}
S

5 g
2 e
m =

23]
< ]
s
& _BE,

2o g3

g§23g38

=2 E @ O

5 G a3

[0

-~

OTBDPS

T T
210 200 190

T
220

13C (ppm)
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66°0-

o I
$C ~ R
ERSRsEN
TN oo a

o=
VCZM,3

e

|53

E]
5 g
2z fid
o s
£ [}
< 20
5
& _BE,

2 g 83

§583

2 E 0T

5 0 a3

0w EFEOnz

-~ e

OTBDPS

OPO(OEt),

31P (ppm)

tert-butyl(((2Z,6E)-3,7-dimethylocta-2,6-dien-1-yl-8,8,8-d3)oxy)diphenylsilane (S51)

L

Value

Parameter

1 Solvent

CD2CI2
298.0

3 Spectrometer Frequency500.81

2 Temperature

1H

4 Nucleus

N Ph Ph

24 2322212019 18 1.7 16 15 1.4

1H (ppm)

—
- F60'Y

1H (ppm)

=56
T
99T
28'T
1T

=LLT

ET18°0
E10T

1H (ppm)
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ot
921 V
b6~
AN
89z
D.RW.
0z
m.om\
9Te
665 —

£vT1
€421
s —
0'82T —
6621 7
SET
9'bET
c.mmﬁx

T'8€ET

Value

Parameter

1 Solvent

CcD2CI2
298.0

3 Spectrometer Frequency125.94

2 Temperature
4 Nucleus

13C

\

K
D

™ Ph Ph

13C (ppm)

(2Z,6E)-3,7-dimethylocta-2,6-dienal-8,8,8-d3 (25)

65T
65T

09°T

09°T

09°T

19T

197 1
19T §
197 1
19°7 §
L9779
L9°T Y
89°T Y
89'T
89'T
89'T
89°T N

L6°T
L6'T V.

ST'T
S1°2
2.&
0z'e

0zz ]
0z ]
17T
127
12 ]
172
17z
12T
12T
we
e
we
we
we
€T
€T
€T
€T
€T
€T
e
vz'T
ve'T
st
sz
stz
9T
15T
85T
097
60'
60’
s
s
s
[485
485
4%
€1's
€1's

18'S
18'S
8'S
8'S
8'S
[4:5
8'S
8'S
8'S
€8'S
£€8'S
€8'S
£8'S
€8'S
€8'S
£8'S
€8'S
88'6
686
L6'6

86'6

Value

Parameter

1 Solvent

CcD2CI2
298.0

3 Spectrometer Frequency600.20

4 Nucleus

2 Temperature

1H

886
686

166 —~
866

1H (ppm)

ES6°0

2690
=870

1H (ppm)
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< o ~ QNN O
- o < R IS B ENEN] QARTELANANNMN L ®DYLINQN
oS b MPMANNNNN SNNNNC S BBBHBETT NN
a3 = RARUEEEE R R R TOHMANNNNNNNNNNNSN NN S S
\ [N (g
Parameter Value
1 Solvent CD2CI2
2 Temperature 298.0
3 Spectrometer Frequency150.94
4 Nucleus 13C
A
o
D
DD
A
‘ I}
I
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 50 40 30 20 10 0 -10
13C (ppm)
813
Parameter Value N
AN 1 Solvent CD2CI2 AR
2 Temperature 298.0
\O 3 Spectrometer Frequency92.13
4 Nucleus 2H
D
D D
|
R
Mmoo
T T T T T T T T T
.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1
1H (ppm)
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1.4.2. Copies of HPLC traces
(S,9)-1DP 4

LC-MS (50 mm Zorbax 300SB-C8, 4.6 mm i.d., MeCN /1% TFA =75:25, 1.0 mL/min,
5.9 MPa, 308 K, UV 254 nm): tr = 5.65 (99.6%); m/z = 1684 ([M-H]).

mAU

1 PDA Multi 1 254nm,4nm

1 S X0 '
- A R

100

200

100

.

T T T T T ‘ T T T T | T T T T ‘ T T T T ‘
0.0 2.9 5.0 75 10.0

Note: No separation of the rotamers visible. A detailed explanation on the aspect of rotamers is

discussed in chapter 2.1.
(S,5)-iIDP (S7)

LC-MS (50 mm Zorbax SB300-C8, 3.5um, 4.6 mm id, MeCN/1% TFA =70:30,
1.0 mL/min, 7.5 MPa, 308 K, UV 254 nm): tr = 5.62 (97.78%), m/z = 1311 ([M—H]").

mAU
600+ ™
4.93 0.39

- 5.07 0.26

500+ 5.62 97.78 iIDP 87 1311
1 7.92 1.46 1347
] 9.00 0.11
1 100

400~

] L X0
300_; CO OPN:\OPO QO R=

200
1001
%
0 o .
L L B B B B S I ) NN B L PN L B P R
0.0 2.5 5.0 7.5 10.0 125 15.0 175 200

min
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(S,9)-ilDP (5)

LC-MS (50 mm Zorbax 300SB-C8, 3.5um, 4.6mm id):. MeCN/1% TFA =80:20,
1.0 mL/min, 5.2 MPa, 308 K, UV 220 nm.

100

mAU
300 1 PDA Multi 1 220nm,4nm
0.78 0.65
- 2.80 29.90 iIDP 5 1815
200_ 291 69.45 iIDP 5 1815

Note: Two main rotamers can be differentiated. A detailed explanation on the aspect of rotamers is

discussed in chapter 2.2.
(S,5)-IDPi (6)

LC-MS (50 mm Zorbax 300SB-C8, 4.6 mm i.d.): MeCN /1% TFA =80:20, 1.0 mL/min,
5.4 MPa, 308 K, UV 254 nm.

mAU

1 PDA Multi 1 254nm,4nm

ool I I
1 p—N p 2.19 0.19
1 O o NH N, 0 Q 239 11.78 IDPi 6 1946
2.53 4771 IDPi 6 1946
300 L

2.78 35.78 IDPi 6 1946
3.79 2.69 1984

1 ‘ 413 1.85 1984
1 F 100 =
200 R = O

100-]
0 1 — 5 6
| | | T T T [ [
0 1 2 3 4 5

min
Note: Three main rotamers can be differentiated, A detailed explanation on the aspect of rotamers is

discussed in chapter 2.2.
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Cannabidiol (10)

HPLC (IG-3, heptane:iPrOH =99:1, 1.0 mL/min, 298 K, 254nm): try=15.1min,

tr2 = 19.7 min.

Racemate:
mAU
= PDA Multi 1
O 15.102 5118
T Z0s 20277 48.82
1 P 100
15-
] 8
10 e
N ~
1 S
_ &
5*
L M
0 — T
————
0 5 10 15 20 25
min
Enantioenriched compound:
mAU
701 PDA Multi 1
:
H 15.067 375
60 [ 19676 96.25
1 T 100
50
40 2
] g
30
20
10 o
1 3
1 ©
O{M AN , !
e | | |
0 5 10 15 20 25
min
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Methyl (1'R,2'R)-2,6-dihydroxy-5'-methyl-4-pentyl-2'-(prop-1-en-2-yl)-1',2',3',4'-tetrahydro-
[1,1'-biphenyl]-3-carboxylate (11)

HPLC (AD-3, heptane:iPrOH =99:1, 0.5 mL/min, 298 K, 254 nm): tr1=7.9 min,

tr2 = 9.1 min.

Racemate:

mAU

PDA Multi 1

O o 7.883 51.05
9.126 48.95
HO

754 100

7,883
9,126

50—

25+

0,0 2,5 5,0 7,5 10,0 12,5 15,0 17,5 20,0

Enantioenriched compound:

mAU

3500 SO

b O/
PN O 7.886 2.89
HO 9.134 97.11

100

PDA Multi 1

9,134

3000-
2500

2000

1500
1000-

500

7,886

1 L
0- I

0,0 2,5 5,0 1,5 10,0 12,5 15,0 17,5 20,0
min
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A®-Tetrahydrocannabinol (13)

HPLC (0J-3R, MeCN/H20 =60:40, 1mL/min, 298K, 210nm): tr1=10.6 min,
tr2 = 11.9 min.
Racemate:
mAU
i w3 PDA Multi 1 210nm,4nm|
o8 g @
1 = e 10.665 49.27
750+ o O 11.904 50.73
il [ fofall R
500+
250+
0 l
I | \ R R
0 5 10 15 20 25
min
Enantioenriched compound:
mAU
g PDA Multi 1 210nm,4nm|
S
10.643 95.65
[ 11898 4.35
1 [ foftal U
500+
250+
i [e0]
: { 2
0 JAS
L I | | L R R
0 5 10 15 20 25

min
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A®-Tetrahydrocannabinol (14)

HPLC (AD-3, heptane:iPrOH=98:2, 1mL/min, 298 K, 254nm): tr1=12.4 min,
tr2 = 15.8 min.
Racemate:
mAU
1 X & PDA Multi 1 210nm,4nm
oW & ]
- -~ v
-~ 12374 50.07
1 o O e 15823 49.93
200 100
100
(/=
1 ' - T ' 1 ' T -
0 5 10 15 20 25
min
QN PDA Multi 1 210nm,4nm
-
- 12358 3.68
D 15782 96.31
100
200
100+
] o
] 3
i A g
(= S/ S,
f e —— T \ ; \ \ T ' 1
0 5 10 15 20 25
min
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(10aR)-6,6,9-trimethyl-3-(2-methyloctan-2-yl)-6a,7,10,10a-tetrahydro-6H-benzo[c]chromen-
1-ol (15)

HPLC (AD-3, heptane:iPrOH = 98:2, 1 mL/min, 298 K, 254 nm): tr1 = 6.1 min, tro = 6.8 min,
e.r.=96:4.

Racemate:
mAU
1 3 & PDA Multi 1 210nm,4nm
. ‘ OH AR N]
- ~ 6.434 51.00
500+ O 7.218 49.00
| °© 100
250+
0,
T T T T T
0,0 2.5 5,0 7,5 10,0 12,5
min
Enantioenriched compound:
mAU
9 PDA Multi 1 210nm,4nm
g_
| 6.069 4.02
6.803 95.98
500 100
250
[o2]
S
T ©
0_44\—_'
—t T —
0,0 2.5 5,0 7,5 10,0 12,5
min
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1.4.3. Copies of GC traces

isopiperitenol (rac-2)

Column: 30.0 m, HP-5 MS 0.25/0.5df; temperature program: 220/ 50 5/min 150 12/min 320, 5 min
is0/350; gas: 0.50 bar (Hz).

& [manually integrated]

350~
] pA 17.76 55.14 trans-isopipetitenol
= 18.33 44.86 cis-isopiperitenol
3005 on 100 =
] P
250
200
] =
150 o~
100
50
] min
O_l'"'|""I""T"L'I""'l""l""l""l
0.0 50 10,0 15,0 20,0 25,0 30,0 35,0 39,2

Column: 25.0 m, Hydrodex-beta-TBDAc-CD 0.25/?df; temperature program: 220/ 95, 42 min iso
8/min 220, 3 min is0/350; gas: 0.40 bar (H.).

B [manually integrated]

150+
L : ', 6R)-isopiperiteno
1 A 30.37 28.30 18, 6R)-isopiperi 1
31.80 27.01 (1R, 6S)-isopiperitenol
4 34.17 22.89 (IR.6R)-isopiperitenol
125 4 37.20 21.80 (18.68)-isopiperitenol
4 100 =
100
75+
4 = o
- -
50+ S
-
<
E -
25+
J L
T T T
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(6S)-isopiperitenol ((6S)-2)

Column: 30.0 m, HP-5 MS 0.25/0.5df; temperature program: 220/ 50 5/min 150 12/min 320, 5 min
is0/350; gas: 0.50 bar (Hy).

AKl - B [manually integrated]

1 PA 17.74 17.14 trans-isopipetitenol
E 18.34 82.86 cis-isopiperitenol
300 -~ OH - :
] AN 2
2501
200
150
100 -
] =
50
]
0 _4: o min
4 y ¥ T ¥ X X T T v T v T T v ¥ Y T v = T A Y s T T v T ¥ n
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 39,2

Column: 25.0 m, Hydrodex-beta-TBDAc-CD 0.25/?df; temperature program: 220/ 95, 42 min iso
8/min 220, 3 min iso/350; gas: 0.40 bar (H>).

150 & [manually integrated)]

1 pA 30.86 0.03 (1S, 6R)-isopiperitenol
i 31.76 17.05 (IR.6S)-isopiperitenol
. 34.37 0.16 (1R.6R)-isopiperitenol
125 36.09 82.76 (1S.6S)-isopiperitenol
1 100 =
100
] e
75-
50- ”
25-
1 l ) 0
4 8 - = A min
5 - r T T T T T T X T T T T T T T T T T T T m]
0,0 10,0 20,0 30,0 40,0 50,0 60,6
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(6R)-isopiperitenol ((6R)-2)

Column: 30.0 m, HP-5 MS 0.25/0.5df; temperature program:
is0/350; gas: 0.50 bar (Hy).

% [manually integrated]

220/ 50 5/min 150 12/min 320, 5 min

350+
i pA 17.74 17.20 trans-isopiperitenol
b 18.34 82.80 cis-isopiperitenol
) 100
300+ OH
250 e
200+
150
1001
: *
50-_
] | min
0- R e o i o e e o L O e I st e e . T LI m
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 39,2

Column: 25.0 m, Hydrodex-beta-TBDAc-CD 0.25/?df; temperature program: 220/ 95, 42 min iso

8/min 220, 3 min is0/350; gas: 0.40 bar (H.).

% [manually integrated)]

150 -
4 pA 30.48 16.59 (1S, 6R)-isopiperitenol
i 32.11 0.53 (1R.6S)-isopiperitenol
] 33.60 80.71 (IR.6R)-isopiperitenol
125 - 37.66 2.16 (18.,6S)-isopiperitenol
4 100 =
i ©
1 o~
100+
4
75
50
N
25
] ©
4 _1 S g A mib—
5 - I ) 1 U T \ T L
0,0 10,0 20,0 30,0 40,0 50,0 60,6
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Chiral GC-comparison of rac-isopiperitenol, (6S)-isopiperitenol, (6R)-isopiperitenol and
isopiperitenol obtained from catalytic reaction

60.6

550

' 5.0

150+

g E <
g &
—
o
g /
[y
o
=
[&)
(58]
(5]
S
(&)
=
=
S
[
(&)
— S IS IS
= 2 S o
9 2 = =
= ) 3 2
I} o 2 [}
2 = =3 =
2 o 2 S
(72}
2 v T =2
& @ o =]
© © © %]
S N— N— —
<
s g s ]
——— " e———— = ——— T ———
[=] (=] o o o o
S 3 3 3 3 2 8 3 °3 3 2
Lo \ 2o - o= — -
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isopiperitenol (2)

Note: This sample was obtained from 0.029 mmol scale reaction and the main diastereoisomer and
major enantiomer is depicted.

Column: 24.3 m, RTX-5 0.25/0.5df; temperature program: 220/ 50 5/min 150 12/min 320, 5 min
is0/350; gas: 0.40 bar (Hy).

B [manually integrated]
1 07 13.99 95.47 trans-isopiperitenol

1 © 14.53 4.53 cis-isopipetitenol
100+ 100 =
1 v OH

A
80

60
40

20+

Column: 25.0 m, Hydrodex-beta-TBDAc-CD 0.25/?df; temperature program: 220/ 95, 42 min iso
8/min 220, 3 min is0/350; gas: 0.40 bar (H.).

% [manually integrated]
65,0 31.14 0.85 (1S, 6R)-isopiperitenol

pA 31.99 94.76 (IR.65)-isopiperitenol
60,0 - 34.78 2.65 (1R.6R)-isopiperitenol
1 o 38.12 1.74 (15.6S)-isopiperitenol
100 -
50,01
40,0+
30,04
20,01
1
|
o
1o,oj4 == : LR h min
T T T T T T T T T T T T T T T T T T T T T
0,0 10,0 20,0 30,0 40,0 50,0 60,6
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isopiperitenol (2)

Note: This sample was obtained from up-scaling experiments in PhMe and the main diastereoisomer
and major enantiomer is depicted.

Column: 30.0 m, HP-5 MS 0.25/0.5df; temperature program: 220/ 50 5/min 150 12/min 320, 5 min
is0/350; gas: 0.50 bar (Hy).

% [manually integrated]

350
4 pA 17.77 94.86 trans-isopiperitenol
1 18.31 5.14 cis-isopiperitenol
3001 100 -
] < oH
250 N =
2001
150
100
50
] 3
0 : 0 Nw A min
v v v ¥ T A v g i T ¥ ¥ v v T v v v ¥ T v v v L) ¥ v ¥ ¥ T L] ¥ bl s L 1
0,0 5.0 10,0 15,0 20,0 25,0 30,0 35,0 39,2

Column: 25.0 m, Hydrodex-beta-TBDAc-CD 0.25/?df; temperature program: 220/ 95, 42 min iso
8/min 220, 3 min is0/350; gas: 0.40 bar (H.).

150~ & [manually integrated]

1 PA 30.80 0.94 (18,6R)-isopiperitenol
o 31.32 94.10 (1R.65)-isopiperitenol
E 34.51 272 (1R.6R)-isopiperitenol
1251 37.79 224 (18.6S)-isopiperitenol
i ™ 100 -
100
754
]
50+
25
11 dl 3 =
4 N A min
5- r T 1 v T T T T T T T T T v T T T T T T T v v v ™
0,0 10,0 20,0 30,0 40,0 50,0 60,6
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menthol (7)

Note: This sample was obtained from hydrogenation of a mixture of (6S)-isopiperitenol and (6R)-

isopiperitenol (2:1).

Column: 30.0 m, DB-1 0.25/0.25df; temperature program: 220/ 50 2/min 110 12/min 320, 5 min

is0/350; gas: 0.60 bar (Hy).

400- ﬂ [manually integrated)]

area 0
[ 6 |

17.92 32.18 neomenthol
1P 1837 17.30 menthol
0 1896 39.92 neoisomenthol
4 P 1933 10.60 isomenthol
| OH 100
30,0
| ©
20,04 =
10,0 >
] o
- JL s
al | -~ 5 l
A0 min
00 0 20 ; ——
10,0 20,0 30,0 40,0 " 525

Column: 30.0 m, BGB-176/BGB-15 0.25/0.25df; temperature program: 220/ 80 iso/ 350; gas:

0.60 bar (H>).
10,0 3 Imanually integrated]
1 HA s 2141 (25)-neomenthol
[0 668 10.93 (2R)-neomenthol
7 “ 69.09 27.02 (2S)-neoisomenthol
8,0 B 5.80 (2R)-menthol
] I 1348 11.78 (25)-menthol
B o 7.07 (28)-isomenthol
: 83.00 323 (2R)-isomenthol
6'0 — n 84.83 12.71 (2R)-neoisomenthol
1 100
4,0- T T
7 ~
2,0 .
i o -
B ~
0,0+ | W e § A
-1,0 d ; ' min
T T T T T T T T T T T T
0 20 40 60 80 100 120 140 156
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menthol (7)

Note: This sample was obtained from selective hydrogenation of (1R,6S)-isopiperitenol obtained from

upscaling reaction.

Column: 30.0 m, DB-1 0.25/0.25df; temperature program: 220/ 50 2/min 110 12/min 320, 5 min

is0/350; gas: 0.60 bar (Hy).

100- % [manually integrated]

Area )

1 pA 17.48 3.80 neomenthol
] 17.99 68.12 menthol
W e 1851 1.72 neoisomenthol
] 1 = i 1891 26.36 isomenthol
80+ OH 100 -
60 -
40 2
20+
o
e AA l A min
I Y v v T ¥ T T v v T v ¥ v T v T M T 1
0,0 10,0 20,0 30,0 40,0 52,5

Column: 30.0 m, BGB-176/BGB-15 0.25/0.25df; temperature program: 220/ 80 iso/ 350; gas:

0.60 bar (H>).

% [manually integrated]

6,00 -
) “* 0
; 58.30 0.50 (25)-neomenthol
5,00 - 65.32 3.23 (2R)-neomenthol
N 68.54 0.41 (2S)-neoisomenthol
1 70.39 0.80 (2R)-menthol
) 70.83 67.08 (2S5)-menthol
4,00+ 74.92 2627 (2S)-isomenthol
i 81.49 0.36 (2R)-isomenthol
i 83.67 1.36 (2R)-neoisomenthol
3,00 100 2
2,00
1,00
] e h
4 a ©
e = 0 -
0,00 L_A A L_J_:'J =
1 min
-0,50 -
r T T T T T T T T T T T T T T T T ul
0 20 40 60 80 100 116
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piperitol (9)

Note: This sample was obtained from selective hydrogenation of (rac)-isopiperitenol.

Column: 30.0 m, DB-1 0.25/0.25df; temperature program: 220/60 3/min 120 12/min 320/350; gas:
0.50 bar (Hy).

180~ % [manually integrated]

| pA 16 14.19 1.90 cis-piperitol
14.74 98.10 trans-piperitol
4 100 -
1504 OH
100+
50
P L 1 23 & ® 10 12 Jﬁm 201 22 2324 25 26 27289 AR JINHB6
0,0 5.0 10,0 15,0 20,0 25,0 30,0 ' 367

Column: 25.0 m, Hydrodex-gamma-TBDAc-CD 0.25/?df; temperature program: 220/90 iso/350; gas:
0.50 bar (Hy).

60.0+ 2 [manually integrated]
Y gl
20.82 50.71 (1R.6R)-piperitol 30

50,01 2457 4929 (15.65)-piperitol
1 100 -

40,0

31
30,0 1

20,01

10,0

_10:‘JL ~ Y S Y . min
0,0 50 100 180 200 | 280 309
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piperitol (9)
Note: This sample was obtained from selective hydrogenation of (1R,6S)-isopiperitenol obtained from

upscaling reaction.

Column: 30.0 m, DB-1 0.25/0.25df; temperature program: 220/60 3/min 120 12/min 320/350; gas:
0.50 bar (Hy).

e .
250 - 3 [manually integrated]

1 pA 36 14.21 442 cis-piperitol
1 14.79 95.58 frans-piperitol
1 100 -
200 coon
] PN
150-
100
50-
| 4 '
4 | Pasm0MBIREERE 25 3 3883310 41 4243 44 45MiNye
r v T Ty T v = T o S B L s = B | ———— T | RN T T T v v L = oo
0,0 5,0 10,0 15,0 20,0 25,0 30,0 " 367

Column: 25.0 m, Hydrodex-gamma-TBDAc-CD 0.25/?df; temperature program: 220/90 iso/350; gas:
0.50 bar (Hy).

80.0+ % [manually integrated]

7501 P A\ 55 21.05 0.98 (1R.6R)-piperitol
s 24.10 99.02 (15.65)-piperitol

| 100 B

62,5

50,0-

37,5

25,0

12,5
] A e l mi

-1,0° r i 7 v T \ T g T T T T T T T T T T T #‘1
0,0 10,0 20,0 30,0 40,0 46,3
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3-ethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (16)
Column: 25.0 m, Hydrodex-beta-TBDAc-CD 0,25/?df; temperature program: 220/70 iso/350; gas:
0.50 bar (Hy).

§ [manually integrated]

22'0‘. pA [ 5 PN 47.13 trans-product
P 25980 46.88 trans-product

E 284.31 3.09 cis-product

20,04 [ 36580 291 cis-product
- on 100 :

18,0

16,0-

14,0 5
i 6

12,04

¢ 7 8

10,04 ﬂ A

g’odr"-~v""|-'--u--vvlv---u'v"l-"'r-"mfnl
0 125 250 375 500 625 750 875 999

22,0 8 [manually integrated]
1|pA e 23545 93.25 trans-product
1 BT 270.73 1.05 trans-product
] 282.91 3.83 cis-product
20,0+ " 364.91 1.86 cis-product
' = on R o :
] PO
18,0
16,0-
14,0
12,01
i 11 '
4 10 12
10,0474 e~ ~uls¥
1 min
9,0-‘ AL S . 21 S i S NN 17572 YT NS, T 1 AN Y T R . LS Sy s Lot e o) P i et i (e s £ 5
0 50 100 150 200 250 300 350 400 439
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6-(prop-1-en-2-yl)-3-propylcyclohex-2-en-1-ol (17)
Column: 30.0 m, BGB-174/BGB-1701 0.25/0.25df; temperature program: 220/100 76 min iso 8/min
240, 3 min iso/ 350; gas: 0.60 bar (Hy).

[manually integrated]

20,0+
: d{*
58.16 47.14 tfrans-product
“ 60.70 47.53 trans-product 14
E [ 653 2.66 cis-product
15,0 - 7177 2.67 cis-product
] 100 :
] 15
10,0 A
] OH
5,0+
1 16 17
14w -
-1'0-l . 4 v T T v T
—
0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 77,4

& [manually integrated]

25,0+

- p

57.90 92.77 trans-product

. “ 61.09 1.14 trans-product
20,01 65.01 3.86 cis-product

L 71.52 223 cis-product

100 :

15,0
10,0- O
5,0-

JL 26 e 29 [
-"")-lv'v'v'~''l-'--r--.--.rv-.,.........l,',‘r"rij

0,0 12,5 25,0 37,6 50,0 62,5 75,0 87,5 96,5
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3-isobutyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (18)

Column: 25.0 m, IVADEX-1/PS086 0.25/0.15df; temperature program: 220/100 65 min iso 8/min

220/350; gas: 0.50 bar (Hz).

[manually integrated]

S

1 ouoo : *A 49.42 4737 trans-product
“ 53.18 248 cis-product
] [ 10 [E7EL] 47.53 trans-product
8,75+ B o 2.62 cis-product
~ 100 :
E OH 8
7,50+ 10
6,25-
5,00
3,75
2,50 Ll‘ g4\ 1 .
2,00 } e e . -
T T T T T T T
0,0 12,5 25,0 37,5 50,0 62,5 750 80,0
10,00 1 [manually integrated]
) ‘,A 50.02 1.61 trans-product
53.26 4.24 eis-product
E P s 88.74 frans-product
8-75'_ B o7 5.41 cis-product
D 100 :
' 7~ TOH
7,50+ A
6,25
. 8
5,00
3,751
2,50 ik 6 j 9 :
5 s s : : "
—_——— .
0,0 12,5 25,0 37,5 50,0 62,5 750 80,0
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3-benzyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (19)
Column: 30.0 m, BGB-174/BGB-1701 0.25/0.25df; temperature program: 220/ 130, 400 min iso 8/min
240/350; gas: 0.50 bar (Hz).

g [manually int
20, (manuaky nisgratec]
] PA [ 30461 47.38 trans-product
] O BT 32744 247 cis-product
20,04 33538 47.62 trans-product
] 369.29 2.53 cis-product
| 12 | p
11 O 0 :
18,0- OH
] ’ 11
16,0
14,0-
12,0
10,0 ‘ ] L 1P 12
R N .
8'0-1 Lt ST T D | e e B e T it U OSSR S (e T ([ (RN O G . B e o (o Sk e Eo o) e e 'rn"nu
0 50 ' 100 150 200 250 300 350 401
& [manually integrated] :
220- |
] pPA [ 0307 1.23 trans-product
i O [ 10 VYAV 1.89 cis-product
20,0 335.03 92.82 trans-product
1 [ 36923 4.05 cis-product
1 ‘ T wo :
18,0 on
1 A
16,0
14,0- 1
12,0
10,0
1 L 9 1 12
1 min
8'0- L T S S T R e e i s e i ol By e e Lo L | FNE L s Lo, D) Wi e Sl S sy G s St e Sy ey 1 |
0 50 100 150 200 250 300 350 414
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3-phenethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (20)

Column: 25.0 m, IVADEX-3 0.25/0.25df; temperature program: 220/120 iso/350; gas: 0.50 bar (H.).

7 ‘[manually integrated]

do.
a pA 55150 47.97 trans-product
] O “ 610.11 2.40 cis-product
] [ 63134 4732 trans-product
8.0 36 AR 231 cis-product
0 100 :
(S
6,0+
4,0+
2,0- 23
. 35
| 3
0,0 “ RR o 36
1 min
-1'0_1""1' - T e . S GO (. G U B SR AR R S et (s —rT—rT
0 125 250 375 500 625 750 875 999
& [manually integrated]
100 -
PA 545.51 93.58 frans-product
1 O -E- 614.15 3.21 eis-product
- 657.64 0.94 trans-product
8,0 [ 15 RN 2.28 cis-product
- DT 00 -
S | BN
4,0+
1 12
2,0
13 J
0 0 = l A I l A A e 1\15
1 min
-1'0- T — 3 T T v T T T T T 7 LA | T LR I Y |
0 100 200 300 400 500 600 700 813
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6-(prop-1-en-2-yl)-3-(5-(triethylsilyl)pent-4-yn-1-yl)cyclohex-2-en-1-ol (21)

Column: 30.0 m, BGB-175/BGB-1701 0.25/0.25df; temperature program: 220/170 195 min iso 8/min

240, 3 min iso/ 350; gas: 0.50 bar (Hy).

% [manually integrated]

20v0 & 163.11 47.38 trans-product
1 PA T\ 170.90 4725 trans-product
1 = S 175.75 2.70 cis-product
18.0 i 187.91 267 cis-product
] 100
- OH
16,0
] 1 2
14,0
12,0
10,0 U
‘ F
A & A
8 0_‘ min
' T 2 T i == T T L o i e T
0 25 50 75 100 125 150 175 207
30,0+ & [manually IRtEgeetsd] 162.72 0.82 frans-product
1 PA — 171.99 93.34 frans-product
siT 176.00 2.59 cis-product
Z — 188.05 3.5 cis-product
] 100
25,0
: OH 2
X
20,04
15,0
10,0 4
14 :J W P4
8‘0 i, T T T T . B [ T : T 0
0 25 50 75 100 125 150 175 207
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3-cyclopentyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (22)
Column: 30.0 m, BGB-175/BGB-1701 0.25/0.25df; temperature program: 220/130 120 min iso 8/min
240/350; gas: 0.50 bar (Hz).

3 [manually integrated)

80.0-
750] 1A
N 92.17 46.72 trans-product
] “ 96.93 46,85 frans-product
] 101.50 3.23 cis-product
62,5 T e 3.20 cis-product 26
1| . : a8
50,0
37,5- OH
]
25,0
12,51 27 28
195 A A_M L} L/\_/\._mm.
0 20 40 s 8 4100 | 12
80.0- 2 [manually integrated)]

91.71 1.07 trans-product

1 -E- 96.79 91.46 trans-product
] T 0134 4.68 cis-product
62,5 [ 20 EENEY

7501 1A

2.79 cis-product

] 100 - 18
50,0 %
37,54

1 A
25,0
12,5- Us

1 A A —ﬂ.] Azo .m.in’

704,

157



4,4-dimethyl-6-(prop-1-en-2-yl)cyclohex-2-en-1-ol (23)

Column: 30.0 m, BGB-176/BGB-15 0.25/0.25df; temperature program: 220/60 iso/350; gas: 0.60 bar

(H2).
6,00 [manually integrated]
bA 37.78 trans-product
| 37.60 trans-product
5|00 3 OH 12.13 cis-product
J 12.49 cis-product
- 100 :
4,00
3,00
2,00
1 3
1,00+ 4
0,00 .
] min
-1.00~| Y v v T T T v v T s T v T T T v i 1
0 50 100 150 200 250
B it % [manually integrated]
] b
[ 16536 0.70 trans-product
5,00 . 172.17 97.18 trans-product
1 _ 188.75 157 cis-product &
i [ 19307 0.55 cis-product -
4,00 100 -
3,00 ﬁ
. A
2,00
1,00
: J A 25
0,00+ J\_L =
i min
0 25 50 75 100 125 175 200 210
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4-methyl-[1,1'-bi(cyclohexane)]-1',3-dien-2-ol (24)

Column: 25.0 m, IVADEX-3 0.25/0.25df; temperature program: 220/110, 140 min iso 8/min 220, 3 min

iso/ 350; gas: 0.50 bar (Hy).

1003 manually integratec
] HA 103.20 48.18 trans-product
- 112.40 1.88 cis-product
] P u70s 48.18 trans-product
i b 1613 1.77 cis-product
B0 OH 100
6,01 3
4,04 5
2,04
1 4 6
TN ) S AN J
1,04 . min
T T T L | T T T T T T T T T
0 20 40 60 80 100 120 " 144

% [manually integrated]

25,04
s
: 98.68 94.63 trans-product
n 112.34 3.11 cis-product
20|0 - [ 12056 0.87 frans-product
1 130.97 1.39 cis-product
- 100
el e
1 Y OH
10,0 @
5,01
e oy 1,
=1,0~ T T T T T T Y \
0 20 40 60 80 100 120 140 157
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2. Supplementary text

2.1. NMR spectroscopic Kinetic studies

NMR Studies

General reaction procedure for NMR kinetic studies and dataprocessing with MNOVA
(GP-8): The reaction progress was monitored by *H NMR spectroscopy at —15 °C. Generally,
catalyst (5mol%) was dissolved in PhMe-dg (0.5 mL) and precooled to —78°C in a dry
ice/ethanol bath. After addition of a solution of neral (1) (5.0 uL, 1.0 equiv.) or isopiperitenol
(2) (5.0 uL, 1.0 equiv.) in PhMe-dg (0.1 mL), the sample was quickly mixed by shaking and
vortexing and was transferred to the pre-cooled NMR probe (15 °C). After quick shimming,
single-scan *H NMR spectra were acquired every 5 min for approximately 20 h to 24 h. The
data was imported with the Reaction Monitoring Plugin into MNOVA 14.2.3 (Mestelab
Research S.L., Spain) and was processed therein. NMR concentration plots were generated
from 'H NMR spectra at the different time points and were referenced to the first *H NMR

spectrum of the series.

A — Reaction progress with different catalysts

Note: The neral (1) (Z:E>95:5) and isopiperitenol (2) (d.r. (trans:cis) =12:1, e.r.

(trans) = 98.5:1.5) concentration for the reaction progress studies: 49.3 mM.

The cyclization reaction of neral and the conversion/decomposition of isopiperitenol was
monitored in the presence of different Bransted acid catalysts 3-6 by 'H NMR spectroscopy.
The reaction followed general procedure GP-8. The Figures 2 (main text) and S2 show the
formation and decomposition of isopiperitenol, respectively. Noteworthy, the differences in the
decomposition rates for the two different diastereoisomers (cis- and trans-isopiperitenol) are
neglectable (see Figure S2). The decomposition rates for isopiperitenol depend on the catalyst
loading (see table T5).
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Figure S2: Stability of isopiperitenol (2) under optimized reaction conditions using Brgnsted acids 3-6
analyzed by 'H NMR spectroscopy. The trans and cis-diastereoisomers decompose in similar reaction rates.

B — Reaction profile analysis of the optimal catalyst
Note: The neral (1) concentration for reaction profile analysis: 58 mM*

The reaction from neral (1) to isopiperitenol (2) followed the general procedure (GP-8) using
iIDP catalyst 5 proceeds smoothly (Figure S3, A) and the product concentration reaches a

plateau after approximately 12 h before the concentration slowly decreases due to formation of
sideproducts.

e neral (1)
« isopiperitenol (2)

In ([neral]} (mM)
™ w
=

[T T P

05

(@)

-
o

[catalyst] (mM)
R . w
S_.anbebd

e

o

-

2
t(h)

10
t(h)

20

o

o

10
t(h)

20

o E/Z-mixture
H e neral (1)

geranial
‘\g

10 20
t(h)

Figure S3: 'H NMR reaction profile analysis. A) Reaction profile of the cyclization reaction using optimal ilDP
catalyst 5 under optimized reaction conditions. B) Plot of In ([neral]) against t. The decrease of reaction rates of
the cyclization reaction indicated reaction inhibition. C) Profile of the catalyst concentration at reaction
temperature of —15 °C. D) Reaction of the diastereocisomeric mixture under optimal reaction conditions. The E-
isomer, geranial, appeared unreactive under the applied reaction conditions.

4 The starting material was added (neat) to the precooled solution.
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The neral conversion rate drops non-linearly during the reaction and does not follow a first-
order Kinetic behavior, which would be expected for an intramolecular cyclization reaction.
The plot of In(cneral) against the time t (Figure S3, B) shows a non-linear curve, which suggests

either catalyst decomposition or product inhibition in the cyclization of neral.

1P NMR analysis of the catalyst during the reaction revealed a constant concentration
during the whole reaction time and no additional signals were observed (Figure S6, C).
Furthermore, *H NMR studies on E/Z-mixture of the starting material employed in the reaction
revealed that the corresponding E-isomer (Geranial) is not reactive throughout the whole
reaction time (Figure S6, D) and a double-bond isomerization is not observed under optimal
reaction conditions (-15/-20 °C).

C — Determination of the reaction order in catalyst

As no significant change of the 3P NMR signals or drop of catalyst concentration was detected
during the reaction (Figure S3, C), the reaction order of the catalyst was determined with
Variable Time Normalisation Analysis (VTNA) established by the Burés group?>%.
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Figure S4: Determination of the reaction order in catalyst by the Burés method for the cyclization of neral
(1). Concentration plots of neral conversion (top) and product formation (bottom) with time scales normalized to
different reaction orders of the catalyst (0" left, 15t middle, 2" right).
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Therefore, the reaction was carried out in the presence of different catalyst loadings of ideal
11IDP catalyst 5 (1.7 mol%, 3.4 mol% and 4.9 mol%). The catalyst concentration was extracted
as average from the 'H NMR data of the first 2 h of reaction time. The figure S4 shows an
overview of different reaction profiles with time scales normalized to different catalyst orders.
The best overlap was found when the reaction profiles are normalized to a first-order

dependence in catalyst concentration.

The same method was used to determine the reaction order in catalyst of the decomposition of
isopiperitenol (2). The catalyst concentration was extracted as average from the *H NMR data
of the first 2 h of reaction time. The following figure S5 shows an overview of different reaction
profiles with time scales normalized to different catalyst orders.
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Figure S5: Determination of the reaction order in catalyst by the Burés method for the decomposition of
isopiperitenol (2). Concentration plots of neral conversion with time scales normalized to different reaction orders
of the catalyst (0™ left, 15t middle, 2™ right).

The best overlap was found when the reaction profiles are normalized to a first-order

dependence in catalyst concentration.

D — Product Inhibition Studies

To investigate the influence of the product concentration on the neral conversion rate, two
different additional experiments were performed and were compared to the standard conditions.

In the first experiment, additional isopiperitenol (2) (0.55 equiv.) was added to the
reaction. In the second, independent experiment, the reaction was monitored at a lower initial
neral concentration (38.4 mM) and the time scale was shifted to match the same neral

concentration of the standard condition following a procedure by Blackmond et. al..3%% In
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absence of product inhibition, an overlap of all the concentration profiles is expected. However,
in the current case (Figure S6) the conversion of neral is slower, when a higher excess of
isopiperitenol is present in the sample. Both independent experiments strongly support that the

product inhibits the cyclization reaction.
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Figure S6: Neral (left) and isopiperitenol (right) concentration profiles at —15 °C with different initial
conditions and c[ilDP] =2.84 mM. Reaction under standard conditions (red); Reaction with additional
0.55 equiv. of product (2) (green); Reaction at a lower concentration of 38.4 mM, where the time to was shifted
(1.1 h) to match the same time point under standard conditions (blue).

E — Stoichiometry experiments

To investigate the interaction of the catalyst with the substrate and the product, respectively,
stoichiometric NMR experiments were performed at low temperatures. Therefore, iIDP catalyst
5 (21.2 mg, 0.012 mmol, 1.0 equiv.) was dissolved in PhMe-dg (0.5 mL). Neral (2 pL,
0.012 mmol, 1.0 equiv.) was added at —80 °C and after quick shaking and vortexing the sample
and was transferred to the NMR probe precooled to —60 °C. At this temperature a *H NMR and
an edited-'H,-3C HSQC were acquired to investigate the changes upon mixing. When mixing
the catalyst and the substrate significant shifts are observed for the NMR signals of neral. The
aldehyde signal H1 shifts 0.98 ppm towards lower frequencies in the *H NMR spectrum. The
olefinic signals H2 and H6 shift 0.24 ppm and 0.20 ppm also shift to lower frequencies. The
origin of these shifts could be due to electronic changes, due to activation from the catalyst or
due to anisotropic shielding effect from the aromatic groups of the catalyst. The 3C NMR signal
of aldehyde C1 shifts +5.2 ppm, all other protonated carbons are shifting less than £2 ppm upon
coordination (see figure S8). This is in line with the proposed activation of the aldehyde by the

catalyst via protonation, which creates a 6 at the carbonyl carbon.

X HX X X X X
R - ©)
o SOH OH
®
HX

=ilDP §
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Figure S7: Comparison of different *H NMR spectra at —60 °C in PhMe-ds. Top: ilDP catalyst 5, middle: 1:1
mixture of neral and iIDP catalyst 5; bottom: neral.
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Figure S8: Comparison of an *H,*C HSQC spectrum of neral (1) (black) with an edited *H-3C HSQC of a
1:1 mixture of iIDP 5 + neral (blue, red) at —60 °C in PhMe-ds. Two different regions are depicted the
aromatic/olefinic region (top) and the aliphatic region (bottom).
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HSQC of a ~1:1 mixture of iIDP 5 + isopiperitenol (2) (blue, red) at —60 °C (blue, red) in PhMe-ds. Two
different regions are depicted the aromatic/olefinic region (top) and the aliphatic region (bottom).

After the measurement, the sample was warmed up to —50°C for approximately 9 h until most
of neral was converted (>90%) to the desired product 2. After cooling to —60 °C an edited-'H,-
13C HSQC of the sample was acquired (see figure S9). The most significant shifts are observed
for position 2 (A8C =-7.6 ppm, AS'H =0.85ppm) and position 6 (AS3C =-2.5 ppm,
AS8'H = 0.55 ppm) in the desired product. These observed significant shifts can be explained by
a strong aromatic ring current effect from the perfluorated aryl systems (deshielding C-F---H-

interactions).

Y

Figure S10: Structure of the protonated product in the cavity of the iIDP 5 obtained from computational
calculations. Distances of the H2-atom of the protonated product to the perfluoranted naphthyl wings of the
catalyst 5 are measured and are displayed in green.
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F — Deuterium NMR spectroscopic experiments

The labeling experiment was carried out following the general procedure GP-1 using
deuterium-labelled neral 25. A mixture of deuterated products 26 and 27 was obtained and

characterized by H, ?H (see figure S11) and 3C NMR spectroscopy.

The distribution of products 26 and 27 in the sample excludes that the performed cyclization of
neral using iIDP catalyst 5 proceeds via a concerted carbonyl-ene pathway involving a six-
membered transition state to give the homoallylic alcohol. From the obtained results of the
deuterium-labeling studies, a stepwise mechanism via an isopropenyl cation and a highly

asynchronous mechanism are feasible.

Parameter Value
1 Solvent CD2CI2
2 Temperature 298.0 N R
3 Spectrometer Frequency92.13
4 Nucleus 2H Xo \O

CD, DsC

L (ZE)-25 (2.2)-25
@OH

&
D,C7 ™
27
52 51 50 49 48 47 46 45 44 43 42 1590 185 180 1.75 170 165 1.60 155 150 1.45 1.40
1H (ppm) 1H (ppm)

Figure S11: 2H NMR of the deuterated neral 25 (top) and the mixture obtained from the catalytic reaction
(bottom) with iIDP catalyst 5. The starting material shows a 85:15 distribution of the corresponding (Z,2)-25 and
(Z,E)-25 isomers.

2.2. Rotameric mixtures of IDP, iIDP and IDPi-catalysts

In this work, three novel confined, chiral Brgnsted acid catalyst 4-6 were introduced. The
presented catalysts share the same BINOL (3,3’-substituent: perfluoronaphthyl) and only differ
in the inner core constitution (X=Y =0 IDP 4, X=0Y =NTfilDP 5, X =Y = NTf IDPi 6).
Noteworthy for the upcoming discussion of the NMR analysis, in general IDP and IDPi are C»-
symmetric compounds while iIDP 5 is non Cz-symmetric due to its bifunctional innercore.
When a free rotation of the C—-C-bond between BINOL and 3,3’-substituent is allowed, the

NMR spectra for each nuclei show a single set of signals.
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Performing 3P NMR spectroscopy on which the following discussion will focus, the observed
signals for IDP and IDPi are singlets and for iIDP a set of doublets, respectively (e.g. see iIDP
S9).

However, if the free rotation of this bond is hampered, for example because of large ortho-
substituents on the 3,3’-substituent or a highly confined environment, a rotameric mixture of
catalysts can be obtained. In the specific case of perfluoronaphthyl as 3,3’-substituent, the two
F-substituents in the ortho-position hinder its free rotation, which ultimately results in the

formation of rotamers and a complex NMR spectra of each desired nuclei (*H, 3C, 1°F, 3!p).

right hand
side

left
hand side

(S) (S) (S) (R) (S) (S) (S) (R)
O O (0] O (0] O
@ pNp )® o pNp e o peN-g O o peN-g O
(SKO YH X Of(s) (KO YH X Ofs) (SKO YH X Of(r) (SKO YH X Of(r)

Cy-symmetric

©) ©) ©) ©) IbP 4
) R ) (R) Ty
0 © 0 o o O o o© Y=X=0
@ peN-p_)® o pN-g ) o pN-p_ ) @ pN-p )
®\O YH X Ofs) ®\O YH X Ofs) ®RRO YH X Ofir) ®RRO YH X Ofir) IDPi 6
Y =X =NTf

C,-symmetric

(R (s) ® R) R) Q) R) (R)
(®] O (©] O (0] O (0] O
(S)| P\:N—‘FQ\ (S) (S) E:N-f‘)\ (S) (S) 'E:N—.F;\ (S) (S) P\"N‘.F;\ (S)
S\O YH X Of(s) S\O YH X Of(s) \O YH X Of(r) s\O YH X Of(r)
C,-symmetric
(R (S)
(®] O
@ peN-p )®
®RYO YH X Ofs)

Figure S12: Theoretical analysis on the expected amount of signals in the 3P NMR spectrum of the
rotameric mixture of IDP 4 or IDPi 6 based on their symmetry. A total amount of 52 peaks could be
rationalized for the catalysts 4 and 6.
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A theoretical analysis on the amount of expected signals in the 3P spectrum of these rotameric
mixtures, is shown for Co-symmetric catalysts 4 and 6 and for non C>-symmetric catalyst 5, in
the following figures S12 and S13. Since the configuration of the employed BINOL is a (S)-
configuration and the 3,3’-substituents can adapt both (R)- and (S)-configurations, four different
rotamers can in theory be destinguished (S,S,S , S,S,R, R,S,S and R,S,R). In the case of C»-
symmetric catalysts, IDP 4 and IDPi 6, 16 different rotameric catalysts may be present in the
mixture, from which four rotamers are actually Co-symmetric and 12 rotamers are non C»-
symmetric. Therefore, one could expect 4 singlets and 12 sets of two doublets leading to a total

amount of 52 signals in the 3P NMR spectrum.
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Figure S13: Theoretical analysis on the expected amount of signals in the 3P NMR spectrum of the
rotameric mixture of ilIDP 5 based on its symmetry. A total amount of 64 peaks can be rationalized for the
catalyst 5 in the 3P NMR spectrum.

In the case of non C>-symmetric iIDP a total of 16 sets of two doublets could be expected

ultimately resulting in 64 peaks.

A detailed analysis of the corresponding NMR spectra, especially 3P spectra, indicates that the
observed signals with their corresponding shifts strongly depend on the equilibrium established
between different rotameric species, the water content, and concentration and equilibration time
(= time of catalyst in solution) of the measured probe. Due to these intrinsic factors and complex

spectra, a standardized analysis via NMR spectroscopy for these reported catalysts 4-6 is not
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representative and we decided to resort on further analytic measurements to guarantee high

purity of the desired catalysts.

We carried out LC-MS measurements for all catalysts, for which the NMR analysis was
difficult due to the presence of rotamers. Exemplarily, the LC-MS traces of iIDP 5 and IDPi 6
are shown in figure S14. These LC-MS traces show two and three peaks, respectively, which

represent different rotamers of the desired catalysts indicated by the same corresponding mass.
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Figure S14: LC-MS traces of catalyst 5 (left) and 6 (right) after acidification. For the integration of both LC-
MS traces see chapter 1.4.2. (Left) For catalyst 5 the peaks 2 and 3 show the exact same mass spectrum (m/z = 1815
[5-H]). (Right) For catalyst 6 the peaks 2—4 show the exact same mass spectrum (m/z = 1946 [6-H]).

170



2.3. Computational methods

2.3.1. Computational details

Unless otherwise specified, all calculations were carried out with a development version of
ORCA based on version 5.0.3.%

Initially, a preliminary exploration of the chemical space was carried out at the GFN1-XTB and
GFN2-XTB level**%®, which showed that these schemes provide similar results for the systems
investigated in this work. The final structures were computed by means of geometry
optimizations at the DFT level using the PBE-D3(BJ) exchange-correlation functional®®-8 in
conjunction with the def2-svp basis set®® This functional/basis set combination has been
extensively used in geometry optimizations for a number of different chemical transformations
catalyzed by organocatalysts of similar size and nature*®2, In the present case, environmental
effects were modelled using the implicit solvation model C-PCM*® (PhMe), together with the
gaussian charge scheme®. The resolution of identity (RI) approximation* was used in the Split-
RI-J variant*® together with the corresponding auxiliary basis set*’. This level of theory is
denoted hereafter as “PBE-D3 + C-PCM(PhMe)/def2-SVP”. The nature of the low-energy
stationary points was verified by computing vibrational frequencies. All intermediate structures
were proven to be true minima, with no imaginary frequencies. A single imaginary frequency

was identified for the transition states.

For the key transition states leading to the formation of the stereocenters (TSas), a more
sophisticated conformational sampling procedure was used.* In this case, the PBE-D3 + C-
PCM(PhMe)/def2-SVP structures obtained from our preliminary exploration of the chemical
space were used as input for the CREST algorithm, as it is implemented in the XTB code
(version 6.4.1).%® Separate CREST calculations were carried out for the transition states leading
to the different enantiomeric products. This conformational sampling procedure was carried out
at the GFN1-XTB level in the presence of geometrical constraints, as detailed in ref.%% .In the
present case, the forming C-C bonds were selected as geometrical constraints. For the MTD-
GC(RMSD)/GFN1-xTB simulations, the default parameters and thresholds were used. The
SHAKE algorithm was used to restrict the C-C bonds, with an MD time step dt of 5 fs. RMSD
was used to evaluate structural similarity. For TSas (major), this procedure led to the
identification of 98 transition state conformers within 6 kcal/mol, 14 of which with unique
structural features. For TSas (minor), 227 transition state conformers within 6 kcal/mol were

identified, 77 of them with unique structural features. The unique transition states were then re-
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optimized at PBE-D3 + C-PCM(PhMe)/def2-SVP level via a series of
constrained/unconstrained optimizations, as detailed in ref.*® Frequency calculations were
carried out only for the low-lying transition state conformers (8 frequency calculations were

performed in total for this step).

In all cases, free energy corrections were computed at the same level of theory used for the
geometry optimizations at 258 K. Electronic energies were then refined at the M062X +C-
PCM(PhMe) level using the def2-TZVP basis set. The RIJCOSX approximation was used for

the exchange integrals in this case.
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2.3.2. Free Energy Profiles associated with the minium energy pathway —

connecting the substrate with the enantiomeric products experimentally

detected
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Figure S15: Free energy profile
energies are in kcal/mol.
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2.3.3. Proposed catalytic cycle of the Brgnsted-acid catalyzed cyclization of

neral
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Figure S17: Proposed reaction mechanism for the Brgnsted acid-catalyzed cyclization of neral (1) to
isopiperitenol (2) using confined ilDP catalyst 5 based on experimental and computational data. Structure D
is the starting point in the formation of decomposition processes towards shown trienes. Structure C; and C, are
different concerning the position of the acidic proton on the catalyst (OH vs. NHTf-acid). The key bond forming
and bond breaking distances are extracted from the corresponding computed structures (for corresponding xyz-

coordinates see section 2.3.8)
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2.3.4. NCI-Plot

Figure S18: Noncovalent interaction (NCI) plots computed using the NCIPLOT program*. The density
isovalue for the NCI plots is 0.5 a.u..

As shown in Figure S18, there are strong attractive interactions between the substrate and the
perfluorinated naphthyl substituents, which play a major role on the selectivity. Analysis of the
dispersion energy at the DFT level indicates that these interactions preferentially stabilize the
cyclization transition state leading to the major trans-product by 2.0 kcal/mol with respect to
the one leading to the minor trans-product. These calculations were carried out by computing
the relative electronic energy between these two transition states at the PBE level of theory with
and without Grimme’s -D3 dispersion correction. As discussed in ref.°, the D3 correction
associated with the PBE functional provides a lower bound for the dispersion energy at the gold
standard CCSD(T) level.
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2.3.5. Initial studies on the E1-elimination pathway

-1,

25

20
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L

Relative electronic Energy (kcal mol

1.4 1.6 1.8 2 2.2 2.4 2.6
C-0 distance ()

Figure S19: Energy profile associated with the elongation of the C---O distance (emphasized in red in the
figure) starting from protonated product in the cavity of the ilIDP anion, shown as structure D. All other

internal coordinates were allowed to relax during the scan. Calculations were carried out at the PBE-D3/def2-svp
level.

As shown in Figure S19, increasing the C-O distance in structure D from the equilibrium value
of 1.48 A to 2.48 A leads to a steep increase of the electronic energy. These initial results on
the decomposition pathway suggest that an E1-elimination pathway via the formation of the
allylic cation at C1 atom features a large activation barrier and therefore appear as an
energetically unfeasible process.
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2.3.6. Alternative pathways

The computed minimum energy pathway describes a stepwise mechanism, in which the
carbonyl group of the substrate is initially activated through protonation (TSaa), leading to the
formation of intermediate A. In the following cyclization step (TSas) the stereocentres are
formed. The resulting, highly unstable carbocation intermediate (B) quickly loses a proton,

leading to the formation of the final product, as described in the main manuscript.

It is important to note here that the carbocation intermediate B can also form a covalent adduct
with the catalyst upon carbon-oxygen bond formation. The energy of this covalent adduct for
the pathway leading to the minor and major enantiomeric product is —19.7 kcal/mol and
—19.9 kcal/mol, respectively. This reaction is essentially “barrierless”, i.e., the free energy of
the corresponding transition states is nearly equal to that of B. However, no low energy pathway
was found connecting the covalent adduct and the product. The XYZ coordinates of the

covalent adducts and of the corresponding transition states is given below.

Finally, we also explored the possibility of a concerted mechanism in which the cyclization and
subsequent proton transfer occurs in a concerted way, without the formation of the carbocation

intermediate. However, it was not possible to locate a low-energy transition state for this step.

2.3.7. Calculation of the KIE

The computational estimate for the expected kinetic isotopic effect on the rate constant was

computed using the formula:

kn

_ o—(AGH-AGH)/RT
kp

In which AG} and AG}, denote the free energy barriers for the D- and H-transfer step (TSgc),

respectively. The computed ';—” ratio amounts to 2.6.
D
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2.3.8. ORCA 5.0.3 input examples

Geometry Optimizations

I PBE OPT VeryTightSCF NOSOSCF D3BJ def2-SVP def2/J CPCM(Toluene) XY ZFile

*xyz01

--Coordinates---

*

Transition State Optimizations

I PBE VeryTightSCF NOSOSCF D3BJ CPCM(Toluene) def2-SVP def2/J OPTTS XY ZFile

%geom
calc_hess true

end

*xyz01

--Coordinates---

*

Frequencies and Thermal Corrections

I PBE FREQ VeryTightSCF NOSOSCF D3BJ def2-SVP def2/J CPCM(Toluene) XY ZFile

%freq Temp 258 end

*xyz01

--Coordinates

*
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Single Point Energy Calculations at the M062X level

I M062X VeryTightSCF RIJCOSX def2-TZVP def2/J CPCM(Toluene) XY ZFile

*xyz01

--Coordinates

*

2.3.9. XYZ structures

The labels “major” and “minor” denote structures along the pathway leading to the major and

minor enantiomeric product, respectively.

Catalyst

145

C

O O O O O O O O O O O o o O O

0.09842501696020
0.66315147695676
-0.11677615325690
-1.39416511888448
-1.91408695756395
-1.16411011384750
0.42001017168496
1.62681817623794
2.39152638231128
1.91967093363673
3.47132154745630
3.37902637560526
4.10227626824547
4.99562693661259
5.20758059998136
4.43214211192048

0.94215198361425
2.00984130600578
3.21979235347547
3.31237321345354
2.24595289587965
1.05289980976260
4.26305129621130
4.09885028135792
2.89748231945450
1.91864495357339
2.67932153352773
1.57910937373033
1.49966794702958
2.58489187411836
3.62811708061738
3.64958714317399

4.24415307563880
3.48857877901955
3.32028908758756
3.94019391333928
4.66362600039857
4.80953770713993
2.51488466838842
1.85460218539903
1.94544023628886
2.81969849805871
0.94981019062197
0.03650116981841
-1.15739297976027
-1.48081607735518
-0.50691711163791
0.68420000882202
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-1.47739819700878
-1.92963186597441
-0.97519288085534
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-3.29930322777078
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-1.34168508800416
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0.34726905148418
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-4.36230405639756
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-3.75764416085372

-2.74306499612097
-3.00349338009455
-2.01709299266337
-0.79646723183354
-2.07790532496201
-2.46095131130222
-3.26840431003534
-3.74235657293842
-3.41314422957844
-2.55028582787361
-3.89434355895022
-3.52760682770492
-2.64574523699398
-2.16662271610007
-1.98937716564957
-0.45752147957924
0.34550196837869
-3.49032193361927
-4.02763764165908
-4.17611878366953
-3.77961990537169
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-3.10334221091845
-3.96233559847470
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-4.89225001568103
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-2.87228299061388
-2.57974216850948
-3.59007387636151
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-5.47349169977888
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-1.81893705407917
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1.84737800799491
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0.50680245624224
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0.81602441935155
5.40803717912681

5.09008924241425
4.42690057498665
2.32709706988110
0.03211649742836

-0.22110979697542
-0.83803161433113

-0.88936132315400
0.35226538125167
-2.17728277553416

-3.43067531503097

-4.01042502323927
-5.21780561868661

-5.85406387444610

-5.26602335778528

-4.04276340653001

-7.05476949643722

-7.64346369715859

-7.04607258530819

-5.88541411698391

-3.31813209922350
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-0.60068801568367
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1.42357424584729
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0.66964150007321
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6.36389077855135
6.28041036054636
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-4.36886143370510
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-4.31740451320294
-4.23828608299742
-4.25845377942021

-1.45825508727580
-0.90876504435941
-1.13008031830684
-0.19564119767440
-0.61236907839262
-2.712623736991062
-1.27947323914539
-3.42322354462423
-3.19943585905415
-1.83132999114902
-3.35973858552966
-2.04610926390963
-1.26209237562537
-1.84754643072202
-3.18582046181239
-3.95541634354765
-5.26041286800150
-5.79647734076365
-5.05365830946386
-3.77107724253218
-1.44507554037116
0.15267828935286
0.47267142478204
1.77843231650012
2.86646015857426
2.57301417380070
1.20789095401252
3.65773974927497
4.97074361286225
5.25457985095566
4.22502276055380

1.19244501636043
2.49708929084726
3.28091770006481
2.96374945257551
4.51398643430129
-0.54674324116935
0.49724285880779
-0.38268046828674
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1.00725165894071
0.56340409729277
0.80693386027536
1.49494010695655
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-0.55792593949391
0.86015118935532
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1.78332556533489
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-0.03875506175591
-0.97034264482965
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-0.75474516967938

0.41273523985409

1.67776312979766

1.84560523430085

0.66284553024443
-0.60783415426557

0.82800916673889

2.09116193322208

3.24620023389959

3.12559434657314
0.27814822511472

2.73799433773491
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4.38114062055049

4.92785330651680

4.29649253626943

4.18539171162775

4.45204080985182

-5.13958174982327
-5.33680676887420
-1.42779241688501
-7.33593119282786
1.81721753358211

2.12712253290690

-0.72581087891018
-1.12719778105658
-2.48176158321133
-2.87737093109687
-1.86403815812844
-0.51526461138470
-0.12160039856156
-2.22898958318076
-3.54133350481200
-4.53839051565012
-4.21601287537555
-3.45948869149664
-3.33834791552018
-4.28621539948617
-5.37169052130435
-5.51801822317829
-4.52837891930412
-6.60197475774609
-6.69139452818948
-5.68479067540485

2.59501064672169
1.59824362341194
4.71898842623175
5.79479769911062
4.25207667412033
3.06510645138938
-1.64818040357103
0.04010740513320
2.37235910570382
1.98405654278577
-0.50347517266767
-2.00881974554232
-3.12994453447864
-3.26187989775622
-4.30823381622394
-5.19402693472747
-5.05852947232881
-4.04119233532699
-6.20311975791129
-6.33519407100852
-5.45767325160707
-4.47116073853385
-2.34254750941327
-0.94761437075395
-0.06174102529915
-0.61756260137124
-2.01849989387552
-2.89871717124540
-2.56210726491183
-3.92552886830435
-4.79132117785316

-1.70303475106273
4.24682549435224
-0.23003255894696
2.23899824121949
4.44910169001300
-4.30508178239055
-1.49537230827678
-1.50892206466618
-2.89759571813863
2.37212753532652
1.72646252861955
1.63441390790067
0.89696067283701
0.59906214557382
-0.31153616597793
-0.83114360200790
-0.40444434118609
0.45966481074008
-1.77267630854686
-2.19807471592470
-1.69401291042804
-0.77315920530550
1.25023942921965
1.17589485520358
1.78098411181298
2.45171740174522
2.61263848627954
2.04626871189488
3.36545756991236
3.59343466196147
3.08821514372438
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-4.63120179012282
1.27890698517318
1.60987276181268
2.95120492216680
4.02506253823029
3.68260509001779
2.35795639899518
5.37018880319218
5.65673307431332
4.60836217504704
3.28387589439294
0.61798651321997
4.63160987264211
2.09505136483443
-2.29817247585507
-4.14901821376007
-4.08961351957429
-4.03754017575925
-4.02682708145954
-4.10132359991682
-4.15370223516572
-3.85362554925104
-3.68997914302390
-3.71773306584680
-3.88775592722191
-4.08028827408838
-4.07754905425867
-4.18660591486764
-3.83906048843465
-3.51027942077493
-3.45558350271920

-4.29309358525740
-3.90514861816804
-3.72973465993608
-3.61635185290638
-3.77954878444705
-3.97392239684031
-4.01150162899802
-3.72222514553807
-3.46677791808407
-3.27462621954329
-3.35371893599310
-3.70219874240222
-4.09803238363401
-4.16080974463040

-0.35674539386437

1.41869103020301
2.18568232553361
3.60964963713913
4.29419859379851
3.51129931886085
2.12590924991877
5.70830366376557
6.42400634474534
5.75921176824308
4.38311181394535
1.54716044305655
4.09250938017417
1.44082415288319
3.80364842985583
6.46474384714600
7.73657424790085

2.33521883411935
0.91601391234245
2.25976963216285
2.72515612517218
1.76709802496983
0.39922487192774

-0.00260149133770
2.22787890619070
3.56207328172810
4.49553026009013
4.08630430425957
3.16176926594026

-0.53885363681574

-1.30806679837093

0.45480129265624

1.77328709601447
0.61381776596537
0.61166372160027
1.88946161694912
3.07339436327570
3.00894770107839
1.91071597212349
0.73170035183788

-0.52012192668803
-0.57714099642817

-0.56558926527970
4.27827925686027
4.15776048490896

-1.78270466223777

-1.63380593523817
0.76231379495625
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-3.77820500066591
6.39448592540971
2.33261273017507
4.91353783580507
6.92031744493987
1.57482549763966
-4.99406750107681
-5.57740904889728
-3.81229317971146
-1.44019664585984
0.23022656846363
-3.85708401200290
-7.35415786045032
-6.12364550429986
3.70390311624217
3.27237603507679
0.92970249185797
-0.98753001173590
-1.84058701676893
2.94794310381150
4.66692095478282
6.86905604376678
7.30539957551767
6.54502712221479
-7.52631230364335
-5.73527763136064
0.48258246421727
2.38266723220946
0.50480294532612
1.77825145584577
-0.58154285844618

6.37958716744567
-3.89152016509232
-3.16838128571660
-3.01674683798967
-3.39010626796283

1.43766278917497

-3.78762789671807

-5.55381544920952

-7.11264038147283

-6.86614024481455

-5.77361482260182
-4.97827184643535
-1.87115040658492

0.04598988450105

-4.07201789681330

-6.44062093136328

-7.23593847019626
-5.63738843820838
-3.38225858307385

-2.37737993999115

-2.16363002060539

-1.04925662755811

-0.09391688405030

0.43849926822062

-4.33690929393207

-5.86957500681079
-1.04137523051024
-0.04254647884320

1.07233662446040
5.68948774695466

3.91996906816393

3.06531038560522
1.38463531277754
5.00954551422162
5.76962014138082
3.98390954992545

-0.94958020944165

-0.41281542546173

-2.04381293393201

-2.92823728864761

-2.15982965522029
-0.77966016653480

1.96619570800537

3.77627308604247

2.90327139084377
-4.02937155730143
-4.63948190881953
-5.08718250868371

-4.89045182702692

-4.45773260700748
-6.15285146523906
-7.92342507710688
-7.43924176072782
-5.16815291990890
-2.89872474079468

4.18018693798229

3.30226200697903
4.26450222198174
4.68116967144568
4.81708287114649

3.86504335106738
-1.41998514029876
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-0.37501363532395
-1.12967370981183
-0.43578043172638
0.61953592093087
-0.25225098603623
-0.91621817899926
1.18364275329856
-0.97224752928994
-0.29685061987090
1.31130683139903
1.43063686055885
1.90805000688519
-1.13501848681758
1.72517916930367
0.91047514948678
-1.20776792117695
-1.33982054246848
-0.99992466265162
0.24614321591063
1.05747138294908
0.35911930741470
0.63902744322122
-0.84581112158643
1.40409800408227
0.08789249551933
-0.76760555676950

TSaa(major)
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C

-5.04626829028855

3.35063546506805
3.76893027834291
2.24984873643608
3.65226938484341
5.37168521723580
3.10550377259798
5.54222402230360
5.88367606273234
5.88692529905239
5.04279826327314
6.62269955038930
5.01157077018561
3.58185853045016
4.03099305259735
5.71148749795420
2.85698373366419
4.66294495860575
2.02524144191830
7.06186636962818
5.10274729007774
7.58178021912578
7.72275924681011
6.95723845647708
4.05463063622076
5.12538627511182
1.61212823343389

3.67193128834033

-2.78341787076424
-3.48423244699803
-2.79946301189476
-3.17539612497401
-1.24305651416385
-0.36520143044236
-0.64065303068615
-0.57375349911138
-2.22261055920824
0.76974638603688
-0.70063938968044
-1.28947972849851
0.97007195655471
0.90806533049160
1.88733785341509
2.00299280600321
1.10943303012423
-0.54387703642986
1.84734065064203
3.25470087599156
0.87732350349693
2.64789451885034
2.04601484205287
3.20912665422332
3.79842161573936
1.87696839300336

1.12005838011053
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-4.96082826482288
-5.38001786990687
-5.88077812536875
-5.92375363564821
-5.52355983910371
-5.25739612752979
-4.68348765646174
-4.25272022966059
-4.41953380902031
-3.72929639764845
-2.56988675739126
-2.10127581058589
-2.74559130098905
-3.90140492064449
-4.37815982499627
-2.25349940947751
-2.89086615426402
-4.05110270551721
-4.54184271399141
-0.90823055283462
0.29247774944140

1.53188081477858

1.51103662494421

0.29982472227015

-0.93428551657321
0.28180110256598

-0.90437069249405
-2.12317783815980
-2.13829931566759
0.29588612312861

-0.41542186366521

2.28608805844551
1.84656167141387
2.81539282151297
4.16303653170841
4.59014711842897
0.46321902688335
-0.41998558781596
-0.01801793380985
1.32028888028303
-1.02720589385658
-1.79680606731024
-2.82828441501104
-3.04497057137022
-2.25409602509129
-1.27420689019063
-3.97726385832828
-4.14542805587875
-3.39247575142881
-2.46101839482017
-3.62321501451888
2.95968697505469

3.62694508345520
5.01555240239556
5.75004964289748
-5.05489328581200
7.17016765462195
-7.87972203032962

-7.19148986901894
-5.81226363020939
-1.56989804867728

-0.74580518778192

0.80366628713225
-0.51224228471832
-1.42810935253613
-1.09382545332795

0.19493382993201
-0.83220654368814

0.06837786259756

1.36039025046661

1.70240354776554

2.31199659212441

1.99520961149659

2.80999069327875

4.08147417914585

4.42744072612568

3.51526970608155

5.04260027279977

6.26394183748434

6.58679323469814

5.68535053814402

2.41125018632101
2.17322802698240
1.94683732781945
1.87135662021091
2.00286882888377

2.27869159542840
1.86499991089629

1.97211373298291

2.21638102772270

2.36803996619071
2.18302534934593

0.95796283256948
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-1.88579939915538
2.78197713674448
3.16480124166320
4.35551970575185
5.24616649795811
4.86223513175050
3.66221851481828
6.46244926972678
6.78052448183982
5.89722128815565
4.71117706615132
2.39271017937772
5.65500576515635
3.33356029728259
7.32010854517864
7.91271131420453
6.21727059393936
3.91492641474332
-4.03361275834320
-5.69359929153123
-4.57302533307674
-6.27582642061277
-6.32560958287421
-5.54506035321779
-4.62393061840551
0.30471013976644
0.93525196911517
0.33586610526027
1.01242851206296
1.85926411056522
1.27652357643181

-1.48303702427033

-2.84432318417970
-1.91662855145659
-1.14116564741351
-1.38592983662521
-2.35278266629982
-3.03872273819757
-0.65156564515767
0.30401606679804
0.56475344533119
-0.14668486040477
-1.78239873731494
-2.61442129287026
-3.92095018586298
-0.84224221843032
1.00588080117009
1.51253281800531
0.13920454608288
1.71955029532739
-0.01380812028407
-1.71009491499919
2.46193135280539
5.07499514116915
5.89521689455686
4.14331704776265
-0.93477363666206
0.15485362944061
1.51941283041662
-0.61970920369663
-1.70826815600276
-3.01110614555708

0.81707581042946
1.81627381238759
2.78540066998849
2.69463986067687
1.57831349037397
0.60748946392949
0.71839046552995
1.49671936030242
2.45289475914179
3.52911890486632
3.65149162000313
3.87027536871184

-0.44149570526522
-0.23701579778104
0.48530250242174
2.36102508965158
4.41317812373757
4.68416335471157
2.92058955941766
-2.00815900029072
-0.26980707782668
-2.65908774909573
-1.98237621747976

0.48339736817986

2.29797457536450
-0.42540591654816

-1.44326288744545
-1.62165466946347
-2.91188189735188
-3.04502165165670
-3.04075664065737
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2.11284978565127
3.52070673723237
4.10172882202036
3.23339337190554
4.37330287490094
5.74849406060334
6.32361364838148
5.52167391250336
-0.19356365541693
-1.06794589802537
-2.48390634366866
-3.03365465293232
-2.13284130645083
-0.76012252114639
-3.38065023425137
-4.75489260352078
-5.29183126657608
-4.44814536013599
-6.61654428195430
-5.00352919180643
-2.92394122840775
-5.58627319430339
-0.54123000697020
0.05200747736206
-2.59673766101513
3.73607925195294
3.38600579078597
3.79942645303931
4.58619613825247
4.94573431673694
4.49998607129988

-4.11070355359792
-3.95764041725202
-2.63613739489300
-1.49281909672061
-5.09555206210230
-4.94796619019476
-3.64984581867059
-2.52294242423280
-3.15615133968909
-2.69461480148146
-2.80140128296395
-3.41752316560140
-3.86908104301760
-3.75474524697822
-2.33432455872034
-2.43105777635341
-3.03986381423508
-3.53987522670180
-3.13070262156052
-4.13062017460586
-1.74742793696168
-1.94175009926712
-2.12136997867210
4.19753101426777
-4.40285321045920
-0.09246834351413
0.70696459284358
2.06787483302055
2.61873225483080
1.86775766426076
0.50055865070897

-3.17552229186591
-3.30891029033691
-3.30051789830512
-3.18426494386430
-3.42027248847426
-3.51073396331668
-3.47515503575691
-3.36998677964 782
-2.88889725207235
-3.86644276365621
-3.75972674499461
-2.56815812016500
-1.56293779717660
-1.73423324220958
-4.76330445396522
-4.59807164893698
-3.43615681607951
-2.45309927484906
-3.30560238865320
-1.38925189662629
-5.87776427721417
-5.52134544214146
-4.96113617727174
0.76704748954257
-0.42306170971877
-3.13928523583506
-2.04591698315094

-1.91941337707405
-2.92213355018342
-4.07615646400032
-4.20676558194686
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4.79011996175368
5.52401782514149
6.00324193773415
5.71122197695774
2.56282702646058
3.35047184527695
3.76675857925474
3.35550505290610
2.44434544762060
1.99992666601299
2.49425043643220
1.07576684213122
0.54584332527847
0.97559656595068
1.91534802003471
4.60487188670283
3.83018245241831
2.08446050731212
0.66790228611841
-0.36755365186488
0.45079679025551
2.28192494266168
-0.64577792596712
0.31726296993432
1.70654480682136
-0.44303564379535
-0.07486278747640
0.02036605577226
-1.77798895757018
-0.01550210196605
-1.06301726804471

-0.18982680329046
0.41745018464645
1.74611879494233
2.45729258149732
0.18234447550558
2.86187338692762
2.51782849691378
3.22114379194067
4.30683514726330
4.68508065699074
3.94920475167707
5.76147430788132
6.38632031452906
6.00945022789342
4.99922864238298
1.48406037805678
2.85907306263495
4.29233919358901
6.19246826929249

7.35501775123548
6.62418990994925
4.67048053259791

0.75547489305640
1.38443979849125

0.89211893152160

0.70888110878450

1.54014183460633

2.82882924498605

0.70531495906050
-0.52149102870564

2.88133411582062

-5.42154450558105
-6.43087573169739
-6.27972159676964
-5.12625570389094
-1.05751946578372
-0.74757108124260
0.56342530058980
1.68519530778659
1.56082855321831
0.23437659268938
-0.88143325393906
0.11322888528873
1.23265229322354
2.52910533476933
2.68676026408446
0.71588153848445
2.88343527942713
-2.11525950200332
-1.09099204225627
1.09823489574482
3.59070373003035
3.92738246042751
1.61311608538325
2.81092616252765
2.74939415620471
4.42908250734639
5.40979885202540
2.87085692491023
4.32462251233804
4.70913102472730
-1.02841970496050
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-1.69207636488686
-2.22235659429757
-2.23827768486454
-1.70883016720280
-1.24579146693387
-2.36400632795100
-3.33119418295833
-2.90221429056155
-3.08858795375323
-3.06545824803077
-0.90675497782796
1.23113382452128
2.44778630708761
-1.34952934796409
-5.42888958687987
-5.27737706920595
5.98381937439811
7.41739370974903
6.39673479205763
3.91368578456400
1.68352243313716
4.41543557275606
5.73123053719701
6.59063480050600
6.05408939890001
4.92137638861446
-4.54908928897945
-2.48793882201163
-3.91702592116907
-2.34835582814704
-3.01529936354407

3.37224043276878
4.69777125121184
5.58489964587872
5.41306367666076
4.05326788195910
3.04259729826815
3.33189813503020
6.91150584082109
-5.28767352413308
-7.75661209637394
-8.97419726347002
-7.68927859233583
-5.56445416235061
-4.55778549794785
-1.85608832632864
-0.69630206360784
-1.52860449916322
-3.53624493098913
-5.83322709524931
-6.09605861776969
-5.12378304142491
-1.21337352312535
-0.13505951011840
2.21265505392061
3.49654760809016
3.66335588354058
-3.54066201687018
-4.86551843587944
6.88547041400478
7.72852599717655
7.14550387136243

-0.25667920669606
-0.35605133339800
-1.41245413996871
-2.80609726476085
-3.32126270122334
-3.41141956086870
-2.95979362852039
-1.18032325072963
2.53897951510643
2.27839035154789
1.85818751741169
1.66143361656004
1.69658622337418
4.81463541016055
5.92889299485063
3.77483814483302
-3.31108384626806
-3.51839995002568
-3.59474693765656
-3.42603104936150
-3.17314144883444
-5.55866367312754
-7.35988139754971
-7.08482340752623
-5.00500557264512
-2.83822470496412
7.55672291232594
6.99206956187807
-1.63623380898823
-1.68485432273954
-0.10670184844377
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-0.88192007793028
-2.49472448326313
-0.39649799026833
-0.80547219419226
-2.29583236068593
-1.93961668173965
-2.68774059209204
-1.35363621771030
-3.48482030868020
-1.05987465344220
-4.40500493977051
-3.66971113075291
-3.30786458344113
-0.75815975834627
-1.26198720246675
-0.19179905268643

TSaa(minor)

172

C 6.33416287577672

O O O O O o o o O O

6.01421991338470
4.84852436755547
3.99198620711000
4.34808795602378
5.49217459951621
2.84386326792188
2.45452458663035
3.31840920621530
4.48558401019473
1.20617668284554

6.15258214328103
5.81924795600856
3.67235069963460
4.21989339029506
1.83366542063239
2.72866722894571
5.03633770834456
1.73846997822848
0.91336855979538
1.31738455066506
1.41483745749237
0.50439499901425
0.03577451744997
0.33589836414774
1.14314777654989
1.99433190981796

0.59147622087119
-0.51688093191443
-1.28609876220171
-0.89424438699299

0.25671198102924

0.98551025405742
-1.69344874619916
-2.77602683542693
-3.13122829094626
-2.43315055140461
-3.53634013336375

-2.89337461119640
-3.48403383426229
-2.71397630784701
-4.32777190234673
-4.01931160826547

0.81172485501970

0.58472931132395

1.05144229289732
-4.03646381787102
-4.70169514049775
-3.68895610129631
-5.05138629096826
-3.37728183982250
-4.28578450365789
-5.78147367111976
-4.60671998734319

2.24466242698859
1.47163149016330
1.74665977797042
2.84768855613168
3.61048371680315
3.31427734468602
3.12101723245317
2.33312522713601
1.26046444882336
0.98914889855661
2.58305001302154
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-0.05008769693009
-1.26184368813691
-1.25662032882350
0.00397725386636

1.20802070694165

0.01846117561086

-1.16233172492401
-2.40702530873911
-2.45382743328138
-0.05184085767495
-0.60159620457925
0.42550569233378

0.84368645291796

-0.01203034166513
-1.16050809346476
-0.15124356136999
-2.51685252330001
-2.82812917741261
-3.99302637935829
-4.86089063123200
-4.58242479316251
-3.38306175213303
-5.44578789063075
-5.13065079260334
-3.92767572336121
-3.07525658170985
3.01641494030771

5.26647053135940

2.11022914437665

-1.95137795925225
-4.20722615313617

-2.85646668412425
-3.52831119479207
-4.96655044525799
-5.66287406289305
-4.92351852551493
-7.08913507421293
-7.80896809696700
-7.12465382822781
-5.73875324945168
-1.47620637779778
-0.74837800587096
-1.18598731585104
-0.26121187312625
1.08496760039572
1.05979352459870
1.25326148747547
-2.73509685792202
-1.82967949966162
-1.00381196474125
-1.12092689293722
-1.99925299453307
-2.80179204574144
-2.06175176366515
-2.85672317090469
-3.61213789619716
-3.58572712452323
-4.18066545911731
-2.86370413353976
-1.40455690982978
-1.68353675541291
0.00499273394311

2.66782515815345
2.86116720940639
2.90936999236571
2.83436969409996
2.68477412477734
2.87982829140934
2.97028521756897
3.00702960139954
2.97758473307126
2.56649173540443
1.17694524746643
-0.00052943568589
-1.20748551748524
-1.62468907241126
-2.81868902482511
-4.44162295613492
2.96018126565419
1.94166479659830
1.97044202141927
3.04844754030662
4.13166952531852
4.10994132446608
5.26601038420653
6.35690999170771
6.35659214962862
5.26159031167964
0.48532421307217
-0.01140988782972
4.20649998789621
0.87635560395319
0.90400810469657
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-4.35089471199763
-4.54831222103152
-4.56445879926422
-4.40224023538217
-4.25440255788302
-4.38397466756998
-4.49455598013680
-4.65635834577302
-4.70046711089638
-4.32933741507565
-4.73177897918416
-4.12927299585451
-4.84906029545840
-4.24614718289618
-4.44155291068609
-4.75914332617290
6.82110313479419
3.57860826389651
5.80522769054067
7.41786034814873
-1.91098677962360
-1.86071829565241
0.95329528107977
1.92751823909310
3.25162420240120
4.27113170222829
3.87309674567113
2.49656220063553
1.50917975587588
4.87771505933508
6.22128651330639

-0.37574382531298
0.54872897182192
1.94309465381757
2.36838828613217
1.36577455508447
3.76559880829366
4.70183166957072
4.28505894399275
2.93319545957325
1.67868893430964
0.10154073611310
1.75424500408776
2.58987062306446
4.22146932433198
6.01232597711951
5.21100513654258
-0.82938446617709
0.68670110805582
2.07701555175306
1.32117175732739
2.32611124839496
-0.23700436443499
-1.09609335964132
-2.08614440413289
-1.68986935140987
-2.70532871859062
-4.08778103244021
-4.42366450441632
-3.44556744641188
-5.10074694423170
-4.77135103575678

-0.45457984967905
-1.46945620236959
-1.18327315518902
0.19308037509348
1.19309761754466
0.47856983228237
-0.53917603679374
-1.88390803427630
-2.19713778448548
-0.76245924779815
-2.71718636121869
2.47361625080405
-3.47772513478458
1.73483678496026
-0.26807064495448
-2.83955325549321
0.44888871168712
4.61858804326484
4.01634791878506
1.97022698275549
-2.71982794530939
-2.91100204404554
-2.61272879502598
-2.70106875047357
-2.87729212022602
-2.88341450408081
-2.76451488449859
-2.63442643572221
-2.59050368259163
-2.75453094876916
-2.84135269083746
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6.61330284205224
5.66192901316952
3.55832034819383
3.14845870167113
3.44825927429302
4.15282837022625
4.53185069194252
4.21977719241882
5.19694154964179
5.51704365859325
5.17224997386622
4.54043441799288
0.07318552602781
-0.91271477352103
-2.30655956833567
-2.71245652887372
-1.70003770244855
-0.35915931151446
-4.09990690137103
-5.05335017152302
-4.65983638476197
-3.31405380902972
-0.52265087876473
-2.02433070882083
0.54891641898693
2.40754900877113
3.02675578418486
2.36961307103938
2.04985680507414
2.39326617328013
3.01890929963394

-3.40907649009514
-2.39987208164335
-0.23869427767068
0.66336649961153
2.05903253526734
2.53638346354419
1.68387155778556
0.27742353997262
2.20153799579306
1.37488084264653
-0.00268842846497
-0.53938025032023
-3.75353667131753
-3.25854198992395
-3.45107654489655
-4.25645852919636
-4.79118905458149
-4.53429669756874
-4.48253201018190
-3.92524409533228
-3.11592981317389
-2.89112168582337
-2.58524600391281
-5.55112321626180
-5.03699101795599
0.19735752617009
2.98736613658195
4.18564039904668
5.15638314082603
4.86835213256357
3.62268822614934

-2.93079887713935
-2.95042201464265
-3.01939207036211
-2.03280468884519
-2.08451417883658
-3.18590236319360
-4.25613728319651
-4.19030711823665
-5.40794578826968
-6.47308805272615
-6.42792487333536
-5.31499095651332
-2.38676111154775
-3.24053967650052
-3.01831222686617
-1.88454474268059
-1.04046563797455
-1.28053557875355
-1.66324911386200
-2.50483599179869
-3.59896469753319
-3.85711807999477
-4.32946367679783
0.01595821825089
-0.43251206947965
-0.94680133212907
-1.00791786785241
-1.29289211347364
-0.29938308586691
1.07883801706986
1.37106266078339
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3.33941011198252
2.10297810169035
1.47718521391455
1.10350055816252
1.38101822351772
2.02874959376004
3.33828472612364
4.00633911593744
0.98676712793785
0.44591257524870
1.16814541157164
2.39541368476107
-4.52353955440309
-2.99764504789973
-5.60222831560261
-6.35488696887272
-0.89619582775330
5.97888857028074
7.68214346772098
6.98664568742284
4.56152639342699
2.21575274791047
4.26961073318656
5.43738717268559
4.40940251270110
-3.42390048710949
-3.34447804716655
-1.14018269321489
0.98934130421602
2.15951709793502
-2.14248649344704

2.73340855673464
5.84397488677160
7.03790843189988
7.30482693509085
6.38006524655705
4.43863437414789
3.29802107004678
1.61895093804825
6.66962749205328
8.43328672112929
7.92820373761959
5.62696980205335
-5.21640240323812
-2.13361835771903
-2.57433885636267
-4.12152296844405
0.69691510894374
-1.34883479925181
-3.15042313889684
-5.56186667626923
-6.15157840355913
-5.48302544370476
-1.60361351714703
3.27548440924961
3.60390026289692
-5.22377222695552
-7.69969694661385
-8.90882177317934
-7.60594820543603
-5.47089447817488
-4.16536461726496

0.35554234288851
2.07429970333274
1.74006095949688
0.40097115476613
-0.59754695493157
-2.56319215751112
2.63390978134917
0.67338294099309
-1.84039271660202
0.12445866357213
2.68972848969622
3.36247484735700
-0.62503247590481
-4.90984440667562
-4.37472901440764
-2.28019007863976
1.45369209295602
-2.98862690098594
-2.97201359176787
-2.82734676626081
-2.66570531237572
-2.54476937141019
-5.29926782584305
-5.43684127039333
-3.24522411238100
2.97688262316812
3.04790866974677
2.99796070258051
2.82848370248850
2.62201162657325
5.28089145534814
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-3.66488457237566
-5.80081054129637
-6.36208640488998
-5.76629080120926
6.02391321030465

5.40286638809915

0.06252887105979

-0.86980262851451
1.02205345565696

0.58229275421710

-1.48913670218465
-2.15867793690925
-1.57727411861828
-3.14935396710320
-2.31762575078220
-1.06529723724856
-1.26439508826267
-0.41600583104580
-1.94434472356041
-0.37650853079664
-1.39956276354255
0.16939139514934

0.35525348381787

-0.76095458629296
-2.46432209966164
-1.06600573387573
-0.43292462767243
-0.71105027770509
-1.49465514545396
-2.10273387230607
0.35862136831501

-4.22023046716531
-2.89217505669198
-1.45129062781151
-0.49729051178437
1.78445502429015
-0.65087820448215
0.07151726740278
2.02378008854080
1.85057690957924
0.39799280359343
5.66313460170188
6.99547425576164
7.80137051986059
6.96717883247907
7.25188044893168
5.38594248325197
4.91386787255418
4.06660068838562
5.59160908161714
6.22700342258802
2.94903937894489
4.26517486568576
3.77349966494829
3.58648790947178
3.16939669152706
1.72060995310452
3.26437552573505
2.81632101902476
5.39757112195858
0.67041804139659
1.29843133426020

7.23544978780652
7.22896118756915
5.26209852991654
3.08753635504977
-7.35965569281303
-7.28681130004049
-5.01537839067060
-5.26447895758526
-4.18985482101318
4.16409092453442
2.00244058779739
1.82515119981459
2.31886170883387
2.32802432811684
0.76322346191972
3.41435134609119
0.86651036133643
3.82295494698638
4.06742851434735
3.65690123603562
4.07723497057440
4.74618918588873
3.07619898386167
0.69061271987331
3.88709968678876
4.53873837432569
-0.49497242093454
1.48942819972180
-0.09830553482673
4.82856151053359
4.76991735614103
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-1.94069306038433
-3.13202722103263
-2.02153913450994
1.10389140267158
0.52331606109816
-0.18940741235061

A(major)
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-4.42492921245024
-4.48146026198779
-4.85866198580898
-5.18418631795802
-5.11854814196478
-4.76024962896774
-4.90000150445050
-4.57456697867665
-4.18818972782145
-4.15412939412473
-3.78108166321903
-2.60878192164163
-2.13530337811163
-2.84938907208847
-4.04987843547493
-4.48967367874309
-2.38798007051628
-3.09823813533847
-4.30245487686103
-4.76229654254986
-0.85823082917322

-0.21932580724879
1.03456116874720
0.31235539104857

2.07369188639492

1.00159015692739
2.19612257788989

3.35875656211324
1.99897658063218
1.70997690520719
2.79575155584378
4.10773159129442
4.38877635604364
0.35058597537382
-0.66384350160513
-0.41308604633134
0.90956070342983
-1.54319396357154
-2.28062137804849
-3.35091756095774
-3.70184992448402
-2.97640556384428
-1.90673505645858
-4.70553263170929
-5.01149483582376
-4.32687350183164
-3.32331470381007
-4.01153880216931

4.18518523878146

4.65755027745546

5.87816435583953
4.51239348153375
5.82886435039718
-0.82430695054960

1.55379468293607
1.13176341860187
-0.23885724034027
-1.09967680132045
-0.65456047657933
0.68578811625602
-0.65812049522870
0.22751716007622
1.56630444659428
1.99140358520648
2.43519966201934
2.09436253144164
2.85318026065990
4.05652873945145
4.40017420297799
3.57107178150263
4.95953107206597
6.11210090102025
6.42485424425691
5.58658102330990
2.47054133662132
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0.27996812945328
1.58097788597191
1.69624008477698
0.56198889629198
-0.74146035052325
0.68655611148225
-0.42786284358192
-1.71583506621770
-1.86939765454629
0.14923921156373
-0.53350192644240
-1.90469386130156
2.74639784006893
3.01011166546322
4.10409090613483
5.05469261332707
4.79014599303117
3.66552714237321
6.19946984405618
6.37756088461870
5.41810821312938
4.30260594438548
2.22564817691984
5.62179090662095
3.44884347610548
7.11774009811298
7.44118984101411
5.59429172421208
3.41858283209840
-3.78233028520448
-5.25768625627144

-3.21483454552667
-3.74273416002664
-5.11864906433098
-5.97499904262067
-5.42361862003857
-7.37594024318230
-8.20064485369035
-7.65057727846746
-6.29482805321661
-1.84078375731722
-0.98938742753530
-1.87413509992795
-2.83254740462873
-1.86998167025677
-0.96139449210088
-1.12140702430594
-2.11233784137296
-2.91930380645042
-0.27729500006131
0.71930972853781
0.91444123165418
0.09188850687800
1.82631485014910
2.27245300665330
3.81574067936833
-0.39878979506231
1.52559362924223

1.91052831436623

0.32733237059552
1.16478226128907
0.02306943605654

2.32946855419418
2.06895228182084
1.89307614609194
1.94593135801606
2.22779216542459
1.70407124978547
1.71013415618382
1.95022015735295
2.20328726933113
2.45824542866889
1.22114940037055
0.95995878457962
1.98270581476341
2.95841901326172
2.88349405768782
1.80403510245042
0.81817229316784
0.90039284371509
1.76773043572993
2.71829975913057
3.74208091724147
3.82198692329491
4.04214801572923
-0.22307078649552
-0.07484047661878
0.79939260154557
2.66628939457218
4.61351660234616
4.79643157910057
3.24994001620366
-1.91239979741450
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-4.63754623322506
-5.52128656499600
-5.36684392803906
-4.67541386536755
-4.04454240053353
0.34693687949710
0.83568036067362
0.15574645537377
0.81498520659455
1.63228164390280
1.01605690654465
1.82751077600837
3.23884454978546
3.84894479989182
3.00642289144768
4.06733620527514
5.44637087597913
6.04943538588741
5.27080754330521
-0.45503132287509
-1.32206535803181
-2.73911256338060
-3.29613255965434
-2.40419751872416
-1.03071273838744
-3.63138857484255
-5.00655090860686
-5.54857361191293
-4.71044309749164
-6.87405275297850
-5.27133140126046

-1.93591534190417
2.58687495529550
5.12085239821498
5.66543451164713
3.68658482809212

-1.14942141456696

-0.03918913123273

1.31477347245503
-0.72324913992084
-1.83280267342245
-3.11840192963844
-4.23866396571087
-4.11985534846170
-2.81190185679165
-1.64833567217107
-5.27785311390661
-5.16102087461173
-3.87511564305222
-2.72907903467064

-3.22824167984729
-2.64735622548669
-2.75125242859266
-3.50436371637525
-4.05468785124562
-3.93424147684434
-2.17343714354869
-2.29227897136735
-3.04130166343239
-3.64610709903360

-3.15348756010746

-4.34677779205766

-0.18415440894808
-2.38267209123857
-1.49150941772218
1.08185768554965
2.79038649543702
-0.09840730831994
-1.13810760669345
-1.27860825062383
-2.64996674218475
-2.83609426214692
-2.83285091257985
-2.96061211060210
-3.08640820434073
-3.09969991419381
-3.00415271708870
-3.16913395345405
-3.24539017815717
-3.22865100834573
-3.15916701924678
-2.68936026139794
-3.61054860982650
-3.51715305868342
-2.41090516011336
-1.44732855875123
-1.60146717673732
-4.46693672632690
-4.32532981134795
-3.25092283815367
-2.32476102802315
-3.14425466878677
-1.33355682363223
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-3.16924369786220
-5.83513922506769
-0.79018095288441
-0.22383098153497
-2.87515454762424
3.53083928926656
3.21864323788285
3.61944355649557
4.37484035192224
4.70772691893586
4.25861919877392
4.51237891586955
5.21757314187914
5.70148804228850
5.44303345032526
2.46934399610756
3.18018582064952
3.50961100500136
3.05816215542532
2.22399004131048
1.90881879479130
2.40960017893592
1.09747205791781
0.54946492240907
0.82006541232053
1.64293403259988
4.27769503659289
3.41468653637313
2.06947697621911
0.81310683870901
-0.24312321082698

-1.48055598871727
-1.72796594421646
-1.96699865971832
-4.47217094954415
-4.68956484471889
-0.25668109650754
0.61178204146660
1.98416954517769
2.45891422582386
1.62912760386968
0.25787021257684
-0.51554881115250
0.01872705365528
1.35368121096940
2.14379393920320
0.13530761596776
2.88789206711000
2.62675464098767
3.42022488469559
4.54152157456680
4.86973279473737
4.01817978087304
6.01326081378068
6.74890144523266
6.39792428741915
5.31713051882168
1.57012172582993
3.10445494617173
4.28468289824549
6.39582951614934
7.79649587836566

-5.51925087000156
-5.20669961882017
-4.63953241921706
-0.67927782131744
-0.36413977642641
-3.04085651319812
-1.99035638143292
-1.98019952493166
-3.04609972579116
-4.15128759518226
-4.17274561317718
-5.34496288758859
-6.41423430863773
-6.36985713086559
-5.26087536923570
-0.92086021624393
-0.88867391832050
0.46457786474867
1.50788954015675
1.25428592579275
-0.12196161598507
-1.14607171595452
-0.37684743913121
0.66295940921494
2.00959733287379
2.29766709615378
0.74285485032029
2.75748659019491
-2.42687642036841
-1.63386884800665
0.40965729534549



0.26394056641201
1.86510763362323
-1.00075955469658
0.11844221991396
1.51239682565596
-0.02729380094645
0.88347704007250
-0.28561752012724
-1.25203663443761
0.20035523448398
-0.46924245634271
-1.34560295973394
-2.01507626078376
-2.22697058857786
-1.94047320269695
-1.41906737190747
-2.19281340699993
-3.24787290701268
-2.91276757591986
-2.87107542465370
-2.60101835355861
-0.31993340939859
1.68774016650138
2.68276549286733
-1.45095828547235
-5.68138768687581
-5.39994477340149
5.75198393089625
7.14582524197023
6.07634528398960
3.58644116251995

7.11436478571528
5.01922304773279
0.44865762992007
1.49506264121208
1.05375140481795
1.39200100456028
2.21956303592843
2.88721979036888
1.77559061812184
0.14624485234363
3.78546057213502
3.83434403176917
5.07029004464696
6.14630755191348
6.21164634009211
4.97769251043705
3.71223426699755
3.82302738719708
7.35906162891901
-5.87538238195401
-8.30413531173556
-9.27860563275970
-7.78610409770820
-5.56072437170593
-5.23466767984268
-2.76724921118809
-1.35332068325873
-1.74265423777358
-3.78611984093616
-6.06140452106381
-6.26823478023313

2.98820825830923
3.57959960137572
1.79609336410026
2.31792866413286
2.02410553714977
4.19673490386391
4.73054994702749
2.01571912918801
4.58207529824157
4.62356647868962
-1.87305514014953
-1.20622346609400
-0.91111876273831
-1.73538180291632
-3.20956652692754
-3.95711123709816
-3.69306294176472
-3.38577781576821
-1.17986059422909
2.37003195634369
1.92776752255739
1.51689919141231
1.49958397826252
1.69252486069833
4.74042480828840
5.82807498916754
3.84582059884706
-3.11919772878788
-3.26099850376796
-3.30328813375020
-3.16074330018516
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1.37477088925429

4.13533127627663

5.39810372807063

6.26627495293158

5.78898654413886

4.70392022486021

-4.85831300685707
-2.71902433356608
-3.92293214727950
-2.34874695998525
-3.02136858093718
-1.24135089235290
-2.890603711517/88
-0.34157404053815
-1.44774479502080
-1.71050753699094
-1.61816311237072
-2.41245732279280
-0.90383944789442
-2.55434846229488
-0.31099909577174
-3.59864149528964
-2.55180101215015
-2.11254424071137
-0.00300195657473
-0.25454667781668
0.44112979556242

A(minor)

172

-5.24133010894578
-1.54553119720312
-0.59755426085432
1.76128619657713
3.18831396186456
3.50855791651423
-4.58346418315271
-5.78794083852465
7.46190235342534
8.27474444973320
7.31402894864014
7.06264604065182
6.55799034160538
4.82785053060740
5.21642794997709
2.44656036246968
2.79883536555663
5.11580771040071
2.03512268526792
1.24428601955976
2.17925312567418
1.50520944455492
0.53239584772547
0.69253972629697
1.13666754891583
2.34770371738278
2.85283008416308

-2.95606016815846
-5.39945175095202
-7.30800444780988
-7.22174369155587
-5.22145630290808
-3.05164969526756
7.33918827523813
6.79364663150456
-1.63082043544709
-1.45288192048303
-0.08222892869732
-3.36782556574504
-3.67794464477810
-3.73487637767348
-5.04412562190379
-3.87373413620200
-0.50509301273590
0.11496695647701
-0.74115741233073
-3.57417397588629
-4.36433946632594
-3.32830087845057
-4.42448035629101
-2.71418433603413
-4.16423655231465
-5.46241705520596
-3.90514320458972
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6.69406689528637
6.40440823034767
5.18182963726583
4.24363237858789
4.57227167068071
5.76978888913100
3.04210840238628
2.69283275253279
3.62572051978410
4.83654985252735
1.43394769590146
0.18458999594236
-1.02693906166497
-1.04151044090644
0.20802928830633
1.42167134774868
0.20202991933946
-0.98760053891546
-2.22123677073873
-2.24810147892679
0.20357271290638
-0.46388842161865
0.37177196639154
1.05966441872397
0.60555706397233
-0.90244997495696
-1.43164794988949
-2.24958919560013
-2.64701169970561
-3.80846386510706
-4.55133531396236

0.50987193532500
-0.59483461812727
-1.30575486682403
-0.86754538665184

0.27689027348626

0.95304783436549
-1.61366193785317
-2.70119032288846
-3.08767695562535
-2.43459461845905
-3.45807728590664
-2.76998689280610

-3.41815756532134

-4.85616723298774
-5.56960514185990
-4.84548265950548
-6.99608879018563

-7.69862847657438

-6.99661490865504

-5.60957307904644
-1.39474147738666
-0.63928406364337
-0.96677913452307
-0.10451751653450

1.36303381728728

1.89767459036914
1.21555490131078

-2.60157759031503

-1.66026116028741

-0.84159503467679

-0.96561972267075

2.39929128430455
1.60893996629094
1.76901918838882
2.78239208101471
3.56635212998638
3.37754020427639
2.95541977723593
2.15251563053667
1.15096410492878
0.97566176223369
2.34377291658484
2.41786588144037
2.66613293093058
2.70209410531991
2.59930587631727
2.44767560863589
2.64095265384493
2.75323051758133
2.82019344231376
2.79722301918654
2.28670690842431
0.97686903683272
-0.33595008935239
-1.48258177174946
-1.95808722720108
-2.13589327063686
-3.82010442778620
2.89624016962431
1.94561950734540
2.10097793367543
3.26836867451152
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-4.16233477840673
-2.99135813025747
-4.89886270551521
-4.48758248058270
-3.31263135820768
-2.58302763240162
3.34106294392710

5.67600144055792

2.22740806362909

-1.87472358853935
-4.18734624863645
-4.39741843694314
-4.66828984601844
-4.78994405370187
-4.64986561954274
-4.33585378463497
-4.81269630472936
-4.98073662694065
-5.07410719422257
-5.00246690962527
-4.31390074090852
-4.79456217113923
-4.12488374165006
-5.14298821603223
-4.80501272394122
-5.08346029883425
-5.25412910011045
7.29837747306866

3.72903330720573

6.06036036102580

7.83436461317099

-1.85980503285222
-2.68560867580860
-1.93292279942781
-2.76447103988616
-3.54780029341215
-3.51028573785932
-4.12683093054285
-2.88722496906434
-1.27463471360725
-1.48449995004047
0.11592464208829
-0.33599780541044
0.52741197843052
1.92607406699557
2.41481531667380
1.47818494093311
3.80955610609782
4.70354874541896
4.22895451665189
2.86565057335810
1.64904351418159
0.01803216729906
1.93971995392262
2.46401553732762
4.30667936601558
6.01619752192262
5.10595560515447
-0.95980253722461
0.75012659201702
2.03819047048033
1.18324288427124

4.30303303768651
4.13046387401298
5.52304474203419
6.55287543079335
6.40090390186393
5.22062455924673
0.35287700529172
0.03475111957587
3.96567751827275
0.80101956836857
1.03514350639181
-0.29306837843047
-1.34091662016379
-1.11225223138369
0.24526026522153
1.27175629290502
0.48316200752285
-0.56433525053853
-1.89637603470239
-2.16028606693042
-0.53882412399224
-2.57462147836517
2.52210068526168
-3.42657888294145
1.73149812110840
-0.32808357197297
-2.88437473444135
0.68150749682318
4.49247968910726
4.09837573244692
2.23315324754733

209



O O O O O O O O O O O O O O O O O O o0 o0 O O o o o o o o O O o

-0.89715065537784
-1.86964976002676
1.15261294712372
1.98762326024023
3.36702663015752
4.22313584581752
3.62371897000893
2.20947559033040
1.38169770833200
4.46463342287433
5.84407496220703
6.43563464720107
5.64600627654475
3.88682516752684
3.51654494115958
3.93244540629663
4.75274895918831
5.14070183492676
4.68769529681642
5.94165131553814
6.26150737498265
5.77678589337432
5.00803079845559
-0.09451667874845
-0.92616343184981
-2.34734585608255
-2.94749369346195
-2.09129571173866
-0.71233689111646
-4.36620014510568
-5.16651492543385

3.36384147679817
1.27251208542903
-1.03397536487979
-2.14442937793184
-1.95781552412784
-3.11380321113732
-4.41912835730943
-4.54202507004680
-3.42774253410106
-5.56884944996513
-5.44639025234571
-4.16056017632084
-3.02253935541371
-0.56882195606672
0.38392748719527
1.74786578924406
2.14409354951663
1.23073003220887
-0.13934060909050
1.65867882483892
0.78640852138327
-0.54837966492363
-0.99987759367705
-3.52838878015866
-3.07810133316240
-3.12765362316586
-3.70270718296718
-4.13846256092655
-4.05941648415820
-3.78923110735675
-3.28136982057125

-2.31039037580798
-1.19219304087969
-2.84661019283339
-2.82686115872328
-2.94629862442889
-2.87762159773964
-2.73261677774856
-2.63984998051105
-2.68351881072324
-2.65910812250754
-2.71700529463330
-2.83309926921630
-2.90736419830123
-3.08177563591070
-2.13022737162603
-2.18692139631139
-3.23475871348906
-4.25473284822845
-4.20034030427518
-5.35544164987831
-6.38419534805032
-6.35582312463028
-5.29214313367215
-2.57650079752818
-3.59800593173188
-3.52369116267226
-2.33699957217260
-1.28677633038984
-1.41458063715494
-2.26226736373177
-3.27574634633552
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-4.58179085177827
-3.20089616319570
-0.35321700521166
-2.60359425235788
0.05811946658976
2.66383518711654
3.43515324464796
2.64399233086976
2.09651379343454
2.39300888714544
3.20346358952802
3.69775031408737
1.86588432630354
1.04090846683254
0.73240654821891
1.24515673222730
2.36982074451890
3.50462357532822
4.46810619912665
0.90993491789767
-0.10793075436400
0.49421826067572
2.11248785203081
-4.96737334541128
-2.69783374321692
-5.37849031770859
-6.49731558794396
-0.68574430808712
6.11926464630561
7.53172072671522
6.48268948584199

-2.69871171811380
-2.62826306626714
-2.57739216082222
-4.61800353770944
4.46979836035461
0.01282009571440
2.69766316408599
3.79286024787800
4.67761137203365
4.43177349903498
3.31121209960367
2.48000097348256
5.32395452912832

6.37668343342744
6.60469238635033
5.77032172411549
4.00549830899722
3.03824424264836
1.44156795109691
6.02160233030145
7.59795950383535
7.16595801188397
5.15009754668334
-4.32254251991192
-2.07587778238967
-2.21822149332193
-3.33246530964396
0.77309566320691
-2.03303679694121
-4.06355734486907
-6.34067514174284

-4.42753129604661
-4.55086017861887
-4.70176290373919
-0.14312281356840
-0.39755548743279
-1.09113490293567
-1.16268705354072
-1.49920856005165
-0.52525928262957
0.87309018005960
1.20631192272465
0.21299647529582
1.84880293264517
1.48212492151925
0.11945889031619
-0.86468511974405
-2.78996205893871
2.48771501041573
0.56322390787950
-2.13026576275622
-0.19513284941885
2.41401058308575
3.15748273444552
-1.19196977604891
-5.66019331407935
-5.38531588497771
-3.18125384981983
1.51203295337121
-2.96315275167489
-2.85000358217090
-2.65889481212538
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3.99217307967350
1.76758676068544
4.62872600861293
6.28836246387049
5.09104099695787
-3.20891184213607
-3.16554804265980
-0.98100830326053
1.16391643522672
2.36761303626589
-1.66996798520997
-2.97248753506436
-5.05978886763261
-5.79556333815774
-5.45249133644384
6.87563868024960
6.00668782748596
-1.67722761346306
-2.55496217279136
-0.48088563682864
0.84258968303552
-2.35326091086850
-2.81763902917199
-2.25951222899952
-3.88630199048840
-2.70033610677172
-2.56100051610602
-1.77594976088815
-1.43129041984572
-3.49397972929124
-2.81144466101012

-6.55725341344967
-5.54294330294893
-2.03064900846827
2.70344317111979
3.18894517785370
-5.07764919940677
-7.55833635456070
-8.79874367170624
-7.52715909755567
-5.40347044816976
-4.11265238175577
-4.18747789593392
-2.80949924045175
-1.30344519257640
-0.35034638873681
1.12930176948001
-1.23036154298279
-0.10212978820511
1.83402759090267
1.40625552223760
1.64937828092601
5.76425702750944
7.13255357770502
7.89244212757905
7.24690933320755
7.34590641119731
5.37995920966511
4.97242139019316
4.62386115012691
4.77234152518155
6.31061037328607

-2.54938370883954
-2.52493665758618
-5.28947968231849
-5.37635722280167
-3.29678719275608
2.83030611091952
2.88264269391221
2.77763052816910
2.56984489349981
2.39659092147563
5.12416075717068
7.22930230123776
7.49165336349768
5.63204851354730
3.40611248749282
-7.23040275344372
-7.18837332037732
-3.70417986351510
-4.20803370056272
-4.73830672698273
3.32638675487646
2.30536336381751
1.92869637421914
2.51690072344239
2.21213817199732
0.85152734612103
3.74919780484272
1.33447495408384
4.51125365284179
3.78340945335442
4.29503998727947

212
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-1.68096239901749
-1.37155427413895
-0.44932360143428
-1.37748153313542
-2.72114281746085
-0.80562692733410
-0.64571486502255
-1.71346919651319
-1.61324189026960
-1.26220017952282
0.64366434966196

-1.03730251561928
-2.34706722654292
-0.70963177119386
0.97032213919283

1.29732987341843

-0.59109101320339

TSas (major)
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-4.49137030636358
-4.52729557317620
-4.86592364038765
-5.16398905257488
-5.12384357031141
-4.80528464200532
-4.87871427920002
-4.56223796685321
-4.20888316190343
-4.20486133416429

3.15115822007225
5.09649464917680
4.82582008881680
3.62616221701025
2.90099772435590
2.11438825908868
3.02723551957447
3.05338556488931
5.37903700902099
0.70728332243328
2.24310670523085
0.04533152155411
0.65014617461480
0.28447655670348
3.28271809477425
1.80860498598730
1.95066754863443

3.36665777088294
2.00757866462313
1.72052483955320
2.80709559471204
4.11851485169171
4.39865840802427
0.36338124582229
-0.65203305724943
-0.40347154319759
0.91832472748077

4.70714409881989
5.51677511179295
4.03743965984722
1.52887914016829
4.98952263478628
4.62776932191521
0.67881426141757
2.42104123418411
0.32430123065938
4.91514143474118
4.24386594919400
4.05431282650099
5.12967092367132
5.78256105734522
4.06692176715614
5.02922206065412
0.95952784627356

1.48777099169616
1.06146116401479
-0.31861980180901
-1.18636465432983
-0.73661699644268
0.61398913576619
-0.74372049078091
0.14373237823490
1.49184004257660
1.92286001493543

213
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-3.80944584319534
-2.63388589288803
-2.17033453954737
-2.89644086890115
-4.10087134645851
-4.53042609306145
-2.44286610951906
-3.16509700853778
-4.37409471923574
-4.82615188057390
-0.88857661440005
0.24908790518622
1.55193905039099
1.67249197865173
0.54139781630890
-0.76567341633453
0.67276371719800
-0.43811673442493
-1.72943369939489
-1.88967918185352
0.11285294264744
-0.54273970471075
-1.91533763193075
2.71531439449653
2.98238417217993
4.08152184205805
5.03035841071987
4.75704432100289
3.62894770676968
6.18165894711451
6.36771983941954

-1.53051146274791
-2.27314229228550
-3.33507193889624
-3.67093361966938
-2.94237863412550
-1.88268204613926
-4.66104044146091
-4.95266762620310
-4.26640614431430
-3.27481941869630
-4.00000694619038
3.20184459174152

3.72880284312354

5.10629459927490
5.96604774468449
-5.41521209284234
7.37013559777067
-8.19939857984164
-7.65085447062780
-6.29182356586663
-1.82722377551033

-0.99640709356762

-1.88249714446655
-2.81740681949894
-1.84729025543938
-0.94548738942796
-1.11836057783907
-2.11133511056908
-2.91232807496450
-0.28350150795485
0.71681523978663

2.36814580663741
2.04710418562511
2.82508260559446
4.02532177508979
4.34680768530585
3.50032360620278
4.94724459646037
6.09604797478144
6.38615982601767
5.52965360264886
2.46602965963709
2.32779973226097
2.07635283950125
1.91800533601639
1.97892258519027
2.24464628834309
1.75992693714880
1.77440216883585
1.99952606374638
2.22927964796270
2.44679379661264
1.18003269227470
0.91629212285007
1.97866217154277
2.94555298832160
2.86315708795889
1.78396632435847
0.80257015643492
0.89249554589148
1.74300601280272
2.68813042286845
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5.40983628280040
4.28680728776540
2.19752448519314
5.58203510497305
3.40369795892256
7.09892915451395
7.43765943728178
5.59337836173249
3.40214766792863
-3.86225592620226
-5.20112885879364
-4.60320207817815
-5.43793629664972
-5.35416552242687
-4.75089612418082
-4.14971730404043
0.36887744539785
0.84200550534690
0.14377594360343
0.81765083683976
1.64070267894967
1.03691322708391
1.85873576860331
3.26799340239906
3.86555665086021
3.01240798339079
4.10715599140742
5.48451612633367
6.07532982844963
5.28617923665096
-0.43086186911035

0.92516652722499
0.11327989486625
-1.79036925114432
-2.27796106670553
-3.81082036084978
-0.41746134535035
1.51451224368727
1.92513665100856
0.36403216110996
1.17283331727265
0.03751868768578
-1.92296715779604
2.59983060171826
5.13080913767235
5.67191534455993
3.69220320409005
-1.18676242451121
-0.05964697589238
1.28118172589489
-0.74715687587249
-1.84962444913953
-3.14173021240213
-4.25461875481011
-4.12296683390690
-2.80938323239622
-1.65420360276273
-5.27325027080861
-5.14334527481576
-3.85156400712645
-2.71279951441912

-3.26752658113499

3.71067526440779
3.79385525536234
4.02857449765878
-0.24302033025327
-0.07905621224743
0.77525208778364
2.63185932889650
4.57608208759478
4.76397826562259
3.19022503226018
-2.01008906473230
-0.27619445815391
-2.48763966529106
-1.57923476766349
1.01893344874416
2.73676989782829
-0.11545587650661
-1.15208202241923
-1.27008253519866
-2.66876260991689
-2.85902855874530
-2.84752189420713
-2.97758471290571
-3.11232772042717
-3.13292829001864
-3.03578501914700
-3.19656465828268
-3.28148024151528
-3.27246693494992
-3.20131799109459
-2.68852396853505
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-1.31774978886383
-2.73257793238807
-3.26688912619480
-2.35694300613798
-0.98684564928468
-3.64453155299675
-5.01583913597415
-5.53468879359313
-4.67757324772334
-6.85708571157072
-5.21697928724250
-3.20410663344385
-5.86246207751576
-0.80917902623249
-0.16577248885801
-2.80809714282514
3.52269344649561
3.21132726774426
3.59765603370956
4.33494478107987
4.66473909933317
4.23282629989940
4.48581692521265
5.17330122827104
5.63957652423441
5.38196042198793
2.48024408604164
3.17061791065385
3.50788675152626
3.07399261718279
2.25591569465561

-2.66708495940377
-2.78177861312858
-3.58875749142134
-4.16001756638336
-4.01512962914046
-2.16441426803233
-2.31818963859726
-3.12500121579408
-3.75503096879680
-3.25970743418413
-4.49462324835025
-1.39420422245663
-1.71743624377372
-1.95296070402078
-4.57192371395361
-4.84059196807481
-0.25732934708216
0.60750093363071
1.98529378480631
2.46613815203783
1.63946337817737
0.26267540005599
-0.51086266282591
0.02978556251196
1.37136631805024
2.16088949553531
0.11865077158392
2.88910390237911
2.62119540167226
3.41764728328576
4.55250693412822

-3.57786502175132
-3.46656627412168
-2.38815203437999
-1.45465152414277
-1.61730103768342
-4.37177136878020
-4.22694460461402
-3.18366725429542
-2.29238655988001
-3.06664049590735
-1.31789702687417
-5.37947475968794
-5.06615834445015
-4.59830872888253
-0.71922021588226
-0.39159386219567
-3.07882303087538
-2.02441373181760
-2.02000523549892
-3.09652169555614
-4.20482120008461
-4.21886761212642
-5.39131681659391
-6.46890871741532
-6.43283264258779
-5.32317366719793
-0.94980624149291
-0.92335083811027
0.42666470191176
1.47471412623437
1.23169098332698
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1.93317391769717
2.41530158949269
1.14245055478539
0.63628386430412
0.91298194747667
1.70630693582070
4.26829169695213
3.43506464985262
2.07366081071250
0.84812753062876
-0.11737558156422
0.39525385286685
1.93657229506574
-1.02398289206415
0.08924564624280
1.48666568450742
-0.06449171029145
0.82856297347786
-0.31584535731379
-1.29772368959259
0.18605873642911
-0.36262205582862
-1.44700356609121
-2.00857875118615
-2.26337215139232
-2.07540928705571
-1.40375014008290
-2.02261975650954
-3.11084065682370
-2.83417074446517
-2.89399737127777

4.88914161466876
4.03285293765317
6.04944734752940
6.80456665949575
6.44520416971038
5.34067887378192
1.55706012034731
3.09223463991631
4.31192956468895
6.43634555821808
7.88284773639319
7.18205809266503
5.03715042928443
0.45225093029609
1.52963015144697
1.07752246540015
1.50620571714780
2.37113614892861
2.90462884448868
1.88121012214403
0.28240236079155
3.68319351838307
3.70140177501637
4.99368172942555
6.11756137756650
6.18344088546593
4.95875253744813
3.66381617496940
3.70207549984830
7.34482301096482
-5.87407141979448

-0.14081959991344
-1.16974336463431
-0.38693865331104
0.66009256641760
2.00342657515105
2.28241865798536
0.69773882475089
2.72096529239465
-2.44926147090873
-1.63969576589596
0.42069296010333
2.98816738490236
3.56239896591886
1.71654219060038
2.18767304048575
1.92789186315176
4.06749703530268
4.57158486971774
1.81696696027394
4.43368120785385
4.54403827963643
-1.60752315564671
-1.38034529608867
-0.90612369280119
-1.62085115527222
-3.11281367562196
-3.73021186887917
-3.23031582371421
-3.04670606961167
-0.97306907719015
2.38367279298471
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-2.61180597238339
-0.32480159709113
1.67667823499838
2.66115951029962
-1.50219683649422
-5.74833574652705
-5.44285063409214
5.75780003776348
7.17062695953099
6.12278861799135
3.63594451237831
1.41662984468017
4.12292644683485
5.35444026487187
6.19053538503710
5.71566275335764
4.65366529624997
-4.93960420284046
-2.79178939993199
-3.85211848108518
-2.21412916119672
-2.90355271152561
-1.49190895039460
-3.07931962172857
-0.31829584287245
-1.48727086425419
-1.54997197061282
-1.87502842925518
-2.22438903112549
-1.13562808458449
-2.36074443315030

-8.30841507400021
-9.27987442360630
-7.77937922075186
-5.54716189328576
-5.19089021518553
-2.71660533188350
-1.32533370460354
-1.72142928127773
-3.75234882744052
-6.03777300632675
-6.26822162539784
-5.26190377107874
-1.54634045968566
-0.58682853044359
1.78410261959528
3.20961473676701
3.51890446708813
-4.51164950230630
-5.71872537877985
7.54417594026834
8.23349127838375
7.24203327115031
7.09674691060062
6.35231413864109
4.97307909049103
4.99987134958738
2.40558833913313
2.65702614071145
4.97337032401785
1.95359129905905
1.19815454888857

1.98445154871923
1.59910273544335
1.56730572319323
1.72520780874484
4.74634819850487
5.75388173690991
3.75963801851188
-3.16761673532934
-3.31172163631579
-3.34070106041058
-3.18182308129564
-2.96668380805007
-5.43865077970538
-7.36235203043700
-7.29129388687595
-5.28935038365816
-3.10676774813499
7.29769354462151
6.79245572657288
-1.37136580506708
-1.21025163851351
0.12453459571901
-3.35844023458027
-3.56687483355988
-3.50219982455973
-4.83675798000352
-3.64921756612147
-0.67848986038387
0.17517365405580
-0.73288523620673
-3.38235226078058
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-0.19872745465907
-3.44839854069433
-2.09951494559349
-2.09285902423956
0.14996146445082

-0.24807306684650
0.54986552059599

TSas( minor)
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6.67159965847798
6.36268661581622
5.13204493355002
4.21774208276255
4.55585237199543
5.75680346618377
3.03066440668774
2.65760921774646
3.54560709877088
4.75041934495263
1.40609587835062
0.15725864944848
-1.05996888247055
-1.07288411077829
0.18055613421995
1.39313608078433
0.18151004325468
-1.00369179420970
-2.23991358592242
-2.27457878026481

2.25052325916742
1.38849274200738
0.36007849215615
0.86688845551269
1.20259116363120
2.59487061297663
2.90295208925835

0.55632121438388
-0.51488601045638
-1.21548813041140
-0.81785395506151

0.30577394349304

0.97867165425428
-1.58410340076977
-2.63277668535476
-2.95001260390885
-2.28759053596543
-3.40199633394953
-2.72204392629776

-3.37963728181326

-4.82052708193927
-5.52372642080982
-4.79254046471429
-6.95016605125504

-7.66382847351132

-6.97199904164659

-5.58576275404064

-4.24823391294018
-3.38369077262874
-4.05357875739759
-2.34676639453085
-4.23345552897941
-5.30811991946009
-3.75592115193148

2.48710141047608
1.65901682591221
1.80145735959589
2.85229182692077
3.66127165089535
3.48364327984268
3.03434149441291
2.19379880848149
1.12857311021487
0.94891476686792
2.38472495225850
2.51299722203683
2.68792836622295
2.66332940305824
2.53282110877260
2.40828520414697
2.50263564387147
2.58333346054655
2.68440075336753
2.72262306105392
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0.16267738873926

-0.33732481445572
0.57320768824320

1.21560936060378

0.74620626915110

-0.75899587469453
-1.09991935297398
-2.30332389090880
-2.65986147808527
-3.91593733569499
-4.76549139790736
-4.40124273606880
-3.14785088224074
-5.24715378085444
-4.86401041133879
-3.61061995480014
-2.77444784964346
3.21814197707125

5.54253373047535

2.25118720273545

-1.80677090198557
-4.28963656835855
-4.31252832019358
-4.59579260081748
-4.85720211548839
-4.87942173659788
-4.62644361539602
-5.07171837267039
-5.21283412450313
-5.20662876303723
-5.04542446634052

-1.33903730363906
-0.60169831676495
-1.12183574507701
-0.24067008874587
1.24406739893351
1.79223262710194
1.75936920263316
-2.57826197346408
-1.62072879212393
-0.92845597808959
-1.16709084428001
-2.03777511290809
-2.74743985354918
-2.21057229626275
-3.02715445403448
-3.69486439483540
-3.56082425491281
3.92111774134541
2.66510208480576
1.30106558597684
-1.34747540779510

0.04886171342874
-0.31460903028216
0.59484218324935
1.95836303530887
2.35651753013267
1.36443746046320
3.73209964112879
4.68173832099766
4.29077450961452
2.95453420563282

2.46610559758933
1.07025955742454
-0.14384125463170
-1.30645925147599
-1.70206033486379
-1.77851801882950
-3.63284469310105
2.85492113691217
1.89602819190466
1.94123517146082
3.01611336832499
4.07765632616155
4.01084098190385
5.21421849333640
6.26661395089537
6.22222861524309
5.12266814788387
0.26538158736381
-0.06356929955269
4.09200003441464
0.83938155473580
0.88866606804302
-0.48232987530704
-1.48758840240182
-1.18144687955650
0.21075824975378
1.19796832852917
0.52771883719408
-0.47421424563914
-1.83690370569050
-2.18229068205263
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-4.02778895710141
-4.55993915207542
-4.64711639317174
-5.06365216170467
-5.08084700890007
-5.34477030279013
-5.36307788222889
7.24212983141473
3.71554259209406
6.05922499554917
7.81776239093388
-0.80352134616102
-1.77765328016224
1.25034301651576
2.09226542122231
3.46524644987541
4.33876354078793
3.76117207709832
2.35341531297368
1.50687700254069
4.61880794647754
5.99490757699949
6.56634025057950
5.75937924056899
3.95991507100715
3.61187876108591
3.95681730002597
4.71234622110204
5.09665790117058
4.69277359049311
5.83424665630777

-1.57952062819611
0.17587102456157
1.73055676407365
2.63438242472454
4.15913719403032
5.97922475010281
5.22366307705572

-0.85176936093474

0.76199974940006

2.04259830183867

1.22334628573757

3.22453020961864

0.86484628581558
-1.13756762462101
-2.23712229149837
-2.02994862566337
-3.17310457834999
-4.49256691669654
-4.63876747706225
-3.53678731185428
-5.63311926409486
-5.48611312322633
-4.18571121904403
-3.05751633866392
-0.63218029455380

0.30221754161117
1.68517707025039

2.10802429618161
1.20716619184681

-0.17690367570048

1.66318187322112

-0.81645287287331
-2.76105196924998
2.49452993505823
-3.48009695254009
1.79832284619702
-0.17084057280742
-2.77803280574522
0.70785440283402
4.60132335479352
4.23125412218360
2.33597263679029
-1.40695222097200
-1.21409146833559
-2.69419355310420
-2.76803668068753
-2.93762047770578
-2.95358592871095
-2.87534455100131
-2.75099534434748
-2.67870874157860
-2.89711817670036
-2.97008394868648
-3.01110911980382
-3.00319634526495
-3.06790465387488
-2.09006678876523
-2.17850240224913
-3.26420737319357
-4.29571092976821
-4.22294138936113
-5.42896516947253
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6.13790051328534
5.69710313770932
4.99056278025972
0.04796526126412
-0.89984888137971
-2.30562639310424
-2.76954061246277
-1.79816067337116
-0.44364881301274
-4.16859938926603
-5.08060765133300
-4.63121369268251
-3.27266899140823
-0.47038080921656
-2.17556341369705
0.42409688316428
2.84108032686613
3.44303962681078
2.57055292126958
2.02235362415734
2.40702978719210
3.26857178923488
3.76673784259860
1.93107514064329
1.07073072988751
0.63150868191328
1.10463777002662
2.21749999041609
3.62167360857010
4.59740118006425
0.68135640664242

0.80337516401932
-0.54601041948356
-1.02373639792331
-3.69537281086169

-3.07519179859952

-3.21562524290213

-4.10993220140778

-4.75089792250712

-4.52806634274010

-4.31508808947981
-3.65382957503887
-2.75359180673753
-2.53445346319707

-2.34861653622501

-5.57999587868506
-5.13587303382159
-0.11203030269499

2.64168000009454

3.66989046352046

4.57684003264128

4.42729041682759

3.35252071798486

2.50013872730218
5.38019788343415
6.39815197582119
6.49956997104367
5.61191241997172

3.79370744976978

3.14931152204083

1.51574578367340

5.76454524869383

-6.47283537760496
-6.42694701123005
-5.33201297928432
-2.47466587029047
-3.28909947283854
-3.09723456714503
-2.05611701388980
-1.23833310024306
-1.43142924597971
-1.89783945899917
-2.70977408587975
-3.70650735520740
-3.89282543034825
-4.32876533411693
-0.25410724711609
-0.60845985282123
-1.00389768512690
-1.16812927515134
-1.51868025993916
-0.56677915766545
0.82265720269554
1.17554034895154
0.20282449898898
1.76610832575532
1.38311195178372
0.04036362055971
-0.91711615737800
-2.80193372726626
2.45904613840516
0.57030106283209
-2.17135568838323

222
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-0.24219050227243
0.63498600017303
2.29132721876331
-4.64413599462719
-2.90405866357657
-5.53315568192189
-6.39316537085950
-0.38604233724883
6.21562893315814
7.66056609073062
6.64725771354990
4.16189578943391
1.93177078303186
4.64508111704862
6.14382777754104
4.99551197673429
-3.24066204498586
-3.18171268502101
-0.99134261773132
1.14615756247083
2.33696626444714
-1.80406092687394
-3.29616828101153
-5.52065129155183
-6.20632575865224
-5.73572983694882
6.70304788240301
5.91126407887159
-1.06028377963568
-2.32173469255677
-0.19075307749442

7.45779366043318
7.29196899623477
5.30805712220328
-5.13235152812536
-1.66139794353467
-2.10297237905632
-3.83532442664176

0.87333080045870
-2.05828835617411
-4.07149882418075
-6.37225523133759
-6.63345248759550
-5.65242028951507
-2.06593584941596
2.71924483973092
3.16766987827571
-5.06605558014361
-7.54022320887581
-8.76377693070584
7.47153529500459
5.34790909616001

-4.07536682513885
-4.32162729094983
-3.15012696458973
-1.67063016509142
-0.65157446727517
1.16710111520492
1.21912396133463
0.49561793584075
2.26745150083421
2.48923910613484

-0.28253235043018
2.27800190160673
3.06082798103549
-0.94839718932726
-4.83491130223331
-4.44446130091920
-2.54490862303637
1.42776228628386
-3.00838922866830
-3.04000626744388
-2.98162812275799
-2.84364655566551
-2.68959293658137
-5.31814769781523
-5.46225660631975
-3.34884731619519
2.77112898890075
2.71906671729728
2.55417699753569
2.40351497075805
2.30952147209733
5.10759773078192
7.07046270650655
7.14098561645546
5.24070200559795
3.06091528693273
-7.34412269780120
-7.27086990103340
-4.07609599040825
-3.86046872477911
-4.29016699972744

223



0.82309334733427

-2.12652743542728
-2.76735755271440
-2.00340547044878
-3.52601084029884
-3.25526815773732
-1.66216281907507
-2.02693515870576
-0.85876139008038
-2.56624750580057
-1.06600112229421
-1.54938884819490
-0.70885613379278
0.15775025008910

-1.42785057033438
-2.65315664805235
-0.97189511565843
-2.08914392821873
-0.31984959261530
-2.46492236173477
-1.85697808910098
0.49733761836850

-2.39171608891170
-2.66378972114872
-1.31610403238280
1.08053977184259

0.77305015337640

-1.45732864855957

B(major)

C

-4.53886348206045

1.04675735315170
6.05625953515258
7.32321331978154
8.12421797872971
7.68699772751393
7.18498688741384
6.04122676967539
4.97455749505924
4.80502698617173
6.14101878093373
6.95668215705449
3.51716549066622
4.79234924977682

4.85647889792483
3.64098084196731
3.53454291769618
2.25293086918530
2.66865956028247
3.56300820906205
5.01532760794123
1.06376608115927

2.08033802850404
1.05298180474802
1.15235154349063
0.10904103152158

2.79239023462571

2.31457648163424
1.85412481026938

3.38459948799787

4.10794453173542
2.54022180989835
2.05183323267565
1.96016687023627
2.77685628871833
1.06908670827103
3.97201577669144
1.73121078106423
4.36796297435297
4.61662026336205
4.16962763094045
3.95513114247488
5.46853293461055

3.93015739273493
1.99639784317272
4.01747929883006
4.16699544664395
1.39341864181066
1.94900168728152
0.71868476893943
4.15080848025563

4.32081859551896
3.17291080010309
4.90793866427241
4.26697768229614

3.70231834929890

5.37625553930318
1.28546009180776

1.45293825315920
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-4.55846862040951
-4.86097582383949
-5.13707110653326
-5.11515175456270
-4.82974014044821
-4.83631049079995
-4.52280906213145
-4.21291186913121
-4.24332624930494
-3.82746728245457
-2.64627841571207
-2.19684085008830
-2.94042697635120
-4.15097227623458
-4.56751565498069
-2.49833079258545
-3.23758646284469
-4.45353786004478
-4.89461159947041
-0.91333453436016
0.22877225136165

1.53059336582575

1.64854733744361

0.51549465078147

-0.79190451737755
0.64595320975364

-0.46554036183505
-1.75678025811483
-1.91622707580269
0.09810232042559

-0.53503622727514

2.02942289593625
1.75462671735250
2.84726603919859
4.15443435671759
4.42401067668878
0.40412988458077
-0.61860738085654
-0.38328809603371
0.93381667308004
-1.51192084269297
-2.25640919922860
-3.31558169886491
-3.64039868583360
-2.91136746501829
-1.85905800934794
-4.61890174700980
-4.90062268823109
-4.21580922699107
-3.23436144124997
-3.98986920049227
3.19750853179374

3.73005113681178
5.10906726370441
5.96557116786013
-5.40876249319129
7.37287537537596
-8.20095869698880

-7.64770912904832
-6.28520630596346
-1.82216263421207
-0.99134727826873

1.01362744057497
-0.37665713780738
-1.24273658031549
-0.77995101112608

0.58017564864211
-0.81938165671176

0.06094507935703

1.42242213406294

1.86908119159140

2.30313507829268

2.00641690306431

2.79807940147042

3.99069190094425

4.28653378600033

3.42498250397012

4.93053691271530

6.07089563684795

6.33432442399624

5.46068730060519

2.46137928765459
2.32633802086316
2.08271927020959
1.93903451328722
2.00817501925811

2.26006626639555
1.81034113853631

1.83444817892797

2.04766821252786

2.25560113761604
2.44178881656818

1.16445826074198

225
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-1.90912676254133
2.69539997219397
2.96947039043274
4.06960769492430
5.01037115787020
4.72744070805022
3.59920539185775
6.16373119594269
6.35900783716646
5.40818466465674
4.28329975510653
2.18933956351541
5.54246600283725
3.36360311093653
7.07446863721541
7.43057069630454
5.60026181616294
3.40493629586571
-3.93594236079209
-5.11656525075465
-4.52497880771349
-5.36231698971428
-5.33199040828233
-4.79224651611641
-4.23048443297387
0.39399170048327
0.85039030423797
0.14575816816054
0.81474950774876
1.64160585429681
1.04958255950664

-1.87159030197621

-2.82141385730507
-1.84953855086644
-0.94992363891414
-1.12580574554857
-2.11825278105627
-2.91783707720816
-0.29423099654093
0.70586106706780
0.91798087395514
0.10956403206521
-1.78781220875546
-2.28538453331995
-3.81514403815235
-0.43150404740403
1.50090015387562
1.91808910081912
0.36431488057544
1.17785632750104
0.09113493810376
-1.88217817620115
2.65054327007865
5.17305506402247
5.69284546920694
3.69934912470270
-1.18864934715195
-0.05541243650068
1.28062900256224
-0.74960928483245
-1.84713967472099
-3.14541956579513

0.88590592131956
1.97612288175633
2.93887930119344
2.84762457406569
1.76177545959459
0.78248031955179
0.88210442967544
1.71278090999018
2.65626109123668
3.68460103839080
3.77548976761820
4.02513183371476

-0.27086674694426
-0.08815974663975
0.73920895675228
2.59228811837432
4.54806565850108
4.75028826025741

3.14799739119344
-2.09981707067036
-0.38316441684584
-2.55565922053001
-1.61830661609401

0.99816951226950

2.71364139352261
-0.11724297281206

-1.15756036852687
-1.26489236600254
-2.67371301880077
-2.87108152869525
-2.85116839643863

226
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1.88173602676021
3.28796452151492
3.87349553867417
3.01042466293213
4.13630054537217
5.51155872034408
6.09098910030462
5.29261497007112
-0.41330977225220
-1.32940523225133
-2.73988454771772
-3.23886380299811
-2.30142942125535
-0.93817784642003
-3.68051848269628
-5.04493959247841
-5.52817558857090
-4.64277785849726
-6.84496717248957
-5.14890810529549
-3.27619864968789
-5.91892330993782
-0.85526380091063
-0.09508581455601
-2.72155383434850
3.51125976717279
3.20882525086702
3.59076751691941
4.31445359754639
4.63365763381789
4.20617408925801

-4.25021790537538
-4.10669783945880
-2.78810207039664
-1.64119182971515
-5.24975482564505
-5.10763340992251
-3.81053738012850
-2.67873340869149
-3.29676709221394
-2.68705530170423
-2.83278141614574
-3.70509697510724
-4.29291364179377
-4.09818976669461
-2.18091466945328
-2.38324530245204
-3.26096798122388
-3.91511317926902
-3.43684032367216
-4.71743420090145
-1.33177340618629
-1.75087884448723
-1.93280860170653
-4.66564875564990
-5.03732356665181
-0.24077674215757
0.61973651172726
1.99948456662339
2.48474266891042
1.66239292321889
0.28421083329465

-2.99137758976534
-3.14011046743811
-3.16567436097772
-3.06173667497946
-3.23247866579050
-3.32980522994502
-3.32564821780701
-3.24684390450762
-2.67114897109209
-3.52408999696875
-3.39357535559926
-2.35019246649074
-1.45576852936937
-1.62211948030344
-4.24333912055544
-4.09190882825953
-3.08994910820697
-2.24445937500582
-2.96422256215546
-1.30181961558561
-5.20076872597588
-4.87827875362702
-4.53359229997261
-0.75108308950015
-0.42376668962659
-3.10926074833663
-2.04846219331918
-2.04443372743973
-3.12860440752552
-4.24315648763027
-4.25609577218351

227
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4.44853472993964
5.12197531277361
5.58447163616000
5.33678272940804
2.49214011048946
3.17107896871647
3.50752936791211
3.08098887524248
2.27380379275036
1.95255464457063
2.42737798649949
1.17329662466843
0.68203239590507
0.95745866066787
1.73636086484228
4.26330514151438
3.44311946301254
2.09223660603164
0.87700625520548
-0.05675599297843
0.45313896180128
1.96519909622456
-1.01341775061186
0.10712597443761
1.50283421609088
-0.07240835400435
0.80788897335399
-0.27701448802377
-1.31333727425325
0.17956876709622
-0.34870476000736

-0.48565273246040
0.06004364738252
1.40304628659966
2.18892460476847
0.12282978023390
2.90153774368097
2.62596849360506
3.42239773894958
4.56620611289323
4.91109466239792
4.05461256262043
6.08043028108787
6.84030894327973
6.47353417548516
5.35756868829376
1.55748466480374
3.09160049967167
4.34595784136548
6.47332388205510

7.92974345284547
7.21521695143846
5.04703687260798

0.46273837871413
1.53167607327913

1.06318692474261

1.52281052506181
2.39720138663522

2.90854567959063

1.89201794290423

0.30416165222127
3.63526445961459

-5.43325458697690
-6.51714591894123
-6.48265539650057
-5.36813711092612
-0.96932800475660
-0.94330945278972
0.40578612123965
1.45683923102047
1.21903565556597
-0.15170208068842
-1.18387908063086
-0.39293589751389
0.65787127917207
1.99938223740893
2.27346677150765
0.67243638029423
2.70138397037070
-2.46274677000243
-1.64289524042648
0.42425399521454
2.98748565187639
3.55217861419680
1.69114800011536
2.16683179718375
1.92844233364088
4.04401639358405
4.55398078600136
1.78067263794229
4.38971044992012
4.53305562848847
-1.41803675123514

228
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-1.45839446727923
-1.96887787458195
-2.28293191624555
-2.16368863381168
-1.40166867811051
-1.90917639779281
-3.01398892410653
-2.80671055756470
-2.92094418822993
-2.63990144233133
-0.35274683528334
1.65014725717672
2.63665809503730
-1.55258464128854
-5.82145427503111
-5.48435109811265
5.75578571827279
7.18499282857308
6.15719919851201
3.67395264819091
1.45007442525162
4.08849257868476
5.29597505676234
6.12447840792530
5.66829288796404
4.63040181637647
-5.03290071404642
-2.87255059951990
-3.83659100938945
-2.18106662053037
-2.83408865927280

3.66935164636253
4.97568999893830
6.08599953792048
6.11567429648245
4.92321488594695
3.61411513488766
3.58396842542727
7.33109253819746
-5.86483821062652
-8.30438914002268
-9.28407350414272
-7.78582524362567
-5.55394318203965
-5.14723328063764
-2.67606674186265
-1.30077424715123
-1.68324261565992
-3.70179843563101
-5.99630688340021
-6.24880080945364
-5.26187358137449
-1.52225032935479
-0.55393132569950
1.81975089879489
3.23838045266849
3.53828040615084
-4.45346213916474
-5.65748476215438
7.54411247940946
8.20691557912185
7.24070559051970

-1.38738407720128
-0.83996642214675
-1.54481360987177
-3.04804039267995
-3.62043357492041
-3.00807834476555
-2.93327127374602
-0.89022694844227
2.39913266897519
2.04058302807916
1.67591165803100
1.62739194467216
1.75235061178090
4.75083866224050
5.66462210701028
3.66607981336430
-3.21687724845321
-3.37467182291836
-3.39534055622402
-3.21309129046281
-2.97590781814257
-5.47889850863782
-7.41382890789000
-7.34614553203357
-5.33504698826287
-3.13999109138947
7.23914445234923
6.78159025805165
-1.24857826897789
-1.15941631548687
0.21070352688237

229



-1.66403146768186
-3.18990989355220
-0.32003456101864
-1.51196450564000
-1.40403552610070
-1.96174952430383
-2.07197909213010
-1.21256792139223
-2.20705849540577
-0.08373270703942
-3.25421694168955
-1.75266000964961
-2.31857805829546
0.30059389526616

-0.20403658226513
0.65518551264955

B(minor)

C
C

O O O o o o o o o O O

6.64864561133893
6.41944776959684
5.21191152631442
4.23884492662818
4.49835074106471
5.67564243869650
3.07568458717361
2.77139757461158
3.71655631389820
4.90429960403014
1.54482212933781
0.27152906371935
-0.91788291454832

7.06050176138449
6.17271578003852
5.03518604692715
4.88483557802515
2.36666427353723
2.61473697088245
4.95866069366027
1.94691150635129
1.16519433224814
2.29340270361387
1.28813173160969
0.23676743697417
1.12376376039895
1.26115276057695
2.70922037737422
2.95729152546172

0.76448137838366
-0.32039371789892
-1.06850028215470
-0.70781892275117

0.42834307711527

1.15143083633962
-1.51941124540301
-2.57361377896245
-2.85347898351297
-2.14872565512106
-3.39214670330241
-2.76056413229076

-3.46771688532006

-3.35183682454997
-3.47921695167860
-3.40589139369006
-4.72325211367542
-3.53389994132522
-0.66503120448883
0.25759747123340
-0.61305673923726
-3.30755228249563
-4.18313423200550
-3.65297217649773
-3.68740681925824
-2.18696717312772
-4.25698321817146
-5.21400721826384
-3.69127683086415

2.66797417895430
1.83181919506499
1.92276194132244
2.93306927075644
3.75310439132013
3.62264429212283
3.06634430201851
2.20377186294216
1.17750577695779
1.05088789299716
2.34251869217274
2.48248767588463
2.65515311247866
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-0.88242118566005
0.39377587942259
1.58120322515293
0.44062214607306
-0.72268870995433
-1.98195560381065
-2.06037140307341
0.22548128587987
-0.35347313273030
0.48946822044037
1.13881141926823
0.65175583670583
-0.87129561505426
-1.26402033545719
-2.17417287648858
-2.60224835143833
-3.85489343776177
-4.62337044892291
-4.18768307126066
-2.94233403088902
-4.95739752855268
-4.50924108218837
-3.26335836569609
-2.49990562779156
3.46057676393020
5.75326193983846
2.25285136505738
-1.82654640145040
-4.31094861491734
-4.40336625106417
-4.72176749015604

-4.90407715034045
-5.55970218278995
-4.78319715695742
-6.98326594738498

-7.73615274598117

-7.08825398754044

-5.70653795325150
-1.37941635891387

-0.63475263183551
-1.14099073606283
-0.22956135391007
1.25562006943404

1.76444000114876

1.67054335573727
-2.71445359984324
-1.71727330167512
-1.03463964931003
-1.32736131402563
-2.25619713730528
-2.95823170972046
-2.49925462941480
-3.37895500597472
-4.04092960488142
-3.83747857460439
3.83382901833142
2.49240809451932
1.27311927386377

-1.39561542302358
-0.03842520710661
-0.38933338401830
0.52761806015202

2.56665466636960
2.41368847245850
2.32507652152376
2.32693180922987

2.36244859233060

2.47647324243655

2.57778396953698
2.45758657141013

1.09227116133682

-0.17706413602272

-1.31226591671115
-1.69040136452759
-1.75101867829925
-3.59381426983428

2.91961148742796

2.03499294526277

2.20363117863577

3.32478910701196

4.30755236495756

4.11522633925643

5.48460726482088

6.45739719549483

6.29009240745224

5.14902797400870
0.30058427213510
0.07285646285009
4.09952032021108

0.93391047485296

1.20397414340777
-0.16710941003921
-1.15276879298871
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-4.96704522862843
-4.94818650511728
-4.64822725662558
-5.11992355038988
-5.29548295012613
-5.32541393695310
-5.17419266058223
-4.15635704945234
-4.75065443217370
-4.61380568502723
-5.21766304566547
-5.07076299022063
-5.41888061545000
-5.50221694939837
7.35340881730813
3.60105932154411
5.90274398888079
7.77255794396479
-0.93408227439458
-1.86082443091783
1.20864102043314
1.99459646095569
3.38222234058566
4.18167614692055
3.52048966106632
2.10011249587383
1.32686087392058
4.30763442121337
5.69240965447364
6.34367656575155
5.60705890413918

1.88865177837987
2.26864669189916
1.26800605777324
3.64123383185607
4.60266720398951
4.22956448650775
2.89788049352633
1.65796705079612
0.11486101412064
1.61858311618336
2.59446778953418
4.05586513510679
5.89571432046419
5.17542924447636
-0.62388643189712
0.85331171157763
2.22718306841328
1.47680817490055
3.20650922435228
0.83282072328309
-1.09137815513368
-2.23570177599388
-2.10958412467662
-3.30499582225089
-4.58441264124846
-4.64525195336406
-3.49182999515028
-5.77218377967900
-5.71091621551419
-4.45083380417308
-3.27764174839953

-0.82003106270481
0.57738715793933
1.54392262275027
0.91532801907015

-0.06928262595377

-1.43630951018699

-1.80317298757233

-0.51376317802518

-2.42850132647552
2.84528108418201

-3.10486296353020
2.18995696586416
0.25289922513120

-2.36123408782083

0.92282496346025

4.65580142107497

4.37972317992338

2.56551588916232
-1.42248707033651
-1.14306035391759

-2.72198270260007

-2.73300402237867

-2.83482740381206

-2.77438563176644

-2.66862687573794

-2.60817961919013

-2.63804442487360

-2.60180866765950

-2.62205695001587

-2.69621548949322

-2.77037159829425
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3.94932908869452
3.58573382106273
3.97930310342117
4.79908246947660
5.20592041808598
4.75431697833768
6.01416649736497
6.34183727844684
5.85449151096588
5.07833374595145
-0.15374529707664
-0.92909285793136
-2.35196225242081
-3.01781215967406
-2.21866021886545
-0.83395557526920
-4.44054099924557
-5.18111095124614
-4.53118332669141
-3.14500595657718
-0.30057125950553
-2.79087394290178
-0.11655463422431
2.75959798955811
3.44642125292525
2.57287305607441
2.00176255154379
2.36204377783152
3.22750734438559
3.74629039436445
1.86030284780048

-0.74007468018116
0.23850214135358
1.60563704987298
1.97102282553020
1.02327376284503

-0.34512644107932
1.41789272094141
0.51516625457394

-0.81722629205115

-1.23608194033025
-3.51334433267575
-2.93923877089964
-2.91239030511576

-3.55880343720183
-4.10640765072342
-4.08762880842027
-3.59348280637556
-2.97089908971349
-2.31332396278301
-2.28826200457604
-2.40054074415230
-4.63808469257247
-4.60495919100493
-0.10830669932811
2.59926864845111
3.60748041224332
4.54084603426006
4.43874724636710
3.38470733231942
2.50381952616575
5.41639531525357

-2.97464082669716
-2.04570639569946
-2.16060871805868
-3.21952090820482
-4.19976421223973
-4.10371785109858
-5.30756312685999
-6.30698308270611
-6.24184440775350
-5.17022518974069
-2.57279732675898
-3.57742278723507
-3.54260156196858
-2.43022289328420
-1.38678908063091
-1.46796978106521
-2.41403343455776
-3.40869898601434
-4.48244671966219
-4.55009161800926
-4.63162511968445
-0.29495281527414
-0.46071809538053
-0.97891125433757
-1.19570179251203
-1.59520206377758
-0.68237927593966
0.71778986089478
1.11997843279420
0.18458173917554
1.62075833863092
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0.99863917568996
0.59003534352905
1.08342304323984
2.24379797926089
3.56289926600062
4.57278227209499
0.68030359818219
-0.28117647150737
0.53841450646453
2.19194613533401
-5.10253002661956
-2.57867422625522
-5.27142875801057
-6.51574710587167
-0.39959804228263
6.12275814966343
7.44309074662888
6.28865996277933
3.78927831250344
1.61083343595964
4.69732526294588
6.35977068161904
5.11895844345217
-3.04066519695474
-2.90542270994190
-0.67531622879307
1.42211997224647
2.54480435806320
-1.53435618627241
-2.89664758371862
-5.10838969672576

6.41477358625479
6.47414462805426
5.55696925726580
3.68702301479392
3.22759239746318
1.53403540579988
5.66462610451665
7.41591541098434
7.32736556012239
5.38348600744369
-4.19047874509282
-1.66465331980610
-1.71900317529390
-2.97705094413275
0.83405224437709
-2.30834865197697
-4.40288975176637
-6.63419654310624
-6.74059404153075
-5.62762203362407
-2.26559765578613
2.46203996827167
3.01848674091458
-5.21559162746032
-7.68686712330946
-8.83296588271633
7.46996233188856

5.30279800470689

-4.34947564599614
-4.71961072685829
-3.55658477948950

1.19243439351878
-0.16242343644978
-1.08118171675602
-2.88823559333233

2.41548380696401

0.59810655214284
-2.34681258273417

-0.53507637058634

2.05427646231422

2.92624355936931

-1.41542418999460

-5.58882481710280

-5.42132723153716

-3.36705091852309

1.46628284673818

-2.79945212461258

-2.68499772474102

-2.56699869719959

-2.52589003145629

-2.53161073224690

-5.14303372335320
-5.35814053567669
-3.32346458335927

2.64492802456150
2.47574362956781
2.28726277483169
2.21692352014521
2.22314171727744
5.04042917737710
7.07505462606267
7.36312619128393
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-5.91203961308255
-5.59004369868597
6.96198569593624

6.08788913644599

-1.20156005522272
-2.50635783513254
-0.39647325828325
0.94962549506588

-2.19041563244622
-2.78749768102488
-2.08880965939524
-3.72045537620790
-3.02968558684341
-1.86904254010950
-1.97020455266737
-0.98274805325146
-2.82619689464758
-1.37369644509194
-1.54765243565226
-0.91358626743393
0.04745756489141

-1.43568169684156
-2.64409240285639
-0.89417423721199
-2.17988537744605
-0.34950761118071
-2.22933092368858
-1.72050383740512
0.56770356648934

-2.59579778133536
-1.16595641023400

-1.96417547484709
-0.82162530286266
0.83215425493160
1.52411745231282
0.39419221452317
2.13489965071494
2.40498867714228
1.29201857981894
6.05967625075574
7.29875211817729
8.15561501036945
7.57696397380252
7.16214929540550

6.09712313472375
4.94631900590687
4.93922772619416
6.10413265348784
7.06097558700622
3.60160464133597
4.91121921216072
5.08574150175895
3.61802917816582
3.53882612593536
2.38406501901975
2.61610725602636
3.50468365117495
4.91551323246636
1.18154217054174
2.29673981996950
1.35461816350484
0.26580713474182

5.60610654648318
3.46346798757857
-7.15888591018692
-7.05239275713149
-4.00649128204757
-3.79641051488870
-4.29924182846082
3.99382234609742
2.25506499869290
1.65387307039287
1.75452361403211
2.18959270249186
0.58400028561701
3.72802855081322
1.52373237371388
4.17700014121681
4.29925434112253
3.97064180976114
3.67932169319330
5.28321295422169
3.79852680654482
1.99203991764611
3.82345820309889
4.08942965988484
1.43767773331443
1.76863176391560
0.45168688039377
4.22188163028567
4.25662969595530
4.88107336646754
4.48861587550438
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-2.18211632461506
1.13295712190409
0.77109715452438
-1.56213359985119

TSsc(major)

172

-4.43042428470031
-4.55186696543612
-5.00174489910598
-5.33509035204071
-5.22488613735343
-4.77568837835799
-5.05316703099894
-4.66959895369771
-4.22513390510545
-4.18778831257101
-3.80864954461069
-2.63250661423753
-2.16351858234016
-2.88809329513347
-4.09944919502829
-4.53010688872578
-2.42719564163451
-3.15073171251783
-4.36833179433593
-4.82670531685277
-0.87153415291541
0.25966813582014

1.57379248691773

1.05293674988362
3.09272447754212
2.42855722285234

1.82739887019427

3.38548275617504
2.04365637653604
1.81629587901097
2.94073430591572
4.23323751088952
4.45743574619374
0.47894145707499
-0.57641313345317
-0.38734389854182
0.91475170970851
-1.55110130256091
-2.28328213691662
-3.35870508723302
-3.72660205112393
-3.01676420009922
-1.93867631744306
-4.73044486864279
-5.05337310252313
-4.38661489765077
-3.38128260013782
-4.00454218091067
-3.19248690396330
-3.70133742323293

3.20800534575701
3.73763853596955
5.34860299617656

1.27720421033399

1.62692026117095
1.16321659325247
-0.19549497640167
-0.99829197680706
-0.50711061060272
0.81572432912860
-0.67638845520680
0.13564988409269
1.46521472402544
1.95286551920688
2.28554854260692
1.94294682897913
2.70070403816312
3.89296590273476
4.22714700524669
3.40622980034319
4.79667971361933
5.93617450948664
6.23588714757202
5.39927615797521
2.34419725511852
2.23786928830776
2.01056462768136
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1.71173115070491
0.58978892323667
-0.72882853221081
0.74199039757141
-0.35962736890756
-1.66170179861270
-1.84242659228110
0.10070541346347
-0.53942672113418
-1.91582297609798
2.73315886314792
2.96913897470607
4.07396910956663
5.06258382483191
4.81886341381437
3.68387074293059
6.22107189606397
6.37729261052558
5.38084362901641
4.24946841189521
2.14989905100216
5.67857544828579
3.48686415624802
7.17390039340847
7.45439418335213
5.53753312226790
3.32861066857738
-3.76850105778432
-5.46622157016273
-4.74114336704202
-5.70707756330244

-5.07681222321895
-5.94950465303467
-5.41598309333924
-7.34973848459485
-8.19103848837280
-7.65915907733602
-6.30443850470533
-1.81926500757307
-0.99879005841342
-1.87077192490657
-2.78201673454668
-1.80434284558793
-0.90659392199478
-1.09461971260964
-2.09165830212107
-2.88551680346738
-0.26896680191129
0.73873494269709
0.96403077520804
0.16056617652695
1.73639874935660
2.26718244609367
3.78598880890691
0.41770541796389
1.52784662347290
1.97036172440133
0.42616905578978
1.10886550823747
0.21036427863610
-1.82803313359811
2.78747454055911

1.84341148619764
1.87085122311857
2.11219848169383
1.64064009486031
1.62252748087803
1.82506363358644
2.06439740387079
2.36615735454319
1.08722869850431
0.81452422212021
1.94486586445630
2.91276961224085
2.86191301783624
1.82178300899688
0.83694806382169
0.89110871346039
1.81933718584964
2.76209671937542
3.74340986634963
3.78943726443272
3.96986314633955
-0.17874915209534
-0.08465657511126
0.88930097194308
2.74051289448126
4.60632099302654
4.72165291481696
3.20882877272064
-1.93089498368906
-0.33714693739526
-2.28259685878504
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-5.50927630540046
-4.63802016161668
-3.96309991496916
0.39624613078359
0.97478076315788
0.35006247329291
0.96327960165086
1.75420938158894
1.10920893841732
1.89949339082050
3.31526701501013
3.95488306565354
3.13725850057297
4.11965833241575
5.50253708518061
6.13379219729948
5.37937510782424
-0.36329627341715
-1.22672605338741
-2.64519382451957
-3.21163186498067
-2.32460697268402
-0.95022710255518
-3.53172810505003
-4.90810533609465
-5.45901518626810
-4.62735670521737
-6.78504267107871
-5.19564951913454
-3.06101055999655
-5.72869193993180

5.27923405618876
5.71325781042329
3.65397585871543
-1.17336592403347
-0.08639949332975
1.29331622155876
-0.79255660842433
-1.92182747413658
-3.19449077451359
-4.33295882311784
-4.24751772125620
-2.95396872290444
-1.77271274948316
-5.42406360185498
-5.33782961404250
-4.06551913039246
-2.90230731144322
-3.27791569785367
-2.61398400769648
-2.67149010242828
-3.49947513315901
-4.14490102684440
-4.04340454157909
-1.96249126205161
-2.05591913105801
-2.89678231962431
-3.61182344832106
-2.97303582649328
-4.37569081130210
-1.14965883779289
-1.35818103100692

-1.28896261372464
1.25244315425610
2.84979922043226

-0.18784290816253

-1.21257576266508

-1.35884830360465

-2.72032053198739

-2.88882013889478

-2.89510612166047

-3.00663252555456

-3.09928769006326

-3.09780731940790

-3.02559354624542

-3.15941412013675

-3.19704230171726

-3.16468083751069

-3.11771636639123
-2.75716588226557
-3.62480178708978
-3.51088705917595
-2.46524108636075
-1.55867070604843
-1.71468566297223
-4.37342487896764
-4.22187761504884
-3.22326918030003
-2.37275123904058
-3.10019998275343
-1.43422905292050
-5.33151719464832
-5.01041003355998
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-0.69378905020682 -1.88578374860266 -4.62191586629653
-0.15332392324866 -4.66186068931836 -0.83449713678558
-2.80249306376891 -4.85005302444372 -0.52358660882981
3.68913540161149 -0.39180955401247 -3.06277262772812
3.36658690043096  0.48758889892784  -2.02409225611391
3.73926806103830  1.86861355447321 -2.04264693221622
4.50359181497887  2.32861672918892 -3.10935692931944
4.87017700106198  1.47959116843499 -4.18871928810312
4.43311517304253  0.10437932905793 -4.19160416312360
4.71353278521669 -0.68895720071164 -5.34449181719451
5.43518041028618 -0.16977595890056 -6.41019857263104
5.90815619434191  1.16962133110813 -6.38236634083121
5.62206690450409  1.97899572846258 -5.29425192114861
2.61323408592110  0.00695572537452  -0.95652990743412
3.26668753134073  2.80507784167658 -0.99244552156460
3.59531948612158  2.61070876993382  0.37034909172593
3.13055753886475  3.44332640648454  1.37572738571561
2.29217483252540  4.54818648861406  1.07050080963092
1.97088630446998  4.80679611971890 -0.31970504318094
2.47414239967924  3.90801806472544 -1.30209656854193
1.16255609312133  5.93926302055593 -0.63127994892279
0.64498922911475  6.74611459359832  0.37088215505117
0.91997162474160  6.46217006966612  1.73245964668178
1.72603570733408  5.38485321028410 2.07424387536673
4.36954184572247  1.57191218937856  0.69939871401917
3.47430168275458  3.17340497280431  2.64148417739541
2.12550418331012  4.10443066755540 -2.59056941141273
0.86240486826588  6.24927306574501 -1.90264995288243
-0.11580697986193  7.80289000163926  0.07238191968628
0.38960786385942  7.24511418251960  2.67439133849151
1.95802620152508  5.15702762711321  3.37076061889805
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-1.02696319953377
0.06286092107309
1.47456704812907
-0.07580212217610
0.83785070603029
-0.40513533530537
-1.29742210011063
0.15783487250603
-0.54470143701250
-1.65663080006226
-2.08258008964022
-2.51005512825728
-2.54647100494066
-1.79190618480893
-2.17974654206215
-3.28363555134104
-3.00909778799466
-2.85444620580981
-2.53591227975372
-0.23050893271040
1.75435358551345
2.70886345261594
-1.48008986728086
-5.75466848343167
-5.44372175632346
5.87996410133839
7.23238803632119
6.11367393375035
3.61705028937971
1.42556255921330
4.34558161174113

0.44744656365926
1.56103901150784
1.15994845535957
1.68117891416890
2.55781914550122
2.90088555580973
2.10090569462586
0.48278143116717
3.79364908957316
3.86797810782925
5.23094127034137
6.26148144382719
6.14241756517896
4.91999975148355
3.67402403897295
3.61298308144090
7.54939015649652
-5.89938689534139
-8.32644012126303
-0.26833844113801
-7.74587822968207
-5.50594132401593
-5.24601195530027
-2.83623653535280
-1.38939190210442
-1.92592945280235
-4.00135336804818
-6.25204166072200
-6.40364152123991
-5.32561539016783
-1.72275127709124

1.62876001972613
2.01859272263030
1.77656722079276
3.89526115968243
4.33210129688018
1.54798615650809
4.24167881690967
4.43833839858257
-1.35492382529659
-1.32885107258988
-0.83034719355562
-1.59272474301858
-3.09774277728438
-3.62233038497986
-2.81052714924621
-2.71183675370265
-1.00374613992992
2.20109958203586
1.78443425022620
1.43890482129171
1.46577322707677
1.66929694689622
4.59002503278579
5.63170446177362
3.67829363529406
-3.06778802900247
-3.16697834857977
-3.23740773667047
-3.16340813741830
-3.00967336938610
-5.38651310894822

240



5.63813250012454

6.48599169859524

5.95891406016457

4.81282949662901

-4.93466662832238
-2.77143665158740
-4.06665479122032
-2.42450276251781
-2.95376474441928
-2.12684643065478
-3.61241842426494
-0.70009680619487
-2.01216569805545
-1.68856086301659
-2.18542976337469
-2.06228507469594
-1.54308182342287
-2.48071376471380
-0.37778089466751
-3.54659530396317
-2.06017087952096
-2.47813652917660
0.07813075406821

-0.20074295383660
0.16586087140360

TSec(minor)

172

C
C

6.50780189120070
6.31241828874450

-0.80181715253240
1.56528061234271
3.02692249923148
3.38405283961978
-4.65739569068264
-5.82949805883127

7.72018312081339
8.41273266523118
7.54654364638410
7.06754781182171
6.11317934141458
5.09278629978938
4.75599259436888
2.37173138418113
2.85745474491287
5.32379189174185
2.72588424969092
1.18365657401962
2.21475642756765
1.29873946073259
0.24069941032569
1.20031317298473
1.88133896517976
1.29847946543124
3.11332605084541

0.80585343776920
-0.25200360158153

-7.28802383066076
-7.23113678187594
-5.26872257895063
-3.13577305778025
7.13962931375686
6.61803347349585
-1.29925005699806
-1.38592605841056
0.10033446054624
-3.54897277916505
-3.42231252075193
-3.53140412733777
-4.69599276027437
-3.32064071409885
-0.50625439818693
0.26852712304684
0.24021319543116
-2.97679313971303
-3.85084492107405
-3.25706915266613
-3.36027735701532
-1.85215251555793
2.78780520329791
-4.44260480046527
-4.18208132782901

2.81824832322420
1.94001725757821

241
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5.12925946696790
4.14592784587360
4.37639384936469
5.52619343203089
3.00422164036186
2.73563311923824
3.69144432814463
4.85401817178722
1.52860804176473
0.24096436808342
-0.93622144740042
-0.86914482558637
0.42135920038032
1.59391033880966
0.49756300265639
-0.65026681558092
-1.92304649939604
-2.03042207804316
0.17042769327188
-0.42756531957396
0.43967615303879
1.09994726914030
0.61741096957475
-0.89883424337030
-1.36240853027499
-2.20452216541802
-2.63695642183173
-3.86592453549657
-4.62937692956025
-4.20566462380900
-2.97129566896816

-1.04135217645264
-0.75249297022429
0.35054469062451
1.12052088492013
-1.59944869836222
-2.62878385180345
-2.84254036200798
-2.09258607936359
-3.48190429952081
-2.88306748406871
-3.61442110837846
-5.04754076478271
-5.67274779477455
-4.87099891831131
-7.09292762317875
-7.86994249141217
-7.25105746436130
-5.87353339125900
-1.49851803053791
-0.75244154577162
-1.12120387584627
-0.21531593192505
1.26667220134225
1.79915422547368
1.59043997902519
-2.88488591272512
-1.87080238765762
-1.16075063471528
-1.46757219385300
-2.43677529895967
-3.15170326791974

2.00044860722788
3.02379759929402
3.89595555895581
3.79047190549306
3.11888053063801
2.21504865904076
1.18356817717487
1.08329803811495
2.31787370883572
2.46104388717030
2.61406315051878
2.49912514447879
2.33653619539672
2.26967280417255
2.22079390839275
2.23777145127260
2.36188004581438
2.49040407026072
2.45533232933430
1.10901580202139
-0.17165881023826
-1.30704975809320
-1.69000523166099
-1.74192162059944
-3.55940431061963
2.88944059890649
2.02927630143331
2.22771700385118
3.34799732101681
4.29744594373453
4.08156991275295

242
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-4.97476258466294
-4.53598142609448
-3.29947083996611
-2.53618579716750
3.46617921415904
5.71068578995264
2.16402490860458
-1.86573226690122
-4.29918318827086
-4.44201737733667
-4.75953287702257
-4.95965095751453
-4.88487365574791
-4.57455336176299
-5.01958541423044
-5.19989632700505
-5.28075862909085
-5.17270282856819
-4.25132159732152
-4.83823239038183
-4.49145501736165
-5.26727529195472
-4.92220392992166
-5.28382534539953
-5.46274262094984
7.25300408095673
3.47938614220250
5.72383341413419
7.60677368486482
-0.91904470421521
-1.87669731398363

-2.70195888846221
-3.61470299063178
-4.28775179385842
-4.06258958170606
-3.79798598250670
-2.36477889464837
-1.41218966887296
-1.54142602894846
-0.12679629807986
-0.45569132403863
0.48374087960656
1.84607959701109
2.20678269175520
1.18656652442541
3.57782235293853
4.55603152478862
4.20225686708662
2.87279611553373
-1.72964921456559
0.08828066329742
1.51602716715379
2.58703414120254
3.97507417532503
5.84661904864700
5.16427069063992
-0.48667319504817
0.69444136784690
2.16387982699136
1.55864057017178
3.25839646525386
0.92643094888283

5.46994363672936
6.41621233217392
6.22749940723728
5.09036809535966
0.27159652909013
0.08951431322336
4.14945997470511
0.91783783137479
1.25662278632852
-0.11557066227000
-1.07952821225247
-0.72079760405469
0.67972931574351
1.62315518531825
1.04040658401487
0.07423179932388
-1.29574298308324
-1.68407027231917
-0.48314107987848
-2.35953215432364
2.92812722792494
-2.98782881777260
2.31654016253728
0.41605271541751
-2.20300298243117
1.01800776690694
4.83338668018040
4.59857610804071
2.74313877517858
-1.50531460929435
-1.03397061250894
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1.16724034248173
1.95236358272803
3.34074252093587
4.13839919499693
3.47503533229152
2.05441815490193
1.28231762332736
4.25986330750286
5.64475577524080
6.29807224294820
5.56363074428432
3.91291615566930
3.55039857129615
3.95246742335950
4.78151062451484
5.18680564441787
4.72533893395824
6.00229873019176
6.32728053484701
5.83022507454530
5.04717860633848
-0.19866313445156
-0.97222911084049
-2.39560773364410
-3.06296044278773
-2.26532792312955
-0.88076501954931
-4.48564215915479
-5.22549820886751
-4.57435481054414
-3.18800517881459

-1.08693581252260
-2.23384984257285
-2.10894012244908
-3.30573258759618
-4.58511746813434
-4.64424249799224
-3.48971440909438
-5.77454984072455
-5.71458786735254
-4.45461565570905
-3.27994772259476
-0.74110942894155
0.24016396746011
1.60447308898142
1.96278118515646
1.01317446245244
-0.35182469570134
1.40312868772654
0.49873775018107
-0.83020479980555
-1.24450056567179
-3.51562393833508
-2.94311519962547
-2.92339748251576
-3.57148390818823
-4.11900007036944
-4.09746786492915
-3.60955421789605
-2.98556773209767
-2.32603726820812
-2.30187753880719

-2.70765309282135
-2.71818872563051
-2.80898181279889
-2.75099315309158
-2.66229856728851
-2.61479927365673
-2.63994616169562
-2.59753625338503
-2.60244182474979
-2.65959150162261
-2.73195814879163
-2.94319824848560
-2.01678343034836
-2.12946855138627
-3.18409890208862
-4.16266678903529
-4.06907932494431
-5.26684869170832
-6.26552652049621
-6.20315876695352
-5.13484482345613
-2.58421149015846
-3.59088888470923
-3.56172738758853
-2.45099806561633
-1.40622942344645
-1.48468525803621
-2.43813991809286
-3.43252165288260
-4.50440833560869
-4.57133514051381

244
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-0.34091378089583
-2.83837681988761
-0.16350406503399
2.71314339707152
3.42738085265853
2.57582744493968
2.03274151753875
2.40253261864906
3.24850212463376
3.73203244353854
1.92616837069924
1.07552983514097
0.66388486677282
1.13364702114500
2.24463162036952
3.59272336127655
4.53304788166914
0.72389787146670
-0.19207830816091
0.63048362552069
2.26446131581589
-5.14811122154571
-2.62081289154490
-5.31335055141836
-6.55977503333063
-0.54999401890952
6.08070367960571
7.39735063791338
6.23952147864270
3.73962651185630
1.56293442272926

-2.39656167521725
-4.65009068331330
-4.61685891389740
-0.10309499135339
2.61169129774645
3.63255890376302
4.59856605057159
4.52110947658603
3.45653845331829
2.53748784252683
5.52849525875615
6.53052920717239
6.57079621538564
5.62525529593393
3.69552054981425
3.31911227518283
1.55355918178966
5.71416885735455
7.51891718667392
7.46253256286565
5.51571510854133
-4.21287097244188
-1.68009623430245
-1.73263881959810
-2.99435127051444
0.71137997879594
-2.31117094685774
-4.40806131017319
-6.63889796439530
-6.74287742122592
-5.62647751048986

-4.63924540867849
-0.31461690263391
-0.47805967657826
-0.95408545981707
-1.17400998068611
-1.58905621743124
-0.69308334433061
0.70645239469701
1.12420532268217
0.20655735592039
1.59098657951479
1.14876654830243
-0.20590293791283
-1.10797305889306
-2.88259579541487
2.41987075767123
0.63792294166184
-2.37324562838685
-0.59485441196067
1.99570238143996
2.89443512773241
-1.44408438351379
-5.61057337613233
-5.44447853224912
-3.39362483749679
1.56790257735433
-2.74927048000365
-2.63696648005738
-2.54899476166194
-2.53492164563220
-2.55191619502643
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4.65900103109962

6.35501237206218

5.10920950096115

-3.02047500507456
-2.83371180649203
-0.57998870198572
1.48897559370947

2.56860133883698

-1.57722314352355
-2.93916176521406
-5.13498156595223
-5.92067954687862
-5.58156039985552
6.95285117881394

6.06141879856048

-1.32176658945987
-2.60792501271370
-0.51737243068754
1.20995201673482

-2.14694994949749
-2.71508681843532
-2.02403223358337
-3.67405112586716
-2.90197921503588
-1.91291467402976
-1.85757652336311
-1.00164736777621
-2.89924309986489
-1.47575011805231
-1.46690154385520
-0.99096982471184

-2.27133488479278
2.44494683072207
3.00800328782996
-5.40368794208535
-7.86872889198303
-8.96381749061597
7.55723920927807
5.36854640725645
-4.58315789713765
-4.99170767880417
-3.80899027760525
-2.15632980987881
-0.94250060248381

0.81181600697358
1.53805764096433
0.28925489650068
2.04992261893924
2.27071372456460
1.69706123286109
6.22490946391267
7.47146979407154

8.32899643581327
7.74382841245903
7.34857336317190
6.24475799183469
5.12678521329924
5.11338438499597
6.19535213227722
7.22439911331530
3.76570876917822
5.06447694779058

-5.11033046800296
-5.31549479937779
-3.28610648522203
2.56548644719882
2.34719442724970
2.14104998215677
2.10361837456507
2.16223903294678
4.96637852654766
6.99287795192023
7.31858346263411
5.61064649044795
3.51314646635844
-7.11488548909686
-7.01347772026338
-3.88999829185975
-3.74350928453785
-4.34035568875586
4.42147429822145
2.14119317487001
1.52595994019430
1.67089506707465
2.01677962747521
0.44303421962130
3.63301961018664
1.41097124292730
4.10733442816252
4.15045295978529
3.92180432725093
3.52995244110673
5.21545562003935
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0.03851205319059

-1.37093822500399
-2.55163501033636
-0.73009256188072
-2.18470812043088
-0.30537097714480
-2.02952122001394
-1.35220616459995
0.72095433877471

-2.45182555884746
-0.83303844761204
-0.98679393062526
1.25760812986139

0.83188722163524

-1.64035496192290

Ci(major)
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-4.45682698816800
-4.55410867065561
-4.96897179514818
-5.27999004566461
-5.19179485969610
-4.78957113692455
-5.01295521765461
-4.64934642172591
-4.22996640898195
-4.20164573784792
-3.81903810641645
-2.64251734651690

5.32134152482833
3.79818502981976
3.62967411655296
2.57688999161025
2.80266081678258
3.64342963274235
5.11263003425191
1.31654410575844

2.68375039857589
1.26825103166502
0.49651555911043
1.03995907153418

3.31010774146502

3.21788226856179
2.02190117940338

3.38330553227768
2.03052927690315
1.76838226361619
2.87111834959868
4.17545004984059
4.43299632930057
0.41887473515618
-0.61369072462327
-0.39012624322955
0.92378306784744
-1.53543902240149
-2.27351486846025

3.78677944080758
1.93690376570306
3.71484224198076
4.03045742020296
1.38266374162833
1.64094388513048
0.32156289339682
4.05582485337087

4.33095406151115
4.02218756743694
4.58395349043838
2.87530708542212

3.59215919936471

5.30195204975980
1.12403831911562

1.51691715145006
1.08198838333432
-0.28167280471503
-1.12278159862795
-0.65862978209325
0.67287124947560
-0.72946081340657
0.11942607051895
1.45229974401488
1.90720525701945
2.30088367989704
1.97612176202891
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-2.17660334591604
-2.90630957981801
-4.11518613247857
-4.54307971231728
-2.45227534961787
-3.17924927267505
-4.39317741585764
-4.84548294348167
-0.88771810505674
0.24953922928847
1.55802934920222
1.68569027367531
0.55808742881784
-0.75544359255399
0.69956182406564
-0.40775264891839
-1.70490553780123
-1.87527475612265
0.10401713346857
-0.55489260422818
-1.91022615408716
2.72050516801690
2.97650295535484
4.08045039866006
5.04825157557536
4.78491230521903
3.65015884901870
6.20618185498001
6.38083274292761
5.40398715335463
4.27450261912658

-3.34317275464382
-3.69820574686684
-2.97904160597267
-1.90961815277207
-4.69705990882463
-5.00560194017810
-4.32878880062360
-3.32898060540199
-3.99790077651112
3.19623048109761
3.71168539305255
5.08788751013498
5.95296073799220

-5.41054812458893
7.35468267425252
-8.18855000890460
-7.64772078597278
-6.29143210647094
-1.81913601028226
-0.98705528228978
-1.86462667556870

-2.79726039500674
-1.82642617232723
-0.92860667186109
-1.11040252493972
-2.10194866659023
-2.89502383715158
-0.28426921929233

0.71820183908054

0.93763442774245

0.13268351558679

2.74209192807466
3.93480446471862
4.25885590749597
3.42446410152998
4.84708027603859
5.98838980893569
6.28010534828953
5.43351072410233
2.38851006326666
2.27675065433876
2.03575672426166
1.86749529403443
1.90608127040014
2.15628316233151
1.67816293035259
1.66958338130327
1.87956054128042
2.11747906868623
2.41219143939481
1.15912292966105
0.85123742377517
1.95489495297687
2.92438789211106
2.85757039306577
1.79685199110020
0.81126819139387
0.88208813906127
1.77586869866770
2.72116041728744
3.72339690553727
3.78802538483078

248
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2.17688531278583 -1.76576778753067  3.99655728954278
5.62398735320045 -2.27150727984294 -0.22252703604320
3.43261767811526 -3.78861377170302 -0.09624094198260
7.14001301606452  -0.42749085670395  0.82609240000029
7.45660060917851  1.50774129346709  2.68271327865638
5.57762321041750  1.93826760098694  4.58893084005251
3.37297367472755  0.39143171262010  4.74054907217024
-3.79944772613222  1.15098449767416  3.16462219295312
-5.40314800455109  0.11576650921241 -1.98150075493682
-4.70957932874365 -1.87928843700526 -0.32068817075765
-5.61462285327647  2.68482239092102 -2.41076274037771
-5.45590797026010  5.20195152867550 -1.47221395137477
-4.68592079000897  5.69823537490715  1.09023582729577
-4.02835632212599  3.68552836132238  2.74738813955149
0.39130820275474 -1.14789887926162 -0.12423207693084
0.98403042598730 -0.14459365435281 -1.18171284338243
0.32955102549533  1.28221007694293 -1.30086865161685
0.92150508191144 -0.77846603602582 -2.69329296553850
1.72966760818839 -1.90854769844908 -2.89131001944539
1.09353080361524 -3.18276826045574 -2.89281888063783
1.89896823969814  -4.30950396078619 -3.01431698261909
3.31265476962170 -4.20447758171551 -3.12163270002806
3.93752489057763  -2.90352524406250 -3.12507074809946
3.10574234049606 -1.73259587460700 -3.03852009801659
4.13069115307917 -5.37072552488184 -3.19485953666000
5.51157228689184 -5.26644844599513 -3.25153266903726
6.12777659132104 -3.98676193282330 -3.22582749938939
5.36031201258447 -2.83278074440476 -3.16582079669090
-0.37771767473738  -3.28103773104571 -2.74691613311135
-1.24711590331091  -2.64571969149504 -3.62963647642016
-2.66460617246969 -2.72488651697248 -3.52178088428499

249
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-3.22106415152505
-2.32758987190617
-0.95434258262655
-3.55739980660225
-4.93278195580162
-5.47402231170848
-4.63517269502781
-6.79866944301572
-5.19515570487747
-3.09547777362987
-5.76145048080935
-0.71633553211988
-0.14784020437282
-2.79815864227897
3.64090915428446
3.33568224211784
3.70806627002279
4.45524556990539
4.79913423786438
4.36297057017854
4.62278462945228
5.32335036267318
5.79492750313436
5.52942616880617
2.59258693096211
3.25498784172696
3.57399452710366
3.11728662744594
2.29131786597942
1.98695628893587
2.48898819485338

-3.53251303012889
-4.14327565052375
-4.03159663727753
-2.06204128127496
-2.16918400566560
-2.98234379510312
-3.66012738345756
-3.07429954319883
-4.40536198919133
-1.29028038339515
-1.51851741466912
-1.92517958851300
-4.62034257039399
-4.82694388427258
-0.34429899457374
0.53213364286264
1.91190440418354
2.37615835601323
1.53598698650813
0.16078797990573
-0.62502398592256
-0.09642055469096
1.24337127832290
2.04478495127796
0.04235874696695
2.84231496583607
2.61941110994306
3.44200303669408
4.56077942202959
4.85269331455840
3.96886719591292

-2.45504329862356
-1.53004894605098
-1.68811403897941
-4.41396160473380
-4.26089780441144
-3.23442997842874
-2.36066174734658
-3.11239433991245
-1.40240573821285
-5.40676543677400
-5.07906719190184
-4.63298032176261
-0.79541553315131
-0.47747555839164
-3.07517955956372
-2.03083562798760
-2.03738804937661
-3.11519644960239
-4.20823434271005
-4.21455806427601
-5.37684539300237
-6.45182957343606
-6.42280447244276
-5.32387598953142
-0.94483168095706
-0.97360893959162
0.38789458578154
1.40443706565384
1.11436171852598
-0.27293523964145
-1.26974880548070

250
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1.19180068015807
0.66823034754589
0.92666958832895
1.72091051633817
4.33078926973242
3.45341982669054
2.16703432215924
0.90826364569441
-0.08347436114541
0.39007866593602
1.93541744459802
-1.03253811354074
0.06465994113206
1.46357975383540
-0.02028423723834
0.88476747892914
-0.41498281526022
-1.24189306118523
0.25421716916094
-0.47394598222020
-1.59141011600738
-2.02675466585023
-2.44381606051741
-2.45521347864023
-1.69129892928897
-2.05519376045558
-3.16302122717749
-2.95502909426675
-2.88371133918928
-2.58366099001313
-0.28702167990306

5.99854394783948
6.78574331658603
6.46975921801274
5.37895466158345
1.56254890977254
3.14740112874157
4.20321275595551
6.33669320744639
7.85183958955552
7.23352030705257
5.11924064168002
0.45611728528255
1.56480592232292
1.16371495029831
1.60632690408615
2.48713149199219
2.91668903532412
1.98314459943382
0.39448234397339
3.80012036057321
3.85184608852056
5.20123982828085
6.23347532291341
6.11719717415041
4.89594533692177
3.64364149878452
3.56778346777069
7.52275579654765
-5.87957667587253
-8.30935598768414
-9.26715673904451

-0.56975615399113
0.44519770928296
1.80286782012364
2.13016601953404
0.70262576059163
2.66655919977251

-2.55772176413853

-1.83524163704862

0.16252146165304

2.75613773450833

3.42371975845155
1.69494096396847
2.09934821800757
1.78558607813979
3.98378049261757
4.42710437512313
1.69476522476271
4.37377871490014
4.47416644755401
-1.29879550199556
-1.30487200254935
-0.78020172351484
-1.54796182767907
-3.05551640448225
-3.57640083240874
-2.76526541091437
-2.72321069962982
-0.97025630659595
2.25995262834579
1.84654144513339
1.48809206181343
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1.70801202747072
2.67852608119615
-1.50812706772284
-5.77128371730497
-5.45780392209186
5.84991614063368
7.22527331076576
6.13343338112231
3.64053869032847
1.43755396744016
4.25546587050691
5.51030425050001
6.35517498622538
5.86518647657839
4.76699226503344
-4.96223868909837
-2.80588081007342
-4.01298532347269
-2.37648291194987
-2.90439861613919
-2.03769342607579
-3.51726666860423
-0.60040543005868
-1.90851421436848
-1.54339385885927
-2.11537792820210
-2.01656196412199
-1.58879556589983
-2.43577087747189
-0.31682349900985
-3.43671416745976

-7.75801619756141
-5.52311676306281
-5.22032454920299
-2.77763885218799
-1.35758023638627
-1.85061483899464
-3.90936108669212
-6.17278020724495
-6.35644580563141
-5.30796109509859
-1.65892616373175
-0.72128757552036
1.64605977746923
3.09285766391299
3.43062146150973
-4.58788099694049
-5.77798810645362
7.68388766139693
8.38875956582447
7.52997789649792
7.04863350192479
6.08274698188788
5.08379321217787
4.72849787046203
2.33311287952719
2.80291053017550
5.30054748319484
2.79248147465389
1.13855252827664
2.22474017424201
1.32370041402496

1.49744667823476
1.68394603537768
4.64570675802974
5.65945853237411
3.68692429254417
-3.12164571860188
-3.24442304013934
-3.30261517346831
-3.19462930578381
-3.01496236193967
-5.42021163179322
-7.33817648453156
-7.27991396992879
-5.29725341976050
-3.13872292767732
7.18554222009437
6.67768891969140
-1.27074377251516
-1.35644577592128
0.13423732392877
-3.49694052444789
-3.39290362545168
-3.49270218469638
-4.65075453888797
-3.33817556713390
-0.50513791991765
0.31910422028211
0.32926297870788
-3.16177299741805
-3.91949558249936
-3.60200668038136

252
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-2.00386187717329
-2.59739132101470
0.02300613683457
0.01645539500952
0.35119879352712

Ca(minor)

172
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-5.01217777809577
-3.72340499495763
-2.91815349457849
-3.46848505171685
-4.79205227363883
-5.54849323404269
-2.65544984267184
-1.36009349296551
-0.85213409639644
-1.58497663373518
-0.47686561301320
0.76635133738704
1.74980629082492
1.43516545027796
0.16342427441910
-0.76008227487608
-0.15849122070519
0.72141726571383
1.95734443453066
2.30562216642780
0.98224554260289
0.80908176957216

0.22929592365483

0.97797911940527
1.61509431220797
1.26738392854815
3.09159533089729

-3.88343343961002
-4.39570790466137
-4.19075723269714
-3.44950591753352
-2.94138513520816
-3.14540836068989
-3.25195921303887
-3.74867015450913
-4.47267925317005
-4.67648921630031
-3.51776417123926
-2.85788171892581
-2.69101538883114
-3.10961453628159
-3.74561232979130
-3.95274108231788
-4.14717494174821
-3.91646280501223
-3.26196691280178
-2.86796701715041
-2.35331617752874
-0.72428204125836

-3.61606990252890

-2.07511061811605
-2.23115913476157
-4.35326049193510
-4.03422129208535

-2.74987711544509
-2.67580351910313
-1.52055263624912
-0.40306672302970
-0.52133232042185
-1.66687465982044
0.75429697505931
0.85361086346745
-0.25981442095828
-1.41630807547703
2.02364274518265
1.80213746889913
2.77651743168122
4.11951999105914
4.37529231229723
3.31059409158177
5.70555175422605
6.75172084909796
6.50565268600250
5.22153210950261
0.51842258347113
0.35232577499606

253
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-0.63386778615918
-1.62011217758093
-1.13450857706146
0.22834847902812
-0.42864447728559
3.05187578490985
3.07124522078000
4.27340378518497
5.48027784368169
5.52971793791230
4.30561335521822
6.77275129823472
6.81843371968312
5.61312057992949
4.38958253019406
0.38810688919843
-1.00872925303774
-3.14245578302012
1.87603855966692
4.19090041037457
4.12783801454880
3.92369953596936
3.78718728780378
3.89718843143522
4.11746297494315
3.74717690270231
3.51929790266851
3.40234430835273
3.53202766619927
4.26925146702897
3.84848114505729

-0.24284455596772
0.82781136647100
1.82321242455784
2.68093977254790
4.41195120046584
-2.08550976671485
-0.86310552625691
-0.24709114113718
-0.88349628594307
-2.14277984114484
-2.77070926978343
-2.81631694269449
-4.07470805441673
-4.71049444148017
-4.07666264058570
-4.97668299237031
-5.34403831881836
-2.53910723049573
-0.18163099882503
1.03577085075886
2.27505276609733
3.47356922322865
3.50402595715172
2.25781279808637
1.07138815186896
2.27361952052076
3.46028597148431
4.67704500292420
4.69903545733275
2.27343696776904
4.60152247947515

0.79120462408173
0.12013023219149
-1.03696618749153

-0.96737217723122
-0.61166149671911
2.37806361787551
1.69796597464277
1.23233441272108
1.47973245095558
2.14042477996900
2.57864009776284
2.33193717295825
2.91116487773719
3.31060513846303
3.14770799472218

-0.19395216425772
-2.42649004623973

1.78142873986822
1.47648833056724
0.47897308839648
1.15878790229922
0.49351850124928

-0.92327621899579
-1.65441589297233
-0.90456342564161
-3.06968623574395
-3.75048411110535
-3.03457392735852
-1.65175596919172
2.49132884081162
1.21641079917927

254



4.26558189333646

3.40668971999225

3.79045856441100

3.37803274725715

3.15748350750361

-3.25402669464797
-5.35026614821000
-6.78336024690548
-5.75515198516759
0.83718518286209

1.08504294157014

-2.37069484515732
-3.18526579786360
-4.45998040054427
-5.24812222276467
-4.70652766646919
-3.41543072556228
-2.64851563179648
-5.47825730957982
-6.73175173697339
-7.25601620144797
-6.53299057629908
-4.91693745516559
-4.09543241767359
-4.37933318555767
-5.57397900142783
-6.46598061337405
-6.11898564076391
-7.66789156878643
-8.48374367585229
-8.11154800680939

-0.09979833349527
5.87391780017487
1.13603432156587
3.47352082009529
5.80105535894098
-5.07469650205128
-2.24141478698659
-2.64683115946491
-4.06711777665417
2.78239298647001
2.35960010171410

1.72157668620121
1.05663246947895
0.64056479491817
-0.10296897628093
-0.35084255054768
0.13925149353829
0.84655131033603
-1.08971528199937
-1.57996375523464
-1.35747642560152
-0.63925321490981
0.98511590138196
0.68123913767804
1.09813428499179
1.76330409012860
2.08608293630997
1.74393840519913
2.81179881066111
3.22626603937091
2.94676623392576

-1.56857185351558
-1.02460167286431
-3.78418418067690
-5.07592795046422
-3.70930447168597
-3.72860005370225
0.47205175704781
-1.76314149884682
-3.84253546549624
-2.31095501616074
0.20837646708896
1.28289587964857
2.19197638315893
1.79911560033489
2.75107543959134
4.06746056207902
4.41187346413469
3.49608124324258
5.01379138777712
4.68376647252850
3.38268438118593
2.44136723017435
0.42241320101386
-0.66740920021908
-2.00772281801315
-2.24597202008259
-1.18548378949554
0.17420593479653
-1.44058839271292
-0.39970240219530
0.94188401474583
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-6.95776191880837
-1.29903101046893
-0.98980960467374
0.31423396968313
1.34535682150303
1.02762862503752
-0.25399737883806
2.63173436028340
2.92632051825084
1.93417819204137
0.64919929411549
-1.97189543994091
1.97770950255676
-0.50653898568208
-2.90916091477658
-3.30591533983673
-2.70876500165574
-1.47355188181906
-0.81368532074175
-1.48138269298315
-2.68739837174687
0.47823888810894
1.07692025294056
0.39132150256471
-0.84114921658847
-3.30749360204822
-0.94315871927070
-3.23612174558647
-1.41240862780259
0.95968287866124
2.30181543582597

2.22802908334731
1.37755029857262
2.72380621167053
3.25795749933249
2.36636427589060
0.98931905100136
0.51963224085851
2.90181949723068
4.23159353639381
5.09310532857871
4.61991670221583
3.55248066280548
0.11426817199574
-0.78931367703170
-0.02386977350430
0.96459769211118
-0.25579690645286
-0.37635213260318
0.83982783671900
2.07957876485094
2.13048332864837
0.74348467921396
-0.49298996726136
-1.68321162074994
-1.62634684007306
-1.37155176591203
3.22595789526646
3.32743562139519
-2.78817571215046
-2.86803532034892
-0.58320367299833

1.22217205596927
3.79938280841081
3.61191826157935
3.81138009071097
4.30241219234993
4.47077875859697
4.22993024179580
4.58547753658367
4.31645904400387
3.78790933096151
3.55538616858609
3.23273767759641
4.83839036190123
4.37583627972084
-0.44873552207569
-3.02445632189895
-3.31330634839147
-4.00638500705289
-4.43883073362479
-4.23570807100944
-3.55207431541603
-5.03290669387457
-5.24017605755086
-4.89422978682295
-4.26477648066305
-2.86026109938081
-4.66501888817514
-3.31089464901085
-3.91256889648271
-5.14899927582212
-5.76621729980656
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T

H
C

1.15652078533718
3.60415836355945
-0.25817183305090
2.25095052840495
4.15064544545286
1.26323329014530
-6.93878192168936
-8.24248108835676
-7.31693776389447
-5.05192378778121
-3.02695986510159
-6.67781377331575
-7.92297621160630
-5.81886975534567
3.25266821755969
2.64170265480501
0.45937119269171
-1.12839122244531
-1.71050777168434
3.46802164878189
5.64676474786985
7.78229368084865
7.69546388836709
6.41724149266090
-9.40571772136732
-8.73900165196897
-1.10968976026710
0.60888539483885
-1.23220275172698
1.79984881735351
5.05133817855840

1.83879830091043
2.12961229390830
5.47913448630442
6.36258860323775
4.71192859158059
-0.44861888223453
-0.50077704133522
-1.76479820375869
-2.14874088925063
-1.26410693878717
-0.04692793457886
2.03605628192370
3.05150520796341
2.09187846282418
-2.33985921129461
-3.05513315097380
-4.22692902679169
-4.63627636819983
-4.46669691424185
-4.59413629531396
-5.72078387278862
-4.58681868660253
-2.31767570803708
-0.42104356735436
3.78959409849129
3.31047939544228
4.41532964127010
5.25868830331296
4.81094841841832
-1.18401220445899
-3.82540703357156

-5.38841272980943
5.08434043677011
3.07974628826782
3.52618087949070
4.53711676059673
-1.11065632088995
1.43122252150686
3.11412166442210
5.42197226117662
6.01385271446870
5.42399390612376
2.26623780106605
-2.48440727078665
-3.26661083980242
5.04826065896812
7.34220853040772
7.77433773876421
5.88487911983487
3.51714684643803
3.44389317409589
3.74547744598444
3.05023836407093
1.99739097854424
1.13527980826642
-0.60808509241584
1.76963218974458
0.54183771171736
-0.51159094821252
-1.60435469409209
-1.72534375215029
-3.79530867818149
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5.91288869794656
6.34897777865093
6.77442434151250
5.34788156843783
5.70759908533925
3.73797618759821
4.91129374196325
6.73898665486028
5.83329311170303
3.41755430561795
4.99731925688903
5.32966751274062
2.83173372031690
2.87235033312185
3.20749911294524
2.49710068508980
1.84522338153420
3.29153023231173
3.40665880910663
2.86556494690214
2.72875407708167
4.43692950703865
3.21655936045982
2.72405391316949
2.71721452398528
3.29569507628294

D(major)

172

C

-4.26653271318104

-4.03115338342526
-5.05391751676414
-3.32901634545419
-3.89314505492665
-4.03601909401338
-3.50390094752045
-3.43040727851756
-3.62318072994963
-5.13377000285869
-3.81168339137026
-2.32515787588976
-3.74757266048243
-3.30432962915655
-3.29083641273006
-5.30545826611978
-1.86803569585042
-3.78034187170809
-3.34278528579242
-5.77260011572242
-6.16905046534461
-5.22930267471239
-5.56689664499710
-6.85813538057991
-5.85644840614146
-7.23761860954140
-1.34090912391309

3.38095957992181

-5.00817807814501
-5.00668570771316
-5.00458089113972
-5.95006279327061
-2.45250138980614
-3.90077316087053
-1.29767290013470
-2.47723572607810
-2.30254305257581
-1.39332327939557
-1.32125677113487
-0.32236022271532
-2.72113638512266
-0.57880387267007
-1.17531733573186
-2.66637198614438
-2.89274252430731
-4.89432392143658
0.24376503058653
-2.15518908544483

0.93508976255300

0.60210644756556

0.34639231034910
3.20062903986011
1.93141247590214
2.87745843018849

1.60447627461087

258
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-4.57468516446231
-4.91877254287206
-5.38067695924719
-5.55519697758379
-5.45257950769865
-3.38909499954752
-5.71387909750083
-3.95111641763579
-5.09321926069454
-2.67821293555240
-3.81164415419836
-3.21528224287854
-2.79326004533203
-2.03077431531215
-1.81271981315969
-1.34501355681091
-2.19538111164538
-3.50044697801978
-4.75665322421484
-5.84442188658537
-5.72195471829453
-6.83061633981776
-8.05840859844831
-8.12833914053139
-7.03984830941472
-6.75431907317703
-7.84862343715380
-9.07310733685222
-9.17061207380773
-4.42004913670894
-3.27064703869301

1.91796012881215
1.72365858368901
2.72171254783152
4.12320128444099
4.21230378836231
1.09063764260398
2.51083895891941
3.58559037260878
3.52707668822045
3.79588614382072
-1.35983448460302
-2.27001731456525
-3.81806731036309
-4.61807662124490
-1.66389049350875
-1.74076054852112
-1.08105811244945
-0.15321360399406
-1.05553412855663
-0.38268292574525
0.15964751601602
0.89497460022833
0.97771948891941
0.39198751369910
-0.26110568539478
1.59163716164089
2.28474597296796
2.32161357664455
1.68570313704394
0.05252647191844
0.51744301071705

1.25541362051173
-0.19144207272898
-0.98152648484109
-0.44362730926030

1.08164670415926

1.58551073796657
-2.43032814746049

3.07802991128493

4.05910185797597

3.47588497276016

0.98356041697791

2.03303623957527

1.03518047763122

1.78373419220137

2.49804703956638

4.05514276002230

5.22314789882484

5.16115611948960

5.74659012023078

6.29641989601601

7.57991774688218

8.13300285810748

7.38050910667115

6.08817736573039

5.51918137176442

9.37609397235500

9.87409261988097

9.15461105571245

7.92718857113564

8.29181205953400

7.64932822761897
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-1.98225386143127
-1.86479628546693
-2.98775730621363
-4.28611080731835
-5.37648661353630
-5.20192115549935
-3.93034586686298
-2.84465980037880
-3.36754724828711
-0.81123042713601
-0.76785038690335
0.34210096654032
1.48956818653330
1.42201778175664
0.31325909824223
2.62466752234036
2.62272371722416
1.49436410618790
0.38708700855618
-1.82065805984040
2.42470405310045
0.28707684192416
-0.64475248362826
1.52008646136198
3.67740381955627
3.70966707729509
-7.10659250265013
-6.84584738419026
-6.86765424474167
-7.15929323784340
-7.49051904400263

0.51433634570025
-0.00746700293682
-0.54200541398336
-0.52948882767741
-1.14172031904344
-1.71192534738388
-1.69522089187395
-1.12511436786304

0.99235188568585

1.03033797787047

2.32862376940041
2.84474959500250
1.98124970238672
0.64416501705332
0.19804998058850
2.49790017212358
3.78570450801543
4.62542335439800
4.16945587779078
3.13139119706993
0.21660140514601
1.06906744053352
5.01016686526392
5.85983211056584
4.24814993763542
1.74188416469781
-0.75617376669097
-2.11189298776066
-2.58910662888184
-1.72121234166476
-0.34013196481493

8.25984564 768093
9.54263401171096
10.23140988734712
9.60184451051460
10.28616005306562
11.53869374596395
12.17151924882700
11.52538913236350
6.34448522793675
7.51298813090507
7.01115621888415
6.28253626197707
6.08538279535736
6.56818614227084
7.27105731412728
5.40019095647540
4.88248293348555
5.05496149565600
5.75765984272216
7.23477353387774
6.33635024863652
7.70416368893651
5.91164152294397

4.54849012357121

4.20854658202993

5.19943345078502
4.12149883537088
3.80077650030074
2.49960045979760
1.41343503486499
1.70626132757678
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-7.44634651152944
-7.83930240887928
-7.84693193361685
-7.46817057297695
-7.12564618008129
-6.57060204759863
-6.61002141376471
-7.70768995967040
-8.14934048927567
-8.18280219754551
-7.43921838486639
-6.77046980229204
-1.02086713159821
-0.28678697672595
1.09003182453512
1.82770170134759
1.13603222089054
-0.25421762240816
-0.98778992865325
3.20336830913714
3.87348023063490
3.20207200427359
1.85818557467041
1.71934801793136
1.21010799941018
1.68803065363740
2.73687293116000
3.30245406041546
2.77267126704492
4.35657409190716
4.85532665181805

0.08635052065530
0.52020396272728
0.05510620481164
-1.27937323671669
-2.14876050175580
-2.96242247877411
-3.88532168089053
1.38140537372211
1.80815812186513
0.86479899574952
-1.67925920994202
-3.39709248417939
-3.31820385316267
-3.59349173829522
-3.35879066325359
-3.53536246503458
-4.03715183434301
-4.32417800055919
-4.09951534987919
-3.18422598950558
-3.35481712988257
-3.88492473202958
-4.21419245870317
-2.93325800291992
-1.83164619270973
-1.42588508325978
-2.13079049133038
-3.26378156888878
-3.69860470235094
-4.00546355547124
-5.15407999576693

3.06423883073158
0.62400799558381
-0.68266367663246
-0.97257956855189
0.05521536956420
4.79266438838444
2.28622135780182
3.33283144580817
0.83063178392447
-1.69048583617523
-2.24543577854006
-0.26460037921488
4.38903656688734
5.53919757166126
5.52497471588304
6.74701722451152
7.90939587134849
7.83617556883381
6.67433868028145
6.87318380656454
8.07613390716386
9.21071520050307
9.12754006077736
4.24553872288336
3.55636564936949
2.27592022232071
1.70407396441775
2.35237533973302
3.62335457901188
1.74060288459304
2.33440858218486
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4.30055352999586
3.28381543001035
1.00604262054858
1.10527799029055
0.42430387446294
-0.41786368563170
-0.55198816394584
0.19042085189475
-1.12441762107847
-1.95115612925347
-2.11450721291062
-1.43721130936366
-1.63562164394198
-1.04318703304404
-2.61619402490993
-2.94517173451180
0.57945101332789
1.90063133189954
0.08398340794662
0.16473526744726
-2.44593294856034
-3.03667291422836
-4.43826094763639
-5.27413293599291
-4.66918579563723
-3.30994165442223
-6.66191821998752
-7.21941990256449
-6.41326033678398
-5.05067107046547
-2.24683631991708

-5.61321508709691
-4.90660073314450
-0.31167032499806
1.01538034082023
2.07014267289518
1.84550002221501
0.49321018402599
-0.54198273585258
2.88906330291318
2.62283655654371
1.29608040793766
0.25103485739864
0.98422573189255

4.15706359879065
3.61389051172372
1.06105239023016
3.30340290820972
1.25240985178446
-1.79486930570350
-1.08808318025364
-4.34944886081472
-5.07271712197507
-5.31219504766538
-4.88518732939590
-4.14677168358817
-3.87467364571803
-5.19688477858518
-5.85029973438924
-6.21585207088440
-5.94965255967398
-5.60857049946998

3.55846995492400
4.18542466240827
1.57234377542026
2.05186330821443
1.46463478471850
0.33939857050411
-0.16614864020411
0.47108487999429
-0.31996439030259
-1.40197831640655
-1.87020243590379
-1.25688319266665
-1.72602334229243
0.11152258743362
-2.00174139763777
-2.88933232959737
1.97718700377694
3.10230440088935
0.01313608613868
4.11434085975911
6.60671029685971
5.56937907865758
5.48456035605013
6.58641565310887
7.64104388621196
7.63300757833501
6.55597997974087
5.46472063413479
4.35858630965803
4.36714622243656
4.62944014739071

262
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-5.41251946352557
-2.79851498193267
-1.47298781819496
-8.52742107398431
-6.98765534338856
-4.33786069421871
-3.91651975575090
-4.09267162983087
-3.93710810095068
-2.14530613496964
-5.38962133964820
-3.36367953588057
3.72696070430855
4.93338962008594
3.74784598191112
1.32007359582408
-0.75949802035133
2.85766041313787
4.75637563169595
3.12309047709140
-6.35882144437709
-6.05565530039114
-3.80752367638621
-1.84872282644826
-0.88119042356017
-5.81125480506634
-7.76383182053110
-9.93477654365989
-10.10377788105887
-9.06305728018855
5.66621648880308

-3.68031437886217
-3.14154158209299
-4.83799796450911
-6.11619807360567
-6.79767735183089
-6.29313735785059
0.56850133449750
-2.75338062352592
-4.43845561579819
-3.48867490940269
1.53526924173945
3.66017254462179
-2.75546355250156
-3.06905800892150
-4.02002402203488
-4.60670407007425
-4.71538108653318
-5.28430515401303
-3.65129064169484
-1.82689907865768
-1.18327382173747
-2.19048562714374
-2.14813285237652
-1.12293787673432
-0.02373317828451
1.58289306298227
2.81641051845828
2.86881704441822

1.72743182314059

0.48379678626330

-5.72051397591720

8.65594311407427
8.63359096523502
7.55958508217869
5.42831986463372
3.30351265482594
3.28895437081210
3.89058595587696
3.12717707438639
0.72812799377887
0.08340265440707
1.90738693328030
1.02257941460778
6.00803585466643
8.15390299792221
10.15664246397260
10.00422516895413
8.73081462336588
5.12414304262801
0.77791433595311
0.71983741792959
9.79694886917135
12.04180406493290
13.16685502544983
11.99472678764520
10.03483400009011
9.93846544646524
10.83392185489301
9.56552138800459
7.34440136026367
5.51594446697224
1.85234989094665

263



4.67492385981436

-5.04074935021255
-6.75086569048816
-5.60963840686104
-6.53272515388362
-4.78589862181902
-6.39173288988863
-5.33741302768883
-4.82674070496282
-3.53084935044302
-1.84809426744567
-2.43271186590121
-4.72186473026420
-5.75601348279280
-5.73087487157383
-3.45341397217429

D(minor)

172
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6.41253794885561
6.29276759511380
5.15531812390680
4.14364835115480
4.29434957717280
5.40059580586765
3.04105910441707
2.82307519340864
3.81551780813346
4.94874987201842
1.63088766826668

-6.54298332139995
3.12348930846542
2.84060866138952
1.45215988008526
4.52274531616843
4.76953723512233
3.83503696530421
5.26689332357375
0.69932523199077
0.12533598744097
3.85223419906747
3.92449993392826
3.49203680122253
4.41287340072803
2.63607696370412
0.90929291180316

0.87635346195575
-0.17437059154485
-1.02962946199249
-0.81720689717816

0.27976558955992

1.11564135646603
-1.71820329517787
-2.71791427122029
-2.87009740616850
-2.07149341568979
-3.59780988539182

4.01284943455724
-3.06653596776204
-2.64553582637584
-2.73176869932672
-0.79057302118953
-0.92480359535284
1.53931574393091
1.40275925520713
-0.59100327751204
1.22561280019802
2.75467437468590
4.54101350745535
5.10076819311162
3.95333655420684
3.89581556742433
2.65634005699107

2.96717206043582
2.06683798457797
2.09161010555436
3.10524011922184
4.00328335082234
3.92999333600417
3.15666233801671
2.20584411929369
1.19828956303879
1.14578195272443
2.24353890104183

264



0.32982926727007
-0.83333066785416
-0.73653308853234
0.56460245116401
1.72239480989481
0.66798106173478
-0.46471388422045
-1.74866991589647
-1.88166935950835
0.24860377658143
-0.44519940618587
0.33436443359174
1.04896633577325
0.65831248170598
-0.70385799090157
-1.36748591670767
-2.11976333919261
-2.59340147886767
-3.83709015307088
-4.59295295655634
-4.13658053059260
-2.87434540416062
-4.89738031302512
-4.42397684491557
-3.15910240508185
-2.40331158646058
3.65659531390224
5.84420786058600
2.19006468057224
-1.84669869663772
-4.26472077007862

-3.02650035287209
-3.78813965621595
-5.21339398689907

-5.80631149410472

-4.98142626059187

-7.21706494987460
-8.01565974335914
-7.42692031293795
-6.06005294227223

-1.64734657811986
-0.78177032792983

-0.97097744893315

-0.13013165049305

1.36921331302898

2.12430211641412
1.47808753611755

-3.11621958519466

-2.05534804342713

-1.39392441525362

-1.81862724354086

-2.84957005769935

-3.49685583497779

-3.23362405028256

-4.19577437718679

-4.79911342146521

-4.45885869065051

3.81784039771404

2.28769144708898
1.61362868022921
-1.61758919180544
-0.25767300682969

2.40022066064477
2.53140643583484
2.34453895994412

2.15114615822694

2.13039897613162

1.96310614285351
1.93684366780317
2.08795059593499
2.28742754893730

2.46931497367531
1.25721618017232

-0.11984038800957
-1.24926541649440
-1.69882832439309

-1.95749680767027

-3.60523937797116
2.86817565625728
2.09192867496987
2.35159666192424
3.43784213708993
4.30269065563542
4.03878239847526
5.44742088121060
6.32527806877645
6.09480342046382
4.98140943367756

0.26349407171404

0.17057406906310

4.18561786359896
1.00363396554905
1.50115000315997
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-4.30461633818478
-4.56008804851499
-4.80966757908410
-4.87363702080942
-4.60124979510715
-5.10064689158187
-5.20440593403387
-5.10538142592630
-4.92087131425974
-4.09093880102102
-4.54456675819451
-4.59491431368102
-4.82497491742088
-5.15340077393353
-5.37217239641620
-5.16480018774187
7.25912785048572
3.36382710170888
5.52575972683946
7.46795068256779
-0.47476260157977
-1.83179484119132
1.08120736949730
1.84082919679944
3.23334284116944
4.00486910895731
3.31470655351971
1.89367650982712
1.14484321373154
4.07238911947297
5.45765434918441

-0.37713965185901
0.69664549997381
1.98900421721470
2.12878503099978
0.98385516948756
3.42343610078536
4.53831943943471
4.40654848446844
3.15441634295899
1.57841233851041
0.49283160091502
1.12707334700738
3.07721738614284

3.61947167066597
5.75391071114429
5.50352812880579
-0.33703725582204
0.55195257044236
2.15417437655755
1.69198689867032
3.57246324823242
1.72449508395035
-1.00722597900253
-2.17411270310165
-2.08015697770434
-3.29470270109960
-4.56087102887975
-4.58885035221427
-3.41808692775998
-5.76770052302911
-5.73578862084862

0.08632768164153
-0.74934449862950
-0.20747181239646

1.23334052823721

2.03660699161554

1.78100530333282

0.96281475459210
-0.44420752038334
-1.01803184525564
-0.46302028531240
-2.07391752919762

3.37339711712402
-2.34917874590834

3.10743338406517

1.49379091440378
-1.20277692333322
1.15499352057962
4.92736281996745
4.75842963468955
2.92225690097737
-2.12791362009142
-1.02873335512983
-2.64706078279722
-2.67077690814521
-2.74323445057754
-2.69042742356305
-2.63734661385265
-2.61875134843230
-2.62986472099154
-2.57199713902010
-2.53894754339229
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6.13727923535199
5.42921775281524
3.85338703526526
3.52475230713316
4.00107154652383
4.87650001792449
5.24757658280302
4.70433477730673
6.10762966923021
6.39767311466194
5.82014592217204
4.99310477593194
-0.33634317529709
-1.11248231820614
-2.53650544956601
-3.20098631987012
-2.39998550889154
-1.01633745488648
-4.62399927537038
-5.36624924062283
-4.71786543513989
-3.33250387829189
-0.48350785023623
-2.96822984942310
-0.29584984254625
2.65642327528548
3.49544921373691
2.78988624308908
2.24891163402921
2.46512009141173
3.18526702570261

-4.48867716899206
-3.29823938354792
-0.73187217161388
0.25704273961328
1.59962514634886
1.91796067920844
0.95997296009884
-0.37556008124875
1.31615977670749
0.40799577009733
-0.88923773799518
-1.27113263503582
-3.43493224205211
-2.83694876602742
-2.81690007188475
-3.48474484651841
-4.07501246159535
-4.05741854495835
-3.48656905644675
-2.82424966906557
-2.15550578525377
-2.16064654002832
-2.25966503393516
-4.64022683466798
-4.62370692988478
-0.06076047526424
2.64139228056484
3.74343542528845
4.74801259442494
4.62743225901482
3.49724537738342

-2.55957357257597
-2.63418795469943
-2.85820907386362
-1.92758788380095
-2.01754963003624
-3.04864550559999
-4.03123321780356
-3.96669508090827
-5.11302233598033
-6.11880308898271
-6.08642758973379
-5.03944976221816
-2.58215674620924
-3.57129741292263
-3.53513521144782
-2.43434283582805
-1.41639733254701
-1.50376711744144
-2.39362493191105
-3.36145420001942
-4.42986489655148
-4.51966046923192
-4.60474224521287
-0.34018322888796
-0.52657183971206
-0.88083654017682
-1.09054256205863
-1.56928996659458
-0.71685499449253
0.71212368190900
1.19240560312467
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3.66846149038152
1.95841269669520
1.22283457935116
0.99348634512582
1.49688783022176
2.59048050954535
3.41766113101667
4.34534569976924
1.26000314538157
0.27659582417216
0.71309858439740
2.15047116517418
-5.28278752820142
-2.76894431484213
-5.45851869593016
-6.69960544320644
-0.62738589111322
5.96611909841645
7.23611357423461
6.03227769182160
3.53084578177005
1.38043746820636
4.54493210457863
6.52283150965212
5.26599830563750
-2.88084552362911
-2.64811572649233
-0.37379082301056
1.66852033811958
2.70701957354423
-1.42184667572888

2.54125059524397
5.64839627475468
6.70808675291592
6.81531705175317
5.85602359958521
3.84429126202401
3.33280058409430
1.49659388321268
6.00937851455922
7.84384518033312
7.63733072818664
5.59780984158952
-4.09467868778083
-1.52230286185682
-1.52676034904000
-2.80586199535300
0.58538595920045
-2.34067857360893
-4.46477186337827
-6.67258531589083
-6.72559878225138
-5.56121630070510
-2.27348149129497
2.33547476542122
2.94329788530961
-5.61407487461046
-8.05901405992323
-9.10171980500515
-7.65553612711031
-5.45571877463092
-4.92627536562039

0.31166819185331
1.56532025819819
1.05289886332949
-0.34049003768154
-1.20798188495417
-2.88828170295678
2.50649434983034
0.80552674687339
-2.51122270235356
-0.80238875817714
1.86652450947105
2.89348626138757
-1.40037467885079
-5.55135586937548
-5.34541459591799
-3.30132049173990
1.89988362361810
-2.62331604581582
-2.50509170744566
-2.48299550111897
-2.53640637023656
-2.58407615518819
-5.03762037861455
-5.13868677392352
-3.13157906524982
2.38105425980673
2.03731666123991
1.78486556806457
1.82534572085791
2.01044544478664
4.82683139243228
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-2.76952509407188
-5.01600037883486
-5.86411930648743
-5.55699997555088
7.05797079154858

6.02439791314751

-1.67682128365385
-2.46365582948223
-0.44347680026583
0.96439270637288

-2.16280457528831
-2.63203241848067
-1.94611504545494
-3.63595534395567
-2.68792228197367
-2.14730487170602
-1.76605427922579
-1.27391278957376
-3.20038972677340
-1.81228770534608
-1.58393965138053
-1.44425937116863
-0.20387789791316
-1.27572445025980
-2.68115002927167
-0.91285212749919
-1.94887863746091
-0.18711678319420
-1.74804437685816
-1.66889092606124
0.59016738263874

-5.53970770321099
-4.48085281882852
-2.73748214593374
-1.33477918496630
0.69453299290774
1.59798183025718
0.18059973948755
2.16508706595218
1.61662724663133
2.02000167879318
6.09554014725764
7.20474003302469
8.07464089166520

7.55837129156719
6.88767410668594
6.37402363884132
4.89786098910691
5.39236907187023
6.33426871879262
7.41869104148639
3.94167758480276
5.50301625618412
5.62063120706403
3.77179321054725
3.80381678339300
2.88424833092086
2.52810466793158
3.60983383235109
4.72428505858283
2.04693081515424
2.79231375744315

6.80958281144504
7.20787118755043
5.62490618878349
3.65098375201267
-6.95104095126351
-6.90315766577058
-3.46173847047972
-3.93148044373482
-4.55572515537063
4.79895229436275
1.40391821666521
0.50706919400637
0.57918589442926
0.82159602656469
-0.55164653903992
2.88989889972442
0.91378032683468
3.67661618202089
3.25319644485403
3.06184212439445
3.26524708947217
4.76624826300287
3.49648374367901
1.77183326107234
3.36105892401268
4.12976105484998
1.34556080809833
1.59968087823079
-0.17608981501084
4.87051434990633
4.10066959334300
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-2.76846486618602
-1.20712584546786
-1.38695799953622
0.95393714780234
1.07479259217124
-1.92512981010816

C2(major)
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-1.51921008207641
-1.86275854492962
-2.42713162565280
-2.84448725652227
-2.25377553920428
-2.33189988578028
-2.66118364125842
-1.90244818747104
-2.60963666027637
-1.72898380780810
-0.64213153704374
0.44895027515540
0.93627034087627
2.54916801622917
3.44981906791414
3.67275900522779
4.58161415081224
5.27433176315666
4.99070767453120
4.07022777529141
4.78903794517772

2.10093079420841
1.27006967899998
1.63399440178987
2.51009322278049
3.75824551935580
2.38228343550433

-3.60270503539501
-4.51902146759496
-5.73835225654058
-6.23523953305204
-5.42277606251575
-3.91059791043273
-6.66838423042691
-3.03565774711952
-1.93351263978521
-2.22070248748583
-3.40853037291717
-1.44573126563738
-0.02612059664439
0.10967870266939
-0.16660619614383
0.79605666526326
0.47637489390411
-0.79040737826877
-1.73154802768258
-1.45278170670558
1.33714424061461

4.85145907585157
5.50104026715309
1.66676177630133
3.09032094103167
4.34956476117467
0.32111225737288

0.75516295457506
-0.38175870619130
-0.22037255196633

1.14659149550689

2.30370884178901

2.03429180978075
-1.37714862862170

3.20298833435895

3.53717015269925

0.37499593017598

3.93680706886942
1.60498395540421
1.48239539516046
1.12381483196059
2.15016821689892
3.14039664894369
4.21259763916340
4.19136118711404
3.16285122231361
2.16134909623177
5.33192578580216
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5.67741251648764
6.39907155649033
6.19148573629640
2.87356427346862
1.48248136320559
0.60677321600868
1.17054727264614
2.58225551597480
3.45465974778769
3.15341257454496
4.52823749250040
5.38575935456117
4.86221482786279
-0.85789227505687
-1.66511291791540
-3.07384417007988
-3.68822941652479
-2.85024342087927
-1.48654240449970
-3.90870143834791
-5.28062379842702
-5.87984920132070
-5.09907815228177
-7.19869421544865
-5.70912456979252
-3.39270720736950
-6.04734160077359
-1.08278104860257
-0.74641963817439
-3.36234126365658
0.89496699098717

0.99560132508888
-0.22660371243439
-1.10501998825047

2.05292450082797

1.94903106599736

3.07395506765845

4.34278151624721

4.52129354998684

3.37038332247447

5.82842122235835

6.00415821921556

4.87222579624860

3.58803043749769

2.84221331587744
3.33659752486370
3.11891900117276
2.34560295232829
1.81796993746955
2.06709788088176
3.62273613152533
3.41514531791566
2.67709749150811
2.15700367905688
2.47593386155399
1.46064138722769
4.30737171084359
3.88306635248810
4.03445057150363
1.56656668396535
1.06961564155204
0.69200986450242

6.34188621675351
6.29019536113940
5.23842874603078
3.11999001451658
3.05798988981618
3.05530990367612
3.08626600752837
3.11015769161247
3.12420466998708
3.08887179391132
3.06120126429585
3.04478207337862
3.07621647451629
3.01877782682853
1.99803298308886
1.94874392392782
3.00964843732550
4.03114163964765
4.03166114365434
0.91166256714074
0.92264771988894
1.97253502543346
2.99596071375581
1.95443317487695
3.96128619958909
-0.11720162366643
-0.06601233274036
1.00897687326755
5.02791214679641
5.01998366463908
2.96490673037936
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3.63521853318520
3.87695820848444
3.42297983907320
2.63530536605491
2.37003355886173
2.91280029539706
1.55708079606766
0.98257396912074
1.23249260380129
2.05565570335676
4.57905173558266
3.72879211788576
2.67028183847844
1.28621172874474
0.18175009457750
0.65529427214941
2.26626892928574
0.19949171058247
-0.48126191732251
-1.98984366323502
-2.61569467093716
-2.18292094169077
-2.80313974900721
-3.89552601147733
-4.28292566037682
-3.64423575158960
-2.35087941699257
-2.98320047733199
-4.09556646775891
-4.53528624779332
-1.00779027479271

-2.48628720344170
-2.35323784973998
-3.27907904154399
-4.39004207090943
-4.55752150945187
-3.59995558611768
-5.65216835892593
-6.51043331421692
-6.33746655496069
-5.31034754614969
-1.29655156212541
-3.09715300231192
-3.74392094056809
-5.86014724527650
-7.50458263979496
-7.16976439833663
-5.19302832567377
0.98748644106026
0.73499724719225
1.36365461617042
1.66663180603223
2.77918591232602
3.05053522801108
2.21572947935900
1.10048337955197
0.78981291823450
4.07870303559926
4.30835627241608
3.52109911845073
2.48811214599983
3.57241818062998

1.18541713309423
-0.20366219912374
-1.13103556000042
-0.71672734058844

0.69826231522206

1.60291198095920

1.11435277745797

0.18814980223554
-1.19561773835253
-1.63698003890943
-0.63102516164022
-2.42278084668531
2.91628252980589
2.41197735983191
0.58560346693307
-2.06589882363385
-2.95069952129865
0.45070384130335
-0.93689941031758

-0.87955753367235

-2.09753304941615

-2.82427188285149

-4.09762091267254

-4.53484775697536

-3.74679703415089

-2.55047485751749

-4.97826609618814

-6.19193088648383
-6.59278773691218
-5.78119807395029
-2.36514827721858
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0.19899221040359
1.43712751416612
1.40253299986225
0.19013698342180
-1.03683107508187
0.17106250823613
-1.00876222506493
-2.21912359661355
-2.23340952378329
0.20494498488152
2.70029437011297
3.05898958814803
4.26554229081622
5.20377008298309
4.84354036217632
3.63163533965084
6.42955414222514
6.70784799609678
5.77587723197524
4.58440121081376
-4.00277512202739
-4.52232930548870
-5.01867108295678
-4.95763133754938
-4.36187467481348
-3.90677429148751
-5.49933652431219
-6.04385795525274
-6.08797168337754
-5.59234917571830
2.24207519262436

2.90639014345777
3.56361171304244
4.9469305036684 7
5.68091959834486
4.99926570723298
7.09413680531067
7.81168500500960
7.13869171215450
5.76698871458478
1.50667389760046
2.79441487586044
1.86659503442985
1.11146367897172
1.38241287163173
2.34422647104037
3.01403289929790
0.66067457003611
-0.31716074095645
-0.60859757162197
0.09935391222886
-0.46651248882965
-0.49743529658035
-1.68432727716844
-2.91990581028355
-2.89661516135725
-1.70769829838134
-4.10150800304848
-4.09121695210329
-2.88848200255839
-1.71257289124195
1.70161274468360

-2.14914274992720
-1.88802061947327
-1.73332585772629
-1.84385275918552
-2.17977787391989
-1.64379343023659
-1.76012053752070
-2.07776362173695
-2.28411376904167
-2.19985307156308
-1.81389693032084
-2.79330357387206
-2.74919775641738
-1.67998430689174
-0.69517271917061
-0.76157577079180
-1.64166730187860
-2.58795138897699
-3.61414379207228
-3.70058816310731
-1.84375093191059
-0.55455446835687
0.05866326561995
-0.69387107615629
-1.98538580120659
-2.53368479429774
-0.11610217727126
1.16136615734424
1.90957643364179
1.36132716605670
-3.84275197272995
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5.67197134077505
3.33285753427937
7.33168888193486
7.84697630705994
6.06126973081906
3.74755377962155
-4.60789322989362
-4.22818236806411
-3.36013961498082
-5.49263117145530
-6.51536135303021
-6.59446659657659
-5.64719132997645
-0.64492723411064
0.52201119151446
1.83392758186626
-0.07143377460235
1.00857923847599
0.33122295282911
-0.70538759386892
-0.88970320151951
-3.17938910936357
-3.15692964176613
-1.01266644188737
1.11545245679919
2.33274152114886
-1.48450790699731
-5.37616247369657
-5.08950860576601
5.53504340587970
6.47602778230777

2.61177253115719
3.90224421570978
0.87846925729629
-1.01034290480872
-1.57091941955929
-0.20807477722041
0.66254386493968
-4.02187563872562
-1.73828338830179
-5.26176179119659
-5.21550203947447
-2.90372379060256
-0.60780254610407
-0.82954251088451
-1.55974291756430
-0.91588917657489
-1.11331563937702
-0.84042247559399
-3.01280046814740
-2.17264418079364
-0.06063260406588
5.25517091520932
7.70946163018642
8.90046175965566
7.60024370803833
5.49361118033376
4.69037720919959
1.84831172863283
0.44795046225856
2.72159170285584
5.01339719595672

0.32578752781759
0.19729090932093
0.67647750296423
-2.53323491183160
-4.49398581435586
-4.69505669241694
0.11613554413324
-2.69912985661144
-3.75730889706255
-0.78287838146822
1.70391898833194
3.14197028852818
2.11753366515853
-1.53969621357707
2.50864084737573
-2.32545298965993
-4.28510147353975
-5.01182076236944
-2.37270042200574
-4.78442419859670
-4.27409697256224
-2.50471973935187
-2.15323503726717
-1.60102853011475
-1.39086884937756
-1.52307401684759
-4.69515465615019
-6.09025372593546
-4.11244741927612
3.03395871859071
2.99567945242647
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4.95668238784508
2.47567677119707
0.51976804435280
4.22891328922683
5.81826471962404
7.10587816080676
6.72014658096504
5.48611947393634
-4.59160988868000
-2.61285926805590
-2.02162621342824
-2.43229689807936
-3.71390505257801
-2.56254424908480
-3.95804793812889
-1.19212667557760
-2.77653732772807
-3.38092432477061
-0.43168199355568
-1.55214421090327
-0.38316152616080
0.21876122109241
-0.74705772251806
-3.53689338207055
-2.28469116189071
-1.12481213893250
-1.13608700972921

7.01752247370610
6.69621288406014
5.22970820064924
2.27953134148825
1.67678575711139
-0.48156506829728
-2.06993468751042
-2.71356876058234
3.72093991583057
5.10590016420497
-7.57136185083540
-6.18742905828488
-7.01936169799936
-7.30541480106181
-6.22508895781168
-5.71283142827496
-5.66473622752059
-3.64935708610849
-3.71037870610959
-4.18198268504885
-2.64404309203194
-3.50091488554488
-4.38762914096954
-1.65646771873270
-1.26782192068904
-1.74211048623176
-1.55188252504043

3.03899066157139
3.08396463761549
3.08144674758699
5.39491492198560
7.19471304384976
7.09404946219934
5.19915615106116
3.18615303833710
-7.55436423033245
-6.85357368821137
-1.27634454664156
-2.34703215415603
-1.39659303562778
1.24719982909951
1.19249603583833
2.44502248929678
3.25190387440788
1.78456739042131
0.97907661408396
-1.38424113598943
4.69392125676539
3.24653271972621
4.45048713934247
3.01441130308708
4.35299927572045
1.01583450203098
-0.84026078450914

C2(minor)

172
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-0.88032598028912
-0.77565446033904
0.21852545394717

1.34343119511469

0.98914822220018

0.37525537679811

0.30849282759747

0.12656734936465

-0.94587909677888
-1.23700366129292
1.19524993058586

-4.25138566803453
-4.37763672780051
-4.36376116105252
-4.15614734808169
-4.04003250273456
-4.11264762282038
-4.22945437447376
-4.29803987437238
-4.43535678261843
-4.48176803685411
-4.08356430433702
-3.24759395819519
-3.20127500943356
-3.87959758147987
-4.71814021634853
-4.82238610812635
-3.72578954549200
-4.39945634879380
-5.26478306680185
-5.41554797320201

-4.25093780952986
-4.54992761949150
5.26889636654353
5.81217897267934
5.91093053814113
4.59654467109464
5.50794829407858
4.66352495842325
-5.28989083114527
-2.84136415519262
4.04595984878735
-3.89462594159764
-2.50541376668840
-1.51399437024907
-1.81171420559716
-3.18854383254557
-4.19862196766202
-4.88934674553318
-4.54524643966258
-3.18834644510308
-2.19365519360698
-0.77989411253693
0.37451874332771
1.37901489795294
1.15374027085528
-0.00836754697528
-0.92832365450552
2.02080352363203
1.77317642478192
0.65289419243721
-0.22365701579746

0.01817087099417
-1.45283199724749
-2.01763322565836
-1.17447634359101
0.30909033271019
0.83278073965201
-3.49686302940676
2.33953214493055
2.86991436412374
0.16637113383251
3.19701880747469
0.83389054376342
1.21967062781972
0.19525475977627
-1.15072867729859
-1.49149929690029
-0.54815501549711
1.84917606383927
3.19277824715791
3.57458175190324
2.60524015980822
-2.20971997115686
-2.08679865790338
-3.05940985831380
-4.31195237202886
-4.45651519587337
-3.38162729471151
-5.43440959444250
-6.62197924308022
-6.74576748000126
-5.68327939068741
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-2.48014916541535
-1.14130223158010
-0.36580339800336
-1.00311455905421
-2.37809798603066
-3.14419493391297
-3.02213330843976
-4.37355969079711
-5.13623931169919
-4.53759404449830
-0.51457892820624
-0.85293185692998
-2.48945603417093
1.06108586223771
1.97615028248190
3.35413153889965
3.83259439860784
2.90173230009929
1.56100934677821
5.20999028741314
6.08628148929555
5.61939472858769
4.27874673111938
1.54106493277669
3.30472316224408
0.72341972874312
5.69396127619143
7.37539777533066
6.48075545713561
3.88352810110899
-4.57749521291833

2.65476935984399
2.63549288681653
3.80838329851639
5.03686792148221
5.13028179499990
3.92991728062499
6.39955923422245
6.48929766587487
5.30682466403093
4.05831348108122
1.39491008889268
0.50315866312463
0.50022348057357
3.70743562530314
2.97435966122560
2.86199122973921
3.58368679056804
4.36575528733927
4.40138959452747
3.49344050794172
2.73516434357207
2.02702279430690
2.07977985378189
2.38072307712481
5.09122123358992
5.13598533092613
4.11987661338779
2.64333237379810
1.28214757751766
1.36145510794360
-0.23387703846792

-2.80778569387849
-2.42551899740631
-2.19518618731374
-2.33718479820562
-2.68383817949595
-2.91536464308209
-2.78367039512327
-3.07703319388023
-3.26721558170823
-3.18944758636116
-2.27753124695038
-0.95871084836728
-0.91428886998788
-1.81444573809542
-2.56938363267452
-2.22969694409877
-1.06845586934794
-0.32894050190596
-0.67883434776898
-0.72251302233095
-1.48830613244713
-2.62310546951752
-2.97958898805542

-3.68862435962199

0.72245993350873
0.06788693419690
0.35887066091618
-1.15383908142743
-3.31940596082465
-4.03474382686596
0.53845757204115
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-3.96637084913931
-3.81680791411890
-4.06791033967969
-4.20577339194796
-4.50448867965750
-4.60316936863107
-0.29631077573007
0.45843399798135
0.20255221531788
0.11412217767590
0.54348873207753
-0.43271370986836
-0.00596458598980
1.36661489083861
2.34132839026408
1.89384359241007
1.79848283506314
3.13957220261274
4.10316591981467
3.71543729503547
-1.86171927606601
-2.61065279314181
-3.98553736548334
-4.61785443880284
-3.85484261456441
-2.52144380194607
-4.76454868561689
-6.06866008096130
-6.67125153348015
-5.96938567434441
-7.92804009891965

-5.46689465902632
-3.53587679620528
-6.18427378817729
-5.48184829295719
-2.88081211016256
-0.92954013745142
1.08594199461717
0.25578981071132
-1.22149095882600
1.02610912157409
2.34050857204064
3.37696559948262
4.69423601196462
5.01700920990070
3.95851562481201
2.59052443396183
6.37426317164149
6.68533130101019
5.64500224845035
4.31492191738244
3.02813592884264
3.48002218257735
3.14934592115032
2.28072704932316
1.85960490680749
2.21996383809418
3.64084821531539
3.21019065570798
2.32060423271091
1.88687582859556
1.92241202468728

-0.95835305832817
-2.77063273697890
1.54016096226589
4.13640768761205
4.86968397165686
3.01950620038809
0.39307978469531
1.57628344756616
1.74718168646967
2.99477334651768
3.14968687803015
3.07005393863256
3.17986939305575
3.36251211106135
3.46613640795117
3.38466235730637
3.43693943001758
3.59685071610164
3.67118053242777
3.60296586061403
2.89887348997621
1.81794135901866
1.64109076170803
2.61270037577029
3.73846944210107
3.86348542308595
0.55549825833980
0.35450967255999
1.27976179799863
2.39793790839735
1.07027289911775

278



m T o m. m O O O O O O 0 0O 0O 0 o0 O o o o o oo oo o m m o mo o mo o m T

-6.59518409141802
-4.25901175678959
-6.78145968768738
-1.99921050395334
-1.84115352145907
-4.41242307559669
2.84210268868688
2.94493006713430
3.96542092321909
4.80662952624370
4.66184025642030
3.66334058176505
3.50339328173531
4.31062744546948
5.31926234431123
5.48680584270025
2.06544900216823
4.17112889245049
4.37235250078909
4.62077015341039
4.66896900683278
4.50329154423646
4.28529172752549
4.54736819560986
4.70173884647532
4.84139319737052
4.81724093742663
4.35865916751015
4.80305357589452
4.17562194918310
4.36980477531973

1.07390187523829
4.54404031188245
3.64739815736602
4.23036940866273
1.81112435510317
1.12522788973587
1.45207375289636
0.53868486668831
-0.46567476961647
-0.58991158805561
0.22926681817230
1.26815300954512
2.05001779006445
1.83661947951372
0.83568096210493
0.04501204206588
0.63543701468405
-1.32640001472517
-0.75372909019922
-1.52521346967107
-2.94330006580415
-3.55998549282367
-2.71136454744727
-4.98139112772465
-5.76679231486291
-5.16228854407497
-3.77903925737055
0.57822899579264
-0.91134742833036
-3.27394959136342
-5.60727471503899

3.25618152720536
-0.28968213526179
-0.68888074781902

0.88713387762756

4.94088434179151

4.70918696555758
3.49222889832663
2.43799220466683
2.40399392306752
3.50636214286993
4.65697147056385
4.66045160749930
5.84311883890030
6.95155631879838
6.93283897641726
5.80688651617553
1.36588511317963

1.21489767634156
-0.06947637977094
-1.19381784015467
-1.10853160721570
0.19151307900087

1.31396658437912
0.28369455035280
-0.84994067507785
-2.12454425443728
-2.25137586289558

-0.18611594697808
-2.37141069543413
2.53001450964230

1.45686924351870

279
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4.66462012965036
4.94920578953556
4.92466813980882
-0.37521682835935
1.21284850411444
1.98098400914319
1.00039937803903
-0.04531144350870
1.69776987889905
0.81455304849390
2.11865738616703
-5.15043835526821
-6.21685381218865
-4.86093315348308
-2.42267827163607
-0.43567483468198
-3.05242105259865
-6.06304157107562
-5.48873598463115
4.47592178990147
5.17048709047348
3.46177707558724
1.04204573275564
-0.74210893720064
2.71986859385648
4.16377599671869
5.95605170471005
6.25186429822171
5.60384451883872
-5.79988223814207
-4.25720770983309

-7.09883333510890
-5.94319853562324
-3.25733353098885
-1.03940411403164
-1.27459331509633
-0.02373459314716
-1.55612531333940
-2.35659337150548
-2.54978524238703
-0.38755279945320
-2.13595191989885
3.15527549218138
5.37896827848437
7.47342724119400
7.30649677800173
5.96362861087295
2.88490193465250
-1.10960387655786
-1.79505702203018
3.52329403569457
5.89538437874312
7.73614238472803
7.17029972388508
5.50932997847328
2.81952594842676
2.44549506743551
0.68274308340030
-0.74637661149530
-1.34681889374292
0.47548475590553
2.44941460868477

-0.76503216570660
-3.20126433597773
-3.47854235971629
-1.43931946554055
-1.93225501890939
-1.79273285871141
-3.79543982887926
-4.02136833618322
-1.38200779978879
-4.40377531302369
-4.24326263070213
-3.30703667633873
-3.46138238207538
-3.14598865493491
-2.61018808555643
-2.16960966187819
-5.35618751189776
-5.77107001298275
-3.49430867761026
3.63036568666051
3.76685538165657
3.65105849311318
3.35788560576676
3.12053754310695
5.87324459950030
7.85647509313622
7.81709156095731
5.78328194404519
3.49324237084600
-7.69067560056536
-7.47835666406911
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Covalent adduct (major)
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-0.53019756072518
0.32882820079855
1.26035566710973
2.20485141894891
1.67967248302975
1.88962359397803
0.26116007420588
1.10969745818431
-1.73866052509853
-1.58023535744551
2.18391688146320
0.98776905178390
1.28511997408658
-1.71290499416028
-1.08425549100420
-0.78626759091132
-0.77515084068705

-4.89409662562892
-4.94009702770711
-5.23531050475689
-5.43018604209523
-5.33534534397519
-5.08831425348744
-5.20427580684383
-4.78585904097771
-4.41668228544528
-4.54168505779870

-5.04438157099911
-6.59557407487916
-5.09045910429198
-5.12386718820709
-6.79724326837074
-6.16094929431480
-6.73526101022439
-3.78733943061565

-4.82340377853553

-4.14678880361935
-4.49653541376430
-4.17516622203807
-2.96214175856691

-5.77862263864046

-5.35444219967085

-2.43106359556684

-1.90930791924474

3.51078833608691
2.15051923360399
1.86122846267897
2.94526402938964
4.25929580921638
4.54428887427871
0.50596504690826
-0.49506194136665
-0.23604116173125
1.07301696900535

-4.05011943771862
-3.72504627550581
-3.89357310881477
-1.31480502556194
-1.56354696848238

0.90549677045554

0.47124768633874

0.63243486424682

0.43219204035681

-2.08806883676401

2.97347481672508

4.27689191905040

2.97334619738936

2.25048404483527
3.96106368878812
0.96047981834362
-0.81054712900443

1.47265529986110
1.05480272005655
-0.33333407112729
-1.23176656056438
-0.79628403674955
0.56772208431376
-0.76251575984383
0.09643217665876
1.44025270405572
1.89765551220775
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-3.90047931586509
-2.71742980056784
-2.19698090052777
-2.83684634419009
-4.03296276408549
-4.54316637941632
-2.30516178557331
-2.94512957334171
-4.14787088792061
-4.67518366176829
-0.95152787735247
0.20927250942054
1.50078114432855
1.57622165505390
0.41349536321632
-0.87377709777430
0.49742482704927
-0.63990591325467
-1.91039437804305
-2.02468866605227
0.12950640187285
-0.64262153501728
-2.05649621560283
2.69815140232472
2.93686389167871
4.05223864255269
5.03980706305626
4.82004354802736
3.67831944399823
6.17424908783152
6.31768579370567

-1.33167695231548
-2.04109165643485
-3.10152949571286
-3.43449893937578
-2.72679687421696
-1.69683893333492
-4.40076869776234
-4.68629630240866
-4.02127307349742
-3.05434852502201
-3.79937992753883
3.05120622942278

3.62859376634983

5.01417524221639
5.83003685927808
-5.22653103466012
7.24456388233740
-8.03548427632891
-7.43737075924501
-6.06634563032898
-1.66683653924815

-0.81687621896724

-1.63381234234267
-2.75761693204978
-1.78260967597334
-0.89884092476371
-1.08732194118890
-2.11696066408980
-2.90287128645782
-0.22927955896272
0.79377185924143

2.29504928677928
1.92286288966666
2.66682571670524
3.91833089135265
4.30664818781098
3.47067390357188
4.82378433491466
6.02185946184081
6.37901294572585
5.53794261881280
2.24002341031443
2.04567627266999
1.85499045608815
1.75132845567813
1.82413393042223
2.07148254911067
1.65599775161761
1.70786985813811
1.92435668980442
2.10444938780068
2.09708034601974
0.93281961334794
0.75439197990915
1.80531585924863
2.77605458919112
2.73888105418406
1.69806439010294
0.74054719845481
0.78532376356791
1.66512574481993
2.59338218448244
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5.33677781887174
4.22703493344481
2.09279206572989
5.71330482812076
3.50339779049799
7.11731132088693
7.37223399350716
5.48834856752537
3.32533984397622
-4.19890198227880
-5.51310911686606
-4.72056343486574
-5.61439426202512
-5.44530576558378
-4.98294432708898
-4.59723431405895
0.08590993636560
0.71153095521292
0.06040227102424
0.82968796923477
1.71862358815373
1.16472043791966
2.04589459231227
3.45306202738688
3.99305466217166
3.08222874339666
4.34640420486070
5.71903402209374
6.25012048818211
5.40880908617492
-0.30470664520643

0.99775579369879
0.16678023610364
-1.69357960133531
-2.33516414301096
-3.83697950858368
-0.36504441447185
1.61123876534451
2.00890699184803
0.41040605603606
1.33404749219887
0.17440029906059
-1.75735451077870
2.72792952525328
5.26999622796337
5.81822604207321
3.83780203711332
-0.98452127013411
-0.02829034943213
1.36687190791302
-0.80011643966199
-1.87638264822212
-3.18943099364728
-4.26160736443467
-4.05993665734270
-2.72017214188393
-1.60271046197516
-5.17137825534727
-4.97982101133038
-3.66348759071709
-2.56053137718127

-3.34691035035733

3.59476752923179
3.66833909855057
3.81070547704455
-0.23700306082889
-0.16366279420570
0.72271411620771
2.54450360285937
4.45241069134228
4.62252445898281
3.16792313702800
-2.03104014058431
-0.35294283589447
-2.54439323090523
-1.66371565035320
0.95693074767400
2.73498960295857
-0.48250294766436
-1.56614642915406
-1.92932670706935
-3.00024372911807
-3.07175761791905
-3.05796499074472
-3.11167327264390
-3.16909417999353
-3.17009177900881
-3.15079776883494
-3.19084571734510
-3.19966181733463
-3.16960803272054
-3.15504201921923
-2.94460317640992
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-1.17432156394046
-2.58974036123688
-3.14889603735190
-2.25522288953853
-0.88181503146336
-3.47322424899341
-4.84593823362246
-5.39396160275763
-4.56348966256207
-6.71544466695680
-5.12901907121293
-3.00122883700685
-5.66552634780221
-0.64292813977606
-0.07522586995811
-2.72641302360000
3.53497626827737
3.13418858398953
3.56287791102341
4.39724605298013
4.78426651366296
4.33756996966503
4.66786592933798
5.43801694253980
5.91738274140600
5.58923255489391
2.26513745253562
3.11938827155966
3.40317317600969
3.01887305767915
2.28381668233946

-2.715224485975248
-2.76292203944344
-3.50301764624061
-4.11896589668084
-4.04066647684290
-2.05108827593188
-2.07647304075099
-2.83920879776710
-3.55047738028744
-2.84932848723213
-4.24374725594402
-1.29838244934666
-1.37872308043413
-2.11316373161136
-4.60254291006783
-4.76008323162163
-0.18272171133640
0.71675507563207
2.07708485927199
2.53354205490574
1.69430241126285
0.32268501597003
-0.46523964068795
0.05814567084418
1.39387868376351
2.19662068108449
0.28706335775732
2.97273149693425
2.66214026591631
3.48889912952234
4.68054470037841

-3.85496123736338
-3.70330083015262
-2.59045524775450
-1.66904986392797
-1.84827774703465
-4.56604592955730
-4.35998796864120
-3.29855864663432
-2.44320526740683
-3.12446967948946
-1.45020152529362
-5.56843774924065
-5.14788591196909
-4.91144734603069
-0.93891457617990
-0.59098999413542
-3.19009425409208
-2.19685897461291
-2.14832068334808
-3.16206986997699
-4.24207836846120
-4.27703043368108
-5.41969548390152
-6.44872058854842
-6.38900778595980
-5.30805091744233
-1.18232771959714
-1.05095981828879
0.30554441342666
1.34869592957386
1.09762207262183

284
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1.98969981106414
2.44696646419349
1.26770830055662
0.83296794238214
1.09403196917229
1.80333158940871
4.09180980556677
3.35951854610322
2.19962375841478
0.97310231337961
0.15488941381549
0.64509723887558
2.01958078046433
-0.94014680009778
0.20415099226756
1.56953942985373
-0.26559493917148
0.63483875474855
-0.04269952336880
-1.47942215244688
-0.28273286981458
-0.48371132873462
-1.54778170223643
-1.90209211707823
-2.12238803803260
-1.93161641461739
-1.15941970941396
-1.72395790301054
-2.82255813056219
-2.58877996725456
-3.01318890201248

5.03753796998597
4.16502167311832
6.24042136010615
7.04345788692715
6.67607004133492
5.51637722874285
1.54694005464412
3.15303948650775
4.49220675468223
6.62366476169872
8.16922873082290
7.45885710149703
5.21026431931944
0.65387781136507
1.49943590985030
0.94936979811495
1.19687550464505
1.80824695100817
2.94423131993698
1.71338074606141
-0.10959483160388
3.14079366185235
3.31648243074287
4.74725756051764
5.73624214085890
5.47999096984566
4.18986957275180
3.01937016541109
2.99589994878887
7.10819742381663
-5.61052540054715

-0.27583241571968
-1.30492803498060
-0.52858068688046
0.51606828925572
1.85918306294242
2.14416214713449
0.57604667716710
2.59821218634494
-2.58823691002314
-1.77840436961413
0.27539550087679
2.84166936944449
3.42631570327333
1.53652318229082
2.33888169730445
2.15646537892467
4.14744467441584
4.92540051134685
2.14113954802268
4.37337290594979
4.42741881598156
-0.49249617128600
-0.76998451785630
-0.43505054242180
-1.32920446396275
-2.80473381088009
-3.09544747748390
-2.27759657700207
-2.45615382690431
-0.93137809875518
2.25356380091626

285
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-2.81345027534990
-0.56340948486777
1.48632805458902
2.55338571499663
-1.36777108495596
-5.59308971063398
-5.46002788730502
5.83384343587379
7.34015943208353
6.39879688717405
3.92007747887613
1.65495322432599
4.29488641709079
5.67393919064545
6.53406734135221
5.93213848902427
4.75320927735655
-4.64789159408940
-2.50974000719696
-3.58440930316862
-1.89435677665006
-2.67607717436423
-1.40842424051595
-2.93486161993411
-0.08749728216141
-1.21356093195902
-1.24334128765947
-2.38403186126006
-2.02877807133814
-1.83407688302346
-2.25470922693315

-8.06601979444011
-9.12472737704140
-7.69336434052241
-5.49668530476978
-4.91432233332270
-2.51128763315293
-1.16881294139421
-1.54964437204201
-3.51530348449352
-5.84496580382497
-6.18634801694097
-5.28959236555023
-1.49590692564855
-0.56772980718428
1.79249446790150
3.24151116090612
3.57390859242041
-4.26299768826395
-5.43126510778838
7.31874039244249
7.88904382098303
7.21289636418562
6.34715189240275
5.44888964693038
4.33338346838439
3.97695384695845
1.60103050627976
2.46794472857414
4.93449228535740
1.89224931498885
0.53211799108581

1.94238329250477
1.57157919153989
1.47468020307733
1.60564343395488
4.57338924840788
5.81085794910205
3.77099329746376
-3.10098177975806
-3.14498355475529
-3.21354671209299
-3.19120268258586
-3.10076496053493
-5.48754803706496
-1.32257475215632
-7.20843717596674
-5.25832289254240
-3.14242576065110
7.32888210367073
6.70489366542508
-1.37836101205872
-1.30566285419271
0.16664350325981
-3.26236611393396
-3.29227849618206
-2.85322086492020
-4.17975287250624
-2.69871565355699
0.00963046123769
0.64513087212636
0.59657793588991
-2.30058754381730
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-0.88595023580123
-3.17609407679835
-1.88569232201469
-2.51849678378029
-0.68791385297876
-1.74330954593913
0.00064645663233

6.11527431857980
5.97152942427839
4.85887888295775
3.91803868405329
4.09175579634952
5.16299915497895
2.85175566621020
2.61036704863572
3.52290727281709
4.61294755118956
1.41845262486848
0.12693835079949
-1.05799012877089
-0.98109214965541
0.31707027957232
1.49121588839886
0.40179938186709
-0.74321073357182
-2.02100928088397
-2.13751291421587

1.48468825535689
0.68432243005327
-0.48704880384800
0.62645295139309
0.43302844711113
1.83810330838831
2.09484102381793

1.19296821586626
0.19659077519217
-0.69018216784537
-0.58676608646458
0.45380779094996
1.33192633136881
-1.52709009398873
-2.46747100249319
-2.51306629331476
-1.65813404800916
-3.34630191107902
-2.75111185029123
-3.47634426339495
-4.91213054225624
-5.53564606816556
-4.73264827106797
-6.95605389287913
-7.73725010091387
-7.12170919478064
-5.74337651919356

-4.17693656487524
-2.89348379365942
-2.52032172285230
-1.23474590425864
-4.45131900416307
-4.78315137806632
-4.43129997018059

3.22299896134458
2.26722003420815
2.29613511082507
3.39261566308846
4.35109993667477
4.26383367470293
3.44664167580985
2.44849973711235
1.36270215669200
1.28138434571896
2.49029072635101
2.58545233919761
2.67710346538700
2.58010768516931
2.47248575205440
2.43881192858683
2.37269382724154
2.35800963716391
2.43084661349981
2.53963148990414

287



0.06034110328450

-0.49324773304744
0.54305175705812

1.12842256067776

0.63144611365516

-0.89452477489236
-1.47145029674032
-2.34128407024865
-2.72183919554502
-3.97333493896961
-4.81672826395944
-4.44829162082532
-3.19327908367717
-5.29744737512338
-4.91706890432410
-3.66227510747976
-2.82144557617334
3.30915441530453

5.41590570332606

2.02883022067152

-1.85370096971139
-4.36905598735072
-4.41712565198343
-4.76603439822283
-5.08721029997152
-5.07620499970526
-4.71814472456176
-5.31997718843250
-5.57833007186005
-5.61481523979881
-5.38282371246993

-1.36068598062457
-0.54601438710992
-0.67322030555652
0.02187534677989
1.44501224374732
1.92757213194120
1.39272593846613
-2.74417763263759
-1.73428147663405
-1.05108201867216
-1.35882174476420
-2.30512689163361
-3.00764496618246
-2.56362272508146
-3.45629657120497
-4.11584324321160
-3.89831638463597
-3.39130974041459
-1.74068606929559
-1.50655058651548
-1.36294538549652
-0.07282796912212
-0.46643639117372
0.40371992720266
1.75963452494859
2.18909382614191
1.24084369171037
3.56130410663203
4.47249850259838
4.04672424574309
2.71599234856846

2.62661999647589
1.31883879699950
0.14392741314116
-1.16619915174115
-1.72163638870502
-1.80298239922640
-3.52060701252273
2.86395260774388
1.97565127050470
2.05733100414222
3.11831782920548
4.11284385824887
3.99831952914297
5.23019203128163
6.21973577661120
6.13168825972125
5.04914346452277
0.37485338567283
0.21173360839180
4.50975883414142
0.93471053204354
1.01666709520301
-0.34500645433348
-1.36144779601840
-1.07184230082465
0.31172265636030
1.31387395394386
0.60512586589347
-0.40886305016634
-1.76003102103988
-2.08421722634163

288
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-4.11387573536855
-4.76529996357651
-4.68826762385000
-5.43360206517086
-5.27537965573611
-5.77715014658023
-5.87480555785503
6.88509025370818
3.20328126461230
5.30571443404405
7.13671516264068
-0.96625832695078
-1.79830896042345
1.08544972914400
1.90517407764054
3.28298683176616
4.11692032688231
3.49648798847451
2.07883471650915
1.27249254843362
4.31982866723196
5.70177811793199
6.31334634158587
5.54037125029245
3.81702747916338
3.51535807290878
3.90848032126796
4.63775253103100
4.96413931653065
4.53717344463335
5.68146383098277

-1.73684171019028
-0.05257452998309
1.62763634005143
2.36231194870624
4.01993818548385
5.76452675240071
4.94269866321831
0.11991924281744
0.63790224251726
2.32273355270703
2.04750275166493
3.39942580455141
1.14942226568486
-1.01344200602341
-2.13685029503081
-1.97938984366550
-3.14927999715016
-4.44410683161633
-4.54304861199790
-3.41128884317204
-5.60596008948860
-5.50157616263806
-4.22410309700584
-3.07578895523990
-0.61758579643990
0.42811345215483
1.78005479626992
2.06582677230724
1.04925926164294
-0.30980228442850
1.36152824075184

-0.65130607878873
-2.62535486206314
2.59874568462569
-3.37479849211553
1.85835729333111
-0.13044521321975
-2.71448411785727
1.29449460860588
5.33750768996710
5.14530953739221
3.16315585087184
-1.80644595261417
-0.89110782917221
-2.44817825994082
-2.47745406736958
-2.64328234046888
-2.56701036622857
-2.42290695002739
-2.36114980906718
-2.38770257553838
-2.33875345672652
-2.37404853845883
-2.48626393744239
-2.58128842372636
-2.91558149751000
-2.04480844422648
-2.27721485419963
-3.42227716034065
-4.36327746544668
-4.12773821389763
-5.55623820812923

289
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5.94669464879120
5.48652403819975
4.79723032581679
-0.20764581742027
-0.96389975521576
-2.38488004701651
-3.06572123578505
-2.28844340903801
-0.90655182724595
-4.48447783437562
-5.20984540099858
-4.54629172812478
-3.16223108522661
-0.31435187553040
-2.88174088090379
-0.20650073615596
2.74774855768263
3.52669102496660
2.61782881518515
2.18075818825738
2.74449808863943
3.69523456147686
4.05941460682417
2.30839526330208
1.34953691660386
0.78164894411236
1.19804693282127
2.11458291423133
4.23440525150152
4.94903166723788
0.64643678355075

0.38432392766473
-0.94284186894811
-1.28172176002545

-3.49761235685235

-2.97785301173439

-3.05707377626539

-3.75100469561694

-4.26158472357338

-4.14091658806493

-3.85637496137727

-3.27751212511851

-2.59044400565242
-2.48521244140625

-2.39014749894892

-4.85844336552339

-4.63228839034984

0.15745350259358

2.82449807458203

3.83809533512825

4.77944933082962

4.69230177321717

3.66944051318002

2.76975209364489

5.61719783725646
6.57619425710168
6.65240897316169
5.78038345485621

3.90691547066048

3.54006674761341

1.80750828006081

5.90589856824590

-6.50280170328151
-6.29533018739365
-5.13918149637923
-2.38224534763830
-3.43078062957175
-3.48024339801090
-2.40659419425317
-1.32898042250692
-1.32970761914922
-2.45131331569206
-3.48337178576107
-4.53020239221657
-4.53011220934770
-4.44505395077288
-0.28416421781626
-0.29690909432039
-0.90289339561097
-1.29551294321654
-1.58393655110368
-0.60401915873043
0.72963624092763
1.00174979359219
0.01552428403557
1.71725948891371
1.42652540702938
0.13179935767014
-0.86716200206911
-2.81993411056757
2.22827600967517
0.29888306141734
-2.07443210079413

290
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-0.15979163883697
0.93666302809822
2.78247137123744
-5.15937632921620
-2.58268516734971
-5.27186062459779
-6.54183122101390
-0.94990670650578
6.02392056679219
7.41084747976822
6.32731259717847
3.83270240720633
1.61550195329570
4.43644722773543
6.00919093412759
4.95828007093230
-3.13191229508520
-2.92883068426540
-0.66582422648224
1.39820680197920
2.47209459070629
-1.84902061624391
-3.34890382099448
-5.57700108512451
-6.25672172654926
-5.79061543487657
6.49728434298669
5.67161623004345
-1.54286056815582
-2.68602340775427
-0.62172303080737

7.56684051948202
7.41953601170478
5.55999902571699
-4.48238068895109
-1.82875825544133
-2.04271251329792
-3.35456552273410

0.84666866963080
-2.09138800323470
-4.14311806943140
-6.40416543252097
-6.58799938220894
-5.53841920786307
-2.30963545979201
2.40064796718420
3.09993133836874
-5.27882863058618
-7.74232979448780
-8.83182788954221
7.41798694133532
5.22488020660327

-4.40647439415542
-4.80191206142884
-3.64470371735834
-2.02734575442568
-0.85408513527331
0.63722685243076
1.71065216494767
0.05419306189550
1.90766079277951
1.82744896352612

-0.10880094981749
2.37429434300826
2.97203796694877
-1.47992246414968
-5.54054851880526
-5.50674640784591
-3.50355585032008
1.92471399855996
-2.64685319459850
-2.48948467421122
-2.30397126946445
-2.23614266817907
-2.29193056587014
-5.00257289259903
-5.71376371253183
-3.61713573010827
2.57241136355600
2.39125564999843
2.27620227828448
2.29617202949709
2.36541730864813
5.00390786519655
6.93301192307902
7.07978594258979
5.29380891266955
3.19679237535131
-7.42129595323480
-7.06166535485752
-3.56862648193732
-3.74313612387417
-4.45282827379516
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Transition State connecting B (major) and the covalent adduct (major)
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1.74603105858110

-1.73627087201890
-2.26188081734076
-1.47910032959388
-3.10150676330012
-2.62570431549493
-1.22541594126473
-1.71291426676286
-0.34714384900074
-2.09081268948750
-0.64810852166106
-1.02067940011917
-0.09940373078662
0.61547130944925

-1.35381053166328
-2.00931341353633
-0.20216960829572
-2.49356329954555
-0.47862212753787
-2.08093577517415
-0.24951295959854
1.21776299684388

-1.29811739634847
0.20035580228424

0.32344637526845

1.22023998126053

1.80105829154318

-2.20888160035769

0.94171210083688
5.90560894485353
7.31309031584951
8.03805172544168
7.42878449480334
7.59717553095692
5.37274353001120
5.12247604376639
4.13252025628491
5.14964181741250
6.16797150533564
3.07120732832383
3.71120386482790

4.44257456190979
3.65786702698097
2.82012529597037
1.75271700000931
3.02110677736224
3.53312000803481
5.51208453772446
1.07585076771663

1.91402142568029
0.87267183132417

1.74783822828213

0.13512398929526

2.35075773171100

2.57450643738468
2.23451898385845

2.34130143697800
2.67377378581936
2.65041553629508
2.95827318928522
3.37039463742917
1.64430761069267
3.99080151847856
1.57433358630441
3.81652530995608
4.65792926923142
4.51012535564208
2.92485525402524
4.81054190055865

3.36249734808615
1.53126831872063
3.36744212763181
2.90648137331861
0.97392532325495
0.84638028311976
0.61015128963462
4.27317204676850

2.37732095746446
4.56542787961460

5.02782825498909

4.28871815344446

1.36087160770706

3.04559018951833
0.45661388836364
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-4.79538423804587
-4.78527234326371
-5.08162628336524
-5.35198453347686
-5.33751090681254
-5.07927186840685
-5.01513753192425
-4.62663377572142
-4.29551137651744
-4.39937385303405
-3.85013570834235
-2.66057036663711
-2.19322213070344
-2.91210296632810
-4.12359974246008
-4.56678416054761
-2.44499085547921
-3.16120492056482
-4.37802936712991
-4.84361282018928
-0.91723236053171
0.22817566279117

1.52812140686431

1.63664919882664

0.49791811856983

-0.80604560650986
0.61905498905846

-0.49852790775265
-1.78629037035524
-1.93674344225670

3.44621310649579
2.09106400193773
1.80717947517287
2.89364785721523
4.20356388604485
4.48065896014242
0.45817522091685
-0.54928316088235
-0.30012814600171
1.01020120137974
-1.41260437785113
-2.13613515655493
-3.19831487176839
-3.53632230721240
-2.82127706701570
-1.77437077777190
-4.51673959964100
-4.81059776391783
-4.13778200837430
-3.15613116623049
-3.87523936255047
3.08981045145526
3.62842581656890
5.00824132461741
5.85762497092525
-5.29378693371592
7.26446093554335
-8.08452129039039
-7.52383113242665
-6.16160037191533

1.45532731644251
1.01832811542963
-0.37107180558205
-1.24653797488506
-0.78895627416594
0.57473281905830
-0.81491277516198
0.05237896061001
1.40684951119663
1.86261111146778
2.27856259899194
1.96127437496565
2.73904856893385
3.94347287259339
4.26476855293308
3.41167018002339
4.86930759101294
6.02123615286913
6.31065343903279
5.45026678969156
2.38176974282795
2.24625694710702
2.00877155858316
1.86143639837757
1.92131605731743
2.17388399941084
1.71480361776437
1.73147887804222
1.94658530277481
2.16319969655447
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0.09728290063042
-0.53302857626434
-1.94438359309204
2.70345133242838
2.97405954369788
4.09225046221001
5.05316405895890
4.77465686818925
3.63000012983681
6.21896348807351
6.40821673616058
5.44067709633943
4.30267446282811
2.17165338829899
5.61049731857681
3.39936781495145
7.14714728561217
7.49196949203894
5.62912869706686
3.40841850222500
-4.08416476156017
-5.30770270067513
-4.57431375282737
-5.55099217643980
-5.53348691083504
-5.05637635036294
-4.50057049830821
0.36455174324623
0.88067343112967
0.20619940670084
0.88271754350147

-1.71106303791228
-0.90933639106677
-1.73941129562770
-2.73211778619816
-1.76709345488898
-0.88817991337881
-1.07962901597171
-2.06618328716185
-2.84466858895075
-0.26464510523900
0.73445736206907
0.95949254182763
0.16740266333794
-1.69332860893343
-2.24714734158129
-3.73793557892383
-0.41532276699398
1.51406599637726
1.95746128403362
0.43474235726019
1.26432196268569
0.13458812599783
-1.81118113066275
2.68829682775831
5.21884853067641
5.75066991237515
3.76911792720479
-1.15790021202120
-0.03862845493314
1.30940217568339
-0.76447811270482

2.35364415704031
1.06041054964452
0.82852298540542

1.92083461303094

2.89114739553970

2.82606622971611

1.76100882293584

0.77440918760995

0.84754685694212

1.73511402067958

2.68090420524185

3.69069808264299

3.75876811635860

3.96029171760060

-0.26018637587858
-0.12762756326372
0.78035462851190
2.63839098004465
4.55734376696576
4.71567764780535

3.13921600358924

-2.08973138774041

-0.39379984957857

-2.56095644587150

-1.63601798900341
0.98803894696904
2.71801588644438

-0.23106531037392

-1.26539856153473
-1.38998974646696
-2.76818776295007
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1.70517583124023
1.09942796565549
1.92220850893961
3.33331409502663
3.93268158665226
3.07987507773343
4.17232189176964
5.55087075169370
6.14296713938466
5.35419269099095
-0.37036059109030
-1.24528282311185
-2.66231473642800
-3.21421801714152
-2.31606376174637
-0.94296279031198
-3.55941293035249
-4.93384030508540
-5.47111903879135
-4.62840893685730
-6.79597922809580
-5.18431262180688
-3.10178139058051
-5.76610182925918
-0.72247210558548
-0.13587648684288
-2.78255262267064
3.59054276709617
3.26533623282529
3.63821944343331
4.37869446236863

-1.87056028810524
-3.16257648479746
-4.27691513786810
-4.14748467831259
-2.83461477542181
-1.67828814917085
-5.29903624530297
-5.17085844704023
-3.87961965873485
-2.73969445208154
-3.28435575067262
-2.66985286395001
-2.74677793436834
-3.55268126073261
-4.15669987082982
-4.02906007156325
-2.06136160948798
-2.17567240171286
-2.99723588814866
-3.68080996495091
-3.08773164030750
-4.42424730156554
-1.25447239616610
-1.50541809823890
-1.96493075422175
-4.60332174800473
-4.84466855396829
-0.28132991354000
0.58866312448151
1.96986682849606
2.44891548210960

-2.93255657854435
-2.92187681231262
-3.03395341879145
-3.14997185101421
-3.16869096257917
-3.08965840908844
-3.21745587042014
-3.28399024660428
-3.27297775388705
-3.21787985426795
-2.77976260376847
-3.67127384597407
-3.55539974256738
-2.48552792107955
-1.56140955446181
-1.71508838397166
-4.42584810957009
-4.27261824268037
-3.25055129317705
-2.38521720186632
-3.12273415976953
-1.42303318686242
-5.39495622878685
-5.07263462128833
-4.69093289158243
-0.81525245297609
-0.51010590661137
-3.13484925383556
-2.08853863805490
-2.09202315756122
-3.16716906457177
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4.72708549293443
4.30911542737062
4.58197013435318
5.27527331408173
5.72737792199103
5.45025630995656
2.52097937836057
3.20747159312247
3.57579680812384
3.17313560512204
2.36201571418517
1.99072476900560
2.44082387452018
1.19284339789568
0.73526611035141
1.06376301823239
1.85822956534547
4.34134541183371
3.55986086858969
2.06714769001473
0.84511257138216
-0.01883356211972
0.59195496293296
2.13232429086520
-0.94008459491660
0.21720087023866
1.59488127397089
-0.08604451192198
0.76750154774558
-0.08343030802676
-1.34360560001549

1.61577586190548
0.23448876122790
-0.54692899377788
-0.00907016033844
1.33752186123629
2.13437141802906
0.10125012129628
2.87866743811761
2.63090377650566
3.44856405583911
4.58847101222015
4.89310793733877
4.01461356150296
6.04919679384464
6.83581104911508
6.51018950549693
5.40599848094147
1.56895423437387
3.14083922309582
4.26724661262348
6.40558590737241
7.91401349983197
7.27692515470770
5.13032426935965
0.58960298495963
1.57349184472999
1.03720429215599
1.55163970324768
2.41479226788558
2.97124479215337
1.93205459309428

-4.26507665105054
-4.27123350561468
-5.43402863372715
-6.50926324199124
-6.48058672045148
-5.38088438620613
-1.02195210690475
-1.00040339546218
0.34549563669975
1.38891126297407
1.14548202324442
-0.22219638431286
-1.24830227262517
-0.46603650649173
0.58050013866303
1.92024404884863
2.19613918248563
0.61441437521345
2.63301234196002
-2.52270404720689
-1.71319478953086
0.34385992728370
2.90556148771021
3.47465964015772
1.54653268870223
2.12735582140758
1.95681987005217
3.98915530613788
4.55789808652207
1.73839492900426
4.24921029480508
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0.11978138072729
-0.45928973888764
-1.55886369434789
-2.02214486106029
-2.34034974459428
-2.24528465944825
-1.44716594216847
-1.90595478047632
-3.01543889563334
-2.83860680484727
-2.93838262780043
-2.67373827926605
-0.39319447082298
1.62054620026279
2.62287206944956
-1.49834138374809
-5.77191681995633
-5.48999852837603
5.82609139745142
7.23880220071243
6.18894702406906
3.69996493077403
1.47916106381542
4.22997470171620
5.47214874059822
6.28295693282111
5.77299532171588
4.68708007479944
-4.93847429319228
-2.77676061329191
-3.86531695932610

0.32890148519530
3.37616817094699
3.47639998179742
4.83436591718196
5.89600240603168
5.81258133364400
4.60447245630270
3.32857787069701
3.26521548056652
7.19267432534496

-5.73480990930517
-8.17454295009959
-9.16735708584897

7.68331294373344
5.45923895751348
-5.03625852694282
-2.60761664109131
-1.23235502117685
-1.74845519230117
-3.78179369577630
-6.06617074464544

-6.29350428124299
-5.28376106094536
-1.58639454700374
-0.63183388308999
1.74818842625851
3.18669298002697
3.50475259049396
-4.38540205028307
-5.56802940733251
7.40228874052757

4.48593808791997
-0.95851100313392
-1.05005948530478
-0.58344407196177
-1.35661637194955
-2.86019706922039
-3.34496895564470
-2.63038663905181
-2.60510824289204
-0.78571676602731

2.30970309743024
1.93423957971420
1.56612400010032
1.53062524674645
1.67986834450427
4.67016047384504
5.67302371589787
3.66477415992165

-3.18309002643792

-3.29806021193166

-3.33052835860386

-3.20487576145062

-3.02373445436938

-5.47586902204226

-7.39507854712460

-7.33705696024777

-5.35326230077346

-3.18352625102360

7.22464510674581
6.72098738640413
-1.15471533717570



Transition State connecting B (minor) and the covalent adduct (minor)
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-2.19659397378793
-2.86440244728493
-1.78431923954943
-3.27819633496178
-0.36919579147077
-1.56361197913998
-1.40651721532360
-2.20340190045940
-2.09831429950810
-1.54215572200977
-2.20614828565175
-0.26378172420205
-3.17695086413899
-1.69907924852279
-2.49297921440377
0.12609764660501

-0.64553195985833
0.53923671533137

6.67930553388207
6.35634490178518
5.11758370902371
4.20680450438753
4.56123709599523
5.77042222660116
3.01073674931787
2.62820734325753
3.51401312003522

8.03661707186093
7.17560985525765
6.74608398735992
5.79570630251376
4.76785010933379
4.48591541705287
2.05808194303716
2.48589888120514
4.89942806140460
1.85790740678157
0.85810457656371
2.02258414519350
0.93586288776111

-0.08056999388235

0.88959119487207
1.00375385090166

2.42225168141443
2.71901409865984

0.55551553251565
-0.51206121920732
-1.19787822493435
-0.78687361429802

0.33102470123742

0.98879976778028
-1.53901304738882
-2.58841083756669
-2.91888682227242

-1.11253815833127

0.31939422696222
-3.24808020156911
-3.27937397954687
-3.14870710724495
-4.44134633350094
-3.16020936762669
-0.31148599282774

0.51507898342661

0.07046186550573
-2.88171138871989
-4.08790426256639
-3.42159278089162

-3.15261914599890

-1.80343420942977
-4.25061000616407

-5.06044228483091
-3.77838355355175

2.50440709386433
1.67693611113059
1.82105968448964
2.86984736592910
3.67919065228152
3.50154907745685
3.05209283127521
2.21794832734935
1.15467636425000
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4.72536946359893
1.37989635818946
0.12294265661739
-1.08538153762742
-1.07860037907143
0.18420353942727
1.38550252409191
0.20530136523926
-0.97041579298792
-2.21647172242166
-2.27021248232943
0.11123275252405
-0.42108206300326
0.52571366881103
1.17782411136440
0.73326736831092
-0.76450663134118
-1.09089439595535
-2.34144822875364
-2.70312328574249
-3.95601433859911
-4.80790897598937
-4.44619818048141
-3.18900818138292
-5.29656166329231
-4.91432485980769
-3.65681797890359
-2.81590185592259
3.17935660245833
5.51530031195830
2.23085798017846

-2.26931903902497
-3.36045894897252
-2.69403028695771
-3.36899672475710
-4.80995564795426
-5.49782714547605
-4.75084493968334
-6.92443306436023
-7.65297237114978
-6.97660168435962
-5.59066489651954
-1.31068716925832
-0.56341115906235
-1.01390203645368
-0.17379654713794
1.30513387056948
1.85922061781337
1.67643853553055
-2.58559793026794
-1.64339341230140
-0.94752750068264
-1.17930234009378
-2.04497502096578
-2.74941018113187
-2.21396518881505
-3.02089661191965
-3.68153393396228
-3.55110299029322
-3.89302845159771
-2.66165482743804
-1.24293493734218

0.97257984270365
2.42039719117631
2.54199416776060
2.72155374710350
2.71325449452330
2.59659678537506
2.46338760694450
2.58604063317889
2.67115471067277
2.75672284499699
2.77678970975898
2.49159101998324
1.10853317016347
-0.09995734735420
-1.28416213149680
-1.72335866759503
-1.88004786644268
-3.72859677616155
2.87539687159022
1.90359328556250
1.94347064921062
3.01820875515606
4.08523527889924
4.02972540012490
5.21905651308950
6.27919183855018
6.24655822826716
5.15021217647924
0.29818687852296
-0.03535269559979
4.10784749336940
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-1.84553937889851
-4.31577553793146
-4.34898939881929
-4.61697829373052
-4.85123120706197
-4.86383241741863
-4.62038030821927
-4.99989553321164
-5.09424707195666
-5.10600014030086
-4.99826307281048
-4.09069185637374
-4.59131512699413
-4.60989089114037
-5.02533994433128
-4.98024947504176
-5.16278674789701
-5.22404862373672
7.23098970945521
3.72627942693462
6.08551403414702
7.83312044298732
-0.78564791864975
-1.79600776640694
1.20412251006864
2.05528209385497
3.42512537951426
4.30798940678642
3.74245707388971
2.33673474498370
1.48166288552658

-1.38412298725358
0.03345993997629
-0.33065868773214
0.58426732327339
1.95336206528392
2.35181877441919
1.35575312923835
3.73323873333867
4.68878358263348
4.29743423813665
2.95614343243576
1.60304368519891
0.16457917739133

1.72215997263487
2.63731135513487
4.15938509281991
5.99053139736691
5.23611927044993
-0.86104796810208
0.79872446602774
2.04853648894315
1.20837509179057
3.31776580542458
0.98685190086908
-1.11018766491558
-2.20196451246972
-1.98478714129419
-3.12091544010552
-4.44468491777617
-4.60174971517007
-3.50651418807092

0.84597077054139
0.89030572977057
-0.48039686098885
-1.48409655495974
-1.17609517296141
0.21505413128173
1.20019183472593
0.53268403080273
-0.46766104953315
-1.83024641365929
-2.17684014463569
-0.81289361555396
-2.75809544374653
2.49931157712765
-3.47559018984461
1.80264982607700
-0.16391411240143
-2.77169527678155
0.72610457310072
4.61903344393563
4.24928471313635
2.35222755238686
-1.64143287336787
-1.25184399469376
-2.64674264953690
-2.71723991822844
-2.89902643417244
-2.91607248839539
-2.82457066637112
-2.69073054429949
-2.62012820942938
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4.60949661132596
5.98361078121565
6.54349408178071
5.72708945239333
3.91069067412195
3.57208906635541
3.92299888464295
4.66558951070333
5.03294409602615
4.63025715035864
5.75558097721221
6.04619450227780
5.60726385720955
4.91515524797665
0.02348770614026
-0.92405326493212
-2.32979292977200
-2.79226173784477
-1.82070106750029
-0.46701422200617
-4.19033970000249
-5.10298228393898
-4.65546117479019
-3.29762508897865
-0.49156011010514
-2.19737860561982
0.40143187928358
2.80250943631417
3.43970217590046
2.58410316446980
2.06377305788936

-5.57804145434765
-5.41994659539686
-4.11511221857894
-2.99374652818688
-0.58489482231942
0.35329382546681
1.73484860662165
2.15352366167940
1.25017005532580
-0.13360452822336
1.70264348160368
0.83933426110024
-0.51021823628823
-0.98453885103127
-3.67790599999384
-3.08244996562901
-3.23540857124380
-4.11962573701815
-4.73729097400200
-4.50214408151036
-4.33678603923413
-3.69456972821050
-2.80282238256515
-2.57613604689934
-2.36873661733480
-5.55629402680165
-5.08862246096678
-0.05632584017260
2.69146187416033
3.74292087593012
4.64457127833995

-2.84560619266853
-2.93187690458217
-2.98789648277447
-2.98025996272875
-3.04218815831004
-2.06507209453942
-2.15787209391088
-3.25403546902944
-4.28956865664071
-4.20724739972149
-5.43378370594181
-6.47850776731580
-6.42209518772226
-5.31647277029062
-2.41962549862464
-3.25231756602752
-3.07045843389538
-2.02010252264266
-1.18475002057537
-1.36962571327769
-1.86929475839434
-2.69568714478461
-3.70092645092123
-3.88341536213431
-4.29945644491427
-0.19164791470906
-0.53195569837734
-0.97477992121928
-1.13290959889468
-1.45665940295191
-0.48289017525123
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2.46184969373698
3.31984546937135
3.78697761561052
1.99149773739852
1.13365640623421
0.69962023281877
1.16016854825153
2.21856833519967
3.69090337330911
4.60950924250356
0.73377360753030
-0.16832218093654
0.69087342571844
2.34059011269279
-4.66464783103888
-2.93046447204196
-5.55824559657699
-6.41473530902801
-0.58764484143800
6.17479397991704
7.63638163170235
6.64336548607639
4.16155080089218
1.92333371943058
4.57075539669269
6.06435334287904
4.95323053229090
-3.24353414147664
-3.15066196156712
-0.94312004526189
1.17740033219629

4.46575500565309
3.37835202999260
2.52985762077963
5.39399932409236
6.42526988793985
6.56968850345674
5.70191847909429
3.89337702093446
3.15237536365568
1.52896755503016
5.89258035974289
7.54040882877860
7.28045468807077
5.27512137851918
-5.14627444703478
-1.71652718773239
-2.17102955879279
-3.88625878824729
0.89492170814156
-1.99080471978148
-3.99189676281616
-6.30059447053476
-6.58180533671364
-5.61845043120418
-2.02698353586678
2.75866836663863
3.21159062356359
-5.08371653916389
-7.55705652973300
-8.75293326131638
-1.43377945470257

0.89973447469402
1.22073451784893
0.23026632832230
1.87016474785925
1.51937803999415
0.17908557716140
-0.80293354645472

-2.73306175182346

2.49627565756169
0.57210491736938

-2.05086779524447

-0.11795462036157
2.44613557880588
3.16446912177368
-0.91259107306306
-4.83817024393662
-4.45378660990993
-2.53695306831675
1.50420700721475
-2.99718093643574
-3.02822159192542
-2.94302049231226
-2.78151656482589
-2.62277833187774
-5.29443240506316
-5.47463027530931
-3.34271636816992
2.81311516265418
2.79408162591881
2.65693399557256
2.49784277470242



2.33722049032699

-1.84281572495303
-3.34329750783911
-5.57492296833729
-6.25857422191097
-5.77712589484468
6.59971008362454

5.81125496461265

-1.07627725476412
-2.29839281101822
-0.15881966299116
0.97546093775677

-2.07532512515703
-2.65169058469543
-1.90973070830322
-3.53313510395010
-2.96872967356106
-1.76025276382278
-1.85275317613718
-0.91010370056154
-2.71543418071751
-1.22500410709924
-1.49496895749123
-0.86281908527812
0.12955595274057

-1.37755904511361
-2.58845682950318
-0.85426711390792
-2.17921827483844
-0.29722504487813
-2.10342569285107

-5.29395963316020
-4.06072253599364
-4.30012269458977
-3.14128916055198
-1.67879012290951
-0.66136136592792
1.20039846298354
1.18620880284793
0.38092064971003
2.19108466270929
2.33070987596843
0.92018590561623
6.02987445016107

7.37060694214310
8.17723273164080
7.59750043835944
7.41137324602947
5.77004124221208
5.07776758286740
4.52217819059858
5.70399350048795
6.64814527394206
3.31471339295774
4.27324446100561
4.71006096190326
3.67020972438589
3.24137290989962
2.04934312787138
2.84153517720258
3.55157489192040
5.26444834305459

2.37226991828218
5.14364248201531
7.10111161435446
7.15093580028214
5.23723514292434
3.05889690324222

-7.35832090615529
-7.26623274348000
-4.06890249088744
-4.00827688042591
-4.43233525300970

3.86361945863902
2.49404782065402
2.14142209581398
2.32169630098906
2.77910519740843
1.08246625498072

3.94496692877369
1.56374950427657

4.16302120704595
4.51556654239837
4.36699977002909

3.37944082174874
5.24254181133683

3.83175145955922
1.79927808222796
3.54410117932129

3.73923793444947
1.04294399759475
1.53825530434914
0.50631214799448
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-1.70973385150433
0.60914850159446
-2.64477015126709
-2.04003119512969
-1.19350197934734
1.15889728332600
0.84352805447279
-1.69370497853534

0.94167418607931
1.96039209353373
0.89070872977654
1.21555156157189
-0.03285339710257
2.60537935449092
2.36753471819314
1.97627638775026

4.19765693972695
3.89548419288767
3.60510057812722
5.23054721086178
4.23658282689902
3.18505485039405
4.91005584654702
0.94373488330639
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