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General Experimental:

Reactions were performed in scintillation vials with Teflon septa unless otherwise specified. Reactions were
monitored by liquid chromatography/mass spectrometry (LCMS) or by thin-layer chromatography (TLC)
on silica gel60 F254 plates (EMD) and visualized with UV light (254 nm). Flash chromatography was
performed using prepacked RediSep gold Rf silica gel columns on a Teledyne Isco CombiFlash Rf
automated chromatography system. Organic solutions were concentrated under reduced pressure on a Buchi
rotary evaporator. Tetrahydrofuran (THF), toluene (PhMe or Tol), 1,4-dioxane, and acetonitrile (MeCN),
were purchased from Sigma-Aldrich in Sure-Seal™ bottles and used as received. CDCls, CD;0D, DMSO-
ds, acetone-ds and MeCN-d3 were purchased from Cambridge Isotope Laboratories, Inc. and used as
received. Substrates found in Tables 2-4 were obtained from Merck’s internal building block collection or
purchased from commercial sources. All other reagents were purchased from commercial sources and used
as received. Compounds were analyzed by 'H, '*C, and '"F NMR, where appropriate. Proton nuclear
magnetic resonance (‘"H NMR) spectra and proton-decoupled carbon nuclear magnetic resonance (*C{'H}
NMR) spectra were recorded on 400, 500, or 600 MHz NMR spectrometers at ambient temperature. All
chemical shifts (8) are reported in parts per million (ppm). Proton resonances are referenced to residual
protium in the NMR solvent. Carbon resonances are referenced to the carbon resonances of the NMR
solvent or to tetramethylsilane (TMS) internal standard. Data are represented as follows: chemical shift,
multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants
() in hertz (Hz), integration. LCMS samples were run on an Agilent 1100 or 1200 system. High-resolution
mass spectrometry (HRMS) data were recorded on a Waters Acquity UPLC with Synapt G1 Q-ToF MS
instrument in ESI+ (electrospray) ionization mode or an Agilent6890N GC with Waters GCT Premier MS
instrument operated in positive chemical ionization (CI+) mode using methane as the reagent gas.
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Synthesis and Isolation of 1

NH,

(\g N DCE, STAB HN o
N\ %
5\ Me)‘\/\’HI\OMe , 1h Me)\/\’H‘\OMe
Me Me
A B 82%

Scheme S1. Synthesis of 1.

A 40 mL reaction vial equipped with a stirbar was charged with B (750 mg, 4.80 mmol), A (661 mg, 5.28
mmol), and DCE (7.50 mL). To the stirring mixture was added sodium triacetoxyborohydride (1.63 g,
7.68 mmol) and the reaction was stirred for an hour. At this time the reaction mixture was quenched with
IM NaOH and the organic phase was collected with a phase separator (Biotage 1201907E). The organic
phase was concentrated and the residue was purified by column chromatography eluting with Hexanes to
100% EtOAc. The desired product, 1, was isolated as a pale yellow oil (1.05 g, 3.94 mmol). 'H NMR
(600 MHz, Methanol-ds) & 7.22 (s, 1H), 7.12 (s, 1H), 6.12 (d, /= 1.1 Hz, 1H), 5.60 (d, J= 1.3 Hz, 1H),
439 (p,J=6.7 Hz, 1H), 3.73 (s, 3H), 3.04 (h, J= 6.4 Hz, 1H), 2.40 (t, /= 7.9 Hz, 2H), 1.76 — 1.69 (m,
1H), 1.54 — 1.48 (m, 1H), 1.44 (d, J= 6.7 Hz, 6H), 1.15 (d, J = 6.4 Hz, 3H). *C NMR (126 MHz, DMSO)
6 167.4,140.8, 133.2, 128.0, 125.1, 113.3, 53.0, 52.2, 51.6, 35.5, 28.7, 23.1, 20.8.
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Effect of Solvent on aza-Michael Cyclization of 1 at 60 °C (Table 1; Entries 1-6)
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Scheme S2. Preparation of 2a varying the composition of the solvent.
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General experimental: This experiment was performed using an AmigoChem parallel chemistry
workstation. Six low volume AmigoChem reaction tubes were charged with a stirbar, 1 (0.19 mmol; 50

mg), biphenyl (0.065 mmol; 0.34 equiv), and solvent (3 mL):
1) 1(51.2 mg), biphenyl (10.5 mg), and TFE (3 mL)
2) 1 (51.1 mg), biphenyl (10.4 mg), and EtOH (3 mL)
3) 1(49.6 mg), biphenyl (10.7 mg), and MeOH (3 mL)
4) 1 (49.9 mg), biphenyl (10.2 mg), and TFE (1.5 mL)/H>O (1.5 mL)

5) 1(49.4 mg), biphenyl (9.6 mg), and EtOH (1.5 mL)/H,O (1.5 mL)

6) 1(48.7 mg), biphenyl (11.3 mg), and MeOH (1.5 mL)/H,O (1.5 mL)

The reaction vials were successively heated to 60 °C and each sampled once this temperature was reached
to give a sample at t = 0. Each of the reaction mixtures was sampled in 50 uL aliquots using the AmigoChem
and quenched into 1 mL of 9:1 MeOH:water. Each sample was then further diluted in 1 mL of 9:1

MeOH:water and then analyzed immediately by LCMS.
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Effect of Solvent on aza-Michael Cyclization of 1 at 30 °C (Table 1; Entries 7-13)
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Scheme S3. Preparation of 2a varying the composition of the solvent.
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General experimental: Six low volume AmigoChem reaction tubes were charged with a stirbar, 1 (0.09

mmol; 25 mg), biphenyl (0.03 mmol; 0.3 equiv), and solvent (3 mL):
1) 1(25.3 mg), biphenyl (3.4 mg), and TFE (1.5 mL)/H,O (1.5 mL)
2) 1(25.0 mg), biphenyl (2.8 mg), and EtOH (1.5 mL)/H,O (1.5 mL)
3) 1(27.0 mg), biphenyl (3.4 mg), and IPA (1.5 mL)/H,O (1.5 mL)
4) 1 (23.1 mg), biphenyl (3.1 mg), and HFIPA (1.5 mL)/H»O (1.5 mL)
5) 1(24.6 mg), biphenyl (3.3 mg), and MeOH (1.5 mL)/H,O (1.5 mL)
6) 1 (26.5 mg), biphenyl (2.7 mg), and THF (1.5 mL)/H,O (1.5 mL)

7) 1(24.2 mg), biphenyl (2.9 mg), and MeCN (1.5 mL)/H,O (1.5 mL)

The reaction vials were successively heated to 30 °C and were stirred for 18 hours. At this time the reaction
mixtures were concentrated and the diastereoselectivity of the reaction was determined by 'H NMR

spectroscopy.
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Crude 'H NMR Spectroscopy Evaluating Diastereoselectivity (Table 1)
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Entry 2: EtOH 60 °C
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Entry 3: MeOH 60 °C
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Entry 5: EtOH/H,0 60 °C
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Entry 6: MeOH/H,0 60 °C
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Entry 7: TFE/H20 30 °C
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Entry 8: EtOH/H,0 30 °C

1l

14.01
1.00 =
1413

1.05 ~

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 T T T T
"6 7.4 72 7.0 68 6.6 64 62 60 58 56 54 52 50 48 46 44 42 40 3.8 3.6 3.4 3.2 3.0 2.8 26 24 22 20 1.8 16 1.4 12 1.0 0.8 O0¢
ppm

S19



Entry 9: IPA/H20 30 °C
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Entry 10: HFIPA/H0 30 °C
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Entry 11: MeOH/H,0 30 °C
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Entry 12: THF/H,0 30 °C
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Entry 13: MeCN/H20 30 °C
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Synthesis and Isolation of int-5n

Me

NH N>’NIe
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Me o

nuc-5n B 96% int-5n

Scheme S4. Synthesis of int-5n.

A 40 mL reaction vial equipped with a stirbar was charged with B (247 mg, 1.58 mmol), nuc-5n
(219 mg, 1.74 mmol), and DCE (3 mL). To the stirring mixture was added sodium
triacetoxyborohydride (536 mg, 2.53 mmol), followed by acetic acid (91 pL, 1.58 mmol), and the
reaction mixture was stirred at room temperature for 15 hours. At this time the reaction mixture
was quenched with 1 M aqueous NaOH and the organic phase was collected with a phase separator
(Biotage Isolute). The organic phase was concentrated and the residue was purified by silica gel
chromatography eluting with hexanes to 50% EtOAc in hexanes. The desired product, int-5n, was
isolated as a colorless oil (400 mg, 1.51 mmol, 96% yield). "H NMR (499 MHz, DMSO-ds) & 6.88
(s, 1H), 6.05 (s, 1H), 5.63 (d, J = 1.2 Hz, 1H), 5.30 (d, J = 8.4 Hz, 1H), 4.51 (hept, J = 6.6 Hz,
1H), 3.67 (s, 3H), 3.32 (q, /= 7.4, 6.5 Hz, 1H), 2.32 (ttt, J=15.0, 9.7, 5.7 Hz, 2H), 1.63 (ddt, J =
12.9,9.8, 6.3 Hz, 1H), 1.52 (ddt, /= 13.0, 9.8, 6.0 Hz, 1H), 1.38 (d, /= 6.6 Hz, 6H), 1.10 (d, J =
6.4 Hz, 3H). *C NMR (126 MHz, DMSO) § 167.4, 153.8, 140.7, 125.2, 119.0, 55.7, 52.2, 49.4,
35.4,28.6,22.4,22.4,21.0. ESIHR (M+H) calc’d 267.1821, found 267.1820.
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Effect of Solvent on aza-Michael Cyclization of int-5n at 80 °C

| N
/k? o solvent + AN

HN N N
— \ N\
Me OMe temp N=N N—N
>—Me >—Me
int-5n Me Me
5n S5n-trans

Scheme S5. Preparation of 5n varying the composition of the solvent.
General experimental: This experiment was performed using an AmigoChem parallel chemistry
workstation. Six low volume AmigoChem reaction tubes were charged with a stirbar, int-5n (0.09
mmol; 25 mg), biphenyl (0.03 mmol; 0.3 equiv), and solvent (3 mL):

1) int-5n (24.2 mg), biphenyl (3.2 mg), and MeOH (3 mL)

2) int-5n (22.9 mg), biphenyl (3.2 mg), and MeOH (1.5 mL)/H>0 (1.5 mL)

3) int-5 (24.7 mg), biphenyl (2.9 mg), and TFE (3 mL)

4) int-5 (23.9 mg), biphenyl (2.7 mg), and TFE (1.5 mL)/H>0 (1.5 mL)

The reaction vials were successively heated to 80 °C and each sampled once this temperature was
reached to give a sample at t = 0. Each of the reaction mixtures was sampled in 50 pL aliquots
using the AmigoChem and quenched into 1 mL of 9:1 MeOH:water. Each sample was then further
diluted in 1 mL of 9:1 MeOH:water and then analyzed immediately by LCMS.
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Synthesis and Characterization of Electrophile Substrates

Synthesis and characterization details for ketone B.!

o)

0 % o 0
o_>/—/< LDA (2 eq), HMPA (1.4 eq) ©
OMe

-78°C, 1h
Step 1

Scheme S6. Synthesis of SM-2b.

Step 1: To a -78 °C stirred solution of 1-cyclopropylethanone (14 g, 2.5 eq.) in dry THF (100 mL) under
N», was added LDA (2 M in THF, 67.2 ml, 2 eq.) dropwise at -78 °C. After the mixture was stirred for 30
min at the above temperature, HMPA (16.6 g, 1.4 eq.) and a solution of methyl 2-
(phenylsulfonylmethyl)acrylate (16 g, 1 eq.) in dry THF (32 mL) were added successively and dropwise
at -78 °C. The reaction mixture was stirred for an additional 1 h. The mixture was poured into cold 1 N
HCI acidified to pH=6, and extracted with ethyl acetate (2 x 100 ml). The organic fraction was washed
with saturated aqueous NaHCOj3 solution (2 x 100 mL) and brine (100 mL), dried over Na>SO4 and
concentrated under reduced pressure. The crude residue was purified by flash column chromatography on
silica gel using petroleum ether/ethyl acetate (10:1) to yield methyl 5-cyclopropyl-2-methylene-5-
oxopentanoate (3 g, 25% yield) as a colorless liquid. LC-MS (ES, m/z) 183 [M+H]". '"H NMR (400 MHz,
Chloroform-d) 6 6.17 (s, 1H), 5.59 (t, J= 1.3 Hz, 1H), 3.76 (d, /= 1.1 Hz, 3H), 2.81 — 2.73 (m, 2H), 2.61
(t, J=7.5 Hz, 2H), 1.97 — 1.86 (m, 1H), 1.02 (qd, J=4.2, 2.0 Hz, 2H), 0.93 — 0.82 (m, 2H). *C NMR
(101 MHz, Chloroform-d) 6 209.6, 167.4, 139.3, 125.8, 51.9, 42.1, 26.5, 20.5, 10.7.
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MOM&

SM-2b

210 200 190  1ed lilil 160 150 140 130 120 110 100 90 ED 70 &0 50 4 30 2 10 0 -10

?
0 S\ONa
| (2.5eq)
Br OMe ;
MeOH (25 V), reflux, 2.5h _>—/< LDA (2 eq), HMPA (1.4 eq)
-78°C, 1h

Step 1 Step 2
Scheme S7. Synthesis of SM-2c.2

Step 1: To a stirring solution of methyl 2-(bromomethyl)acrylate (60 g, 1 eq.) in dry methanol (600 mL),
was added sodium phenylsulfinate (67.5 g, 1 eq.) at room temperature. The mixture was heated to reflux
and stirred for 2.5 h. The reaction was cooled to r.t. and concentrated under reduced pressure. The residue
was dissolved in CH,Cl,, washed with water (2 x 100 mL) and brine (100 ml), dried with Na>SO4 and
concentrated under reduced pressure to give methyl 2-(phenylsulfonylmethyl)acrylate (73.5g, 91%) as a
white solid.

Step 2: To a -78 °C stirred solution of acetophenone (7.5g, 2.5 eq.) in dry THF (60 mL) under N,, was
added LDA (2 M in THF, 20 mL, 2 eq.) dropwise at -78 °C. After the mixture was stirred for 30 min at
the above temperature, HMPA (6.24 g, 1.4 eq.) and a solution of methyl 2-(phenylsulfonylmethyl)acrylate
(6 g, 1 eq.) in dry THF (12 mL) were added successively and dropwise at -78 °C. The reaction mixture
was stirred for additional 1 h and was then poured into cold 1 N HCI acidified to pH=6, and extracted
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with ethyl acetate (2 x 100 mL). The combined organic layer was washed with saturated aqueous
NaHCO:s solution (2 x 100 mL) and brine (100 mL), dried with Na,SO4 and concentrated under reduced
pressure. The crude residue was purified by flash column chromatography on silica gel using petroleum
ether/ethyl acetate (10:1) to yield methyl 2-methylene-5-oxo-5-phenylpentanoate (2.3 g, 42% yield) as a
colorless liquid. LC-MS (ES, m/z) 219 [M+H]*. 'H NMR (400 MHz, Methanol-d,): & 8.01 — 7.94 (m, 2H),
7.60 —7.52 (m, 1H), 7.50 — 7.42 (m, 2H), 6.21 (s, 1H), 5.67 (t, /= 1.3 Hz, 1H), 3.77 (d, /= 1.0 Hz, 3H),
3.23 -3.15 (m, 2H), 2.76 (t, J = 7.5 Hz, 2H).
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AN
0] 0]
@ FiC lN/ (1 eq)
5y - otte
OMe  LiHMDS (1 eq), THF (20 V), 2h F\C NG
Step 1

Scheme S$8. Synthesis of SM-2d.

Step 1: To a 0 °C stirred solution of 1-(6-(trifluoromethyl)pyridin-3-yl)ethanone (7.9 g, 1 eq.) in dry THF
(100 mL) under N,, LIHMDS (1M in THF, 42 ml, 1 eq.) was added dropwise at 0 °C. After the mixture
was stirred for 1 h at the above temperature, a solution of methyl 2-(phenylsulfonylmethyl)acrylate (10 g,
1 eq.) in dry THF (20 mL) was quickly added at -20 °C. The reaction mixture was stirred for an additional
1 h. The mixture was poured into cold 1 N HCIl acidified to pH=6, and extracted with ethyl acetate (2 x
100 mL). The combined organic layer was washed with saturated aqueous NaHCO3 solution (2 x 100
mL) and brine (100 mL), dried with Na,SO4 and concentrated under reduced pressure. The crude residue
was purified by flash column chromatography on silica gel using petroleum ether/ethyl acetate (5:1-2:1)
to yield methyl 2-methylene-5-0x0-5-(6-(trifluoromethyl)pyridin-3-yl)pentanoate (5 g, 41% yield) as a
white solid. LC-MS (ES, m/z) 288 [M+H]*. "H NMR (400 MHz, Chloroform-d) & 9.28 — 9.23 (m, 1H),
8.42 (dt,J=8.4, 1.4 Hz, 1H), 7.81 (d, /= 8.2 Hz, 1H), 6.24 (s, 1H), 5.71 (t, /= 1.3 Hz, 1H), 3.78 (d, J =
1.1 Hz, 3H), 3.29 — 3.20 (m, 2H), 2.79 (t, J = 7.4 Hz, 2H). *C NMR (101 MHz, Chloroform-d) & 196.8,
167.1,149.7, 138.6, 137.1, 126.9, 120.6 (q, J = 2.3 Hz), 52.0, 38.4, 26.7. '°F NMR (376 MHz,
Chloroform-d) 6 68.3
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Step 1

O

Scheme S9. Synthesis of SM-2e.

Step 1: To a -78 °C solution of 1-(4-methoxyphenyl)ethanone (45.6g, 2.5 eq.) in dry THF (100 mL)
under N,, was added LDA (2 M in THF, 42 ml, 2 eq.) dropwise. After the mixture was stirred for 30 min
at the above temperature, HMPA (10.4 g, 1.4 eq.) and a solution of methyl 2-
(phenylsulfonylmethyl)acrylate (10 g, 1 eq.) in dry THF (20 mL) were added successively and dropwise
at -78 °C. The reaction mixture was stirred for additional 1 h. The mixture was poured into cold 1 N HCI
solution, and extracted with ethyl acetate (2 x100 mL). The organic fraction was washed with saturated
aqueous NaHCO; solution (2 x 100 mL) and brine (100 mL), dried with Na,SO,4 and concentrated under
reduced pressure. The crude residue was purified by flash column chromatography on silica gel using
petroleum ether/ethyl acetate (10:1) to yield methyl 5-(4-methoxyphenyl)-2-methylene-5-oxopentanoate
(3.5 g, 34% yield) as a white solid. LC-MS (ES, m/z) 249 [M+H]". '"H NMR (400 MHz, Chloroform-d) &
7.96 (d, J = 8.6 Hz, 2H), 6.93 (d, J= 8.6 Hz, 2H), 6.20 (s, 1H), 5.68 — 5.63 (m, 1H), 3.87 (s, 3H), 3.77 (d,
J=1.2Hz, 3H), 3.13 (t, J= 7.5 Hz, 2H), 2.74 (t, J = 7.6 Hz, 2H). *C NMR (101 MHz, Chloroform-d) &
197.6,167.4,163.5, 139.5, 130.4, 129.9, 126.1, 113.8, 55.5, 51.9, 37.3, 27.2.
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I > OMe
o) LDA (2 eq), HMPA (1.4 eq)
OMe 78 °C, 1h
Step 1

Scheme S10. Synthesis of SM-2f.3

Step 1: To a -78 °C, stirred solution of cyclohexanone (10.2g, 2.5 eq.) in dry THF (100 mL), was added
LDA (2 M in THF, 42 mL, 2 eq.) dropwise at -78 °C. After the mixture was stirred for 30 min at the
above temperature, HMPA (10.4 g, 1.4 eq.) and a solution of methyl 2-(phenylsulfonylmethyl)acrylate
(10 g, 1 eq.) in dry THF (20 mL) were added successively and dropwise at -78 °C. The reaction mixture
was stirred for an additional 1 h. The reaction mixture was poured into cold 1 N HCI acidified to pH=6,
and extracted with ethyl acetate (2 x 100 ml). The organic fraction was washed with saturated aqueous
NaHCOs solution (2 x 100 mL) and brine (100 ml), dried with Na,SO4 and concentrated under reduced
pressure. The crude residue was purified by flash column chromatography on silica gel using petroleum
ether/ethyl acetate (10:1) to yield methyl 2-((2-oxocyclohexyl)methyl)acrylate (5 g, 61% yield) as a
colorless liquid. LC-MS (ES, m/z) 197 [M+H]". '"H NMR (400 MHz, Methanol-d,) 4 6.20 (d, /= 1.4 Hz,
1H), 5.58 (t, J=1.3 Hz, 1H), 3.75 (d, /= 1.1 Hz, 3H), 2.92 (dd, J=14.3, 5.6 Hz, 1H), 2.63 —2.51 (m,
1H), 2.45 -2.37 (m, 1H), 2.32 (td, J=12.9, 5.7 Hz, 1H), 2.17 — 2.01 (m, 3H), 1.74 — 1.60 (m, 2H), 1.38 —
1.25 (m, 1H).
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TEA(O:2 e N
DCM(10 V), 20 °C, 17h
39%
Step 3

Scheme S11. Synthesis of SM-2g.*

Step 1: A solution of K»COs3 (23.2¢g, 1.75 eq.) in H>O (100 mL) was added dropwise over 1 h to a stirred
solution of diethyl cyanomethylphosphonate (20 g, 1.0 eq.) and formaldehyde (37% aqueous solution,
36.6 mL, 4.0 eq.) at 0 °C under air. The resulting mixture was warmed to room temperature and stirred
for 16 h. Saturated aqueous NH4Cl (30 mL) and Et,O (50 mL) were then added and the layers were
separated. The aqueous layer was extracted with Et,O (3 x 50 mL). The combined organic layers were
dried over MgSOsy, filtered and evaporated under reduced pressure to give 2-(hydroxymethyl)acrylonitrile
(10.47 g, QNMR=49%, 45% yield) as a crude yellow oil.

Step 2: To a stirred solution of 2,2,6-trimethyl-4H-1,3-dioxin-4-one (8.78 g, 1.02 eq.) in xylene (100 mL)
was added 2-(hydroxyl methyl)acrylonitrile (5.13 g, 1 eq.) at room temperature. The mixture was heated
at 110 °C for 60 min. The reaction was cooled to room temperature and the mixture was concentrated
under vacuum. The residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:10-
1:4) to give 2-cyanoallyl 3-oxobutanoate (8 g, 64% yield) as a yellow oil.

Step 3: To a stirred solution of 2-cyanoallyl 3-oxobutanoate (8 g, 1 eq.) in DCM (80 mL) was added
triethylamine (1.34 ml, 0.2 eq.). The mixture was stirred at room temperature for 17 h. The solvent was
evaporated and the residue was partitioned between dichloromethane (100 mL) and saturated NH4Cl (50
mL). The aqueous layer was extracted with dichloromethane (2 x 50 mL) and the combined organic
layers were dried over MgSQsu, filtered and concentrated under reduced pressure. The residue was applied
onto a silica gel column with ethyl acetate/petroleum ether (1:20-1:10) to give 2-methylene-5-
oxohexanenitrile (2.4 g, 39% yield) as yellow oil. LC-MS (ES, m/z) 124 [M+H] *. '"H NMR (400 MHz,
Chloroform-d) 6: 5.87 (d,J= 1.2 Hz, 1H), 5.79 (d, J= 1.5 Hz, 1H), 2.72 (t, /= 7.3 Hz, 2H), 2.54 (t, J =
7.3 Hz, 2H), 2.19 (d, /= 1.1 Hz, 3H).
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o)
HgCly(1 eq), NaNO,(2 eq)
M 9+ 2 > Me NO, NEt; > NO,
€ | H,0 (10 V), 25 °C, 30h DCM, 25 °C, 10min e

HgCl
Step 1 9 Step 2

Scheme S12. Synthesis of SM-2h.*

Step 1: Into a 500 mL 4-necked round-bottom flask purged and maintained with an inert atmosphere of
nitrogen, hex-5-en-2-one (10 g, 1 eq.) was dissolved in water (100 mL). HgClI, (28 g, 1 eq.) and NaNO,
(75 g, 2 eq.) was added. The resulting solution was stirred for overnight at room temperature. The
resulting gummy precipitate was decanted and repeatedly washed with water. The crude sticky oil (30 g)
was used directly in the next step.

Step 2: The material from the previous step (30 g) was dissolved in DCM (300 mL) and Et;N (10.3g, 1
equiv.) was added dropwise at room temperature. The mixture was stirred for 10 min and the reaction was
then quenched by the addition of 50 mL 0.5M HCI. The resulting solution was extracted with DCM (2 x
100 mL) and the organic layers were combined. The resulting mixture was washed with 100 mL of brine.
The organic layer was dried over Na>SOy, filtered and concentrated under reduced pressure at -10 °C. The
residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:20-1:10) to give 5-
nitrohex-5-en-2-one (3.18 g, 20% yield over two steps) as yellow oil. The product is stable stored at -20
°C. LC-MS: (ES, m/z)144 [M+H]". "H NMR (400 MHz, Chloroform-d) 6 6.47 (d, J= 1.9 Hz, 1H), 5.67 —
5.62 (m, 1H), 2.93 — 2.84 (m, 2H), 2.74 (t, /= 6.9 Hz, 2H), 2.18 (s, 3H).
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Na/EtOH (0.9 eq)

reflux, 1h
O O
) o then, Br Br (09 eq) o/\
O/\ r.t., o/n Br:
Step 1
4
> .Br (e} =z
N™ "Zn " Pd(PPhy), (0.05 eq) |
> Me N
THF (10 V) 40°C, 5h
83%
Step 3

Scheme $13. Synthesis of SM-2i.

O
10% NaOH (10 V) Br
reflux, 2h o Me)J\/\”/
30% (over 2 steps)
Step 2

Steps 1 and 2: To a solution of 21% NaOEt/EtOH (67g, 0.9 eq.) was added ethyl acetoacetate (30 g, 1
eq.) in EtOH (150 ml) over 15 min. The reaction mixture was stirred for 30 min. Then 2,3-
dibromopropene (39.5 g, 0.9 eq.) was added dropwise over 30 min, and the reaction mixture was further
stirred at room temperature for overnight. 10% aqueous NaOH solution (200 mL) was added and heated
under reflux for 2 h. After cooling to 20 °C, the reaction mixture was acidified to pH < 3 and extracted
with hexane (3 x 100 mL). The combined organic layers were washed with saturated aqueous NaHCO3
solution (2 x 100 mL) and brine, dried with MgSO4 and concentrated under reduced pressure. The crude
residue was purified by flash column chromatography on silica gel using Petroleum ether: ethyl acetate
(10:1) to yield 5-bromohex-5-en-2-one (11 g, 27% yield) as a colorless liquid.

Step 3: In a 2L 4-neck round-bottom flask equipped with mechanical stirring, was placed a solution of 5-
bromohex-5-en-2-one (10 g, 1eq.) in THF (100 ml), pyridin-2-ylzinc(II) bromide 0.5M in THF (113 ml, 1
eq.) and Pd(PPhs)s (3.27 g, 0.05 eq.) under nitrogen atmosphere, The resulting solution was degassed (3x)
and placed under nitogen and then stirred at 40 °C overnight. The reaction was cooled to room
temperature and the mixture was concentrated under vacuum. The residue was applied onto a silica gel
column with ethyl acetate/petroleum ether (1:5-1:2) to yield of 5-(pyridin-2-yl)hex-5-en-2-one (8 g, 83%)
as a yellow oil. LC-MS (ES, m/z) 176 [M+H]". '"H NMR (400 MHz, Methanol-d,) & 8.58 (ddd, J = 4.8,
1.9,0.9 Hz, 1H), 7.65 (ddd, J = 8.0, 7.5, 1.9 Hz, 1H), 7.49 (dt, /= 8.0, 1.0 Hz, 1H), 7.17 (ddd, J="7.5,
4.9, 1.1 Hz, 1H), 5.75 (d, /= 0.9 Hz, 1H), 5.32 — 5.27 (m, 1H), 2.96 — 2.88 (m, 2H), 2.69 (dd, /= 8.5, 6.7
Hz, 2H), 2.15 (s, 3H). *C NMR (101 MHz, Chloroform-d) & 208.3, 157.8, 149.0, 146.9, 136.3, 122.3,

120.3, 115.5, 42.8, 29.9, 28.0.

541



S42

SM-2i

n

T
12

T
13

14




¥

SM-2i

T I | N

0 H;Cl 190 180 170 160 130 140 130 120 110 1 0 E0 ) 60 ] 0 30 20 10 o -10

543



o]
l;o HBr (50% in water,1.2eq) o) NaNO; (4 eq) o p-TsOH (0.2 eq), glycol (3.0eq) /)

o_ 0
B N 0
o Toluene (10V), 80 %C,12h T DMF (10V), rt,6h M Oz Toluene (10 V), 110 °C, 6h X _~_NO,
Step 1 Step 2 Step 3
[ [\ Q
0.0 NO o_ 0 NO NO,
Amberlyst 21 (1.0 eq) 2 Et;N (1.5 eq), MsClI (1.5 eq) ‘ 2 HCI, THF ‘
THF (10V), rt, 12 h HO DCM (10V), 0°C, 1 h
Step 4 Step 5 Step 6

Scheme $14. Synthesis of SM-2j.

Step 1: Into a 5L 3-neck round-bottom flask under N, atmosphere was placed 3-acetyldihydrofuran-
2(3H)-one (200 g, 1.56 mol) in toluene (2000 mL). HBr (303 g, 1.87 mol, 50% in water) was added and
the mixture was stirred at 80 °C for 12 h. The mixture was cooled to room temperature. Water (1000 mL)
was added and the mixture was extracted with Et;O (2 x 1000 mL). The combined organic fractions were
washed with brine (2 x 500 mL), dried over Na,SO,, filtered and the solvent was evaporated under
reduced pressure to yield 5-bromopentan-2-one (250 g, crude) as a colorless oil.

Step 2: Into a 3L 3-neck round-bottom flask under N, atmosphere was placed 5-bromopentan-2-one (100
g, 0.61 mol) in DMF (1000 mL). NaNO, (168 g, 2.44 mol) was added and the mixture was stirred at 30
°C for 12 h. Water (500 mL) was added and the mixture was extracted with ethyl acetate (2 x 500 mL).
The combined organic layer was washed with brine (5 x 500 mL), dried over Na,SOs, filtered and the
solvent was evaporated under reduced pressure to give S-nitropentan-2-one (100 g, crude) as a colorless
oil.

Step 3: Into a 5L 3-neck round-bottom flask under N, atmosphere, was placed 5-nitropentan-2-one (50 g,
0.38 mol) in toluene (500 mL). TsOH (13 g, 0.076 mol) was added, followed by glycol (70.68 g, 1.14
mol). The mixture was stirred at 110 °C for 6 h. The mixture was cooled to room temperature,
concentrated, and water (500 mL) was added. The mixture was extracted with ethyl acetate (2 x 500 mL).
The combined organic fractions were washed with brine (2 x 500 mL), dried over Na>SOs, filtered and the
solvent was evaporated under reduced pressure. The crude residue was purified by flash column
chromatography on silica gel using petroleum ether/ethyl acetate (5:1) to yield 5-nitropentan-2-one (30g,
44%) as a colorless oil.

Step 4: Into a 1L 3-neck round-bottom flask under N, atmosphere, was placed 2-methyl-2-(3-
nitropropyl)-1,3-dioxolane (5 g, 0.028 mol) in THF (50 ml). Amberlyst 21 (5 g, 0.028 mol) was added
and the mixture was stirred at 30 °C for 12 h. The mixture was filtered and the filtrant was concentrated.
The crude residue was purified by flash column chromatography on silica gel using petroleum ether/ethyl
acetate (5:1) to yield 4-(2-methyl-1,3-dioxolan-2-yl)-2-nitro-1-phenylbutan-1-ol (3 g, 37%) as a colorless
oil.

Step 5: Into a 250 mL 3-neck round-bottom flask under N, atmosphere, was placed 4-(2-methyl-1,3-
dioxolan-2-yl)-2-nitro-1-phenylbutan-1-ol (5 g, 0.017 mol) in DCM (50 mL). MsCI (2.5 g, 0.026 mol)
was added at 0 °C, followed by Et;N (2.6 g, 0.026 mol). The mixture was stirred at 0 °C for 1 h. Saturated,
aqueous NH4Cl (30 mL) was added and the mixture was extracted with ethyl acetate (2 x 50 mL). The
combined organic fractions were washed with brine (2 x 10 mL), dried over Na,SOs, filtered and the
solvent was evaporated under reduced pressure. The crude residue was purified by flash column
chromatography on silica gel using petroleum ether/ethyl acetate (2:1) to yield (£)-2-methyl-2-(3-nitro-4-
phenylbut-3-enyl)-1,3-dioxolane (3 g, 65%) as a colorless oil.
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Step 6: Into a 100 mL 3-neck round-bottom flask under N, atmosphere, was placed (E)-2-methyl-2-(3-
nitro-4-phenylbut-3-enyl)-1,3-dioxolane (3 g, 0.011 mol) in THF (50 mL). HCI (1 N, 0.026 mol) was
added at 30 °C. The mixture was stirred at 30 °C for 1 h. H,O (30 mL) was added and the mixture was
extracted with ethyl acetate (2 x 50 mL). The combined organic fractions were washed with brine (2 x 10
mL), dried over Na,SOs, filtered and the solvent was evaporated under reduced pressure. The crude
residue was purified by flash column chromatography on silica gel using petroleum ether/ethyl acetate
(5:1) to yield (E)-5-nitro-6-phenylhex-5-en-2-one (2 g, 83%) as a colorless oil. LC-MS (ES, m/z) 242.2
[M+Na]*. 'H NMR (400 MHz, Chloroform-d) & 8.10 (s, 1H), 7.58 — 7.36 (m, 5H), 3.26 — 2.97 (m, 2H),
2.97 -2.71 (m, 2H), 2.21 (s, 3H). *C NMR (101 MHz, Chloroform-d) 8 206.3, 150.5, 134.7, 131.9,
130.3, 129.7, 129.2,41.1, 29.9, 21.6.

0

NO; hriendd

SM-2j

S45



MNO2

SM-2j

L T T L T T T T T L T T
210 200 190 180 170 160 150 MO0 130 10 110 1N W ] 70 60 50 40 30 20 10 0 =10

F1 e

546



Nitroethane (1 eq) NO, 1. MeONa/MeOH (30%,1.2 eq) o)
Br\)g(o\ NaOH (0.5N, 1.6eq) _ )\)H(O\ MeOH (10 V), 30min ‘ )J\)H(O
THF (25 V), rt, o/n 2. conc. HySO4(4 eq) A

© o MeOH (10V), -50 °C, 1h o
Step 1 Step 2

Scheme S15. Synthesis of SM-2k.®

Step 1: To a stirring solution of nitroethane (4.2 g, 1 eq.) and ethyl (2-bromomethyl) acrylate (10 g, 1 eq.)
in THF (250 mL), was added aqueous NaOH (0.25 N, 269 mL, 1.1 eq.) dropwise, holding the temperature
between 5-10 °C. The reaction was stirred at 10 °C for 2 h and was then extracted with Et,O (3 x 100
mL), and washed with brine (100 mL). The organic layer was dried over Na,SOs, filtered and
concentrated under reduced pressure to yield methyl 2-methylene-4-nitropentanoate (10 g, crude) as a
colorless oil.

Step 2: To a solution of crude methyl 2-methylene-4-nitropentanoate (10 g, 1 eq.) in MeOH (50 mL) was
added a solution of MeONa/MeOH (5N, 13.8 ml, 1.2 eq.) at room temperature. The reaction was stirred
for 30 min and then was added dropwise to a cooled -50 °C solution of concentrated sulfuric acid (22.6 g,
4 eq.) in MeOH (50 mL). After stirring for 1h at room temperature, H,O (100 mL) was added and the
mixture was concentrated in order to reduce the amount of MeOH. The mixture was extracted with
CHClI;, (3 x 100 mL). The organic layer was dried over Na>SOy, filtered and concentrated in vacuo. The
crude mixture was then purified by flash chromatography using EtOAc/petroleum ether (1:20-1:10) to
give methyl 2-methylene-4-oxopentanoate (6 g, 58% over 2 steps) as a colorless oil. LC-MS (ES,
m/z)143 [M+H]". '"H NMR (400 MHz, Chloroform-d) & 6.35 (d, J = 1.3 Hz, 1H), 5.66 (t,J= 1.1 Hz, 1H),
3.76 (d,J=1.1 Hz, 3H), 3.43 (s, 2H), 2.21 (d, /= 1.1 Hz, 3H).
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NMO (1.5 eq) 0 . 0
@/ 0s0, (0.05 eq), NalO, (4 eq) )J\/\/\ Bohme's salt (5eq) w
tBUOH (0.12 V), THF (20 V) Me | TEA (5 eq), DCM (35 V) Me |
H,0 (10 V), 20 °C, o/n 0 20°C, o/n 0
Step 1 Step 2

NaH,PO4(2 eq, 20% in water)
2-methyl-2-butene (3 eq),

sodium chlorite (2.3 eq) - M’_‘/OH KoCO3 (1.1 eq), Mel(1.1 eq) _ MOM‘%
tBUOH (60 V), t, 2.5h Me DMF/H20 (5:1), rt, o  Me

91% o

Step 3 Step 4

Scheme S16. Synthesis of SM-21.°

Step 1: To a stirring solution of 1-methylcyclohex-1-ene (15 g, 1 eq.) in THF (300 mL), t-BuOH (1.8 ml),
H,O (150 ml) and NMO (27.4 g, 1.5 eq.) were added at 0 °C, followed by the addition of OsO4 (1.6 g,
0.02 eq.) in H,O (50 ml) and NalO4 (133 g, 4 eq). The mixture was stirred at room temperature overnight.
The reaction mixture was concentrated and the residue was dissolved in H,O (200 mL) and extracted with
ethyl acetate (2 x 200 mL). The combined organic layer was washed with brine (200 mL). The organic
layer was dried over Na,SOs, filtered and the solvent was evaporated under reduced pressure. The residue
was purified by column chromatography on silica gel using hexane/EtOAc (5:1) to yield 6-oxo-heptanal
(13.5 g, 45 % yield) as a yellow oil.

Step 2: To a stirring solution of 6-oxo-heptanal (12 g, 1 eq.) in DCM (120 mL) was added TEA (47 g, 5
eqg.) and Bohme’s salt (68.4 g, 5 eq.). After stirring at room temperature overnight, the reaction mixture
was quenched with saturated, aqueous NH4Cl (50 ml) solution and extracted with DCM (2 x 100 mL).
The combined organic layer was washed with brine (100 ml), dried over anhydrous MgSOQs, filtered and
concentrated in vacuo. The residue was purified by column chromatography on silica gel using
hexane/EtOAc (3:1) to yield 2-methylene-6-oxo-heptanal (6.5 g, 49% yield) as a yellow oil.

Step 3: To a stirring solution of 2-methylene-6-oxo-heptanal (6 g, 1 eq.) and 2-methyl-2-butene (9 g, 3
eq.) in t-butyl alcohol (360 mL), was added a solution of sodium chlorite (3.58 g, 39.61 mmol, 2.3 eq.)
and sodium dihydrogenphosphate (8.9 g, 2 eq.) in H,O (45mL) dropwise over 10 min. The pale yellow
reaction mixture was stirred at room temperature for 2.5 h. The reaction mixture was concentrated and the
crude residue was partitioned between H,O (60 mL) and hexane (200 mL). The aqueous layer was
acidified to pH = 3 with HCI solution (2N) and extracted with Et,O (2 x 100 mL). The combined organic
layers was washed with H>O (50 mL), dried over anhydrous MgSQ,, filtered and concentrated in vacuo to
give 2-methylene-6-oxo-heptanoic acid (4 g, 62 % yield) as a yellow oil.

Step 4: To a stirring solution of 2-methylene-6-oxo-heptanoic acid (4 g, 1 eq.) in DMF (40 mL) was
added a solution of K»COs (3.9 g, 1.1 eq.) in H>O (18 mL). The resulting mixture was vigorously stirred
for 5 min. To the mixture was added Mel (2 g, 1.1 eq.) at room temperature and the reaction was
vigorously stirred overnight. HO/EtOAc (200 mL, 1:1) were added and the aqueous layer acidified to pH
= 3 by addition of HCl solution (1 N). The organic layer was separated and the aqueous layer was
extracted with EtOAc (3 x 100 mL). The combined organic layer was washed with H,O (3 x 100 mL),
saturated NaHCOj3 aqueous solution, and brine, and dried over anhydrous MgSQO, filtered and
concentrated in vacuo. The residue was purified by column chromatography on silica gel using
hexane/EtOAc (9:1) to give 2-methylene-6-oxo-heptanoic acid methyl ester (3.96 g, 91% yield) as a
yellow oil. LC-MS (ES, m/z) 171 [M+H]". '"H NMR (400 MHz, Methanol-dy) § 6.21 — 6.16 (m, 1H), 5.57
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(q,J= 1.4 Hz, 1H), 3.77 (s, 3H), 2.47 (t, J = 7.4 Hz, 2H), 2.32 (ddd, J= 7.9, 6.7, 1.3 Hz, 2H), 2.15 (s,
3H), 1.78 (p, J = 7.4 Hz, 2H).
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Scheme S$17. Synthesis of SM-4a.

N,N-dimethylpyridin-4-amine (7.66 g, 62.7 mmol) was added to a solution of methyl 2-(bromomethyl)
acrylate (11 g, 61.4 mmol) in CH>Cl, (220 mL) and stirred at 25 °C for 0.5 h. Propionaldehyde (7.75 g, 92
mmol) was added, followed by 2-(diphenyl((trimethylsilyl)oxy)methyl)pyrrolidine (4.00 g, 12.29 mmol),
and the mixture was stirred at 25 °C for 12 h. Water (30 mL) was added and the mixture was extracted
with DCM (2 x 20 mL). The combined organic fractions were washed with 1M HCI (2 x 20 mL), dried
over Na;SOy, filtered concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel using hexane/EtOAc (97:3) to yield methyl 4-methyl-2-methylene-5-
oxopentanoate (7 g, 38.4 mmol, 62.5 % yield) as a colorless oil. LC-MS (ES, m/z): 157.1 [M+H]". 'H
NMR (400 MHz, Chloroform-d) & 9.69 (d, J= 1.8 Hz, 1H), 6.28 (s, 1H), 5.64 (d, J= 1.8 Hz, 1H), 3.79 (d,
J=1.6 Hz, 3H), 2.84 (dd, J= 14.2, 6.6 Hz, 1H), 2.67 (h, J=7.2 Hz, 1H), 2.31 (dd, /= 14.3, 7.5 Hz, 1H),
1.12 (dd, J=7.1, 1.5 Hz, 3H). '*C NMR (101 MHz, Chloroform-d) & 203.9, 167.1, 137.4, 127.5, 52.0,
45.1,33.1,13.2.
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Step 1 Step 2 |
Scheme $18. Synthesis of SM-4b.

Step 1: To a stirring solution of oxalyl chloride (81 g, 639 mmol) in CH,Cl, (1000 mL) at -78 °C under
N> was added (methylsulfinyl)methane (100 g, 1277 mmol) and the mixture was stirred at -78 °C for 15
min. Pent-4-en-1-o0l (50 g, 581 mmol) was added and the mixture was stirred at -78 °C for an additional
15 min. Triethylamine (235 g, 2322 mmol) was added and the mixture was warmed to 25 °C and stirred
for 15 min. Water (100 mL) was added, diluted with DCM (3 x 50 mL), washed with brine (2 x 50 mL),
dried over Na,SOs, filtered and concentrated under reduced pressure to give pent-4-enal (48 g, 0.571mol,
98%) as a white oil.

Step 2: N,N-dimethylpyridin-4-amine (7.66 g, 62.7 mmol) was added to a solution of methyl 2-
(bromomethyl) acrylate (11 g, 61.4 mmol) in CH»Cl, (220 mL) under N». The mixture was stirred at 25
°C for 0.5 h. Pent-4-enal (7.75 g, 92 mmol) was added, followed by 2-
(diphenyl((trimethylsilyl)oxy)methyl)pyrrolidine (4.00 g, 12.29 mmol) and the mixture was stirred at 25
°C for 12 h. Water (30 mL) was added and the mixture was extracted with DCM (2 x 20 mL). The
combined organic layer was washed with 1M HCI (2 x 20 mL), dried over Na,SO,, filtered and
concentrated under reduced pressure. The crude residue was purified by flash column chromatography on
silica gel using petroleum ether/ethyl acetate (97:3) to yield methyl 4-formyl-2-methylenehept-6-enoate
(7 g, 38.4 mmol, 63 % yield) as a colorless oil. LC-MS (ES, m/z) 183.1 [M+H]*. 'H NMR (400 MHz,
Chloroform-d) 6 9.65 (d, /= 1.8 Hz, 1H), 6.25 (d, J= 1.2 Hz, 1H), 5.75 (ddt, /= 16.5, 10.9, 7.0 Hz, 1H),
5.62 (q,J=1.2 Hz, 1H), 5.15 - 5.00 (m, 2H), 3.76 (s, 3H), 2.79 — 2.60 (m, 2H), 2.52 — 2.36 (m, 2H), 2.36
—2.23 (m, 1H). ®C NMR (101 MHz, Chloroform-d) § 203.5, 137.3, 134.3, 127.7, 117.8, 52.0, 49.8, 32.9,
31.0.
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Step 1 Step 2
Scheme $19. Synthesis of SM-4c.

Step 1: (Methylsulfinyl)methane (20.68 g, 265 mmol) was added to a -78 °C solution of oxalyl dichloride
(16.80 g, 132 mmol) in CH2ClI, (400 mL) and stirred at -78 °C for 15 min. 3-(benzyloxy)propan-1-ol (20
g, 120 mmol) was added and the mixture was stirred at -78 °C for an additional 15 min. Triethylamine
(48.7 g, 481 mmol) was added, and the mixture was warmed to 25 °C and stirred for 15 min. Water (100
ml) was added. The organic layer was separated, washed with brine (2 x 50 mL), dried over Na,SOs,
filtered, and concentrated under reduced pressure to yield 3-(benzyloxy)propanal as a white oil.

Step 2: N,N-dimethylpyridin-4-amine (4.18 g, 34.2 mmol) was added to a solution of methyl 2-
(bromomethyl)acrylate (6 g, 33.5 mmol) in CH>Cl, (120 mL) and the mixture was stirred at 25 °C for 0.5
h. 3-(benzyloxy)propanal (8.2 g, 49.9 mmol) was added, followed by 2-
(diphenyl((trimethylsilyl)oxy)methyl)pyrrolidine (2.182 g, 6.70 mmol) and the mixture was stirred at 25
°C for 12 h. Water (30 mL) was added and the mixture was extracted with DCM (2 x 20 mL). The
combined organic fractions were washed with 1M HCI (2 x 20 mL), dried over Na,SOs, filtered and
concentrated under reduced pressure. The crude residue was purified by flash column chromatography on
silica gel using petroleum ether/ethyl acetate (10:1) to yield methyl 5-(benzyloxy)-4-formyl-2-
methylenepentanoate (3 g, 11.44 mmol, 34.1 % yield) as a colorless oil. LC-MS (ES, m/z) 263.1 [M+H]".
"H NMR (400 MHz, Chloroform-d) 6 9.76 (d, J= 1.3 Hz, 1H), 7.42 — 7.29 (m, 5H), 6.25 (d, J= 1.3 Hz,
1H), 5.62 (q, /= 1.2 Hz, 1H), 4.51 (d, J=2.2 Hz, 2H), 3.76 (s, 4H), 3.67 (dd, /=9.5, 5.2 Hz, 1H), 2.96 —
2.71 (m, 2H), 2.63 —2.42 (m, 1H). C NMR (101 MHz, Chloroform-d) & 202.7, 167.1, 137.8, 137.1,
128.4,127.8,127.8, 127.7,73.3, 67.7, 52.0, 50.8, 28.5.
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Step 3

Scheme $20. Synthesis of SM-4d.

Step 1: Triethylamine (19.00 g, 188 mmol) and di-fert-butyl dicarbonate (41.0 g, 188 mmol) were added
to a stirring solution of 6-aminohexan-1-ol (20 g, 171 mmol) in CH2Cl, (200 mL) at 25 °C. The mixture
was stirred at 25 °C for 12 h. The mixture was concentrated to give tert-butyl (6-hydroxyhexyl)carbamate
(50 g, crude) as yellow oil.

Step 2: (Methylsulfinyl)methane (15.82 g, 202 mmol) was added to a -78 °C solution of oxalyl dichloride
(12.85 g, 101 mmol) in CH,Cl, (400 mL) and the mixture was stirred at -78 °C for 15 min. Tert-butyl (6-
hydroxyhexyl) carbamate (20 g, 92 mmol) was added and the mixture was stirred at -78°C for an
additional 15 min. Triethylamine (37.3 g, 368 mmol) was added, the mixture was warmed to 25 °C and
stirred for 15 min. Water (100 ml) was added and the mixture was extracted with DCM (3 x 50 mL). The
combined organic layer was washed with brine (2 x 50 mL), dried over Na,SQ,, filtered and concentrated
under reduced pressure to yield tert-butyl (6-oxohexyl)carbamate (18 g, 84 mmol, 91%).

Step 3: N,N-dimethylpyridin-4-amine (4.18 g, 34.2 mmol) was added to a solution of methyl 2-
(bromomethyl) acrylate (6 g, 33.5 mmol) in CH>Cl, (120 mL) and the mixture was stirred at 25 °C for 0.5
h. Tert-butyl (6-oxohexyl)carbamate (10.82 g, 50.3 mmol) was added, followed by 2-
(diphenyl((trimethylsilyl) oxy)methyl) pyrrolidine (2.182 g, 6.70 mmol), and the mixture was stirred at 25
°C for 12 h. Water (30 mL) was added and the mixture was extracted with DCM (2 x 20 mL). The
combined organic layer was washed with brine (2 x 20 mL), dried over Na,SQs, filtered and concentrated
under reduced pressure. The crude residue was purified by flash column chromatography on silica gel
using petroleum ether/ethyl acetate (5:1) to yield methyl 8-((fert-butoxycarbonyl)amino)-4-formyl-2-
methyleneoctanoate (5 g, 15.95 mmol, 47.6 % yield) as a colorless oil. LC-MS (ES, m/z) 336.1 [M+Na]".
"H NMR: (400 MHz, DMSO-ds): 8 9.53 (d, J=2.6 Hz, 1H), 6.77 (t,J = 5.4 Hz, 1H), 6.13 (d, J= 1.3 Hz,
1H), 5.71 (q, J = 1.3 Hz, 1H), 3.69 (s, 3H), 2.89 (q, /= 6.6 Hz, 2H), 2.71 — 2.59 (m, 1H), 2.47 (ddt, J =
7.8,5.4,2.7 Hz, 1H), 2.45 - 2.32 (m, 1H), 1.68 — 1.51 (m, 1H), 1.38 (s, 13H), 1.29 — 1.15 (m, 2H). "*C
NMR (101 MHz, DMSO-ds) 6 205.2, 137.9, 127.7, 52.3, 50.2, 31.0, 28.7, 28.1, 23.9.
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Scheme S$21. Synthesis of SM-4e.

Step 1: Diisobutylaluminum(III) (16.12 g, 114 mmol) was added to a -78 °C solution of 4,4-
dimethoxybutanenitrile (13.4 g, 104 mmol) in CH>Cl, (268 mL) and the mixture was stirred at -78 °C for
3h. The mixture was then warmed to 25 °C and then cooled to 0 °C. Saturated, aqueous NH4CI (50 ml)
was added slowly. The organic layer was separated, dried over Na,SOs, filtered and concentrated under
reduced pressure to give 4,4-dimethoxybutanal (12 g, 91 mmol, 88 % yield) as a white oil.

Step 2: N,N-dimethylpyridin-4-amine (6.96 g, 57.0 mmol) was added to a solution of methyl 2-
(bromomethyl) acrylate (10 g, 55.9 mmol) in CH>Cl, (200 mL) and the mixture was stirred at 25 °C for
0.5 h. Methyl 2-(bromomethyl)acrylate (10 g, 55.9 mmol) was added, followed by 2-
(diphenyl((trimethylsilyl)oxy)methyl)pyrrolidine (3.64 g, 11.17 mmol), and the mixture was stirred at 25
°C for 12 h. Water (30 mL) was added and the mixture was extracted with DCM (2 x 20 mL). The
combined organic layer was washed with brine (2 x 20 mL), dried over Na,SQs, filtered and concentrated
under reduced pressure. The crude residue was purified by flash column chromatography on silica gel
using petroleum ether/ethyl acetate (2:1) to yield 4-formyl-6,6-dimethoxy-2-methylenehexanoate (3.5 g,
15.20 mmol, 27.2 % yield) as a colorless oil. LC-MS (ES, m/z) 253.1 [M+Na]*. 'H NMR: (400 MHz,
Acetonitrile-d3) 6 9.54 (d, J= 2.3 Hz, 1H), 6.20 (d, /= 1.2 Hz, 1H), 5.68 (t, /= 1.2 Hz, 1H), 4.40 (t, J =
5.5 Hz, 1H), 3.73 (s, 3H), 3.29 (d, /= 3.3 Hz, 6H), 2.77 — 2.60 (m, 2H), 2.46 — 2.37 (m, 1H), 1.96 — 1.91
(m, 1H), 1.72 (ddd, J = 14.2, 5.6, 4.3 Hz, 1H). *C NMR (101 MHz, Acetonitrile-d3) & 203.4, 166.9,
137.8,127.0, 103.2, 53.3, 52.9, 51.5, 46.5, 32.2, 31.2.
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Scheme $22. Synthesis of SM-4f.

N,N-dimethylpyridin-4-amine (7.66 g, 62.7 mmol) was added to a solution of methyl 2-(bromomethyl)
acrylate (11 g, 61.4 mmol) in CH>Cl, (220 mL) under N,. The mixture was stirred at 25 °C for 0.5 h. 3-
methylbutanal (7.75 g, 92 mmol) was added, followed by 2-
(diphenyl((trimethylsilyl)oxy)methyl)pyrrolidine (4.00 g, 12.29 mmol). The mixture was stirred at 25 °C
for 12 h. Water (30 mL) was added and the mixture was extracted with DCM (2 x 20 mL). The combined
organic layer was washed with 1M HCI (2 x 20 mL), dried over Na,SOsg, filtered, and concentrated under
reduced pressure. The crude residue was purified by flash column chromatography on silica gel using
petroleum ether/ethyl acetate (97:3) to yield methyl 4-formyl-5-methyl-2-methylenehexanoate (7 g, 38.4
mmol, 62% yield) as a colorless oil. LC-MS (ES, m/z) 157.1 [M+H]". '"H NMR (400 MHz, Chloroform-d)
86945 (d,J=2.9 Hz, 1H), 6.01 (d, /= 1.2 Hz, 1H), 5.41 (q, J= 1.2 Hz, 1H), 3.56 (s, 3H), 2.48 (ddd, J =
14.4,9.6, 1.1 Hz, 1H), 2.40 — 2.17 (m, 2H), 1.87 (heptd, J= 6.9, 5.3 Hz, 1H), 0.82 (dd, /= 7.0, 1.0 Hz,
6H). 3C NMR (101 MHz, Chloroform-d) § 204.6, 167.2, 138.1, 127.2, 56.7, 51.9, 28.6, 28.4, 19.8, 19.6.
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Scheme $23. Synthesis of SM-7.

Step 1: Into a 3L 3-neck round-bottom flask under N, atmosphere was placed methyl 3-oxo-3-
phenylpropanoate (80 g, 0.449 mol) in MTBE (800 mL). K,COs3 (124.9 g, 0.898 mol) was added at 30 °C,
followed by (E)-but-2-enal (37.7 g, 0.539 mol). The mixture was stirred at 30 °C for 1 h and was then was
filtered and the solvent was evaporated under reduced pressure. The crude residue was purified by flash
column chromatography on silica gel using petroleum ether/ethyl acetate (2:1) to yield methyl 2-benzoyl-
3-methyl-5-oxopentanoate (88 g, 75%) as a colorless oil.

Step 2: Into a 5L 3-neck round-bottom flask under N, atmosphere was placed methyl 2-benzoyl-3-
methyl-5-oxopentanoate (50 g, 0.201 mol) in toluene (500 mL). p-TsOH (1.7 g, 0.01 mol) was added,
followed by glycol (70.68 g, 1mol). The mixture was stirred at 110 °C for 6 h. The reaction mixture was
then cooled to room temperature and concentrated. Water (500 mL) was added and the mixture was
extracted with ethyl acetate (2 x 500 mL). The combined organic layer was washed with saturated
aqueous NaCl (2 x 500 mL), dried over Na,SOs, filtered and the solvent was evaporated under reduced
pressure The crude residue was purified by flash column chromatography on silica gel using petroleum
ether/ethyl acetate (5:1) to yield methyl 2-benzoyl-4-(1,3-dioxolan-2-yl)-3-methylbutanoate (43 g, 74%)
as a colorless oil.

Step 3: Into a 1L 3-neck round-bottom flask under N, atmosphere was placed methyl 2-benzoyl-4-(1,3-
dioxolan-2-yl)-3-methylbutanoate (20 g, 0.068 mol) in THF (200 ml). K,CO; (1.7 g, 0.102 mol) was
added, followed by paraformaldehyde (3 g, 0.102 mol). The mixture was stirred at 70 °C for 18 h. The
reaction mixture was cooled to room temperature, filtered and the solvent was evaporated under reduced
pressure. The crude residue was purified by flash column chromatography on silica gel using petroleum
ether/ethyl acetate (5:1) to yield methyl 4-(1,3-dioxolan-2-yl)-3-methyl-2-methylenebutanoate (12 g,
80%) as a colorless oil.

Step 4: Into a 100 mL 3-neck round-bottom flask under N> atmosphere, was placed methyl 4-(1,3-
dioxolan-2-yl)-3-methyl-2-methylenebutanoate (5 g, 0.025 mol) in THF (50 ml). 1 N HCI (0.026 mol)
was added at 30 °C and the mixture was stirred at 30 °C for 1 h. HO (30 mL) was added and the mixture
was extracted with ethyl acetate (2 x 50 mL). The combined organic fractions were washed with brine (2
x 10 mL), dried over Na,SOy, filtered and the solvent was evaporated under reduced pressure. The residue
was purified by Prep-HPLC (ACN:Water =20%) to yield methyl 3-methyl-2-methylene-5-oxopentanoate
(2 g, 85%) as a colorless oil. LC-MS (ES, m/z) 157 [M+H]". 'H NMR (400 MHz, Chloroform-d) & 9.73
(t,J=2.0 Hz, 1H), 6.25 (s, 1H), 5.61 (s, 1H), 3.79 (s, 3H), 3.30 (h, /= 6.8 Hz, 1H), 2.70 (ddd, J=16.7,
6.0, 1.8 Hz, 1H), 2.48 (ddd, J=16.7, 7.9, 2.3 Hz, 1H), 1.18 (d, J = 6.9 Hz, 3H). *C NMR (75 MHz,
Chloroform-d) 6 201.4, 167.1, 144.0, 124.3, 51.9, 49.6, 29.9, 19.7.
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General Procedure for Formation and Characterization of 2a-2k

NH,
’/g 0 1) DCE, STAB, rt
B + )J\/\H/O >

N~y 2) MeOH/H,0, rt - 60 °C %
e 5 min - 55 h ™

A dr = cis:trans Me
1.1 equiv Me

To a 20 mL reaction vial with a stirbar was added A (0.138 mL, 1.100 mmol), DCE (4 mL), electrophile
(1.00 mmol), and sodium triacetoxyborohydride (STAB) (339 mg, 1.600 mmol), in that order. In some
instances, to the mixture was added AcOH (0.057 mL, 1.00 mmol) for the reductive amination. The mixture
was stirred at room temperature. The reaction progress was followed by LCMS analysis to completion. To
the mixture was added 1 M aqueous sodium hydroxide (5 mL), and the mixture was stirred for 5 min. The
organic layer was collected with a phase separator (Biotage Isolute), and the aqueous layer was extracted
with DCM (2 x 3 mL). The solvents of the combined organic layer were evaporated. To the residue was
added MeOH (2 mL) and water (2 mL). The mixture was stirred at the specified temperature. The reaction
progress was monitored by LCMS analysis to completion. To the mixture was added water (10 mL), and
the mixture was extracted with DCM (3 x 15 mL). The organic layer was dried over magnesium sulfate,
filtered, and the solvents were evaporated. The crude mixture was analyzed by 'H NMR spectroscopy to
determine the diastereomeric ratio. The crude material was purified by silica gel chromatography. Yields
are reported as an average of two runs.

(0]

OMe

2a The synthesis of 2a was conducted according to the general procedure with B (156

mg, 1.00 mmol) as electrophile. The reductive amination was conducted for 1.5 h. The subsequent
cyclization was conducted at rt for 18 h. The d.r. of the crude mixture was determined to be 18:1.
Purification of the crude mixture by silica gel chromatography with 0-60% EtOAc:EtOH (3:1) in hexanes
as eluent afforded 2a (255 mg, 96% yield, >20:1 d.r.) as an orange oil. 'H NMR (600 MHz, Acetonitrile-
d3) 6 7.11 (d, J=0.9 Hz, 1H), 7.10 — 7.08 (m, 1H), 4.37 (hept, J = 6.7 Hz, 1H), 3.68 (s, 3H), 3.50 (qt, J =
6.7,3.7 Hz, 1H), 3.18 (ddd, J=12.1, 4.3, 1.2 Hz, 1H), 2.96 (dd, J = 12.0, 10.4 Hz, 1H), 2.63 (tt, /= 10.4,
4.4 Hz, 1H), 1.87 — 1.76 (m, 3H), 1.66 — 1.59 (m, 1H), 1.42 (d, J = 6.7 Hz, 6H), 0.99 (d, /= 6.7 Hz, 3H).
BC NMR (151 MHz, Acetonitrile-ds) & 175.1, 137.4, 128.8, 115.2, 54.4, 52.6, 52.0, 47.7, 42.2, 30.2, 23.0,
22.8,12.4. ESIHR (M+H) calc’d 268.1869, found 268.1868.
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The synthesis of 2b was conducted according to the general procedure with methyl
5-cyclopropyl-2-methylene-5-oxopentanoate (182 mg, 1.00 mmol) as electrophile. The reductive amination
was conducted for 24 h with AcOH. The subsequent cyclization was conducted at 40 °C for 23 h. The d.r.
of the crude mixture was determined to be 8:1. Purification of the crude mixture by silica gel
chromatography with 0-75% EtOAc in hexanes as eluent afforded 2b (157 mg, 54% yield, single
diastereomer) as a yellow oil. 'H NMR (600 MHz, DMSO-ds) § 7.28 (s, 1H), 7.06 (s, 1H), 4.32 (hept, J =
6.7 Hz, 1H), 3.62 (s, 3H), 3.23 — 3.08 (m, 2H), 2.60 (dp, J = 14.1, 4.6 Hz, 1H), 2.45 (dt, J = 8.8, 4.0 Hz,
1H), 1.87 — 1.80 (m, 1H), 1.77 (m, 1H), 1.71 (tt, J=11.9, 4.3 Hz, 1H), 1.63 (m, 1H), 1.34 (d, /= 6.7 Hz,
6H), 1.07 (ddq, /= 13.4,9.2, 5.0 Hz, 1H), 0.33 (dtq, /= 16.6, 8.2, 4.1, 3.2 Hz, 2H), 0.03 (dtt, /=21.2, 8.2,
4.0 Hz, 2H). *C NMR (151 MHz, DMSO) § 173.9, 136.0, 128.3, 115.2, 62.2, 52.8, 51.4, 47.6, 27.2, 22.8,
22.6,22.6,10.2, 5.8, 1.9. ESIHR (M+H) calc’d 292.2025, found 292.2025.

0

OMe

2c The synthesis of 2¢ was conducted according to the general procedure with methyl

methyl 2-methylene-5-oxo0-5-phenylpentanoate (218 mg, 1.00 mmol) as electrophile. The reductive
amination was conducted for 24 h with AcOH. The subsequent cyclization was conducted at 40 °C for 32
h. The d.r. of the crude mixture was determined to be 12:1. Purification of the crude mixture by silica gel
chromatography with 0-45% EtOAc in hexanes as eluent afforded 2¢ (210 mg, 64% yield, single
diastereomer) as a yellow oil. 'H NMR (600 MHz, Acetonitrile-d3) & 7.35 — 7.25 (m, 4H), 7.23 — 7.18 (m,
1H), 6.97 (s, 1H), 6.96 (s, 1H), 4.25 (p, J = 6.7 Hz, 1H), 4.00 (dd, J = 7.8, 4.0 Hz, 1H), 3.58 (dd, J=12.4,
5.9 Hz, 1H), 3.15 (dd, J=12.3, 3.8 Hz, 1H), 2.79 (p, J = 5.1 Hz, 2H), 2.05 — 1.96 (m, 3H), 1.86 (ddd, J =
14.0, 7.0, 4.2 Hz, 1H), 1.76 (ddd, /= 13.9, 9.8, 4.2 Hz, 1H), 1.31 (d, J= 3.8 Hz, 3H), 1.30 (d, /= 3.9 Hz,
3H). *C NMR (151 MHz, Acetonitrile-ds) & 174.0, 144.0, 137.0, 130.1, 128.2, 127.5, 126.6, 117.1, 63.8,
53.8,53.3,51.2, 39.6, 30.7, 24.0, 22.0. ESIHR (M+H) calc’d 328.2025, found 328.2031.
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2d The synthesis of 2d was conducted according to the general procedure with

methyl 2-methylene-5-0x0-5-(6-(trifluoromethyl)pyridin-3-yl)pentanoate (287 mg, 1.00 mmol) as
electrophile. The reductive amination was conducted for 24 h with AcOH. The subsequent cyclization was
conducted at 60 °C for 55 h. The d.r. of the crude mixture was determined to be 8:1. Purification of the
crude mixture by silica gel chromatography with 0-50% EtOAc in hexanes as eluent afforded 2d (198 mg,
50% yield, single diastereomer) as a yellow oil. 'H NMR (600 MHz, Acetonitrile-d5) & 8.61 (d, J = 2.1 Hz,
1H), 7.86 (ddt, J=8.2,2.2,0.7 Hz, 1H), 7.66 (dd, /= 8.1, 0.8 Hz, 1H), 7.04 (dd, /=9.5, 0.9 Hz, 2H), 4.26
(hept, J= 6.7 Hz, 1H), 4.15 (dd, J = 8.5, 4.2 Hz, 1H), 3.57 (ddd, J=12.3, 5.3, 1.3 Hz, 1H), 3.17 (dd, J =
12.4,3.7 Hz, 1H), 2.82 (p, J=4.8 Hz, 1H), 2.09 — 2.02 (m, 1H), 1.99 — 1.95 (m, 1H), 1.95 — 1.89 (m, 1H),
1.79 (ddt, J = 13.4, 10.3, 4.4 Hz, 1H), 1.29 (d, J = 3.7 Hz, 3H), 1.28 (d, J = 3.7 Hz, 3H). *C NMR (151
MHz, Acetonitrile-ds) 6 174.7, 150.6, 146.6, 137.7, 136.6, 131.9, 122.8, 121.1, 119.4, 118.3, 62.7, 55.7,
54.4,52.2,404,31.7,24.8,22.8. ESIHR (M+H) calc’d 397.1851, found 397.1857.

(0]

OMe

2e The synthesis of 2e was conducted according to the general procedure with

methyl 5-(4-methoxyphenyl)-2-methylene-5-oxopentanoate (248 mg, 1.00 mmol) as electrophile. The
reductive amination was conducted for 24 h with AcOH. The subsequent cyclization was conducted at 40
°C for 21 h. The d.r. of the crude mixture was determined to be 16:1. Purification of the crude mixture by
silica gel chromatography with 0-50% EtOAc in hexanes as eluent afforded 2e (143 mg, 40% yield, single
diastereomer) as a colorless oil. 'H NMR (600 MHz, Acetonitrile-ds) & 7.21 (d, J = 8.4 Hz, 2H), 6.96 (s,
1H), 6.96 (s, 1H), 6.84 (d, /= 8.4 Hz, 2H), 4.26 (hept, /= 6.7 Hz, 1H), 3.95 (dd, J= 7.7, 4.0 Hz, 1H), 3.76
(s, 3H), 3.72 (s, 3H), 3.56 (dd, /= 12.4, 6.0 Hz, 1H), 3.15 (dd, /= 12.4, 3.8 Hz, 1H), 2.78 (p, /= 5.2, 1H),
2.06 — 1.93 (m, 2H), 1.84 (ddd, J=14.1, 7.0, 4.0 Hz, 1H), 1.74 (ddt, /= 14.3,9.9, 4.0 Hz, 1H), 1.32 (d, J
=3.0 Hz, 3H), 1.31 (d, J=3.1 Hz, 4H). 3*C NMR (151 MHz, Acetonitrile-ds) § 175.3, 159.7, 137.8, 137.0,
131.3, 129.9, 118.3, 114.8, 64.4, 56.1, 54.7, 54.6, 52.5, 40.9, 31.8, 25.3, 23.3. ESIHR (M+H) calc’d
358.2131, found 358.2124.
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The synthesis of 2f was conducted according to the general procedure with methyl 2-
((2-oxocyclohexyl)methyl)acrylate (196 mg, 1.00 mmol) as electrophile. The reductive amination was
conducted for 20 min with AcOH. The subsequent cyclization was conducted at rt for 22 h. The d.r. of the
crude mixture was determined to be 4:1. Purification of the crude mixture by silica gel chromatography
with 0-65% EtOAc in hexanes as eluent afforded 2f (223 mg, 73% yield, single diastereomer) as a pink oil.
"H NMR (600 MHz, Acetonitrile-ds) & 7.09 (s, 1H), 7.07 (s, 1H), 4.35 (hept, J = 6.7 Hz, 1H), 3.68 (s, 3H),
3.33(dt,J=12.2,4.4 Hz, 1H), 3.24 (ddd, J=11.9, 4.5, 1.6 Hz, 1H), 2.87 (t, /= 11.8 Hz, 1H), 2.70 (tt, J =
12.0,4.2 Hz, 1H), 2.07 (dt,J=13.1, 3.8 Hz, 1H), 1.89 (q, J=12.9 Hz, 1H), 1.74 (dt, J=12.8, 3.7 Hz, 1H),
1.71 - 1.61 (m, 3H), 1.55 (qd, J=12.7, 3.7 Hz, 1H), 1.48 — 1.43 (m, 1H), 1.42 — 1.40 (m, 7H), 1.37 — 1.32
(m, 1H), 1.24 (tdt, J= 13.0, 10.3, 3.8 Hz, 1H). *C NMR (151 MHz, Acetonitrile-d3) & 175.2, 137.3, 128.0,
118.3, 114.0, 59.2, 54.4, 46.2, 42.7, 35.2, 32.2, 27.8, 26.4, 23.2, 23.2, 21.6, 19.8. ESIHR (M+H) calc’d
306.2182, found 306.2169.

The synthesis of 2g was conducted according to the general procedure with 2-methylene-
5-oxohexanenitrile (123 mg, 1.00 mmol) as electrophile. The reductive amination was conducted for 1 h.
The subsequent cyclization was conducted at 60 °C for 16 h. The d.r. of the crude mixture was determined
to be 20:1. Purification of the crude mixture by silica gel chromatography with 0-60% EtOAc:EtOH (3:1)
in hexanes as eluent afforded 2g (186 mg, 80% yield, single diastereomer) as a red oil. 'H NMR (600 MHz,
Acetonitrile-d3) 6 7.24 (d, /= 0.9 Hz, 1H), 7.17 (d, /= 0.9 Hz, 1H), 4.38 (dq, J=13.4, 6.7 Hz, 1H), 3.19 —
3.13 (m, 1H), 3.12 - 3.10 (m, 2H), 2.94 (ddd, J=11.3, 8.0, 4.2 Hz, 1H), 1.96 — 1.91 (m, 1H), 1.88 — 1.83
(m, 1H), 1.81 (ddd, J=13.2, 8.9, 4.4 Hz, 1H), 1.60 (dddd, /= 13.6, 7.7, 6.0, 3.9 Hz, 1H), 1.42 (d, /= 6.7
Hz, 6H), 1.01 (d, J = 6.5 Hz, 3H). 3*C NMR (151 MHz, Acetonitrile-ds) § 136.1, 131.1, 122.6, 118.1, 54.6,
54.5,51.7,30.5, 28.4, 25.3, 23.0, 15.8. ESIHR (M+H) calc’d 233.1766, found 233.1762.
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The synthesis of 2h was conducted according to an alternative procedure. To a 20 mL
vial with a stirbar was added A (0.138 mL, 1.100 mmol), sodium triacetoxyborohydride (339 mg, 1.600
mmol), and MeOH (1 mL). To the stirring mixture was added 5-nitrohex-5-en-2-one (143 mg, 1.00 mmol),
as a solution in MeOH (2 mL), dropwise over 2 min. After 20 min, the mixture was diluted with DCM (5
mL), water (5 mL), and 1 M aqueous sodium hydroxide (1 mL). The mixture was extracted with DCM (3
x 10 mL). The combined organic layer was dried over anhydrous magnesium sulfate, filtered, and the
solvents of the filtrate were evaporated. The d.r. of the crude mixture was determined to be 3:1. Purification
of the crude mixture by silica gel chromatography with 0-80% EtOAc in hexanes as eluent afforded 2h
(186 mg, 80% yield, 3:1 d.r.) as a yellow oil. "H NMR (600 MHz, Acetonitrile-ds) & 7.23 (s, 1H), 7.18 (s,
1H), 4.64 (tt, J=8.3,4.2 Hz, 1H), 4.44 — 4.33 (m, 1H), 3.49 — 3.38 (m, 3H), 3.31 (h, /= 6.4 Hz, 1H), 2.32
—2.22 (m, 1H), 2.16 — 2.08 (m, 1H), 1.86 (ddt, J=14.2,9.9, 4.4 Hz, 1H), 1.67 (ddt, J=13.7, 6.6, 4.6 Hz,
1H), 1.42 (d,J= 6.8 Hz, 6H), 1.01 (d, /= 6.6 Hz, 3H). *C NMR (151 MHz, Acetonitrile-d3) & 136.1, 130.5,
118.3, 81.8, 54.6, 53.8, 51.1, 29.4, 25.2, 23.0, 23.0, 14.7. ESIHR (M+H) calc’d 253.1665, found 253.1664.
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The synthesis of 2i was conducted according to an alternative procedure. To a 20 mL
vial with a stirbar was added A (0.138 mL, 1.100 mmol), sodium triacetoxyborohydride (339 mg, 1.600
mmol), and MeOH (4 mL). To the stirring mixture was added 5-(pyridin-2-yl)hex-5-en-2-one (175 mg,
1.00 mmol). After 10 min, analysis by LCMS showed that the reductive amination was complete. To the
mixture was added water (4 mL). After 4.5 h, the mixture was diluted with water (10 mL) and extracted
with DCM (3 x 15 mL). The combined organic layer was dried over anhydrous magnesium sulfate, filtered,
and the solvents of the filtrate were evaporated. The d.r. of the crude mixture was determined to be 7:1.
Purification of the crude mixture by silica gel chromatography with 0-5% MeOH in DCM as eluent afforded
2i (168 mg, 59% yield, single diastereomer) as a yellow oil. "H NMR (600 MHz, Benzene-ds) & 8.53 (ddd,
J=438,1.9,0.9 Hz, 1H), 7.36 (d, J=1.1 Hz, 1H), 7.12 (td, J= 7.7, 1.9 Hz, 1H), 6.84 (d, /= 7.9 Hz, 1H),
6.67 (ddd, J=17.6, 4.8, 1.2 Hz, 1H), 6.63 (d, J= 0.9 Hz, 1H), 4.08 (hept, J = 6.6 Hz, 1H), 3.54 (qdd, J =
6.7,4.8,2.3 Hz, 1H), 3.33 (ddd, J=11.8, 4.6, 1.5 Hz, 1H), 3.11 (tt, /= 11.3, 4.3 Hz, 1H), 2.12 (tdd, J =
13.3,12.0, 3.7 Hz, 1H), 1.95 (tt, J=13.3, 4.4 Hz, 1H), 1.74 (dqd, /= 12.9, 3.8, 1.5 Hz, 1H), 1.47 (dtd, J =
13.0, 3.5, 2.4 Hz, 1H), 1.20 (d, J= 4.0 Hz, 3H), 1.19 (d, J= 4.0 Hz, 3H), 1.02 (d, J= 6.7 Hz, 3H). *C NMR
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(151 MHz, Benzene-ds) 6 164.1, 149.6, 137.5, 136.0, 128.3, 122.1, 121.5, 112.9, 53.6, 51.7, 50.0, 44.8,
30.4,25.1,22.8,22.8, 11.4. ESIHR (M+H) calc’d 285.2079, found 285.2065.

2] The synthesis of 2j was conducted according to an alternative procedure. To a 20 mL
vial with a stirbar was added A (0.138 mL, 1.100 mmol), sodium triacetoxyborohydride (339 mg, 1.600
mmol), and DCE (2 mL). To the stirring mixture was added 5-nitro-6-phenylhex-5-en-2-one (219 mg, 1.00
mmol), as a solution in DCE (2 mL), dropwise over 2 min. After 2h, the mixture was diluted with DCM (5
mL), water (5 mL), and 1 M aqueous sodium hydroxide (1 mL). The mixture was extracted with DCM (3
x 10 mL). The combined organic layer was dried over anhydrous magnesium sulfate, filtered, and the
solvents of the filtrate were evaporated. The d.r. of the crude mixture was determined to be 5:1. Purification
of the crude mixture by silica gel chromatography with 0-50% EtOAc in hexanes as eluent afforded 2j (154
mg, 47% yield, 4:1 d.r.) as a yellow oil. "H NMR (600 MHz, Acetonitrile-d3) § 7.29 —7.23 (m, 4H), 7.20 —
7.18 (m, 1H), 6.97 (s, 1H), 6.96 (s, 1H), 5.09 (ddd, /=9.0, 5.6, 4.6 Hz, 1H), 4.80 (d, /= 5.5 Hz, 1H), 4.26
—4.20 (m, 1H), 3.65 (dqd, J= 8.2, 6.3, 3.9 Hz, 1H), 248 — 2.41 (m, 1H), 2.41 — 2.34 (m, 1H), 2.31 —2.24
(m, 1H), 1.67 — 1.49 (m, 1H), 1.27 (d, /= 1.5 Hz, 3H), 1.26 (d, /= 1.5 Hz, 3H), 0.98 (d, /= 6.3 Hz, 3H).
BC NMR (151 MHz, Acetonitrile-ds) & 138.8, 135.2, 133.2, 130.4, 128.9, 128.7, 123.0, 86.3, 65.6, 54.3,
52.2,30.2,23.2,22.9,22.8,178.0. ESIHR (M+H) calc’d 329.1978, found 329.1982.

2k The synthesis of 2k was conducted according to the general procedure with methyl 2-

methylene-4-oxopentanoate (142 mg, 1.00 mmol) as electrophile. The reductive amination was conducted
for 4 h. Analysis by LCMS showed cyclization of the reductive amination product to the undesired lactam
had occured. Purification of the crude mixture by silica gel chromatography with 0-85% EtOAc in hexanes
as eluent afforded lactam 2k (207 mg, 95% yield) as a yellow oil. 'H NMR (600 MHz, Acetonitrile-ds) &
8.03 (d, /= 0.8 Hz, 1H), 7.65 (d, /= 0.8 Hz, 1H), 5.92 (ddd, /= 3.4, 2.3, 1.1 Hz, 1H), 5.39 (ddd, J = 3.0,
2.0, 1.1 Hz, 1H), 4.50 (hept, J = 6.7 Hz, 1H), 4.17 (dqd, J = 8.6, 6.2, 2.4 Hz, 1H), 3.09 (ddt, /= 16.9, 8.3,
3.1 Hz, 1H), 2.50 (dq, J = 16.9, 2.3 Hz, 1H), 1.47 (d, J = 6.7 Hz, 6H), 1.27 (d, J = 6.3 Hz, 3H). *C NMR
(151 MHz, Acetonitrile-ds) & 165.8, 141.0, 130.6, 122.3, 119.6, 115.9, 54.8, 52.7, 33.9, 23.0, 23.0, 20.7.
ESIHR (M+H) calc’d 220.1450, found 220.1451.
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The attempted synthesis of 21 was conducted according to the general procedure with methyl 2-methylene-
6-oxoheptanoate (170 mg, 1.00 mmol) as electrophile. The reductive amination was conducted for 1 h. The
subsequent cyclization was attempted at rt for 17 h, but no cyclization was observed by LCMS analysis.
The mixture was heated at 80 °C for 5 h. The mixture was analyzed by LCMS and azepane 51 was not
observed.
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General Procedure for Formation and Characterization of 4a-4f, 7
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1.1 equiv Me

To a 20 mL vial with a stirbar was added A (0.138 mL, 1.100 mmol), sodium triacetoxyborohydride (339
mg, 1.600 mmol), and MeOH (4 mL). To the stirring mixture was added the aldehyde containing
electrophile (1.00 mmol). The reaction progress of the reductive amination was followed by LCMS analysis
to completion. To the mixture was added water (4 mL) to induce the cyclization, and the mixture was stirred
at rt for the specified time. The mixture was diluted with water (10 mL) and extracted with DCM (3 x 15
mL). The combined organic layer was dried over anhydrous magnesium sulfate, filtered, and the solvents
of the filtrate were evaporated. The crude mixture was analyzed by '"H NMR spectroscopy to determine the
diastereomeric ratio (integration ratios of the methyl ester or iPr). The crude material was purified by silica
gel chromatography. Yields are reported as an average of two runs.

(o]
Me"h(j)kOMe
N
N
AN

4a The synthesis of 4a was conducted according to the general procedure with methyl 4-

methyl-2-methylene-5-oxopentanoate (156 mg, 1.00 mmol) as electrophile. The reductive amination was
conducted for 10 min. The cyclization was conducted for 19 h. The d.r. of the crude mixture was determined
to be 1:12. Purification of the crude mixture by silica gel chromatography with 0-70% EtOAc in hexanes
as eluent afforded 4a (169 mg, 64% yield) as an orange oil. 'H NMR (600 MHz, Acetonitrile-ds)  7.11 (s,
1H), 7.10 (s, 1H), 4.34 (hept, J = 6.7 Hz, 1H), 3.63 (s, 3zH), 3.41 (dd, /= 11.8, 4.1 Hz, 1H), 3.07 (dd, J =
11.3,4.0 Hz, 1H), 2.76 (p, /J=4.4 Hz, 1H), 2.72 (dd, J=11.5,3.7 Hz, 1H), 2.23 (dd, /=112, 9.1 Hz, 1H),
2.04 (dt,J=13.1,4.2 Hz, 1H), 1.94 (m, 1H), 1.38 (d, /= 6.7 Hz, 3H), 1.25 (ddd, /= 13.9, 9.9, 4.6 Hz, 1H),
0.94 (d, J = 6.7 Hz, 2H). *C NMR (151 MHz, Acetonitrile-ds) & 175.0, 139.3, 128.4, 114.6, 59.9, 54.5,
53.9,52.2,40.0, 33.7, 28.4, 23.0, 23.0, 19.2. ESIHR (M+H) calc’d 266.1869, found 266.1865.
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4b The synthesis of 4b was conducted according to the general procedure with methyl

4-formyl-2-methylenehept-6-enoate (182 mg, 1.00 mmol) as electrophile. The reductive amination was
conducted for 10 min. The cyclization was conducted for 6 h. The d.r. of the crude mixture was determined
to be 1:7. Purification of the crude mixture by silica gel chromatography with 0-50% EtOAc in hexanes as
eluent afforded 4b (186 mg, 64% yield) as an orange oil. "H NMR (600 MHz, Acetonitrile-ds) 8 7.15 (s,
2H), 5.88 (ddt, J=17.1, 10.2, 7.1 Hz, 1H), 5.14 — 5.02 (m, 2H), 4.38 (hept, J = 6.7 Hz, 1H), 3.67 (s, 3H),
3.39(dd,J=11.5,4.7 Hz, 1H), 3.08 (dd, J=11.4, 3.9 Hz, 1H), 2.84 (dd, /= 11.4, 3.8 Hz, 1H), 2.80 (p, J
=4.7 Hz, 1H), 2.39 (dd, J=11.4, 8.6 Hz, 1H), 2.27 — 2.04 (m, 3H), 1.95 (tdt, J=11.5, 7.2, 3.6 Hz, 1H),
1.42 (d,J=6.8 Hz, 6H), 1.37 (ddd, J = 13.6, 9.4, 4.5 Hz, 1H). 3*C NMR (151 MHz, Acetonitrile-ds) & 174.9,
139.2, 137.8, 128.5, 116.7, 114.8, 58.0, 54.5, 54.2, 52.3, 39.8, 38.5, 33.3, 31.6, 23.1, 23.1, 21.2. ESIHR
(M+H) calc’d 292.2025, found 292.2022.

4c The synthesis of 4¢ was conducted according to the general procedure with methyl

4-formyl-2-methylenehept-6-enoate (182 mg, 1.00 mmol) as electrophile. The reductive amination was
conducted for 15 min. The cyclization was conducted for 22 h. The d.r. of the crude mixture was determined
to be 1:9. Purification of the crude mixture by silica gel chromatography with 0-70% EtOAc in hexanes as
eluent afforded 4¢ (219 mg, 59% yield) as a yellow oil. '"H NMR (600 MHz, Acetonitrile-ds) § 7.42 —7.32
(m, 4H), 7.30 — 7.28 (m, 1H), 7.16 (s, 1H), 7.15 — 7.12 (m, 1H), 4.50 (s, 3H), 4.36 (hept, J = 6.7 Hz, 1H),
3.66 (s, 3H), 3.52 —3.38 (m, 2H), 3.31 (dd, J=11.7, 5.5 Hz, 1H), 3.09 (dd, J=11.5, 3.9 Hz, 1H), 2.88 (dd,
J=11.6,3.8 Hz, 1H), 2.76 (p, J=5.,5 1H), 2.56 (dd, J=11.4, 8.1 Hz, 1H), 2.22 (m, 1H), 2.04 — 1.96 (m,
1H), 1.52 (ddd, J = 13.3, 8.9, 4.5 Hz, 1H), 1.40 (d, J = 6.9 Hz, 6H). *C NMR (151 MHz, Acetonitrile-ds) &
174.9, 139.9, 139.1, 129.3, 128.6, 128.5, 128.4, 114.9, 73.5, 73.1, 55.4, 54.5, 54.3, 52.2, 39.5, 34.2, 28.6,
23.0, 23.0. ESIHR (M+H) calc’d 372.2287, found 372.2284.
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4d The synthesis of 4d was conducted according to the general procedure with
methyl 4-formyl-2-methylenehept-6-enoate (182 mg, 1.00 mmol) as electrophile. The reductive amination
was conducted for 30 min. The cyclization was conducted for 3 h. The d.r. of the crude mixture was
determined to be 1:4. Purification of the crude mixture by silica gel chromatography with 0-50% EtOAc in
hexanes as eluent afforded 4d (228 mg, 54% yield) as a yellow oil. "H NMR (600 MHz, DMSO-ds) & 7.30
(s, 1H), 7.10 (s, 1H), 4.33 (hept, J= 6.7 Hz, 1H), 3.37 — 3.28 (m, 1H), 3.03 (dd, J=11.5, 3.8 Hz, 1H), 2.92
(t, /= 6.8 Hz, 2H), 2.79 (p, J = 4.6 Hz, 1H), 2.74 (dd, J = 11.4, 3.7 Hz, 1H), 2.26 (dd, J=11.3, 8.8 Hz,
1H), 1.99 (dt, J = 12.9, 4.5 Hz, 1H), 1.80 — 1.68 (m, 1H), 1.40 — 1.34 (m, 6H), 1.31 — 1.20 (m, 1H). *C
NMR (151 MHz, DMSO-ds) 6 173.6, 155.5, 137.8, 127.1, 117.9, 113.9, 77.3, 57.0, 52.9, 52.8, 51.4, 38.4,
32.6, 32.0, 30.7, 29.6, 28.2, 23.6, 22.6, 22.6. ESTHR (M+H) calc’d 432.2971, found 432.2985.

Me

de The synthesis of 4e was conducted according to the general procedure with
methyl 4-formyl-6,6-dimethoxy-2-methylenehexanoate (230 mg, 1.00 mmol) as electrophile. The reductive
amination was conducted for 20 min. The cyclization was conducted for 3 h. The d.r. of the crude mixture
was determined to be 1:5. Purification of the crude mixture by silica gel chromatography with 0-100%
EtOAc in hexanes as eluent afforded 4e (200 mg, 59% yield) as an orange oil. '"H NMR (600 MHz,
Acetonitrile-ds) 6 7.11 (s, 1H), 7.10 (s, 1H), 4.47 (t, ] = 5.8 Hz, 1H), 4.34 (hept, J = 6.8 Hz, 1H), 3.64 (s,
3H), 3.32(dd, J=11.5, 5.0 Hz, 1H), 3.28 (s, 3H), 3.28 (s, 3H), 3.05 (dd, J = 11.4, 3.9 Hz, 1H), 2.81 (dd, J
=11.5, 3.8 Hz, 1H), 2.76 (p, ] = 4.7 Hz, 1H), 2.38 (dd, J = 11.4, 8.6 Hz, 1H), 2.03 (dt, ] = 13.4, 4.9 Hz,
1H), 1.99 — 1.90 (m, 1H), 1.69 — 1.48 (m, 4H), 1.38 (d, J = 6.7 Hz, 6H), 1.36 (m, 1H). *C NMR (151 MHz,
Acetonitrile-ds) § 174.9,139.2, 128.5, 114.7, 104.0, 58.2, 54.5, 54.1,53.4, 53.2, 52.1, 39.8, 37.0, 32.1, 30.0,
23.1,23.0. ESIHR (M-+H) calc’d 340.2236, found 340.2252.
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af The synthesis of 4f was conducted according to an alternative procedure. To a 20
mL reaction vial with a stirbar was added A (0.138 mL, 1.100 mmol), DCE (2 mL), methyl 4-formyl-5-
methyl-2-methylenehexanoate (184 mg, 1.00 mmol), and sodium triacetoxyborohydride (339 mg, 1.600
mmol). The mixture was stirred at room temperature for 10 min. To the mixture was added 1 M aqueous
sodium hydroxide (2 mL), and the mixture was stirred for 5 min. The organic layer was collected with a
phase separator (Biotage 1201907E), and the aqueous layer was extracted with DCM (3 x 5 mL). The
solvents of the combined organic layer were evaporated. To the residue was added MeOH (2 mL) and water
(2 mL). The mixture was stirred at room temperature for 4 h. The mixture was diluted with water (10 mL)
and extracted with DCM (3 x 10 mL). The combined organic layer was dried over anhydrous magnesium
sulfate, filtered and the solvents were evaporated. The d.r. of the crude mixture was determined to be 1:3.
The residue was purified by silica gel chromatography with 0-50% EtOAc in hexanes as eluent to afford 4f
(118 mg, 40% yield) as a yellow oil. 'H NMR (600 MHz, DMSO-ds) 6 7.33 (d, J= 1.1 Hz, 1H), 7.11 (d, J
= 1.1 Hz, 1H), 4.34 (hept, J= 6.7 Hz, 1H), 3.62 (s, 3H), 3.43 (dd, J=11.5, 3.8 Hz, 1H), 3.09 (dd, /=114,
3.2 Hz, 1H), 2.81 (p, J=4.2 Hz, 1H), 2.65 (dd, J=11.5, 3.7 Hz, 1H), 2.28 (dd, J=11.2,9.2 Hz, 1H), 2.03
(dt,J=13.1,3.8 Hz, 1H), 1.58 — 1.41 (m, 2H), 1.29 (ddd, /= 12.9, 10.0, 4.6 Hz, 1H), 0.92 — 0.89 (m, 6H).
BC NMR (151 MHz, DMSO-de) § 173.6, 137.9, 127.2, 114.0, 55.2, 52.9, 52.7, 51.5, 38.6, 38.3, 29.6, 27.9,
22.6,22.6,20.1, 19.9. ESTHR (M+H) calc’d 294.2182, found 294.2189.

O]

Me”l’(j)kowle
|
Ph 6a

The synthesis of 6a was conducted according to the general procedure, with
modifications, with methyl 4-methyl-2-methylene-5-oxopentanoate (156 mg, 1.00 mmol) as electrophile
and aniline (0.100 mL, 1.10 mmol) instead of A as nucleophile. The reductive amination was conducted
for 15 min. The cyclization was conducted at 60 °C for 24 h. The d.r. of the crude mixture was determined
to be 1:5. Purification of the crude mixture by silica gel chromatography with 0-20% EtOAc:EtOH (3:1) in
hexanes as eluent afforded 6a (168 mg, 72% yield) as a colorless oil. "H NMR (600 MHz, Acetonitrile-d5)
0 7.34 —7.12 (m, 2H), 7.02 — 6.94 (m, 2H), 6.84 (tt, J= 7.3, 1.1 Hz, 1H), 3.83 (ddt, /= 12.3, 4.3, 1.5 Hz,
1H), 3.45 - 3.30 (m, 1H), 2.99 (dd, J=12.2, 3.5 Hz, 1H), 2.82 (p, /=4.4 Hz, 1H), 2.49 (dd, J=11.7, 9.2
Hz, 1H), 2.15 (dt, J=13.3, 4.2 Hz, 1H), 1.98 (ttt, /= 9.5, 4.4, 2.8 Hz, 1H), 1.35 (ddd, J = 13.3, 10.2, 4.8
Hz, 1H), 1.01 (d, J= 6.7 Hz, 3H). *C NMR (151 MHz, Acetonitrile-ds) & 175.0, 153.2, 129.9, 120.3, 117.8,
57.4,52.9,52.2,40.4, 34.1, 28.9, 19.2. ESIHR (M+H) calc’d 234.1494, found 234.1495.
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Ph 7 The synthesis of 7 was conducted according to the general procedure, with modifications,

with methyl 3-methyl-2-methylene-5-oxopentanoate (156 mg, 1.00 mmol) as electrophile and aniline
(0.100 mL, 1.10 mmol) instead of A as nucleophile. The reductive amination was conducted for 15 min.
The cyclization was conducted at 60 °C for 48 h. The d.r. of the crude mixture was determined to be 1:2.
Purification of the crude mixture by silica gel chromatography with 0-20% EtOAc:EtOH (3:1) in hexanes
as eluent afforded 7 (172 mg, 74% yield, 1:2.6 d.r.) as a colorless oil. "H NMR (600 MHz, Acetonitrile-ds)
3 7.25 (t, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 6.82 (td, /= 7.3, 1.2 Hz, 1H), 3.84 (ddd, J = 12.5, 3.9,
2.0 Hz, 1H), 3.72 (dt, J = 4.8, 2.5 Hz, 1H), 3.70 (s, 3H), 2.87 — 2.74 (m, 2H), 2.32 (td, J = 10.9, 3.7 Hz,
1H), 1.88 — 1.78 (m, 2H), 1.78 — 1.64 (m, 1H), 0.97 (d, J = 6.5 Hz, 3H). '3*C NMR (151 MHz, Acetonitrile-
ds) 6 174.9, 152.0, 130.1, 120.1, 117.3, 52.7, 52.1, 50.2, 50.1, 34.2, 33.2, 20.2. ESIHR (M+H) calc’d
234.1494, found 234.1495.
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General Procedure for Formation and Characterization of 5a-5s

o}
N o . 1) DCE, STAB, o /(j)kwe
éz + Me)K/\n/u\OMe 2) TFE/H,0, 40 - 140 °C P
16h-4d o

dr = cis:trans

1.1 equiv B

To a 20 mL reaction vial with a stirbar was added the amine nucleophile (1.100 mmol), DCE (4 mL),
electrophile B (156 mg, 1.00 mmol), and sodium triacetoxyborohydride (STAB) (339 mg, 1.600 mmol), in
that order. To the mixture was added AcOH (0.057 mL, 1.00 mmol). The mixture was stirred at room
temperature. The reaction progress was followed by LCMS analysis to completion. To the mixture was
added 1 M aqueous sodium hydroxide (5 mL), and the mixture was stirred for 5 min. The organic layer was
collected with a phase separator (Biotage 1201907E), and the aqueous layer was extracted with DCM (2 x
3 mL). The solvents of the combined organic layer were evaporated. To the residue was added TFE (2 mL)
and water (2 mL). The mixture was stirred at the specified temperature. The reaction progress was
monitored by LCMS analysis to completion. To the mixture was added water (10 mL), and the mixture was
extracted with DCM (3 x 15 mL). The organic layer was dried over magnesium sulfate, filtered, and the
solvents were evaporated. The crude mixture was analyzed by '"H NMR spectroscopy to determine the
diastereomeric ratio (integration ratios of the methyl ester or piperidine methyl peaks). The crude material
was purified by silica gel chromatography.

OMe

Me N

5a The synthesis of 5a was conducted according to the general procedure with aniline
(0.100 mL, 1.00 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the reductive amination.
The reductive amination was conducted for 16 h. The subsequent cyclization was conducted at 40 °C for
24 h. The d.r. of the crude mixture was determined to be 17:1. Purification of the crude mixture by silica
gel chromatography with 0-20% EtOAc:EtOH (3:1) in hexanes as eluent afforded 5a (191 mg, 82% yield,
single diastereomer) as a colorless oil. "H NMR (600 MHz, Acetonitrile-ds) 8 7.22 (dd, J = 8.8, 7.2 Hz,
2H), 6.94 — 6.85 (m, 2H), 6.77 (tt, J= 7.4, 1.1 Hz, 1H), 4.07 (tq, J = 6.7, 3.8 Hz, 1H), 3.67 (s, 3H), 3.52
(dd,J=12.4,4.2 Hz, 1H), 3.02 (dd, J=12.4, 11.1 Hz, 1H), 2.58 (tt, /= 11.2, 4.0 Hz, 1H), 1.94 (p, J=2.5
Hz, 0H), 1.92 — 1.74 (m, 3H), 1.67 (ddt, J=11.8, 5.7, 2.8 Hz, 1H). *C NMR (151 MHz, Acetonitrile-ds) &
175.2, 151.8, 130.0, 119.6, 117.6, 52.1, 51.1, 45.0, 42.6, 30.4, 22.8, 12.9. ESIHR (M+H) calc’d 234.1494,
found 234.1496.
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Sb The synthesis of 5b was conducted according to the general procedure with 4-

chloroaniline (140 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the
reductive amination. The reductive amination was conducted for 16 h. The subsequent cyclization was
conducted at 40 °C for 24 h. The d.r. of the crude mixture was determined to be 15:1. Purification of the
crude mixture by silica gel chromatography with 0-20% EtOAc:EtOH (3:1) in hexanes as eluent afforded
5b (192 mg, 71% yield, single diastereomer) as a colorless oil. 'H NMR (600 MHz, Acetonitrile-ds) & 7.22
(d,J=9.1 Hz, 1H), 6.91 (d, J=9.1 Hz, 1H), 4.08 (qq, J = 6.6, 3.5, 2.6 Hz, 1H), 3.69 (s, 3H), 3.54 (dd, J =
12.7, 4.4 Hz, 1H), 3.03 (dd, J = 12.5, 11.2 Hz, 1H), 2.59 (tt, /= 11.3, 4.1 Hz, 1H), 1.92 — 1.77 (m, 3H),
1.73 — 1.65 (m, 1H), 1.01 (d, J = 6.7 Hz, 3H). *C NMR (151 MHz, Acetonitrile-d5) & 175.0, 150.5, 129.7,
123.5,118.7, 52.1, 51.0, 44.7, 42.5, 30.3, 22.6, 12.8. ESIHR (M+H) calc’d 268.1104, found 268.1092.

(o]
OMe

Me N

OMe

5c The synthesis of S¢ was conducted according to the general procedure with 4-

methoxyaniline (135 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the
reductive amination. The reductive amination was conducted for 3 h. The subsequent cyclization was
conducted at 40 °C for 24 h. The d.r. of the crude mixture was determined to be 17:1. Purification of the
crude mixture by silica gel chromatography with 0-20% EtOAc:EtOH (3:1) in hexanes as eluent afforded
5¢ (216 mg, 82% yield, single diastereomer) as a colorless oil. 'H NMR (600 MHz, Benzene-ds) & 6.82 —
6.78 (m, 4H), 3.46 — 3.40 (m, 1H), 3.38 (s, 3H), 3.36 (s, 3H), 3.24 (dd, /=11.9, 4.3 Hz, 1H), 3.19 (dd, J =
11.9, 9.2 Hz, 1H), 2.48 (tt, J = 9.1, 4.2 Hz, 1H), 1.92 — 1.77 (m, 1H), 1.73 — 1.60 (m, 2H), 1.42 (ddt, J =
9.6, 7.8, 4.6 Hz, 1H), 0.77 (d, J = 6.6 Hz, 3H). *C NMR (151 MHz, Benzene-ds) & 174.0, 154.8, 145.7,
121.1,114.8,55.2,53.1,51.2,48.1,42.3,30.8, 23.0, 13.6. ESIHR (M+H) calc’d 264.1600, found 264.1609.
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5d The synthesis of 5d was conducted according to the general procedure with 2-

methoxyaniline (135 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the
reductive amination. The reductive amination was conducted for 16 h. The subsequent cyclization was
conducted at 60 °C for 24 h. The d.r. of the crude mixture was determined to be 4.8:1. Purification of the
crude mixture by silica gel chromatography with 0-20% EtOAc:EtOH (3:1) in hexanes as eluent afforded
5d (142 mg, 54% yield, 4.4:1 d.r.) as a colorless oil. '"H NMR (major product only) (600 MHz, Acetonitrile-
ds) 7.01 (ddd, J=8.0, 7.1, 1.8 Hz, 1H), 6.97 — 6.88 (m, 3H), 3.82 (s, 3H), 3.75 (tq, /= 6.8, 3.6, 2.7 Hz, 1H),
3.69 (s, 3H), 3.31 (dd, J=11.9, 8.9 Hz, 1H), 3.09 (dd, /= 11.9, 4.0 Hz, 1H), 2.63 (tt, /= 9.0, 4.3 Hz, 1H),
1.93 —1.77 (m, 3H), 1.62 (dtd, J=11.2, 4.6, 1.9 Hz, 1H), 0.88 (d, J = 6.7 Hz, 3H). *C NMR (major product
only) (151 MHz, Acetonitrile-ds) 6 175.3, 154.7, 141.8, 124.2, 123.3,121.7, 113.1, 56.1, 52.0, 51.9, 49.2,
42.8,31.0,23.5, 14.4. ESIHR (M+H) calc’d 264.1600, found 264.1604.

0

Me N

Se The synthesis of 5e was conducted according to the general procedure with 4-
(3-aminophenyl)-2-methylbut-3-yn-2-ol (193 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol)
was added for the reductive amination. The reductive amination was conducted for 18 h. The subsequent
cyclization was conducted at 80 °C for 24 h. The d.r. of the crude mixture was determined to be 13:1.
Purification of the crude mixture by silica gel chromatography with 0-55% EtOAc in hexanes as eluent
afforded 5e (243 mg, 77% yield, 9:1 d.r.) as a colorless solid. "H NMR (600 MHz, Acetonitrile-ds) & 7.21
(t,/=7.9 Hz, 1H), 6.97 — 6.91 (m, 2H), 6.82 (dt, J=7.5, 1.3 Hz, 1H), 4.12 (pd, J = 6.8, 2.5 Hz, 1H), 3.70
(s, 3H), 3.59 — 3.52 (m, 1H), 3.03 (dd, J=12.5, 11.3 Hz, 1H), 2.60 (tt, /= 11.3, 4.1 Hz, 1H), 1.97 (p, J =
2.5 Hz, 1H), 1.93 — 1.77 (m, 3H), 1.73 — 1.67 (m, 1H), 1.54 (d, J= 1.4 Hz, 6H), 1.02 (d, /= 6.7 Hz, 3H).
BC NMR (151 MHz, Acetonitrile-ds) & 174.8, 151.4, 130.0, 124.3, 122.2, 119.4, 117.4, 94.6, 82.2, 65.2,
51.9,50.7,44.3,42.3, 31.6, 30.0, 22.4, 12.7. ESIHR (M+H) calc’d 316.1913, found 316.1902.
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5 The synthesis of 5f was conducted according to the general procedure with 5-chloro-
2,4-dimethoxyaniline (206 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the
reductive amination. The reductive amination was conducted for 19 h. The subsequent cyclization was
conducted at 60 °C for 27 h. The d.r. of the crude mixture was determined to be 6:1. Purification of the
crude mixture by silica gel chromatography with 0-25% EtOAc in hexanes as eluent afforded 5f (176 mg,
54% yield, single diastereomer) as a colorless oil. 'H NMR (600 MHz, Acetonitrile-ds) § 6.94 (s, 1H), 6.67
(s, 1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.69 (s, 3H), 3.51 (qd, J= 6.2, 3.9 Hz, 1H), 3.26 (dd, J=11.7, 7.7 Hz,
1H), 3.02 (dd, J=11.7, 3.9 Hz, 1H), 2.61 (tt, J = 8.1, 4.1 Hz, 1H), 1.91 (qd, J = 8.9, 5.0 Hz, 1H), 1.83 —
1.72 (m, 2H), 1.63 — 1.54 (m, 1H), 0.84 (d, J = 6.6 Hz, 3H). *C NMR (151 MHz, Acetonitrile-ds) & 174.9,
154.9, 152.2,135.2, 125.2, 112.8, 99.7, 56.9, 56.5, 52.5, 51.8, 50.4, 42.2, 31.1, 23.6, 15.1. ESIHR (M+H)
calc’d 328.1316, found 328.1325.

(o]

OMe
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59 The synthesis of Sg was conducted according to the general procedure with 6-
methoxypyridin-3-amine (137 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for
the reductive amination. The reductive amination was conducted for 2 h. The subsequent cyclization was
conducted at 60 °C for 23 h. The d.r. of the crude mixture was determined to be 17:1. Purification of the
crude mixture by silica gel chromatography with 0-25% EtOAc in hexanes as eluent afforded 5g (216 mg,
82% yield, 17:1 d.r.) as a yellow oil. '"H NMR (600 MHz, Benzene-ds) § 7.94 (d, J = 2.9 Hz, 1H), 6.86 (dd,
J=28.9,3.0 Hz, 1H), 6.62 (d, /= 8.9 Hz, 1H), 3.87 (s, 3H), 3.35 (s, 3H), 3.18 (qt, /= 6.6, 4.5 Hz, 1H), 3.09
—3.02 (m, 2H), 2.37 (ddt, J=9.8, 8.6, 4.4 Hz, 1H), 1.86 — 1.73 (m, 1H), 1.61 — 1.47 (m, 3H), 1.33 (ddt, J
=13.3,5.9,4.2 Hz, 1H), 0.66 (d, J = 6.6 Hz, 3H). *C NMR (151 MHz, Benzene-ds) § 173.9, 159.8, 142.3,
138.7, 131.7, 111.1, 53.4, 53.1, 51.4, 48.4, 42.1, 30.7, 23.1, 14.0. ESIHR (M+H) calc’d 265.1552, found
265.1545.
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5h The synthesis of Sh was conducted according to the general procedure with pyridine-
2,5-diamine (120 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the reductive
amination. The reductive amination was conducted for 16 h. The subsequent cyclization was conducted at
60 °C for 24 h. The d.r. of the crude mixture was determined to be 16:1. Purification of the crude mixture
by silica gel chromatography with 0-100% EtOAc:EtOH (3:1) in hexanes as eluent afforded 5h (61.0 mg,
24% yield, 17:1 d.r.) as a purple oil. 'H NMR (600 MHz, Benzene-ds) & 8.01 (d, J = 2.8 Hz, 1H), 6.86 (dd,
J=28.7,2.9 Hz, 1H), 5.93 (d, J = 8.7 Hz, 1H), 3.35 (s, 3H), 3.16 (dd, J=11.8, 8.2 Hz, 1H), 3.09 (td, J =
6.2,4.2 Hz, 1H), 2.98 (dd, J=11.8, 3.9 Hz, 1H), 2.38 (tt, /= 8.3, 4.0 Hz, 1H), 1.89 — 1.81 (m, 1H), 1.60 —
1.49 (m, 2H), 1.44 — 1.37 (m, 1H), 0.69 (d, J = 6.5 Hz, 3H). *C NMR (151 MHz, Benzene-ds) & 173.8,
154.5, 141.8, 140.0, 131.2, 108.5, 53.8, 51.2, 49.8, 42.0, 31.0, 23.3, 14.8. ESIHR (M+H) calc’d 250.1556,
found 250.1545.

5i The synthesis of 5i was conducted according to the general procedure with 3-(4-
fluorophenyl)-1-methyl-1H-pyrazol-4-amine (210 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0
mmol) was added for the reductive amination. The reductive amination was conducted for 1.5 h. The
subsequent cyclization was conducted at 60 °C for 24 h. The d.r. of the crude mixture was determined to
be 13:1. Purification of the crude mixture by silica gel chromatography with 0-45% EtOAc in hexanes as
eluent afforded 5i (327 mg, 99% yield, 12:1 d.r.) as a orange solid. "H NMR (600 MHz, Acetonitrile-d) &
8.08 (dd, J=8.7, 5.9 Hz, 2H), 7.46 (s, 1H), 7.11 (t, J= 9.0 Hz, 2H), 3.83 (s, 3H), 3.65 (s, 3H), 3.29 (dd, J
=11.7, 6.1 Hz, 1H), 2.94 (dd, J=11.8, 3.8 Hz, 1H), 2.87 (qd, J = 6.5, 3.4 Hz, 1H), 2.71 (tt, J= 6.1, 4.0
Hz, 1H), 2.05 — 1.98 (m, 1H), 1.79 — 1.70 (m, 3H), 1.63 — 1.53 (m, 1H), 0.83 (d, J = 6.4 Hz, 3H). *C
NMR (151 MHz, Acetonitrile-d3) 6 175.1, 163.5 (d, 'Jer = 243.5 Hz), 161.9, 143.6, 134.1, 131.7, 129.2,
126.3,115.7,56.9, 54.1, 52.1, 42.0, 39.7, 31.5, 24.3. YF NMR (564 MHz, Methanol-d,) & 69.0. ESIHR
(M+H) calc’d 332.1774, found 332.1766.
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5] The synthesis of 5j was conducted according to the general procedure with 1-ethyl-
3,5-dimethyl-1H-pyrazol-4-amine (153 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was
added for the reductive amination. The reductive amination was conducted for 2 h. The subsequent
cyclization was conducted at 60 °C for 19 h. The d.r. of the crude mixture was determined to be 7:1.
Purification of the crude mixture by silica gel chromatography with 0-60% EtOAc in hexanes as eluent
afforded 5j (200 mg, 72% yield, 7:1 d.r.) as a pink oil. '"H NMR (600 MHz, Acetonitrile-d3)  3.92 (q, J =
7.2 Hz, 2H), 3.69 (s, 3H), 3.29 (ddd, /=11.7, 3.1, 2.0 Hz, 1H), 3.18 (dd, /= 11.7, 3.3 Hz, 1H), 3.03 (ddd,
J=9.9,6.3,2.9 Hz, 1H), 2.62 (dtt, /=4.4,3.2, 2.0 Hz, 1H), 2.18 —2.14 (m, 1H), 2.09 (s, 6H), 1.69 — 1.56
(m, 2H), 1.54 — 1.42 (m, 1H), 1.28 (t, J = 7.2 Hz, 3H), 0.76 (d, J = 6.3 Hz, 3H). *C NMR (151 MHz,
Acetonitrile-d3) 6 175.2, 144.2, 135.5, 128.8, 118.3, 56.1, 56.0, 51.9,44.4, 41.7, 33.0, 26.0, 20.6, 15.7, 13.0,
9.1. ESIHR (M+H) calc’d 280.2025, found 280.2032.

0]

OMe

The synthesis of Sk was conducted according to the general procedure with 1-
(methylsulfonyl)-1H-pyrazol-4-amine (177 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol)
was added for the reductive amination. The reductive amination was conducted for 19 h. The subsequent
cyclization was conducted at 80 °C for 4 days. The d.r. of the crude mixture was determined to be 13:1.
Purification of the crude mixture by silica gel chromatography with 0-35% EtOAc in hexanes as eluent
afforded 5k (249 mg, 83% yield, 12:1 d.r.) as a pink oil. '"H NMR (600 MHz, Acetonitrile-ds) & 7.70 (s,
1H), 7.46 (s, 1H), 3.74 (tt, J=10.7, 5.4 Hz, 1H), 3.68 (s, 3H), 3.32 (dd, J=12.3, 4.4 Hz, 1H), 2.98 (t, J =
11.8 Hz, 1H), 2.64 (tt, J=11.7,4.1 Hz, 1H), 1.94 — 1.83 (m, 2H), 1.82 — 1.75 (m, 1H), 1.71 — 1.61 (m, 1H),
1.05 (d, J = 6.7 Hz, 3H). C NMR (151 MHz, Acetonitrile-ds) 6 174.8, 140.0, 138.2, 115.2, 52.1, 51.6,
46.1,41.9,41.1, 29.6, 22.3, 12.0. ESTHR (M+H) calc’d 302.1175, found 302.1171.
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The synthesis of 51 was conducted according to the general procedure with 6,7-
dihydro-4H-pyrazolo[5,1-c][1,4]oxazin-2-amine (153 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL,
1.0 mmol) was added for the reductive amination. The reductive amination was conducted for 1.5 h. The
subsequent cyclization was conducted at 80 °C for 16 h. The d.r. of the crude mixture was determined to
be 10:1. Purification of the crude mixture by silica gel chromatography with 0-75% EtOAc in hexanes as
eluent afforded 51 (200 mg, 72% yield, >20:1 d.r.) as a yellow oil. "H NMR (600 MHz, Acetonitrile-d) &
5.44 (d, J=0.8 Hz, 1H), 4.69 (t, J=0.7 Hz, 2H), 4.06 — 4.02 (m, 2H), 3.94 (qdd, /= 6.7, 4.6, 2.0 Hz, 1H),
3.91 — 3.88 (m, 3H), 3.73 (ddd, J = 12.6, 4.3, 1.5 Hz, 2H), 2.91 (dd, J = 12.8, 11.7 Hz, 1H), 2.56 (tt, J =
11.9,4.2 Hz, 1H), 1.88 (dtd, /= 12.2, 4.0, 1.8 Hz, 1H), 1.85 — 1.74 (m, 2H), 1.66 — 1.60 (m, 1H), 1.07 (d,
J = 6.8 Hz, 3H). >*C NMR (151 MHz, Acetonitrile-ds) § 175.2, 159.0, 138.5, 87.2, 65.4, 64.0, 52.1, 49.5,
46.9,43.7,42.1,29.6, 22.7, 12.8. ESIHR (M+H) calc’d 280.1661, found 280.1673.

0o

OMe

Sm The synthesis of Sm was conducted according to the general procedure with 5-

(methylsulfonyl)-4,5,6,7-tetrahydropyrazolo[ 1,5-a]pyrazin-2-amine (238 mg, 1.10 mmol) as nucleophile.
AcOH (0.057 mL, 1.0 mmol) was added for the reductive amination. The reductive amination was
conducted for 19 h. The subsequent cyclization was conducted at 80 °C for 30 h. The d.r. of the crude
mixture was determined to be 12:1. Purification of the crude mixture by silica gel chromatography with 0-
90% EtOAc in hexanes as eluent afforded 5m (213 mg, 60% yield, 9:1 d.r.) as a colorless solid. '"H NMR
(600 MHz, Acetonitrile-d3) 6 5.55 (t, J= 0.8 Hz, 1H), 4.43 — 4.33 (m, 2H), 4.00 (t, /= 5.6 Hz, 2H), 3.94
(qdd, J=6.8,4.6,2.1 Hz, 1H), 3.73 (ddd, J=12.6,4.4, 1.7 Hz, 1H), 3.70 (td, J= 5.4, 2.1 Hz, 1H), 3.68 (s,
3H), 2.90 (s, 3H), 2.56 (tt, J=11.9, 4.1 Hz, 1H), 1.88 (dddd, J = 12.3, 6.0, 3.7, 2.2 Hz, 1H), 1.85 - 1.72
(m, 2H), 1.66 — 1.61 (m, 1H), 1.07 (d, J= 6.7 Hz, 3H). *C NMR (151 MHz, Acetonitrile-ds) & 175.1, 159.3,
136.2, 88.8, 52.1, 49.4, 47.2, 444, 43.6, 43.5, 42.1, 36.5, 29.6, 22.7, 12.8, 10.1. ESIHR (M+H) calc’d
357.1597, found 357.1612.
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The synthesis of Sn was conducted according to the general procedure with 2-
isopropyl-2H-1,2,3-triazol-4-amine (139 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was
added for the reductive amination. The reductive amination was conducted for 2 h. The subsequent
cyclization was conducted at 80 °C for 5 days. The d.r. of the crude mixture was determined to be 10:1.
Purification of the crude mixture by silica gel chromatography with 0-40% EtOAc in hexanes as eluent
afforded 5n (154 mg, 58% yield, single diastereomer.) as a pink oil. '"H NMR (600 MHz, Acetonitrile-ds)
0 7.02 (s, 1H), 4.60 (hept, J= 6.7 Hz, 1H), 3.94 (qdd, J= 6.8, 4.7, 2.2 Hz, 1H), 3.71 — 3.65 (m, 4H), 3.00
(dd, J=12.7,11.6 Hz, 1H), 2.59 (tt, J=11.6, 4.1 Hz, 1H), 1.90 (dtd, J=10.6, 3.6, 1.7 Hz, 1H), 1.87 — 1.74
(m, 2H), 1.68 — 1.62 (m, 1H), 1.46 (d, J = 6.7 Hz, 6H), 1.07 (d, J = 6.8 Hz, 3H). *C NMR (151 MHz,
Acetonitrile-ds) & 174.9, 156.5, 119.8, 118.3, 57.2, 52.2, 50.0, 44.3, 42.0, 29.6, 22.7, 22.4, 22.4, 12.6.
ESIHR (M+H) calc’d 267.1821, found 267.1810.

50 The synthesis of 50 was conducted according to the general procedure with isothiazol-
4-amine (110 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the reductive
amination. The reductive amination was conducted for 16 h. The subsequent cyclization was conducted at
80 °C for 51 h. The d.r. of the crude mixture was determined to be 14:1. Purification of the crude mixture
by silica gel chromatography with 0-30% EtOAc in hexanes as eluent afforded 5o (202 mg, 84% yield, 13:1
d.r.) as a yellow oil. '"H NMR (600 MHz, Acetonitrile-d3) & 8.32 (d, J = 0.6 Hz, 1H), 7.57 (d, J = 0.6 Hz,
1H), 3.95 (qdd, J = 6.8, 4.7, 2.5 Hz, 1H), 3.69 (s, 3H), 3.47 (ddd, /= 12.4, 4.6, 1.4 Hz, 1H), 3.07 (dd, J =
12.2, 11.5 Hz, 1H), 2.72 — 2.60 (m, 1H), 1.95 — 1.85 (m, 2H), 1.84 — 1.74 (m, 1H), 1.71 — 1.65 (m, 1H),
1.03 (d, J = 6.9 Hz, 3H). *C NMR (151 MHz, Acetonitrile-d) § 174.8, 150.8, 150.8, 123.2, 52.3, 52.2,
46.6,42.3,30.0,22.4, 12.4. ESIHR (M+H) calc’d 241.1011, found 241.1020.
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5p The synthesis of 5p was conducted according to the general procedure with isoxazol-
4-amine (92 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the reductive
amination. The reductive amination was conducted for 16 h. The subsequent cyclization was conducted at
80 °C for 53 h. The d.r. of the crude mixture was determined to be 10:1. Purification of the crude mixture
by silica gel chromatography with 0-40% EtOAc in hexanes as eluent afforded Sp (74.7 mg, 33% yield,
15:1 d.r.) as a yellow oil. "H NMR (600 MHz, Acetonitrile-d3) & 8.27 (s, 1H), 8.09 (s, 1H), 3.68 (s, 3H),
3.63(ddd,J=7.1,3.8, 1.6 Hz, 1H), 3.21 (ddd, J=12.1, 4.4, 1.4 Hz, 1H), 2.99 (dd, /= 12.1, 11.2 Hz, 1H),
2.65 (tt, J=11.2,4.2 Hz, 1H), 1.91 — 1.83 (m, 2H), 1.82 — 1.75 (m, 1H), 1.69 — 1.63 (m, 1H), 1.03 (d, J=
6.8 Hz, 3H). *C NMR (151 MHz, Acetonitrile-d5) § 174.7, 144.7, 142.4,135.7,52.2, 52.1, 46.8,41.9, 29.8,
22.4,12.0. ESTHR (M+H) calc’d 225.1239, found 225.1233.

0

OMe

5q The synthesis of 5q was conducted according to the general procedure, with
modifications, with pyrazolo[1,5-a]pyridin-3-amine oxalate (246 mg, 1.10 mmol) as nucleophile.
Triethylamine (0.279 mL, 2.00 mmol) was added for the reductive amination to in situ form the amine free
base. The reductive amination was conducted for 1 h. The subsequent cyclization was conducted at 40 °C
for 24 h. The d.r. of the crude mixture was determined to be 17:1. Purification of the crude mixture by silica
gel chromatography with 0-30% EtOAc in hexanes as eluent afforded 5q (249 mg, 91% yield, 17:1 d.r.) as
a yellow oil. "H NMR (600 MHz, Acetonitrile-d5) & 8.35 (dt, J=7.1, 1.1 Hz, 1H), 7.79 (s, 1H), 7.52 (dt, J
= 8.9, 1.2 Hz, 1H), 7.07 (ddd, J = 9.0, 6.6, 1.0 Hz, 1H), 6.75 (td, J = 6.9, 1.5 Hz, 1H), 3.73 (s, 2H), 3.43
(ddd, J=12.6,5.7, 1.3 Hz, 1H), 3.19 (ddq, J=10.2, 6.1, 2.6 Hz, 2H), 3.06 (dd, /= 11.8, 3.5 Hz, 1H), 2.70
(qd, J=5.6,3.9 Hz, 1H), 2.09 (dtdd, /= 13.6, 5.9, 4.0, 1.4 Hz, 1H), 1.82 (ddtd, /= 13.0, 6.4, 3.9, 0.7 Hz,
1H), 1.75 (ddt, J=13.5, 10.0, 4.4 Hz, 1H), 1.60 (dddd, /= 13.4, 9.8, 7.9, 4.0 Hz, 1H), 0.89 (d, /= 6.3 Hz,
3H). *C NMR (151 MHz, Acetonitrile-ds) & 175.0, 136.2, 135.2, 129.4, 126.5, 122.6, 117.7, 112.6, 56.3,
54.9,52.1,41.9, 32.0, 24.8, 18.1. ESIHR (M+H) calc’d 274.1556, found 274.1558.
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5r The synthesis of Sr was conducted according to the general procedure, with

modifications, with 4-chloro-1-methyl-1H-indazol-3-amine (200 mg, 1.10 mmol) as nucleophile. AcOH
(0.057 mL, 1.0 mmol) was added for the reductive amination. The reductive amination was conducted for
14 h. The product of reductive amination was purified by silica gel chromatography with 0-35% EtOAc in
hexanes as eluent. The resulting colorless oil was subjected to the cyclization conditions at 140 °C for 4
days. The d.r. of the crude mixture was determined to be 5:1. Purification of the crude mixture by silica gel
chromatography with 0-35% EtOAc in hexanes afforded 5r (100 mg, 35% yield, 5:1 d.r.) as a pink oil. 'H
NMR (600 MHz, Acetonitrile-ds) & 8.35 (dt, J= 7.1, 1.1 Hz, 1H), 7.79 (s, 1H), 7.52 (dt, J = 8.9, 1.2 Hz,
1H), 7.07 (ddd, J =9.0, 6.6, 1.0 Hz, 1H), 6.75 (td, J= 6.9, 1.5 Hz, 1H), 3.73 (s, 2H), 3.43 (ddd, J = 12.6,
5.7, 1.3 Hz, 1H), 3.19 (ddq, J = 10.2, 6.1, 2.6 Hz, 2H), 3.06 (dd, J = 11.8, 3.5 Hz, 1H), 2.70 (qd, J = 5.6,
3.9 Hz, 1H), 2.09 (dtdd, J=13.6, 5.9, 4.0, 1.4 Hz, 1H), 1.82 (ddtd, /=13.0, 6.4, 3.9, 0.7 Hz, 1H), 1.75 (ddt,
J=13.5,10.0,4.4 Hz, 1H), 1.60 (dddd, J=13.4,9.8, 7.9, 4.0 Hz, 1H), 0.89 (d, J = 6.3 Hz, 3H). '°C NMR
(151 MHz, Acetonitrile-d3) 6 175.0, 136.2, 135.3, 129.4, 126.6, 122.6, 117.8, 112.6, 56.3, 54.9, 52.1, 41.9,
32.0,24.8, 18.1. ESIHR (M+H) calc’d 322.1322, found 322.1320.

(o]

OMe

5s The synthesis of 5s was conducted according to the general procedure with quinolin-
8-amine (159 mg, 1.10 mmol) as nucleophile. AcOH (0.057 mL, 1.0 mmol) was added for the reductive
amination. The reductive amination was conducted for 24 h. The subsequent cyclization was conducted at
80 °C for 53 h. The d.r. of the crude mixture was determined to be 4:1. Purification of the crude mixture by
silica gel chromatography with 0-25% EtOAc in hexanes as eluent afforded 5s (101 mg, 35% yield, single
diastereomer) as an orange oil. 'H NMR (600 MHz, Acetonitrile-ds) & 8.83 (dd, J= 4.1, 1.8 Hz, 1H), 8.22
(dd, /=8.3, 1.8 Hz, 1H), 7.52 — 7.38 (m, 3H), 7.17 (dd, /= 6.8, 2.1 Hz, 1H), 4.73 (ddt, J=8.0, 6.1, 3.1 Hz,
1H), 3.71 (s, 4H), 3.51 —3.38 (m, 2H), 2.78 (ddt, J=11.5, 10.5, 4.3 Hz, 1H), 2.11 (tt, J=12.8, 4.6 Hz, 1H),
2.01 — 1.85 (m, 3H), 1.69 (dtd, J = 13.0, 3.9, 2.9 Hz, 1H), 0.94 (d, J = 6.9 Hz, 3H). *C NMR (151 MHz,
Acetonitrile-d3) ¢ 175.3, 149.9, 148.6, 143.9, 137.4, 130.6, 127.6, 122.1, 122.0, 119.7, 53.1, 52.1, 47.9,
43.2,30.6,23.0, 13.0. ESIHR (M+H) calc’d 285.1603, found 285.1591.
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Epimerization of 2a with Base

N NaOtBu 2 equiv N
O e
MeOH, 50 °C, 16 h \

>—Me >—Me
Me Me
2a, >20:1 dr 2a,1.4:1dr

To a 20 mL vial was added 2a (33.0 mg, 0.124 mmol), sodium ferz-butoxide (23.9 mg, 0.249 mmol), and
MeOH (0.5 mL). The mixture was stirred and heated at 50 °C. The epimerization progress was followed
by LCMS analysis. After 16 h, the d.r. of 2a had decreased to 1.4:1 as determined by LCMS analysis.
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NMR Spectra of Products

NMR spectra were recorded on a Bruker Avance III HD 600 MHz spectrometer (600 and 150
MHz for 'H and '3C NMR, respectively) equipped with a Prodigy CryoProbe. Deuterated
solvents were either CD3CN, DMSO-ds or benzene-ds.

Relative stereochemistry was determined based on J couplings, NOE correlations and/or a
combination of both.

Compound 2¢

'H NMR (600 MHz, Acetonitrile-ds) 8 7.35 — 7.25 (m, 4H), 7.23 — 7.18 (m, 1H), 6.97 (s, 1H), 6.96 (s, 1H), 4.25 (p,
J=6.7 Hz, 1H), 4.00 (dd, J = 7.8, 4.0 Hz, 1H), 3.58 (dd, J = 12.4, 5.9 Hz, 1H), 3.15 (dd, J = 12.3, 3.8 Hz, 1H), 2.79
(p, J = 5.1 Hz, 2H), 2.05 — 1.96 (m, 3H), 1.86 (ddd, J = 14.0, 7.0, 4.2 Hz, 1H), 1.76 (ddd, J = 13.9, 9.8, 4.2 Hz, 1H),
1.31 (d, J=3.8 Hz, 3H), 1.30 (d, J = 3.9 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 173.98, 143.98, 136.58, 130.12, 128.18, 127.54, 126.59, 117.09, 63.83, 53.77,

53.34,51.22, 39.60, 30.72, 23.99, 21.98.
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2D NOESY spectra. Observed NOE correlation from methine H1 to axial HS" is consistent with H1 being axial.
Observed NOE correlation from methine H4 to both H5'/H5" (eq/ax) and both H3'/H3" (eq/ax) is consistent with H4
being equatorial. It must be noted that the weaker NOE correlation from H4 to H2" suggest this compound exists as
an equilibrium of the two chair conformations (where methine H1 and H4 switch from axial/equatorial to
equatorial/axial, respectively) being the 3D structure shown below the major representative conformer.
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Compound 4e

"H NMR (600 MHz, Acetonitrile-d3) § 7.11 (s, 1H), 7.10 (s, 1H), 4.47 (t, J = 5.8 Hz, 1H), 4.34 (hept, J= 6.8 Hz, 1H),
3.64 (s, 3H), 3.32 (dd, J=11.5, 5.0 Hz, 1H), 3.28 (s, 3H), 3.28 (s, 3H), 3.05 (dd, /= 11.4, 3.9 Hz, 1H), 2.81 (dd, J =
11.5,3.8 Hz, 1H), 2.76 (p, /=4.7 Hz, 1H), 2.38 (dd, J=11.4, 8.6 Hz, 1H), 2.03 (dt, /=13.4, 4.9 Hz, 1H), 1.99 - 1.90
(m, 1H), 1.69 — 1.48 (m, 4H), 1.38 (d, /= 6.7 Hz, 6H), 1.36 (m, 1H).
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3C NMR (151 MHz, CDsCN) & 174.94, 139.21, 128.49, 114.70, 104.04, 58.17, 54.46, 54.10, 53.39, 53.19, 52.15,

39.82,37.04, 32.13, 29.96, 23.00, 22.98.

174.94
13021
— 12849
114.70

A 0

(-L I | 17
* 5
- \PHB \"I‘:I/

A

13/ %m
W/
N

. 14— CHy

/ 20

104.04
~~39.82
3704

2.3
“ T3

1]

23.00
2298

<

~11000000

—10000000

~2000000

~B000000

—7000000

~6000000

~5000000

~4000000

-3000000

~2000000

~1000000

1o

—-1000000

T T T T T T T T T T T
230 20 210 200 190 180 170 160 150 140 120 120

1 (ppm)

S94



J coupling from 'H spectrum. Medium size couplings for methine H4 are consistent with H4 being equatorial.
Large couplings for methine H2 are consistent with H2 being axial. The 3D structure is a representative conformer.
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Compound 4a

'H NMR (600 MHz, Acetonitrile-d3) 8 7.11 (s, 1H), 7.10 (s, 1H), 4.34 (hept, J = 6.7 Hz, 1H), 3.63 (s, 3zH), 3.41
(dd, J=11.8,4.1 Hz, 1H), 3.07 (dd, J=11.3, 4.0 Hz, 1H), 2.76 (p, J= 4.4 Hz, 1H), 2.72 (dd, J=11.5, 3.7 Hz, 1H),
2.23(dd,J=11.2,9.1 Hz, 1H), 2.04 (dt, J= 13.1, 4.2 Hz, 1H), 1.94 (m, 1H), 1.38 (d, /= 6.7 Hz, 3H), 1.25 (ddd, J =

13.9,9.9,4.6 Hz, 1H), 0.94 (d, J = 6.7 Hz, 2H).
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BC NMR (151 MHz, CDsCN) & 175.02, 139.28, 128.43, 114.60, 59.89, 54.46, 53.90, 52.16, 40.05, 33.68, 28.45,

23.03, 23.02, 19.22.
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J coupling from 'H spectrum. Medium size couplings for methine H4 are consistent with H4 being equatorial.
Large coupling for methine H2 (indirectly measured from H1" multiplet) is consistent with H2 being axial. The 3D

structure is a representative conformer.

308

B {dd}

3.07
|3(11.28, 4.01)

C (p)
2.76
1(4.39)

099

0,99

|
.’\'l' Jl-:!ﬂ_

1l
|l| ul‘

_-2.24
223

A(dd)

2.23
(11.22, 9.13)

100

4000
;3800
;3600
;34UU
;3200
LBUUU
;2800
;2600
;2400
;2200
LEDDD
;lBUD
;1600
;1400
;1200
LIDDD
lBDD

600

L4 T T .
215 1985 180 185

0

ARG .-““T\O 5

S98



2D NOESY spectra. NOE correlations are consistent with H2 being axial and H4 equatorial, as determined by J

coupling analysis.
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Compound 2b

'H NMR (600 MHz, DMSO-de) & 7.28 (s, 1H), 7.06 (s, 1H), 4.32 (hept, J = 6.7 Hz, 1H), 3.62 (s, 3H), 3.23 — 3.08
(m, 2H), 2.60 (ddt, J = 10.5, 9.6, 4.6 Hz, 1H), 2.45 (dt, J = 8.8, 4.0 Hz, 1H), 1.87 — 1.80 (m, 1H), 1.77 (m, 1H), 1.71
(tt, J= 11.9, 4.3 Hz, 1H), 1.63 (m, 1H), 1.34 (d, J = 6.7 Hz, 6H), 1.07 (ddq, J = 13.4, 9.2, 5.0 Hz, 1H), 0.33 (dtq, J =
16.6,8.2, 4.1, 3.2 Hz, 2H), 0.03 (dtt, J = 21.2, 8.2, 4.0 Hz, 2H).
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3C NMR (151 MHz, DMSO) § 173.86, 135.97, 128.33, 115.22, 62.23, 52.77, 51.40, 47.65, 27.22, 22.82, 22.62,
22.60, 10.25, 5.82, 1.88.
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J coupling from 'H spectrum and 2D PSYCHEDELIC. Medium size couplings for methine H1 are consistent
with H1 being equatorial. Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a
representative conformer.
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2D NOESY spectra. NOE correlations are consistent with H4 being axial and H1 equatorial, as determined by J
coupling analysis. It must be noted that weaker NOE correlations from H1 to H5' suggest this compound exists as an
equilibrium of the two chair conformations being the 3D structure shown below the major representative conformer.
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Compound 4c¢

'H NMR (600 MHz, Acetonitrile-ds) 8 7.42 — 7.32 (m, 4H), 7.30 — 7.28 (m, 1H), 7.16 (s, 1H), 7.15 — 7.12 (m, 1H),
4.50 (s, 3zH), 4.36 (hept, J = 6.7 Hz, 1H), 3.66 (s, 3H), 3.52 — 3.38 (m, 2H), 3.31 (dd, J = 11.7, 5.5 Hz, 1H), 3.09
(dd, J=11.5,3.9 Hz, 1H), 2.88 (dd, J = 11.6, 3.8 Hz, 1H), 2.76 (p, J=5.,5 1H), 2.56 (dd, J = 11.4, 8.1 Hz, 1H),
2.22 (m, 1H), 2.04 — 1.96 (m, 1H), 1.52 (ddd, J = 13.3, 8.9, 4.5 Hz, 1H), 1.40 (d, J = 6.9 Hz, 6H).
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BC NMR (151 MHz, CDsCN) & 174.91, 139.86, 139.14, 129.26, 128.56, 128.54, 128.39, 114.95, 73.50, 73.12,
55.38, 54.52, 54.31, 52.23, 39.53, 34.18, 28.59, 23.04, 23.02.
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J coupling from 'H spectrum. Medium size couplings for methine H4 are consistent with H4 being equatorial.
Relatively* large coupling for methine H2 (indirectly measured from H1" multiplet) is consistent with H2 being
axial. The 3D structure is a representative conformer.

*the relatively large coupling (8.1Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H2 and H4 switch from equatorial and axial to axial and
equatorial, respectively.
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Compound 4b

'H NMR (600 MHz, Acetonitrile-ds) 8 7.15 (s, 2H), 5.88 (ddt, /= 17.1, 10.2, 7.1 Hz, 1H), 5.14 — 5.02 (m, 2H), 4.38
(hept, J = 6.7 Hz, 1H), 3.67 (s, 3H), 3.39 (dd, J = 11.5, 4.7 Hz, 1H), 3.08 (dd, J = 11.4, 3.9 Hz, 1H), 2.84 (dd, J =
11.4,3.8 Hz, 1H), 2.80 (p, J = 4.7 Hz, 1H), 2.39 (dd, J = 11.4, 8.6 Hz, 1H), 2.27 — 2.04 (m, 3H), 1.95 (tdt, /= 11.5,

7.2,3.6 Hz, 1H), 1.42 (d, J = 6.8 Hz, 6H), 1.37 (ddd, J =

13.6,9.4, 4.5 Hz, 1H).
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BC NMR (151 MHz, CDsCN) & 174.94, 139.24, 137.82, 128.55, 116.72, 114.79, 57.97, 54.50, 54.23, 52.26, 39.85,
38.55, 33.30, 31.57, 23.15, 23.13, 21.16.

3 I8 B RE —— .

z &5 B == Sl Eaan ==n
Y | V! SN @l N 40000
35000
30000

0
HE%\\/‘E\E/Z\ 4.»“‘?\0/343 35000
17
'\N/
i -20000
9;
'i\/ bs
N— -15000
12 11\
14—CHy
/ |
R | il T -10000
| | ! 1

| 5000

‘ |

i 1 -0

T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 0 10 i
 (ppm)

5108



J coupling from 'H spectrum. Medium size couplings for methine H4 are consistent with H4 being equatorial.
Large couplings for methine H2 are consistent with H2 being axial. The 3D structure is a representative conformer.
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Compound 2e

'"H NMR (600 MHz, Acetonitrile-ds) 8 7.21 (d, J = 8.4 Hz, 2H), 6.96 (s, 1H), 6.96 (s, 1H), 6.84 (d, J = 8.4 Hz, 2H),
4.26 (hept, J= 6.7 Hz, 1H), 3.95 (dd, J = 7.7, 4.0 Hz, 1H), 3.76 (s, 3H), 3.72 (s, 3H), 3.56 (dd, J = 12.4, 6.0 Hz, 1H),
3.15(dd, J = 12.4, 3.8 Hz, 1H), 2.78 (p, J = 5.2, 1H), 2.06 — 1.93 (m, 2H), 1.84 (ddd, J = 14.1, 7.0, 4.0 Hz, 1H), 1.74
(ddt, J=14.3,9.9, 4.0 Hz, 1H), 1.32 (d, J = 3.0 Hz, 3H), 1.31 (d, J = 3.1 Hz, 4H).
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BC NMR (151 MHz, CDsCN) & 175.31, 159.69, 137.85, 136.96, 131.32, 129.91, 118.26, 114.76, 64.43, 56.11,
54.70, 54.62, 52.49, 40.86, 31.76, 25.26, 23.30.
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2D NOESY spectra. Observed NOE correlation from methine H1 to axial HS" is consistent with H1 being axial.
Observed NOE correlation from methine H4 to both H5'/H5" (eq/ax) and both H3'/H3" (eq/ax) is consistent with H4
being equatorial. The 3D structure is a representative conformer.
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Compound 2i

"H NMR (600 MHz, Benzene-ds) 8 8.53 (ddd, J=4.8, 1.9, 0.9 Hz, 1H), 7.36 (d, J = 1.1 Hz, 1H), 7.12 (td, J= 7.7,
1.9 Hz, 1H), 6.84 (d, J= 7.9 Hz, 1H), 6.67 (ddd, J= 7.6, 4.8, 1.2 Hz, 1H), 6.63 (d, J = 0.9 Hz, 1H), 4.08 (hept, J =
6.6 Hz, 1H), 3.54 (qdd, J = 6.7, 4.8, 2.3 Hz, 1H), 3.33 (ddd, J = 11.8, 4.6, 1.5 Hz, 1H), 3.11 (tt, J= 11.3, 4.3 Hz,
1H), 2.12 (tdd, J = 13.3, 12.0, 3.7 Hz, 1H), 1.95 (tt, J= 13.3, 4.4 Hz, 1H), 1.74 (dqd, J = 12.9, 3.8, 1.5 Hz, 1H), 1.47

(dtd, J=13.0, 3.5, 2.4 Hz, 1H), 1.20 (d, J = 4.0 Hz, 3H), 1.19 (d, J = 4.0 Hz, 3H), 1.02 (d, J = 6.7 Hz, 3H).
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BC NMR (151 MHz, C¢Dg) 8 164.11, 149.64, 137.52, 136.05, 128.31, 122.06, 121.47, 112.90, 53.65, 51.69, 49.99,
44.83,30.44,25.13, 22.83, 22.82, 11.36.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.

PR bt il o
rvirrin:irrir\’ir\'ir\’irrir\’i /oo
T e 120
JI/—i
L‘f -110
£
.'I“ 68,74
A 100
£.74
Al
l I £.74 50
AAAA
478
o i 0
I ==
70
A (qdd) B{t) 60
3,54 R
(6,74, 4.78, 2.34) |3(11.30, 4.27)
50
40
30
b 7 ¢
5 = :
s = |
! 20
| .|
I ||-|I i ‘ |
(M 1
IIf f| [ |i| L0
il AR
! i
| ,"\",'I 'f\"llr e #“_I”u .‘||'| |,‘||l|||b|||“ N—— |
10

74T T
3.65 3.60 3.55 .50 3.45 3402.20 345 3.10 3.05 3.00 295

S115



2D NOESY spectra. NOE correlations are consistent with H4 being axial and H1 equatorial, as determined by J
coupling analysis.
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Compound 4d

'H NMR (600 MHz, DMSO-de) & 7.30 (s, 1H), 7.10 (s, 1H), 4.33 (hept, J = 6.7 Hz, 1H), 3.37 — 3.28 (m, 1H), 3.03
(dd, J=11.5, 3.8 Hz, 1H), 2.92 (t, J = 6.8 Hz, 2H), 2.79 (p, J = 4.6 Hz, 1H), 2.74 (dd, J= 11.4, 3.7 Hz, 1H), 2.26
(dd, J=11.3, 8.8 Hz, 1H), 1.99 (dt, J = 12.9, 4.5 Hz, 1H), 1.80 — 1.68 (m, 1H), 1.40 — 1.34 (m, 6H), 1.31 — 1.20 (m,

1H).
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3C NMR (151 MHz, DMSO) § 173.61, 155.53, 137.80, 127.13, 117.95, 113.92, 77.26, 57.05, 52.88, 52.83, 51.44,

38.39, 32.60, 31.99, 30.65, 29.64, 28.24, 23.60, 22.60, 22.56.
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J coupling from 'H spectrum. Medium size couplings for methine H4 are consistent with H4 being equatorial.
Relatively* large couplings for methine H2 (indirectly measured from H1" multiplet) are consistent with H2 being
axial. The 3D structure is a representative conformer.

*the relatively large coupling (8.8Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H2 and H4 switch from equatorial and axial to axial and
equatorial, respectively.
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Compound 2f

"H NMR (600 MHz, Acetonitrile-ds) & 7.09 (s, 1H), 7.07 (s, 1H), 4.35 (hept, J = 6.7 Hz, 1H), 3.68 (s, 3H), 3.33 (dt,
J=12.2,4.4 Hz, 1H), 3.24 (ddd, J=11.9, 4.5, 1.6 Hz, 1H), 2.87 (t, J= 11.8 Hz, 1H), 2.70 (tt, J= 12.0, 4.2 Hz, 1H),
2.07 (dt,J=13.1,3.8 Hz, 1H), 1.89 (q, /= 12.9 Hz, 1H), 1.74 (dt, J= 12.8, 3.7 Hz, 1H), 1.71 — 1.61 (m, 3H), 1.55
(qd, J=12.7,3.7 Hz, 1H), 1.48 — 1.43 (m, 1H), 1.42 — 1.40 (m, 7H), 1.37 — 1.32 (m, 1H), 1.24 (tdt, J = 13.0, 10.3,
3.8 Hz, 1H).
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BC NMR (151 MHz, CDsCN) & 175.16, 137.28, 127.97, 118.26, 114.02, 59.16, 54.43, 46.19, 42.73, 35.23, 32.18,

27.77,26.43,23.21, 23.20, 21.63, 19.85.
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2D NOESY spectra. Observed NOE correlation from methine H1 to H2 (and no other proton from the piperidine
ring) is consistent with H1 being equatorial. Observed NOE correlation from methine H4 to H2 is consistent with

H4 and H2 both being axial. The 3D structure is a representative conformer.
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Compound 2g

'H NMR (600 MHz, Acetonitrile-ds) 8 7.24 (d, J= 0.9 Hz, 1H), 7.17 (d, J = 0.9 Hz, 1H), 4.38 (dq, J = 13.4, 6.7 Hz,
1H), 3.19 - 3.13 (m, 1H), 3.12 — 3.10 (m, 2H), 2.94 (ddd, J= 11.3, 8.0, 4.2 Hz, 1H), 1.96 — 1.91 (m, 1H), 1.88 —
1.83 (m, 1H), 1.81 (ddd, J = 13.2, 8.9, 4.4 Hz, 1H), 1.60 (dddd, J = 13.6, 7.7, 6.0, 3.9 Hz, 1H), 1.42 (d, J = 6.7 Hz,
6H), 1.01 (d, J = 6.5 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 136.13, 131.08, 122.56, 118.15, 54.63, 54.52, 51.70, 30.52, 28.38, 25.32, 22.97,

15.82.
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J coupling from 'H spectrum and 2D PSYCHEDELIC. Medium size couplings for methine H1 (measured from
2D PSYCHEDELIC) are consistent with H1 being equatorial. Relatively* large couplings for methine H4 are

consistent with H4 being axial.

*the relatively large coupling (8.2Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H1 and H4 switch from equatorial and axial to axial and

equatorial, respectively.
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Compound 2d

"H NMR (600 MHz, Acetonitrile-d3) 3 8.61 (d, J= 2.1 Hz, 1H), 7.86 (ddt, J = 8.2, 2.2, 0.7 Hz, 1H), 7.66 (dd, J =
8.1, 0.8 Hz, 1H), 7.04 (dd, J=9.5, 0.9 Hz, 2H), 4.26 (hept, J= 6.7 Hz, 1H), 4.15 (dd, J= 8.5, 4.2 Hz, 1H), 3.57
(ddd, J=12.3, 5.3, 1.3 Hz, 1H), 3.17 (dd, J = 12.4, 3.7 Hz, 1H), 2.82 (p, J = 4.8 Hz, 1H), 2.09 — 2.02 (m, 1H), 1.99
—1.95 (m, 1H), 1.95 - 1.89 (m, 1H), 1.79 (ddt, J= 13.4, 10.3, 4.4 Hz, 1H), 1.29 (d, J=3.7 Hz, 3H), 1.28 (d, J=3.7
Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 174.69, 150.57, 146.57, 137.74, 136.65, 131.93, 122.80 (q, 'Jcr= 274.6 Hz),

121.08, 119.44, 118.26, 62.72, 55.69, 54.43, 52.22, 40.40, 31.66, 24.81, 22.81.
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J coupling from 'H spectrum. Medium size couplings for methine H4 are consistent with H4 being equatorial.
Relatively* large couplings for methine H1 is consistent with H1 being axial. The 3D structure is a representative
conformer.

*the relatively large coupling (8.5Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H4 and H1 switch from equatorial and axial to axial and
equatorial, respectively.
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Compound 2a

"H NMR (600 MHz, Acetonitrile-d3) 8 7.11 (d, J= 0.9 Hz, 1H), 7.10 — 7.08 (m, 1H), 4.37 (hept, J= 6.7 Hz, 1H),
3.68 (s, 3H), 3.50 (qt, /= 6.7, 3.7 Hz, 1H), 3.18 (ddd, /= 12.1, 4.3, 1.2 Hz, 1H), 2.96 (dd, /= 12.0, 10.4 Hz, 1H),
2.63 (tt, J=10.4, 4.4 Hz, 1H), 1.87 — 1.76 (m, 3H), 1.66 — 1.59 (m, 1H), 1.42 (d, J= 6.7 Hz, 6H), 0.99 (d, J=6.7

Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 175.15, 137.43, 128.84, 115.20, 54.40, 52.61, 52.05, 47.75, 42.16, 30.21, 22.99,

22.85,12.42.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound Sa

'H NMR (600 MHz, Acetonitrile-ds) 8 7.22 (dd, J = 8.8, 7.2 Hz, 2H), 6.94 — 6.85 (m, 2H), 6.77 (tt, J= 7.4, 1.1 Hz,
1H), 4.07 (tq, J = 6.7, 3.8 Hz, 1H), 3.67 (s, 3H), 3.52 (dd, J = 12.4, 4.2 Hz, 1H), 3.02 (dd, J = 12.4, 11.1 Hz, 1H),
2.58 (tt, J=11.2, 4.0 Hz, 1H), 1.94 (p, J = 2.5 Hz, OH), 1.92 — 1.74 (m, 3H), 1.67 (ddt, J=11.8, 5.7, 2.8 Hz, 1H).
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3C NMR (151 MHz, CDsCN) & 175.16, 151.78, 130.02, 119.62, 117.56, 52.11, 51.13, 44.97, 42.63, 30.44, 22.78,

12.91.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound Sb

'H NMR (600 MHz, Acetonitrile-d3) 8 7.22 (d, J= 9.1 Hz, 1H), 6.91 (d, J= 9.1 Hz, 1H), 4.08 (qq, J = 6.6, 3.5, 2.6
Hz, 1H), 3.69 (s, 3H), 3.54 (dd, J = 12.7, 4.4 Hz, 1H), 3.03 (dd, J = 12.5, 11.2 Hz, 1H), 2.59 (tt, J= 11.3, 4.1 Hz,
1H), 1.92 — 1.77 (m, 3H), 1.73 — 1.65 (m, 1H), 1.01 (d, J = 6.7 Hz, 3H).
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3C NMR (151 MHz, CDsCN) & 175.00, 150.51, 129.71, 123.52, 118.70, 52.14, 51.05, 44.75, 42.49, 30.30, 22.60,
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound 5d

'H NMR (600 MHz, Acetonitrile-ds) 7.01 (ddd, J = 8.0, 7.1, 1.8 Hz, 1H), 6.97 — 6.88 (m, 3H), 3.82 (s, 3H), 3.75 (tq,
J=6.8,3.6,2.7 Hz, 1H), 3.69 (s, 3H), 3.31 (dd, /= 11.9, 8.9 Hz, 1H), 3.09 (dd, /= 11.9, 4.0 Hz, 1H), 2.63 (tt, J =
9.0, 4.3 Hz, 1H), 1.93 — 1.77 (m, 3H), 1.62 (dtd, J = 11.2, 4.6, 1.9 Hz, 1H), 0.88 (d, J = 6.7 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 175.29, 154.71, 141.81, 124.21, 123.35, 121.71, 113.13, 56.06, 52.00, 51.90, 49.17,

42.76,31.02,23.48, 14.37.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Relatively* large couplings for methine H4 (also indirectly measured from H5' multiplet) are consistent with H4
being axial. The 3D structure is a representative conformer.

*the relatively large coupling (8.9Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H1 and H4 switch from equatorial and axial to axial and

equatorial, respectively.
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Compound Se

'"H NMR (600 MHz, Acetonitrile-ds) § 7.21 (t, J= 7.9 Hz, 1H), 6.97 — 6.91 (m, 2H), 6.82 (dt, J= 7.5, 1.3 Hz, 1H),
4.12 (pd, J = 6.8, 2.5 Hz, 1H), 3.70 (s, 3H), 3.59 — 3.52 (m, 1H), 3.03 (dd, J=12.5, 11.3 Hz, 1H), 2.60 (tt, J=11.3,
4.1 Hz, 1H), 1.97 (p, J= 2.5 Hz, 1H), 1.93 - 1.77 (m, 3H), 1.73 - 1.67 (m, 1H), 1.54 (d, J= 1.4 Hz, 6H), 1.02 (d, /=

6.7 Hz, 3H).
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3C NMR (151 MHz, CDsCN) & 174.80, 151.43, 129.99, 124.33, 122.17, 119.44, 117.38, 94.62, 82.22, 65.25, 51.91,
50.70, 44.33, 42.30, 31.61, 30.05, 22.39, 12.66.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound 5f

'H NMR (600 MHz, Acetonitrile-ds) 8 6.94 (s, 1H), 6.67 (s, 1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.69 (s, 3H), 3.51 (qd, J
=6.2,3.9 Hz, 1H),3.26 (dd, J= 11.7, 7.7 Hz, 1H), 3.02 (dd, J= 11.7, 3.9 Hz, 1H), 2.61 (tt, J= 8.1, 4.1 Hz, 1H),
1.91 (qd, J= 8.9, 5.0 Hz, 1H), 1.83 — 1.72 (m, 2H), 1.63 — 1.54 (m, 1H), 0.84 (d, J = 6.6 Hz, 3H).
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BC NMR (151 MHz, CD3sCN) & 174.89, 154.94, 152.19, 135.23, 125.24, 112.76, 99.68, 56.90, 56.47, 52.52, 51.76,

50.37,42.24,31.11, 23.61, 15.13.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Relatively* large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative
conformer.

*the relatively large coupling (8.1Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H1 and H4 switch from equatorial and axial to axial and
equatorial, respectively.
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Compound 51

'H NMR (600 MHz, Acetonitrile-ds) 8 5.44 (d, J = 0.8 Hz, 1H), 4.69 (t, J= 0.7 Hz, 2H), 4.06 — 4.02 (m, 2H), 3.94
(qdd, J = 6.7, 4.6, 2.0 Hz, 1H), 3.91 — 3.88 (m, 3H), 3.73 (ddd, J = 12.6, 4.3, 1.5 Hz, 2H), 2.91 (dd, J=12.8, 11.7

Hz, 1H), 2.56 (tt, J= 11.9, 4.2 Hz, 1H), 1.88 (dtd, J= 12.2, 4.0, 1.8 Hz, 1H), 1.85 — 1.74 (m, 2H), 1.66 — 1.60 (m,

1H), 1.07 (d, J = 6.8 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 175.19, 159.02, 138.53, 87.19, 65.39, 64.03, 52.07, 49.46, 46.92, 43.67, 42.12,

29.64,22.70, 12.77.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound Sp

'H NMR (600 MHz, Acetonitrile-ds) 8 8.27 (s, 1H), 8.09 (s, 1H), 3.68 (s, 3H), 3.63 (ddd, J=7.1, 3.8, 1.6 Hz, 1H),
3.21(ddd, J=12.1, 4.4, 1.4 Hz, 1H), 2.99 (dd, J = 12.1, 11.2 Hz, 1H), 2.65 (tt, J = 11.2, 4.2 Hz, 1H), 1.91 — 1.83
(m, 2H), 1.82 — 1.75 (m, 1H), 1.69 — 1.63 (m, 1H), 1.03 (d, J = 6.8 Hz, 3H).
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BC NMR (151 MHz, CD3;CN) & 174.75, 144.70, 142.40, 135.69, 52.16, 52.08, 46.84, 41.90, 29.78, 22.41, 12.04.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound Sm

'H NMR (600 MHz, Acetonitrile-ds) 8 5.55 (t, J= 0.8 Hz, 1H), 4.43 — 4.33 (m, 2H), 4.00 (t, J = 5.6 Hz, 2H), 3.94
(qdd, J= 6.8, 4.6, 2.1 Hz, 1H), 3.73 (ddd, J = 12.6, 4.4, 1.7 Hz, 1H), 3.70 (td, J = 5.4, 2.1 Hz, 1H), 3.68 (s, 3H), 2.90
(s, 3H), 2.56 (tt, J= 11.9, 4.1 Hz, 1H), 1.88 (dddd, J = 12.3, 6.0, 3.7, 2.2 Hz, 1H), 1.85 — 1.72 (m, 2H), 1.66 — 1.61

(m, 1H), 1.07 (d, J = 6.7 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 175.13, 159.33, 136.18, 88.79, 52.08, 49.41, 47.17, 44.40, 43.62, 43.55, 42.09,

36.46, 29.62, 22.66, 12.77, 10.10.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound Sn

'"H NMR (600 MHz, Acetonitrile-ds) § 7.02 (s, 1H), 4.60 (hept, J= 6.7 Hz, 1H), 3.94 (qdd, J = 6.8, 4.7, 2.2 Hz, 1H),
3.71 -3.65 (m, 4H), 3.00 (dd, /= 12.7, 11.6 Hz, 1H), 2.59 (tt, /= 11.6, 4.1 Hz, 1H), 1.90 (dtd, /= 10.6, 3.6, 1.7 Hz,

1H), 1.87 — 1.74 (m, 2H), 1.68 — 1.62 (m, 1H), 1.46 (d, J= 6.7 Hz, 6H), 1.07 (d, J = 6.8 Hz, 3H).
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BC NMR (151 MHz, CD3sCN) & 174.94, 156.54, 119.84, 118.26, 57.18, 52.18, 50.03, 44.30, 42.01, 29.63, 22.68,
22.40, 22.38, 12.59.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound So

'"H NMR (600 MHz, Acetonitrile-ds) 8 8.32 (d, J= 0.6 Hz, 1H), 7.57 (d, J = 0.6 Hz, 1H), 3.95 (qdd, J = 6.8, 4.7, 2.5
Hz, 1H), 3.69 (s, 3H), 3.47 (ddd, J = 12.4, 4.6, 1.4 Hz, 1H), 3.07 (dd, J = 12.2, 11.5 Hz, 1H), 2.72 - 2.60 (m, 1H),

1.95 — 1.85 (m, 2H), 1.84 — 1.74 (m, 1H), 1.71 — 1.65 (m, 1H), 1.03 (d, J= 6.9 Hz, 3H).
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3C NMR (151 MHz, CDsCN) & 174.83, 150.79, 150.77, 123.21, 52.32, 52.18, 46.60, 42.27, 30.01, 22.44, 12.41.

—G000

~5500

-5000

~4500

~4000

—3500

~3000

~1500

-1000

-500

= =5 2 RN g = =
S g8 8 BG g o 5 o8 8
Y Vol I
o
-
!
Cf55 .“\c.f’ “\\:
g
| [
*
\N/ \CH3
a ¥
5
N
o
S—N
12 13
)
| i B}
T T T T r T T T ‘ T T ; . r ; T T ; . : -
30 20 210 200 190 180 170 160 150 140 130 120 110 100 90 70 50 40 30 20 10
1 (ppm)

—-500

5160



J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound Sq

'"H NMR (600 MHz, Acetonitrile-ds) 8 8.35 (dt, /= 7.1, 1.1 Hz, 1H), 7.79 (s, 1H), 7.52 (dt, J = 8.9, 1.2 Hz, 1H),
7.07 (ddd, J= 9.0, 6.6, 1.0 Hz, 1H), 6.75 (td, J= 6.9, 1.5 Hz, 1H), 3.73 (s, 2H), 3.43 (ddd, J = 12.6, 5.7, 1.3 Hz, 1H),
3.19 (ddq, J = 10.2, 6.1, 2.6 Hz, 2H), 3.06 (dd, J= 11.8, 3.5 Hz, 1H), 2.70 (qd, J = 5.6, 3.9 Hz, 1H), 2.09 (dtdd, J=
13.6,5.9, 4.0, 1.4 Hz, 1H), 1.82 (ddtd, J = 13.0, 6.4, 3.9, 0.7 Hz, 1H), 1.75 (ddt, J = 13.5, 10.0, 4.4 Hz, 1H), 1.60

(dddd, J=13.4,9.8, 7.9, 4.0 Hz, 1H), 0.89 (d, J = 6.3 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 175.02, 136.20, 135.26, 129.44, 126.55, 122.59, 117.75, 112.56, 56.33, 54.94,
52.06,41.91, 32.00, 24.80, 18.07.
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J coupling from 'H spectrum and 2D PSYCHEDELIC. Medium size couplings for methine H4 (indirectly
measured from H5'/H5" multiplets) are consistent with H4 being equatorial. Relatively* large couplings for methine
H1 (measured from 2D PSYCHEDELIC) are consistent with H1 being axial. The 3D structure is a representative

conformer.

*the relatively large coupling (8.0 Hz) is an indication that the conformer shown in the 3D structure is the major
one, yet it is in equilibrium with a chair conformation in which H4 and H1 switch from equatorial and axial to axial

and equatorial, respectively.
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2D NOESY spectra. NOE correlations are consistent with the presence of an equilibrium between two chair
conformations in which H1 and H4 switch from axial/equatorial to equatorial/axial, respectively.
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Compound Ss

'H NMR (600 MHz, Acetonitrile-ds) 8 8.83 (dd, J=4.1, 1.8 Hz, 1H), 8.22 (dd, J= 8.3, 1.8 Hz, 1H), 7.52 — 7.38 (m,
3H), 7.17 (dd, J = 6.8, 2.1 Hz, 1H), 4.73 (ddt, J = 8.0, 6.1, 3.1 Hz, 1H), 3.71 (s, 4H), 3.51 — 3.38 (m, 2H), 2.78 (ddt,

J=11.5,10.5,4.3 Hz, 1H), 2.11 (tt, J = 12.8, 4.6 Hz, 1H), 2.01 — 1.85 (m, 3H), 1.69 (dtd, /= 13.0, 3.9, 2.9 Hz, 1H),
0.94 (d, J= 6.9 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 175.35, 149.90, 148.65, 143.90, 137.38, 130.64, 127.62, 122.13, 121.96, 119.67,

53.13, 52.07, 47.93, 43.16, 30.56, 23.05, 13.00.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound 6a

'H NMR (600 MHz, Acetonitrile-ds) § 7.34 — 7.12 (m, 2H), 7.02 — 6.94 (m, 2H), 6.84 (tt, /= 7.3, 1.1 Hz, 1H), 3.83
(ddt, J=12.3,4.3, 1.5 Hz, 1H), 3.45 — 3.30 (m, 1H), 2.99 (dd, J = 12.2, 3.5 Hz, 1H), 2.82 (p, J = 4.4 Hz, 1H), 2.49
(dd, J=11.7,9.2 Hz, 1H), 2.15 (dt, J= 13.3, 4.2 Hz, 1H), 1.98 (ttt, J=9.5, 4.4, 2.8 Hz, 1H), 1.35 (ddd, J = 13.3,

10.2, 4.8 Hz, 1H), 1.01 (d, J = 6.7 Hz, 3H).
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3C NMR (151 MHz, CDsCN) § 174.99, 153.19, 129.95, 120.34, 117.85, 57.44, 52.88, 52.19, 40.42, 34.06, 28.89,

19.25.
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J coupling from 'H spectrum. Medium size couplings for methine H5 are consistent with H5 being equatorial.
Large couplings for methine H1 are consistent with H1 being axial. The 3D structure is a representative conformer.
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Compound Sk

'H NMR (600 MHz, Acetonitrile-ds) 8 7.70 (s, 1H), 7.46 (s, 1H), 3.74 (tt, J = 10.7, 5.4 Hz, 1H), 3.68 (s, 3H), 3.32
(dd, J=12.3, 4.4 Hz, 1H), 2.98 (t, /= 11.8 Hz, 1H), 2.64 (tt, /= 11.7, 4.1 Hz, 1H), 1.94 — 1.83 (m, 2H), 1.82 — 1.75

(m, 1H), 1.71 — 1.61 (m, 1H), 1.05 (d, J= 6.7 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 174.79, 139.96, 138.22, 115.21, 52.15, 51.59, 46.11, 41.93, 41.15, 29.65, 22.35,
11.99.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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2D NOESY spectra. NOE correlations are consistent with H4 being axial and H1 equatorial, as determined by J
coupling analysis.
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Compound 2k

'H NMR (600 MHz, Acetonitrile-ds)  8.03 (d, J= 0.8 Hz, 1H), 7.65 (d, J = 0.8 Hz, 1H), 5.92 (ddd, J=3.4,2.3, 1.1
Hz, 1H), 5.39 (ddd, J = 3.0, 2.0, 1.1 Hz, 1H), 4.50 (hept, J = 6.7 Hz, 1H), 4.17 (dqd, J = 8.6, 6.2, 2.4 Hz, 1H), 3.09
(ddt, J=16.9, 8.3, 3.1 Hz, 1H), 2.50 (dq, J = 16.9, 2.3 Hz, 1H), 1.47 (d, J = 6.7 Hz, 6H), 1.27 (d, J = 6.3 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 165.77, 141.01, 130.56, 122.27, 119.57, 115.88, 54.83, 52.69, 33.88, 23.04, 23.00,
20.66.
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Compound Sh

'H NMR (600 MHz, Benzene-ds) & 8.01 (d, J= 2.8 Hz, 1H), 6.86 (dd, J = 8.7, 2.9 Hz, 1H), 5.93 (d, J = 8.7 Hz, 1H),
3.35(s, 3H), 3.16 (dd, J=11.8, 8.2 Hz, 1H), 3.09 (td, /= 6.2, 4.2 Hz, 1H), 2.98 (dd, J=11.8, 3.9 Hz, 1H), 2.38 (it,
J=18.3,4.0Hz, 1H), 1.89 — 1.81 (m, 1H), 1.60 — 1.49 (m, 2H), 1.44 — 1.37 (m, 1H), 0.69 (d, J = 6.5 Hz, 3H).
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BC NMR (151 MHz, CsDs) 8 173.82, 154.50, 141.78, 139.99, 131.24, 108.48, 53.77, 51.24, 49.79, 42.00, 30.96,
23.34, 14.75.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Relatively* large couplings for methine H1 (also indirectly measured from H5' multiplet) are consistent with H1
being axial. The 3D structure is a representative conformer.

*the relatively large coupling (8.3Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H2 and H4 switch from equatorial and axial to axial and
equatorial, respectively.
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Compound 5j

'H NMR (600 MHz, Acetonitrile-ds) 8 3.92 (q, J = 7.2 Hz, 2H), 3.69 (s, 3H), 3.29 (ddd, J= 11.7, 3.1, 2.0 Hz, 1H),
3.18 (dd,J = 11.7, 3.3 Hz, 1H), 3.03 (ddd, J= 9.9, 6.3, 2.9 Hz, 1H), 2.62 (dtt, /= 4.4, 3.2, 2.0 Hz, 1H), 2.18 - 2.14
(m, 1H), 2.09 (s, 6H), 1.69 — 1.56 (m, 2H), 1.54 — 1.42 (m, 1H), 1.28 (t, J = 7.2 Hz, 3H), 0.76 (d, J = 6.3 Hz, 3H).
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3C NMR (151 MHz, CDsCN) & 175.19, 144.20, 135.49, 128.78, 118.26, 56.06, 55.95, 51.86, 44.39, 41.71, 33.01,

25.98, 20.64, 15.66, 13.04, 9.07.
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J coupling from 'H spectrum and 2D PSYCHEDELIC. Medium size couplings for methine H4 (indirectly
measured from H5'/HS5" multiplets) are consistent with H4 being equatorial. Large couplings for methine H1
(measured from 2D PSYCHEDELIC) are consistent with H1 being axial. The 3D structure is a representative
conformer.
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Compound 5¢g

'H NMR (600 MHz, Benzene-ds) 8 7.94 (d, J = 2.9 Hz, 1H), 6.86 (dd, J = 8.9, 3.0 Hz, 1H), 6.62 (d, J = 8.9 Hz, 1H),
3.87 (s, 3H), 3.35 (s, 3H), 3.18 (qt, J = 6.6, 4.5 Hz, 1H), 3.09 — 3.02 (m, 2H), 2.37 (ddt, J= 9.8, 8.6, 4.4 Hz, 1H),

1.86 — 1.73 (m, 1H), 1.61 — 1.47 (m, 3H), 1.33 (ddt, J = 13.3, 5.9, 4.2 Hz, 1H), 0.66 (d, J = 6.6 Hz, 3H).
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3C NMR (151 MHz, C¢Dg) 8 173.86, 159.84, 142.28, 138.71, 131.71, 111.15, 53.42, 53.10, 51.40, 48.39, 42.14,
30.73, 23.05, 14.00.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.

Large couplings for methine H4 are consistent with H4 being axial. The 3D structure is a representative conformer.
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Compound Sc

'H NMR (600 MHz, Benzene-ds) 5 6.82 — 6.78 (m, 4H), 3.46 — 3.40 (m, 1H), 3.38 (s, 3H), 3.36 (s, 3H), 3.24 (dd, J
=11.9,4.3 Hz, 1H),3.19 (dd, J= 11.9, 9.2 Hz, 1H), 2.48 (tt, J= 9.1, 4.2 Hz, 1H), 1.92 — 1.77 (m, 1H), 1.73 — 1.60
(m, 2H), 1.42 (ddt, J = 9.6, 7.8, 4.6 Hz, 1H), 0.77 (d, J = 6.6 Hz, 3H).

-2600

e
mmmmmmmmmmm

2400

~2200
| | W 2000
~1800
~1600
~1400
~1200
1000
~800

-600

~200
I_U_L LL‘L‘. | R

—-200

3.04

o 105 100 95 90 85 &0 75 A0 65 60 55 50
1 (ppm)

S$187



3C NMR (151 MHz, C¢Dg) 8 174.04, 154.79, 145.66, 121.10, 114.81, 55.15, 53.09, 51.24, 48.11, 42.29, 30.77,

23.02, 13.62.
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J coupling from 'H spectrum and 2D PSYCHEDELIC. Medium size couplings for methine H1 (measured from
2D PSYCHEDELIC) are consistent with H1 being equatorial. Large couplings for methine H4 are consistent with
H4 being axial. The 3D structure is a representative conformer.
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Compound 5r (5:1 mixture, only major reported)

'H NMR (600 MHz, Acetonitrile-ds) 8 7.33 (dd, J = 8.5, 0.8 Hz, 1H), 7.28 (dd, J = 8.4, 7.3 Hz, 1H), 7.06 (dd, J =
7.4,0.8 Hz, 1H), 3.92 — 3.90 (m, 1H), 3.90 (s, 3H), 3.68 (s, 3H), 3.42 —3.39 (m, 2H), 2.82 (m, 1H), 2.02 — 1.95 (m,

1H), 1.90 (m, 2H), 1.66 (dq, J = 12.8, 3.9 Hz, 1H), 1.06 (d, J = 6.7 Hz, 3H).

09—
0,92
000
2003
150t
230-=
053"
156

~1600

~1500

-1400

~1300

~1200

-1100

~a00

~B00

=700

—600

-500

—400

-300

~200

~100

~-100

T T
110 105 100 95 =h] 85 8.0 7.5 7.0 6.5 6.0 a5 5.0 4.5 4.0 35 3.0

71 (ppm}

S$190



BC NMR (151 MHz, CDsCN) & 175.27, 151.75, 143.72, 127.88, 127.00, 120.97, 115.51, 109.14, 55.02, 52.03,

47.94,42.07, 35.85, 29.75, 22.91, 13.68.
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2D NOESY spectra. Observed NOE correlation from Methyl-19 to axial H3' and HS' is consistent with H1 being
equatorial. Observed NOE correlation from methine H4 to axial H2' is consistent with H4 being axial. It must be
noted that weaker NOE correlations from H1 to H5' and Me-19 to axial H2' strongly suggest this compound exists as
an equilibrium of the two chair conformations being the 3D structure shown below the major representative
conformer.
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Compound 2j (4:1 mixture, only major reported)

'H NMR (600 MHz, Acetonitrile-d3) 8 7.29 — 7.23 (m, 4H), 7.20 — 7.18 (m, 1H), 6.97 (s, 1H), 6.96 (s, 1H), 5.09
(ddd, J=9.0, 5.6, 4.6 Hz, 1H), 4.80 (d, J= 5.5 Hz, 1H), 4.26 — 4.20 (m, 1H), 3.65 (dqd, J = 8.2, 6.3, 3.9 Hz, 1H),
2.48 - 2.41 (m, 1H), 2.41 — 2.34 (m, 1H), 2.31 — 2.24 (m, 1H), 1.67 — 1.49 (m, 1H), 1.27 (d, J = 1.5 Hz, 3H), 1.26
(d, J=1.5 Hz, 3H), 0.98 (d, J = 6.3 Hz, 3H).
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BC NMR (151 MHz, CDsCN) & 138.81, 135.22, 133.21, 130.39, 128.86, 128.66, 123.01, 86.34, 65.62, 54.33, 52.19,

30.21, 23.16, 22.87,22.83, 17.97.
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J coupling from 'H spectrum. Medium size couplings for methine H1 are consistent with H1 being equatorial.
Relatively* large coupling for methine H4 is consistent with H4 being axial. The 3D structure is a representative
conformer.

*the relatively large coupling (9.0 Hz) is an indication that the conformer shown in the 3D structure is the major
one, yet it is in equilibrium with a chair conformation in which H1 and H4 switch from equatorial and axial to axial
and equatorial, respectively. Same can be said from the medium-to-large size coupling from H5 (5.5 Hz), which is
consistent with H5 being equatorial (major conformer) but in equilibrium with a chair conformation in which H5 is
axial.
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2D NOESY spectra. NOE correlations are consistent with major conformer being H4 axial, H1 equatorial, and H5
equatorial, as determined by J coupling analysis.
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Compound 4f

'H NMR (600 MHz, DMSO-ds) 5 7.33 (d, J= 1.1 Hz, 1H), 7.11 (d, J= 1.1 Hz, 1H), 4.34 (hept, J = 6.7 Hz, 1H),
3.62 (s, 3H), 3.43 (dd, J= 11.5, 3.8 Hz, 1H), 3.09 (dd, J = 11.4, 3.2 Hz, 1H), 2.81 (p, J = 4.2 Hz, 1H), 2.65 (dd, J =
11.5,3.7 Hz, 1H), 2.28 (dd, J = 11.2, 9.2 Hz, 1H), 2.03 (dt, /= 13.1, 3.8 Hz, 1H), 1.58 — 1.41 (m, 2H), 1.29 (ddd, J

=12.9,10.0, 4.6 Hz, 1H), 0.92 — 0.89 (m, 6H).
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3C NMR (151 MHz, DMSO) § 173.60, 137.89, 127.19, 114.04, 55.20, 52.86, 52.66, 51.48, 38.57, 38.29, 29.63,

27.91, 22.62,22.58, 20.11, 19.86.
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J coupling from 'H spectrum. Medium size couplings for methine H4 are consistent with H4 being equatorial.
Large couplings for methine H2 (indirectly measured from H1'/H1 multiplets) are consistent with H2 being axial.

The 3D structure is a representative conformer.
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Compound 7

'H NMR (600 MHz, Acetonitrile-ds) 8 7.25 (t, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 6.82 (td, /= 7.3, 1.2 Hz,
1H), 3.84 (ddd, J = 12.5, 3.9, 2.0 Hz, 1H), 3.72 (dt, J = 4.8, 2.5 Hz, 1H), 3.70 (s, 3H), 2.87 — 2.74 (m, 2H), 2.32 (td,
J=10.9, 3.7 Hz, 1H), 1.88 — 1.78 (m, 2H), 1.78 — 1.64 (m, 1H), 0.97 (d, J = 6.5 Hz, 3H).
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3C NMR (151 MHz, CDsCN) & 174.94, 151.97, 130.09, 120.05, 117.25, 52.68, 52.07, 50.17, 50.13, 34.22, 33.16,

~a000

~8000

~7000

~6000

-5000

~4000

3000

-2000

~1000

-0

I ¥ S
6]
g o
11},,5.\\\; A g ,,/{%43
I | e
\‘\§.1’
!
7
11%“/12
I
| | ‘” ”
L J |
T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 110 100 o0 70 50 40 30 20 10
11 (ppm)

5201



J coupling from 'H spectrum. Methine H5 show a medium size coupling to H4 equatorial two large couplings to
H4 axial and H6. This is consistent with both HS and H6 being axial. The 3D structure is a representative conformer.
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Compound 2h (2.5:1 mixture, only major reported — for overlapping signals, integrals have been corrected)

'H NMR (600 MHz, Acetonitrile-ds) 8 7.23 (s, 1H), 7.18 (s, 1H), 4.64 (tt, J = 8.3, 4.2 Hz, 1H), 4.44 — 4.33 (m, 1H),
3.49 - 3.38 (m, 3H), 3.31 (h, J= 6.4 Hz, 1H), 2.32 — 2.22 (m, 1H), 2.16 — 2.08 (m, 1H), 1.86 (ddt, J= 14.2,9.9, 4.4
Hz, 1H), 1.67 (ddt, J= 13.7, 6.6, 4.6 Hz, 1H), 1.42 (d, J = 6.8 Hz, 6H), 1.01 (d, J = 6.6 Hz, 3H).
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BC NMR (151 MHz, CDs;CN) & 136.07, 130.47, 118.26, 81.78, 54.59, 53.80, 51.06, 29.35, 25.21, 23.02, 23.01,
14.73.
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J coupling from 'H spectrum and 2D PSYCHEDELIC. Medium size couplings for methine H1 (measured from
2D PSYCHEDELIC) are consistent with H1 being axial. Relatively* large couplings for methine H1 are consistent
with H2 being axial. The 3D structure is a representative conformer.

*the relatively large coupling (8.2Hz) is an indication that the conformer shown in the 3D structure is the major one,
yet it is in equilibrium with a chair conformation in which H1 and H4 switch from equatorial and axial to axial and
equatorial, respectively.
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Compound Si

'H NMR (600 MHz, Acetonitrile-ds) 8 8.08 (dd, J = 8.7, 5.9 Hz, 2H), 7.46 (s, 1H), 7.11 (t, J= 9.0 Hz, 2H), 3.83 (s,
3H), 3.65 (s, 3H), 3.29 (dd, J= 11.7, 6.1 Hz, 1H), 2.94 (dd, J= 11.8, 3.8 Hz, 1H), 2.87 (qd, J = 6.5, 3.4 Hz, 1H),
271 (tt, J = 6.1, 4.0 Hz, 1H), 2.05 — 1.98 (m, 1H), 1.79 — 1.70 (m, 3H), 1.63 — 1.53 (m, 1H), 0.83 (d, J= 6.4 Hz,
3H).
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BC NMR (151 MHz, CD3sCN) & 175.07, 162.72 (d, 'Jcr = 243.5 Hz)143.60, 134.11, 131.68, 129.21, 126.26, 115.70,
56.93, 54.14, 52.07,41.99, 39.72, 31.49, 24.33.
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F NMR (564 MHz, Methanol-d,) & 69.0.
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2D NOESY spectra. Observed NOE correlation from Methyl-21 to axial H3' and HS' is consistent with H1 being
equatorial. Observed NOE correlation from methine H4 to axial H2' is consistent with H4 being axial
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J coupling from 'H spectrum. Medium size couplings for bothe methines strongly suggest this compound exists as
an equilibrium of the two chair conformations being the 3D structure shown below the likely major representative
conformer based on the NOE data shown above.
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Computational Supporting Details

All of the quantum chemical calculations were performed with Gaussian 16.” Geometry optimizations
and frequency calculations were conducted using the M06-2X density functional,® the 6-31G** basis set,
and the SMD implicit solvation model® with water as solvent. The “ultrafine” grid was used, and the two-
electron integral accuracy was set to 107 (int=(Acc2E=14,ultrafine)). Default values were used for all
other options. The Gibbs energies were calculated with the quasiharmonic approximation proposed by
Cramer and Truhlar.!® This approximation is the same as the usual harmonic approximation, except that
the frequencies of all of the real normal modes lower than 100 cm™" are adjusted to 100 cm™' before the
vibrational entropy and Gibbs energy are calculated.

The three-dimensional structures were illustrated with CYL View.'!

For enols 8, 9 and 10 solvated by one or two protic solvent molecules (Fig. S1), a total of eight chair
structures were used as input for DFT optimization, including two orientations of the N-phenyl group
(axial vs equatorial), two orientations of the methyl group (axial vs equatorial), and two configurations of
the ketene acetal group (£ vs Z).

H
H\Q H“O’
R...H H H
O OH 0
OMe OMe
L= L=
Me/ Me/
I.R=H m
II: R = Me

Figure S1. Three models of enols incorporating explicit solvent

The methyl group displays similar levels of conformational preferences in all three microsolvation
models. For enol 8, the lowest-energy chair with an equatorial methyl group is 1.9-2.2 kcal/mol more
stable than the lowest-energy chair with the methyl group axial (Table S1). For enol 9, the energy
difference is 1.1-1.2 kcal/mol favoring the methyl-equatorial conformer. For enol 10, the axial conformer
is favored by 1.1-1.2 kcal/mol.

Table S1: Relative Gibbs energies (kcal/mol) of eight structures for complexes 8, 9 and 10*°

soveun | Sonfrtion o | Oeionof | Ciion | .
a z Eq Eq 0 (0.6) [2.4] 0 (0) [2.7] 1.2 [3.8]
b E Eq Eq 1.1 (0) [0] 09(0.7)[0] | 1.2[11]
c E Eq Ax 28(2.9)[2.0] | L.1(LO)[1.2] | 0.47[0]
d E Ax Eq 32(3.6)[52] | 1.824)[3.7] | 221[4.8]
e z Eq Ax 22(1.9)[45] | 1.9(1.1)[3.9] | 0[L9]
f z Ax Eq 2.8(2.9)[5.0] | 22(2.5)[44] | 3.3[6.0]
g E Ax Ax 25(3.0)[47] | 253.0)[42] | 1.1[3.4]
h z Ax Ax 3.0(4.1)[48] | 2.6(3.2)[5.0] | 1.4[3.8]
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“Values in parentheses are relative energies for complexes with one MeOH solvating piperidine N, i.e.
model II in Fig. S1. Values in brackets are relative energies for complexes solvated by two explicit H,O
molecules, model II1. Values outside parentheses or brackets are relative energies for complexes with
H,0, model I. *The energies for the lowest-energy structures with the methyl group axial and equatorial
are labeled in bold. The stability difference between the most stable methyl-axial and methyl-equatorial
structures is proposed to account for the diastereocontrol in the protonation of the ketene acetal.

The protonation of 810 sets the relative stereochemistry between the methyl and the ester groups of the
final piperidine products. Zimmerman proposed'*!? that approach of the proton source to the exo face of
six-membered exocyclic enols is more facile due to lesser steric hindrance (Fig. S2).

OH

Figure S2. Zimmerman’s rationale of facial-selective protonation in the ketonization of exocyclic enols.
Trajectory a was proposed to be easier than trajectory b due to steric hindrance of the axial hydrogens in
b.

Applying Zimmerman’s rule on the lowest-energy chairs (Fig. S3 and S4) accounts for the formation of
the major isomer of 5a, 6a and 7a. The 1.9-2.2 kcal/mol of computed energy difference between 8a and
8e was consistent with the sense and level of cis preference for the formation of piperidine 5a (computed:
18:1 to 28:1, experimental: 17:1). The lower trans selectivity in the case of 6a was explained well by the
stability difference of 1.0—1.2 kcal/mol between 9a and 9¢ (computed: 1:4.5 to 1:6, experimental: 1:5).
For 7a, the computed stereoselectivity based on the 1.1-1.2 kcal/mol of energy difference between 10e
and 10a also accounts for the level of trans selectivity experimentally observed (computed: 1:5,
experimental: 1:2).

\r A
:
|
. ey /',o—
[ 7 1

N
8e, G = 2.2 kcal/mol

9a,G =0 9¢c, G = 1.1 kcal/mol
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10e, G =0 10a, G = 1.2 kcal/mol

Figure S3. Lowest-energy structures of enols 8, 9 and 10 complexed by one H>O (microsolvation model

D.

10c,.G=0 10b, G = 1.1 kcal/mol

Figure S4. Lowest-energy structures of enols 8, 9 and 10 complexed by two H,O (microsolvation model
I10)

Conformational analyses for enols 8, 9, and 10 in the absence of explicit solvent were also carried out and
found to have inferior agreement with experimentally observed diastereoselectivities. The lowest-energy
conformers with the Ph and Me groups either axial or equatorial are illustrated in Fig. S5. For 8, the chair
conformers I and II with the methyl group axial were computed to be at least 1.2 kcal/mol lower in
energy than the chair conformers III and IV with the methyl group equatorial. Applying Zimmerman’s
rule to conformers I and II erroneously predicted the trans diastereomer of product Sa to be favored. For
5213



9, the energy difference is only 0.3 kcal/mol favoring methyl equatorial, equivalent to a cis:trans d.r. of
1:1.6, underestimating the experimentally found d.r. For 10, the energy difference of 1.4 kcal/mol
between methyl-axial conformer I and methyl-equatorial conformer II would predict a cis:trans ratio of
1:8, overestimating the d.r. experimentally observed.

The proton source, namely, H>O or MeOH, could be considered small, and the proposal of axial
protonation as a stereocontrolling factor has also been explored. In the case of enol 8, axial protonation of
the most stable conformers I and II would correctly give the cis product; however, the cis product would
be predicted as the major diastereoisomer also for enols 9 and 10, at variance with the experimental

results.
(A)
1
N N
|
AN Y
N2k o~ g\“ -
N T
sl\ I
I: Ph ax | Me ax Il: Ph eq | Me ax lll: Ph eq | Me eq IV: Ph ax | Me eq
G=0 G = 0.1 kcal/mol G = 1.2 kcal/mol G = 1.8 kcal/mol
(B)
\q‘t\‘
Ny
- ’t - \
!
I: Phax | Me eq Il: Ph ax | Me ax Il: Pheq | Me eq IV: Ph eq | Me ax
G=0 G = 0.3 kcal/mol G = 1.2 kcal/mol G = 1.9 kcal/mol
(€)
. ,\/ —
)\ 7 y ‘ 1 A »’j
o I _o -
~ LA
I 7 r e 14
I: Ph ax | Me ax Il: Ph ax | Me eq 1l: Ph eq | Me ax IV: Pheq | Me eq
G=0 G = 1.4 kcal/mol G = 1.4 kcal/mol G = 2.5 kcal/mol

Figure S5. Most stable structures of enols (A) 8, (B) 9, and (C) 10 with Ph and Me equatorial or axial in
the absence of explicit solvent
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The energies of the two diastereomers of 5a, 6a and 7a were computed to explore whether the observed
diastereoselectivity could be controlled by product stabilities (Fig. S6). For 6a, the trans isomer, which
was favored experimentally, is 1.6—1.8 kcal/mol more stable than the cis isomer. However, in the cases of
5a and 7a, the energies of the two diastereomers differ by less than 0.5 kcal/mol favoring a different
diastereomer depending on whether explicit water was included in the system. The sense and level of
diastereoselectivity predicted from product stabilities did not agree with the high cis selectivity
experimentally observed for the formation of 5a. Taken together, the computed differences in product
stabilities support the proposal that the diastereocontrol was kinetic rather than thermodynamic in origin.

(A)

Ph  COMe Ph  COMe Ph
oo N)ﬂ = Nyeoue PO oo
5a: G = 0.3 kcal/mol epi-5a: G = 0 kcal/mol 6a: G = 0 kcal/mol epi-6a: G = 1.6 kcal/mol 7a: G = 0.3 kcal/mol epi-7a: G = 0 kcal/mol
(B)
H, H,
H. 0 H. 0 o H‘cl) H‘cl) 0
H B H H H H
i ' COMe : CO;Me H H H
N _ _ N -N
Ph NFCOQMe Ph N% Ph N% ph-N COMe N COMe Ph ﬁcozm
5a°H,0: G =0 epi-5a+H,0: G = 0.5 kcal/mol 6a’-H,0: G = 0 kcal/mol epi-6a+H,0: G = 1.8 kcal/mol 7a+H,0: G = 0 kcal/mol epi-Ta*H,0: G = 0.3 kcal/mol
Ph Ph  COMe Ph  COMe Ph Ph Eh
N N N N COMe o. N COMe 0. .- CO,Me
o om0y jﬁ o MR N R T
5a’sH,0: G = 3.0 kcal/mol  epi-5a’*H,0: G = 1.8 kcal/mol 6a°H,0: G = 1.5 kcal/mol epi-6a’*H,0: G = 3.8 kcal/mol 7a’*H,0: G = 1.9 kcal/mol epi-7a’*H,0: G = 1.8 kcal/mol

Figure S6. DFT energies of the cis and trans diastereomers of 5a, 6a and 7a (A) in the absence of explicit
solvent and (B) in the presence of one explicit water molecule hydrogen-bonded to piperidine nitrogen.

Cartesian coordinates and energies

Structure: 8a (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.217631 hartree

SCF Energy + ZPVE: -825.881166 hartree

Enthalpy: -825.861043 hartree

Free Energy: -825.928901 hartree

Free Energy with quasiharmonic correction: -825.925803 hartree
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Energy: -825.927401 hartree
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8b (model I)
, Multiplicity =1
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Structure: 8c (model I)
Charge = 0, Multiplicity =1
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Structure: 8e (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.214416 hartree
SCF Energy + ZPVE: -825.877349 hartree
Enthalpy: -825.857096 hartree
Free Energy: -825.924797 hartree
Free Energy with quasiharmonic correction: -825.922257 hartree
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Structure: 8f (model I)

Charge = 0, Multiplicity =1
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2.708822 -1.222979 2.980492

hartree
hartree
hartree
hartree

-825.921400 hartree
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Structure: 8g (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.214867 hartree

SCF Energy + ZPVE: -825.877286 hartree

Enthalpy: -825.857313 hartree

Free Energy: -825.924452 hartree

Free Energy with quasiharmonic correction: -825.921773 hartree

6 0.300328 1.475713 -1.747748

6 1.668146 1.401610 -1.056365

6 1.589990 0.473453 0.127130

6 0.425674 0.722229 1.053703

7 -0.863286 0.799434 0.342113

6 -0.829787 1.801702 -0.760720
1 0.082330 0.507043 -2.214185

1 0.312649 2.229545 -2.541717

1 2.434387 1.069885 -1.759944

1 1.955365 2.405599 -0.715248

1 0.352081 -0.037151 1.833210

1 0.561715 1.683991 1.561929

6 -0.750317 3.220967 -0.206408
1 -1.778935 1.714593 -1.293016
6 —-2.837385 -2.837581 -0.594583
6 -3.460269 -1.603661 -0.784342
6 —-2.795150 -0.422952 -0.481641
6 -1.475565 -0.440408 0.004417
6 -0.858880 -1.683466 0.202563
6 -1.541541 -2.864357 -0.091688
1 -3.358920 -3.759961 -0.826827
1 -4.479444 -1.557935 -1.155441
1 -3.310348 0.526070 -0.59549¢6
1 0.151392 -1.746316 0.589294

1 -1.040743 -3.813950 0.070611
1 0.192973 3.424120 0.306681

1 -0.839607 3.934729 -1.029877
1 -1.568939 3.396423 0.495975

6 2.462289 -0.513342 0.338291

8 2.432699 -1.289661 1.466891

8 3.453295 -0.832116 -0.544488
6 4.774818 -0.698431 -0.002039
1 4.943504 -1.414714 0.805829

1 5.465191 -0.901458 -0.819841
1 4.926168 0.319788 0.369285

1 2.731979 -2.182418
8 -2.876517 1.812461
1 -2.139287 1.473117
1 -3.660430 1.418623

N O WwNDN

.231822
.086617
.531768
. 684830

=N e

Structure: 8h (model TI)

Charge = 0, Multiplicity =1
SCF Energy: -826.214996 hartree
SCF Energy + ZPVE: -825.877032 hartree
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Enthalpy: -825.857246 hartree
Free Energy: -825.923911 hartree
Free Energy with quasiharmonic correction: -825.921096 hartree

0.014423 -1.817007 -1.667955
-1.372319 -1.992886 -1.034500
-1.560286 -0.970292 0.055476
-0.425649 -0.901960 1.047159
0.887910 -0.737191 0.395272
1.135059 -1.802784 -0.617963
0.039765 -0.864924 -2.212307
0.210461 -2.616221 -2.390314
-2.150146 -1.904490 -1.795495
-1.450224 -3.002450 -0.608246
-0.563145 -0.106979 1.780346
-0.378318 -1.841391 1.609532

1.345286 -3.158286 0.050751
2.067442 -1.547735 -1.124133
2.021892 3.187815 -0.761235
2.897742 2.111013 -0.900829
2.512019 0.829157 -0.529688
1.224567 0.580871 -0.019748
0.356176 1.671047 0.131792
0.756682 2.955800 -0.233520
2.326483 4.188147 -1.049591
3.899109 2.269529 -1.289117
3.226117 0.015776 -0.611691

-0.636541 1.529620 0.537887
0.058385 3.777763 -0.105543
0.444075 -3.538132 0.538105
1.644241 -3.888498 -0.706239
2.139311 -3.088789 0.798301
-2.628379 -0.172611 0.128428
-3.603071 -0.154956 -0.830084

-2.820428 0.693903 1.167943
-3.259604 2.006546 0.787587
-4.315322 2.003623 0.506179
-3.121312 2.635414 1.666483
-2.659159 2.392759 -0.042048

6
6
6
6
7
6
1
1
1
1
1
1
6
1
6
6
6
6
6
6
1
1
1
1
1
1
1
1
6
8
8
6
1
1
1
1 -4.467602 -0.068531 -0.398735
8 3.089670 -1.126137 2.184542

1 2.278975 -1.014289 1.642055

1 3.757012 -0.630887 1.693913

Structure: 8a (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.502306 hartree

SCF Energy + ZPVE: -865.136249 hartree

Enthalpy: -865.114901 hartree

Free Energy: -865.185426 hartree

Free Energy with quasiharmonic correction: -865.182591 hartree

6 -1.083095 2.409351 0.383820
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-2.055626 1.984275 -0.719630
-1.879979 0.512872 -0.952832
-0.468500 0.106399 -1.240098
0.436221 0.539828 -0.139660
0.368089 2.001276 0.097343
-1.388095 1.944950 1.329988
-1.107799 3.495363 0.521907
-3.083781 2.230907 -0.445341
-1.813916 2.532559 -1.641445
-0.382393 -0.976187 -1.343034
-0.124502 0.568259 -2.182619
1.231560 2.391014 1.292356
0.700927 2.540926 -0.806140
4.225350 -1.237830 -0.810598
3.173193 -1.964270 -0.253024
1.944806 -1.352740 -0.028654
1.746853 -0.008373 -0.362912
2.796778 0.712181 -0.938505
4.031176 0.098278 -1.149930
5.187985 -1.710503 -0.978193
3.311039 -3.007254 0.015567
1.118342 -1.909036 0.407768
2.661482
4.842435
0.870205
2
1

.752876 -1.215688
.671397 -1.588736
.870405 2.185820
.287736 2.151637 1.155342
.148923 3.467416 1.467406
-2.852694 -0.388855 -0.803475
-4.106157 -0.051647 -0.389762
-2.673420 -1.717749 -1.048275
-2.773962 -2.528370 0.132967
-3.790045 -2.507286 0.537146
-2.520578 -3.545055 -0.167379
-2.067987 -2.169414 0.889135
-4.741525 -0.672223 -0.780283
-0.617937 -0.479069 2.220877
-0.234178 -0.171290 1.359345
0.442245 -0.932355 3.043490
0.092367 -0.943938 4.080288
0.764386 -1.949587 2.783641
1.318377 -0.273118 2.988503

wbhkH-— o

6
6
6
7
6
1
1
1
1
1
1
6
1
6
6
6
6
6
6
1
1
1
1
1
1
1
1
6
8
8
6
1
1
1
1
8
1
6
1
1
1

Structure: 8b (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.503621 hartree

SCF Energy + ZPVE: -865.137429 hartree

Enthalpy: -865.116169 hartree

Free Energy: -865.186991 hartree

Free Energy with quasiharmonic correction: -865.183509 hartree

6 -0.797665 2.295840 0.523017
6 -1.826964 1.822210 -0.508131
6 -1.651308 0.347920 -0.735157
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6

7

6

1 -1.
1 -0
1 -2
1 -1
1 -0.
10
6 1
10
6 4
6 3
6 2
6 2
6 2
6 4
15
14
11
12
14
11
12
11
6 -2
8 -2
8 -3
6 -4
1 -5
1 -5
1 -4
1 -2
8 -0
1

6

1

1

1

038914
.827391
.841974
.650183
154103

.044665
.602899
.900086
.561605
.817492
.544537
.010136
.756349
.028659
.553589
.227514
.955200
.343543
.605290
.386573
.643128
.492625

.623425
.465530
.852914
.942933
.039610
.841930
.799701
.922223
.231543

-0.248945 -0.060241 -1.073466
0.680008 0.405784 -0.013303
0.630491 1.881466 0.155443

1.866104 1.503647
3.386242 0.619539
2.056753 -0.180224
2.356705 -1.452786
-1.145314 -1.149445
0.375900 -2.044116
2.315994 1.244573
2.368877 -0.798474
-1.158267 -0.683208
-1.555996 0.424969
-1.029655 0.639382
-0.103990 -0.255777
0.294585 -1.368915
-0.230744 -1.578223
-1.566869 -0.849273
-2.275337 1.127406
-1.320684 1.504367
.017707 -2.067352
.083691 -2.442948
.779403 2.175585
.124989 0.969764
.387938 1.431063
-0.550582 -0.564151
-1.873527 -0.856537
-0.213534 -0.086164
-0.577804 -0.943865
-1.663491 -1.024601
-0.164434 -0.487103
-0.144977 -1.939256
-2.399436 -0.179769
-0.490119 2.455510

wbh - o

0.062129 -0.166483 1.563851

-1.203329 -1.497142 2.242679
-1.258256 -2.122090 3.139695
-2.202806 -1.076124 2.062028
-0.943001 -2.143676 1.394039

Structure: 8c (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.498832 hartree
SCF Energy + ZPVE: -865.132515 hartree
Enthalpy: -865.110817 hartree
Free Energy: -865.184063 hartree
Free Energy with quasiharmonic correction: -865.178953 hartree
6 -0.923183 2.064982 1.133803

6 -2.058190 1.793449 0.133580

6 -1.789647 0.483148 -0.551734

6 -0.423124 0.368215 -1.166637

7 0.588705 0.602602 -0.110966
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6 0.471232 1.940779 0.499486
-0.995501 1.333922 1.947957
-1.025308 3.064830 1.568894
-3.020399 1.779442 0.649852
-2.097412 2.600284 -0.610044
-0.278534 -0.618115 -1.599488
-0.296915 1.104545 -1.975129
.765771 3.090019 -0.471932
.200419 1.973016 1.314895
.406481 -1.176301 -0.590639
.237370 -1.882232 -0.877282
.992509 -1.284405 -0.734190
.877079 0.054467 -0.311242
.056870 0.753171 -0.012198
.300935 0.137707 -0.150191
.377660 -1.647464 -0.700747
.291150 -2.917602 -1.200923
.098259 -1.874474 -0.909319
.022302 1.780811 0.328424
.195372 0.706412 0.087182
-0.036075 3.226110 -1.202544
0.866508 4.025018 0.087174
1.693841 2.922181 -1.025385
-2.596849 -0.576717 -0.466092
-2.334490 -1.753001 -1.107314
-3.748639 -0.563114 0.258407
-4.923287 -0.898302 -0.491992
-4.893210 -1.936315 -0.832533
-5.767064 -0.759979 0.183736
-5.023823 -0.229989 -1.353442
-2.556620 -2.486701 -0.511655
-0.354763 -1.446350 1.630051
-0.111902 -0.699557 1.042980
0.724281 -1.612097 2.534301
0.404541 -2.298116 3.323751
1.611243 -2.038462 2.046323
1.014185 -0.663586 3.005410

O wWkRrR Wb wkEkEFEWwhdh4EFEOo

PP OR O R R ONO0ONR R, RERRRRROAOOOOONR O

Structure: 8d (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.497719 hartree
SCF Energy + ZPVE: -865.131659 hartree
Enthalpy: -865.110227 hartree
Free Energy: -865.182207 hartree
Free Energy with quasiharmonic correction: -865.177701 hartree
6 0.314874 -0.961224 2.010631

6 1.652542 -1.253543 1.319290

6 1.697745 -0.585147 -0.028904

6 0.467112 -0.756845 -0.886353

7 -0.809705 -0.525351 -0.178090

6 -0.854683 -1.311582 1.088337

1 0.249609 0.099479 2.287201

S225



PR RPOR ORRPE RO ONR R RRRRRROAOOOONONR O

.232647
.495279
.734314
.497725
.424127

.200443
.720194
.157352
.048669
.584736
.222859
.332406
.800089
.517373
.108339
.273624

-1.545698
-0.937418
-2.342814
-0.105330
-1.795099
-1.205862
-2.354527
.497443
.446285
.136608
.849910
.910326
.223128
.520531
.646197
.321400

ON P WHERORFEDNW

2.933420
1.938151
1.186996
-1.761899
-1.248010
1.787747
0.763981
0.034380
-0.175680
-0.244850
-0.082173
0.123772
0.174702
0.079605
-0.303105
-0.4440624

0.726817 1.711890 0.243043
-0.094163 4.033387 0.331340
-2.362059 -0.207176 2.204658
-3.019540 -1.432232 1.098413
-2.232423 -1.925625 2.610611

W 01O Oow NN

763250
.044589
.592657
.340856
.600477
.738693

Structure:
Charge = 0
SCF Energy:

SCF Energy + ZPVE:

Enthalpy:
Free
Free

[l =l O RN o) RN e ) e ) NNe)

Energy:

.021219
.180823
.963636
.605834

-1.928127
-1.405077
-3.286191
-3.876748
-3.667221
-3.456892

8e (model
, Multipli

-865.500513 hartree
-865.134186 hartree
-865.112644 hartree
-865.184043 hartree
Energy with gquasiharmonic correction:

2.244509
1.929588
0.572289
0.360326

.747255 0.122373 -0.452673
.821063 0.642359 -1.712788
.828930 0.384588 0.334157
.057415 -0.159562 -0.166513
.330571 0.295470 -1.122296
.820987 0.066731 0.577484
.965791 -1.243979 -0.287728
.290149 1.490943 -1.670124
-2.

-1.559752
-1.121032
-1.201576
-1.738857
-1.478742
-0.125620

IT)
city = 1

0.955789

-0.000930
-0.610742
-1.217948

0.425861 0.646844 -0.197271
0.356804 2.030982 0.310112
-1.096184 1.584341 1.827651
-1.087788 3.278321 1.310877
-3.132879 1.976522 0.532437

-865.180530 hartree
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1
1
1
6
1
6
6
6
6
6
6
1
1
1
1
1
1
1
1
6
8
8
6
1
1
1
1
8
1
6
1
1
1

-2
-0
-0

GOONO WU NDREEDNDDDBEO

.217120 2.686088 -0.796453
.504758 -0.664218 -1.566568
.460513 1.021033 -2.086964

.670156 3.091604 -0.751287
.099675 2.103457 1.110387
.181624 -1.293027 -0.515336
.990893 -1.976062 -0.765190
.766807 -1.325861 -0.683535
.694245 0.043383 -0.360472
.896490 0.721710 -0.105013
.118876 0.054401 -0.179870
.136140 -1.805384 -0.575747
.010569 -3.033794 -1.011113
.856879 -1.897854 -0.835417
.896717 1.773540 0.153752
.030724 0.608510 0.023348

-0.134639 3.188737 -1.484973
0.799355 4.065299 -0.269470
1.589070 2.855741 -1.295405

-2.843543 -0.428459 -0.527751
-4.012272 -0.324222 0.164238
-2.646964 -1.633672 -1.134244
-2.526841 -2.728836 -0.213589
-3.464169 -2.893503 0.325325
-2.290813 -3.608772 -0.812107
-1.720735 -2.531413 0.500432
-4.679661 -0.880607 -0.267290
-0.352914 -0.998350 1.978650
-0.211482 -0.446925 1.178974
0.838136 -0.899912 2.741982
0.652542 -1.354987 3.718930
1.677988 -1.427021 2.269507
1.134444 0.145110 2.904312

Structure:

Charge = 0
SCF Energy:
SCF Energy + ZPVE: -865.132805 hartree
Enthalpy:

Free Energy:
Free Energy with quasiharmonic correction:

6
6
6
6

8f (model II)
, Multiplicity =1
-865.498894 hartree

-865.111428 hartree
-865.182803 hartree

-0.417088 -1.568296 -2.045289
-1.712774 -1.815093 -1.260113
-1.748240 -0.966252 -0.016279
-0.488909 -0.987182 0.811008
0.747217 -0.773585 0.026889
0.807238 -1.700259 -1.136791
-0.425419 -0.568501 -2.497634
-0.332030 -2.292480 -2.862909
-2.589629 -1.632988 -1.885570
-1.734720 -2.875704 -0.967757
-0.522339 -0.245068 1.611592

-865.178953 hartree
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-0.376015 -1.978155 1.276966

. 783386
.841517
.756183
.371386
.071369
.158027
.543547
.137864
.769715
.071938

WWNODOELENMNNDE ODN

.115567 -1.552493 -1.897385

-2.703248 -0.684103

ON PN EFRPROEFEDNDW

.264736
.347866
.029988
.603835
.527377
.850533
.294603
.659744
.312905

-0.853617 1.216902
-0.176921 3.556931
2.169944 -0.591835
2.973239 -1.630240
2.192801 -2.348181

-0.694621
-0.179684
0.050261
-0.244958
-0.768138
-0.982704
-0.867937
0.053684
0.469373
-1.003790
-1.384651
-2.418928
-1.221693
-2.643536

-2.804527 -0.231435 0.338777

-3.905087 -0.093068 -0.455311

-2.869231 0.437234 1.525916

-3.031360 1.856365 1.395115

-3.960066 2.102457 0.873763

-3.065225 2.255409 2.408783

-2.179331 2.285115 0.856826

-4.692961 -0.042011 0.108661

2.640881 -1.850449 1.676016

1.974912 -1.481533 1.035161

2.344888 -1.252232 2.923884

3.165260 -1.466205 3.615533

2.246273 -0.160374 2.843507

1.418977 -1.646911 3.364968
Structure: 8g (model II)
Charge = 0, Multiplicity =1
SCF Energy: -865.499695 hartree
SCF Energy + ZPVE: -865.132679 hartree
Enthalpy: -865.111422 hartree

Free Energy:

Free Energy with quasiharmonic correction:

6
6
6
6
7
6

e

-865.182687 hartree

-0.378873 -1.266800 -1.935705
-1.707599 -1.441380 -1.186154
-1.692535 -0.636185 0.087713
-0.452386 -0.800351 0.930563
0.785531 -0.596269 0.152876

0.836310 -1.506781 -1.027235
-0.319825 -0.24405
-0.331102 -1.95019
-2.543629 -1.14278
-1.851206 -2.50369
-0.445977 -0.13161
-0.405209 -1.82120
6 0.974747 -2.964446 -0.592770

2 -2.328317
0 -2.790448
6 -1.822622
7 -0.945710
4 1.792178
3 1.327133

-865.178806 hartree
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1.737661 -1.250690 -1.586531
2.018628 3.409367 -0.550527
2.785918 2.329226 -0.985664
2.364322 1.024278 -0.763985
1.149742 0.756635 -0.106614
0.384886 1.848479 0.330477
0.824043 3.154465 0.112800
2.351206 4.428139 -0.720787
3.730812 2.499814 -1.493244
2.998831 0.205078 -1.085641

-0.556225 1.698806 0.845394
0.209974 3.978482 0.464619
0.056165 -3.368013 -0.159094
1.222483 -3.575915 -1.465022
1.773224 -3.070983 0.146727
-2.681190 0.187821 0.440351

FRP PO ORRPRERRPOONOOONRRFERRRERRER®OOOGOO OO O

-2.695792 0.840367 1.640597
-3.751179 0.446234 -0.361429
-5.016337 0.109881 0.224207
-5.233495 0.741673 1.089533
-5.766283 0.279250 -0.548233
-5.024047 -0.942814 0.524897
-3.086170 1.720057 1.511619
2.779222 -1.570959 1.885381
2.065255 -1.182009 1.329085
3.976578 -1.466167 1.138505
4.751659 -2.041246 1.653599
3.869208 -1.878400 0.124904
4.322411 -0.427198 1.053667

Structure: 8h (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.497337 hartree
SCF Energy + ZPVE: -865.130921 hartree
Enthalpy: -865.109438 hartree
Free Energy: -865.182001 hartree
Free Energy with quasiharmonic correction: -865.176979 hartree
6 0.212328 -1.514724 2.058995

6 1.419952 -1.992286 1.241821

6 1.571294 -1.124494 0.020275

6 0.307374 -0.955550 -0.783181

7 -0.841390 -0.521461 0.036473

6 -1.063342 -1.411066 1.209353

1 0.432725 -0.522350 2.472126

1 0.027356 -2.188729 2.902402

1 2.324523 -1.970851 1.853379

1 1.260965 -3.035922 0.935452

1 0.431332 -0.257268 -1.612173

1 0.026774 -1.919203 -1.225755

6 -1.602645 -2.767313 0.766083

1 -1.835161 -0.939082 1.820505

6 -1.282412 3.633501 0.768254
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-2.281790 2.725484 1.120732
-2.119450 1.366966 0.882813
-0.938352 0.873149 0.302112
0.054648 1.791526 -0.062948
-0.123453 3.155715 0.167229
-1.413362 4.695284 0.950156
-3.205839 3.078726 1.568833
-2.926048 0.680796 1.123662
0.969617 1.452554 -0.532265
0.664009 3.844683 -0.125104
-0.900092 -3.320717 0.137432
-1.813122 -3.381343 1.646707
-2.534916 -2.640427 0.207943

2.722693 -0.537957 -0.316398
3.835302 -0.598230 0.468805
2.860350 0.176758 -1.470229
3.584535 1.408376 -1.344009
4.658427 1.227764 -1.250591
3.389463 1.965588 -2.260323
3.233225 1.982125 -0.480268
4.612325 -0.776314 -0.084593

-2.636967 -0.564727 -2.105201
-2.116520 -0.657269 -1.275133
-3.743764 -1.442512 -2.040535
-4.378465 -1.251350 -2.910766
-3.442679 -2.498678 -2.068623
-4.349991 -1.281088 -1.138890

Structure: 8a (model IIIT)
Charge = 0, Multiplicity =1

SCF Energy:
SCF Energy + ZPVE:
Enthalpy:

oo RO PR RFEFRERPREOOIOO OO

-0.239162 2.653192 0.212901
-1.353867 2.186296 -0.727518
-1.417908 0.686860 -0.691473
-0.108305 0.011118 -0.956991
0.927848 0.503127 -0.011836
1.101634 1.972717 -0.082999
-0.517893 2.428261 1.250007
-0.096939 3.735652 0.132768
-2.309328 2.635969 -0.449746
-1.114096 2.516482 -1.748457

-0.187623 -1.070523 -0.834344

0.225685 0.214783 -1.990256
2.141267 2.426026 0.935136
1.412774 2.267445 -1.100228
4.380223 -1.912238 -0.455556
3.365876 -2.264763 0.433222
2.248200 -1.447797 0.578150

-902.629129 hartree
-902.267964 hartree
-902.244887 hartree
Free Energy: -902.319478 hartree
Free Energy with quasiharmonic correction:

-902.315328 hartree
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6 2.129050 -0.274131 -0.170735

6 3.140529 0.071203 -1.071375

6 4.264076 -0.742416 -1.203607

1 5.256201 -2.543549 -0.562659

1 3.447888 -3.172602 1.022420

1 1.455335 -1.704929 1.275318

1 3.057989 0.978263 -1.662312

1 5.049253 -0.461387 -1.898414

1 1.855295 2.066120 1.929602

1 3.142356 2.054476 0.707774

1 2.181029 3.518152 0.960092

6 -2.512574 0.000753 -0.350450

8 -3.674605 0.589605 0.032177

8 -2.546040 -1.372099 -0.368217

6 -2.680444 -1.944437 0.942100

1 -3.634832 -1.661213 1.395000

1 -2.641475 -3.025796 0.813949

1 -1.854440 -1.608892 1.576992

1 -4.418629 -0.027110 -0.185784

8 -0.059279 0.071919 2.560330

1 0.267549 0.221402 1.635693

1 0.735486 -0.204507 3.034526

8 -5.458970 -1.323703 -0.623758

1 -5.912078 -1.050814 -1.433333

1 -4.734864 -1.887656 -0.934818
Structure: 8b (model IIT)

Charge = 0, Multiplicity =1

SCF Energy: -902.634977 hartree
SCF Energy + ZPVE: -902.272940 hartree
Enthalpy: -902.251013 hartree

Free Energy:

Free Energy

oo oo OO R RPRPREPREREREOIOOO O

-0.599103
-1.543411
-1.444911
-0.047510
0.808165
0.832359
-0.979749
-0.556704
-2.565866
-1.224806
-0.010802
.373960
.676382
.241398
.517274
.427827
.224273
.094358
.182907

WNDNWDRERPEO

-902.322443 hartree
with gquasiharmonic correction: -902.319096 hartree

.441004 0.587771
.147745 -0.583485
.686273 -0.909988
.227051 -1.186276
0.506287 0.000682
1.950494 0.336550
1.946308 1.490279
3.516069 0.790547
2.440887 -0.337175
2.740251 -1.452581
-0.845602 -1.380099
0.751290 -2.061430
2.185632 1.583657
2.523624 -0.512979
-1.469431 -0.538936
-2.126367 0.031189
-1.452640 0.216077
-0.116933 -0.173897
0.536549 -0.757669

oo NN
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.390304
.458946
.516470
.369663
.093544
.233174
.303129
.732403
.595915

0.138232 -0.929635
1.990815 -0.675953
3.162895 0.340674
1.952125 0.664678
.572601 -1.069589
.379895 -1.376078
.556113 2.398889
.957810 1.427062
.231757 1.890427

.439047 -0.194376 -0.748700
.331790 -1.517383 -1.037253
.652151 0.201179 -0.251715
.789478 -0.508732 -0.747250
.801273 -1.541246 -0.390526
.661182 0.018543 -0.360433
.810545 -0.499309 -1.841004
.465806 -1.995159 -0.166074
.516739 -0.657955 2.121371
.043689 -0.256459 1.336515

0.171888 -1.145764 2.592650

-2.548159 -2.307842 1.441249
-1.793132 -1.730709 1.721042
-3.336735 -1.811291 1.700709

HFRP ORRPORFRRFRFRFRRPRONOOONRRFRRRRRE O
|
w

Structure: 8c (model III)
Charge = 0, Multiplicity =1
SCF Energy: -902.631852 hartree
SCF Energy + ZPVE: -902.269446 hartree
Enthalpy: -902.247192 hartree
Free Energy: -902.319314 hartree
Free Energy with quasiharmonic correction: -902.315912 hartree
-0.482465 2.314478 1.118351
-1.581729 2.186364 0.051744
-1.466016 0.842916 -0.613567
-0.093922 0.515902 -1.128199

0.865632 0.611186 -0.001743
0.913120 1.968999 0.576364
.709281 1.628784 1.942709
.459187 3.330866 1.525043
.564618 2.320132 0.507663
.460297 2.980729 -0.696461
.071467 -0.488692 -1.541760

RPFooooooRrRProOoORr PR RPRREOIOODOO
|
o

O WD NWbhE O

.205952 1.210242 -1.927941
.428151 3.039297 -0.393682
.590275 1.914631 1.434050
.423656 -1.677351 -0.279331
.181063 -2.227836 -0.595182
.025187 -1.463084 -0.514690
.078086 -0.109557 -0.130044
.328907 0.431833 0.202059
.481987 -0.349604 0.127701
.325155 -2.277379 -0.340195
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3.105761 -3.269094 -0.893098
1.065336 -1.927459 -0.718481
3.420154 1.462720 0.521115
5.435878 0.098927 0.387980
0.692598 3.279396 -1.165469
1.641211 3.958373 0.159432
2.345449 2.722970 -0.896858
-2.421254 -0.092954 -0.589988
-2.308969 -1.300141 -1.206011
-3.593120 0.110109 0.088158
.760114 -0.462033 -0.507956
-4.740586 -1.553254 -0.453925
-5.604747 -0.085910 0.068762
-4.858838 -0.148318 -1.551386
-2.429732 -1.983171 -0.487261
-0.348354 -1.180643 1.859856
-0.009681 -0.523562 1.207174
0.398202 -1.778260 2.001059
-2.470516 -2.665141 1.033336
-1.697679 -2.150361 1.371875
-3.239556 -2.218306 1.413977

N W worRr
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Structure: 8d (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.625843 hartree

SCF Energy + ZPVE: -902.263770 hartree

Enthalpy: -902.241129 hartree

Free Energy: -902.314079 hartree

Free Energy with quasiharmonic correction: -902.310753 hartree

6 0.232821 -1.786958 -1.679508
-1.081256 -2.106960 -0.953851
-1.242368 -1.192780 0.229734
-0.037787 -1.104962 1.131478
1.226870 -0.836100 0.413057

1.412569 -1.803946 -0.704500
0.174295 -0.798244 -2.153511
0.415516 -2.520059 -2.472395
-1.933511 -2.029765 -1.631680
-1.030857 -3.148386 -0.603790
-0.167950 -0.338852 1.897509

PFRERPPFODOOOOOHOOOFOORFRREPRERRFRRERPROIOOO

0.110043 -2.067662 1.642101
2.745079 -1.612654 -1.411320
1.424980 -2.787130 -0.210268
2.128678 3.228506 -0.428241
3.101438 2.353126 0.051815
2.777473 1.027431 0.322807
1.481529 0.545358 0.100661
0.507991 1.429980 -0.380476
0.833643 2.761982 -0.635964
2.377081 4.264675 -0.633429
4.112790 2.705055 0.229231
3.523635 0.348357 0.723892
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-0.504723 1.084170 -0.554539
0.066480 3.434090 -1.010350

2.773560 -0.670305 -1.966300
3.572268 -1.623458 -0.696348
2.892580 -2.429790 -2.122362

3.
2.
3.
-2
-2

1
1
1
1
1
6
8
8
6
1 -4.
1
1
1
8
1
1
8
1
1

.318730 -0.43038
.479746 0.359117
.334253 -0.35353
.654597 -0.425¢61
888932 0.468941
.333800 -0.49681
.756414 -1.31370
.714275 1.257965
216058 -1.893797
494425 -1.466807
484803 -1.200264
.991718 2.525986
.112287 2.878426

Energy with gquasiharmonic correction:

8 0.437610
1.537222

9 -0.481205
8 0.071248
0.653247

5 -0.777615
4 0.702184

.198384

.029929

.501086

. 644832

.007286

-0.188219

-0.717855

ONEFE DN

IIT)

icity = 1
-902.626031 hartree
-902.264347 hartree
-902.241178 hartree
-902.315690 hartree

0.942557
0.088243
-0.348009
-0.932307

1.905362
1.142633
0.649309
-0.797249
7 -1.102569
-1.904775
-0.957589
1.014376
-0.267699
-0.285012
-0.210903
-0.134736
-0.102962
-0.166395
-0.322092
-0.340477
-0.178514
-0.029442

-3.169438 1.907420
Structure: 8e (model
Charge = 0, Multipl
SCF Energy:

SCF Energy + ZPVE:
Enthalpy:

Free Energy:

Free

6 -0.117557 2.534292
6 -1.366721 2.277915
6 -1.402387 0.838051
6 -0.123149 0.308396
7 0.993335 0.578772 0.001387
6 1.165646 2.017916 0.276305
1 -0.231587 2.023607
1 -0.006073 3.604911
1 -2.266100 2.540077
1 -1.340440 2.927216
1 -0.203890 -0.76250
1 0.089672 0.780184
6 1.544299 2.845476
1 1.969254 2.096765
6 4.401993 -1.927512
6 3.110794 -2.456099
6 2.001893 -1.624068
6 2.149417 -0.225469
6 3.451442 0.296849
6 4.557917 -0.549989
1 5.266849 -2.579835
1 2.962168 -3.530125
1 1.009925 -2.063998
1 3.618856 1.364296
1 5.552366 -0.114804

-0.142523

-902.311893 hartree
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1 0.706315 2.951973 -1.651073

1 1.846305 3.848916 -0.644579

1 2.374470 2.394213 -1.507206

6 -2.462556 0.043363 -0.170815
8 -3.586491 0.426157 0.487219

8 -2.496835 -1.238082 -0.663687
6 -2.576078 -2.239811 0.362152
1 -3.520730 -2.165601 0.908326
1 -2.519981 -3.203995 -0.142441
1 -1.736995 -2.125235 1.054674
1 -4.351873 -0.081625 0.111999
8 -0.017467 -0.731049 2.343826
1 0.279067 -0.228968 1.554172

1 0.731576 -1.309581 2.535525

8 -5.452816 -1.105363 -0.684824
1 -5.968828 -0.544233 -1.279823
1 -4.794524 -1.522209 -1.260566

Structure: 8f (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.625238 hartree

SCF Energy + ZPVE: -902.263732 hartree

Enthalpy: -902.240776 hartree

Free Energy: -902.314802 hartree

Free Energy with quasiharmonic correction: -902.311099 hartree

0.468960 -1.906366 -1.640525
-0.952903 -2.074155 -1.087766
-1.227513 -1.052030 -0.016249
-0.152029 -0.919292 1.029629
1.212940 -0.784980 0.475290
1.496139 -1.866586 -0.506911
0.546414 -0.983747 -2.229281
0.712500 -2.738911 -2.309304
-1.693377 -2.012688 -1.888098
-1.027706 -3.080661 -0.649675
-0.339397 -0.071503 1.691234
-0.128790 -1.828077 1.649524

2.924365 -1.788215 -1.022967
1.389602 -2.794776 0.074926
2.423356 3.131303 -0.628569
3.219878 2.329911 0.187691
2.797673 1.050470 0.536909
1.581428 0.544969 0.064510
0.788603 1.351493 -0.7613895
1.207507 2.639049 -1.096293
2.747090 4.131895 -0.896194
4.167353 2.703994 0.562485
3.402224 0.425275 1.187337

6
6
6
6
7
6
1
1
1
1
1
1
6
1
6
6
6
6
6
6
1
1
1
1 -0.156498 0.977707 -1.138236
1 0.579488 3.254892 -1.732802

1 3.070411 -0.910891 -1.660417
1 3.635487 -1.738899 -0.193354
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1 3.144783 -2.679629 -1.616005
-2.329133 -0.296253 0.002761
-3.261529 -0.299971 -0.986281
-2.610468 0.548913 1.049271

.694666 1.930382 0.669941
-3.470600 2.084492 -0.084289
-2.948759 2.483173 1.573984
-1.729084 2.273510 0.284338
-4.141913 -0.102035 -0.575550

8 2.867843 -1.772997 2.460572

1 2.265219 -1.359622 1.789247

1 2.961798 -1.087945 3.133865

8 -5.475268 0.304377 0.420424

1 -5.991761 -0.506497 0.524255

1 -4.959688 0.365158 1.238499

R BPRP oo o)
|
N

Structure: 8g (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.627972 hartree

SCF Energy + ZPVE: -902.264765 hartree

Enthalpy: -902.242334 hartree

Free Energy: -902.314082 hartree

Free Energy with quasiharmonic correction: -902.311682 hartree

0.312518 -1.726190 -1.727229
-1.007580 -2.048954 -1.013927
-1.175325 -1.138299 0.173458
0.024240 -1.064951 1.085009

1.269248 -0.758282 0.353935

1.505877 -1.720032 -0.760957
0.235868 -0.733079 -2.187024
0.502693 -2.447552 -2.528740
-1.847268 -1.950410 -1.704574
-0.988753 -3.093560 -0.674418
-0.109760 -0.328281 1.877887

0.179091 -2.033214 1.574314
1.848210 -3.107149 -0.225194
2.380271 -1.360365 -1.306615
2.083194 3.302345 -0.583181
3.029386 2.301306 -0.803864
2.742170 0.976887 -0.499750
1.487939 0.608102 0.019152
0.546196 1.620987 0.250524
0.850590 2.950429 -0.044887
2.309938 4.337264 -0.815799
4.007948 2.553236 -1.200724
3.507415 0.218904 -0.636457

6
6
6
6
7
6
1
1
1
1
1
1
6
1
6
6
6
6
6
6
1
1
1
1 -0.428427 1.392580 0.663594
1 0.102392 3.714261 0.149150

1 1.017034 -3.575280 0.307664
1 2.113846 -3.759136 -1.061879
1 2.703556 -3.048759 0.452423
6 -2.261350 -0.390555 0.383097
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-2.439292 0.376268 1.497413

-3.277272 -0.316508 -0.534845

-4.593069 -0.465823 0.014891

.864490 0.396288 0.628975
-5.270109 -0.535374 -0.835774
-4.654139 -1.379844 0.613070
-2.709418 1.272351 1.177907

8 3.605125 -1.144759 1.948523

1 2.751939 -1.038321 1.472841

1 4.107776 -0.363837 1.686199

8 -3.006067 2.547401 -0.007908

1 -2.126111 2.869207 -0.249473

1 -3.223956 1.913056 -0.708407

I N e e e leel
|
sy

Structure: 8h (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.626494 hartree

SCF Energy + ZPVE: -902.264245 hartree

Enthalpy: -902.241334 hartree

Free Energy: -902.315456 hartree

Free Energy with quasiharmonic correction: -902.311374 hartree

6 0.624865 -1.657642 -1.829369
-0.751991 -2.037915 -1.267978
-1.086500 -1.157764 -0.091754
.012148 -1.014692 0.932422

.316037 -0.664111 0.339770

.705026 -1.616319 -0.739951
.561132 -0.663280 -2.288415
.928301 -2.362414 -2.610528
-1.514526 -1.948411 -2.045057
-0.737858 -3.090476 -0.953757
-0.237448 -0.279797 1.698666

[N N o)

0.156781 -1.971764 1.447747
2.029954 -2.992936 -0.168109
2.622048 -1.225985 -1.185589
2.095221 3.416670 -0.521386
3.097439 2.450440 -0.615484
2.821811 1.117731 -0.339500
1.525853 0.707701 0.022582
0.525593 1.683934 0.123169
0.816987 3.022480 -0.142438
2.312242 4.458464 -0.731842
4.108015 2.737189 -0.889547
3.623224 0.385918 -0.373320

-0.484380 1.413643 0.406193
0.023666 3.758946 -0.057043
1.159727 -3.486915 0.270932
2.405029 -3.634834 -0.970021
2.804470 -2.910324 0.598605
-2.265917 -0.542285 0.031884
-3.313762 -0.753366 -0.808354
-2.508404 0.365928 1.031662

OO RPRPRPRRRRPROOOOOOORORRREREREEREOJOO O
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6
1
1
1
1
8
1
1
8
1
1

.595349 0.003765 1.894411
.411541 -0.981312 2.3341¢68
.630776 0.759306 2.678641
.542701 -0.004205 1.349287

.818189

0.

3.482665 -0.
2.674200 -0.
3.918754 -0.
-4.453741 1.
-5.291058 1.
-3.826281 1.

Structure:

SCF Energy:
SCF Energy + ZPVE:
Enthalpy:
Free
Free

oH—rrHrHRFRPRPrONHNOOCOHOREREPEFRPREPRERPOODOOOOLOOORFRERERERERPREOROJO OO O

-1.
-2.
-1.
-0.

Energy:
Energy with quasiharmonic correction:

9a
Charge = O,

096482
965691
893487
114277
690972
614136
990435

(model

-0.883725
2.162393
1.607894
2.034660
-0.778583
-0.300621
-0.103644

I)

Multiplicity =1

-826.217634 hartree
-825.881270 hartree
-825.860889 hartree
-825.929119 hartree

037666 2.260915 0.460660

022891 1.629403 -0.532588
721546 0.167434 -0.708657
287074 -0.155276 -1.009207

0.593807 0.471937 0.007130
0.395810 1.923353 0.050939
1.814434 1.448991
3.770973 0.543023
1.789150 -0.204739
2.143444 -1.498641
-1.232700 -1.004307
0.231744 -2.004683

-1.

210817
.224155
.052932
.898701
.122239
.006804

.633621
.911629
.371702
.513738
.550767
.210555
.862052
.501687
.418544

.79654
.54235
.10992
.96920
.99689
.96384
.62072
.19677
.82168

.608351 2.382169 -0.931624
.569504 -0.965241 -0.189297
.511417 -1.809558 0.153118
.213622 -1.319770 0.212035
.945290 0.025177 -0.084508
.005629 0.868768 —-0.427256
.309050 0.371044 -0.471885
.584392 -1.346627 -0.228013
.700547 -2.851948 0.389587
.393273 -1.966225 0.511927
.825228 1.911795 -0.661545
.122247 1.039483 -0.737169

9 -0.563751
2 -0.150579
9 -0.828965
7 0.313432
4 0.657563
8 -0.011540
1 1.119564
5 -0.555754
0 2.292037

-825.926438 hartree
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-0.077331 -0.316589 1.516089
0.382769 -1.159067 2.711963
1.097986 2.345542 0.776420
-0.538275 4.217251 1.269372
-1.035698 4.235079 -0.431476
-2.246378 4.020650 0.841816

e

Structure: 9b (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.217887 hartree

SCF Energy + ZPVE: -825.880371 hartree

Enthalpy: -825.860402 hartree

Free Energy: -825.927658 hartree

Free Energy with quasiharmonic correction: -825.925017 hartree

-0.927893 2.152970 0.521946
-1.902182 1.471650 -0.449886
-1.575784 0.008457 -0.522493
-0.142668 -0.301579 -0.846611
0.754235 0.377531 0.1242091
0.510889 1.823880 0.125732
-1.101688 1.737439 1.523623
-1.133214 3.662665 0.551653
-2.936772 1.635297 -0.138648
-1.771954 1.932431 -1.440784
.046395 -1.374765 -0.812412
.096714 0.053258 -1.863888
.709533 2.256364 -0.871877
.776458 -0.887047 -0.311010
.771917 -1.783797 0.058180
.460006 -1.352401 0.197936
.117591 -0.011877 -0.040958
.126785 0.884178 -0.408766
.445644 0.444163 -0.535135
.802550 -1.223887 -0.414064
.014212 -2.823948 0.252551
.689375 -2.043151 0.526575
.897924 1.925690 -0.601126
.214701 1.155748 -0.819398
-2.447527 -0.949224 -0.202808
-2.129946 -2.283111 -0.252602
-3.721230 -0.691770 0.208779
-4.717569 -1.071539 -0.753450
-4.681058 -2.146580 -0.949531
-5.682216 -0.810729 -0.319994
-4.563034 -0.519213 -1.685229
-2.739875 -2.759392 0.333026
-0.317787 -1.502790 2.114077
0.033953 -0.754212 1.593306
-0.773254 -2.040726 1.451162
1.203797 2.289062 0.833567
-0.453315 4.142559 1.262040
-0.949990 4.094869 -0.438387

GO N OO WDNDNDWDO OO

PR ORPEPRFRPRFRPOODOCOOFFRERPRPREPREPRPODOOOODORRERPRRERODR OO OO O
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1 -2.158652 3.909549 0.841446

Structure: 9¢ (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.218729 hartree

SCF Energy + ZPVE: -825.880390 hartree

Enthalpy: -825.860770 hartree

Free Energy: -825.926633 hartree

Free Energy with quasiharmonic correction: -825.924626 hartree

-0.898222 2.328019 0.209348
-1.849818 1.584573 -0.745135
-1.557139 0.114238 -0.661840
-0.124507 -0.250696 -0.925327
0.764832 0.481123 0.015463
0.548603 1.929924 -0.098687
-1.270870 2.084705 1.670072
-0.969747 3.402602 0.005129
-2.892484 1.799200 -0.498577
-1.665087 1.933615 -1.770148
.037251 -1.322395 -0.809056
.147034 0.023472 -1.959405
.222262 2.432263 0.601833
.782202 -0.857523 -0.253133
.749998 -1.730788 0.094607
.440616 -1.277871 0.177663
.125382 0.063864 -0.095696
.163946 0.935773 -0.443060
.479386 0.473437 -0.513271
.805833 -1.211750 -0.312716
.967354 -2.771181 0.315533
.652549 -1.956407 0.488885
.963074 1.977070 -0.663319
.268440 1.168783 -0.782607
-2.454074 -0.787347 -0.259807
-2.170994 -2.127966 -0.181230
-3.723701 -0.460519 0.113922
-4.721018 -0.883056 -0.829616
-4.706185 -1.969484 -0.952551
-5.683174 -0.573166 -0.423836
-4.546980 -0.398154 -1.794876
-2.815944 -2.539165 0.416184
-0.302163 -1.359272 2.077582
0.071997 -0.629971 1.545929
-0.816530 -1.864164 1.430638
0.803701 2.273651 -1.116065
-0.570399 2.589752 2.342573
-2.275123 2.467715 1.876449
-1.263711 1.018399 1.912859

O NEFE WU WNDNDWDNRE OO

HFRP PR EREPRPORFEFREREOONOOONR REFRRERPOAOOOONRRRERREREGGON-IN O OO

Structure: 9d (model I)
Charge = 0, Multiplicity =1
SCF Energy: -826.216162 hartree
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SCF Energy + ZPVE: -825.878935 hartree
Enthalpy: -825.858781 hartree
Free Energy: -825.926817 hartree

Free Energy with quasiharmonic correction:

.216817 1.891933 -1.044225
.594079 1.597565 -0.429826
.536774 0.379558 0.452914
.409049 0.385046 1.453888
-0.895319 0.635093 0.815017
-0.843570 1.904012 0.059739
-0.034483 1.077010 -1.737700
0.216787 3.215760 -1.798260
2.348034 1.483376 -1.212865
1.879008 2.470921 0.177888
0.362407 -0.537537 2.032893
0.558183 1.208646 2.163349
-0.611066 2.698313 0.781454
-2.826443 -2.595067 -1.146362
-3.416909 -1.333277 -1.076095
-2.768490 -0.280654 -0.443331
-1.496000 -0.456586 0.130241
-0.910313 -1.729204 0.062306
.577190 -2.781374 -0.565496
-3.335496 -3.416461 -1.639034
-4.399544 -1.166166 -1.506477
-3.267084 0.679486 -0.363724
0.065981 -1.916041 0.493212
-1.099441 -3.755665 -0.603373
.388077 -0.642234 0.348565
.382109 -1.693579 1.226736
.331498 -0.725002 -0.633624
.677049 -0.810567 -0.142738
.841361 -1.746461 0.396913
.325311 -0.775519 -1.017477
.891958 0.037850 0.514154
.609692 -2.501846 0.739591
-3.174313 1.688412 2.198211
-2.352104 1.249300 1.899675

1

2

3

o= = O

NN O WD N

-3.858674 1.038184 1.998029
-1.827671 2.127562 -0.355921
-0.754351 3.407089 -2.264720
1 0.434070 4.045327 -1.115869
1 0.978494 3.218874 -2.583616

PR OREPRPRPRFPFOOOOODHFFRFRPRERPRPEPODOOODODODRFRRERPRERREROROJO O OO
|
=

Structure: 9e (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.217829 hartree
SCF Energy + ZPVE: -825.879474 hartree
Enthalpy: -825.859912 hartree
Free Energy: -825.925437 hartree

Free Energy with quasiharmonic correction:

-825.923555 hartree

-825.923492 hartree
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6
6
6
6
7
6
6
1
1
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
8
8
6
1
1
1
1
8
1
1
1
1
1
1

o= = O

.861813 -2.487596 0.258971
777153 -1.902954 -0.830720
.599000 -0.411487 -0.852787
.178763 0.033764 -1.042775

-0.692453 -0.551976 0.012568
-0.576143 -2.016889 0.023702

1.368133 -2.140737
0.846330 -3.578667
2.817544 -2.182405
1.477849 -2.319814

1.657318
0.153845
-0.650851
-1.802443

0.098449 1.120016 -1.013180
-0.303940 -2.028074
-2.404611 0.818183
1.013359 -0.122909
1.850664 0.035326
1.325264 0.074758
-0.057516 -0.052527
-0.892488 -0.212441
-0.355857 -0.240328
1.424989 -0.148319
2.922168 0.141240
1.986197 0.235426
-1.963306 -0.318922
-1.025126 -0.363181

-5.
.596103
.856801
.424719
.195021
.245850
.769790
.109363
.503315
.584118
.148606
.845956

QOO P WNDdWNWDN

.187001
.220588
.636059
.530523
.246332
.029687
.142413
.430800
.639430
.669009
.400911
.021410
276769

P ORFONWDNMDDNDEFE OO

.446129
.026143
.801411
.564878
.614512
.568018
.143305
.536733
.372719
.601339
.908331

-0.617711
-0.304776
-0.673332
0.267762
-0.026165
0.250261
1.272706
-0.817515
1.802660
1.386535
1.041321

-0.935135 -2.433242 -0.933408
0.690419 -2.523530 2.426807
2.355777 -2.581410 1.825375
1.458909 -1.059119 1.792123

Structure:

Charge = 0
SCF Energy:
SCF Energy + ZPVE:
Enthalpy:
Free Energy:

6
6
6
6
7

9f (model I)
Multiplicity = 1

4

-826.216143 hartree
-825.878645 hartree
-825.858545 hartree
-825.926278 hartree
Free Energy with quasiharmonic correction:

-0.910156 1.777279 -1.245678
0.471458 2.253125 -0.763335
1.085531 1.252736 0.181458
0.168697 0.829810 1.296965
-1.101816 0.294516 0.760862

-825.922977 hartree
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-1.752832 1.349216 -0.040212
-0.767856 0.894788 -1.884654
-1.625403 2.863934 -2.038440
1.124243 2.451235 -1.617114
0.325619 3.206613 -0.231463
0.627179 0.115248 1.978514
-0.111922 1.705166 1.895539
-1.894706 2.206661 0.629527
-1.010276 -3.617733 -0.898656
-2.080040 -2.759615 -1.144917
-2.102543 -1.472052 -0.620343
-1.045021 -0.996190 0.176424
0.030541 -1.868256 0.417103
0.039877 -3.157134 -0.111150
-0.996309 -4.619944 -1.312996
-2.915420 -3.091337 -1.754020
-2.959593 -0.843966 -0.830643

EFRPRPRPRPRPRPORFRRRPONOONRFRFRRRPOAOOOOONRRREREREOREO

0.875565 -1.552886 1.015711
0.890805 -3.799381 0.097166
2.308169 0.741863 0.018585
3.081421 1.019082 -1.074608
2.879195 -0.096002 0.934020
3.488554 -1.267754 0.370998
4.437637 -1.025310 -0.112972
3.669531 -1.944450 1.205833
2.817071 -1.742205 -0.351247
4.002233 1.128434 -0.789389
-2.440718 1.193364 3.147358
-2.101225 0.675651 2.392267
-1.697628 1.199955 3.763173
-2.748697 1.030053 -0.350485
-2.591362 2.511474 -2.412785
-1.806419 3.741867 -1.407937
-1.024565 3.183792 -2.895009

Structure: 9g (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.215275 hartree
SCF Energy + ZPVE: -825.877972 hartree
Enthalpy: -825.857921 hartree
Free Energy: -825.925491 hartree
Free Energy with quasiharmonic correction: -825.922436 hartree
6 0.337856 -1.889288 1.367750

6 1.674235 -1.734611 0.617022

6 1.567702 -0.637651 -0.408732

6 0.402495 -0.799663 -1.350469

7 -0.872163 -0.911433 -0.620360

6 -0.807149 -2.021537 0.352519

6 0.130337 -0.741676 2.355813

1 0.363014 -2.831188 1.929289

1 2.488812 -1.542734 1.319990

1 1.894526 -2.678876 0.099456
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1 0.336511 0.003977 -2.083838
1 0.514653 -1.740771 -1.904183
-1.764228 -2.110217 0.868655

-2.876829 2.628497 0.577034
-3.440786 1.370432 0.789515
-2.769831 0.216854 0.404548
-1.499027 0.287052 -0.195659
-0.940469 1.555506 -0.415042
-1.629881 2.706376 -0.033586
-3.403703 3.528100 0.876439
-4.420733 1.282587 1.248601

-3.246308 -0.747847 0.544094
0.036718 1.660308 -0.871618
-1.171568 3.674412 -0.212563

2.380385 0.419742 -0.447238
2.339708 1.341040 -1.459783
3.323178 0.662609 0.508672
4.659202 0.777775 -0.001709
4.766828 1.664725 -0.630533
5.311776 0.864417 0.866167
4.921059 -0.116385 -0.575687
2.512703 2.219463 -1.084508

-3.118208 -2.248600 -1.800450
-2.300358 -1.757989 -1.581531
-3.805507 -1.575141 -1.726901
-0.666472 -2.940271 -0.230224
-0.865591 -0.777692 2.808957
1 0.872704 -0.796977 3.158170

1 0.243442 0.230902 1.866251

PR RPPRPORRPRRPROONOOONNRRERRRERE®MOODOOG OO

Structure: 9h (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.215814 hartree
SCF Energy + ZPVE: -825.878223 hartree
Enthalpy: -825.858275 hartree
Free Energy: -825.925352 hartree

Free Energy with quasiharmonic correction:

6 -0.185016 -2.201557 -1.194082
6 -1.556348 -2.149155 -0.492783
6 -1.620624 -0.942023 0.405250
6 -0.484695 -0.873808 1.392407
7 0.823570 -0.886128 0.711861

6 0.931718 -2.085018 -0.145264
6 -0.089868 -1.137594 -2.287423
1 -0.069912 -3.188651 -1.658455
1 -2.362382 -2.142591 -1.230617
1 -1.669982 -3.054476 0.120020
1 -0.550308 -0.016927 2.061739
1 -0.503744 -1.775356 2.017733
1 1.909413 -2.106168 -0.627770
6 2.364414 2.776032 -0.778754

6 3.065833 1.580677 -0.937193

-825.922383 hartree
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.552595
.302847
.610927
.139855

.381799 -0.458127
.338969 0.188598
.548324 0.358922
.745729 -0.120408
.769092 3.709149 -1.155349
.032703 1.578324 -1.431184
.138836 -0.524100 -0.567328
-0.348312 1.567422 0.859564
0.573388 3.661293 0.023767

Wb NP o DN
P w NP OO

-2.549359 0.009783 0.287620
-3.479507 0.007128 -0.714515
.642026 1.057326 1.160011
-2.825460 2.338579 0.537790
-3.849325 2.458235 0.175642
-2.625385 3.079948 1.311031
-2.123492 2.469507 -0.291824

-4.335959 0.280999 -0.349850
3.290612 -1.784182 1.923611
2.405357 -1.425335 1.720402
3.879852 -1.044637 1.730871
0.885580 -2.951778 0.525318
0.913680 -1.099690 -2.723100
-0.802219 -1.356514 -3.089120
-0.326024 -0.142359 -1.896688

FRPRPPRPPRPORRRRPROMOOORRERRROG O OGO
|
N

Structure: 9a (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.503693
SCF Energy + ZPVE: -865.137850
Enthalpy: -865.116131

Free Energy: -865.188719

Free Energy with quasiharmonic correction:

-1.134106 2.228712 0.358749
-2.123275 1.625478 -0.649971
-1.794690 0.178461 -0.888703
-0.363503 -0.093575 -1.248523
0.524085 0.494760 -0.214214
0.300939 1.938414 -0.085066
-1.286934 1.728470 1.324768
-1.346731 3.728956 0.520899
-3.151035 1.749527 -0.299136
.024932 2.182925 -1.594843
-0.173760 -1.165258 -1.311049
-0.117273 0.359089 -2.225008
.495412 2.455236 -1.042324
.521384 -0.865790 -0.497621
.479163 -1.743029 -0.190655
.173707 -1.278096 -0.103595
.882275 0.075110 -0.334417
.926684 0.951381 -0.641623
.237790 0.477774 -0.715670
.542544 -1.228186 -0.558805

P ooooooooRr PR REPRERPEOORE OO OO
|
N

GO DNDEFENWO

hartree
hartree
hartree
hartree

-865.184508 hartree
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.686580 -2.792426 -0.003993
.365566 -1.952265 0.169967

3
1
2.727810 2.001247 -0.826420
5

.038886 1.171453 -0.953160

.667005
.924907
.374057
.399599
.406670
.086438
702962
.524175
.391898
.124151

-0.816441 -0.708559
-0.608598 -0.228835
-2.116113 -0.994756
-2.978805 0.153247
-3.043029 0.574429
-3.962788 -0.195702
-2.608781 0.912223
-1.255940 -0.632647
-0.757957 2.085450
-0.324315 1.237846

0.646507 -0.486075 3.009539
1.005053 2.330328 0.656010
-0.657854 4.151505 1.259216
-1.183603 4.247892 -0.430621
-2.368334 3.943641 0.8489¢67
0.306896 -0.782288 4.006170
1.563500 -1.045805 2.779999
0.896936 0.582955 3.040557

1
1
1
1
6
8
8
6
1
1
1 -1.
1
8
1
6
1
1
1
1
1
1
1

Structure:

Char

ge = 0

SCF Energy:
SCF Energy + ZPVE: -865.136808 hartree

Enth
Free
Free

P RPRPFRPOODOOOOOOORFRRPRERPRERPREPOROJIOO OO

R WO s WD WO OO

alpy:

9b (model II)
, Multiplicity =1
-865.502802 hartree

-865.115223 hartree

Energy: -865.186523 hartree

Energy with gquasiharmonic correction:

.804020
.761760
.463075
.028140

2.210403 0.428571
1.626746 -0.621053
0.167716 -0.811817
-0.144123 -1.118879

0.839288 0.421561 -0.054197

0.642225 1.869008 0.067785

-1.025790 1.734007 1.393869

-0.972614 3.719696 0.561029

-2.801051 1.786774 -0.322831
-1.598342 2.165394 -1.567406
.132536
.262004
.906229
.831463
.764655
.462224
.193301
.264650
.572021
.849680
.949372
.641123

-1.220010 -1.175198
0.298176 -2.087780
2.381626 -0.875481
-0.981483 -0.280237
-1.862417 -0.092214
-1.387145 -0.022572
-0.014586 -0.151003
0.864830 -0.341218
0.378853 -0.398312
-1.353916 -0.328423
-2.927255 0.014000
-2.076200 0.154922

-865.183451 hartree
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1 3.092733 1.929417 -0.449757
1 5.389456 1.078818 -0.544621

.350396
.074461
.606505
.656537
.648154
.590499
.557548
.430288
.309529

-0.803406 -0.584729
-2.121135 -0.798101
-0.548277 -0.125291
-1.111409 -0.922364
-2.203097 -0.876533
-0.735835 -0.504816
-0.784815 -1.962645
-2.637567 -0.056376
-1.444486 1.789907

0.049149 -0.675783 1.296241
-1.348168 -0.986866 2.635345
1.311439 2.243183 0.848760

EFRPRPRPRPRPRRORORRERERE O mON
|
o

-0.307521 4.129522 1.327791
-0.744147 4.219097 -0.387452
-2.001481 3.973277 0.834073
-1.720559 -1.844735 3.202599
-0.995197 -0.234233 3.352617
-2.189164 -0.560498 2.071699
Structure: 9¢ (model II)
Charge = 0, Multiplicity =1
SCF Energy: -865.503029 hartree
SCF Energy + ZPVE: -865.136403 hartree
Enthalpy: -865.114942 hartree
Free Energy: -865.186358 hartree
Free Energy with quasiharmonic correction: -865.182847 hartree
6 -0.960404 2.342266 0.490043
6 -1.915807 1.836825 -0.608528
6 -1.608392 0.393880 -0.889610
6 -0.180071 0.136203 -1.269475
7 0.695273 0.592969 -0.156339
6 0.490024 2.023715 0.106142
6 -1.338360 1.778067 1.858877
1 -1.029948 3.435823 0.535317
1 -2.956660 1.975083 -0.305352
1 -1.748644 2.425868 -1.520965
1 -0.004359 -0.923643 -1.450501
1 0.085122 0.692035 -2.185012
1 1.155278 2.320010 0.922891
6 4.701151 -0.738818 -0.555166
6 3.641780 -1.644915 -0.477635
6 2.335200 -1.192980 -0.351742
6 2.053513 0.183357 -0.307958
6 3.118181 1.087852 -0.387343
6 4.429555 0.623130 -0.503934
1 5.722450 -1.093838 -0.648336
1 3.834823 -2.713270 -0.503607
1 1.520579 -1.905578 -0.256538
1 2.939604 2.156377 -0.362676
1 5.240894 1.342785 -0.562226
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6 -2.448449 -0.610245 -0.626649
8 -2.157404 -1.909615 -0.919752
8 -3.665637 -0.406234 -0.054253
6 -4.765586 -0.993890 -0.761379
1 -4.719215 -2.085275 -0.732484
1 -5.668581 -0.653990 -0.254612
1 -4.773395 -0.652099 -1.80139%4
1 -2.421668 -2.465656 -0.168865
8 -0.308683 -1.496338 1.512003
1 -0.034108 -0.708600 0.992969
6 0.515546 -1.513928 2.665761

1 0.764655 2.615216 -0.784390

1 -0.631868 2.108016 2.627938

1 -2.336538 2.121370 2.149689

1 -1.352113 0.684019 1.854348

1 0.170533 -2.320580 3.317924

1 1.568090 -1.699784 2.413557

1 0.454661 -0.570683 3.224281
Structure: 9d (model II)

Charge = 0, Multiplicity =1
SCF Energy:

SCF Energy + ZPVE:

Enthalpy:

Free Energy:

o = O

-865.500100 hartree
-865.133991 hartree
-865.112345 hartree
-865.184721 hartree
Free Energy with quasiharmonic correction:

.327823 -1.633158
.646889 -1.625624
.642227 -0.527658
.414134 -0.493404

1
0

.407422
.619065
0.410660
1.284896

-0.831418 -0.486475 -0.497204
-0.852732 -1.635412 0.430938

.818002
-2.206401
-2.966169
-2.496126
-1.238747
-0.483150
-0.972166
-2.577289
-3.942281
-3.119430

PP PFRRFRPOOODOOOOOOOORFRREPE R RPRPREPOR OO O OO
|
o

0.272030 -0.705952
0.245447 -2.831098
2.498996 -1.527234
1.739202 -2.599696
0
0

=N e

0.

.995428
.345710
.296977
112593

.414445 0.355361 -1.970156
.377035 -1.406117 -1.894174

-2.547500 -0.180412

.196499
.031144
.830404
.758229
.932747
.136375
.135282
.058248

NdWHEOONW

1
1
0
0
0
1
1

.092168
.199939
.684700
.060558
0.053538
.455364
.490548
.675232

-0.057143 0.741540
0.485270 1.925312 -0.540032
-0.367804 4.033197 0.354316

6 2.622468 0.370334 -0.526685

8 2.642772 1.305940 -1.521444

-865.180755 hartree
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FRRPRPRPRPRPRERORORRRERE O ®

.677341 0.428572 0.332178
.954790 0.258341 -0.297128
.176441 1.087603 -0.974153

.691345 0.236364 0.505867
.979184 -0.686262 -0.850102
.027925 2.124903 -1.169930
-3.150461 -0.944081 -2.028736
-2.281131 -0.795550 -1.592880
-3.699872 -2.123704 -1.474365
-1.798476 -1.645615 0.976882
-0.679483 -2.815623 2.930968
0.270481 -3.768423 1.777711
1.088230 -2.840100 3.043932
-4.671849 -2.297857 -1.945070
-3.071291 -3.004677 -1.661799
-3.861341 -2.040725 -0.390409

W OO W

Structure: 9e (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.503438 hartree
SCF Energy + ZPVE: -865.136515 hartree
Enthalpy: -865.115219 hartree
Free Energy: -865.186279 hartree
Free Energy with quasiharmonic correction:

oo oo, HEFRERPEEPEEFEFOOOOOODOORFREREREREREREREROODOJOO OO

-1.006969 2.466202 0.435797
-1.943369 2.010387 -0.698153
-1.702199 0.553436 -0.974210
-0.275642 0.212495 -1.285995
0.594184 0.647834 -0.159564
0.438486 2.086621 0.094747
-1.454189 1.912654 1.787732
-1.029347 3.561528 0.485992
-2.986630 2.203597 -0.436165
-1.710578 2.592173 -1.601392
-0.153546 -0.859663 -1.437125

0.050376 0.729688 -2.205063
1.092801 2.357299 0.929120
4.563053 -0.810722 -0.501389
3.473876 -1.682497 -0.449817
2.180222 -1.190061 -0.342876
1.941566 0.194155 -0.291831
3.036464 1.064115 -0.344824
4.334107 0.558674 -0.443073
5.573967 -1.197508 -0.580107
3.632887 -2.756282 -0.481384
1.343690 -1.878396 -0.265519
2.893068 2.137541 -0.313164
5.168688 1.252665 -0.480671
-2.638829 -0.389250 -0.834080
-3.888792 -0.106246 -0.373694
-2.414811 -1.694253 -1.146618
-2.886350 -2.640149 -0.175404

-865.182688 hartree
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.969242 -2.772625 -0.247297

1

1 -2.392137 -3.582782 -0.411401
1 -2.614500 -2.322854 0.834133
1 -4.541464 -0.621122 -0.874316
8 -0.391472 -1.350992 1.571984
1 -0.136090 -0.587410 1.005248
6 0.456701 -1.295497 2.706582

1 0.761470 2.663913 -0.788757

1 -0.764954 2.215834 2.583044

1 -2.449162 2.291566 2.043293

1 -1.506935 0.819776 1.779567

1 0.116884 -2.047213 3.423898

1 1.501477 -1.512972 2.447063

1 0.419004 -0.313041 3.195337
Structure: 9f (model II)

Charge = 0, Multiplicity =1
SCF Energy: -865.501170 hartree
SCF Energy + ZPVE: -865.134503 hartree
Enthalpy: -865.113138 hartree
Free Energy: -865.184495 hartree
Free Energy with quasiharmonic correction:
6 -0.879436 -2.267328 -0.788905
6 -2.115470 -1.731577 -0.046694
6 -1.825161 -0.391036 0.576640
6 -0.564281 -0.358554 1.401453
7 0.599019 -0.829054 0.626525

6 0.342934 -2.195749 0.132331

1 -0.684485 -1.613849 -1.651141
6 -1.097948 -3.694096 -1.277590
1 -2.972520 -1.678617 -0.723199
1 -2.366628 -2.453805 0.746677
1 -0.359142 0.625191 1.823815

1 -0.662948 -1.056660 2.242248
1 0.172933 -2.827509 1.013891

6 2.464770 1.903782 -2.028771

6 2.895304 0.580110 -1.936352

6 2.261829 -0.317994 -1.086274
6 1.163513 0.083319 -0.304558

6 0.737486 1.416381 -0.400117

6 1.387036 2.310547 -1.250060

1 2.964226 2.602523 -2.691866

1 3.743843 0.241103 -2.523451

1 2.647530 -1.328337 -1.007298
1 -0.097757 1.772014 0.189795

1 1.033596 3.336729 -1.299715

6 -2.595772 0.683317 0.388711

8 -3.6062384 0.681493 -0.459839
8 -2.362982 1.865836 1.027360

6 -2.455118 3.030496 0.193791

1 -3.496827 3.281007 -0.022096
1 -1.997403 3.841955 0.759910

-865.180510 hartree
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I = N

-1.911674 2.880539 -0.744635
-4.408861 1.138963 -0.041064
3.032309 -0.910715 2.066609
2.141732 -0.987954 1.661563
3.296435 0.473895 2.199358
1.229605 -2.584799 -0.370964
-0.231333 -4.060044 -1.837345
-1.264019 -4.370807 -0.431260
-1.973647 -3.754314 -1.931384
4.183663 0.591146 2.828576
3.497559 0.954083 1.231289
2.467147 1.008825 2.681156

Structure: 9g (model II)

Charge = 0, Multiplicity =1

SCF Energy: -865.500227
SCF Energy + ZPVE: -865.133583
Enthalpy: -865.112224

Free Energy:
Free Energy with quasiharmonic correction:

PR PEPRFRFOCOOCODHFFRERPRERPRRPREPODOOODOODRREFRPREREREODODJOOO O

-865.184078

.852765 -1.875280 1.534193
.042454 -1.656706 0.579143
.712571 -0.581170 -0.421891
.422908 -0.815644 -1.164285
-0.707972 -0.994205 -0.237535
-0.429559 -2.087505 0.713720
0.734113 -0.724299 2.532896
1.021906 -2.805043 2.091740
2.945871 -1.408542 1.142669
2.233787 -2.595190 0.039207
0
0

O N O

.194315 -0.020455 -1.874701

.495392 -1.752517 -1.732878
-1.286240 -2.222012 1.376054
-2.812008 2.418002 1.133920

-3.242332 1.128115 1.447000
-2.530615 0.017413 1.012401
-1.352271 0.167337 0.259384
-0.924227 1.465636 -0.054552
-1.655047 2.572234 0.378114
-3.372884 3.284041 1.4697¢66

-4.151621 0.981361 2.022607
-2.909966 -0.975812 1.229621
-0.019572 1.628069 -0.629549
-1.301712 3.566801 0.121374

2.449603 0.517856 -0.594342
2.193028 1.423416 -1.583978
3.521280 0.817261 0.190249

4.757023 0.943666 -0.526802
4.735292 1.799802 -1.206205
5.532855 1.093361 0.223801

4.959016 0.028251 -1.092489
2.397522 2.313423 -1.254488

hartree
hartree
hartree
hartree

-865.179687 hartree
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-2.900427
-2.114124
-3.178310
-0.329917

-1.720680 -1.849606
-1.590896 -1.275370
-0.465159 -2.442344
-3.004118 0.119242
-0.813075 3.142513

1.597618 -0.717385 3.206123
0.704383 0.244479 2.023572
-3.936509 -0.616302 -3.216422
-3.570345 0.261010 -1.716552
-2.291424 -0.026777 -2.919537

8
1
6
1
1 -0.171292
1
1
1
1
1

Structure:
Charge = 0
SCF Energy:

SCF Energy + ZPVE:

Enthalpy:

9h (model II)

4

Free Energy:

O~ N O

Multiplicity =1

-865.500374 hartree
-865.133539 hartree
-865.112283 hartree
-865.183481 hartree
Free Energy with quasiharmonic correction:

.924196 -2.301488 1.117120
.106079 -1.972721 0.183035
.819166 -0.702082 -0.573026
.508543 -0.730586 -1.314762

-0.618253 -1.019691 -0.410083
-0.385157 -2.285773 0.311559

-1.234280
-2.499374
-2.968115
-2.332137
.190861
-0.729372
-1.381544
-3.001444
-3.849692
-2.743095

0.892593 -1.352830 2.315161
1.048669 -3.327003 1.486958
3.034419 -1.895979 0.755103
2.223724 -2.796815 -0.535319
0.313598 0.186081 -1.871214
0.525729 -1.554581 -2.040618

-2.498804 0.962799
2.197984 1.606701
0.890269 1.739069
-0.163565 1.095037
0.061192 0.304038
1.378786 0.167605
2.429077 0.812403
3.018364 2.108855
0.686047 2.339764
-1.163751 1.182219

0.139409 1.596131 -0.440937
-0.998514 3.438312 0.688475

.613642
.718922
.374016
.510816
.562425
.045422
.997234
.449507

RN WDNDDNDWN

ONWNDNDE OO

.370529 -0.533141
.434320 0.261765

.484336 -1.282944
.725268 -0.575168
.978609 -0.418903
.483775 -1.205089
.679408 0.390770

.836090 -0.235601

-2.923798 -1.330476 -2.007511
-2.101275 -1.358372 -1.472553

RPRORFRFHRRPRPRFROHTOOODHFRERPRERPRRPEPODOOOOORLEFRERPRERREREODOODJOO O O™
|
=

-865.179345 hartree

S252



-3.100648 0.018700 -2.399274
-0.350563 -3.077466 -0.447063
0.000544 -1.512526 2.929921
1.773110 -1.511083 2.946503
0.899146 -0.305453 1.995518
-3.904279 0.053442 -3.140769
-3.385444 0.663271 -1.555826
-2.196664 0.438136 -2.861031

R e e

Structure: 9a (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.629163 hartree
SCF Energy + ZPVE: -902.267872 hartree
Enthalpy: -902.244737 hartree
Free Energy: -902.319105 hartree

Free Energy with quasiharmonic correction:

-0.175542 2.554990 0.418608
-1.339393 2.053152 -0.447253
-1.329309 0.551716 -0.522096
-0.007909 -0.058723 -0.886345
1.054729 0.461529 0.010381
1.131735 1.923335 -0.059320
-0.343875 2.219692 1.450736
-0.073251 4.074934 0.385789
-2.291740 2.426634 -0.062801
-1.204984 2.468619 -1.458590
-0.043462 -1.144522 -0.797699
0.259416 0.192784 -1.928050
1.340062 2.260811 -1.090773
4.665254 -1.715893 -0.350190
3.506842 -2.314057 0.149852
2.331729 -1.582933 0.261183
2.288324 -0.238794 -0.138638
3.448737 0.358353 -0.638598
4.629202 -0.380378 -0.735722
5.585068 -2.285537 -0.430375
3.523119 -3.351651 0.468148
1.438064 -2.035702 0.682156
3.440763 1.395161 -0.955225
5.522891 0.098058 -1.124188
-2.396411 -0.203668 -0.244487
-3.572667 0.299342 0.211606
-2.387525 -1.565142 -0.423063
-2.600736 -2.304034 0.790144
-3.592610 -2.101483 1.203123
-2.522070 -3.358148 0.525901
-1.831276 -2.040171 1.521001
-4.302088 -0.272929 -0.136728
-0.000314 -0.434216 2.458200
0.370256 -0.067088 1.620316
0.763427 -0.846126 2.881569
-5.251196 -1.506632 -0.889514

orHrrroOoORFRFRFRFRPFRPOOOOOODRRERFRRRERPRPRODODOOOOOR PR REPRERORO OO O O

-902.315414 hartree
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-5.620823 -1.108108 -1.689253
-4.467767 -1.984645 -1.202196
1.959118 2.255959 0.575100
0.115690 4.425403 -0.635044
-1.003479 4.534811 0.731838
0.741173 4.432647 1.022975

e

Structure: 9b (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.635173
SCF Energy + ZPVE: -902.273194
Enthalpy: -902.250987

Free Energy: -902.323227

Free Energy with quasiharmonic correction:

-0.577419 2.359701 0.585003
-1.557578 1.950807 -0.526178
-1.367634 0.498597 -0.860635
0.045897 0.118622 -1.183705
0.916971 0.493692 -0.038116
0.844992 1.937289 0.212118
-0.853058 1.815357 1.4982¢64
-0.627932 3.859282 0.851346
-2.585799 2.165111 -0.224637
-1.335542 2.564824 -1.412817
.135168 -0.952687 -1.358544
.402187 0.648402 -2.083764
.168626 2.505451 -0.678378
.753705 -1.278731 -0.254039
.603548 -2.057971 -0.113471
.353637 -1.457525 -0.045786
.227707 -0.062604 -0.131005
.379647 0.715689 -0.272288
.633522 0.104520 -0.327225
.730845 -1.747836 -0.299672
.682380 -3.138207 -0.042081
.459516 -2.059086 0.095649
.309376 1.795282 -0.341140
.519489 0.722581 -0.434500
-2.307593 -0.440889 -0.704744
-2.129872 -1.747348 -1.030951
-3.532359 -0.128641 -0.178499
-4.637694 -0.881702 -0.683084
-4.589804 -1.924621 -0.361153
-5.530249 -0.414771 -0.267384
-4.675022 -0.837031 -1.775507
-2.247570 -2.260295 -0.177796
-0.294104 -0.928203 2.039664
0.101021 -0.403634 1.294451
0.449822 -1.429798 2.398513
-2.305570 -2.624482 1.419761
-1.563860 -2.022808 1.680981
-3.103870 -2.156383 1.701581

PR OFRRFRORFREFEPRFRPRFRPOODOOOHFRERPRPREPRPRPODOOOODORRERPRRERODR OO OO O
G wWkFR Wb wbdhDNDwbhdPE oo

hartree
hartree
hartree
hartree

-902.319756 hartree
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1.528679 2.181050 1.031152
-0.341267 4.418729 -0.046090
-1.638349 4.170033 1.132508
0.052890 4.143365 1.659531

I = = =

Structure: 9¢ (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.634406 hartree

SCF Energy + ZPVE: -902.271557 hartree

Enthalpy: -902.249592 hartree

Free Energy: -902.321152 hartree

Free Energy with quasiharmonic correction: -902.317772 hartree

6 0.606861 -2.468860 0.499560

6 1.504097 -2.088493 -0.693454
6 1.322402 -0.624772 -0.977584
6 -0.097514 -0.222522 -1.234822
7 -0.928907 -0.576877 -0.049829
6 -0.832562 -2.017326 0.228875
6 1.172661 -1.910692 1.804919

1 0.567688 -3.561636 0.577379

1 2.547578 -2.333053 -0.480762
1 1.191982 -2.670788 -1.571155
1 -0.173650 0.848088 -1.416169
1 -0.501103 -0.752942 -2.114086
1 -1.453438 -2.239667 1.101748
6 -4.836213 1.057565 -0.283598
6 -3.706009 1.876011 -0.321673
6 -2.434274 1.324134 -0.249997
6 -2.259421 -0.065982 -0.145765
6 -3.394993 -0.882489 -0.110125
6 -4.670079 -0.317817 -0.173447
1 -5.829836 1.489863 -0.334776
1 -3.815055 2.953334 -0.397445
1 -1.562688 1.972760 -0.255263
1 -3.300882 -1.958854 -0.034962
1 -5.537293 -0.970171 -0.142404
6 2.274564 0.297753 -0.800402

8 2.109388 1.619259 -1.069231

8 3.502157 -0.049664 -0.304581
6 4.614493 0.680621 -0.829245

1 4.605056
1 5.505155
1 4.617377
1
8
1
1
8
1
1
1

.718690 -0.488758
.182078 -0.447847
.652868 -1.922845
.294437 2.091691 -0.208319
.063571 1.187765 1.935805
-0.222695 0.530210 1.253324
-0.609590 1.880150 1.913305
2.465370 2.332455 1.430962
1.601110 1.910808 1.663442
3.127399 1.658094 1.639569
-1.232234 -2.591988 -0.624004
1 1.423969 -0.850015 1.711120

ON D O D wdNDDN

PN OO
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1 0.461014 -2.020167 2.629445
1 2.090084 -2.442512 2.075170

Structure: 9d (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.629405 hartree

SCF Energy + ZPVE: -902.266589 hartree

Enthalpy: -902.243921 hartree

Free Energy: -902.316385 hartree

Free Energy with quasiharmonic correction: -902.313784 hartree

0.468787 -2.042928 -1.107340
-0.907062 -2.172483 -0.434188
-1.138750 -1.042380 0.533126
-0.007946 -0.814409 1.503015
1.279432 -0.640846 0.803126
1.543933 -1.825714 -0.039201
0.455893 -1.152375 -1.751492
0.793844 -3.270350 -1.949233
-1.698162 -2.220289 -1.186653
-0.917325 -3.126490 0.116471
-0.188114 0.037021 2.159448

0.115622 -1.698549 2.140347
1.574283 -2.694673 0.631245
2.103409 3.119274 -0.989947
3.007874 2.061497 -1.076972
2.721088 0.831057 -0.499132
1.506450 0.614664 0.177115
0.602493 1.684761 0.265633
0.908625 2.919321 -0.307369
2.330729 4.079929 -1.439309
3.955591 2.195183 -1.589501
3.460145 0.038801 -0.546959

-0.345405 1.573155 0.777797
0.190739 3.730144 -0.216205
-2.213784 -0.250562 0.506880
-2.458535 0.711787 1.440550
-3.153313 -0.339743 -0.487062
-4.510022 -0.363814 -0.024358
-4.805172 0.604669 0.386869
-5.122605 -0.591306 -0.896111
-4.640554 -1.142253 0.733309
-2.700340 1.531679 0.940777
3.880777 -1.046201 1.959000
2.941467 -0.865240 1.755121
4.312253 -0.201732 1.780078
-2.914196 2.607362 -0.422452
-2.005878 2.844037 -0.658271
-3.137078 1.897640 -1.044103
2.530643 -1.742980 -0.497853
0.841396 -4.165711 -1.319057
0.026400 -3.436665 -2.711104
1

6
6
6
6
7
6
1
6
1
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
8
8
6
1
1
1
1
8
1
1
8
1
1
1
1
1
1 1.757938 -3.161315 -2.455191
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Structure: 9e (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.628510 hartree

SCF Energy + ZPVE: -902.266220 hartree

Enthalpy: -902.243350 hartree

Free Energy: -902.316463 hartree

Free Energy with quasiharmonic correction: -902.313536 hartree

-0.199956 2.690680 0.134094
-1.310753 2.088453 -0.742553
-1.280834 0.589880 -0.629494
0.055462 -0.028108 -0.916077
1.098511 0.572670 -0.040524
1.138642 2.031086 -0.210077
-0.537783 2.585464 1.619682
-0.091620 3.751139 -0.122025
-2.285515 2.491730 -0.458196
-1.121780 2.373280 -1.787562
.029333 -1.104456 -0.751387
.338391 0.150982 -1.968423
.920422 2.431075 0.442463
.804756 -1.470919 -0.333193
.643011 -2.133262 0.067495
.436470 -1.452321 0.155140
.358148 -0.086548 -0.166615
.525191 0.572711 -0.569904
.735884 -0.118336 -0.644425
.747765 -2.003536 -0.395762
.678363 -3.186983 0.326160
.547710 -1.968618 0.503440
.504694 1.623718 -0.830859
.628437 0.414840 -0.957137
-2.338532 -0.139547 -0.257249
-3.521388 0.405750 0.128631
-2.311368 -1.509344 -0.269592
-2.847631 -2.131874 0.907899
-3.938377 -2.068843 0.925895
-2.546691 -3.178054 0.856317
-2.431493 -1.672120 1.807042
-4.247679 -0.133926 -0.277704
-0.080006 -0.870774 2.136401
0.337482 -0.247461 1.503550
0.636203 -1.094446 2.744498
-5.212604 -1.263956 -1.137179
-5.510719 -0.799862 -1.931531
-4.498006 -1.838178 -1.450656
1.406282 2.284993 -1.250347
-0.712609 1.548840 1.920755
0.274558 2.983728 2.235945
-1.444251 3.155903 1.844759
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Structure: 9f (model III)
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Charge = 0, Multiplicity =1

SCF Energy: -902.628037 hartree
SCF Energy + ZPVE: -902.265617 hartree
Enthalpy: -902.242696 hartree
Free Energy: -902.316526 hartree
Free Energy with quasiharmonic correction: -902.312700 hartree

-0.671875 2.142259 -0.940935
0.788430 2.172066 -0.458636
1.116705 0.935533 0.337590
0.124194 0.632682 1.429123
-1.249423 0.539890 0.893042
-1.593009 1.818279 0.238672
-0.776548 1.332963 -1.677083
-1.073087 3.463787 -1.584014
1.467087 2.291059 -1.307126
0.905574 3.059656 0.183574
0.372830 -0.266352 1.991082
0.106317 1.462997 2.145356
-1.494299 2.600503 1.002462
-2.306824 -3.018210 -1.174703
-3.145760 -1.905119 -1.184428
-2.789629 -0.733863 -0.525408
-1.568136 -0.636857 0.167476
-0.731132 -1.764678 0.174554
-1.101585 -2.934421 -0.485588
-2.588522 -3.928776 -1.692289
.096363 -1.944178 -1.707539
-3.480171 0.101379 -0.539364
0.219150 -1.742886 0.691809
-0.425913 -3.784593 -0.459406
.170425 0.157183 0.070807
.006018 0.358943 -0.981175
.490472 -0.916415 0.864303
.787364 -2.119895 0.139674
.776148 -2.068854 -0.322886
.769339 -2.926254 0.872792
.031492 -2.303074 -0.630418
.934483 0.214619 -0.660800
-3.805263 0.750398 2.249981
-2.868848 0.620449 2.008044
-4.240387 -0.023171 1.870977
5.375936 -0.103666 0.193482
5.734340 0.762278 0.432440
4.986688 -0.434680 1.016219
-2.639095 1.815940 -0.070123
-1.006264 4.280304 -0.856047
-0.414037 3.707265 -2.422748
-2.100822 3.427611 -1.958043

PR RPRPREPRPORFRORRPRRRPONOONRRREFRREFOAOONONOR PR ERERGORG O M
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Structure: 9g (model III)
Charge = 0, Multiplicity =1
SCF Energy: -902.628734 hartree
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SCF Energy + ZPVE: -902.266020 hartree

Enthalpy: -902.243266 hartree
Free Energy: -902.316527 hartree
Free Energy with quasiharmonic correction: -902.313068 hartree

6 0.191956 -2.098725 -1.397856
-1.123345 -2.256371 -0.611131
-1.212828 -1.198403 0.456182
-0.015933 -1.163786 1.370113
1.232052 -0.969225 0.607144
1.369924 -2.028900 -0.413966
0.124189 -0.893957 -2.336496
0.347022 -3.001466 -2.001437
-1.980751 -2.214937 -1.287432
-1.124781 -3.244239 -0.129149
-0.097982 -0.401303 2.144556

0.089710 -2.133338 1.873108
2.308630 -1.899111 -0.954438
2.376280 2.965756 -0.496513
3.174642 1.865423 -0.807749
2.787762 0.580096 -0.449272
1.571591 0.350902 0.220485
0.779457 1.463884 0.544477
1.186127 2.750502 0.190134
2.681818 3.968217 -0.775827
4.119021 2.006193 -1.324626
3.447723 -0.252238 -0.668709

6
6
6
7
6
6
1
1
1
1
1
1
6
6
6
6
6
6
1
1
1
1 -0.162951 1.342120 1.064276

1 0.551626 3.59161l6 0.457678

6 -2.193548 -0.294682 0.529276
8 -2.321215 0.596913 1.552115

8 -3.149584 -0.193371 -0.447108
6 —-4.494362 -0.074950 0.034823
1 -4.658873 0.892377 0.515659

1 -5.137144 -0.160026 -0.840670
1 -4.719799 -0.880966 0.739399
1 -2.454712 1.484075 1.133124

8 3.789747 -1.814585 1.610011

1 2.873120 -1.506376 1.464564

1 4.310401 -1.005634 1.533587

8 -2.510047 2.686199 -0.140798
1 -1.580394 2.868468 -0.339174
1 -2.779925 2.067720 -0.836914
1 -0.166808 0.014600 -1.798839
1 1.088919 -0.706174 -2.818714
1 -0.620504 -1.068472 -3.119482
1 1.439593 -2.978504 0.130642

Structure: 9h (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.626020 hartree
SCF Energy + ZPVE: -902.264221 hartree
Enthalpy: -902.241086 hartree
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Free Energy: -902.316236 hartree

Free Energy with quasiharmonic correction:

-0.630087 -1.863205 1.736473
0.768314 -2.135163 1.148157
1.054875 -1.185465 0.014479
-0.027144 -1.135892 -1.030923
-1.350366 -0.844144 -0.453797
-1.667722 -1.822081 0.605411
-0.630400 -0.590535 2.582926
-0.905327 -2.708656 2.378873
1.529666 -2.057848 1.929089
0.791683 -3.165225 0.764952
0.192307 -0.425820 -1.828711
-0.127585 -2.128341 -1.493497
-2.660553 -1.614135 1.007864
-2.517590 3.184649 0.148282
-3.402746 2.132377 0.385163
-3.006547 0.814895 0.195516
-1.700171 0.508725 -0.225098
-0.815559 1.570165 -0.467286
-1.229390 2.889484 -0.284284
-2.830501 4.212944 0.293987
.418830 2.337259 0.708338
-3.722474 0.015264 0.354153
0.203417 1.378806 -0.782269
-0.522961 3.691662 -0.475702
.163115 -0.442452 -0.056064
.194674 -0.550771 0.821337
.351657 0.489157 -1.046083
.449138 0.184327 -1.917672
.285876 -0.786656 -2.395466
.473406 0.970606 -2.671557
.393596 0.173010 -1.367446
.651533 0.327996 0.868408
-2.819215 -2.293599 -2.382100
-2.409362 -1.643577 -1.772351
-2.175865 -2.365719 -3.097624
4.243625 1.927229 0.723419
5.077814 1.862328 0.238238
3.602035 2.199871 0.050581
-0.228199 0.259579 2.022646
-1.641234 -0.328653 2.912075
-0.006520 -0.727313 3.471683
-1.713808 -2.803467 0.117325

PR RPRPRPRORRPRORRPRRONOONRRREREREAOOONORFERERE®G IO
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Structure: 10a (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.213110 hartree
SCF Energy + ZPVE: -825.875998 hartree
Enthalpy: -825.856064 hartree
Free Energy: -825.922990 hartree

Free Energy with quasiharmonic correction:

-902.311779 hartree

-825.920413 hartree
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6
6
6
6
7
6
1
1
6
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
8
8
6
1
1
1
1
8
1
1
1
1
1
1

.065437 -2.272738 0.642216
.045295 -1.693435 -0.391767
.664883 -0.248779 -0.640904
.215397 -0.078442 -1.013404
-0.652681 -0.636415 0.050855
-0.389255 -2.064523 0.238326
1.242147 -1.790720 1.612263
1.250125 -3.345519 0.7624¢61
3.485862 -1.986100 0.013831
1.846444 -2.223115 -1.337727
-0.030364 0.972543 -1.153263
0.000122 -0.610431 -1.956754
-0.601769 -2.626568 -0.687147
-4.684813 0.609619 -0.245573
-3.656515 1.531990 -0.040752
-2.338668 1.105334 0.051169
-2.019098 -0.255736 -0.075620
-3.050018 -1.177282 -0.280470
-4.373598 -0.740760 -0.358583
-5.715168 0.942996 -0.309800
-3.884487 2.588248 0.062500
-1.541670 1.819656 0.241781
-2.830591 -2.233960 -0.382170
-5.162672 -1.469563 -0.515831

o N R

2.437631 0.837506 -0.529175
3.715629 0.836287 -0.052080
1.997464 2.079947 -0.900848
1.855945 2.989866 0.201088
2.827842 3.219102 0.646819
1.417233 3.900663 -0.205373
1.195496 2.554917 0.957063
4.187307 1.578522 -0.461340
0.172142 0.732538 2.367161

-0.085357 0.235882 1.554129
-0.668821 1.070791 2.699712
-1.055230 -2.440609 1.019780
4.200671 -1.617811 -0.724786
3.727799 -1.530921 0.978077
3.616924 -3.068505 0.107481

Structure: 10b (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.212826 hartree
SCF Energy + ZPVE: -825.875649 hartree
Enthalpy: -825.855577 hartree
Free Energy: -825.922737 hartree

Free Energy with quasiharmonic correction:

6
6
6
6

-0.836204 2.235079 0.682274

-1.834123 1.640560 -0.325100
-1.482961 0.179236 -0.498259
-0.047463 -0.032784 -0.900883

-825.920273 hartree
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0.854339 0.543724 0.128405
0.610287 1.980674 0.275106
-1.019756 1.789466 1.668466
-0.993568 3.315712 0.767308
-3.268201 1.990331 0.057531
-1.620172 2.118270 -1.294748
.176574 -1.091592 -1.012775
.153166 0.462530 -1.866547
.822932 2.509417 -0.670047
.872953 -0.720290 -0.305551
.845981 -1.639547 -0.081290
.533527 -1.209216 0.055721
.214330 0.155260 -0.042253
.245187 1.073518 -0.266603
.563803 0.632235 -0.390922
.899188 -1.057455 -0.405843
.070898 -2.698296 0.001725
.742089 -1.922590 0.266610
.031665 2.132769 -0.348821
.350429 1.360438 -0.562800
-2.259853 -0.880042 -0.251233
-3.506249 -0.807892 0.291276
-1.856552 -2.158184 -0.540116
-0.126526 -1.351300 2.061449
0.179620 -0.600117 1.510373
0.686720 -1.680070 2.464717
1.289542 2.372998 1.036672
-3.990982 1.566560 -0.644926
-3.515381 1.627544 1.058170
-3.382852 3.078724 0.051558
-4.542415 -1.319753 -0.557199
-4.518788 -0.811878 -1.526637
-4.435703 -2.397452 -0.703272
-5.484770 -1.109909 -0.052172
-2.195700 -2.743670 0.155255

O WE > WDNDDNDWOOOO

Structure: 10c (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.214089 hartree
SCF Energy + ZPVE: -825.876969 hartree
Enthalpy: -825.856789 hartree
Free Energy: -825.924559 hartree

Free Energy with quasiharmonic correction:

6
6
6
6
7
6

1
1
1

-0.829462 2.022396 1.201123
-1.919210 1.550910 0.223339
-1.552403 0.164929 -0.252842
-0.139548 -0.019193 -0.731544
0.815675 0.439653 0.308664
0.578065 1.848494 0.639023
-0.901885 1.439465 2.126718
-0.983396 3.076336 1.455873
-2.868017 1.499632 0.763858

-825.921673 hartree
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-2.094162 2.520995 -0.952026
.054533 -1.068382 -0.951942
.038895 0.556407 -1.655802
.312218 2.155926 1.388499
.800739 -0.717355 -0.537293
.797720 -1.668730 -0.340440
.496101 -1.272513 -0.065445
.163864 0.090026 0.006247
.170554 1.040554 -0.190901
.479219 0.632517 -0.454730
.819018 -1.028248 -0.745527
.03399%6 -2.727213 -0.387368
.725694 -2.014077 0.124450
.945418 2.099523 -0.143375
.247594 1.385097 -0.602620
-2.401747 -0.864159 -0.209544
-3.650168 -0.768832 0.333616
-2.100430 -2.096499 -0.722037
-4.706369 -0.996675 -0.610337
-0.111211 -1.685098 1.998527
0.201189 -0.868814 1.553046
0.695776 -2.057885 2.375172
0.722426 2.487578 -0.247730
-2.905873 2.185950 -1.604550
-2.337093 3.524498 -0.588465
-1.187088 2.594809 -1.559493
-5.640038 -0.826623 -0.075540
-4.620394 -0.292275 -1.443838
-4.681529 -2.021489 -0.988908
-2.546856 -2.767527 -0.181746

OON R D> DDDNDWSPE OO
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Structure: 10d (model TI)

Charge = 0, Multiplicity =1

SCF Energy: -826.212101 hartree

SCF Energy + ZPVE: -825.874449 hartree

Enthalpy: -825.854491 hartree

Free Energy: -825.921837 hartree

Free Energy with quasiharmonic correction: -825.918720 hartree

6 -0.245664 -1.843364 -1.307808
6 -1.593031 -1.590562 -0.609366
6 -1.414707 -0.464138 0.391259
6 -0.248388 -0.691526 1.330729
7 1.021732 -0.907842 0.616289

6 0.879024 -2.057633 -0.299889
1 -0.002570 -0.984419 -1.948014
1 -0.326422 -2.725140 -1.953072
6 -2.711235 -1.454920 -1.637963
1 -1.799722 -2.491951 -0.009112
1 -0.128277 0.121814 2.045475

1 -0.425809 -1.608077 1.907118
1 0.660003 -2.934028 0.321779

6 3.067927 2.468470 -0.942185
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3.314370 -2.239388
2.490436 -1.743486
4.002636 -1.572939

.576107
.890673
.660428
.158620
.862812
.606057
.524059
.330288
.220234 1.712155 0.740479

w Nk oo

1.

.178963 -1.097721
.080007 -0.596217
.237282 0.068775
.537426 0.228652
.633790 -0.269058
.325479 -1.332721
023593 -1.603699
0.906798 -0.692497

449223 3.628136 —-0.130217

.165219
.997743
.145506
.454344
.523472
.148376
.693789
.187655

.634944 0.512890
.508705 1.559000
.009049 -0.355654
.042948 0.228905
.820584 0.993962
.263908 -0.581414
.069736 0.669243
2.403969 1.235659
.720786
.541473
.604623

oOrRRFRRFRREREO

e =)

1.825699 -2.251234 -0.804017

-3.689821 -1.333883 -1.166902
-2.544033 -0.599735 -2.298146
-2.737822 -2.359851 -2.253099

Structure:

Charge = 0
SCF Energy:
SCF Energy + ZPVE: -825.877883 hartree
Enthalpy:
Free Energy:

Free Energy

oo oOoOooOORrRr P RFPFOOR PR OO

-0
-2
-1
-0

.951851
.041609
.700290
.280748

1

4

Oe (model I)
Multiplicity = 1
-826.215135 hartree

-825.857882 hartree
-825.924952 hartree
with gquasiharmonic correction: -825.922238 hartree

.147670 1.147448
.710753 0.154333
.331920 -0.364424
.115551 -0.808529

O O N

0.659841 0.540132 0.257498
0.456383 1.952750 0.593960

.040714
.089636
.993382
.195159
.110214
.060659

1.555002 2.065221
3.200775 1.414124
1.665134 0.690618
2.709404 -1.000422
-0.937544 -1.032673
0.695518 -1.721607

.192296 2.236420 1.351080
.623234 -0.758806 -0.459713
.589005 -1.673654 -0.251522
.294541 -1.229023 -0.019209
.004171 0.143985 -0.003654
.040838 1.058080 -0.212362
.341790 0.602489 -0.432738
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5.635995 -1.106758 -0.633518
3.795140 -2.739382 -0.255567
1.495623 -1.938568 0.177874
2.843748 2.123961 -0.206059
5.136061 1.325558 -0.590300
-2.596538 -0.655280 -0.434311
-3.862858 -0.534295 0.067376
-2.332709 -1.859746 -1.021252
-2.410194 -2.971805 -0.115578
-3.426407 -3.098387 0.266295
-2.122481 -3.853855 -0.686501
-1.716597 -2.818299 0.715766
-4.452221 -1.103436 -0.450989
-0.221367 -1.252826 2.245193

0.077124 -0.571068 1.598011
0.604354 -1.629266 2.574746
0.621526 2.593820 -0.287514

-3.010859 2.403724 -1.661882
-2.419415 3.709832 -0.616922
-1.284133 2.776626 -1.602887

Structure: 10f (model I)
Charge = 0, Multiplicity =1

SCF Energy:

SCF Energy + ZPVE:
Enthalpy:

Free Energy:

PR PFRRFRPOOOOOOOOOOOORFR PR RFRPOORREPOITOOODOOD

-0.756272 -1.855456 -1.456515
-2.001086 -1.272622 -0.757232
-1.546959 -0.246601 0.266264
-0.513341 -0.807395 1.212585
0.690537 -1.258733 0.477653

0.286301 -2.331909 -0.446966
-0.318714 -1.086136 -2.106143
-1.055169 -2.694732 -2.094271
-3.031793 -0.835449 -1.792796
-2.441364 -2.098721 -0.175272
-0.242664 -0.108916 1.999702
-0.909454 -1.703163 1.705770
-0.139294 -3.126454 0.176228
3.279521 1.776112 -0.992252
3.168221 0.556726 -1.653728
2.302858 -0.433427 -1.196595
1.520689 -0.235548 -0.045017
1.637513 1.002142 0.613224
2.502744 1.985485 0.144273
3.950366 2.546528 -1.356486
3.755504 0.365146 -2.546646
2.243673 -1.359462 -1.754179
1.052777 1.214053 1.500051
2.560759 2.928179 0.680707

-826.211350 hartree
-825.873335 hartree
-825.853520 hartree
-825.920805 hartree
Free Energy with quasiharmonic correction:

-825.917061 hartree
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6 -1.926131 1.032239 0.371147
8 -2.731299 1.675723 -0.522875
8 -1.520951 1.815428 1.418312
6 -1.008503 3.100407 1.037392
1 -1.815984 3.782978 0.761073
1 -0.489952 3.491013 1.913162
1 -0.304849 3.003488 0.205564
1 -3.327177 2.264813 -0.033643

8 1.229625 -3.131480 2.586650

1 1.275558 -2.433871 1.904028

1 0.781783 -2.694094 3.321212

1 1.162946 -2.759242 -0.934847
1 -3.945691 -0.460851 -1.327310
1 -2.635476 -0.050667 -2.442785
1 -3.292925 -1.694351 -2.418880

Structure: 10g (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.213269
SCF Energy + ZPVE: -825.875842
Enthalpy: -825.855585
Free Energy: -825.924147

Free Energy with quasiharmonic correction:

.233884
.590397

.357067 -1.789075
.959118 -1.177231
.354795 0.165410 0.091414
.325058 0.730762 1.037419
-0.957330 1.010719 0.365690
-0.717661 1.949919 -0.750748
-0.243534 0.471257 -2.225883
0.388006 2.079598 -2.597860
2.120027 0.326880 -1.895272
2.464708 2.189183 -0.897420
0
0

[N N )
o O o

.155652 0.081076 1.896701
.666253 1.697307 1.430090
-1.665554 2.229192 -1.210890
-3.535234 -2.258669 -0.457446
.865589 -0.961628 -0.849881
-3.008058 0.099559 -0.589809
-1.781223 -0.106460 0.066073
-1.454228 -1.413891 0.457231
-2.329155 -2.469429 0.201016
-4.207738 -3.085450 -0.659302
-4.806934 -0.767710 -1.354896
-3.306963 1.101357 -0.878045
-0.518413 -1.626166 0.960103
-2.048889 -3.469853 0.516656
2.021494 -0.955537 0.372895
1.897407 -1.603474 1.573590
2.883853 -1.548232 -0.503584
4
4

R oODNON

.230745 -1.635616 -0.016473
.295789 -2.305231 0.844853

RPoyooooHRrRPrREPERERFRPRPODOOODOOREROORREREOODJOODO O
|
w

hartree
hartree
hartree
hartree

-825.920502 hartree
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1 4.828477 -2.034781 -0.835068
1 4.594916 -0.641211 0.260197
1 1.999273 -2.555975 1.418028
8 -1.529905 3.143279 2.161832
1 -1.536196 2.335978 1.608339
1 -0.973440 2.895120 2.910172
1 -0.300416 2.860603 -0.307334
1 3.441646 1.882671 -0.511902
1 2.621969 2.766312 -1.814145
1 2.006955 2.852689 -0.156862

Structure: 10h (model I)

Charge = 0, Multiplicity =1

SCF Energy: -826.213682 hartree
SCF Energy + ZPVE: -825.875774 hartree
Enthalpy: -825.855728 hartree
Free Energy: -825.923477 hartree

Free Energy with quasiharmonic correction:

-0.699209 -1.603536 -1.679179
-1.929021 -0.810936 -1.189886
-1.526048 0.066357 -0.020569
-0.712134 -0.619881 1.044376
0.500068 -1.241051 0.468364
0.069507 -2.246982 -0.524353
-0.019714 -0.928434 -2.213131
-1.013868 -2.378953 -2.386096
-2.272522 -0.174478 -2.010068
-3.082943 -1.746587 -0.804605
-0.448534 0.045919 1.864207
-1.281514 -1.446414 1.485417
0.927514 -2.812283 -0.887423
3.667869 1.365364 -0.643841
3.615624 0.057542 -1.121075
2.568714 -0.790607 -0.776875
1.530418 -0.353937 0.066001
1.590232 0.968371 0.539511
2.645612 1.807189 0.190082
4.484913 2.023702 -0.918296
4.399494 -0.316363 -1.772729
2.574453 -1.801381 -1.166046
0.814149 1.361826 1.183835
2.654308 2.822533 0.575921

-1.845334 1.360776 0.054642
-2.469105 2.025293 -0.964772
-1.569642 2.120963 1.155790
-0.967709 3.392161 0.867854
-1.705891 4.101989 0.486837
-0.569151 3.758341 1.813714
-0.155560 3.278925 0.143128

PR PEPFRFOOCOODHFRERPRERRPERPODOOODOOREFRPORREROODJOOODO O™

-3.097634 2.661471 -0.589249
8 0.491152 -3.201932 2.564290
1 0.724214 -2.506288 1.918904

-825.920030 hartree
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1 0.011700 -2.718675 3.248351

1 -0.561816 -2.959981 0.016190
1 -3.957809 -1.167712 -0.494974
1 -3.369170 -2.373412 -1.655015
1 -2.810752 -2.409338 0.023011

Structure: 10a (model IIT)

Charge = 0, Multiplicity =1

SCF Energy: -902.624640
SCF Energy + ZPVE: -902.263252
Enthalpy: -902.240125
Free Energy: -902.315087

Free Energy with quasiharmonic correction:

-0.242069 2.630055 0.509446
-1.376976 2.133392 -0.401701
-1.273093 0.625539 -0.504426
0.095559 0.158845 -0.923975
1.121049 0.660066 0.023240
1.122253 2.123742 0.057124
-0.430635 2.287563 1.534990
-2.712607 2.720710 0.041616
-1.155948 2.521337 -1.409752
.146399 -0.927872 -0.951858
.336491 0.539950 -1.932256
.360366 2.538285 -0.937456
.842917 -1.315196 -0.355254
.691109 -2.008909 0.022102
.477970 -1.344158 0.139187
.388349 0.029729 -0.134115
.542562 0.722314 -0.511026
.760820 0.048400 -0.613750
.791995 -1.833907 -0.439688
.741760 -3.070976 0.240612
.588027 -1.876722 0.464998
.500589 1.783735 -0.727471
.648394 0.601197 -0.905681
-2.222981 -0.280311 -0.235999
-3.444141 -0.009921 0.284978
-2.018323 -1.617324 -0.492809
-2.030328 -2.433220 0.688515
-3.017920 -2.427291 1.158461
-1.784844 -3.445160 0.367020
-1.279687 -2.069164 1.396233
-4.077586 -0.690062 -0.060916
0.209203 -0.318478 2.496450
0.502921 0.051425 1.629713
1.013063 -0.714865 2.855436
-4.893315 -2.003264 -0.801529
-5.383390 -1.626575 -1.545265
-4.085683 -2.357796 -1.203194
1.898545 2.454583 0.752638
-0.229220 3.725238 0.518307

O Wk WO WNDDNDWSE OO
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hartree
hartree
hartree
hartree

-902.310593 hartree
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1 -3.530607 2.415993 -0.614143
1 -2.962444 2.413920 1.060833
1 -2.646245 3.812999 0.022570

Structure: 10b (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.630920 hartree

SCF Energy + ZPVE: -902.268591 hartree

Enthalpy: -902.246472 hartree

Free Energy: -902.318420 hartree

Free Energy with quasiharmonic correction: -902.314856 hartree

6 0.580981 -2.332585 0.931688

6 1.559702 -2.040777 -0.219085
6 1.298804 -0.626136 -0.687819
6 -0.135247 -0.409129 -1.087374
7 -1.005174 -0.657649 0.091860
6 -0.866282 -2.045656 0.543984
1 0.854068 -1.711427 1.794470

6 2.986564 -2.415751 0.167126

1 1.259873 -2.692459 -1.055565
1 -0.298240 0.608192 -1.436581
1 -0.426960 -1.103241 -1.893665
1 -1.180473 -2.744158 -0.249871
6 -4.917176 0.889314 -0.367376
6 -3.801733 1.729554 -0.370718
6 -2.525960 1.203106 -0.221293
6 -2.337761 -0.180599 -0.079276
6 -3.455325 -1.019840 -0.075377
6 —-4.735447 -0.480511 -0.214101
1 -5.914483 1.301891 -0.477224
1 -3.928027 2.802476 -0.476372
1 -1.659498 1.858683 -0.191955
1 -3.338469 -2.091999 0.033006
1 -5.593336 -1.145748 -0.207399
6 2.121582
8 1.797461
8 3.348140
6 4.410808
1 4.306136
1 5.331571
1 4.437609
1
8
1
1
8
1
1
1
1
1
1

.428894 -0.634520
.646885 -1.155077
.384629 -0.037016
.969349 -0.796279
.055189 -0.855227
.719517 -0.269556
.546355 -1.805539
.917343 2.297555 -0.411143
.070401 1.131338 1.964271
-0.261238 0.475459 1.298045
-0.716419 1.634323 2.212793
2.013742 2.867312 1.181573
1.299364 2.264854 1.502940
2.830796 2.416458 1.438062
-1.523949 -2.198193 1.404081
0.662963 -3.382077 1.234770
3.697245 -2.171701 -0.627368
3.305536 -1.899947 1.076034
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1 3.035806 -3.493173 0.352757

Structure: 10c (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.632419 hartree
SCF Energy + ZPVE: -902.270193 hartree
Enthalpy: -902.247945 hartree
Free Energy: -902.320568 hartree

Free Energy with quasiharmonic correction:

-0
-1
-1

O WkE WU WNNDWRE OO

FRPRPRPRPRPRPRPOFRRPRORRPRRROOODONR R, RREREOOOOOOOREREROR RO JOOO®

.545809
.599174
.351503

263620
.053967
.489671
.579018
.497840
.479487
.629967
.155851
.162907

764182
339820
732231
600080

2.117612 1.359685
1.985930 0.243601
0.680255 -0.475787

0.061826 0.442767 -0.922792
0.967226 0.535192 0.253782
0.875960 1.868615 0.861010
-0.593815 3.115649 1.808423
-2.587758 1.956423 0.709288
-1.562616 3.182027 -0.715903
.162348
.382687
.573772
.826632
.697361
.439907
.283776
.415296
.677460
.809958
.798732
.563991
.323517
.546702
-2.

-0.546089 -1.367689
1.186622 -1.670964
1.913603 1.701667
-1.005752 -0.549463
-1.826312 -0.586969
-1.301649 -0.320940
0.060912 -0.023713
0.880268 0.014984
0.342000 -0.242471
-1.417291 -0.751173
-2.883410 -0.811734
-1.945015 -0.318875
1.936137 0.242354
0.991401 -0.207420
-0.292924 -0.585407
-1.452760 -1.263179
-0.182167 0.013791
-0.798732 -0.676708
-1.888188 -0.656789
-0.492999 -0.144559
-0.453599 -1.713473
-2.180311 -0.586020
-1.434577 1.887197

0.206473 -0.710663 1.316714
0.593504 -2.008839 2.065203
-2.209163 -2.919889 0.906323
-1.459150 -2.402158 1.291000
-3.000285 -2.510721 1.284157
1.174980 2.645485 0.138628
-0.
-2.
-1.
-0.

1.386011 2.146234

3.085064 -1.479350
4.115841 -0.170499
3.265748 -1.229420

-902.316588 hartree
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Structure: 10d (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.625010 hartree

SCF Energy + ZPVE: -902.262125 hartree

Enthalpy: -902.239451 hartree

Free Energy: -902.312704 hartree

Free Energy with quasiharmonic correction: -902.308962 hartree

6 0.247212 -2.109139 -1.298763
-1.112196 -2.111649 -0.578191
-1.130663 -0.976954 0.428097
0.064480 -1.000271 1.356220
1.340371 -0.958593 0.617183
1.406633 -2.109237 -0.306704
0.315758 -1.219700 -1.939772
-2.256849 -2.189025 -1.583343
-1.136611 -3.036735 0.021503

.338914 1.622011 -1.680477
.555079 -0.509241 -0.779006
.075445 1.468983 0.826041
.903679 3.593131 -0.030438
-2.042531 -0.005476 0.547879
-2.049854 0.868422 1.597161
-3.029455 0.223846 -0.370209
-4.351959 0.269200 0.179581
-4.490080 1.155371 0.804087
-5.033734 0.310336 -0.669471
-4.547771 -0.632418 0.768464

0.037815 -0.188708 2.082465
0.076748 -1.942504 1.917827
1.367976 -3.014188 0.311205
2.671776 2.764272 -0.932311
3.399098 1.592452 -1.137733
2.945678 0.377110 -0.640416
1.734596 0.292313 0.071543

1.010184 1.476566 0.279520

1.483650 2.692491 -0.213673
3.029640 3.712592 -1.318402
4

3

0

0

-2.199494 1.769759 1.215080
3.875881 -1.831602 1.641843
2.973464 -1.486341 1.489070
4.438505 -1.065454 1.475445

-2.354423 3.047975 0.045320

-1.438998 3.241273 -0.201769
-2.664042 2.450145 -0.652587
2.365822 -2.117286 -0.823646
0.323623 -2.990367 -1.945521
-3.231338 -2.224323 -1.089488
-2.252036 -1.332645 -2.262552
-2.142835 -3.098586 -2.181490

EFRPRPRPRPRPRPROFRRFRORRPRROONODONRRERRREROOOOOOGRRERRONREOGJOO®

Structure: 10e (model IIT)
Charge = 0, Multiplicity =1
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SCF Energy: -902.626706 hartree

SCF Energy + ZPVE: -902.265470 hartree
Enthalpy: -902.242087 hartree
Free Energy: -902.317456 hartree

Free Energy with quasiharmonic correction:

-0.167151 2.464263 1.073498
-1.382023 2.112744 0.198051
-1.282685 0.660142 -0.210541
0.052928 0.199747 -0.721914
1.124460 0.565269 0.237794
1.151888 2.015719 0.451143
-0.131692 3.544597 1.249338
-2.285941 2.252403 0.797567
-1.482775 3.026421 -1.030634
.055536 -0.881597 -0.858940
.285165 0.663973 -1.696453
.978166 2.249334 1.127974
.787621 -1.371120 -0.620681
.654290 -2.098427 -0.251031
.461211 -1.445474 0.027319
.372975 -0.048365 -0.072277
.508873 0.677923 -0.440904
.707796 0.014257 -0.707104
.721491 -1.881417 -0.831612
.704536 -3.179339 -0.165019
.587933 -2.006275 0.349324
.467740 1.757884 -0.524827
.581545 0.592910 -0.990462
-2.317070 -0.182707 -0.125247
-3.513328 0.153706 0.4224¢64
-2.253503 -1.466236 -0.609026
-2.383554 -2.467210 0.412651
-3.359465 -2.403771 0.901581
-2.285250 -3.431359 -0.085369
-1.588073 -2.341685 1.152857
-4.213609 -0.400236 -0.009160
0.132950 -0.875010 2.446292
0.484536 -0.318579 1.711387
0.919778 -1.312209 2.795531
-5.156517 -1.517765 -0.892601
-5.680978 -1.004642 -1.522432
-4.415559 -1.856714 -1.417360
1.337224 2.548181 -0.496297
-0.268108 1.969163 2.046242
-2.382882 2.791615 -1.606088
-1.532411 4.077209 -0.727647
-0.621639 2.908625 -1.695693

O WE WU wWwNhNDWRE OO
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Structure: 10f (model IIT)

Charge = 0, Multiplicity =1

SCF Energy: -902.622937 hartree
SCF Energy + ZPVE: -902.260379 hartree

-902.313525 hartree
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Enthalpy: -902.237430 hartree

Free Energy: -902.312692 hartree
Free Energy with quasiharmonic correction: -902.307043 hartree
6 0.491396 -2.273538 -1.055236

-0.958956 -2.167759 -0.547426
-1.099845 -0.882594 0.250773
-0.039604 -0.755512 1.323627
1.328147 -0.815828 0.773001
1.501157 -2.104711 0.075383
0.664730 -1.500923 -1.816732
-1.933335 -2.400184 -1.697844
-1.090422 -2.990614 0.174757
-0.159656 0.142068 1.927004
-0.119244 -1.611396 2.005198

1.352747 -2.889623 0.826240
2.835886 2.660074 -1.147355
3.521275 1.448323 -1.214924
3.017019 0.304606 -0.606139
1.795712 0.336987 0.093193
1.115701 1.563699 0.161000
1.633876 2.704070 -0.448743
3.233409 3.548700 -1.625533
4.467408 1.386618 -1.743953
3.595746 -0.610071 -0.659555
0.177215 1.641224 0.693243
1.077076 3.633893 -0.374896
-2.037664 0.062345 0.100358
-2.981675 0.091362 -0.873050
-2.114585 1.121638 0.976989
-2.274066 2.401876 0.346891
-3.294979 2.540340 -0.017392
-2.058059 3.144509 1.115085
-1.571077 2.514543 -0.484376

-3.837791 0.346885 -0.442539
3.811720 -1.419225 2.126453
2.904500 -1.156271 1.879285
4.352156 -0.695605 1.786305
-5.091965 0.799775 0.649386
-5.515937 -0.028897 0.912064
-4.522580 1.022714 1.400808
2.523805 -2.207302 -0.285134
0.641361 -3.248044 -1.533210
-2.971647 -2.409272 -1.362393
-1.831916 -1.628743 -2.466244
-1.713149 -3.368420 -2.158594

PP RPRPRPRPORFRPORRPRPRROOOONRRRRREOOOOOORRERROROGJOO®

Structure: 10g (model IIT)

Charge = 0, Multiplicity =1

SCF Energy: -902.626861 hartree
SCF Energy + ZPVE: -902.264002 hartree
Enthalpy: -902.241180 hartree
Free Energy: -902.314625 hartree
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Free Energy with quasiharmonic correction:

0.257703 -1.869162 -1.534351
-1.157536 -1.842607 -0.925884
-1.176789 -0.880597 0.243530
-0.034724 -1.016349 1.220339
1.273650 -0.949011 0.542386
1.342786 -2.025847 -0.470125
0.337258 -2.686139 -2.259889
-1.852840 -1.484866 -1.690059
-1.612691 -3.243208 -0.494027
-0.082252 -0.265408 2.008989
-0.067479 -1.997661 1.708144

.358134 1.749779 -1.493649
.524054 -0.431604 -0.774364
.043329 1.477157 0.913073
.919396 3.644879 0.238225
-2.112079 0.059852 0.399204
-2.194942 0.862310 1.498882
-3.057846 0.307143 -0.562241
-4.401073 0.386224 -0.067762
-4.545460 1.280270 0.543597
-5.044608 0.436193 -0.945408
-4.642836 -0.505696 0.518442
-2.298691 1.786759 1.161821
3.777784 -1.952495 1.540732
2.884794 -1.578392 1.403736
4.357832 -1.187954 1.440078
-2.341869 3.098655 -0.010850
-1.409159 3.259994 -0.212322
-2.640406 2.525020 -0.733549
1.228249 -2.972062 0.069905
0.439650 -0.931305 -2.073572
-2.634515 -3.208818 -0.104807
-1.591332 -3.933613 -1.343195
-0.971029 -3.656611 0.290504

2.332250 -2.044058 -0.926760
2.694106 2.858792 -0.691086
3.407958 1.694308 -0.971349
2.927010 0.451978 -0.576631
1.701198 0.333255 0.103925
0.990249 1.510225 0.388064
1.490897 2.752262 -0.002107
3.073016 3.827553 -0.998260
4

3

0

0

6
6
6
6
7
6
1
1
6
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
8
8
6
1
1
1
1
8
1
1
8
1
1
1
1
1
1
1

Structure: 10h (model III)

Charge = 0, Multiplicity =1

SCF Energy: -902.624849
SCF Energy + ZPVE: -902.262848
Enthalpy: -902.239595

Free Energy: -902.315282

Free Energy with quasiharmonic correction:

hartree
hartree
hartree
hartree

-902.311181 hartree

-902.310490 hartree
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[e))

0.726075 -1.652060 -1.797369
-0.750887 -1.729970 -1.365959
-0.971554 -0.848373 -0.154344
0.067069 -0.952249 0.932852

1.441222 -0.790362 0.422144

1.683924 -1.813085 -0.617995
0.936519 -2.423037 -2.546695
-1.368247 -1.355118 -2.188188
-1.178665 -3.175059 -1.076884
-0.114606 -0.243910 1.741979

.618786 2.144549 -1.074349
.809412 -0.107873 -0.586008
.052643 1.544036 0.733869
.895625 3.787597 0.285386
-2.048464 -0.066435 -0.035131
-3.072139 -0.065850 -0.927821
-2.207463 0.802386 1.015623
-3.305183 0.464220 1.874557
-3.154327 -0.535482 2.293853
-3.314818 1.205315 2.673260
-4.252118 0.498271 1.329119
-3.504866 0.826358 -0.902707
2.508166 -2.452564 2.469733
2.293736 -1.740852 1.832266
1.816306 -2.367075 3.136970
-4.056774 2.418805 -0.629360
-4.882344 2.334363 -0.132642
-3.396579 2.629330 0.047845
1.552379 -2.786910 -0.133605
0.919303 -0.678587 -2.264752
-2.240940 -3.212938 -0.818227
-1.014328 -3.811003 -1.952619
-0.615638 -3.602316 -0.240648

0.043750 -1.957094 1.375681
2.720467 -1.765641 -0.952107
2.814103 3.133075 -0.433279
3.615097 2.018188 -0.680085
3.151265 0.736478 -0.413554
1.859693 0.527989 0.102928
1.057802 1.653553 0.345971
1.539227 2.936243 0.085161
3.179995 4.133222 -0.639231
4

3

0

0

PR RPRPRPRPRPRPRPORFRORRPRPRONOONRRRRROOOOOONNRREREORRE OGO OO

Structure: 8 (conformer I)

Charge = 0, Multiplicity =1

SCF Energy: -749.807756 hartree

SCF Energy + ZPVE: -749.494779 hartree

Enthalpy: -749.477785 hartree

Free Energy: -749.538586 hartree

Free Energy with quasiharmonic correction: -749.536175 hartree

6 0.119131 1.851168 -1.317508
6 1.525715 1.474156 -0.832107
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6 1.435186 0.394162 0.214292

6 0.427366 0.660340 1.305490
-0.903782 0.992663 0.774160
-0.836374 2.152271 -0.152057
-0.296274 1.014727 -1.893200
0.165447 2.719153 -1.983716
2.146547 1.153548 -1.671366
2.006043 2.360913 -0.396237
0.341339 -0.178034 1.996663
0.756314 1.519286 1.900331

-0.479590
-1.834784
-3.365570
-3.813410
-2.996040
-1.686166
-1.246895
.081851
-4.006706
-4.817871
-3.391514
-0.250621
-1.707665

3.
2.
-2
-0
0.

1.
-1
-3

439892 0.584959

293203 -0.566736
.229752 -0.491273
.909776 -0.546688
137060 -0.142046
.095180 0.323570

.429774 0.379766
.473989 -0.016998
.046528 -0.804897
.689110 -0.895316
146674 -0.159519
.672261 0.728835
.491936 0.040027

0.542936 3.442981 0.970175

-0.573414
-1.161512
.158914
.139899
.979260
.357752
.498277
.908292
.714840
.224527

FRPRPRPRPOOOOOORRPRRRPRRRPRROOOOOOOORORRRRERREO
|
)

N BB BDNDDNDDN

Structure:
Charge = 0
SCF Energy:

4.
3.
-0.
-1.
-1.

8 (

284200 -0.103687
603655 1.423507
725284 0.174093
647333 1.188816
046720 -0.869533

.188009 -0.498981
.032667 0.179945
.365884 -1.422065
.269093 -0.023718
.532747 0.800522

conformer IT)

, Multiplicity =1

-749.806653 hartree

SCF Energy + ZPVE: -749.494270 hartree

Enthalpy:

Free Energy:

Free Energy with quasiharmonic correction:

6 -0.971152
6 -2.039611
6 -1.894332
6 -0.511697

2.
1.
0.
-0

-749.477046 hartree
-749.538747 hartree

332230 0.728406
825312 -0.244769
336380 -0.380968
.156319 -0.704945

7 0.474639 0.390183 0.239074
6 0.434593 1.871778 0.335952

-1.196697
-0.979388
-1.897192
-3.037504

1.
3.
2.
2.

953649 1.731325
425877 0.775139
300152 -1.224891
096570 0.105000

-749.535972 hartree
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-0.485490 -1.244604 -0.634277
-0.255633 0.109648 -1.745487
.940941 2.552321 -0.938240
.099474 2.156958 1.153197
.371723 -1.276130 0.031774
.395834 -1.664170 -0.878244
.115085 -1.111977 -0.839211
.771807 -0.157975 0.132999
.768050 0.221955 1.054531
.042380 -0.324958 0.998856
.367501 -1.704579 -0.006138
.625909 -2.399927 -1.643079
.392983 -1.429507 -1.580880
.535319 0.934610 1.838089
.783075 -0.011424 1.728342
.959722 2.225370 -1.167729
.311106 2.330765 -1.804245
.954784 3.637541 -0.801943
-2.902876 -0.515185 -0.187162
-4.143533 -0.108419 0.225299
-2.789429 -1.863731 -0.382257
-2.920039 -2.623043 0.828491
-2.152629 -2.313838 1.545164
-3.911627 -2.490181 1.268751
-2.776769 -3.668212 0.556696
-4.799948 -0.724270 -0.135696

OO B NEFEF WO BSNEDNDWDRPEPO

PR PRPOOOONRRERRRPRREREOOOOONONRE O -

Structure: 8 (conformer III)

Charge = 0, Multiplicity =1

SCF Energy: -749.804493
SCF Energy + ZPVE: -749.492591
Enthalpy: -749.475378
Free Energy: -749.536957

Free Energy with quasiharmonic correction:

-1.282545 2.555482 1.233082
-0.687923 2.295834 -0.830257
-4.212776 -1.411612 -0.240983
-4.004396 -0.150025 -0.790935
-2.773189 0.490284 -0.652209
-1.735157 -0.118298 0.062520

6 1.057707 2.407270 0.402245

6 2.043787 1.810709 -0.604942
6 1.882414 0.319170 -0.600438
6 0.471058 -0.144579 -0.790346
7 -0.433621 0.461376 0.219123
6 -0.381918 1.936345 0.169680
1 1.072825 3.500650 0.348989

1 1.356183 2.119702 1.418023

1 3.068086 2.108619 -0.371637
1 1.803260 2.197584 -1.605456
1 0.123288 0.137959 -1.801862
1 0.401745 -1.229880 -0.707118
6

1

6

6

6

6

hartree
hartree
hartree
hartree

-749.534265 hartree
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HFRPPRPPONOOORRRRERERERERFEOO
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-0.
.877852
.148144
.719679
.762576
.951099
.630463
.723835
.761660

.952915
.176179
.171744
.801216
.629263
.146965
.323896
.178140
.337602
980840

Structure:

Charge = 0
SCF Energy:
SCF Energy + ZPVE:
Enthalpy:
Free Energy:

NP ORFWWERE WEREORFRREDNDDN

PFrRrPEPrPRPFRPOOOODOHOOOOHFOOR PR RERPRERREOIOO OO

.226692
.736531
.616282
.024172
.436005
.484313
.067304
.578205
.130569
.559054
.812114
.266367
.007550
.230640

.418969
.404668
.121181
.830056
.871421
.138836
.411122
.597867
.355905
.673562
.916654

-1.388923 0.609996
-2.031791 0.456638
-1.906854 -0.352599
0.342371 -1.339868
1.469098 -1.097897
-1.864375 1.162260
-3.014959 0.892560

3.

2.

2.
-0.
-0.
-1.
.495714
.097382
.567445
.304667
.830394

643624
315541
204345
537004
129448
895162

1.209954
1.092283
2.225104
-0.368342
-0.063546
-0.407759
0.894734
1.512800
0.750029
1.379556
-0.332481

8 (conformer 1IV)

4

Multiplicity = 1
-749.805214 hartree
-749.492327 hartree
-749.475550 hartree
-749.534504 hartree
Free Energy with quasiharmonic correction:

1.166930 0.834006
-0.187023 0.309837
-0.879824 -0.415023
-0.055320 -1.524328
1.187883 -0.972860
1.952989 -0.263042
1.778555 1.180726
0.994589 1.698261
-0.794174 1.127757
-0.003456 -0.395446
0.240753 -2.227669
-0.604352 -2.080166
3.321702 0.208924
2.138499 -1.048875

O OO OO oo

.408972
.840424
.097928
.952527
.527873
.251286
.202000
.967548
.405307
.426385

0.632990
1.479444
0.991473
-0.371710
-1.218867
-0.725785
1.019990
2.540399
1.690687
-2.281958

-0.075864 -1.409085
1 1.878622 3.933515 0.458980

-749.533371 hartree
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.452239 3.829717 -0.584260
.373160 3.274325 1.095936
.047543 -2.012479 0.001365
.440386 -2.665379 1.138567
.015109 -2.608631 -0.668269
-1.181000 -2.716565 0.119136
-1.404448 -1.757807 0.599863
-1.982316 -2.980190 -0.571068
-1.080191 -3.496874 0.878372
1.316092 -3.618108 1.004684

O PP OO

1
1
6
8
8
6
1
1
1
1

Structure: 9 (conformer I)

Charge = 0, Multiplicity =1

SCF Energy: -749.811845
SCF Energy + ZPVE: -749.498260
Enthalpy: -749.481625
Free Energy: -749.540761

Free Energy with quasiharmonic correction:

.658389 2.240261 -0.504298
.936069 1.404076 -0.306675
.626070 0.083778 0.355551
.786505 0.224901 1.598506
-0.468796 0.941184 1.306101
-0.132794 2.282985 0.807414
.033114 1.738962 -1.255928
.987814 3.649201 -0.980615
.614305 1.979987 0.342496
.449008 1.292877 -1.268394
.582367 -0.730086 2.078004
.319348 0.839958 2.333096
-1.032016 2.890738 0.700109
-3.484645 -1.208533 -0.776509
-2.424113 -1.876219 -0.171565
-1.416332 -1.178864 0.489456
.440977 0.226401 0.577332
-2.517593 0.890712 -0.043430
-3.516215 0.182464 -0.702543
-4.264251 -1.755590 -1.295365
-2.364300 -2.960147 -0.215046
-0.607130 -1.745256 0.932585
-2.589950 1.970956 -0.009927
-4.329357 0.733872 -1.165197
.998954 -1.111157 -0.116187
.693168 -1.359373 -1.263268
.761128 -2.262633 0.570017
.269878 -3.347779 -0.228370
.455153 -3.010925 -0.877224
.068402 -3.781959 -0.833047
.895256 -4.091825 0.474563
.726196 -0.558711 -1.804861
.478914 2.767816 1.578156
.586718 4.177730 -0.230196

[oN - )

FRPRPRPRPRPRPOOONFRREFREREAOONOOOR R EREROR OG-0 0O
|
—

RPoOoONONOREFEDNR

hartree
hartree
hartree
hartree

-749.539211 hartree
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1 1.561779 3.625561 -1.911936
1 0.077592 4.230437 -1.156988

Structure: 9 (conformer II)

Charge = 0, Multiplicity =1

SCF Energy: -749.810929 hartree

SCF Energy + ZPVE: -749.497693 hartree

Enthalpy: -749.480948 hartree

Free Energy: -749.540489 hartree

Free Energy with quasiharmonic correction: -749.538725 hartree

-0.510624 -2.458084 0.560306
-1.877419 -1.862163 0.170876
-1.685685 -0.506624 -0.460822
-0.737531 -0.544373 -1.630888
0.583529 -1.054834 -1.226959
0.433847 -2.401285 -0.652959
-0.649998 -3.520170 0.797046
0.051279 -1.755077 1.795590
-2.537669 -1.839267 1.044351
-2.353454 -2.525365 -0.565089
-1.117778 -1.252785 -2.377389
-0.637157 0.418634 -2.128425
.023781 -3.038185 -1.445517
.317791 1.637322 0.587834
.100867 2.091858 0.091692
.184825 1.215688 -0.487933
.463692 -0.159748 -0.594178
.707396 -0.605822 -0.100959
.608492 0.277129 0.479599
.024425 2.322016 1.044019
.842359 3.145128 0.157919
.246703 1.616675 -0.848742
.983702 -1.650611 -0.1818981
.555691 -0.107318 0.846282
-2.212354 0.628399 0.010856
-2.970225 0.763466 1.138147
-2.100732 1.809587 -0.655806
-1.817656 2.947749 0.169380
-0.999978 2.727999 0.863347
-1.517084 3.743811 -0.511762
-2.703153 3.255717 0.728292
-2.815078 0.008744 1.723524
1.409118 -2.811709 -0.391459
0.096867 -0.670657 1.649517
-0.590315 -1.947433 2.661818
1 1.060455 -2.105628 2.033865

PP RPRPRPRPRPRPOOOOIRRPRRRROOOODOOORRERRROR OO O®
DN OR S WNERERENDWO
W wWwNN - O

Structure: 9 (conformer III)

Charge = 0, Multiplicity =1

SCF Energy: -749.807527 hartree
SCF Energy + ZPVE: -749.495443 hartree
Enthalpy: -749.478162 hartree
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Free Energy: -749.540105 hartree
Free Energy with quasiharmonic correction: -749.537319 hartree

-1.143652 2.184151 0.491158
-2.097740 1.489230 -0.489232
-1.773318 0.024977 -0.553150
-0.331259 -0.287767 -0.821470
0.535843 0.386495 0.171716
0.305196 1.831147 0.155229
-1.354352 1.803818 1.498890
-1.333183 3.696445 0.472720
-1.947129 1.938682 -1.483155
-3.137931 1.662343 -0.202091
-0.161431 -1.362158 -0.786172
-0.056862 0.066090 -1.831921
0.964086 2.297690 0.893114
4.570473 -0.903648 -0.025212
3.527627 -1.813175 0.162298
2.211316 -1.377737 0.219035
1.892562 -0.014328 0.079097
2.944905 0.891854 -0.112852
4.266834 0.446000 -0.156454
5.599428 -1.244984 -0.063506
3.742026 -2.871176 0.278378
1.417033 -2.096415 0.396960
2.746555 1.949523 -0.236127
5.061641 1.170880 -0.304469
-2.662076 -0.940911 -0.317392
-3.951993 -0.683723 0.058965
-2.365442 -2.272012 -0.424675
-2.261301 -2.921219 0.850961
-1.454908 -2.464186 1.434024
-3.202795 -2.847990 1.402206
-2.032338 -3.967686 0.652307
-4.499505 -1.436793 -0.211488
0.555949 2.261965 -0.832910
-1.115531 4.098914 -0.522916
-2.364011 3.962378 0.724390
-0.669640 4.189409 1.189737

FREFPRPRPRPRPRPRPRPOOONRRPRRRROOODOOOOORRRRROAROJOOO®O®

Structure: 9 (conformer IV)

Charge = 0, Multiplicity =1

SCF Energy: -749.806385 hartree

SCF Energy + ZPVE: -749.494224 hartree

Enthalpy: -749.477012 hartree

Free Energy: -749.538124 hartree

Free Energy with quasiharmonic correction: -749.536127 hartree

6 -1.117193 -2.338197 0.204165
6 -2.028827 -1.629374 -0.813310
6 -1.739526 -0.156789 -0.769597
6 -0.297025 0.197849 -0.976700
7 0.547274 -0.498372 0.021759
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6 0.342756 -1.946414 -0.049359
-1.180133 -3.419528 0.035481
-1.556352 -2.042968 1.636639
-3.080046 -1.842335 -0.604017
-1.800420 -2.011146 -1.817971
0.020275 -0.111234 -1.989258
-0.151776 1.273269 -0.893552

-4.486057 1.216400 -0.260139
0.973991 -2.422571 0.706357

-2.565522 -2.427088 1.814660
-0.881866 -2.511481 2.360063
-1.569089 -0.966662 1.832395

1

6

1

1

1

1

1 0.653522 -2.335562 -1.036046
6 4.558166 0.874915 0.065460

6 4.289330 -0.476858 -0.111364
6 2.976418 -0.949255 -0.147841
6 1.896356 -0.068526 0.008297
6 2.179953 1.297537 0.194766

6 3.488233 1.759254 0.217536

1 5.580474 1.236883 0.089439

1 5.105299 -1.182858 -0.233373
1 2.806996 -2.007346 -0.305323
1 1.363671 1.997180 0.347251

1 3.674303 2.818222 0.368567

6 -2.642574 0.765815 -0.436004
8 -3.923269 0.449026 -0.074573
8 -2.371418 2.106691 -0.416714
6 -2.238780 2.622099 0.916103
1 -3.160956 2.470616 1.483962
1 -1.405798 2.125124 1.424869
1 -2.035891 3.688462 0.821872
1

1

1

1

1

Structure: 10 (conformer I)

Charge = 0, Multiplicity =1

SCF Energy: -749.809226 hartree
SCF Energy + ZPVE: -749.495601 hartree
Enthalpy: -749.478822 hartree
Free Energy: -749.538911 hartree
Free Energy with quasiharmonic correction: -749.536529 hartree
6 0.745182 -2.166634 -0.879411

6 1.926499 -1.188520 -0.704327

6 1.491772 -0.023534 0.166580

6 0.745286 -0.413814 1.417732

7 -0.430056 -1.244758 1.101750

6 0.046530 -2.474090 0.446106

1 1.101543 -3.097316 -1.334380

1 0.009662 -1.726706 -1.563425

6 3.157630 -1.891206 -0.116479

1 2.200763 -0.838339 -1.706942

1 1.383874 -1.030273 2.060436

1 0.456808 0.451922 2.010263

1 -0.774208 -3.176209 0.301782
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6 -3.772222 0.720769 -0.634285

6 -2.767166 1.449051 -0.004874

6 -1.653930 0.816633 0.542344

6 -1.512559 -0.583402 0.486777

6 -2.534704 -1.308617 -0.156758

6 -3.639865 -0.664656 -0.701900

1 -4.634593 1.218325 -1.064459

1 -2.835597 2.531357 0.060288

1 -0.893383 1.429658 1.009442

1 -2.479124 -2.388008 -0.229232

1 -4.406513 -1.261701 -1.186773

6 1.728908 1.259020 -0.131884

8 2.352262 1.740363 -1.244940

8 1.400181 2.271553 0.717356

6 0.771873 3.399069 0.092947

1 0.365494 4.003143 0.903976

1 1.495567 3.985796 -0.476080

1 -0.039409 3.072199 -0.565519

1 2.483193 1.025039 -1.882727

1 0.741343 -2.953822 1.142739

1 3.995053 -1.192402 -0.035678

1 2.955609 -2.288984 0.883040

1 3.465363 -2.726133 -0.753743
Structure: 10 (conformer II)

Charge = 0, Multiplicity =1

SCF Energy: -749.806661 hartree
SCF Energy + ZPVE: -749.493315 hartree
Enthalpy: -749.476605 hartree

Free Energy:

Free Energy with quasiharmonic correction:

-0.333671
-3.632976
-2.487622
-1.602819
-1.850216
-3.015225
-3.884317
-4.313603
-2.262166

P RPOODODOOOOOF P RERPREPOR OO OO

2

0
0

-749.536415 hartree

0.175958 2.262514 -0.600469
1.523699 1.631233 -0.204794
1.263667 0.323341 0.521603
0.262621 0.470082 1.647805
-1.019977 1.018105 1.179705
-0.777773 2.343730 0.589320
-0.285528 1.661957 -1.396164
0.348695 3.267000 -1.002821
2.469441 1.600167 -1.401423
1.963906 2.304184 0.549669
0.097067 -0.465867 2.178472
0.648548 1.188952 2.380457

.967091 1.373407
1.575987 -0.937100
2.073761 -0.325032
1.232544 0.346973
.149461 0.439846
.641361 -0.182072
0.207148 -0.856415
2.235705 -1.464284
3.135056 -0.374167

-749.534356 hartree
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-0.715961 -1.668634 0.789750
-3.261620 1.694836 -0.124109
-4.773025 0.212182 -1.318631
.816759 -0.867007 0.270811
.629098 -1.939300 1.108705
.605494 -1.151241 -0.803772
.948758 -1.512132 -0.456544
.489156 -1.630417 -1.395277
.971985 -2.451839 0.101277
.408540 -0.717805 0.140170
.620130 -2.744697 0.567317
-1.718099 2.816612 0.309082
2.587539 2.617986 -1.786418
2.072883 0.976239 -2.206850
3.458603 1.220714 -1.133345

s W W N R e

1
1
1
6
8
8
6
1
1
1
1
1
1
1
1

Structure: 10 (conformer III)

Charge = 0, Multiplicity =1

SCF Energy: -749.805031 hartree

SCF Energy + ZPVE: -749.492455 hartree

Enthalpy: -749.475261 hartree

Free Energy: -749.536443 hartree

Free Energy with quasiharmonic correction: -749.534333 hartree

.770106 -2.446805 -0.510372
.954372 -1.679619 0.098704
.685941 -0.200101 -0.045197
.317313 0.283527 0.349865
-0.729953 -0.491198 -0.326660
-0.575193 -1.925993 -0.022375
.848118 -3.511873 -0.266392
.801399 -2.352560 -1.601402
.193324 -2.060998 1.565249
.856743 -1.931349 -0.466125
.196867 0.202279 1.446513
.210308 1.336321 0.085970
-1.373562 -2.485897 -0.509038
-4.700677 0.929731 0.128108
.656209 1.561221 0.792049
-2.344318 1.100120 0.671212
-2.047440 -0.008205 -0.135827
-3.111696 -0.633230 -0.812842
-4.414086 -0.174138 -0.677468
-5.718847 1.290150 0.228810
-3.854119 2.421920 1.423827
-1.562425 1.612457 1.217800
-2.908916 -1.472269 -1.470268
-5.211385 -0.676728 -1.216521
2.625053 0.654761 -0.455371
3.923592 0.271075 -0.658132
2.389248 1.980555 -0.691354
3
4

[N N )

.031531 2.846590 0.255039
.117275 2.723702 0.222089

RPoyooooHRLrRPrRERPEEREFRPRPODOOODOOREREPORREFEODJOODOO®™
|
w

NN PP OO
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1 2.768950 3.865632 -0.026829
1 2.665770 2.631494 1.264093

1 4.309856 0.851473 -1.332397
1 -0.680561 -2.086302 1.064206
1 1.333835 -1.809773 2.194468
1 2.375963 -3.136203 1.659214
1 3.063559 -1.528306 1.959853

Structure: 10 (conformer IV)

Charge = 0, Multiplicity =1

SCF Energy: -749.803408 hartree

SCF Energy + ZPVE: -749.490820 hartree

Enthalpy: -749.473819 hartree

Free Energy: -749.534234 hartree

Free Energy with quasiharmonic correction: -749.532495 hartree

-1.108148 -2.230169 -0.666266
-2.062699 -1.594835 0.357303
-1.682295 -0.135990 0.482326
-0.226123 0.060216 0.811065
0.633790 -0.549183 -0.227857
0.357213 -1.980989 -0.331139
-1.330463 -1.819544 -1.658984
-1.279244 -3.311426 -0.707874
-3.512370 -1.924498 0.018413
-1.828916 -2.054074 1.331434
0.007428 1.118061 0.900209
-0.002487 -0.418263 1.781937
.608127 -2.498641 0.612387
.701505 0.604396 0.078262
.359451 -0.742396 0.087538
.025333 -1.144697 0.006406
.999329 -0.195271 -0.099403
.356740 1.165884 -0.117124
.685008 1.556476 -0.024592
.739756 0.911546 0.145038
.133241 -1.499987 0.167916
.796617 -2.203114 0.032630
.583211 1.920348 -0.227640
.929644 2.614082 -0.045667

WEDNOUUWNDE WSSO

-2.456553 0.934581 0.280685

-3.752138 0.890927 -0.148120
-2.002057 2.212770 0.485257

-1.750102 2.914293 -0.740202
-1.384579 3.903467 -0.465886
-2.666949 3.010526 -1.328624
-0.991972 2.382822 -1.324825

-4.188959 1.702523 0.153552
0.988013 -2.405311 -1.116474
-4.207653 -1.506634 0.749476
-3.638656 -3.011524 0.008108
-3.786873 -1.542164 -0.968449

FRPPRPRPRPRPRRPRPODOOORRRRROOOOOOORRRROOR RO JOOO O
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Structure: 5a

Charge = 0, Multiplicity =1

SCF Energy: -749.850943 hartree
SCF Energy + ZPVE: -749.537066 hartree
Enthalpy: -749.520360 hartree
Free Energy: -749.580833 hartree

Free Energy with quasiharmonic correction:

-0.724233 0.410638 -0.407976
0.386536 -0.450087 -0.007451
1.715677 0.133204 -0.478123
1.919150 1.553729 0.062901
0.718576 2.407549 -0.335362
-0.609571 1.796908 0.114661
-4.608829 -1.255490 -0.059735
-3.512185 -1.931330 0.462124
-2.228410 -1.392057 0.373626
-2.011710 -0.158711 -0.259089
-3.128325 0.514671 -0.788607
-4.403325 -0.024376 -0.684831
-0.805777 1.869565 1.630804
2.847784 -0.781600 -0.080961
4.038154 -0.297426 -0.453039
2.724236 -1.840512 0.503493
5.172031 -1.110194 -0.117470
0.246652 -1.430603 -0.468536
0.429514 -0.608789 1.082152
1.719007 0.179720 -1.575228
2.841211 1.982508 -0.336387
2.021559 1.511796 1.154006
0.705231 2.511884 -1.426325
0.806009 3.411649 0.090704
-1.406020 2.379056 -0.353379
-5.605554 -1.676970 0.014832
-3.647278 -2.888382 0.957034
-1.402382 -1.939331 0.811559

wbh - P o

-2.990262 1.457572 -1.307386
-5.243070 0.517545 -1.109130
-1.771500 1.439519 1.913467
-0.023530 1.335064 2.176812

7
6
6
6
6
6
6
6
6
6
6
6
6
6
8
8
6
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 -0.789958 2.913085 1.957974

1 6.041814 -0.570665 -0.486337

1 5.235300 -1.241617 0.964039

1 5.094037 -2.084687 -0.602599
Structure: epi-5a

Charge = 0, Multiplicity =1

SCF Energy: -749.852861 hartree
SCF Energy + ZPVE: -749.538377 hartree
Enthalpy: -749.522151 hartree
Free Energy: -749.580324 hartree

Free Energy with quasiharmonic correction:

-749.578430 hartree

-749.578937 hartree
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7 0.806578 -0.987441 -0.707206
6 1.162533 0.229990 -1.445076

6 1.440710 1.421828 -0.509133

6 2.540026 1.060214 0.492354

6 2.218990 -0.249528 1.221605

6 1.861888 -1.384364 0.246466

6 -3.274273 -1.354798 0.410633
6 -2.274740 -1.540804 1.358202
6 -0.926883 -1.403707 1.021207
6 -0.542564 -1.085143 -0.291184
6 -1.565683 -0.912074 -1.245275
6 -2.903093 -1.036665 -0.897641
6 3.094766 -1.893722 -0.500594
6 0.170801 1.862490 0.191764

8 -0.823854 2.091965 -0.673106
8 0.037188 2.009056 1.391325

6 -2.101785 2.371664 -0.087201
1 0.375297 0.479357 -2.154281

1 2.067860 0.036951 -2.026292

1 1.752037 2.270080 -1.131045

1 2.673449 1.869124 1.215926

1 3.479759 0.965418 -0.061967

1 1.381791 -0.075706 1.903891

1 3.074232 -0.557914 1.831852

1 1.467658 -2.230842 0.814509

1 -4.319952 -1.457747 0.679931
1 -2.534641 -1.788091 2.383115
1 -0.184466 -1.542066 1.797703
1 -1.304239 -0.695960 -2.276066
1 -3.662476 -0.898889 -1.661569
1 3.612734 -1.103568 -1.050299
1 2.819479 -2.679605 -1.208387
1 3.803390 -2.312503 0.219275

1 -2.805279 2.420237 -0.916296
1 -2.378770 1.569629 0.601690

1 -2.074731 3.323733 0.446225
Structure: 5a°H:0

Charge = 0, Multiplicity =1
SCF Energy: -826.265330 hartree
SCF Energy + ZPVE: -825.926077 hartree
Enthalpy: -825.907127 hartree

Free Energy:
Free Energy with quasiharmonic correction:

o Oy O) O)Y OY O)Y O

-0.328163
0.311634
1.816773
2.084992
1.317105
-0.178642
-4.218218
-4.050037

-825.971520 hartree

0.506346 -0.129367
0.230071 -1.431319
0.475822 -1.356945
1.917237 -0.928029
2.249391 0.349609

1.931556 0.251231

-1.167495 -0.197690

0.178185 -0.515931

-825.969367 hartree
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-2.781640
-1.670865
-1.841703
-3.107846
-0.846047

0
2.239668
1.752641
3.156145
1.428489
1.728563
-0.618359
-5.207625
-4.908835
-2.660705
-0.967326
-3.227912
-0.615331
-1.931520
-0.455313

2

3.750366
2.436766
0.458011
0.847513
1.782079

PO RHRrHRKHRKFHRRrRLRRARRARPRARPEFRPREPRPRPRPRPRPEPERPPERPERREOOWWODWOO O O OO

0.

756037 -0.496513

-0.011628 -0.137688
-1.362496 0.177797
-1.938323 0.144526

2.
2.487135 -0.
2.060895 -1.
3.339761 -0.
2.669690 -2.
-0.117509 O.

.102473 -0.

213587 1.592270
516373 -0.426299
766287 -0.621537
238056 0.396458
773020 0.201173
881306 -2.209579
804393 -1.706251

0.285023 -2.350992
.575380 -1.738295
.081954 -0.786975
3.311067 0.589838
.678549 1.191545

2
2

1

2.

572725 -0.532270

-1.612590 -0.215130

0.
1.

784096 -0.787102
803843 -0.753655

-1.949382 0.448244
-2.987667 0.394424

3.
2.
1.
.233036 -3.
2.

236102 1.902717
107596 1.556814
526372 2.349442
716696 -0.119227

780793 0.051256
.581638 1.249612
.353099 1.362728
.767333 2.166760
.524093 2.117820

Structure: epi-5a°*H20

Charge = 0
SCF Energy:

SCF Energy + ZPVE:

Enthalpy:

4

Free Energy:

Multiplicity =1
-826.264400 hartree
-825.924987 hartree
-825.905843 hartree
-825.970800 hartree
Free Energy with quasiharmonic correction:

7 0.313418 0.426807 -0.045660

.278194
.589207
.291195
.653840
.350082
.649267

O O)Y O)Y O)Y OO OO O)Y O)Y O)Y OO OY O
S wWMhNhEFENWDO

-0.393207 0.438040 -1.331360
-1.889885 0.661408 -1.103621
-2.129620 1.969158 -0.348790
-1.307854 2.000013 0.940812

.176598 1.713514 0.700014

1.
0.
0.
0.
0.
0.
.900662 2.871363 0.012554

071835 -0.075087
875687 1.122728
381672 1.117198
060671 -0.091703
252848 -1.290143
761874 -1.275671

-825.968612 hartree
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6 -2.522250 -0.512333 -0.378173
8 -2.105930 -1.690604 -0.846714
8 —-3.343736 -0.419554 0.515280
6 —-2.679227 -2.850563 -0.224604
1 -0.228811 -0.521629 -1.823433
1 -0.021247 1.224355 -2.003488
1 -2.375171 0.694743 -2.086880
1 -3.192433 2.086464 -0.123821
1 -1.841568 2.797223 -1.004478
1 -1.695495 1.248324 1.636191

1 -1.401434 2.975025 1.428475

1 0.644353 1.550836 1.674931

1 5.289509 -1.464330 -0.069020
1 4.060620 -1.122124 2.068977

1 1.752064 -0.262873 2.052219

1 1.891113 -0.002906 -2.239702
1 4.170723 -0.905531 -2.216943
1 0.866142 3.755199 0.655455

1 1.951024 2.621777 -0.165270

1 0.445349 3.137006 -0.945347

1 -3.765504 -2.835613 -0.325117
1 -2.258780 -3.704107 -0.752247
1 -2.399517 -2.878400 0.829670
1 -0.444406 -0.751925 1.267997
8 -0.767418 -1.254509 2.046728
1 -1.705800 -1.027926 2.094189
Structure: 5a'°*H20

Charge = 0, Multiplicity =1
SCF Energy: -826.258749 hartree
SCF Energy + ZPVE: -825.920643 hartree
Enthalpy: -825.901065 hartree

Free Energy:

Free Energy with quasiharmonic correction:

= Oy O CO O O OY OY O)Y O) O O) O)Y O)Y O O O) I

.992157 -0.64057
.059892 0.377844
.039757 1.807030
.192852 1.998208
.210796 0.903880
.126436 -0.49164

.967573 -1.604611
.107904 -1.021307
.802853 -0.673495
.327143 -0.938568
.196842 -1.546370
.503738 -1.858889

-825.967113 hartree

0 -0.405576
-1.464472
-0.896560
0.092535
1.165926

2 0.534004
0.777079
1.701107
1.345110
0.055902
-0.865128
-0.514815

-2.207100 -1.635920 1.535654
0.300312 2.
1.321906 1.
0.459394 2.
2.631899 1.
-2.003325 0.236788 -2.003614

127011 -0.263034
801620 -1.062208
635494 0.829687
979547 -0.507202

-825.964656 hartree
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-0.242945 0.224286 -2.169905
-1.144931 2.502842 -1.738303
-3.126738 1.956632 -0.479315
-2.135522 2.987530 0.553923
-3.140935 0.966350 1.740679

-1.389692 1.060693 1.871829
-3.004676 -0.587192 -0.121887
3.983991 -1.861007 1.056492
2.451360 -0.813639 2.709800
0.171415 -0.190845 2.079672
0.825167 -1.779844 -1.859154
3.156583 -2.322508 -1.247749
-2.084471 -2.592590 1.018797
-1.458227 -1.567791 2.326679
-3.193300 -1.624933 2.006976
2.714417 1.432665 0.434694
3.323158 1.575598 -1.244434
2.831158 3.039560 -0.338163
-1.454159 -2.184401 -1.260859
-1.672524 -3.045529 -1.687308
-1.012015 -3.643180 -1.315125

e I N = = T N e e e N N e s e =

Structure: epi-5a’'°*H20

Charge = 0, Multiplicity =1

SCF Energy: -826.260667
SCF Energy + ZPVE: -825.922288
Enthalpy: -825.902669
Free Energy: -825.968826

Free Energy with quasiharmonic correction:

.894523 -0.796840 -0.076729
.151240 0.063067 -1.2453893
.185015 1.556061 -0.878587
.238651 1.805182 0.202740
.026354 0.882562 1.408112
.888067 -0.595089 1.003054
-3.203836 -1.327219 0.892565
-2.325695 -0.845169 1.856025
-0.975993 -0.642357 1.559632
-0.477587 -0.936584 0.284629
-1.368137 -1.446490 -0.677635
.711926 -1.626073 -0.379804
3.230862 -1.199145 0.590615
-0.186471 2.039633 -0.447814
-1.134402 1.701293 -1.328465
-0.429366 2.669281 0.563214
-2.482023 1.986295 -0.930957
.399112 -0.131746 -2.008946
.122267 -0.209667 -1.668870
.430218 2.116839 -1.788862
.212201 2.850078 0.523201
.223040 1.628111 -0.243245
.128696 1.204944 1.942703

PR R RPRPPRPOODOORANNDNRNNO0N OO ]
[
N
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hartree
hartree
hartree
hartree

-825.966502 hartree
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1 2.865520 0.978263 2.104694

1 1.527855 -1.167757 1.862359

1 -4.252588 -1.475723 1.126561
1 -2.685231 -0.610959 2.853277
1 -0.324298 -0.253769 2.332962
1 -0.989356 -1.724101 -1.656642
1 -3.376183 -2.021364 -1.142123
1 3.101608 -2.234157 0.263132

1 3.711366 -0.641227 -0.217801
1 3.909864 -1.189024 1.447442

1 -2.636273 3.064203 -0.854133
1 -3.116614 1.565856 -1.708814
1 -2.692584 1.512762 0.031514

1 1.234077 -2.385517 -1.025841
8 1.356333 -3.101096 -1.685722
1 0.674009 -3.742035 -1.450753

P WwkE oN

Structure: 6a

Charge = 0, Multiplicity =1

SCF Energy: -749.855797 hartree

SCF Energy + ZPVE: -749.541464 hartree

Enthalpy: -749.525111 hartree

Free Energy: -749.584193 hartree

Free Energy with quasiharmonic correction: -749.582157 hartree

0.580302 -0.757335 1.318667
0.834134 0.632729 1.706044
1.281017 1.501703 0.512707
2.497621 0.876717 -0.176375
2.304576 -0.611556 -0.495085
1.801816 -1.339184 0.755919
-3.137918 -1.624313 -0.540717
-1.968241 -2.229845 -0.987768
-0.737498 -1.941482 -0.402009
-0.640829 -1.030769 0.665550
-1.834906 -0.437045 1.121414
-3.055178 -0.727017 0.523638
0.130220 1.722231 -0.446310
-0.882815 2.374355 0.138459
0.096545 1.375394 -1.610780
-2.050485 2.558437 -0.672709
3.601410 -1.240345 -0.989883
1.647302 0.626387 2.438099
-0.035708 1.067980 2.194338
.536110 2.492133 0.907310
.352594 0.978356 0.504994
.742239 1.429355 -1.089354
.543140 -0.700361 -1.278338
.572959 -1.267736 1.533929
.649136 -2.403741 0.563045
-4.091949 -1.847286 -1.005893
-2.000848 -2.934082 -1.813690
1 0.146923 -2.425652 -0.797190

PFrRPrRPRPRPRPPFRRPRPPRPPRPRPRPRFROOOOOOO OO OO O)O)Oo OOy o) =]
P NEPEDND W
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1 -1.817827 0.248674 1.960731

1 -3.952127 -0.246853 0.903630
1 -2.406502 1.594413 -1.042642
1 -2.794762 3.014355 -0.022513
1 -1.825171 3.216777 -1.513929
1 3.455917 -2.293300 -1.250880
1 3.977784 -0.719845 -1.875639
1 4.374390 -1.187777 -0.21459¢6

Structure: epi-6a

Charge = 0, Multiplicity =1

SCF Energy: -749.852674 hartree

SCF Energy + ZPVE: -749.538484 hartree

Enthalpy: -749.521864 hartree

Free Energy: -749.582340 hartree

Free Energy with quasiharmonic correction: -749.579671 hartree

-0.749312 0.432216 1.191342
0.626728 -0.052216 1.162944
1.274743 0.178514 -0.219467
1.231825 1.665832 -0.568544
-0.189229 2.226150 -0.446029
-0.756905 1.880382 0.933439
-3.725357 -1.928204 -0.709663
-3.993516 -0.622957 -0.301203
-3.012672 0.157002 0.298687
-1.713660 -0.344292 0.5149%44
-1.451666 -1.661134 0.090841
-2.446007 -2.433779 -0.504540
2.679876 -0.364183 -0.230643
2.700066 -1.685423 -0.008333
3.690213 0.287877 -0.405538
3.999422 -2.293476 0.016465
-0.209744 3.732797 -0.673188
0.670753 -1.099465 1.459673
1.189539 0.516953 1.910677
0.708901 -0.400922 -0.960508
1.622527 1.830445 -1.578267
1.888090 2.209577 0.125193
-0.824794 1.738606 -1.199282
-1.760250 2.288339 1.055728
-0.132808 2.347572 1.705012
-4.493857 -2.532819 -1.178701
-4.982781 -0.199243 -0.446071
-3.272718 1.159851 0.614026
-0.467204 -2.097643 0.208458
-2.202651 -3.444684 -0.817585
4.497625 -2.157264 -0.944974
4.606046 -1.854961 0.810665
3.827876 -3.350468 0.208958
0.391685 4.243130 0.087581
0.202760 3.987576 -1.653921
-1.228810 4.127645 -0.619351

PR RPRPRPRPRPRRRPRPRPRPRRRRRPRPOOOORRNNOGOO O GO OO O ]
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Structure: 6a-Hy0

Charge = 0, Multiplicity =1

SCF Energy: -826.261186 hartree

SCF Energy + ZPVE: -825.923037 hartree

Enthalpy: -825.903370 hartree

Free Energy: -825.969821 hartree

Free Energy with quasiharmonic correction: -825.967145 hartree

-0.443491 -1.198826 0.268184
-0.803975 -0.517831 1.521215
-1.444657 0.857944 1.269939
-2.676844 0.707399 0.375128
-2.358860 -0.052438 -0.918371
-1.622080 -1.357597 -0.591775
3.306062 -0.184531 -1.433332
3.196430 -0.565215 -0.094095
1.961540 -0.888924 0.450476
0.790857 -0.819864 -0.327262
0.907559 -0.445239 -1.671595
2.156921 -0.137154 -2.213900
-0.436994 1.822522 0.674385
0.698526 1.860509 1.379490
-0.610133 2.499824 -0.319888
1.760543 2.630445 0.800280
0.071064 -0.428130 2.163416
-1.535629 -1.146836 2.039668
.727288 1.277040 2.243444
-3.101308 1.688300 0.139823
-3.434737 0.148133 0.938840
-1.705775 0.579740 -1.530004
-3.628245 -0.355563 -1.705792
-1.326795 -1.881221 -1.505447
.272819 0.062499 -1.858753
.083071 -0.626550 0.529412
.898319 -1.222484 1.481727
.031802 -0.391172 -2.307495
.219299 0.149623 -3.259130
.960980 2.280289 -0.215571
.495204 3.689085 0.780740
.627793 2.467203 1.437272
.030948 -2.805030 1.177750
.349655 -3.447926 1.843728
.270002 -3.590934 1.591256
.313509 -2.017850 -0.049987
.298252 -0.996880 -1.121991
-4.168303 0.564804 -1.946899
-3.399194 -0.870836 -2.643788

P OONRFEFREDNORF DD

EFRPRPRPRPORRPRERRRPRRPRPRPRPRRRPORRPRREREEROOO®NNNCOCG OGO O O O
[ |
NN =

Structure: 6a'*Hy0

Charge = 0, Multiplicity =1
SCF Energy: -826.265134 hartree
SCF Energy + ZPVE: -825.925971 hartree
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Enthalpy: -825.906822 hartree
Free Energy: -825.971843 hartree
Free Energy with quasiharmonic correction: -825.969553 hartree

7 0.362935 0.508572 -0.204650
-0.252219 0.096672 -1.477970
-1.769623 0.027518 -1.314149
-2.312016 1.384162 -0.861427
-1.576467 1.907875 0.376044
-0.062573 1.863086 0.162539

4.480887 -0.423670 0.044214

4.077398 0.906624 0.073992

2.726362 1.244945 -0.021222

1.761862 0.240698 -0.136956

2

3

e NN

.170599 -1.101216 -0.151622
.517407 -1.427990 -0.070594
-2.155860 -1.077274 -0.348935
-1.469508 -2.202225 -0.562113
-3.007261 -0.986222 0.515959
-1.784703 -3.305766 0.300569
0.149728 -0.869828 -1.778684
-0.010727 0.827766 -2.265315
-2.205918 -0.252427 -2.280859
.385895 1.320631 -0.663339
-2.169973 2.094749 -1.685349
-1.801730 1.245663 1.221750
-2.020347 3.324443 0.721290
.445423 2.145577 1.089970
.532738 -0.679521 0.115757
.815798 1.697172 0.165027
.434762 2.289087 -0.007862
.414631 -1.880707 -0.209721
.816168 -2.471410 -0.081282
-1.538050 -3.047945 1.331520
-2.842622 -3.559542 0.218756
-1.166038 -4.132107 -0.043365
-0.172466 -0.454766 1.345449
-0.410960 -0.880985 2.196681
-1.377295 -0.890585 2.180876
0.222592 2.590610 -0.617903
-3.098469 3.360577 0.902268
-1.512202 3.691317 1.618206
-1.793423 4.010498 -0.102208

PP R RP R ORRPRPRRPRPRPRPRPRPRRPRPOORRPRRPRPEREOAOONRNRNNNNNNN
|
w

Structure: epi-6a°*H;0

Charge = 0, Multiplicity =1

SCF Energy: -826.259085 hartree

SCF Energy + ZPVE: -825.921614 hartree

Enthalpy: -825.901429 hartree

Free Energy: -825.970357 hartree

Free Energy with quasiharmonic correction: -825.966702 hartree

7 0.702936 0.454620 0.128026
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-0.401841
-1.735140
-1.956310
-0.760496

-2.873093
-2.662904
-3.875990
-3.705604
-0.221677
-0.440448
-1.701864

-0.400441 -0.338362
0.107766 0.223734
1.573299 -0.136064
2.421747 0.294746

.756495
.054490
.346570
.945574
.422867
.399865
.011483 1.315062
.876666 1.942524 0.326909

-0.
.019785
.816322
.442497
.005080
.441023

0.523190 1.844806 -0.298795
4.499022 -1.311267 -0.494233
4.173149 -0.132531 -1.155910
2.923397 0.463028 -0.978295
1.986797 -0.118205 -0.119422
2.323663 -1.300182 0.557396
3.564538 -1.892602 0.364941

267443

-2.081852 1.657230 -1.224367
-0.669835 2.366413 1.388451
-0.933164 3.876362 -0.126060

1.385483 2.424343 0.044048
5.470951 -1.771145 -0.638569
4.890465 0.332032 -1.825294
2.687046 1.375518 -1.513630
1.609196 -1.731229 1.253070
3.809407 -2.804848 0.899842

-3.369313 -3.943888 -0.170733
-4.637737 -2.704219 0.071263
-3.849886 -2.871980 -1.521667
0.487379 0.277946 1.968033
0.302169 0.031176 2.901646
1.173077 -0.177615 3.261717
0.479562 1.919880 -1.399873
-0.085853 4.486875 0.200067
-1.008237 3.954625 -1.216251
-1.844587 4.300212 0.305115

PP R RPRPRPORRPRPRPRPRPPRPRPRPRPRRPRPOORRPRRPREROOONRNRNNNN0NNN G O
|
N

Structure: epi-6a'°*H20
Charge = O,

SCF Energy:

SCF Energy + ZPVE:

Enthalpy:

Free Energy:

o Oy OO Oy O)

Multiplicity
-826.256943 hartree
-825.918951 hartree
-825.898820 hartree
-825.968078 hartree
Free Energy with quasiharmonic correction:

=1

-0.809937 0.479826 0.755585
0.508137 -0.019742 1.149712
1.465506 -0.141504 -0.041501
1.591667 1.212209 -0.762144
0.212166 1.765445 -1.126892
-0.673783 1.804356 0.119370

-825.963486 hartree
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-3.582324 -2.222974 -0.986547
-2.331365 -2.671355 -0.578176
-1.397102 -1.794427 -0.028857
-1.700436 -0.433553 0.133451
-2.975362 0.008086 -0.267496
-3.894073 -0.873754 -0.822383
.812687 -0.631116 0.423767
.669535 -0.792173 -0.590840
.113899 -0.853667 1.580456
.982228 -1.245676 -0.228981
.404673 -0.966752 1.681816
.926817 0.701517 1.859913
.086312 -0.879565 -0.759333
.210190 1.106105 -1.658166
.095441 1.925516 -0.093918
-0.257699 1.080906 -1.847876
0.321791 3.153042 -1.747412
-1.657683 2.208173 -0.120890
-4.302657 -2.908762 -1.419144
-2.063443 -3.717422 -0.690960
-0.432325 -2.187974 0.266867
-3.264133 1.041988 -0.115882
-4.869209 -0.499752 -1.118944
5.457608 -0.528077 0.441835
4.923104 -2.220890 0.257303
5.537034 -1.319265 -1.161937
-2.008901 1.221558 2.123259
-2.717641 1.757355 2.527017
-3.512268 1.234838 2.363010
-0.225704 2.474483 0.864600
0.759819 3.858749 -1.032737
0.958992 3.135338 -2.636412
-0.661178 3.534158 -2.040030

NNRER OO DWWN

Structure: 7a

Charge = 0, Multiplicity =1

SCF Energy: -749.852817 hartree
SCF Energy + ZPVE: -749.538582 hartree
Enthalpy: -749.521995 hartree
Free Energy: -749.582291 hartree

Free Energy with quasiharmonic correction:

7
6
6
6

O O O)Y O)Y OO OO O

-0.896311 -0.628502 -1.248339
0.439163 -0.046237 -1.275876
1.175953 -0.225003 0.073694
1.279835 -1.712681 0.432712
-0.110180 -2.354237 0.347375
-0.780403 -2.074581 -0.995802
-3.949110 1.499547 0.799309
-2.706878 2.084390 0.578941
-1.686024 1.388167 -0.064343
-1.884359 0.072414 -0.523530
-3.147381 -0.508382 -0.295249

-749.579593 hartree
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-4.154440 0.194601 0.354338
.524441 0.433765 -0.053561
.444857 1.760291 0.114168
.563843 -0.132452 -0.332017
.669060 2.485740 -0.071681
.895542 -1.916724 1.813383
.394071 1.003797 -1.567903
.010247 -0.569996 -2.050116
.615293 0.305677 0.852839
.923015 -2.185895 -0.322457
-0.743162 -1.957915 1.153717
-0.025547 -3.435277 0.501631
.755741 -2.554109 -1.058616
-0.172681 -2.490894 -1.806357
-4.738111 2.044084 1.306399
-2.513410 3.097570 0.918283
-0.731198 1.883857 -0.191076
-3.360209 -1.511755 -0.643508
-5.114819 -0.288430 0.507555
3.422329 3.531500 0.098971
4.418668 2.149038 0.646491
4.041914 2.342546 -1.087352
1
1
2

P ORFORF WWwWNDN

.276833 -1.438603 2.580794
.964559 -2.982303 2.051874
.901209 -1.490770 1.871716

FRPRPRPRPRPRPRRPERERPRRPRPPRPRPRPRPEREREREREREROO OO O
|
—

Structure: epi-Ta

Charge = 0, Multiplicity =1

SCF Energy: -749.854048 hartree

SCF Energy + ZPVE: -749.539574 hartree

Enthalpy: -749.523296 hartree

Free Energy: -749.581643 hartree

Free Energy with quasiharmonic correction: -749.580126 hartree

7 0.140716 -1.319059 1.166829

6 0.915982 -0.218939 1.743821

6 1.709306 0.568856 0.676028

6 2.625479 -0.387543 -0.106822
6 1.845111 -1.599690 -0.632381
6 1.048976 -2.256320 0.496705

6 -3.539796 -0.348609 -0.716092
6 -2.716015 -1.338984 -1.241897
6 -1.498248 -1.655970 -0.645842
6 -1.064196 -0.986890 0.513256
6 -1.913317 0.003474 1.046144

6 —-3.123834 0.314546 0.437241

6 0.745723 1.360844 -0.183346

8 0.206584 2.374384 0.510984

8 0.450800 1.141064 -1.341728

6 -0.780624 3.146415 -0.184893
6 3.433655 0.306055 -1.199531

1 1.640200 -0.656364 2.437648

1 0.281051 0.449389 2.322479
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.483421
.012163
.883702
.639063
.748942
.330096
.594165
.147516

Structure:

SCF Energy:

SCF Energy + ZPVE:

Enthalpy:

Free Energy:

6
6
6
6
6
6
6
6
6
6
6
6
8
8
6

1
1
1
1
6
1
1
1
1
1
1

.320533 1.308990 1.205530
.334145 -0.766357
.546178 -2.328351 -1.
.172234 -1.286702 -1.
.746562 -2.614065
491636 -3.128134
-0.100871 -1.189739
-1.873751 -2.139424
-2.418943 -1.106769

0.643714

054311
437902

1.262583
0.151685

0.532398 1.951562
1.084970 0.879131

3.650341 -1.
2.500387 -0.

042077
522529

3.876011 0.534378
2.791056 0.650696 -2.013233
3.971562 1.171334 -0.798707
4.170616 -0.384621 -1.620209

Tae*H-0
Charge = O,

Multiplicity =1

-826.262802 hartree
-825.923486 hartree
-825.904340 hartree
-825.969430 hartree
Free Energy with quasiharmonic correction:

-0.374436 -0.557088 0.
0.348133 -0.492233 -1.
1.849550 -0.361283 -0.
2.377249 -1.537745 -0.
1.499025 -1.713134 1.156343
0.007113 -1.764344 0.832657

-4

-3.
-2.
-1.
-2.
-4.

.492528
516263
169682

0.339527 -0.
1.294209 -0.
0.979866 -0.

089502
193360
931252
092369

267954
560508
437909

772344 -0.304088 -0.035379
749776 -1.257862 0.259510
101765 -0.928955 0.146284

2.146644 0.969742 -0.263324
1.494520 1.983127 -0.837834
2.899829 1.131776 0.678845
1.713065 3.280321 -0.262533
-0.011767 0.359706 -1.
0.151473 -1.400993 -1.
2.363444 -0.334309 -1.
3.390367 -1.285049 0.235954
2.455860 -2.818529 -0.
1.666678 -0.875571 1.842218

.567628
.544939
.806327
.406358
.467935

-1.791086 1.
0.587753 -0.
2.293146 -0.
1.729192 -0.
-2.256262 0.

768610
781563
901135

922848

762693
356192
870679
633805
574209

-825.966959 hartree
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1
1
1
1
1
8
1
1
1
1
1
1

-4.850370 -1.679682 0.379487

2.774175 3.532564 -0.289203
1.349095 3.290822 0.765941
1.140590 3.972930 -0.876041
0.015673 0.781680 1.380373
0.194568 1.408221 2.114388
1.159924 1.429404 2.160019

-0.240507 -2.671530 0.258317
1.781716 -2.630807 1.682122

2.890491 -3.626240 -0.326893
1.471817 -3.152460 -1.264630
3.084424 -2.671538 -1.806440

Structure: 7a'e*H,0
Charge = 0, Multiplicity =1

SCF Energy:

SCF Energy + ZPVE:
Enthalpy:

Free Energy:

PR RFRPRPRPRPRPEPRFRPORFRRPRPRRFOOOOOOC OO O OO OO0 OO

1

.379406 -1.251065 0.070784
.059163 -0.649552 -1.087824
.689928 0.713781 -0.749810
.681608 0.600799 0.421154
.010920 -0.111929 1.608704
.318867 -1.412214 1.189516
-3.603676 0.010767 0.798748
-2.667429 0.050382 1.825477
-1.344325 -0.338207 1.606374
-0.936430 -0.786083 0.343626

-1.894693 -0.842880 -0.685177
-3.204070 -0.440916 -0.460774

0.607133 1.737335 -0.461699
-0.304540 1.789443 -1.438875
0.545248 2.445495 0.5240091
-1.442068 2.622526 -1.178605
0.362907 -0.551852 -1.919696
1.849277 -1.338678 -1.401762
2.210839 1.069388 -1.648518
2.939872 1.617097 0.736799
3.970824 -0.097307 -0.013437
1.282924 0.564139 2.065677
0.790806 -1.866474 2.031190
-4.628729 0.319238 0.974043
-2.956911 0.393122 2.814102
-0.640381 -0.286231 2.428421

-1.608854 -1.228639 -1.658940
-3.921949 -0.496484 -1.273352

-1.913070 2.325379 -0.238115
-1.140821 3.670411 -1.126210
-2.123817 2.463727 -2.011978
0.045623 -2.875550 -0.857406

-826.258738 hartree
-825.920017 hartree
-825.900467 hartree
-825.966641 hartree

Free Energy with quasiharmonic correction: -825.963860 hartree
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8 -0.155094 -3.539982 -1.548440
1 -1.115903 -3.620313 -1.506285
1 2.068675 -2.138771 0.855373

1 2.762669 -0.343083 2.371221

1 4.429586 0.423154 -0.859706

1 4.689904 -0.104708 0.810789

1 3.802097 -1.136081 -0.312989

Structure: epi-7a°*H20

Charge = 0, Multiplicity =1

SCF Energy: -826.262313 hartree

SCF Energy + ZPVE: -825.923126 hartree

Enthalpy: -825.903982 hartree

Free Energy: -825.968886 hartree

Free Energy with quasiharmonic correction: -825.966561 hartree

7 0.441615 -0.641319 -0.050907
6 -0.242606 -0.416072 -1.336196
6 -1.751429 -0.300543 -1.097276
6 -2.263512 -1.608977 -0.472707
6 -1.464824 -1.928528 0.795384
6 0.039641 -1.925503 0.534617

6 4.564770 0.294784 -0.155990

6 4.166501 -1.015443 0.084844

6 2.813141 -1.356798 0.110892

6 1.841751 -0.374519 -0.097299
6 2.246004 0.949667 -0.323990

6 3.594311 1.277751 -0.361497

6 -2.021175 0.937767 -0.261396
8 -1.417536 2.015065 -0.773739
8 -2.689735 0.995776 0.753796

6 -1.560260 3.232024 -0.025927
1 -0.052089 -1.259693 -2.017737
1 0.147109 0.489255 -1.799140

1 -2.240609 -0.132124 -2.065027
1 -2.014353 -2.382024 -1.213265
6 —-3.772328 -1.658990 -0.249180
1 -1.756724 -2.912265 1.177072
1 0.305672 -2.759567 -0.135871
1 5.618329 0.552657 -0.177158

1 4.910545 -1.788740 0.248620

1 2.525475 -2.386592 0.290022

1 1.485594 1.716638 -0.452070

1 3.889677 2.307547 -0.535942

1 -2.614304 3.496567 0.071619

1 -1.027694 3.990735 -0.595619
1 -1.111162 3.108630 0.961102

1 0.047093 0.512145 1.413224

8 -0.105227 1.043193 2.223492

1 -1.065309 1.154847 2.231520

1 0.583488 -2.059600 1.473964

1 -1.691579 -1.190868 1.573632
1 -4.076025 -2.675499 0.018408

w RN OO
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1 -4.310457 -1.375510 -1.159396
1 -4.083908 -0.989303 0.554311

Structure: epi-7a’'°*H20

Charge = 0, Multiplicity =1

SCF Energy: -826.259110
SCF Energy + ZPVE: -825.920395
Enthalpy: -825.900936
Free Energy: -825.966757

Free Energy with quasiharmonic correction:

-0.022013 -1.438729 0.027437
-0.759304 -1.048171 -1.184077
-1.760475 0.092870 -0.911671
-2.761230 -0.352558 0.166729
-2.020155 -0.818126 1.426334
-0.952398 -1.861190 1.083560
3.381549 0.892093 1.014351
2.412567 0.636480 1.978690
1.274244 -0.109762 1.672580
1.088143 -0.624324 0.382764
2.080696 -0.376659 -0.582886
3.204497 0.377213 -0.270748
-0.995447 1.358276 -0.571009
-0.176291 1.711036 -1.571348
-1.062140 1.994224 0.462097
0.702580 2.808842 -1.291171
-1.323362 -1.923395 -1.523529
-0.063851 -0.774147 -1.976206
.291207 0.299459 -1.849498
-3.255419 -1.236079 -0.262085
-3.843652 0.678855 0.471185
-2.734754 -1.264535 2.126545
-1.449713 -2.763502 0.707079
4.262057 1.476881 1.257874
2.530384 1.024684 2.985684
0.533706 -0.277735 2.445631
1.979595 -0.802048 -1.576293
3.954680 0.550260 -1.036226
1.271669 2.608827 -0.379921
0.130707 3.731350 -1.174221
1.369582 2.881454 -2.148140
0.835591 -2.893419 -0.873081
1.265556 -3.450907 -1.552828
2.199811 -3.225137 -1.465701
-0.377438 -2.154485 1.964678
-1.570884 0.045642 1.925906
-4.602824 0.244217 1.128469
-4.340544 1.005706 -0.447954
-3.430386 1.559245 0.967774
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