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1 General Experimental Details

All required fine chemicals were used directly with purification unless stated otherwise.
All air and moisture sensitive reactions were earout under nitrogen atmosphere using
standard Schlenk manifold technique. THF was thstifrom sodium/benzophenone, &H,
and was distilled from Cafi CHsCN was distilled from activated 4A molecular sigves
EtN(i-Pr), was distilled over KOHH and**C Nuclear Magnetic Resonance (NMR) spectra
were acquired at various field strengths as indit@nd were referenced to CHC1.26 and
77.0 ppm for'H and™*C respectively)*H NMR coupling constants are reported in Hertz and
refer to apparent multiplicities and not true cangplconstants. Data are reported as follows:
chemical shift, integration, multiplicity (s = siled, br s = broad singlet, d = doublet, t =
triplet, g = quartet, qi = quintet, sx = sextet, spBeptet, m = multiplet, dd = doublet of
doublets, etc.), proton assignment (determinedWRR experiments: COSY, HSQC and
HMBC) where possible. High-resolution mass speeatege obtained using a JEOL JMS-700
spectrometer or a Fissions VG Trio 2000 quadrupubess spectrometer. Spectra were
obtained using electron impact ionization (El) arfgbmical ionization (CI) techniques, or
positive electrospray (ES). Infra-red spectra wezeorded using a JASCO FT/IR 410
spectrometer or using an ATl Mattson Genesis F€FIR spectrometer as evaporated films
or liquid films. Analytical TLC: aluminum backedgikes pre-coated (0.25 mm) with Merck
Silica Gel 60 F254. Compounds were visualized byosure to UV-light or by dipping the
plates in permanganate (KMgOstain followed by heating. Flash column chromeaaphy
was performed using Merck Silica Gel 60 (40+63). All mixed solvent eluents are reported
as v/v solutions. UV/Vis spectra were obtained gisin Agilent 6453 spectrometer and 1 mm
High Precision Cell made of quartz from Hellma Aytiais.

The LEDs were bought from LEDLightZone.

All the reactions were conducted in CEM 10 mL glassrowave tubes.
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2 Starting Material Synthesis
2.1 Synthesis of Ketones

2,2a,7,7a-Tetrahydro-H-cyclobuta[alinden-1-one (S1)
H

1. CI3CCOCI, Zn dust, Et,0, 0 °C, 87%
9o, - °
2. Zn dust, NH4CI, MeOH, reflux, 88% H

S1

A solution of trichloroacetyl chloride (0.9 mL, 7rBmol, 1.5 equiv.) in dry EO (20 mL)
was added dropwise under sonication over 45 mia. golution of indene (0.6 g, 5.2 mmol,
1.0 equiv.) in dry EO (40 mL) containing zinc dust (1.0 g, 15.5 mmoQ 8quiv.), at a rate
such that the temperature did not exceed 15-2(B&@ication was continued for additional
30 min. The mixture was diluted with £t (50 mL) and filtered over a pad of Celite. The
filtrate was washed with ¥ (2 x 25 mL), NaCOssat (4 x 25 mL), and brine (2 x 25 mL).
The organic layer was dried (Mg®Q filtered, evaporated and purified by column
chromatography on silica gel (1.03 g, 87%). Thedpod was solubilised in MeOH (50 mL)
and ammonium chloride (1.88 g, 9.2 mmol, 2.0 equand zinc dust (1.2 g, 18.4 mmol, and
4.0 equiv.) were added. The reaction mixture wagdteunder reflux overnight. The mixture
was cooled to room temperature, diluted with,CH (30 mL) and filtered over Celite. The
filtrate was washed with #0 (2 x 25 mL), NaCOssa: (4 X 25 mL), and brine (2 x 25 mL).
The organic layer was dried (Mg®Q filtered, evaporated and purified by column
chromatography on silica gel eluting with petrol©OBc (9:1) to giveS1 as an oil (720 mg,
88%).*H NMR (400 MHz, CDCJ) § 7.40-7.32 (1H, m] = 6.7, 2.1 Hz), 7.32—7.20 (3H, m,

= 7.0, 3.1 Hz), 4.18-4.01 (2H, m), 3.70-3.58 (1H, &35 (1H, dJ = 16.9 Hz), 3.20-3.06
(1H, m), 2.93 (1H, dJ = 17.5 Hz);**C NMR (101 MHz, CDGJ) § 212.4, 144.6, 143.1,
127.4,127.3, 125.4, 125.1, 62.8, 55.7, 36.6, 33dla in accordance with the literatiffe.

1,1-Dimethyl-3,4-dihydronaphthalen-2(H)-one (S2)
Me, Me
o

A solution ofB-tetralone (400 mg, 2.74 mmol, 1.0 equiv.) in THR (mL) was treated with
NaH (138 mg, 5.75 mmol, 2.1 equiv., 60% dispersiomineral oil) and the mixture stirred
at room temperature for 10 min. Mel (0.5 mL, 8.2thoh 3.0 equiv.) was added and the
mixture was heated under reflux for 2 hours. Thgtune was cooled to room temperature,
diluted with NH,Clss (10 mL) and extracted with #£2 (3 x 20 mL). The combined organic
layers were dried (MgSf filtered and evaporated. Purification by coluniimomatography
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on silica gel, eluting with petrol-EtOAc (98:2),\gaS2 (270 mg, 57%) as an otk NMR
(400 MHz, CDCY4) & 7.35 (1H, dJ = 7.8 Hz), 7.30-7.24 (1H, m), 7.23-7.15 (2H, m},13
(2H, t,J = 6.9 Hz), 2.72-2.67 (2H, m), 1.44 (6H, §C NMR (101 MHz, CDGCJ) & 214.8,
143.5, 135.2, 128.1, 127.1, 126.4, 126.1, 47.8,38.6, 26.9. Data in accordance with the
literature

3',4'-Dihydro-2'H-spiro[cyclohexane-1,1'-naphthalerj-2'-one (S3)

A solution ofp-tetralone (400 mg, 2.74 mmol, 1.0 equiv.) in THR (mL) was treated with
NaH (138 mg, 5.75 mmol, 2.1 equiv., 60% dispersiomineral oil) and the mixture stirred
at room temperature for 10 min. 1,5-Dibromopentéh@&5 mL, 5.48 mmol, 3.0 equiv.) was
added and the reaction refluxed at 105 °C for 4rdolihe mixture was cooled to room
temperature, diluted with Ni€lss: (10 mL) and extracted with £ (3 x 20 mL). The
combined organic layers were dried (MggOfiltered and evaporated. Purification by
column chromatography on silica gel, eluting wittrpl-EtOAc (98:2), gav&3 (390 mg,
67%) as a solidH NMR (500 MHz, CDGJ) & 7.39 (1H, dJ = 7.9 Hz), 7.26-7.23 (1H, m),
7.18 (1H, tJ =7.3 Hz), 7.13 (1H, d1 = 7.4 Hz), 3.20 (2H, ) = 7.1 Hz), 2.70 2H, = 7.1
Hz), 2.18-2.11 (2H, m), 1.79-1.62 (7H, m), 1.3891(PH, m);**C NMR (126 MHz, CDGJ)

5 214.2, 144.1, 135.8, 128.3, 126.9, 126.4, 126149,536.4, 34.5, 30.1, 25.8, 23.3. This

compound was known in the literatiifebut no spectroscopic data was given.

1-(4-Phenyl-1-tosylpiperidin-4-yl)ethan-1-one (S4)
(@)

P%Me

N

Ts
A solution of 1-(4-phenyl-4-piperidinyl)-ethanong/dnochloride (500 mg, 1.97 mmol, 1
equiv.) in CHCI, (5.0 mL) was treated with 4 (0.7 mL, 4.33 mmol, 2.2 equiv.) and
TsCl (561 mg, 2.96 mmol, 1.5 equiv.). The reactioixture was stirred for 2 h and then
quenched with D (5.0 mL). The layers were separated and the agueyer was extracted
with CH,Cl, (3 x 30 mL). The combined organic layers were diii®lgSQ), filtered and
evaporated. Purification by column chromatographysitica gel eluting with petrol-EtOAc
(9:1), gaveS4 (432 mg, 1.20 mmol, 61%) as a solid. FT¥Ra (film)/cm™ 2925, 1702,
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1353, 1212, 1092, 934, 7244 NMR (400 MHz, CDC}) § 7.61 (2H, dJ = 7.7 Hz), 7.38-
7.27 (5H, m), 7.21 (2H, dl = 7.8 Hz), 3.66-3.55 (2H, m), 2.63-2.46 (4H, m4R(3H, s),
2.15-2.06 (2H, m), 1.81 (3H, SfC NMR (126 MHz, CDCJ) § 208.7, 143.7, 140.7, 133.1,
129.8, 129.2, 127.6, 127.55, 126.0, 54.1, 43.72,325.6, 21.6; HRMS (ESI) Found MK
369.1028, GoH230sNKS requires 396.1030

tert-Butyl 4-Acetyl-4-phenylpiperidine-1-carboxylate (%)
O

P%Me

N

Boc
A solution of 1-(4-phenyl-4-piperidinyl)-ethanong/dnochloride (500 mg, 1.97 mmol, 1
equiv.) in CHCI; (5.0 mL) was treated with g4 (0.7 mL, 4.33 mmol, 2.2 equiv.) and BGc
(470 mg, 2.17 mmol, 1.1 equiv.) in @El, (5 mL). The reaction mixture was stirred for 2 h
and then quenched with,@ (5.0 mL). The layers were separated and the apueyer was
extracted with CHCIl, (3 x 30 mL). The combined organic layers were dirigSQ),
filtered and evaporated. Purification by columnarhatography on silica gel eluting with
petrol-EtOAc (9:1), gavés5 (507 mg, 1.67 mmol, 85%) as an diH NMR (400 MHz,
CDCl) & 7.33-7.26 (2H, m), 7.24—7.18 (3H, m,), 3.70 (2Hs) 3.17-3.02 (2H, m), 2.34—
2.25 (2H, m), 1.92 (2H, br s), 1.84 (3H, s), 1.8H(s);*C NMR (126 MHz, CDG) 5
209.0, 154.8, 141.0, 129.1, 127.4, 126.3, 79.6,54..4, 40.6, 32.8, 32.2, 28.4, 25.6.

(3R,5S,8S,9S,10S,13S,145)-10-Methyl-17-oxohexadecahydro-# -cyclopentaf]
phenanthren-3-yl Acetate (S6)

A solution oftrans-Androsterone (250 mg, 0.86 mmol, 1 equiv.) in,CH (2.0 mL) was
cooled to 0 °C, treated with DMAP (10 mg, 0.09 mnfol equiv.), pyridine (0.35 mL, 4.30
mmol, 5.0 equiv.) and A© (0.25 mL, 2.58 mmol, 3.0 equiv.) and allowed t@rnv to room
temperature overnight. The reaction mixture wastéd with HO (5 mL) and EtOAc (5 mL)
and the layers were separated. The aqueous laypeext@cted with EtOAc (3 x 10 mL). The
combined organic layers were dried (Mg$diltered and evaporated to gi&6 (200 mg,
0.6 mmol, 70%) as a solitH NMR (500 MHz, CDCY) & 4.75-4.62 (1H, m), 2.43 (1H, dd,
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= 19.3, 8.6 Hz), 2.11-2.03 (1H, m), 2.02 (3H, sP8L1.87 (1H, m), 1.84-1.70 (4H, m),
1.68-1.60 (2H, m), 1.56—1.44 (3H, m), 1.42—1.13, [{@H} 1.08-0.91 (2H, m), 0.85 (3H, &,

= 2.3 Hz), 0.85 (3H, s), 0.71 (1H, tii= 11.6, 4.0 Hz)*3C NMR (126 MHz, CDGJ) 5 221.3,
170.7, 73.5, 54.3, 51.4, 47.8, 44.7, 36.7, 35.97,355.0, 34.0, 31.5, 30.8, 28.3, 27.4, 21.8,
21.5, 20.5, 13.8, 12.2. Data in accordance witHiteeature!”

(25,48R,4bS,6aS,7aS,8aS,8bS,8cR,8dR,9aR, 9bR)-9b-Hydroxy-4a,6a-dimethyl-7-
oxooctadecahydro-1H-cyclopropal4,5]cyclopenta[l1,2}eyclopropa[llphenanthren-2-yl
Acetate (S7)

A solution of (2S,4R,4bS6&S 7aS8aS8bS8cR,8dR,9aR 9bR)-2,9b-dihydroxy-4a,6a-
dimethyloctadecahydro-7H-cyclopropal4,5]cyclopebt2falcyclopropall]phenanthren
-7-one (200 mg, 0.61 mmol) in GEl, (1.5 mL) was cooled to 0 °C, treated with DMAP (15
mg, 0.12 mmol, 0.2 equiv.), pyridine (0.5 mL, 6..noi, 10.0 equiv.) and A© (0.35 mL,
3.64 mmol, 6.0 equiv.) and allowed to warm to rotamperature overnight. The reaction
was diluted with HO (3 mL) and EtOAc (3 mL) the layers were separaldte aqueous
layer was extracted with EtOAc (3 x 10 mL). The ¢tomed organic layers were dried
(MgSQy), filtered and evaporated to gi%¥ (210 mg, 92%) as an off white solid. FT4R
(film)/lcm™ 2936, 1716, 1375, 1249, 908§ NMR (500 MHz, CDGJ) & 5.15-5.11 (1H, m),
2.29 (1H, ddJ = 15.4, 3.7 Hz), 2.21-2.11 (2H, m), 2.09 (3H,%N5-2.00 (1H, m), 1.82—
1.74 (2H, m), 1.73-1.62 (5H, m), 1.55-1.42 (3H, In}4-1.28 (2H, m), 1.21-1.15 (1H, m),
1.13-1.07 (1H, m), 0.95 (3H, s), 0.90 (3H, s), 6®80 (2H, m), 0.74-0.68 (m, 1H)C
NMR (126 MHz, CDC}) 8 216.2, 169.9, 73.0, 70.5, 52.2, 42.9, 41.4, 48651, 33.5, 31.0,
26.0, 24.6, 22.4, 22.2, 21.5, 21.3, 20.2, 20.29,187.7, 13.8, 11.4; HRMS (ESI) Found
MNa" 395.2195, gzH3,04Na requires 395.2193.
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Methyl (4R,4aS,6aR,9S,11aR,11bS)-4,9,11b-Trimethyl-8-oxotetradecahydro-6a,9-

methanocyclohepta[a]naphthalene-4-carboxylate (S8)

Me

=0

MeO,C Me
A solution of isosteviol (1.0 g, 3.1 mmol, 1.0 egyiin DMF (10 mL) was treated with
KoCGO; (740 mg, 5.3 mmol, 1.7 equiv.) and Mel (0.35 mL3 $nmol, 1.7 equiv.). The
mixture was stirred at room temperature overnigtd then diluted with 1M HCI (20 mL)
and CHCI, (30 mL). The layers were separated and the aqueges was extracted with
mixture was extracted with GBI, (x 3). The combined organic layers were dried (KgS
filtered and evaporated to gi®&8 (820 mg, 78%) as a soliHd NMR (400 MHz, CDGJ) &
3.63 (3H, s), 2.62 (1H, dd,= 18.5, 3.5 Hz), 2.17 (1H, d,= 13.2 Hz), 2.05-1.51 (8H, m),
1.51-1.31 (2H, m), 1.18 (3H, s), 1.28-0.85 (5H, MY7 (3H, s), 0.68 (3H, sF*C NMR
(100 MHz, CDCI3):6 222.4, 177.8, 57.0, 54.7, 54.3, 51.2, 48.7, 48354, 43.8, 41.5, 39.8,
39.4, 37.9, 37.3, 28.8, 21.7, 20.3, 19.9, 18.@.Tata in accordance with the literatiie.
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General Procedure for the Synthesis of Ketones S22 GP1

BngWMe
Me
(2.0 equiv.)
(e} Cul (15 mol%)
R” Cl THF, —78 °C->1t J\/\/
o (e}
Me
e Q)W O)W 10
Me Me
S9 S12
(0] Q M
CRK/\(Me \O)J\/Y h)\/\r @)\/\/ e
~
\_o Me Me
S13 S16
(¢} (¢] (¢}
Ph\)j\/\rMe O)‘\/\r EtOZC Me Br\/\/\)j\/\rMe
Me Me Me
S17 S19 S20
O (0]
PhWMe Ph\)l\/\(\/\(Me
Me Me Me Me
S21 S22

A dry Schlenk tube was charged with Cul (0.15 equiVHF (0.1 M) and the acid chloride
(2.0 equiv.). The mixture was cooled to —78 °C mpdntylmagnesium bromide (1.25 equiv.)
was added dropwise. The mixture was warmed to rmanperature overnight. The mixture
was diluted with NHCI and EtOAc. The layers were separated and theagulayer was
extracted with EtOAc (x 3). The combined organigels were dried (MgS£), filtered and

evaporated. The crude was purified by column chtography on silica gel.

4-Methyl-1-phenylpentan-1-one (S9)

PhMMe

Me
Following GP1, benzoyl chloride (0.4 mL, 3.56 mmol) ga88 (590 mg, 94%) as an otH
NMR (400 MHz, CDC}) & 7.96 (2H, dJ = 7.7 Hz), 7.55 (1H, t] = 7.3 Hz), 7.46 (2H, ] =
7.6 Hz), 3.02-2.91 (2H, m), 1.72-1.56 (3H, m), 0(6Hl, d,J = 6.0 Hz);**C NMR (101
MHz, CDCk) 6 200.9, 137.2, 133.0, 128.7, 128.2, 36.8, 33.4),28.6. Data in accordance
with the literaturé®
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1-(4-Methoxyphenyl)-4-methylpentan-1-one (S10)
0}

o
MeO Me

Following GP1, 4-methoxybenzoyl chloride (0.65 mL, 2.90 mmolyg&10(413 mg, 69%)
as an oil."H NMR (400 MHz, CDCJ) & 7.95 (2H, dJ = 8.8 Hz), 6.94 (2H, t) = 5.8 Hz),
3.87 (3H, s), 2.90 (2H, dd,= 14.8, 7.4 Hz), 1.68-1.57 (3H, m), 0.94 (6HJ &, 6.1 Hz):**C

NMR (101 MHz, CDC§) 198.7, 163.6, 130.2, 113.5, 53.2, 36.4, 33.95,282.3. Data in
accordance with the literatufé.

4-(4-Methylpentanoyl)benzonitrile (S11)
0

/@)k/\rMe
NC Me

Following GP1, 4-cyanobenzoyl chloride (250 mg, 1.50 mmol) g&ld (273 mg, 91%) as
an oil.'H NMR (400 MHz, CDCJ) & 8.06-8.02 (2H, m), 7.79-7.75 (2H, m), 3.02-2.93,(2
m,), 1.66—-1.60 (3H, m), 0.96-0.93 (6H, M}C NMR (101 MHz, CDGJ) & 199.2, 132.5,
128.5, 126.2, 36.9, 32.8, 27.8, 22.4. Data in atamore with the literatur®.

4-Methyl-1-(naphthalen-2-yl)pentan-1-one (S12)
(0]

Me
T T

Following GP1, 2-napthoyl chloride (500 mg, 2.60 mmol) g&&2 (367 mg, 63%) as an oil.
'H NMR (400 MHz, CDC}) & 8.48 (1H, s), 8.04 (1H, dd,= 8.6, 1.6 Hz), 7.98 (1H, d,=
8.0 Hz), 7.92-7.86 (2H, m), 7.58 (2H, ddds 15.0, 13.6, 6.7 Hz), 3.11 (2H, dii= 9.5, 5.4
Hz), 1.75-1.65 (3H, m), 0.98 (6H, d,= 6.1 Hz);*C NMR (101 MHz, CDG)) § 200.8,
135.5, 134.4, 132.6, 129.6, 129.6, 128.4, 128.3,8,2126.7, 124.0, 36.7, 33.4, 27.9, 22.5.

This compound was known in literatdfebut no spectroscopic data was provided.

1-(Furan-2-yl)-4-methylpentan-1-one (S13)
0

e
N
\ (e} Me

Following GP1, furan-2-carbonyl chloride (0.65 mL, 3.83 mmolyg&13(374 mg, 59%) as
an oil."H NMR (400 MHz, CDCY) & 7.57 (1H, ddJ = 1.7, 0.7 Hz), 7.17 (1H, dd,= 3.5, 0.7
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Hz), 6.52 (1H, ddJ = 3.5, 1.7 Hz), 2.84-2.79 (2H, m), 1.67—1.56 (##), 0.95-0.92 (6H, d,
J = 6.4 Hz). Data in accordance with the literattffe.

1-(2-Chloropyridin-4-yl)-4-methylpentan-1-one (S14)

O

Cl N Me

|
N =~ Me

Following GP1, 2-chloroisonicotinoyl chloride (200 mg, 1.14 mingave S14 (120 mg,
50%) as an oil"H NMR (500 MHz, CDCJ) & 8.57 (1H, dJ = 5.1 Hz), 7.75 (1H, dJ = 0.5
Hz), 7.65 (1H, ddJ = 5.1, 0.9 Hz), 2.96-2.91 (2H, m), 1.68-1.59 (&1, 0.95 (6H, d,) =
6.1 Hz);"*C NMR (101 MHz, CDGJ) § 198.4, 152.9, 150.9, 145.8, 122.4, 119.9, 37.15,32
27.7, 22.3; HRMS (APCI) Found MH12.0837, ¢H:sONCI requires 212.0837.

2,2,6-Trimethylheptan-3-one (S15)

O
Me Me
Following GP1, pivaloyl chloride (2.4 g, 20 mmol) ga®15(2.0 g, 65%) as an oftH NMR
(500 MHz, Chloroformd) & 2.44 (2H, t), 1.54-1.45 (1H, m), 1.44-1.37 (2H, )1 (9H, s),
0.86 (6H, dJ = 6.6 Hz);"*C NMR (126 MHz, CDGCJ) § 216.1, 44.2, 34.4, 32.8, 27.7, 26.4,

22.4. This compound was known in the literattifehut spectroscopic data was not provided.

1-((3r,5r,7r)-Adamantan-1-yl)-4-methylpentan-1-one (S16)

Me
Me

Following GP1, (3r,5r,7r)-adamantane-1-carbonyl chloride (250 mg, 1.25 mmaveS16

(230 mg, 78%) as an oil. FT-IRnax (film)/cm™ 2903, 2849, 1697, 1451, 1164, 754

NMR (400 MHz, CDCY) & 2.46-2.39 (2H, m), 2.05-2.01 (3H, m), 1.80 (6H) &,2.7 Hz),

1.78-1.65 (6H, m), 1.51 (1H, m), 1.45-1.38 (2H, @88 (6H, d,J = 6.5 Hz);**C NMR (101

MHz, CDCk) é 216.0, 46.4, 38.3, 36.6, 33.9, 32.6, 28.0, 27285;2HRMS (ASAP) Found
MH" 235.2047, GH,70 requires 235.2056.
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5-Methyl-1-phenylhexan-2-one (S17)
(0]

PhMMe

Me
Following GP1, phenylacetyl chloride (0.45 mL, 3.23 mmol) g&/&7 (558 mg, 91%) as an

oil. *H NMR (400 MHz, CDCJ) & 7.35 (2H, tJ = 7.4 Hz), 7.29 (1H, dJ = 7.4 Hz), 7.22
(2H, d,d = 7.5 Hz), 3.71 (2H, ), 2.49-2.44 (2H, m), 1.5801(3H, m), 0.85 (6H, d] = 6.1
Hz): %C NMR (101 MHz, CDCJ) § 208.9, 134.5, 192.9, 128.8, 127.1, 50.3, 40.%7,32.7,
22.4. Data in accordance with the literattife.

1-Cyclohexyl-4-methylpentan-1-one (S18)
(0]

Me
Me

Following GP1, cyclohexanecarbonyl chloride (2.1 g, 15 mmol)ey8%¢9 (2.4 g, 88%) as an
0il. FT-IR Vinax (film)/cm™ 2933, 2859, 1717, 1451, 1164, 754;NMR (400 MHz, CDC})

§ 2.37 (2H, tJ = 7.6 Hz), 2.34— 2.24 (1H, m), 1.81-1.68 (2H, ME5-1.58 (1H, m), 1.54—
1.35 (4H, m), 1.35-1.00 (6H, m), 0.83 (6H,Jd&s 7.6 Hz);**C NMR (101 MHz ,CDG) &
214.7, 50.9, 38.8, 32.7, 28.7, 27.9, 26.0, 25.65;2ARMS (ESI) Found MNa205.1564
Ci2H2oNaOrequires 205.1568.

Ethyl 8-Methyl-5-oxononanoate (S19)
0

EtOQC\/\)K/\rMe

Me

Following GP1, ethyl 5-chloro-5-oxopentanoate (500 mg, 2.8 mngalye S19 (469 mg,
78%) as an oil. FT-IRmax (film)/cm™3340, 2969, 2930, 1466, 1378, 1340, 1160, 1106, 950
815, 688;"H NMR (400 MHz, CDCJ) 6 4.12 (2H, gqJ = 7.1 Hz), 2.48 (2H, ) = 7.2 Hz),
2.41-2.36 (2H, m), 2.31 (2H,3= 7.2 Hz), 1.92-1.84 (2H, m), 1.58-1.48 (1H, m#9%:-1.39
(2H, m), 1.25 (3H, tJ = 7.1 Hz), 0.88 (6H, d] = 6.4 Hz);"*C NMR (101 MHz, CDGJ) 5
210.6, 173.2, 60.3, 41.5, 40.9, 33.4, 32.6, 27273,218.9, 14.2; HRMS (ESI) Found MNa
237.1454, @H,,03Na requires 237.1461.
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10-Bromo-2-methyldecan-5-one (S20)
o

Br\/\/\)j\/\/ Me

Me
Following GP1, 6-bromohexanoyl chloride (450 mg, 2.1 mmol) g&28 (430 mg, 82%) as

an oil. FT-IRVmax (film)/cm'l 2953, 2867, 1711, 1464, 1366, 1253, 1169, T8RHIMR (500
MHz, CDCk) & 3.40 (2H, t,J = 6.8 Hz), 2.47-2.35 (4H, m), 1.92-1.82 (2H, mp4t-1.56
(2H, m), 1.55-1.48 (1H, m), 1.48-1.39 (4H, m), 0881, d,J = 6.5 Hz);**C NMR (126
MHz, CDCk) & 211.2, 42.4, 40.9, 33.6, 32.7, 32.6, 27.8, 27219,222.3; HRMS (ASAP)
Found MH 249.0840, ¢H.,BrO requires 249.0849.

4,8-Dimethyl-1-phenylnonan-1-one (S21)

(0]

Ph)l\/W\(Me

Me Me
Following GP1 but using (2,6-dimethylheptyl)magnesium bromidenzwsl chloride (0.41
mL, 3.5 mmol) gaves21 (781 mg, 90%) as an GiHRMS (ASAP) Found MH 247.2047,
C17H270 requires 247.2056.

5,9-Dimethyl-1-phenyldecan-2-one (S22)

O

Ph\)l\/\(\/\rMe

Me Me
Following GP1 but using (2,6-dimethylheptyl)magnesium bromideermph acetyl chloride
(500 mg, 3.25 mmol) gav22 (365 mg, 43%) as an oil. FT-MRnax (film)/cm™ 2954, 2926,
2868, 1709, 1454, 1215, 752, 698t NMR (400 MHz, CDCJ) & 7.33 (2H, tJ = 7.3 Hz),
7.30-7.24 (1H, m), 7.21 (2H, d=7.2 Hz), 3.69 (2H, s), 2.49-2.40 (2H, m), 1.6341(2H,
m), 1.53-1.45 (1H, m), 1.40-1.30 (2H, m), 1.27-138, m), 1.13-1.06 (2H, m), 0.85 (6H,
d,J = 6.6 Hz), 0.80 (3H, d] = 6.2 Hz);*C NMR (101 MHz, CDGJ) 5 209.0, 134.5, 129.5,
128.8, 127.1, 50.3, 39.9, 39.4, 37.1, 32.5, 306%,224.8, 22.8, 22.7, 19.5; HRMS (ASAP)
Found MH 261.2203, GH»40 requires 261.2213.

#1n this cases21was directly used in the next step without chramedphic purification.
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General Procedure for Synthesis of Ketones S23-265P2

1. DCC (1.5 equiv.), DMAP (15 mol%)
MeNHOMe+HCI (1.5 equiv.), EtaN (2.5 equiv.)

0 CH,Cly, 0°C 0

> N
R” SOH 2. R-MgBr (1.5 equiv.), THF, =78 °C~rt R” R!
(o]
i Ph Q 0
Me Ph Me Ph
on \)J\/\C‘\l \)I\/Y\/\/ \)‘\/\Q
OH Me Boc Me
S23 S24 S25 S26

A solution of carboxylic acid (1.0 equiv.) in GEl, (0.1 M) was cooled to 0 °C and treated
with N,O-dimethylhydroxylamine hydrochloride (1.§wv.), DCC (1.5 equiv.), DMAP (15
mol%) and EN (2.5 equiv.). The mixture was stirred overnight@m temperature, filtered
through celite and diluted with HCI 0.5 N. The leyevere separated and the aqueous layer
was extracted with C}€l, (x 3). The combined organic layers were dried (RgSfiltered
and evaporated. The crude was purified by colummorohtography on silica gel to give the
corresponding Weinreib amides. A solution of theivkiib amide (1.0 equiv.) in THF (0.1
M) was cooled to —78 °C and treated with the Grignmaagent (1.5 equiv.) by dropwise. The
reaction was allowed to warm to room temperaturermght. The mixture was diluted with
NH4Clsy and EtOAc. The layers were separated and the agueyer was extracted with
EtOAc (x 3). The combined organic layers were d(&dSQ), filtered and evaporated. The
crude was purified by column chromatography oreaigel.

3-Hydroxy-5-methyl-1-phenylhexan-2-one (S23)

0O
Ph Me

OH Me
Following GP2, 2-hydroxy-4-methylpentanoic acid (500 mg, 3.1 mfngave S23 (175 mg,
57%) as an oillH NMR (500 MHz, CDCJ) § 7.30-7.20 (3H, m), 7.14 (2H, d,= 7.2 Hz),
4.22 (1H, ddJ = 10.2, 2.9 Hz), 3.76 (1H, d,= 15.8 Hz), 3.70 (1H, d] = 15.8 Hz), 1.92—
1.82 (1H, m), 1.59-1.47 (1H, m), 1.45-1.30 (1H, @90 (6H, d,J = 6.7 Hz);**C NMR (126
MHz, CDCk) & 210.4, 133.3, 129.6, 128.9, 127.4, 74.9, 44.98,424.9, 23.7, 21.4; HRMS
(ESI) Found MN&229.1212 GHigNaQ; requires 229.1204.
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tert-Butyl 4-(3-Oxo-4-phenylbutyl)piperidine-1-carboxylate (S24)
0

Ph\)‘\/\G
N<
Boc

Following GP2, 3-(1-tert-butoxycarbonyl)piperidin-4-yl)propanoic acid (23@g, 0.77
mmol) gaveS24 (150 mg, 59%) as an oil. FT-IRna (film)/cm™ 2253, 1375, 1038, 918,
737, 562, 555, 540H NMR (500 MHz, CDCJ) & 7.38-7.28 (3H, m), 7.21 (2H,d,= 8.5
Hz), 4.03 (2H, s), 3.68 (2H, br s), 2.59 (2H, brsA7 (2H, tJ = 7.5 Hz), 1.62-1.42 (7H, m),
1.44 (9H, s);°C NMR (126 MHz, CDGJ) § 208.2, 155.0, 134.4, 130.5, 129.3, 127.0, 79.1,
60.3, 38.7, 35.2, 29.9, 28.35, 21.0, 14.3; HRMSI\EBund MN& 354.2040C,0H29d0sNNa
requires 354.2040.

5-Methyl-1-phenyldecan-2-one (S25)
0

PhMMe

Me

Following GP2, 4-methylnonanoic acid (316 mg, 2.0 mmol) g&25 (173 mg, 37%) as an
oil. FT-IR Vmax (fiIm)/cm_l 2954, 2926, 2868, 1709, 1454, 1215, 752, 68BNMR (400
MHz, CDCk,) & 7.26-7.21 (2H, m), 7.21-7.15 (1H, m), 7.15-7.18,(h), 3.60 (2H, s),
2.48-2.17 (2H, m), 1.58-1.39 (1H, m), 1.35-0.94H1f), 0.79 (3H, tJ = 6.9 Hz), 0.72
(3H, d,J = 6.3 Hz);"*C NMR (101 MHz, CDGJ,) & 208.9, 134.5, 129.5, 128.8, 127.1, 68.1
50.2, 39.9, 36.5, 32.4, 30.8, 29.3, 23.1, 19.52;18RMS (ESI) Found MNa269.3845,
Cy7H26NaO requires 269.3838.

4-Cyclopentyl-1-phenylbutan-2-one (S26)
(0]

Ph\)K/\Q
Following GP2, 3-cyclopentylpropanoic acid (500 mg, 3.5 mmolye&26 (151 mg, 20%)
as an oil. FT-IRVmax (fiIm)/cm_1 1710, 1417, 1359, 1220, 1091, 902, 782:NMR (CDC,
400 MHz)$ 7.26 (2H, dJ = 7.5 Hz), 7.23-7.16 (1H, m), 7.13 (2H,J0& 7.5 Hz), 3.61 (2H,
s), 2.38 (2H, tJ = 7.6 Hz), 1.66—155 (3H, m), 1.55-1.44 (4H, m}#6+1.35 (2H, m), 0.94
(2H, br s);*C NMR (CDCls, 126 MHz)5 209.1, 134.7, 129.8, 129.1, 127.3, 50.5, 41.8,39.
32.8, 30.3, 25.5; HRMS (ESI) Found MN289.1406, GsHzoNaOrequires 239.1412.
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General Procedure for the Synthesis of Ketones S238-— GP3

o NaN3z or NaCN or PhOH or PhSH (1.5 equiv.) Q
Br\/\/\)l\/\r Me > X\/\/\)l\/\rMe
DMF, 50 °C

Me Me
o o o
N3\/\/\)J\/\r Me NC\/\/\)j\/\r Me Pho\/\/\)J\/\/ Me
Me Me Me
S27 S28 S29
o

PhS\/\/\)J\/\rMe

Me
S30

A solution of S20 (1.0 equiv.) in DMF (0.1M) was treated with thepagpriate nucleophile
(1.5 equiv.), warmed to 50 °C and stirred at thmeséemperature overnight. The mixture was
diluted with HO (0.1 M) and EtOAc. The layers were separatedthadcagueous layer was
extracted with EtOAc (x 3). The combined organigels were dried (MgSg), filtered and

evaporated. The crude was purified by column chtography on silica gel.

10-Azido-2-methyldecan-5-one (S27)

N3\/\/\)J\/\rMe

Me
Following GP3, S20 (248 mg, 1.0 mmol) gav827 (93 mg, 44%) as an oil. FT-IRyax
(film)/lcm™ 1749, 1710, 1418, 1359, 1220, 10841;NMR (400 MHz, CDC}) 6 3.25 (2H, t,J
= 6.9 Hz), 2.41 (2H, t) = 7.5 Hz), 2.37 (2H, dJ = 7.5 Hz), 1.60-1.54 (4H, m), 1.53-1.25
(5H, m), 0.87 (6H, dJ = 6.4 Hz);>C NMR (101 MHz, CDGJ) 5 211.2, 51.3, 42.5, 41.0,
32.7, 28.8, 27.8, 26.4, 23.3, 22.4; HRMS (ESI) kFbuMNa  234.1577, @H,:N3NaO
requires 234.1582.

10-Methyl-7-oxoundecanenitrile (S28)
(0]

NC\/\/\)k/\r Me

Me
Following GP3, S20(248 mg, 1.0 mmol) gav828 (101 mg, 51%) as an oflH NMR (500

MHz, CDCk) & 2.38 (2H, t,J = 7.3 Hz), 2.36-2.32 (2H, m), 2.30 (2HJt= 7.1 Hz), 1.62
(2H, m), 1.54 (2H, m), 1.47 (1H, m), 1.43-1.34 (4h), 0.83 (6H, dJ = 6.6 Hz);"*C NMR
(126 MHz, CDC}) & 210.6, 119.4, 41.8, 40.6, 32.3, 27.9, 27.4, 22205, 22.1, 16.7; HRMS
(ESI) Found MN4218.1815, @H.;NNaOrequires 218.1521.
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2-Methyl-10-phenoxydecan-5-one (S29)
0

PhO\/\/\)J\/\rMe

Me
Following GP3 but adding KCO; (2.0 equiv.),S20 (200 mg, 0.8 mmol) gav§29 (208 mg,

99%) as an oil. FT-IRmax (film)/cm'1 2959, 2942, 2253, 1715, 1736, 1418, 1291, 1033, 91
794, 758, 695'H NMR (400 MHz, CDCY) § 7.42-7.22 (2H, m), 6.99-6.88 (3H, m), 3.98
(2H, t,J = 6.4 Hz), 2.47 (2H, ) = 7.4 HZ), 2.42 (2H, t) = 7.2 Hz), 1.82 (2H, ¢] = 7.1 Hz),
1.67 (2H, qJ = 7.4 Hz), 1.60-1.43 (5H, m), 0.91 (6H,J& 6.4 Hz);**C NMR (101 MHz,
CDCl) 6 211.4, 159.0, 129.4, 120.5, 114.4, 67.5, 42.58,482.6, 29.1, 27.7, 25.7, 23.5,
22.3; HRMS (ESI) Found MN&285.1859, ¢H2¢NaOrequires 285.1830.

2-Methyl-10-(phenylthio)decan-5-one (S30)
(0]

PhS\/\/\)J\/\rMe

Me
Following GP3 but adding NaOH (2.0 equiv.$20 (200 mg, 0.8 mmol) gav830 (160 mg,
72%) as an oil. FT-IRmax (film)/cm™ 2956, 1710, 1579, 1438, 1264, 1023, 805, 733, 702,
689;'H NMR (500 MHz, CDCJ) & 7.45-7.38 (2H, m), 7.25-7.19 (3H, m), 2.83 (2H] %
7.3 Hz), 2.34-2.20 (4H, m), 1.57 (2H, &= 7.5 Hz), 1.50 (2H, q] = 8 Hz), 1.47-1.40 (1H,
m), 1.40-1.28 (4H, m), 0.80 (6H, 8= 6.5 Hz);"*C NMR (126 MHz, CDGJ) § 211.4, 137.1,
129.2, 127.6, 125.8, 42.6, 41.0, 33.5, 32.8, 2884, 27.8, 23.4, 22.4; HRMS (ESI) Found
MK™* 317.1334, @H26KOSrequires 317.1341.
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(R)-5-((3R,5R,8R,9S,10S,13R,14S,17R)-3-hydroxy-10,13-dimethylhexadecahydro-H-
cyclopentafg]phenanthren-17-yl)hexan-2-one (S31)

A solution of lithocolic acid (0.5 g, 1.3 mmol, le@uiv.) in THF (15 mL), cooled to 0 °C and
treated with MeLi (4.2 mL, 6.5 mmol, 5.0 equiv.6 M in diethyl ether) by dropwise. The
reaction mixture was stirred for 8 h at room terapgne, and then quenched with TMSCI (6
mL). The crude was diluted with EtOAc (20 mL), wadhwith HCI 1M (20 mL) and water
(20 mL). The organic layer was dried (MggQfiltered and evaporated. The crude was
purified by column chromatography on silica geltigelg with CHCl,—-MeOH (95:5), to give
S31as an oil (290 mg, 60%JH NMR (400 MHz, CDC}) & 3.64-3.49 (1H, m), 2.46 — 2.21
(3H, m), 2.09 (3H, s), 1.90 (1H, m), 1.83-1.55 (6h), 1.56—1.41 (2H, m), 1.34 (7H, @i=
3.8 Hz), 1.28-1.11 (5H, m), 1.11-0.95 (5H, m), O(8H, s), 0.84 (3H, d) = 6.5 Hz), 0.58
(3H, s)*C NMR (101 MHz, CDGJ) 5 209.6, 71.3, 56.2, 55.7, 42.4, 41.8, 40.4, 40919,3
36.1, 35.5, 35.1, 345.0, 34.3, 30.2, 29.6, 29.)P726.9, 26.1, 23.9, 23.1, 20.5, 18.1, 11.7.
Data in accordance with the literatdf8.
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2.2 Synthesis of Oximes

General Procedure for the Synthesis of Oximes la-and 6a—w — GP4

Me, Me
HCIeH,N
0" "CO,H
(1.5 equiv.)
0 NaOAc (3.0 equiv.)

R” "Rl MeOH (0.2 M)

Me
CO,H
Meﬁ/ 2
.0
N

R” "R!

H020+M Hozc\ﬁ""&e HOZC\ﬁMf/le
o

&f L&

Hozc\ﬁvI
Oay,

M

HOZC\H‘;Ie HOZC\FM
o)

O

°N
Ph CO,H
© O R

19

COLH

Me
Me

Ph
Me, Me Me Me
N.
O CO,H COZH

Me
MG+COZH

MB+COZH
N-O

Me N

Me

MeO,C Me Me MeO

1u 6a

&ph

—H-zZ

HOZC+M

iﬁ

M
Hozc\Hf;Ie

O.

N
|| C :N,Boc

M
Hozc\ﬁ;e

O,
N
H Me Me, Me
N"OXCOH
H N, 2
Ts
1] 1k
Me><C02H
Me o
N, Me. Me
Me Ph Me
-0,
N Me N COH
Boc Me” \e
1o 1p

1s 1t
Me Me
CO-H COH
Meﬁ/ 2 Meﬁ/ 2
N’o N’o
Me Me
Me Me
NC
6b 6c
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Me Me
CO2H Me CO-H CO,H Me CO.H
Meﬁ/ M A'/ 2 Meﬁ/ M A'/ 2
n© 50 n© -0
N N
Me = Me cl B Me Me Me
M
OO Me \_o Me N~ Me & Me Me
6d 6e 6f 69
Mg;/cozH Me, CO,H Me COZH Me, CO.H
) Me—y Me Me—Yy ™ *
N~ sO N’O O
M N N
€ Ph\)l\/\rwle Me EtO,C Me
Me Me Me Me
6h 6i 6j 6k
Me Me
COH CO,H
M ﬁ’ M ﬁ/
N N
Br\/\/\)l\/\rMe N3\/\/\)l\/\rMe
Me Me
6l 6m
Me Me
ﬁ(COZH \_COH
Me M
N N
PhOW\MMe PhS\/\/\)l\/\rMe
Me Me
60 6p
Me Me
CO,H COH
Me—Y’ Me—Y"
N,O N:O
Ph\)j\/\(\/\(Me Ph)J\(\(Me
Me Me OH Me
6r 6s
Me Me

CO,H CO,H
Meﬁ/ 2 Meﬁ/ 2
N"O n*©
Ph\)J\/Y\/\,Me Ph
Ho™
6v

Me
6u

6w

A solution of the ketone (1.0 equiv.) in MeOH (M) was treated with 1-carboxy-1-
methylethoxyammonium chloride (1.5 equiv.), anhydrdNaOAc (3 equiv.) and heated to
reflux until complete by TLC analysis (1-6 h). Thaxture was allowed to cool to room
temperature and an aqueougCiO; solution was added. The solution was extracted B0
and the organic layer washed with aqueou€®; solution (x 2). The combined agueous
extractions were then acidified with conc. HCI s$a@n (30% HO) and extracted with

CH.CI, (x 3). The combined organic fractions were driedy8@), filtered and evaporated.
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2-(((2,2-Dimethylcyclopentylidene)amino)oxy)-2-metyipropanoic Acid (1a)
HO,C M,\e/le
L

Me

Me
Following GP4, 2,2-dimethylcyclopentan-1-one (0.22 mL, 1.79 mmgdve 1a (381 mg,
quant.) as an oil. FT-IRyax (film)/cm™ 2960, 1714, 1169, 969, 927, 88H NMR (500
MHz, CDCk) 6 2.54 (2H, tJ = 7.5 Hz), 1.82-1.74 (2H, m), 1.64 (2HJt= 6.9 Hz), 1.49

(6H, s), 1.16 (6H, s)**C NMR (126 MHz, CDGJ) & 176.6, 175.1, 81.1, 42.8, 40.7, 27.7,
26.4, 24.3, 20.8; HRMS (ESI) Found NME14.1434, GH»OsN requires 214.1438.

2-((Cyclobutylideneamino)oxy)-2-methylpropanoic Aail (1b)
Me
HO,C Me
1%

&

Following GP4, cyclobutanone (210 mg, 3 mmol) galfe (180 mg, 35%) as an oil. FT-IR
Vimax (film)/lcm™ 2993, 1715, 1171, 974, 75% NMR (500 MHz, CDCJ) & 2.95 (4H, dd,) =
12.5, 7.8 Hz), 2.03 (2H, @, = 8.1 Hz), 1.50 (6H, s)°C NMR (CDCk, 126 MHz)§ 178.2,
162.2,81.2, 32.2, 31.7, 24.6, 14.9.

2-Methyl-2-(((2-phenylcyclobutylidene)amino)oxy)prganoic Acid (1c)
HO,C Mﬁle
L

5

Following GP4, 2-phenylcyclobutan-1-one (146 mg, 0.73 mmol) ghwés4 mg, 30%) as an
oil. dr: 2.4:1. FT-IRvmax (film)/cm™ 2360, 1735, 1264, 895, 732, 703, 568;NMR (500
MHz, CDCh, E:Z isomers)s 7.36-7.11 (5H, m), 3.05-2.86 (1H, m), 2.56—2.38, (&),
2.09-2.01 (1H, m), 1.50 (4.3H, s), 1.29 (0.8H, k26 (0.8H, s);*C NMR (126 MHz,
CDCls, E:Z isomers) 5 179.6", 179.2", 162.0, 161.2", 140.3", 139.9", 128.5, 128.4, 127.4,
127.0, 126.7, 80" 80.7", 50.1", 49.4" 29.9" 28.9" 24.3, 24.2, 24.1; HRMS (APCI)
Found M-H 246.1136, @H1;03N requires 246.1130.

® In this case not al’C NMR signals could be assigned between the m&pand the minor component owing
to partial overlap.
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2-Methyl-2-(((2-phenylcyclopentylidene)amino)oxy)popanoic Acid (1d)
HO,C M,\e/le

&ph

Following GP4, 2-phenylcyclopentan-1-one (197 mg, 1.2 mmol) ghadé159 mg, 51%) as
an oil. dr 1:1. FT-IRvmax (flm)/cm™ 3358, 2970, 1379, 1265, 1160, 1127, 949, 815, 734,
703, 561;'H NMR (500 MHz, CDC}, E:Z isomers)s 7.32 (2H, tJ = 7.5 Hz), 7.27-7.20
(1H, m), 7.19 (2H, d) = 7.4 Hz), 3.79 (1H, ] = 8.1 Hz), 2.87—2.47 (2H, m), 2.35-2.21 (1H,
m), 2.07-1.72 (3H, m), 1.48 (1.5H, s), 1.46 (1.5),"°C NMR (126 MHz, CDQ, E:Z
isomers)s 175.5, 175.5, 171.8, 141.0, 129.0, 128.2, 127138,%0.2, 35.2, 29.2, 24.9, 24.8,
23.1; HRMS (APCI) Found [M-H]260.1292, @H;1903N requires 246.1287.

2-(((8-(tert-Butoxycarbonyl)-8-azaspiro[4.5]decan-1-ylidene)anmo)oxy)-2-
methylpropanoic Acid (1e)

Me
HO,C
“Fre
O,

N
|| C :N.Boc

Following GP4, tert-butyl 1-oxo-8-azaspiro[4.5]decane-8-carboxylat®é0(dIng, 0.4 mmol)
gave le (120 mg, 85%) as a solid. FT-MRnax (film)/cm‘l 2935, 1693, 1426, 1366, 1282,
1249, 1170, 904, 727#H NMR (400 MHz, CDCJ)  3.66—-3.53 (2H, m), 3.37-3.25 (2H, m),
2.54 (2H, tJ = 7.0 Hz), 1.79-1.56 (6H, m), 1.47-1.44 (2H, m3B1(6H, s), 1.43 (9H, s¥’C
NMR (101 MHz, CDCJ) 6 178.3, 170.8, 155.0, 81.2, 79.5, 44.3, 40.4, 33483, 28.5, 27.7,
24.3, 20.5; HRMS (ESI) Found MK+ 393.1785g300sN2K requires 393.1786.

2-Methyl-2-(((2-phenylcyclohexylidene)amino)oxy)prpanoic Acid (1f)

Me
HO,C
e
O.

N
Following GP4, 2-phenylcyclohexan-1-one (500 mg, 2.87 mmol) ghvéc52 mg, 70%) as
an oil. dr 1.5:1. FT-IRima (film)/cm™ 3396 (br.), 2978, 2934, 1579, 1402, 1359, 1168, 95

753, 698:*H NMR (500 MHz, CDCY, E/Z isomers)s 7.34-7.14 (5H, m), 4.74 (0.4H, br s),
3.56 (0.6H, dd,) = 8.4, 6.7 Hz), 2.82-2.71 (0.6H, m), 2.39-2.221{l.m), 2.16-1.88 (2H,
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m), 1.84-1.66 (2H, m), 1.61-1.41 (2H, m), 1.32 Ki.8), 1.30 (1.8H, s)**C NMR (101
MHz, CDCk) & 180.7, 180.6, 162.6, 162.3, 141.3, 140.1, 1288,5, 128.3, 127.4, 126.5,
126.1, 82.3, 82.3, 47.2, 37.7, 33.5, 26.7, 25.%,255.4, 25.1, 24.9, 24.5, 23.8; HRMS (ESI)
Found MK" 314.1153, GsH2105NK requires 314.1153.

(E)-2-Methyl-2-(((2-methyl-2-phenylcyclohexylidene)armo)oxy)propanoic Acid (19)

Me
HOQC\FMe
O«

N
Me
Ph

Following GP4, 2-methyl-2-phenylcyclohexan-1-one (967 mg, 5.1af)ngavelg (1.47 g,
quant.) as an oil. FT-IRmax (film)/cm™ 3019, 2940, 1713, 1446, 1215, 970, 920, 874, 877;
H NMR (400 MHz, CDCJ) § 7.37-7.31 (2H, m), 7.25-7.19 (3H, m), 3.28-3.24, (fn),
2.65-2.57 (1H, m), 1.83-1.74 (1H, m), 1.72-1.56, (8, 1.60 (3H, s), 1.58 (3H, s), 1.56—
1.39 (2H, m), 1.32 (3H, s¥*C NMR (101 MHz, CDGJ) § 176.9, 167.6, 144.6, 128.9, 126.4,
126.2, 81.2, 47.2, 38.3, 29.9, 26.6, 24.5, 24.24,221.9; HRMS (ESI) Found MNa
312.1570, @H2303NNa requires 312.1570

(E)-2-Methyl-2-(((2-phenylcycloheptylidene)amino)oxypropanoic Acid (1h)

Ho,c Me

b

@Ph
Following GP4, 2-phenylcycloheptanone (300 mg, 1.6 mmol) ga€351 mg, 76%) as an
oil. '"H NMR (500 MHz, CDGJ) & 7.34-7.30 (2H, m), 7.25-7.19 (3H, m), 3.79 (1H, He
10.7, 5.4 Hz), 2.93 (1H, ddd,= 14.2, 6.7, 2.6 Hz), 2.33-2.25 (1H, m), 2.16 (ddd,J =
14.3, 11.9, 2.7 Hz), 2.00-1.87 (3H, m), 1.58 (2H,Jd&= 13.3, 4.1 Hz), 1.47 (6H, s), 1.41—
1.35 (2H, m);**C NMR (126 MHz, CDGJ) 5 175.9, 168.1, 141.6, 128.6, 127.2, 126.8, 81.2,
49.4, 32.2, 30.7, 27.4, 26.9, 25.4, 24.4, 24.3; HRNAPCI) Found MH 290.1754,
C17H2405N requires 290.1751.
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2-Methyl-2-(((2,2a,7,7a-tetrahydro-1H-cyclobuta[alnden-1-ylidene)amino)oxy)
propanoic Acid (1i)

H CO,H
Following GP4, S1 (400 mg, 2.5 mmol) gavéi (537 mg, 83%) as an oil. dr 1.4:1. FT-IR
Vimax (film)/cm™ 2970, 1264, 732, 703, 5641 NMR (CDCk, 400 MHz, E:Z isomers)s
7.33-7.18 (4H, m), 4.08-3.87 (2H, m), 3.57 (0.4H] d 16.8 Hz), 3.48-3.38 (1H, m), 3.32—
3.22 (1.6H. m), 2.85 (0.6H, df, = 17.8, 3.3 Hz), 2.74 (0.4H, di, = 16.8, 3.3 Hz), 1.59
(1.3H, s), 1.56 (1.3H, s), 1.51 (1.7H, s), 1.507(.s); *C NMR (CDCE, 126 MHz,E:Z
isomers) 179.6", 179.8", 163.0, 161.6", 144.7, 144.¢", 143.2", 143.M, 127.¢, 127.6",
126.9%, 126.9", 124.9", 124.6", 124.8" 124.7", 80.8", 80.8", 47.4", 47.1", 40.5¥, 39.6",
39.6", 39.4", 37.0", 34.7", 24.1", 23.9", 24.0", 23.8"; HRMS (ESI) Found MH 259.1214,
C15H1703N requires 259.1208.

2-Methyl-2-(((3-tosyl-3-azabicyclo[3.2.0]heptan-64idene)amino)oxy)propanoic  Acid
(1)
HOZC\ﬁM&e
O.
N
H
H ESN
Ts

Following GP4, 3-tosyl-3-azabicyclo[3.2.0]heptan-6-one (100 @8 mmol) gavelj (120
mg, 86%) as a solid. FT-1Rnax (film)/cm™ 3334, 2930, 1264, 733, 703, 578 NMR (500
MHz, CDCk) 6 7.70 (2H, dJ = 8.0 Hz), 7.34 (2H, d] = 8.0 Hz), 3.96 (1H, d] = 9.9 Hz),
3.66 (1H, s), 3.57 (1H, dl = 10.0 Hz), 3.11 (1H, dd] = 17.5, 8.6 Hz), 2.91-2.84 (1H, m),
2.76-2.69 (2H, m), 2.66 (1H, ddi= 9.8, 7.5 Hz), 2.44 (3H, s), 1.52 (3H, s), 1.53,(3);130
NMR (126 MHz, CDCY}) 6 175.8, 159.0, 144.0, 131.7, 129.7, 128.1, 81.%,507.7, 35.7,
32.3, 31.0, 24.1, 21.6; HRMS (ASAP) Found MK67.1322, GH»30sN,S requires
367.1322.

S124



2-Methyl-2-(((1-methyl-3,4-dihydronaphthalen-2(1H)ylidene)amino)oxy)propanoic
Acid (1K)

Me Me, Me

sona

Following GP4, 1-methyl-3,4-dihydronaphthalen-2(1H)-one (145 M@ mmol) gavelk
(106 mg, 46%) as an oil. dr 1.8:1. FT-iRa (film)/cm™ 3327, 2970, 2830, 2360, 1466,
1379, 1161, 1128, 1029, 951, 8t# NMR (500 MHz, CDC, E:Z isomers)s 7.22—6.98
(4H, m), 4.23 (0.3H, ) = 7.2 Hz), 3.56 (0.7H, g} = 7.0 Hz), 2.99-2.38 (4H, m), 1.43 (6H,
s), 1.38 (2H, dJ = 7.1 Hz), 1.35 (1H, dJ = 7.2 Hz);**C NMR (126 MHz, CDGJ, E:Z
isomers} & 178.8" 178.8" 163.6M, 163.4", 157.03, 1391, 139.% 137.1" 135.6"
128.7", 127.4, 128.1", 126.8", 126.7", 126.4", 126.0", 126.0", 80.8, 80.5, 80.4, 38.9,
33.4, 28.8, 27.2, 26.8, 24.0, 24.0, 2.20.8", 17.9; HRMS (APCI) Found MH260.1292,
C15H1903N requires 260.1287.

2-(((1,1-Dimethyl-3,4-dihydronaphthalen-2(1H)-ylidene)amino)oxy)-2-methylpropanoic
Acid (11)

Me, Me Me Me

N<
0"~ >CO,H

Following GP4, S2 (270 mg, 1.26 mmol) gavél (347 mg, quant) as a solid. FT-MRax
(film)/cm™ 2982, 1712, 1171, 967, 922, 895, 787:NMR (400 MHz, CDCJ) 6 7.41 (1H, d,
J=7.7 Hz), 7.31-7.26 (1H, m), 7.21 (1H, &k 7.3, 1.2 Hz), 7.17 (1H, d,= 6.6 Hz), 2.99
(2H, t,J = 6.6 Hz), 2.92-2.87 (2H, m), 1.56 (6H, s), 1.!651,(5);13C NMR (126 MHz,
CDCls) 6 175.7, 168.7, 142.8, 135.8, 128.4, 127.1, 12&5,11, 81.5, 41.4, 27.9, 27.6, 24.4,
22.9; HRMS (APCI) Found MH276.1584, GsH2:03N requires 276.1594.

2-(((3',4'-Dihydro-2'H-spiro[cyclohexane-1,1'-naphhalen]-2'-ylidene)amino)oxy)-2-
methylpropanoic Acid (1m)

Me, Me

N<
0~ “CO,H

Following GP4, S3 (460 mg, 2.15 mmol) gavém (481 mg, 71%) as a solid. FT-NRax
(film)/cm™ 2926, 1712, 1169, 966, 928, 874, 782:NMR (400 MHz, CDC}) 6 7.43 (1H, d,
J=7.8Hz), 7.26-7.21 (1H, m), 7.16 (1H, 8ds 7.4, 1.0 Hz), 7.11 (1H, d,= 7.2 Hz), 3.01
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(2H, t,J = 7.0 Hz), 2.86 (2H, ] = 7.0 Hz), 2.16-2.10 (2H, m), 1.86-1.77 (2H, my6L1.61
(5H, m), 1.54 (6H, s), 1.39-1.29 (1H, ntfC NMR (126 MHz, CDGJ)) & 178.4, 165.3,
144.6, 136.5, 128.6, 126.6, 126.1, 125.4, 81.F,45.1, 29.0, 26.2, 24.3, 23.1, 21.7; HRMS
(APCI) Found MH 316.1901, GH,OsN requires 316.1907.

2-Methyl-2-(((1-(4-phenyl-1-tosylpiperidin-4-yl)ethylidene)amino)oxy)propanoic  Acid
(1n)

Following GP4, S4 (432 mg, 1.2 mmol) gavén (478 mg, 87%) as a solid. FT-Rnax
(fiIm)/cm'l 3022, 1715, 1446, 1352, 1214, 1118, 971, 924, 668, 659, 587, 573H NMR
(400 MHz, CDC}) 6 7.67 (2H, dJ = 7.6 Hz,), 7.39—7.29 (4H, m), 7.29-7.18 (3H, B0
(2H, d,J = 11.0 Hz), 2.67 (2H, t) = 11.2 Hz), 2.45 (3H, s), 2.38-2.28 (2H, m), 22Ap%
(2H, m), 1.49 (3H, s), 1.40 (6H, SJC NMR (101 MHz, CDGQ) & 177.8, 159.6, 143.7,
143.5, 133.2, 129.7, 128.8, 127.9, 127.1, 126.01,846.8, 43.2, 32.9, 24.0, 21.5, 12.2;
HRMS (ESI neg) Found M-H457.1803, G4H290sN2S requires 457.1797.

2-(((1-(1-gert-Butoxycarbonyl)-4-phenylpiperidin-4-yl)ethylideneamino)oxy)-2-

methylpropanoic Acid (10)

Me CO,H

Me><o
N

P%Me
N
Boc

Following GP4, S5 (432 mg, 1.2 mmol) gavéo (494 mg, quant.) as a solid. FT-WRax
(film)/lcm™ 3015, 1682, 1435, 1355, 1215, 1173, 696, 859, 760, 573; '"H NMR (400
MHz, CDCk) 6 9.68-9.33 (1H, br. s), 7.36—7.26 (4H, m), 7.23,(1,H = 6.9 Hz), 3.99-3.69
(2H, br. s), 3.27-3.06 (1H, br. s), 2.32-2.19 (8h), 1.97-1.76 (2H, m), 1.61 (6H, s), 1.60
(3H, s), 1.46 (9H, s)’C NMR (101 MHz, CDGJ) § 178.6, 159.5, 155.1, 144.3, 128.7, 126.8,
126.2, 81.2, 79.6, 47.5, 40.8, 33.4, 28.5, 24.20;1RRMS (ESI) found MN&a427.2203,
C22H3205N2Na requires 427.2203.
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2-Methyl-2-((((1S,4R,E)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ylidene)anto)oxy)
propanoic Acid (1p)

Me Me

Me" TN-O_coH
Me” ve
Following GP4, (D)-camphor (400 mg, 2.6 mmol) gate (256 mg, 39%) as an oil. dr 1:1.
FT-IR Vmax (film)/cm™ 2958, 1714, 1174, 968, 921, 885, 754;NMR (500 MHz, CDG},
E:Z isomers)s 2.56-2.53 (1H, m), 2.08 (0.5H, s), 2.04 (0.5H,1s98-1.93 (1H, m), 1.91-
1.82 (1H, m), 1.76 (1H, tdl = 12.4, 3.9 Hz), 1.49 (3H, s), 1.47 (3H, s), 11489 (1H, m),
1.29-1.22 (1H, m), 1.02 (3H, s), 0.94 (3H, s), (34, s);*C NMR (126 MHz, CDG, E:Z
isomers)s 175.7, 174.3, 81.0, 52.8, 48.5, 43.5, 34.0, 32741, 24.5, 24.3, 19.4, 18.4, 11.0;

HRMS (APCI) Found MH 254.1747, @H»,03N requires 254.1751.

2-((((8R,9S,135,14S,E)-3-Acetoxy-13-methyl-6,7,8,9,11,12,13,14,15,16-dbgdro-17H-
cyclopentafg]phenanthren-17-ylidene)amino)oxy)-2-methylpropana Acid (1q)

Me
Me\),cozH

Following GP4, estrone (420 mg, 1.56 mmol) galeg after acetylation(432 mg, 67%), as a
solid. FT-IRVmax (film)/cm™2979, 2359, 2253, 1746, 1470, 1127, 903, 724, 830YMR
(400 MHz, CDC}) § 7.29 (1H, dJ = 8.5 Hz), 6.85 (1H, dd] = 8.5, 2.6 Hz), 6.80 (1H, d,=
2.5 Hz), 2.93-2.83 (2H, m), 2.67-2.48 (2H, m), 22185 (1H, m), 2.29 (3H, s), 2.00-1.89
(2H, m), 1.68-1.38 (8H, m), 1.50 (6H, d= 5.7 Hz), 0.97 (3H, s)*C NMR (101 MHz,
CDCls) 6 176.3, 174.2, 169.9, 148.5, 138.0, 137.4, 124,64, 118.8, 81.1, 45.0, 44.1, 37.7,
33.9, 29.4, 27.0, 26.2, 25.9, 24.4, 24.4, 22.92217.2; HRMS (APCI) Found MH
414.2284, GH3,05N requires 414.2275.

¢ Experimental procedure for the acetylation: A sunspon of the crude inJ@ (2.0 mL) was cooled to 0 °C and
treated with NaOH (82 mg, 2.04 mmol, 3.0 equiv.yl &t,0 (0.18 mL, 2.04 mmol, 3.0 equiv.). The mixture
was allowed to warm to room temperature overnighe mixture was diluted with 1M HCI and EtOAc. The
layers were separated and the aqueous layer wasked with EtOAc (3 x 5mL). The combined orgarigdrs
were dried (MgSQ), filtered and evaporated. Purification by coluaiimomatography on silica gel gate.
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2-((((3R,8R,9S,10S,13S,14S,E)-3-Acetoxy-10,13-dimethylhexadecahydro-17H-
cyclopentala]phenanthren-17-ylidene)amino)oxy)-2-rtaylpropanoic Acid (1r)

Following GP4, S6 (200 mg, 0.6 mmol) gavér (211 mg, 65%) as a solid. FT-IRnax
(film)/cm™ 2945, 1724, 1443, 1355, 1245, 1026, 875, 7B¥NMR (400 MHz, CDCJ) &
4.74-4.61 (1H, m), 2.60-2.39 (2H, m), 2.02 (3H,1s94-1.87 (1H, m), 1.87-1.77 (2H, m),
1.77-1.68 (2H, m), 1.67-1.57 (2H, m), 1.55-1.42,(&#, 1.48 (3H, s), 1.46 (3H, s), 1.41—
1.26 (6H, m), 1.25-1.13 (2H, m), 1.08-0.94 (2H, Y1 (3H, s), 0.85 (3H, s), 0.78-0.69
(1H, m); °C NMR (126 MHz, CDG) § 175.5, 175.0, 170.7, 81.2, 73.5, 54.3, 45.0, 44.6,
36.7, 35.6, 34.8, 33.9, 33.8, 31.4, 28.3, 27.42,2B4.4, 24.4, 23.1, 21.5, 20.6, 17.2, 12.2;
HRMS (ASAP) Found MF434.2886, GsH40OsN requires 434.2901.

2-((((3R,8R,9S,10R,13S,14S,E)-3-acetoxy-10,13-dimethyl-1,2,3,4,7,8,9,10,11,12,1
14,15,16-tetradecahydro-17H-cyclopentala]phenanthre17-ylidene)amino)oxy)-2-
methylpropanoic Acid (1s)

Me
Me\),cozH

Following GP4 but running the reaction overnight at room tempemt
(3R,8R,9S,10R,13S,14S)-10,13-dimethyl-17-0x0-273349,10,11,12,13,14,15,16,17-tetra
decahydro-1H-cyclopenta[a]phenanthren-3-yl acg#®® mg, 1.2 mmol) gavés (436 mg,
84%) as a solid. FT-IRmax (film)/cm™ 2947, 1725, 1374, 1251, 1032, 7%4; NMR (400
MHz, CDCE) 6 9.86 (1H, br s), 5.32 (1H, d,= 4.9 Hz), 4.54 (1H, dt) = 10.3, 5.5 Hz),
2.59-2.35 (2H, m), 2.35-2.17 (2H, m), 2.05-1.95,(@hH 1.99 (3H, s), 1.90 (1H, d=11.7
Hz), 1.86-1.71 (3H, m), 1.64-1.46 (4H, m), 1.44 (3§ 1.43 (3H, s), 1.47-1.26 (3H, m),
1.20-1.03 (2H, m), 0.99 (3H, s), 1.04-0.93 (1H, MB7 (3H, s);*C NMR (101 MHz,
CDCl) 6 177.7, 173.0, 170.6, 139.8, 122.0, 80.8, 77.51,776.8, 73.8, 53.9, 50.1, 44.3,
38.0, 36.89, 36.7, 33.8, 31.3, 31.2, 27.6, 26.(8,24.2, 23.2, 21.4, 20.4, 19.3, 16.9; HRMS
(APCI) found MH 432.2739, GsH3s0sN requires 432.2744.
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2-((((2S,4&R,4bSs,6aS, 7aS,8aS,8bS,8cR,8dR,9aR,9bR, E)-2-Acetoxy-9b-hydroxy-4a,6a-
dimethyloctadecahydro-7H-cyclopropa[4,5]cyclopental,2-a]cyclopropall]phenanthren-
7-ylidene)amino)oxy)-2-methylpropanoic Acid (1t)

Following GP4, S7 (210 mg, 0.44 mmol) gavét (260 mg, quant.) as a solid. FT-IRyax
(film)/lcm™ 3018, 1730, 1443, 1352, 1215, 1144, 1040, 753, $68,°C NMR (126 MHz,
CDCls) 6 175.5, 173.8, 169.9, 81.3, 72.9, 70.5, 54.5, 44048, 40.4, 37.2, 33.3, 24.6, 24.4,
24.4, 22.7, 22.6, 21.7, 21.5, 18.9, 16.4, 16.39,184.4, 11.4; HRMSASAP) Found MH
474.2843, GH4006N requires 474.2850.

2-((((4R,68S,9R,11aR,11bS,2)-4-(Methoxycarbonyl)-4,9,11b-trimethyldodecahydroéa,9-
methanocycloheptala]naphthalen-8(7H)-ylidene)aminaxy)-2-methylpropanoic Acid
(1u)

Following GP4, S8 (332 mg, 1.0 mmol) gavéu (210 mg, 48%) as a solid; FT-1Rnax
(film)/cm™ 1710, 1265, 1223, 735, 703, 545t NMR (400 MHz, CDC}) & 3.65 (3H, s),
2.94 (1H, dd)J = 19.0, 3.3 Hz), 2.24-2.13 (1H, m), 1.96 (1HJ & 19.0 Hz), 1.91-1.76 (2H,
m), 1.76-1.54 (5H, m), 1.49 (6H, s), 1.49-1.36 (8t), 1.29-1.21 (3H, m), 1.18 (3H, s),
1.10 (3H, s), 1.09-0.96 (2H, m), 0.92-0.80 (2H, M2 (3H, s)*C NMR (101 MHz,
CDCls) 6 178.0, 176.3, 174.81.6, 57.5, 56.5, 55.1, 51.8, 45.0, 44.2, 41.4]1,440.3, 40.0,
38.4, 38.4, 38.3, 29.3, 24.9, 24.8, 22.5, 22.18,209.4, 13.6; HRMS (APCI) Found MH
434.2899, GsH3gNOs requires 434.2906.
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2-((((8R,95,135,14S,E)-3-Methoxy-13-methyl-6,7,8,9,11,12,13,14,15,16-édydro-17H-
cyclopentafg]phenanthren-17-ylidene)amino)oxy)-2-methylpropana: Acid (1v)

Following GP4, mestrone (70 mg, 0.25 mmol) galxe (93 mg, quant.) as a solid. FT-1Rax
(film)/cm™ 2929, 1716, 1499, 1169, 919, 738;NMR (400 MHz, CDGJ) & 7.20 (1H, dJ =
8.6 Hz), 6.72 (1H, dd] = 8.6, 2.6 Hz), 6.64 (1H, d,= 2.4 Hz), 3.78 (3H, s), 2.93-2.85 (2H,
m), 2.67-2.47 (2H, m), 2.43-2.35 (1H, m), 2.29 (i), 2.08 (1H, m), 2.00-1.91 (1H, m),
1.69-1.39 (5H, m), 1.51 (6H, d,= 5.3 Hz), 0.97 (3H, s)*C NMR (101 MHz, CDGJ) &
176.0, 174.5, 157.6, 137.7, 132.0, 126.3, 113.9,61181.16, 55.2, 52.8, 45.1, 43.9, 38.1,
33.9, 29.7, 27.2, 26.3, 26.1, 24.4, 24.4, 22.93;1ARMS (ESI) Found MH 386.2322,
C23H3204N requires 386.2326.

(E)-2-Methyl-2-(((4-methyl-1-phenylpentylidene)aminodxy)propanoic Acid (6a)

M’;";/COZH

.0
N

Ph)J\/\rMe

Me
Following GP4, S9 (654 mg, 3.70 mmol) gavéa (890 mg, 87%) as a solid. FT-MRnax
(film)/cm™ 2955, 2869, 1714, 1468, 1295, 1169, 978, 920, 963, 692;'H NMR (400
MHz, CDCk) & 7.63—7.58 (2H, m), 7.41-7.35 (3H, m), 2.83-2.74, (&), 1.66—1.56 (1H,
m), 1.60 (6H, s), 1.47—1.39 (2H, m), 0.94 (6HJ & 6.6 Hz);**C NMR (126 MHz, CDGJ) &
177.3, 161.4, 135.0, 129.7, 128.6, 126.5, 81.64,358.3, 24.9, 24.3, 22.3; HRMS (APCI)
Found MH 278.1746, GH.4OsN requires 278.1751.
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(E)-2-(((1-(4-Methoxyphenyl)-4-methylpentylidene)amin)oxy)-2-methylpropanoic Acid
(6b)

Me,

Me ﬁ/COZH

Following GP4, S10 (413 mg, 2.0 mmol) gavéb (436 mg, 71%) as a solid. FT-MRax
(film)/cm_l 2955, 1713, 1607, 1513, 1466, 1297, 1249, 1174, 830;*"H NMR (500 MHz,
CDCly) § 7.56 (2H, dJ = 8.5 Hz), 6.90 (2H, dJ] = 8.5 Hz), 3.83 (3H, s), 2.79-2.74 (2H, m),
1.66-1.56 (1H, m), 1.58 (6H, s), 1.42 (2H, m), O(6H4, d,J = 6.6 Hz):"*C NMR (126 MHz,
CDCl) 6 177.4, 161.2, 161.0, 127.9, 127.4, 114.1, 81.6,,5536.6, 28.4, 24.9, 24.5, 22.5;
HRMS (APCI) Found MH 308.1853, G/H2604N requires 308.1856.

(E)-2-(((1-(4-Cyanophenyl)-4-methylpentylidene)aminajxy)-2-methylpropanoic  Acid
(6¢)

Me,

Meﬁ/COZH

.0
N

/@)KA(MG
NC Me

Following GP4, S11 (273 mg, 1.36 mmol) gavéc (387 mg, 94%) as a solid. FT-NRnax
(film)/cm™ 2955, 1716, 1612, 1302, 1250, 974, S NMR (500 MHz, CDCY) § 7.72 (2H,
d,J = 8.1 Hz), 7.65 (2H, d] = 8.1 Hz), 2.80-2.75 (2H, m), 1.62 (6H, s), 1.6861(1H, m),
1.42-1.40 (2H, m), 0.94 (6H, d,= 6.6 Hz);™*C NMR (126 MHz, CDG)) & 176.5, 158.9,
139.5, 132.3, 126.9, 118.5, 112.9, 82.0, 35.2,,28434, 24.2, 22.3; HRMS (APCI) MH
303.1691, GH230:N; requires 303.1703.

(E)-2-Methyl-2-(((4-methyl-1-(naphthalen-2-yl)pentyldene)amino)oxy)propanoic Acid
(6d)

Me,

Mo ﬁ/COZH

N/O

Me
I 7

Following GP4, S12 (367 mg, 1.62 mmol) gaveéd (491 mg, 93%) as a solid. FT-NRnax
(film)/lcm™ 2956, 1715, 1467, 1170, 980, 738; NMR (400 MHz, CDGJ) & 8.01 (1H, br s),
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7.90-7.82 (3H, m), 7.80-7.77 (1H, m), 7.55-7.51,(BY), 2.98-2.89 (2H, m), 1.73-1.62
(1H, m), 1.64 (6H, s), 1.55-1.46 (2H, m), 0.97 (6H, = 6.6 Hz);**C NMR (126 MHz,
CDCly) 6 175.6, 161.0, 133.9, 133.1, 132.4, 128.6, 12&3,7, 126.9, 126.5, 126.3, 123.7,
81.9, 35.5, 28.3, 24.8, 24.4, 22.4; HRMS (APCI) frblH" 328.1913, GoH260:N requires
328.1907.

2-(((1-(Furan-2-yl)-4-methylpentylidene)amino)oxy)2-methylpropanoic Acid (6e)
M
Mee%/cozH
Ke)
N
\ o Me

Following GP4, S13(374 mg, 2.25 mmol) gavée (507 mg, 84%) as an oil. drl:1. FT-IR
Vmax (film)/cm™2955, 1714, 1468, 1383, 1365, 1161, 979, MINMR (400 MHz, CDC},
E:Z isomers)s 7.51 (0.5H, ddJ = 1.7, 0.5 Hz), 7.50-7.49 (0.5H, m), 7.36—7.3%KD.m),
6.72 (0.5H, ddJ = 3.5, 0.5 Hz), 6.55 (0.5H, dd= 3.5, 1.8 Hz), 6.47 (0.5H, dd,= 3.5, 1.8
Hz), 2.73-2.66 (2H, m), 1.62 (3H, s), 1.58 (3H,1sH6-1.43 (3H, m), 0.95 (3H, d,= 6.6
Hz), 0.94 (3H, dJ = 6.6 Hz);"*C NMR (126 MHz, CDGJ, E:Z isomers)s 176.4, 153.5,
149.4, 148.9, 145.1, 144.3, 143.2, 119.3, 112.2,511111.4, 81.9, 81.8, 36.3, 35.7, 31.0,
30.0, 28.2, 27.7, 27.1, 24.5, 24.4, 24.3, 22.43;2RARMS (APCI) Found MH 268.1544,
C14H2204N requires 268.1543.

2-(((2-(2-Chloropyridin-4-yl)-4-methylpentylidene)amino)oxy)-2-methylpropanoic Acid
(6f)

Me,
CO,H
Meﬁ/ 2
.0
N

Cl X Me

|
N Z Me

Following GP4, S14 (128 mg, 0.57 mmol) gavéf (130 mg, 74%) as an oil. FT-IRyax
(film)/cm™ 2958, 1720, 1588, 1379, 1215, 1168, 986, ?6BNMR (500 MHz, CDCJ) &
8.38 (1H, dJ = 5.2 Hz), 7.51 (1H, s), 7.41 (1H, 8= 5.2 Hz), 2.76-2.70 (2H, m), 1.62 (6H,
s), 1.66-1.56 (1H, m), 1.42-1.38 (2H, m), 0.95 (6HJ = 6.6 Hz);"*C NMR (126 MHz,
CDCl) § 176.1, 157.0, 152.2, 150.0, 146.0, 121.1, 1123,85.0, 28.2, 24.4, 22.3; HRMS
(APCI) Found MH 313.1305, @H2,0sN,Cl requires 313.1313.
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(E)-2-Methyl-2-(((2,2,6-trimethylheptan-3-ylidene)amno)oxy)propanoic Acid (6g)
M
Mee%/cozH
.0
N

Meh)l\/\rMe
Me

Me Me
Following GP4, S15 (300 mg, 1.9 mmol) gavég (155 mg, 31%) as a solid. FT-Rnax
(film)/cm™ 2958, 2870, 1716, 1468, 1364, 1175, 974, 898, #5$MR (400 MHz, CDC))
§ 11.50 (1H, br s), 2.34-2.27 (2H, m), 1.64-1.54,(i), 1.50 (6H, s), 1.43-1.35 (2H, m),
1.16 (9H, s), 0.93 (6H, dl = 6.6 Hz);*3C NMR (101 MHz, CDGJ) 5 175.6, 172.1, 81.1,
38.2, 35.3, 28.9, 27.6, 24.6, 24.4, 22.2; HRMS (AP@und MH 258.2059, @H.s0sN
requires 258.2064.

2-((((E)-1-((3r,5r,7r)-Adamantan-1-yl)-4-methylpentylidene)amino)oxy)-2methyl
propanoic Acid (6h)

Mg;/COZH

-0

Me
Me

Following GP4, S16 (230 mg, 0.98 mmol) gavéh (230 mg, 62%) as a solid. FT-NRax
(film)/cm™ 2903, 2849, 1711, 1451, 1291, 1173, 970, 918, 890MR (400 MHz, CDC))

§ 2.31-2.25 (2H, m), 2.06 (3H, br s), 1.81-1.64 (181, 1.62—1.52 (1H, m), 1.50 (6H, s),
1.39-1.31 (2H, m), 0.92 (6H, d,= 6.6 Hz);**C NMR (126 MHz, CDCJ) & 175.6, 172.1,
81.1, 40.1, 39.3, 38.6, 36.5, 36.4, 35.3, 28.99,227.8, 24.4, 23.5, 22.2; HRMS (APCI)
Found MH 336.2524, gyH340sN requires 336.2533.

2-Methyl-2-(((5-methyl-1-phenylhexan-2-ylidene)amin)oxy)propanoic Acid (6i)
M
Me;/COZH
n*©

Ph\)k/\(Me

Me
Following GP4, S17 (600 mg, 3.16 mmol) gav& (920 mg, quant.) as a solid. dr 1:1. FT-IR

Vmax (film)/cm™ 2955 (br.), 2869, 1714, 1468, 1453, 1296, 1168, 988, 908, 733, 700H
NMR (400 MHz, CDC{, E:Z isomers)s 7.35-7.28 (2H, m), 7.28-7.23 (1H, m), 7.22-7.17
(2H, m), 3.73 (1H, s), 3.52 (1H, s), 2.30-2.25 (i), 2.24-2.19 (1H, m), 1.52 (6H, s), 1.55—
1.42 (1H, m), 1.42-1.33 (1H, m), 1.33-1.25 (1H, @B6 (3H, dJ = 6.3 Hz), 0.84 (3h, dI
= 6.3 Hz);**C NMR (101 MHz, CDCJ, E:Z isomers)s 177.2, 177.2, 163.7, 162.3, 136.2,
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136.1, 129.0, 128.7, 127.0, 126.7, 81.2, 81.0,,48468, 34.5, 34.4, 31.9, 28.1, 27.5, 26.0,
24.3,24.2, 22.3, 22.2; HRMS (APCI) Found [M2D2.1894, GH260sN requires 292.1907.

(E)-2-(((1-Cyclohexyl-4-methylpentylidene)amino)oxyR-methylpropanoic Acid (6j)

Me,
CO,H
Meﬁ/ 2
N/O

Me
Me

Following GP4, S18 (200 mg, 1.12 mmol) gavéj (250 mg, 79%) as a solid. FT-NRax
(film)/cm_l 2928, 2854, 1715, 1468, 1450, 1171, 975, 927, "F6BIMR (400 MHz, CDCJ)
§ 2.34-2.25 (2H, m), 2.26-2.13 (1H, m), 1.81 (4H, %4 (1H, ddJ = 16.6, 10.0 Hz), 1.48
(6H, s), 1.42-1.13 (8H, m), 0.91 (6H,H= 6.6 Hz);**C NMR (101 MHz, CDGJ) & 175.9,
169.7, 81.1, 44.0, 35.0, 30.4, 28.6, 26.2, 26.10,281.5, 22.4.

2-(((1-Ethoxy-8-methyl-1-oxononan-5-ylidene)amino)y)-2-methylpropanoic Acid (6k)
M
Meeﬁ/COZH
sO
N

EtO ZC\/\)I\/\r Me

Me
Following GP4, S19 (513 mg, 2.4 mmol) gavék (461 mg, 61%) as an oil. dr 1:1. FT-IR
Vmax (film)/cm™ 2955 (br.), 1732, 1714, 1170 (br.), 972 NMR (400 MHz, CDC4, E:Z
isomers)d 4.17-4.11 (2H, m), 2.41-2.22 (6H, m), 1.91-1.78, (h), 1.58-1.48 (1H, m),
1.50 (6H, s), 1.43-1.32 (2H, m), 1.26 (1.5H) & 7.1 Hz), 1.25 (1.5H, ] = 7.1 Hz), 0.91
(3H, d,J = 6.5 Hz), 0.90 (3H, dJ = 6.6 Hz);"*C NMR (126 MHz, CDGJ, E:Z isomers)5
176.2, 176.1, 173.2, 173.1, 164.4, 163.9, 81.2,80.6, 60.5, 34.8, 34.6, 33.8, 33.5, 33.3,
32.2, 28.2, 27.7, 27.6, 26.6, 24.3, 24.2, 22.33,221.2, 21.1, 14.2; HRMS (APCI) Found
MH™316.2103, GH300sN requires 316.2118.

2-(((10-Bromo-2-methyldecan-5-ylidene)amino)oxy)-2aethylpropanoic Acid (6l)
M
MeeA(COZH
sO
N

Br\/\/\)l\/\(Me

Me
Following GP4, S20(300 mg, 1.2 mmol) gav@ (276 mg, 66%) as an oil. dr 1:1. FTURax
(film)/cm™ 2955, 2867, 1716, 1467, 1362, 1170, 975, 755, B8 MR (400 MHz, CDC},
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E:Z isomers)s 3.42 (1H, tJ = 6.7 Hz), 3.41 (1H, tJ = 6.7 Hz), 2.41-2.31 (2H, m), 2.29—
2.23 (2H, m), 1.92-1.85 (2H, m), 1.60-1.45 (5H, MA9 (6H, s), 1.44-1.32 (2H, m), 0.92
(3H, d,J = 6.6 Hz), 0.91 (3H, d] = 6.6 Hz);*C NMR (101 MHz, CDGJ, E:Z isomers)s
175.8, 175.7, 165.3, 165.2, 81.1, 53.4, 34.8, 33461, 33.6, 33.4, 32.4, 32.4, 32.2, 28.3,
28.2, 28.1, 27.7, 27.7, 26.7, 25.0, 24.8, 24.43,222.3, 22.3; HRMS (ASAP) Found MH
350.1311, GH29O3NBr requires 350.1325.

2-(((10-Azido-2-methyldecan-5-ylidene)amino)oxy)-Paethylpropanoic Acid (6m)
M
Meeﬁ/COZH
50
N

N3\/\/\)J\/\/Me

Me
Following GP4, S27(93 mg, 0.44 mmol) gavém (128 mg, 93%) as a yellow oil. dr 1'H
NMR (500 MHz, CDCl, E:Z isomers)s 3.27 (2H, tJ = 6.9 Hz), 2.33-2.27 (2H, m), 2.12
(2H, q,J = 7.1 Hz), 1.68-1.54 (2H, m), 1.55-1.45 (3H, mA0L(6H, s), 1.43-1.24 (4H, m),
0.90 (3H, dJ = 6.6 Hz), 0.87 (3H, d] = 6.6 Hz);**C NMR (126 MHz,CDCls, E:Z isomers)
6 181.5, 159.9, 159.8, 81.7, 81.6, 51.3, 51.2, 4464, 35.5, 34.8, 33.9, 32.2, 28.6, 28.4,
28.2, 27.8, 27.7, 26.7, 26.4, 26.0, 25.3, 25.10,284.5, 22.4, 22.3; HRMS (ESI) Found
MNa" 335.2023, GsHogN4NaOsrequires 335.2059.

2-(((10-Cyano-2-methyldecan-5-ylidene)amino)oxy)-gethylpropanoic Acid (6n)
M

Me;/COZH

n'C

NC\/\/\)J\/\r Me

Me

Following GP4, S28(90 mg, 0.46 mmol) gavén (63 mg, 46%) as a yellow oil. dr 1:1. FT-
IR Vimax (film)/cm™ 3321, 2941, 2831, 1449, 1022, 668, 5F2NMR (400 MHz,CDCl, E:Z
isomers)s 2.41-2.30 (4H, m), 2.27-2.19 (2H, m), 1.74-1.68, (&), 1.61-1.43 (5H, m),
1.50 (6H, s), 1.44-1.30 (2H, m), 0.92 (3H,Jd; 6.5 Hz), 0.90 (3H, d] = 6.5 Hz);"*C NMR
(101 MHz,CDCl, E:Z isomers) § 176.7, 176.6, 164.4, 119.8, 119.7, 81.1, 81.00),3%.7,
34.0, 32.5, 28.7, 28.3, 28.2, 27.8, 26.8, 25.21,285.0, 24.4, 24.3, 22.4, 22.3, 17.3, 17.2;
HRMS (ESI) Found MN&297.2167, GgH2gN,Oz requires 297.2178.
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2-Methyl-2-(((2-methyl-10-phenoxydecan-5-ylidene)amo)oxy)propanoic Acid (60)
M'\e"3|/cozH
sO
N

Pho\/\/\)l\/\r e

Me
Following GP4, S29 (200 mg, 0.76 mmol) gavéo (140 mg, 51%) as an yellow oil. dr
1.25:1."H NMR (400 MHz,CDCl, E:Z isomers)s 7.32-7.12 (2H, m), 6.91-6.83 (1H, m),
6.81 (2H, dJ = 8.6 Hz), 3.95-3.82 (2H, m), 2.38-2.24 (2H, m},8(2H, dt,J = 11.2, 7.6
Hz), 1.79-1.68 (2H, m), 1.56-1.37 (5H, m), 1.42 (3} 1.38-1.24 (2H, m), 1.41 (3H, s),
0.84 (3H, dJ=6.3 Hz), 0.83 (3H, d] = 6.3 Hz);lBC NMR (101 MHz,CDCl;, E:Z isomers)
6 158.8, 129.2, 129.2, 129.2, 120.4, 120.3, 11413,217, 80.8, 80.7, 67.4, 67.3, 36.7, 34.7,
34.4, 34.0, 32.2, 28.8, 28.7, 28.4, 28.1, 28.05,226.4, 26.0, 25.5, 25.4, 25.3, 24.1, 22.5,
22.2,22.1.

2-Methyl-2-(((2-methyl-10-(phenylthio)decan-5-ylidae)amino)oxy)propanoic Acid (6p)
MZ;/COZH
N
PhS Me

\/\/\)l\/\’\gs
Following GP4, S30 (140 mg, 0.5 mmol) gavép (110 mg, 58%) as a pale yellow oil. dr
1.25:1. FT-IRvmax (film)lcm™ 1264, 734, 703, 545'H NMR (400 MHz, CDCl;, E:Z
isomers)é 7.28-7.15 (5H, m), 2.98-2.77 (2H, m), 2.31-2.281, (th), 2.17-2.07 (2H, m),
1.72-1.58 (2H, m), 1.42 (3H, s), 1.40 (3H, s), £B@2 (7H, m), 0.83 (3H, d, = 6.7 Hz),
0.82 (3H, dJ = 6.7 Hz);*C NMR (101 MHz,CDCls, E:Z isomers)s 177.5, 177.4, 164.3,
164.2, 136.7, 129.1, 129.0, 127.5, 127.1, 125.8,7,80.8, 80.7, 34.9, 34.6, 34.1, 33.4, 32.3,
28.8, 28.7c, 28.3, 28.2, 281.1, 27.6, 26.5, 256552,24.3, 22.4, 22.2; HRMS (APCI) Found
M-H*378.2097, G;H3,0sNSrequires 378.2110.

(E)-2-(((4,8-Dimethyl-1-phenylnonylidene)amino)oxy)-anethylpropanoic Acid (6q)

Me
CO,H
Meﬁ/ 2
N’O
Ph)K/Y\/\( Me
Me Me

Following GP4, S21 (400 mg, 1.63 mmol) gaveg (430 mg, 76%) as an oil. FT-IRmax
(film)/cm™ 3345, 2969, 1466, 1378, 1345, 1304, 1160, 11207,1950:'"H NMR (400 MHz,
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CDCly) § 7.56-7.52 (2H, m), 7.37-7.29 (3H, m), 2.78-2.64, @), 1.53 (6H, s), 1.51-1.37
(5H, m), 1.33-1.15 (5H, m), 0.87 (3H.Hz 6.5 Hz), 0.79 (6H, d] = 6.6 Hz);**C NMR (126
MHz, CDCL) § 165.9, 161.2, 141.0, 135.1, 132.9, 129.6, 1286,4, 81.8, 39.2, 36.7, 33.3,
33.0, 28.0, 24.7, 24.5, 24.5, 24.4, 22.7, 22.65.19.

2-(((5,9-Dimethyl-1-phenyldecan-2-ylidene)amino)oxy2-methylpropanoic Acid (6r)

Me,
CO,H
Meﬁ/ 2
N’O
Ph\)K/\/\/\(Me
Me Me

Following GP4, S22 (200 mg, 0.76 mmol) gavér (262 mg, 95%) as an oil. dr:1:1. FT-IR
Vmax (film)/lcm™ 2953, 2925, 2868, 1715, 1467, 1453, 1378, 13689,1271, 735, 699'H
NMR (400 MHz, CDC}, E:Z isomers)s 7.35-7.24 (3H, m), 7.22-7.16 (2H, m), 3.76 (0.5H,
d, J = 14.1 Hz), 3.70 (0.5H, d = 14.1 Hz), 3.52 (1H, s), 2.37-2.08 (2H, m), 1(6H, s),
1.44-1.03 (8H, m), 0.89-0.82 (9H, MC NMR (126 MHz, CDGJ, E:Z isomers)s 176.1,
176.0, 164.6, 163.2, 136.1, 135.9, 129.2, 129.8,9,.2128.9, 127.2, 126.9, 81.5, 81.3, 40.8,
39.4, 39.4, 37.0, 36.8, 34.7, 33.2, 33.0, 32.65,321.8, 28.1, 28.1, 27.7, 25.9, 24.8, 24.8,
245, 24.4, 22.8, 22.7, 22.7, 19.5, 19.4; HRMS (APund MH 360.2544, GH3,NOs
requires 360.2539.

2-(((3-Hydroxy-5-methyl-1-phenylhexan-2-ylidene)amio)oxy)-2-methylpropanoic Acid
(6s)
M
Me;/COZH
Ke)

N

Me
Ph

OH Me

Following GP4, S23(103 mg, 0.5 mmol) gavés (137 mg, 89%) as an oil. dr 4:1. FT-URax
(film)/lcm™ 1710, 1418, 1359, 1220, 1091, 584;NMR (400 MHz, CDCJ, E:Z isomers)
7.22-7.06 (5H, m), 4.76—4.69 (0.2H, m), 4.16 (0.BHt, J = 6.2 Hz), 3.82 (0.8H, d} = 14.3
Hz), 3.52 (0.8H, dJ = 14.3 Hz), 3.51 (0.4H, br s), 1.70-1.54 (1H, 34 (6H, br s), 1.36—
1.30 (1.6H, m), 1.28-1.12 (0.4H), 0.77 (2.4HJds 6.7 Hz), 0.71 (2.4H, d] = 6.2 Hz),
0.82-0.67 (1.2H, m)**C NMR (101 MHz,CDCls, E:Z isomers)s 179.0", 178.9", 164.0™,
161.1", 136.8", 136.4", 131.0, 129.2, 128.7, 128.6, 128.3, 127.1, 12628,6, 81.8" 81.3
m 70.8", 67.8™ 45.8, 44.¢Y, 43.4™ 37.1™, 31.8" 24.6™, 24.5™ 24.1M 24.0M 23.6",
23.2™ 22.0™21.5™ HRMS (ESI) Found MH 307.1784, GH,sNO, requires 307.1784.
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2-(((4-(1-tert-Butoxycarbonyl)piperidin-4-yl)-1-phenylbutan-2-ylidene)amino)oxy)-2-
methylpropanoic Acid (6t)
Me

Me%/COZH

N“’O

Ph\)‘\/\G
N.
Boc

Following GP4, S24 (200 mg, 0.6 mmol) gavét (220 mg, 85%) as an oil. dr 1'H NMR
(400 MHz,CDCls, E:Z isomers) 7.36—7.15 (5H, m), 4.04 (2H, br s), 3.73 (1H,3s50 (1H,

s), 2.62 (2H, br sJ = 11.9 Hz), 2.30 (1H, t] = 7.5 Hz), 2.21 (1H, t] = 7.5 Hz), 1.66—1.59
(2H, m), 1.55 (3H, s), 1.55 (3H, s), 1.46 (4.5H,1s45 (4.5H, s), 1.49-1.26 (3H, m), 1.11—
0.91 (2H, m);**C NMR (101 MHz,CDCl, E:Z isomers) 177.7, 177.6, 162.4, 161.0, 155.1,
136.4, 130.7, 129.1, 129.1, 128.8, 127.1,126.8,81.1, 79.5, 40.7, 35.9, 35.3, 34.5, 32.4,
32.3, 31.9, 31.0, 28.6, 25.3, 24.3, 24.3.

2-Methyl-2-(((5-methyl-1-phenyldecan-2-ylidene)amin)oxy)propanoic Acid (6u)
M
MeeArCOzH
o)
N

Ph\)J\/\(\/\/Me

Me

Following GP4, S25 (144 mg, 0.62 mmol) gavgu (179 mg, 54%) as an pale yellow oil. dr
1.8:1. FT-IRVma (film)/cm™ 3344, 2359, 1649, 1264, 1016, 733, 788NMR (400 MHz ,
CDCl, E:Z isomers)s 7.34-7.09 (5H, m), 3.69 (0.4H, d,= 13.2 Hz), 3.63 (0.4H, dl =
14.0 Hz), 3.45 (1.2H, s), 2.19 (1.2HJt= 7.7 Hz), 2.12-1.53 (0.8H, m), 2.02-1.53 (2H, m),
1.46 (6H, s), 1.41-0.96 (9H, m), 0.88-0.69 (6H, M NMR (101 MHz, CDGCJ, E:Z
isomers)s 176.6, 164.2, 162.8, 136.0, 135.9, 129.0, 12928,7, 127.0, 126.8, 81.3, 81.1,
40.7, 36.4, 36.1, 34.5, 33.0, 32.8, 32.3, 32.47,329.2, 29.1, 25.7, 24.3, 23.0, 19.4, 19.3,
14.1; HRMS (ESI) Found MN&70.2362, G;H33NaO; requires 370.2358.

2-(((4-Cyclopentyl-1-phenylbutan-2-ylidene)amino)oy)-2-methylpropanoic Acid (6v)
M

Me;/COZH

ne©

phJ\/\Q

Following GP4, S26 (86 mg, 0.4 mmol) gavév (41 mg, 37%) as a colourless oil. dr 1.3:1.
FT-IR Vimax (film)/cm™ 1708, 1359, 12221, 583 NMR (500 MHz, CDC}, E:Z isomers)
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7.37-7.08 (5H, m), 3.73 (0.9H, s), 3.52 (1.1H,2s31-2.26 (1.1H, m), 2.24—2.18 (0.9H, m),
1.79-1.64 (4H, m), 1.61-1.38 (7H, m), 1.53 (6H, & NMR (126 MHz, CDQ, E:Z
isomers)s 176.8' 176.7", 163.8", 162.8", 136.1", 136.¢, 129.0%, 128.7", 127.¢,126.7",
81.3", 81.1, 40.6, 40.1, 39.6, 34.5, 33.2, 32.4, 32.2, 3197,227.4, 25.1, 24"3 24.3";
HRMS (ESI) Found MN4340.1891, GH,7NaO; requires340.1889.

2-((((5-((3R,8R,95,105,13R,14S,1 /R)-3-Hydroxy-10,13-dimethylhexadecahydro-1H-
cyclopentala]phenanthren-17-yl)hexan-2-ylidene)amim)oxy)-2-methylpropanoic  Acid
(6w)

Following GP4, S31 (150 mg, 0.4 mmol) gavéw (120 mg, 63%) as a solid. dr: 4:1. FT-IR
Vimax (film)/cm™ 3314, 2942, 2831, 1448, 1418, 606, 546;NMR (400 MHz,CDCl, E:Z
isomers)d 3.73-3.57 (0.8H, m), 3.52-3.44 (0.2H, m), 2.08KD.s), 2.40-2.08 (2H, m),
2.00-1.92 (1H, m), 1.89 (2.3H, s), 1.86—1.45 (8K, b0 (6H, s), 1.43-1.32 (7H, m), 1.28—
0.96 (10H, m), 0.91 (3H, s), 0.63 (0.7H, s), 0.83H, s);"*C NMR (101 MHz,CDCl;, E:Z
isomers)s 177.¢", 176.3, 162.6™, 162.0", 81.0M, 80.9™, 72.0, 56.6, 56M, 55.8", 43.0,
42.2, 40.5, 40.3, 36.5, 35.9, 35.8, 35.4, 35.37,332.9, 32.2, 31.6, 30.6, 28.428.3"27.3,
26.5", 26.8", 24.5, 24.3, 23.5, 20,920.4, 18.8, 18.4", 14.7, 12.1; HRMS (APCI) Found
MH™ 474.3589, GoH1NO,4requires 474.3583.
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3 Reaction Optimizations

All reactions were optimised using Fuzumi’s acridin 2 as the photocatalyst.

Mes

3.1 Cascade Ring-Opening-Fluorination

General Procedure for the Reaction Optimization — &5

HOLC Me selectfluor (2.0 equiv.)
2 \FMB 2 (5 mol%)
0 K,CO3 (1.0 equiv.) E Me
N : Nc\/\)(
Me MeCN-H,0 (0.2 M), 15 min Me
Me blue LEDs 3a
84%

la

A dry tube equipped with a stirring bar was chargéti 1a (21 mg, 0.1 mmol, 1.0 equiv2,

(2 mg, 0.005 mmol, 5 mol%), the base (0.1 mmol,eQiv.), and the F-source (0.2 mmol,
2.0 equiv.). The reaction vessel was sealed, eteaduand back-filled with nitrogen three
times, then sealed with parafilm. The solvent (hhb) was added, the blue LEDs were
switched on and the reaction was stirred undedimteon for the given amount time,@& (1
mL), EtOAc (1 mL) and 1,3-Dinitrobenzene (4 mg,Zb0nmol, 0.5 equiv.) were added. The
layers were separated and the aqueous layer weactext with EtOAc (2 x 2 mL). The
combined organic layers were dried (Mg$hQiltered and evaporated. CDAQD.4 mL) was

added and the mixture was analysedNMR spectroscopy to determine the NMR yield.

The optimum reaction conditions identified by tbimisation study were:

selectfluor (2.0 equiv.)

Me
HOZC\FMe 2 (5 mol%)
o K,CO3 (1.0 equiv.)
N > NC
\/\)(Me

Me MeCN-H,0 (0.2 M), 15 min
Me blue LEDs 3a
84%

la

The following Table reports all experiments perfedn
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Entry F-source Base Solvent Time Yield (%)
1 PROaSs S0P CsCGO; MeCN 1h -
F

2 15 © CsCOs MeCN 1h 13%
[J\éjzga
F

3 e © CsCOs MeCN-HO (1:1) 1h 67
[NJZEF
- ® 4

4 15 © K2,CGOs3 MeCN-HO (1:1) 1h 70%
[NJZEF
- ® 4

5 (o EtN MeCN-HO (1:1) 1h 8%
[szgF
) 4

6 (o K2CGOs MeCN-HO (1:1) | 15 min 84%
,N®\72§F4
F

Control Experiments
7° / N\/750; K2COs MeCN-HO (1:1) 1h -
N~/ 2BF,

F®

8° 15 ° K,CO;s MeCN-HO (1:1) 1h -
[szga
F@

9 15 - MeCN-HO (1:1) 1h 8%
[,N®\72§F4
F

®the reaction was run without light.

® the reaction was run withogt
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3.2 Cascade Ring-Opening-Chlorination

General Procedure for the Reaction Optimization — &6

Me NCS (2.0 equiv.)
HOZC\FMe 2 (5 mol%)
o. base (1.0 equiv.) Cl, Me
N

> NC
MeCN (0.1 M), 1 h \/\)(Me

Me
Me blue LEDs 4a

la
A dry tube equipped with a stirring bar was chargéti 1a (21 mg, 0.1 mmol, 1.0 equiv2,
(2 mg, 0.005 mmol, 5 mol%), the base (0.1 mmol,ef0iv.), and NCS (27 mg, 0.2 mmol,
2.0 equiv.). The reaction vessel was sealed, eteaduand back-filled with nitrogen three
times, then sealed with parafilm. MeCN (1.0 mL) veaksled, the blue LEDs were switched
on and the reaction was stirred under irradiatanlfh. HO (1 mL), EtOAc (1 mL) and 1,3-
Dinitrobenzene (4 mg, 0.025 mmol, 0.5 equiv.) wadeled. The layers were separated and
the aqueous layer was extracted with EtOAc (2 xL2. mhe combined organic layers were
dried (MgSQ), filtered and evaporated. CD0.4 mL) was added and the mixture was
analysed byH NMR spectroscopy to determine the NMR yield.

The optimum reaction conditions identified by tbgimisation study were:

Me NCS (2.0 equiv.)
HOZC\FMe 2 (5 mol%)
o. KOACc (1.0 equiv.) Cl, Me
N

> NC

Me MeCN (0.1 M), 1 h V\)(Me
Me blue LEDs 4a
94%

la

The following Table reports all experiments perfedn
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Entry Base Solvent Time Yield (%)
1 CsCO; MeCN 1h 65
2 K2COs MeCN 1lh 84
3 KOAc MeCN 1lh 94
Control Experiment

4 KOAc MeCN 1lh -

KOAc MeCN 1lh -
6 - MeCN 1h -

% the reaction was run without light.

® the reaction was run witho@t
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3.3 Cascade Ring Opening-Azidation

General Procedure for the Reaction Optimization — ®7

HO.C Me N-source (2.0 equiv.)
2 \'LMe 2 (5 mol%)
o base (1.0 equiv.) Nz Me
\N > NC
Me solvent, 1 h \/\)(Me
Me blue LEDs 5a

la

A dry tube equipped with a stirring bar was chargéti 1a (21 mg, 0.1 mmol, 1.0 equiv2,

(2 mg, 0.005 mmol, 5 mol%), the base (0.1 mmol, dg@iv.), and the azide source (0.2
mmol, 2.0 equiv.). The reaction vessel was seaedcuated and back-filled with nitrogen
three times, then sealed with parafilim. The soly@2 mL, 0.1 M) was added, the blue
LEDs were switched on and the reaction was stureter irradiation. D (1 mL), EtOAc (1
mL) and 1,3-Dinitrobenzene (4 mg, 0.025 mmol, Ogbie.) were added. The layers were
separated and the aqueous layer was extractedet@Ac (2 x 2 mL). The combined organic
layers were dried (MgSf) filtered and evaporated. CDC(0.4 mL) was added and the
mixture was analysed By NMR spectroscopy to determine the NMR yield.

The optimum reaction conditions identified by tbgimisation study were:

9
i-Pr ﬁ_Ng
(e}
i-Pr
Me (2.0 equiv.)
HOZC\FMe 2 (5 mol%)
o Cs,CO3 (1.0 equiv.) N3 Me

N NC

Me CH,Cl, (0.2 M), 1 h \/\/(Me
Me blue LEDs 4a
64%

la

The following Table reports all experiments perfedn
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Entry Ns-source Base Solvent Yield (%)
N3
0=$=0
1 CsCGOs toluene -
Me
N3
0=5=0
2 -Pr -Pr CsCOs toluene 45%
i-Pr
0. O\I,N3
3 B CsCOs toluene traces
N3
0=5=0
4 m(;f P CsCO; CH,Cl, 64%
i-Pr

Control Experiments

N3
O0=S=0

5 i-”@ Pr Cs,COs CH,Cl, —_

i-Pr

(4.0)

N3
0=S=0

6 i*’\@ Pr CsCO; CH,Cl, _

i-Pr

(4.0)

N3
0=S=0

7 i-Pr: i-Pr _ CH2C|2 _

i-Pr

(4.0)

?the reaction was run without light.

® the reaction was run withogt
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3.4 Cascade 1,5-H Abstraction-Chlorination

General Procedure for the Reaction Optimization — &8

Me NCS
Meﬁ/cozH 2 (5 mol%) G
lo) base (1.0 equiv.)
N” Me

> PhM(
Me solvent (0.1 M), time, N, a’m
Ph blue LEDs €

Me 7a
6a

A dry tube equipped with a stirring bar was charggttt 6a (28 mg, 0.1 mmol, 1.0 equiv3,

(2 mg, 0.005 mmol, 5 mol%), the base (0.1 mmol,ef0iv.), and NCS (54 mg, 0.4 mmol, 4
equiv.). The reaction vessel was sealed, evacuatddack-filled with nitrogen three times.
The solvent (1 mL) was added, the blue LEDs weriéched on and the reaction was stirred
under irradiation, under a constant flow of nitnoger the given amount of time..B (1
mL), EtOAc (1 mL) and 1,3-Dinitrobenzene (4 mg,Z5Gnmol, 0.5 equiv.) were added. The
layers were separated and the aqueous layer weactext with EtOAc (2 x 2 mL). The
combined organic layers were dried (Mg$Qiltered and evaporated. CDGD.4 mL) was

added and the mixture was analysedtYNMR spectroscopy to determine the NMR yield.

The optimum reaction conditions identified by tbgimisation study were:

Me NCS
Meﬁ/cozH 2 (5 mol%) G
.0 Cs,CO3 (1.0 equiv.)
N > Ph)j\/>( Me
)]\/\rMe toluene(0.1 M), 45 min, N, a’ Me
Ph blue LEDs
Me 69% 7a

6a

The following Table reports all experiments perfedn
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Entry Base Solvent Time Yield (%)
1 K2COs toluene 16 h 41
2 CsCGO; CH.Cl; 16 h 41
3 CsCGOs toluene 16 h 57
4 CsCGOs Toluene 45 min 69
Control Experiment

5 CsCGOs toluene 1h -
6 CsCGOs toluene 1h -
7 — toluene 1h -

% the reaction was run without light.

® the reaction was run withogt
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3.5 Cascade 1,5-H Abstraction-Fluorination

General Procedure for the Reaction Optimization — &8

F-source (2.0 equiv.)

Me 2 (5 mol%)
CO,H
Meﬁ/ 2 base (1.0 equiv.) o
.0 additive (25 mol%)
N > Ph)l\/y Me

Me solvent, time
' F
Ph)j\/\f blue LEDs Me
Me 8a
6a

A dry tube equipped with a stirring bar was chargéth 6a (14 mg, 0.05 mmol, 1.0 equiv.),

2 (2 mg, 0.005 mmol, 5 mol%), the base (0.05 mmdl efuiv.), the F-source (0.1 mmol, 2.0
equiv.) and the additive (0.0125 mmol, 25 mol%)e Thaction vessel was sealed, evacuated
and back-filled with nitrogen three times. The solv was added, the blue LEDs were
switched on and the reaction was stirred undedimteon, under a constant flow of nitrogen.
H2O (1 mL), EtOAc (1 mL) and 1,3-Dinitrobenzene (4,n0g025 mmol, 0.5 equiv.) were
added. The layers were separated and the aquegrswas extracted with EtOAc (2 x 2
mL). The combined organic layers were dried (MgS@ltered and evaporated. CDGD.4

mL) was added and the mixture was analysedtbNMR spectroscopy to determine the
NMR yield.

The optimum reaction conditions identified by tbgimisation study were:

selectfluor (2.0 equiv.)

Me, 2 (5 mol%)
COH
Meﬁ/ 2 Cs,CO3 (1.0 equiv.) o
.0 Ag,CO3 (25 mol%)
N > PhM Me
Me  MeCN-H,0 (0.1 M), 15 min =
Ph)l\/\r blue LEDs Me
Me 81% 8a

6a

The following Table reports all experiments perfedn
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Entry F-Source Base Additive (equiv.) Solvent (M) Time Yield (%)
1 PHOS. S0P CsCOs — CHCI, (0.1 M) 16 h —
F
2 PRO;S+ S0P CsCOs — CHCI, (0.1 M) 1lh -
F
3 PROZS. \-SOPh K,COs - CH.CI, (0.1 M) 1h -
F
4 PRO;S+ ~SOP1 KH,PO, — CHCI; (0.1 M) 1h _
F
5 PRO;S+ ~S0P1 CsF — CHCI, (0.1 M) 1lh -
F
6 POZS~ SO CsCO; — HFIP (0.1M) 1h -
F
7 PO+ -S0T CsCO; - toluene (0.1M) 1h -
F
8 POZS. SO CsCOs - MeCN (0.1M) 1h -
F
9 o ° CsCOs - CHCl; (0.1 M) 16 h -
057 %,
10 ™ CsCOs - MeCN (0.1M) 1h -
057 %,
11 ey CsCOs - MeCN-HO 1:1 (0.1M) 1h 17
057 %,
12 A‘,gm CsCO; Ag.CO; (0.25) MeCN-HO 1:1 (0.1M) 15 min 81
57 %,
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Entry F-Source Base Additive (equiv.) Solvent (M) Time Yield (%)
13 / {750(; CsCOs Ag2CO; (0.25) MeCN-HO 1:1 (0.05M) 15 min 65
N~/ 2BF,
Fe
14 15 CsCGOs Agz2NO;3 (0.25) MeCN-HO 1:1 (0.05M) 15 min 60
[,NG)\72C|§)F4
F
15 (7 CsCGO; AgSDbF; (0.25) MeCN-HO 1:1 (0.05M) 15 min 20
[,NG)\72C|§)F4
F
16 N/(;CCL CsCOs Ag(phen)OTf MeCN-HO 1:1 (0.05M) 15 min 39
fN@J 28F, (0.25)
17 s N\/752) CsCGOs AgBF, (0.25) MeCN-HO 1:1 (0.05M) 15 min 32
N—/ 2BF,
F®
18 (7 CsCGOs AgO (0.25) MeCN-HO 1:1 (0.05M) 15 min 19
[,NG)\72C|§)F4
F
19 15 NaH,PO, Ag2CO; (0.25) MeCN-HO 1:1 (0.1M) 15 min 40
[,NG)\72C|§)F4
F
20 PROS.\-SOPh CsCO; Ag,CO;s (0.25) MeCN-HO 1:1 (0.1M) 15 min 11
F
Control Experiments
27° / {750;) CsCOs Ag2CO; (0.25) MeCN-HO 1:1 (0.1M) 15 min 34
N—/ 2BF,
F®
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Entry F-Source Base Additive (equiv.) Solvent (M) Time Yield (%)
22 (72 CsCGO; Ag.CO; (0.25) MeCN-HO 1:1 (0.1M) 15 min -
[NJZ(I?F
- ® 4
23 15 - AgCO;s (0.25) MeCN-HO 1:1 (0.1M) 15 min 2
[,N®J2§F4
-

 the reaction was run witho@t

® the reaction was run in the dark.
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4  Picture of Reaction Set-Up

e}
§

!
y
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5 Reaction Products
5.1 Cascade Ring-Opening-Fluorination

General Procedure for the Reaction Optimization — ®9

HO.C Me selectfluor (2.0 equiv.)
2 \FMe 2 (5 mol%)
o K,CO3 (1.0 equiv.) F R!

R1 blue LEDs

N > NC\/\t')><
|| R MeCN-H,0 (0.2 M), 15 min n R
n

F
R Me F F NC\/\/D
NC\/\)< Me NCF NC/\)\ Ph Nea~A Ph N-goc
3c 3d 3e

3a 3b

MeO,C Me
3t

A dry tube equipped with a stirring bar was charggith the oxime(1.0 equiv.),2 (5 mol%),

K2CGO; (0.1 mmol, 1.0 equiv.) and selectfluor (0.2 mn&D equiv.). The tube was sealed,
evacuated and back-filled with nitrogen three timdsCN-HO (1:1, 0.2 M) was added, the
blue LEDs were switched on and the reaction waeestiunder irradiation for 15 min. The
mixture was dilute with bD (1 mL) and EtOAc (1 mL). The layers were sepataed the

aqueous layer was extracted with EtOAc (3 x 5 riflie combined organic layers were dried
(MgSQy), filtered and evaporated. The residue was purifig column chromatography on

silica gel.
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5-Fluoro-5-methylhexanenitrile (3a)
R Me

NC\/\)<ME

Following GP9, 1a (19 mg, 0.1 mmol) gav@a (11 mg, 84%) as an offH NMR (400 MHz,
CDCly) 5 2.40 (2H, t,J = 6.4 Hz), 1.86-1.69 (4H, m), 1.37 (6H,JF 21.3 Hz);"’F NMR
(376 MHz, CDCH4)  —140.0. Data in accordance with the literaftffe.

4-Fluoro-4-phenylbutanenitrile (3b)

NC_~_F
Following GP9, 1b (17 mg, 0.1 mmol) gav8b (76%) as an oif.'"H NMR (500 MHz,
CDCly) 6 4.52 (2H, dtJ = 46.9, 5.5 Hz), 2.49 (2H, § = 7.1 Hz), 2.07-1.98 (2H, m)C
NMR (126 MHz, CDC}) 6 118.6, 81.2 (dJ = 167.3 Hz), 47.4, 26.2 (H, d,= 20.5 Hz), 13.2
(H, d,J = 5.3 Hz);*F NMR (CDC}, 376 MHz)3 —222.8.

4-Fluoro-4-phenylbutanenitrile (3c)

NC/\)\Ph

Following GP9, 1c (12 mg, 0.05 mmol) gav&c (6 mg, 68%)H NMR (500 MHz, CDC}) &
7.47-7.22 (5H, m), 5.51 (1H, dddi= 47.6, 8.6, 3.9 Hz), 2.55-2.05 (4H, iC NMR (126
MHz, CDCk) 6 138.3, 129.1, 128.9, 125.4, 119.0, 92.2Jd&; 173.5 Hz), 33.6, 13.5]',9F
NMR (471 MHz, CDC}) § —179.6. Data in accordance with the literattive.

5-Fluoro-5-phenylpentanenitrile (3d)
F

NC\/\)\Ph

Following GP9, 1d (13 mg, 0.05 mmol) gaved (6 mg, 68%) as an oitH NMR (500 MHz,
CDCl) & 7.43 — 7.30 (5H, m), 5.49 (1H, dddl,= 47.8, 8.1, 4.2 Hz), 2.49-2.34 (2H, m),
2.18-1.95 (2H, m), 1.94-1.72 (2H, )>*C NMR (100 MHz, CDCI3) 16.9, 21.2 (dJ =
3.8 Hz), 35.8 (dJ = 23.8 Hz), 93.5 (dJ = 172.2 Hz), 119.2, 125.2 (A= 6.7 Hz), 128.5 (d)
=1.9 Hz), 128.6, 139.4 (dl = 20.0 Hz);'**F NMR (471 MHz, CDG)) 6 —176.9. Data in

accordance with the literatufé

4 As 3b is volatile, the reaction was performed in LD-D,O and after 15 min under blue LEDs irradiation, a
solution of 1,3-(MeOyCgHs in CDCk was added and the yield calculated by cristi&l MR analysis.
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tert-Butyl 4-(3-Cyanopropyl)-4-fluoropiperidine-1-carboxylate (3e)
F

=~
N.
Boc

Following GP9, 1e (35 mg, 0.1 mmol) gav@e (10 mg, 35%) as an oil. FT-Ryax (film)/cm™
13013, 2947, 1689, 1427, 1352, 1244, 997, 908, IBAIMR (400 MHz, CDCJ) 5 3.94
(2H, br s), 3.06 (2H, br s), 2.40 (2H,Jt= 6.7 Hz), 1.87-1.75 (5H, m), 1.75-1.68 (1H, m),
1.54-1.42 (2H, m), 1.46 (9H, sy’C NMR (126 MHz, CDGCJ) 5 154.7, 119.3, 93.4 (d, =
172.2 Hz), 79.7, 39.0 (d,= 22.3 Hz), 34.5 (d] = 13.9 Hz), 29.7, 28.4, 19.0, 174F NMR
(376 MHz, CDC}) & —164.2;HRMS (ASAP) Found MN& 293.1625, @H,30.N,FNa
requires 293.1636.

6-Fluoro-6-phenylhexanenitrile (3f)
F

NC/\/\)\Ph

Following GP9, 1f (28 mg, 0.1 mmol) gavéf (12 mg, 61%) as an oil. FT-IRnax (film)/cm™
12253, 1375, 1038, 917, 73% NMR (400 MHz, CDCJ) § 7.42-7.34 (3H, m), 7.32 (2H, d,
J=7.8 Hz), 5.44 (1H, ddd,= 47.7, 8.1, 4.6 Hz), 2.36 (2H,J= 7.0 Hz), 2.08-1.78 (2H, m),
1.78-1.53 (4H, m)-*C NMR (101 MHz, CDGJ) 6 139.9 (dJ = 19.9 Hz), 128.6, 128.4 (d,
= 1.8 Hz), 125.4 (d) = 6.9 Hz), 119.5, 94.1 (d,= 171.4 Hz), 36.4 (d] = 23.9 Hz), 25.3,
24.4 (d,J = 4.1 Hz), 17.1%F NMR (376 MHz, CDGJ)  —175.4; HRMS (ESI) Found MNa
214.0998, @H;4/NFNa requires 214.1002.

6-Fluoro-6-phenylheptanenitrile (39g)

R Me

NC/\A)(Ph

Following GP9, 1g (29 mg, 0.1 mmol) gav8g (13 mg, 63%) as an oil. FT-IRmax

(film)/cm™ 3019, 1352, 1214, 1028, 864, 558;NMR (400 MHz, CDGJ) & 7.40—-7.34 (2H,
m), 7.33-7.27 (3H, m), 2.28 (2H,X= 7.1 Hz), 2.01-1.96 (1H, m), 1.96-1.89 (1H, m§6l
(3H, d,J = 21.5 Hz), 1.60-1.45 (2H, m), 1.38— 1.24 (2H, H; NMR (101 MHz, CDG) 5

144.3 (d,J = 22.0 Hz), 128.3, 127.3, 123.9 (b= 9.9 Hz), 119.6, 97.4 (d,= 173.1 Hz) 41.2
(d,J = 24.1 Hz), 27.9 (d] = 25.3 Hz), 25.5, 23.0 (d,= 3.7 Hz), 17.08"°F NMR (376 MHz,
CDCly) 8 —149.6; HRMS (ESI) Found MN£28.1156, GH:sNFNa requires 228.1159.

SI55



7-Fluoro-7-phenylheptanenitrile (3h)

F

NC\/\/\)\Ph

Following GP9, 1h (29 mg, 0.1 mmol) gav8h (15 mg, 72%) as an oil. FT-IRmax

(film)/cm™ 2950, 2400, 1450, 904, 725, 648t NMR (400 MHz, CRCI) § 7.41-7.36 (2H,
m), 7.35-7.30 (3H, m), 5.43 (1H, ddbi= 47.8, 8.1, 4.7 Hz), 2.34 (2H,X= 7.0 Hz), 2.06—
1.75 (3H, m), 1.71-1.63 (2H, m), 1.55-1.38 (5H, M NMR (126 MHz, CDG)) § 140.2

(d,J =19.7 Hz), 128.5, 128.3 (d,= 2.1 Hz), 125.4 (d] = 6.9 Hz), 119.6, 94.3 (d,= 170.9
Hz), 36.9 (dJ = 23.8 Hz), 29.7, 28.4, 25.3, 24.3 (& 4.4 Hz), 17.1*F NMR (376 MHz,
CDCl) § —175.2; HRMS (ESI) Found MN&28.1160, GH1sNFNa requires 228.1159.

2-(2-Fluoro-2,3-dihydro-1H-inden-1-yl)acetonitrile(3i)
__/CN

O
Following GP9, 1i (26 mg, 0.1 mmol) gav8i (11 mg, 62%) as an oil. dr: 4:1. FT-MRax
(film)/cm™ 2360, 1474, 1433, 1072, 870, 66#; NMR (400 MHz, CDC}, diastereomers)
7.33-7.22 (4H, m), 5.55-5.37 (0.2H, m), 5.20 (0.8Hk,J = 52.4, 6.3, 3.8 Hz), 3.63 (0.8H,
dtd,J = 22.0, 6.6, 3.8 Hz), 3.58-3.50 (0.2H, m), 3.423831H, m), 3.27-3.09 (1H, m), 2.86—
2.73 (0.4H, m), 2.67 (1.6H, d,= 6.7 Hz);**C NMR (101 MHz, CDGQ, diastereomersj
139.9", 139.9", 139.8", 139.1", 128.8", 128.9", 127.¢", 127.6", 125.4", 125.4" 124.%
123.7", 117.9", 97.6 (d,J = 183.9 HZY, 94.9 (H, dJ = 184.4 HZ), 47.8 (d,J = 24.0 HZY,
46.0 (d,J = 19.4 HZY, 38.9 (d,J = 22.8 HZY, 38.2 (d,J = 22.6 HZY', 20.4 (d,J = 6.5 HzZY",
16.3 (d,J = 13.6 Hz}; F NMR (376 MHz, CDGJ) 5 —176.8%', —193.86. HRMS (ESI)
Found MN4 176.081, @H;oNFNa requires 176.0876.

2-(4-Fluoro-1-tosylpyrrolidin-3-yl)acetonitrile (3j)

Following GP9, 1j (19 mg, 0.1 mmol) gavgj (12 mg, 44%) as an oil. dr: 3.4:1. FTYRax
(film)/cm™ 2360, 1264, 1017, 908, 730, 704, 56H NMR (500 MHz, CDC},
diastereomersy 7.65 (1.4H, d,J = 8.3 Hz) & 7.64 (0.6H, d) = 8.3 Hz), 7.29 (1.4H, d] =
8.3 Hz) & 7.29 (0.6H, d) = 8.3 Hz), 5.08—4.94 (0.3H, m) & 4.88 (0.7H, dblt 6.8, 4.3, 2.0
Hz), 3.69 (0.3H, ddJ = 9.6, 7.4 Hz), 3.65-3.55 (0.7H, m), 3.47-3.3ZK).m), 3.25-3.19
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(1.7H, m), 2.95-2.88 (0.3H, m), 2.67-2.57 (0.7H, B¥9-2.39 (0.3H, m), 2.40-2.36 (0.3H,
M), 2.38 (3H, s), 2.27 (1.7H, dd) = 7.7, 4.7 Hz);*C NMR (126 MHz, CDG,
diastereomersy 144.7", 144.6", 133.6™, 133.1", 130.4", 130.3", 128.¢, 127.9", 117.4,
117.0", 94.15 (dJ = 184.8 HZY, 92.3 (d,J = 184.2 HZY, 54.4 (d,J = 23.1 HZY}, 52.6 (d,J =
24.8 Hz)", 50.4", 50.0", 41.8 (d,J = 23.2 HZY", 40.8 (d,J = 19.4 HZ}, 22.0, 18.6 (dJ = 8.4
Hz), 15.0 (d,J = 9.0 HzJ"; *°*F NMR (376 MHz, CDGJ) & —-174.%', —192.4; HRMS (ESI)
Found MN4 305.0730, GH150,N,FNaS requires 305.0730.

3-(2-(1-Fluoroethyl)phenyl)propanenitrile (3k)

CL-
CN

Following GP9, 1k (26 mg, 0.1 mmol) gav@k (8 mg, 46%) as an oil. FT-1Ryax (film)/cm™
2360, 1264, 907, 729, 704, 656§ NMR (CDCk, 500 MHz)$ 7.43 (1H, dJ = 6.5 Hz),
7.37-7.30 (2H, m), 7.27 (1H, d,= 6.3 Hz), 5.83 (1H, dqg] = 47.2, 6.4 Hz), 3.12-2.97 (2H,
m), 2.71-2.57 (2H, m), 1.71 (3H, dil= 23.6, 6.4 Hz)**C NMR (CDCk, 126 MHz)5 138.8
(d,J =18.4 Hz), 136.2 (d] = 3.2 Hz), 130.3, 129.4 (d,= 2.3 Hz), 128.1, 126.6 (d,= 6.8
Hz), 119.5, 88.9 (d] = 166.1 Hz), 28.7, 22.2 (d,= 25.4 Hz), 19.6 (d] = 3.0 Hz);"*F NMR
(376 MHz, CDC}) 6 —163.6 (s); HRMS (APCI) Found MK216.0585, GH1,NFK requires
216.0591.

3-(2-(2-Fluoropropan-2-yl)phenyl)propanenitrile (3l)

Me, Me
F
cC,
Following GP9, 11 (28 mg, 0.1 mmol) gaval (13 mg, 70%) as an oitH NMR (400 MHz,
CDCls) 6 7.35 (1H, dJ = 7.6 Hz), 7.29-7.24 (1H, m), 7.21-7.17 (2H, m},.33-3.07 (2H, m),
2.72-2.66 (2H, m), 1.44 (6H, S)F NMR (376 MHz, CDGJ) 5 —134.10 (s); HRMS (ESI)
Found MNH" 209.1448, GH:gFN, requires 209.1454. Data in accordance with the

literature!*”!

SI57



3-(2-(1-Fluorocyclohexyl)phenyl)propanenitrile (3m)

CN
Following GP9, 1m (32 mg, 0.1 mmol) gav8m (13 mg, 56%) as an oitH NMR (400
MHz, CDCk) 6 7.37-7.29 (2H, m), 7.07-7.11 (2H, m), 3.10 (2H, &hp6 (2H, tJ = 7.5
Hz), 1.83-1.60 (10H, m}’F NMR (376 MHz, CDGJ) § —157.7. Datan accordance with the

literaturef*”!

4-Fluoro-4-phenyl-1-tosylpiperidine (3n)

Ph F

N
|

Ts
Following GP9, 1n (46 mg, 0.1 mmol) gav&n (20 mg, 60%) as a solid. FT-IRnax
(film)/cm™ 3382, 2952, 1175, 954, 650, 63B; NMR (400 MHz, CDC}) & 7.69 (2H, d,J =
7.9 Hz), 7.40-7.28 (7H, m), 3.82 (2H, dbi= 11.4, 3.9 Hz), 2.69 (2H, J,= 11.6 Hz), 2.46
(3H, s), 2.25 (1H, td) = 13.6, 4.8 Hz), 2.15 (1H, td,= 13.6, 4.8 Hz), 2.03 (2H, §,= 11.8
Hz); C NMR (126 MHz, CDGJ) & 143.8, 143.27 (dJ = 21.2 Hz), 133.1, 129.8, 128.5,
128.0, 127.7, 123.7 (d,= 9.3 Hz), 93.2 (dJ = 175.1 Hz), 42.3 (d] = 1.2 Hz), 36.2 (dJ =
22.5 Hz), 21.57;F NMR (376 MHz, CDG) & -162.4; HRMS (ESI) Found MNa
356.1078, @gH200,NFNaS requires 356.1091.

tert-Butyl 4-Fluoro-4-phenylpiperidine-1-carboxylate (3)
R Ph

®

N

Boc
Following GP9, 10 (40 mg, 0.1 mmol) gav&o (18 mg, 64%) as an oil. FT-IRmax
(film)/lcm™ 3314, 2343, 1022, 667, 6284 NMR (500 MHz, CDCJ) & 7.41-7.35 (4H, m),
7.34-7.28 (1H, m), 4.12 (2H, br s), 3.18 (2H, braP7-1.89 (4H, m), 1.49 (9H, SC
NMR (126 MHz, CDC{) & 154.8, 144.1 (d) = 21.4 Hz), 128.4 (d] = 0.7 Hz), 127.7 (d] =
1.1 Hz), 123.9 (dJ = 9.2 Hz), 94.3 (dJ = 174.5 Hz), 79.7, 36.9, 36.6, 28'8 NMR (376
MHz, CDCk) & -162.7; HRMS (ESI) Found MNa302.1515, GH2,O.NFNa requires
302.1513.
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2-((1R,39)-3-Fluoro-2,2,3-trimethylcyclopentyl)acetonitrile (3p)
NG Meg Me
\"" N “‘Me
F

Following GP9, 1p (25 mg, 0.1 mmol) gav@p (12 mg, 68%) as an oil. dr: 4:1.
Data for major diastereomeltt NMR (500 MHz, CDCJ) § 2.43-2.34 (2H, m), 2.25-2.20
(1H, m), 2.19-2.10 (1H, m), 2.03-1.79 (2H, m), £486 (1H, m), 1.30 (3H, d = 22.2
Hz), 1.02 (3H, dJ = 1.4 Hz), 0.70 (3H, s)°C NMR (126 MHz, CDGJ) 119.4, 96.6 (dJ =
171.5 Hz), 43.2, 34.9 (d,= 24.0 Hz), 26.5, 19.1, 19.0, 18.77 Jds 26.4 Hz), 18.31 (d] =
5.8 Hz), 17.8™°F NMR (376 MHz, CDG)) § —143.1; HRMS (ESI) Found MH170.1335,

Ci10H17/NF requires 170.1340. Data in accordance withatee!!”

(4bS,7S,8S,8aR)-8-(2-Cyanoethyl)-7-fluoro-7-methyl-4b,5,6,7,8,88,10-octahydro
phenanthren-2-yl Acetate (3q)

Me

e E
SO
AcO

Following GP9, 1q (41 mg, 0.1 mmol) gav8q (24 mg, 72%) as an oil. dr 1.3H NMR
(400 MHz, CDC}) 6 7.28 (1H, dJ = 8.5 Hz), 6.85 (1H, d] = 8.5 Hz), 6.80 (1H, s), 2.62—
2.54 (2H, m), 2.44-2.36 (2H, m), 2.28 (3H, s), 2405 (2H, m), 1.99-1.86 (4H, m), 1.66—
1.58 (2H, m), 1.57-1.41 (1H, m), 1.32 (3H,Jd= 22.4 Hz), 1.23-1.09 (2H, m)®*F NMR
(376 MHz, CDC}) 6 -130.2, -159.5; HRMS (ESI) Found MH70.1335, GH1/NF requires
170.1340. Data in accordance with the literaftife.

(2R,48S,4bS,7S,8S,8aR)-8-(2-Cyanoethyl)-7-fluoro-4a, 7-dimethyltetradecaldro
phenanthren-2-yl Acetate (3r)

Me

G F

Me
SO
AcO™ :

H

Following GP9, 1r (43 mg, 0.1 mmol) gavér (18 mg, 52%) as an oil. dr 3:1. FT-\Rax
(film)/lcm™ 2995, 1266, 1174, 1130, 986, 9%H; NMR (400 MHz, CDCJ) & 4.68-4.56 (1H,
m), 2.51-2.3¥ (1.6H, m), 2.30-2.19 (0.4H, m), 1.89-1.81 (2H, m), 1.81-1.73 (2H, m),
1.72-1.65 (2H, m), 1.61-1.52 (2H, m), 1.49-1.37 2i), 1.37-1.06 (12H, m), 1.04-0.88
(3H, m), 0.78' (0.8H, s), 0.6Y (2.2H, s);**C NMR (126 MHz, CDGJ)" § 170.7", 170.7,
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120.3", 120.2", 98.4" (d,J = 169.7 Hz), 962 (d,J = 170.5 Hz), 73.8, 73.3" 52., 52.8",
50.8" (d,J = 17.0 Hz), 49.9 (d, J = 21.0 Hz), 43.9, 43.9", 39.4 (d,J = 9.3 Hz), 39.X (d, J
= 21.1 Hz), 38.2 (d, J = 22.4 Hz), 36.8, 36.6", 35.6 (d,J = 16.4 Hz), 35.5, 34.9, 3377
33.68%, 31.4", 31.2" 28.3" 28.2" 27.3" 27.3" 25.9" (d,J = 24.9 Hz), 24 Y, 23.1", 22.6"
(d,J = 12.4 Hz), 21.8, 21.4", 20.2", 20.2", 19.3" (d,J = 25.4 Hz), 178 (d, J = 6.5 Hz),
14.7" (d,J = 5.6 Hz), 12.1, 12.0"; %F NMR (376 MHz, CDQ) § —-129.%", —-159.6"; HRMS
(ESI) Found MN#372.2301, GiH3,0,NFNa requires 372.2309.

(1bR,3S,5aR,5bS,8S,9S,9aR)-9-((1S)-2-Cyanocyclopropyl)-8-fluoro-1b-hydroxy-5a, 8-
dimethyltetradecahydro-1H-cyclopropa[llJphenanthren-3-yl Acetate (3s)

Following GP9, 1s(47 mg, 0.1 mmol) gav@s (20 mg, 51%) as an oil. dr 3:1.

Data for the major isomer: FT-IRna (film)/cm™ 2925, 1728, 1249, 905, 729, 648 NMR
(400 MHz, CDC}) § 5.08-5.02 (1H, m), 2.21 (1H, dd= 14.3, 4.3 Hz), 2.07 (3H, s), 1.98—
1.92 (2H, m), 1.80-1.70 (1H, m), 1.52-1.42 (2H, %6 (3H, dJ = 21.5 Hz), 1.42-1.37
(2H, m), 1.23-1.14 (1H, m), 1.13-1.06 (2H, m), 037 (1H, m), 0.95 (3H, s), 0.91-0.77
(3H, m), 0.74-0.64 (2H, m¥?*C NMR (126 MHz, CDGJ) § 170.1, 121.7, 96.2 (d,= 171.9
Hz), 71.9, 70.8, 53.4, 50.3 (@= 20.7 Hz), 41.7, 40.7, 39.1, 38.7 {ds 21.9 Hz), 29.7, 26.8
(d,J = 25.5 Hz), 25.1, 22.1, 21.5, 20.3 (& 2.6 Hz), 17.7, 14.2, 13.7, 10.3, 3"F NMR
(376 MHz, CDC§) § —161.5; HRMS (ESI) Found MNa&12.2247, GH3,0sNFNa requires
412.2258.

Methyl (1R,4as,4br,R,8ar)-8a-(Cyanomethyl)-7-fluoro-1,4a,7-trimethyltetadecahydro

phenanthrene-1-carboxylate (3t)

MeOZCS Me
Following GP9, 1t (43 mg, 0.1 mmol) gavat (11 mg, 32%) as an oil. FT-IRnax (film)/cm™
12970, 2923, 1711, 1360, 1260, 1220, 1090, 1023, 917, 802, 731:H NMR (500 MHz,
CDCl) 6 3.65 (3H, s), 2.90 (1H, d,= 15.2 Hz), 2.65 (1H, d = 0.4 Hz), 2.28 (1H, ddd, =
15.1, 9.0, 2.5 Hz), 2.21-2.12 (2H, th~= 6.5 Hz), 2.08-1.98 (2H, m), 1.92-1.36 (7H, m),
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1.32 (3H, dJ = 21.3 Hz), 1.18 (3H, s), 1.14-0.80 (6H, m), OBA, s);**C NMR (126 MHz,
CDCl) 6 177.6, 119.6, 95.3, 57.33, 56.9, 51.5, 49.5)(d,20.3 Hz), 43.9, 40.2, 39.9, 38.1,
38.1 (d,J = 23.2 Hz), 37.6, 36.7, 28.7, 28.2 {d= 25.2 Hz), 21.7 (d] = 9.1 Hz), 19.28, 19.1,
17.3, 14.1°F NMR (471 MHz, CDGJ) § —144.87, HRMS (ESI) Found MN&72.2309,
C,1H320.NFNa requires 372.2315.
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5.2 Cascade Ring-Opening-Chlorination

General Procedure for the Reaction Optimization — 10

Me NCS (2.0 equiv.)
HOZC\FME 2 (5 mol%)
o. KOAc (1.0 equiv.) cl R

Rl blue LEDs

N > Nc\/\@X
|| R MeCN (0.1 M), 1 h TR
n

Ph_ClI Ph_ CI
cl NG Me, Me
Cl. Me Nc\/\/b i E‘ Me
N N , <
NC NC Cl N. 1 1 Cl
V\)(Me NN Boc Ts Boc
4a 4b 4c 4d de 4f

Me
Me
---CI Me cl Me cl
CN
20N INEO 80
MeO AcO b AcO
49 4h 4i

A dry tube equipped with a stirring bar was charggith the oxime(1.0 equiv.),2 (5 mol%),
KOAc (0.1 mmol, 1.0 equiv.) and NCS (0.2 mmol, 2Quiv.). The tube was sealed,
evacuated and back-filled with nitrogen three timegeCN (0.1 M) was added, the blue

4

LEDs were switched on and the reaction was stimeder irradiation for 1 h. The mixture
was dilute with HO (1 mL) and EtOAc (1 mL). The layers were separated the aqueous
layer was extracted with EtOAc (3 x 5 mL). The camalol organic layers were dried
(MgSQy), filtered and evaporated. The residue was purifig column chromatography on

silica gel.

5-Chloro-5-methylhexanenitrile (4a)

Cl, Me

NC\/\)(ME
Following GP10 1l1a (21 mg, 0.1 mmol) gavda (14 mg, 94%) as an oil. FT-IRyax
(film)/cm™ 2924, 1372, 957*H NMR (400 MHz, CDCJ) & 2.43-2.38 (2H, m), 1.92-1.84
(4H, m), 1.60 (6H, s)**C NMR (126 MHz, CDGJ) & 119.4, 69.6, 44.6, 32.5, 21.3, 17.2;
HRMS (ASAP) Found MH 146.0727, @H1aNCl requires 146.07321.
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4-Chlorobutanenitrile (4b)

NCTT"al
Following GP10, 1b (17 mg, 0.1 mmol) gavéb (6 mg, 59%) as an oitH NMR (500 MHz,
CD:CN) & 3.73-3.66 (2H, m), 2.61-2.55 (4H, mfC NMR (126 MHz, CRCN) & 119.6,
44.2, 28.7, 15.2. Data in accordance with a comialr@vailable sample [CAS: 628-20-6].

tert-Butyl 4-Chloro-4-(3-cyanopropyl)piperidine-1-carbaoxylate (4c)

NC
%
N.
Boc

Following GP10, 1e (35 mg, 0.1 mmol) gavdc (14 mg, 50%) as an oil. FT-IRmax
(film)/cm™ 3055, 2986, 1264, 908,731, 76# NMR (400 MHz, CDCJ) & 3.92 (2H, br s),
3.07 (2H, br s), 2.36 (2H, §,= 6.1 Hz), 1.88-1.81 (5H, m), 1.79 (1H, br s),2:86.52 (2H,
m), 1.39 (9H, s)*C NMR (126 MHz, CDGJ) § 154.9, 119.6, 80.2, 72.3, 44.6, 40.6, 39.8,
28.8, 20.3, 17.7; HRMS (ESI) Found MN209.1340, &H»30,N,CINa requires 309.1340.

4-Chloro-4-phenyl-1-tosylpiperidine (4d)
Cl_ Ph

N
Ts

Following GP10, 1n (46 mg, 0.1 mmol) gavdd (25 mg, 71%) as a solid. FT-IRnax
(film)/cm™2950, 2250, 1711, 1541, 1374, 1346, 1248, 11635,1984, 723, 648;'H NMR
(400 MHz, CDC#) § 7.70 (2H, dJ = 7.8 Hz), 7.50 (2H, d] = 7.7 Hz), 7.40-7.29 (5H, m),
3.86-3.81 (2H, m), 2.96-2.86 (2H, m), 2.46 (3H2s37-2.28 (4H, m)**C NMR (101 MHz,
CDCl) & 144.5, 143.8, 133.3, 129.8, 128.6, 127.7, 12525.0, 70.9, 42.7, 38.9, 21.6;
HRMS (ESI) Found MN&372.0783, GH200.NCINaS required 372.0795.

tert-Butyl 4-Chloro-4-phenylpiperidine-1-carboxylate (4e)
Cl_ Ph
N

1
Boc

Following GP10, 10 (40 mg, 0.1 mmol) gavde (19 mg, 66%) as an oil. FT-IRyax
(film)/lcm™ 3320, 2295, 1113, 954, 830, 678t NMR (400 MHz, CDCJ) § 7.59-7.51 (2H,
m), 7.39 (2H, tJ = 7.5 Hz), 7.31 (1H, tJ = 7.4 Hz), 4.10 (2H, br. s), 3.35 (2H, br.s), 233
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2.26 (2H, m), 2.18-2.07 (2H, m), 1.47 (9H, 'S¢ NMR (126 MHz, CDGJ) 5 145.1, 128.5,
128.1, 125.4, 71.9, 28.5.

2-((1R,39)-3-Chloro-2,2,3-trimethylcyclopentyl)acetonitrile (4f)
NG Mey Me
| X Me
Cl

Following GP10, 1p (25 mg, 0.1 mmol) gavéf (13 mg, 69%) as an oil. dr: 4:1.
Data for major diastereomer: FT-Njnax (film)/cm™ 2950, 2400, 2310, 1475, 903, 724;
NMR (500 MHz, CDC}) § 2.66-2.58 (1H, m), 2.41-2.34 (1H, m), 2.29-2.19, (@), 2.11—
2.03 (1H, m), 1.58 (3H, s), 1.49-1.41 (1H, m), 1(38, s), 0.80 (3H, s}°C NMR (126
MHz, CDCk) 6 119.3, 86.0, 48.8, 43.3, 40.2, 26.6, 25.1, 22817,118.3; HRMS (APCI)
Found MH 186.1040, GH17NCl requires 186.1044.

3-((1S,2S,4aS,10aR)-2-Chloro-7-methoxy-2-methyl-1,2,3,4,4a,9,10,10a-

octahydrophenanthren-1-yl)propanenitrile (4Q)
Me

---CI
SORE
MeO

Following GP10, 1v (39 mg, 0.1 mmol) gave4g (17 mg, 53%) as an oil. FT-IRnax
(film)/cm™ 2963, 1201, 1145, 957, 811, 758t NMR (400 MHz, CDC})  7.21 (1H, dJ =
8.6 Hz), 6.73 (1H, dJ = 8.3 Hz), 6.63 (1H, s), 3.78 (3H, s, 2.94-2.84, (), 2.65-2.49
(1H, m), 2.47-2.27 (3H, m), 2.26-2.08 (2H, m), 2087 (1H, m), 1.88-1.72 (3H, m), 1.69
(3H, s), 1.73-1.61 (1H, m), 1.58-1.38 (2H, M NMR (126 MHz, CDGJ) 6 157.7, 137.4,
131.4, 126.6, 119.7, 113.4, 112.0, 75.1, 55.2,,54287, 42.7, 41.6, 32.0, 30.2, 26.8, 26.7,
25.5, 18.2; HRMS (ASAP) Found MFB18.1619, GH2s0ONCI requires 318.1619.

(2R,48S,4bS,7S,8S,8aR)-7-Chloro-8-(2-cyanoethyl)-4a, 7-dimethyltetradecapdro
phenanthren-2-yl Acetate (4h)

Me

---CI
Me
SO
b

Following GP10, 1r (43 mg, 0.1 mmol) gavéh (31 mg, 87%) as an oil. FT-IRmax
(film)/cm™ 2972, 2925, 1295, 1154, 1130, 952, 8435;NMR (400 MHz, CDCY) & 4.75-
4.63 (1H, m), 2.58-2.46 (1H, m), 2.38-2.29 (1H, 1),0-2.03 (2H, m), 2.02 (3H, s), 1.90—

Aco™
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1.74 (3H, m), 1.70-1.57 (4H, m), 1.61 (3H, s), £543 (8H, m), 1.07-0.93 (3H, m), 0.82
(3H, s);**C NMR (126 MHz, CDGJ) 6 170.7, 119.7, 92.9, 75.5, 73.4, 52.9, 52.6, 44205,
38.3, 36.5, 35.7, 33.7, 31.9, 31.3, 28.3, 27.3,251.5, 21.0, 18.0, 12.1; HRMS (ESI) Found
MNa* 388.2001, GH3,0.NCINa requires 388.2014.

(2S5,4aR,4bS,7S,8S,8aR)-7-Chloro-8-(2-cyanoethyl)-4a,7-dimethyl-1,2,3,484b,5,6,7,
8,8a,9-dodecahydrophenanthren-2-yl Acetate (4i)

Me

Me
Ohe
AcO

Following GP10, 1s (43 mg, 0.1 mmol) gavéi (23 mg, 62%) as an oil. dr 4:1. FT-IRax
(film)/cm™ 2969, 2929, 1466, 1378, 1306, 1160, 1128, 950; 846NMR (500 MHz,
CDCl) § 5.38 (1H, dJ = 5.2 Hz), 4.64-4.57 (1H, m), 2.60-2.52 (1H, mi42-2.36 (1H, m),
2.36-2.27 (2H, m), 2.24-2.15 (1H, m), 2.14-2.04,(@H, 2.04 (3H, s), 1.92-1.84 (2H, m),
1.80-1.65 (4H, m), 1.62 (3H, s), 1.65-1.58 (2H, M).,7-1.05 (4H, m), 1.03 (3H, s), 0.91—
0.80 (2H, m);**C NMR (126 MHz, CDGJ) 5 170.5, 139.5, 121.3, 119.7, 75.3, 73.5, 48.7,
44.0, 37.6, 37.0, 36.9, 36.7, 32.3, 29.7, 27.%,283.4, 22.7, 21.4, 19.2, 18.7; HRMS (ASAP
neg) Found M-F1362.1883, GH2sCINO; requires 362.1892.

(1aS,1bR,3S,5aR,5bS,8S,9S,9aR,9bS)-8-Chloro-9-((1S)-2-cyanocyclopropyl)-1b-
hydroxy-5a,8-dimethyltetradecahydro-1H-cyclopropa[lphenanthren-3-yl Acetate (4j)

Following GP10, 1t (47 mg, 0.1 mmol) gavédj (16 mg, 40%) as an oil. dr 3:1. FT-IRax
(film)/cm™ 1710, 1357, 12220, 917, 731, 538 NMR (400 MHz, CDC}) § 5.04 (1H, s),
2.24-2.14 (2H, m), 2.10-2.02 (1H, m), 2.07 (3H,1s98-1.87 (2H, m), 1.69-1.58 (4H, m),
1.61 (3H, s), 1.52-1.39 (2H, m), 1.38-1.16 (2H, M),6-0.95 (4H, m), 0.92 (3H, s), 0.91—
0.77 (2H, m), 0.74-0.64 (1H, m), 0.64—0.58 (1H, H(; NMR (101 MHz , CDG) § 170.2,
121.4, 75.0, 72.0, 70.8, 53.1, 45.4, 42.4, 42.07,429.8, 25.3, 25.0, 24.6, 21.8, 21.6, 17.7,
14.9, 12.2, 10.2, 4.0, 3.7; HRMS (ESI) Found M#K44.1702, GH3,0OsNCIK requires
444.1702.
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5.3 Cascade Ring Opening-Azidation

General Procedure for the Reaction Optimization — @11

Me
HO,C
e
N3 R?
O. 3
N > Nc\/\ﬂ)(
R n R
Rl
n

Ph. N
Me_ Me
NC Me :Me
N3 Me N3 N3 N . A.Me
NC \ €>
MMe CN CN Ts Na
5c 5d

5a 5b 5e

A dry tube equipped with a stirring bar was charggith the oxime(1.0 equiv.),2 (5 mol%),
CsCG0O; (0.1 mmol, 1.0 equiv.) and 2,4,6-triisopropylbemzsulfonyl azide (0.2 mmol, 2.0
equiv.). The tube was sealed, evacuated and bie#t-fvith nitrogen three times. GBI,
(0.5 M) was added, the blue LEDs were switched ot #he reaction was stirred under
irradiation for 1 h. The mixture was dilute withb®l (1 mL) and EtOAc (1 mL). The layers
were separated and the aqueous layer was extradtedtOAc (3 x 5 mL). The combined
organic layers were dried (MgQR filtered and evaporated. The residue was puarifig

column chromatography on silica gel.

5-Azido-5-methylhexanenitrile (5a)
N3 Me

Nc\/\)(Me
Following GP11, 1a (21 mg, 0.1 mmol) gavéa (10 mg, 64%) as an ofiH NMR (400 MHz,
CDCly) § 2.45 (2H, tJ = 7.5 Hz), 1.78 — 1.76 (2H, m), 1.52 (2HJ & 6.8 Hz), 1.07 (6H, s):
3C NMR (126 MHz, CDGJ) § 117.7, 64.7, 34.7, 29.5, 26.7, 25.1; HRMS (ESijnid MH'
153.1132, @H13N4 requires 153.1135.

3-(2-(2-Azidopropan-2-yl)phenyl)propanenitrile (5b)
Me_ Me

o
CN

Following GP11, 11 (28 mg, 0.1 mmol) gavéb (11 mg, 52%) as an ofiH NMR (400 MHz,
CDCly) § 7.43 (1H, dJ = 7.9 Hz), 7.29-7.24 (2H, m), 7.10 (1H,J 7.1 Hz), 2.88 (2H, 1]

= 6.9 Hz), 2.59 (2H, ) = 6.2 Hz), 1.60 (6H, s}°C NMR (101 MHz, CDGJ) § 154.8, 136.2,
127.4,126.8, 126.0, 125.6, 124.1, 66.8, 29.9,, 28%.
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3-(2-(1-Azidocyclohexyl)phenyl)propanenitrile (5¢)

N3
CN

Following GP11, 1m (32 mg, 0.1 mmol) gavéc (16 mg, 63%) as an oil. FT-1Rnax
(film)/cm™ 2947, 2830, 1451, 1022, 75H NMR (500 MHz, CDC}) 6 7.30 (1H, dJ = 7.9
Hz), 7.26-7.23 (2H, m), 7.22-7.17 (1H, m), 3.3363(2H, m), 2.60-2.54 (2H, m), 1.76—
1.59 (10H, m);"*C NMR (126 MHz, CDGJ) & 141.9, 137.5, 131.5, 128.2, 127.2, 126.4,
119.4, 66.7, 35.9, 29.7, 25.2, 22.3, 19.5; HRMSIYEdund MN4 277.1414, GHisNsNa
requires 277.1424.

4-Azido-4-phenyl-1-tosylpiperidine (5d)

N3 Ph

t,
Following GP11 but using HFIP as the solvedn (46 mg, 0.1 mmol) gaved (23 mg, 64%)
as a solid. FT-IRimax (film)/cm™ 2979, 2334, 1161, 730, 62 NMR (400 MHz, CDC}) 5
7.68 (2H, d,J = 8.2 Hz), 7.42-7.39 (3H, m), 7.37—7.27 (4H, m)73-3.67 (2H, m), 2.79-
2.67 (2H, m), 2.45 (3H, s), 2.30-2.22 (2H, m), 2208 (2H, m);"*C NMR (126 MHz,
CDCls) 6 143.6, 142.6, 133.1, 129.8, 129.0, 128.3, 1272R.2, 81.7, 42.1, 32.9, 21.6;
HRMS (ESI) Found MN&379.1199, GH»00.N4NaS requires 379.1199.

2-(3-Azido-2,2,3-trimethylcyclopentyl)acetonitrile (5e)
NC Meg Me
1, X Me
YN,

Following GP11, 1p (25 mg, 0.1 mmol) gavée (17 mg, 86%) as an oil. FT-IRnax
(film)/cm™ 2966, 2102, 1266, 1089, 75H NMR (500 MHz, CDCY) § 2.38-2.28 (2H, m),
2.23-2.16 (1H, m), 2.16-2.06 (1H, m), 1.95 (1H,,dbd 14.0, 9.7, 4.0 Hz), 1.81 (1H, ddH,
= 14.4, 11.8, 6.2 Hz), 1.47-1.37 (1H, m), 1.30 (3H4,0.97 (3H, s), 0.73 (3H, S'C NMR
(126 MHz, CDC}) 6 119.3, 75.4, 47.0, 43.3, 33.8, 26.5, 20.2, 18383),117.9; HRMS (ESI):

Found MN4& 215.1266, GoH1eNsNa requires 215.1267.
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5.4 Cascade 1,5-H Abstraction-Chlorination

General Procedure for the Reaction Optimization — @12

Me NCS (2.0 equiv.)
Meﬁ/COZH 2 (5 mol%) G
o Cs,CO3 (1.0 equiv.)
N” > RJ\/>< R
J\/\(Rl toluene (0.1 M), 45 min, N, a’ Rr2
R blue LEDs

R2

NCI NCI NCI
NCI Me Me Me
Ph)j\/§<"”e OO
Cl' Me Cl' Me
cl’ Me MeO NC Cl" Me
7b 7c 7d

NCI
NCI NCI NCI Me
WMe cl I N Me MeMMe cl’ Me
\_0o cl’ Me Nz Cl' Me Me" e  cl’ Me
7e 7f 79 7h
NCI NCI NCI
E’[OZC\/\)WME BrW\)WMe PhM(\ArMe
Cl' Me Cl' Me Cl' Me Me
7i 7 7k

A dry tube equipped with a stirring bar was charggith the oxime(1.0 equiv.),2 (5 mol%),
CsCO; (0.1 mmol, 1.0 equiv.) and NCS (0.2 mmol, 2.0 gquiThe tube was sealed,
evacuated and back-filled with nitrogen three timBsluene (0.1 M) was added, the blue
LEDs were switched on and the reaction was stiuader irradiation for 45 min. The
mixture was dilute with bD (1 mL) and EtOAc (1 mL). The layers were separated the
aqueous layer was extracted with EtOAc (3 x 5 riflhe combined organic layers were dried
(MgSQ,), filtered and evaporated. The residue was purifig column chromatography on

silica gel.

N,4-Dichloro-4-methyl-1-phenylpentan-1-imine (7a)

NCI

Me
Ph

Cl' Me
Following GP12 6a (27 mg, 0.1 mmol) gav&a (17 mg, 69%) as an oil. FT-IRnax
(film)/lcm™ 2962, 1652, 1444, 1295, 978, 898, 763, 6BBNMR (400 MHz, CDCY) & 7.77—
7.73 (2H, m), 7.48-7.40 (3H, m), 3.34-3.26 (2H, BP6-1.98 (2H, m), 1.67 (6H, sjC
NMR (101 MHz, CDC})) 6 179.6, 136.0, 131.2, 129.0, 127.3, 70.1, 41.24,329.9; HRMS
(APCI) Found MH 244.0646, &H16NCl, required 244.0654.
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N,4-Dichloro-1-(4-methoxyphenyl)-4-methylpentan-1-irme (7b)
NCI

Me
Cl' Me
MeO

Following GP12 6b (31 mg, 0.1 mmol) gavgb (19 mg, 70%) as an oil. FT-IRmax
(film)/cm™ 2955, 1651, 1603, 1473, 1292, 979, 6FONMR (400 MHz, CDCY) & 7.74 (2H,
d,J = 9.4 Hz), 6.93 (2H, d] = 9.4 Hz), 3.85 (3H, s), 3.30-3.22 (2H, m), 2.0871(2H, m),
1.67 (6H, s);lSC NMR (101 MHz, CDGJ) 8 178.4, 161.9, 128.8, 128.2, 114.1, 70.1, 55.4,
41.2, 32.3, 29.8; HRMS (APCI) Found MI74.0756, GH1sONCI, requires 274.0760.

4-(4-Chloro-1-(chloroimino)-4-methylpentyl)benzonitile (7c)
NCI

Me
Cl" Me
NC

Following GP12 6¢ (30 mg, 0.1 mmol) gavdc (13 mg, 49%) as an oil. FT-IRmax
(film)/cm™ 2956, 2879, 2229, 1650, 1279, 970, 781 NMR (500 MHz, CDC}) & 7.88 (2H,
d,J=8.5Hz), 7.73 (2H, d] = 8.5 Hz), 3.33-3.28 (2H, m), 2.01-1.97 (2H, mB71(6H, s);
3C NMR (126 MHz, CDGJ)) 6 178.2, 139.8, 132.7, 127.9, 118.2, 114.8, 69.99,480.4,
29.9; HRMS (APCI) Found MH269.0601, GH1sN.Cl, requires 269.0607.

N,4-Dichloro-4-methyl-1-(naphthalen-2-yl)pentan-1-imne (7d)
NCI

Following GP12 6d (33 mg, 0.1 mmol) gavdd (19 mg, 65%) as an oil. FT-IRmax
(film)/cm™ 2967, 1656, 1442, 1153, 970, 754, 6 5;NMR (500 MHz, CDCY) § 8.22 (1H,

br s), 7.94-7.90 (2H, m), 7.89-7.85 (2H, m), 7.88,(tdd,J = 8.3, 5.1, 1.4 Hz), 3.49-3.36
(2H, m), 2.14-2.04 (2H, m), 1.70 (6H, SJC NMR (126 MHz, CDGJ) & 179.2, 134.4,
133.0, 132.9, 129.1, 128.6, 127.8, 127.7, 127.8,8.2123.7, 70.2, 41.2, 32.3, 29.9; HRMS
(APCI) Found MH 294.0799, @H1sNCl, requires 294.0811.

S16¢



N,4-Dichloro-1-(furan-2-yl)-4-methylpentan-1-imine ({e)

NCI

Me
~

\_o cl’ Me

Following GP12 6e (27 mg, 0.1 mmol) gavde (15 mg, 66%) as an oil. FT-IRmax
(film)/lcm™ 2955, 1661, 1399, 1170, 970, 688;NMR (500 MHz, CDCJ) & 7.85 (1H, d,J =
3.7 Hz), 7.57 (1H, dJ = 1.6 Hz), 6.62 (1H, dd] = 3.7, 1.7 Hz), 3.18-3.13 (2H, m), 2.15-
2.09 (2H, m), 1.64 (6H, s}°C NMR (126 MHz, CDGJ)) 5 166.8, 146.4, 144.1, 120.3, 112.4,
69.9, 42.6, 33.5, 32.4; HRMS (ESI) Found M284.0449, GH14ONCl, requires 234.0447.

N,4-Dichloro-1-(2-chloropyridin-4-yl)-4-methylpentan-1-imine (7f)

NCI
Cl Me

Nl/ Cl' Me

Following GP12, 6f (31 mg, 0.1 mmol) gavéf (13 mg, 45%) as an oitH NMR (400 MHz,
CDCl) 6 8.49 (1H, ddJ = 5.2, 0.8 Hz), 7.71-7.66 (1H, m), 7.55 (1H, dd; 5.2, 1.5 Hz),
3.31-3.22 (2H, m), 2.02-1.94 (2H, m), 1.67 (6H,*¥}; NMR (101 MHz, CDGJ) § 176.9,
152.7, 150.5, 145.5, 121.9, 119.7, 69.6, 40.6,,205.

N,6-dichloro-2,2,6-trimethylheptan-3-imine (79)
NCI

Me Me
Following GP12 6g (27 mg, 0.1 mmol) gavdg (13 mg, 58%) as an oil. FT-IRmax
(film)/cm™ 2986, 2870, 1642, 1474, 1215, 968, 6%2;NMR (400 MHz, CDCJ) & 2.83-
2.75 (2H, m), 2.08-2.01 (2H, m), 1.65 (6H, s), 1(2H, s);**C NMR (126 MHz, CDG) &
188.9, 70.7, 43.8, 40.8, 32.6, 29.3, 28.2; HRMSCGRARFound MH 224.0964, GH2oNCl,
requires 224.0967.

1-((3r,5r,7r)-Adamantan-1-yl)-N,4-dichloro-4-methylpentan-1-imine (7h)

NCI
Me

Cl' Me

Following GP12 6h (33 mg, 0.1 mmol) gavgh (27 mg, 91%) as an oil. FT-IRmax
(film)/cm™ 2895, 2850, 1646, 1295, 969, 920, 6H:NMR (500 MHz, CDC}) § 2.78-2.74
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(2H, m), 2.02-1.98 (2H, m), 1.87-1.85 (5H, m), £BZ8 (2H, m), 1.72 (8H, m), 1.65 (6H,
s); C NMR (126 MHz, CDGJ) § 188.3, 70.4, 45.6, 40.4, 39.9, 39.5, 36.9, 36242,38.4,
28.1, 28.0; HRMS (ESI) Found MH268.1817, GsH/NCI requires 268.1827.

Ethyl-8-chloro-5-(chloroimino)-8-methylnonanoate (7)
NCI

EtO 2C\/\)l\/>< Me

Cl Me

Following GP12, 6k (32 mg, 0.1 mmol) gavéi (10 mg, 36%) as an oiflr: 1.5:1. FT-IRVmax
(film)/cm™ 2923, 2849, 1734, 1372, 1185, 738 NMR (400 MHz, CDC)) & 4.14-4.01
(2H, m), 2.65-2.60 (1H, m), 2.59-2.53 (1H, m), 2(3R, t,J = 7.2 Hz), 2.36-2.30 (2H, m),
2.25 (1H, tJ = 7.2 Hz), 2.01-1.95 (1H, m), 1.91-1.85 (1H, m§21(1H, t,J = 7.3 Hz), 1.53
(6H, s), 1.46-1.36 (1H, m), 1.16-1.10 (3H, M)**C NMR (126 MHz, CDGJ) § 182.7,
172.6, 69.8, 60.6, 41.1, 35.0, 33.7, 32.4, 22.37,204.3; HRMS (APCI) Found MH
282.1013, @H20.NCI, requires 282.1022.

10-Bromo-N,2-dichloro-2-methyldecan-5-imine (7))
NCI

BI’\/\/\)WMG

Cl' Me

Following GP12, 61 (35 mg, 0.1 mmol) gavéj (17 mg, 53%) as an oil. dr 1:ET-IR Vmax
(film)/cm'l 2925, 2854, 1711, 1461, 1371, 907, 731, 66BNMR (500 MHz, CDC)) &
3.45-3.38 (2H, m), 2.79-2.75 (0.5H, m), 2.70-2883, (m), 2.62—-2.57 (1H, m), 2.48 (0.5H,
t, J = 7.6 Hz), 2.43 (0.5H, f] = 7.3 Hz), 2.41-2.37 (0.5H, m), 2.06-2.01 (1H, ;hy8-1.82
(3H, m), 1.70-1.57 (2H, m), 1.55 (6H, s), 1.53-1(34, m);**C NMR (126 MHz, CDG)) 5
183.2, 183.1, 69.9, 69.7, 42.4, 41.2, 41.0, 40846,335.6, 34.6, 33.6, 33.5, 33.4, 32.7, 32.6,
32.5, 32.3, 32.2, 31.6, 28.1, 27.8, 27.7, 27.70,284.5, 22.9, 22.4; HRMS (APCI) Found
MH™ 316.0223, @H.,:NBrCl, requires 316.0229.

N,4-Dichloro-4,8-dimethyl-1-phenylnonan-1-imine (7k)
NCI

PhM(\/\rMe

Cl Me Me

Following GP12 6q (35 mg, 0.1 mmol) gavgk (11 mg, 34%) as an oil. FT-IRmax
(film)/cm™ 2950, 2250, 903, 723, 6584 NMR (500 MHz, CDC)) & 7.62—7.32 (5H, m),
3.31-3.22 (2H, m), 2.09-1.94 (2H, m), 1.88-1.73,(8H, 1.61 (3H, s), 1.51-1.40 (2H, m),
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1.24-1.16 (3H, m), 0.89 (6H, d,= 6.6 Hz);*C NMR (126 MHz, CDGJ) 5 132.9, 131.1,
129.6, 128.8, 128.4, 127.1, 73.9, 44.2, 39.2, 38010, 29.7, 29.5, 28.0, 24.7, 22.6; HRMS
(APCI) Found MH 314.1440, GH»eNCl, requires 314.1437.
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5.5 Cascade 1,5-H Abstraction-Fluorination

General Procedure for the Reaction Optimization — @13

selectfluor (2.0 equiv.)

Me 2 (5 mol%)
CO,H
Meﬁ/ 2 Cs,CO3 (1.0 equiv.) o
.0 Ag,CO3 (25 mol%) 1
N — R
Jj\/\/Rl MeCN-H,0 (0.1 M), 15 min F R2
R
blue LEDs
R2 81%
o] 0 Q " o
Me Ph Me € Ph Me
Ph F Me
F Me F Me OH F Me
8a 8b 8c 8d
(o] O O
EtOZC\/\)I\/YMe Br\/\/\)j\/YMe N3\A/\)WMG
F Me F Me F Me
8e 8f 89
O (0] O
NC\/\/\)WME PhO\/\/\)WMe PhSW\)WMe
F Me F Me F Me
8h 8i 8j
O
o] o] =
Ay I e P“)‘\/\O
F Me F Me Me
8k 8l 8m

A dry tube equipped with a stirring bar was charggith the oxime(1.0 equiv.),2 (5 mol%),
CsCG0O; (0.1 mmol, 1.0 equiv.), AEO; (25 mol%) and selectfluor (0.2 mmol, 2.0 equiv.).
The tube was sealed, evacuated and back-filled miitbgen three times. G&EN-H,O (1:1,

0.1 M) was added, the blue LEDs were switched om e reaction was stirred under
irradiation for 15 min. The mixture was dilute witfO (1 mL) and EtOAc (1 mL). The
layers were separated and the aqueous layer weactext with EtOAc (3 x 5 mL). The
combined organic layers were dried (MggOfiltered and evaporated. The residue was

purified by column chromatography on silica gel.
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4-Fluoro-4-methyl-1-phenylpentan-1-one (8a)
(o]

Me
Ph)W

F Me
Following GP13 6a (28 mg, 0.1 mmol) gavea (16 mg, 81%) as an ofiH NMR (500 MHz,
CDCl;) 6 8.01-7.95 (2H, m), 7.64—7.29 (3H, m), 3.13 (2H & 7.7 Hz), 2.08 (2H, diJ =
21.3, 7.7 Hz), 1.41 (6H, dl = 21.3 Hz);"*F NMR (376 MHz, CDG)) & —140.9. Data in

accordance with the literatufé

4-Fluoro-4-methyl-1-phenylpentan-1-one (8b)

(0]

Ph\)WMe

F Me

Following GP13 6i (29 mg, 0.1 mmol) gavéb (18 mg, 88%) as an oil. FT-IRmax

(film)/cm™ 2292, 2253, 1440, 1374, 1271, 1038, 918, 735, ‘HHMR (400 MHz, CDC))

§ 7.35-7.31 (2H, m), 7.30-7.24 (1H, m), 7.21 (2H] &,7.6 Hz), 3.72 (2H, s), 2.60 (2H 1,
= 7.7 Hz), 1.88 (2H, dt] = 21.3, 7.7 Hz), 1.30 (6H, d,= 21.3 Hz);**C NMR (CDCk, 101
MHz) & 207.8, 134.3, 129.5, 128.9, 127.2, 95.0)(&, 165.8 Hz), 50.3, 36.6 (d,= 3.7 Hz),
34.7 (d,J = 22.7 Hz), 26.7 (d) = 24.7 Hz);"F NMR (376 MHz, CDGJ)) 5 —140.8; HRMS
(ESI) Found MN&231.1156, @H1-FNaO requires 231.1161.

1-Cyclohexyl-4-fluoro-4-methylpentan-1-one (8c)
(0]

Following GP13 6j (28 mg, 0.1 mmol) gav&c (17 mg, 74%) as an oil. FT-IRmax
(film)/cm™ 1710, 1418, 1359, 1220, 1092, 538; NMR (500 MHz, CDC}) & 2.60-2.55
(2H, m), 2.36-2.18 (1H, m), 1.93-1.64 (8H, m), 1(84l, d,J = 21.1 Hz), 1.37-1.16 (4H,
m); °C NMR (126 MHz, CDGJ) § 213.5, 95.2 (dJ = 165.8 Hz), 51.0, 34.9 (d,= 3.6 Hz),
34.6 (d,J = 22.7 Hz), 28.6, 26.7 (d,= 24.7 Hz), 25.8, 25.7°F NMR (376 MHz, CDGJ) 6 —
140.83; HRMS (ESI) Found MN&23.1469, GH1FNaO requires 223.1474.

SI74



5-Fluoro-3-hydroxy-5-methyl-1-phenylhexan-2-one (8d

O
Ph Me

OHF Me
Following GP13 6s (32 mg, 0.1 mmol) gav&d (14 mg, 57%) as an oil. FT-1Rmnax
(film)/cm™ 1710, 1421, 1360, 1221, 1092, 903, 587;NMR (500 MHz, CDCJ) & 7.35-
7.32 (2H, m), 7.31-7.26 (1H, m), 7.23-7.21 (2H, #52-4.39 (1H, br s, OH), 3.83 (1H,H,
= 15.7 Hz), 3.76 (1H, dJ = 15.7 Hz), 3.44-3.33 (1H, m), 2.26-2.18 (1H, B4 (1H, m),
1.44 (3H, dJ = 20.9 Hz), 1.43 (3H, d] = 22.0 Hz);"*C NMR (126 MHz, CDGJ) & 209.6,
133.4, 129.7, 128.9, 127.4, 95.9 Jds 165.2 Hz), 73.6 (d] = 3.9 Hz), 44.9 (d) = 1.4 Hz),
445 (d,J = 21.9 Hz), 27.6 (d) = 24.3 Hz), 27.2 (d) = 24.4 Hz);"F NMR (376 MHz,
CDCls) 6 -135.1 HRMS (ESI) Found MN&47.1105, GH;/FNaG requires 247.1110.

Ethyl 8-fluoro-8-methyl-5-oxononanoate (8e)
0

EtOZC\/\)W Me

F Me
Following GP13 6k (33 mg, 0.1 mmol) gav8e (17 mg, 71%) as an oil. FT-IRyax
(film)/lcm™ 1710, 1418, 1359, 1220, 1091, 1062, 531;NMR (400 MHz, CDCJ)  4.13
(2H, 9,d=7.1 Hz), 2.60-2.47 (4H, m), 2.33 (2HJt 7.2 Hz), 1.97-1.81 (4H, m), 1.34 (6H,
d, J = 21.3 Hz), 1.25 (3H, t) = 7.1 Hz);"*C NMR (126 MHz, CDG) 5 209.5, 173.3, 95.0
(d,J = 166.1 Hz), 60.5, 41.8, 37.3 @@= 3.7 Hz), 34.7 (d) = 22.8 Hz), 33.5, 26.8 (d,=
24.6 Hz), 19.1, 14.4%F NMR (376 MHz, CDGJ) & —140.9; HRMS (ESI) Found MNa
255.1367,C12H21FNaO requires 255.1372.

10-Bromo-2-fluoro-2-methyldecan-5-one (8f)
o}

BFW\M Me

F Me

Following GP13 6l (37 mg, 0.1 mmol) gavef (17 mg, 59%) as an oil. FT-IRmax

(film)/cm_l 3327, 2969, 2942, 2831, 1449, 1414, 1380, 1028, 856, 669'H NMR (500

MHz, CDCk) & 3.34 (2H, tJ = 6.7 Hz), 2.51-2.45 (2H, m), 2.39 (2HJt= 7.4 Hz), 1.94—
1.81 (2H, m), 1.54 (2H, dfl = 21.3, 7.4 Hz), 1.42-1.33 (4H, m), 1.27 (6H,J & 21.3 Hz);
%C NMR (126 MHz, CDGJ) § 210.1, 95.0 (dJ = 165.9 Hz), 42.7, 37.3 (d,= 3.6 Hz), 34.8
(d, J = 22.8 Hz), 33.8, 32.7, 27.8, 26.8 {o5 24.7 Hz), 23.0'°F NMR (376 MHz, CDCJ) —

140.9; HRMS (ESI) Found MN&289.0574, GH,0BrFNaO requires 289.0579.
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10-Azido-2-fluoro-2-methyldecan-5-one (89g)
o

N3VV\)WM6

F Me

Following GP13 6m (31 mg, 0.1 mmol) gav8g (20 mg, 79%) as an oil. FT-IRnax
(film)/cm™ 3398, 1704, 1640, 1421, 1364, 1223, 669-533 tbsNMR (400 MHz, CDC}) &
3.27 (2H, tJ = 6.8 Hz), 2.54 (2H, t) = 7.4 Hz), 2.46 (2H, t) = 7.3 Hz), 1.90 (2H, dt] =
21.2, 7.4 Hz), 1.65-1.57 (4H, m), 1.43-1.23 (2H, ;34 (6H, dJ = 21.2 Hz);**C NMR
(126 MHz, CDC}) 5 210.1, 95.0 (dJ = 166.1 Hz), 51.4, 42.7, 37.3 (= 3.6 Hz), 34.8 (d]
= 22.8 Hz), 28.9, 26.9, 26.7 (d,= 24.7 Hz), 23.4*F NMR (376 MHz, CDGCJ) 5 —140.9;
HRMS (ESI) Found MN&252.1483, GH,0FNsNaOrequires 252.1488.

10-Fluoro-10-methyl-7-oxoundecanenitrile (8h)
O

NC\/\/\)J\/§<NIe

F Me
Following GP13 6n (30 mg, 0.1 mmol) gav&h (14 mg, 66%) as an oil. FT-IRmax
(film)/cm™ 3321, 2941, 2831, 1449, 1375, 1022, 917, 6BBNMR (500 MHz, CDGJ) &
2.54 (2H, tJ = 7.6 Hz), 2.47 (2H, t) = 7.2 Hz), 2.35 (2H, t) = 7.1 Hz), 1.90 (2H, dt] =
21.3, 7.5 Hz), 1.67 (2H, P,= 7.7 Hz), 1.62 (2H, pl = 7.7 Hz), 1.50-1.41 (2H, m), 1.34 (6H,
d, J = 21.3 Hz);"*C NMR (126 MHz, CDGJ) § 209.9, 119.8, 95.0 (d, = 166.0 Hz), 42.4,
37.3 (d,J = 3.6 Hz), 34.7 (dJ = 22.8 Hz), 28.3, 26.8 (d,= 24.7 Hz), 25.4, 22.9, 17.5F
NMR (376 MHz, CDCJ) § —140.9; HRMS (ESI) Found MNa236.1429, @H,;FNaNO
requires 236.1427.

2-Fluoro-2-methyl-10-phenoxydecan-5-one (8i)
0

Phovv\)WMe

F Me
Following GP13 60 (38 mg, 0.1 mmol) gav@i (21 mg, 68%) as an oilH NMR (500 MHz,

CDCL) § 7.21 (2H, dJ = 7.3 Hz), 6.93 (1H, t) = 7.2 Hz), 6.89 (2H, dJ = 7.8 Hz), 3.96
(2H, t,J = 6.3 Hz), 2.55 (2H, t) = 7.7 Hz), 2.47 (2H, t) = 7.3 Hz), 1.90 (2H, dt] = 19.3,
7.3 Hz), 1.84-1.62 (4H, m), 1.52 — 1.41 (2H, mB4L(6H, d,J = 21.3 Hz);**C NMR (126
MHz, CDCk) § 210.1, 158.9, 129.3, 120.5, 114.4, 94.7)(d,166.1 Hz), 67.4, 42.6, 37.0 (d,
J = 3.7 Hz), 34.5 (dJ = 22.9 Hz), 29.0, 26.6 (dl = 24.7 Hz), 25.6, 23.53°F NMR (471
MHz, CDCk) 5 —140.8.
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2-Fluoro-2-methyl-10-(phenylthio)decan-5-one (8))
0

PhS\/\/\)W Me

F Me

Following GP13 6p (38 mg, 0.1 mmol) gav&j (15 mg, 52%) as an oil. FT-IRmnax
(film)/lcm™ 1710, 1436, 1357, 12220, 53H NMR (500 MHz, CDC}) § 7.61 (2H, dJ = 7.6
Hz), 7.54-7.47 (3H, m), 2.78 (2H,X= 7.5 Hz), 2.52 (2H) = 7.5 Hz), 2.43 (2H, ) = 7.2
Hz), 1.88 (2H, dtJ = 21.3, 7.5 Hz), 1.67-1.54 (4H, m), 1.51-1.31 (&1, 1.33 (6H, dJ =
21.3 Hz);"*C NMR (126 MHz , CDGJ)) § 210.3, 144.3, 131.3, 129.6, 124.4, 95.2Jc
166.0 Hz), 57.3, 42.7, 37.6 (@~ 3.6 Hz), 35.0 (dJ = 22.9 Hz), 28.5, 27.1 (d,= 24.7 Hz),
23.6, 22.3 F NMR (471 MHz, CDG) & —140.9; HRMS (ESI) Found MNa319.1502,
Ci7H2sFNaSOrequires 319.1508.

5-Fluoro-5-methyl-1-phenyldecan-2-one (8k)
(0]

Ph\)J\/Y\/\/Me

F Me
Following GP13 6u (35 mg, 0.1 mmol) gav&k (17 mg, 63%) as an oil. FT-IRmax
(film)/cm™ 2253, 1440, 1374, 1032, 918, 73@;NMR (500 MHz, CDCJ) § 7.33 (1H, tJ =
7.2 Hz), 7.29-7.25 (1H, m), 7.21 (2H,X= 6.9 Hz), 3.64 (2H, s), 2.50 (2H,X= 7.7 Hz),
1.94-1.64 (2H, m), 1.61-1.37 (2H, m), 1.33-1.22,(6H}, 1.16 (3H, dJ = 21.7 Hz), 0.87—
0.76 (3H, m):**C NMR (126 MHz , CDGJ) § 207.6, 134.1, 129.3, 128.8, 128.6, 126.9, 96.6
(d,J = 168.0 Hz), 95.7 (d] = 188.1 Hz), 50.1, 39.4 (d,= 22.6 Hz), 36.1 (H, d] = 4.0 Hz),
32.9, 32.8, 25.7 (H, d} = 6.0 Hz), 23.9 (dJ = 24.9 Hz), 22.90, 13.85%F NMR (376 MHz ,
CDCls) § —146.0; HRMS (ESI) Found MN&287.3748, GH.sFNaO requires 287.3742.

5-Fluoro-5,9-dimethyl-1-phenyldecan-2-one (8l)
o

R

F Me Me

Following GP13 6r (37 mg, 0.1 mmol) gavél (16 mg, 59%) as an oil. FT-IRmax
(film)/lcm™ 2253, 1443, 1375, 1029, 918, 737, 586NMR (500 MHz, CDC}) § 7.35-7.31
(2H, m), 7.30-7.24 (1H, m), 7.21 (2H, 8= 7.2 Hz), 3.72 (2H, s), 2.58 (2H,X= 7.8 Hz),
1.99-1.72 (2H, m), 1.52-1.42 (1H, m), 1.35-1.27,(@#, 1.24 (3H, dJ = 21.7 Hz), 1.19—
1.09 (2H, m), 0.86 (6H, d] = 6.6 Hz), 0.90-0.82 (2H, mJ°C NMR (126 MHz, CDGJ) &
207.9, 134.3, 129.5, 129.0 @= 19.3 Hz), 127.2, 96.9 (d,= 168.0 Hz), 50.3, 40.2 (d,=
22.6 Hz), 39.4, 36.3 (d,= 4.0 Hz), 33.1 (dJ = 22.9 Hz), 28.0, 24.1 (d,= 24.9 Hz), 22.7 (d,
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J = 4.6 Hz), 21.6 (d) = 6.1 Hz);*%F NMR (376 MHz, CDGJ) § —146.5; HRMS (ESI) Found
MNa* 301.1952, GH,7FNaO requires 301.1944.

4-(1-Fluorocyclopentyl)-1-phenylbutan-2-one (8m)

Ph\)‘\/%

Following GP13 6v (41 mg, 0.13 mmol) gavBm (25 mg, 82%) as an oil. FT-IRnax
(film)/cm™ 2943, 2293, 2252, 1712, 1443, 1374, 1223, 1038, 836;'"H NMR (500 MHz,
CDCl) 6 7.35-7.31 (2H, m), 7.30-7.24 (1H, m), 7.21 (2H) &, 7.6 Hz), 3.72 (2H, s), 2.64
(2H, t,J = 7.5 Hz), 1.98 (2H, dt) = 22.5, 7.5 Hz), 1.92-1.73 (4H, m), 1.65-1.44 (at);
3C NMR (126 MHz, CDGJ) & 208.3, 134.6, 129.8, 129.1, 127.5, 106.7J(d, 172.9 Hz),
50.9, 37.9 (dJ = 23.7 Hz), 37.6 (dJ = 2.8 Hz), 32.6 (dJ = 24.1 Hz), 24.2*% NMR (376
MHz, CDCk) & —144.5; HRMS (ESI) Found MNa257.1312, @HioFNaO requires
257.1318.

tert-Butyl 4-fluoro-4-(3-oxo-4-phenylbutyl)piperidine-1-carboxylate (8n)
(0]

F
Ph\)K/\b
N\Boc

Following GP13 6t (22 mg, 0.05 mmol) gavén (15 mg, 82%) as an oil. dr: 3:1. FT-VRax
(film)/lcm™ 2970, 1708, 1418, 1362, 1221, 1160, 1129, 1098, 856;"H NMR (500 MHz,
CDCls diastereomers and rotameésy.46—7.26 (3.5H, m), 7.20 (1.5H, 3= 7.5 Hz), 4.17—
3.77 (2.5H, m), 3.71 & 3.69 (1.5H, s), 3.02 (1.9t J = 12.1 Hz), 2.78-2.66 (0.5H, m),
2.60 (1.5H, tJ = 7.6 Hz), 2.46 (0.5H, ] = 7.5 Hz), 1.87 (1.5H, df = 21.4, 7.7 Hz), 1.76—
1.64 (1.5H, m), 1.64-1.58 (0.5H, m), 1.57-1.46 KR.&), 1.45 & 1.44 (9H, s)**C NMR
(126 MHz, CDC}, diastereomers and rotamessp08.3m, 2074, 154.8", 154.%, 134.2",
134.0", 129.4, 128.8, 128.8, 127 2127.1", 95.9 (d,J = 188.1 HZY, 93.3 (d,J = 172.1
Hz)Y, 79.8", 79.2", 50.3", 50.3", 44.8" (br s), 39.8 (br s), 38.8, 35.3, 35.1 (d,= 3.5 Hz),
34.6 (br s) 33.5 (dJ = 22.2 Hz), 30.1, 28" 28.4": F NMR (376 MHz ,CDGJ) & —
164.54" —164.81: HRMS (ESI) Found MN&372.1945, GH,sFNNaQ;requires 372.1951.
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5-Fluoro-5-((5R,8R,9S,10S,13S,14S,17S)-3-hydroxy-10,13-dimethylhexadecahydro-1H-

cyclopentala]phenanthren-17-yl)hexan-2-one (80)

Following GP13 6w (32 mg, 0.07 mmol) gavdo (19 mg, 71%) as an oil. dr: 1.3:1. FT-IR
Vmax (film)/lcm™ 3313, 2942, 2831, 1448, 1418, 1381, 1113, 1028, ¥5NMR (500 MHz,
CDCls, diastereomersy 3.67-3.56 (1H, m), 2.59-2.52 (1H, m), 2.52-2.48,(in), 2.17
(1.3H, s), 2.16 (1.7H, s), 2.09-1.96 (2H, m), 1889 (4H, m), 1.69-1.44 (7H, m), 1.45—
1.34 (4H, m), 1.35 (3H, d} = 21.7 Hz), 1.31-1.23 (4H, m), 1.21-0.93 (4H, 092 (3H, s),
0.78 (3H,dJ=3.1 Hz);lBC NMR (126 MHz, CD{, diastereomers) 208.3, 208.2, 98.9 (d,
J=172.9 HZY, 98.3 (d,J = 173.5 HZ}, 71.8, 57.8 (dJ = 20.1 Hz), 56.7, 43.0, 42.8, 42.0,
40.4 (d,J = 4.0 Hz), 40.3, 38.2 (d,= 4.9 HzJ", 38.0 (d,J = 6.0 Hz)", 36.4, 35.3 (dJ = 4.2
Hz), 34.6, 34.0 (d) = 23.9 HZY', 33.1 (d,J = 24.3 HZ}", 30.5 (d,J = 1.2 Hz), 30.0 (d) = 6.2
Hz), 27.1, 26.3 (dJ = 3.0 Hz), 24.1 (d) = 25.4 HZ}, 23.7, 23.6, 23.3, 23.2 (= 5.5 HzY,,
23.2 (d,J = 25.4 HZY', 22.6 (d,J = 4.0 Hz)’, 20.6, 20.6, 13.2 (H, d,= 4.0 Hz), 13.0 (dJ =
4.1 Hz); *F NMR (376 MHz, CDGJ) § —-154.3' —154.5", HRMS (ESI) Found MN&
415.2983, GHyFNNaQ requires 415.2988.

SI7¢



6 Mechanistic Considerations

6.1 Emission Quenching Experiments

Emission intensities were recorded using a Stegatg $mission spectra were recorded on an
Edinburgh Instrument FP920 Phosphorescence LifeBpertrometer equipped with a 5 watt
microsecond pulsed xenon flash lamp and a 450 statidy state xenon lamp and a red
sensitive photomultiplier in peltier (air cooled)ousing, (Hamamatsu R928P)
spectrophotometer. TH2 solutions were excited at 436 nm and the emissitensity was

collected at 505 nm.

Experimental procedures:

A screw-top quartz cuvette was charged with ax116™ M solution of2 in CH,Cl, (2.0 mL)
and the initial emission was collected then therayppate amount of the quencher as ax..6
102 M solution in CHCIl, was added. The sample was shaken for 1 min am tte

emission of the sample was collected.

Quencher Stern-Volmer Plot
2 -
19
M 1 =1.8382x + 0.9578
HOzC\Fe Y= K= 098470
Me 1.7 1
O‘N 1.6 1

10/1

Me 15
Me
14

la

0 005 01 015 02 025 03 035 04 045 05
M]
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Quencher

Stern-Volmer Plot

1.8 1

1.6 1

1.4 1

1.2 1

10/1

0.8 1

0.6 1

0.4
0.1

0.15 0.2 0.25

M]

0.3 0.35 0.4 0.45 0.5

1.9 1

1.8 1

1.7 1

1.6 1

1.5 1

10/1

1.4 1

1.3 1

1.2 1

1.1 1

y =0.9281x + 1.0087
R?=0.98917

0 0.05

0.15 0.2 0.25 0.3

[M]

0.1

1.9 1
1.8 1
1.7 1
-Pr 1 1.6 1

1.5 1

10/1

1.4 1

1.3 1

1.2 1

1.1 1

y =0.9781x + 0.9972
R?*=0.98305

-
°@®

0.1

0.05

0.2 0.25 0.3 0.35 0.4

[M]

0.15

€In this case CECN was used as the solvent.
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Quencher

Stern-Volmer Plot

1.9 1

1.7 1

Ag.CO5°

1.5 1

10/1

1.3 1

1.1 1

0.9

T © o—© e o e
0 0.05 01 0.15 0.2 0.25 0.3 0.35 0.4 0.45
[M]

0.5

The quenching constants were obtained using thre-S@mer relationship:

L
I

=1+ kg, [Quencher]

Substrate

kg (M~ s

Me
HO,C
e
O‘N

3.1x 1¢

1.5x 1¢°

i-Pr S—Ns

1.5x 1¢°
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6.2 Quantum Yield Determination
The quantum vyield determination was performed Wiy the procedure reported by

Yoor*®! and are the average of two runs.

Reaction Quantum Yield (P)
Me 2 (5 mol%)
HOZC\FMe selectfluor (2.0 equiv.)
K,CO3 (1.0 equiv.) F Me
o. 23 2.8
Me

Me MeCN-H,0 (0.1M), rt, N, 15 min
Me blue LEDs 3a

la
2 (5 mol%)
Me, COH selectfluor (2.0 quiv.)
Meﬁ/ Cs,CO3 (1.0 equiv.) 0 4.8

0 AgCO; (25 mol%)
N > o PhMMe

Me  MeCN-H,0 (0.IM), rt, Ny, 15 min
Ph)j\/\r blue LEDs F Me

Me 8a
6a
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6.3 Ring-Opening: DFT Reactivity Scales

The following radical ring-openings were not fousxperimentally successful

« AG* (kcal mol™)

4.0

10.0 12.0
| |

]
-- 7
o /;/';/
-
Ne

/
B G zw b &Ph b Uy

* AG° (kcal mol™)

Q=z
|

successful ring openings
—24.0
1

S FEF O T I0

N-
We have performed DFT studies aimed at determi@egaction parameters and reported them graphicethe following scales
8.0
|

N-
Me Me
Me éL Me
-20.0

-16.0
1 1

T
.-

"

|.

0 4 8
1 1 1
_— " ’/l/—"' /’J TN
" 7 ag [ S
// R _///j’:" _ // r"' \ .
N - N Me Ne ~ Ne Ne o
Ph Me Me Me
Ph @Ma &Me 6 ( TMe éLMe
-14.4 -11.8 -10.2 -7.3 -5.7 -1.8 0.8 24 4.4 .
successful ring openings

unsuccessful ring openings
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6.4 1,5-H Abstraction: DFT Reactivity Scales
The following 1,5-H abstraction were not found expentally successful:

H

N(\ p H N
Ph Ph Ph

We have performed DFT studies aimed at determiaedaction parameters and reported them graphicethe following scales

1
« AG* (kcal mol™)
0 4 8 12 16 20
1 1 1 1 1 1 >
/ 7 !
/ — el H \
‘ — g ' .
HL L Mo N(\H H N_f\ Me Nf\H H N(\H H
I )J"“ )'\J(Me )I\J(Me )I\J(”
Ph Ph Ph Ph Ph
1.9 13.1 13.7 15.7 18.2
-4.0 0 4.0 8.0 12.0
| | l | -

« AG° (kcal mol™)
-28.0 -24.0 -20.0 -16.0 -12.0 -8.0
| | | | | |

H. f\ Me
N3
Ph Me
Ph Ph
. 6.7

Ph
—24.9 —24.6 -21.2
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6.5 Role of Ag(l) in the 1,5-H Abstraction Fluorination
We have performed preliminary mechanistic studeesiniderstand the role of Ag(l) in the

1,5-H abstraction fluorination cascade. We propbse the Ag(l) species acts at as dual co-

catalyst facilitating both the radical fluorinatiand the final SET reduction.

A)

Ag(h)X

+

®
F-Ag(lll)X

B1)

B2)

B3)

®
F-Ag(lIl)X

®
F-Ag(lll)X

®
F-Ag(lIl)X

— SET —>»

— SET — >

— SET — >

F-Ag(Il)X

F-Ag(Il)X

F-Ag(Il)X

+

S34

)

F-Ag(Il)X

S35

_—

Ag()X

+

F Me

A) Selectfluor is a strong oxidarE't? = +0.25 V vs SCEY” that can provide to formation of

Ag(Ill)-F specied?!!

B) Ag(lll)-F species are known to be strong oxid&hisand we propose that they can close

the photoredox cycle by direct SET with the redupbdtoredox catalysB(l) and can also

sustain productive radical chain propagations hgaion of the DABCO specieS32 (B2)

and/or the deprotonated oxiréa (B3).
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C) This SET would deliver a Ag(ll)-F species whichasvery powerful radical F-transfer
agent?® 216 21y this way, following 1,5-H abstraction, the Giteal S35would undergo

F-transfer to give the product and regenerate dkad\ically active Ag(l) species.
At this stage, the presence of multinuclear Ag-clexed?? cannot be excluded.

In order to provide some evidence for this reattiwcenario we have run some control

experiments with several Ag(l) sources.

Me

Meﬁ/COZH 2F(_5S(r)#(;|002)
N'O Cs,CO3 (1.0 equiv.) o
Ag-source
Me > Me
Ph)l\/\M(e MeCN-H,0 (0.1 M), 15 min Ph)l\/?(Me
blue LEDs
6a 8a
Entry Ag-source (equiv.)| F-source (equiv.) Yield (%)
1 Ag2CO; (0.25) selectfluor (2.0) 81
2 AgF; (0.25) selectfluor (2.0) 35
3 AgF; (0.5) selectfluor (2.0) 47
4 AgF; (2.0) - 15
5 AgF (0.25) selectfluor (2.0) 45
6 AgF (2.0) - 7

The successful formation d@a in the presence of AgFwith and without selectfluor,

supports our proposed mechanistic picture.

The unsuccessful reaction outcome when using N8I ke result by the fact that NFSI
being a weaker oxidant than selectflifé# does not enable the efficient generation of the
Ag(ll)-F species to sustain the photoredox cycled/ar the productive radical chain

pathways operating under our reaction conditions.

We have also evaluated the possibility of the h&t#action and fluorination to take place
following oxidative fragmentation from the oxime.eVfeel this is not the case because when
ketoneS10was exposed to identical reaction conditidBes,could not be detected argi0

was quantitatively recovered.
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Ph)k/YMe

S10

Me

selectfluor (2.0 equiv.)
2 (5 mol%)
Cs,CO3 (1.0 equiv.)
Ag,CO3 @/5 mol%)

MeCN-H,0 (0.1 M), 15 min
blue LEDs
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7 Computational Studies

7.1 Computational Methods

Density functional theory (DF ¥} calculations were performed using Gaussian 0dsj@v
E.01}* and the Gaussviét¥ was used to generate input geometries and visualitput
structures. Geometry optimizations and frequendyutations for the ring-opening and 1,5-
H atom abstraction reactions, B3LYP functidffaivas used with the UB3LYP/6-31+G(d,p)
basis se€” All stationary points were characterized as minimndransitions states based on
normal vibrational mode analysis. Thermal corradiovere computed from unscaled
frequencies, assuming a standard state of 298 4Kl atm. Representative transition states
were also linked to their corresponding minima tigio the intrinsic reaction coordinate
(IRC)#! calculations, which confirm the connection of s#ion structures with the reactants
and products. For substrates having more than on®mnations, low energy conformation
of the transition state could possibly be differéoin the low energy ground statd. The
structures described herein are the lowest engrgyazed conformers. Homolytic bond
dissociation enthalpies (BDE) were calculated us{iR)B3P86/6-311G(d,p) for the
determination of geometries, frequencies (scaledabfactor of 0.9806) and molecular

energies™”
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7.2 Activation Energy (AG*) and Reaction Energy AG®) for Ring-opening Reactions
DFT Method: UB3LYP/6-31+G(d,p) [values are in Kcal mbl

No. Ring-opening Reactions AG” AG
. H H
1 EL AN (L 96 -10.2
H H .
H
Ll B ] N
H H
N | -
2 ELMG \\‘s_ f Ve ‘ 7.9 -11.8
L i Me
. r 1 N
3 i Ngeo /] I w 42 228
th N Ph . . - .
I | Ph
) I 7 N
N Me N. Me I
4 \\]:IL ) Me 5.1 -14.4
Me Me .
L ] Me
D T
N N N
CH
5 H < il HoH 18.7 7.9
H H
. - 4
N N N
H 1
6 i H Il HeoMe 15.7 5.4
Me Me
. - &
N N N
' H
7 H < Il HwPh 11.2 5.7
Ph Ph
N [N ] N
M M
8 © v M8 Il Me, Me 13.0 24
Me Me
. T
N
H N H‘
9 Il 22.7 13.8
H H
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No. Ring-opening Reactions AG” AG
. r ¥
H
10 19.8 9.1
Me ——
H
11 15.7 -1.8
Ph ——
Me
12 16.7 5.9
Me ——
N
H
13 H 24.0 9.4
" H
14 Me 19.9 4.4
H
15 Ph 15.4 -73
Me
16 Me 18.7 0.8
Computed Energies[values are in Hartree]
Sum of Electronic
: Total Electronic : Gibbs Free
No. Species and Zero-point
Energy Energy

Energies
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: Sum of Electronic :
: Total Electronic : Gibbs Free
No. Species and Zero-point
Energy : Energy
Energies
N H
1 \ltlLH -210.7166215 -210.626489 -210.654033
+
N.. . H
2 NG H -210.6979534 -210.609980 -210.638747
I
3 H -210.7281878 -210.640406 -210.670367
H
N H
4 \ltlLMe -250.0375918 -249.919134 -249.949627
T
N. H
5 NG, M -250.0224139 -249.906168 -249.937034
] ~Me
i
6 H -250.051458 -249.935230 -249.968477
Me
N H
7 \ltlLPh -441.7826685 -441.611084 -441.648001
T
N.. . H
8 ﬁPh -441.7747906 -441.604834 -441.641311
I
9 H -441.8157272 -441.645108 -441.684279
Ph
N Me
10 \]tlLMe -289.3572314 -289.211182 -289.242115
t
N. Me
11 N M -289.345167 -289.201106 -289.234027
e
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Sum of Electronic

: Total Electronic : Gibbs Free
No. Species and Zero-point
Energy . Energy
Energies
I
12 Me -289.3743336 -289.229876 -289.265095
Me
N
13 H -250.0654743 -249.944731 -249.974536
H
+
N
, H
14 < -250.0319367 -249.914602 -249.944672
H
N
|| HeoH
15 U/ -250.0460994 -249.929775 -249.961967
N
16 H -289.3829979 -289.234136 -289.265863
Me
N
17 e -289.3543375 -289.208676 -289.240877
Me
N
|| Hwe-Me
18 U -289.3672346 -289.222321 -289.257209
N
19 H -481.1264788 -480.924730 -480.963168
Ph
N
. H
20 B -481.1077488 -480.908192 -480.945302
Ph
N
21 -481.1317662 -480.932389 -480.972301

(7
0
=
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: Sum of Electronic :
: Total Electronic : Gibbs Free
No. Species and Zero-point
Energy . Energy
Energies
N
22 Me -328.701492 -328.524961 -328.558012
Me
T
N
23 i Me -328.6773023 -328.503613 -328.537241
Me
N
|| Me, Me
24 U -328.6897892 -328.516962 -328.554184
25 H -289.3888477 -289.238559 -289.269385
H
T
26 -289.347792 -289.201617 -289.233174
H
N .
27 | |l H -289.358242 -289.213391 -289.247457
28 -328.7047815 -328.526316 -328.558864
29 -328.6685384 -328.493878 -328.527386
H
N .
30 Il Me -328.6807265 -328.507405 -328.544424
N H
31 é( 520.4502628 -520.219108 -520.257187
Ph
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Sum of Electronic

: Total Electronic : Gibbs Free
No. Species and Zero-point
Energy . Energy
Energies
32 -520.4223635 -520.193732 -520.232150
H
33 S Ph -520.4466126 -520.218597 -520.260097
f\l M
e
34 -368.0218584 -367.815756 -367.849542
Me
b
N
', Me
35 ~ -367.9906659 -367.788018 -367.822917
Me
Me
36 Me -368.0028887 -367.801238 -367.840073
N H
37 @H -328.6984517 -328.519696 -328.552846
38 -328.656164 -328.481218 -328.514526
Ho H
N
39 | -328.6747067 -328.501421 -328.537823
N
40 -368.0146288 -367.807675 -367.842371
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: Sum of Electronic :
: Total Electronic : Gibbs Free
No. Species and Zero-point
Energy . Energy
Energies
41 -367.9787141 -367.775556 -367.810646
42 -367.9982529 -367.796579 -367.835389
43 -559.7577878 -559.498148 -559.539089
44 -559.7313942 -559.474511 -559.514609
45 -559.7630951 -559.507007 -559.550721
46 -407.3317484 -407.096827 -407.132171
t

N;' Me
47 "T™Me -407.2976989 -407.066051 -407.102373

Me_. Me

N

48 ] -407.3192837 -407.089364 -407.130858
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Optimized Structures and Cartesian Coordinates

No. Species Optimized Structure

1 \ltlLH

Cartesian Coordinates

-0.34827600 1.10851000 01BY00
-1.44316200 -0.00000100 0012700
-0.34827200 -1.10851000 00G5H800
0.73483500 0.00000100 GOGB700
-0.30905700 1.74209700 9043200
-0.30887900 1.74181100 90®1400
-2.08063400 0.00003700 86%5300
-2.08065300 -0.00004100 8@1200
-0.30905200 -1.74201000 90%D300
-0.30887700 -1.74190000 90:8200
1.97520000 0.00000100 6035200

zITITITITITITOOOO

t

Cartesian Coordinates

0.88398000 -0.11220800 05B500
2.02656600 0.19840200 9Q71B600
-0.25301800 -1.10038400 0062300
-0.13631800 -1.91893300 1@45600
-0.27613200 -1.52580200 109300
-1.41853100 -0.11599500 5@91300
-1.76692800 -0.17285000 89717600
-2.27815900 -0.26631600 086300
-0.64310700 1.16667600 0075200
-0.60923800 1.55624100 15719900
-0.53513300 1.91031700 838100

T T oxTrxToxxTO =z O

SI-97



No. Species

Optimized Structure

Cartesian Coordinates

1.25982700
2.16199600
0.11157900
0.35312200
-0.01462100
-1.19934700
-1.04879600
-1.97645600
-1.64336400
-2.69722400
-0.92216200

T T oxTTrxToxTzxTo =z O

0.05564000
-0.64965800
0.93691200
1.92509900
1.05257900
0.40714900
0.35506700
1.16411700
-0.91354200
-1.16727700
-1.69892700

-082200
50411400
80900
2073500
6252300
58500
4740800
9679600
76717500
0822300
7096400

.

N H

Yl e

Cartesian Coordinates
-1.44383900
-0.09920300
0.64047100
-0.63976700
-2.09276400
-2.03638700
-0.06407600
0.23839100
0.73356400
-0.87466200
1.95422700
2.74447200
2.26856700
1.85952800

I T TOzZzIIIIIOOODO

0.65950500
1.44114400
0.17279500

-0.64522600
0.86133100
0.69575600
2.32420800
1.71929400
0.20323900

-1.85138600

-0.25468000
0.46828300

-1.23610200

-0.31753400

-B5B600
8642000
449600
98300
4Q59100
3216700
5898700
8641500
355200
609700
9626000
3028800
7092400
8541100

Cartesian Coordinates

C 0.98709100
N 1.27609100
C 1.27324100

0.56152100
1.71373300
-0.91464700

83EB0O0
5091500
8015900

SI-98



z
o

Species Optimized Structure

1.88379400 -1.14857400 6631800
1.81148600 -1.24703100 0G2800
-0.19312300 -1.40340900 06638300
-0.53706900 -1.57070900 3233500
-0.37469900 -2.31660400 6@80200
-0.81454300 -0.13975200 78144100
-0.79835500 -0.07986800 637400
-1.94710300 0.57687600 96211400
-1.80312100 0.63031600 8048200
-2.90023100 0.05594400 1Q3r800
-2.04781700 1.59686600 8677400

I T T O IT O I T O I T

Cartesian Coordinates

-1.57570100 -0.28660300 0300
-2.02488400 -1.35473900 3336700
-0.99389400 1.05577800 387D100
-1.63009100 1.74265100 3@#5100
-1.02828000 1.37794400 8563600
0.47275500 1.12170200 9072300
0.47396000 0.82450200 466D600
0.75658800 2.18303300 5608100
1.44651600 0.29448600 8632100
1.68168900 0.61038000 01G¥100
1.93825400 -1.03105500 9@35300
2.82315600 -1.35774500 6@%D200
1.17500400 -1.81957600 20@1900
2.19457500 -1.00386300 6041500

I T ToITOoOITITOITITOZO

[

Cartesian Coordinates

C 3.07951800 -0.12077500 -03%&00
C 1.88876400 -0.91600800 864300
C 1.04155500 -0.65307300 089800
C 2.10835900 0.42549300 88a@8100

SI-99



z
o

Species

Optimized Structure

3.84628900
3.56053700
2.06739300
1.45714600
1.16329400
2.12073400
-0.41398000
-1.39682900
-0.82278500
-2.75494900
-1.09712600
-2.17771500
-0.07755000
-3.14942700
-3.50085200
-2.47556700
-4.20376700

I T T OIT OI OO O O2Z2IT IT IT I I

-0.75536800
0.63720900
-1.96444200
-0.41088700
-1.48882100
1.40063000
-0.28354700
-1.16041900
0.91514600
-0.85642000
-2.08862500
1.22267100
1.62116900
0.33648400
-1.54863000
2.15825200
0.57841700

2635000
0392500
3580200
5215200
0830400
5381200
9042100
8012500
0687200
5040700
604900
36631200
6035200
50517200
3050100
9831100
5@68000

Cartesian Coordinates
-2.19396000
-2.03720300
-3.07401000
-3.53127000
-3.87179600
-1.96452300
-1.57018300
-2.25610500
-0.99548500
0.42229800
1.28001900
0.96956400
2.62733900
0.87499500
2.31946100
0.33968600
3.15535900
3.26709900
2.72016900

I T OITIOIOOOOOTITITOTITITOTSZO

0.71196500
1.65788700
-0.43746000
-0.97453600
-0.05207200
-1.17886200
-2.01905100
-1.55127300
0.00543800
-0.05743100
0.99154700
-1.10278800
0.99191500
1.81280500
-1.10360600
-1.92086100
-0.05811400
1.81015400
-1.92117100

0ER600
3916800
6661600
0825400
7@E800
16863500
3830300
6022900
56880000
8049100
7978900
8063900
2858500
6518000
3897300
2092000
3088500
4618900
2838000

SI-10C



No.

Species

Optimized Structure

4.20591400
-1.19446800

-0.06025200
0.69541300

0681900
7565600

Cartesian Coordinates

I I T OITIOIO0OOOOITOITIITOITITOZ®O

3.21013300
3.30254200
3.09590600
3.86622100
3.32867400
1.69683400
1.48448700
1.77637200
0.61313400
0.85083200

-0.69974000

-1.62343400

-1.17517500

-2.91999800

-1.29034200

-2.47637400

-0.51504100

-3.36088000

-3.59640600

-2.80921200

-4.37581000

0.02037500
0.10539600
-0.06722700
0.57625500
-1.09574000
0.33922500
1.36642800
0.35845400
-0.60285900
-1.66419200
-0.26195000
-1.30217200
1.07985700
-1.02009400
-2.33444800
1.35060300
1.90764000
0.30929000
-1.83422200
2.38223800
0.52952700

BEBB00
6049500
5683000
9417800
586400
8370900
7a3B8100
8299700
6648800
2683400
5607300
30@@000
5835800
7095900
98.6600
4914500
9080500
6628900
163800
20009500
8026300

10

N

Me

\]tlLMe

Cartesian Coordinates

I To0o0O00

-1.57352100
-0.18249800
0.54847300
-0.86863900
-2.17880700
-2.19853000

0.78346400
1.47831500
0.09317100

-0.59137400
0.95477300
0.93476000

-862B00

2640600
0Ra2700
0828300
8097000
801200

SI-101



z
o

Species

Optimized Structure

I T T O T T T O 2 I T

0.02283100
0.01079900
-1.24563500
1.35805800
2.25414900
1.67363400
0.77656600
1.33913500
2.23497500
0.74420400
1.65357200

2.10421600
2.06438500
-1.77060200
-0.23257100
0.39893600
-1.28075600
-0.05597600
-0.18946300
0.44293000
0.01888300
-1.23718800

4688700
20(®1900
00565100
5892500
99941000
5784000
6264300
7192100
1062600
7315900
1747400

11

Cartesian Coordinates

I T T OoOIITIITOOITIITOIITOZ®O

-1.16623900

-1.51315000
-1.44623900
-2.18811700
-1.83507000
-0.00134200
0.12770100
0.32618000
0.70142400
1.44535600
0.90326800
2.42932700
1.61538800
1.28068900
1.44015800
2.25575600
0.63557900

-0.52631000
-1.66578400
0.95430300
1.17704100
1.31530100
1.42529200
1.71235600
2.26226000
0.09986000
-0.60194700
-0.55894500
-0.13025100
-1.65416200
-0.05161300
-1.10549700
0.45866300
0.38621200

PE¥YB00
1081300
4669300
2060000
1068900
3812800
868200
805D800
2030900
2649000
#B@O000
81.27400
7088100
6358000
1160100
2166000
3234900

12

N
Il

Me

Me

Cartesian Coordinat

C

-1.88934600 -0.05595400 8724600

SI-10z



z
o

Species

Optimized Structure

-2.50265700
-1.10614000
-1.75151100
-0.83606000
0.17993500
-0.12691500
0.61518000
1.19643200
1.24947800
0.58813300
0.93434000
2.26236800
1.93823700
2.94205800
2.04673200
1.43269800

I T T O T T T OOI IO I IOZZ2

-1.00265100
1.12695500
1.79721500
1.65828300
0.78702800
0.29026000
1.75717100

-0.04131100

-1.52532200

-2.06103400

-1.81559300

-1.91275800
0.56471600
0.13282300
1.65097600
0.38453900

2030800
20709700
6338500
96871000
4845900
7035500
24177600
1875200
105¥100
9031800
1906400
4Q.28300
309500
31715600
3300
0381800

13 H
H

A

Cartesian Coordinat

1.33616000
1.33619500
-0.06933300
-0.96921300
-0.06932400
2.13254800
1.47381600
1.47399300
2.13252900
-0.10453500
-0.43085200
-0.43091100
-0.10439900
-2.21844300

Z I T ITIIITIIITOOOOQO

-0.73204200
0.73203500
1.24624100

-0.00000300
-1.24623300
-1.33095800
-0.76853200
0.76852200
1.33094300
1.58175500
2.06680400
-2.06684000
-1.58167900
0.00000000

93AD00
3019200
283r000
001600
2837600
168@7700
2710600
275100
1830600

72119900
9698400
9688100
7228200
004100

. H
14 S
H

SI-10z



No. Species

Optimized Structure

Cartesian Coordinates

-1.15626400
0.22996800
1.19371000

-0.34467300

-2.42072100

-1.71376700

-1.12665100

-1.90111400
0.17367100
0.64787400

-0.00577400

-0.15653600
2.28525400

z I T TITIITITITITOOOOO

-0.87203800
-1.24285200
-0.11618600
1.44845800
0.89983300
0.47818700
-0.85442100
-1.61796300
-1.45082200
-2.13097400
2.13789900
1.76579100
0.32424900

-1.50503500 0.53307300 46800

209600
1628800
345800
5080400
8220100
80700
2818200
3048300
9158700
6030200
1045300
FI38200
8025300

Il HeH
=

Cartesian Coordinates

1.66413400
2.46579600
0.64243300
1.13516300
0.24550400
-0.50581600
-0.09049500
-1.15818800
-1.33637500
-2.03883800
-0.68640600
-2.09506500
-2.62947100
-2.25371100

I TOoOITITOITITOITITO=ZO

-0.13227700
-0.89669500
0.83196900
1.79753700
0.50412300
0.98052700
1.30198100
1.78873900
-0.30280900
-0.11257000
-1.11557700
-0.72941600
0.00268500
-1.77801700

-038r00

9098800
7R8D600
3816200
4083500
5028000
1188700
9037500
402300
7866000
9410600
6660400
66112200
9283600

16 H
Me

Cartesian Coordinates

SI-104



z
o

Species

Optimized Structure

I T TOzZzIIIIIIIOOOODO

-0.53294800
-1.52506700
-1.32357000

0.16634800
0.73574100
-0.31603500
-0.95186700
-1.27037600
-2.55984500
-1.91436000
-1.57805300
1.24596300
0.81959300
1.74602900
2.58317500
1.28478800
2.14026100

-1.28638400
-0.65903500
0.85632500
0.99405500
-0.40362800
-2.33800900
-1.23915100
-0.95242800
-0.96739800
1.23141900
1.45943300
-0.33586500
2.05819000
-0.87839900
-0.17922900
-0.95961300
-1.86408900

-0E»00
10¥2300
2042000
383r800
0292100
7037300
99%1500
3640400
3@68900
1669200
0431200
6911800
40718000
584200
3265300
4590900
882300

17

., H
Me

Cartesian Coordinates

I T T OzZIIIIIIIOOOOO

-0.44715500
0.77037100
1.64520800
0.80608700

-1.03939300
-1.19204400
-0.12446800
0.43626700
1.33777600
2.14079400
2.42627600
-1.19736000
0.67284400
-2.01643500
-2.10692000
-1.72609700
-3.01623100

-1.41489800
-1.39740200
-0.20319900

1.02283300
-0.02935700
-2.14057100
-1.74801400
-1.27617700
-2.33245300
-0.39759800

0.01334900

0.38056500

2.20061600

0.43057500

1.52064500

0.11282200

0.01180800

0¥5000
F016600
7910800
904¥800
5629900
12688500
6561800
1240100
2630800
8098600
1am200
5054700
8085200
8030500
8810200
95217400
8027900

SI-10t



No. Species

Optimized Structure

|| Hee Me
| U

Cartesian Coordinates

1.65352100
1.78065100
1.53635100
2.37777300
1.67569800
0.20733600
0.02927000
0.33784400
-1.02785400
-0.83653800
-1.86237200
-1.42775600
-1.14810100
-2.02396300
-2.71090400
-1.25593600
-2.57709100

I T TOTITOIITOIITOITITOZ?O

0.62898100
1.78404600
-0.83350900
-1.21377600
-1.20528500
-1.36100200
-0.89258900
-2.43445100
-1.16529900
-1.68354200
-1.69767400
0.25263000
0.71263200
1.11899600
1.85976200
1.69196700
0.52984900

81500
40481600
365r300
5@.53800
5949700
40%800
2230600
3049500
7012400
20800
1224300
3898300
782700
2604200
00@r800
7as1200
6818900

N

19 H
Ph

Cartesian Coordinates

1.47749400
2.16132400
2.77510000
1.81986000
0.82480500
0.74369600
2.23121600
1.41530700
2.91066500
3.76363200
2.88561600
1.86110300

Z I T T IITITOOOOO

1.56315600
0.71410700
-0.46194100
-0.66114400
0.52782300
2.26791400
2.14119400
0.34624700
1.27463900
-0.20085800
-1.38312200
-1.61270000

522800
2230400
3835500
5695900
2028000
363700
1836600
33299300
818200
4065000
1647400

63147300

SI-10€



z
o

Species

Optimized Structure

I T T O I OIT O OO O I

0.80773300
-0.60389600
-1.64309000
-0.92965200
-2.96550800
-1.41400900
-2.25330400
-0.15447600
-3.27598200
-3.75277800
-2.48278900
-4.30443500

0.90641500
0.16827400
1.02380400
-0.95345400
0.77415900
1.89200700
-1.20560500
-1.65319400
-0.34295700
1.44693500
-2.08390300
-0.54270500

5387400
3679900
30677400
4021200
6602500
4857800
1835700
3619800
1616600
9641800
11e8700
0@32700

20

Cartesian Coordinates

I T I T OIOIOOOO0OZIIIIIIOOOOO

1.66313600
2.40854300
2.89890800
1.82773200
0.72966300
1.11906700
2.39655500
1.72752200
3.24105900
3.77615700
3.18055300
1.44332300

-0.64042600

-1.53765100

-1.11742900

-2.84787700

-1.18554200

-2.43214600

-0.46232400

-3.30447000

-3.51614600

-2.77748700

-4.32739200
0.83682100

-1.11445000
-1.26911500
0.12708600
1.14343900
0.07968600
-2.03207900
-0.94763500
-1.64770700
-1.97595800
0.40862200
0.20466100
2.25112200
-0.03860700
1.03624000
-1.17976600
0.97271300
1.93133800
-1.24395800
-2.02957000
-0.16937700
1.81436200
-2.13587900
-0.22045200
0.80909500

97BR00
0045700
9817000
0885300
7049400
9475100
3I31900
7135600
28476700
9640200
4753100
2045200
7018600
6022100
1032900
90217900
6603100
7050100
763800
7085700
562500
8689200
32985800
6940900

SI-107



No.

Optimized Structure

21

Cartesian Coordinates

I T T OIOIOO0OO0OO0OTITOIITOIITOITOZO

2.92395600
2.62368400
3.34800500
4.01740800
3.95259500
2.20442700
1.58798400
2.67833500
1.30695700
1.95762100
0.73637700
0.37919100
0.74738100

-0.93013200

-1.69606900

-1.54803600

-2.98222900

-1.24801700

-2.83760800

-1.00724600

-3.56737900

-3.53784700

-3.28260300

-4.57427700

1.13090300
2.24973100
-0.27092600
-0.46281500
-0.37976900
-1.30903800
-1.17109200
-2.29466300
-1.30141700
-1.34177800
-2.23822500
-0.12945500
0.75555100
-0.05817000
1.13595300
-1.12998200
1.24620800
1.97214400
-1.00901600
-2.05862700
0.17512000
2.16927800
-1.84215200
0.26295200

-898x00
4051000
5031600
0650100
408500
6018800
5527700
4620200
08231300
8830400
0645900
2345200
3522200
8B86#400
4032700
2099700
40283500
7730800
3031200
8057500
565200
7099100
6829900
50®7400

22

N

Me
Me

Cartesian Coordinates

C

O o0 oo

-0.36822600
-1.72843200
-1.72053300
-0.23661200

0.65037800

-1.34993300
-0.89559100
0.62944100
1.02238100
-0.26442800

-041100
8035700
2039300
0808800
3036500

SI-10¢



z
o

Species

Optimized Structure

I r T O r r OZ2 I T I T I I

-0.07234300
-0.41395900
-1.80462400
-2.57364500
-2.04789300
-2.34552100
0.19508600
1.17537500
0.36097400
1.76585300
1.81153700
1.82511100
2.50354700
2.39349000
1.47462000

-2.34657700
-1.38474500
-1.13080900
-1.37970400
0.88563800
1.19069200
2.18681900
-0.53519700
-0.64699700
-1.45899700
0.28773800
-0.11817700
0.67892400
-1.05455500
0.12068900

2826100
6612600
5521700
1028800
3792400
7631100
2610800

9518700

1833500
0518400
3345400

0&2r000
904200
5707300
126¥700

23

Cartesian Coordinates

I I T OIIITOZIIIIIIOOOODO

-0.07624700
-1.48166400
-1.85465200
-0.70529000

0.85214300
0.31365000
-0.14077700
-1.47448200
-2.21890600
-2.08100400
-2.73068800
-0.29810300
1.40109100
1.76672800
0.65834200
2.24866900
1.79589700
2.20054700
2.64740500
1.30957600

-1.46859000
-1.17568700
0.24658600
1.17803600
-0.31386900
-2.40803000
-1.60731000
-1.23693300
-1.90075400
0.26914100
0.63640800
2.27741300
-0.24893600
0.75559400
-0.52275500
-0.94647800
0.15190300
1.14131000
-0.54301700
0.20427600

-0Z31%00
0072900
3009700
00aB800
3035800
6841100
4288200
9610600
5096300
05000
9675000
8680500
643¥500
9695400
2046100
6831600
1612300
8037100
0685300
9359500

SI-10¢



No.

Species

Optimized Structure

24

N
||| Me, Me

Cartesian Coordinates
-1.67467000 0.88024100 692200

I I T OIIITOOIITOIITOITITOZ®O

-1.55576400
-1.87441200
-2.88271900
-1.86743500
-0.83996600
-0.79769900
-1.21847100
0.58174400
0.51276600
1.15804700
1.31092000
1.70759600
2.77045400
1.14247900
1.54623400
1.66190600
1.39389900
1.15332400
2.74076100

2.00056500
-0.53162400
-0.80515700
-0.61987300
-1.49669500
-1.33047300
-2.51552100
-1.40269100
-1.60958800
-2.23617500
-0.11086900

0.29051300

0.57297100

1.17019500
-0.51248900

0.81415200

0.40043700

1.78644200

1.03711200

1035200
1868800
1a1»500
1220500
02600
8438100
5831300
0818900
8331600
2091900
o400
0918400
54500
5645500
3220400
0298300
8R96100
0175900
1988200

25

.

Cartesian Coordinates

T TTo0oo000O00

-0.96314500
0.43209000
1.19037300
0.43208900

-0.96314700
-1.74515900
0.32499700
1.02121900
-0.84742600

-1.26970600
-1.29222600
0.00000000
1.29222600
1.26970600
-0.00000100
-1.36523800
-2.15027700
-1.32437900

-036500
7038500
6008800
7038400
8830400
8841200
6208800
3631400
7531900

SI-11C



z
o

Species

Optimized Structure

Z I I I I I I T

-1.51935600
0.32499600
1.02121800

-1.51935700

-0.84743000

-1.95251500

-2.71861000
2.34480900

-2.16470600
1.36523800
2.15027700
2.16470500
1.32438100

-0.00000100

-0.00000200
0.00000100

10@r300
6208800
3631300
16@r900
7H(@®1800
6434500
2089400
2845700

26

Cartesian Coordinates

Z I T I IIIIIIIOOOOOO

1.22603900
-0.00593900
-1.44254400
-0.61688000
0.74049000
1.73459900
-0.60031400
1.03168100
2.03029500
-0.45998000
-1.21996100
1.17672100
0.56642500
1.96145400
2.67966600
0.00185500
-2.42606200

1.14795900
1.54599700
-0.09736300
-1.26315200
-1.37327800
-0.25730300
2.37474600
1.20649200
1.87834600
-1.20516300
-2.15766700
-2.34379800
-1.39265300
-0.29419300
-0.44863900
1.43495300
0.39006000

-033100

4858500
0691500
2681700
9918800
5063000
7630700
9073900
1266900
0964100
3053700
3@38000
80531200
2602000
7aBB800
2968500
2030100

27

Cartesian Coordinates

Cc

O 0O 0

1.54880100

0.68577700

-63PB00

1.07189400 1.63012400 7869000
-1.72148300 0.19808700 6R9IH500
-1.04172500 -0.95062600 0831200

SI-111



z
o

Species

Optimized Structure

0.13315900
1.49231500
0.39811700
0.99407800
2.60319100
-0.70062200
-1.80165300
0.26125500
-0.16145200
1.84046100
2.20918000
-2.28973200
1.48780500

I 2 I T T T T T T T T O O

-1.51341000
-0.81105200
2.44791100
0.84500900
0.91486700
-0.66315000
-1.72992500
-2.56164600
-1.52421300
-0.91845400
-1.36481400
1.07781300
1.57632400

3866800
788Y600
5051600
0795500
1004900
0630400
3030000
6028600
9021100
5684700
98285200
068600
81%1700

28
Me

Cartesian Coordinates

0.42017200
-0.91895400
-0.74467000
0.46196700
1.75486300
1.62276600
-1.67017600
0.60155600
0.32168000
0.29724100
0.52131600
2.59221000
1.97998100
1.52018600
2.53945300
-1.53765100
-1.45443800
-2.41187700
-0.76514600
-1.61309800

I T T OzZIIIIIIIIIOOOOOO

1.22476400
0.62591500
-0.88766900
-1.32616300
-0.68716000
0.83789500
0.75008000
0.87441500
2.31641000
-1.00514200
-2.41769200
-0.94902800
-1.11721000
1.28008100
1.25933800
-1.71705000
1.30665700
0.86946400
1.21876000
2.37443800

-685%00
086700
5634300
700000
36011100
1022300
5889000
9060700
2069900
1436200
70167700
90871500
5087300
1037400
1004600
6033600
02747000
0199200
4831500
1824200

SI-112



No. Species Optimized Structure
)\
]
o N °
29 .

Cartesian Coordinates

I T T OzZIIIIIIIIIOOOOODO

1.03052500
-0.36191300
-1.27203900
-0.23863200
1.17286100
1.82183500
-1.06139300
0.97279900
1.60385600
-0.21359900
-0.58865700
1.80094100
1.12415700
1.94416000
2.83361600
-2.30992700
-0.55688500
-1.61266800
0.01424300
-0.22247700

0.91974000
1.23719500
-0.76402300
-1.44388200
-1.44908600
-0.06227800
1.53290000
0.51706700
1.86152000
-0.96242800
-2.47129500
-2.10563000
-1.90422500
0.35210100
-0.16935000
-0.77330100
1.94628100
1.96592100
1.49826700
2.99457900

-889200
9073300
1049600
1808800
9689800
0878400
7041700
9865500
5627200
99@5100
6640800
0086500
6a68500
1339300
06317200
86@1000
18748100
0618300
3200000
3038700

30

Me

Cartesian Coordinates

T TTo0oo000O00

1.09136000
1.43036800
-1.80305300
-1.59137600
-1.08136400
0.43631100
0.90522000
0.43973100
2.01801700

-0.44895100
0.78954900
0.92971800
-0.27781100
-1.50071400
-1.59349600

1.71380100
-0.19992800
-0.86044000

-233D00

0043000
6038000
7881800
6835200
588000
2084200
2883800
1647100

SI-11:



z
o

Species

Optimized Structure

-0.89916800
-2.55605600
-1.39265300
-1.60580000
0.94326600
0.62131000
-2.00893400
2.63133300
2.60215300
2.74015300
3.56489300

I T T O Z2 I I I I I T

-0.03511800
-0.51949600
-2.39547600
-1.53462900
-1.67598300
-2.54295900
1.87466500
0.83429500
1.68681800
-0.07999000
0.92520400

886900
3628500
20667800
9680900
12@000
7061200
7863400
8063000
67200
8073300
9635900

31
Ph

Cartesian Coordinates

3.42748500
2.82129800
1.31555400
0.52157100
1.17481300
2.67653600
2.96574000
3.29976500
3.38318300
4.48843100
0.67692700
0.64848500
1.01534500
2.82221500
3.09568000
0.80691700
-0.97361300
-1.86764500
-1.49761400
-3.24958700
-1.48033700
-2.87662100
-0.82631500
-3.75870700
-3.92383200

I OITIO0OIOO0OO0O0OZIIIIIIIIIOOOOOO

-0.09703300
0.84712900
1.01497500

-0.30450200
-1.22999800
-1.43444900
0.42362200
1.82980500
0.38864900
-0.25880700
-0.77940600
-2.19135700
-0.79477900
-1.97217700
-2.07222400
2.15405500
-0.14949000
-0.74413700
0.53380300
-0.66201600
-1.27514000
0.61943100
1.01654200
0.02066800
-1.12821900

-0988.00

7089300
5090300
88131900
FOF300
3046500
7383400
5618700
6582100
5696900
6431700
6852700
FB@3700
184700
2168000
2027300
78611800
7482100
3632300
70481400
4131800
3156600
3I@2700
2666600
9238700

SI-114



No. Species Optimized Structure

H -3.26296400 1.15928600 9146400
H -4.83156000 0.08953000 8af37100

32

Cartesian Coordinates

1.44922300 -0.92908700 &RA00
0.47989500 0.20824200 8695200
1.50349200 1.42595400 7850000
1.97606500 0.48245000 3298900
2.86599700 -0.64083100 7216100
2.10078100 -1.60989300 3BAK0O0O
2.25017400 -0.53777300 9568700
0.93379400 -1.69762800 5531700
1.09838900 0.05397000 3135800
2.52212600 1.07800500 722B600
3.29405000 -1.19322400 1¥@000
3.70794000 -0.19456700 2@31800
1.34737600 -2.13158000 66£6200
2.78849400 -2.38185700 0@E/700
1.49802800 2.55586300 0839800
-0.85239900 0.00802600 0945600
-1.30916600 -1.22693800 GBI1B800
-1.75020700 1.10263200 7832000
-2.59684300 -1.35802400 263B800
-0.66844100 -2.10071200 3@:11900
-3.02995000 0.97128800 5025600
-1.41657700 2.06438700 563300
-3.46273900 -0.26174000 502800
-2.92607300 -2.32291100 06080200
-3.69511000 1.83000200 7Q12200
-4.46309600 -0.36588900 6048100
0.49586800 0.97627400 5360200

I T I T OIOIOOOOZIIIIIIIIOOOOOO

=2

33 Ph

Cartesian Coordinates

SI-11%



z
o

Species

Optimized Structure

I I T OIOIOOO0OO0OZIIIIIIIIIOOOOORO

0.95442700
0.12628500
2.93739000
2.78128700
2.88863700
1.59495800
0.57176600
1.74810700
0.33173900
1.82243600
3.56706600
3.24459500
3.66994500
0.84896700
1.83384300
3.09257300

-1.20433200

-1.92938300

-1.88260400

-3.23328800

-1.46010600

-3.18402800

-1.35726000

-3.87318800

-3.76153400

-3.67221400

-4.89233200

1.08303800
-0.13620300
-1.35045000
-0.26737400
1.15718200
1.77146600
-1.10831100
0.82363400
1.83710300
-0.39878700
-0.40766600
1.81399400
1.16040400
1.83349100
2.80632000
-2.20627900
-0.12230700
1.07743900
-1.35586500
1.03673400
2.03999500
-1.38488800
-2.28598800
-0.18932100
1.96642100
-2.34001400
-0.21335100

-325800
2087200
287500
9872500
9873900
3060800
1090600
1630200
0622600
1385200
5032000
9610200
7647500
306100
4603800
4038500
20861700
5893300
8678900
2013700
36900
9852100
863600
5060900
18100
6634900
2625200

34

Me
Me

Cartesian Coordinates

I T Too0oo0oo000

-0.10789900
0.85126000
0.17357500
-1.28137500
-2.15169800
-1.55468300
-0.11339000

0.31456300
-1.30263700

-1.30189200
-0.29532200
1.09881500
1.17225000
0.13855200
-1.27099300
-1.08217000
-2.30944500
0.97476500

-648700
2033300
081®900
8R40000
5875000
5043000
431800
56%1300
6231400

Sl-11¢€



z
o

Species

Optimized Structure

I r T OIT T T OZ I T T T T

-1.65166100
-3.16804900
-2.23178400
-1.59452800
-2.16097600
0.76299600
1.11331000
1.78207500
0.19825800
1.59623800
2.19096600
2.89226700
2.64411500
2.05379400

2.18948500
0.15951700
0.42615700
-1.61275500
-1.97906000
2.13023000
-0.69778900
0.02206800
-0.75933500
-1.68150800
-0.25939300
0.43672000
-1.25739700
0.05597700

3027000
5037400
103400
9042900
2091800
9828900
97120100
7998100
92725700
2688200
2078800
5045800
2623500
6539000

35

Cartesian Coordinates

I T OIIITOZIIIIIIIIOOOOODO

0.04036300
0.99055300
-0.12355400
-1.47066800
-2.13399500
-1.40293500
0.02224700
0.46786100
-1.37518200
-2.09495800
-3.16231400
-2.20517500
-1.41525900
-1.95642400
0.58162400
1.19612900
1.74715800
0.26420400
1.79765200
2.25156300
2.03971100
2.81472900

-1.36785900
-0.43753400
1.46180500
1.06274800
-0.07696600
-1.41964900
-1.09415900
-2.38722400
0.77784500
1.96264800
-0.18571600
0.21730300
-1.75563400
-2.17735800
2.32870300
-0.67038400
0.15770100
-0.81061800
-1.58303700
-0.10708400
0.21221100
0.69214500

-0168100

3601000
0810100
1213500
8045600
6646100
5447700
53500
6632100
7031900
8386900
36631000
7087000
3608800
9281900
1419000
7135300

6391600
6643300
1004800
4328600
2090500

SI-117



No. | Species

Optimized Structure

H 2.89964400 -0.99749400 60F4300
° "L"
Me ‘
Nk s g
36 Me 2 9
d

Cartesian Coordinates
-0.77457100
-1.42507000
1.62163900
1.86580100
1.71808500
0.30461300
-0.35062300
-1.56610700
1.19490700
2.88827100
2.36645100
2.12206500
-0.03518300
0.39939800
1.48588900
-2.12677800
-2.25544100
-1.60691200
-3.14285400
-1.90036500
-2.14947300
-2.81670000
-1.14914100

I T ITOIIITOZIIIIIIIIOOOOODRDO

0.85629900 -019%K00
-0.09901300 0@&¥200
-1.25973300 3002100
0.06863300 0075800
1.23286500 1843500
1.81044000 9808100
0.29139400 6034300
1.49171500 GH¥O900
0.21073800 5333100
0.05468900 9738400
2.04444300 3046800
0.91343200 8143900
2.23690000 5@3D600
2.66093600 829600
-2.31543800 36(8000
0.44676300 1895200
-0.32312700 810700
1.29593000 7340000
0.80398900 6031400
-1.41726200 261600
-2.11409900 860400
-1.29744600 3212300
-1.89538000 5946800

37

Cartesian Coordinates

C 0.59185900
C 1.80495900
C 1.80495200
C -0.72161500
C 0.59190000

-1.53715800 -072D00
-0.75580100 386D100
0.75577700 38617400
-1.28174300 661200
1.53714200 9083900

SI-11¢€
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Species

Optimized Structure

Z I I I I I I I I T I T T O O

-1.47549400
-0.72162400
0.45212300
1.88163300
1.88153800
0.45222700
-0.50663000
0.81265500
2.71617300
2.71620500
-1.41551800
0.81271500
-1.41551300
-0.50671000
-2.73293200

0.00001000
1.28179200
-1.34129900
-0.92974400
0.92972000
1.34125300
-1.23868900
-2.60834700
-1.18187900
1.18184800
-2.11551900
2.60832900
2.11556000
1.23883100
-0.00002500

000700
660300
6968900
18@7500
1815400
6966900

4322400
1a7300
0835100
088D300

2832100
18072300

2a30800
4344300
600@B8200

38

Cartesian Coordinates

Z I T I IIIIIIIIITOOOOOOODRO

0.19880600
1.19427100
1.93389100

-1.27835800
1.08028100

-1.58823500

-0.05131800
0.52612500
0.68030000
2.42665300
0.68147000

-1.71306500
0.22504600
1.95253700
2.74032400

-1.84818200
1.74830000

-0.68795200
0.09404300

-2.25166000

1.62373300
1.09015600
-0.19938100
1.23805100
-1.47481100
-0.16641800
-1.43439500
1.31271500
0.94098400
-0.02822500
-1.73230400
1.85895700
2.71973200
1.86130500
-0.37876600
1.45178600
-2.31224400
-2.31103400
-0.91216500
-0.93319300

948800
9842200
906600
5081500
020200
4636700
8R&D300
5785000
55300
7663700
9247600
401700
6845400
7695800
1388900
64117100
6029900
4630600
279200
5@1°100

SI-11¢



Species

Optimized Structure

P4

H. H

Z I I I IIIIIIIIIOOOOOOODRO

Cartesian Coordinates

-0.51336800
0.89595800
2.09107500

-1.20392600
2.24156500
-2.55958300
1.40238400
-0.47033800
0.90022600
2.07504900
2.07284500
-0.62167700
-1.15137900
1.08386000
2.99974000
-1.26660500
3.30406000
1.23253400
1.13895000
-3.63169900

-1.09073000
-1.49629000
-0.63098300
-0.03557700

0.77252600
0.28415400
1.85104700
-0.71928000
-1.58082600
-0.53395000
0.71803000
0.89408400
-1.98140600
-2.51067600
-1.19888500
-0.39792000
1.06496500
2.78232600
1.82393900
0.53067300

-062200
485D000
0920500
6087600
2P13300
0612800
841500
6245300
4226400
9987700
081500
7849800
5@38400
2034600
66825200
9241600
2830300
582100
3238600
6820300

Me

I Too0oo000O00

Cartesian Coordinates

-1.68754700
-2.27904800
-1.40506700
-0.48172400

0.01414600
0.87979800
1.01160700
-1.42189200
-2.50286800

1.07009000
-0.25079100
-1.49647700
1.58454000
-1.43297800
0.96565300
-0.53434200
0.98340100
-0.13499300

-8568.00

7681100
2025900
7088200
6862800

3825800

9066500
00%7500
4749700




z
o

Species

Optimized Structure

-1.32350200
-0.02282100
-0.66639200
-2.46775800
-3.24410800
-1.92797000
-0.37669900
0.42692100
0.76133200
1.88748200
2.46065400
2.55975900
3.16165800
2.75504600

I r T O Z2 I T T I I I I I T

-1.71359700
-1.14023700

1.40798200

1.83920400
-0.42317200
-2.35474200

2.66672000
-2.44929600
-0.61082600

1.71746100
-1.01680200
-2.04700200
-0.38780300
-0.99122400

9745300
2713400
4043500
86.0400
1045000
100100
5076300
56147100
6938000
2073300
2092500
8286000
78235100
3089600

41

Cartesian Coordinates
-1.82164900
-1.93999700
-1.01689800
-0.86233300
0.49346700
0.40287200
1.11780000
-1.53923700
-1.76955200
-1.20448600
0.72103800
-1.37206000
-2.80418600
-2.97232900
-1.31592200
-0.59234400
1.00530300
0.65618000
1.17984500
2.61191300
3.08316100
2.95330900

I T OZIIIIIIIIIIIOOOOOOO

0.52903900
-0.53788000
-1.75867300
1.70224100
-1.51882800
1.39085800
-0.52490900
0.04044900
-0.07815700
-2.19116300
-1.21867900
2.44867900
0.97845800
-0.90786700
-2.52715200
2.20469000
-2.48842500
-0.44090300
1.69918600
-0.38721500
-1.30935900
0.43984500

-0077400
0895200
3098500
0801600
9848800
2P121100
504200
4038300
9212600
6@34000
25241600
1076900
8608500
282800
591400
4450600
566000
35834000
6045900
3656600
10300
63117000

SI-121



No. Species Optimized Structure
H 2.98116700 -0.21251800 8ae¥H200

9

(]
H_. Me 2 /J_J
N <

42 | | RYad

o

: d
‘.
fa’\/“
9

Cartesian Coordinates

I T ITO0OzZIIIIIIIIIIIOOOOOODRO

-1.05390200
0.20316100
1.57784900

-1.40976600
2.10847200
-2.63482700
1.59325700
-0.93471500
0.20761600
1.56817200
1.93209600
-0.59430000
-1.91029900
0.10216300
2.30476100
-1.54746600
3.21188300
1.27215200
-3.60522100
1.89315000
2.95178300
1.28907500
1.71925900

-1.26989200
-2.01610000
-1.53114900
-0.01854600
-0.18436000

0.63722300
1.04477500
-0.98142900
-2.03986300
-1.50079200
-0.11659700
0.71358700
-1.95256700
-3.06201000
-2.30732300
-0.29274200
-0.19769800
0.95915500
1.14984100
2.40551400
2.68230600
3.17989600
2.46241000

-01213.00
0085400
9890700
5028700
3003700
80dr100
4022500
3229300
0255600
983300
2518700
0864300
4a20000
0617000
26(B300
0530000
4a02200
7840500
9a80300
904100
5645100
8631400
8098800

43

Ph

Cartesian Coordinates

C

C
C
C
C

-3.40495600
-3.48658500
-2.25260600
-2.36938400
-0.91393200

0.45755300
-0.90133200
-1.80206100
1.42689400
-1.20846700

-824B00

9698300
568600
9088900
2038300

SI-12z



z
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Species

Optimized Structure

-0.92454500
-0.27610200
-3.20908400
-3.67963200
-2.14522000
-1.01530600
-2.38275100
-4.38708600
-4.36007600
-2.43735300
-2.64052600
-0.19277300
-0.28254900
-0.46639800
1.23668700
2.08213100
1.81400000
3.46938200
1.65367300
3.19737900
1.18016400
4.03173200
4.10676800
3.62535800
5.10888100

I T T OIT OIT OO O O0I2Z2IT I IT T T T T T T T OO0

1.23765000
-0.16596400
0.31942100
-0.72453300
-2.10882200
-0.78701400
1.33395800
0.94104800
-1.44704600
-2.72502100
2.46169900
-2.02814900
2.25301600
-0.52206200
-0.10715300
-0.66371600
0.44182800
-0.67387900
-1.08769800
0.43188000
0.89545900
-0.12728800
-1.10440100
0.86695600
-0.13057100

7672300
3057000
8520500
6220200
9833700
3644800
8633100
4689000
83&B000
107400
36700
1094400
40657800
5296800
5064000
20217500
0241400
4839600
2845100
8361800
5941600
1025000
1163300
8239700
4068200

44

Cartesian Coordinates

3.13553800
3.37942500
2.39818800
2.17803900
0.93878600
1.09986400
0.22011900
2.77684900
3.38052400
2.41063700
0.89366300

I T TITO0oO0O0O0O0O00

-0.84082100
0.57689400
1.65284700

-1.73826600
1.56738800
-1.02155000
0.28193600
-0.75825000
0.55299900
1.63842000
1.73006900

-R58D00

6843200
609500
0038800
8038300
5638400
40829400
5549000
347300
69467500
98400

SI-12¢



z
o

Species

Optimized Structure

I T T T OIT OI OO O OZ2ZI ITIT IT I I

2.74404600
4.08855500
4.38725000
2.78587200
1.70655000
0.38617900
0.61365300
-1.22790600
-1.95023100
-1.94782100
-3.33083200
-1.41546200
-3.32855600
-1.41958000
-4.02845300
-3.86415100
-3.86191100
-5.10463300
0.59306900

-2.29117800
-1.37840100
0.89124600
2.63677600
-2.48344300
2.40554100
-0.88016400
0.16447100
-0.72676200
0.90508400
-0.86618200
-1.30838700
0.76475400
1.57952200
-0.11915400
-1.55475300
1.34203800
-0.22619000
-0.21870500

5622000
8a40800
6060100
7812900
5044300
4058200
336400
9038700
1590000
6019300
9615000
6344600
9052600
3431100
3034700
4240200
4150500
6098600
382700

45

Z

H.._Ph

Cartesian Coordinates

I I T I IIIIIIOOOOOOO

3.04579600
3.06118000
2.02045600
2.09894900
0.54295400
2.15780300

-0.19406600
2.78265800
2.99278200
2.10315200
0.48005900
1.06008200
4.05781800
4.04892400
2.31527500
2.36773000
0.02485900

0.16930400
-1.32375100
-2.25460000
1.03894200
-2.07957100
2.45586600
-0.98849800
0.28364300
-1.41629600
-2.17692800
-1.94071000
0.70642500
0.57500800
-1.71956900
-3.28168100
0.95250600
-3.03588100

80200

3641300
1932600
0847100
1P0B600
3073900
3048300
1135700
2920100
131100
7188400
0681400
4975300
3015500
7000800
6546600
0032200

SI-124
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Species

Optimized Structure

I T T OII OI OO OO ITZ2

2.21789900

0.24149900
-1.45957400
-2.07260800
-2.17418500
-3.30603500
-1.55139400
-3.41070700
-1.75092000
-3.98764200
-3.74464300
-3.93422900
-4.95286000

3.57420400
-0.61806300
-0.46650100

0.55107200
-0.91140000

1.08660500

0.91019800
-0.36921900
-1.69016700

0.63238000

1.86323100
-0.72781800

1.05290100

2620700
5I@800
58730900
50711400
9651900
104800
3230200
23400200
1988200
2073000
3035200
0342900
9a65800

46

.

Me
Me

Cartesian Coordinates

O I I ITOZIIIIIIIIIIOOOOOOO

-2.16718700
-2.30519200
-1.09581800
-0.91505600

0.15699600
0.36922100
1.13364500
-2.16414600
-2.50494700
-0.85861500
-0.16554400
-0.82315800
-3.05248800
-3.19468700
-1.38899900
-1.01645500
0.74910900
0.78749000
2.05358400
2.56810800
2.80942600
1.48684600
1.99992800

0.79500300
-0.73113600
-1.54367400
1.38839500
-1.41067300
1.07782900
-0.24693300
1.10563000
-1.01107800
-1.26799000
-1.33956400
1.01569200
1.25576400
-1.03018500
-2.60014900
2.47600200
-2.33246900
1.91631200
-0.01046800
-0.94225600
0.74901200
0.31637800
-0.60438200

-07&EB00
38748300
6065700
20181600
2880800
56611200
0886500
1210900
7830400
9819900
7631300
4890300
9678900
3651400
9030500
7872900
6695200
9047500
2629200
8241300
0285400
0299900
1810000

SI-12¢



No. Species Optimized Structure
H 1.38546300 -0.81170300 99240700
H 2.67737600 0.21447200 7435600
H 2.59955300 -1.49549400 GO0ID300

47

Cartesian Coordinates

I I ITOIIITOZIIIIIIIIIIOOOOOOO

2.33492600
1.97136600
0.91831800
1.13922700

-0.53281600
0.03383000

-1.29486200
2.97945400
1.61850800
0.99254100

-0.53934700
1.46919200
2.92373400
2.89949700
1.15758900
0.75786900

-1.13467200

-0.38605500

-2.49391400

-3.23399000

-2.97968700

-2.22064400

-1.57196000

-0.72697400

-1.87613300

-2.40924700

0.43579900
-0.76918600
-1.74518900
1.18571900
-1.45666100
1.43266500
-0.29342700
0.10972500
-0.40412500
-1.79599500
-1.34781600
2.16333900
1.14109000
-1.31687100
-2.75492000
0.63309300
-2.36012300
2.16718400
0.14041200
-0.67552900
1.01813300
0.38650800
-0.38201900
-0.76118600
0.58495600
-1.07924800

063800
56885000
860500
5645900
2683200
2020800
8078700
572D000
2632200
1189200
16$8100
2536900
663600
50081500
300D400
1320700
1360700
5628700
2084500
5072300
8800000
5266400
6913500
5R97900
8441000
3836600

48

Me .. _Me

Cartesian Coordinates

SI-12¢
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Species

Optimized Structure

I T ITOIIITOZIIIIIIIIIIOOOOOO?O

-1.36538800 1.28048700 912%00

-0.19196200
1.23403600
-1.59510300
1.92606700
-2.73386800
1.57058300
-1.21410900
-0.21484100
1.23963500
1.78263800
-0.69982600
-2.28569800
-0.38344100
1.86434500
-1.77434000
3.01675900
-3.63519500
1.84002900
2.91657400
1.31434000
1.55072000
1.57550500
1.08921600
1.07648700
2.60851800

2.15545700
1.78306400
0.00835200
0.57957700
-0.78413200
-0.81507000
0.99482300
2.22389600
1.65579700
0.65933900
-0.62655100
1.87490300
3.17344300
2.66015000
0.27804500
0.71083500
-1.40809800
-1.93372200
-2.18689600
-2.85306400
-1.67349400
-1.15367200
-0.39170200
-2.11013200
-1.25475700

1875700
4515900
763100
3696000
0660100
102B800
17800
1259700
3321700
2290100
5050100
4039200
4686500
5082300
2851400
861000
8033700
5648400
8698900
7023500
837700
7168400
8212800
6332600
558700

SI-127



7.3 Activation Energy (AG*) and Reaction Energy AG®) for 1,5-H atom Abstraction
No. 1,5-H-atom abstraction AG” AG
T
« HH HH N~
1 )J L | S )l\/\/H 18.2 11.0
Ph Ph P ’
H
H I 1# .
N H Me N,H\}4Me N H
2 )J | )'\/\/H 15.7 6.7
Ph Ph Ph 4
- - Me
H i 1# .
W H Ph - Hph N
3 /U\j I )I\/YH 13.1 2.1
Ph Ph Ph )
L - Ph
M 1* _H
N H_/ Me N,I'-IlvI ° Me N
4 )J | )l\/\(Me 13.7 4.2
Ph Ph Ph )
- Me
- S
@/ "H _H H.8 H. H el
° /d - /u - )l\/\(H 19 -15.8
Ph Ph Ph ’
E H
H,H H.®_H
@Nf H / _Me N
6 | - ' H 21.2
Ph Ph A
Me
Hy H @
@"\I/ H /_Ph H\N’H
7 | - ' H -24.6
Ph Ph .
Ph
HMe H.®. H
®N H/ Me
8 | — -24.9
Ph

SI-12¢




DFT Method: UB3LYP/6-31+G(d,p) [values are in Kcal mil

Computed Energies[values are in Hartree]

Sum of Electronic

: Total Electronic : Gibbs Free
No. Species and Zero-point
Energy . Energy
Energies
- H H H
1 /D‘\j -443.0235649 -442.829472 -442.867708
Ph
T
~H. H H
2 U -442.9914959 -442.802530 -442.838714
Ph
N’H
3 Ph )l\/\/H -443.0050384 -442.812436 -442.850257
H
« H HMe
4 J‘\j -482.3410005 -482.118455 -482.158831
Ph
+
N,I.-L HMe
5 /u -482.3126879 -482.095479 -482.133745
Ph
N’H
6 Ph)l\/\(H -482.3286596 -482.107689 -482.148180
Me
H
« H_/ Ph
7 )U -674.0885445 -673.813030 -673.859863
Ph
T
N’H‘ H Ph
8 /u -674.0658605 -673.795136 -673.838936
Ph
N’H
9 Ph)l\/\( H -674.0936418 -673.818234 -673.863262
Ph
AT
10 U -521.6577733 -521.407302 -521.449929
Ph

SI-12¢




Total Electronic

Sum of Electronic

Gibbs Free

No. Species and Zero-point
Energy . Energy
Energies
T
/H\Me Me
11 N| -521.6332498 -521.388149 -521.428127
Ph
N/H
12 Ph)l\/\( Me -521.6504017 -521.400957 -521.443224
Me
HH Py
13 | -443.3647098 -443.160177 -443.197973
Ph
T
H.S-H- H
14 [ -443.3619859 -443.159096 -443.195650
Ph
H.® H
15 Ph )l\/\(H -443.3931927 -443.186642 -443.223797
H
®-HH HMe
16 NI -482.6838595 -482.450670 -482.490647
Ph
H.®.H
17 Ph)l\/\( H -482.7193286 -482.484544 -482.524409
Me
®-"H en
18 /U -674.4433058 -674.156379 -674.202150
Ph
H\ﬁ,H
19 oh )l\/\/H -674.4850309 -674.196189 -674.241345
Ph
@.HH MeM .
20 NI -522.0013441 -521.740222 -521.781792

SI-13C



21 Ph)l\/\( Me -522.0425908 -521.779580 -521.821416

SI-131



Optimized Structures and Cartesian Coordinates

. H.H
1
Ph

No. Species Optimized Structure
«?/
H : j//:,
1 (‘\ )
g’ \

I T T T T OIT OITOOOOOITOTITITOTIITOoOZ

Cartesian Coordinates

-0.78190600 0.32911300 -09®00

-1.22495500
-1.73567100
-1.48924400
-1.49289400
-3.23390500
-3.77762000
-3.45212800
-3.74677200
-3.26863000
0.68836000
1.25203600
1.52726800
2.62427800
0.62972100
2.89443300
1.09441400
3.44900000
3.04552400
3.52845900
4.51469400
-4.82797200
-3.55234900

1.46294100
-0.86336000
-1.56949100
-1.37074500
-0.53051700
-1.48062900

0.02826200

0.24831400

1.22903800

0.12202400
-1.16286000

1.23584300
-1.33044600
-2.03991200

1.06571800

2.23079400
-0.21877700
-2.33141100

1.93557600
-0.35053100

0.40821100
-0.30005800

1a83600
3037700
3548900
1063800
8085600
56231900
9794700
3685600
1269100
401D500
1098600
3524700
8028800
5021900
4p0B600
2047800
681B600
0628300
8025700
30068500
6648500
6658800

Cc

I T O

Cartesian Coordinates

-0.84535600
-1.34984100
-1.71374600
-1.23234400
-1.76952000

-0.22957000
-1.38635900
1.03016600
1.74881600
1.51037300

-054100

98.27100
28131700
9816600
5088900

SI-132



No.

Species

Optimized Structure

I T T T T O I O IT O OOOITO IT ITO

-3.12447900
-3.75441700
-3.06527200
-3.71758200
-2.56771700
0.64591400
1.27667200
1.44438100
2.66988200
0.68898100
2.83232200
0.95655400
3.45164600
3.14107400
3.43387300
4.53413300
-4.47719800
-3.95718700

0.68800600
1.58820100
0.42613600
-0.46824100
-1.24223200
-0.08794800
1.15726700
-1.22851600
1.26022000
2.05398700
-1.12304800
-2.19038500
0.12232800
2.23052600
-2.01267200
0.20337500
-1.06489100
-0.27069700

380%'600
6616400
9855500
3038400
10381100
4038000
9840700
5886500
560aD900
6087400
1064900
7867700
5835600
8010200
7818800
9R35600
6824800
8523100

Cartesian Coordinates

T OITO0OITOO0OO0OO0OO0OTITITOTITITOSZ®O

-0.81147300
-1.22181800
-1.71984600
-1.34575700
-1.60698800
-3.21081000
-3.69191900
-3.33861700
-3.91964800

0.66635300
1.21121400
1.54760400
2.59400900
0.56574100
2.92526100
1.12533900
3.45593900
2.99366400

0.36985200
1.58367500
-0.85501900
-1.50202700
-1.43652700
-0.57514100
-1.54949700
-0.00480800
0.10439700
0.12671000
-1.16461300
1.22358400
-1.35558700
-2.03572800
1.03323000
2.21954600
-0.25849300
-2.36259600

-06I/600
6039600
0072000
0836500
2834100
48067600
4821000
62400
7992000
425300
5665400
6835400
30317100
803r800
0482100
36115800
0857500
0005300

SI-13¢



Species

Optimized Structure

I T T T T

3.58903200
4.53072500
-4.87716400
-3.58018100
-2.24276000

1.89301200
-0.40622500
0.58945600
-0.01700400
1.63316100

10@5100
5897300
10700
0246500
3296600

H
« H Me
@
Ph

Cartesian Coordinates

I I T OIIIIOIOIO0OOOOIOITIITOIITOZ?O

0.26460400 -
0.72734400
1.18283300
0.86949000
0.97053300
2.68699400
3.19318600
2.87746900
3.30276600
2.81662400

-1.19879100

-1.81067900

-1.98190000

-3.17635000

-1.23152300

-3.34272700

-1.51065700

-3.94592000

-3.63584700

-3.93339100

-5.00637000
3.09379700
4.81609300
5.33803200
5.23198000
5.05371800

0.24322400
-1.33799600
0.97216300
1.72033200
1.40622800
0.70357800
1.67760600
0.21402500
-0.13090500
-1.11231400
-0.10454500
1.15461200
-1.25701400
1.25926300
2.06020200
-1.14955800
-2.23226100
0.10955600
2.24094700
-2.04867200
0.19239900
0.35843100
-0.31650000
0.64817500
-0.91162700
-0.83205400

-6048100
1018600
G0SB000
4211300
8805200
5044000
808D900
1320700
8082800
10803600
‘7608000
#8X8700
1815100
0822400
1886800
9044600
4086800
9013800
765900
40146100
0060500
4388800
207200
181600
4275100
1616500

SI-134



No. Species Optimized Structure
4
¥ ? N /‘L*
H. M
N € J\‘/d\ ?

Cartesian Coordinates
-0.38902900 -0.06883400 -040200

I T T OIT T T T OIT OITOOOOTIOTITITOTIITOoOZ2

-0.98778400
-1.14998100
-0.63018400
-1.13081600
-2.59921900
-3.15122400
-2.59679200
-3.27486800
-2.20565100
1.10729600
1.84587400
1.80111700
3.24143500
1.34167200
3.19120500
1.23025700
3.91827900
3.79636100
3.71049900
5.00242000
-3.40259300
-4.47136500
-4.23706100
-5.31877400
-4.81809100

-1.17168900 9@:R400
1.25820100 1641300
1.91278700 92631600
1.77004800 8660900
1.02810700 4028700
1.97971900 8031100
0.72954500 9888500
-0.05324300 7#@45500
-0.89848500 3684700
-0.05746000 5B88D000
1.13390500 3048200
-1.26977700 1028600
1.11482900 608%200
2.08437400 7888600
-1.28665800 9664100
-2.19009800 7066300
-0.09368900 091D000
2.04570700 301700
-2.23106800 3073200
-0.10787900 70894300
0.21724300 3195000
-0.75545500 2014500
-1.17124800 0829000
-0.06379400 561600
-1.57458700 1348400

|

Me /‘\,‘,/‘\,
9
Cartesian Coordinates
C -0.31013800 0.29523400 -02B100
N -0.76772500 1.49162800 2926300
C -1.16730900 -0.96640700 667ZB300

SI-13¢



No.

Species

Optimized Structure

I T T T O T T T T OII OITOOOOOTIITTITOITI

-0.74851000
-1.05053500
-2.66190200
-3.10040300
-2.79107400
-3.43054600
1.17296000
1.76618100
2.00926600
3.15222600
1.15620200
3.39017300
1.54943200
3.96919300
3.58968600
4.01862500
5.04647000
-3.04011400
-4.84863800
-5.53624800
-5.19507800
-4.98494100
-1.78822500

-1.61523100
-1.52203500
-0.75479200
-1.75103500
-0.20583600
-0.08067000
0.11422300
-1.15185100
1.24597800
-1.28428800
-2.04844100
1.11400000
2.22231900
-0.15311100
-2.27260900
2.00012500
-0.25553200
-0.13472000
0.33974700
-0.52515500
1.00360300
0.85888000
1.49589500

458P900
7845100
40%1600
4029700
9330000
483800
6235400
7695400
7282800
0061500
968@5700
4862000
7693800
8696500
1062400
3605400
829500
5998600
4906100
2048700
4042000
1648600
9263600

. H_'Ph
@
Ph

Cartesian Coordinates

oooIToIxTrxTozxTIT O =z 0O

-1.51634200
-0.99905900
-0.66065300
-1.03359700
-0.86601900

0.85010000
1.30968300
1.04165800
1.53572100
1.08128800
-2.97804300
-3.64251200
-3.70662100

0.28988600
1.43386900
-0.97076400
-1.47944400
-1.64295500
-0.73731500
-1.68131800
-0.01198100
-0.26397900
0.67853500
0.14143000
-1.08428700
1.25375900

07200
801300
3023800
329200
6025400
7062900
823500
708300
206800
5018600
3612900
9653300
2056000

SI-13€



No. Species

Optimized Structure

-5.00613700
-3.10715400
-5.06522200
-3.19503400
-5.72107300
-5.50658600
-5.61329900
-6.77998500
1.34481700
3.02911600
3.54968300
3.92555200
4.92387500
2.87079300
5.30128900
3.54319600
5.80544900
5.30599800
5.97802600
6.87453800

I T T OIT OIT O OO OITITITITO IO IO

-1.19403800
-1.95852900
1.14091100
2.20127800
-0.08402600
-2.14887200
2.00803700
-0.17159300
-1.00027800
-0.07565800
1.14326400
-1.11908000
1.31362900
1.96624400
-0.95408900
-2.06891600
0.26425600
2.26712500
-1.77432100
0.39651000

1056600
508200
0873800
5654100
4052300
4280000
6660100
6045200
1958300
6089500
9834800
3038200
8882500
0029400
5020700
0515900
0832700
3800800
FIB900
4815800

H_['Ph
8 i
Ph

Cartesian Coordinat

1.29031300
0.52231000
0.76300300
1.35644900
0.91719100
-0.72244600
-1.09992000
-0.81556400
-1.52947700
-0.69087100
2.75846600
3.69834000
3.21645300
5.06354800
3.37548400
4.57666300

OII OO0 00O IT O I T O I ITOZ2

0.20903400
-0.68603000
1.58809200
1.96749400
2.28573600
1.53142300
2.55259900
1.01588200
0.80699800
-0.16549300
-0.07343700
0.96079800
-1.40247200
0.67458000
1.99645800
-1.68673200

-09511.00
92®/700
1993400
570600
1630600
00/&3700
5620800
6387000
68610600
80%7800
864¥700
4891600
2060200
36911200
7091900
2018200

SI-137



No.

Species

Optimized Structure

I T T OT OIT OO OOoOITITITTITO I

2.48986500 -2.20108800
5.50663000 -0.64880100
5.77785700 1.48730900
491367100 -2.71913100
6.56710600 -0.87137800
-1.50276000 1.32879900
-2.86801300 0.25562600
-3.83459200 0.19055700
-3.22171300 -0.26475800
-5.09656900 -0.35643400
-3.58515200 0.58019900
-4.48484400 -0.81180400
-2.50281500 -0.24984700
-5.43087300 -0.86043700
-5.82122400 -0.38784700
-4.73099200 -1.20456300
-6.41383300 -1.28632500

300600
0845500
337600
40107300
76867600
2800700
088900
9857400
9099400
FaZP500
8233500
16900
0215500
8010300
8871800
9823400
6646500

\
H
ph)\/\(

Ph

Cartesian Coordinates

I T OI OIT O OO OO ITITO I ITO0Z2

-1.44999500 -0.01696400
-0.90653500 -1.00768700
-0.70684600 1.23235400
-1.19821500 2.10524800
-0.84960900 1.33668200

0.79278900 1.28874600
1.14051500 2.31010400
0.94398800 1.17768300
1.62340300 0.29523900
-2.92486200 -0.07819500
-3.61307000 0.95020700
-3.65530300 -1.20176000
-4.98908400 0.85999400
-3.08665700 1.83242100
-5.02601100 -1.29135500
-3.12227900 -1.99462900
-5.70045000 -0.25996500
-5.50130700 1.66644300
-5.57190900 -2.16693600

-81400
1B@1400
6030300
8033800
4481700
5857600
3237700
4348300
002400
4687200
1068800
7645100
4040200
603000
4022900
8795900
1005000
6632300
80E2600

SI-13¢



No. Species | Optimized Structure

-6.76974500 -0.33054200 96@0700
1.13776800 -0.26075200 0M0E2400
3.00604600 0.06317700 9802200
3.76529800 0.75371400 9680®300
3.69971000 -0.89333900 9388200
5.12074600 0.49865100 60900
3.28005100 1.49248500 2815800
5.05270900 -1.14058000 187900
3.14594100 -1.43506300 56:4/600
5.77715300 -0.44754400 6025600
5.67530800 1.03953900 3108200
5.55301400 -1.87581500 3180200
6.83604100 -0.64253400 6821400
0.09944900 -0.87480900 2990800

I T T T OIT O IT OO OO IT T

° H Me 9 X/ 5
o) Y DI g
Ph k 3

Cartesian Coordinates

0.04780100 0.40289900 -0ZEK300
-0.38145200 1.57447200 5029600
-0.88894400 -0.80406300 016400
-0.54739700 -1.36723900 798P300
-0.72400000 -1.46007300 6051800
-2.38052800 -0.47815500 6O0@B100
-2.89626300 -1.41678900 1740000
-2.50106600 0.18156000 3655100
-3.08833900 0.16044600 4875000
-2.55882800 1.08918100 92%000
149161800 0.16886800 1B88B000
2.08739300 -1.09290300 6832400
2.27275900 1.23571200 6543800
3.43550300 -1.28241200 4848900
1.50994300 -1.93296700 3@34600
3.61588400 1.04330200 8083100
1.81349900 2.21060400 9248900
4.20323200 -0.21703700 2646300
3.88274800 -2.26424400 7866600
4.20492700 1.87609300 508%1200
5.24981900 -0.36666700 78%/100
-4.53179800 0.53092200 3068800

OI I T OITO0OITO0OO0OOO0OITOITIITOITTITOZ?O

SI-13¢



No.

Species

Optimized Structure

I T T O I T T

-5.11047300
-5.04470100
-4.55767500
-3.06994900
-2.05293200
-3.60275400
-3.56247000

-0.36279100
1.01932700
1.21604600

-0.74955600

-0.96308200

-0.27998300

-1.70841000

904100
0637900
8630300
8341300
2918300
1781100
73883600

11

Cartesian Coordinates

I I I OIIIOIIIOIOIO0OOOOIOIITOIIORZO

0.08518900
0.68576700
0.84606600
0.29923300
0.85870100
2.27495500
2.84197700
2.22052200
2.99305900
1.92492200

-1.41536400

-2.13103500

-2.13486100

-3.52862800

-1.60641000

-3.52762400

-1.58168200

-4.23145100

-4.06492200

-4.06719100

-5.31760600
4.05786200
3.67516700
4.91957000
4.43682100
3.39826900
2.57188000
3.74924300
4.22078800

-0.09675600

-1.19078600
1.20607400
1.79781800
1.80476800
0.93532600
1.88035900
0.59650600

-0.12497600

-0.92321300

-0.06562200
1.14194600

-1.27423800
1.14246300
2.09129100

-1.27249600

-2.20694200

-0.06322000
2.08640600

-2.21513500

-0.06269000

-0.91052300

-1.32361800

-0.26923100

-1.74023000
0.30730800
0.77293700

-0.54468300
1.03943700

-02mB00
5815300
0005800
4171500
2045000
9057200
0630400
4169100
2841400
909600
0645500
3038400
2026400
5045900
5678600
0015100
5057300
38a1000
9841300
2860600
4015900
10709000
5152800
601400
6a89200
27122800
7471600
1950700
8376300

SI-14C



No.

Species

Optimized Structure

12

Cartesian Coordinates

I T T T OIT T T OIT T T OIOIOOOOOTIITOTIIOooZ

-0.01988700
-0.47368800
-0.87422700
-0.42676200
-0.78828100
-2.35544300
-2.78504200
-2.42631200
-3.21343600

1.45489900
2.04275200
2.28808900
3.42030800
1.43497500
3.66062900
1.83236300
4.23424700
3.85353000
4.28669700
5.30494200
-4.54033500
-5.29669300
-4.94289200
-4.47996900
-3.05025700
-2.00467600
-3.61382100
-3.42588700
-1.49038900

0.33594200
1.53358600
-0.90703000
-1.47482800
-1.55894500
-0.66491000
-1.65392500
-0.08089200
-0.02180900
0.13496200
-1.14095500
1.25712400
-1.29234100
-2.03111500
1.10669300
2.24078700
-0.17019600
-2.28835300
1.98596900
-0.28713000
0.52496400
-0.27603100
1.23862300
1.02620500
-0.41709800
-0.40222700
0.24981100
-1.44127700
1.54614800

-8238D00
6687900
4892500
78237100
3043800
833300
3989800
1185600
7620900
2820200
0658200
3626800
803¥200
2a(0500
1672900
1076800
4044700
9838200
402700
8300
5889800
663500
6020900
3220700
1195300
3842600
73000
9791400
‘7037000

13

Cartesian Coordinates

SI-141



No. Species

Optimized Structure

0.75245700
1.07119800
1.73024700
1.51127400
1.48024800
3.22308500
3.77653400
3.48284700
3.68181700
3.18536700

-0.68323700

-1.29833000

-1.49059400

-2.66229400

-0.70761700

-2.85779200

-0.99578000

-3.44820700

-3.14288300

-3.46337400

-4.51825600
4.75810700
3.47961600
1.97261600

I I I I IIOIOIOO0OOOIOIITOIIITOZO

-0.22014500

-1.41169900
0.92666900
1.63748300
1.44322400
0.56242800
1.50728600
0.07724600

-0.29006800

-1.26725600

-0.05283100
1.22503000

-1.22814300
1.32690700
2.11861600

-1.11216300

-2.19117300
0.15797500
2.29970800

-1.99579100
0.25899300

-0.47431200
0.21734600

-1.52342600

-6(8BI00

6250800
6252000
1217800
3R64500
2086500
2061200
7432000
6680900
0048900
1627300
2852500
8011600
6665500
90700
6862200
2037600
6R1D600
6017000
3827300
18&8000
1041600
1%1%700
34121400

H.© H. JH
14 M
Ph

Cartesian Coordinates
0.79567300
1.31392100
1.70202600
1.16148000
1.90508400
3.02109100
3.63141300
2.81053900
3.79198200
3.04089600
-0.67438600
-1.34431700

ooTrTxToxxozxTzxTo =z O

0.12210200
1.17918000
-1.04935500
-1.73510600
-1.57899500
-0.58986700
-1.48566900
-0.15660000
0.39245000
1.18612800
0.05012700
-1.16305400

-812200

3000200
085r700
56805100
3830100
5898600
36300
3188600
0644600
56141900
8665400
45618600

Sl-14z



No.

Species

Optimized Structure

I T T T T T O T O T O O

-1.40982900
-2.72877500
-0.79145200
-2.79261000
-0.89866600
-3.45346300
-3.24667700
-3.35408800
-4.53338600
4.57218700
4.18331100

0.87756100

1.20172900
-1.22035000
-2.04742000

1.12627100

2.12856600
-0.07878700
-2.15379200

2.00089000
-0.13401400

0.94049500
-0.04020900

2.07386700

7862500
2009500
4340100
0840400
2090800
4864900
2626000
1045500
3021600
2842300
3212200
509800

15

H.®_H
N

I
Ph)\/\( H

H

Cartesian Coordinates

I I I I IIIOIOIOOOOOTIITIOTIIITOZO

0.76374100
1.30353700
1.69364200
1.21661500
1.75934200
3.11530600
3.58884400
3.05435500
3.98903200

-0.68456800

-1.27054400

-1.52512800

-2.65420100

-0.65197600

-2.90488700

-1.10890900

-3.47204600

-3.09522800

-3.54030400

-4.55100600
4.84494200
3.98819400
0.74518300
2.32311300

0.24244800
1.41173300
-0.93109500
-1.63097500
-1.44917800
-0.59998200
-1.57067800
-0.08271700
0.15265600
0.09451500
-1.17675800
1.20865400
-1.32026600
-2.04700900
1.05343400
2.18860700
-0.20910400
-2.29703300
1.90927300
-0.32632100
0.70360100
-0.09842200
2.22994400
1.50177000

-802200
2655300
1226300
003600
5687600
2005200
4037600
858500
3065400
20700
1684300
0052200
0075800
66065100
3099000
263147300
2091200
7660400
3056000
4021200
4865400
902700
3080800
6638300

SI-142



No. Species Optimized Structure
H % 1/
®."H  Me 1 A
16 N » A
| bs J/ & 29
Ph
/,) //‘ 2

Cartesian Coordinates
-0.24277200 -0.13855800 064800

I T T T T O T T T T OITI O ITOOOOOTITITOTITITOZ

-0.59758400
-1.17858100
-0.86690300
-0.97317800
-2.67966600
-3.18880300
-2.89167300
-3.27570300
1.18769100
1.85228500
1.94040000
3.21128300
1.30408800
3.30341400
1.40775700
3.94299900
3.72848100
3.86722300
5.00976300
-3.05700700
-4.78768800
-5.03865100
-5.31562600
-5.18106100
-2.78192300
-1.48136500

-1.30107900 8098600
1.04127900 5841300
1.79359400 9892500
1.48062000 2614300
0.75741300 1ReB400
1.72765900 8817900
0.35460000 1330100
-0.15379500 7085700
-0.04005300 2826300
1.21089300 589r100
-1.25304300 5681800
1.25023500 861B500
2.13369700 00283600
-1.19966400 9830400
-2.19677400 43838600
0.04456500 60756900
2.20232000 4667300
-2.11325600 485D600
0.09562300 5062900
0.27513800 5882100
-0.34675200 1@&1400
-0.80005100 4G&¥700
0.61084400 8@Z800
-0.99781000 06B50100
-1.13747900 56%/500
-1.35629500 9290300

17

e
e

oy

Me /J\‘/‘\,
s
CartesiarCoordinate
C 0.27736900 0.13679400 -53B200
N 0.88198100 1.26577300 1@ED200

SI-144



No.

Species

Optimized Structure

I T T OIT T T T T T OIT O I OOOOOTITITOTITITO

1.14412000 -1.08398000
0.63058700 -1.76369600
1.19070500 -1.59858100
2.57715000 -0.82287600
3.00192400 -1.81488100
2.53305000 -0.30144600
3.49639600 -0.10252600
-1.17574900 0.07699300
-1.84122500 -1.15785600
-1.94185900 1.24127000
-3.23053100 -1.21779400
-1.28041600 -2.06494200
-3.32750300 1.16953400
-1.46176600 2.19586400
-3.97452200 -0.05805100
-3.73322800 -2.16739700
-3.90529600 2.06356800
-5.05777800 -0.11004800
3.41652400 -0.35149900
0.37162100 2.11519300
1.90777200 1.28341600
4.79067400 0.46188200
5.22871600 1.15533700
4.68372400 0.97731500
5.53407600 -0.33894900

5049600
4010400
1@7200
7845200
0640400
3960900
‘704700
3098800
Q@900
0803900
6600600
66311500
6620400
9881500
788¥300
1a47900
763600
1090900
3038800
2647400
684300
1858400
1029800
730y 000
60700

18

H,, H
®.,"H_/_Ph
@1
Ph

Cartesian Coordinates

oooIxTxozxTxT O =z O

-1.52257600 0.42295200
-1.13112900 1.64814600
-0.66509800 -0.70854600
-1.00697300 -0.91514800
-0.87150300 -1.61745500

0.85220700 -0.46772500
1.31463700 -1.32825100
1.09507900 0.39900500
1.47116900 -0.30388400
-2.91804900 0.14434300
-3.57529000 -1.05663500

013800
0832500
8015100
0234400
0685100
160B400
1037000
4296800
9615900
2R9B8300
6026600

SI-14t



No.

Species

Optimized Structure

I T T T T OIT O ITOOOO IT T ITITOIOITOnOo

-3.63369500
-4.89533900
-3.06327000
-4.95104400
-3.11662200
-5.58868400
-5.40106000
-5.48391400
-6.62044700
1.19199500
2.96259900
3.79721300
3.56948600
5.17638600
3.34421600
4.94691400
2.94336900
5.76056700
5.80888200
5.40193400
6.84057300
1.02415800
-0.20375300

1.13765700
-1.26190700
-1.82086200

0.92381300

2.05271100
-0.27279500
-2.18228800

1.67971500
-0.44566100
-1.16494400
-0.14883000
-1.14911200

1.00510300
-1.01458500
-2.02988400

1.14409300

1.79172000

0.13349500
-1.78760800

2.03022300

0.24215500

0.58427800

1.81065000

10681200
9895800
4281400
88948600
am300
3831600
6688300
56500
2888000
1236700
90424200
4082300
7608300
2083300
9484200
9008100
8037500
5053500
5027600
2022400
4070700
7346100
0835800

19

H®_H
N

|
H
Ph)\/\(

Ph

Cartesian Coordinates

oOoooooIxTxTozxTIT O =20

1.30205100
0.46065400
0.74740100
1.40469600
0.81986200

-0.71213000

-0.88511700

-0.77945500

-1.74968700
2.72420500
3.67290800
3.17809400
5.03375000

0.22657700
-0.65913100
1.56579700
1.98608400
2.23173000
1.56106700
2.57005100
0.88443200
1.24968000
-0.08487900
0.96068100
-1.42401000
0.67253100

-P2B500

4a99500
41055200
1112300
2695400
7094700
7626200
2985000
6859100
831800
4009700
4045200
6078000

Sl-14¢



No.

Species

Optimized Structure

I T T T OIT O IT O OOOITITITITITOTIOI

3.35345500
4.53743000
2.47493500
5.46771200
5.75525600
4.87505000
6.52941400
0.76901200
-0.53937400
-2.91733200
-3.23095200
-3.84316000
-4.38647200
-2.57445300
-4.99331400
-3.63723100
-5.27451000
-4.60769500
-5.68139500
-6.17697700
-1.66051300

1.99614300 7620300
-1.70357300 1@38400
-2.25140400 6@S6600
-0.65630900 2071900
1.48258300 001®600
-2.73339700 6630100
-0.87798500 7641700
-1.55476900 G5@300
-0.43464800 87H800
0.46223600 9049900
-0.23093800 19233400
0.33787600 7409700
-0.99278500 25320600
-0.15211500 7981800
-0.42606000 54841000
0.86494900 628100
-1.10011500 48111200
-1.50291500 5780700
-0.49793000 9145700
-1.69545600 3021400
1.79190400 101600

20

Cartesian Coordinates

OTo0oo0oo0oo0oo0oITIxTozxTxTOo=zO

0.05280500
-0.28199500
-0.89306700
-0.55201300
-0.72980700
-2.38285100
-2.90450400
-2.53269400
-3.05250400
1.46254400
2.11814600
2.20737600
3.46133700
1.57658900
3.55453700

0.24575900 -03&200
1.47111300 1887700
-0.93602700 401900
-1.54102500 98636600
-1.55363100 482700
-0.60811900 2037000
-1.56538600 4340300
-0.07734000 7194000
0.17914600 2663700
0.08236800 9Q111300
-1.17107800 9033400
1.24055600 19221600
-1.26628000 10aD600
-2.05125100 18&1900
1.13238900 2971700

SI-147



No.

Species

Optimized Structure

I T T T O T T T T O IT T T O T

1.67990400
4.18541900
3.97062300
4.11176300
5.23913300
-4.50278600
-4.55996400
-5.09862700
-4.97608000
-2.51228100
-2.98817100
-1.96213400
-3.49610100
-3.48717100
-1.12939100

2.18057200
-0.11425800
-2.22195400

2.00251600
-0.20887400

0.51931800

1.08071900
-0.39353000

1.12311300

1.13478500
-0.56426500
-0.73544900

0.00926800
-1.53876200

1.62138300

3081700
2037200
4814300
5032600
6038100
4015800
8621800
6687200
3076500
50538100
6947900
12%P600
503D200
985800
7258600

21

H.®.H
N

|
Ph)\/\{Me

Me

Cartesian Coordinates

I T T TOIOIOOOOOTITITIOIITOZ?O

0.02605900
-0.58634000
-0.84056900
-0.29382400
-0.96610100
-2.22498600
-2.65666900
-2.07251800
-3.22146100
1.48205900
2.14021300
2.25763400
3.53030400
1.57203900
3.64461400
1.78515300
4.28347200
4.02645800
4.23022500
5.36765200
-0.08314000

0.13201100
1.21101000
-1.03560100
-1.64233400
-1.66231800
-0.67234100
-1.62672000
-0.07411900
0.01416900
0.07674400
-1.17315700
1.25925300
-1.23449300
-2.09579600
1.18970900
2.23531900
-0.05683000
-2.19897300
2.10161300
-0.10804300
2.01989600

045200
9056300
2828400
52(@B700
6658900
2066700
72500
2980600
1698400
1045200
2039900
1803800
1836800
5639700
4042300
8261700
1895800
3032200
8021800
2084600
3037600

SI-14¢



No.

Species

Optimized Structure

I T T OIT T T O T

-1.61585200
-4.27351100
-4.76858300
-3.87298600
-5.06662400
-3.55367000
-4.20331800
-2.67459000
-4.10388300

1.23389000
0.85802300
1.52219000
1.46264400
0.22463900
-0.60858100
-1.49042000
-0.95724800
0.08526300

76841400
7801900
4085700
9605700
1013100
08600
7066700
63387600
5198000

SI-14¢




7.4 Bond Dissociation Enthalpies

DFT Methods:
Structure optimization: (RO)B3P86/6-311G(d,p)

Frequency calculations: (RO)B3P86/6-311G(d,p) sthiea factor of 0.9806

No. Reactions Kcal mol™
N/H N
1 ° 93.2
H\N N
2 * 92.3
_H _H
N N
H. H.
N N
©) @ . H
H\N,H N
5 ° 120.9
H H
@ .
H. . H H.*®
N N
6 ° 121.2
H H H
@ ®
< HY_H
HNH N
7 . . 92.5
H H
N 0\
H
8 \\l:lLH . -6.8
H

SI-15C



T
m M~ N
™ . . o
£ ¥ % S S = 3 < s 2 ~
m ! | \n — — T ~ ] ﬁ ™
~
(O]
[¢b] < @ T () = o I s %
= o o > > o > T hd T . T .
I I . . A . )
> = T ) T ) T N 2
Z2= Z= z= Z= p— — — —
o = = Z= = z= z=
i)
RN
(]
[¢] < ]
= o o = T () = [0}
T T = T T = T = v s o -
= r T = o
T T
=z _ _ N%M
.Z . . ‘ . .
z pd z .z .Z
o o — N ™
z o — — — - 3 9 9 ~

18

SI-151



No. Reactions Kcal mol™
N
19 Me N M'e 12.8
Me —— | Me .
' Ho. H
N N
20 @H i 14.6
\ H_. Me
N N
21 @Me i 10.8
\ H.._Ph
NI N
22 @Ph il 1.2
. Me.._Me
N Me N
23 @Me i 9.0
H
N .
oo, |
NS
~N
Me Me
N .
NS
SN
Me. Me. Me
N .
26 Me 6.3
N
SN

SI-152



Computed Energies[values are in Hartree]

Sum of Sum of
Total : : :
: : Electronic Electronic Gibbs Free
No. Species Electronic :
and Zero-point and Thermal Energy
Energy . )
Energies Enthalpies
_H
N
1 ©)‘\/\ﬁ -524.1354695 -523.876405 -523.862063 -523.917814
H
N
2 ©)J\/\ﬁ -523.4576186 -523.211808 -523.197320 -523.255216
H
3 H -0.5185156 -0.518516 -0.516155 -0.529170
H.
N
4 ©)k/\{ -524.1336755 -523.875000 -523.860488 -523.916784
H
_H
N
5 O)J\/\( -523.4530609 -523.208598 -523.193599 -523.252112
H.
N
6 W( -523.4519284 -523.207782 -523.192637 -523.252061
®
H.J-H
N
7 ©)‘\/\{ -524.5252933 -524.253414 -524.239606 -524.293228
H
@« H
N
8 W -523.8014873 -523.545696 -523.530734 -523.588419
H
H. @
N
9 W -523.8013617 -523.545175 -523.530245 -523.587838
H

SI-15¢



Sum of Sum of
Total : : :
: : Electronic Electronic Gibbs Free
No. Species Electronic :
and Zero-point and Thermal Energy
Energy . .
Energies Enthalpies
@
H.Z . H
N
10 -523.8488571 -523.591406 -523.576081 -523.635315
N H
11 \‘EILH -211.4147367 -211.326279 -211.321084 -211.353832
I
12 H -211.4249726 -211.338956 -211.332400Q -211.368226
H
N H
13 \ltlLMe -250.8892424 -250.772918 -250.765575 -250.803372
I
14 H -250.9017145 -250.787437 -250.778761 -250.820570
Me
N H
15 \]tleh -443.2395939 -443.071085 -443.060712 -443.107319
I
16 H -443.2695386 -443.101734 -443.090543 -443.140367
Ph
A Me
17 tlLMe -290.3623497 -290.218973 -290.210169 -290.251145
i
18 Me -290.3782924 -290.236530 -290.226381 -290.271731
Me
N
19 H -250.9183288 -250.799789 -250.793126 -250.829630
H
N H. H
20 lU -250.8967484 -250.782526 -250.774077 -250.814675

SI-154



Sum of Sum of
Total : : :
: : Electronic Electronic Gibbs Free
No. Species Electronic :
and Zero-point and Thermal Energy
Energy . .
Energies Enthalpies
N
21 H -290.3894344 -290.243322 -290.235243 -290.275(
Me
N
|| HeoMe
22 U -290.3714698 -290.229160 -290.219294 -290.2636
N
23 H -482.7382544 -482.539866 -482.52875(Q -482.5771
Ph
N
|| Hwe-Ph
24 U/ -482.7384872 -482.542664 -482.530216 -482.5821
N
25 Me -329.8618548 -329.688780 -329.679266 -329.7214
Me
N
|| Me, Me |
26 -329.8478144 -329.678085 -329.666715 -329.714
) H
27 -290.3955297 -290.248013 -290.240449 -290.2784
H
H
N .
28 I H -290.3626814 -290.220452 -290.21074Q -290.2543
i H
29 -329.8652279 -329.690137 -329.681118 -329.72271
Me
H
N .
30 Il Me -329.8385404 -329.668335 -329.657144 -329.705(

SI-15¢
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Sum of Sum of
Total : : :
: : Electronic Electronic Gibbs Free
No. Species Electronic :
and Zero-point and Thermal Energy
Energy . .
Energies Enthalpies
N H
31 -522.2150475 -521.987578 -521.975551 -522.0253
Ph
H
N .
32 lU\Ph -522.2072852 -521.983313 -521.969633 -522.0245
N M
e
33 -369.3367271 -369.134686 -369.124306 -369.1686
Me
Me
N .
34 Il Me -369.3146039 -369.116407 -369.103968 -369.1544
N
35 @H -329.8585988 -329.683115 -329.674234 -329.7161
H. H
N
36 ] -329.832049 -329.661920 -329.650930 -329.6987
N H
37 @Me -369.3288049 -369.125761 -369.115516 -369.1604
H.. Me
N
38 Il -369.3088806 -369.110835 -369.098369 -369.1495
N H
39 @Ph -561.676313 -561.421394 -561.407889 -561.4618

SI-15¢€
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13

03

82

55

22

55

81
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Sum of Sum of
Total
: : Electronic Electronic Gibbs Free
No. Species Electronic :
and Zero-point and Thermal Energy
Energy : ,
Energies Enthalpies
H.. _Ph
N
40 M -561.6763643 -561.424871 -561.409748 -561.4684
N Me
41 @Me -408.8002562 -408.569941 -408.558383 -408.6054
Me . _Me
N
42 Il -408.7837159 -408.557974 -408.544051 -408.5984
N
43 m -443.2666946 -443.096752 -443.088263 -443.1297
H
44 ©i\/"'\ -443.2656329 -443.098393 -443.087258 -443.1351
X
SN
Me |
45 Qj'\' -482.7476837 -482.549714 -482.538412 -482.5864
Me
46 ©i\/"'\ -482.7405199 -482.545878 -482.532913 -482.5854
X
SN
Me_ Me.
47 N -522.2176861 -521.992566 -521.979893 -522.0301
Me
48 Me -522.2064323 -521.984148 -521.969853 -522.0244
N
SN

SI-157
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Optimized Structures and Cartesian Coordinates

No.

Species

Optimized Structure

-H
N

+

Cartesian Coordinates
-0.23464200 0.96528500 OQZEBOO

I I IIIIOOIOIIOIIIOZIIIOIOIOOOORO

-1.55110900
-2.72640600
-1.65650900
-3.96677100
-2.63081400
-2.90200000
-0.76665100
-4.05997600
-4.86766200
-2.96491000
-5.03144000
-0.24231000
1.01218300
0.96129200
0.96132400
0.70648900
2.32709200
2.36162600
2.36165800
3.59467300
4.43756200
3.71844200
3.71846700
4.68629700
3.63110800
2.94606700
4.68629700
2.94605700
3.63120800

0.26392400
1.02315800
-1.12890200
0.40757800
2.10204500
-1.74716900
-1.74691800
-0.98190400
1.01135700
-2.82969400
-1.46383500
2.23954400
0.10401100
-0.55727700
-0.55723300
2.61156700
0.87112200
1.52697600
1.52693900
0.00258500
0.70531200
-0.85205000
-0.85187200
-1.35973200
-0.24483100
-1.62608900
-1.35960300
-1.62587200
-0.24451800

001000
00800
00am800
002700
60@800
60@L000
00@200
00@®700
60(@B400
60@000
60@B900
00@B500
00aB800
7068700
7a65900
00ax¥000
0005500
88600
7892700
0001200
00ax¥200
5978400
5987500
9092700
6346300
00700
91500
0023400
6846900

SI-15¢




No. Species Optimized Structure

Cartesian Coordinat

0.22703500 0.94627800 -002WO0
1.56453500 0.28031200 0043800
2.72493000 1.06222600 G01®500
1.68786600 -1.10941900 0025600
3.97478800 0.46593400 G01®100
2.62894000 2.14173100 G0Z¥000
2.94392300 -1.70580200 0028700
0.80543800 -1.73753100 0040100
4.08914000 -0.92166000 001®OOO
4.86540300 1.08430700 GOZB900
3.02433000 -2.78702900 00434900
5.06810500 -1.38761200 0012100
0.13223000 2.19694500 6012800
-1.02891200 0.08987900 G0¥200
-0.97716100 -0.56494100 7@34200
-0.97740100 -0.56463200 7@3000
-2.32455900 0.89321200 G04H400
-2.32987100 1.55364500 7283100
-2.32968300 1.55298300 7@B5500
-3.60801400 0.05126700 G0AB600
-3.75122600 -0.80130800 5966900
-3.75178900 -0.79973200 60138400
-4.72872200 -1.29043300 9029900
-3.65267500 -0.19542000 6304500
-2.99480500 -1.59144400 O2(BL600
-4.72929900 -1.28881500 9024100
-2.99539400 -1.58983000 O3&L700
-3.65363700 -0.19270000 6228400
-4.43548300 0.77199000 GO0£M900

I I I IIIIOO0OOIIOIIOZIIIOIOIOOOODR®O

3 H J
Cartesian Coordinates
H 0.00000000 0.00000000 O0GEDOO
H<
N
4
H

Cartesian Coordinates

C -0.20901000 0.90359800 R43200
C -1.53662000 0.25162600 187B800
C -2.60257700 0.99511200 9822600
C -1.75584200 -1.09045500 30662000

SI-15¢




No.

Species

Optimized Structure

I T T T T T T OOIOCIIOTIIO0OZITIITOoIOo0IO0O

-3.85203900 0.4194720+0.5764320

-2.44005800
-3.01033300
-0.94706300
-4.06166300
-4.66250100
-3.16631800
-5.03836200
-0.06808400
1.01845000
1.00275900
0.91497700
2.32908300
2.30243300
2.38365000
3.59373400
4.43584100
3.77993500
3.66180600
4.74889800
3.73319600
3.01180900
4.62637400
2.88679400
3.53421300
-0.97960700

2.02855400
-1.66373300
-1.69023300
-0.91202100

1.00913600
-2.70204800
-1.36244800

2.11603600

0.06930800
-0.79223100
-0.35814400

0.82916100

1.69760800

1.24318000

0.00780500

0.69639400
-1.14748200
-0.48454300
-1.63329500
-0.80073200
-1.91662100
-0.95641900
-1.22841300

0.33993900

2.54643500

8645900
7896000
40@3200
3621500
90185000
4683600
722900
802800
5022500

30477400
564900
96214100

Q44900
0355000

90338800
566¥800

9058400
3615800
4044200
27000
5070600
4398000
46.76600
4268600
582000

-H
N

Cartesian Coordinates

I ToToITo0oo0o0o0o0

-0.25125000
-1.60020100
-2.73732400
-1.77222600
-4.00585500
-2.59002300
-3.04604000
-0.91305000
-4.16579400
-4.87663600
-3.16104100

0.87112800
0.23906300
1.04740000

-1.13662800
0.49559000
2.11246200

-1.69059300

-1.79099900

-0.87737500
1.13652500

-2.76064900

012000
05741100
1091500
6846700
49938400
41800
2092500
5016300
1098000
3806900
5041300

SI-16C



No.

Species

Optimized Structure

I T T T T T T OOOITITOTITITOZTIT

-5.15934000 -1.30926300 -0.1683960

-0.19494400
0.95178000
0.88472000
0.87954700
2.31302300
2.38209900
2.36732800
3.46668800
3.79306300
4.50659000
4.47137500
2.90371400
4.30041300
5.06740200
4.07318600
5.24899600
0.77118500

2.13537700
-0.04220700
-0.79870300
-0.59771100

0.65467900

1.38613800

1.22686500
-0.29525000
-1.13151400
-0.10328100
-0.60440400
-1.39788900
-2.05933100
-1.02436700

0.23016600

0.65953300

2.45791900

2049500
3029300
5606500
7041000
3084100
8005300
7078700
4080300
3848200
968000
3098000
1685800
56381700
8350000
4239500
0835800
60815500

H.
N

Cartesian Coordinates

I T OIIOZIIIOIOITOOOOO

-0.20784000
-1.54526400
-2.60520600
-1.77819600
-3.86218600
-2.43269500
-3.04011200
-0.97368000
-4.08539600
-4.66807400
-3.20658400
-5.06802900
-0.04428200

1.00742800
1.00170400
0.90183100
2.34198400
2.31569800
2.40236400

0.85995200
0.23273200
1.00589300

-1.11702500
0.45093900
2.04656800

-1.66994500

-1.73927000

-0.88903400
1.06350300

-2.71513200

-1.32322800
2.06065800
0.01519200

-0.85224900

-0.40148600
0.76191500
1.62968700
1.16561500

6133100
2080700
6068400
96900
5013400
1049100
203300
7075900
5@10500
4284700
56140700
6665000
2852800
4868700
16893400
6655100
80ar500
8638200
9660800

SI-161



No. Species

Optimized Structure

4.04771600
3.92161600
5.11625200
3.90292400
3.54958100
4.98997200
3.39111800
3.70409900
-0.94667800

I I T T T T T O O O

-1.01745900
-0.33189000
-1.21806600
-0.61132700
-2.00236900
-0.55781100
-1.19063300

0.53519300

2.50411800

3.5271500(-0.09422300 -0.1181680

282800
3441200
9079900
3365800
0845300
2282200
81®1700
63119100
1010700

®
H.o-H
N

¥

Cartesian Coordinates
0.24107200
1.54814900
2.73592200
1.64088800
3.96645300
2.72379900
2.87630500
0.74738600
4.03901200
4.87312800
2.93386100
5.00640300
0.12687400
-1.02083100
-0.97485300
-0.97486600
-0.78948900
-2.32880100
-2.37202500
-2.37201100
-3.58862000
-4.43041700
-3.70049900
-3.70053800
-4.66633400
-3.61867000
-2.93364800

I T ITOOIOIIOIIIOZIIIOIOIOOOOR®O

0.87975000
0.24802700
1.00333700

-1.15431600
0.37724900
2.08793200

-1.77739900

-1.76476700

-1.01472800
0.96938700

-2.85877100

-1.50332000
2.17932000
0.07925300

-0.58361700

-0.58357100
2.60909000
0.86412000
1.50991500
1.50985500

-0.02056300
0.68086100

-0.87048100

-0.87035300

-1.37864800

-0.26424700

-1.65104900

-000%00

G0®300
6002300
0002800
6001200
00@4900
00000
00@m500
0001900
600@®800
00@6400
00@700
60@B700
00am400
7037000
7050900
60@700
00aB700
868200
8688100
00@L400
60@5200
6329200
633700
9522000
6285100
03233800

SI-162




No. Species

Optimized Structure

-2.93368400 -1.65091100
-3.61874800 -0.26402500
0.92736000 2.79579300

I T T T

-4.66637100-1.37852400 1.295192

048300
6284700
001300

@ H
N

Cartesian Coordinates

0.22271100 0.80314000
0.27179800 2.04421700
-1.05205900 0.04249100
-1.00524900 -0.84671400
-1.01808400 -0.33480600
-2.33123300 0.83062600
-2.34027200 1.17297300
1.54269700 0.19562900
1.75070800 -1.18317200
2.64804700 1.04994100
3.02391300 -1.69532200
0.92255700 -1.83871200
3.92000200 0.52411500
2.45722700 2.09890400
4.11116000 -0.84289000
3.19624100 -2.75652000
4.75923500 1.16711800
5.10655900 -1.26414400
-2.34365400 1.72347900
-3.62029300 0.03163500
-4.43778800 0.72152600
-3.77226000 -0.37294800
-3.75004900 -1.17049900
-3.01072000 -1.94743200
-4.73225400 -1.63462200
-3.63900800 -0.88430100
-3.67903500 0.48630100
-4.75414000 -0.81830100
-3.03080700 -1.12116000
-0.51346500 2.49041000

I I I I IIIOOIOIIIIOIOIOOOOIOIIOZO

-621900
1058700
0035700
32@5800
3898000
5076800
9422800
3031500
2063500
4P63200
1899200
6a60400
3865700
3027900
5058100
5026000
7275300
4024600
8880400
045100
36(2900
6647300
3005200
60653400
1934100
7988500
38713200
3945100
6642400
8817600

SI-162




No. Species Optimized Structure
2 9
H\.® |
N A\ 2‘ f—}‘a "
9 "/b-‘/‘ L ?

Cartesian Coordinates

I I I IIIIOOIOIIIITOIOIOOOOIOIIORZO

-0.18070300
-0.20052000
1.05876400
0.95763100
1.02748100
2.34608000
2.32741400
-1.54804400
-1.92009800
-2.46615900
-3.17556600
-1.22494000
-3.71542500
-2.17038300
-4.07357100
-3.46921800
-4.41440200
-5.06253200
2.36789600
3.62451300
4.44972500
3.78867300
3.72830500
2.97457700
4.70226300
3.61795000
3.71969300
4.76404500
3.03734100
-1.00151000

-0.69960000
-1.70283100
-0.04496900

1.02922300
-0.12013600
-0.62801800
-0.51920000
-0.19760200

1.10188100
-1.05375100

1.56246200

1.73583200
-0.57168200
-2.05967200

0.72838300

2.57130700
-1.20440200

1.09834100
-1.70400700

-64%/00

2566700
2065400
8034400
18115200
5047100
4090900
6037500
5031900
8014300
1642400
8840700
2063300
5696500
6688100
70143100
5430500
1093700
4a.3000

0.01701900 008¥100

-0.50001700
-0.21139700
1.49822500
2.10095600
1.89478300
1.66294900
-1.27197700
0.14483900
0.33106100
-2.27576800

6085500
027400
56138800
6Q111800
6062000
3164100
6087900
4081900
82@B300
98617200

10

@
H.O . H
N

Cartesian Coordinates




No. Species

Optimized Structure

0.25133300
-1.06505100
-0.93130400
-1.65322500
-1.90000700
-1.30257500

1.44263000

1.36913300

2.70781000

2.51744500

0.41174100

3.85150400

2.81386900

3.75885600

2.44700900

4.82037400

4.65769200
-2.02774400
-3.20232400

1.06198900
-0.56063600
-3.32612900
-3.21519500
-4.31840000
-2.57859800
-4.31141700
-4.22421800
-5.28177700
-4.35171400

I I I OIIIOIIOIIIIOIOIOOOOIOIIORZO

2.40805000
0.57391100
-0.27522500
1.32866600
0.11804600
-0.60955900
0.34726800
-1.05673500
0.95759100
-1.82021000
-1.55612500
0.18898100
2.03565800
-1.20120900
-2.90096600
0.66965200
-1.80129500
1.00527900
-0.44778200
2.83264200
2.99498800
-1.89761100
-2.10442000
-2.27077200
-2.49455000
0.46246000
1.44564400
0.03716800
0.61806700

0.23644700 1.14009100 40BPO(

4086100
1845000
823900
4338700
66161700
2125000
1978200
2856500
1923600
1481900
0857000
803¥600
7025300
9065900
1099900
3061700
6063800
9492400
‘7356700
‘764800
2a15800
1846500
9B@1500
5021600
6864000
068D900
623000
6648000
9719000

I

Cartesian Coordinates
-0.34583300
-1.43513400
-0.34583000
0.73089400
-0.30574100
-0.30556300
-2.07157200

T T xTO0 000

1.10120300

-0.00000100

-1.10120300
0.00000100
1.73353500
1.73320100
0.00003500

010%00
0012500
00ar900
6003900
883700
861900
8aMmi700

SI-16&




No. Species

Optimized Structure

-0.30573500
-0.30556100
1.96303200

Z I T T

-1.73344600
-1.73329200
0.00000100

-2.07163700-0.00004000 0.884851

8842700
88[B800
6031900

Il
12 H

Cartesian Coordinates
1.24767000
2.14180600
0.10358000
0.34636700
-0.04807300
-1.18735500
-0.99758500
-1.96368700
-1.62943300
-2.47291100
-1.06351600

T T oxxozxxTxo0 =z O

0.06257500
-0.64177600
0.93626900
1.92247200
1.05703900
0.39145400
0.31215600
1.14923000
-0.91493000
-0.98623000
-1.81443800

-R81®00
1022000
‘7042900
3067100
4686900
9025000
6832100
5013400
5699300
20$3000
5686700

N H

R T

Cartesian Coordinates
-1.45645000
-0.13502700
0.63045800
-0.62114600
-2.06649100
-2.08944600
-0.09963000
0.17595700
0.70837000
-0.81254600
1.94841600
2.72283400
2.27837800
1.86034400

I rTrTozIxxxxTOOOO

0.62244300
1.42543200
0.19385900

-0.65312500
0.81806600
0.63838000
2.33309800
1.66324100
0.25088800

-1.85518400

-0.21507900
0.52480600

-1.18115900

-0.30220700

-97@B00

16211700
3640100
0001000
96271500
7621500
8041800
3263700
2781400
87 IB900
8039100
4051200
0865500
6627400

SI-16€




No. Species Optimized Structure

Il
14 H

Cartesian Coordinates

0.72541600 -0.85272800 -0522700
-0.43054500 -0.96105400 0848400
-1.25802600 0.26852200 1929400
1.69876300 0.16661900 620B900
1.24692400 -1.81144100 68@G/900
0.32676800 -0.61626900 1155200
0.00045400 -1.22364700 78356300
-1.05116000 -1.80729200 8930900
-0.96715200 1.02068800 4415400
2.46281600 0.97419500 4Q79800
-2.26562900 0.62086600 1066200
-1.81881800 1.14498800 7128300
-2.76366100 -0.26940700 100900
-3.03293900 1.28966500 1BIB700

I T rTozIIxxxxTOOOO

.

N H

R

Cartesian Coordinates

3.02642700 -0.42512000 -06¥500
1.87098900 -1.42831000 827600
1.05818900 -0.33757800 6048600
2.08688900 0.70197600 50624300
3.85460300 -0.54636100 08®400
3.42118600 -0.31224100 GI¥200
2.10815300 -2.33112600 7645800
1.38948100 -1.70566700 2140900
2.10053400 1.93028200 2065300
1.21060200 -0.43078700 4298100
-0.39824900 -0.14389300 6875800
-1.23244900 -1.25809300 5620500
-0.94947300 1.12761400 161D200
-2.59100400 -1.10412500 86@D800
-0.81638300 -2.25472100 6823600
-2.30867300 1.28100300 2054800

OITI o000 O0OITzITITITIToOooOooO

SI-167




No. Species

Optimized Structure

-3.13383200
-3.22576300
-2.72227800
-4.19344000

I T T O T

0.16753400
-1.97962000
2.27635600
0.28932700

-0.30278200 1.99682400 0.17811

3069600
6042300
4817900
2642300

16 |

Cartesian Coordinates
2.52744900
1.63715900
0.63712000
3.33680800
3.19927900
1.90327700
2.28988700
1.15331800
3.97659400
0.97749300
-0.69617400
-1.53201400
-1.25941300
-2.83831400
-1.12389700
-2.56886400
-0.65986300
-3.36907700
-3.45378400
-2.97512400
-4.39481500

I I T OIOIO0OOOO0OIZIIIIOOODO

0.92158900
0.80479700
-0.29254300
-0.26646100
1.78116000
1.08500500
0.64432900
1.77400300
-1.21325800
-1.29245400
-0.15448200
-1.29743500
1.08251100
-1.20713300
-2.25764700
1.16230200
1.98505800
0.02313800
-2.09903000
2.12203800
0.09264400

PIE300
3871000
4638700
4972300
3067900
1110300
9713300
7291500
0018500
96M@5100
963100
2099000
0845300
0872900
2a80400
304700
3030200
9661100
5023800
4000700
303700

T e

Cartesian Coordinates

C -1.55554500 0.77120600 -08¥500
C -0.19347100 1.39796000 3Q@%%7600
C 0.54555200 0.08946900 2629600
C -0.85721900 -0.58749400 9011600

SI-16€




zZ
°

Species

Optimized Structure

-2.34694200
0.09350300
-0.10915800
-1.22447500
1.45514200
2.35007400
1.77014900
0.95183000
1.21426100
2.10148600
0.54382300
1.52349200

I T T O T T T OZ T T T T

0.79421500
2.29139000
1.60609100
-1.75866000
-0.52826400
0.08829100
-1.52927800
-0.61286400
0.18063100
0.81912400
0.60656000
-0.80838700

-1.95925500 1.11442600 0.8480(

603100
26611300
01800
7040200
089500
0369700
6633200
3810700
384200
76721400
8211300
8459900

18 il Me

Me

CartesiarCoordinate
1.09074800
-0.18212300
-1.18118000
1.84912900
1.74672500
0.81748600
0.12529600
-0.62645100
2.43620500
-1.90220600
-1.37504500
-2.02806400
-2.89532300
-1.20630800
-0.47774800
-2.18983800
-0.95883300

I T rToITIIrxo0ozIxxxxToOOOO

-1.13032700
-0.80125300
0.03950000
0.05598700
-1.79789900
-1.65730600
-0.31639800
-1.76779700
1.00935200
-0.54197500
-0.36180000
-1.62518000
-0.09567900
1.51309400
2.03357300
1.93168400
1.78117400

6817200
400300
1932800
4681100
8862900
6238500
7099700
1035200
2034000
462300

9BR700

5082900

6338500
2698400
1a483500
9069200
5836500

N
19 H
H

Cartesian Coordinates

SI-16¢




No. Species

Optimized Structure

-1.32667100
0.06755100
0.96344200
0.06743500

-2.12593300

-1.45362700

-1.45380000

-2.12580700
0.09757400
0.43214000
0.43192500
0.09725100
2.20427600

zITIIxxxTIxxxxTxTOOOOO

-1.32670000 -0.72537100 -0.2431860

0.72546300 4808200
1.23641200 2058200
-0.00012200 0001800
-1.23641200 2966900
-1.32620700 9646100
-0.75180600 3048000
0.75190300 3035100
1.32634600 9648700
1.56204400 7461500
2.06038700 8818700
-2.06062800 8343900
-1.56184600 7483500
-0.00000200 GO@B200

Il Heo H
»

Cartesian Coordinates
1.64103400
2.43064700
0.62910700
1.12111000
0.22146500
-0.50209900
-0.08087800
-1.16159900
-1.31293300
-2.01625300
-0.65226500
-2.05856300
-2.58762600
-2.23775500

I T oOTTToITITOoOITITO =ZzO

-0.12872600 -BQE¥00
-0.89154900 9864600
0.83000000 #0E&B900
1.79145600 4873800
0.49622100 3155000
0.97751700 5846500
1.29720700 1213500
1.78131800 1206300
-0.30655900 4845800
-0.13752900 7T134200
-1.11256400 8821500
-0.72495600 6@%6600
0.01071700 6220200
-1.76964400 8514300

Cartesian Coordinates
C -1.53189600
C -0.58856200

-0.58985400 ©2PD00
-1.25051200 9033300

SI-17C




No.

Species

Optimized Structure

I I T O Z2 I T T T T T T O O O

0.7105650(-0.43271800 -0.5064620

0.21046400
-1.27286700
-2.57882100
-1.26864800
-1.01367200
-0.41985700

1.22774300
-1.50264200
-1.84603700

0.91024500

1.68022500

2.53851500

1.20229400

2.04183900

0.98011800
0.90544000
-0.85780700
-0.89029500
-1.16971600
-2.31161800
-0.38767200
1.52674600
1.29382500
2.00407700
-0.94593300
-0.27806900
-1.01003600
-1.94314100

4028600
2005200
6023400
3606000
9752000
903700
6I684600
9290600
2068600
3010800
566000
40767300
3827600
9008000

22

N

Cartesian Coordinates

I TToTrxToIxrxTIrxToxrxTrxToxTxTOoO =z O

1.59053700
1.68911600
1.50434300
2.36122500
1.63128400
0.20021100
0.03178200
0.33898000

-1.03370300

-0.86651500

-1.87368500

-1.39730700

-1.18233900

-1.89496900

-2.67176400

-1.09498500

-2.31246000

0.62391200
1.77295800
-0.82940500
-1.19490100
-1.19785500
-1.36857700
-0.89751100
-2.43795500
-1.17569700
-1.71583700
-1.67873900
0.23928900
0.65509000
1.15049400
1.82291200
1.79660000
0.59740400

45600
5085500
5045100
281600
7412100
501600
25500
3069300
401700
8T.22500

53300
3062800
0225000
2845200
4012000
1065900
7640100

SI-171




No.

Species

Optimized Structure

23

H
Ph

9 :‘J o

Cartesian Coordinates

I I T OIOIO0OOOOIZIIIIIIOOOORO

2.14936000
1.68387300
0.87874600
1.71028300
2.54681700
2.97218300
1.32392000
2.55305800
1.12594400
2.36863800
3.60240300
1.72394400
0.87453600

-0.56155000

-1.27708900

-1.21660000

-2.60655700

-0.77267600

-2.54929000

-0.69558400

-3.25023400

-3.14081700

-3.03751500

-4.28825200

-1.32862000
-1.24033400
0.06192300
0.98114900
0.11074700
-2.03237100
-1.65463700
-1.14322900
-2.11409200
0.38501600
0.30021700
2.21924100
0.48880600
-0.01073200
1.17700600
-1.21678100
1.15897300
2.12405500
-1.23722600
-2.15891700
-0.05094600
2.09414500
-2.18780800
-0.06683200

-818300
3R15000
9665100
2681700
702800
6620400
6120100
9067800
7235400
138500
5645000
3668500
0268600
0026900
3042400
6826600
5082500
9038200
3612900
8034100
9823600
8615000
2008700
1081700

24

"

Cartesian Coordinat

oxTxTo =z O

2.78568900
2.44541300
3.25729400
3.86628800
3.93144700
2.15478500

1.14707400
2.24790300
-0.23037800
-0.38894100
-0.33136900
-1.29407800

-638700

1823700
3030900
3489900
1838500
6031300

SI-17z




No.

Species

Optimized Structure

I T T OT O I OO OOoOoITOo IT IT O I

1.4822260(-1.17931900 -1.2237220

2.64474400
1.33871500
2.03432500
0.77869600
0.40988700
0.76003300
-0.88606400
-1.65812000
-1.47031900
-2.92757600
-1.22779100
-2.74327600
-0.91629400
-3.48270900
-3.49406700
-3.16790900
-4.47943000

-2.26732500
-1.28442300
-1.30306800
-2.22529600
-0.12805900
0.75012200
-0.06319900
1.11520800
-1.13171500
1.21442500
1.95220500
-1.02274100
-2.05310900
0.14645100
2.13020000
-1.85674100
0.22594600

7842800
30000
8433900
8821200
7133400
0810500
1212400
6085500
1052000
2916100
0141200
4020800
50482300
FBIB800
5821400
88&4000
9815200

25

N
Me
Me

Cartesian Coordinates

I T OIIIOZIIIIIIOOOOO

-1.72328300
-0.37984300
0.64129300
-0.22031100
-1.69873600
-2.57570600
-1.79299200
-0.42755400
-0.09381200
-2.31379800
-2.02413700
0.23143100
1.12906900
1.76586400
0.29980300
1.70700800
1.82655300
2.39484800
1.49571100

-0.87266600
-1.32928800
-0.27125100

1.01878000
0.64520400
-1.34115400
-1.11979900
-1.33364100
-2.33520200
1.20761300
0.91376600
2.16727200
-0.55813200
0.25439400
-0.66330300
-1.48734900
-0.12938700
-1.06381200
0.11167000

643700
9235800
3@5B500
0624300
16111100
1980100
3286000
8¥Z8300
7835000
80%L200
2584900
2086600
9199800
4759000
9815700
085D200
FOI500
1911500
9275100

SI-172



No. ‘ Species

Optimized Structure

H 2.49629700 0.666352(-0.6463740

N
||| Me, Me
26

Cartesian Coordinates
-1.56762300
-1.36929500
-1.86536700
-2.88821900
-1.86451900
-0.89944700
-0.85811300
-1.32472100
0.51877900
0.45573000
1.07209500
1.26328400
1.62420800
2.69230300
1.07928000
1.40853500
1.66912700
1.21272700
2.75656900
1.38562800

I I T O0OIIITOO0OIITOITIITOITITOZO

-0.93315800
-2.03612700
0.45365800
0.65406200
0.55381900
1.46750600
1.30209900
2.46519400
1.42959400
1.64684300
2.26852800
0.15547900
-0.26728500
-0.51216300
-1.17431600
0.50660100
-0.72703300
-1.72332300
-0.89106200
-0.31596800

-06RD00
8a&7500
2098900
1281000
1181600
0615100
8685900
5010700
8072700
6027500
62719900
6933000
119600
8I8900
10@5800
5385800
935I7500
0124500
0843800
6269500

27

Cartesian Coordinat

0.95375500
-0.42806900
-1.18168000
-0.42807600
0.95373700
1.73192100
-0.31417000
-1.02041400
0.82991900

I TTo0oo000O00

1.26056500
1.28278000
0.00000600

-1.28277000

-1.26057100

-0.00001000
1.34986500
2.13887500
1.30801100

-658800

7827600
6928000
7028900
8631700
8239400
6368200
4812600
7365400

SI-174



zZ
°

Species

Optimized Structure

Z I T T T T T T

1.51111300
-0.31415700
-1.02043400

1.51108700

0.82988200

1.93649200

2.70439100
-2.32331900

2.15564800
-1.34983700
-2.13886600
-2.15566800
-1.30799800
-0.00001700
-0.00001200

0.00000100

67000(
6360400
4815400
0631000
73637300
6096400
1843000
2082300

28

=22
I

Cartesian Coordinates

Z I I IIIIIIIIOOOOOO

1.47052900
0.97850500
-1.68124700
-0.99171500
0.17747500
1.50357500
1.40971300
0.30532100
0.87690300
2.49903900
-0.64892300
-1.73910600
0.33998600
-0.13139200
1.88578800
2.22551100
-2.25222500

0.72775100
1.61810300
0.16146500

-0.96130400

-1.51219200

-0.76329100
1.54670600
2.43933900
0.87092100
1.02085000

-0.65449700

-1.74714700

-2.54792000

-1.55423800

-0.86247800

-1.27762100
1.02041400

-826D00
0847600
06X¥700
1245000
2048100
087800
963300
9031600
8T(®400
4666900
0530900
6254400
8096800
F2:24900
2034500
4878100
2084300

29

Me

Cartesian Coordinates

Cc

C
C
C
C

-0.43375700
0.90411100
0.75683400

-0.43145400
-1.72575100

-1.20357400
-0.63615700
0.86949500
1.31747000
0.71141400

-0685700
6045800
5048600
835300
360D100

SI-17¢t




zZ
°

Species

Optimized Structure

I r T OZ I T T T T T T T IT O

-1.62066100-0.80569600 0.004871

1.65960700
-0.60750600
-0.35442300
-0.27290900
-0.46761100
-2.56195200
-1.93372300
-1.52204300
-2.54322500

1.55151300

1.40510900

2.36110200

0.70385700

1.55165400

-0.76971000
-0.83882000
-2.29394100
0.98096100
2.40778900
0.98691900
1.14787400
-1.25242200
-1.21083700
1.68191500
-1.32223300
-0.89988600
-1.22561600
-2.39003200

48116800
8913500
3086800
1372300
9087300
808771500
4097800
0131400
2032500
6030000
0828500
2008100
3560900
1076800

30

Cartesian Coordinates

I I T O0OzZIIIIIIIIITOOOOODO

1.03718000
1.38077600
-1.74940400
-1.53033000
-1.06333900
0.43405700
0.89020700
0.35231600
1.95156600
-0.80820400
-2.47973100
-1.35183500
-1.62599500
0.97841700
0.60543100
-1.95697700
2.56940100
2.52810100
2.68692900
3.50158800

-0.41304700

0.79467800
0.91865400
-0.26716800
-1.49638400
-1.58173600
1.73378500
-0.14390900
-0.79161500
-0.01979900
-0.48888700
-2.38361200
-1.53959000
-1.68513800
-2.51448000
1.84403200
0.79939600
1.60607200
-0.14685100
0.93944400

-38W500
9858200
7031400
9066900
9031000
9008200
2088900
1287400
8668000
7594900
8950000
623300
4058000
4022200
4@99300
7863600
90/3900
2728900
32727900
1091100

SI-17¢€




No. Species Optimized Structure
N H
31
Ph

Cartesian Coordinates
-1.43782300
-0.62039000
-1.41899100
-1.90731000
-2.70864000
-1.90512300
-2.31714600
-0.86385100
-1.02486800
-2.49580500
-3.00315100
-3.63425700
-1.04316000
-2.51055500
-1.66793900
0.78831100
1.41337700
1.51505500
2.72264800
0.88573000
2.82111900
1.04532100
3.43150700
3.18721400
3.36447600
4.45117900
-0.52798900

I I I ITOIOIOOOONOZIIIIIIIIOOOOOO

-1.10937600 -295600
0.18574000 G4aD600
1.18267300 5868000
0.67096100 83206000
-0.61893000 9038100
-1.66012300 2878300
-0.88855800 3826400
-1.85870500 7631200
0.47299300 038700
1.44833200 7425300
-1.01072300 7568400
-0.39017500 5631900
-1.96844800 2649300
-2.55694000 6042400
2.33031900 7058400
0.03844700 4R146200
-1.19836500 8642000
1.18928600 2886800
-1.28441100 7648000
-2.11203400 348400
1.10591700 3075700
2.16028700 4238100
-0.13386700 92149400
-2.25795400 8678900
2.01356600 7648400
-0.20106100 5831800
0.62948500 6GRD7800

32 I Ph

Cartesian Coordinates

C 0.97959100
C 0.15752500
C 2.86524000

1.05413700 -@78200
-0.15926300 4610400
-1.32828900 3R1D600

SI-177




No. Species

Optimized Structure

2.81288500
1.55582800
1.80153700
0.36840000
1.68768600
3.41557400
3.12832800
3.63075200
0.77484900
1.80233200
3.04862000
0.59324600
-1.16640400
-1.87243500
-1.84377400
-3.16556900
-1.39750900
-3.13410300
-1.32597400
-3.80692500
-3.68505400
-3.62707600
-4.82056900

I T T OIT OIT OO OO I ZIT I IT T T T T T OO0

1.14875300
1.75881900
0.79268900
1.79145700
-0.40888300
-0.43426800
1.79534100
1.15926800
1.82394600
2.79037700
-2.15741800
-1.13104500
-0.13424600
1.06599600
-1.35192300
1.04121300
2.02041500
-1.36601200
-2.28534300
-0.16987700
1.97498000
-2.31356400
-0.18233800

2.6703320(-0.27449400 1.215562

4822400
2828200
9438700
5710900
7890700
0218300
6158500
845700
9898800
4608900
4883000
4894400
4208200
8400600
8822600
06600
803700
063100
803300
5038600
960%¥900
9845900
4085200

33
Me

Cartesian Coordinates
-0.10581500
0.84408200
0.17470300
-1.26766300
-2.13258300
-1.54243700
-0.10996100
0.31712900
-1.28709500
-1.63262700
-3.15030900
-2.20274200
-1.58003000

I T T ITIIITOOOOORO

-1.28601800
-0.29513000
1.08987000
1.16167500
0.14426500
-1.25858100
-1.05068000
-2.29276000
0.95128400
2.18042200
0.16460900
0.44073700
-1.60545400

-638B00
2898500
1860100
906¥600
5802800
5087000
4583000
8083300
665000
5085400
4057100
0IA1700
7044000

SI-17¢€




No.

Species

Optimized Structure

I T T O T T T O 2 I

-2.14997700-1.96168700 -0.7376240

0.76046900
1.08815500
1.74796400
0.16767300
1.57287700
2.17966700
2.87091900
2.63730200
2.04693800

2.11012100
-0.70701600
0.00927000
-0.77589300
-1.68776600
-0.25139500
0.44592400
-1.24516100
0.07028600

96122500
8645400
8228500
6225900
124600
0082400
3094300
1075100
4510200

34

Me

| Me

Cartesian Coordinates

I T I OIIIOZIIIIIIIIOOOOONODRO

-0.68639600
-1.37926300
1.46405900
1.80289200
1.77780100
0.41574200
-0.27741500
-1.44555500
1.12493400
2.80812300
2.45726200
2.20289500
0.07505000
0.57046900
1.25638500
-2.00684600
-2.19212200
-1.40499200
-2.98709600
-1.95191600
-2.25765200
-2.84961900
-1.23541700

0.85829200
-0.03026900
-1.32161100
-0.03416300
1.13072000
1.77736300
0.24521100
1.50403000
0.15920400
-0.13589600
1.90081500
0.78509600
2.25817200
2.59283600
-2.34737800
0.57206000
-0.18371000
1.36770000
1.02084500
-1.30808700
-1.96665700
-1.12865800
-1.85317400

-876000
0025000
285D400
1882900
90911900
3627500
9032300
5728000
5235200
3186100
8667100
3834000
88447100
4944500
5621900
2048000
8260300
6812400
831200
971800
2064300
1830300
1642100

SI-17¢




No. Species

Optimized Structure

35

I

Cartesian Coordinates
0.58476800
1.79341800
1.79311600
-0.71328400
0.58421500
-1.46694000
-0.71371400
0.43920800
1.87064700
1.87022900
0.43862200
-0.48660800
0.80376300
2.70246700
2.70202400
-1.40804600
0.80296500
-1.40878200
-0.48698600
-2.71556700

Z I I IIIIIIIIIIOOOOOOODRO

-1.52277600

-0.75145300
0.75190800
-1.26774200
1.52273200
-0.00030400
1.26771600
-1.31826500
-0.93047100
0.93102400
1.31776800
-1.21083600
-2.59286000
-1.17547800
1.17624600
-2.10117600
2.59289700
2.10081800
1.21163900
-0.00025700

-083r00

2998500
209D900
70@L600
99B®000
6038900
0600
6728300
1060100
1055900
6731400
4325000
2853900
1045900
1045500
4860100
20138900
4813400
4336400
0030100

N
36 [

Cartesian Coordinat
0.49593500
-0.90396100
-2.08393700
1.18067000
-2.20074600
2.52907000
-1.34458400
0.45256700
-0.90573400
-2.07580400

I T To0oo0oo00o0o00

1.08481100
1.48656400
0.61406100

-R28B00
4R717000
9649200

0.03669700 5506300

-0.78383300
-0.27221100
-1.83257600
0.71329000
1.57658200
0.51942000

2649000
001B000
8388200
6117600
3T(3000
8967500

SI-18C




zZ
°

Species ‘ Optimized Structure

-2.02756700-0.72886100 1.406713
0.60076100 -0.89453000 60%700
1.13323100 1.97342400 5667400
-1.09851300 2.49628400 3BaD000
-2.99802400 1.16583700 5630700
1.23411500 0.39347800 8921500
-3.25386400 -1.10189300 3@:28500
-1.17481500 -2.77151500 307400
-1.08678500 -1.78842100 3632100
3.59510600 -0.50773800 6@:28600

Z I T T T T T T T T

37
Me

Cartesian Coordinates

-1.66426100 1.06304200 -89E88100
-2.26346700 -0.23780100 786Y300
-1.40230000 -1.48382600 (6@a8900
-0.47301800 1.57888900 5038300
0.00822900 -1.41571800 807400
0.87931700 0.95580000 3926200
0.99419100 -0.53172600 9053000
-1.38770100 0.95673000 1031400
-2.48734600 -0.10475600 4130100
-1.32116700 -1.71659500 ¥401100
-0.02552500 -1.10817600 332300
-0.66749500 1.40942100 2384300
-2.43953200 1.83515900 264D500
-3.22756100 -0.41046000 1895500
-1.92869900 -2.33166200 4353100
-0.36032800 2.65786700 3859500
0.42165100 -2.42972300 8@61L000
0.72259200 -0.60247400 62®1500
1.89116100 1.68722600 56@¥700
2.43315600 -1.01818800 40683300
2.52598500 -2.04377800 1688700
3.12600400 -0.38514800 06771900
2.73991600 -0.99982400 9035100

I T I O0OZIIIIIIIIIIIOOOOOONODO

SI-181




No. Species

Optimized Structure

z

38

H.. _Me

Cartesian Coordinates
1.01110300
-0.24748900
-1.60273500
1.37281000
-2.08659300
2.59716300
-1.52381500
0.89735700
-0.25064500
-1.59654300
-1.91501500
0.56322100
1.85882700
-0.16579500
-2.34868900
1.49786900
-3.18655500
-1.21415200
3.56670100
-1.77618300
-2.81053000
-1.11901700
-1.64281300

I I I O0OZIIIIIIIIIIIOOOOOODO

1.28368500
2.00821100
1.49632500
0.04226100
0.14133300

-0.59383800

-1.05890700
0.99692300
2.03487200
1.46894100
0.07842400

-0.69565100
1.97377200
3.05318400
2.25001400
0.31198300
0.11317200

-0.95964400

-1.08954800

-2.42199900

-2.74978300

-3.16753100

-2.46426400

-068400
0065400
9050900
4629800
30424500
8031000
3@34100
302000
0535400
8153700
2263800
8082700
4099200
68493700
1085700
0022800
3609700
74317900
8086900
9621000
9928400
5840500
8214500

39
Ph

Cartesian Coordinates

-3.34014100
-3.44777300
-2.20286900
-2.41042000
-0.90916800
-0.92357700
-0.29264900

oo o0oooo0

0.36363700
-0.91079200
-1.79010500
1.42340200
-1.11811900
1.25551900
-0.13952200

-0Z8900

7853500
9021600
3098800
5870700
4088300
6612400

SI-182




zZ
°

Species ‘ Optimized Structure

-3.03622600 0.1263050+1.5867520
-3.70967500 -0.62777200 0247500
-2.03625600 -2.21001500 6A40700
-1.05310700 -0.61610800 2289800
-2.53835700 1.43662900 27164700
-4.33690000 0.80840600 4015100
-4.28690700 -1.50937500 9616400
-2.39969800 -2.64617700 5631500
-2.68439800 2.41963700 1@Z1700
-0.16339100 -1.89760400 303900
-0.24275300 2.27717500 7Q@E6100
-0.52448700 -0.53658000 62&8800
1.21539700 -0.09581100 40658400
2.01163500 -0.74103400 8&I¥300
1.83742300 0.52266200 4R33800
3.39544200 -0.77335800 58194700
1.54353200 -1.22055200 4141300
3.21784100 0.48975800 8a8Y100
1.23781300 1.04900100 7&58700
4.00282200 -0.15944500 388B000
3.99766400 -1.27576200 06216000
3.68434500 0.97949700 2858700
5.08155500 -0.18051100 4083900

I T T OxT O IT OO O0OOITZITITIT I I T T T T T

[
H_._Ph ° e

ol Vet

Cartesian Coordinates

3.00019700 0.22632400 84B¥00
3.07264100 -1.25609300 30600
2.06670900 -2.20870800 1831900
2.01723700 1.04470700 GBIP300
0.59451500 -2.05497200 2020500
2.01949500 2.45276000 4839200
-0.14170700 -0.97466400 3859300
2.74048900 0.33358600 0148700
3.00819900 -1.35370600 2950600
2.15396300 -2.13430700 06590600
0.51986600 -1.92112400 6827700
0.99512300 0.66799200 98(H800
3.99163600 0.67359900 2862300
4.07136500 -1.61668300 2838800

I T I ITIIITOOOOOOO

SI-182



zZ
°

Species

Optimized Structure

I T T OIT OIT OO OO IT=Z2IT IT I

2.3793370(-3.22707200 0.162864

2.27865300

0.08575600

2.03634300

0.29414100
-1.41491600
-2.02804700
-2.12409400
-3.26484100
-1.50375400
-3.36391500
-1.69412600
-3.94384100
-3.70838000
-3.88865900
-4.91460700

0.96349000 6633100
-3.01293500 1866800
3.56383800 3698400
-0.59066300 52@900
-0.47694100 68738800
0.54307300 3236000
-0.95536100 6865900
1.05225300 9086800
0.92839400 024500
-0.44003800 9632400
-1.74309800 7240900
0.56553000 2620100
1.83634500 9450500
-0.82467600 6237800
0.96677400 9@%/800

41

Me
Me

Cartesian Coordinates

I T O0OzZIIIIIIIIIIOOOOOODO

-2.15433500
-2.28040600
-1.07095300
-0.90939500

0.16535600
0.35583500
1.12922600
-2.15258100
-2.47509800
-0.82741400
-0.16421800
-0.80835000
-3.04039500
-3.16713200
-1.35488900
-1.00953100
0.76111100
0.74587600
2.03043300
2.55391000
2.77626800

0.78067200 -84®B00
-0.73768900 3@4B000
-1.52897200 6812000
1.36921100 2028100
-1.39877700 2837000
1.06431900 6818000
-0.23859800 0930200
1.09871700 963P600
-1.02806500 7324600
-1.23012500 950800
-1.32570800 7190500
0.98903700 4928000
1.23251600 1026700
-1.03899000 3530000
-2.58444100 2264300
2.45449500 861700
-2.31652200 7276100
1.88064400 2161600
0.01377700 2543700
-0.90840700 964000
0.78059800 0489400

SI-184



No.

Species

Optimized Structure

I T T O T

1.45395100 0.33721600 2.19681
1.99725400 -0.58869900
1.38685000 -0.81890600
2.65125400 0.24378000
2.61704000 -1.46116300

0093500
FI1B700
6641200
7a6p500

42

Me . _Me

Cartesian Coordinates
1.31870400 -1.29406000

I I I O0OIIIOZIIIIIIIIIIOOOOOODO

0.14486700
-1.26558000
1.55055400
-1.91381800
2.68407400
-1.51463600
1.17228900
0.16896600
-1.27618900
-1.76830200
0.65569300
2.23340300
0.32018500
-1.91532900
1.72261200
-3.00679600
3.58142000
-1.77815900
-2.84377200
-1.21500700
-1.53081200
-1.46076900
-0.98815900
-0.91697200
-2.47317400

-2.15476600
-1.75572500
-0.03565600
-0.54024400
0.74752100
0.83051800
-1.00377400
-2.23216800
-1.63129300
-0.61826200
0.60099600
-1.89353800
-3.17092100
-2.61486300
-0.30946800
-0.63471900
1.36238000
1.95972300
2.24640500
2.85678400
1.69991900
1.14910200
0.36125400
2.07986000
1.28865700

555900
0091800
3065100
708300
3021900
1036600
1885000
101300
05900
2833100
2248600
5898700
4082000
5829500
4021800
268000
988400
66862700
20188000
1082600
507500
58000
6898100
6R1B300
538200
8567700

43

08

SI-18t




No.

Species

Optimized Structure

Cartesian Coordinat

Z I IIIIOOIIOOIIIOOOO OO

2.89429700
1.78049000
0.48300300
0.31851400
1.44971300
272727700

-0.55710900
3.88846600
1.90764700

-0.67201200

-1.03239300
1.31391900
3.58905800

-2.24401100

-2.09557300

-1.11854900

-2.64594000

-1.11857200

-2.64570600

-0.55700800

-3.38743300

0.44619500
1.26592500
0.73989900

-0.64212800

-1.46627600

-0.93651600
2.36295300
0.87872800
2.34469100
1.70914600

-1.30519600

-2.54384500

-1.59430500

-0.38794600
1.13178500

-1.96023500
1.49429800

-1.95996900
1.49422300
2.36317400

-0.88700600

-00EE®00
6001400
0003600
00500
00am100
00ab300
7031200
6010100
00@®r500
001000
0012700
00@000
60100
00600
00ar000
Q41500
7035400
7285900
7057400
6093100
6011600

44

H

H

NS
SN

Cartesian Coordinates

I OITIITOOIIITOOOOOO

2.42470800
1.19045000
0.28409800
0.62890900
1.89794100
2.77419100

-0.88074300
3.10874000
0.92779300

-1.03468600

-0.21925000
2.16928400
3.73412700

-2.11765700

-2.97649600

-1.07481900

-1.42830400
-0.47866100
0.90423800
1.23629300
0.27258300
-1.90735400
-1.84214300
-2.48006200
-0.94973000
1.93700300
2.28499800
0.56318600
-1.18764200
-1.69703200

-B6&B00

2033800
8R4/ 300
0614200
3694300
860400
3986800
4834100
0801300
3485000
408 200
9636000
982400
3826000
1088000

SI-18¢€




No. Species

Optimized Structure

-1.72642100 -1.84605700
-2.60948700 0.02670900
-3.01994400 0.98745600
-1.21145900 1.75938900
0.09844300 2.96793500

I T 2 O IT T

-1.41896600-0.26106500 1.789782

1933200
7045600
5741900
2855300
56878800

Me
45

Cartesian Coordinates

3.02764800 0.35260100
1.99660000 1.21924900
0.67062800 0.79456900
0.37654800 -0.52198200
1.41456600 -1.38036300
2.73509500 -0.95136800
-0.84122600 1.54334800
4.05524200 0.69776800
2.22087900 2.24405000
-0.46995000 1.72131500
-1.04722200 -1.02010200
1.18305700 -2.39724600
3.53236900 -1.63094500
-2.05858700 0.06687500
-1.60409400 1.51744500
-1.16109000 -1.84070100
-2.46419200 2.15452300
-1.24265200 1.77480500
-0.13082900 2.75996600
-3.21497700 -0.24397700
-1.40408500 -1.55378200
-2.42638600 -1.93597000
-0.71948000 -2.35831300
-1.32373200 -0.77018500

I I T O0OzZIIIIOOIIOOIITIOOOOOO

-846%00
7895200
5830000
10660900
#B3¥600
4806900
8953900
40665100
5078800
78(2600
76101600
7804700
2840200
FOM000
3056700
8939500
10277400
3245500
401000
1842000
2141800
3033000
9993100
7898500

46 H

Cartesian Coordinates

SI-187




No.

Species

Optimized Structure

I ZO0OIIIIOIIOIIOOIIIOOOOORO

2.4167310(-1.48514200 -0.4060830

1.17982200
0.27669900
0.62403900
1.89315500
2.76685800
-0.89421900
3.09883100
0.91110500
-1.04446000
-0.24386200
2.18003100
3.72736000
-2.13289300
-2.99345900
-1.42339600
0.07120600
-0.71869600
1.01284000
0.17583500
-1.74763000
-2.62144100
-3.03175000
-1.22148300

-1.76644300
-0.76623200
0.59852600
0.85675600
-0.15883900
-2.08547700
-2.28986900
-2.80052500
-1.17573200
1.66836100
1.88392800
0.07962000
-1.50546900
-1.96476900
-0.42250300
3.10005300
3.74674500
3.40580300
3.31172600
-2.23749400
-0.35574500
0.55253000
1.44453800

6886700
00a®800
68524700
1857800
461600
834P800
5818600
6631500
968700
80%000
0632000
8866700
56056200
5023100
8289200
3687600
1056000
0041100
3660200
6290900
9030900
716400
80®7400

47

Cartesian Coordinates

I TOO0OIIITOOOOO?O

3.18616800
2.24989000
0.87873500
0.43750700
1.39515300
2.75278200

-0.27963600
4.24518500
2.58066500

-0.09155900

-1.04276600
1.07157500
3.46947800

0.19967900
1.21928500
0.95508100

-0.37305600

-1.39160000

-1.11830300
2.39389800
0.42973200
2.25210300
2.10681800

-0.76069000

-2.42456300

-1.93114200

826900
2p2b500
8R®300
0854700
3695600
089r100
6839400
1029700
7066300
2660100
4@31100
66110700
2057100

SI-18¢




No.

Species

Optimized Structure

I T T O I T T OZIT T T OO

-1.93444600 0.48242200
-1.41711800 1.75608800
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S3'H NMR (500 MHz, CDC})
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S4'H NMR (400 MHz, CDC})
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S5'H NMR (400 MHz, CDC})
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S7'*H NMR (500 MHz, CDC})
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S12'H NMR (400 MHz, CDC}))

860~
6607

891l
89l
691
oL}
VL
VL
L)

60°€
_._,.mw
43>

592
5521
95'L
1521
85/ |
85 1
8521
09'Z 1
092 1
182
68°2 1
16 7
162
66'L JW

———

208
€08 "\

S0'8 N.

S0'8

Lv'8
wv.wv
8’8

Me
Me

o

Foe

Foe

6.5

S12%%C NMR (101 MHz, CDGJ)

T T
75 7.0

T
8.0

T
8.5

T
9.0

T
9.5

Lgce
€6, —
Lyee

vﬁwm”

00'vCh

[2A°74% /
LLI2)
€€'8Ch
or'8ch

2l

9gcel
ovvel

Lg'sel

9,00 —

SI-19t



S14'H NMR (500 MHz, CDC}))
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S15'H NMR (500 MHz, CDC}))
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S16'H NMR (400 MHz, CDC}))
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S18'H NMR (400 MHz, CDC))
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S19'H NMR (400 MHz, CDC)
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S20'H NMR (500 MHz, CDC}))
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S22'H NMR (400 MHz, CDC}))
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S23'H NMR (500 MHz, CDC))
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S24'H NMR (500 MHz, CDC}))
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S25'H NMR (400 MHz, CDC))
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S26'H NMR (400 MHz, CDC))
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S27'H NMR (400 MHz, CDC))
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S28'H NMR (500 MHz, CDC))
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S29'H NMR (400 MHz, CDC})
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S30'H NMR (500 MHz, CDC))
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la'H NMR (500 MHz, CDC})
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1b*H NMR (500 MHz, CDC}))
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1c*H NMR (500 MHz, CDC}))
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1d *H NMR (500 MHz, CDC}))
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1e'H NMR (400 MHz, CDC}))
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1f 'H NMR (500 MHz, CDC}))
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1g'H NMR (400 MHz, CDCY)

e
£v'l 4
oL+
S5'1
95'} 1
85'L 1
09} 1
19}
29'L
€91 o
S9'L
591
191 ]
8.@
K.F\

LL)

65°C
09T W
[4°x
e
€ce
gce
9T'e

1oL
[4 A
€TL W
€cL

9z L/F
L
ve'L

9€°L

- O o

FEENS

0'€
T

T
9.5

T
10.0

1g™*C NMR (101 MHz, CDG))

iz
ey
m)
0€'8¢ —

8Ly —

s —

ou.wﬁ
15521
sg'ezl <

19vyl —

19291 —

€6'9LL —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

200

SI-217



1h*H NMR (500 MHz, CDC}))
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1i '"H NMR (CDClk, 400 MHz)

05
151
954 |
651 |
e
74
€Lz
siT
91T
oLz
v8T
v8'T
58T
182
88 |
8821
eze |
sze |
9z°¢ |
1z¢
8zc |
6z°¢ |
8e°c |
62°¢ |
ov'e |
ov'e |
e
Zre
Bah
e
LR
ov'e—
ve'e
55
ss'e
85°e
8s'e
85°e
16
z6c |
£6°¢ |
y6°€ |
v6°€ ]
56'¢ ]
96°¢ ]
16°¢ ]
g6°¢ |
86'c
66'c
66'€
0¥
00
0¥
0%
z0%
€0
€0
vy
S0
vTLy
sz
STLY
9z'L A
9z LA
gLy
8z’
8L
6L
6L
oe'L
Les
eL

COLH

Me Me

H

L

o
oo

Fov

T T T T
6.5

7.0

1i °C NMR (CDCE, 126 MHz)

75

0

D\.ow
508 >

09'vZL
cLveL
08'vZl

86'vC)

18'92)
S6'9C)
10221

€021

SL'evl
voerl
€9vyL
6971

09'191 ~
10°e9l —

vm.mt
€9'6L) >

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

00

SI-21¢



1k 'H NMR (500 MHz, CDC}))

09}~
428
S9¢C
99°¢
19¢C
89¢C
69°C
[7%4
cLe
eLeC
vLe
L0¢
L0¢
60¢ v

55~
15—
99¢
VB~
%€

MLM

~~ Mo

YT

i

g

HZ

1k **C NMR (126 MHz, CDG))

Sriz~
0662~
ovve

ceee —
09'6e —

65 Ly —
7105 —
1G5°€G —

e —

86°LZ) ~
¥5'62L —
1o'LeL

v8erL —

Y5851 —

8oLl —

40

110

00

SI-22C



1k *H NMR (CDCk, 500 MHz)
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11 *H NMR (400 MHz, CDCY)
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1m 'H NMR (400 MHz, CDC})
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1n'H NMR (400 MHz, CDC}))
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10'H NMR (400 MHz, CDC})
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1p 'H NMR (400 MHz, CDC}))
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19*H NMR (400 MHz, CDCJ)
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1r 'H NMR (400 MHz, CDC}))
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1t 'H NMR (400 MHz, CDC}))
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1u'H NMR (400 MHz, CDC}))
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6a'H NMR (400 MHz, CDC}))
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6b'H NMR (400 MHz, CDCY)

mm.o
¥6°0 >
(%
Wl
eVl 7
L A

I

89'L
09'L
19l
€9l
9L
SLe
9L°C
8L¢C /

£€8'¢ —

689~
069~

[N
1517

MeO'

J

|

e
0L

1.0

1.5

45

6.0

T
9.5

T
10.0

6b 1*C NMR (101 MHz, CDG))

Sh'ee~_

0542 ~ Z
18927
€78z~

19°6€ —

Ly'6S —

6918 —

eyl —

9€°L2) ~_
16221

vo._.or
[4A%13 >

YLl —

110

SI-233



6¢'H NMR (400 MHz, CDCY)
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6d *H NMR (400 MHz, CDC}))
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6e'H NMR (400 MHz, CDC})
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6f *H NMR (400 MHz, CDC})
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6g'H NMR (400 MHz, CDC})
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6h 'H NMR (400 MHz, CDCY)
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6i 'H NMR (500 MHz, CDC})
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6j 'H NMR (400 MHz, CDC))
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6k *H NMR (400 MHz, CDC})
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6l '"H NMR (400 MHz, CDCJ)
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6n'H NMR (400 MHz, CDC})
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60'H NMR (400 MHz, CDC}))
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6p *H NMR (400 MHz, CDC}))
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6q 'H NMR (400 MHz, CDC}))
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6r 'H NMR (400 MHz, CDCY)
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6s™H NMR (400 MHz, CDCJ)
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6t 'H NMR (400 MHz, CDC})
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6u*H NMR (400 MHz, CDC})
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6v 'H NMR (400 MHz, CDC}))
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6w 'H NMR (400 MHz, CDCJ)
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3b'H NMR (500 MHz, CDCY)"
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3b *F NMR (376 MHz, CDG))®
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3e'H NMR (400 MHz, CDCY)
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3e'F NMR (376 MHz, CDG))
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3f 'H NMR (400 MHz, CDC})
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3f 1% NMR (376 MHz, CDG))

-175.36

SI-26C



3gH NMR (400 MHz, CDC})
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39°F NMR (376 MHz, CDGJ)
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3h*H NMR (400 MHz, CDC})

W
443
e’
vy
o'
8¥'l
6v'L
05’}
1571

[4-p’
s
€5l
€51

vl Q
99t
19}
69'}
oLt
6.1 1
08t ]
181
ze |
€'l
ve'l
[
S8l
o8l
181
8g'L
691
06t
v6'L
v6'L
S6'L
96'1
1671
861
661
002
002
10z
10
zeT
ve'T
sez
186
8e'G
mm.ﬁ
or's
17's
8v's
8v's
6v'S
1L
ze Q
€L
ve'L ]
LeL]
8eL |

6eL”

CN

Ph

Feo

3h 13C NMR (101 MHz, CDG))

9.

7.0

75

0

9.5

).0

60°LL —
Leve
seve
szse W
6682
aee’/
1098~
96'9¢ 7

£9°€6 ~
6676

296LL —
(34141
el g4
62'8Ch
[oj>% 741 W.
8¥'82L

43043
8z oVl >

110

00

SI-262



3h *F NMR (376 MHz, CDG))
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3i '"H NMR (400 MHz, CDCJ)
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3i F NMR (376 MHz, CDGJ)
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3j 'H NMR (500 MHz, CDC})
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3j 1% NMR (376 MHz, CDG))
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3k 'H NMR (500 MHz, CDC}))
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3k *F NMR (376 MHz, CDG))
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3n'H NMR (500 MHz, CDCY)
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3n'F NMR (376 MHz, CDGJ)
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30'H NMR (376 MHz, CDC}))
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30'F NMR (376 MHz, CDGJ)
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3r 'H NMR (400 MHz, CDCY)
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3r % NMR (376 MHz, CDG))

© o

< I}

@ @

8 e}

¢ i

- o
r T T T T T T T T T T T T T T T T T T T 1
0 10 20 30 -40 50 60 70 -80 90 100 110 120 130 140 150  -160 170 180 190 20

SI-27¢€



3s'H NMR (400 MHz, CDCJ)
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3s'F NMR (376 MHz, CDGJ)

-161.47

SI-27¢€



3t 'H NMR (500 MHz, CDC})
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3t %F NMR (471 MHz, CDG))
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4a*H NMR (400 MHz, CDC})
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4c'H NMR (400 MHz, CDGJ)
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4d *H NMR (400 MHz, CDC})
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4e'H NMR (400 MHz, CDC})
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4f 'H NMR (400 MHz, CDC})
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4h'H NMR (400 MHz, CDC))
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4i 'H NMR (500 MHz, CDCJ)
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4j *H NMR (400 MHz, CDC})
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5b *H NMR (400 MHz, CDC}) inseparable 1:1 mixture with2
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5¢'H NMR (400 MHz, CDCY)
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5d *H NMR (400 MHz, CDC})
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5e'H NMR (400 MHz, CDCY)
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7a'H NMR (400 MHz, CDC})
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7b'H NMR (400 MHz, CDCY)
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7¢'H NMR (500 MHz, CDCY)
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7d 'H NMR (500 MHz, CDCY)
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7e'H NMR (500 MHz, CDCY)
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7f 'H NMR (500 MHz, CDCJ)
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7g*H NMR (500 MHz, CDC})
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7h'H NMR (500 MHz, CDC})
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7i *H NMR (500 MHz, CDC})
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7k *H NMR (500 MHz, CDC})
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8b'H NMR (400 MHz, CDC})
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8b °F NMR (376 MHz, CDG))
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8c'H NMR (500 MHz, CDCY)
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8c'F NMR (376 MHz, CDG))
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8d 'H NMR (500 MHz, CDC})
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8d °F NMR (376 MHz, CDG))
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8e'H NMR (400 MHz, CDCY)
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8e'F NMR (376 MHz, CDG))
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8f 'H NMR (500 MHz, CDC})
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8f 1% NMR (376 MHz, CDG))
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8g'H NMR (400 MHz, CDC})
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89 °F NMR (376 MHz, CDGJ)
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8h 'H NMR (500 MHz, CDCY)
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8h '*F NMR (376 MHz, CDG))
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8i 'H NMR (500 MHz, CDCJ)
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8i F NMR (471 MHz, CDGJ)
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8j 'H NMR (500 MHz, CDC})
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8j 1% NMR (471 MHz, CDG))
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8k 'H NMR (500 MHz, CDCY)
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8k °F NMR (376 MHz, CDG))
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8l 'H NMR (500 MHz, CDC})
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81 F NMR (376 MHz, CDGJ)
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8m *H NMR (500 MHz, CDC})
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8m °F NMR (376 MHz, CDGJ)
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8n'H NMR (500 MHz, CDC})
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8n '*F NMR (376 MHz, CDG))
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80 'H NMR (500 MHz, CDC})
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80F NMR (376 MHz, CDCJ)
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