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1. General Considerations

All cyclopropanation reactions were performed in anhydrous solvents under N2 atmosphere in an
oven-dried glassware following standard Schlenk techniques. Gas tight syringes were used to transfer
liquid reagents and solvents in catalytic reactions. Solvent was freshly distilled/degassed prior to use
unless otherwise noted. Thin layer chromatography was performed on Merck TLC plates (silica gel
60 F254). Flash column chromatography was performed with ICN silica gel (60 A, 230-400 mesh, 32-
63 um). *H NMR spectra were acquired using Varian INOVA 400 (400 MHz), Bruker 500 (500 MHz),
or Varian INOVA 600 (600 MHz) spectrometer. Chemical shifts were internally referenced to residual
solvent peak (CHCI3 6 = 7.26 ppm). Data were reported as follows: chemical shift (ppm), integration,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, hept = heptet, m = multiplet),
and coupling constants J (Hz). *3C NMR spectra were acquired using Bruker 500 (126 MHz), or
INOVA 600 (151 MHz) spectrometer with complete proton decoupling. Chemical shifts were reported
in ppm with residual solvent peak (CDCl3 & = 77.16 ppm) as the internal standard. °F NMR spectrum
was acquired using Varian INOVA 600 (564 MHz) spectrometer. Infrared spectra were measured with
a Nicolet Avatar 320 spectrometer with a Smart Miracle accessory. Optical rotations were measured
on a Rudolph Research Analytical AUTOPOL® 1V digital polarimeter. HPLC measurements were
carried out on a Shimadzu HPLC system with Chiralcel OD-H, IA, IB, IC, ID, and IE columns. High-
resolution mass spectrometry (DART and ESI) was performed at the Mass Spectrometry Facility,
Boston College, Chestnut Hill, MA. The X-ray diffraction data were collected using Bruker-AXS
SMART-APEXII CCD diffractometer. All reagents were purchased either from Aldrich, Alfa Aesar,
Acros, Ak Sci, Oakwood Chemicals, Strem Chemicals or TCI and were used without further
purification.
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2. Figure S1: Selected Examples of Bioactive Compounds Containing Alkynyl
Cyclopropanes

A. Drug Molecules and Bioactive Compounds Containing Alkynyl Cyclopropane Motifs
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3. Scheme S1. Solvent and Base Effect on Radical Cyclopropanation

A 10 mL oven-dried Schlenk tube was charged with N-sulfonyl hydrazone 1a (0.10 mmol, 1.0 equiv),
[Co(Por)] (2 mol %) and Base. The Schlenk tube was capped with a Teflon screw cap, evacuated and
backfilled with nitrogen 3 times. Under nitrogen atmosphere, styrene 2a (0.20 mmol, 2.0 equiv) and
anhydrous solvent (0.6 mL) were added. The Schlenk tube was then purged with nitrogen for 1 min
and sealed with the Teflon screw cap. The reaction mixture was stirred at 22°C for 24 h. Following
completion of the reaction, the reaction mixture was filtered through a pad of silica gel, concentrated
under vacuum and purified by flash column chromatography.

NNHTris H H
= Catalyst (2 mol %) N +N T
//1a " /2\© Base; Solvent (0.6 mL) ©/// i
a 22°C; 24 h 3a

Catalyst Base Solvent Yield (%) dr | ee (%)
[Co(P1)] Cs2C03 (2.0 equiv) Tetrahydrofuran 14 54:46 | N/A
[Co(P1)] Cs2C03 (2.0 equiv) 1,4-Dioxane 5 57:43 | N/A
[Co(P1)] Cs2C03 (2.0 equiv) Benzene 19 54:46 | N/A
[Co(P1)] Cs2C03 (2.0 equiv) Toluene 26 52:48 | N/A
[Co(P1)] Cs2C03 (2.0 equiv) Methanol 25 56:44 | N/A
[Co(P3)] Cs2C03 (2.0 equiv) Methanol 38 77:23 53
[Co(P3)] Na2C03 (2.0 equiv) Methanol 21 77:23 53
[Co(P3)] K2CO3 (2.0 equiv) Methanol 28 77:23 53
[Co(P3)] EtsN (2.0 equiv) Methanol 32 72:26 51
[Co(P3)] Hunnig's Base (2.0 equiv) Methanol 16 72:28 51
[Co(P3)] KO'Bu (2.0 equiv) Methanol 33 77:23 53
[Co(P3)] KH (2.0 equiv) Methanol 46 77:23 53
[Co(P3)] KH (2.0 equiv) Ethyl Acetate 76 79:21 53
[Co(P3)] KH (4.0 equiv) Ethyl Acetate 98 79:21 53
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4. Synthesis and Characterization of N-Sulfonyl Hydrazones

4.1. Experimental Procedure for Preparation of N-2,4,6-Triisopropylbenzenesulfonyl
Hydrazones

To a stirred solution of 2,4,6-triisopropylbenzenesulfonyl hydrazide (1.0 mmol) in THF (10.0 mL) at
room temperature, aldehyde (1.0 equiv) was added dropwise (or portionwise if solid).! After the
reaction was stirred overnight, the solvent was removed directly under reduced pressure, and the crude
mixture was further purified by trituration.

4.2. Characterization of N-2,4,6-Triisopropylbenzenesulfonyl Hydrazones

3-Phenylpropiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1a) Yield: 87%. Rf=0.30

(Hexane/Ethyl Acetate: 7/1). *H NMR (600 MHz, CDClIs) § 8.78 (s, 1H), 7.51 (d,

J=7.9Hz, 2H), 745 (t, J = 7.1 Hz, 1H), 7.40 (t, J = 7.7 Hz, 2H), 7.19 (s, 2H),

6.82 (s, 1H), 4.21 (hept, J = 6.7 Hz, 2H), 2.91 (hept, J = 6.9 Hz, 1H), 1.28 (d, J =

N‘/NH 6.7 Hz, 12H), 1.26 (d, J = 6.7 Hz, 6H).23C NMR (151 MHz, CDCls) § 153.71,

= H 151.27, 132.19, 131.32, 130.48, 128.86, 124.39, 124.05, 120.41, 103.24, 77.75,

©/: 34.33, 30.15, 24.92, 23.66. IR (neat, cm™): 3208.36, 2959.66, 2929.18, 2869.34,

2198.09, 1599.13, 1560.44, 1488.75, 1462.75, 1425.72, 1335.96, 1167.42,

1036.71, 923.23, 757.24, 669.57. HRMS (DART) ([M+H]") Calcd. for C24H31N20.S™: 411.21008,

found: 441.20865.

3-(p-Tolyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1b) Yield: 79%. Rt =

0.3 (Hexane/Ethyl Acetate: 10/1). *H NMR (600 MHz, CDCls) § 8.74 (s, 1H),

7.40 (d, J =8.1 Hz, 2H), 7.21 (d, J = 7.9 Hz, 2H), 7.18 (s, 2H), 6.80 (s, 1H),

0=8=0 4.27 —4.14 (m, 2H), 2.91 (dt, J = 13.8, 6.9 Hz, 1H), 2.40 (s, 3H), 1.27 (dd, J =

\ 13.1, 6.8 Hz, 18H). *C NMR (151 MHz, CDCl3) § 153.67, 151.26, 141.11,

Q/H 132.13, 131.37, 129.66, 124.71, 124.04, 117.33, 103.74, 77.40, 34.34, 30.16,

Me 1b 24.93, 23.67, 21.84. IR (neat, cm™): 3211.65, 2959.77, 2869.33, 2361.17,

2188.25, 1599.64, 1560.02, 1462.85, 1425.73, 1363.41, 1335.65, 1167.63, 1036.70, 924.00, 726.73.
HRMS (DART) ([M+H]") Calcd. for C2sH33N202S*: 425.22573, found: 425.22601.

3-(2-1sopropylphenyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1c) Yield:

90%. R = 0.3 (Hexane/Ethyl Acetate: 10/1). *H NMR (600 MHz, CDCls) § 8.73

YéY (s,1H), 7.47 (d, J=7.6 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.35 (d, J = 7.8 Hz, 1H),

o=s=0 | 7.22 (t, J = 7.5 Hz, 1H), 7.19 (s, 2H), 6.85 (s, 1H), 4.21 (hept, J = 6.7 Hz, 2H),
N

N 3.38 (hept, J = 6.9 Hz, 1H), 2.91 (hept, J = 6.9 Hz, 1H), 1.31 (d, J = 6.9 Hz, 6H),
z " 1.28 (d, J = 6.8 Hz, 12H), 1.26 (d, J = 6.9 Hz, 6H). 13C NMR (151 MHz, CDCls)
Pt §153.71,151.32, 151.31, 133.14, 131.35, 130.97, 126.13, 125.46, 124.55, 124.05,

119.27, 102.41, 81.49, 34.34, 32.22, 30.18, 24.93, 23.67, 23.25. IR (neat, cm™): 3209.06, 2960.58,
2869.78, 2360.30, 2189.14, 1599.32, 1462.76, 1383.26, 1337.01, 1168.12, 1036.66, 758.10, 665.98.
HRMS (DART) ([M+H]*) Calcd. for C27Ha37N202S*: 453.25703, found: 453.25706.
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3-(4-Methoxyphenyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1d) Yield:
85%. R¢ = 0.3 (Hexane/Ethyl Acetate: 8/1). *H NMR (600 MHz, CDCls3) § 8.79
ﬁ/éﬁ/ (s, 1H), 7.45 (d, J = 8.5 Hz, 2H), 7.19 (s, 2H), 6.90 (d, J = 8.6 Hz, 2H), 6.80
0=8-0 (s, 1H), 4.22 (dt, J = 13.3, 6.7 Hz, 2H), 3.85 (s, 3H), 2.91 (dt, J = 13.8, 6.9 Hz,
N(“"H 1H), 1.27 (dd, J = 10.4, 7.0 Hz, 18H). *C NMR (151 MHz, CDCl3) § 161.32,
Q/H 153.62, 151.21, 133.91, 131.36, 124.95, 124.00, 114.53, 112.27, 103.84, 77.14,
MeO 1d 55.54, 34.30, 30.11, 24.90, 23.63. IR (neat, cm™): 3209.86, 2959.06, 2869.51,
2359.98, 2193.19, 1598.06, 1463.31, 1425.28, 1336.01, 1291.42, 1121.29, 1167.09, 1037.64, 943.18,

726.20, 666.89. HRMS (DART) ([M+H]") Calcd. for C2sH33N203S™: 441.22064, found: 441.22142.
3-(3-Methoxyphenyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1e) Yield:
85%. Rr = 0.3 (Hexane/Ethyl Acetate: 20/1). *H NMR (600 MHz, CDCls) § 8.76
ﬁ/éﬁ/ (s, 1H), 7.31 (td, J = 7.7, 0.9 Hz, 1H), 7.19 (s, 2H), 7.10 (dt, J = 7.6, 1.1 Hz, 1H),
0=8=0 7.05-6.97 (m, 2H), 6.81 (s, 1H), 4.20 (hept, J = 6.7 Hz, 2H), 3.84 (s, 3H), 2.92
(dg, J =13.8, 6.9 Hz, 1H), 1.36 — 1.24 (m, 18H). *C NMR (151 MHz, CDCls) §
z " 159.63, 153.73, 151.27, 131.30, 129.99, 124.73, 124.33, 124.06, 121.33, 117.12,
116.83, 103.15, 77.46, 55.57, 34.34, 30.16, 24.93, 23.66. IR (neat, cm™): 3212.24,
2959.37, 2868.99, 2360.27, 2188.31, 1603.09, 1508.39, 1296.65, 1252.94,
1167.55, 1035.00, 833.52, 750.11. HRMS (DART) ([M+H]*) Calcd. for C2sH33N203S™: 441.22064,

found: 441.22163.
3-(2-Methoxyphenyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone drazide (1f)
Yield: 85%. Rr = 0.3 (Hexane/Ethyl Acetate: 20/1). *H NMR (600 MHz, CDCls)
YéY 39.66 (s, 1H), 7.46 — 7.43 (m, 1H), 7.40 (d, J = 7.5 Hz, 1H), 7.18 (s, 2H), 7.02 (d,
0=8=0

J=8.4 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 6.74 (s, 1H), 4.31 — 4.24 (m, 2H), 4.10

OMe 1e

N (s, 3H), 2.94 — 2.87 (m, 1H), 1.26 (dd, J = 6.8, 3.7 Hz, 18H). 3C NMR (151 MHz,
@\/“ CDCls) 5 160.72, 153.38, 151.03, 132.33, 132.21, 131.81, 124.00, 123.90, 120.90,
oMe 11 110.64, 109.74, 101.19, 83.83, 55.99, 34.24, 29.93, 24.87, 23.61. IR (neat, cm-%):

3213.01, 2959.30, 2869.23, 2359.28, 2187.85, 1598.14, 1487.99, 1464.79, 1337.88, 1266.21, 1166.70,

1035.71, 1019.62, 753.08, 668.66. HRMS (DART) ([M+H]") Calcd. for Calcd. for C2sH33sN20sS™:
441.22064, found: 441.22216.

4-(3-Oxoprop-1-yn-1-yl)benzonitrile 2,4,6-triisopropylbenzenesulfonyl hydrazone (1g) Yield:

90%. Rt = 0.3 (Hexane/Ethyl Acetate: 15/1). *H NMR (600 MHz, CDCls) §

8.90 (s, 1H), 7.72 — 7.64 (m, 2H), 7.62 — 7.57 (m, 2H), 7.19 (s, 2H), 6.82 (s,

0=8=0 1H), 4.19 (hept, J = 6.7 Hz, 2H), 2.91 (hept, J = 6.9 Hz, 1H), 1.31 — 1.21 (m,

_NH

) 18H). *C NMR (151 MHz, CDCls) § 153.99, 151.36, 132.67, 132.44, 131.04,
Z " 125.17, 124.12, 122.99, 118.01, 113.82, 100.35, 80.98, 34.35, 30.14, 24.90,
NC 19 23.66. IR (neat, cm™): 3207.45, 2962.26, 2229.10, 1598.26, 1380.52, 1332.57,

1219.45, 1166.34, 1037.44. HRMS (DART) ([M+H]") Calcd. for C2sH30N30.S™: 436.20532, found:
436.20638.
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3-(2-Fluorophenyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1h) Yield:
91%. R = 0.3 (Hexane/Ethyl Acetate: 20/1). *H NMR (400 MHz, CDCls) § 9.21

(s, 1H), 7.40 (t, J = 7.2 Hz, 1H), 7.35 — 7.29 (m, 2H), 7.22 (s, 2H), 7.06 (dt, J =

0=8=0 17.7, 8.2 Hz, 2H), 4.29 — 4.21 (m, 2H), 2.96 — 2.88 (m, 1H), 1.33 (d, J = 6.8 Hz,

N 12H), 1.27 (d, J = 6.9 Hz, 6H). 3C NMR (101 MHz, CDCls) § 162.89 (d, J = 253.6
@/ H Hz), 153.84, 151.69, 133.75, 131.30 (d, J = 8.0 Hz), 131.02, 128.89, 124.18 (d, J
F th = 3.7 Hz), 124.15, 115.71 (d, J = 20.6 Hz), 110.47 (d, J = 15.5 Hz), 88.77 (d, J =

3.1 Hz), 87.26, 34.32, 30.20, 24.93, 23.62. F NMR (564 MHz, CDCls): —113.83. IR (neat, cm™):

3202.62, 2960.19, 2870.09, 2197.93, 2078.94, 1599.11, 1489.80, 1459.77, 1426.07, 1363.70, 1336.84,

1260.07, 1167.91, 1058.83, 1036.83, 941.02, 821.70. HRMS (DART) ([M+H]") Calcd. for
Co4H30FN202S™: 429.20065, found: 429.19980.

3-(Naphthalen-1-yl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1i) Yield:

93%. Rr = 0.3 (Hexane/Ethyl Acetate: 15/1). *H NMR (600 MHz, CDCls) & 8.88

(s, 1H), 8.20 (d, J = 8.3 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.91 (d, J = 8.1 Hz,

0=8=0 1H), 7.78 (d, J = 7.0 Hz, 1H), 7.66 — 7.62 (m, 1H), 7.59 (dd, J = 11.0, 4.0 Hz,

N\ 1H), 7.54 — 7.48 (m, 1H), 7.20 (s, 2H), 6.98 (s, 1H), 4.25 (dt, J = 13.5, 6.7 Hz,

‘O 2H), 2.92 (dt, J = 13.8, 6.9 Hz, 1H), 1.29 (d, J = 6.8 Hz, 12H), 1.27 (d, J = 6.9

k Hz, 6H).23C NMR (151 MHz, CDCls) § 153.75, 151.31, 133.25, 132.90, 132.11,

131.34,131.21,128.82, 127.84, 127.12, 125.51, 125.35, 124.45, 124.08, 117.99, 101.65, 82.29, 34.35,

30.21, 24.96, 23.67. IR (neat, cm™): 3210.51, 2959.06, 2868.68, 2184.79. 1599.00, 1461.98, 1425.64,

1334,26, 1166.76, 1105.60, 1035.93. HRMS (DART) ([M+H]") Calcd. for C2sH33N20,S™: 461.22573,

found: 461.22563.

3-(Phenylethyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone (1j) Yield: 82%. Rt

=0.3 (Hexanes/Ethyl Acetate = 10/1). *H NMR (500 MHz, CDCl3) & 8.52 (s,

Yéﬁ/ 1H), 7.37 (t, J = 7.5 Hz, 2H), 7.30 — 7.22 (m, 3H), 7.16 (s, 2H), 6.53 (d, J = 1.7

0=3=0 Hz, 1H), 4.12 (hept, J = 6.7 Hz, 2H), 2.96 — 2.84 (m, 3H), 2.77 (t, J = 7.2 Hz,

N(NH 2H), 1.26 (s, 6H), 1.24 (d, J = 7.0 Hz, 12H). **C NMR (126 MHz, CDCl3) &

=z " 153.55, 151.21, 139.57, 131.40, 128.96, 128.40, 127.03, 124.73, 123.97, 104.84,

k 71.29, 34.30, 34.26, 30.00, 24.85, 23.64, 21.94. IR (neat, cm™): 3215.93,

2958.77, 2209.25, 1599.51, 1425.21, 1334.27, 1167.71, 1035.85. HRMS (DART) ([M+H]") Calcd.
for C26H35N20,S*: 439.2413, found: 439.2418.

3-(Triisopropylsilyl)propiolaldehyde 2,4,6-triisopropylbenzenesulfonyl hydrazone hydrazide

(1k) Yield: 80%. Rt = 0.3 (Hexane/Ethyl Acetate: 25:1). *H NMR (600 MHz,

CDCl3) 6 8.72 (s, 1H), 7.18 (s, 2H), 6.60 (s, 1H), 4.25 — 4.12 (m, 2H), 2.90 (hept,

0=s=0 J=6.9 Hz, 1H), 1.26 (dd, J = 6.8, 5.4 Hz, 18H), 1.15 — 1.10 (m, 21H). 3C NMR

N (151 MHz, CDCl3) 6 153.68, 151.32, 131.41, 124.03, 123.94, 108.69, 94.38, 34.35,
s Z 30.19, 24.99, 23.67, 18.68, 11.13. IR (neat, cm™%): 3209.88, 2960.97, 2866.10,
L L

2361.47,2341.66, 1599.80, 1550.36, 1462.13, 1425.85, 1380.21, 1363.82, 1335.33,
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1172.34, 1103.99, 1070.21, 1037.47, 1019.85, 941.06, 922.35, 882.85, 757.41, 730.62. HRMS (DART)
([M+H]") Calcd. for C27Ha7N20,SSi*: 491.31220, found: 491.31171.

5. Synthesis and Characterization of Alkynyl Cyclopropanes

5.1. Experimental Procedure for [Co(Por)]-Catalyzed Asymmetric Cyclopropanation

A 10 mL oven-dried Schlenk tube was charged with N-sulfonyl hydrazone (0.10 mmol, 1.0 equiv),
[Co(Por)] (2 mol %) and KH (0.40 mmol, 4.0 equiv). The Schlenk tube was capped with a Teflon
screw cap, evacuated and backfilled with nitrogen 3 times. Under nitrogen atmosphere, olefin (0.20
mmol, 2.0 equiv) and anhydrous ethyl acetate (0.6 mL) were added. The Schlenk tube was then purged
with nitrogen for 1 min and sealed with the Teflon screw cap. The reaction mixture was stirred at 22°C
for 24 h. Following completion of the reaction, the reaction mixture was filtered through a pad of silica
gel, concentrated under vacuum and purified by flash column chromatography.

5.2. Characterization of Alkynyl Cyclopropane Products

((1R,2R)-(2-Phenylcyclopropyl)ethynyl)benzene ((-)-3a) Yield: 90%. dr: 87:13. Rf = 0.3
H A H (Hexane/Ethyl Acetate: 20/1). [a]3? = (-)-192.98° (¢ = 0.5, CHCIs). *H NMR
z" (500 MHz, CDCls3) § 7.43 — 7.39 (m, 2H), 7.33 — 7.27 (m, 5H), 7.21 — 7.18 (m,
©/<_> 3a 1H), 7.15—7.12 (m, 2H), 2.37 (ddd, J = 8.8, 6.1, 4.6 Hz, 1H), 1.72 (ddd, J = 8.7,
5.6, 4.6 Hz, 1H), 1.45 — 1.41 (m, 1H), 1.37 — 1.33 (m, 1H). 3C NMR (126 MHz, CDCls) & 140.89,
131.76, 128.57, 128.35, 127.75, 126.38, 126.12, 123.86, 92.05, 77.19, 26.74, 18.18, 12.22. IR (neat,
cm™): 3030.36, 2959.46, 2926.32, 2360.59, 2225.21, 1976.75, 1598.37, 1491.23, 1457.55, 1178.57,
1070.09, 911.31, 755.37, 691.47. HRMS (DART) ([M+H]") Calcd. for C17H15*: 219.11683, found
219.11631. HPLC analysis: ee = 96%. IC (100% hexanes, 0.8 mL/min): tmajor = 14.56 min, tminor =
17.34 min.
1-Methyl-4-(((1R,2R)-2-phenylcyclopropyl)ethynyl)benzene ((-)-3b) Yield: 90%. dr: 79:21. Rf =

/H <M 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-187.98° (c = 0.5, CHCl3). *H
Q// NMR (500 MHz, CDCl3) § 7.32 — 7.27 (m, 4H), 7.19 (t, J = 7.4 Hz, 1H), 7.14
Me )y3b —7.09 (m, 4H), 2.41 — 2.35 (m, 1H), 2.34 (s, 3H), 1.70 (dt, J = 9.6, 5.0 Hz,

1H), 1.41 (dt, J = 9.9, 5.1 Hz, 1H), 1.33 (dt, J = 10.5, 5.4 Hz, 1H). *3C NMR (126 MHz, CDCls) &
140.98, 137.75, 131.64, 129.11, 128.56, 126.34, 126.11, 120.75, 91.22, 77.24, 26.70, 21.56, 18.17,
12.27. IR (neat, cm™): 3027.56, 2921.15, 2225.19, 2157.79, 1604.05, 1509.97, 1457.26, 1030.99,
948.51, 816.04, 747.88, 696.57. HRMS (DART) ([M+H]*) Calcd. for C1sH17": 233.13248, found:
233.13261. HPLC analysis: ee = 97%. IC (100% hexanes, 0.8 mL/min): tmajor = 20.35 min, tminor =
26.07 min.
1-I1sopropyl-2-(((1R,2R)-2-phenylcyclopropyl)ethynyl)benzene ((-)-3c) Yield: 90%. dr: 96:4. Rs =
HWALH 0.3 (Hexane/Ethyl Acetate: 30/1). [a]2® = (-)-417.51° (¢ = 0.5, CHCl3). 'H NMR
Q\/\A@ (600 MHz, CDCl3) & 7.38 (d, ] = 7.6 Hz, 1H), 7.30 (t, ] = 7.3 Hz, 2H), 7.25 (d, J
pr (-)3c = 4.3 Hz, 2H), 7.21 (t, J = 7.1 Hz, 1H), 7.14 — 7.09 (m, 3H), 3.49 — 3.40 (m, 1H),
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2.38 —2.34 (m, 1H), 1.76 (dt, J = 9.4, 4.9 Hz, 1H), 1.45 — 1.42 (m, 1H), 1.39 — 1.35 (m, 1H), 1.27 (d,
J = 6.8 Hz, 6H). °C NMR (151 MHz, CDCls) § 150.53, 141.00, 132.46, 128.59, 128.09, 126.37,
126.08, 125.54, 124.94, 122.55, 95.65, 75.79, 31.61, 26.87, 23.20, 23.18, 18.40, 12.50. IR (neat, cm"
1Y: 3025.41, 2958.77, 2221.27, 1603.66, 1483.61, 1027.89, 947.56, 757.37, 696.75. HRMS (DART)
([M+H]") Calcd. for CooH21*: 261.16378, found: 261.16452. HPLC analysis: ee = 99%. IC (100%
hexanes, 0.5 mL/min): tmajor = 17.43 min, tminor = 15.65 min.
1-Methoxy-4-(((1R,2R)-2-phenylcyclopropyl)ethynyl)benzene ((-)-3d) Yield: 90%. dr: 85:15. R¢ =
HQAG" 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-151.56° (¢ = 0.5, CHCl3). H
Q/\A@ NMR (500 MHz, CDCls) & 7.33 — 7.25 (m, 2H), 7.19 (dd, J = 13.4, 7.0 Hz,
2H), 7.12 (d, J = 7.5 Hz, 2H), 7.00 (d, J = 7.5 Hz, 1H), 6.94 (s, 1H), 6.84 (d,
J = 8.4 Hz, 1H), 3.80 (s, 3H), 2.37 (dd, J = 11.6, 7.3 Hz, 1H), 1.75 — 1.67 (m, 1H), 1.47 — 1.40 (m,
1H), 1.35 (dd, J = 12.7, 6.3 Hz, 1H). 3C NMR (126 MHz, CDCl3) & 158.32, 132.86, 131.74, 129.53,
128.33, 127.70, 127.35, 114.03, 92.30, 77.06, 55.46, 26.09, 17.73, 11.71. IR (neat, cm™): 3004.01,
2832.88,2222.28,1735.61, 1596.76, 1573.47, 1490.18, 1458.41, 1426.86, 1285.02, 1214.10, 1161.09,
1044.51, 900.13, 785.39, 697.99 HRMS (DART) ([M+H]") Calcd. for C1gH170*: 249.12739, found:
249.12800. HPLC analysis: ee = 98%. ID (99.5% hexanes: 0.5% isopropanol, 0.8 mL/min): tmajor =
19.23 min, tminor = 16.79 min.
1-Methoxy-3-(((1R,2R)-2-phenylcyclopropyl)ethynyl)benzene ((-)-3e) Yield: 94%. dr: 90:10. Rs =
HAWH 0.3 (Hexane/Ethyl Acetate: 20/1). [«]3° = (-)-90.93° (c = 0.5, CHCls). *H NMR

=" (500 MHz, CDCl3) & 7.32 — 7.27 (m, 2H), 7.23 — 7.11 (m, 4H), 7.03 — 6.99 (m,
©/( 26 1H), 6.94 (dd, J = 2.5, 1.4 Hz, 1H), 6.84 (ddd, J = 8.3, 2.6, 0.8 Hz, 1H), 3.80 (s,
OMe 3H), 2.37 (ddd, J=8.8, 6.1, 4.6 Hz, 1H), 1.71 (ddd, J = 8.7, 5.6, 4.6 Hz, 1H), 1.43

(ddd, J = 8.8, 5.6, 4.9 Hz, 1H), 1.35 (ddd, J = 8.7, 6.2, 4.8 Hz, 1H). *3C NMR (126 MHz, CDCls) &
159.43, 140.85, 129.40, 128.58, 126.40, 126.13, 124.86, 124.33, 116.57, 114.47, 91.93, 77.13, 55.38,
26.75, 18.16, 12.19. IR (neat, cm™): 3029.78, 2931.66, 2835.34, 2225.55, 1605.33, 1510.25, 1457.81,
1288.71, 1248.50, 1173.27, 1029.39, 832.80, 749.26, 698.59. HRMS (DART) ([M+H]*) Calcd. for
CigH170*: 249.12739, found: 249.12807. HPLC analysis: ee = 99%. IE (99.5% hexanes: 0.5%
isopropanol, 0.8 mL/min): tmajor = 19.52 min, tminor = 16.54 min.
1-Methoxy-2-(((1R,2R)-2-phenylcyclopropyl)ethynyl)benzene ((-)-3f) Yield: 99%. dr: 94:6. R¢ =
" 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3? = (-)-120.65° (¢ = 0.5, CHCls). H
\AQ NMR (600 MHz, CDCls): § 7.38 (dd, J = 7.5, 1.5 Hz, 1H), 7.29 — 2.23 (m, 3H),
OMe (-)-3f 7.19 (t, J = 7.4 Hz, 1H), 7.12 (d, J = 7.5 Hz, 2H), 6.91 — 6.83 (m, 2H), 3.88 (s,
3H), 2.50 — 2.33 (m, 1H), 1.79 (dt, J = 8.8, 5.2 Hz, 1H), 1.46 (dt, J = 8.9, 5.3 Hz, 1H), 1.39 — 1.31 (m,
1H). BC NMR (151 MHz, CDCls): § 160.15, 141.04, 133.84, 129.15, 128.53, 126.31, 126.12, 120.55,
112.93, 110.67, 96.20, 73.24, 55.92, 26.89, 18.48, 12.60. IR (neat, cm™): 3026.46, 2933.30, 2224.21,
2144.80, 1595.45, 1574.20, 1494.20, 1461.81, 1434.12, 1262.24, 1025.21, 950.32, 752.69, 698.71.
HRMS (DART) ([M+H]") Calcd. for C1gH170" : 249.12739, found: 249.12833. HPLC analysis: ee =
95%. 1A (99% hexanes: 1% isopropanol, 0.8 mL/min): tmajor = 7.84 Min, tminor = 7.35 min.

S10



4-(((1R,2R)-2-Phenylcyclopropyl)ethynyl)benzonitrile ((-)-3g) Yield: 94%. dr: 90:10. Rf = 0.3
HQA" (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-96.44° (c = 0.5, CHCI3). 'H NMR
/@/\A@ (600 MHz, CDCl3): 6 7.59 — 7.55 (m, 2H), 7.48 — 7.45 (m, 2H), 7.30 (t, J =
7.5Hz, 2H), 7.24 - 7.20 (m, 1H), 7.14 — 7.11 (m, 2H), 2.40 (ddd, J = 8.9, 6.3,
4.6 Hz, 1H), 1.72 (ddd, J = 8.7, 5.6, 4.6 Hz, 1H), 1.48 — 1.43 (m, 1H), 1.41 (ddd, J = 8.7, 6.3, 4.9 Hz,
1H). ¥*C NMR (151 MHz, CDCls) § 140.31, 132.22, 132.07, 128.96, 128.67, 126.64, 126.14, 118.76,
110.99, 97.27, 76.05, 27.04, 18.22, 12.11. IR (neat, cm™): 2960.52, 2916.60, 2224.00, 2171.15,
1602.59, 1500.30, 1458.90, 1344.91, 1219.35, 1178.01, 1105.49. HRMS (DART) ([M+H]") Calcd.
for C1gH14N™: 244.11208, found: 244.11371. HPLC analysis: ee = 90%. 1A (99.2% hexanes: 0.8%
isopropanol, 1.0 mL/min): tmajor = 11.05 min, tminor = 8.36 min.
1-Fluoro-2-(((1R,2R)-2-phenylcyclopropyl)ethynyl)benzene ((-)-3h) Yield: 90%. dr: 93:7. Rf=0.3
HQAG (Hexane/Ethyl Acetate: 20/1); [a]3? = (-)-119.42° (c = 0.5, CHCIs); *H NMR
©\///“ (400 MHz, CDCls) § 7.40 (t, ] = 7.4 Hz, 1H), 7.33 — 7.27 (m, 2H), 7.25 — 7.22
F (-)>3h (m, 1H), 7.20 (t,J = 7.3 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.05 (dd, J = 17.5, 8.5
Hz, 2H), 2.42 - 2.38 (m, 1H), 1.77 — 1.74 (m, 1H), 1.48 — 1.44 (m, 1H), 1.38 (dt, J = 9.5, 5.5 Hz, 1H).
13C NMR (151MHz, CDCls) & 163.05 (d, J = 250.3 Hz), 140.71, 133.71 (d, J = 1.2 Hz), 129.34 (d, J
=7.8 Hz), 128.59, 126.45, 126.13, 123.94 (d, J = 3.7 Hz), 115.50 (d, J = 21.0 Hz), 112.37 (d, J = 15.8
Hz), 97.43 (d, J = 3.1 Hz), 70.47, 26.88, 18.29, 12.29. 1°F NMR (564MHz, CDCl3) 5 —110.86 (s, 1F).
IR (neat, cm™): 3053.04, 2925.74, 2853.66, 2157.23, 1604.00, 1494.46, 1264.14, 895.94, 731.81,
703.27. HRMS (DART) ([M+H]") Calcd. for C17H13F": 237.10741, found: 237.10823. HPLC analysis:
ee = 98%. IC (100% hexanes, 0.8 mL/min): tmajor = 17.56 Min, tminor = 15.84 min.
1-(((1R,2R)-2-phenylcyclopropyl)ethynyl)naphthalene ((-)-3i) Yield: 95%. dr: 80:20. Rf = 0.3
H/\ (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-94.31° (c = 0.5, CHCI3) 'H NMR
O z" (500 MHz, CDCls) 4 8.36 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 8.1 Hz, 1H), 7.80 (d,
O (-)-3i J=8.3Hz, 1H), 7.66 (dd, J = 7.1, 1.1 Hz, 1H), 7.59 (ddd, J = 8.3, 6.8, 1.3 Hz,
1H), 7.53 (ddd, J = 8.1, 6.9, 1.3 Hz, 1H), 7.42 (dd, J = 8.2, 7.2 Hz, 1H), 7.35 — 7.31 (m, 2H), 7.27 —
7.22 (m, 1H), 7.19 (dd, J = 8.1, 1.0 Hz, 2H), 2.51 (ddd, J = 8.9, 6.1, 4.5 Hz, 1H), 1.90 (ddd, J = 8.7,
5.6, 4.6 Hz, 1H), 1.57 (ddd, J = 8.9, 5.7, 4.9 Hz, 1H), 1.46 (ddd, J = 8.7, 6.2, 4.9 Hz, 1H). 13C NMR
(126 MHz, CDCls) 5 140.86, 133.69, 133.33, 130.29, 128.62, 128.37, 128.16, 126.67, 126.44, 126.40,
126.35, 126.14, 125.36, 121.53, 97.16, 75.25, 27.07, 18.52, 12.53. IR (neat, cm™): 3057.62, 2922.15,
2220.80, 1603.97, 1584.51, 1497.84, 1457.41, 1400.50, 1215.93, 1183.31, 1018.73. HRMS (DART)
([M+H]") Calcd. for C21H17": 269.13248, found: 269.13270. HPLC analysis: ee = 90%. IA (100%
hexanes, 0.8 mL/min): tmajor = 16.42 min, tminor = 20.87 min.
((1R,2R)-2-(4-phenylbut-1-yn-1-yl)cyclopropyl)benzene ((-)-3j) Yield: 41%. dr: 91:9. Rf =0.4
VARG (Hexanes/Ethyl Acetate = 20/1). ). [a]3® = (-)-253.30° (c=0.5, CHCls). H
©/\/// NMR (500 MHz, CHCIz) 6 7.29 (q, J = 6.6 Hz, 4H), 7.23 (t, J = 7.2 Hz, 3H),
o 7.17 (t, J = 7.4 Hz, 1H), 7.09 — 7.04 (m, 2H), 2.81 (t, J = 7.6 Hz, 2H), 2.45
(td, J=7.6, 1.9 Hz, 2H), 2.14 (ddd, J = 8.7, 6.0, 4.5 Hz, 1H), 1.46 (dddt, J = 8.1, 6.3, 4.2, 1.9 Hz, 1H),
1.24 — 1.15 (m, 2H). 3C NMR (151 MHz, CHCl3) § 141.29, 141.05, 128.63, 128.50, 128.45, 126.35,
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126.20, 126.02, 82.88, 76.42, 35.64, 26.15, 21.25, 17.80, 11.75. IR (neat, cm™): 3026.43, 2924.37,
1603.83, 1495.48, 1453.88, 1275.36, 1260.61, 749.58. HRMS (DART) ([M+H]") Calcd. for C19H1o":
247.1481, found: 247.1484. HPLC analysis: ee = 85%. IC (99.9% hexanes : 0.1% isopropanol, 0.8
mL/min): tmajor = 6.50 Min, tminor = 7.19 min.
Triisopropyl(((1R,2R)-2-phenylcyclopropyl)ethynyl)silane ((-)-3k) Yield: 71%. dr: 96:4. Rf = 0.3
_ HQAGH (Hexane/Ethyl Acetate: 30/1). [a]3° = (-)-62.18° (¢ = 0.5, CHCIs). *H NMR (600
i:}Si\/&” MHz, CDCls): 8 7.27 (t, J = 7.6 Hz, 2H), 7.18 (t, J = 7.4 Hz, 1H), 7.08 (d, J = 7.2
Pr )3k Hz, 2H), 2.25 (ddd, J = 8.8, 6.0, 4.6 Hz, 1H), 1.59 — 1.55 (m, 1H), 1.34 — 1.30(m,
1H), 1.24 (ddd, J=8.7,6.1, 4.7 Hz, 1H), 1.09 — 1.04 (m, 21H). **C NMR (151 MHz, CDClz): § 141.01,
128.54, 126.33, 126.02, 110.70, 76.90, 27.08, 18.79, 18.73, 12.56, 11.47. IR (neat, cm™): 3029.62,
2941.29, 2863.78, 2158.44, 1731.59, 1604.88, 1461.55, 1382.49, 1126.08, 1072.72, 995.91, 883.40,
747.93,696.28,677.48. HRMS (DART) ([M+H]") Calcd. for CooH31Si*: 299.21895, found: 299.21913.
HPLC analysis: ee = 87%. IC (100% hexanes, 0.8 mL/min): tmajor = 6.28 Min, tminor = 6.64 mMin.
1-(((1R,2R)-2-(4-(tert-Butyl)phenyl)cyclopropyl)ethynyl)-2-methoxybenzene ((-)-3I) Yield: 94%.
dr: 91:9. Rf = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]%® = (-)-154.77° (c = 0.5,
©\/\A© CHCIs3). *H NMR (600 MHz, CDCls): § 7.38 (dd, J = 7.5, 1.7 Hz, 1H), 7.34 —
OMe ()3 7.30 (m, 2H), 7.25 — 7.22 (m, 1H), 7.08 — 7.05 (m, 2H), 6.90 — 6.84 (m, 2H),
3.88 (s, 3H), 2.37 (ddd, J = 8.9, 6.1, 4.6 Hz, 1H), 1.76 (ddd, J = 8.7, 5.6, 4.6 Hz, 1H), 1.43 (ddd, J =
8.9, 5.5, 4.8 Hz, 1H), 1.36 — 1.31 (m, 10H). *°C NMR (151 MHz, CDCls): § 160.14, 149.26, 137.99,
133.83, 129.09, 125.85, 125.44, 120.53, 113.01, 110.67, 96.40, 73.11, 55.91, 34.54, 31.50, 26.50,
18.30, 12.42. IR (neat, cm™): 3005.32, 2959.45, 2224.63, 1505.13, 1574.07, 1493.24, 1462.24,
1433.35, 1362.33, 1260.43, 1239.75, 1122.33, 1023.86, 913.75, 749.57. HRMS (DART) ([M+H]")
Calcd. for C22H250": 305.18999, found: 305.19136. HPLC analysis: ee = 89%. IC (99% hexanes: 1%
isopropanol, 0.8 mL/min): tmajor = 7.35 Min, tminor = 19.02 min.
1-Methoxy-2-(((1R,2R)-2-(4-methoxyphenyl)cyclopropyl)ethynyl)benzene ((-)-3m) Yield: 89%.
dr: 90:10. Rs = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-268.89° (c=0.5,
@\/\&@ CHCls3). *H NMR (500 MHz, CDCls): 6 7.37 (dd, J = 7.6, 1.7 Hz, 1H), 7.26 —
OMe () 7.22 (m, 1H), 7.08 — 7.04 (m, 2H), 6.90 — 6.80 (m, 4H), 3.88 (s, 3H), 3.79 (s,
3H), 2.36 (ddd, J = 8.8, 6.1, 4.6 Hz, 1H), 1.70 (ddd, J = 8.7, 5.5, 4.6 Hz, 1H), 1.40 (ddd, J = 8.8, 5.5,
4.8 Hz, 1H), 1.28 (ddd, J = 8.7, 6.2, 4.7 Hz, 1H). 3C NMR (126 MHz, CDCls): & 160.12, 158.26,
133.81, 133.00, 129.08, 127.34, 120.52, 113.98, 112.99, 110.66, 96.45, 73.10, 55.90, 55.44, 26.22,
18.02, 12.07. IR (neat, cm™): 3004.06, 2834.59, 2221.30, 1712.67, 1595.27, 1514.93, 1493.71,
1246.07, 1032.57, 753.19. HRMS (DART) ([M+H]*) Calcd. for Ci9H190,": 279.13796, found:
279.13922. HPLC analysis: ee = 94%. I1C (98% hexanes: 2% isopropanol, 0.8 mL/min): tmajor = 12.62
min, tminor = 26.52 min.
4-((1R, 2R)-2-((2-Methoxyphenyl)ethynyl)cycIopropyl)benzonitrile ((-)-3n) Yield: 85%. dr: 81:19.
= 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3? = (-)-166.32° (c = 0.5, CHCl5).
@\/\A\Q 1|—| NMR (600 MHz, CDCla): & 7.56 (d, J = 8.4 Hz, 2H), 7.37 (dd, J = 7.6, 1.7

OMe ()3 Hz, 1H), 7.28 — 7.24 (m, 1H), 7.18 (d, J = 8.3 Hz, 2H), 6.89 — 6.85 (m, 2H),
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3.88 (s, 3H), 2.42 (ddd, J = 8.8, 6.0, 4.5 Hz, 1H), 1.85 (ddd, J = 8.8, 5.9, 4.5 Hz, 1H), 1.57 (ddd, J =
8.8, 5.8, 5.1 Hz, 1H), 1.40 (ddd, J = 8.8, 6.0, 5.1 Hz, 1H). *C NMR (151 MHz, CDCls): & 160.16,
146.93, 133.82, 132.35, 129.47, 126.61, 120.57, 119.08, 112.44, 110.67, 109.91, 94.82, 74.14, 55.90,
26.94, 19.31, 13.91. IR (neat, cm™): 2958.79, 2924.59, 2852.88, 2360.28, 2342.02, 2225.74, 2158.90,
1718.70, 1607.79, 1595.93, 1493.62, 1463.86, 1434.85, 1262.91, 1241.84, 1122.93, 1023.71, 837.06,
752.98. HRMS (DART) ([M+H]") Calcd. for CisH1sNO™: 274.12264, found: 274.12280. HPLC
analysis: ee = 95%. IC (90% hexanes: 10% isopropanol, 1 mL/min): tmajor = 26.22 min, tminor = 45.85
min.
1-Methoxy-2-(((1R,2R)-2-(3-nitrophenyl)cyclopropyl)ethynyl)benzene ((-)-30) Yield: 88%. dr:
; I 78:22. R = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3® = (-)-144.58° (c = 0.5,
©\/ CHClIs). *H NMR (600 MHz, CDCls): § 8.04 (dd, J = 7.3, 2.1 Hz, 1H), 7.96 (s,
OMe (-)}3e No, 1H), 7.46 (t, J = 7.7 Hz, 2H), 7.38 (dd, J = 7.5, 1.3 Hz, 1H), 7.27 (d, J = 15.8 Hz,
1H), 6.89 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 3.88 (s, 3H), 2.52 — 2.47 (m, 1H), 1.86 (dt, J =
10.1, 5.2 Hz, 1H), 1.58 (dt, J = 8.7, 5.4 Hz, 1H), 1.43 (dt, J = 8.8, 5.6 Hz, 1H). 1*C NMR (151 MHz,
CDCl3): 6 160.19, 143.34, 133.84, 132.49, 129.45, 129.41, 123.26, 121.37, 120.89, 120.57, 112.49,
110.68, 94.85, 74.07, 55.91, 26.43, 18.75, 13.38. IR (neat, cm™): 3074.86, 3008.02, 2933.88, 2835.38,
2223.53, 2155.68, 2045.47, 1698.41, 1595.06, 1528.15, 1493.62, 1463.66, 1348.20, 1263.54, 1241.89,
1024.19, 755.31. HRMS (DART) ([M+H]") Calcd. for C1gH1sNO3*, 294.11247, found: 294.11214.
HPLC analysis: ee = 81%. IC (90% hexanes: 10% isopropanol, 1 mL/min): tmajor =17.66 Min, tminor
=18.52 min.
1-(((1R,2R)-2-(3-Fluorophenyl)cyclopropyl)ethynyl)-2-methoxybenzene ((-)-3p) Yield: 96%. dr:
; M 85:15. Re= 0.3 (Hexane/Ethyl Acetate: 20/1). [a]2° = (-)-96.21° (c = 0.5, CHCl5).
©\/ 'H NMR (500 MHz, CDCls): § 7.38 (dd, J = 7.6, 1.7 Hz, 1H), 7.25 (ddd, J = 9.2,
OMe (3¢ F 6.4, 1.7 Hz, 1H), 7.11 — 7.07 (m, 2H), 6.97 (ddd, J = 8.7, 7.8, 4.6 Hz, 2H), 6.88
(ddd, J =10.8, 8.6, 4.6 Hz, 2H), 3.88 (s, 3H), 2.38 (ddd, J = 8.9, 6.0, 4.7 Hz, 1H), 1.73 (ddd, J = 8.7,
5.5, 4.7 Hz, 1H), 1.47 — 1.42 (m, 1H), 1.30 (ddd, J = 8.7, 6.2, 4.9 Hz, 1H). **C NMR (126 MHz,
CDCl3): 6 161.59 (d, J = 244.2 Hz), 160.15, 136.62 (d, J = 3.3 Hz), 133.83, 130.06 (d, J = 7.8 Hz),
129.21, 127.70 (d, J = 8.0 Hz), 120.55, 115.41, 115.24, 112.84, 110.68, 95.94, 73.38, 55.91, 26.18,
18.27, 12.42. °F NMR (564MHz, CDCls3) & —108.26 (s, 1F). HRMS (DART) ([M+H]") Calcd. for
CigH16FO™: 267.11797, found: 267.11835. HPLC analysis: ee = 95%. 1A (99.7% hexanes: 0.3%
isopropanol, 1 mL/min): tmajor =12.10 min, tminor =10.75 min.
1-Bromo-2-((1R,2R)-2-((2-methoxyphenyl)ethynyl)cyclopropyl)benzene ((-)-3q) Yield: 91%. dr:
RWAGH . 90:10. Rf = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3’ = (-)-144.92° (c = 0.5,
©\/\ B CHCI3).*H NMR (500 MHz, CDCl3): § 7.58 (dd, J = 7.9, 1.2 Hz, 1H), 7.42 - 7.37
OMe (-)-3q (m, 1H), 7.28 —7.21 (m, 2H), 7.08 (td, J = 7.7, 1.6 Hz, 1H), 7.00 (dd, J = 11.6, 5.0
Hz, 1H), 6.88 (ddd, J = 12.0, 9.3, 4.7 Hz, 2H), 3.89 (s, 3H), 2.66 — 2.60 (m, 1H), 1.83 - 1.77 (m, 1H),
1.52 (ddd, J = 8.9, 5.5, 4.9 Hz, 1H), 1.33 — 1.26 (m, 1H). *C NMR (151 MHz, CDCls): § 160.23,
140.05, 133.92, 132.74, 131.55, 129.19, 127.95, 127.45, 127.22, 126.33, 120.54, 110.75, 95.87, 73.44,
55.96, 27.59, 17.77, 11.44. IR (neat, cm™): 2959.06, 1594.84, 1574.10, 1493.09, 1463.23, 1433.85,
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1261.01, 1240.02, 1219.52, 1180.38, 1161.43, 1121.33, 1046.77, 1023,44. HRMS (DART) ([M+H]")
Calcd. for C1gH16BrO™: 327.03790, found: 327.03886. HPLC analysis: ee = 94%. ODH (98% hexanes:
2% isopropanol, 1 mL/min): tmajor = 36.73 Min, tminor = 50.38 min.
1-(((1R,2R)-2-(3-bBomophenyl)cyclopropyl)ethynyl)-2-methoxybenzene ((-)-3r) Yield: 88%. dr:
; M 88:12. R = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-151.97° (c = 0.5,
©\/ CHCI3) *H NMR (600 MHz, CDCls): § 7.37 (dd, J = 7.6, 1.5 Hz, 1H), 7.32 (d, J
OMe (3 B =79 Hz, 1H), 7.26 — 7.21 (m, 2H), 7.14 (t, J = 7.8 Hz, 1H), 7.04 (d, J = 7.7 Hz,
1H), 6.84 — 6.70 (m, 2H), 3.88 (s, 3H), 2.39 — 2.33 (m, 1H), 1.78 — 1.75 (m, 1H), 1.47 (dt, J =8.8,5.3
Hz, 1H), 1.34 (ddd, J = 8.7, 6.0, 5.1 Hz, 1H). 13C NMR (151 MHz, CDCls3): § 160.18, 143.49, 133.85,
130.05, 129.42, 129.30, 129.29, 124.88, 122.69, 120.56, 112.73, 110.68, 95.55, 73.62, 55.92, 26.48,
18.47, 12.85. IR (neat, cm™): 3052.53, 2928.16, 2221.82, 2035.47, 1951.20, 1596.77, 1566.35,
1493.96, 1265.16, 1024.68, 895.64, 746.09. HRMS (DART) ([M+H]") Calcd. for CisH1sBrO™:
327.03790, found: 327.03788. HPLC analysis: ee = 94%. IC (99% hexanes : 1% isopropanol, 0.8
mL/min): tmajor = 15.05 min, tminor = 35.29 min.
1-(((1R,2R)-2-(4-Bromophenyl)cyclopropyl)ethynyl)-2-methoxybenzene ((-)-3s) Yield: 93%. dr:
H 84:16. Rt = 0.3 (Hexane/Ethyl Acetate: 20/1). [«]%® = (-)-177.86° (c = 0.5,
\A\Q CHCIls3). 'H NMR (600 MHz, CDCls): § 7.38 (dd, J = 14.3, 4.9 Hz, 2H), 7.25 —
OMe ) " 718 (m, 2H), 6.99 (d, J = 8.4 Hz, 2H), 6.88 — 6.86 (m, 2H), 3.88 (s, 3H), 2.37
—2.33(m, 1H), 1.77 — 1.73 (m, 1H), 1.49 — 1.45 (m, 1H), 1.33 — 1.29 (m, 1H). 3C NMR (151 MHz,
CDCl3): 6 160.14, 140.11, 133.83, 131.56, 130.28, 129.27, 127.88, 120.56, 119.93, 110.67, 95.68,
73.55, 55.91, 26.38, 18.49, 12.74. IR (neat, cm™): 2915.93, 2848.44, 2361.23, 2181.48, 1596.50,
1565.70, 1493.74, 1463.52, 1434.28, 1261.97, 1240.71, 1179.48, 1024.49, 750.67. HRMS (DART)
([M+H]") Calcd. for C1gH16BrO*: 327.03790, found: 327.03750. HPLC analysis: ee = 91%. 1A (99.7%
hexanes: 0.3% isopropanol, 1 mL/min): tmajor = 17.36 Min, tminor = 13.36 min.
2-((1R,2R)-2-((2-Methoxyphenyl)ethynyl)cyclopropyl)naphthalene ((-)-3t) Yield: 96%. dr: 92:8.
SALT Rt = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]%® = (-)-186.99° (c = 0.5, CHClI5).
@\/ 'H NMR (600 MHz, CDCls): § 7.78 (dd, J = 17.6, 8.2 Hz, 3H), 7.58 (s, 1H),
OMe (-)-3t 7.47-7.40 (m, 3H), 7.27 — 7.24 (m, 2H), 6.91 - 6.86 (m, 2H), 3.89 (s, 3H), 2.57
(tt, J = 14.8, 7.2 Hz, 1H), 1.90 (dt, J = 8.9, 5.4 Hz, 1H), 1.54 — 1.52 (m, 1H), 1.50 — 1.46 (m, 1H). 3C
NMR (151 MHz, CDClz): 6 160.17, 138.48, 133.86, 133.57, 132.33, 129.18, 128.19, 127.75, 127.53,
126.29, 125.43, 124.82, 124.51, 120.56, 112.91, 110.68, 96.18, 73.38, 55.93, 27.16, 18.41, 12.62. IR
(neat, cm™): 3049.84, 2933.69, 2833.69, 2222.57, 1726.29, 1594.94, 1492.53, 1462.22, 1433.04,
1261.35, 1023.58, 974.27, 815.73, 750.18. HRMS (DART) ([M+H]*) Calcd. for C22H190": 299.14304,
found: 299.14364. HPLC analysis: ee = 99%. IC (99% hexanes : 1% isopropanol, 0.8 mL/min): tmajor
=19.71min, tminor = 23.40 min.
2-((1R,2R)-2-((2-Methoxyphenyl)ethynyl)cyclopropyl)thiophene ((-)-3u) Yield: 97%. dr: 96:4. Ry
H = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]%’ = (-)-212.02° (c = 0.5, CHCl3). H
©\/% NMR (600 MHz, CDCl3): 6 7.38 (d, J = 7.5 Hz, 1H), 7.25 (t, J = 7.9 Hz, 1H), 7.08

oMe () (d, J = 5.1 Hz, 1H), 6.91 — 6.82 (m, 4H), 3.88 (s, 3H), 2.59 — 2.55 (m, 1H), 1.83
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(dt, J = 9.7, 5.0 Hz, 1H), 1.49 (ddd, J = 9.7, 5.5, 0.7 Hz, 1H), 1.37 — 1.33 (m, 1H). 3C NMR (151
MHz, CDCls): & 160.12, 145.24, 133.82, 129.24, 126.93, 123.64, 122.92, 120.53, 112.73, 110.64,
95.45, 73.78, 55.88, 22.24, 19.35, 13.44. IR (neat, cm™): 3004.51, 2958.93, 2834.69, 2359.94, 2342.06,
1733.86, 1595.14, 1493.32, 1463.04, 1434.12, 1261.58, 1241.27, 1023.74, 752.03, 696.87. HRMS
(DART) ([M+H]") Calcd. for C16H150S": 255.08381, found: 255.08346. HPLC analysis: ee = 92%.
IC (99.5% hexanes: 0.5% isopropanol, 0.8 mL/min): tmajor = 17.45 min, tminor = 28.64 min.
2-((1R,2R)-2-((2-Methoxyphenyl)ethynyl)cyclopropyl)pyridine ((-)-3v) Yield: 92%. dr: 90:10. Rt
HQAH = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-309.74° (c = 0.5, CHCl3). H
@\///\A\N@ NMR (600 MHz, CDCls): 5 8.43 (d, J = 4.6 Hz, 1H), 7.54 (td, J = 7.6, 1.1 Hz,
OMe (-)-3v 1H), 7.38 (d, J = 7.5 Hz, 1H), 7.25 — 7.22 (m, 2H), 7.05 (dd, J = 7.3, 5.0 Hz, 1H),
6.87 — 6.84 (m, 2H), 3.86 (s, 3H), 2.47 — 2.44 (m, 1H), 2.18 — 2.14 (m, 1H), 1.70 — 1.65 (m, 1H), 1.48
— 1.44 (m, 1H). 3C NMR (151 MHz, CDCls): § 160.13, 159.60, 149.45, 135.94, 133.84, 129.13,
122.56, 121.07, 120.50, 112.87, 110.62, 96.10, 73.16, 55.86, 28.02, 19.06, 12.94. IR (neat, cm™):
2968.41, 2927.53, 2360.32, 1717.35, 1596.16, 1494.22, 1464.75, 1263.99, 1161.37, 1123.92, 1024.27,
950.53, 735.14, HRMS (DART) ([M+H]*) Calcd. for C17H1sNO™: 250.12264, found: 250.12161.
HPLC analysis: ee = 92%. IC (99.5% hexanes: 0.5% isopropanol, 1.0 mL/min): tmajor = 47.91 min,
tminor = 62.80 min.
2-((1R,2R)-2-((2-Methoxyphenyl)ethynyl)cyclopropyl)benzo[b]thiophene ((-)-3w) Yield: 90%. dr:

HQAH 88:12. Rf = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]2® = (-)-174.25° (¢ = 0.5,

/\‘ -
(:(/ s CHClI3). H NMR (600 MHz, CDCls): § 8.02 (d, J = 8.0 Hz, 1H), 7.85 (t, J = 8.0
OMe (-)-3w Hz, 1H), 7.43 (dd, J = 7.9, 7.2 Hz, 2H), 7.39 — 7.36 (m, 1H), 7.28 — 7.26 (m,

1H), 7.02 (s, 1H), 6.92 — 6.86 (m, 2H), 3.90 (s, 3H), 2.56 — 2.52 (m, 1H), 1.81 — 1.77 (m, 1H), 1.50
(dt, J=9.6, 5.0 Hz, 1H), 1.38 (ddd, J = 8.6, 6.2, 4.9 Hz, 1H). 3C NMR (151 MHz, CDClz): § 160.22,
140.49, 139.61, 136.33, 133.85, 129.23, 124.71, 124.25, 122.92, 122.34, 120.91, 120.56, 112.91,
110.72, 96.10, 73.38, 55.94, 20.87, 16.42, 10.07. HRMS (DART) ([M+H]") Calcd. for C2H170S™:
305.09946, found: 305.09874. HPLC analysis: ee = 93%. IC (99.5% hexanes: 0.5% isopropanol, 0.8
mL/min): tmajor =17.74 min, tminor = 29.07 min.
(1R,2R)-2-((2-Methoxyphenyl)ethynyl)cyclopropane-1-carboxamide ((—)-3x) Yield: 92%. dr: 98:2.
HNNHz Rt = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]%® = (-)-96.32° (¢ = 0.5, CHCI5) H
@\/‘ I NMR (600 MHz, CDCls): § 7.31 (dd, J = 7.6, 1.6 Hz, 1H), 7.22 (td, J = 8.4, 1.6
OMe (-)-3x Hz, 1H), 6.84 (ddd, J = 11.1, 8.8, 4.6 Hz, 2H), 5.91 (s, 2H), 3.83 (s, 3H), 2.09 —
2.04 (m, 1H), 1.91 — 1.85 (m, 1H), 1.46 (ddd, J = 9.2, 5.3, 4.1 Hz, 1H), 1.22 (ddd, J = 8.4, 6.2, 4.1 Hz,
1H). *C NMR (151 MHz, CDCls): § 173.20, 160.19, 133.89, 129.52, 120.58, 112.35, 110.68, 94.30,
73.74, 55.90, 24.57, 16.90, 10.95. IR (neat, cm™): 2964.37, 2934.13, 2361.03, 2342.20, 2158.68,
1724.96, 1596.50, 1494.77, 1334.80, 1261.55, 1192.09, 1180.94, 1124.56, 752.96. HRMS (DART)
([M+H]") Calcd. for C13H14NO>": 216.10191, found: 216.10149. HPLC analysis: ee = 89%. IC (99%
hexanes: 1% isopropanol, 0.8 mL/min): tmajor = 30.75 min, tminor = 36.84 min.
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Ethyl-(1R,2R)-2-((2-methoxyphenyl)ethynyl)cyclopropane-1-carboxylate ((-)-3y) Yield: 89%. dr:
H}QS\H(OH 96:4. Ri = 0.3 (Hexane/Ethyl Acetate: 20/1). [«]3° = (-)-116.67° (¢ =0.5, CHCls).
@\// 'H NMR (600 MHz, CDCls): & 7.34 (dd, J = 7.6, 1.6 Hz, 1H), 7.25 (dd, J = 12.5,
OMe (-)-3y 5.0 Hz, 1H), 6.89 — 6.83 (m, 2H), 4.16 (ddd, J = 14.3, 7.2, 3.0 Hz, 2H), 3.87 (s,
3H), 2.13 (ddd, J = 9.1, 6.2, 4.1 Hz, 1H), 2.08 — 2.03 (m, 1H), 1.47 (ddd, J = 9.4, 5.5, 4.2 Hz, 1H),
1.34 — 1.31 (m, 1H), 1.30 — 1.23 (m, 3H). 3C NMR (151 MHz, CDCls): § 172.51, 160.26, 133.90,
129.54, 120.54, 112.32, 110.67, 93.74, 73.97, 61.05, 55.90, 23.46, 17.44, 14.39, 11.53. IR (neat, cm’
1. 2979.80, 1723.87, 1596.21, 1575.23, 1494.51, 1464.14, 1405.49, 1324.14, 1261.27, 1179.78,
1025.69. HRMS (DART) ([M+H]") Calcd. for CisH170s": 245.11722, found: 245.11754. HPLC
analysis: ee = 88%. A (99.7% hexanes: 0.3% isopropanol, 1 mL/min): tmajor = 9.47 min, tminor = 10.72
min.
1-Methoxy-2-(((1S,2R)-2-Methyl-2-(p-tolyl)cyclopropyl)ethynyl)benzene ((-)-3z) Yield: 93%. dr:
e 96:4. Rs = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]%® = (-)-240.41° (c = 0.5,
\&Q CHCI3). *H NMR (500 MHz, CDCls):  7.42 (d, J = 7.5 Hz, 1H), 7.25 (dd, J =
OMe (-)-3z 18.3, 7.9 Hz, 3H), 7.13 (d, J = 8.0 Hz, 2H), 6.89 (dd, J = 17.1, 8.1 Hz, 2H),
3.90 (s, 3H), 2.34 (s, 3H), 1.88 (dd, J = 8.9, 5.6 Hz, 1H), 1.65 (s, 3H), 1.48 (dd, J = 8.7, 4.2 Hz, 1H),
1.07 (t, J = 5.0 Hz, 1H). 3C NMR (126 MHz, CDCls): § 160.19, 142.99, 135.91, 133.66, 129.17,
128.92, 127.35, 120.51, 113.36, 110.72, 94.98, 75.40, 55.91, 27.92, 23.64, 22.78, 21.11, 16.45. IR
(neat, cm™): 2959.00, 2916.52, 2848.85, 2224.98, 1595.39, 1574,37, 1516,57, 1493.90, 1463.28,
1434,04, 1262.63, 1240.08, 1161.60, 1121.96, 1025.38. HRMS (DART) ([M+H]") Calcd. for
CooH20": 277.15869, found: 277.15930. HPLC analysis: ee = 94%. IC (99.5% hexanes: 0.5%
isopropanol, 0.8 mL/min): tmajor = 14.22 min, tminor = 16.97 min.

1-(((1S,2S)-2-Bromo-2-phenylcyclopropyl)ethynyl)-2-methoxybenzene ((-)-3aa) Yield: 91%. dr:

BT 97:3. Rf = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3? = (-)-240.41° (c = 0.5,
% CHCI3). *H NMR (600 MHz, CDCls): & 7.53 — 7.50 (m, 3H), 7.34 (t, J = 7.5 Hz,
OMe (-)-3aa 2H), 7.28 (dd, J =11.1, 4.3 Hz, 2H), 6.93 — 6.87 (m, 2H), 3.91 (s, 3H), 2.13 (dd,
J=97, 68 Hz, 1H), 1.91 (dd, J = 9.7, 6.0 Hz, 1H), 1.75 (t, J = 6.4 Hz, 1H). *C NMR (151 MHz,
CDCl3): 8 160.30, 142.92, 134.16, 129.51, 128.79, 128.76, 128.49, 120.60, 112.67, 110.82, 93 10
77.24,56.03, 39.46, 25.96, 17.92. IR (neat, cm™): 259.61, 2925.60, -
2359.96, 2341.91, 2158.64, 2006.36, 1724.59, 1597.77, 1494.16,
1463.91, 1258.03, 1180.03, 1121.41, 1025.10, 752.20, 697.42.

HRMS (DART) ([M+H]") Calcd. for CisHiOBr*: 327.03790, \,
found: 327.03766. HPLC analysis: ee = 91%. 1A (99.5% hexanes: |, : P
0.5% isopropanol, 0.8 mL/min): tmajor = 18.84 min, tminor = 17.84

min.

1-Methoxy-2-(((1R,2R)-2-((E)-1-phenylprop-1-en-2-yl)cyclopropyl)ethynyl)benzene  ((-)-3ab)

HQAL! Yield: 79%. dr: 85:15. Rs = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]Z° = (-)-
@\/ N 62.99° (c = 0.5, CHCl3). *H NMR (600 MHz, CDCls): & 7.38 (dd, J = 7.5,

OMe (-)-3ab 1.5 Hz, 1H), 7.32 (t, J = 7.6 Hz, 2H), 7.24 — 7.18 (m, 4H), 6.89 — 6.84 (m,
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2H), 6.39 (s, 1H), 3.89 (s, 3H), 2.08 — 2.05 (m, 1H), 1.78 (s, 1H), 1.72 (dt, J = 8.8, 5.2 Hz, 1H), 1.23
—1.19 (m, 1H). $3C NMR (151 MHz, CDCls): § 160.13, 138.16, 136.81, 133.83, 129.08, 128.98,
128.22, 126.22, 125.30, 120.54, 113.00, 110.65, 96.66, 72.97, 55.94, 31.41, 15.73, 15.33, 8.52. IR
(neat, cm™): 3444.24, 2925.13, 2360.20, 2341.42, 2204.65, 2158.56, 1717.77, 1596.20, 1493.40,
1456.63, 1260.50, 1023.79, 752.82. HRMS (DART) ([M+H]") Calcd. for C21H,:10": 289.15869, found:
289.15712. HPLC analysis: ee = 93%. IB (99.5% hexanes: 0.5% isopropanol, 0.8 mL/min): tmajor =
34.07 min, tminor = 22.47 min.
1-Methoxy-2-(((1R,2R)-2-(phenylethynyl)cyclopropyl)ethynyl)benzene ((-)-3ac) Yield: 93%. dr:
ALK 97:3. Rr = 0.3 (Hexane/Ethyl Acetate: 20/1). [a]3° = (-)-108.98° (c = 0.5,
@\/ \KQ CHCls). 'H NMR (600 MHz, CDCls): § 7.37 (ddd, J = 8.9, 7.4, 2.5 Hz, 3H),
OMe (-)-3ac 7.28 —7.24 (m, 4H), 6.87 (dd, J = 13.0, 5.4 Hz, 2H), 3.88 (s, 3H), 1.99 - 1.91
(m, 2H), 1.37 - 1.30 (m, 2H). *C NMR (151 MHz, CDCls): § 160.26, 133.90, 131.82, 129.42, 128.36,
127.95, 123.54, 120.55, 112.56, 110.69, 94.49, 90.55, 77.88, 74.06, 55.92, 18.62, 12.08, 11.88. IR
(neat, cm™): 3009.91, 2922.50, 2834.60, 2229.39, 1722.14, 1595.33, 1573.80, 1492.27, 1463.11,
1433.89, 1264.86, 1024.60, 963.79, 756.20, 692.56. HRMS (DART) ([M+H]") Calcd. for C2H170™:
273.12739, found: 273.12716. HPLC analysis: ee = 93%. IC (99% hexanes: 1% isopropanol, 0.8
mL/min): tmajor = 7.83 min, tminor = 10.68 min.
(1R,2R)-1,2-Bis((2-methoxyphenyl)ethynyl)cyclopropane ((-)-3ad) Yield: 93%. dr: 91:9. R = 0.3

/H H\ (Hexane/Ethyl Acetate: 7/1). [a]3® = (9)-177.5° (c = 0.5, CHCI3). 'H NMR
©\// Csad (600 MHz, CDCls): & 7.35 (dd, J = 7.6, 1.7 Hz, 2H), 7.25 (ddd, J = 9.2, 5.7,
OMe  MeO 1.8 Hz, 2H), 6.89 — 6.83 (M, 4H), 3.87 (5, 6H), 2.02 — 1.97 (m, 2H), 1.37 —

1.33 (m, 2H).13C NMR (151 MHz, CDCls): § 160.26, 133.90, 129.36, 120.54, 112.63, 110.69, 94.66,
73.98, 55.91, 18.79, 12.25. IR (neat, cm™): 3006.54, 2959.73, 2835.23, 2232.65, 1731.22, 1595.29,
1574.14,1493.23, 1463.39, 1434.14, 1361.97, 1278.67, 1260.77, 1241.06, 1181.03, 1161.99, 1119.91,
1047.91, 1024.30, 935.74, 907.42, 826.31, 751.48. HRMS (DART) ([M+H]*) Calcd. for C21H190,™:
303.13796, found: 303.13921. HPLC analysis: ee = 95%. IA (99.5% hexanes: 0.5% isopropanol, 1
mL/min): tmajor = 12.22 Min, tminor = 17.06 min.
1-(((1R,2R)-2-Butylcyclopropyl)ethynyl)-2-methoxybenzene ((-)-3ae) Yield: 32%. dr: 86:14. R¢ =
HQAGH 0.3 (Hexane/Ethyl Acetate: 20/1). [a]%® = (-)-82.6° (c = 0.5, CHCI3). *H NMR
©\/“ (600 MHz, CDCls): 8 7.33 (dd, J = 7.6, 1.4 Hz, 1H), 7.21 (ddd, J = 8.3, 7.6, 1.7
OMe (-)-3ae Hz, 1H), 6.85 (ddt, J = 13.1, 8.3, 2.6 Hz, 3H), 3.85 (s, 4H), 1.63 — 1.57 (m, 2H),
1.56 — 1.49 (m, 4H), 1.46 — 1.34 (m, 5H), 1.09 — 0.97 (m, 3H), 0.91 (dd, J = 13.5, 6.3 Hz, 4H), 0.49
(dt, J = 9.9, 5.1 Hz, 1H).23C NMR (151 MHz, CDCls): § 160.21, 133.67, 128.74, 120.46, 113.56,
110.66, 95.62, 73.89, 55.87, 31.61, 30.04, 22.79, 19.25, 15.37, 14.31, 6.55. IR (neat, cm™): 2956.71,
2927.35, 2855.58, 2225.08, 1595.37, 1493.72, 1463.69, 1262.53, 1240.39, 1122.15, 1026.59. HRMS
(DART) ([M+H]") Calcd. for C16H2101™: 229.15869, found: 229.15926. HPLC analysis: ee = 81%. IF
(99.7% hexanes: 0.3% isopropanol, 0.8 mL/min): tmajor = 19.15 Min, tminor = 18.58 min.
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1-(((1R,2R)-2-Butylcyclopropyl)ethynyl)-2-methoxybenzene ((-)-3af) Yield: 40%. dr: 89:11. Rs =
HQA 0.3 (Hexane/Ethyl Acetate: 15:1). [a]3? = (-)-101.34° (c = 0.5, CHCls). H
©\/\A/\© NMR (500 MHz, CDCls): & 7.35 (dd, J = 7.5, 1.4 Hz, 1H), 7.30 — 7.14 (m,
oMe ()3af 6H), 6.85 (dd, J = 16.8, 8.1 Hz, 2H), 3.80 (s, 3H), 2.97 — 2.87 (m, 1H), 2.77
(ddd, J = 13.6, 9.3, 6.6 Hz, 1H), 1.98 — 1.82 (m, 2H), 1.69 — 1.61 (m, 1H), 1.11 (dd, J = 14.1, 6.3 Hz,
1H), 1.04 (td, J = 8.3, 4.3 Hz, 1H), 0.55 (dd, J = 10.2, 5.4 Hz, 1H).3C NMR (126 MHz, CDCls): &
160.27, 142.74, 133.66, 128.84, 128.69, 128.56, 128.35, 125.75, 120.46, 110.62, 95.23, 74.12, 55.79,
35.62, 32.51, 18.83, 15.39, 6.59. IR (neat, cm™): 3025.09, 2923.97, 2333.48, 2032.88, 2005.85,
1595.32, 1493.34, 1453.99, 1241.32, 1116.57, 1026.87. HRMS (DART) ([M+H]*) Calcd. for

Ca0H210™: 277.15869, found: 277.15789. HPLC analysis: ee = 85%. IF (99.9% hexanes: 0.1%
isopropanol, 1 mL/min): tmajor = 14.51 min, tminor = 15.37 min.
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6. Mechanistic Studies of Stepwise Radical Mechanism

6.1. Characterization of a-Co(lll)-Propargyl Radical and y-Co(lll)-Allenyl Radical
Intermediates by EPR

\/H .YH
Ph ? L C
N e T Thase | 2Nt PN 2NN

Ph | I'
[Co(P1)1/1f [Co(P1)1/1f
Ar— = 0-MeOPh-
[Co(P1)] PBN‘ ( ) PBN|
+ o ¢. ° H Ph # o Ph H *
O\ /tBu O\ /tBu O\N>:/ O\ )-/

Ar N : Bu :
3 H PP o H o eH Ar T, Ar T,
\\"')/LH \\"'\/Lph YH YH

_________________________________________________________________________________

L g=2. 00627 o g=2. 00652 ; : g=2. 00622 1 g=2.00636 |
L AN=419MHZ 1 A =B887MHz 11 AN =405MHz i1 A =389MHz

_____________________

dX"/dB

U - i
I ‘r |‘|I I

—observed | i
""" simulated - _"_IJ(_:?(PI)!"! (minor)
0.8 ! ! ! ! ! !
3310 3320 3330 3340 3350 3360 3370
B [Gauss]
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X spin Fitting X X spin Fitting x

X Spin Fitting X

The resulting notable EPR signal (in black) has been simulated (in red) for:
I coryyaf (major) With g = 2.00627, An) = 41.9 MHz, An) = 9.5 MHz;

I coperyyat (minor) With g = 2.00652, Ay = 38.7 MHz, An) = 8.5 MHz;

I’ [co(Payyaf (major) With g = 2.00622, An) = 40.5 MHz, An) = 6.2 MHz,;
HI’[coPayyaf (minor) With g = 2.00636, An) = 38.9 MHz, AH) = 6.0 MHz.

[The simulation of the EPR spectrum was performed by iteration of the isotopic g-values and line
widths using the EPR simulation program SpinFit Xenon]

Supplemental Experimental Procedure for EPR Experiment: A 10 mL oven-dried Schlenk tube
was charged with N-sulfonyl hydrazone 1f (0.10 mmol, 1.0 equiv), [Co(TPP)] (2 mol %) and PBN
(0.12 mmol, 1.2 equiv). The Schlenk tube was capped with a Teflon screw cap, evacuated and
backfilled with nitrogen 3 times. Under nitrogen atmosphere, EtsN (0.20 mmol, 2.0 equiv) and
anhydrous benzene (1.0 mL) were added via a syringe. The reaction mixture was stirred at 60 °C for
10 min. The reaction mixture was then transferred into a degassed EPR tube (filled with argon) through
a syringe. The sample was then carried out for EPR experiment at room temperature.
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EPR Simulation Details:

For Hcopyyyat:

Major diastereomer (59%)

g = 2.00627

Any=14.9532 x 2.00627 x 1.399611451 =41.9 MHz
Ar) =3.38787 x 2.00627 x 1.399611451 =9.5 MHz
Minor diastereomer: (22%)

g = 2.00652

Any=13.7762 x 2.00652 x 1.399611451 = 38.7 MHz

An) =3.03256 x 2.00652 x 1.399611451 = 8.5 MHz

For 1 ’[cocTPP)yiat:

Major diastereomer: (12%)

g = 2.00622

Any=14.4111 x 2.00622 x 1.399611451 =40.5 MHz
An) =2.21420 x 2.00622 x 1.399611451 =6.2 MHz
Minor diastereomer: (7%)

g =2.00636

Any=13.8475 x 2.00636 x 1.399611451 =38.9 MHz

Am = 2.14844 x 2.00636 x 1.399611451 = 6.0 MHz

6.2. TEMPO Trapping Experiments

An oven-dried Schlenk tube was charged with sulfonyl hydrazone 1 (0.10 mmol, 1.0 equiv), [Co(P1)]
(2 mol %) and KH (0.40 mmol, 4.0 equiv). The Schlenk tube was capped with a Teflon screw cap,
evacuated and backfilled with nitrogen 3 times. Under nitrogen atmosphere, TEMPO (0.60 mmol, 6.0
equiv) and anhydrous ethyl acetate (0.6 mL) were added. The Schlenk tube was then purged with
nitrogen for 1 min and sealed with the Teflon screw cap. The reaction mixture was stirred at 22 °C for
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24 h. Following completion of the reaction, the reaction mixture was filtered through a pad of silica
gel, concentrated under vacuum and purified by flash column chromatography.

1,1'-((3-(2-Methoxyphenyl)prop-2-yne-1,1-diyl)bis(oxy))bis(2,2,6,6-tetramethylpipe-ridine) (4f)

Yian Yield: 40%. R = 0.3 (Hexane/Ethyl Acetate: 10/1). *H NMR (600 MHz,
P o\b CDCl3):6 7.40 (dd, J = 7.5, 1.7 Hz, 1H), 7.29 — 7.24 (m, 1H), 6.93 — 6.80 (m,
~H 2H), 6.00 (s, 1H), 3.84 (s, 3H), 1.54 — 1.47 (m, 8H), 1.40 — 1.24 (m, 16H), 1.14

OMe  4f (d, J = 6.9 Hz, 12H). 3C NMR (151 MHz, CDCls): & 132.15, 131.98, 128.52,
118.70, 111.57, 106.14, 91.61, 87.42, 60.12, 40.35, 40.25, 33.41, 33.35, 20.91, 17.38. IR (neat, cm™):
2930.21, 2362.19, 1596.22, 1493.89, 1464.28, 1376.14, 1361.67, 1326.42, 1292.09, 1261.43, 1181.67,
1132.22, 1046.59, 1027.98, 946.38, 749.46. HRMS (DART) ([M+H]") Calcd. for CosHasN20O3™:
457.34247, found: 457.34047.

1,1'-((3-(2-Methoxyphenyl)prop-2-yne-1,1-diyl)bis(oxy))bis(2,2,6,6-tetramethylpiper-idine) (4g)
Yield: 46%. Ri = 0.3 (Hexane/Ethyl Acetate: 10/1). *H NMR (500 MHz,
N—

% . CDCl3): & 7.65 — 7.59 (m, 2H), 7.54 — 7.49 (m 2H), 5.98 (s, 1H) 150 -
Q/: \b 1.44 (m, 6H), 1.34 — 1.25 (m, 18H), 1.14 © T
NG 4 (5. 12H). ®C NMR (126 MHz, CDCly: 5 "Xl

132.16, 131.99, 128.53, 118.70, 111.59, 106.16, 91.64, 87.44, 60.12, &

40.37, 40.28, 33.42, 33.36, 20.92, 17.40. IR (neat, cml): 2928.93,
2871.34, 2228.55, 1977.59, 1603.99, 1500.27, 1464.91, 1376.67,
1362.39, 1326.60, 1219.31, 1180.12, 1132.51. HRMS (DART)
([M+H]") Calcd. for C2sH42N302": 452.32715, found: 452.32842.
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7. Further Transformations of Alkynyl-Substituted Cyclopropanes

H N
PR G Hy; Lindlar Catalyst; Quinoline  MeO
©\// Ethyl Acetate/Hexane

(-)-(2)-5f H
OMe (-)-3f
94 :d( 2)50/ 99% yield; 100% ds; 100% es
‘6 ar; 95% ee

A round bottomed flask was charged with alkynylcyclopropane 3f (0.1 mmol, 1.0 equiv), Lindlar
Catalyst (0.12 mmol, 1.2 equiv), quinoline (0.2 mmol, 2.0 equiv), anhydrous hexane (1.0 mL) and
anhydrous ethyl acetate (1.0 mL). The flask then was bubbled with hydrogen for 2 h. The mixture was
then stirred at room temperature in hydrogen atmosphere. After 10 h, the reaction mixture was
concentrated and purified by flash chromatography. The fractions containing product were collected
and concentrated by rotary evaporation to afford the compound 5f.

1-Methoxy-2-((2)-2-((1R,2S)-2-phenylcyclopropyl)vinyl)benzene ((-)-(Z)-5f) Yield: 99%. dr: 94:6.
= 0.3 (Hexane/Ethyl Acetate: 15/1). [a]2° = (-)-92.33° (c = 0.5, CHCls). H
NMR (500 MHz, CDCls): 6 7.40 (dd, J = 7.4, 1.6 Hz, 1H), 7.28 — 7.24 (m, 2H),
)-(2)-5¢ H 7.23-7.19 (m, 1H), 7.18 — 7.14 (m, 1H), 7.07 (dd, J = 8.0, 1.0 Hz, 2H), 6.86 (t,
J = 8.3 Hz, 2H), 6.55 (d, J = 11.4 Hz, 1H), 5.32 (dd, J = 11.4, 9.5 Hz, 1H), 3.80 (s, 3H), 2.11 — 2.03
(m, 2H), 1.28 (ddd, J = 8.5, 5.7, 5.0 Hz, 1H), 1.19 — 1.14 (m, 1H). **C NMR (126 MHz, CDCls): &
157.05, 142.18, 134.95, 130.19, 129.27, 128.43, 128.14, 125.88, 125.70, 123.43, 120.23, 110.49,
55.49, 26.14, 24.19, 18.17. IR (neat, cm™): 3025.74, 3000.38, 2956.38, 2833.56, 1597.39, 1488.04,
1461.62, 1435.77, 1289.31, 1240.61, 1174.08, 1107.72, 1028.08. HRMS (DART) ([M+H]") Calcd.
for C1gH190™": 251.14304, found: 251.14301. HPLC analysis: ee = 95%. IB (100% hexanes, 1 mL/min):
tmajor = 22.58 min, tminor = 16.67 min.

% e " @(A@

OMe -)-3f OMe (-
95:5 dr 95% ee 66% vyield; 50% ds; 85% es

A 10 mL oven-dried Schlenk tube was capped with a Teflon screw cap, evacuated and backfilled with
nitrogen 3 times. Under nitrogen atmosphere, solution of alkynylcyclopropane 3f (0.10 mmol, 1.0
equiv) in anhydrous THF (2.0 mL) was added followed by the addition of n-BuLi (0.16 mmol, 1.6 M
in hexanes, 1.6 equiv) at —78 °C. After being warmed up naturally and stirred at 22°C for 1 h, methyl
iodide (0.16 mmol, 1.6 equiv) was added. The reaction mixture was stirred at 22°C for 24 h. Following
completion of the reaction, the reaction mixture was quenched with saturated aqueous solution of
NH4ClI, extracted with ether, drying over anhydrous MgSQs, concentrated under vacuum and purified
by flash column chromatography to afford the compound 6f.2
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1- Methoxy -2-(((1S,2R)-1-methyl-2-phenylcyclopropyl)ethynyl)benzene ((-)-6f) Yield: 66%. dr:
oM 72:28. Ri = 0.3 (Hexane/Ethyl Acetate: 10/1). [a]3° = (-)-133.98° (c = 0.5,
% CHClIs). *H NMR (500 MHz, CDCls): § 7.35 — 7.28 (m, 4H), 7.01 (dd, J = 7.7,
OMe -)-6f 1.7 Hz, 1H), 6.89 (ddd, J = 12.6, 9.6, 4.6 Hz, 1H), 6.77 (ddd, J = 6.7, 3.3, 2.5
Hz, 2H), 3.78 (s, 3H), 2.18 (dd, J = 8.5, 6.7 Hz, 1H), 1.57 (s, 3H), 1.50 (dd, J = 6.6, 5.1 Hz, 1H), 1.28
(dd, J = 8.5, 5.0 Hz, 1H). *C NMR (126 MHz, CDCls): & 159.97, 138.97, 133.72, 129.39, 128.36,
127.81, 126.07, 120.35, 113.23, 110.69, 96.88, 76.42, 55.84, 32.79, 25.74, 23.29, 17.97. IR (neat, cm’
1. 2960.12, 2930.36, 2344.24, 2222.81, 1737.47, 1595.78, 1574.03, 1494.12, 1433.30, 1365.31,
1275.51, 1249.43, 1114,76, 1025.64 HRMS (DART) ([M+H]") Calcd. for C19H190": 263.14304,
found: 263.14337. HPLC analysis: ee = 81%. ODH (99.7% hexanes : 0.3% isopropanol, 1 mL/min):
tmajor = 14.79 min, tminor = 9.53 min.

H M 1) n-BuLi
W n-buLli N \
P R
©\// 2) Benzyl Bromide ©\///
OMe (-)-3f OMe (-)-7f

95:5 dr; 95% ee 72% vyield; 100% ds; 98% es

A 10 mL oven-dried Schlenk tube was capped with a Teflon screw cap, evacuated and backfilled with
nitrogen 3 times. Under nitrogen atmosphere, solution of alkynylcyclopropane 3f (0.10 mmol, 1.0
equiv) in anhydrous THF (2.0 mL) was added followed by the addition of n-BuL.i (0.16 mmol, 1.6 M
in hexanes, 1.6 equiv) at =78 °C. After being warmed up naturally and stirred at 22°C for 1 h, benzyl
bromide (0.16 mmol, 1.6 equiv) was added. The reaction mixture was stirred at 22°C for 24 h.
Following completion of the reaction, the reaction mixture was quenched with saturated aqueous
solution of NH4ClI, extracted with ether, drying over anhydrous MgSOa, concentrated under vacuum
and purified by flash column chromatography to afford the compound 7f.2

1-(((1R,2R)-1-Benzyl-2-phenylcyclopropyl)ethynyl)-2-methoxybenzene ((-)-7f) Yield: 72%. dr:
94:6. Rt = 0.3 (Hexane/Ethyl Acetate: 10/1). [a]3? = (-)-121.93° (c = 0.5,
_ CHClIs). *H NMR (600 MHz, CDCls): § 7.49 (d, ] = 7.4 Hz, 2H), 7.37 (t, J= 7.5
©\/ Hz, 2H), 7.31 (dd, J = 10.9, 5.8 Hz, 4H), 7.28 — 7.21 (m, 2H), 7.17 (t, J = 7.9 Hz,
OMe (-)-7f 1H), 7.00 — 6.97 (m, 1H), 6.78 (dd, J = 7.3, 6.5 Hz, 2H), 3.78 (s, 3H), 3.05 (s,
2H), 2.42 — 2.36 (m, 1H), 1.59 — 1.55 (m, 1H), 1.47 (dd, J = 8.7, 5.2 Hz, 1H). *C NMR (151 MHz,
CDClIs): 6 162.62, 141.88, 141.11, 135.98, 132.16, 131.25, 131.04, 130.78, 130.35, 129.07, 128.71,
122.84, 115.86, 113.29, 98.25, 80.81, 58.32, 47.32, 34.09, 26.39, 24.27. IR (neat, cm™): 3060.24,
3026.95, 2932.32, 2224.94, 1715.68, 1595.77, 1493.83, 1453.91, 1433,20 1250.54, 1113.19, 1027.36.
HRMS (DART) ([M+H]") Calcd. for C2sH230": 339.17434, found: 339.17432. HPLC analysis: ee =
93%. 1A (99.5% hexanes: 0.5% isopropanol, 0.5 mL/min): tmajor = 11.80 min, tminor = 12.85 min.

ALH
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\AQ ) n-BuLi a
2) Allylic Bromide

OMe (-)-3f OMe (-)-8f
94:6 dr; 95% ee 91% yield; 93% ds; 88% es

A 10 mL oven-dried Schlenk tube was capped with a Teflon screw cap, evacuated and backfilled with
nitrogen 3 times. Under nitrogen atmosphere, solution of alkynylcyclopropane 3f (0.10 mmol, 1.0
equiv) in anhydrous THF (2.0 mL) was added followed by the addition of n-BuLi (0.16 mmol, 1.6 M
in hexanes, 1.6 equiv) at —78 °C. After being warmed up naturally and stirred at 22°C for 1 h, allylic
bromide (0.16 mmol, 1.6 equiv) was added. The reaction mixture was stirred at 22°C for 24 h.
Following completion of the reaction, the reaction mixture was quenched with saturated aqueous
solution of NH4ClI, extracted with ether, drying over anhydrous MgSOs, concentrated under vacuum
and purified by flash column chromatography to afford the compound 8f.2

1-(((1S,2R)-1-Allyl-2-phenylcyclopropyl)ethynyl)-2-methoxybenzene ((-)-8f) Yield: 91%. dr: 91:9.
SNAS! Rt = 0.3 (Hexane/Ethyl Acetate: 10/1). [a]3° = (-)-83.28° (c = 0.5, CHCls). H
@\/ | NMR (500 MHz, CDCls): § 7.30 (dt, J = 13.2, 7.5 Hz, 4H), 7.21 — 7.12 (m, 2H),
OMe (-)-8f 7.00 — 6.96 (m, 1H), 6.77 — 6.70 (m, 2H), 6.07 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H),
5.16 (ddd, J = 13.6, 11.0, 1.2 Hz, 2H), 3.75 (s, 3H), 2.42 (ddd, J = 81.5, 14.4, 6.8 Hz, 2H), 2.21 (dd, J
=8.5,6.9 Hz, 1H), 1.49 (dd, J = 6.6, 5.3 Hz, 1H), 1.32 (dd, J = 8.7, 5.1 Hz, 1H). 13C NMR (126 MHz,
CDCls): 4 160.05, 138.70, 135.58, 133.62, 128.76, 128.47, 127.82, 126.14, 120.33, 116.85, 110.79,
107.50, 95.58, 77.68, 55.86, 43.42, 31.22, 22.61, 21.63. IR (neat, cm™): 3073.85, 3002.62, 2934.50,
2834.24,2220.46, 1640.44, 1595.17, 1574.31, 1493.19, 1455.50, 1432.92, 1251.99, 1114.12, 1047.26,
1025.78. HRMS (DART) ([M+H]") Calcd. for C21H210": 289.15869, found: 289.15874. HPLC
analysis: ee = 84%. IB (99.8% hexanes: 0.2% isopropanol, 0.5 mL/min): tmajor = 14.06 min, tminor =
13.74 min.

H H

NaN; MeO
4 Phl(OAc), %
CHSCN
OMe 3f HN N of
94:6 dr: 95% ee 81% yield; 100% ds; 100% es

A 10 mL oven-dried Schlenk tube was capped with a Teflon screw cap, evacuated and backfilled with
nitrogen 3 times. Under nitrogen atmosphere, solution of alkynylcyclopropane 3f (0.10 mmol, 1.0
equiv) in anhydrous acetonitrile (2.0 mL) was added followed by the addition of NaN3 (0.15 mmol,
1.5 equiv) and PhI(OAc)2 (0.1 mmol, 1.0 equiv). The reaction mixture was stirred at 22°C for 12 h.
Following completion of the reaction, the reaction mixture was concentrated under vacuum and
purified by flash column chromatography to afford the compound 9f.2
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4-(2-Methoxyphenyl)-5-((1R,2R)-2-phenylcyclopropyl)-2H-1,2,3-triazole ((-)-9f) Yield: 81%. dr:
94:6. Ri = 0.3 (Hexane/Ethyl Acetate: 1/1). [a]3° = (-)-79.31° (c = 0.5, CHCls).

H 'H NMR (600 MHz, CDCls): § 7.64 (dd, J = 7.6, 1.5 Hz, 1H), 7.36 (ddd, J = 8.5,

HNN/_KI“‘(\_)_M 7.7, 1.7 Hz, 1H), 7.28 (t, J = 7.6 Hz, 2H), 7.18 (dd, J = 10.5, 4.2 Hz, 1H), 7.13
(d,J=7.2Hz, 2H), 6.97 (ddd, J=8.4, 7.0, 3.1 Hz, 2H), 3.78 (s, 3H), 2.61 — 2.43

(m, 1H), 2.22 (ddd, J = 8.8, 5.8, 4.7 Hz, 1H), 1.81 (dt, J = 8.8, 5.4 Hz, 1H), 1.64 — 1.42 (m, 1H). 13C
NMR (151 MHz, CDCly): 6 156.42, 144.67, 142.08, 130.32, 130.04, 129.97, 128.51, 125.99, 125.92,
121.25, 116.96, 111.39, 55.70, 26.33, 19.59, 17.50. IR (neat, cm™): 2933.53, 2836.57, 2103.14,
1604.31, 1489.90, 1462.88, 1434.70, 1117.48, 1024.70. HRMS (DART) ([M+H]") Calcd. for
Ci1gH1sN30 *: 292.14444, found: 292.14493. HPLC analysis: ee = 95%. IB (85% hexanes: 15%

isopropanol, 1 mL/min): tmajor = 5.87 min, tminor = 5.30 min.
H

H wH _
//‘“ Na,S-9H,0 S
e IRs
(-)4a

3a
87:13 dr; 96% ee 73% vyield; Z/E = 85:15; 36% ee

MeO H

A 10 mL oven-dried Schlenk tube was capped with a Teflon screw cap, evacuated and backfilled with
nitrogen 3 times. Under nitrogen atmosphere, solution of alkynylcyclopropane 3a (0.10 mmol, 1.0
equiv) and NazS-9H20 (0.60 mmol, 6.0 equiv) in DMA (0.5 mL) was added. The reaction mixture
was stirred at 150 °C for 12 h. Following completion of the reaction, ethyl acetate (2.0 mL) was added.
The solution was washed with water (3 x 3.0 mL) and extracted with ethyl acetate (3 x 3.0 mL). The
organic layers were combined, dried over sodium sulfate, concentrated under vacuum and purified by
flash column chromatography to afford the compound 4a.*

4-(2-Methoxyphenyl)-5-((1R,2R)-2-phenylcyclopropyl)-2H-1,2,3-triazole ((-)-9f) Yield: 73%. Z/E:
H 85:15. R =0.3 (Hexane/Ethyl Acetate = 20/1). [«a]3? = (-)-17.49° (c=0.5, CHCls).
_ s O 'H NMR (600 MHz, CDCls) & 7.45 (t, J = 7.9 Hz, 4H), 7.34 (ddd, J = 8.3, 6.2, 1.6
(-)4a Hz, 5H), 7.17 (g, J = 6.8 Hz, 1H), 6.48 (s, 1H), 4.84 (dd, J = 10.0, 5.3 Hz, 1H), 3.12
—3.02 (m, 1H), 2.96 (dddd, J = 13.9, 11.7, 6.3, 2.2 Hz, 1H), 2.45 (dtd, J = 11.4,5.7, 2.3 Hz, 1H), 2.10
(tddd, J=11.4,10.0, 6.3, 1.3 Hz, 1H). **C NMR (151 MHz, CDCls) & 143.17, 140.70, 137.74, 128.73,
128.45, 127.90, 127.85, 127.24, 125.90, 116.89, 56.38, 46.87, 46.73, 40.44, 37.61. IR (neat, cm™):
3023.86, 2926.98, 1614.26, 1490.68, 1444.63, 1262.85, 1088.98, 750.35. HRMS (DART) ([M+H]")
Calcd. for C17H17S*: 253.1045, found: 253.1045. HPLC analysis: ee = 36%. ID (99.9% hexanes : 0.1%

isopropanol, 0.8 mL/min): tmajor = 13.41 min, tminor = 12.17 min.
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8. X-Ray Crystallography

The X-ray diffraction data were collected using Bruker-AXS SMART-APEXII CCD diffractometer
(CuKa, A = 1.54178 A). Indexing was performed using APEX2° (Difference Vectors method). Data
integration and reduction were performed using SaintPlus.® Absorption correction was performed by
multi-scan method implemented in SADABS.” Space groups were determined using XPREP
implemented in APEX2.> The structure was solved using SHELXS-97 (direct methods) and refined
using SHELXL97 contained in WinGX v1.70.01%°1% program.
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OMe (-)-3aa e N
Table S1. Crystal data and structure refinement for (-)-3aa
Identification code C18H15BrO
Empirical formula C18H15BrO
Formula weight 327.21
Temperature 173(2) K
Wavelength 1.54178 A
Crystal system Monoclinic
Space group P2,
Unit cell dimensions a=8.4438(8) A a=90°.
b = 5.8701(6) A =100.634(3)°.
c = 15.4882(15) A y=90°,
Volume 754.50(13) A3
Z 2
Density (calculated) 1.440 Mg/m®
Absorption coefficient 3.640 mm*
F(000) 332
Crystal size 0.380 x 0.080 x 0.060 mm?
Theta range for data collection 2.903 to 66.379°.
Index ranges -9<=h<=9, -6<=k<=6, -18<=1<=18
Reflections collected 8320
Independent reflections 2577 [R(int) = 0.0332]
Completeness to theta = 66.380° 98.6 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7528 and 0.5569
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 2577/1/181
Goodness-of-fit on F2 1.077

Final R indices [I1>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

R1 =0.0205, wR2 = 0.0546
R1 =0.0275, wR2 = 0.0553
-0.038(14)

n/a

0.215 and -0.219 e.A-3
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Table S2. Crystal data and structure refinement for 4g

- »
N
:/ N

P

MINE
NI E
/

dentification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.545°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C28H41N302
C28 H41 N3 02
451.64

173(2) K
1.54178 A
Triclinic

P

a=7.6884(2) A
b =12.6896(3) A
c = 14.6933(4) A
1343.57(6) A3

2

1.116 Mg/m?®
0.546 mm-1

492

0.160 x 0.120 x 0.060 mm3
3.166 to 66.545°.

-9<=h<=9, -15<=k<=15, -17<=

22818
4588 [R(int) = 0.0282]
96.6 %

o= 107.9050(10)°.
B=90.1750(10)°.
v = 99.4080(10)°.

I<=17

Semi-empirical from equivalents

0.7528 and 0.7131

Full-matrix least-squares on F?
4588 /21 /336

1.022

R1=0.0417, wR2 = 0.1093
R1 =0.0498, wR2 = 0.1195
n/a

0.184 and -0.180 e. A3
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9. DFT Calculations

Considering the cost of time and computing resources for the large system with [Co(P6)], the geometry
optimizations were performed with the Gaussian 16! at the BP86'%%/lanl2dz*™ level of theory in
the gas phase at room temperature. Gas-phase Hessian matrix calculations were applied to the
characterization of all minima (without imaginary frequency) and transition states (with only one
imaginary frequency).

Thermochemical parameters such as internal energy, enthalpy, entropy, Gibbs free energy and thermal
corrections (entropy and enthalpy, 298.15 K, 1 Atm) were obtained from these calculations. To further
improve the accuracy of energies, single point energies were carried out at the B3LYP%/def2-tzvp'41®
level of theory along with Grimme’s dispersion correction!’ (D3BJ) and SMD*® solvation model (in
ethyl acetate).

Independent Gradient Model (IGM)? analysis was performed with Multiwfn?® software package
using high quality grid option to generate files for further plotting. The visualization of IGM analysis
results were presented with VMD?! visualization software. As shown in Scheme S2, the 3D
diagrams of optimized structures were generated with CY Lview software.??> The NCI (noncovalent
interaction) and the spin density visual representations of optimized structures were generated with
VMD and rendered with Tachyon.??

9.1. Scheme S2: Calculated Energy Diagram for [Co(P6)]-Catalyzed Radical Cyclopropanation
of Styrene (2a) with Alkynyl Diazomethane (1a’)

AG (298 K)

(kcalimol) Ph\N:N _}Ph
\P} ';: H Ph Ph_i\.
/H Ph -N [Co(P6)] \i\ u .YH
Z Sk 151 ) Ph

o [(So:PG)] \_H LTS ?\‘C/O(Pﬁ)l [CS(';G” —

0.0 (Coe) NN T2 PhNE\

A _B' i \.(H H

Ts2 [Co(P6)]

[Co(P6)]

N -19.4 y. Ph -8.0 o —26.'6
c \\ .ﬂ/ \\ \_D H \ WH
. e P Ph
e — Z,
[Co(P6)] Ph -30.5 [Co(P6)]
\ . Ph .. 457
\ ] -
Hi\ 7

[Co(P6)]
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9.2. Scheme S3: Optimized Structure Models, NCI Plot and Spin Density Representations of
Intermediates and Transition States

[Co(P6)] [Co(P6)] [Co(P6)]

Co—C:2.792 A

Intermediate B Intermediate B Intermediate B
Co—C: 1.979 A
/N
{ I f )\
/J
!
= * 2.472A ..
\f_,Z'BQOA
=
/ \
\

Transition State 1 Transition State 1 Transition State 1
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Intermediate C

Co—C:1.902 A

Intermediate C

Intermediate C

Co—C:1.947 A

Transition State 2

Intermediate D

Co—C:2.057 A

Intermediate D

Intermediate D
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Transition State 2'

Intermediate D’

Transition State 2'

Intermediate D'

Co—C:1.918 A

Transition State 2'

Co—C:1.948 A

Intermediate D'
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Intermediate A

A[co(1)(P6)]

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm

G_corr: 1.333865 Hartree

H_corr: 1.583795 Hartree

SCF: -4738.422006 Hartree

S:526.023 Cal/Mol-Kelvin

H: -4736.838211 Hartree

G: -4737.088141 Hartree

Cartesian Coordinates:

Co

0.03934800

3.08077300

-4.90023900

-1.78130800

2.87722900

0.05983900

0.01209800

1.80702300

1.88057400

-2.95133500

-2.61075500

-0.29835800

-0.10254700

0.01093100

-0.00003300

7.33946200

5.62002500

-0.18595100

-0.86170600

1.24476900

-1.52989400

5.36918900

4.34710300

4.36821100

3.41062600

3.43626100

2.64686000

3.20182300

0.00001000

0.26140600

1.06249500

5.26643800

4.48060600

1.53516800

1.24959600

0.47554800

0.51694300

0.62192900

0.48572700

0.35821500

1.51000200

2.85253800
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C

-0.08367500

0.26773900

0.41994300

0.26458100

0.34462300

0.15853700

0.02778800

0.10321600

-0.22242800

-0.38252200

-0.20362500

-0.58298200

0.47456000

0.18725800

1.01024100

-1.15796200

-1.38022800

-2.22526300

-3.26416600

-1.93495600

3.01217200

4.23191000

4.07399900

5.58751000

6.25549000

5.54816300

4.26113300

2.14634300

2.16532200

0.93413100

-0.35788700

-1.50440100

-2.84446900

-3.07975500

-3.69797100

-4.77521800

-2.89041200

4.91134200

5.87233200

7.26155900

7.97775900

7.67423200

8.74510400

6.75156000

7.07108400

5.36467500

6.07589000

5.19991800

4.22650200

5.88633800

5.40469300

6.98021800

3.08888000

3.70288600

4.78094400

2.89779400

3.44409600

2.65343200

3.20543700

4.26613500

2.15125300

2.16925200

0.93846000

0.50847100

0.52250800

0.61306500

0.59745300

0.71884400

0.79364300

0.73678200

0.83412000

0.62602500

0.40158400

0.51179200

0.99334800

0.78549700

1.50692700

0.82483300
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5.36253100

6.06524200

7.48530200

8.05460800

8.16521200

9.26158400

7.43264700

7.95535700

6.01727800

5.44321900

5.34041900

4.24346700

5.19559300

6.18833300

4.66492900

4.62625500

-4.32833300

-5.06448900

-4.56995500

-6.60477700

-7.06809200

-7.07237800

-5.92641800

-5.89825800

-4.67466600

-3.73188600

5.22663500

3.90716900

3.86253800

4.77809500

2.65518100

2.63731200

1.46785400

0.52601400

1.50223500

0.58382300

2.71522500

2.73443800

6.11807800

6.37704000

7.05187700

5.59078400

4.50521800

3.19454400

2.38644300

3.20018200

4.19248100

2.46842900

2.71772600

1.22917200

0.56547200

1.12559000

-0.57706900

-0.84527700

-0.88261500

-0.67720700

-1.16671100

-1.18856300

-1.41263500

-1.61638600

-1.38162700

-1.55490800

-1.10812900

-1.09289600

-1.81578400

-2.23019500

-1.56257000

-2.60443900

0.83688600

0.79893700

0.24515900

0.74228800

0.76748200

0.07582200

2.02541400

2.32110200

2.60389400

2.56223000
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-4.65476800

-3.69803300

-5.86628800

-5.85356900

-7.09315400

-8.03476400

-7.10708200

-8.05750700

-6.00510000

-6.93984800

-5.99131700

-5.15597500

0.55830100

-0.52329300

-0.31790500

-1.15099700

0.98655300

1.15152900

2.08233900

3.08352100

1.85922900

-2.93434700

4.23897400

3.08104600

-4.90002400

-1.78143200

-0.81117500

-1.30409400

-1.54350000

-2.61124700

-0.88891200

-1.44944800

0.48664100

0.99072700

3.60240400

3.38707100

4.67272100

3.39898000

-0.51798100

-0.42191500

-0.56588900

-0.49072800

-0.81411600

-0.92601700

-0.92275900

-1.11474400

-0.77455400

-0.04071500

-1.16179400

-7.33945400

-5.62015500

0.18583700

2.93220600

3.14192200

2.99209900

3.24091600

2.72090200

2.76916200

2.38824600

2.17175200

3.27825400

3.82997300

3.01013500

3.95811500

4.92373700

5.84550400

7.24392000

7.94782000

7.72143700

8.79931900

6.83916600

7.23414500

5.44389400

6.17099300

4.95137500

-0.26115800

-1.06252300

-5.26634000
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2.87710100

0.05990500

0.01199500

1.80724200

1.88077000

-2.95111900

-2.61054700

-0.29817600

-0.10240900

0.01104900

-0.08351000

0.26776600

0.41992200

0.26457500

0.34454600

0.15843000

0.02763400

0.10306900

-0.22261400

-0.38274500

-0.20378300

-0.58276900

0.47479100

0.18751100

1.01050400

-1.15770100

0.86173400

-1.24483600

1.52982500

-5.36923600

-4.34715100

-4.36833300

-3.41074500

-3.43634700

-2.64693600

-3.20189000

-4.26120400

-2.14639300

-2.16535400

-0.93418500

0.35783600

1.50434400

2.84440900

3.07970300

3.69789700

4.77513900

2.89033300

-4.91143300

-5.87240400

-7.26163800

-7.97782600

-7.67433700

-4.48066300

-1.53514700

-1.24958000

-0.47551300

-0.51698300

-0.62197700

-0.48577700

-0.35819200

-1.50997900

-2.85252100

-3.08886300

-3.70287500

-4.78094100

-2.89777900

-3.44408200

-2.65341500

-3.20541500

-4.26611200

-2.15122700

-2.16922100

-0.93843800

-0.50844600

-0.52245100

-0.61297100

-0.59733500

-0.71876500
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-1.37994300

-2.22501700

-3.26391300

-1.93473300

3.01241000

4.23212200

4.07420000

5.58776600

6.25576200

5.54845800

5.36268700

6.06531800

7.48537400

8.05475500

8.16518200

9.26155300

7.43251400

7.95514300

6.01714400

5.44300600

5.34039100

4.24344000

5.19569800

6.18841800

4.66509500

4.62626800

-8.74521500

-6.75168200

-7.07122300

-5.36479000

-6.07590300

-5.19990100

-4.22655900

-5.88631400

-5.40475100

-6.98020000

-5.22641700

-3.90687500

-3.86210100

-4.77762200

-2.65465000

-2.63666600

-1.46737700

-0.52546700

-1.50190100

-0.58352900

-2.71498100

-2.73430300

-6.11766600

-6.37650600

-7.05153000

-5.59027400

-0.79354700

-0.73674900

-0.83411000

-0.62601500

-0.40151000

-0.51176400

-0.99346500

-0.78529000

-1.50676200

-0.82446900

0.57716000

0.84520500

0.88244500

0.67708400

1.16639600

1.18817000

1.41226900

1.61590200

1.38135500

1.55458700

1.10800300

1.09281400

1.81600600

2.23053700

1.56290200

2.60453000
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-4.32810500

-5.06426400

-4.56972400

-6.60455200

-7.06787000

-7.07214900

-5.92618300

-5.89802600

-4.67444200

-3.73164300

-4.65457700

-3.69785100

-5.86611800

-5.85341900

-7.09298100

-8.03460800

-7.10687700

-8.05729600

-6.00487300

-6.93962400

-5.99108900

-5.15575100

0.55817900

-0.52345100

-0.31811500

-1.15122900

-4.50533900

-3.19466200

-2.38658300

-3.20029900

-4.19259500

-2.46855400

-2.71781400

-1.22925000

-0.56550000

-1.12558200

0.81115700

1.30412000

1.54343900

2.61119400

0.88879900

1.44930200

-0.48676200

-0.99089200

-3.60246300

-3.38712100

-4.67278600

-3.39903000

0.51794000

0.42185400

0.56583800

0.49066400

-0.83699200

-0.79901000

-0.24520500

-0.74235400

-0.76757500

-0.07587900

-2.02547100

-2.32111900

-2.60381200

-2.56210400

-2.93209000

-3.14174800

-2.99204500

-3.24082900

-2.72094700

-2.76925500

-2.38832900

-2.17191200

-3.27832900

-3.83003800

-3.01023100

-3.95819000

-4.92373000

-5.84545300

-7.24387600

-7.94774800
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H

H

Ala’

0.98632300

1.15125900

2.08214000

3.08330500

1.85908100

-2.93450200

4.23882600

4.84822200

4.27196200

4.61994500

-3.79131200

-2.79575200

-3.10180900

4.84808900

427177800

4.61980800

-3.79143200

-2.79590300

-3.10202300

0.81409500

0.92600300

0.92275700

1.11476100

0.77454200

0.04056600

1.16185500

-1.22351100

-2.13048600

-0.35558600

0.14062400

0.81735100

-0.96675600

1.22361200

2.13054400

0.35565200

-0.14081600

-0.81748800

0.96660600

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm

G_corr: 0.084648 Hartree

H_corr: 0.131982 Hartree

SCF: -456.153645Hartree

-7.72143600

-8.79932400

-6.83920700

-7.23422100

-5.44392700

-6.17084900

-4.95146300

4.03848200

5.48642700

5.60810700

5.50680200

6.85675200

6.75447300

-4.03858100

-5.48652400

-5.60819200

-5.50662300

-6.85662400

-6.75431400
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S:99.622 Cal/Mol-Kelvin

H: -455.757252 Hartree

G: -455.804586 Hartree

Cartesian Coordinates:

-4.85027900  1.00185300 0.00083100
-4.03063300  0.14431500  0.00015400
-3.51793700 -1.84750100 -0.00032800
-3.11657000 -0.82960100 -0.00020700
-1.73064700 -0.55419000 -0.00054500
-0.50204000 -0.35992600 -0.00065000
0.74035900  2.04581800 -0.00083600
0.91075500 -0.13281600 -0.00047000
143475200 1.19816300 -0.00048400
1.82602100 -1.23196800 0.00022600
1.43273300 -2.25473400 0.00043100
2.82854400 1.41628400 0.00001400
3.21576200  2.44188900 -0.00007400
3.21786700 -1.00166000  0.00045500
3.72769200 0.32074800  0.00037600
3.90752200 -1.85383800  0.00089600
4.80971100  0.49498500 0.00071900

Intermediate B

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm
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G_corr: 1.440962 Hartree

H corr: 1.717747 Hartree

SCF: -5194.313943 Hartree

S: 582.542 Cal/Mol-Kelvin

H: -5192.596196 Hartree

G: -5192.872981 Hartree

Cartesian Coordinates:

N

N

Co

© O o o

pzd

C

H

C

2.30173200

2.21064600

-0.36358800

3.30091400

-4.49869500

-1.73735700

2.79514800

-0.10072000

-0.46938100

1.97320500

1.98569400

-2.78646000

-2.57251400

-0.30083700

-0.11199200

0.14644500

0.17224600

0.34780200

1.68473800

2.86133900

0.05943400

-7.03292600

-6.03228700

0.13111000

0.88770900

-1.21552400

1.54833400

-5.15598100

-4.13290700

-4.59363800

-3.60765900

-3.40575800

-2.62517800

-3.19672600

-4.26557600

-2.13972400

0.71295300

0.66789400

0.13176100

0.69027800

-1.48989300

-5.31783200

-4.04922700

-1.35325600

-1.16640700

0.18414700

0.11074000

-0.74169600

-0.55945400

-0.13314900

-1.29320200

-2.60859500

-2.81860200

-3.47313300
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C

C

0.55630100

0.17428000

0.19050300

-0.17527900

-0.39474800

-0.23198600

-0.86270300

-1.15169600

-0.88331700

-0.41742600

0.70758300

0.55664700

1.42301700

-0.71028400

-0.82164800

-1.83672500

-2.81473000

-1.68990700

3.18917400

4.37188300

4.22871600

5.76492800

6.47384500

5.75461200

5.41162400

6.09408900

-2.16679000

-0.91581900

0.36668400

1.50867600

2.81334600

3.03334300

3.65126900

4.69915900

2.87795300

-4.90543600

-5.76676800

-7.17834200

-7.81725200

-7.71477600

-8.80269500

-6.89439900

-7.30829600

-5.48565000

-5.77874000

-4.84906700

-3.86445100

-5.49557100

-4.96190000

-6.58699500

-4.90427500

-3.59973100

-4.54199500

-2.70404400

-3.27882600

-2.54578200

-3.15359500

-4.20782700

-2.16266100

-2.23473000

-0.92758600

-0.26099000

-0.06741300

-0.15906000

0.01560900

-0.46873100

-0.54506000

-0.68419400

-0.93478700

-0.57115100

0.49502400

0.54797200

0.08729700

0.35560500

-0.28526300

0.26467000

1.72301800

2.10003300
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7.48017400

8.03042700

8.15562400

9.22481900

7.45562500

7.97948600

6.07704300

5.53114400

5.40071800

4.33258900

5.16850600

6.13042700

4.67828400

4.52868500

-4.09096100

-4.96360800

-4.65719300

-6.48291100

-6.81802000

-7.12924700

-5.67462600

-5.77720800

-4.61209100

-3.62602400

-4.70663500

-3.79388400

-3.61799200

-4.56576800

-2.43484900

-2.46901900

-1.20330200

-0.28088000

-1.17409200

-0.22240900

-2.36512100

-2.32985800

-5.85086700

-6.11015300

-6.78084800

-5.36670400

-4.86889700

-3.64644600

-2.80673200

-3.82749800

-4.86483400

-3.17265200

-3.23519200

-1.74547100

-0.93782300

-1.38653600

0.44081700

1.04493000

2.42111700

2.36161900

2.79721400

3.03902100

2.85095500

3.12864000

2.53346800

2.54606900

2.17163700

1.92851300

2.90718500

3.38882100

2.57350200

3.66901500

-1.17091100

-1.23796200

-0.60157400

-1.42420900

-1.53152400

-0.83144100

-2.57933800

-2.85046300

-2.93736300

-2.76282400

-3.24388000

-3.30564900
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-5.97358400

-6.05026900

-7.14132500

-8.12471600

-7.04185500

-7.94740200

-5.45459700

-6.31112700

-5.35834400

-4.53964900

0.54526300

-0.43053100

-0.07903600

-0.83174800

1.26551600

1.54151500

2.26100100

3.29611700

1.89089300

-2.78468500

4.21234300

1.25540100

-6.15876100

-2.65977900

2.09424000

-0.69307100

1.03042000

2.09973500

0.23162900

0.68203400

-1.14543300

-1.76225600

-4.08608000

-3.96213100

-5.15536200

-3.76786600

0.51286700

0.38903000

0.52162400

0.42663400

0.78223200

0.88655700

0.91260000

1.11559600

0.77733200

-0.04429600

1.10882900

8.00568700

4.68168900

-0.33570000

-0.21665800

1.33327600

-3.47809800

-3.70747200

-3.40355000

-3.58543300

-3.09239300

-3.02931100

-3.83868100

-4.52833600

-3.58353500

-4.37370400

-4.73310400

-5.76234100

-7.13303400

-7.92018800

-7.47330200

-8.52903500

-6.48155100

-6.76916700

-5.11690100

-6.33856100

-4.36984800

0.82088800

0.63961400

5.22757200

4.84704200

1.61327200
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-0.36654300

0.50102900

0.81890600

-3.97790300

-3.45160300

-1.20238800

-1.03852600

-1.15091800

-1.41299400

-0.84256400

-0.81137300

-0.59196400

-0.38877300

-0.35652700

-0.37769400

-0.37711600

-0.42674100

-0.46421600

-0.38740000

-1.75440800

-0.91279400

-1.48999400

-0.83167600

-2.89310100

-3.32908000

-3.75074000

-1.43774000

5.79031500

4.81551300

3.83558900

2.96205900

3.43261700

2.69906900

3.29034100

4.33103900

2.30039900

2.36449600

1.08349100

-0.17413600

-1.35747700

-2.68855700

-2.88615900

-3.59294100

-4.68066500

-2.82144800

4.83579800

5.98962300

7.28962100

8.15597600

7.42489600

8.42911500

6.30858400

1.42563700

0.52108100

0.44667300

0.33307100

0.22847300

0.32836500

1.52180200

2.84828700

3.03512500

3.75844500

4.84506900

3.00085800

3.59554900

2.83621900

3.42365900

4.49469200

2.38277700

2.42679300

1.14710700

0.40332900

0.49216100

0.56279400

0.63239500

0.55742400

0.61525000

0.48511900
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-4.83706500

-3.17728100

1.49996800

2.89778800

2.98688900

3.95950200

4.64803000

3.60243500

4.08770900

5.16438900

6.50938100

6.74929400

7.53417900

8.56794500

7.22737500

8.02002700

5.88884600

5.64302900

4.86694300

3.83133800

3.82013200

4.74154200

3.01363800

3.52986500

-5.36615600

-5.83230400

6.41006500

5.01158700

6.76022500

6.21330800

5.12629200

7.04744600

6.49680700

8.00748700

6.91464500

5.99692800

6.12301500

6.85009500

5.32786700

5.43825000

4.39370100

3.77736600

4.26084300

3.54022100

5.05670900

4.94895700

8.14125900

8.74892700

8.76377900

7.83205100

3.70145100

2.27388300

0.49600700

0.40725500

0.69937000

0.75844400

0.84479500

1.51767200

2.16744300

1.90481100

0.00317000

-0.54762800

-0.10932900

0.67665600

-0.67503700

-0.32567800

-1.69370500

-2.13468000

-2.13749100

-2.92641600

-1.56981400

-1.91666200

-0.88179600

-0.96226000

-0.46032800

-1.90376600

0.45914100

0.38435300
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-5.16003100

-7.33892500

-7.98195000

-7.61726600

-6.66144100

-6.36897900

-5.07017700

-4.25670300

-4.81013600

-3.80058400

-5.85324500

-5.65362800

-7.15411000

-7.96600600

-7.40836000

-8.41542800

-6.98242300

-7.89048900

-7.15683700

-6.15206000

-0.28021900

-1.43768100

-1.33169000

-2.22296800

-0.04949700

0.03957100

1.57881000

1.98696500

2.87374900

1.18535300

1.63522200

0.17803100

-0.23377900

0.50140300

-1.58253400

-1.87665200

-2.54033000

-3.58709900

-2.13855500

-2.87518400

-0.78921900

-0.47939600

2.48224100

2.08977500

3.53681400

2.44162000

-0.26648800

-0.33971200

-0.41719900

-0.47096300

-0.42666800

-0.48567300

-0.13421500

0.23423700

0.22520200

-0.45706600

1.55920600

1.86605700

2.26834700

2.31298800

2.60983600

2.91989000

2.56050500

2.81832300

2.16880600

2.13203000

1.82543900

1.51854100

2.79937700

3.29543700

2.52538200

3.52986400

5.09146300

5.91785900

7.33235500

7.96325200

7.92176600

9.01266700
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1.12067300

2.10178500

0.99506000

-3.89841800

3.43904400

4.71962400

4.35711600

4.61620600

-3.70157100

-2.55371000

-2.91079500

4.13140600

3.58095900

3.62357200

-4.70743000

-3.98311100

-3.94639400

3.16204600

5.05620800

4.74728800

4.20505500

6.45647400

3.88847100

7.00320900

2.34388300

6.15926800

-0.36318000

-0.37205600

-0.28454200

-0.38960200

-0.27671500

1.12231900

2.07522000

0.28229800

-0.24519100

-0.90071000

0.87598500

-0.26043900

-1.21419700

0.59683100

-0.38442500

0.49286600

-1.31919300

-0.36999300

-3.11154200

-1.72241900

-2.41246400

-3.13023200

-1.00288600

-2.44843200

0.34881800

-1.75314100

7.13532100

7.61739900

5.72266100

6.02228800

5.44263600

-3.39475200

-4.89208400

-4.98518500

-5.76659500

-7.00115900

-6.94120300

4.58934800

6.01353600

6.09743900

5.27812700

6.68543600

6.62181800

-0.16345700

-3.85811300

-1.84819100

-2.97489700

-3.63951300

-0.94675000

-2.52374500

0.74861100

-1.63024500
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6.57565900

8.08492200

7.11352400

3.12268400

4.62845100

1.88755200

-1.23725100

-2.46406900

-3.67467100

-2.38971100

-3.64383900

-0.10440500

Transition State TS1

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm

-0.75803400

-2.34715400

-4.32777400

-3.14119700

-4.71551000

1.63636700

Imaginary Frequency: -367.2223 cm-1

G_corr: 1.440841 Hartree

H_corr: 1.71512 Hartree

SCF: -5194.303944 Hartree

S: 577.269 Cal/Mol-Kelvin

H: -5192.588824 Hartree

G: -5192.863103 Hartree

Cartesian Coordinates:

N

Co

© O o O

2.62527600

2.44061600

-0.19089100

2.16242300

-5.36407500

-1.55536000

3.00809700

1.31534700

2.42454100

0.06699100

-7.41637700

-5.31515400

0.37034900

0.52437000

0.68567000

0.31906800

0.17177000

0.76345900

-1.61969000

-5.31742200

-3.95421500
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-0.26262400

-0.12245600

1.13507800

1.30099500

-3.47613500

-3.12516500

-0.85040100

-0.52826300

-0.38122400

-0.55939700

0.01721400

0.21281700

0.07844300

0.34909000

0.17875200

0.15533600

0.35360600

-0.20399400

-0.34765900

-0.34325700

-1.18736300

-0.19938500

-0.54885100

0.21343500

-1.87436700

-2.13956400

-1.19232900

1.56920500

-5.38419200

-4.37584100

-4.14242700

-3.19854700

-3.33345000

-2.57798600

-3.16429800

-4.21447600

-2.14929200

-2.19490200

-0.93014200

0.33409200

1.50769800

2.83653300

3.04257200

3.71905400

4.79720300

2.94266800

-4.79651900

-5.80943100

-7.18437900

-7.94163300

-7.53220300

-8.59258500

-1.34845100

-1.11131700

0.16371600

0.07170200

-0.83287100

-0.63992000

-0.16650500

-1.31201200

-2.63693400

-2.86597900

-3.48293300

-4.55348900

-2.69175700

-3.24120600

-2.48880700

-3.08043800

-4.13139700

-2.08304600

-2.14399700

-0.85926000

-0.31441500

-0.10772500

-0.20888100

-0.02139800

-0.54270800

-0.62653700
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-2.86812800

-3.89053300

-2.52363600

2.23841800

3.53633200

3.55148200

4.83691600

5.64274800

4.68614700

4.49642700

5.31735100

6.68540700

7.12695800

7.48111700

8.53501100

6.92181600

7.53986000

5.56085500

5.12297300

4.76405400

3.71182300

4.06737700

4.95945900

3.47505500

3.45893200

-4.79919900

-6.55822500

-6.82780400

-5.18521300

-6.16646400

-5.40782100

-4.44094200

-6.24077200

-5.84554400

-7.32517000

-5.52569800

-4.29443200

-4.45402000

-5.45880600

-3.33843500

-3.48084700

-2.03591400

-1.16674800

-1.86572900

-0.86036100

-2.98852300

-2.84486700

-6.35977500

-6.71404100

-7.23612800

-5.75194100

-4.22405800

-0.77382300

-1.04329800

-0.65028600

0.53011100

0.59953400

0.08304200

0.52551600

-0.10111500

0.49352200

1.83584000

2.18131900

2.53711700

2.52621300

2.88490600

3.15301700

2.87602600

3.13083200

2.52549400

2.49269700

2.19087100

1.91953700

3.05113900

3.60185900

2.73773600

3.74721100

-1.28555000
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C

-5.48596200

-5.06899000

-7.01392100

-7.49250900

-7.56606300

-6.11772700

-6.00529300

-4.73729200

-3.82704000

-4.63321800

-3.64446300

-5.80127500

-5.72375200

-7.07045900

-7.97837500

-7.16955100

-8.15359100

-6.00874500

-6.83252400

-6.06726200

-5.05303900

0.74630800

-0.21651600

0.17768800

-0.56442900

1.55211900

-2.88848600

-2.10280700

-2.84988300

-3.82845400

-2.11097700

-2.37552100

-0.88524700

-0.24887600

-0.83206800

1.13030800

1.60222400

1.89265600

2.96272000

1.26547400

1.84969600

-0.11270200

-0.59613500

-3.24459700

-2.99811900

-4.31755300

-3.05721000

0.43879600

0.44781700

0.53235800

0.53994000

0.60941100

-1.35670000

-0.71418100

-1.55834100

-1.67338500

-0.96913900

-2.70288500

-2.96783700

-3.03468800

-2.84649900

-3.33550200

-3.37750500

-3.58463200

-3.81030800

-3.52954900

-3.72280900

-3.22340500

-3.17477000

-3.96428100

-4.66086100

-3.71321000

-4.48982000

-4.68720500

-5.73568300

-7.09839300

-7.90112700

-7.41016400
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1.86122600

2.53562200

3.59449100

2.12318900

-2.59715300

4.44987800

2.61182800

-5.26323600

-2.71970300

1.98190800

-0.42121900

-0.58798700

1.49463000

1.64562500

-3.25403000

-2.88400500

-0.58754900

-0.54635900

-0.58004900

-0.67915600

-0.43974000

-0.41452700

-0.37600200

-0.40727600

-0.58133000

-0.85923400

0.67343200

0.60809600

0.66849400

0.52661300

0.34717700

0.56711300

7.53611100

5.60254300

0.04267200

-0.73027300

1.35899200

-1.41068400

5.54019100

4.54021300

4.40062100

3.45249300

3.52514500

2.76241400

3.34778900

4.41421500

2.31107700

2.35500600

1.07995900

-0.20114300

-1.35667700

-2.66894500

-8.45992500

-6.39812000

-6.66365500

-5.04132200

-6.35842300

-4.23777500

1.17484600

0.67830100

5.17163300

4.95006600

1.65840400

1.42586800

0.59590800

0.40685500

0.39031600

0.26729700

0.39912100

1.58312000

2.91645200

3.11490500

3.81514800

4.90283900

3.04196100

3.61893400

2.83745500

3.39950200
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-0.91904100

-1.05139600

-1.28892600

-0.84878800

-0.89368100

0.13807000

-0.20403800

0.59455600

-1.56228400

-1.81655000

-2.60225700

-3.65409100

-2.26377500

2.64356800

3.92841800

3.82722200

5.11740400

5.69900900

4.93188600

5.22261800

6.12671300

7.46777600

7.82309500

8.34378700

9.37685200

7.89026200

-2.87776800

-3.53361700

-4.59634200

-2.76425600

4.99894700

5.98327600

7.36009900

8.09492800

7.73799100

8.79996400

6.79235200

7.08226600

5.41858000

6.29843600

5.52431000

4.43962100

6.01442600

5.24590700

6.93489300

6.13915100

5.17063800

4.97022900

5.47307100

4.13873900

3.99527200

3.49740900

4.46666000

2.34187200

2.36471300

1.12181000

0.49391200

0.60920600

0.73227200

0.83793600

0.73865000

0.83587000

0.62645600

0.64066600

0.50415700

0.86983700

0.79328600

0.67815600

1.65753900

2.17771100

2.22103000

0.14065500

-0.60071200

-0.17858800

0.72964600

-0.91608100

-0.57677500

-2.09389300
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8.56850600

6.55394200

6.19579800

5.68049400

4.64484600

5.17394900

6.18777900

4.48675000

4.83606200

-4.64707600

-5.34929800

-4.78565400

-6.87545000

-7.35548200

-7.25732600

-6.32607700

-6.30306000

-5.10817200

-4.17770300

-5.10090400

-4.16716700

-6.29660600

-6.29302900

-7.49546200

-8.42488400

-7.49692400

2.85588400

3.69049100

3.20057700

4.52001300

4.66253800

7.53385200

7.97765800

8.19792900

7.46965000

4.50493100

3.18144700

2.38939900

3.16238800

4.14697400

2.43389100

2.67388700

1.18244700

0.53820300

1.11512000

-0.84109400

-1.31703100

-1.59599200

-2.66569900

-0.96140200

-1.54001000

0.41718600

-2.66933900

-2.52232400

-3.43580500

-1.78175300

-2.11533500

-0.50175600

-0.49997100

0.04771200

-1.55340600

0.48553200

0.35737800

-0.15178200

0.13989900

0.12904600

-0.58229700

1.48077300

1.76094800

2.17954600

2.25458700

2.49738300

2.81911800

2.40809200

2.64843300

1.99910600

1.93158500

1.67908000
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-8.42502400

-6.55147900

-7.53397100

-6.53063100

-5.77297300

-0.36480400

-1.54458400

-1.50561800

-2.41306700

-0.26933900

-0.23161400

0.91896000

1.86360900

0.86156800

-3.97360400

3.27388700

4.93005200

4.72092900

4.76693600

-3.54450400

-2.47700600

-2.58037400

3.98490200

3.22457300

3.58948300

-4.74186800

0.90689300

3.53952300

3.29925400

4.61336800

3.34276200

-0.33217600

-0.19671600

-0.30741600

-0.19972600

-0.56257500

-0.64788200

-0.71182100

-0.90920200

-0.59719000

0.21244100

-1.03420500

0.55809500

1.49227800

-0.32152600

0.27624000

-0.53135500

1.27755700

-1.13980400

-1.98379200

-0.21028000

0.37512000

1.35789800

2.72920800

3.17825400

2.47633900

3.49076400

5.11546200

5.90175400

7.31732100

7.91748100

7.94837400

9.04053000

7.20213600

7.71559200

5.78719900

5.92505300

5.58775100

-3.24940500

-4.78367900

-4.81622600

-5.80540400

-7.02143400

-6.95847500

4.75669900

6.15443400

6.25669900

5.15590900
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-3.91581800 1.08854500  6.59939600
-4.21405000 -0.69784300 6.50764600
2.51622400 -1.01902600 -0.24852000
458905800 -3.68110700 -3.91324100
416141900 -2.38991700 -1.85893500
3.69822000 -2.97282200 -3.07911900
5.95501400 -3.81327300 -3.55744200
3.26926100 -1.66072500 -1.00506500
6.42412100 -3.23614800 -2.35072300
1.73175300 -0.15649900 0.58371300
5.53939500 -2.53654400 -1.50229600
5.89795500 -2.10132500 -0.56314800
7.47814600 -3.33751700 -2.06731900
6.64339700 -4.36377700 -4.20922300
2.64346600 -2.86358900 -3.35124500
4.21890300 -4.13166200 -4.84151700
1.75721600 -0.41634600 1.65881500

Intermediate C

Cico(nps)]

Temperature: 298.15 Kelvin
Pressure: 1.0 Atm

G_corr: 1.434835 Hartree
H_corr: 1.705227 Hartree
SCF: -6325.50188201 Hartree

S: 569.087 Cal/Mol-Kelvin
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H: -6323.796655 Hartree

G: -6324.067047 Hartree

Cartesian Coordinates:

Co

-0.21374200

2.68689800

-5.13740600

-1.85809100

2.76036800

-0.29462300

-0.21625000

1.45134700

1.52796900

-3.28329300

-2.98512000

-0.69086000

-0.46829800

-0.34516300

-0.46129400

-0.05586500

0.09925500

-0.03316800

0.15843000

0.01807700

-0.00379400

0.10003500

-7.11820800

-5.73513500

-0.14473700

0.34977000

-1.28312900

1.49450000

-5.20941600

-4.19784200

-4.37929300

-3.40141800

-3.34236700

-2.67344600

-3.36672500

-4.44251000

-2.40928300

-2.53827000

-1.12371600

0.09599800

1.32280300

2.60328300

0.14770900

1.10494100

-0.84532600

-5.26259100

-4.19791200

-1.26404300

-1.26147000

0.49210300

0.33891800

-0.31391900

-0.23576100

0.12129200

-1.09731600

-2.37217300

-2.49863200

-3.32164400

-4.39185700

-2.64173400

-3.30950300

-2.64303800

-3.33267200
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0.14412600

-0.27647600

-0.39201300

-0.37932900

-0.92942000

0.14260700

-0.10879500

0.71887500

-1.42278200

-1.61282800

-2.49904800

-3.51297500

-2.25026400

2.63921600

3.86266900

3.76110000

5.23258600

5.96301100

5.18852900

4.88676000

5.59506600

6.98531200

7.52359500

7.67973600

8.75264400

2.72283500

3.56968700

4.64454400

2.88895400

-4.83187400

-5.75176400

-7.15152500

-7.83542800

-7.61628300

-8.69583000

-6.73636800

-7.09776400

-5.33752400

-5.87788900

-5.00357100

-4.06304100

-5.71119800

-5.26742300

-6.80550900

-4.97584300

-3.65730500

-3.66925800

-4.62581200

-2.46970400

-2.49861100

-4.40499700

-2.38782200

-2.52263100

-1.10376100

0.11319500

0.33437100

0.36257500

0.55543400

0.14468500

0.16139000

-0.09626700

-0.27525500

-0.10490100

0.81890700

0.78355900

0.22898000

0.67488800

-0.00889400

0.69380600

1.97264300

2.23398400

2.53486400

2.53625500

2.81277000

3.03869200
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6.99333800

7.53131900

5.60956300

5.07209600

4.91491500

3.84391000

4.59958100

5.54723900

4.08558300

3.96493900

-4.62401400

-5.39834800

-4.99243300

-6.93541200

-7.35895800

-7.49565300

-6.14208000

-6.14089300

-4.92437900

-3.97008500

-4.92748400

-3.97653300

-6.15303900

-6.15776900

-7.37205800

-1.22972500

-0.29554800

-1.20685700

-0.25159000

-2.41258600

-2.37913700

-5.79617600

-6.03583100

-6.73987300

-5.22278100

-4.58458400

-3.30458300

-2.43243300

-3.37241600

-4.38246600

-2.60555400

-2.97277600

-1.51504600

-0.80352600

-1.29910100

0.53933000

1.07103600

1.18790700

2.22926300

0.48392900

2.78858800

2.98955700

2.49111900

2.44802400

2.22480300

1.99348300

3.23837400

3.75721100

2.98863800

3.94039600

-0.66200700

-0.81951300

-0.29124500

-0.91913200

-0.90105100

-0.37492100

-2.16445000

-2.58782300

-2.76197100

-2.54355100

-3.20940800

-3.33293300

-3.50069800

-3.84398900

-3.33910500

S62



N

-8.32445100

-7.36377100

-8.30908600

-6.05859000

-6.93724900

-6.03609300

-5.15045400

0.46908600

-0.55016300

-0.23833400

-1.02387800

1.11023100

1.35580400

2.14766200

3.18536600

1.81768200

-2.95049700

4.18256700

2.72894900

-5.21082700

-2.65074400

2.05498800

-0.41431800

-0.50573400

1.53443200

0.97907400

-0.85648000

-1.39804800

-3.96308100

-3.83658300

-5.00511500

-3.78075000

0.09104200

-0.04076800

-0.06031500

-0.16053900

0.05467700

0.03874500

0.19202400

0.27937300

0.21276800

-0.32544100

0.40805800

7.50999700

5.75121500

0.47924300

-0.28480400

1.50407000

-1.27547000

5.53742000

-3.56462200

-2.88576100

-2.75348700

-3.33526900

-3.99596000

-2.97289500

-3.94075900

-4.78068500

-5.76552700

-7.15187900

-7.90553200

-7.55234800

-8.62057200

-6.60577600

-6.93884800

-5.22432900

6.23397700

-4.56609100

0.69402100

0.15960200

5.16945200

4.97749300

1.53640700

1.53769200

0.21633900
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1.63283100

-3.22107500

-2.86731200

-0.56713600

-0.52076500

-0.53898000

-0.62760200

-0.40527100

-0.37183800

-0.35217900

-0.34827200

-0.47350800

-0.65564500

-0.68185500

-0.80411200

-0.96849900

-0.68068900

-0.85302600

0.19381200

-0.11260900

0.70129800

-1.46329200

-1.69731900

-2.52139200

-3.56664100

4.52385800

4.49330700

3.53166900

3.57016700

2.89992200

3.59161500

4.67131500

2.62868200

2.75821000

1.33985200

0.11359400

-1.10614700

-2.38117100

-2.50191600

-3.34202700

-4.41252800

-2.66409300

5.05228000

6.02233900

7.41103100

8.13378400

7.81536900

8.88619800

6.88475900

7.19731100

0.09478600

0.01538200

0.01663500

0.11404100

1.35166600

2.63323200

2.74633000

3.61068500

4.69127500

2.93872700

3.62233900

2.93949800

3.61495700

4.69689200

2.63801500

2.75241600

1.35457000

0.10161100

0.16919300

0.18892000

0.25744500

0.14125700

0.15753000

0.07729600

0.05192500
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C

C

-2.21332200

2.70981200

3.95209300

3.79826300

5.13886100

5.65993300

4.98389100

5.30036800

6.17348700

7.48006200

7.82827500

8.33247600

9.33922500

7.88948200

8.54849100

6.58773400

6.23877800

5.73795900

4.72946900

5.34478300

6.38024100

4.67759800

5.03794700

-4.61365300

-5.33560000

5.49781800

6.25460700

5.40972000

4.32364400

5.89839700

5.14150200

6.86576300

5.90413200

4.83666700

4.58553200

5.12630500

3.65597600

3.47387100

2.96538300

2.24559200

3.20925300

2.67995100

4.13774300

4.32110700

7.24749700

7.63758200

7.98584700

7.12154800

4.62959000

3.31077000

0.06003500

0.47787100

0.50195000

0.46559700

1.37056400

1.96609700

1.85978000

-0.14601900

-0.78126900

-0.28503500

0.60393800

-0.92687800

-0.53184500

-2.08042900

-2.58029900

-2.58268200

-3.47721200

-1.93848100

-2.33079600

-0.88999500

-0.88436700

-0.41583700

-1.94539500

0.08266100

0.08124500
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-4.78035100

-6.86119100

-7.32990200

-7.25058300

-6.32233400

-6.31720400

-5.12783100

-4.18917400

-5.13617400

-4.20562800

-6.34292200

-6.35198600

-7.53657700

-8.47501800

-7.52192700

-8.44575500

-6.54081200

-7.52794700

-6.50543700

-5.76817100

-0.29313300

-1.46792900

-1.41915500

-2.32329800

-0.17816000

2.46275600

3.28810500

4.27169300

2.49283300

2.93231100

1.47702800

0.86194200

1.43034400

-0.47772400

-0.93226600

-1.22032900

-2.25946900

-0.61330600

-1.18127800

0.72491100

1.19149000

3.92339000

3.74217400

4.96578700

3.79487500

0.10920400

0.30340200

0.30588200

0.45629600

0.10565600

-0.33961900

-0.13946200

-0.25275000

-0.78315000

1.24680200

1.67811400

2.15205900

2.16109600

2.60860200

2.96855200

2.60602500

2.95584100

2.14329100

2.14340900

1.68330800

1.31859200

2.39946300

2.86559100

2.03939700

3.18121200

5.12472700

5.90635000

7.32599400

7.92183300

7.96737100
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H

C

H

H

-0.13347600

1.00583400

1.95509200

0.93940700

-3.89671900

3.34779800

4.71441500

4.39580200

4.49336300

-3.86078200

-2.81043700

-3.02473800

4.04956200

3.28892900

3.68168300

-4.67238000

-3.82956400

-4.13427700

2.53204200

4.77124900

4.27550900

3.83888900

6.15900800

3.34454200

6.60386600

0.10665900

-0.09728700

-0.24917800

-0.09489900

0.71194500

-0.56347100

0.47620600

1.29886300

-0.51210800

-0.40015500

-1.25329100

0.54439500

-0.73667800

-1.47018600

0.29969300

0.81838900

1.63728700

-0.14950700

-0.72055400

-3.61515300

-2.11944800

-2.91007200

-3.55742900

-1.40371500

-2.78393000

9.06260000

7.22727500

7.74776300

5.80799500

5.91942800

5.62501100

-3.60689000

-5.18976200

-5.09608500

-5.62233200

-6.82156400

-6.91510900

4.79716900

6.25731400

6.23316500

5.14786100

6.52349700

6.57316700

-0.36177200

-3.75461400

-1.84870900

-2.96934600

-3.45778400

-1.05766300

-2.35315300
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H
H

Cing

1.67169400

5.68413400

6.02892000

7.67277400

6.87913800

2.76852000

4.41830400

1.97646400

0.02005500

-2.07638600

-1.48949500

-2.73862700

-4.11104000

-2.95293700

-4.21787200

0.61102900

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm

G_corr: -0.013594 Hartree

H_corr: 0.008229 Hartree

SCF: -109.490074 Hartree

S: 45.93 Cal/Mol-Kelvin

H: -109.481845 Hartree

G: -109.503668 Hartree

Cartesian Coordinates:

N

N

Cr2a]

0.00000000

0.00000000

0.00000000

0.00000000

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm

G_corr: 0.099513 Hartree

0.38433100

-1.55416200

-0.69574800

-2.11248200

-4.07135800

-3.19749300

-4.60005300

1.25892100

0.57307000

-0.57307000
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H_corr: 0.138461 Hartree

SCF: -309.600539 Hartree

S: 81.974 Cal/Mol-Kelvin

H: -309.462078 Hartree

G: -309.501026 Hartree

Cartesian Coordinates:

C

-1.80367300

-0.41103500

0.52368900

-2.29347400

0.01393200

-1.37608400

-2.50370300

-3.37285400

-0.03630000

0.70708900

-1.74926300

1.97164800

3.01280800

2.20893300

2.86955800

4.04967000

-1.06029300

-1.30025800

-0.22415100

0.26752500

1.10796100

1.34941800

-1.90413500

0.45913400

-2.33249700

1.95750300

2.38061400

-0.53998900

0.33989400

-1.61528500

1.42734700

-0.01332600

Transition State TS2

Temperature: 298.15 Kelvin

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

0.00000000

-0.00000100

0.00000000
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Pressure: 1.0 Atm

Imaginary Frequency: -315.3313 cm-1

G_corr: 1.557 Hartree

H_corr: 1.844644 Hartree

SCF: -6635.302918 Hartree

S: 605.398 Cal/Mol-Kelvin

H: -6633.458274 Hartree

G: -6633.745918 Hartree

Cartesian Coordinates:

Co

o O O o

z

0.39503800

-0.59689000

6.27534600

1.44993400

-2.96377100

0.57616500

0.19630100

-0.00174700

-0.36864500

4.22083600

3.69324300

1.50425100

1.04430400

0.92579900

1.24648900

0.00765600

7.95663300

3.96422600

-1.21877400

-0.34864900

1.06462800

-1.61769400

5.67890100

4.72819100

3.35363700

2.54452600

3.21103600

2.38729500

2.83791300

3.81658000

0.06756300

-0.53101300

-2.37493100

-5.38664800

-3.83527000

-1.57973500

-1.04457100

-0.61930400

-0.49885200

-1.39017300

-1.04701500

-0.66366000

-1.71169000

-3.09241900

-3.44799600
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0.33331300

0.09024200

0.14230600

-0.27982400

-0.15471800

-0.24369200

-0.49076300

0.09271700

0.17069100

0.31923500

2.12857100

1.38180100

2.01087300

1.42584400

3.37143800

3.85032700

4.13317400

5.18244700

3.51014600

-0.91978400

-2.32991000

-2.54428400

-3.46021400

-4.34341500

-3.11638900

1.81146400

1.76974900

0.70641800

-0.57284200

-1.67681000

-3.05811000

-3.35830100

-3.85652700

-4.94251700

-2.96769100

4.54360900

5.76241300

7.00052600

7.91932700

7.00646100

7.96177600

5.82169500

5.82445700

4.58755700

6.72636600

6.27547000

5.22222000

7.28033900

6.87653700

8.26412500

-3.79995800

-4.86101700

-2.87188300

-3.26898600

-2.40788000

-2.85645700

-3.87380900

-1.78084000

-1.73538100

-0.64809700

-0.99696700

-0.95372500

-1.26358100

-1.20883000

-1.63416800

-1.87880900

-1.70140100

-2.00069400

-1.37420600

-0.45477000

-0.20112400

-0.41689600

-0.53056700

-1.03551100

-0.86758100
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-3.20717900

-4.21187000

-5.54884900

-5.84233300

-6.49807800

-7.52565700

-6.12334500

-6.85854500

-4.79419400

-4.49555200

-3.84497300

-2.81825000

-2.59383100

-3.39114800

-1.86248600

-2.08537300

5.51095600

5.89749600

5.36489600

7.36425800

8.03121100

7.78600500

6.31693700

5.86281700

4.47933300

6.91727800

6.00182900

6.44926600

7.42993400

5.64511400

6.00551300

4.37320600

3.74452100

3.91910800

2.93276200

4.73033900

4.36826500

7.96711000

8.61672000

8.59533300

7.47969600

3.08307800

1.63652900

1.07145100

1.23154500

2.05048000

0.49417100

0.79372100

-0.65424500

-0.97671900

0.93255000

1.60952000

1.79186900

1.39582600

2.46385900

2.59544000

2.96377000

3.48055000

2.78681300

3.15841300

2.12021200

1.98753700

1.87032800

2.27899200

1.33455800

2.72361100

-1.86469600

-1.73262300

-0.95758800

-1.97099800

-2.26124100

-1.28091800

-2.99490400

-3.00549100

-3.04654500
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3.73306000

4.05026100

2.97792000

5.00433900

4.67492000

6.38583100

7.12840100

6.81011700

7.88079000

6.31364400

7.01870600

6.61632000

5.30773100

-0.78004300

0.09569100

-0.39490600

0.28084400

-1.78030300

-2.16481200

-2.68036900

-3.74920500

-2.17118600

2.41938100

-4.40581400

-3.06082400

-0.17240000

-2.32361200

-2.54889400

-3.37128800

-4.41617600

-3.06088300

-3.86770700

-1.71179400

-1.47238900

1.46246100

0.93640900

2.52133600

1.41421000

-0.78565700

-1.10846000

-1.29915900

-1.54413900

-1.16713000

-1.31315500

-0.85230300

-0.75629200

-0.66380500

-1.53305900

-0.14126400

-7.08189200

-3.02555500

-3.11021100

-3.14413600

-3.13880600

-3.18046200

-3.10575200

-3.12723300

-3.04142900

-3.01688900

-4.37722500

-5.04863900

-4.30672700

-4.83602700

-4.66880700

-5.74234700

-7.06203200

-7.88597800

-7.30108200

-8.31724600

-6.25999900

-6.46972700

-4.94717000

-6.44910800

-4.04624900

1.48078600
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C

C

C

C

H

C

C

4.96871000

2.81815700

-1.91786700

0.50318600

0.94550800

-1.69631400

-1.72636300

3.10910400

2.83460000

0.51802400

0.52405600

0.50401000

0.53269700

0.42994100

0.39879800

0.45695500

0.56482100

0.87422400

1.27944700

1.31101000

1.63947200

2.01292500

1.39151900

0.71077400

-0.39268000

-5.70982700

0.87143700

0.99467600

-1.12069200

1.55790700

-5.29844400

-4.35890500

-4.46529000

-3.53596300

-3.42432400

-2.53010100

-2.95865800

-3.99879700

-1.81717100

-1.73336500

-0.68179500

0.65394500

1.68690700

3.02321500

3.36532500

3.70758800

4.72646500

2.81602300

-4.89455300

-5.79944700

1.76802400

5.10945200

4.60890100

1.67931300

1.14151000

0.76519900

0.35560000

1.02232000

0.68799800

0.67068500

1.76307500

3.15563800

3.47796400

3.92815300

5.01355500

3.01897200

3.44665100

2.54518900

2.95375100

3.98690600

1.81059100

1.71564000

0.68470200

0.95050400

1.05528900
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-0.17552400

-1.03445300

1.14036400

1.30251100

2.25356400

3.27239500

2.03665900

-2.93591900

-4.10290900

-3.89583800

-5.49866000

-6.10562200

-5.53545800

-5.25740800

-5.86152100

-7.22034800

-7.81603900

-7.81072000

-8.86303100

-7.04885900

-7.50949600

-5.69018700

-5.09179700

-5.10412500

-4.05126200

-7.15591500

-7.81971000

-7.60143400

-8.64660200

-6.74446900

-7.08821300

-5.38800800

-5.93622400

-5.14594200

-4.10690900

-5.40133800

-4.51491100

-6.19231100

-5.83502000

-5.01750800

-4.60840600

-4.82726500

-3.93480800

-3.62952600

-3.66392600

-3.15315700

-4.06400000

-3.86345200

-4.73424400

-5.04056600

1.42480200

1.53083900

1.66659100

1.95483700

1.54305600

1.72871700

1.18070700

0.93848700

0.42401400

0.13868900

1.03954700

1.24967700

1.79593000

-0.40226600

-1.52961300

-1.48493100

-0.59006800

-2.58101500

-2.53215500

-3.74316800

-4.59758600

-3.79605000

-4.69354700

-2.69791000

-2.74304700
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-5.17747900

-6.19772400

-4.70330700

-4.59483300

4.47149000

5.29002700

4.85368700

6.82670600

7.22181700

7.34702500

6.17415100

6.23948600

5.06648800

4.09719900

5.13210600

4.21527700

6.37909300

6.43186000

7.55566100

8.52298800

7.48475900

8.39690500

6.18386000

7.12797200

6.09845800

-7.33569400

-7.73136600

-7.89221000

-7.51198700

-4.63435900

-3.40726500

-2.70291600

-3.52286000

-4.51630800

-2.97962400

-2.74334400

-1.22722100

-0.44983800

-0.94991200

0.96314000

1.54296800

1.62026100

2.71500900

0.85458200

1.35820400

-0.55850700

-1.15098800

-3.35333000

-3.09041000

-4.45266600

-0.72257900

-0.88762300

0.10242200

-1.64651700

1.30204900

1.01379100

0.29449000

0.99239400

1.23051700

0.19723200

2.13408100

2.11721800

2.31395700

2.43426100

2.35768500

2.51557500

2.21013100

2.23531000

2.02126400

1.90542600

1.97680800

1.83053100

3.54337900

4.05735100

3.50099900
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5.34621300

0.44384000

1.58645400

1.45679300

2.33663100

0.16567200

0.05925700

-0.99058700

-1.97953700

-0.84188900

4.04086600

-3.27936100

-4.79007800

-4.89749700

-4.58753800

3.39082500

2.43017900

2.19759200

-3.93923600

-3.51143700

-3.40884600

4.85913300

4.02911600

4.16506800

-2.11712100

-2.95815700

0.96089800

1.07137500

1.35397400

1.43751200

1.52572500

1.74780400

1.41678700

1.55802900

1.13124900

0.93378700

1.04236000

0.16477100

-1.07915500

0.66529300

-1.57426100

-0.74206700

-2.51327500

0.79330100

2.05213300

0.28563300

0.73922400

0.15886500

1.93555200

1.45420100

4.14891500

4.91187000

5.75336400

7.13944300

7.78310000

7.68395500

8.75210300

6.88212700

7.32620600

5.49871200

5.92741800

5.16670400

-3.06333300

-4.36765200

-4.78158500

-5.93595600

-7.22369100

-6.91381300

4.32340400

5.55749600

5.96287400

5.21945300

6.71803400

6.38246500

-0.32983100
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-4.01043500

-3.61893800

-3.18700300

-5.28288200

-2.80137500

-5.72056400

-1.45943500

-4.90172600

-5.23390100

-6.69904800

-5.91979700

-2.20629100

-3.66084400

-1.61935500

-5.41950500

-6.24849900

-4.10218900

-3.61848000

-4.44508700

-5.76765300

-2.59620000

-5.79442600

-3.45434800

-6.41862300

-7.26896000

4.18940700

3.02810600

3.39850900

4.62410800

2.21372500

4.26690000

0.48334500

3.48627100

3.22611900

4.60451100

5.23723500

3.05744700

4.47037200

0.46694100

-2.16491600

-1.45606700

-2.51754300

-2.17595500

-1.47372900

-1.11706600

-2.45967100

-2.44487000

-3.06844200

-0.57881700

-1.17872400

-4.04248700

-1.89856900

-3.21543400

-3.58966300

-1.06105500

-2.28841900

0.42473100

-1.44634300

-0.43520900

-1.92704200

-4.23782500

-3.56358700

-5.04309000

1.51558600

4.69504000

3.78867300

4.30078400

3.02218600

2.08657800

2.50570100

2.74705200

5.68651100

4.99285300

1.80378200

4.07992400
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-4.02110500

-2.77593800

-2.01202100

-2.64362400

-4.77468400

Intermediate D

-1.14499800

-1.38202800

-1.96941500

-1.27126200

-0.63189000

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm

G_corr: 1.560918 Hartree

H_corr: 1.847566 Hartree

SCF: -6635.34275100 Hartree

S: 603.302 Cal/Mol-Kelvin

H: -6633.455352 Hartree

G: -6633.742 Hartree

Cartesian Coordinates:

Co

0.34131200

-0.59700200

6.14440300

1.47897800

-2.94828100

0.50839400

0.20644900

-0.08381800

0.00130900

7.99426400

3.80548300

-1.54803600

-0.54166200

0.98273400

-1.67272300

5.69714900

0.72202200

0.14559500

0.66754100

-0.93417500

0.10625100

0.04502300

-0.74827900

-2.62110400

-5.31160000

-3.88827500

-1.64953900

-0.98322800

-0.87348200
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-0.47677000

4.09827000

3.57025500

1.38094300

0.96129400

0.87039300

1.18581400

0.30815600

0.09058700

0.11180300

-0.27851300

-0.13616600

-0.18539100

-0.41809400

0.17208400

0.28504600

0.37147800

2.01939400

1.29560700

1.93904900

1.37088100

3.29318600

3.78323300

4.03477800

5.08009100

4.75916400

3.27008100

2.48744900

3.19420100

2.30328100

2.67418400

3.63628900

1.60163000

1.49814200

0.54720900

-0.76005900

-1.81360400

-3.21858000

-3.57877500

-3.94939000

-5.02863900

-2.99619900

4.50313100

5.73662300

6.94854000

7.87909700

6.91565000

7.85025000

5.71672200

5.68849600

-0.73698100

-1.57672800

-1.17760400

-0.83415500

-1.84491500

-3.25130300

-3.65376500

-3.91410300

-4.97655000

-2.93019300

-3.26377100

-2.34387400

-2.71857900

-3.71969000

-1.60212000

-1.50132100

-0.51717000

-1.23101000

-1.23230500

-1.60814800

-1.58337400

-1.99900800

-2.29592300

-2.01889700

-2.33038400
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C

C

3.39826000

-0.95804100

-2.37041200

-2.63955400

-3.47851300

-4.40456800

-3.12023300

-3.15204900

-4.13502500

-5.47192900

-5.78890400

-6.39106400

-7.41966500

-5.98497900

-6.69777200

-4.65430200

-4.32897500

-3.73640200

-2.70820500

-2.44317100

-3.18917700

-1.72370800

-1.90110100

5.38394300

5.77587700

4.50946000

6.77473700

6.36884100

5.33642600

7.42648300

7.08047300

8.41433700

6.98108700

6.05650600

6.48428400

7.46452400

5.66079600

6.00528600

4.39090300

3.74832500

3.95661000

2.97298400

4.78651200

4.44105100

7.96129100

8.61670000

8.59078300

7.41582200

2.96429800

1.53310900

-1.62416300

-0.67141800

-0.36270200

-0.61431900

-0.56970000

-1.03963400

-0.87848000

0.85532800

1.55048100

1.77217300

1.39368400

2.46363700

2.62623400

2.94331000

3.47428800

2.72814900

3.08395200

2.04224500

1.87895900

1.80084900

2.28935400

1.25024600

2.59635400

-2.04157600

-1.80307300
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H

5.24292500

7.24823000

7.90913100

7.67218400

6.21185200

5.77285000

4.39389400

3.63856300

3.98068800

2.91183200

4.94599500

4.62834600

6.32312700

7.07439900

6.73160100

7.79892200

6.21054400

6.92591800

6.50090300

5.20821500

-0.75759900

0.13118400

-0.34099600

0.34516900

-1.72109300

1.02377200

1.12463000

1.92625300

0.44628000

0.60080900

-0.84855000

-1.18999800

-0.39646500

-2.54272400

-2.78321800

-3.57750700

-4.62612500

-3.24876700

-4.04531800

-1.89390200

-1.64015800

1.16154100

0.59372200

2.22614100

1.06691100

-1.05529000

-1.45140200

-1.72030600

-2.02133300

-1.59153500

-0.99069400

-2.00145200

-2.34835000

-1.25453900

-2.99504400

-2.89598200

-2.93879900

-3.00215400

-2.89777400

-2.93518500

-2.81842900

-2.77926800

-2.78339000

-2.72131200

-2.82349800

-2.79760400

-4.42444600

-5.04938600

-4.43323600

-4.88387700

-4.65605700

-5.69377800

-7.00669600

-7.80302700

-7.27581800
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o O oO

z

-2.09127600

-2.63379900

-3.69817100

-2.14253500

2.46168900

-4.38544000

-2.92251700

5.07223500

2.65105400

-2.08782100

0.48123200

0.78889300

-1.57057600

-1.60398600

3.20466600

2.91489600

0.59137300

0.56924800

0.56558700

0.64484200

0.42936700

0.38686200

0.40007100

0.41817200

0.68408700

-1.79774700

-1.20284000

-1.10942900

-0.93614200

-1.93699600

-0.34029600

-7.05934500

-5.47081300

1.29513100

1.05382900

-1.02868200

1.63542500

-5.29287100

-4.38117300

-4.33553300

-3.43919100

-3.37708500

-2.42957000

-2.78648000

-3.80555900

-1.61186400

-1.47504200

-0.52462400

0.83622900

1.83705800

-8.28687500

-6.27117400

-6.50384800

-4.96506200

-6.33629600

-4.13223100

1.75473100

2.14846500

5.02106900

4.55591800

1.71300500

1.04139800

0.97702000

0.50947500

1.26245900

0.85792500

0.82270600

1.86939100

3.28204600

3.65856300

3.99451400

5.07412600

3.02848600

3.38656400

2.43486400
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C

C

H

1.03715900

1.03187700

1.41831700

1.77315500

1.22636300

0.81995400

-0.26348300

-0.02413600

-0.86979600

1.29753800

1.47863300

2.39302800

3.41592300

2.15211700

-2.80093800

-3.96612100

-3.77194300

-5.38065100

-6.02184400

-5.43011800

-5.06229500

-5.63595100

-7.01615100

-7.65348600

-7.57302200

3.20648500

3.60511900

3.83505700

4.85554600

2.87641900

-4.82510200

-5.74906600

-7.07585400

-7.75242600

-7.47504900

-8.49722900

-6.60068500

-6.90887100

-5.27290700

-5.94393300

-5.20900200

-4.17896700

-5.47503300

-4.59907900

-6.23218800

-5.96550700

-5.21616000

-4.88696600

-5.11353600

-4.28175200

2.78022200

3.79338900

1.61222300

1.47317400

0.53066700

1.18074000

1.32024900

1.77255200

1.90312900

2.06134500

2.41364400

1.90422100

2.12661600

1.45928300

1.15205400

0.55515400

0.23095600

1.11926000

1.26033000

1.90880900

-0.28975500

-1.47857200

-1.53072900

-0.66694900

-2.68258700
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-8.64188500

-6.75521000

-7.18938300

-5.37519700

-4.73276600

-4.82282800

-3.75346900

-4.92708800

-5.92740400

-4.47688500

-4.29792600

4.56151500

5.35312900

4.92946500

6.89111700

7.30907000

7.43288200

6.15363400

6.16333900

4.95554100

4.00318000

4.96498000

4.02231200

6.18954600

6.19890800

-4.03736900

-4.00017900

-3.54312700

-4.31972200

-4.10836400

-4.92234700

-5.16744500

-7.47590600

-7.90824000

-7.98167200

-7.67511500

-4.44508800

-3.21509500

-2.58543600

-3.27159400

-4.22757500

-2.77012400

-2.43397800

-0.92200200

-0.18075300

-0.70975000

1.23301800

1.78509800

1.92795700

3.02282600

-2.70884000

-3.80363600

-4.70125600

-3.75953700

-4.62335700

-2.60587700

-2.57611000

-0.53762600

-0.73005100

0.33234800

-1.42566400

1.59353000

1.24784700

0.45544500

1.31095400

1.64439200

0.50278000

2.35595100

2.22692700

2.33331000

2.46459300

2.27398600

2.36469700

2.11124800

2.05613700
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H

H

7.39987100

8.34989900

7.38529900

8.32391300

6.11197200

7.01803400

6.06900200

5.23035800

0.27504200

1.41068900

1.26808000

2.14294900

-0.02888200

-0.14590100

-1.17758100

-2.17168900

-1.01609100

3.86933400

-3.44105700

-4.78104600

-4.87865400

-4.55320300

3.42457900

2.49149300

2.23867100

1.19925600

1.73201300

-0.21510300

-0.77868300

-2.93741400

-2.59994700

-4.03947300

-2.53258900

1.20566700

1.43609900

1.76984800

1.94606000

1.86872400

2.12847600

1.63867800

1.72400800

1.30610800

1.47990700

1.00708600

0.02895600

-1.29402500

0.41814700

-1.95294800

-1.19706200

-2.94313300

2.01127500

1.88341200

2.07060900

1.99457000

3.80621300

4.34455000

3.84316100

4.33844600

4.83571900

5.66357200

7.03684900

7.66845300

7.58503800

8.64353400

6.79845800

7.24520100

5.42692100

5.82676900

5.13409200

-3.17573300

-4.40047600

-4.92050800

-5.80591300

-7.15935500

-6.74121200
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-4.09220500

-3.74678300

-3.49856800

4.69633300

3.91394200

3.92599900

-2.21683900

-3.87945000

-3.55920800

-3.12551100

-5.08007000

-2.81486600

-5.51768800

-1.66376200

-4.76591000

-5.09955300

-6.44375600

-5.66279300

-2.19857000

-3.52902700

-1.59334300

-5.53035500

-6.30272200

-4.17720700

-3.59865800

0.69139500

2.00336300

0.26081900

1.30766500

0.74441500

2.50834200

1.33046700

4.13002300

3.01945500

3.28409500

4.72247400

2.13689000

4.46830900

0.29564200

3.63114500

3.44444200

4.92423800

5.37777500

2.82234900

4.32989300

0.61924000

-2.38135200

-1.57287300

-2.66884000

-2.17024700

4.30634500

5.50878700

5.94872300

5.12317000

6.65311400

6.23325800

-0.45072900

-4.21991500

-2.04209500

-3.37777300

-3.75522000

-1.18491100

-2.43168400

0.39511100

-1.57838800

-0.55149100

-2.06209800

-4.41312100

-3.73360300

-5.23946000

1.44946600

4.50200900

3.62233400

4.17544700

2.99457200
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-4.36464800 -1.35946400 2.07759700
-5.73517300 -1.07065800  2.43830100
-2.54798800 -2.39455000  2.78030500
-5.97531800 -2.78205500  5.42006900
-3.57542500 -3.29034200 4.84888700
-6.33859300 -0.45475500  1.75841500
-71.34771400 -1.34507300 3.86572200
-3.84827400 -0.85886000 0.83727800
-2.45891300 -1.05631900  0.29009700
-1.90804100 -1.83093200  0.84739400
-2.50421400 -1.35328600 -0.77385100
-4.51858800 -0.23037500  0.23298400

Intermediate E

E[CO(I I)(P6)]:A[CO(I 1)(P6)]

E[3a]

Temperature: 298.15 Kelvin
Pressure: 1.0 Atm

G_corr: 0.203217 Hartree
H_corr: 0.263701 Hartree
SCF: -656.05379 Hartree

S: 127.3 Cal/Mol-Kelvin

H: -655.790089 Hartree

G: -655.850573 Hartree
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Cartesian Coordinates:

H

7.08964000

6.02993400

5.91657500

5.81903100

5.36773400

5.31293500

4.00342700

3.94803700

3.27090200

3.49168400

3.39258700

1.88178900

0.68400900

-0.71374200

-0.69948900

-1.34991100

-1.72748600

-2.94648200

-3.56202400

-3.07437500

-2.09999800

-4.82345000

-5.18030300

-3.88918500

-3.54591200

-0.93150700

-0.66768500

0.27931200

-1.53397100

0.01416700

-1.00617100

0.35644500

-0.66916900

0.01921900

0.88545800

-0.93221400

0.36412000

0.66392100

1.00154100

2.62554500

2.11424700

0.65726300

-1.42612500

-1.01653100

0.08641500

2.75512800

-1.59013900

-2.43851100

0.59703100

1.45016800

0.19645900

0.10154900

2.06376100

-1.88981500

1.15235800

-1.07285200

1.03363900

-1.19870300

-0.14563500

1.84566900

-2.10596600

-0.27115900

-0.38460400

-0.51681400

1.06127200

0.34608600

0.64314500

1.88627100

1.07489200

0.32021600

-0.12851900

0.79482800

1.39092100

-0.72944100

-1.32916300
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-5.62415800

-5.14945400

-6.60241800

-5.76301600

-1.25006600

-1.13171800

-1.07304600

0.02345300

-1.51625000

0.43174500

0.22122400

0.87950700

Transition State TS2

Temperature: 298.15 Kelvin

Pressure: 1.0 Atm

-0.25172500

-1.01230900

-0.47108400

-1.82438600

1.52779900

-1.52403900

Imaginary Frequency: -349.5155 cm-1

G_corr: 1.554791 Hartree

H_corr: 1.844453 Hartree

SCF: -6635.28914366 Hartree

S: 609.644 Cal/Mol-Kelvin

H: -6633.444691 Hartree

G: -6633.734353 Hartree

Cartesian Coordinates:

Co

o)

0.56340200

-0.00147900

6.55566600

1.10013700

-3.29629200

0.62122000

-0.07147900

-0.02682400

7.47241400

2.77142400

-2.13703100

-0.70550400

0.74542600

-1.73250700

0.11565000

-2.32879000

-3.56674600

-4.91024900

-3.71958300

-1.69513000

-0.66039300
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0.72221500

0.43117100

4.58296500

4.04647500

1.96809800

1.21433700

0.93797500

1.29638800

0.15891100

-0.23786800

-0.01158900

-0.59031400

-0.53853000

-0.86288900

-1.22847100

-0.57038300

-0.64937600

-0.11894300

2.65355000

2.00144800

2.63308600

2.10552400

3.91654100

4.39981600

4.59869200

5.41600000

4.63070500

2.56993200

1.90737400

2.82681700

1.96147900

2.23042200

3.10623100

1.19083200

1.03291500

0.25768000

-1.01323400

-1.96183300

-3.36698700

-3.78797900

-4.01816000

-5.08014300

-3.00335200

4.00657700

5.27194800

6.33784500

7.28593200

6.13252000

6.95422100

4.90432800

-1.43717100

-0.84539900

-2.29072900

-1.72109900

-1.27717900

-2.09589100

-3.50119900

-4.04046200

-3.96372500

-4.96567300

-2.85947400

-3.00818600

-1.97218700

-2.16466500

-3.10012900

-0.98379500

-0.75246800

-0.03986200

-1.92160300

-2.04916600

-2.74757700

-2.86013800

-3.29600800

-3.83735300

-3.16628900
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C

C

5.59070100

3.96379300

-0.18895700

-1.40727900

-1.52247400

-2.72410700

-3.63859100

-2.65393500

-2.01130900

-2.57671300

-3.97131500

-4.65707300

-4.48092900

-5.56103500

-3.59940800

-3.99285000

-2.20524100

-1.51205400

-1.70115400

-0.62085900

-1.33009500

-2.07405300

-0.89886000

-0.52102300

5.79548100

4.74548100

3.83882500

6.47589200

6.32901400

5.36357900

7.00919300

6.41804100

7.60326600

7.55798300

7.26441600

7.34017300

7.54839800

7.16206100

7.22647100

6.91124300

6.78669500

6.82965800

6.64383400

7.00344500

6.93803800

8.93239300

9.72446600

9.09475400

9.02457200

2.09264500

-3.59231800

-2.47318400

-1.55755800

-0.69331400

-0.18497200

-1.13691300

-1.02524800

-2.05412600

0.09397300

1.47193900

1.72558300

0.89530700

3.03431500

3.21285200

4.11287000

5.12910100

3.86997000

4.70004400

2.56097800

2.37887800

0.00202600

0.21110400

-0.99919500

0.75086400

-2.80363400
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6.10363700

5.60729300

7.51873800

8.20778300

7.95042000

6.36189200

5.82457400

4.43317900

3.74455300

3.92388800

2.84628700

4.80281700

4.41190400

6.19102300

6.87606900

6.69598800

7.77197000

6.28265600

6.89250200

6.65647500

5.23989700

-1.11289700

-0.23557300

-0.70289100

-0.02407300

0.68487900

0.34806200

0.12308500

0.80134600

-0.47641900

-0.44663000

-1.82229500

-2.02935500

-1.17640800

-3.32212500

-3.45984200

-4.43152300

-5.43302000

-4.23688200

-5.09197700

-2.94194100

-2.79208800

-0.10502600

-0.82299300

0.91487800

-0.17184100

-1.43226100

-2.00477800

-2.40584100

-2.84115800

-2.37436400

-1.45545900

-2.61451600

-3.12926800

-1.80681000

-3.43619200

-3.08646200

-2.88685800

-2.93842700

-2.61714000

-2.46840400

-2.54978300

-2.33510800

-2.75394900

-2.70447000

-3.02143500

-3.17660300

-4.93128600

-5.51196300

-5.12557400

-5.29597500

-4.35617900

-5.32330400

-6.60325900

-7.34136100
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o O oO

o

-2.06824700

-2.43649900

-2.96782300

-4.02151400

-2.48329600

2.06155400

-4.70460700

-3.95610200

4.19450500

3.62529300

-0.95484200

0.70794700

1.52733000

-2.35329100

-2.24808600

2.53614000

2.40750800

0.14142900

0.44041000

0.47143300

0.30613200

0.71556100

0.80610100

0.88905500

1.29670700

-2.23477600

-2.54286900

-1.67554900

-1.55448000

-1.27626600

-2.70211300

-0.43783000

-6.04712600

-6.09988000

1.06114600

2.24597700

-0.89429100

1.53670400

-4.71417100

-3.89234900

-4.68140600

-3.78865800

-3.27352800

-2.23471000

-2.41048800

-3.36036300

-1.16980900

-0.90002100

-0.23891100

1.09510300

-6.91602300

-7.90147000

-5.98471300

-6.24887000

-4.70924900

-5.87205500

-4.06364900

2.85696100

2.69019600

4.87215500

4.33938600

1.88153000

0.82733900

1.75739200

1.15394300

1.79408300

1.30725400

1.31800100

2.22436900

3.67060000

417708700

4.22209300

5.27329200

3.11792300

3.28079500
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C

C

C

H

C

H

C

C

1.68888400

2.37254300

2.62582400

2.64595800

3.15917800

2.07206200

0.09617800

-1.13656100

-1.13036300

-2.08149900

0.10183600

0.10054600

1.33509400

2.28993300

1.33079700

-3.67129600

-4.71717300

-4.36852000

-6.14025200

-6.62297800

-6.29309500

-5.95133500

-6.42862800

-7.72922500

-8.36150300

1.88275700

3.16059500

3.63051300

3.60149700

4.50962100

2.62331500

-4.68437700

-5.35326600

-6.63071500

-7.10294400

-7.24383400

-8.22706500

-6.63296500

-7.10905400

-5.35139900

-5.10482600

-4.32387600

-3.43894500

-4.21931400

-3.23891300

-4.76818700

-5.05164200

-4.49909000

-3.94617000

-3.84588600

2.18443600

2.30824100

3.25743100

1.02832100

0.71320900

0.11244800

1.85142900

2.13896600

2.76510700

3.01390700

3.06998500

3.55473200

2.76255200

2.99094000

2.15000800

2.04880700

1.30871300

0.76181300

1.90706200

1.84531400

2.84237000

0.64383200

-0.68694100

-0.81947100

0.07131100
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-8.21513000

-9.22634300

-7.40476100

-7.78642000

-6.10210300

-5.46677800

-5.62189700

-4.61324900

-6.07976100

-7.14431200

-5.69614900

-5.51999000

3.86362300

4.86626100

4.50429400

6.34289700

6.56052000

6.87256300

5.97388900

6.32969200

5.36388000

4.33940100

5.70542700

4.94383600

7.02583200

-3.53416900

-3.11812900

-3.67040700

-3.36407000

-4.21538800

-4.32800600

-4.62700400

-5.04992600

-6.58032600

-6.86502700

-6.95398200

-7.07353900

-5.05024100

-4.07681500

-3.42295900

-4.51094000

-5.51241600

-4.22457100

-3.43713900

-1.99272100

-0.96217300

-1.21683700

0.39151000

1.16962200

0.73494900

-2.08341500

-2.17060100

-3.23666300

-4.21840600

-3.11369500

-4.00097300

-1.84917000

-1.75862800

0.73483200

0.63287100

1.69817800

-0.08229700

2.04947900

1.49644600

0.69307100

1.39208500

1.77861300

0.47796500

2.41446400

2.11288900

2.26716300

2.56643500

2.03646200

2.16396600

1.65299300
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7.29175700

7.99877700

9.02340300

7.65170500

8.40566500

6.00997300

7.03425300

5.71107300

5.32901700

1.33563800

2.50682900

2.51020100

3.41086000

1.32465400

1.32160400

0.14271700

-0.76336200

0.15752300

4.86752600

-2.20605700

-5.10840600

-5.25804700

-4.77692500

3.02066300

2.13775200

1.78236500

-0.28398200

-0.02385000

-1.63696000

-2.42573300

-3.79320400

-3.64902100

-4.84238900

-3.13883200

1.68340000

1.66644900

2.22868900

2.21233900

2.81433200

3.24983400

2.84947400

3.30652600

2.27916700

0.98327600

2.86522300

0.10041100

-1.38362200

0.20661700

-2.71443900

-2.06765100

1.46743700

1.50505700

1.21246000

1.73485700

1.61826400

3.90761800

4.30100700

4.07286400

4.48436500

4.66151300

5.46748400

6.77239000

7.39209100

7.26717000

8.27312900

6.49549200

6.90259300

5.19525200

5.65889100

4.80462300

-3.19536300

-4.21855600

-4.95992400

-5.33528400

-6.77614600
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1.77912100

-2.91660100

-2.06988000

-2.58085800

5.58517500

4.71698900

5.23897400

-2.13179900

-4.03994800

-3.99270300

-3.34910000

-5.38362800

-3.26829200

-6.03027000

-1.07958300

-5.34804600

-5.84562200

-7.06593200

-5.91580400

-2.31436900

-3.52897300

-1.01399200

-8.06279300

-8.70444500

-6.64593300

-3.73392900

2.72031400

3.94774300

2.36642900

0.47950400

0.38846800

1.99364300

1.08514600

3.53871600

2.13728700

2.66433300

3.90563900

1.24946000

3.38762200

0.79428700

2.50997600

2.12208000

3.67225700

4.58769300

2.37461400

3.94088600

1.06323700

0.23109000

0.02541300

0.18376500

-6.15756000

3.97837700

4.98653500

5.71941300

4.99571200

6.58038900

5.91809600

-0.10147100

-3.62661000

-1.59432500

-2.76155400

-3.35652100

-0.70923700

-2.20593800

0.66964800

-1.33505000

-0.44057600

-1.98437200

-4.03016900

-2.97317800

-4.50958900

1.73455700

3.42546300

2.17803600

3.49384300
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-5.87875800 -0.06595000  2.33756400
-6.50897200 -0.28326100 1.06961700
-7.93909000 -0.22680700  1.02010700
-4,78519400 -0.09181900 2.41066400
-8.65433200  0.42482200 4.32779700
-6.14303700  0.34088900  4.45589100
-8.44082900 -0.38884900 0.05681200
-9.79861200  0.06152000 2.11243100
-5.76236400 -0.56328900 -0.16077200
-4.37950500 -0.70064700 -0.28222600
-3.74920500 -0.81095200 0.60686400
-3.94817400 -1.07384400 -1.21763400
-6.37350300 -0.65244700 -1.07102700

Intermediate E

Temperature: 298.15 Kelvin
Pressure: 1.0 Atm

G_corr: 1.559943 Hartree
H_corr: 1.846928 Hartree
SCF: -6635.33554801 Hartree
S: 604.009 Cal/Mol-Kelvin
H: -6633.48862 Hartree

G: -6633.775605 Hartree

Cartesian Coordinates:
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Co

-0.40814900

0.06203100

-6.68120800

-1.67927700

2.68004800

-0.68593500

0.05612100

-0.62482300

-0.31649400

-4.60310000

-4.03830900

-1.88903700

-1.28826400

-1.21539500

-1.61403100

-0.56244100

-0.32515100

-0.25997200

0.24231100

0.32962500

0.60715300

0.84014800

0.46674200

0.56741500

0.15774200

-0.06844200

7.46535500

2.89800300

-2.53791500

-0.59063500

0.68816800

-1.80576800

5.40571000

4.62700400

2.64269800

1.97148800

2.82513500

1.92126400

2.15501100

3.03671300

1.07361200

0.88547100

0.15366600

-1.14231700

-2.06933200

-3.48367900

-3.92868700

-4.10750600

-5.16515200

-3.06807600

0.01878600

2.38455500

3.07615200

4.72620200

4.55217000

1.81329600

0.84410000

1.46987100

0.87816200

1.99238000

1.46155400

1.24929200

2.14933400

3.58605900

4.08592300

4.13666300

5.18258100

3.04968000

3.25782200

2.20412300

2.40766400
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1.18563300

0.94384200
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-2.60729400

-1.94549600

-2.60738000

-2.07148200

-3.93420500

-4.44121700

-4.63119200

-5.65972300

-3.96538700

0.27813300

1.52472400

1.68480500

2.80349100

3.74407000

2.68981200

2.09759500

2.70877100

4.09104300

4.73552900

4.63835400

5.70752800

3.80705200

4.22835000

2.42668100

1.77347500

4.02490900

5.27954900

6.35658000

7.29378400

6.17716800

7.00670400

4.96639000

4.82964000

3.88909800

6.46731600

6.32880800

5.35105600

7.07485800

6.51980600

7.69928400

7.55108600

7.23334700

7.44764000

7.77652600

7.25134200

7.42459100

6.84086900

6.70151400

6.61839700

6.30138600

1.81685700

1.99381800

2.64504900

2.80123500

3.08937700

3.59590300

2.89374800

3.23165500

2.24926500

1.62253900

0.79666500

0.32495900

1.24312800

1.16730000

2.13578000

-0.02220200

-1.37486200

-1.61768900

-0.79310200

-2.90820500

-3.08013000

-3.97813100

-4.98118700

-3.74499200

-4.56727100
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1.88489300

0.81571200

1.36044400

2.07634400

0.90128200

0.56626800

-5.87914500

-6.20829600

-5.63328700

-7.67186300

-8.37313900

-8.04535500

-6.64527100

-6.15969600

-4.77364000

-4.04254300

-4.32358200

-3.24893600

-5.25735000

-4.91118700

-6.64174600

-7.36965300

-7.08726000

-8.16024900

-6.70959700

6.81364300

6.63926300

8.89915400

9.71288900

9.08234500

8.92937400

2.20639300

0.82985100

0.49502400

0.34752300

1.05100500

-0.20165800

-0.31563700

-1.71206100

-1.99426900

-1.18311000

-3.31040400

-3.50720900

-4.36793000

-5.38635200

-4.09827200

-4.91248200

-2.78032400

-2.57162900

-0.02871000

-2.45381000

-2.27820600

0.00321400

-0.21999600

0.98848400

-0.76638700

2.36939000

1.86134800

0.98882700

1.92553800

2.38718700

1.05538800

2.84478100

2.50143600

2.37368200

2.48030000

2.11056000

2.01722900

1.97954100

1.76805400

2.11296400

2.01272700

2.37227500

2.47038600

4.35204400
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C

-7.41947800

-7.04275200

-5.71815100

0.51877100

-0.47211700

-0.23825100

-1.00230000

1.00017100

1.18693800

2.00014100

2.95086800

1.75124000

-2.75468800

3.91170200

4.11966300

-3.98350100

-2.71320900

1.78377300

-0.34198300

-1.20367200

2.50944600

2.39838100

-2.35548200

-2.22808700

0.05147500

-0.72599300

1.00546200

-0.17232700

-1.59804300

-2.30932800

-2.73637600

-3.28247500

-2.44006200

-2.76655100

-1.72757600

-1.50503300

-1.30941900

-3.22659800

-0.14642700

-6.38722500

-5.94900000

1.25207600

2.15681800

-0.90839000

1.54384400

-4.83679400

-3.93194500

-4.59705900

-3.69485900

-3.31459300

4.83625400

4.54479700

4.82208400

4.66657200

5.40623100

6.74085400

7.30015600

7.34751000

8.37712200

6.65415300

7.14558500

5.31849800

5.46041200

5.22439000

-2.21818000

-2.93111500

-5.12591700

-3.86516100

-1.76713300

-0.79234300

-1.46799900

-0.99932100

-1.88770600

-1.41823200

-1.17264800
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H

-0.09768100

0.03958400

0.21180800

-0.06926200

-0.02026000

-0.33287300

-0.65127500

-1.16097100

-1.77536100

-1.87820500

-2.21394300

-2.74120000

-1.80750900

0.07678600

1.29487100

1.27747100

2.22157800

0.04505700

0.03620600

-1.17532400

-2.12940700

-1.15887600

3.82472300

4.86237000

451384700

-2.25667900

-2.41882200

-3.37303300

-1.16109200

-0.87713800

-0.23302600

1.12114200

1.91156200

3.21484100

3.70273500

3.64963200

4.56914800

2.64104200

-4.72702600

-5.45784700

-6.76059100

-7.28762100

-7.32686000

-8.32949200

-6.64174300

-7.07641100

-5.33979300

-5.30395800

-4.41151400

-3.42629600

-2.09442900

-3.53621500

-4.03270300

-4.09461600

-5.14501900

-3.00590800

-3.19779200

-2.15273800

-2.35133800

-3.31948100

-1.11566800

-0.86249900

-0.14466200

-1.70656400

-1.88286000

-2.45412700

-2.59701300

-2.83854100

-3.28169700

-2.66942400

-2.97145700

-2.10064900

-1.61607900

-1.00085200

-0.66872900
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6.30010900

6.79282000

6.46436200

6.06562200

6.51849800

7.81284700

8.46404800

8.26905500

9.27430900

7.43485400

7.79061500

6.14034400

5.48604500

5.68899800

4.68531400

6.16704700

7.22296500

5.79673400

5.57930000

-3.66563300

-4.66608300

-4.36366300

-6.16725400

-6.39476500

-6.78302900

-4.44686500

-3.47808900

-5.17710300

-4.99837200

-4.18073100

-3.59855000

-3.68821200

-2.91626900

-2.47757800

-2.80872100

-2.28788600

-3.38505200

-3.31017400

-4.06556500

-4.50915500

-6.51398000

-6.78833500

-7.07282200

-6.81894800

-4.89910100

-3.85493500

-3.20109700

-4.20297900

-5.20078500

-3.86520200

-1.56987500

-1.70071600

-2.36917600

-0.16735300

1.02847000

1.06403500

0.18578400

2.21727700

2.23055200

3.35641600

4.25367400

3.33017400

4.20722800

2.17607800

2.16162400

0.06311500

0.24861100

-0.81196400

0.94951400

-2.28410200

-1.87617900

-1.04884600

-1.94086600

-2.33122900

-1.10145200
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-5.61864700

-5.92307300

-4.89040900

-3.85590500

-5.17764100

-4.36410700

-6.50940600

-6.73394600

-7.54796500

-8.58120800

-7.25509400

-8.05995300

-5.49841200

-6.45961700

-5.24141700

-4.71915000

-0.45258000

-1.48444200

-1.25520300

-2.04866100

0.02372400

0.20602000

1.07244000

2.05449400

0.82577600

-3.17870900

-1.70959400

-0.73633700

-1.05259500

0.63888100

1.37121700

1.06196700

2.12643000

0.10087100

0.42262300

-1.27404100

-2.01810100

-3.57109600

-3.38312800

-4.63875100

-2.96909600

1.73431800

1.80196100

2.38743000

2.43564200

2.91154700

3.36483800

2.86379100

3.27557000

2.27101000

-2.93272400

-2.70193200

-2.77403800

-2.95798700

-2.60562900

-2.66426900

-2.36909200

-2.23183300

-2.30486500

-2.12584600

-2.47130300

-2.41914200

-4.41219200

-4.92742000

-4.51989800

-4.91699100

-4.55323800

-5.52785900

-6.80214600

-7.55296100

-7.09255700

-8.07395800

-6.14808400

-6.39648400

-4.88129600
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C

H

H

-3.82221100

3.14418300

4.43529400

4.53881500

3.67796000

-3.59425500

-3.04822500

-2.44775200

3.71432200

3.13587200

3.59354500

-4.65946600

-3.56525400

-4.09436800

2.41020100

3.47236800

4.01814700

3.07863900

4.81943200

3.59006000

5.76304600

1.35891400

5.36730500

6.11748100

6.80816600

1.25913100

2.66129800

0.46445500

-1.01083100

0.46984300

-3.27068300

-2.65486600

-4.25128000

2.40273500

3.75834900

2.15660300

0.78636000

0.67212800

2.29326700

0.68840100

3.80579900

1.77000000

2.75038200

3.91456200

0.66442200

2.94940600

0.68012100

1.88893400

1.15905200

3.02328300

-6.09390300

-4.12403200

4.47686200

5.51941200

6.11371000

4.75265700

6.36191500

5.74673000

-3.22089300

-4.26595000

-5.00004300

-5.56064800

-6.99674000

-6.38137400

0.46333200

3.31386600

2.02317000

2.46699900

3.74663400

1.12612600

3.32049800

-0.31441200

2.47275500

2.15139200

3.64499200
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5.12443700

2.03297100

2.73016000

1.34102900

5.38366500

6.60021000

4.23147100

4.28511700

5.51147100

6.66501800

3.37678600

5.33726100

3.28610600

7.60756600

7.49339800

5.63219700

4.53798700

3.91008400

4.99451300

6.60864800

4.73619700

2.65779200

4.54110200

1.12387800

-0.76488300

-0.36219600

-0.98007800

-0.80991800

-0.41802500

-0.18887500

-0.95367500

-0.91135000

-1.27905600

0.11998600

-0.19027400

-0.26970600

-0.54319200

-1.39032200

-0.84443700

0.05857300

4.40518200

2.15164900

3.64559300

-1.32205800

-4.40112300

-3.78263800

-3.59817700

-2.20271900

-1.54870200

-2.38957600

-1.60737600

-5.48654300

-4.06598300

-1.91812700

-4.39576800

-0.12892100

0.88382100

0.55300900

1.84545900

0.25483600
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11. NMR/HPLC Spectral Data
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1F NMR of 1h, 564 MHz, CDCl,
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13C NMR of 1i, 151 MHz, CDCl,
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'H NMR of 1k, 600
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13C NMR of 3a, 126 MHz, CDCl,
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H
[hata File - JOK 000 AC alPl) BMLsi soqarogano bsaly en 004l od ot
Sample Name + MK N0 < PG B0 & soprnopamo lesokhy ent (04 é
m: I 2 DOK M0 I PG B i sopropana
] File : VK-l Eml kem
" o E=n (i)_sa
PS4 Slull | 25 40m, 4nm
z z
wh =
= =
1 M
1 1 I 1 1 I 1
13 14 L5 L] 17 [ 19 L1 |
mm
Y Spocim
R:huhu;:l:- IS5 |
mil!
A
Al
1033
|:|_
141 i 20 ¥ 2 By 2 i 3 al0 i 3 i Al [T T 1
am
UV Spocimm

Ecimion tme= 6939

Peak Table
POA Chl 254nm
Peaks Ret. Time Area Area¥h
I 15,051 IR1T557 49.333
2 16939 J90EL0 50667
Total TTIR417 | (8. (e
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Data File - JOK D068 o C Pl EML i sopropan ksaly en 10051 od
Sample Mame : MK 00E ] C =P SN < sopropano ksohy am 05
m: I 2 DK <00E o] P50 _EM i sopropana
] File : NP0 %m] lom
"
Al L o (_)_3a
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|
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i1

M M0 20 M X0 20 3 w0 1M

Peak Table
PDACHh] 254nm
Peaks Ret. Time Area Area¥h
I 14564 | 95024 97917
2 | 7.344 20635 2083
Total | 1024660 | (e (ue
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[Data File
Sample Mame
Sample [
Method File

mALl

o JOEAT- IO 0% -0 EM L- isopropan ok sobent3 lod
» JOEAMAT- IO 0% -0 EM L -isopropan ol sobrent(d)3

» AT - I 0% -0 B - 50 e

: JEAa-0 Eml lem

o Becema dosgram

i |

U 5 pec tram

Redention time= 2] £33

maAlLl

i |
0 A 300 30 3hd 330 MO0 30 340

Peak Table
PDA Chl 254nm
Peak# Eet. Time Ared Areata
1 21 855 2315993 50.737
2 26,397 2151617 49 763
Total| 4367610 100, 000
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: JOK-0115-1C-0%%- 0 8ML-isopropansl-solvenidid. lod

Data File
Sample Mame o JOEADT 1 5-1C- 0% 0 EM L- moproqpams] -sol ve g
Sample [ o JOEADT 1 5-1C- 0% 08 M L-i soproqsamo
Methad File : JEAa-0 Eml lem
" hecama iogram
mAll
| K E
Cawe 0 ms 'R _
L' & jpec tnam
Retention time= 3048
ALl
110 =
Al -
i
! I ! 1 L | f 1 ! | 1 i L] I ! 1 ! | J I ! | | ¥ 1
o MO MO 240 IO Dnd MO s 10 1M = Lt 10
oI
1
e tend son tame = 2 DNE
mAlLl
159
1.5
LE
=
as
el J Ll L] ] I ! 1 ! 1 J ] L] ¥ L I T | ! ] L] I | !
O MO MO kO X0 o Fa M 310 W 40 340 i)
nm
Peak Table
PDA Chl 254nm
Peak## [ Ret. Time Area Area%
| 20348 TE49014 08625
2 26.068 109463 1.375
Total T958477 1M, (D
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NMR of 3c, 151 MHz, CDCl,
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Data File © J0K-D241-12-1C-0%-0.5M L-isopropsanol-sol vent(dé- modi fied. lod

Sample Name » JOEAN2A - 1 2-1C-00%0, SML-isopropano|-sol vent (s
Sample [T D IR0 ] - 1 2-1C- 00, SM L-isoqprop
Methad File : JOEA -0, Sml. lem
. 1 heworaa cegramm
A

min
L 5 pec tram
Hetention time= 154630
ALl
A
| iy Ilalabal Lkl el ekl el okl IALAAL ebnlel W it ikl it gkl ] Lelnial A |
i) el 1] m I 40 40 o I Tan a0 Bl ] M I R
nm
L
Rz eyt oy e = [ TOHLE
mAlLl
A0+
n_'l'l'l'l'l'l'l'l'l
Hon il 1] X s i} it T Ha Jan 1o X a0 R 110 i 130 40
nm

Peak Table
FDA Chl 254nm
Peakst Ret. Time Area Area%
| 15.650 11204352 50 388
2 17.0002 11120560 49 612
Tﬂtﬂﬂ 22414912 10600, ChCWED
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Diata File  JOEAD242- | 3-1C-0%0, S M L-i sopropan]-sol vent (0S5 - modi fied.led
Sample Mame  JOEAD242- | 3-1C-00%0. SML-isopropanal-sol vent(5
Sample 1D  JOEAD242- | 3-1C-0%0, S M L-isoprop
Method File  JOEADG-0. 5ml. lem
1 lacsma icgram
mA L
TFTH% Wil 1 Tnm Ao
=
=
w
[
IS0 155 14D l&s 1T 174 180 185 190 195 00 ;8 200
[ i)
L' 5 pectnam
Retention time= 13304
mA/Ll
15
|
-]
=&
W0 0 M0 M0 Mo Mo 20 M0 D0 M0 300 30 320 330 M0
m
1
Rzt o e = 1 T 40
mALl
A
ENTE
ELLi]
Hid
180 4
n-'l'l'l'l'l'l'l'l'l
i} ad [1] ot | k] et i a2 g a0 i ELLi] 3@ 3 330 240
[yl

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
1 15305 21830 0213
2 17434 10222096 o0 TRT
Tﬂtﬂﬂ 10243926 LR
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IH NMR of 3d, 500 MHz
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13C NMR of 3d, 126 MHz, CDClI,
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Data File
Sample Mame
Sample D
Method File

Al

» JOR-0608- ID-0.5%-0. ML led
o JOE-0608- ID- 1 5% -0, EML

» JOR-0608- TD- 5% -0, EML

: JOEAD. 5%--3 5min-0.8ml.lem

A lewoomna o

MeO

(+)-3d

TPIw N 1 Zinam dnem]

1]

L'V S pec anam

Retention time = ITEIT

Mo w0 290 o0 30 32 10 M0

34 380

M 0 390

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%a
1 17.817 1175582 50.070
2 200,686 1172308 49930
Total| 2347890 100,000
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Diata File
Sample Name
Sample [
Method File

mALl

o DRSO T- T 340, 5%-0, 8M L. led
o DR T- - 340, 5%-0, EML
o DR T- T 340, 5%-0, 8ML
: JOEAD 5%--3 5min-0.8ml.lem

1 havama scgram

MeO

1 |iss:

A0 it 30 ™0

Peak Table
PDA Chl 254nm
Peak# Eet. Time Area Area%
1 16.792 Be6540 1.151
2 19228 74413811 08 849
Total| 75280351 100.000
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Data File
Sample Mame
Sample 1D
Method File

o JOEADeE- TE-0 5% -0 EM L. led
o IR - TE- 0, 5% -0 BN L

o DR - TE- 0 5% -0 BN L

; JOEAD 5%--3 5min-0.8m] lcm

1 e g

MeO

1] |

LI 5 pecanam
Hetenmon tims =

[

L T A

&0 a0 20 310 im0

A0
i
a1

S R " O A A

Peak Table
PDA Chl 254nm
Pealks Ret. Time Area Area%
1 16.541 4500 1963 49 821
2 19 830 45416294 50179
Total 508257 1ORCh R0
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Diata File
Sample Mame
Sample [0
Method File

mALl

¢ JOECAG05- TE-2-40, 5% 8M L led
¢ JOECAG05- TE-2-40, 5% BML
o JORCADG0S-TE-2-0. 5%-0 ML
¢ JOEAD 5%--35min-0.8m] lem

1 o o

MeO

LA |
&0 o) L] [ ]

e 1]

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area®s
1 16779 10536 0348
2 19520 013872 Ok 552
Total| 3024408 100,000
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Data File : JOK-0143-14-1%-0.8ML-isopropanol-solvent003. lcd

Sample Mame  JOK-0143-1A-1%-0.8ML-isopropanol-solvent(M)3
Sample 172 D JOE-O143-TA-1"%-0 8ML-1sopropana
Method File 2 JOK-1%=-0.8ml.lcm
Cl -
AL AOMALEIEN OMe (i) 3f
S 1PDA Muln 1 2 54nm.dnm

‘}_

T.00 7.25 T.50 7.75 ®oo 825 #.50 873 Q.00
min

U"u' SFH_".:lI'IIII'I
Retenfion time = 7.565

[EAN

10010

5uu-; \\__d__f—---—-,\\

]
1940 200 2100 XX 230 240 IS0 a0 2TD 2RO 290 300 30 320 330 340 350 M0 3TD 3RO 390

nm

UV Spectrum
Retention tirme = 8,063

mAL

190 2l 2100 2200 2300 2400 2500 2600 270 ZRD 290 3000 X100 330 330 3400 3500 3a0 0 370D 3RO W0
nm

Peak Table
PDA Chl 254nm
Peak# = Ret, Time | Ares | Area%
1 7.565 H121948 49 586
2| 8.063 6224168 | 50.414
Total 12346117 100000
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Data File - JOK-0153-1A-6-1%-0,8ML-isopropanol-solvent005 led

Sample Name D JOK-0153-1A-6-1%-0.8ML-isopropanol-solvent005
Sample 1D S JOK-0153-1A-6-1%-0 EM L-isopropa
Method File : JOK-1%--1 Smin-0.8ml.lem
Cl
- omalogran OMe (_)_3f
o 1PDA Multi 1 234nm.4nm
S 1=
u_ -
T.00 T.:?S '.'.I5III ']'.I'u'S H.::IEI R.IES H.ISEI R.I]'S Q.00
min
U Spectium

Retention time = 7,345

L]

LR \

r _'__,—I—"'_ R
a
I 200 210 2200 230 240 250 26 ZTD ZEO 290 3k 310 3200 330 3400 330 360 370 3RO 3W0
nm

UV Spectrum
Retention trme = 7837

190 200 2100 2200 230 240 250 2600 20 IR0 240 3000 3100 3300 330 5400 350 3a0 370 3RO 390
nm

Peak Tahle
PDA Chl 254nm
Peak# = Ret. Time | Area | Area%
1 7.348 224745 2.487
2 7.837 2812566 97.513
Total 9037311 100,000

S157



IH NMR of 3g, 600 MHz, CDClI,
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Dat File ¢ JOK-1474-1A-0 8% LML led

Sample Mame » JOE-1474-La--0 8% 1ML
Sample [D » JOE-1474-1A--0 B%-1 ML
Methaod File » JOEAD. 8% 50min-1ml.lcm NC
. C hevarasogyam
A
. 2]
3 éﬁ Minor =
diastereomer J;;”\HHL
& _/—\\‘-_ _//-\"-._
-E.l:lI o 1-EIJII o I":'!UI o I":'I_'n. o I.:It:.I:II o I]t:_": o .]]I.UI o I:I:IIJII o I]:'I_Ur I I]:JJ
min
L'V 5 pecirnem
R nitiom mime = €449
mAll
m.

ol
| TrTTpTErY e T
MO MO M0 MO I 80 39 30 M0 3N W MG 30 30 IR0 0 39
nem
UV & pecinem
Rzt o i = 11_10%
ALl
00
-
Gkl ALl LAl bbbl b bl Iebbid bbol bbbl LLal Likl | Lbb) Labid bbbl feliohl Abih) Rhald Lbhi bbbl Labid bbbl bl | T IT T IR FITS[ETPT[STETETS T TeIT L bkl Lk bl bbb |
oMo Mo 20 MO X0 280 290 M 30 X0 W MO Mo W IO M0 e
e

Peak Tahle
PDA Chl 254nm
Peaks Ret. Time Area Area%s
1 84409 FR2098E 36.621
2 G517 4073960 27023
3 11.106 SAR0GD] 36356
Toial 15075030 [[EIELLT]

S160



\ =

[Data File + JOK-1473-1A-40 8% 1ML led
Sample Mame o JOE-1473-LA--0, 8% 1 ML
Sample [ » JOE-1473-14--40 B%-1 ML
Methad File » JOEAD, 8% 30min-1mllcm
" i heena sovgram NC (—)—39
. N [T |
Minor 3
diastereomer .
: o AN
e r— -
t.l:l””".”9:!:!”.'9'5.”'1::.!:””Jl::J-1”.11'.l:|'.”JJ'J-”.IJ:II_DI"JI_M
min
L'V S peac eruem
Hiete rticn fime = £ 363
mAlLl
T
1401
10
£
i

LV S pecinem
Retention time = 1 1.043

mAll
4000

| ablikbiablal b
IO 0 SO 30 310 30 330 M0 330 30 30 30 O

£

I

100
)

skl ikiabl ikl BShLAbickl WAkl bik MibhL ikl WAL LA bbbkl Wiskhi Lkl skl liskiil biski | kA Ll | LA L | LIl Ik il |
o 0 M0 M0 140 MM M0 ) 30 M0 3N 30 M0 30 0 30 30 0

Peak Table
PDA Chl 254nm
Peaks Ret. Time Area Area%e
1 B.362 104 5004 4.641
2 U538 1171121 5196
3 11045 20321950 0. 163
Total 22530065 100,000
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1F NMR of 3h, 564 MHz, CDCl,
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Data File : JOK-0222-4-1C -0, BML-isopropanal-solventD03. lcd
Sample Name 2 JOEA22 -1 C- 000, BRI L -isopropandal-zol vent(d)3
Sample 1D » JOEAN222-4-1C - (%0, EM L -isopropa
Method File » JOEA# a0, Bl kem
1 e Scogeram
mAll
N E TPIA Wik | Pt dnm
o A AR A e e Y y ]
min
L' 5 jpec tnam
Retention time= 145891
mall
15
1
i
3da 20 0 M0 Mo M0 o 20 20 00 30 1M 36 Mo 380 360 M0 10
m

Retemion tmme = 1E0E]

Peak Table
PDA Chl 254nm
Peaks Ret. Time Area Area%
1 14 891 REEZRTD 49 HlhE
2 15.081 QO2317h 503072
Total| 17906056 100,000

b ) i
MINMIhJ&ﬂJIUMMMMHJNMM
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© JOKAN223-4-IC - 0740 M L-isopropanol-solventDid. led

Data File
Sample Name 3 IR 2 3-4-1C- 00, BM L-isopropamo] -ol vent(d
Sample 1D  JOEAN223- 410 - 0740, M L-isopropa
Methaod File : JOEAG-0, fml. em
1 e ovgram
mAlLl
=
o i
B 4 1 w 17 s B om o om Y
Lot ]
L' S jpecinam
Retention time= 13844
mAlLl
i
-]

s

IIIIIIIWIIIIIII'I'I'I'II
o X0 X MO MO M0 XN X0 MO 30 310 3M0 330 MO0 %0 30 30 R0 340

Retenton tmme = 17555

mALl

3O 0 o M0 Mo Mo 70 0 0 300 300 3 330 MO 350 10 30 0 190

Peak Table
PDA Chl 254nm
Pealks Eet. Time Area Areaa
1 15844 125202 1.231
2 17.555 15T 30 OR. 769
Total| 10170931 100.000
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'H NMR of 3i, 500 MHz, CDCI
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Diata File
Sample Name
Sample [
Method File

Al

» JOECAD 19-1C-0%%-0. BM L-isopropana] -sol vent(0d. led
T JOECAD T 18-TC- 0%, M L-i sopiroqpeanda] -sol vent(dq

3 JOECAD T 18-TC- 0%, BML - i soproqans

: JEA0P4 -0 Bm] lem

ChroaTeRogy

(£)-3i

14

U S cinom

Rmenion time = 1608

K /{m | ‘Aj
T T T—r— T—r— T—r— T—r—r— T—r—r— T
I 17 1% 19 0 | n

M

S

mz:unuimmuuzwzmmzwmmuummmmmmm
1]
Rsmenton time= 19748
mAll
75
i
SR LA L e el L w M W b Ui Wi Wi ws LR s s e e s ) M M L W L L L L L e s
M 10 X0 MG MO Mo deh 270 &0 Is0 MWD 310 330 330 MO M0 W0 3TN0 W0 G
i

Peak Table
PDAChI 254nm
Peak# Bet. Time Area Area%
1 16085 3026512 SRR
2 19. 746 2812184 48.165
Toital SRABARGT [ILITLL]]
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» JOE A0 2001 C- 0, BM L-isopropanal-sol vent (05, led

Diata File
Sample Name » DO AT 20-1C- 0%, BM L-isopropandal-sol vent(d5
Sample 10 » JOEC A0 20-1C- 070, BM L~ isopropans
Methad File : JE-0%%-0.Bml lem
mll -
0
L T L | r T
14 14 1% 17 1% Bl
U S jpeec enaen
R temition time = 16430
mAlLl
1305
100
A
n_ v 1 ! 1 ! 1 ! 1 . L] I ! 1 ! 1 ! 1 IM’ll M’ll ¥ I """"""T' ! r" ! 1
Hid MG X Mo MO MO 0 YW M 30 AW 0 W 30 MO 340 A0 AW 0

e fe rtn tene = KT

Al

=

5=

[
3

Peak Table
DA Chl 254nm
Peaks Ret. Time Area Areals
1 16.420 4527761 05.035
2 20873 236566 4965
Total 4764327 100 DD

(i
o 2o B0 B0 M0 20 M0 190 o 20 0 30 50 30 30 30 30 50 30 30
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'H NMR of 3j, 500 MHz, CDCI
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==== Shimadzu LabSolutions Analysis Report ====

WCL-1844-2-1C-0.1%0.8mL
WCL-0.1%-20mind 8L lcmn

6412

&
=]

FOA Multi T 30Enm, 4nm)

mAl

ANAN

T T T
7.0

UV Spoctmm

T T T T T T T
7.5 B.O

1000-]

3004

mAl

™
190 20 200 20 230 240 250 260 20 0 200 300 310 30 330 340 30 360 IO 30 Mo

1000+

3004

™
190 20 200 20 230 240 250 260 20 0 200 300 310 30 330 340 30 360 IO 30 Mo

203nm
Eet. Time Area¥a

Peak Table

6.412 49.969

7.038 50.031

—
Bl

100.000
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==== Shimadzu LabSolutions Analysis Report ====

WCL-1845-1-1C-0.1%0_ 8mL
WCL-0.1%-20mind_SmL kem

mALl

FOA Multr T303nm $nm|

100+

B.508

| e

IV Spactmm
mAll

EOD
0
500
00+
200 4
300
200 4
100

-
150 20 200 20 [ M0 21X W0 20 W0 W0 WM 30 30 [0 M 3N 360 O 0 MO

AU

]

_ uSCEBEHASS 1SS

Peak Table

FDA Chl 203nm
Peak# | Eet Time Atea’
1 6.500 92.506
2 1.199 7.494
Total 100.000
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'H NMR of 3k, 600 MHz, CDCl,
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13C NMR of 3j, 151 MHz, CDCl,
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Daia File T D100 ] - B 0% -0 BN L0 ed
Sample Name T D100 ] - IO 0 -0 BRI L
Sample [ T D100 ] - IO 0 -0 ER L
Method File » JOKA -2 5min-0, 6ml lem
Charoama sosgram
Al
M
[
e L B e e T e E e e e e e ML o T T T
il &l a2 %] X [ hE a9 T
il
LI 5 jpeec tnam
Retention time = & 254

0 M0 30 330 MO0 30 36D

i3m0 390

A0 3H 330 M0 330 380

Peak Table
PDA Chl 278rm
Peak# Ret. Time Area Area%
1 6,256 1053124 49 482
2 6.513 1105802 50518
Total| T188926 100.000

i 30

)
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[ata File

Sample Mame

Sample [
Method File

Al

: JOK-1402-1C-0%-0.EML-3.led
: JOK-1402-1C-0%a-0.EML-3
: JOK-1402- 1000 8ML-3
 JOE-a—25min-{. 6mL lcm

{(hrirna ongram

(I 1]

3 330 MO 330 0

3T 0 340

30 3my 330

Peak Table
PDA Chl 278nm
Peaks Ret. Time Area Area%s
1 6278 206817 03 300
i 6.636 1284 6.691
Total| 18101 100.000

M M0 380

M0 30 340
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Data File

: JOKAD169-2-1C- 1%-0.8M L-isopropanol-sol vent(03. lod

(£)-3I

Sample Name T JOEADT 68 2-1C- 1 %0, BM L-isopropa nol -solvent(03
Sample 1D  JORAD65-2-10 - | %0, EML-isopropa
Method File : JOK-1%-0. Bml. lem
All = OMe
. TPDRA Bk 1 23 e
Minor

diastereomer

i o

> 15959

LS S pectnam

=k
L) >1‘,4|1

Hetention time = T 412

mAlLl

T
125

Cn 174

Lkl hhinbliibl bhishl bbbl hhinkl Lkl Rhinkl bkl Rhinkd kil bhinkd bkl Wikl bl Wikl bk Wikl ik |
Mo a0 MO MO MO XM M0 30 300 30

U

[zt misomn fume = 12434

30 MO 30 340

0 30 350

MW MO MG MO M0 20

o ) 20 300

10 120
Peak Table
PDA Chl 254nm
Peaks# Eet, Time Area Area%s

1 7412 6343268 49 007

2 12.434 40943 0.772

3 13809 101856 0.787

4 18.959 6398503 40 434

Total 12943570 10:0.000

330 M0 330 380

i d0 30
rEm
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Dat File + JOEAD 1 T0-1C -1 %-0 M L- isopropanoksohven 003 lod
Sample Name T JOEAD] 7010 - 1 %a-0 8 M L -isopropan ol sohoeni (0 3
Sample 1D o IR0 ] 0= - 1 %0 BN - s prroeands
Method File : JOE=1%-0. 8ml.kem
Em
Al
Z .
b . Minor
P 8 diastereomer ﬁ
N & z
LJ ! N ] L] N I N
14 10 113 174 pisli]
LI 5 e arum

Retention time= 7331

mAll

u

et nticn time = 123841

mAll

3O W o Mo M0 WO YN0 G 0 0 30 30

330 MO0 30 340

E ]

100

30 T 0 Mo Mo WH YN o 0 0 o 1w

Peak Table
PDA Chl 254nm
Peaks# Ret. Time Area Area%
| 7.351 2RT25643 6h. 428
2 12 361 10836390 25059
3 13,7549 [ 3a6955 45440
4 19 {20 1714331 3.064
Total 43243327 [TLIRLLI]

130 MO0 30 340

10 Mo 380
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Data File SJOR-0171-1C-2%-0.8M L-1sopropanal-solventO4. led

OMe

Sample Name D JOK-0171-1C-2%-0.8ML-isopropanol-solvent004
Sample 1D S JOE-0TT1-10-2%6-0 8M L-isopropano
Method File 2 JOK-2%-0_8ml.lem
Clromatogram +)-
ALl ¥ OMe (_) 3m
(] 1PDA Muln 1 254nm.dnm
= Minor 5
I| ] . ® &
500+ 1\ eo-  diastereomer - /\
i JI ./r\_ i S
Ji’.illllli‘:.ﬂllIlll'i!.jllIllf:.l'.'rlllll'_:.ﬁllIll'_{.&lllll?.ﬁ
min
UV Spectram
Retention fime = 12.372
ALl
4000
EIIfK'I"____J-:-"’/ﬂ k
2000} 1 .
0 ——
1000} — T o
iH —_- s
190 200 210 XM 230 240 250 60 IT0D O 2RO 290 300 310 30 330 340 350 360 3TD 3RO 390
nim
UV Spectrum
Retemtion time = 26657
mALl
500,

190 206 2000 2200 XM 2400 250 2600 IT00 XRD 2 3000 A0 3 3300 3400 3500 M0 ITD 3RO 390
nm

Peak Table
PDA Chl 2534nm
Peak# Ret. Time Area | Area%
| 12,372 23278478 | 41.919
2 14,526 4205033 7.574
3 19,798 4184760 7.536
4 26,657 23862693 42971
Total 555318064 100.000
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Data File

JOK-0172-1C-2%-0.8ML-1sopropanol -solvent004. lcd

Sample Name : JOK-0172-1C-2%-0.8ML-isopropanol-solvent04
Sample 11 S JOE-0172-1C-2%-0.8ML-isopropana
Method File : JOK-2%=0.8ml.lcm OMe
Chromatogram
ALl - OMe (—)-3m
1 50K = IPDA Mult 1 254nm.4nm
=
100 - Minor -
S0 ¢ diastereomer 2 =
JEI}I - Ilf:.'l'r I'J!.S Il'IZ:.I:rI - Ili.ﬁl - '1___1.&' - Il'?.ﬁ
min
UV Spectrum
Retention time = 12,619
Al
EILLIE
S~
I
0 - e
190 20 2100 220 230 2440 2500 260 270 2RO 1% 300 30 30 330 3400 350 360 370 3RO 3590
nm

UV Spectrum
Retemtion tirme = 26,515

mAll

TG0 2000 2000 22 230 2400 2500 2ed 2700 2RO 2900 3 300 R0 R0 340 330 a0 3700 3RO 340

PDA Chl 254nm

Peak# Ret. Time Area |

1 12.619 25840960

2 14.942 1295076

3 20.300 REORIS0

4 26,515 797214
Total 16741431

nm

Peak Table

Area¥
70.332
3.525
23973
2.170
100.000
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'H NMR of 3n, 600 MHz, CDCI,
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Data File

: JOR-063 1-1C =10~ 1ML lod

Sample Name s JOEA63 -0 -1 0961 RL
Sample [ T IR | -0 10%-1 ML
Methad File » JOK-10%—50min-1ml.lcm CN
Al Chromatogram OMe (£)-3n
TPLEA M 1 Einem, dmam]

LI 5 ot

R temtion time= X1 TIE

———

——————

T %m0 00 30 33 30 MO 3% e

i M0 M0

o
L
Retenion fme = 24752
mAlLl
. —
100
i)
100
™ L T L bk T J Lkl kel ikl I
2 MO MO MO I M0 MO 0 30 W 3o Mo Mo O I 0 1
nm
Peak Table
FDA Chl 254nm
Peaks Ret. Time Area Area%s
1 23718 9570289 21.223
2 24 752 Op32 285 2136l
3 26.332 12974775 28.773
4 46.757 12016100 28643
Total| 45093449 100.000
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[Dat Fike : JOK-D630-1C =1 0%-1 ML. led
Sample Mame T JOEAMG30- 10— (-1 8L
Sample [ : JOEADMGI0- 0 -1 084-1 8L
Method File : JOK- 104 —50min-1ml.lcm CN
AU e OMe (-)-3n
- TPLRA Mkt | iz dzam]
R P MU P M P 423 FEPA P
I

AW
i+ . - e
MO MO MO 0 IO X0 MO M0 30 3W0 30 M0 30 340 3T0 3E0 380
mm
L
Hetenton mme = 45 548
mAlLl
15
1=
Q.
n- e e S — i s ™ S
| kil alatel Wbl sl shikdal abobial | hidal obadal (el bkl ikl blondal kbl by bl bty bl Gl Gkt b Gk Lkl kil Leiald kel
O M0 M0 MO I IO 30 M0 30 3D 340 &0 3TN0 W0 190
i
Peak Table
PDA Chl 254nm
Peaks# Ret. Time Area Area%s
| 26,218 44689706 97.722
2 45 Bda 1041945 2278
Total 45731651 | LRI
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Lt Filla
Sample Mame

Matho File
mAl

: JOE-020-IC-- 102100 1cd
: JOE-0629-IC-- 108100

: JOE-020-IC - 1081 WL
 JOE-1Pe—-50nnin-1ml lem

Chmomwencgran

OMe  (£)-30 NO,

NN

1PDA Ml 1 25npe Sory

B
1700 1725 17s0 1775 1gD@ TR
OEX
|-|1i -
Ronarrion tims = 17,650
8T
s
300 o
200 1 — .
100 —_—
20 T 230 MO 250 280 00 20 200 0 30 39 330 M0 30 0 IN 30 W0
om
V'S
Rotarsics tima = 18301
mAL]
g0,
300 \h
200 —
100 S~ —
H —
Ao 2ho 230 M0 250 260 20 20 20 W0 0 30 330 40 30 360 30 380 3N
mm
Pezk Tahle
PDA Chl 254nm
Peak# Fet Time Area Area¥s
1 17.650 5392842 50364
2 18.501 5314868 49 636
Total 1077730 100 000
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Diata File : JOR-0628-IC— 1084101 1cd
Sample Mame o TR0 B-TC 108 1ML
m TG E-TC -1 -1 WL
Mlethod File » JOE-1 (Pg--50min-1mil lem
AT Clromsyicgmas OMe (_)_30 N02
ijﬁfffaxxxhah TPOA NS 1 2o,
N I = —
1o 1725 1750 1795 180 1B2S 1EWM  IETS 1900 0 1925 19.50
OET
UV Speceum
Foiention tme = 178554
ot )
jm-*"““mxxh
- __--_- _-.HH-H"— e
- -
o 30 230 MO 250 260 I ZE0 200 300 300 330 330 MO 330 360 30 360 0
om
LV Spectm
Rotontion time = 18,534
mALT
e
50 H\&
S e _'-.\_Hﬂ-\-
o] T R
Ao zho 230 M0 250 260 20 280 200 30 310 I 330 340 350 380 3N 30 30
I

Peak Table
FDA Chl 254nm
Peaks Fet. Time Area Area¥s
1 17.664 5722100 20.281
2 18.524 G1&010 9.71%9
Toital 6338110 100.000
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1H NMR of 3p, 500 MH
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19F NMR of 3p, 564

MHz, CDCl,
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Data File - JOK-1512-mew-1A--0 3% 1ML lcd

Sample Name D JOE-15 1 2-mow =LA, 3% 1 ML
Sample 1D D JOE-1512-mew- LA--0. 3%-1 ML
Method File : JOEAD, 3%--45min- lm1 lem

L .
A

AR

WS an s 18 18 120 125 136 134 4D 145 158 188
Lyt

L'V S o tnasmn
Retention time= 9 358

mALl

190 200 20 0 20 Mo MO 20 0 JE0 N0 100 30 1% 1 Mo 3o 0 10 1@ e
Em

Peak Table
PDA Chl 254nm
Peaks# Eet. Time Area Area%
1 0588 17225820 49 482
2 12 892 17586782 50518
Total| 34812602 100.000
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[Data File
Sample Name
Sample [
Method File

Al

D JOE-1511-14--0
 JOK-1511-1 A0
D JOE-1511-1A--0
: JOEAD3%--25m

J%-1ML. ked
J%-1ML
3%-1ML
in- lmL lem

L gam OMe (-)-3p F

10,7481

/

TPLA Bk 1 2 =aem, daam]

n_‘—-_

U 5 pec tram

Redention time= [0 T4}

AT AT FARRT AR TFRRET MR PR T PR PR TR FARRR P AR T
I

L

R temiom tmne = 12101

150 M0 20 B0 NG Mo 2% 0 Yo

W0 90 100 30 330 130 M0 380 160 370 M0 390

, ;
19 200 200 Yo 30 240 Mo 0 X

—
o 10 M0 30 120 330 MO 30 e 30 80 390

Peak Table
PDA Chl 254nm
Peaks Ret. Time Ared Areats
1 10,752 TT0E06 2.706
2 12.101 27700720 o7.294
Total| 2471026 [ICIXET]
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R of 3q, 151 MHz, CDCl,
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Data File : J0K-1451-0DH-2%- 1ML-2.ked

Sample Name - J0K-1451-0DH-2%- IML-2

Sample 1D - J0K-1451-0DH-2%- |ML-2

Methed File - J0K-2%-40min-1mL lcm

Al Chrpmsiogrem OMe (%)-3q

TPLEA Mok 1 Edmm, dan)

n_l1_l| | i = L i ek | 1 T
150 M 200 XM XG0 MO 240 MO ITO IR0 FAD 300 300 30 1M MO 30 a0 3TN0 lmh 350
i
L
R temiom fume = 47 K55
mAlLl
A0
4001
A0
L]
1
i
ALk i i) Ui e bl wiid i e b il i Wik eyl b g ki e il
190 M0 0 IW0 M MO MO O IT0 IR0 M0 300 0 330 10 40 140 a0 170 ZEG 190

Peak Table
PDA Chl 254nm
Peaks Eet. Time Area Area¥s
1 35418 20668 1049 S0.005
2 47 BB6 205H0052 40 G5
Total| 41258131 [IETXCET]
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Data File s JOE-1449-00H-2%- I ML -2 led

Sample Name o JOEC- 144900 H -2%- 1 ML-2
Sample [T » JOE-1449-00H- 2% | ML-2
Method File » JOE-2%-40min -1mllem

. (v doygram
A

T L | T L WAl L il |
zmmmmzmmmzmmﬁn;mmmmmm;mmm

Peak Table
PDA Chl 254nm
Peaks# Ret. Time Area Area%
1 36727 20767184 o7 041
2 S0.377 W THED 2,059
Tﬂtﬂﬂ J06TART3 1N, Rk
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13C NMR of 3r, 151 MHz, CDCl,
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N\ x

[raia File  JOEAD34 |-['E'-I%-H.IH-ML-impmmnnl-mh'cmMS.lcd
Sample Name  JORAD3S1-1C-1%-0.8ML -izopropan ol sobve s
Sample [D T JORAD3A 1-DC- 1% -0 M L- 50 proqana
Method File  JOE-1%-0. Bml-530minlem
il OMe (i)‘3r Br
mll
2500 Minor TPTRA Wl uikts 1 23w Areen]
i .
ol = %mﬂemome% §
i
s o- e, _}r\
150 174 200 13 240 e 0 ol 3.0 114
i
L'V 5 peac eneemi

Retention time= 13008

| Rkl il L LAl Lebid abiis LEL Labi |
Mo 0 90 0 0 W 30 Mo Mo 30 3 o 0

T TeTETpTETe TrTETpTeTSY el A i) R
I M0 130 MO X0 M0 MO 3000 310 30 330 M0 30 380 370 Mo 350

Peak Table
PDA Chl 254nm
Peaks Fet. Time Area Area%
1 15 005 33360617 43 836
2 17,605 7481137 6. 145
3 21,858 7351737 6,203
4 34749 53346423 43 817
Total 121748915 [IEIIEET]
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[t File © JOKA297-1C-1%-08M L- isppropan ol sobaem] 7.led
Sample Name s JOEANZYT-1C-1 % -0 ML -isopropan ol sohvem( 1 7
Sample [D + JOKAD297-1C-1% -0 8M L~ is0 projand
Method File o JOE-1 %0, B SOMIMND lem
Chrosa Sogram
mAll
- Minor
diastereomek
8 & 4
o o: Fal
150 173 o s 40 s L0 2% 350 515

10.14n.un'1un T TEn iﬁlmlliﬂlﬁﬂllm 0 140 £ B ] 180 50
Nl
Peak Table
PDA Chl 254nm
Peak## Ret. Time Area Area¥a
] 15045 12643137 78.504
3 17.579 367208 1662
3 31831 3776700 17,361
1 35985 390426 3483
Total T608636] 100.000 S207
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[ata File : IOK-1452- LA--0, 3% 1 ML led
Sample Mame T JOE-1452-1a-40, 3% 1 ML
Sample 1D T JOE-1452-1a-40, 3% 1 ML
Methad File » JOEAD, 3%-<45min- lmllem Br
» Checaogean OMe (t)-3s
. EI. TPLRA Mk 1 Flmm o]
b =
, /\— /\7
2 13 M4 135w 1T i 1 m 2 2
min
L' 5 jpec tnam
Retention time= 13317
mAlLl
10—
4
-

1]

Retention tme = | 735K

mALl

19 300 20 X0 YW MO 250 30 Yo e 0 o0 10 1% 330 M0 350 &0 10 0 %0

1ia

Peak Table
PDA Chl 254nm
Pea kst Ret. Time Area Area%a
1 13.537 1903237 500331
2 17.588 18TR235 40 660
Total| 3781472 100,000

19 300 2@ XN YW MO 3o M0 X0 e 290 o0 30 1% 330 MO 350 &0 10 o 3%
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Data File

: JOK-1450- LA~--0. 3% 1ML lod

Sample Mame o JOE-1450- La--40, 3% 1 ML
Sample [D + JOEC-1450- LA~ 3% 1ML
Methed File » JOEAD, 3%--25min- lml lem
ol Chroma iogram OMe (—)-35
o TPLEA Mk | a4
e
E
o
& —e
2 13 14 18 w 1T 1% 1 R i
min
L'y & e s
Retention time = 13340
mall
44
EN
i}
1
n_'l'l'lllll'lllll'lllll'
150 a0 M@ MW W0 M0 MO MO T IR0 M0 M0 10 3B0 330 MO 340 &0 3G 30 390

19 M0 @ Yo Y Mo Mo da Y e 0 100 10 1 310 Me 148 1 %0 1m0 190

Peak Table
PDA Chl 254nm
Peak# Ret, Time Area Area%s
1 13,360 S04608 4515
3 17.360 17019920 05 485
Total| 17824619 100.000
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IH NMR of 3t, 600 MHz, CDCl,
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13C NMR of 3t, 151 MHz, CDCl,
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Data File - JOE-0340- 1C-1%-08ML- isopropan ok solvent005 lod
Sample Name » JOEAD3A0- IO -1 Y- EM L -izopropan ol sobve ntds
Sample [ T JOECADE A0 B - 1% 00 BN L~ i 5o prospuamen
Method File : JOEC-1%-0. Bml-50min lcm
mALl Chrptogron OMe (%)-3t
— - £ TPDA M | Folnm, dam)
00+
e
5 19 2 71 n B 24 2
Lyt
LI 5 pec anam

Retemtion time= 19.T4]

MO 0 YD 20 300 30 30 330 M0 30 360

¥ 0 390

T e b M0 W0 30 33 330 Mo 380 36

Peak Tahle
PDA Chl 254nm
Peakd# Ret. Time Area Area%s
1 19751 20870447 500717
2 23202 20025910 40 283
Total| SHR0635 ] 100,000

i Wb 3D
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Data File ¢ IR0 36-2-10- 1 %0 EM L-isopropanol-sol vent (05 led

Sample Name » JOKAN36-2-1C- 1 %0 EM L-isopropamol-sol ventd5
Sample 1D ¢ IR0 362400 - 1 %0 EML-isopropa
Methed File ¢ JOEC- 1%, Emnl-50minlem
Chrodmia Sogram
mAlLl
150 T

Y MO M0 %0 Y0 0 W0 300 3o 3 3 Mo 380 60 1M im0 1s0

e e el S i e b L L
¥H) 330 M0 30 0 3N 3E0 3O

Peak Table
PDA Chl 254nm
Peaks Ret. Time Area Area%
1 19712 41874366 o0 587
2 23 3949 173574 0.413
Total L2004 7940 100 (hOWN S215
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[ata
Sample Mame » JOEADS RO A0 -0 5% EM L
Sample 1D o JOEADERG-A-C 0, 5%-0 EM L
Method File  JOEAD, 5%--60min-0_%ml lcm
mAL - OMe (%)-3u
FPA Muak | 2<nm o)
L
.I;J..11ﬁn..r.z|u..111{n. .ﬂ.}. .ﬁn.
mim
LI's" 5 puacinem
Redention time= 1T 308
maAlLl
A
n.'lll_'|lll|l'II|I'I'F
1o M 200 XM XM 340 A0 A0 IR0 RO M 00 310 M0 330 MO 340 340 ITO w0 190
nm
1
Tetennon me = T 519
nAlLl
400
Eioi]
]

190 M0 M0 FH X0 MO 30 M0 X0

File : JOKAD589-4-IC 0 5% 0 EML. lod

Peak Table
PDA Chl 254nm
Peak# Eet. Time Area Area%e
1 17.508 14384167 S0 A0
2 28.530 14155965 49 &M
Total 28540132 TR

S p—T T 1
M0 M0 300 30 330 3o Mo 380 0 3T0 im0 %0

S218



Data File

Sample M ame

Sample 1D
Method File

mA Ll

¢ JOK-05EE-4-1C-0.5%- 0EML. lod
o JORADS EE- A - 5% (BRI L
¢ JOE-D5EE-4-1C-0, 5% 0LEML
o JOEAD, 5% ~H0muin- 0 8m 1 lcm

(Ui ScegTam

i~
1500
L
A
i

L' 5 prec amam

——
1743

Resention time= 17454

maALl

T p——T rTTRp—
MO 30 0 Mo Yo 20 100 310 10 130 M0 10 10 370 180 190

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
1 17.454 GR120738 05 222
2 28637 2674806 3778
Tﬂtﬂﬂ TJOTO5544 | LR

HWh o0 M0 310 13 330 Mo 34 lsb Mo 380 390

S219
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Dista File » JOE-0600-2-1C—0_5%- 1ML ed
Sanmle Mame o TR0 2-IC 0 5% 1841
IR + JUEE - D02 -TIC 0 591 L.
Miethod File : TS0 5% e—3 (hoin- Nl borm
s Clrommogram OMe (%)-3v
TEDAREE | Thom o]
[ g
| /\
I~— /j —L ————
£ TN el iy 513 T
OED
UV Speceum
Rofention Hme = 48550
81T
sif——
200 4
300 4 T
200 | — —
100 4
2y 20 230 240 20 260 M 0 20 M0 310 300 330 M0 350 0 I0 3B0 300
om
UV Spectum
Rasbanfiom tme =82 317
mALT
ol
X0 \ ——
109 — ——— ~
Ao 2o 20 M0 2% 20 M M 260 300 30 30 330 30 3% 360 3IM 30 30
I

Peak Table
PDA Chl 254nm
Peaks Fet. Timea Area Area®s
1 48 660 24316400 50828
2 62 317 23524334 49172
Total 47840733 100000




: JE-0500—2-TC—0 5%%-1ML Icd

Diata Fila
Sample Mame  JOE-0A0 0 2-TC—0 591 WL
Sﬁ]}.‘]:l L JOE-0A0 02 TC—0 591 WL
Method File » JOELAD 5% B hmin- Iml Lo
mAT oo OMe (-)-3v
TPDANEIE 1 35 =
|I -
f =
J Z
L 0.0 L 40 513 &0 ) 1.0

U Epecmmn
Fesniion tme = 47511
AT

118 _\
: __.'-""-'_ad_ -_---"'-___ .

i
e 2% 230 Mo 2% 260 M 280 290 30 310 320 330 MO 30 0 30 O3B0 W0
UVS
Ristantion time = &2 504
mALT
15
N A" o
o N T
i ——
I 200 230 240 2% 260 200 250 M0 W0 310 I 330 0 350 0 30 W0 /0

Peak Tabkle
FDA Chl 254nm
Peaks Fet. Time Area Area®s
1 47911 24636457 95. 788
2 A2 804 1083431 4212
Total 25719888 100 Q00
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Diata File.

: JOE-0587-3-IC-0.5%-0.8ML 1cd
- JOE-0587-3-IC-0.5%-0 80
- TOR-0587-3-1C-0.5%-0. 800

- JOEC-0 A% b 0hmin-0. Bmd lom
- Pe ; o | TPDA Neis | 2o ]
[ % Minor | h H
{ diastereomer;| \\ .[\
o _ J Y N
' 115 I e T T T
OES
UV Spectum
Rotention tims = 17,608
o 1)
=
100 .
—_—
500 S )
o T T N
2o Mo 23 20 0 20 20 250 Mo e 30 I 330 30 IW 36 30 e Iw
om
LV Specem
Restarviom time = 25 611
mALT
—__
00 ~_
R ———\_
2lp 7Ho 230 MO 250 260 D ED 290 300 340 3 330 340 350 360 3IM 30 3%0

Peak Table
FDA Chl 254nm
Peak® Fet. Tine Area Area¥s
1 17.608 15423522 30.194
2 28.611 153304308 48 206
Total 30727830 100.000

S226



Diata File - TOR-0586-1C-0.5%6-0. ML lcd e
Sample Mame s TE-05R6-TC-0.5%-0 BN
S?E‘%JED  JOE-0AR6-IC-0 5%-0 8N
Miethod File » JOED 5% e—S0min-0_ 8md lom
mAT] OMe (—)-3W
z _ TPOA MElE 1 2 e ]
" f? Minor
Py diastereomer )
i =
) . =
LT xs L 30.0
OET
UV Spectnum
Rotention time= 17743
4T
e
500 s —— )
o T N
o Mo mo 0 2o 260 200 280 Mo W0 30 30 330 340 350 3 0 p 30
om
V'S
Rstantion time = 29070
mALT
3 "
20 Te—
10 e o
R ~_ ]
2 70 M0 290 250 260 A0 280 M0 W0 30 10 30 M0 3% 0 30 380 300
I

Pezk Table
PDA Chl 254om
Peak® F.et. Time Area Area®
1 17.743 15440731 06 643
2 29070 536357 3.357
Total 15977083 1 Q0 Q00
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Data File - JOK-0342-1C-1%-0.8ML-isoprapanol-salvent005 lcd

Sample Name : JOK-0342-1C-1%-0.8ML-1sopropanol-solvent(05
Sample 1D s JOR-0342-10-1%6-0. 8ML-isopropano
Method File 2 JOK-1%6-0.8ml-50min. lcm
AL Clhromatogram OMe (i)'3x
= o 1PDA Multe 1 254nm.4nm
r i
1w""''I""I""I""I""I""I"""'I""
29 an i1 32 EX} 34 i3 k1 37 18 39
min
LN Spw,'lnlln
Retention time = 30,479
mAl]
5004 E"'_\
: —-F"'-,ff/_h X _—F"_'-»-"\\
{H - -
190 200 2100 220 230 240 230 260 2TD IR0 X900 300 310 320 330 340 350 360 370D 380 390
nim
UV Spectrum

Retention tirme = 36,205

PG00 2000 2000 23 230 X0 XE0 0 el ITDO XRD XG0 300 30 3200 30 A0 RS0 A0 A0 IR0 Aon
nim

Peak Table
PDA Chl 254nm
Peak# @ Ret. Time | Area | Area%
1 30,479 12463706 500047
2| 36,265 12440286 49,953
Total 24903992 100,000
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Data File s JOR-0310-TC-1%6-0.8ML-isopropanal -solventDOR . lod

Sample Name : JOK-03 10-1C-1%-0.8ML-isopropanol -solventD08
Sample [T S JOR-0310-1C-1%-0.8ML-1sopropano
Method File 2 JOK - 1%%-0.8m-50MIN] lem
AL Chromatogram OMe (—)-3X
- 1PDA Muln 1 234 nm.4nm
Faal
=
b3
u_
LN B B [ B IR BN B LA B A [ SO B ) I N N R N N B R B B N B B B I L L
249 30 il 32 33 34 i3 in kN k] 34
min
U Spectiim
Retention time = 3751
(AN
4{”}.
il
200 /
110} — _,d-—-_f\\n
':._
190 200 X100 X0 230 X400 IO X0 ITO RO X0 300 310 3200 330 MO 350 360 3700 IR0 390
nm
U Spectrum

Betention tirms: = 36, 843

m L

19 200 2000 2RO 2300 2400 XED 0 RGO 2700 2RG0 2400 3000 3100 3300 3300 M0 XE00 a0 3T 3RO 390
nm

Peak Table
PDA Chl 254nm
Peak# = Rel Time | Area | Area%
1 30,751 9217551 | 04,697
2| 36.843 516187 5.303
Total 9733738 100,000
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Diata File s JE-151 4-newe-TA--0. 38100 1od =
Sanmle Marme » JE-151 4-newe-L 410 38101 ©\//
m » JE-151 4-new-L4--0 3% 101 (@)
Method File - JOECAD . 3% 4 Srin- Dl b
mAL] OMe (-I_-)-3y
= TPOANGIE 1 T5inm =]
i f? *
| \ &
o - ..-"II o TT— |
o0 @5 140 103 Mo s 120 15 e 135 140
fra ]
W Spectnm
Rotantion fimo = 9,840
. 1)
1000
300 P -_" .
o ——-"" N
Tl MO %0 260 200 280 M0 W0 M0 30 330 30 3 360 0 &0 30
om
oV
Rstarsion tm = 11,356
mALT
£y ! T
1 N~ ™,
] p——a .
2o 20 230 MO 250 260 0 TG 200 300 30 320 330 340 3% 360 IM 360 300
I
Feak Table
FDA Chl 254nm
Peaaks Bet. Time Area Area¥y
1 G 840 11607489 50875
2 11.356& 11208328 48125
Toial 22815817 1 0, QoG
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Diata File s JOE-1513-1A—0 3% |- IMT 1cd P W OEt
Sammple Mame s JOE-1513-1A--0 30101 =
Sﬁlﬂ:ﬂ i [ 1'“-1_1-L'5L—|:I:| =100 0O
JOELD. 3% -2 5rin- Iml bom
OMe (-)-3y
2000 3 TPOANRE 1 2o ]
=N
1000 |
00 le l\ =
[ =S S—
‘90 85 e W5 0 Me w3 128 15 ©Bo 0 13F 144
OET
imcnm osg
dT
2000
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2000 . T
.'"'-.\_ —
1000 e _\\___________d_\%_
Ao Mo 2o 20 2%0 20 W0 280 Mo 00 M0 M 330 30 350 360 30 IS0 30
om
B 10710
mAL
|
:-':'E H'II'..II.\ ——
_ T
1 - .
2o 10 M0 240 250 260 I M0 WO W0 30 I 30 0 30 0 IN Ien 300
I
Peak Table
POA Chl 254nm
Peak= Fet. Tume Area Area®s
1 9. 469 22666TH 93877
3 10,719 1478374 G.123
Total 74145074 100.000 S235
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[Data Fike o JOEADNT (- 10 -0, 5%, BM L-isoipro panse] -sol vent (03, led
Sample Mame T R 05- 10 40, 5%-0. BM L -isopro pans] -sol vent (03
Sample [D o JOEADN] (=100, 5%, BM L-isopropa
Methad File 2 TR -0 B ml lem +)-3 Me
[ 41 -
mALl OMe (%)-3z
E TPA M | 2 e de
i o
o /\
LI L ! L] i 1 LI L LI o
13 14 13 1% 17 1% 19 m ] | e
min
U S e tremm
[Pz et g = 15060
mAll
is -
|
i
3O VW MW MO MO b M MO 0 300 o 10 30 Mo W 30 M 390
i
U
[Pz e dimme = 17950
mAll
]
Ey
. _._‘_._,_\_,_H‘."‘—\‘_.r_\_-_\_
Li ¥ 1 I 1 L4 1 L] 1 I 1 1 L 1 . I ! L abnd Ikl Lo | T 1 I
o IIo 10 MO MO MO IT0 IR0 MO A0 3100 30 2:0 M0 3&00 &0 M0 im0
L1t
Peak Table
PDA Chl 254nm
Peak# Fet, Time Area Area%e
| 15.060 TRO49T 50,719
2 17 S} T3R360 49 281
Total 15338857 [LLIRLLL

S238



 JORAD108-1C-0, 5%-0.8M L-isospiro prans] -l vent((d. led

Data File
Sample Name o JOECANT (- T 40, 5%0, BM L-isopno panol -s0] vent(d04
Sample 1D o JOEADTOB-1C -0, 5%-0. BM L-isopro pa
Mithad File » JEA%-0 B ml lem
T
maAll
:
i —
T T ' T A | ' T T ML T '
Lk 14 14 1t 17 1% 1= m | ]
il

L' S e o

R femiion time = 14321

M B MO Mo M0 20 o M0 20 300 30 330 330 M0 380 30 3 M0 390
[ 1]
u
P e raon time = 1h 9
mall
14
10
!,-
D— Ll L 1 | I L 1 1 I 1 Lj Ll L 1 | I I L 1 1 1 Lj
ME HE0 M0 MO Mo 0 M0 M) MO W0 30 W0 330 MO M0 0 I M0 3
1]
Peak Table
PDA Chl 254nm
Peak# Bet, Time Area Areas
1 14221 13283705 o7 162
2 16,969 ARROT0 2.83H
Toital 13671865 LR L]
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Diata Fila o JOE-0E20-TA -0 %080 1od
Sanple Marme o JOE-DE20-TA-0 5%-0. 8N
D - JOK-0620-1A-0 %-0.8ML
Mlethod Fi : JHEAD. 5%—3 Smin-0, 3ml Jom
mAT e OMe (%)-3aa
50 E TPOA Nas | T o]

[ —
176 175 a0 185 190 200 LY 2
UV Spectm
Fatenfion time= 17837
pdT
I
300 -‘\ J—
R _\.,_ e
20 W0 0 30 30 330 340 30 360 I0 30 300

-I_|'|.-r

0 20 200 zo 230 Mo o 260 2w

R enricn fms = 19 032

m=AlT

om

1000 e

5004

S

N

- -~

g]-?:u'z!:-c':i-:u"-_'h:':é:n':-J-:u'1'5n:'zk:u':‘.'-:u':%.:n':.ﬂ-:n'j-h:';l:u'ﬂ-:n'zén:'31:1'3'£~u:'3én'3’.~:|'3§1:'3§~:u'

Pezk Tahle
PDA Chl 254nm
Peak= Fet. Time Area Areaty
1 17.837 12883307 48717
2 19.032 13030156 50283
Total 15913483 100,000
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Lt File - JOBL-0619-1A-0 520,801 1cd
Sammple Marme  JOE-DG 1 B-I4 -0 5%%-0 BN
I » JOE-DHG 1 0-T8 -0 5%%-0 BN
Methiod File » JOELAD %3 Srnan-0 8l lom
Chroomr parar
mALT :
500
. __x
e s e 185 200 e L) 210
=,
UV Spect
Rotontion tima = 17.537
o 1)
1
53:‘____.-'
: --H\""\-\_ —r——
- o e
190 200 200 T 230 240 20 260 2N 280 200 300 310 3 330 340 350 360 30 380 30
om

U Specnmm
Fotwention time= 16835

AT

100

500 N
N

Pezk Table
PDA Chl 254nm
Paaks Fet. Time Arez Area¥s
1 7.837 580004 4292
2 18.835 12635914 95.708
Toial 13516008 1 Q0. i

I:;-g:u'g';.:':i-:.'r_'sa:':é:.':L:.';E.:'zh':'r-:'1,-!-,3':_!-3'3-5:';E'ﬁg'3%:'313'3'54:'3.59'3{'-:.'35::'3_&:.'
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Diata Fils » JIE-05T2-IB-2-0.5%-0 BN Icd
Sanple MName L 05 T2-IB-2-0.5%-0 80
D L JUE-05T2-IB-2-0. 5%-0 BN
Mlethiod File  JOEAD 5% e—50min-0. 3ml lom
s Chromatogram OMe (*)-3ab
& Minor = TPDA NRIE 1 1 Hom
o0 |'nllyll- diastereomer AN )
| N 4
i |
i
Cwds 0 ¥e 0 ws 0 se 0 3x@s 0 e 3s #o
OET
UV Spectm
Fosantion time = 71 534
AT
15000 —
F "'\-\_-'_"\-\.,\_\_
10004 \ .
e T
50014 - ~— B
o T e
10 Mo 200 0 230 Mo Mo 260 200 250 280 10 30 330 330 320 30 3D 3O 30 30

om

UV Spectnm
Retenfion time = 20131
AT
1503 -
E.-"_"'rr HH‘"\-\._
1005 ", ——
50 M e
o] T I
130 200 2o 230 230 240 250 A0 M0 280 20 300 30 30 330 340 350 3&0 300 380 30

Pezk Table
PDA Chl 254nm
Paak# Fet. Time Area Araas

1 214924 32295768 43.019

2 2013 5206135 7055

3 3391 32148350 42 822

4 40290 5333635 7.105

Total 75073888 100000

om
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Diata File - JOE-05T1-IB-0.5%-0. 8ML 1cd
Sanmple Mame » JE-DET1-IB-0. 5% -0 8N
D : JE-DET1-IB-0 5% -0 8L
Mlethiod Fi  JOEAD 5% e—50min-0. 8ml Jomn
mALT OMe (-)-3ab
{? 1PDA Ml 1 2 ¥npe Sord
- |II
o =] o ___,"I i R ]
a5 240 73 e s e 3 00
OEn
TV Spectum
Fasenfion tme = 12 468
A T
50
30 1S
30 ka“«
20 T T
10- - — o
H r—
90 20 200 T 250 230 250 260 200 280 200 300 310 3N 30 340 3N 360 IO 360 w0
om
UV Spectum
Rustantion tims = 34.074
A T
s T T
] AN
o] N
190 200 20 10 230 240 20 260 0 280 290 300 30 I 330 340 350 IS0 IM 30 30
om
Pezk Tahle
PDA Chl 254nm
Peaks Fet. Time Area Area®s
1 22 464 T9&063 3676
2 34.074 20857854 96324
Tatal 21653917 100,000
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[vata File : JOK D 168-1C- 1%-0.8ML- wopropansk sol veni(d3. led
Sample Name » JOE- (1 68- 10- 1 %0, BML- Bopropaned-sol ve i3
Sample [ 2 JOEAD 1 68-1C- 1 %0, 8ML- mopropano
Meihod File D JOE-1%-0.8ml.lem
U Tacmna o i
Al
- b=
& =
- =
c _/\ A
——rTT T T T T T T
1o TA 0 i1 9.0 94 oo 104 1o 114 110 114
i
1LY Sipecanom
R et B = 7954
mALl
100
I:h- 1

I 2 g e
[P e i i = 11137

mAlLl

o 230 M 240 M0 I 20 290 0 30 30 30 MO 0 a0 W 0 3w

T Lbab] (Rl ] Sl i) bl Ll Rbisl Bl bbb Lisbidl Lisllt Libial (Rl b [ehhid B bl Ll Rbiel Libil Lsbbl Lisbhll Ribbi bbbl hablLLEL
¥y 230 40 25 3a 20 w0 w0 00 30 30 30 MO 30 3o 3% 0 390

Peak Table
PDA Chl 254nm
Peak# Eet. Time Area Area®n
1 7054 15546478 50,007
2 11.137 15542218 40 9403
Total J108RA9E 1000, 000

S250



H H
/\
Data File S JOR-0167-1C-1%-0L8ML-1sopropanol-solventD0d. lod 7
Sample Name D JOK-0167-1C-1%-0.8ML-isopropanol-solvent003
Sample 11 SJOK-0167-1C-1%-0 8ML-1sopropana
Method File - JOK-1%%-0.8mlLlem
Clromatogram OMe (—)—3ac
mAll
| 50 = 1PDA Muli 1 2 34nm.4nm)
1 {nh{l—
Sl %
=2
: LA L L LN L B BN NN L B B L LN B L N N BN B B L L B UL LN NI RN
7.0 1.5 20 iS5 9.0 9.5 10.0 1.5 1.0 1.5 12.0 125
min
UV Spectrum
Retention time = 78529
Al
Jie{ul}-
2500 {1 /\
el
150 -
L0 \g'ﬁ ﬂ_aﬁ“\_h
su:;_ ———
e et o A Kaa L e e i T e T e
I 20y 2100 2200 2300 24 2500 Za0 ITO O IEOD 2% 30O 3100 3200 3300 3400 3500 360 3TO 3RO 390
nim
UV Spectrum

Retemtion time = 1 a%0

mAL

190 200 2100 220 230 240 250 260 2T0 2RO 290 30 30 3200 3300 3400 350 360 3T00 3RO 390

nm

Peak Table
PDA Chl 254nm
Peakit = Ret, Time | Ares | Area%
1 T.829 32059040 96,411
2| 10,680 1227035 3.589
Total 34186075 100,000
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Data File - JOK-DE3 1-1A-0. 5% 1 ML led

Sample Name D JDECADES ] - LA-0 5%-1 ML
Sample 11 s JORADES ] - LA-40, 5% 1 ML
Method File » JOEAD. 5%e-35min- ImL lcm

. {Chromna sogram
A

— ™ e T

U 5 jpeec e
et mtion time= 128202

I— .
3o 10 e MO e 0 Y0 FEO M0 0 30 10 330 Mo M0 a0 e @0 e

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
| 12 8302 1970132 50,313
2 16945 1954522 40 687
Total| IO33655 [T IRLLL]
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Data File

: JOK-D830-2-1A 0. 5% 1ML lcd

Sample Name o JDECAE 30 214 5% | ML
Sample 1T o JORADE30- 2-LA 0, 5% | ML
Method File ¢ JOEAD, 5%--35min- lmL lem
Chroana ogram
Al
=
d
/_\ %
[
1 IE IIJ- II-1- I1!- I.IE'n I.I'.' IIE II':'l Ilﬂ I_I
Imin
L' & pec mmam

Retention time= 12217

mA L

el Wl ot Lai T T T T T T ikl i |
3o ¥ Mo MO MO o YN0 e0 20 0 30 13 30 Mo 0 e 3%

E0
nm

]
Retention nme= 1705
mAlLl

15

1

i

g |
T

MO N Mo MO 280

L Vit Wbl bl il i Livibd bbbl BAsblakide] ki bhived sk Lkl Wb bl WAl bl Wit obind Wkt bl i bl |
W0 IP0 D Pl 300 310 3M) 330 M@ 330 360 M0 30 350

Peak Table
PDAChl 254nm
Pea ks Ret. Time Area Area%a
1 12217 31115081 07 598
2 17.056 TasT0o 2402
Total| I1880790 100,000
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1H NMR of 3ae, 600 MH
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(+)-3ae

: : : H
==== Shimadzu LabSolutions Analysis Report ==== PR
Z
JK-1857-1F-0.3%-0.8mL
JK-0.3%-40min-0.8mL.lcm
OMe
mAU
] PDA Multi 1 254nm,4nm
500

17.50 17.75 18.00 18.25 18.50 18.75 18.00 19.25 19.50 19.75 20.00
UV Spectrum

JK-1857-IF-0.3%-0.8mL _002.led

o AL ALt L s sy I
230 240 250 260 270 280 290

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area%
| 18.427 50.164
2 19.067 49.836
Total 100.000
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JK-1856-1F-0.3%-0.8mL
JK-0.3%-40min-0.8mL.lcm

Shimadzu LabSolutions Analysis Report

H ~H
==== C?
(-)-3ae
OMe

mAU
§ PDA Multi 1 254nm,4nm
500 3
. >
250- o -
i 5
] © \
o] - —
T T T T ‘ T T T | T T | T T T T ‘ T T T ‘ T T | T T | T T T
18.00 18.25 18.50 18.75 19.00 19.25 19.50 19.75 20.00
UV Spectrum
JK-1856-IF-0.3%-0.8mL_001.lcd
mAU
5503 —_
500 / \
4509 S
400 \
350 ‘ ~—_
300 \ .
250 \ / A
200
1503 N \ PERVA
100-3 N \
04— T RN
U_;I”"“‘”\"“"“'I""“"‘\'”““"I_'"'""‘I"”‘”"\“"“"'I""";TZ\T‘_”T“i\"T“:'I‘"“T“\”“r'_“k'r'-li"""”I"“‘ AR LR LR LR LR AR RN R R T
190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390
Peak Table
PDA Chl 254nm
Peak# Ret. Time Area%
1 18.578 9.502
2 19.150 90.498
Total 100.000
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'H NMR of 3af, 500 MHz, CDCl,
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Data File
Sample Name
Sample ID

- JOK-1843--TF-0.1%-1ML-3 led
: JOK-1843--1F-0.1%-1ML-
: JOK-1843--1F-0.1%-1ML-

[FS VS

UV Spectrum
Retention time = 15.035

mAU

Method File : JOK-0.1%--40min-1ml.lem
Chromatogram
AU
IPDA Multi 1 254nm.4nm
5 2
= IS)
JJE— = v
// — —
7 B —
0 — = —
———— —— — ———
13.50 13.75 14.00 14.25 14.50 15.25 15.50
min
UV Spectrum
Retention time = 14.491
mAU
10&: P // N
504" \\ P A
— N ]
T T T T T T RARRNRERRS T 7|u RARRERR T T (RRRRN ERRAS RA T
370 380 390

nm

50

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
1 14.491 4118530 49.946
2 15.035 4127418 50.054
Total 8245948 100.000

nm
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Data File
Sample Name
Sample ID
Method File

AU

- JOK-1842--TF-0.1%-1ML-2 lcd
- JOK-1842--1F-0.1%-1ML-2

- JOK-1842--TF-0.1%-1ML-2

- JOK-0.1%--40min-1ml.lecm

Chromatogram

OMe

(—)-3af

0

1PDA Multi 1 254nm.4n1n

14.00

UV Spectrum
Retention time = 14.512

mAU

14.25

UV Spectrum
Retention time = 15.373

mAU

nm

PDA Chl 254nm

Peak Table

Peakt#

Ret. Time

Area Area%

1

14.512

10300218 92.536

2

15.373

830833 7.464

Totall

11131051 100.000

nm
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'H NMR of 5f, 500 MHz, CDCI
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Diata File - - 1000-IB-0%4- 100 1cd H
Sanple Mame » JOEC-100-IB-0® - 1 VL \\\\\
D  JORC-1000-IB-0%%- 1ML H
Mlethod File » JOEA® e—4 5 mim- 1 ml lom H
mAll Clromatogram (£)-(2)-5f
= = - Minor L IPCANE | THom
- | 1+
| : |' wstereomer il
[N\ .' /\
| -
- d T—— .."II
50 ows 0 Ae =5 #e
UV Spectum
Ferention time = 16573
AT
1004
1™
] T
:l':l: H""\-\.____— T ——
] e —
= I . . . . . . ______._ : : : . ; : : .
oz We MO 0 WO 2 WO 20 0 310 M 30 M0 30 360 IW 360 W
UV Spectrm

Foobomtiom oo = 23,874

mAll
_\-\-H"\.
w] T
o T m—— e
M0 20 230 240 50 260 20 WO o I0 30 30 30 30 30 360 30 30 o
Peak Table
PDA Chl 254pm
Peaks Fet. Time Area Areas
1 G675 1401565 18.515
2 7.634 23IR0O2TE 31 444
3 9.333 2366946 31.2568
4 23874 1421163 18.774
Total 7569951 100000
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MeO

Diata File - TOBL-1003-IB-0%4- 130 -5 1cd
Sample Mame  JOE-1003-IB-0 e 1005
Saagle D - JOE-1003-IB-0%%- 1ML-5
Mlethiod File : JOE 0% e—45min-1ml lom 7)-5f H
Chromate: —-)- -
- o= | (-2
Minor PO A BhaE 1 T om o]
= diastereomer _
g .-: L
£ @~
- —e e =
190 s T ET
pein
UV Spectnum
Fodention time = 1E.668
AT
15y ——
1 .,
14 S T
53 T
x e e e
0 20 230 20 THe 20 20 20 W0 30 310 30 330 340 3% e 3N 0 3
om
LN Spactrim
Bisbamtiom e = 22 576
mAl
00
40 m
30 -
200 e
100 —
l:_ T T T T T T T T T I___I_ T T I T T T T T T
e Bo 230 240 250 0 20 D MG 0 30 3IW 33 380 IW 360 I IO 390
onm

Peak Table
FDA Chl 254nm
Poal# Fet Time Arvea Areas

1 6666 2EE690 1.983

2 17.308 1599163 10.932

3 20.155 3115844 2142

4 22578 12342125 84 804

Total 14561825 100,000
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'H NMR of 6f, 500 MHz, CDClI,
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Diata File : JOE-1538-0DH—0 3% 100 lcd
Sanmple Mame » JOES-1538-0DH—0 3% 1ML
ID » JOEC-1538-0DH—0 3% 1ML
Method File - TOEL-0 3% Smmin-1ml lem
o Clromzanogrars OMe (+)-6f
. = TPOA NS 1 2 o )
= | . Minor 5
o=

diastereomer

JANG

T We s 18 173 mb 0 m®ms Mo XS 30 35 330
1 |
UV Spece
Retention sme = 84577
0 1)
0y \
2003
i _—
e ———————— T ————
O M 230 M0 250 260 20 W0 200 IO 30 3IW II0 MO 3N IS0 IW O3B0 390
om
UV Spectum
Rastarrion time = 14 638
mALT
S
00 ™\
300
W Hx.__ e
100 N
- -
2o 2 230 M0 20 20 D 0 260 0 M0 30 3N A0 30 30 IM IO 3N
mn
Peak Table
PDA Chl 254nm
Peaks Fet. Time Arvea Areals
1 94095 12569764 31.724
2 14 6318 12353166 31.682
3 21 553 TOQ0460 R.185
4 12439 7178261 5410
Taoital 38991852 100000




[hata File

¢ MHEC=15 3900 H = 3% 1 ML Jed

Sample Mame D W E =1 53000 H =) 3% 1 ML
Sample D P =15 39000 H = 3% 1 ML
Meithod File 2 R, 3 S mine Imil lom
g OMe (—)-6f
[ TAN
TPEA Mol 1 25 Aol
Minor
# di E
3 lastereomer "
e ..--—,-._
100

U Sgeconam

270 230 240 350 & T MO

Rt o o Rt = 14792

AL

T
250

000 300 330

330 I My I/ B I 3E0 350

1504
B0
o
]

—~

TrrET[rETTY
o 23n

T
240 IS0 160

Lighbde’ Wi bl inbid bbbl il
iIm JO 250

e
o W 320

Peak Table
PDAChI 254nm
[ Peak® Fet. Time Amea Arem¥a
| 052 703506 6221 |
2 14 702 405637 5876
3 218090 J060047 3117
4 1257 4073135 1804
Total 12755575 100,000

x|  MHD 350 30 IT0 3E0 390
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[xata File ¢ MHB 14 Tl A=NE W) 5% (0. SML bed 4‘
Sample Name ¢ JOK - 14 T6-LA-NEW—{)_5% (L SM]
Sample [D ¢ JOK - 14 76-LA-NEW—{)_5% (L 5M]
Methad File * NOVE =, 5% 35 muine ) Smil lem
AU ¢ : OMe (+)-7f
E IPIEA Ao | 25
o
| Jed i ] 121 I.u EI.! I.'n.'..d EIJ IJI.E- Ii'.r Ill.-l Iig‘ 130 (e |
-8 -]
UV Spect sy
R et p e = 12295
Al
1 00—
LR
IJ_ bl 1 1 1 1 1 ® L 1 1 E Li ol L
Do 1300 Mo 1."11 2D I 280 290 FiaD £ ] 32 EEL1] EE 1] 350 Fis0 Eng] JRD 350
[N
UV Speconam

IRt o ot R = LTSS

Lkl bl Ll bl b | T we T
20 I3 240 I8 280 IT0 230 2500 300

L |
Hr 30 330 M0 350 3@ 3T MO 350
[-..8

Peak Table
PDAChI 254nm
Peak# Ret. Time Area Area®n
1 22495 5064 50172
2 2754 5603776 40828
Tovtal 11366745 100000
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[ata File - JOK-1462-1A-0.5%-0.5ML lod

Sample Mame » JOE-1462- La-0.5% -0 5 ML
Sample 1D » JOE-1462- La-0.5% -0 5 ML
Method File » JOEAD, 5%--35min-0.5ml.lcm
{harcamia
AL o OMe (-)-7f

maAlLl

1K

[ F
n_nnrqnnunl""'l""'""'l"""""T"""'ﬂ"ul'l'l-
o Mg M0 MO MO XM @0 MO 300 30 3 330 M0 330 3s0 YW M0 390

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%s
1 11,704 14758228 O, 142
2 12,847 592161 3858
Tﬂtﬂﬂ 15350580 LR S279
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6€1'9Cl—

0c8 LCl—

L9Y'8CI
9G.8C1l—
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¢ DK =1 549 | Bmt), 2205 ML- 2

Dsta File
Sample Mame DA = ] 58 | o), Fpel) 5 N = 2
Sample |1 D Nk ] 585 | Heilh, Pipai) 5 81| =2
hethod File 3 Nk =) 2 gl (i), Smil o
w et o e OMe (t)-8f
TPOANM | 3050, e
iy =
: T T T L L e Li —
[ i [N ] 1125 13.50 .75 [EY ] 1425 1450
L
LT S st

Rt e D = 13413

mALl

1003
m-
ll_lIlllIIIlllIllllllllllllllllllllll'|
D 230 240 250 B0 I 230 250 I IW 320 330 MO IS 360 3T WO IW
oidi
UV Spectram
Retcmnis pie = .05
ALl
LR
o]
230 23 340 W &K T 130 250 300 30 33 [0 343 350 3@ 3T 3E 350
[T,
Peak Table
POAChl 309 nm
Peak# Het, Time Area Arca®a
] 13413 RENET 4404937
2 14 1053 GEEE NI S006 3
Total 1 365357 N0, 000
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Data File

- JOK- 1560-1B--0 2%-0 SML-3 led

Sample Mame ; JOK- 1 5360-1B--40 2%-40 SML-3
Sample [D » JOK- 1 560-1B--0.2%-0 SML-3
Method File o JOR-0, 2% <4 OmunD, 3ml. lem
Al Chrommaio gzum OMe (—)-Sf
1PDA Muki | 305nm dmm]
% M
1] p—
1350 J]:TS J-I:I'.'l'.'l J-I:E J-Llj'.'l J-LITS 1540
min
U Specinum

Refention time = 13_T44

L & pectam
Retention tme= 4064

m ALl

I3 M0 30 MO0 X0 M0 W)

Peak Table
PDA Chl 30%mm
Peak# Ret. Time Area Areaa
] 13,744 673967 B.053
2 14. 06 THE5 259 o] 947
Total 8369226 100 (0
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MeO H

Data File - JOK-1852--IB-15%-1ML-3 lcd \\H
Sample Name - JOK-1852--IB-15%-1ML-3 7220
Sample ID - JOK-1852--1B-15%-1ML-3 N /
Method File - JOK-15%--40min-1ml.lem \
Chromatogram HN —N (i)‘gf
AU
-+ 1PDA Multi 1 254nm.4nim
= 2
| ' o ' T — . | —
5.00 5.25 5.50 575 6.00 6.25 6.50
min

UV Spectrum
Retention time = 5.514

mAU
500—5 \\\\
e A A U
nm
UV Spectrum
Retention time = 5.869
mAU
soo—f ) -~
0;"'\ T (RARRNRARRERARRE EARRR T T ILRLRN ERRRN ‘-V|-‘ T T - T T T T IRRAARRRRRN RLARNRARES T T T
230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390
nm
Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
| 5.514 4977612 50.153
2 5.869 4947185 49.847
Total 9924797 100.000
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Data File
Sample Name
Sample ID
Method File

AU

: JOK-1853--IB-15%-1ML.led
- JOK-1853--1B-15%-1ML

- JOK-1853--1B-15%-1ML

- JOK-15%--40min-1ml.lcm

Chromatogram

MeO
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nm

Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
1 5.298 80413 2.527
2 5.869 3101211 97.473
Total 3181624 100.000
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'H NMR of 4a, 600 MHz, CDCI
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MR of 4a, 151 MHz, CDCl,
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==== Shimadzu LabSolutions Analysis Report

WCL1848-1D-0.1%0.8mL
WCL-D.1%-30mind_BmnlL lem

mAL

100+

12084

POA Wl T 257 nm 4nm|

1.5 12.0 125 13.0 13.5 14.0

? &

—
150 155

T

LI TEELY.

AU

B

B85 p5885883

Peak Table
26Tnm

4 W W W s i i sl

e

Area%hs

2051

40191

3439

50809

100.000
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==== Shimadzu LabSolutions Analysis Report ====

WCL1851-1D-0. 19%60.8mL
WCL-0.1%-20min0.8mL.lem

mAL

200 P WAl T 26 Tm Anm|

13.410

12178

100+

U Spectrm
mAl

200}
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50

o]
190 20 200 20 20 20 280 260 20 280 290 M 0 30 330 M0 3% 360 M0 360 390

mAl
3504

300
2503
1307
1uu§
50

=
190 20 200 20 0 M0 250 260 20 280 H0 0 30 30 330 340 30 360 310 30 30

Peak Table

FDA Chl 267Tnm__
Peak# | Eet Tim

Area¥s

1 2.1

e
18

31.810

2 3.4

110

68.190

100.000
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