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1. General Information

NMR spectra were recorded on a JEOL ECZ400 spectrometer and a JEOL ECS600

spectrometer. Chemical shifts are reported in ppm relative to tetramethylsilane (TMS, &

=0.00 ppm) as an internal standard in CDCls. Data are reported as follows: chemical shift,

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, and br = broad),

integration and coupling constants in Hz. ESI mass spectra were measured on JEOL

AccuTOF LC-plus JMS-T100LP. Optical rotations were measured on a JASCO P-1020

polarimeter. The enantiomeric ratio (er) was determined by HPLC analysis. HPLC was

performed on JASCO HPLC systems consisting of the following: pump, PU-980; detector,

UV-970; column DAICEL CHIRALPAK IC-3, CHIRALPAK IG-3, CHIRALPAK IBN-

3; mobile phase, n-hexane/IPA. Melting points were measured with a SIBATA NEL-270

melting point apparatus. Analytical thin layer chromatography was performed on

Kieselgel 60F2s4, 0.25 mm thickness plates. Column chromatography was performed with

silica gel 60 N (spherical, neutral 63-210 mesh). Reactions were conducted in dry solvent.

Other reagents were purified by the standard methods.



1

2

2. Additional Studies

Supplementary Table 1. Examination of catalysts and solvents.

RS

[(S)-TRIP-Ag],

Entry Catalyst(s) (mol %)

1 [(S)-TRIP-Ag], (2)

2 Cu(OTf), (2) & 6 (2)

3 Rhy(NHCOBu), (2) & 6
(2)

4 Cp,HfCIL, (2) & 6 (2)

5 RuCl(p-cymene)[(S,S)-

Ts-dpen] (2) & 6 (2)
6 [Ru(p-cymene)Cl,], (2),
AgSbFs (2) & 6 (2)
7 Cp*RuCl(cod) (2) & 6
(2)
8 Cp*RuCl(PPh;), (2) & 6
(2)
9 [Ru(p-cymene)Cl,], (2)
& 6(2)
10 [Ru(p-cymene)Cl,], (2)
& 6(2)
11 [Ru(p-cymene)Cl,], (2)
&7(5)

Catalyst s)

Solvent (o 02 M)

r.t.,

Solvent
toluene
toluene

toluene

toluene

toluene

toluene

toluene

toluene

PhCl

CH.Cl,

CH.Cl,

Time

O i—l O H
6 7
Time (h) Yield (%)

5 63
5 64

24 27
5 0

24 trace

24 47

24 47
5 15
5 94
5 91
5 99

er.

44:56

50:50

84:16

82:18

81:19

56:44

79:21

93:7

94:6

97:3
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Supplementary Table 2. Optimization of the ratio of metal catalyst to organocatalyst.

>< H, ,Ph
e (S
N
Ho -
H

0) %Ph [Ru(p-cymene)Cl,], (X mol%) H
©\ o 7 (Y mol%) |
H
N~ + N2 S
\ CH,Cl, (0.02 M) H
H rt,5h

0
2a 3 7
Entry X Y Yield (%) er.
1 2 2 90 73:27
2 5 5 90 93:7
3 3 4 92 90:10
4 5 2 94 78:22

Supplementary Table 3. Almost no time dependence of enantioselectivity.

2
\NT
o) %Ph He o 6
o o)

H (2 mol%)

H + N
O - w

I blue light (450 nm, 5W)

H toluene (0.02 M)
rt., Time
1a 2a 3i
Entry Time Yield (%) er.
1 15 min 35 88:12
2 30 min 55 88:12
3 1 60 87:13
4 2 49 90:10
5 5 45 90:10
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Supplementary Table 4. Investigation of base identity and substrate ratio using N-

tosylhydrazone.

NNHTS
(X equiv.)
Entry X
(equiv.)
1 1
2 1
3 1
4 1
5 1
6 1.5
7 1
8 1
9 1
10 1
11 1

H
(Y equiv.)

Y
(equiv.)

3

H. o~ 6

0" L @mol%)
Base (1.5 equiv.)

blue light (450 nm, 5W)

toluene (Conc.)
rt, 24 h

Base Conc.
M)
Cs,CO; 0.02
K,CO; 0.02
NaOBu 0.02
Et;N 0.02
K,CO; 0.02
K,CO; 0.02
K,CO; 0.02
K,CO; 0.02
K,CO; 0.02
K,CO; 0.05
K,CO; 0.10

Yield

(%)

<60

<52

<49

59

25

43

57

35

21

43

77

e.r.

58:42

71:29

53:47

50:50

59:41

63:37

64:36

67:33

53:47

61:39

56:44



1 Supplementary Table 5. Examination of light sources.

L
\N 5
Br (0] %Ph H\O - 6
0 H (X mol%)
_H + N2

’T‘ Light Source
H toluene (Y M)
r.t., Time
2 1a 2a 3a
Entry Light Source X Y Time Yield er.
(mol %) (M) (%)

1 450 nm, 5 Wx1 10 0.02 5 56 92:8
2 450 nm, 5 Wx1 2 0.05 5 62 93:7
3 450 nm, 5 Wx1 2 0.10 5 71 90:10
4 450 nm, 5 Wx1 2 0.20 5 80 86:14
5 520 nm, 5 Wx1 2 0.02 48 48 94:6
6 365 nm, 2 Wx4 2 0.02 24 31 92:8
7 450 nm, 30 Wx1 2 0.02 1.5 52 92:8

4 Supplementary Figure 1. Mechanistic experiments using deuterium labelling and water
5 addition.

Br o yPh [Ru(p-cymene)Cl,], (2 mol%)
\@\ e} 7 (5 mol%)
ND :

N,
2 CH,Cl, (0.02 M)
i, 12 h
90% D 83% D
1a/1a-D 2a 3w/3w-D
88% vyield

I blue light (450 nm, 5W)

Br.
\©\ o 6 (2 mol%) N
_H N
N + 2 Q H

H toluene (0.02 M)
rt,5h
1a 2a 3a
H,O (1 equiv.) : 55% yield, 91 : 9 er
6 H,0 (5 equiv.) : 57% yield, 94 : 6 er
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3. General Procedure for Ru-Catalyzed Asymmetric N-H Insertion

0 R3 7 (5 mol%)

R1 o [Ru(p-cymene)Cls], (2 mol%)
,H + N2

N CH,Cl, (0.02 M)
H rt,12h

R2

A pre-dried 30-mL pear-shaped flask was charged with [Ru(p-cymene)Clz]> (2.4 mg,

0.004 mmol), chiral catalyst (7, 2.8 mg, 0.01 mmol), and aniline derivative (0.6 mmol).

After adding CH2Cl: (3 mL), the mixture was stirred at room temperature under an argon

atmosphere for 5 min. A solution of diazoester derivative (2, 0.2 mmol) in CH2Clz (7 mL)

was then added in one portion. The resulting mixture was stirred at room temperature for

12 h. The solvent was removed under reduced pressure, and the crude residue was purified

by flash column chromatography on silica gel (n-hexane/EtOAc = 15:1) to afford the

corresponding products.

2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-phenylacetate (3a)
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White solid (80.6 mg, 95% vyield, 96 : 4 e.r.): m.p. 95-97 °C ;TLC Rf = 0.48 (n-
hexane/EtOAc, 6/1); 'H NMR (400 MHz, CDCl3) 6 7.44-7.46 (m, 2H), 7.34-7.39 (m, 3H),
7.14-7.17 (m, 5H), 6.94-6.97 (m, 2H), 6.36-6.40 (m, 2H), 4.97-5.02 (m, 2H), 1.78 (s, 3H),
1.60 (s, 3H); '*C NMR (100 MHz, CDCl3) § 169.8, 144.9, 144.7,137.5,132.0 (2C), 128.9
(20), 128.4,128.3 (2C), 127.4,127.3 (2C), 124.1 (2C), 115.0 (2C), 109.6, 83.7, 61.1,
29.3, 27.6; IR (ATR) v 3879, 3404, 3061, 3030, 2980, 2358, 2309, 2108, 1733, 1595
cm™!; HRMS (ESI-TOF) [M + Na]* calcd for C23H22BrNNaO>" m/z 446.0726, found
446.0731. [a]*p —92.2 (¢ 1.0, CHCIs). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 7.2 min (major isomer), 14.2 min (minor isomer),

IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-chlorophenyl)amino)-2-phenylacetate (3b)

Colorless amorphous (63.8 mg, 84% yield, 95 : 5 e.r.); TLC Rf = 0.44 (n-hexane/EtOAc,

6/1); 'H NMR (400 MHz, CDCls) & 7.43-7.46 (m, 2H), 7.32-7.39 (m, 3H), 7.13-7.18 (m,

3H), 7.00-7.04 (m, 2H), 6.94-6.97 (m, 2H), 6.40-6.44 (m, 2H), 4.9 (s, 2H), 1.78 (s, 3H),

1.60 (s, 3H); '*C NMR (100 MHz, CDCl3) § 169.9, 144.8, 144.5,137.6, 129.1 (2C), 128.9
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(20), 128.5, 128.3 (2C), 127.5 (2C) , 127.4, 124.1 (2C), 122.5, 114.6 (2C), 83.7, 61.2,

29.4, 27.6; IR (ATR) v 4020, 3405, 3062, 3030, 2981, 2935, 2351, 2319, 1734, 1601

cm!'; HRMS (ESI-TOF) [M + Na]" calcd for C23sH2CINNaO," m/z 402.1231, found

402.1239. [a]*>p —107.3 (¢ 1.0, CHCI3). The enantiomeric ratio was determined by

analytical chiral HPLC. Retention time: 5.7 min (major isomer), 9.6 min (minor isomer),

IBN-3 column, 90/10 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-fluorophenyl)amino)-2-phenylacetate (3¢)

Pink solid (44.3 mg, 61% yield, 94 : 6 e.r.); m.p. 83-85 °C; TLC Rf = 0.32 (n-

hexane/EtOAc, 10/1); 'H NMR (600 MHz, CDCl3) § 7.45-7.49 (m, 2H), 7.33-7.40 (m,

3H), 7.15-7.20 (m, 3H), 6.95-6.99 (m, 2H), 6.78-6.83 (m, 2H), 6.43-6.47 (m, 2H), 4.98

(s, 1H), 4.85 (br's, 1H), 1.78 (s, 3H), 1.61 (s, 3H); 3C NMR (100 MHz, CDCls) & 170.1,

156.0 (d, J=235.1 Hz), 144.8, 142.4, 137.9, 128.9 (2C), 128.4, 128.3 (2C), 127.5 (2C),

127.3,124.1 (2C),115.74 (d, J = 23.1 Hz, 2C), 114.3 (d,J= 6.7 Hz, 2C), 83.6, 61.8, 29.3,

27.6; '°F NMR (376 MHz, CDCl3) § —127.5 (m); IR (ATR) v 3409, 3084, 3062, 3032,

2982, 2930, 2343, 2251, 1733, 1614 cm™'; HRMS (ESI-TOF) [M + Na]* calcd for
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C23H2FNNaO," m/z 386.1527, found 386.1532. [0]*p —59.8 (¢ 1.0, CHCls). The

enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 7.1 min

(major isomer), 13.2 min (minor isomer), IBN-3 column, 97/3 n-hexane/IPA, 1.0 mL/min,

254 nm.

2-phenylpropan-2-yl (R)-2-phenyl-2-((4-(trifluoromethyl)phenyl)amino)acetate (3d)

White solid (78.6 mg, 95% yield, 96 : 4 e.r.); m.p. 109-111 °C; TLC Rf = 0.44 (n-
hexane/EtOAc, 6/1); 'TH NMR (400 MHz, CDCl3) § 7.15-7.48 (m, 10H), 6.95-6.98 (m,
2H), 6.51 (d, J = 8.2 Hz, 2H), 5.34 (d, J = 5.0 Hz, 1H), 5.06 (d, J = 5.5 Hz, 1H), 1.81 (s,
3H), 1.62 (s, 3H); 1*C NMR (100 MHz, CDCl3) 5 169.4, 148.2, 144.5, 137.1, 128.9 (2C),
128.4, 128.2 (2C), 127.3, 127.3 (2C), 126.5 (q, J = 2.9 Hz, 2C), 124.8 (q, J = 277 Hz),
124.0 (2C), 119.3 (q,J=32.5Hz), 112.5 (2C), 83.9, 60.5,29.2, 27.4; ’F NMR (376 MHz,
CDCl3) 6 —62.4; IR (ATR) v 3399, 3062, 3032, 2982, 2933, 2330, 1896, 1732, 1616, 1586
cm !; HRMS (ESI-TOF) [M + Na]J" caled for C24H2,F3sNNaO>" m/z 436.1495, found

436.1496. [a]*p —99.0 (¢ 1.0, CHCIs). The enantiomeric ratio was determined by

10
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analytical chiral HPLC. Retention time: 5.2 min (major isomer), 8.9 min (minor isomer),

IBN-3 column, 90/10 n-hexane/IPA, 1.0 mL/min, 254 nm.

methyl (R)-4-((2-oxo-1-phenyl-2-((2-phenylpropan-2-yl)oxy)ethyl)amino)benzoate (3e)

MeO,C
Colorless amorphous (76.7 mg, 95% yield, 96 : 4 e.r.); TLC Rf = 0.24 (n-hexane/EtOAc,
6/1); '"H NMR (400 MHz, CDCl3) & 7.78 (d, J = 8.7 Hz, 2H), 7.45-7.47 (m, 2H), 7.35-
7.41 (m, 3H), 7.14-7.19 (m, 3H), 6.95-6.97 (m, 2H), 6.47 (d, J = 8.7 Hz, 2H), 5.44 (d, J
= 5.5Hz, 1H), 5.09 (d, J = 5.5 Hz, 1H), 3.80 (s, 3H), 1.80 (s, 3H), 1.61 (s, 3H); 3*C NMR
(100 MHz, CDCl;) 6 169.5, 167.3, 149.6, 144.6, 137.2, 131.5 (2C), 129.0 (2C), 128.5,
128.3 (20), 127.4 (3C) , 124.1 (2C), 119.1, 112.4 (2C), 84.0, 60.5, 51.6, 29.3, 27.5; IR
(ATR) v 3388, 3063, 2982, 2948, 2362, 1735, 1707, 1606, 1525, 1496 cm™!; HRMS (ESI-
TOF) [M + Na]" calcd for C2sH2sNNaO4™ m/z 426.1676, found 426.1678. [a]*’p —113.2
(¢ 1.0, CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC.
Retention time: 12.6 min (major isomer), 14.8 min (minor isomer), IBN-3 column, 90/10

n-hexane/IPA, 1.0 mL/min, 254 nm.

11
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2-phenylpropan-2-yl (R)-2-((4-acetylphenyl)amino)-2-phenylacetate (3f)

Me

Colorless amorphous (72.8 mg, 94% yield, 97 : 3 e.r.); TLC Rf = 0.16 (n-hexane/EtOAc,

6/1); '"H NMR (400 MHz, CDCl3) & 7.73 (d, J = 8.7 Hz, 2H), 7.45-7.47 (m, 2H), 7.35-

7.41 (m, 3H), 7.14-7.19 (m, 3H), 6.94-6.97 (m, 2H), 6.48 (d, J = 8.7 Hz, 2H), 5.53 (d, J

= 5.0 Hz, 1H), 5.10 (d, J = 6.0 Hz, 1H), 2.44 (s, 3H), 1.81 (s, 3H), 1.61 (s, 3H); 3C NMR

(100 MHz, CDCl3) 8 196.5, 169.4, 149.8, 144.6, 137.1, 130.7 (2C), 129.0 (2C), 128.6,

128.3 (20), 127.4, 127.4 (2C), 127.3, 124.1 (2C), 112.4 (2C), 84.1, 60.4, 29.4, 27.5, 26.1;

IR (ATR) v 3388, 3060, 2982, 2361, 2329, 1735, 1663, 1598, 1525, 1495 cm™!; HRMS

(ESI-TOF) [M + Na]" calcd for C2sH2sNNaOs* m/z 410.1727, found 410.1728. [a]*’p —

121.8 (¢ 1.0, CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC.

Retention time: 16.3 min (major isomer), 19.6 min (minor isomer), IG-3 column, 90/10

n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-nitrophenyl)amino)-2-phenylacetate (3g)

12
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Yellow amorphous (58.6 mg, 75% yield, 96 : 4 e.r.); TLC Rf = 0.32 (n-hexane/EtOAc,
6/1); 'H NMR (400 MHz, CDCl3) 8 7.96-8.00 (m, 2H), 7.38-7.45 (m, 5H), 7.14-7.20 (m,
3H), 6.94-6.97 (m, 2H), 6.42-6.46 (m, 2H), 5.82 (d, J = 5.0 Hz, 1H), 5.10 (d, J = 5.5 Hz,
1H), 1.81 (s, 3H), 1.61 (s, 3H); *C NMR (100 MHz, CDCl3) § 169.0, 150.9, 144.4, 138.7,
136.4, 129.2 (2C), 128.9, 128.4 (2C), 127.5, 127.3 (2C), 126.3 (2C) , 124.1 (2C), 112.2
(2C), 84.4,60.4,29.4,27.4; IR (ATR) v 3382, 3063, 3029, 2982, 2932, 2360, 2353, 2330,
1733, 1599 cm™!'; HRMS (ESI-TOF) [M + Na]" calcd for C23H2NoNaO4* m/z 413.1472,
found 413.1475. [a]*>p —131.0 (¢ 1.0, CHCIs). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 14.5 min (major isomer), 24.1 min (minor

isomer), IBN-3 column, 85/15 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-cyanophenyl)amino)-2-phenylacetate (3h)

13
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Colorless amorphous (62.2 mg, 84% yield, 76 : 24 e.r.): TLC Rf=0.41 (n-hexane/EtOAc,
4/1); 'TH NMR (400 MHz, CDCl3) 8 7.31-7.45 (m, 7H), 7.14-7.21 (m, 3H), 6.93-6.96 (m,
2H), 6.45-6.47 (m, 2H), 5.55 (d, /= 4.8 Hz, 1H), 5.05 (d, J = 4.8 Hz, 1H), 1.80 (s, 3H),
1.60 (s, 3H); '*C NMR (100 MHz, CDCl3) 8 169.2, 149.0, 144.5, 136.7, 133.7 (2C), 129.1
(20), 128.8, 128.3 (20), 127.5, 127.3 (2C), 124.1 (2C), 120.3, 113.2 (2C), 99.6, 84.2,
60.3,29.4,27.5; IR (ATR) v 3385, 2981, 2214, 1736, 1607,1523, 1496, 1452, 1385, 1367
cm!; HRMS (ESI-TOF) [M + Na]® calcd for C24H2oNoNaO»>™ m/z 393.1573, found
393.1579. [a]*p —44.6 (c 0.56, CHCIl3). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 14.1 min (major isomer), 23.9 min (minor

isomer), IBN-3 column, 85/15 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-phenyl-2-(phenylamino)acetate (3i)

White solid (53.2 mg, 77% yield, 97 : 3 e.r.); m.p. 105-107 °C; TLC Rf = 0.36 (n-
hexane/EtOAc, 8/1); 'H NMR (400 MHz, CDCl3) 6 7.43-7.46 (m, 2H), 7.34-7.40 (m, 3H),
7.14-7.19 (m, 5H), 6.94-6.98 (m, 2H), 6.36-6.40 (m, 2H), 4.98-5.02 (m, 2H), 1.79 (s, 3H),
1.60 (s, 3H); '*C NMR (100 MHz, CDCl3) § 170.1, 146.1, 144.9, 138.1, 129.3 (2C), 128.9

14
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(20), 128.3 (3C), 127.5 (20), 127.3,124.1 (2C) ,117.9, 113.5 (2C), 83.5, 61.2,29.3, 27.7;
IR (ATR) v 3409, 3063, 3028, 2981, 2933, 2359, 1733, 1595, 1496, 1450 cm™!; HRMS
(ESI-TOF) [M + Na]" calcd for C23H23NNaO," m/z 368.1621, found 368.1620; [a]*’p —
26.7 (c 1.0, CHCl3). The enantiomeric ratio was determined by analytical chiral HPLC.
Retention time: 8.4 min (major isomer), 11.1 min (minor isomer), IBN-3 column, 97/3 n-

hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-phenyl-2-(o-tolylamino)acetate (3j)

Yellow solid (54.6 mg, 76% yield, 97 : 3 e.r.); TLC Rf = 0.52 (n-hexane/EtOAc, 6/1); 'H
NMR (400 MHz, CDCl3) 6 7.48-7.52 (m, 2H), 7.33-7.41 (m, 3H), 7.14-7.19 (m, 3H),
7.03 (d, J = 7.2 Hz, 1H), 6.92-6.99 (m, 3H), 6.61 (t,J = 7.2 Hz, 1H), 6.34 (d, J = 8.0 Hz,
1H), 5.09 (d, J=5.2 Hz, 1H), 4.92 (d, /= 5.2 Hz, 1H), 2.21 (s, 3H), 1.80 (s, 3H), 1.61 (s,
3H); *C NMR (150 MHz, CDCl3) 8 170.1, 144.7, 143.9, 138.0, 130.1, 128.7 (2C), 128.2
(20), 128.1, 127.3 (2C), 127.1, 126.9, 123.9 (2C), 122.3, 117.3, 110.6, 83.4, 61.0, 29.4,
27.3, 17.4; IR (ATR) v 3828, 3425, 3060, 3030, 2980, 2931, 2358, 2329, 2319, 2108
cm!; HRMS (ESI-TOF) [M + Na]" caled for Co4HxsNNaO," m/z 382.1778, found

15
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382.1770. [a]*p —61.5 (¢ 0.47, CHCIl3). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 7.2 min (minor isomer), 16.5 min (major isomer),

IBN-3 column, 99/1 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-phenyl-2-(p-tolylamino)acetate (3Kk)

Colorless oil (51.0 mg, 71% yield, 93 : 7 e.r.); TLC Rf = 0.32 (n-hexane/EtOAc, 10/1);
'"H NMR (400 MHz, CDCl3) 8 7.46-7.49 (m, 2H), 7.30-7.38 (m, 3H), 7.13-7.18 (m, 3H),
6.96-6.99 (m, 2H), 6.90 (d, J = 8.2 Hz, 2H), 6.43-6.46 (m, 2H), 5.02 (s, 1H), 4.80 (s, 1H),
2.18 (s, 3H), 1.78 (s, 3H), 1.61 (s, 3H); *C NMR (100 MHz, CDCl3) & 170.2, 144.9,
143.8, 138.2, 129.8 (2C), 128.8 (2C), 128.3 (2C), 128.2, 127.5 (2C),127.2, 127.0, 124.1
(20), 113.6 (20), 83.4, 61.5, 29.3, 27.7, 20.5; IR (ATR) v 3412, 3019, 2987, 2974, 2340,
2361, 1735, 1617, 1522, 1494 cm!; HRMS (ESI-TOF) [M + Nal]" calcd for
C24H2sNNaO," m/z 382.1778, found 382.1776. [a]*p —84.5 (¢ 1.0, CHCI3). The
enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 15.2 min
(major isomer), 18.1 min (minor isomer), IG-3 column, 95/5 n-hexane/IPA, 1.0 mL/min,
254 nm.
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2-phenylpropan-2-yl (R)-2-((3-methoxyphenyl)amino)-2-phenylacetate (31)

Colorless o0il (72.8 mg, 97% yield, 92 : 8 e.r.); TLC Rf = 0.20 (n-hexane/EtOAc, 6/1); 'H
NMR (600 MHz, CDCl3) 6 7.47-7.49 (m, 2H), 7.32-7.39 (m, 3H), 7.15-7.19 (m, 3H),
6.96-7.02 (m, 3H), 6.24 (dd, J= 8.1, 2.1 Hz, 1H), 6.15 (dd, /= 7.8, 2.4 Hz, 1H), 6.07 (t,
J=2.4Hz, 1H), 5.03 (d, J = 6.0 Hz, 1H), 4.98 (d, /= 6.0 Hz, 1H), 3.69 (s, 3H), 1.78 (s,
3H), 1.61 (s, 3H); *C NMR (100 MHz, CDCl3) §170.1, 160.7, 147.4, 144.9, 138.1, 130.0,
128.9 (2C), 128.3 (30), 127.5 (2C) , 127.3, 124.1 (2C) ,106.5, 103.1, 99.5, 83.5, 61.2,
55.1,29.3,27.6; IR (ATR) v 3839, 3791, 3735, 3648, 3404, 2979, 2359, 2328, 1736, 1614
cm!; HRMS (ESI-TOF) [M + Na]" caled for Ca4HxsNNaOs;* m/z 398.1727, found
398.1731. [a]*p —83.1 (¢ 1.0, CHCI3). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 9.6 min (major isomer), 14.9 min (minor isomer),

IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((3-bromophenyl)amino)-2-phenylacetate (3m)
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Colorless 0il (80.6 mg, 95% yield, 96 : 4 e.r.); TLC Rf = 0.33 (n-hexane/EtOAc, 6/1); 'H
NMR (400 MHz, CDCl3) 6 7.45-7.46 (m, 2H), 7.33-7.40 (m, 3H), 7.14-7.19 (m, 3H),
6.96-6.98 (m, 2H), 7.06 (d, J = 7.3 Hz, 1H) 6.97-6.99 (m, 3H), 6.92 (t,J = 16.0 Hz, 1H),
6.76-6.78 (m, 1H), 6.66 (t,J = 3.7 Hz, 1H) 6.41 (dd, J = 8.2 Hz, 2.3 Hz, 1H), 4.99-5.04
(m, 2H), 1.78 (s, 3H), 1.61 (s, 3H); *C NMR (100 MHz, CDCl3) § 169.8, 147.3, 144.7,
137.4,129.0 (2C), 130.6, 128.5, 128.3 (2C), 127.4 (2C), 127.3, 124.1 (2C) , 123.2, 120.7,
116.1, 112.1, 83.8, 61.0, 29.3, 27.6; IR (ATR) v 3785, 3566, 3399, 3063, 3029, 2981,
2930, 2367, 2327, 1733 cm™!'; HRMS (ESI-TOF) [M + Na]" caled for C23H2:BrNNaO,*
m/z 446.0726, found 446.0727. [0]*p —83.9 (¢ 1.0, CHCI3). The enantiomeric ratio was
determined by analytical chiral HPLC. Retention time: 5.7 min (major isomer), 11.0 min

(minor isomer), IBN-3 column, 90/10 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-phenyl-2-((4-vinylphenyl)amino)acetate (3n)
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White solid (50.5 mg, 68% yield, 93 : 7 e.r.); m.p. 50-52 °C; TLC Rf = 0.32 (n-

hexane/EtOAc, 10/1); "H NMR (600 MHz, CDCI3) & 7.46-7.49 (m, 2H), 7.32-7.40 (m,

3H), 7.14-7.19 (m, 5H), 6.95-6.99 (m, 2H), 6.55 (dd, J = 17.1 Hz, 11.1 Hz, 1H), 6.45-

6.49 (m, 2H), 5.47 (dd, J=17.7 Hz, 0.90 Hz, 1H), 5.03-5.07 (m, 2H), 4.98 (dd, J = 10.8

Hz, 1.2 Hz, 1H), 1.79 (s, 3H), 1.62 (s, 3H); 1*C NMR (100 MHz, CDCl3) § 170.0, 145.7,

144.8, 137.9, 136.6, 128.9 (2C), 128.3 (3C), 127.7, 127.5 (2C), 127.4 (2C), 127.3, 124.1

(20), 113.4(2C), 109.8, 83.6, 61.1, 29.3, 27.6; IR (ATR) v 3409, 3087, 3060, 3030, 2980,

2930, 2368, 2330, 2248, 2017 cm™!'; HRMS (ESI-TOF) [M + Na]® calcd for

C2sH2sNNaO>" m/z 394.1778, found 394.1777. [a]*p —98.1 (¢ 1.0, CHCl3). The

enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 6.8 min

(major isomer), 12.1 min (minor isomer), IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min,

254 nm.

2-phenylpropan-2-yl (R)-2-(naphthalen-1-ylamino)-2-phenylacetate (30)

Colorless amorphous (70.4 mg, 89% yield, 95 : 5 e.r.); TLC Rf = 0.48 (n-hexane/EtOAc,

6/1); 'H NMR (400 MHz, CDCl;) & 7.94-7.98 (m, 1H), 7.73-7.78 (m, 1H), 7.57
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(d, J = 6.4 Hz, 2H), 7.34-7.46 (m, 5H), 7.14-7.21 (m, 5H), 6.96-7.02 (m, 2H), 6.33 (dd, J

= 6.6, 2.8 Hz, 1H), 5.82 (d, /= 4.8 Hz, 1H), 5.22 (d, /= 4.8 Hz, 1H), 1.83 (s, 3H), 1.64

(s, 3H); 3C NMR (100 MHz, CDCl3) & 170.3, 144.9, 141.1, 137.9, 134.4, 128.9 (2C),

128.7, 128.4 (3C), 127.5 (2C) , 127.4, 126.5, 125.9, 125.0, 124.1 (2C) , 123.4, 120.2,

117.8, 105.6, 83.7, 61.3, 29.6, 27.5; IR (ATR) v 3430, 3060, 2980, 1733, 1582, 1526,

1478, 1450, 1408, 1384 cm™'; HRMS (ESI-TOF) [M + Na]" calcd for C27H2sNNaO,* m/z

418.1778, found 418.1785. [0]*p +7.9 (¢ 1.0, CHCI3). The enantiomeric ratio was

determined by analytical chiral HPLC. Retention time: 9.6 min (major isomer),12.8 min

(minor isomer), IBN-3 column, 97/3 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-(naphthalen-2-yl)acetate (3p)

White solid (94.9 mg, quant., 76 : 24 e.r.); m.p. 106-108 °C; TLC Rf = 0.38 (n-
hexane/EtOAc, 8/1); 'H NMR (400 MHz, CDCl3) § 7.79-7.91 (m, 4H), 7.57 (dd, J = 8.7
Hz, 1.4 Hz, 2H), 7.48-7.52 (m, 2H), 7.12-7.15 (m, 2H), 7.06 (t,J = 15.1 Hz, 2H), 6.93 (d,
J = 7.8Hz, 2H), 6.40-6.42 (m, 2H), 5.11-5.15 (m, 2H), 1.78 (s, 3H), 1.59 (s, 3H); *C
NMR (100 MHz, CDCl3) 6 169.8, 145.0, 144.7, 135.0, 133.5, 133.4, 132.0 (2C), 128.8,
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127.9,128.3 (2C), 128.2,127.4,126.6, 126.5, 126.4, 125.2, 124.2 (2C), 115.1 (2C), 109.7,
83.9,61.2,29.2,27.7; IR (ATR) v 3410, 3062, 3018, 2980, 2360, 2302, 1734, 1597, 1496,
1448 cm™'; HRMS (ESI-TOF) [M + Na]* calcd for C2;H24BrNNaO>" m/z 496.0883,
found 496.0903. [a]*°p —70.8 (¢ 1.0, CHCI;3). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 10.8 min (major isomer), 17.5 min (minor

isomer), IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-(4-bromophenyl)-2-((4-bromophenyl)amino)acetate (3q)

Colorless amorphous (95.6 mg, 95% yield, 95 : 5 e.r.); TLC Rf = 0.44 (n-hexane/EtOAc,

6/1); '"H NMR (600 MHz, CDCl5) § 7.50-7.53 (m, 2H), 7.33-7.36 (m, 2H), 7.15-7.22 (m,

5H), 6.98-7.01 (m, 2H), 6.33-6.36 (m, 2H), 5.00 (d, J = 3.0 Hz, 1H), 4.94 (d, J = 3.0 Hz,

1H), 1.79 (s, 3H), 1.63 (s, 3H); *C NMR (100 MHz, CDCl3) § 169.3, 144.6, 144.5, 136.2,

134.3, 132.0 (2C), 129.1 (2C), 128.8 (2C), 128.4 (2C), 127.5, 124.1 (2C) , 115.0 (2C),

109.8,84.1, 60.5,29.1, 27.6; IR (ATR) v 3399, 2981, 2312, 1732, 1596, 1497, 1448, 1404,

1385, 1367 cm™!; HRMS (ESI-TOF) [M + Na]" caled for Ca3HziBr,NNaO," m/z

523.9831, found 523.9830. [a]*’p —100.1 (¢ 1.0, CHCI3). The enantiomeric ratio was
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determined by analytical chiral HPLC. Retention time: 9.0 min (major isomer), 16.7 min

(minor isomer), IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-(4-chlorophenyl)acetate (3r)

Colorless amorphous (55.1 mg, 60% yield, 94 : 6 e.r.); TLC Rf = 0.44 (n-hexane/EtOAc,
6/1); 'TH NMR (400 MHz, CDCl3) 8 7.34-7.41 (m, 4H), 7.14-7.22 (m, 5H), 6.98-7.00 (m,
2H), 6.32-6.36 (m, 2H), 5.01 (d, J = 5.0 Hz, 1H), 4.95 (d, J = 5.0 Hz, 1H), 1.79 (s, 3H),
1.62 (s, 3H); *C NMR (100 MHz, CDCl3) 8 169.2, 144.6, 144.5, 136.8, 132.1 (4C), 129.1
(20), 128.4 (2C), 127.5,124.1 (2C) , 122.4, 115.1 (2C) , 109.9, 84.1, 60.5, 29.2, 27.7; IR
(ATR) v 3398, 2981, 2352, 2310, 1733, 1597, 1496, 1448, 1408, 1385 cm™!; HRMS (ESI-
TOF) [M + Na]" calcd for Co3H2iBrCINNaOz" m/z 480.0336, found 480.0337. [0]*p —
109.7 (c 1.0, CHCL3). The enantiomeric ratio was determined by analytical chiral HPLC.
Retention time: 8.3 min (major isomer), 15.0 min (minor isomer), IBN-3 column, 95/5 n-

hexane/IPA, 1.0 mL/min, 254 nm.
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2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-(4-

(trifluoromethyl)phenyl)acetate (3s)

Colorless amorphous (73.9 mg, 75% yield, 95 : 5 e.r.); TLC Rf = 0.48 (n-hexane/EtOAc,
6/1); '"H NMR (400 MHz, CDCl3) 8 7.62 (d, J = 8.2 Hz, 1H), 7.57 (d, J = 8.2 Hz, 1H),
7.14-7.22 (m, 5H), 6.94-6.96 (m, 2H), 6.32-6.35 (m, 2H), 5.06 (dd, J = 11.4 Hz, 5.0 Hz,
2H), 1.80 (s, 3H), 1.62 (s, 3H); '*C NMR (100 MHz, CDCl3) 8 168.8, 144.3, 144.2, 141.7,
132.0 (20), 130.6 (q, J = 32.6 Hz), 128.2 (2C), 127.7 (2C), 127.4, 125.8 (q, J = 2.9 Hz,
2C), 124.0 (q, J = 270.2 Hz), 123.9 (2C), 114.9 (2C), 109.9, 84.2, 60.6, 29.0, 27.4; '°F
NMR (376 MHz, CDCl3) 6 —61.1; IR (ATR) v 3842, 3404, 2982, 2934, 2351, 2319, 1734,
1617, 1597, 1497 cm™!; HRMS (ESI-TOF) [M + Na]" calcd for C24H2BrFsNO>" m/z
492.0781, found 492.0774. [a]*p —76.3 (¢ 1.0, CHCIl3). The enantiomeric ratio was
determined by analytical chiral HPLC. Retention time: 8.7 min (major isomer), 15.2 min

(minor isomer), IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-(p-tolyl)acetate (3t)
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White solid (85.0 mg, 97% vyield, 92 : 8§ e.r.); m.p. 82-84 °C ;TLC Rf = 0.32 (n-
hexane/EtOAc, 10/1); 'H NMR (400 MHz, CDCl3) & 7.32 (d, J = 7.8 Hz, 2H), 7.13-7.20
(m, 7H), 6.97-7.00 (m, 2H), 6.35-6.40 (m, 2H), 4.94-4.98 (m, 2H), 2.36 (s, 3H), 1.77 (s,
3H), 1.61 (s, 3H); '*C NMR (100 MHz, CDCl3) 8 170.0, 145.0, 144.8, 138.2, 134.5, 132.0
(20), 129.6 (2C), 128.3 (2C), 127.3 (3C), 124.2 (2C), 115.1 (2C), 109.5, 83.6, 60.8, 29.3,
27.7, 21.3; IR (ATR) v 3840, 3415, 3014, 2984, 2927, 2871, 2368, 2350, 2328, 1733
cm!; HRMS (ESI-TOF) [M + Na]* calcd for C24H24BrNNaO>" m/z 460.0883, found
460.0885. [a]*>p —100.7 (¢ 1.0, CHCI3). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 7.4 min (major isomer), 15.3 min (minor isomer),

IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-(m-tolyl)acetate (3u)
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Colorless o0il (65.8 mg, 75% yield, 95 : 5 e.r.); TLC Rf = 0.33 (n-hexane/EtOAc, 6/1); 'H
NMR (400 MHz, CDCl3) 6 7.22-7.27 (m, 3H), 7.14-7.19 (m, 6H), 6.95-6.98 (m, 2H),
6.37-6.41 (m, 2H), 4.93-4.98 (m, 2H), 2.35 (s, 3H), 1.79 (s, 3H), 1.60 (s, 3H); °*C NMR
(100 MHz, CDCl3) 8 169.9, 145.0, 144.8, 138.6, 137.4, 132.0 (2C) , 129.2, 128.8, 128.3
(20), 127.9, 127.3, 124.7,124.2 (2C), 115.0 (2C), 109.5, 83.7, 61.1, 29.4, 27.5, 21.6; IR
(ATR) v 3752, 3394, 3025, 2979, 2932, 2370, 2355, 2340, 2330, 1732 cm™!; HRMS (ESI-
TOF) [M + Na]" calcd for C24H24BrNNaO>" m/z 460.0883, found 460.0891. [a]*’p —76.0
(¢ 1.0, CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC.
Retention time: 6.4 min (major isomer), 11.4 min (minor isomer), IBN-3 column, 95/5 n-

hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-(3-methoxyphenyl)acetate (3v)

Colorless o0il (80.9 mg, 89% yield, 96 : 4 e.r.); TLC Rf = 0.24 (n-hexane/EtOAc, 6/1); 'H
NMR (400 MHz, CDCls) 6 7.29 (t,J = 15.6 Hz, 1H), 7.14-7.20 (m, 5H), 7.06 (d, J = 7.3
Hz, 1H) 6.97-6.99 (m, 3H), 6.87-6.90 (m, 1H), 6.37-6.40 (m, 2H), 5.00 (d, J = 5.5 Hz,
1H), 4.95 (d, J = 5.5 Hz, 1H), 3.77 (s, 3H), 1.79 (s, 3H), 1.61 (s, 3H); 3*C NMR (100
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MHz, CDCl3) § 169.7, 160.1, 144.9, 144.7, 139.1, 132.0 (2C), 129.9, 128.3 (2C) , 127.4,

124.2 (2C), 119.9, 115.0 (2C), 114.1, 112.6, 109.6, 83.8, 61.1, 55.4, 29.3, 27.6; IR (ATR)

v 3902, 3839, 3689, 3649, 3542, 3393, 3063, 2980, 2834, 2375 cm™!; HRMS (ESI-TOF)

[M + Na]" calcd for C24H24BrNNaOs* m/z 476.0832, found 476.0833. [a]*p —83.1 (¢ 1.0,

CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC. Retention

time: 8.7 min (major isomer), 18.1 min (minor isomer), IBN-3 column, 95/5 n-

hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-(benzo[d][1,3]dioxo0l-5-yl)-2-((4-

bromophenyl)amino)acetate (3w)

Colorless amorphous (72.1 mg, 77% yield, 97 : 3 e.r.); TLC Rf = 0.32 (n-hexane/EtOAc,
10/1); "TH NMR (400 MHz, CDCl3) 8 7.15-7.25 (m, 5H), 7.03-7.05 (m, 2H), 6.90-6.96 (m,
2H), 6.81 (d, J = 7.8 Hz, 2H), 6.36-6.39 (m, 2H), 5.97-5.99 (m, 2H), 4.97 (d, J = 5.5 Hz,
1H), 4.88 (d, J = 5.5 Hz, 1H), 1.79 (s, 3H), 1.64 (s, 3H); 3*C NMR (100 MHz, CDCl3) &
169.8,148.2,147.7,144.8,132.0 (2C), 131.4, 128.3 (2C), 127.4,124.2 (2C), 121.1, 115.0
(2C), 109.6, 108.6, 107.6, 101.4, 83.8, 60.7, 29.2, 27.7; IR (ATR) v 3412, 2981, 2360,
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2351, 2330, 1732, 1396, 1488, 1443, 1385 cm™'; HRMS (ESI-TOF) [M + Na]* caled for

C24H24BrNNaO4" m/z 490.0625, found 490.0629. [a]*p —101.7 (¢ 1.0, CHCl3). The

enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 10.3 min

(major isomer), 26.2 min (minor isomer), IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min,

254 nm.

tert-butyl (R)-2-((4-bromophenyl)amino)-2-phenylacetate (3x)

White solid (42.0 mg, 58% yield, 95 : 5 e.r.); m.p. 135-137 °C; TLC Rf = 0.32 (n-

hexane/EtOAc, 10/1); 'TH NMR (400 MHz, CDCl3) § 7.43-7.45 (m, 2H), 7.27-7.36 (m,

3H), 7.16-7.19 (m, 2H), 6.39-6.43 (m, 2H), 5.02 (d, J = 5.2 Hz, 1H), 4.90 (d, J = 5.6 Hz,

1H), 1.38 (s, 9H); 13C NMR (100 MHz, CDCls) § 170.6, 145.1, 137.7, 132.0 (2C), 128.8

(20),128.2,127.1 (2C), 115.0(2C), 109.5,82.7,61.1,27.9 (3C); IR (ATR) v 3737, 3418,

3055, 3019, 2980, 2927, 2853, 2370, 2359, 2341 cm™'; HRMS (ESI-TOF) [M + Na]*

caled for C1sH2iBrNO:" m/z 362.0756, found 362.0762. [a]*°p —67.2 (¢ 1.0, CHCl3). The

enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 5.1 min
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(major isomer), 6.6 min (minor isomer), IBN-3 column, 97/3 n-hexane/IPA, 1.0 mL/min,

254 nm.

ethyl (R)-4-((2-oxo-1-phenyl-2-((2-phenylpropan-2-yl)oxy)ethyl)amino)benzoate (3y)

EtO,C

Colorless 0il (70.3 mg, 95% yield, 97 : 3 e.r.); TLC Rf = 0.35 (n-hexane/EtOAc, 6/1); 'H
NMR (400 MHz, CDCls) 6 7.79 (d, J = 8.8 Hz, 2H), 7.44-7.47 (m, 2H), 7.35-7.41 (m,
3H) 7.14-7.19 (m, 3H), 6.95-6.98 (m, 2H), 6.47 (d, J = 8.8 Hz, 2H), 5.40 (d, J = 5.6 Hz,
1H), 5.09 (d, J = 5.6 Hz, 1H), 4.27 (q,J= 7.2 Hz, 2H), 1.80 (s, 3H), 1.61 (s, 3H), 1.32 (t,
J= 6.8 Hz, 3H); *C NMR (400 MHz, CDCl3) 4 169.4, 166.7, 149.4, 144.5, 137.1, 131.3
(20), 128.9 (2C), 128.4, 128.2 (2C), 127.3 (2C), 124.0 (20), 1194, 112.3 (2C) , 83.8,
77.2,60.4,60.2,29.2,27.4, 14.4; IR (ATR) v 3391, 2980, 1735, 1700, 1606, 1524, 1496,
1479, 1450, 1385 cm™'; HRMS (ESI-TOF) [M + Na]* calcd for C26H27NNaO4™ m/z
440.1832, found 440.1832. [a]*’p —69.3 (¢ 0.89, CHCI3). The enantiomeric ratio was
determined by analytical chiral HPLC. Retention time: 12.4 min (major isomer), 15.0 min

(minor isomer), IC-3 column, 85/15 n-hexane/IPA, 1.0 mL/min, 254 nm.
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2-phenylpropan-2-yl (R)-2-((2-benzoyl-4-chlorophenyl)amino)-2-phenylacetate (3z)

Yellow solid (96.8 mg, quant., 84 : 16 e.r.); m.p. 92-95 °C; TLC Rf = 042 (n-
hexane/EtOAc, 10/1); '"H NMR (400 MHz, CDCls) 6 9.44 (d, J = 5.6 Hz, 1H), 7.63 (m,
2H), 7.36-7.56 (m, 10H), 7.13-7.19 (m, 4H), 6.97-7.02 (m, 2H), 6.48 (d, J= 8.8 Hz, 1H),
5.15(d,J = 6.0 Hz, 1H), 1.80 (s, 3H), 1.67 (s, 3H); '*C NMR (400 MHz, CDCl3) § 197.9,
168.6, 147.7, 144.7, 139.4, 136.9, 134.4, 134.0, 131.4 , 129.2 (2C), 129.0 (2C) , 128.5,
128.2 (2C), 128.1 (2C), 127.3 (20), 127.1, 124.1 (20), 119.5, 119.2, 114.1, 83.7, 61.0,
29.2,27.4; IR (ATR) v2956, 2925, 2868, 2854, 2336, 1744, 1712, 1633, 1562, 1508 cm™*;
HRMS (ESI-TOF) [M + Na]" calcd for C30H26CINNaOs" m/z 506.1493, found 506.1502.
[a]*’p +52.1 (¢ 0.4, CHCI3). The enantiomeric ratio was determined by analytical chiral
HPLC. Retention time: 8.0 min (major isomer), 11.5 min (minor isomer), IBN-3 column,

97/3 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((8-0x0-5,6,7,8-tetrahydronaphthalen-2-yl)amino)-2-

phenylacetate (3aa)
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Off-white amorphous (72.8 mg, 88% yield, 90 : 10 er); TLC Rf = 0.26 (n-hexane/EtOAc,
2/1); 'TH NMR (400 MHz, CDCl3) & 7.82 (d, J = 8.4 Hz, 1H), 7.43-7.47 (m, 2H), 7.36-
7.42 (m, 3H), 7.12-7.19 (m, 3H), 6.96-6.98 (m, 2H), 6.41 (dd, J = 8.4 Hz, 2.4 Hz, 1H),
6.24 (d, J = 1.6 Hz, 1H), 5.47 (d, J = 5.2 Hz, 1H), 5.1 (d, /= 5.6 Hz, 1H), 2.75 (dd, J =
5.6 Hz, 4.4 Hz, 2H), 2.51 (dd, J = 6.7, 6.7 Hz, 2H), 2.01 (m, 2H), 1.80 (s, 3H), 1.62 (s,
3H); BCNMR (400 MHz, CDCl3) 4 196.8, 169.3, 149.8, 146.7, 144.5,137.1, 129.5, 128.9
(20), 128.5, 128.2 (2C), 127.3, 127.2 (2C), 124.0 (2C), 123.5, 111.9, 110.9, 83.9, 60.3,
38.7,30.1,29.2,27.4,23.3; IR (ATR) v 3385, 2925, 1736, 1663, 1596, 1518, 1494, 1453,
1435, 1353 cm™!; HRMS (ESI-TOF) [M + Na]" caled for C27H27NNaOs"™ m/z 436.1883,
found 436.1888. [a]*’p —48.9 (¢ 1.15, CHCIs). The enantiomeric ratio was determined by
analytical chiral HPLC. Retention time: 17.0 min (major isomer), 28.5 min (minor

isomer), IC-3 column, 70/30 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-chloro-2-formylphenyl)amino)-2-phenylacetate (3ab)
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Yellow amorphous (77.5 mg, 95% yield, 86 : 14 e.r.); TLC Rf = 0.27 (n-hexane/EtOAc,
10/1); 'H NMR (400 MHz, CDCl3) 8 9.82 (s, 1H), 9.34 (d, /= 5.6 Hz, 1H), 7.45-7.47 (m,
3H), 7.34-7.41 (m, 3H), 7.13-7.19 (m, 4H), 6.97-6.99 (m, 2H), 6.39 (d, J = 9.2 Hz, 1H),
5.13 (d,J= 6.0 Hz, 1H), 1.81 (s, 3H), 1.66 (s, 3H); 3*C NMR (100 MHz, CDCl3) § 192.7,
168.2,146.6, 144.5,139.4, 136.6, 135.4, 135.2,129.0 (2C), 128.5, 128.1 (2C), 127.2 (2C),
127.2, 124.0, 120.4, 119.9, 113.6, 83.8, 60.6, 29.3, 27.3; IR (ATR) v 3307, 2981, 2927,
2359, 1741, 1666, 1606, 1568, 1509, 1468 cm™!; HRMS (ESI-TOF) [M + Na]* calcd for
C24H22CINNaOs" m/z 430.1180, found 430.1186. [a]*p +58.3 (¢ 0.55, CHCI3). The
enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 11.0 min
(major isomer), 14.1 min (minor isomer), IBN-3 column, 97/3 n-hexane/IPA, 1.0 mL/min,

254 nm.

2-phenylpropan-2-yl (R)-2-phenyl-2-(pyren-2-ylamino)acetate (3ac)
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Orange solid (74.2 mg, 79% yield, 94 : 6 e.r.); m.p. 118-120 °C; TLC Rf = 0.44 (n-
hexane/DCM 2/1); '"H NMR (400 MHz, CDCl3)  8.12 (d, J=9.2 Hz, 1H), 7.95-8.04 (m,
3H), 7.84-7.91 (m, 2H), 7.81 (d, /= 8.4 Hz, 1H), 7.73 (d, J=8.8 Hz, 1H), 7.62 (d, J =
6.4 Hz, 2H), 7.33-7.39 (m, 3H), 7.15-7.21 (m, 3H), 7.03 (d, /= 8.4 Hz 1H), 6.99 (dd, J =
7.6 Hz, 1.6 Hz, 2H), 6.21 (d, J=3.6 Hz, 1H), 5.40 (d, /= 3.6 Hz, 1H), 1.87 (s, 3H), 1.65
(s, 3H); 1*C NMR (100 MHz, CDCl3) § 170.1, 144.6, 139.8, 137.7, 132.2, 131.6, 128.8
(20), 128.3, 128.2 (2C) , 127.6, 127.4 (2C), 127.3, 126.0, 126.0, 125.9, 125.9, 125.5,
124.0 (2C), 123.8, 123.4, 123.3, 123.2, 119.5, 116.7, 109.9, 83.8, 61.2, 29.5, 27.3; IR
(ATR) v 3432,3034, 2360, 1734, 1624, 1603, 1521, 1489, 1467, 1297 cm™!; HRMS (ESI-
TOF) [M + Na]" calcd for C33H27NNaO>" m/z 492.1934, found 492.1940. [a]*p +136.0
(c 0.42, CHCL). The enantiomeric ratio was determined by analytical chiral HPLC.
Retention time: 7.8 min (major isomer), 20.4 min (minor isomer), IC-3 column, 95/5 n-

hexane/IPA, 1.0 mL/min, 254 nm.

bis(2-phenylpropan-2-yl) 2,2'-((sulfonylbis(4,1-phenylene))bis(azanediyl))(2R,2'R)-

bis(2-phenylacetate) (3ad)
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White amorphous (64.8 mg, 86% yield (0.1 mmol scale), 93 : 7dr, 99 : 1 e.r.); TLC Rf =
0.22 (n-hexane/EtOAc, 2/1); '"H NMR (400 MHz, CDCls) §7.53 (d, J = 8.4 Hz, 4H), 7.33-
7.43 (m, 10H), 7.12-7.18 (m, 6H), 6.92 (dd, /= 7.8 Hz, 1.6 Hz, 4H), 6.42 (d, /= 9.2 Hz,
4H), 5.45 (d, J = 5.2 Hz, 2H), 5.00 (d, J = 5.2 Hz, 2H), 1.78 (s, 6H), 1.59 (s, 6H); 13C
NMR (100 MHz, CDCl;) 6 169.2 (2C), 148.9 (2C), 144.4 (2C), 136.8 (2C), 130.4 (2C),
129.0 (4C), 128.9 (4C), 128.5 (20), 128.2 (4C) , 127.3 (2C), 127.2 (4C) , 123.9 (4C),
112.6 (4C), 83.9 (2C), 60.3 (2C), 29.2 (2C), 27.3 (2C); IR (ATR) v 3376, 2927, 2364,
2354, 1732, 1596, 1514, 1453, 1328, 1298 cm™!; HRMS (ESI-TOF) [M + Na]" calcd for
CasHaaN2NaOsS" m/z 775.2812, found 775.2815. [a]*p —74.5 (¢ 0.35, CHCI3). The
enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 24.4 min
(minor enantiomer), 29.6 min (meso-diastereomer), 33.1 min (major isomer), 1C-3

column, 70/30 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-(hydroxymethyl)phenyl)amino)-2-phenylacetate (9a)
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White amorphous (75.0 mg, quant., 93 : 7 e.r.); TLC Rf = 0.19 (n-hexane/EtOAc 2/1); 'H
NMR (600 MHz, CDCl3) 6 7.48 (d, J=8.3Hz, 2H), 7.33-7.39 (m, 3H), 7.15-7.20 (m, 3H),
7.10 (d, J=17.6 Hz, 2H), 6.96-6.99 (m, 2H), 6.50 (d, /= 7.6 Hz, 2H), 5.05 (d, /= 4.8 Hz,
1H), 5.01 (d, J = 4.8 Hz, 1H), 4.49 (s, 2H), 1.79 (s, 3H), 1.62 (s, 3H); 3C NMR (100
MHz, CDCL) 6 169.9, 145.6, 144.7, 137.8, 130.1, 128.7 (2C), 128.2 (2C), 128.2 (2C),
127.4 (2C), 127.2 (2C), 124.0 (2C), 113.3 (20), 83.5, 65.3, 61.0, 29.2, 27.5; IR (ATR) v
3407, 2980, 1734, 1615, 1521, 1496, 1471, 1451, 1385, 1367 cm™!; HRMS (ESI-TOF)
[M + Na]" calcd for C24H2sNNaOs" m/z 398.1727, found 398.1733. [a]*°p —53.5 (¢ 0.22,
CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC. Retention
time: 12.3 min (major isomer), 23.1 min (minor isomer), IC-3 column, 85/15 n-

hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-(hydroxymethyl)phenyl)amino)-2-(3-

methoxyphenyl)acetate (9b)
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Yellow amorphous (81.1 mg, quant., 95 : 5 e.r.); TLC Rf = 0.14 (n-hexane/EtOAc 2/1);

'H NMR (400 MHz, CDCl3) 8 7.29 (t, J = 8.0 Hz, 1H), 7.16-7.20 (m, 3H), 7.07-7.12 (m,

3H), 6.97-7.01 (m, 3H), 6.88 (dd, J= 8.2, 1.8 Hz, 2H), 6.51 (d, J= 8.8 Hz, 2H), 5.01(s,

2H), 4.49 (s, 2H), 3.77 (s, 3H), 1.80(s, 3H), 1.62 (s, 3H); 3C NMR (100 MHz, CDCl3) 8

169.8, 159.9, 145.6, 144.7, 139.4, 130.1, 129.7, 128.7 (2C) , 128.1 (2C) , 127.2, 124.0

(20),119.8,114.0,113.3 (2C), 112.5, 83.5,65.3,61.0, 55.2,29.2,27.5; IR (ATR) v 3388,

2925, 2866, 2364, 1734, 1615, 1600, 1523, 1490, 1463cm!'; HRMS (ESI-TOF) [M +

Na]" caled for CasH27NNaO4" m/z 428.1832, found 428.1838. [a]*’p —26.0 (¢ 0.52,

CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC. Retention

time: 11.3 min (major isomer), 20.6 min (minor isomer), IC-3 column, 80/20 n-

hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-(benzo[d][1,3]dioxol-5-y1)-2-((4-

(hydroxymethyl)phenyl)amino)acetate (9c¢)

Colorless amorphous (51.1 mg, 61% yield, 95 : 5 e.r.); TLC Rf = 0.44 (n-hexane/EtOAc

2/1); 'H NMR (400 MHz, CDCls) § 7.21 (d, J = 2.0 Hz, 1H), 7.20 (d, J = 1.6 Hz, 2H),
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7.03-7.08 (m, 4H), 6.97 (dd, J= 8.0, 1.6 Hz, 1H), 6.96-6.99 (m, 2H), 6.93 (d, /= 1.6 Hz,
1H), 6.80 (d, /= 8.0 Hz, 1H), 6.47 (d, /= 8.4 Hz, 1H), 5.98 (d, /= 1.6 Hz, 1H), 5.96(d,
J=1.0 Hz, 1H), 4.93 (s, 2H), 4.30 (s, 2H), 1.78 (s, 3H), 1.64 (s, 3H); 3*C NMR (150 MHz,
CDCl3) 6 169.9, 148.0, 147.5, 145.4, 144.7, 131.7, 130.1, 128.7 (2C), 128.1 (2C), 127.2,
124.0 (2C), 120.9, 113.3 (2C), 108.4, 107.6, 101.1, 83.5, 65.3, 60.6, 29.0, 27.7; IR (ATR)
v 3413, 2956, 2925, 2855, 2341, 1733, 1614, 1521, 1487, 1444 cm™!; HRMS (ESI-TOF)
[M + Na]" calcd for C2sH27NNaOs" m/z 442.1625, found 442.1629. [a]*°p —48.2 (¢ 0.51,
CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC. Retention
time: 14.0 min (major isomer), 26.5 min (minor isomer), IC-3 column, 80/20 n-

hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-(hydroxymethyl)phenyl)amino)-2-(p-tolyl)acetate (9d)

Colorless amorphous (74.0 mg, 95% yield, 87 : 13 e.r.); TLC Rf = 0.26 (n-hexane/EtOAc
2/1); 'TH NMR (400 MHz, CDCl3) § 7.35 (d, J = 8.0Hz, 2H), 7.15-7.20 (m, 5H), 7.10 (d,
J=8.4Hz, 2H), 6.98-7.02 (m, 2H), 6.50 (d, /= 8.4 Hz, 2H), 5.02(d, /=4.4 Hz, 1H), 4.96
(d, J = 4.4 Hz, 1H), 4.49 (s, 2H), 2.37(s, 3H), 1.78 (s, 3H), 1.62 (s, 3H); 3C NMR (100
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MHz, CDCls) & 170.1, 145.6, 144.8, 137.9, 134.7, 130.0, 129.4 (2C), 128.7 (2C), 128.1

(20), 127.2 (20), 127.1, 124.0 (2C), 113.3 (2C), 83.3, 65.3, 60.7, 29.1, 27.6, 21.2 ; IR

(ATR) v 3408, 2981, 2927, 2369, 1734, 1616, 1522, 1449, 1384, 1312 cm™!; HRMS (ESI-

TOF) [M + Na]* caled for C25sH27NNaOs" m/z 412.1883, found 412.1882. [a]*>p —40.2 (c

0.34, CHCl3). The enantiomeric ratio was determined by analytical chiral HPLC.

Retention time: 10.2 min (major isomer), 17.7 min (minor isomer), IC-3 column, 80/20

n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-(hydroxymethyl)phenyl)amino)-2-(m-tolyl)acetate (9e)

Colorless amorphous (70.1 mg, 91% yield, 90 : 10 e.r.); TLC Rf = 0.39 (n-hexane/EtOAc
2/1); 'HNMR (600 MHz, CDCl3) § 7.26-7.30 (m, 2H), 7.25-7.26 (m, 1H, overlapped with
residual CHCl3), 7.14-7.19 (m, 4H), 7.11 (d, J = 8.4 Hz, 2H), 6.97 (m, 2H), 6.52 (d, J =
9.0 Hz, 2H), 5.00(d, J= 5.7 Hz, 1H), 4.97 (d, J=5.7 Hz, 1H), 4.50 (s, 2H), 2.353(s, 3H),
1.79 (s, 3H), 1.62 (s, 3H); 3*C NMR (150 MHz, CDCl3) 3 170.1, 145.7, 144.8, 138.4,
137.7,130.1, 129.0, 128.8 (2C), 128.6, 128.1 (2C), 127.9, 127.2, 124.6, 124.1 (2C), 113.3
(2C), 83.4,65.4,61.1,29.2,27.5,21.4 ; IR (ATR) v 3403, 2980, 2921, 1733, 1616, 1522,

37



10

11

12

13

14

15

16

1496, 1488, 1448, 1297 cm™'; HRMS (ESI-TOF) [M + Na]" calcd for C2sH27NNaO3* m/z

412.1883, found 412.1888. [a]*’p —57.0 (¢ 0.23, CHCI3). The enantiomeric ratio was

determined by analytical chiral HPLC. Retention time: 9.0 min (major isomer), 15.6 min

(minor isomer), IC-3 column, 80/20 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-(hydroxymethyl)phenyl)amino)-2-(4-

(trifluoromethyl)phenyl)acetate (9f)

HO

Yellow solid (75.4 mg, 85% yield, 91 : 9 e.r.); m.p. 83-85 °C; TLC Rf = 0.32 (n-
hexane/EtOAc 2/1); 'H NMR (400 MHz, CDCls) 8 7.64 (dd, J=11.0, 9.2Hz, 4H), 7.14-
7.21 (m, 3H), 7.11 (d, J = 8.4 Hz, 2H), 6.94-6.98 (m, 2H), 6.46 (d, J = 8.4 Hz, 2H), 5.09
(m, 2H), 4.50 (s, 2H), 1.80 (s, 3H), 1.63 (s, 3H); *C NMR (100 MHz, CDCl3) 8 169.0,
145.0, 144.3, 142.1, 130.4 (q, J = 32.0 Hz, 2C)), 128.7 (2C), 128.2 (2C), 127.7 (2C),
127.4, 125.7 (q, J = 3.8 Hz, 2C), 124.0 (q, ] = 279.8 Hz), 123.92 (2C), 113.3 (2C), 84.1,
65.2, 60.7, 29.0, 27.5; 'F NMR (376 MHz, CDCl3) 8 —62.4; IR (ATR) v 3403, 2983,

2931, 1735, 1616, 1523, 1496, 1472, 1449, 1419 cm™!; HRMS (ESI-TOF) [M + Na]*
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caled for C2sH24F3NNaO3" m/z 466.1600, found 466.1605. [a]*°p —61.1 (¢ 0.41, CHCIy).

The enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 6.8

min (major isomer), 10.0 min (minor isomer), IC-3 column, 80/20 n-hexane/IPA, 1.0

mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-(4-fluorophenyl)-2-((4-
(hydroxymethyl)phenyl)amino)acetate (9g)

Colorless amorphous (63.7 mg, 81% yield, 89 : 11 e.r.); TLC Rf = 0.28 (n-hexane/EtOAc

2/1); 'H NMR (400 MHz, CDCls) & 7.45 (dd, J = 8.4, 5.2Hz, 2H), 7.17-7.21 (m, 3H),

7.04-7.12 (m, 4H), 6.97-7.02 (m, 2H), 6.47 (d, J = 8.4 Hz, 2H), 5.02 (s, 2H), 4.49(s, 2H),

1.79 (s, 3H), 1.62 (s, 3H); 3C NMR (100 MHz, CDCl3) 8 169.6, 162.6 (d, J = 245.5 Hz),

145.3, 144.5, 133.6 (d, J = 3.4 Hz), 130.3, 129.0 (d, J = 8.1 Hz, 2C), 128.7 (2C), 128.2

(20), 127.3, 124.0 (2C), 115.7 (d, J = 21.5 Hz, 2C), 113.3 (2C), 83.7, 65.3, 60.3, 29.11,

27.5;9F NMR (376 MHz, CDCl3) 5 —113.9; IR (ATR) v 3413, 2956, 2926, 2856, 2342,

1733, 1615, 1522, 1508, 1469 cm!; HRMS (ESI-TOF) [M + Na]" caled for

C24H24FNNaO3" m/z 416.1632, found 416.1629. [a]*p —32.6 (¢ 0.49, CHCI3). The

enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 11.3 min

39



10

11

12

13

14

15

16

17

(major isomer), 19.2 min (minor isomer), IC-3 column, 85/15 n-hexane/IPA, 1.0 mL/min,

254 nm.

2-phenylpropan-2-yl (R)-2-(4-chlorophenyl)-2-((4-

(hydroxymethyl)phenyl)amino)acetate (9h)

Yellow amorphous (46.7 mg, 57% yield, 93 : 7 e.r.); TLC Rf = 0.32 (n-hexane/EtOAc

2/1); 'TH NMR (400 MHz, CDCls) & 7.43 (d, J = 8.4 Hz, 2H), 7.35 (d, 8.4 Hz, 2H), 7.18-

7.22 (m, 3H), 7.10 (d, J = 8.4 Hz, 2H), 6.99-7.02 (m, 2H), 6.46 (d, J = 8.4 Hz, 2H), 5.02

(s, 2H), 4.50 (s, 2H), 1.79 (s, 3H), 1.63 (s, 3H); 3C NMR (100 MHz, CDCls) 5 169.4,

145.2, 144.5, 136.5, 134.0, 130.3, 128.9 (2C), 128.7 (2C), 128.7 (2C), 128.2 (2C), 127.3,

124.0 (2C), 113.3 (2C), 83.8, 65.3, 60.4, 29.0, 27.6; IR (ATR) v 3408, 2928, 1736, 1615,

1522, 1489, 1308, 1252, 1181, 1367 cm™!; HRMS (ESI-TOF) [M + Na]* calcd for

C24H24CINNaOs" m/z 432.1337, found 432.1347. [a]*p —50.7 (¢ 0.18, CHCIl3). The

enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 17.3 min

(major isomer), 30.2 min (minor isomer), IC-3 column, 90/10 n-hexane/IPA, 1.0 mL/min,

254 nm.
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2-phenylpropan-2-yl (R)-2-(4-bromophenyl)-2-((4-

(hydroxymethyl)phenyl)amino)acetate (9i)

Colorless amorphous (81.8 mg, 90% yield, 89 : 11 e.r.); TLC Rf = 0.28 (n-hexane/EtOAc
2/1); 'TH NMR (400 MHz, CDCl3) & 7.50 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H),
7.18-7.22 (m, 3H), 7.08 (d, J =8.4 Hz, 2H), 6.98-7.02 (m, 2H), 6.45 (d, /= 8.4 Hz, 2H),
5.00 (s, 2H), 4.47 (s, 2H), 1.79 (s, 3H), 1.63 (s, 3H); *C NMR (100 MHz, CDCl3) § 169.3,
145.2, 144.4, 137.0, 131.9 (2C), 130.3, 129.0 (2C), 128.7 (2C), 128.2 (2C), 127.3, 124.0
(20),122.1,113.3 (2C), 83.8, 65.2, 60.5, 29.0, 27.5; IR (ATR) v 3399, 2980, 1732, 1615,
1521, 1496, 1485, 1448, 1405, 1385 cm!; HRMS (ESI-TOF) [M + Na]" calcd for
C24H24BrNNaO3;" m/z 476.0832, found 476.0838. [a]*p —99.6 (¢ 0.63, CHCls). The
enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 9.0 min
(major isomer), 14.2 min (minor isomer), IC-3 column, 80/20 n-hexane/IPA, 1.0 mL/min,

254 nm.

2-phenylpropan-2-yl (R)-2-((4-(2-hydroxyethyl)phenyl)amino)-2-phenylacetate (9j)
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Pale yellow amorphous (68.6 mg, 88% yield, 93 : 7 e.r.); TLC Rf=0.32 (n-hexane/EtOAc
2/1); 'H NMR (400 MHz, CDCl3) § 7.48 (dd, J = 8.4, 1.6Hz, 2H), 7.32-7.41 (m, 3H),
7.14-7.19 (m, 3H), 6.93-6.99(m, 4H), 6.48 (d, J = 8.4 Hz, 2H), 5.02 (s, 1H), 4.91(s, 1H),
3.74 (t, J = 6.4 Hz, 2H), 2.70 (t, J = 6.4 Hz, 2H), 1.78 (s, 3H), 1.61 (s, 3H); 3*C NMR
(100 MHz, CDCl;) 6 170.0, 144.8, 144.6, 138.0, 129.8 (2C), 128.7 (2C), 128.1 (30),
127.4 (2C), 127.2, 127.2, 124.0 (2C), 113.6 (2C), 83.4, 63.9, 61.2, 38.2, 29.1, 27.6; IR
(ATR) v 3367, 2925, 1735, 1616, 1520, 1312, 1257, 1185, 1136, 1105 cm™!; HRMS (ESI-
TOF) [M + Na]" calcd for C2sH27NNaO3;* m/z 412.1883, found 412.1897. [a]*’p —58.5 (¢
0.12, CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC.
Retention time: 8.7 min (major isomer), 12.3 min (minor isomer), IBN-3 column, 85/15

n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-(2-hydroxyethyl)phenyl)amino)-2-(3-

methoxyphenyl)acetate (9K)
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Colorless amorphous (83.9 mg, quant., 92 : 8 e.r.); TLC Rf = 0.25 (n-hexane/EtOAc 2/1);
'"H NMR (400 MHz, CDCl3)  7.30 (t, J = 8.0 Hz, 1H), 7.16-7.20 (m, 3H), 7.09 (d, J =
7.6 Hz, 1H), 6.98-7.02 (m, 3H), 6.96 (d, J = 8.4 Hz, 2H), 6.88 (dd, /= 8.4, 2.4 Hz, 1H),
6.49 (d, J= 8.4 Hz 2H), 4.98 (d, /= 5.2 Hz, 1H), 4.89 (d, J = 5.2 Hz, 1H), 3.79 (s, 3H),
3.75 (q, J = 6.4 Hz, 2H), 2.71 (t, J = 6.4 Hz, 2H), 1.79 (s, 3H), 1.63 (s, 3H); 3°C NMR
(150 MHz, CDCl;) 6 169.9, 159.9, 144.7, 144.6, 139.6, 129.7 (2C), 129.7, 128.1 (20),
127.3, 127.1, 124.0 (2C), 119.8, 113.9, 113.5 (2C), 112.5, 83.4, 63.8, 61.2, 55.2, 38.2,
29.1,27.5; IR (ATR) v 3411, 2981, 2931, 1733, 1560, 1520, 1489, 1467, 1451, 1436 cm™*;
HRMS (ESI-TOF) [M + Na]" calcd for C26H20NNaO4* m/z 442.1989, found 442.1995.
[a]*°p —48.6 (¢ 0.49, CHCI3). The enantiomeric ratio was determined by analytical chiral
HPLC. Retention time: 10.1 min (major isomer), 18.6 min (minor isomer), IC-3 column,

80/20 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((3-(hydroxymethyl)phenyl)amino)-2-phenylacetate (91)
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Colorless amorphous (67.6 mg, 90% yield, 89 : 11 e.r.); TLC Rf = 0.32 (n-hexane/EtOAc
2/1); 'H NMR (400 MHz, CDCl3) § 7.48 (dd, J = 7.6, 1.2Hz, 2H), 7.31-7.40 (m, 3H),
7.14-7.19 (m, 3H), 7.07 (d, J = 8.0 Hz, 1H), 6.47-7.00 (m, 2H), 6.64 (d, J= 7.6 Hz, 1H),
6.54 (s, 1H), 6.44 (dd, J= 8.0, 2.0 Hz, 1H), 5.06 (d, /= 4.8 Hz, 1H), 4.99 (d, J = 4.8 Hz,
1H), 4.50 (s, 2H), 1.78 (s, 3H), 1.61 (s, 3H); *C NMR (100 MHz, CDCl3) § 169.9, 146.2,
144.7, 142.0, 137.8, 129.4, 128.7 (2C), 128.1, 128.1 (2C), 127.3 (2C), 127.1, 124.0 (20),
116.3, 112.5, 111.8, 83.4, 65.4, 61.0, 29.1, 27.5; IR (ATR) v 3407, 3031, 2980, 2927,
1734, 1608, 1592, 1491, 1451, 1385 cm!; HRMS (ESI-TOF) [M + Na]" calcd for
C24H2sNNaO3" m/z 398.1727, found 398.1726. [a]*p —52.5 (¢ 0.44, CHCIls). The
enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 12.5 min
(major isomer), 23.6 min (minor isomer), [C-3 column, 85/15 n-hexane/IPA, 1.0 mL/min,

254 nm.

2-phenylpropan-2-yl (R)-2-((4-(hydroxymethyl)-3-methylphenyl)amino)-2-

phenylacetate (9m)
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Pale yellow amorphous (55.3 mg, 71% yield, 96 : 4 e.r.); TLC Rf=0.36 (n-hexane/EtOAc

2/1); '"H NMR (400 MHz, CDCls) § 7.48 (dd, J = 8.0, 1.6Hz, 2H), 7.33-7.40 (m, 3H),

7.15-7.19 (m, 3H), 7.02 (d, J = 8.4 Hz, 1H), 6.96-7.00 (m, 2H), 6.40 (d, /= 2.4 Hz, 1H),

6.31 (dd, J = 8.0, 2.4 Hz, 1H), 5.04 (s, 1H), 4.94(s, 1H), 4.52 (s, 2H), 2.26 (s, 3H), 1.78

(s, 3H), 1.62 (s, 3H); 3C NMR (100 MHz, CDCls) § 169.9, 145.8, 144.7, 137.9, 137.9,

129.8, 128.7 (2C), 128.2, 128.2 (2C), 127.3 (2C), 127.2, 124.0 (2C), 115.6, 110.3, 83.4,

63.6, 61.0,29.7,29.2,27.5, 18.9; IR (ATR) v 3407, 2925, 2853, 2369, 2351, 1736, 1615,

1509, 1453, 1384 cm™'; HRMS (ESI-TOF) [M + Na]* calcd for C2sH27NNaOs™ m/z

412.1883, found 412.1884. [a]*’p —57.5 (¢ 0.08, CHCI3). The enantiomeric ratio was

determined by analytical chiral HPLC. Retention time: 10.8 min (major isomer), 15.0 min

(minor isomer), IBN-3 column, 85/15 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((2-fluoro-4-(hydroxymethyl)phenyl)amino)-2-phenylacetate

(9m)
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Pale yellow amorphous (78.7 mg, quant., yield, 95 : 5 er.); TLC Rf = 0.50 (n-
hexane/EtOAc 2/1); '"H NMR (400 MHz, CDCl3) 6 7.47 (dd, J = 8.0, 1.6 Hz, 2H), 7.34-
7.41 (m, 3H), 7.14-7.19 (m, 3H), 6.95-7.01 (m, 3H), 6.83 (d, /= 8.0 Hz, 1H), 6.39 (t,J =
8.4 Hz, 1H), 5.24 (s, 2H), 5.06 (d, J = 5.6 Hz, 2H), 1.80 (s, 3H), 1.62 (s, 3H); *C NMR
(150 MHz, CDCl;) 6 169.4, 151.4 (d, J = 238.4 Hz), 144.6, 137.3, 133.9 (d, /= 11.6 Hz),
130.2 (d, J=5.9 Hz), 128.8 (2C), 128.3, 128.1 (2C), 127.3 (2C), 127.2, 124.0 (2C), 123.3
(d,J=3.0Hz), 113.8 (d, /= 18.8 Hz), 112.8 (d, J= 2.9 Hz), 83.6, 64.7, 60.8, 29.3, 27.3;
F NMR (376 MHz, CDCl3) & —134.9; IR (ATR) v 3418, 2929, 2369, 1738, 1632, 1530,
1496, 1455, 1367, 1319 cm™!; HRMS (ESI-TOF) [M + Na]* caled for C24H24FNNaO3*
m/z 416.1632, found 416.1645. [a]*>b —59.4 (¢ 0.39, CHCIls). The enantiomeric ratio was
determined by analytical chiral HPLC. Retention time: 12.3 min (major isomer), 19.2 min

(minor isomer), IC-3 column, 90/10 n-hexane/IPA, 1.0 mL/min, 254 nm.
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1 4. General Procedure for Light-promoted Asymmetric N-H Insertion

Ph

Hig
\N :

1@\ o >< 7 (2 mol%)
R )
N'H + Ar\%)l\o Ph

\ blue light (450 nm, 5W)
H toluene (0.02 M)
2 4°C,12h

3 A 50-mL Schlenk tube was charged with aniline derivative (1.2 mmol), diazoester

4 derivative (0.2 mmol), chiral catalyst (7, 1.1 mg, 0.004 mmol), and toluene (10.0 mL).

5  The reaction mixture was irradiated with 450 nm light from a 5 W LED at 4 °C for 12 h.

6  The solvent was removed under reduced pressure, and the crude residue was purified by

7 flash column chromatography on silica gel (n-hexane/EtOAc = 15:1) to afford the

8  corresponding products.

10 (in a cold room at 4 °C)

11
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2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-phenylacetate (3a)

White solid (62.8 mg, 74% yield, 95 : 5 e.r.). The spectroscopic and analytical data,

including 'H NMR, *C NMR, IR, and HRMS, were consistent with those of the product

obtained from the ruthenium-catalyzed reaction.

2-phenylpropan-2-yl (R)-2-((4-cyanophenyl)amino)-2-phenylacetate (3h)

Colorless amorphous (51.9 mg, 70% yield, 91 : 9 e.r.). The spectroscopic and analytical

data, including 'H NMR, *C NMR, IR, and HRMS, were consistent with those of the

product obtained from the ruthenium-catalyzed reaction.

2-phenylpropan-2-yl (R)-2-phenyl-2-(o-tolylamino)acetate (3j)
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Yellow solid (48.2 mg, 67% yield, 91 : 9 e.r.). The spectroscopic and analytical data,

including 'H NMR, *C NMR, IR, and HRMS, were consistent with those of the product

obtained from the ruthenium-catalyzed reaction.

ethyl (R)-3-benzoyl-4-((2-oxo-1-phenyl-2-((2-phenylpropan-2-

yl)oxy)ethyl)amino)benzoate (3z)

Yellow solid (50.3 mg, 52% yield, 88 : 12 e.r.). The spectroscopic and analytical data,

including 'H NMR, *C NMR, IR, and HRMS, were consistent with those of the product

obtained from the ruthenium-catalyzed reaction.

2-phenylpropan-2-yl (R)-2-((2-benzoyl-4-bromophenyl)amino)-2-phenylacetate (3ae)
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Yellow amorphous (52.8 mg, 50% yield, 89 : 11 e.r.); TLC Rf = 0.33(n-hexane/EtOAc,

10/1); '"H NMR (400 MHz, CDCl3) 8 9.47 (d, J = 5.6 Hz, 1H), 7.58-7.65 (m, 3H), 7.43-

7.57 (m, 5H), 7.33-7.43 (m, 3H), 7.30 (dd, J= 9.0, 2.2 Hz, 1H), 7.11-7.18 (m, 3H), 6.95-

7.02 (m, 2H), 6.43 (d, J=9.2 Hz, 1H), 5.14 (d, J = 5.6 Hz, 1H) 1.80 (s, 3H), 1.66 (s, 3H);

3C NMR (150 MHz, CDCl3) § 197.8, 168.5, 148.0, 144.7, 139.4, 137.1, 136.9, 131.4,

129.2 (2C), 128.9 (20), 128.5, 128.2 (2C), 128.1 (2C), 127.3 (2C), 127.2, 127.1, 124.1

(20), 119.8, 114.5, 106.2, 83.7, 60.9, 29.2, 27.4 ; IR (ATR) v 3390, 2979, 2926, 2870,

1717, 1661, 1596, 1518, 1496, 1468 cm™'; HRMS (ESI-TOF) [M + Na]" calcd for

C30H26BrNNaOs* m/z 550.0988, found 550.1001. [a]2p +53.2 (¢ 0.37, CHCls). The

enantiomeric ratio was determined by analytical chiral HPLC. Retention time: 8.9 min

(major isomer), 13.1 min (minor isomer), IBN-3 column, 98/2 n-hexane/IPA, 1.0 mL/min,

254 nm.

ethyl (R)-4-((2-oxo-1-phenyl-2-((2-phenylpropan-2-yl)oxy)ethyl)amino)benzoate (3y)
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EtO,C

Colorless oil (70.3 mg, 68% yield, 95 : 5 e.r.). The spectroscopic and analytical data,

including 'H NMR, *C NMR, IR, and HRMS, were consistent with those of the product

obtained from the ruthenium-catalyzed reaction.

2-phenylpropan-2-yl (R)-2-(naphthalen-1-ylamino)-2-phenylacetate (30)

Colorless amorphous (50.6 mg, 64% yield, 83 : 17 e.r.). The spectroscopic and analytical

data, including 'H NMR, *C NMR, IR, and HRMS, were consistent with those of the

product obtained from the ruthenium-catalyzed reaction.

ethyl (R)-4-((1-(naphthalen-2-yl)-2-ox0-2-((2-phenylpropan-2-

yl)oxy)ethyl)amino)benzoate (3af)
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EtO,C

Colorless amorphous (66.1 mg, 73% yield, 94 : 6 e.r.); TLC Rf = 0.41 (n-hexane/EtOAc

4/1); '"H NMR (600 MHz, CDCls) § 7.85-7.92 (m, 3H), 7.82 (dd, J = 6.0, 3.0 Hz, 1H),

7.78 (d, J= 9.0 Hz, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.49-7.53 (m, 2H), 7.15 (t, J = 7.2 Hz,

1H), 7.07 (t, J = 7.8 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.52 (d, J = 8.4 Hz, 2H), 5.52 (d,

J=4.8Hz, 1H),5.25 (d, J= 4.8 Hz, 1H), 4.26 (q, J = 7.2 Hz, 2H), 1.79 (s, 3H), 1.61 (s,

3H), 1.30 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCls) & 169.4, 166.6, 149.4, 144.4,

134.5, 133.3, 133.2, 131.3 (20), 128.7, 128.1 (2C), 128.0, 127.7, 127.2, 126.5, 126.4,

126.3, 124.9, 124.0 (2C), 119.4, 112.3 (2C), 84.0, 60.5, 60.1, 29.0, 27.5, 14.3; IR (ATR)

v 3391, 2980, 2932, 1734, 1700, 1605, 1578, 1524, 1496, 1478 cm™!; HRMS (ESI-TOF)

[M + Na]" caled for C3oHaoNNaO4* m/z 490.1989, found 490.1984. [0]?*p —94.8 (c 0.57,

CHCI3). The enantiomeric ratio was determined by analytical chiral HPLC. Retention

time: 10.2 min (major isomer), 12.8 min (minor isomer), IC-3 column, 75/25 n-

hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-chlorophenyl)amino)-2-(naphthalen-2-yl)acetate (3ag)
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White solid (62.2mg, 75% yield, 93 : 7 e.r.); m.p. 72-74 °C; TLC Rf = 0.35 (n-

hexane/EtOAc 4/1); 'TH NMR (600 MHz, CDCl3) 8 7.91 (s, 1H), 7.85-7.89 (m, 2H), 7.81-

7.84 (m, 1H), 7.58 (dd, J = 8.4, 1.8 Hz, 1H), 7.49-7.53 (m, 2H), 7.14 (t, J= 7.2 Hz, 1H),

7.07 (t, J= 7.2 Hz, 1H), 7.02 (d, J = 9.0 Hz, 2H), 6.92-6.95 (m, 2H), 6.47 (d, J = 8.4 Hz,

2H), 5.15 (d, J = 5.4 Hz, 1H), 5.09 (d, J = 5.4 Hz, 1H), 1.78 (s, 3H), 1.60 (s, 3H); 13C

NMR (150 MHz, CDCl3) 6 169.7, 144.5, 144.4, 134.9, 133.3, 133.3, 129.0 (2C), 128.7,

128.1(2C), 128.0,127.7,127.2,126.5, 126.3, 126.3, 125.1, 124.0 (2C), 122.4, 114.5 (20),

83.8,61.2,29.0,27.6; IR (ATR) v 3405, 3056, 2980, 1733, 1600, 1448, 1384, 1367, 1323,

1274 cm™'; HRMS (ESI-TOF) [M + Na]" calcd for C27H24CINNaO2*" m/z 452.1388,

found 452.1387. [0]*’p —109.9 (¢ 0.53, CHCI3). The enantiomeric ratio was determined

by analytical chiral HPLC. Retention time: 10.8 min (major isomer), 18.2 min (minor

isomer), IBN-3 column, 95/5 n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-cyanophenyl)amino)-2-(naphthalen-2-yl)acetate (3ah)
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Colorless amorphous (64.8mg, 77% yield, 93 : 7 e.r.); TLC Rf = 0.41 (n-hexane/EtOAc
4/1); 'TH NMR (600 MHz, CDCl3) & 7.85-7.90 (m, 3H), 7.80-7.83 (m, 1H), 7.55 (d, J =
8.4 Hz, 1H), 7.50-7.53 (m, 2H), 7.30 (d, /= 9.0 Hz, 2H), 7.14 (t, /= 7.2 Hz, 1H), 7.05 (t,
J=17.2Hz, 2H), 6.92 (d, J= 8.4 Hz, 2H), 6.50 (d, J=9.0 Hz, 2H), 5.65 (s, 1H), 5.20 (d,
J=4.8 Hz, 1H), 1.79 (s, 3H), 1.59 (s, 3H); *C NMR (150 MHz, CDCl3)  169.1, 148.8,
144.2, 134.0, 133.6 (20), 133.3, 128.9, 128.1 (2C), 128.0, 127.7, 127.3, 126.5, 126.5,
126.4,124.7,124.7, 124.0 (2C), 120.1, 113.1 (2C), 99.6, 84.2, 60.3, 29.0, 27.5 ; IR (ATR)
v 3385, 3058, 2982, 2215, 1734, 1574, 1496, 1474, 1448, 1385 cm™!; HRMS (ESI-TOF)
[M + Na]" calcd for C2sH24N2NaO2?" m/z 443.1730, found 443.1746. [a]*p —128.0 (¢
0.57, CHCl3). The enantiomeric ratio was determined by analytical chiral HPLC.
Retention time: 14.0 min (major isomer), 19.3 min (minor isomer), IBN-3 column, 80/20

n-hexane/IPA, 1.0 mL/min, 254 nm.

2-phenylpropan-2-yl (R)-2-((4-bromophenyl)amino)-2-(naphthalen-2-yl)acetate (3p)
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White solid (68.2 mg, 72% yield, 95 : 5 e.r.). The spectroscopic and analytical data,

including 'H NMR, *C NMR, IR, and HRMS, were consistent with those of the product

obtained from the ruthenium-catalyzed reaction.
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5. Deuterium Labelling Experiment

N-deuterium-labeled aniline derivative was synthesized according to the following

procedure. In a dried 30-mL eggplant-shaped flask, aniline derivative (0.66 mmol) was

dissolved in CD3OD (1.0 mL, 0.66 M), and the solution was stirred at room temperature

for 4 hours. Then the solution was concentrated under vacuum to remove the solvent.

CD30OD (1.0 mL) was added into the flask again and the solution was stirred at room

temperature for another 4 hours. After that, the resulting solution was concentrated under

vacuum to give the desired product in quantitative yield.
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6. Synthesis of Catalyst and Substrates

Catalyst 7 was synthesized by reducing the corresponding reported amide precursor!.

(18,2R)-1-((S)-3-phenylpyrrolidin-1-yl)-2,3-dihydro-1H-inden-2-ol (7)

4 Ph

LiAIH, (g H
THF N=
Ho

O -

G

LiAlHs (113.1 mg, 2.98 mmol, 2.0 equiv.) was added to a solution of (S)-1-((1S,2R)-2-
hydroxy-2,3-dihydro-1H-inden-1-yl)-4-phenylpyrrolidin-2-one (437.1 mg, 1.49 mmol,
1.00 equiv.) in THF (5 mL). The mixture was stirred at 50 °C for 20 h. The reaction
mixture was allowed to cool down to room temperature and water (10 mL) and CH>Cl»
(10 mL) were added. The layers were separated and the aqueous phase was extracted with
CH2Cl> (3 x 5 mL). The combined organic layers were dried over MgSQO4, and
concentrated. The residue was purified by flash chromatography on silica to afford 7 as a
solid (291.4 mg, 70% yield).

m.p. 65-67 °C; TLC Rf = 0.25 (n-hexane/EtOAc, 1/1); '"H NMR (600 MHz, CDCIs) &
7.36 (d,J=7.2 Hz, 1H), 7.24-7.29 (m, 3H), 7.16-7.23 (m, 5H), 4.44 (dd, J="7.5, 7.5 Hz,
1H), 4.30 (d, J = 7.8 Hz, 1H), 3.29 (quint, J = 8.4 Hz, 1H), 3.19 (dd, J = 15.9, 7.5 Hz,
1H), 3.05 (t, J = 8.1 Hz, 1H), 2.95-3.00 (m, 1H), 2.88 (t, /= 8.0 Hz, 1H), 2.75-2.83 (m,
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2H), 2.23-2.29 (m, 1H), 1.83-1.90 (m, 1H); 3*C NMR (100 MHz, CDCl5) & 144.6, 142.0,
138.8, 128.7 (2C), 128.6, 127.3 (2C), 126.8, 126.4, 126.3, 125.6, 70.6, 66.6, 58.7, 50.7,
43.2,40.9,33.0; IR (ATR) v 3310, 3063, 3025, 2916, 2819, 1602, 1493, 1479, 1457, 1401
cm™!; HRMS (ESI-TOF) [M + H]* caled for C19H22NO™ m/z 280.1696, found 280.1695.

[0]%p +38.1 (c 1.0, CHCls).

For the preparation of substrates, known compounds were synthesized according to
literature procedures?-®, and unknown compounds were synthesized according to the

following general procedures.

General Procedure A for the Synthesis of Phenylpropan-2-yl 2-Phenylacetates

CCI;CN
NaH NH

0 0
HO><Ph Et,0 CI3CJ\O><Ph ' AF%OH CH,Cl, Ar\)J\OXPh

Sodium hydride (240 mg, 10 mmol) was suspended in anhydrous ether (1.5 mL) and a

solution of 2-phenyl-2-propanol (1.36 g, 10 mmol) in ether (1.0 mL) was added dropwise

with stirring under an Ar atmosphere. After the solids dissolved, the solution was cooled

to 0 °C. Trichloroacetonitrile (1.05 mL, 10.5 mmol) was added dropwise and the reaction

mixture was allowed to return to room temperature for 1 hour. The reaction mixture was

quenched with MeOH and concentrated to a syrup. The mixture was filtered and the filter

60



10

11

12

13

14

15

16

17

cake was washed with pentane (20 mL x 2). The filtrate was concentrated to give the
crude imidate that was used for the next step without further purification. The imidate
was added to 2-phenylacetic acid (1.2 g, 8.8 mmol) in dry CH2Cl> under Ar at room
temperature. The mixture was stirred for 12 h and filtered to remove trichloroacetamide.
The filter cake was washed with CH>Cl>. The combined organic layer was concentrated.
The residue was purified by flash chromatography on silica to afford the product as an

oil.

2-phenylpropan-2-yl 2-(4-chlorophenyl)acetate (el)
Cl
\©\)OJ\
O
Prepared according to the General Procedure A using (4-chlorophenyl)acetic acid (341.2
mg, 2.0 mmol) and isolated as colorless oil (381.2 mg, 66% yield); TLC Rf = 0.42 (n-
hexane/EtOAc, 6/1); 'TH NMR (400 MHz, CDCl3) 8 7.29-7.19 (m, 9H), 3.55 (s, 2H), 1.74
(s, 6H); 3C NMR (100 MHz, CDCl3) & 169.7, 145.6, 133.0, 132.9, 130.8 (2C), 128.7
(20), 128.3 (2C), 127.2, 124.3 (2C), 82.4, 42.0, 28.6 (2C); IR (ATR) v 3090, 3062, 3030,

2981, 2939, 2368, 2342, 2310, 1733, 1601 cm™'; HRMS (ESI-TOF) [M + Na]* caled for

C17H17C102" m/z 311.0809, found 311.0827.
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2-phenylpropan-2-yl 2-(4-(trifluoromethyl)phenyl)acetate (e2)
F30\©\)Oj\
(0]

Prepared according to the General Procedure A using 4-(trifluoromethyl)benzeneacetic
acid (510.4 mg, 2.5 mmol) and isolated as colorless oil (475.4 mg, 59% yield); TLC Rf =
0.36 (n-hexane/EtOAc, 8/1); 'H NMR (400 MHz, CDCl3) § 7.58 (d, J = 7.8 Hz, 2H), 7.38
(d, J = 8.2 Hz, 2H), 7.22-7.29 (m, 5H), 3.65 (s, 2H), 1.76 (s, 6H); °*C NMR (100 MHz,
CDCl3) 6 169.2,145.3,138.2, 129.7 (2C), 129.3 (d, ] =31.6 Hz), 128.3 (2C), 127.1, 126.3
(d, J=166.8 Hz), 125.5 (q, ] = 3.8 Hz,2C), 124.2 (2C) , 82.5, 42.3, 28.5 (2C); ’F NMR
(376 MHz, CDCl;) 6 —62.4; IR (ATR) v 3548, 2983, 2936, 2364, 2351, 2325,1733, 1619,

1585, 1496 cm™!; HRMS (ESI-TOF) [M + Na]" calcd for CisHi7F3NaO," m/z 345.1073,

found 345.1079.
2-phenylpropan-2-yl 2-(p-tolyl)acetate (e3)
Me
JO§H
@)
Prepared according to the General Procedure A using p-tolylacetic acid (300.4 mg, 2.0

mmol) and isolated as colorless oil (322.0 mg, 60% yield); TLC Rf = 0.50 (n-
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hexane/EtOAc, 8/1); 'H NMR (400 MHz, CDCL3) § 7.11-7.28 (m, 9H), 3.54 (s, 2H), 2.33
(s, 3H), 1.74 (s, 6H); '*C NMR (100 MHz, CDCL3) § 170.4, 145.9, 136.6, 131.4, 129.3
(4C), 128.3 (2C), 127.0, 124.3 (2C), 82.0, 42.3, 28.7 (2C), 21.2 ; IR (ATR) v 3090, 3055,
3027, 2979, 2924, 2868, 2368, 2330, 1732, 1604 cm™'; HRMS (ESI-TOF) [M + H]* calcd

for C1sH2102" m/z 269.1536, found 269.1543.

2-phenylpropan-2-yl 2-(3-methoxyphenyl)acetate (e4)
U
O><©
Prepared according to the General Procedure A using (3-methoxyphenyl)acetic acid
(332.3 mg, 2.0 mmol) and isolated as colorless oil (261.6 mg, 46% yield); TLC Rf=0.27
(n-hexane/EtOAc, 8/1); 'H NMR (400 MHz, CDCl3) & 7.29-7.19 (m, 6H), 6.86 (d, J =
7.8 Hz, 1H), 6.80-6.82 (m, 2H), 3.78 (s, 3H), 3.56 (s, 2H), 1.75 (s, 6H); 3C NMR (100
MHz, CDCls) 6 170.0, 159.7, 145.7, 135.8, 129.6, 128.3 (2C) , 127.1, 124.3 (2C) , 121.8,
114.8,112.8, 82.1, 55.3,42.8, 28.6 (2C); IR (ATR) v 3060, 2980, 2938, 2835, 2363, 2343,

1732, 1601, 1585, 1492 cm™'; HRMS (ESI-TOF) [M + Na]" caled for C1sH20NaO3" m/z

307.1305, found 307.1321.
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2-phenylpropan-2-yl 2-(naphthalen-2-yl)acetate (eS)
S0
O
Prepared according to the General Procedure A using 2-naphthaleneacetic acid (744.8 mg,
4.0 mmol) and isolated as white solid (608.8 mg, 50% yield); m.p. 39-41 °C; TLC Rf =
0.50 (n-hexane/EtOAc, 8/1); 'H NMR (400 MHz, CDCls) § 7.77-7.83 (m, 3H), 7.71 (s,
1H), 7.40-7.47 (m, 3H), 7.18-7.23 (m, 5H), 3.75 (s, 2H),1.75 (s, 6H); *C NMR (100 MHz,
CDCl3) 6 170.1, 145.7, 133.6, 132.5, 131.9, 128.3 (2C), 128.2, 128.1, 127.8 (2C), 127.6,
127.1, 126.2, 125.8, 124.3 (2C), 82.2, 42.9, 28.7 (2C); IR (ATR) v 3840, 3056, 3023,

2979, 2932, 2367, 2355, 2308, 1731, 1634 cm™!; HRMS (ESI-TOF) [M + Na]* calcd for

C21H20Na02+ m/z 327.1356, found 327.1359.

2-phenylpropan-2-yl 2-(m-tolyl)acetate (e6)

Me
U
@)
Prepared according to the General Procedure A using (3-methylphenyl)acetic acid (750.9

mg, 5.0 mmol) and isolated as colorless oil (872.2 mg, 65% yield) : TLC Rf = 0.56 (n-

hexane/EtOAc, 6/1); 'H NMR (400 MHz, CDCl3) & 7.18-7.28 (m, 6H), 7.07 (d, J = 6.9
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Hz, 3H), 3.55 (s, 2H), 2.33 (s, 3H), 1.75 (s, 6H); 3C NMR (100 MHz, CDCl3) § 170.1,

145.7,138.0, 134.1, 130.0, 128.3, 128.1 (2C), 127.6, 126.9, 126.3, 124.2 (2C), 81.9, 42.7,

28.5(2C),21.3; IR (ATR) v 3841, 3648, 3566, 3062, 3017, 2983, 2941, 2868, 2367, 2352

cm!'; HRMS (ESI-TOF) [M + Na]® caled for CisH0NaO>" m/z 291.1356, found

291.1364.
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General Procedure B for the Synthesis of a-Diazoesters

p-ABSA 0
@] Ph

0
Aryko>< Ph

MeCN N,

To a stirred suspension of 2-phenylpropan-2-yl 2-phenylacetate (5.0 mmol, 1 equiv.) and
4-acetamidobenzenesulfonyl azide (p-ABSA) (2.88 g, 6 mmol, 1.2 equiv.) in CH3CN (15
mL) at 0 °C, DBU (1.05 mL, 7 mmol, 1.4 equiv.) was added under an Ar atmosphere.
After stirring for 12 h, the reaction mixture was quenched with saturated NH4Cl solution
and extracted with Et2O. The organic phase was dried over NaxSO4 and evaporated to
give the crude product. Purification by column chromatography gave the a-alkyl

diazoester as a yellow solid.

2-phenylpropan-2-yl 2-(4-chlorophenyl)-2-diazoacetate (d1)

Cl
O

(0]
N2

Prepared according to the General Procedure B using el (346.5 mg, 1.2 mmol) and
isolated as yellow solid (313.5 mg, 83% yield); m.p. 35-37 °C; TLC Rf = 0.64 (n-
hexane/EtOAc, 10/1); "H NMR (400 MHz, CDCl3) 8 7.41-7.25 (m, 9H), 1.86 (s, 6H); 1*C

NMR (100 MHz, CDCls) § 163.6, 145.5, 131.3, 129.1 (2C), 128.5 (2C), 127.3 (2C), 125.1
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(20), 124.5,124.3 (2C), 83.4,29.0 (2C); IR (ATR) v 3869, 3065, 3019, 2985, 2945, 2366,
2307, 2085, 1699, 1495 cm™'; HRMS (ESI-TOF) [M + Na]* caled for Ci7H;sCIN2NaO>"

m/z 337.0714, found 337.0707.

2-phenylpropan-2-yl 2-diazo-2-(4-(trifluoromethyl)phenyl)acetate (d2)
FsC o
T,
N>
Prepared according to the General Procedure B using €2 (419.0 mg, 1.3 mmol) and
isolated as yellow oil (343.2 mg, 76% yield); TLC Rf = 0.50 (n-hexane/EtOAc, 10/1); 'H
NMR (400 MHz, CDCl3) 6 7.54 (s, 4H), 7.39-7.42 (m, 2H), 7.33-7.37 (m, 2H), 7.24-7.28
(m, 1H), 1.87 (s, 6H); *C NMR (100 MHz, CDCl3) 8 163.1, 145.4, 130.5, 128.6 (3C),
127.5, 125.8 (2C), 124.3 (3C), 123.5 (3C), 83.7, 29.0 (2C); 'F NMR (376 MHz, CDCl3)
8 —62.3; IR (ATR) v 3594, 3063, 2983, 2938, 2363, 2326, 2085, 1703, 1614, 1575 cm™;

HRMS (ESI-TOF) [M + Na]" calcd for CisHi5F3N2NaO>" m/z 371.0978, found 371.0978.

2-phenylpropan-2-yl 2-diazo-2-(3-methoxyphenyl)acetate (d4)
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OMe

N2
Prepared according to the General Procedure B using e4 (233.2 mg, 0.82 mmol) and
isolated as yellow oil (182.9 mg, 72% yield); TLC Rf = 0.48 (n-hexane/EtOAc, 6/1); 'H
NMR (400 MHz, CDCl3) 6 7.39-7.42 (m, 2H), 7.33-7.37 (m, 2H), 7.23-7.28 (m, 2H), 7.11
(t,J =4.6 Hz, 1H), 6.96 (dd, J = 8.2 Hz, 0.9Hz, 1H), 6.69 (dd, J = 8.0 Hz, 1.8 Hz, 1H),
3.77 (s, 3H), 1.87 (s, 6H); 3*C NMR (100 MHz, CDCl3) & 163.8, 160.1, 145.7, 129.9,
128.5 (3C), 127.3 (20), 124.3 (2C), 116.1, 114.5, 109.7, 83.2, 55.4, 29.1 (2C); IR (ATR)
v 3793, 3061, 2980, 2937, 2836, 2356, 2339, 2316, 2077, 1699 cm™!; HRMS (ESI-TOF)

[M + H]" caled for C1gH19N203" m/z 311.1390, found 311.1405.

2-phenylpropan-2-yl 2-diazo-2-(naphthalen-2-yl)acetate (dS)
O
O
N2
Prepared according to the General Procedure B using e5 (456.6 mg, 1.5 mmol) and
isolated as yellow solid (525.9 mg, 90% yield); m.p. 55-57 °C; TLC Rf = 0.48 (n-
hexane/EtOAc, 6/1); 'TH NMR (400 MHz, CDCls) 6 8.09 (d, J = 1.8 Hz, 2H), 7.73-7.82
(m, 3H), 7.35-7.49 (m, 7H), 7.25-7.30 (m, 1H), 1.90 (s, 6H); 3*C NMR (100 MHz, CDCls)
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0 164.2, 145.7, 133.7, 131.4, 128.6 (4C), 127.7 (2C), 127.3, 126.6, 125.7, 124.3 (2C) ,

123.0, 122.6, 121.9, 83.3, 29.1 (2C); IR (ATR) v 3741, 3567, 3094, 3058, 3027, 2981,

2938, 2336, 2077, 1770 cm™'; HRMS (ESI-TOF) [M + Na]" caled for CoiH;sN2NaO,"

m/z 353.1260, found 353.1254.
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7. Single-Crystal X-Ray Diffraction Analysis

EXPERIMENTAL DETAILS

A. Crystal Data

O 00 N O O AW N

[CCIE \C R \C T \CRE \C R \C R \C R NG R NG R G R e T e e T e e e e e e
O 0 3 O U1 = W DN = O VW 00 N O O = W N = O

30

31
32

33

34
35

Empirical Formula

Formula Weight

Crystal Color, Habit

Crystal Dimensions

C18H20BrNO2

362.27

colorless, block

0.200 X 0.200 X 0.200 mm

Crystal System monoclinic

Lattice Type Primitive

Lattice Parameters a= 5.7675(2) A
b= 10.1491(4) A
c= 14.1934(5) A

b= 97.177(7) ©
V = 824.29(6) A3

Space Group P21 (#4)

Z value 2

Dcalc 1.459 g/cm3
Fooo 372.00
m(CuKa) 34.512 cm-1
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B. Intensity Measurements

Diffractometer

Radiation

monochromated

Voltage, Current

Temperature

Detector Aperture

Data Images

w oscillation Range (c=54.0, f=0.0)

Exposure Rate

w oscillation Range (c=54.0, f=90.0)

Exposure Rate

w oscillation Range (c=54.0, f=180.0)

Exposure Rate

w oscillation Range (c=54.0, f=270.0)

Exposure Rate

w oscillation Range (¢c=0.0, f=0.0)
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R-AXIS RAPID
CuKa (I = 1.54187 A)
multi-layer mirror
40kV, 30mA
-180.00C

460.0 x 256.0 mm
45 exposures
80.0 - 260.00

2.0 sec./0

80.0 - 260.00

2.0 sec./0

80.0 - 260.00

2.0 sec./0

80.0 - 260.00

2.0 sec./0

80.0 - 260.00
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Exposure Rate

Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

72

2.0 sec./©

127.40 mm

0.100 mm

136.50

Total: 9173
Unique: 2892 (Rijnt = 0.0745)
Friedel pairs: 1305

Lorentz-polarization
Absorption
(trans. factors: 0.380 - 0.501)
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C. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

2Fc2)/3

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (1>2.00s(1))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Flack Parameter (Friedel pairs = 1305)
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Direct Methods

Full-matrix least-squares on F2
Sw (Fo2 - Fc2)2

w = 1/[ s2(Fo2) + (0.0155 - P)2

+0.0000 - P]
where P = (Max(Fo2,0) +

136.50

All non-hydrogen atoms
2892

199

14.53

0.0307

0.0316

0.0749

1.065

0.001(18)
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Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

0.000

0.58 /A3

-0.33 /A3

The ellipsoid contour probability level in the ORTEP is 50%.
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8. Computational Details

Computational optimizations of the molecular structures were carried out using the hybrid
density functional method based on Becke’s three-parameter exchange functional and the
Lee-Yang-Parr nonlocal correlation functional ((R/U)B3LYP),* with the def2-SVPP basis
set for H, C, N, O, Cl, and Ru.’ Vibrational frequencies were computed at the same level
to verify whether each optimized structure corresponds to an energy minimum on the
potential energy surfaces (no imaginary frequency) or a transition state (one imaginary
frequency) and to evaluate its zero-point vibrational energy (ZPVE) and thermal
corrections. The intrinsic reaction coordinate (IRC) method was used to track minimum-
energy paths from transition structures to the corresponding local minima.® Single-point
energies were calculated at the (R/U)MO08-HX level” using the SDD basis set for Ru, and
the 6-311++G** basis set for H, C, N, O, and Cl in dichloromethane or toluene solvent.
Non-covalent interactions were visualized using Visual Molecular Dynamics (VMD)
software (ver. 1.9.4a57). The source files were created from the corresponding XYZ files
using NCIPLOT (ver. 4.0).® Cylinder representations of transition structures were
generated using CYLview Visualization software. Topographic steric maps were
calculated by the SambVca 2.1 web tool.” Visualization of molecular orbitals was

performed with Avogadro software. !’
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Supplementary Table 6.

E((R/U)b3lyp/def2-SVPP)

E((R/U)M08-HX/SDD/6-

(A.U.) 311++G**) (A.U.)
CP1 -2498.984114 -2500.30722
TS1 -2498.98365 -2500.30658
CP24550c -2499.014359 -2500.34976
INT1piss -1094.618876 -1095.48252
[Ru(p-cymene)Ch]; -1404.339237 ~1404.803828
CP3 -3134.099884 -3135.95547
TS2 -3134.079488 -3135.95267
CP4 -3134.110854 -3135.98109
CP5 -3134.105342 -3135.96982
TS3 -3134.091706 -3135.94383
CP6 -2499.029364 -2500.35724
6 -635.078184 -635.601471
TS3major -3364.97084 -3366.9997
TS3minor -3364.97009 -3366.9959
TS_Ru-Nyize -2613.410768 -2614.83543
Ru-Nyie -2613.44216 -2614.87919
TS_Ru-Oyiice -2613.404357 -2614.82552
Ru-Oyice -2613.421173 -2614.84696
Si-2a -917.363393 -917.34009
*S,-22 -917.270839 -917.244803
S;-2a -917.301681 -917.294528
T.-2a -917.313158 -917.282113
T:-2a -917.316704 -917.286037
3TS4 -917.300404 -917.267942
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3carbene -807.799899 -807.781315
ITS4 -917.30666 -917.282846
Icarbene -807.792836 -807.781449
MECP -807.788979 -807.775631
TS5 -1095.404254 -1095.398537
IN1 -1095.46456 -1095.475713
TS6 -1095.462335 -1095.471084
IN2 -1095.480069 -1095.492823
TSTmajor_ 298 -1962.105501 -1962.14932
TSTminor 298k -1962.104265 -1962.14314
TS11298x -2245.921218 -2245.96175
TS1029sx -1958.30968 -1958.34208
TS929sx -1670.688771 -1670.71643
TS829sx -1383.066556 -1383.0892
TSTmajor_195k -1962.105501 -1962.14932
TSTminor_195k -1962.104265 -1962.14314
TS11 95k -2245.921218 -2245.96175
TS10:95x -1958.30968 -1958.34208
TS9195x -1670.688771 -1670.71643
TS8195x -1383.066556 -1383.0892
anilines -1150.44373 -1150.46647
7 -866.630444 -866.655726

77




CP1

Zero-point correction= 0.621002 (Hartree/Particle)

Thermal correction to Energy= 0.661918
Thermal correction to Enthalpy= 0.662862
Thermal correction to Gibbs Free Energy= 0.543704

-2498.363112
-2498.322196
-2498.321252

Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

O© 0 N O G & W N =~

W W W W W W W NN DN NN NN NN P P P P2 2= s =2 =
SN G A W NN PR O O 0NN 0N R WDy RO O 00NN YO Wy = O

Sum of electronic and thermal Free Energies= -2498.440410
Cartesian Coordinates

Atom X Y Z

C 4.07167300 -1.20917300 -1.50536600
C 4.07098600 0.05651400 -0.82989500
C 3.73830200 0.17731400 0.53454800
C 3.18239400 -0.99986900 1.14924600
C 3.07996700 -2.22759000 0.45980600
C 3.60428500 -2.36602700 -0.87730700
H 4.36780000 -1.24404200 -2.55625600
H 4.38949200 0.93522500 -1.39159100
H 2.79703700 -0.94780000 2.16982800
H 2.62811900 -3.08630400 0.95936300
Ru 1.84390600 -0.67273400 -0.64061800
Cl 0.29212900 -2.33624100 -1.43194400
Cl 1.25690100 0.66503600 -2.55373900
C 0.50638200 -0.01596100 0.58482200
C 0.31686100 1.34196200 1.07637900
C -0.27524000 1.58511900 2.34726400
C 0.69095000 246321900 0.29320500
C -0.45696400 2.88194800 2.81564500
H -0.56840500 0.74551100 2.98184800
C 0.47813000 3.75932400 0.75748200
H 1.10327900 2.28984600 -0.70292500
C -0.08463900 3.97478100 2.02003200
H -0.90100700 3.04676300 3.80196000
H 0.74144600 4.61006500 0.12290400
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-0.24650700
-0.25635600
0.28825600
-1.53375100
-2.47517500
3.96826100
3.03233500
5.07389500
6.04113200
5.20704800
4.83013400
4.29873300
3.53372900
4.34858900
5.27945300
3.52553100
4.01634500
2.46310300
4.00135600
-3.33910700
-2.35942500
-1.88405000
-2.38831600
-3.37937900
-3.84135400
-3.70984200
-1.95506100
-1.11443500
-3.78715300
-4.61155400
-1.95036300
-1.09066300
-2.15617000
-1.89076100
-1.53243500
-1.05111700
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4.99485900
-1.07464500
-1.70841700
-1.15900700
-2.15891900

1.43324900

1.63165100

1.16722700

0.95657700

2.05136900

0.30820600

2.67838400
2.87420700

3.56430800

2.58414500

-3.68995900
-4.47819500
-3.96794100
-3.64944300
4.79462800
4.49174400
3.18980900
2.13603500
245123300
3.75835700

5.81758600
5.28515500
2.96541600

1.64970800

3.97109800
0.84643600
0.68096100
0.16009700
-3.57777800
-3.77751400
-3.71532500

2.38184500
1.35146700
2.23363400
0.99718300
1.57432400
1.36158600
1.91342100
2.40606900
1.91411500
3.05466700
3.05567900
0.53055500
-0.23855200
1.18688800
0.02925900
-1.57908400
-0.98000600
-1.71105900
-2.57208900
-1.05090900
-2.00519400
-2.15939500
-1.35851600
-0.39797500
-0.25247500
-0.93603800
-2.64371000
-2.90402700
0.22653800
0.49727200
-1.53051700
-2.05499900
-0.81157700
1.47253700
0.45055300
2.16967400
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-2.68606300
-2.73006300
-3.15640500
-3.43096000
-1.78553300
-3.71189100
-3.56055000
-5.00523100
-4.66985900
-2.56198100
-6.11823600
-5.16553100
-5.95509000
-4.52477100
-7.11741100
-6.82423300

-4.30365300
-1.76635400
-0.75177200
-2.47482100
-1.80109100
-2.04472900
-2.15055000
-1.88356800
-2.09067600
-2.26445500
-1.83223900
-1.79664900
-1.93391200
-2.16027400
-1.70556200
-1.88620000

TS1
Zero-point correction=
Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

1.71520500
3.03221600
3.10382800
3.50415400
3.59607000
0.67632700
-0.71859100
1.19620900
-1.56453000
-1.14987000
0.34823400
2.27278400
-1.03476500
-2.64682600
0.77705200
-1.69824300

0.621104 (Hartree/Particle)

0.660905
0.661849
0.547310
-2498.362546
-2498.322745
-2498.321801

Sum of electronic and thermal Free Energies= -2498.436340
Cartesian Coordinates

Atom X Y Z

C 3.90984100 -1.62046800 -1.40258800
C 4.04632700 -0.32460900 -0.80343000
C 3.70733400 -0.07861300 0.54518500
C 2.99940300 -1.13751500 1.21300400
C 2.76468000 -2.38780000 0.59582200
C 3.29196000 -2.67073500 -0.71623100
H 4.21767700 -1.75660400 -2.44166000
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4.47365900
2.60028400
2.20358000

1.77810400
0.05876000
1.42572300

0.43680600
0.42224000
-0.19978000
1.01674100
-0.19491900
-0.66753700
1.00038600
1.45524800
0.40552000
-0.66810000
1.44811200
0.39842200
-0.39588500
0.11488100
-1.67278700
-2.63026500
4.08391600
3.17178800
5.12114300
6.06103500
5.35966400
4.74892600
4.59886100
3.88762700
4.75122800
5.57001800
3.06978100
3.46486300
1.98454500
3.55569500
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0.47477300
-0.97496800
-3.15372600
-0.77042800
-2.27057700
0.57857900
0.10497400
1.48692500
1.84920500
2.52068900
3.16767300
1.08368800
3.84090900
2.26264100
4.17011800
3.41896300
4.62409000
5.20805400
-0.85034100
-1.42117500
-0.94591500
-1.88038200
1.18668900
1.54299500
0.84457200
0.47375500
1.74368400
0.07086400
2.32071800
2.56598400
3.23305700
2.06439000
-4.01806700
-4.81738300
-4.18321700
-4.09192800

-1.40951300
2.21611800
1.13403100

-0.63249900

-1.44114800

-2.61401200
0.50208900
0.96683500
2.19273900
0.19969400
2.63937000
2.81567200
0.64330300

-0.76647000
1.86674200
3.59346000
0.02428600
2.21387200
1.33640500
2.28077800
0.97982300
1.62797800
1.30175800
1.81190500
2.39312800
1.94454300
2.98898300
3.08738000
0.40763700

-0.39795300
1.00994000

-0.05416700

-1.33886500

-0.68590000

-1.47165900

-2.32506700
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-3.17982700
-2.08083700
-1.53692700
-2.09444000
-3.20620800
-3.73477200
-3.60251900
-1.63784800
-0.67887400
-3.65187800
-4.59877400
-1.55545700
-0.80807900
-2.02046300
-2.07470700
-1.71185800
-1.24352900
-2.88481100
-2.88139600
-3.28219100
-3.60182500
-1.94005100
-3.86453800
-3.71688400
-5.15181300
-4.82311000
-2.72326700
-6.26199300
-5.30991100
-6.10249000
-4.68156800
-7.25625300
-6.96928000

Zero-point correction=

4.70930700
4.43114100
3.14906400
2.09506400
2.38384900
3.67186800
5.71752200
5.22773700
2.93687500
1.57847000
3.86897100
0.83758000
0.61586600
0.06455400
-3.31469200
-3.58671300
-3.42106600
-4.00898000
-1.38400700
-0.35650900
-2.04149300
-1.40217500
-1.80268800
-2.02719400
-1.55485100
-1.99832800
-2.21817100
-1.53291900
-1.37553800
-1.75247900
-2.16738500
-1.33715500
-1.72988900

-1.18667900
-2.00913500
-2.07013000
-1.30553700
-0.47708400
-0.42502300
-1.14432600
-2.61668800
-2.71396400
0.11479200
0.21880700
-1.34949900
-2.00810800
-0.88816400
1.62502500
0.62119700
2.33759100
1.90788000
3.05456000
3.05509300
3.56917200
3.62378900
0.72039100
-0.66154400
1.21994900
-1.51347300
-1.07779200
0.36648500
2.28526200
-1.00292000
-2.58544800
0.78047100
-1.67076000

0.625491 (Hartree/Particle)
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Thermal correction to Energy= 0.664336
Thermal correction to Enthalpy= 0.665280
Thermal correction to Gibbs Energy= 0.553726
Sum of electronic and zero-point Energies= -2498.388868
Sum of electronic and thermal Energies= -2498.350023
Sum of electronic and thermal Enthalpies= -2498.349079
Sum of electronic and thermal Free Energies= -2498.460633
Cartesian Coordinates

Atom X Y Z

C 3.05618200 -2.71452000 -1.00005600
C 3.74398000 -1.47987200 -0.88346200
C 3.64941500 -0.65306700 0.28062100
C 2.74004500 -1.08932000 1.28955000
C 2.03263300 -2.32369300 1.19380300
C 2.17955900 -3.14752700 0.04142200
H 3.12739700 -3.28934300 -1.92552600
H 4.32150600 -1.12993400 -1.74025800
H 2.55108200 -0.44727100 2.15242500
H 1.32176800 -2.59273300 1.97612200
Ru 1.58709900 -1.04932700 -0.57600000
Cl -0.45542500 -2.04056400 -1.53232700
Cl 1.69683200 0.32715400 -2.63598400
C 0.17879200 0.55818700 0.26983200
C 0.95181900 1.76080900 0.77220500
C 1.20310100 1.98939900 2.14290700
C 1.44574500 2.72169400 -0.13717500
C 1.90623800 3.11890900 2.57546900
H 0.84015000 1.27536800 2.88151400
C 2.14275400 3.85037600 0.29855800
H 1.31593700 2.58055100 -1.21079000
C 2.37988600 4.06164200 1.66010300
H 2.07662500 3.26050400 3.64791000
H 2.50656100 4.56948200 -0.44237400
H 2.92521600 4.94704600 2.00114600
C -0.64688500 -0.16814900 1.30275200
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-0.21263900
-1.92251500
-2.92178300
4.46680100
3.79889200
5.63089500
6.33134200
6.19942300
5.26946600
4.97941700
4.16131000
5.43557700
5.75881000
1.41943100
2.06058500
0.50837500
1.12207800
-3.39002700
-2.89880100
-2.00019900
-1.60215600
-2.08265300
-2.97771900
-4.09129800
-3.21094400
-1.60623700
-1.76144500
-3.35330200
-0.67188200
0.01400000
-1.16418400
-2.43234200
-2.11080700
-1.58804500
-3.25990200
-3.15434800
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-0.54829900
-0.34158300
-1.10574900
0.61518500
1.34844100
0.33313100
-0.41098900
1.25977000
-0.05546100
1.24148400
1.38872200
2.22414800
0.61718300
-4.43850200
-5.27590200
-4.42930300
-4.62411900
4.17751000
3.53277400
2.47087800
2.05155100
2.69018800
3.75558900
5.01131800
3.85714400
1.96621400
2.37378200
4.25951600
0.91054100
0.98026600
0.01721000
-2.54960100
-2.98458700
-2.58088300
-3.15870000
-0.40218400

2.37419600
0.90944800
1.68393300
0.47785400
0.96121300
1.45085300
1.02808900
1.64877500
2.41965500
-0.82555100
-1.55001600
-0.61218200
-1.30125800
-0.08713500
0.24984800
0.53124600
-1.13089600
-1.24683100
-2.38616200
-2.25597800
-0.98257600
0.16016900
0.02064100
-1.34667300
-3.38325100
-3.14384300
1.15175700
0.91613100
-0.93286000
-1.73132700
-1.15896800
1.89025400
0.92996700
2.59575100
2.29312300
3.02559800
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-3.52029700
-3.90044500
-2.21590000
-4.16186400
-4.03660500

-5.43642600
-5.14969200
-3.05489000

-6.55406800
-5.57966100
-6.41607900

-5.02443000

-7.53742200
-7.28902700

Zero-point correction=

INT lDiss

0.62772600
-0.95342000
-0.36954800
-1.10355100

-1.50606100
-0.75299100
-1.55164800
-1.78540700
-0.80348700
-0.43387100
-1.20110600
-1.86562300
-0.52506000
-1.23828500

2.87645100
3.62177100
3.59645200
0.77726000
-0.56504000
1.24718900
-1.40715400
-0.95710800
0.40492600
2.28125000
-0.92602900
-2.44837300
0.79738900
-1.58546600

0.406189 (Hartree/Particle)

Thermal correction to Energy= 0.429031
Thermal correction to Enthalpy= 0.429975
Thermal correction to Gibbs Energy= 0.351071
Sum of electronic and zero-point Energies= -1094.212687
Sum of electronic and thermal Energies= -1094.189845
Sum of electronic and thermal Enthalpies= -1094.188901
Sum of electronic and thermal Free Energies= -1094.267805
Cartesian Coordinates

Atom X Y Z

C 1.30609900 -0.67327900 -0.18134500
C 2.72544200 -0.93301100 -0.31473200
C 3.30809700 -2.14029000 0.15895500
C 3.59917700 -0.00576500 -0.93939900
C 4.66784000 -2.39227300 0.00099500
H 2.66290400 -2.87174100 0.64605900
C 4.96351800 -0.27192200 -1.09346900
H 3.22726900 0.95634300 -1.30656300
C 5.51411900 -1.46606300 -0.62651200
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5.07807600
5.59962300
6.58224500
0.29642700
0.42337300
-0.98353300
-2.21966300
1.39188200
1.14008000
0.95723700
1.03107200
1.28413300
1.46355700
1.53766100
1.08744800
0.76043000
1.35260700
1.66814600
0.77963000
1.06728000
-0.25086800
-2.45165900
-2.42141100
-1.67603300
-3.44806200
-2.15010000
-2.02262600
-3.06628600
-1.29537800
-3.30372800
-3.28600900
-4.34509000
-4.26935900
-2.48746700
-5.33562500
-4.39732000
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-3.33582400
0.47410500
-1.67285700
-1.56130600
-2.64712400
-1.01248200
-1.55240500
4.32543800
4.27981200
3.04827000
1.87623900
1.90209700
3.13874000
5.28897700
5.20383800
3.00708300
0.95997700
3.17191200
0.57428100
0.67815000
0.39218000
-2.99026500
-3.02317500
-3.66332400
-3.33972200
-1.51637900
-0.48272900
-1.93671300
-2.12196800
-0.63039100
-0.32692600
-0.10037600
0.47965400
-0.73344000
0.70565600
-0.31022700

0.37740500
-1.58225000
-0.74334700

0.27909800

0.82381300

0.00730900

0.55264600

1.17025500
-0.20499100
-0.84102000
-0.08827500

1.27968700

1.90755900

1.66741000
-0.78818500
-1.91815100

1.82864600

2.98171800
-0.77067000
-1.75923400
-0.75788900

0.04873800
-1.05372400

0.44152600

0.37187800

2.08463600

2.44981200

2.53237000

2.42051800
-0.02870500
-1.40300300

0.74679200
-1.97968300
-2.03000200

0.17152600

1.81696400
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Zero-point correction=

-5.30231200 1.00129000
-4.23232000 0.69864900
-6.13689900 1.10608700
-6.07594700 1.63202400

[Ru(p-cymene)Cl:]2

-1.19253000
-3.05189800

0.80084200
-1.64152100

0.216339 (Hartree/Particle)

Thermal correction to Energy= 0.231500
Thermal correction to Enthalpy= 0.232444
Thermal correction to Gibbs Free Energy= 0.172509
Sum of electronic and zero-point Energies= -1404.122899
Sum of electronic and thermal Energies= -1404.107737
Sum of electronic and thermal Enthalpies= -1404.106793
Sum of electronic and thermal Free Energies= -1404.166729
Cartesian Coordinates

Atom X Y Z

C 0.22893500 -1.26339900 1.55327300
C -1.03417700 -0.71188000 1.23545300
C -1.45643800 -0.61500200 -0.12557200
C -0.63511500 -1.23797400 -1.13280600
C 0.58961300 -1.86332400 -0.80537100
C 1.08282500 -1.81549300 0.53411000
H 0.60362800 -1.18530500 2.57715700
H -1.59849900 -0.20423600 2.01860600
H -0.92159200 -1.14386800 -2.18372300
H 1.23775200 -2.22754300 -1.60547200
Ru 0.55774000 0.23085900 -0.02326600
Cl 1.97803800 1.12325500 -1.63576700
Cl 0.60036600 2.25833600 1.12651900
C -2.74368100 0.07993300 -0.54210800
H -2.55512300 0.49035000 -1.55052300
C -3.87346900 -0.96432600 -0.66390300
H -4.09843800 -1.42091700 0.31728600
H -4.79693100 -0.48502100 -1.03437200
H -3.60884800 -1.77699400 -1.36365100
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Zero-point correction=

-3.14985400 1.24896200
-2.31375800 1.95439100
-3.99449200 1.79624000
-3.48624900 0.89997900
245019300 -2.33989000
2.38134500 -3.40227200
3.13402600 -2.27123100
2.89074000 -1.77407800

CP3

Thermal correction to Energy=

Thermal correction to Enthalpy=

Thermal correction to Gibbs Free Energy=

0.36576000
0.51096900
-0.08796900
1.35929500
0.88113000
1.18506700
0.01995100
1.71851300

0.905126 (Hartree/Particle)

0.959008
0.959952
0.811020

Sum of electronic and zero-point Energies= -3133.194757
Sum of electronic and thermal Energies= -3133.140876
Sum of electronic and thermal Enthalpies= -3133.139932
Sum of electronic and thermal Free Energies= -3133.288864
Cartesian Coordinates

Atom X Y Z

C -2.83254400 -0.05812300 -3.66495900
C -3.91581500 -0.54139900 -2.89994200
C -4.28672800 0.03658200 -1.64030800
C -3.43870100 1.06224800 -1.13962300
C -2.34483300 1.57391100 -1.90300100
C -2.02402000 1.01471800 -3.16749800
H -2.55988100 -0.55702600 -4.59694900
H -4.45447600 -1.41773700 -3.26327600
H -3.62503300 1.47786400 -0.14607900
H -1.72565600 2.36453500 -1.48214900
Ru -2.09599100 -0.62920900 -1.60407500
Cl 0.18154000 -1.21480900 -2.31167800
Cl -2.50191400 -3.07170400 -1.42000900
C -1.26499200 -0.72711000 0.52024100
C -2.28478500 -0.75660500 1.65080000
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-2.07654000
-3.42790800
-2.98665200
-1.18199100
-4.33263400
-3.59425600
-4.12517800
-2.79233000
-5.20943400
-4.83661600
-0.22813900
0.96784900
-0.76155900
0.04574400
-5.55305700
-5.30609000
-6.63872000
-6.91570400
-7.55125000
-6.29800900
-6.08471700
-5.29789300
-6.90676400
-6.49733200
-0.86347300
-1.23328300
-0.13598600
-0.33655600
0.66429300
-0.46313500
-0.82214800
-0.05015200
1.08639100
1.43484300
0.94554400
-1.06807100
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-0.05909900
-1.57406400
-0.13931500
0.55099200
-1.66844300
-2.15951600
-0.94168100
0.42115600
-2.31699200
-1.00961700
0.36713900
0.15462000
1.59282400
2.81108600
-0.35139700
-0.32867300
0.71832600
0.76404400
0.47996000
1.72397800
-1.75217200
-2.52035400
-2.01521300
-1.79589000
1.52652900
2.22966200
2.05752500
0.69991500
-4.01603100
-4.42802600
-3.76942500
-2.69562000
-2.28085400
-2.94874100
-4.53123900
-5.26780300

2.85749400
1.57090500
3.91637100
2.98935800
2.63272100
0.66477900
3.80871500
4.83643800
2.53478800
4.63779200
0.61680900
0.55140900
0.75415500
0.94695000
-0.89134400
0.18360400
-1.13786600
-2.20739300
-0.56169000
-0.83402600
-1.22580100
-1.14235400
-0.53652500
-2.25085900
-3.97505700
-4.74605800
-3.34134000
-4.47623600
4.12986600
3.41261100
2.23400400
1.77768000
2.47964500
3.65838300
5.05347000
3.76736200
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-1.69594100
1.70413100
2.32439800

-0.45942500

-1.05426000

0.34887200
3.04180100

7.47023400

6.50344800
6.64875400
7.76206900
8.72778200
8.58425600
7.36754000
7.88246000
9.60409200
9.35027900
5.48674400
5.78418600
4.73841500
5.22749100
5.42233500
4.87001200
5.39429500
3.50036900

3.94741600

3.74133500

4.37059000
4.54520300
2.88585700

4.33873000
4.10099400
2.64113200
3.67419300
5.38018300
3.73672800
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-4.09147400
-1.45729500
-2.62458000
-2.04895100
-2.71178500
-1.84552200
0.05582400
-0.73153200
-0.12040100
1.22404000
1.96013800
1.34681300
0.00673000
-1.78151400
3.00532900
1.91531600
-0.46625000
1.66165500
2.30727400
2.22650400
-0.71646900
-1.70165100
0.31674900
0.00255700
0.35102300
-0.07553100
-2.25441300
-0.97072000
0.84473400
0.20836900
-2.41702200
-3.00184300
-2.34298200
-0.84164000
-0.70713000
-3.10088900

1.66152400
2.12103700
4.20663900
0.52513000
-0.02965200
-0.09442300
1.11426400
-0.85920000
-0.05527000
0.33128800
-0.08475300
-0.89198700
-1.27649900
-1.15293400
0.21930500
-1.22000000
-1.89927300
1.19308400
2.03773900
0.60406500
0.52211700
0.97513400
1.65866500
2.57994700
1.93687100
-1.58595300
-0.80983300
-2.78630500
-1.50693700
-1.69418600
-2.22708000
-0.08403900
-0.86853300
-3.63116800
-3.14262800
-2.84820600
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5.35849000
4.07962300
0.98463100
1.62575100
1.63577200
0.42185400
0.85025900
1.63835500
1.32635800
0.18066100
-1.00716000
-2.20844900
-0.78392800
-3.15220500
-2.40907900
-1.72719100
0.13523500
-2.91663100
-4.07949500
-1.52655800
-3.65535500

Zero-point correction=

Thermal correction to Energy=

Thermal

Thermal correction to Gibbs

correction to Enthalpy=

-2.83703100
-0.89733400

3.02309500
3.90267800
2.14769900
3.18867600
2.70886800
1.94088000
3.68377600
2.48739000
3.92278100
3.67876200
5.21685300
4.69275100
2.68033500
6.23431600
5.45102300
5.97756500
4.47493400
7.23386500
6.77225800

-2.16875700
-0.37407600
-0.24862600
-0.07407800
-0.37374700
-1.18240300
2.25625800
2.19577500
2.45929600
3.10492400
1.08175600
1.77194000
0.58502900
1.95617700
2.16644000
0.77080500
0.04402500
1.45589000
2.49580500
0.37216100
1.59955800

0.902839 (Hartree/Particle)

Energy=

0.955389
0.956333
0.815210

Sum of electronic and zero-point Energies= -3133.176649
Sum of electronic and thermal Energies= -3133.124099
Sum of electronic and thermal Enthalpies= -3133.123155
Sum of electronic and thermal Free Energies= -3133.264278
Cartesian Coordinates

Atom X Y Z

C -3.10289300 -0.94420300 -3.04371900
C -3.15598800 -2.21282800 -2.43953000
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-3.47903000
-3.66364000
-3.61043200
-3.34357600
-2.80267500
-2.88977600
-3.84127500
-3.74282600

-1.67728800
-0.09008900
-0.08598400

-0.48756400
-1.24555600
-1.78840000
-1.36625500
-2.44828700
-1.68537800
-2.00420900
-0.95558300
-2.56324300
-2.85832600
-2.06834000
-3.06926800
-0.34681100
0.73093400
-1.50431700
-1.55677900
-3.70035500
-3.24282100
-5.21567800
-5.74082800
-5.39763300
-5.67450300
-3.07216600
-1.99700000
-3.19277100
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-2.37264400
-1.19063000
0.10505700
0.24851200
-0.85718800
-3.08706200
-1.26590300
0.99288000
-0.95768000
0.36986000
-2.85768300
-0.26942200
-0.82571100
-0.02643100
-2.22418800
-0.58742500
1.05737200
-2.78693100
-2.87920300
-1.97203500
0.07243700
-3.87681700
-2.41290100
1.22727400
1.80426600
1.90858300
3.38398800
-3.73392500
-3.68490000
-3.95860500
-3.98873400
-4.92100700
-3.15863500
-4.91591200
-4.75339400
-5.83920000

-1.04601100
-0.29004900
-0.89408800
-2.27590500
-4.09018500
-3.03435600
0.78485700
-0.27632200
-1.31537400
-2.59969800
-1.49710700
0.59385500
1.78898700
2.81220100
1.94360100
3.91360100
2.76790900
3.04884300
1.17185400
4.04129100
4.68544200
3.13358400
4.90574800
0.54995500
0.50612800
0.55807800
0.53192300
-0.39826600
0.60425900
-0.20269000
-1.17543100
0.30933600
0.40464500
-1.14840700
-1.32691800
-0.55384500
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-3.56823000
-3.29889300
-4.11332800
-3.42596700
-2.33578400
2.82045600
2.66800900
2.01639300
1.52391300
1.67527800
2.31810500
3.32480100
3.04724000
1.87132300

1.31516000
2.43206600
0.92839600
0.85190600
1.90047100

2.35449400
6.36099500
5.63713400

6.24601400
7.55652400
8.26329600
7.67196400
5.92192500
8.03182300
9.29034600
8.24105200

5.32584400

5.83936700

4.84915800

4.22167400
4.05526800

4.27676400
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-5.09148600
1.59250500
1.66591800
2.40837500
1.72669400
-2.51796300
-3.27200300
-2.72534100
-1.41285800
-0.65662900
-1.21280000
-2.94576100
-4.29769500
-3.32179100

0.37010100
-0.61212000
-0.85212400
-1.62686800
-0.13985800
1.82970200
-0.83179200
0.17813000
1.41891600
1.66753300
0.66799500
-0.57981000
-1.81953300
2.63065700
0.85443500
-1.36644200
2.30847300
2.83781300
3.08709500
0.12375500
-0.82534600
1.30165300

-2.12121400
-2.94784200
-3.69311600
-2.21953900
-3.46928500
3.96910200
2.80171400
1.69202000
1.73793900
2.90611000
4.01485300
4.84093700
2.75371900
0.78634100
2.94576500
4.92247700
0.53465400
-0.14961900
-0.00031900
1.18430400
-0.85808100
-0.21390500
0.05187900
-0.36496700
-1.04345600
-1.27907100
-1.02515000
-0.15221100
-1.37325300
-1.78421600
0.84719200
1.66830100
0.22396700
0.35452800
0.88387300
1.39617900
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4.74264100
3.08481700
2.97895900
3.14769800
3.84654800
3.25091700
1.92243800
3.76836100
3.69411300
2.11710200
3.45969900
4.88714500
3.11430100
4.76289200
3.07988400
-0.88449100
-0.94455800
0.17456600
-1.36018600
-0.88164200
0.19966100
-1.04209000
-1.32826600
-3.06217600
-3.88267400
-3.65523900
-5.24248300
-3.45548200
-5.01759200
-3.06030900
-5.81838200
-5.85617100
-5.45155700
-6.88341000

CP4
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0.84010100
1.87524600
1.45018300
0.88848600
1.24562400
2.32113800
1.54609900
0.27501900
1.75558200
1.20614400
1.84201300
1.55949300
0.49318000
0.69361000
0.18999600
3.91020800
5.01066900
3.62452800
3.49690200
3.96484200
3.76278400
5.05655900
3.54341200
3.69789500
3.03350900
4.67405300
3.33307100
2.25947900
4.97956100
5.21362500
4.31095400
2.79665800
5.74590200
4.54796500

2.28659300
1.83615900
-1.43973400
-1.68369300
-2.68842900
-0.83250900
-1.72180300
-2.96053000
-1.28501700
-1.89383400
-3.53124000
-2.50943600
-3.81954700
-3.18016800
-0.63411300
-0.74170600
-0.77435200
-0.75127200
-1.64426900
1.78940400
1.79147600
1.81304100
2.70608000
0.58785500
1.51805400
-0.22804400
1.62860000
2.15883700
-0.11709300
-0.96680700
0.81041700
2.35931200
-0.76715700
0.89583100
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Zero-point correction=

Thermal

Thermal

Thermal

Sum
Sum
Sum

Sum

of
of
of

correction

correction to Energy=

correction to Enthalpy=

to Gibbs

0.906621 (Hartree/Particle)

Energy=

electronic and thermal Energies=

electronic and zero-point Energies=

electronic and thermal Enthalpies=

of electronic and thermal Free Energies=

Cartesian Coordinates

0.959982
0.960926
0.816294
-3133.204233
-3133.150873
-3133.149929
-3133.294561

Atom X Y Z

C -2.03567900 -3.31907200 -2.02339500
C -2.00643700 -3.92090600 -0.75512000
C -2.72196900 -3.35493700 0.35965100
C -3.43477600 -2.15389200 0.12961000
C -3.45681000 -1.52375100 -1.15396800
C -2.75857900 -2.09364300 -2.24667400
H -1.43110700 -3.73578400 -2.83212900
H -1.37223700 -4.79416100 -0.60174900
H -3.95147800 -1.67354800 0.96088500
H -3.97989500 -0.57457400 -1.27734600
Ru -1.33575500 -1.77799700 -0.52881600
Cl 0.33343600 -0.95793200 -2.17709200
Cl 0.58927300 -2.65246200 0.79325000
C -1.18527900 0.29322300 0.61190900
C -2.40848000 0.36217800 1.52320400
C -3.64488700 0.96849100 1.21199200
C -2.31506100 -0.24639100 2.79663100
C -4.71878500 0.95668700 2.11152100
H -3.77882100 1.44820900 0.24527800
C -3.38432500 -0.26126800 3.69276000
H -1.37750300 -0.72515800 3.08309700
C -4.60306800 0.34139800 3.35950200
H -5.65776300 1.44317100 1.82528800
H -3.25879200 -0.74498100 4.66733300
H -5.44161600 0.33717400 4.06283400

95
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-1.05062700
-0.01486400
-2.17418000
-2.17417900
-2.78845800
-2.58519400
-4.22005300
-4.49380900
-4.29217200
-4.97016400
-1.76464700
-0.73723700
-1.82703700
-1.96566900
-2.77130000
-3.38236900
-3.20049600
-1.74864400
1.45063300
2.00376500
1.51646100
0.45565800
-0.10200000
0.39438000
1.83098000
2.82339600
1.94561000
-0.92243600
-0.05848700
0.04255600
0.48213500
2.35733500
1.63931700
5.60958600
4.99912200
5.67974000

1.33680800
1.92918000
1.61155400
2.67666700
-4.01388600
-3.21631600
-4.53253000
-5.31615200
-4.97338700
-3.72571300
-5.13438500
-4.78086300
-5.49060000
-6.00493600
-1.47291900
-2.09000000
-0.45950400
-1.40705400
3.06297600
1.78080700
0.86908900
1.20897900
2.50107200
3.40371800
3.77842200
1.47967000
-0.13783900
2.80797800
4.39918800
0.27288900
-0.64095300
-0.73619100
1.69586000
-1.58275500
-0.47345400
0.75500100

-0.47336100
-0.72155600
-1.17602200
-2.18789900
1.73409600
2.47030100
1.98873900
1.25782600
2.99934200
1.91952300
1.95675100
1.77446600
3.00042600
1.30420100
-3.61588400
-4.30198400
-3.59078900
-4.02211000
4.23028900
4.12489400
3.18918400
2.31118800
2.43570400
3.37825900
4.96540900
4.78681400
3.13428800
1.78673200
3.44142900
1.37992600
1.45489300
-1.54456100
-0.87760700
1.18337000
0.58530200
0.49554500
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6.98963200
7.61004000
6.92294000
5.06418400
7.52218200
8.63431700
7.40861200
4.80016300
4.86098800
5.06796300
3.59473000
2.83709000
3.37452300
2.90979300
2.59546400
4.19885200
3.44524600
3.85857500
5.25208700
3.93829400
3.37870600
4.41630400
2.62452200
3.05113900
4.73270200
2.34231800
4.00491500
3.35820100
-3.63626600
-3.76939900
-3.91367300
-4.32481900
-1.26261200
-1.48496800
-1.44914000
-0.20111100
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0.86526100
-0.25288900
-1.46889500
-2.52306600
1.81981300
-0.17187300
-2.32816700
1.82000700
2.78339300
2.02573900
-0.33924100
-0.82156900
1.21683800
1.51097400
1.61223900
-0.52020000
-2.47539100
-1.52173600
-0.58757400

0.52036700
-2.80921900
-2.75396200
-2.88700200
-1.12041200
-1.69708800
-3.04384800
-3.68575400
-0.97528700

2.70297500
3.49303500

1.73356700
2.91178200
2.29232500

1.25972000
2.95854900
2.33793400

0.97065300
1.54018100
1.65346300
1.30850200
0.91171000
1.91778800
2.12593300
-0.11009600
0.42399600
-1.16328300
0.04786300
0.68230100
-0.04434100
0.91311500
-1.12875800
-2.46882300
-1.35549700
-3.58324400
-2.15318500
-2.69511200
-2.85277500
-0.92023100
-0.74861100
-4.21575500
-4.23039000
-3.13736000
-3.08354200
-1.31073400
-2.66577600
-3.42371400
-3.11615000
-1.83047000
-3.36019700
-3.67027200
-4.22016000
-3.08500400
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-1.83632800
-0.98546000
-2.44791300
-0.75399100
-0.48146700
-2.21388400
-3.10870100
-1.36585000
-0.08169300
-2.69743400
-1.18065000

Zero-point correction=

Thermal correction

Thermal

Thermal

Sum

correction

to Energy=

correction to Enthalpy=

to Gibbs

Free

CPs

4.03068000
4.95771600
4.40127000
6.21502800
4.70433900
5.65304400
3.69780000
6.56950000
6.91793200
5.91173300
7.55100200

-1.54499300
-2.16400100
-0.33469600
-1.59507800
-3.09847100
0.23949400
0.17891300
-0.39080900
-2.09758200
1.18691600
0.05683200

0.905464 (Hartree/Particle)

Energy=

of electronic and zero-point Energies=

0.959275
0.960219
0.812392
-3133.199878

Sum of electronic and thermal Energies= -3133.146067
Sum of electronic and thermal Enthalpies= -3133.145123
Sum of electronic and thermal Free Energies= -3133.292949
Cartesian Coordinates

Atom X Y Z

C 0.00940700 -2.29196500 0.30781700
C -0.84617600 -3.48711800 0.11477200
C -0.94705700 -4.26152800 -1.07047700
C -1.66947700 -3.90350900 1.19574400
C -1.82216600 -5.34616600 -1.16606700
H -0.32490900 -4.01145700 -1.92504500
C -2.54125800 -4.98813800 1.09476300
H -1.61356000 -3.35039500 2.13537100
C -2.63352800 -5.72400700 -0.09157100
H -1.86018700 -5.91205600 -2.10396100
H -3.15164500 -5.26440300 1.96196600
H -3.31183700 -6.57944400 -0.17206700

98
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0.80242900
1.42751400
0.92575000
1.35126600
0.37343200
-0.65491400
0.53104000
0.46432200
1.25093200
1.61050300
0.20248800
1.86179600
2.81962900
3.28590300
3.75913200
4.65009800
2.58340500
5.11951400
3.41209600
5.57433600
4.98932500
5.83056900
6.64084800
0.13490400
-0.23041100
1.00237800
1.14456400
1.75551200
2.00935700
0.55591700
2.61598100
1.65693500
2.76056000
2.09456500
3.18497600
3.43449300

99

-1.63347600
-0.53220800
-2.27176000
-1.63581500
-0.52209200
-0.91136500
-0.21223500
0.35725900
-2.77758200
-2.43285700
-3.10776300
-3.64155500
-1.19721300
-0.02107700
-2.04332500
0.29844900
0.66533500
-1.72647800
-2.95899900
-0.55186200
1.22062500
-2.40254800
-0.30494200
-1.81652800
-0.89058200
-2.34630600
-1.71444000
-3.51985700
-2.22795100
-0.81474600
-4.02125800
-4.03114200
-3.38522600
-1.71648300
-4.93331300
-3.78851400

-0.65215000
-0.51441500
-1.85571300
-3.08686000
-3.47262800
-3.38359300
-4.52063400
-2.81949600
-4.11824000
-5.10275800
-4.21875100
-3.80810900
-3.00271700
-3.60766600
-2.38800500
-3.60488000
-4.08475600
-2.37927500
-1.90102300
-2.99163200
-4.08852800
-1.89317900
-2.99284900
1.64959400
1.86613000
2.58323200
3.84539700
2.34662900
4.81170500
4.05264600
3.32565600
1.38684500
4.56454700
5.77737400
3.11291200
5.32621400
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-2.02263400
-6.09526100
-5.21194100
-5.70591900
-7.08416800
-7.96442000
-7.47393100
-5.72404700
-7.47193600
-9.04445500
-8.17034100
-4.58268400
-4.73863800
-4.44073300
-3.70089600
-3.26193100
-3.32834100
-3.17190000
-2.18567000
-1.44166600
-3.46820600
-3.09730000
-3.68536100
-4.38013200
-2.65611600
-2.89246900
-4.09777700
-2.33122600
-4.75839100
-1.82064000
-3.03350800
3.74905100
3.23687000
2.55451400
2.38293900
2.90447500
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1.52774400
1.51705400
0.68907200

-0.36627000
-0.56906300

0.28046300
1.31399700
2.30004200

-1.39300700

0.12447100

1.95404700
-1.17322600
-2.26197400
-0.95539500

0.68131100
0.80022400

-0.71466000
-1.40089300
-0.64905300
-1.15358500

1.97233400
3.15181500

3.48286700
1.38876600

1.56736500

4.13261700
3.26351000
3.17483400

3.72698900

4.19060800

1.79240900
1.33705400

2.64236800

3.33017900
2.61330300
1.28808900

-0.44899800
1.08393900
0.37884900

-0.41249100

-0.52984800
0.14938900
0.95844000
1.75199900

-1.13700300
0.06418400
1.50854100

-1.01351300

-0.93087400

-2.08848900
0.38559800
1.38592600

-0.22884900
0.62103500

-1.02879100

-0.61225500

-1.86554600
0.23984300

-2.05467800

-2.04041100

-2.48309700

-0.90912500
0.68165300
1.02790300

-1.96457800

-1.15804600

-0.41644100
0.00747000

-0.15592700
0.91174700
2.12387100
2.30242100
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C 3.59740600 0.63622800 1.25517800
H 4.17826400 0.81756600 -0.85204800
H 3.28581600 3.11007100 -1.14242800
H 1.77137100 3.03772300 2.92057500
H 2.68755600 0.74149700 3.22257200
Ru 1.58803700 1.37166800 0.51017000
Cl 0.16250000 2.32479300 -1.26599200
Cl -0.53642200 1.28430400 1.80401900
C 2.03626800 4.73984600 0.68163400
H 1.65550900 4.75677500 -0.35445100
C 0.87587700 5.13717600 1.60162200
H 1.19961900 5.24548700 2.65313000
H 0.46443800 6.11239200 1.28610100
H 0.06773500 4.38760200 1.56187300
C 3.20167300 5.74506900 0.78099400
H 4.01853400 5.49567300 0.08032800
H 2.85183300 6.76545300 0.54143800
H 3.62618100 5.76228700 1.80173800
C 4.10957600 -0.76701400 1.39819300
H 5.21017400 -0.74397900 1.51565200
H 3.67276700 -1.27491900 2.27118100
H 3.87711000 -1.35480000 0.49638500
H -3.25339400 5.14229600 -0.65299000
H -3.34935000 3.81564300 -3.04976100

TS3

Zero-point correction=
Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=
Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

Cartesian Coordinates
Atom X Y

101

0.900393 (Hartree/Particle)
0.953428

0.954372

0.809647

-3133.191313
-3133.138278
-3133.137334
-3133.282058
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0.25678300
0.86964500
1.42291600
1.03832400
2.06668500
1.36723500
1.68432100
0.66703200
2.19661600
2.48114700
1.78707800
2.70080200
-0.72472700
-1.32617200
-0.88133800
-1.39928900
-0.54314100
0.52204900
-0.73357000
-0.71684700
-1.19747800
-1.60266300
-0.12341200
-1.71442100
-2.89960900
-3.49550600
-3.73366700
-4.88398200
-2.87729900
-5.11837900
-3.28846200
-5.70238200
-5.32583800
-5.74593300
-6.78770600

102

2.06529600
3.44342300
3.89992100
4.26884100
5.13607900
3.26594000
5.50654100
3.93160500
5.95568600
5.45716100
6.12231200
6.92495800
1.56917500
0.48491400
2.35449200
1.90429200
0.74485900
1.00571300
0.57992100
-0.19178600
3.14190900
2.94977200
3.37956800
4.01859800
1.60646300
0.57420100
2.44788800
0.38929500
-0.10019100
2.26302300
3.25451700
1.23225600
-0.42022300
2.93053700
1.09048700

0.49284700

0.36197300
-0.85377700

1.49090400
-0.94335600
-1.73830800

1.40290100

2.45938700

0.18340500
-1.90538300

2.30290300

0.11261700
-0.49086400
-0.41655800
-1.56585600
-2.85780000
-3.37680900
-3.25652700
-4.45131000
-2.82842500
-3.75051600
-4.75831600
-3.83594900
-3.32672900
-2.76882400
-3.50885300
-2.01251000
-3.49702700
-4.10523100
-1.99456600
-1.42341400
-2.74018600
-4.08730500
-1.39540600
-2.73321900
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-0.03213200
0.34158700
-1.14098100
-1.43791300
-1.98379900
-2.51474300
-0.79759900
-3.05814000
-1.78117500
-3.34043400
-2.71022100
-3.68499600
-4.17994900
2.35418300
6.51924100
5.50800800
5.82646500
7.16588300
8.17575700
7.85687600
6.27668300
7.42448100
9.22504200
8.65583500
4.58304700
4.67208000
4.33823300
4.01841100
3.71489700
3.44208200
3.36095700
2.24031000
1.25078200
3.76690400
3.18552900
4.07223200

1.64077400
0.72583700
2.02659700
1.36195200
3.09532400
1.75879900
0.53212600
3.48292000
3.63477300
2.82443800
1.22863600
4.32177800
3.13846000
-1.13979900
-1.33579000
-0.49514500
0.67398800
0.99272400
0.14313000
-1.01518600
-2.22676500
1.90356900
0.39120500
-1.66265900
1.43077900
2.51986700
1.27728100
-0.60456800
-0.86003800
0.80301300
1.40259300
0.64498600
1.31836300
-1.80406100
-2.99911300
-3.29786800

1.84018400
2.08963300
2.57005000
3.78742400
2.18493300
4.57865900
4.10185000
2.99024300
1.25713200
4.19182400
5.51766700
2.66795500
4.81904600
-0.35908800
0.87400500
0.39412100
-0.32552000
-0.57276200
-0.10581200
0.61574600
1.46249300
-1.12222900
-0.29579600
0.99014700
-0.72448700
-0.57197800
-1.79254200
0.57694500
1.60296300
0.13878700
1.07353500
-0.48964100
0.05290500
-1.71612500
0.33466000
-1.86624300
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4.63396100
2.93055200
3.13077100
4.09142400
2.29964000
5.12657600
2.10180400
3.29804900
-3.69459400
-3.12993300
-2.49825400
-2.46217500
-3.05920100
-3.67486900
-4.07428400
-3.08026700
-1.90019700
-2.94896900

-1.57617200
-0.01824200
0.36611800

-1.89577100
-1.44688600
-0.77941500
-1.16535400
-0.29737300
-0.01085500
-3.01530700
-3.79530000
-2.60040100
-3.50501400
-4.26497500
-5.36747600
-3.90359000
-4.02434300
3.44436500
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-1.15992700
-1.48052500
-3.96039200
-3.16817300
-3.00342500
-3.50143100
-4.00329200
-1.62693300
-1.53812900
-2.80072300
-3.58347700
-3.01781000
-1.74747900
-0.99045000
-0.92862700
-3.15005000
-3.51763400
-1.31482400
-1.58790000
-2.26330300
-1.53519000
-4.93438900
-4.81550400
-5.38413000
-5.63033100
-6.29575300
-4.59999200
-5.99075900
-5.69799000
-6.96189300
-6.14158000
0.36261700
0.27291200
0.78615800
1.06331800
-4.97870900

-1.90625300
-2.35169200
-0.84954100
0.93870100
0.98609300
-1.60597900
-1.24236300
-0.28132700
-0.30122300
-0.57393200
0.45881200
1.76270400
2.05390600
1.03038400
-1.12445400
-1.60804100
2.55203400
3.05016900
0.39206100
-1.36617000
1.89688500
0.11092800
-0.89020400
1.06083500
2.06721200
0.66560700
1.16372000
0.01586600
-0.70972800
-0.30889500
0.99565100
1.29816000
1.34988000
2.24699900
0.48410100
-0.56534100
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Zero-point correction=

3.90886600 -3.64266100

CPo6

-2.90042700

0.624594 (Hartree/Particle)

Thermal correction to Energy= 0.664079
Thermal correction to Enthalpy= 0.665023
Thermal correction to Gibbs Free Energy= 0.549544
Sum of electronic and zero-point Energies= -2498.404770
Sum of electronic and thermal Energies= -2498.365285
Sum of electronic and thermal Enthalpies= -2498.364341
Sum of electronic and thermal Free Energies= -2498.479820
Cartesian Coordinates

Atom X Y Z

C 1.52596600 -1.54765800 0.40315500
C 2.48061300 -2.52512900 -0.27560400
C 2.12023000 -3.08332400 -1.51424100
C 3.65434000 -2.96882500 0.34535800
C 2.93516300 -4.03304500 -2.13342700
H 1.17399900 -2.79225000 -1.98151600
C 4.47310700 -3.92069900 -0.27481100
H 3.92366100 -2.57605400 1.32787700
C 4.12174500 -4.45054100 -1.51853200
H 2.63535600 -4.46007700 -3.09593500
H 5.38902400 -4.25226600 0.22489200
H 4.76109400 -5.19596000 -2.00221500
C 1.07418100 -0.35233800 -0.45910400
O 0.03326500 0.26666600 -0.25226300
O 1.92373100 0.00119800 -1.40498900
C 1.60383000 0.96043900 -2.48516100
C 0.47420400 0.35747600 -3.32712500
H 0.74661600 -0.67150300 -3.61337200
H 0.33760300 0.93609400 -4.25542100
H -0.47881500 0.31709100 -2.77916100
C 2.90966900 0.99339200 -3.29280100
H 2.80115700 1.67845700 -4.15017400
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3.15491700
3.74439600
1.31619200
0.38538900
2.06411400
0.20831400
-0.21026200
1.88276700
2.79010700
0.95608200
-0.51848400
2.47424300
0.81939300
1.89963700
1.10587900
2.82983900
2.73992600
3.89243200
3.67262500
1.92287500
4.82044500
3.99928000
4.72420200
3.57472000
5.63827700
5.45755900
0.58062800
-2.63177900
-3.52786600
-4.19973500
-3.95381500
-3.07950700
-2.39296100
-2.03745700
-3.62724400
-4.36602200
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-0.01599300
1.35052300
2.35657500
3.21182400
2.85140400
4.52468300
2.86542300
4.15808800
2.20736700
5.00410700
5.17455200

4.51372200
6.03034100
-1.08989900
-1.15684000
-0.10818200
0.52004800
0.26967400
1.47634300
0.23969800
1.23292600
-0.19705500
1.84677200
1.94076000
1.50021500
2.59548600
-2.09236100
1.76685500
0.78927100
-0.11025000
0.05526300
1.08407700
1.94291600
2.34891900
0.63414900
-0.65817700

-3.66492300
-2.66751700
-1.92517800
-2.53573800
-0.84356800
-2.08130300
-3.38330000
-0.38355500
-0.34018500
-1.00296500
-2.57928900
0.46572000
-0.64796300
1.72987700
2.36807900
2.05103900
3.31588100
1.20081700
3.71134300
3.98895000
1.61052600
0.22086200
2.86260100
4.69838200
0.93254900
3.17588800
0.56558300
-0.35861400
-0.84157700
0.06271300
1.45291200
1.94083100
1.05308800
-1.06809400
-1.91839100
2.16662000
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-2.85070700
-2.03532400

-1.76251200
-1.22936000

-5.10948900
-4.63336400
-5.25536400
-5.81338900
-5.81875900
-4.26810800
-6.48020700
-6.38482700
-7.12798800
-6.99585400
-1.40067900
-1.86100000
-1.06236900
-0.51730200

Zero-point correction=

1.11855200
-0.19879000
-2.06816600
-1.59571400
-1.19172300
-1.53233700
-2.41977900
-2.18919200
-3.20671000
-2.83044900
-0.57563900
0.27492500
-1.33277900
-0.21151100
2.96233100
3.96875300
2.72865800
3.00295300

3.00807800
0.46372400
-1.04923000
2.27689300
-0.49617500
-1.43127800
0.41047000
1.33671000
-0.12083600
0.68011800
-0.84379900
-1.54261600
-1.32047400
0.06395500
1.54152600
1.55134000
2.56404800
0.88384800

0.278778 (Hartree/Particle)

Thermal correction to Energy= 0.291292
Thermal correction to Enthalpy= 0.292236
Thermal correction to Gibbs Energy= 0.239295
Sum of electronic and zero-point Energies= -634.799406
Sum of electronic and thermal Energies= -634.786892
Sum of electronic and thermal Enthalpies= -634.785948
Sum of electronic and thermal Free Energies= -634.838890
Cartesian Coordinates

Atom X Y Z

H 1.77963300 2.25803100 0.16344400
C -1.16217900 -1.41979700 -0.89966000
C -0.81945100 -0.11996600 -0.51486700
C -1.72248400 0.66365700 0.22681200
C -2.96988000 0.14537800 0.58759100
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-3.30884600
-2.41121100
-0.46974600
-3.67906400
-4.28500800
-2.69165500
-1.13915900
-1.87242000
-0.72586100
0.45724200
0.75704900
0.02038800
-0.39258900
1.10232000
1.50282900
2.73686700
1.81272900
0.49957800
2.23261300
2.54333400
2.73161200
3.70817800
2.43204000
0.88324300
3.50260800
1.91964600
1.65864500

Zero-point correction=

Thermal
Thermal
Thermal
Sum of
Sum of

Sum of

correction to Energy=

correction to Enthalpy=

correction

to Gibbs

-1.15843300
-1.93758800
-2.02701900

0.75321300

-1.56986600

-2.95096500
2.02758700
2.84694700
2.08527900

0.65358600
0.55702600
2.14128400

2.56011700
2.92462600
-0.29469900
-0.41988200
-1.80812300

-0.11023900

0.15947700
-1.89696100
-0.25770800
-0.04846700
-2.18829200
-2.39995000
-2.43818300
-2.42475200
0.33458300

0.20613400
-0.53639700
-1.49245700

1.15908400

0.48254500
-0.84069500

0.51601200

0.42029900

1.54137100
-0.80000800
-1.85542000
-0.50919500
-1.44673600
-0.10835300

1.31680500
-0.64818400

1.13391500

1.72650000

2.01303900
-0.23204700
-1.73782700
-0.26745400

1.96372400

1.12220300
-0.17178900
-0.97411300
-0.00290800

0.981536 (Hartree/Particle)

Energy=

electronic and zero-point Energies=

electronic and thermal Energies=

electronic and thermal Enthalpies=

1.039188
1.040132
0.883902
-3363.989305
-3363.931653
-3363.930709
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Sum of electronic and thermal Free Energies=

Cartesian Coordinates

-3364.086939

Atom X Y Z

C 1.16559400 2.28967800 -0.02264400
C 1.09990500 3.71653600 0.47891500
C 0.48253500 4.04841000 1.70423800
C 1.52874000 4.78621800 -0.33120600
C 0.34556200 5.37605600 2.11566000
H 0.08387200 3.25427200 2.33503000
C 1.39074300 6.11644200 0.07906600
H 1.96867600 4.57431400 -1.30646400
C 0.80584000 6.42349000 1.30991500
H -0.13697000 5.59377700 3.07488000
H 1.74514200 6.91881300 -0.57693500
H 0.69874500 7.46403700 1.63312000
C 1.61772200 1.19221700 0.85336700
O 1.76954300 0.01031600 0.50125500
O 1.78917900 1.53885000 2.13660400
C 1.78850300 0.60170200 3.25974300
C 0.47818400 -0.19167700 3.26700700
H -0.36266700 0.50536900 3.11147700
H 0.33465900 -0.68389400 4.24428800
H 0.43266800 -0.94584000 2.46896600
C 1.83737300 1.53928000 4.47957300
H 1.89763800 0.94693800 5.40812700
H 0.93099100 2.16755300 4.51439700
H 2.71737200 2.20143000 4.42889100
C 3.05872500 -0.25506900 3.25143500
C 3.05476400 -1.58980100 3.68376000
C 4.29042700 0.32705100 2.90562200
C 4.24604700 -2.32154900 3.77079900
H 2.11527100 -2.07399200 3.95887000
C 5.47978300 -0.40150900 2.98683300
H 4.31454900 1.36439900 2.56044700
C 5.46425500 -1.73155000 3.42281500

109



O© 0 N O G & W N =~

W W W W W W W NN DN NN NN NN P P P P2 2= s =2 =
SN G A W NN PR O O 0NN 0N R WDy RO O 00NN YO Wy = O

T o@D oOoOTrroaomnITcao@mDn I ITIDOoococococ o0 I T oo o000 @mZzZ2T oo

4.21776500
6.42590100
6.39595400
1.59466800
0.97733500
2.90903900
3.22297400
3.96906300
4.52818100
2.41620200
5.27196400
3.76284300
5.57139900
4.73386300
6.06811000
6.59320100
-2.12702400
-5.63889400
-4.52913700
-4.54051100
-5.67626700
-6.79131800
-6.77491000
-5.62027500
-5.69240300
-7.68081400
-7.64669600
-3.23548100
-2.86634300
-3.32803800
-3.19489300
-2.77954300
-2.24867900
-1.72913100
-1.38030100
-0.11322500
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-3.36017900
0.07410600
-2.30157700
2.13282900
1.56587400
2.17073100
1.76687200
2.63997300
1.84236600
1.40063800
2.71208200
2.96674700
2.31543500
1.53005700
3.09054000
2.38080200
0.23181600
2.20966900
2.35731800
3.29938800
4.08834600
3.92933100
2.99660800
1.50254500
4.82990000
4.54703700
2.89345700
3.29462900
4.30787200
2.75869700
1.66508400
1.59427000
2.50049800
3.23709500
1.66680100
1.96112000

4.11640100

2.70930900

3.49398400
-1.39011200
-1.96981800
-1.81668300
-3.13966100
-1.00616100
-3.62329900
-3.78191000
-1.50635400

0.01540300
-2.81408000
-4.65343300
-0.85565800
-3.19935300
-0.55994800
-2.19167600
-1.35137800
-0.30334800
-0.09310000
-0.92447600
-1.97032400
-3.02756000

0.71200200
-0.76372000
-2.62382900

0.45494200

0.68800900

1.41846900
-1.41400500
-2.43035300
-0.45942800
-1.11264600

0.18624300

0.02361000
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-3.96042200
-3.40604100
-4.81714000
-4.56798100
-3.24352100
-3.96183700
-4.15690700
-2.46475400
-5.73871400
-3.13288700
-3.13839400
3.15877600
2.11199200
1.50619600
2.00527300
3.08536900
3.67081100
3.52736400
1.68348500
1.50832900
3.39212300
1.41662100

-0.67039500
0.06667000

0.37258400
-0.23829800
-0.54749500
-0.03899200
-1.42197300
-0.90955300
0.94770500
1.56640100
0.12939200
1.57777300
4.77146700
5.73631300

111

-0.10384100
-0.81771600
-1.32480000

0.75852500

-0.33444100
-2.00162700
-0.41550500
-1.01036200
-0.94836300
-2.57101200

0.24024900
-2.73943800
-3.65641300
-3.80574500
-2.97627100
-2.05877600
-1.92362500

-2.58113100
-4.19546800
-2.97095800
-1.38749600

-1.69242100

-2.04379800

-0.43599100
-4.80041700
-4.73677700
-4.48343900
-4.63192200
-5.15759600

-3.44281400
-6.22794700
-6.48343400
-6.96759200
-6.34220400
-0.93853000
-1.47948000

0.32945100
-1.93743200
-0.06275000

0.62970700

1.12938000
-1.15591100
-2.63611300
-2.47254300
-0.54150500
-0.70636300
-0.89731200

0.01019700
-0.21543500
-1.51506300
-2.55599300
-2.34058900
-1.05993000

1.02634400

0.63292400
-3.52634200
-3.14507600
-0.90791500

0.32934400
-2.53040200
-1.70213000
-0.78518700
-2.88695000
-3.85744200
-2.87138700
-2.83811500
-1.80123100
-0.92228200
-1.86344100
-2.70261300
-0.79788400
-0.74637100
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Zero-point correction=

4.83831100 -0.17900200

4.62133800 -0.42996800
-5.22384500 -2.20141100
-6.58005300 -2.37293500
-4.26381300 -2.85951500
-6.97428900 -3.17858100
-7.34169900 -1.86713100
-4.65536800 -3.66408500
-3.19730100 -2.74734000
-6.01144000 -3.82741700
-8.03822600 -3.29743200
-3.89305600 -4.16782200
-6.31527800 -4.45799600
-4.55255600 -2.67995900

TS3minor

Thermal correction to Energy=

Thermal correction to Enthalpy=

Thermal

Sum

Gibbs Free

of electronic and zero-point Energies=

correction  to Energy=

-1.59098900
0.16663400
1.10704300
1.42478100
1.89729600
2.49852400
0.82140700
2.97063000
1.67552800
3.27595100
2.72703800
3.57346700
4.11747800

-1.79345800

0.981379 (Hartree/Particle)

1.039167
1.040111
0.883402
-3363.988712

Sum of electronic and thermal Energies= -3363.930923
Sum of electronic and thermal Enthalpies= -3363.929979
Sum of electronic and thermal Free Energies= -3364.086688
Cartesian Coordinates

Atom X Y Z

O -1.49233900 1.67218500 0.74744800
H -0.21493900 1.77081500 0.93234500
C 1.04167400 1.67356400 1.36443200
C 1.22379700 2.97386300 2.12187700
C 2.28366100 3.88350200 1.95321600
C 0.25796800 3.27889000 3.10313200
C 2.36859500 5.04909500 2.72316700
H 3.05740900 3.68144600 1.21135600
C 0.34269200 4.43882300 3.87480400

112
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-0.57263800
1.39986300
3.20934300
-0.42545600
1.46967500
1.69047200
1.81412000
2.03072000
2.27635500
1.02838100
0.16321400
1.14142200
0.82286700
2.47111200
2.68503100
1.55590800
3.30545000
3.56255500
3.59039400
4.77760100
4.79819400
2.66426100
5.98393600
4.78488300
6.00114900
4.79307000
6.91550900
6.94549200
0.87672000
0.07118500
1.76755800
1.39387800
3.05739400
2.27196300
0.39543200
3.92412600
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2.58413200
5.33670900
5.73426200
4.64465300
6.24744600
1.42174200
0.32274500
2.55116600
2.64631300
2.19989000
2.77391400
243038000
1.12518100
4.15867400
4.36935600
4.69916100
4.54676700
1.90330100
0.93176400
2.24924000
0.34699900
0.60488100
1.66580800
2.98769100
0.71527400
-0.40240400
1.95743600
0.26312300
0.51852800
-0.06838400
0.02583200
-1.09039800
0.57077400
-1.63653700
-1.51891500
0.01478200

3.25081300
3.68787700
2.56939000
4.62803300
4.29143300
0.07296800
-0.49376200
-0.57756900
-2.01960000
-2.78513500
-2.41009900
-3.85847600
-2.67486200
-2.22627100
-3.28784200
-1.93049000
-1.62059900
-2.41001200
-3.42174800
-1.79148400
-3.82242900
-3.89651100
-2.18682100
-0.98463100
-3.21371600
-4.62080600
-1.69125600
-3.53325800
2.20631700
1.99807400
3.13082000
3.92400700
3.33507100
4.85770200
3.78890800
4.28086900
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3.37449900
3.55136200
1.94939100
4.91404000
4.23594500
-2.12621100
-5.33684100
-4.25471900
-4.04178100
-4.89581400
-5.98133300
-6.19914200
-5.50707900
-4.71367000
-6.65365300
-7.04611000
-2.80093800
-2.14064100
-2.07883600
-1.34231400
-3.05254300
-4.14604300
-3.79401700
-3.61969200
-2.02312200
-4.80516500
-3.69758300
-3.09561000
-3.00003900
3.38874300
2.33070000
1.53813900
1.84516900
2.88980700
3.66620100
3.91949900

114

1.43887300
-1.09407000
-2.49813600

0.46391800
-1.51994400
0.34994700
4.53513000
3.64928300
2.77884800
2.79712500
3.68040600
4.54284200

5.22154000
2.14410300
3.70712800
5.23614500

1.95817600

1.91615400
2.63008400
3.34900300
-0.45539900

0.16234400
-1.66791100
0.03284700
-0.66673500

1.03258800
-0.06986400
-2.29261000
0.50314100

-2.67445100
-3.62306300
-4.06225800
-3.48922800
-2.55534300
-2.11862400
-2.30424200

2.75525500
5.04782000
5.45294200
4.41790000
5.78705900
-0.30678800
-0.42834500
-0.40554200
-1.49283700
-2.60167600
-2.61422800
-1.53121200
0.40721700
-3.46147900
-3.47728800
-1.55296800
-1.26843200
-2.14785900
-0.02843000
-0.45516600
-2.05484100
0.04021600
-1.50872600
-2.86398200
-2.38695800
0.15263800
1.01589500
-0.92968400
-0.89276200
-1.34497700
-1.50362200
-0.40419700
0.87816100
1.05596000
-0.06671900
-2.22433000
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2.06936400
1.19523600
3.03953400

1.47873100

0.42280900
-0.77269900

0.39925000
-0.39776400
0.85768400
1.66707500
0.01670500
1.23291800
-0.19488700
-0.46816100
-1.10224800
0.50981000
4.72836500
4.46775900
4.88694700
5.68230400
-3.20571400
-2.83210400
-3.59678200
-4.87205000
-5.67679100
-5.50124600
-6.88775100
-4.71659600
-7.48110100
-7.51487000
-5.30683400
-3.63098700
-6.69129600
-8.56498800
-4.67923000
-7.15154200
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-3.93996600
-3.71312600
-2.09640400

-1.86727700

-1.39256300

-1.68081000

-5.06250200
-4.69242100

-6.44067400

-6.85320300

-7.15704800
-6.38551100
-5.16432400
-4.16966200
-5.79355900

-5.63637200
-1.07378400
-0.38459800

-0.49381300
-1.56857200

3.46093700
4.41369400
2.87502300

-1.04661700
-0.65381300
-1.98818200
-2.20309800
-2.66678000
-3.07090700
-1.68273000
-3.53277600
-2.52275400
-3.73868600
-3.22318000
-4.05104800
-4.41725800

-2.51380700
1.72748600
2.03448300

-0.55450300

-2.70697200
0.44958100

-0.52739700
0.14109500

-0.00911200

-0.63957800

-0.02610500
1.02855300

-1.93793400

-2.32900800

-1.91558600

-2.64771300
0.11380800
0.93276600

-0.80728500
0.38091100
0.66307200
1.07584700
1.51603000

-0.59237300

-1.23842500
0.41808600
0.42208500
1.36838800
1.34550200

-0.31001100
2.29237400
1.38897300
2.28491200
1.32957400
3.02426200
3.00996600
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Zero-point correction=

-4.23013300 -2.28462300

TS_Ru-Nyiide

-2.31144000

0.653291 (Hartree/Particle)

Thermal correction to Energy= 0.695907
Thermal correction to Enthalpy= 0.696852
Thermal correction to Gibbs Free Energy= 0.575065
Sum of electronic and zero-point Energies= -2612.757477
Sum of electronic and thermal Energies= -2612.714860
Sum of electronic and thermal Enthalpies= -2612.713916
Sum of electronic and thermal Free Energies= -2612.835702
Cartesian Coordinates

Atom X Y V4

C 4.48631700 -0.27475900 -1.43053400
C 4.14911500 0.97208600 -0.80695500
C 3.75252900 1.05516500 0.54616700
C 3.47875700 -0.19948300 1.19374600
C 3.70707500 -1.43921900 0.55269100
C 4.29295600 -1.48927700 -0.76410300
H 4.81581200 -0.27240800 -2.47185000
H 4.25418300 1.88241800 -1.39789000
H 3.05342700 -0.20963600 2.19911400
H 3.46140500 -2.36531500 1.07527800
Ru 2.20215100 -0.26451300 -0.64507200
Cl 1.13258500 -2.26962000 -1.48608500
Cl 1.36877200 0.90625500 -2.59936100
C 0.63366700 0.04746300 0.50447300
C 0.12009400 1.32001700 0.99385400
C -0.60322000 1.40740500 2.21503000
C 0.30543000 2.51508000 0.25295400
C -1.08377700 2.62766000 2.68102800
H -0.76806900 0.51183300 2.81806900
C -0.19351300 3.72983200 0.71690300
H 0.81585500 2.45345700 -0.71031200
C -0.88174100 3.79527000 1.93385500
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-1.62880900
-0.05515100
-1.27329000
0.21709500
0.90840700
-0.93807100
-1.47670900
3.65134000
2.67426200
4.74672400
5.75526500
4.64762800
4.68132200
3.71991700
2.96414300
3.53710500
4.71605300
4.56870900
5.23162700
3.61612000
5.04086400
-4.36436700
-3.25431900
-2.29561500
-2.42024600
-3.53717100
-4.48375400
-3.13074300
-1.43443400
-3.65055500
-5.33482100
-1.47204200
-0.70829700
-1.62214900
-0.43039400
-0.00060500

2.67022000
4.63463500
4.75126300
-1.15875900
-1.51640500
-1.71422500
-2.94567800
2.35733100
2.35206000
2.39203400
2.39327900
3.30551600
1.52351000
3.61691500
3.60500800
4.51178200
3.73526300
-2.81453800
-3.42771500
-3.35927200
-2.68988900
3.07727800
3.20938700
2.20395800
1.00858500
0.87753900
1.89156100
4.12618500
2.32759900
-0.03869300
1.77540300
0.02542000
0.09692300
-0.87063300
-4.07290700
-4.17544200

3.62877100
0.11751200
2.29481400
1.32558800
2.25967000
0.97008400
1.60455000
1.32690000
1.84111100
2.41452200
1.96170100
3.02780900
3.09315400
0.45549500
-0.34674000
1.07531800
-0.00912100
-1.41239500
-0.77523400
-1.54771600
-2.40019600
-1.01748700
-1.86433300
-1.97565700
-1.22921300
-0.36756700
-0.27160100
-2.45241300
-2.63775100
0.21999400
0.40551600
-1.31213400
-1.98555600
-0.86330500
1.57569800
0.56665600
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0.38680600
-0.92425200
-1.88164500
-2.63592300
-2.30103700
-0.99598000
-2.65994600
-2.45274300
-3.94212300
-3.49830600
-1.46349200
-4.98875400
-4.14547600
-4.77217700
-3.31412700
-5.98032800
-5.59133900
-5.42579800
-6.29755300
-5.02727600
-5.83738800
-6.64561500

Zero-point correction=

-3.87560800
-5.02189200
-2.59896900
-1.79454900
-3.48465200
-2.27361300
-3.31715300
-3.44805100
-3.57473400
-3.81981100
-3.24906400
-3.95433500
-3.48414800
-4.07682200
-3.90707500
-4.14966100
-4.36850600
4.14650700
3.85333200
5.08923600
4.32942500
4.86686500

2.28503500
1.84747900
3.04002300
3.05923100
3.54583500
3.60585400
0.70150400
-0.68483500
1.20922800
-1.53274900
-1.10765800
0.35966900
2.27808400
-1.01400700
-2.60804900
0.78026900
-1.67868900
-0.94142500
-1.56901300
-1.37362700
0.40502400
0.40490800

0.657449 (Hartree/Particle)

Thermal correction to Energy= 0.699292
Thermal correction to Enthalpy= 0.700237
Thermal correction to Gibbs Energy= 0.580656
Sum of electronic and zero-point Energies= -2612.784711
Sum of electronic and thermal Energies= -2612.742867
Sum of electronic and thermal Enthalpies= -2612.741923
Sum of electronic and thermal Free Energies= -2612.861504
Cartesian Coordinates
Atom X Y V4
C 3.89348900 -1.98854900 -1.14004200



O© 0 N O G & W N =~

W W W W W W W NN DN NN NN NN P P P P2 2= s =2 =
SN G A W NN PR O O 0NN 0N R WDy RO O 00NN YO Wy = O

T T T T OO0

cQp

T O ITT T DT O OO0 @D T I OaOITT oD O0O000an

4.24710900
3.97301100
3.22980800
2.85826100

3.18125200

4.08607000

4.69575500
2.90464800
2.25899400

2.05924900
0.32195900
1.76451800

0.30682800
0.75777300
0.97898100
0.96368700
1.38050000
0.83025800
1.35976500
0.84469200
1.57183000
1.53714900
1.50622200
1.88056500
-0.27705400
0.26503500
-1.47038700
-2.21823400
4.44532700
3.62295700
5.66220000
6.52030000
5.98018900
5.43092600
4.75584400
3.91282200

119

-0.62492500
0.10596100
-0.58553100
-1.95538700
-2.66993300
-2.49095900
-0.10695000
-0.04602100
-2.42646000
-0.77082300
-2.21416200
0.67425700
0.38240000
1.72247500
1.95268400
2.81415500
3.20670200
1.14047200
4.06557000
2.68803200
4.27565300
3.34407900
4.88352400
5.25718800
-0.57390300
-0.86822800
-1.06192500
-2.08780000
1.53244100
2.05298900
1.52099600
0.99599600
2.55408200
1.01797900
2.31641900
2.27791600

-0.98041200
0.21916100
1.22115700
1.08286600

-0.10562300

-2.09004000

-1.82920800
2.11318700
1.86300900

-0.62473800

-1.60806800

-2.61836700
0.31250700
0.85804800
2.23359600

-0.01372600
2.70645800
2.94436600
0.46225200

-1.09036300
1.82810200
3.78153900

-0.25048500
2.20085600
1.32258300
2.37184100
0.93578100
1.69014600
0.45918100
0.97867400
1.40811400
0.94859100
1.63771200
2.36397500

-0.82261400

-1.53230600
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4.95197900
5.65845300
2.77246300
3.61686400
1.90995500
2.49841500
-4.13876200
-3.52041000
-2.37304300
-1.83409800
-2.43109100
-3.58000800
-3.93529000
-1.89320400
-2.00874600
-4.05346300
-0.63704100
-0.01454400
-0.88662700
-1.36303300
-0.95589900
-0.52761600
-1.99395400
-2.60056600
-3.22696300
-3.16315500
-1.69226000
-3.43359500
-3.23481300
-4.74542700
-4.31382800
-2.22287900
-5.82752500
-4.94613900
-5.61745000
-4.13179100
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3.37414900
1.92893300
-4.10658300
-4.76425700
-4.35643900
-4.31995600
3.00317200
2.54316800
1.75378200
1.40994800
1.86352700
2.65843300
2.80583400
1.40351800
1.61383400
3.02167200
0.55152500
0.83209500
-0.42832000
-3.35855700
-3.65727400
-3.19245500
-4.17873900
-1.51640100
-0.61469000
-2.26466200
-1.25704600
-2.38219900
-2.69358300
-2.39622700
-3.00509000
-2.68984100
-2.71348100
-2.15900700
-3.01792200
-3.24126700

-0.57353700
-1.33127200
-0.27871600
0.00474700
0.35861700
-1.32353700
-0.97507300
-2.14735100
-2.08448800
-0.83987800
0.33342600
0.26012400
-3.12664900
-3.00383500
1.30626500
1.17357900
-0.85979000
-1.66288600
-1.12096400
1.83508100
0.85530600
2.53218100
2.21903400
3.05996700
2.95366400
3.64273600
3.62156800
0.79759200
-0.55998400
1.29473500
-1.39001100
-0.97400800
0.46441500
2.34114300
-0.88160700
-2.44336700
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-6.84101100
-6.46321900
-5.38816300
-6.18426200
-5.18031900
-5.79279800
-6.60464700

Z O @-m - O @ T

Zero-point correction=

Thermal correction to Energy=

Thermal correction to Enthalpy=

Thermal correction to Gibbs

-2.71753100
-3.26417300
3.85234800
3.26202500
4.72786700
4.25804300
4.78210600

TS_Ru-Oyiice

0.87842800
-1.53155500
-1.06336700
-1.56798800
-1.71648200

0.22481800

0.14645100

0.653886 (Hartree/Particle)

Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

Cartesian Coordinates

0.696034
0.696978
0.576585
-2612.750471
-2612.708323
-2612.707378
-2612.827772

Atom X Y Z

C 3.63276700 0.25562800 -2.60226500
C 3.92012200 0.92404200 -1.36750500
C 4.00226900 0.23510900 -0.13415700
C 3.53116200 -1.12098100 -0.14942400
C 3.14907300 -1.77039000 -1.35061700
C 3.27140000 -1.09809000 -2.61863300
H 3.61736700 0.83402000 -3.52856000
H 4.12973100 1.99367000 -1.40437100
H 3.44320700 -1.67632800 0.78653900
H 2.78068100 -2.79666900 -1.31024800
Ru 1.84313300 0.01779800 -1.03833200
Cl 0.00494900 -0.95029100 -2.27572000
Cl 0.88321900 2.24028200 -1.44793900
C 0.77175300 -0.29179400 0.63109700
C 1.04156700 0.38703000 1.92014700
C 0.96810200 -0.30045700 3.15433800
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1.36976800
1.23250300
0.72743900
1.60773200
1.40552600
1.54902300
1.18445100
1.84571600
1.74586300
0.25121200
1.07523000
-1.05596800
-1.70380500
4.59160600
3.89485300
5.93218700
6.67645300
6.34587700
5.81307700
4.77530700
3.84019500
5.09822100
5.55159600
2.90564600
3.48506800
1.83022600
3.09158000
-0.73122300
-1.10935200
-1.07055200
-0.09272100
-1.75833000
-1.52327800
-1.99511300
-1.97517500
-0.45022300
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1.76162900
0.35399000
-1.36503400
2.41788600
2.30725200
1.71650900
-0.20412500
3.48618100
2.23070900
-1.71285700
-2.59087300
-1.87707400
-3.20332400
0.83253900
0.60104600
0.13676700
0.32361500
0.52010100
-0.95628600
2.35406100
2.87315400
2.72704100
2.64459100
-1.81305500
-2.74897900
-2.06864600
-1.18463500
1.28325900
-4.11432100
-3.57828000
-4.44333300
-4.99963600
-3.80428800
-3.16791300
-4.80861900
-3.90785000

1.94787500
4.35879900
3.17485900
3.15540800
1.00145100
4.36568700
5.29894000
3.15188000
5.31174600
0.78383100
0.97357900
0.77068600
0.78671000
1.13468600
1.95875500
1.45535600
0.65949700
2.40553000
1.55682200
1.08334900
0.81606900
2.07093200
0.35183900
-3.88634300
-3.98410000
-3.86008800
-4.77225800
-0.48676700
-0.30260300
-1.26469700
-0.04047300
-0.41716500
2.18497300
2.95288600
2.23828200
2.40699800
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-3.16357400
-3.44581300
-4.23318100
-4.76433700
-2.62622100
-5.55340800
-4.05143300
-5.82435100
-4.96134400
-6.37186100
-6.85641800
-1.12318000
-1.87220900
-2.33349300
-1.19222300
-2.92328200
-2.59680500
-4.24685500
-3.55003800
-1.56954500
-5.21196000
-4.53067700
-4.88081900
-3.26490200
-6.23815500
-5.82476000
-6.80139600
-5.62896200

Zero-point correction=

-2.89237200
-1.94676400
-3.57617200
-1.70061500
-1.39351200
-3.32892000
-4.31587500
-2.39077100
-0.95803500
-3.87459900
-2.19734700
0.69021100
1.45380500
0.71410100
2.08902100
2.30798200
3.56512000
1.86282400
4.35074300
3.93608400
2.64193000
0.88275100
3.90349900
5.32481900
2.26986000
4.66199700
4.45264300
5.65123000

0.43474600
-0.56719100
1.03261500
-0.95948200
-1.03244200
0.63818300
1.81585800
-0.36057500
-1.73901800
1.11887800
-0.67060100
0.20392000
1.15341700
1.82559300
1.75187700
0.48802800
-0.04765300
0.34668200
-0.69170800
0.03143900
-0.28894200
0.74311100
-0.82495800
-1.10339100
-0.38070700
-1.50232400
-1.32360500
-1.61490900

0.654603 (Hartree/Particle)

Thermal correction to Energy= 0.696528
Thermal correction to Enthalpy= 0.697473
Thermal correction to Gibbs Free Energy= 0.578085
Sum of electronic and zero-point Energies= -2612.766570
Sum of electronic and thermal Energies= -2612.724644
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Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

Cartesian Coordinates

-2612.723700
-2612.843087

Atom X Y Z

C 3.15766800 -1.11540000 -2.63221200
C 3.69118600 -0.06086400 -1.84483800
C 3.84434800 -0.15965600 -0.42663700
C 3.29589900 -1.32674600 0.18142800
C 2.72991000 -2.38953100 -0.58372200
C 2.66498000 -2.29642800 -2.00451100
H 3.03835500 -0.98155900 -3.70908300
H 3.96527200 0.86800000 -2.34779400
H 3.28577600 -1.40542400 1.27116800
H 2.28896200 -3.24330900 -0.06783100
Ru 1.66746800 -0.49322100 -1.03637500
Cl -0.37632600 -1.26073000 -2.11042900
Cl 0.96885800 1.80279500 -1.72118800
C 0.39918600 -0.13642100 0.78398400
C 1.15461000 0.56704700 1.89735100
C 1.62192700 -0.09326600 3.05250100
C 1.41164200 1.95221500 1.79604800
C 2.30428900 0.60206000 4.05753200
H 1.45172200 -1.16402700 3.16546800
C 2.08236400 2.64474500 2.80606000
H 1.09965000 2.49298100 0.90024100
C 2.53529700 1.97522600 3.94800300
H 2.65006100 0.05643500 4.94171800
H 2.26049300 3.71894400 2.69073400
H 3.06291200 2.51679500 4.73921200
C -0.18899500 -1.47640600 1.16432400
O 0.49434000 -2.38345200 1.60206500
O -1.51480200 -1.54184800 1.00561400
C -2.29462800 -2.77781400 1.19323000
C 4.56024000 0.88690900 0.41320200
H 4.00585600 0.96429100 1.36376100
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5.98561900
6.59143200
6.49878700
5.97131100
4.59390100
3.58726100
4.99015500
5.25497800
2.06634700
2.87400200
1.35151800
1.53357800
-0.32527100
-1.71686100
-1.54784600
-0.76238500
-2.43978200
-2.28776700
-2.74040200
-2.85198600
-1.25251100
-3.68449400
-3.78798500
-4.86574600
-5.03890000
-2.87695700
-6.11936500
-4.82639800
-6.21177100
-5.09580100
-7.02684000
-7.19129400
-0.68583600
-1.72140400
-2.42925400
-1.21393500

125

0.39757900
0.28418300
1.12245700
-0.57822700
2.28390800
2.61175500
3.01528700
2.31541200
-3.40664600
-4.07987800
-3.99714600
-3.01174600
1.31299200
-3.92122400
-3.57522400
-4.28009800
-4.75527500
-3.13587200
-2.33223700
-4.06673800
-3.29689500
-2.40314400
-1.75170100
-2.73443600
-1.44725900
-1.48033600
-2.42838500
-3.23905000
-1.78367200
-0.94596000
-2.69702400
-1.54557700
0.75963300
1.40858200
0.60046000
1.73282300

0.74555600
-0.17266100
1.40336600
1.26293300
-0.22093600
-0.52984900
0.50548100
-1.10699000
-2.82198300
-3.16969400
-2.22859600
-3.70053500
-0.51165400
0.33944200
-0.69320100
0.75236300
0.32176800
2.68334100
3.28895200
2.86064500
3.01791300
0.65966600
-0.58379300
1.33954900
-1.12657600
-1.12592700
0.79472700
2.30729200
-0.44007400
-2.09841700
1.34509300
-0.86706200
0.29975200
1.15785100
1.37277700
2.07722100
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C -2.34129600 2.54825900 0.41932500
C -1.90944700 3.87039000 0.62145300
C -3.36838800 2.32658400 -0.51576600
C -2.47800600 4.93275600 -0.07400100
H -1.11336600 4.07411300 1.34537000
C -3.94090000 3.37908000 -1.22078500
H -3.72584300 1.30682800 -0.69056300
C -3.50491100 4.70726500 -1.01654600
H -2.12361700 5.95332300 0.10370200
H -4.73737700 3.17955200 -1.94501400
N -4.04302500 5.74891700 -1.74222800
H -4.91672000 5.59573400 -2.23268300
H -3.88590500 6.69649700 -1.41864700
S¢-2a
Zero-point correction= 0.295672 (Hartree/Particle)
Thermal correction to Energy= 0.314549
Thermal correction to Enthalpy= 0.315493
Thermal correction to Gibbs Energy= 0.245413
Sum of electronic and zero-point Energies= -917.067720
Sum of electronic and thermal Energies= -917.048844
Sum of electronic and thermal Enthalpies= -917.047900
Sum of electronic and thermal Free Energies= -917.117980
Cartesian Coordinates

Atom X Y Z

C 0.63206800 -0.73765800 0.00013100
C 1.61828500 0.36077600 -0.00004600
O -0.62944200 -0.24576100 0.00019600
C 3.09360900 0.23734400 -0.00001600
C 3.72161200 -1.02145400 -0.00036800
C 3.90268700 1.38974000 0.00034400
C 5.11316600 -1.11056600 -0.00035400
H 3.11690600 -1.91777000 -0.00062800
C 5.29076200 1.28785400 0.00034300
H 3.45156700 2.37819500 0.00064700
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Zero-point correction=

Thermal
Thermal
Thermal
Sum of
Sum of

Sum of

5.90752400 0.03572100
5.57645600 -2.09379000
5.89016400 2.19433500
6.99096600 -0.04360900
0.93084400 -1.91760100
0.69011500 2.63327500
1.10629800 1.57338200
-1.80746800 -1.12792900
-1.79718400 -1.98031500
-2.71912200 -2.56562100
-0.94653900 -2.66336600
-1.74696500 -1.33239700
-1.79705000 -1.98020200
-0.94638800 -2.66324700
-2.71892300 -2.56563200
-1.74686800 -1.33227900
-3.01382000 -0.17970500
-2.88252600 1.21375100
-4.30812800 -0.72370100
-4.01084800 2.03773700
-1.89733300 1.66152100
-5.43404900 0.09750400
-4.44604700 -1.80164900
-5.29047800 1.48615200
-3.88168800 3.11693500
-6.42440400 -0.35019300
-6.16684800 2.12857600

“Sp-2a

correction to Energy=

correction to Enthalpy=

correction to Gibbs Free Energy=
electronic and zero-point Energies=
electronic and thermal Energies=

electronic and thermal Enthalpies=
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-0.00000600
-0.00063200
0.00062900
-0.00000200
0.00021100
-0.00032300
-0.00019500
0.00006600
1.27910000
1.34410300
1.28375200
2.16001800
-1.27903200
-1.28367400
-1.34406900
-2.15993300
0.00003300
0.00005300
-0.00002800
-0.00000300
0.00012400
-0.00008500
-0.00003000
-0.00007800
0.00001400
-0.00013800
-0.00012800

0.294007 (Hartree/Particle)

0.311111
0.312056
0.248521
-916.976833
-916.959728
-916.958784



O© 0 N O G & W N =~

W W W W W W W NN DN NN NN NN P P P P2 2= s =2 =
SN G A W NN PR O O 0NN 0N R WDy RO O 00NN YO Wy = O

Sum of electronic and thermal Free Energies= -917.022318
Cartesian Coordinates

Atom X Y Z

C 0.63206800 -0.73765800 0.00013100
C 1.61828500 0.36077600 -0.00004600
O -0.62944200 -0.24576100 0.00019600
C 3.09360900 0.23734400 -0.00001600
C 3.72161200 -1.02145400 -0.00036800
C 3.90268700 1.38974000 0.00034400
C 5.11316600 -1.11056600 -0.00035400
H 3.11690600 -1.91777000 -0.00062800
C 5.29076200 1.28785400 0.00034300
H 3.45156700 2.37819500 0.00064700
C 5.90752400 0.03572100 -0.00000600
H 5.57645600 -2.09379000 -0.00063200
H 5.89016400 2.19433500 0.00062900
H 6.99096600 -0.04360900 -0.00000200
O 0.93084400 -1.91760100 0.00021100
N 0.69011500 2.63327500 -0.00032300
N 1.10629800 1.57338200 -0.00019500
C -1.80746800 -1.12792900 0.00006600
C -1.79718400 -1.98031500 1.27910000
H -2.71912200 -2.56562100 1.34410300
H -0.94653900 -2.66336600 1.28375200
H -1.74696500 -1.33239700 2.16001800
C -1.79705000 -1.98020200 -1.27903200
H -0.94638800 -2.66324700 -1.28367400
H -2.71892300 -2.56563200 -1.34406900
H -1.74686800 -1.33227900 -2.15993300
C -3.01382000 -0.17970500 0.00003300
C -2.88252600 1.21375100 0.00005300
C -4.30812800 -0.72370100 -0.00002800
C -4.01084800 2.03773700 -0.00000300
H -1.89733300 1.66152100 0.00012400
C -5.43404900 0.09750400 -0.00008500
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H -4.44604700 -1.80164900 -0.00003000
C -5.29047800 1.48615200 -0.00007800
H -3.88168800 3.11693500 0.00001400
H -6.42440400 -0.35019300 -0.00013800
H -6.16684800 2.12857600 -0.00012800
S;-2a
Zero-point correction= 0.295197 (Hartree/Particle)
Thermal correction to Energy= 0.313867
Thermal correction to Enthalpy= 0.314811
Thermal correction to Gibbs Free Energy= 0.246057
Sum of electronic and zero-point Energies= -917.006484
Sum of electronic and thermal Energies= -916.987814
Sum of electronic and thermal Enthalpies= -916.986870
Sum of electronic and thermal Free Energies= -917.055625
Cartesian Coordinates

Atom X Y Z

C -0.61160500 -0.70019500 0.00044000
C -1.59669500 0.40871300 0.00018900
O 0.65278500 -0.23189900 0.00011300
C -3.01855100 0.23741800 0.00001900
C -3.61638200 -1.06535200 -0.00039500
C -3.90862300 1.35808000 0.00021400
C -4.99142400 -1.21941000 -0.00060000
H -2.96952200 -1.93006700 -0.00054000
C -5.28163700 1.18121600 0.00002000
H -3.50536200 2.36033700 0.00052300
C -5.83875500 -0.10367200 -0.00039200
H -5.41323600 -2.22051000 -0.00093200
H -5.92893800 2.05363200 0.00020000
H -6.91729100 -0.23355300 -0.00054500
O -0.90622900 -1.88747700 0.00072700
N -1.38259600 2.79311500 -0.00005600
N -0.96692200 1.68849200 0.00011700
C 1.81890200 -1.12263100 0.00017100
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C 1.80661900 -1.97614600 -1.27858400
H 2.72756400 -2.56337600 -1.34245900
H 0.95427100 -2.65701100 -1.28349200
H 1.75877500 -1.32799400 -2.15946800
C 1.80670700 -1.97578900 1.27915900
H 0.95432400 -2.65661100 1.28433500
H 2.72762600 -2.56305100 1.34310700
H 1.75897800 -1.32739500 2.15987100
C 3.02802700 -0.17700100 -0.00002100
C 2.89128700 1.21647300 -0.00019200
C 4.32251000 -0.71965700 -0.00004900
C 4.01911400 2.04129400 -0.00038400
H 1.90225800 1.65692000 -0.00016600
C 5.44708600 0.10376900 -0.00024100
H 4.46208800 -1.79759700 0.00007600
C 5.30009100 1.49205400 -0.00041000
H 3.88873200 3.12046000 -0.00051100
H 6.43857300 -0.34167000 -0.00025900
H 6.17531800 2.13625700 -0.00056000
Tu-2a
Zero-point correction= 0.293214 (Hartree/Particle)
Thermal correction to Energy= 0.310757
Thermal correction to Enthalpy= 0.311701
Thermal correction to Gibbs Free Energy= 0.246257
Sum of electronic and zero-point Energies= -917.019944
Sum of electronic and thermal Energies= -917.002401
Sum of electronic and thermal Enthalpies= -917.001457
Sum of electronic and thermal Free Energies= -917.066901
Cartesian Coordinates

Atom X Y Z

C -0.61150900 -0.70047100 0.00023300
C -1.59651400 0.40855100 0.00019600
O 0.65296600 -0.23233800 0.00011400
C -3.01839600 0.23742000 -0.00000500
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-3.61637000
-3.90837100
-4.99143300
-2.96961300
-5.28141500
-3.50502400
-5.83866600
-5.41333000
-5.92863300
-6.91721700
-0.90626800
-1.38215500
-0.96663900
1.81908500
1.80694000
2.72786800
0.95458100
1.75922600
1.80707000
0.95471800
2.72800800
1.75943200
3.02789700
2.89058500
4.32258700
4.01807700
1.90135900
5.44682900
4.46259400
5.29927200
3.88725900
6.43849500
6.17424100

Zero-point correction=

-1.06527100
1.35815300
-1.21918100
-1.93006200
1.18144200
2.36036400
-0.10337400
-2.22024200
2.05392200
-0.23313300
-1.88769500
2.79295800
1.68827300
-1.12308400
-1.97664000
-2.56390400
-2.65748600
-1.32852600
-1.97608800
-2.65693800
-2.56332000
-1.32760100
-0.17712200
1.21628000
-0.71928600
2.04155700
1.65631000
0.10459400
-1.79716800
1.49282400
3.12067000
-0.34044400
2.13737700

-0.00073200
0.00047700
-0.00094900
-0.00110000
0.00026900
0.00102700
-0.00044900
-0.00152200
0.00067700
-0.00061600
0.00042600
0.00046900
0.00041600
0.00025300
-1.27849900
-1.34225400
-1.28350700
-2.15942100
1.27936600
1.28474500
1.34329100
2.16001800
-0.00003200
-0.00041200
0.00007800
-0.00068100
-0.00048800
-0.00018900
0.00037600
-0.00057400
-0.00097500
-0.00009400
-0.00078500

0.293443 (Hartree/Particle)
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Thermal correction to Energy= 0.312462
Thermal correction to Enthalpy= 0.313406
Thermal correction to Gibbs Free Energy= 0.243275
Sum of electronic and zero-point Energies= -917.023262
Sum of electronic and thermal Energies= -917.004242
Sum of electronic and thermal Enthalpies= -917.003298
Sum of electronic and thermal Free Energies= -917.073430
Cartesian Coordinates

Atom X Y Z

C -0.65989800 -0.63094300 0.49945800
C -1.66453000 0.48294200 0.43206800
O 0.56757700 -0.19842800 0.19196900
C -3.02856100 0.27451600 0.01868500
C -3.50548800 -0.98720600 -0.42769600
C -3.93879500 1.36737900 0.02030900
C -4.82036700 -1.13613900 -0.84693900
H -2.83856700 -1.83867100 -0.42539000
C -5.24933500 1.20277700 -0.39953000
H -3.58964600 2.33651400 0.35654000
C -5.70082800 -0.04881900 -0.83642800
H -5.16455400 -2.10989900 -1.18388400
H -5.92665200 2.05208100 -0.38771000
H -6.72879900 -0.17467000 -1.16474200
O -0.96606600 -1.77261900 0.79789200
N -0.27159800 2.19726300 1.22617000
N -1.32782600 1.78529600 0.81815000
C 1.74774600 -1.08671700 0.22485500
C 1.55046500 -2.19641400 -0.81901000
H 2.44491500 -2.82283500 -0.87626500
H 0.70222300 -2.82915800 -0.55365000
H 1.38209100 -1.75692300 -1.80724900
C 1.92827700 -1.63680100 1.64819500
H 2.86695500 -2.19659200 1.70496900
H 1.98544500 -0.80993300 2.36293400
H 1.10516200 -2.29844900 1.92340200
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C 2.93070100 -0.18268700 -0.14328600
C 2.81082500 1.20888400 -0.24033200
C 4.19193900 -0.76044000 -0.35753700
C 3.92085800 1.99660500 -0.55526600
H 1.85300400 1.67983000 -0.05942300
C 5.29884900 0.02679400 -0.67045300
H 4.32137300 -1.83643700 -0.27697000
C 5.16720100 1.41254100 -0.77439800
H 3.80399400 3.07495300 -0.62518700
H 6.26423000 -0.44538400 -0.83310400
H 6.02836000 2.02839600 -1.01957400
3TS4
Zero-point correction= 0.290874 (Hartree/Particle)
Thermal correction to Energy= 0.310337
Thermal correction to Enthalpy= 0.311282
Thermal correction to Gibbs Free Energy= 0.239725
Sum of electronic and zero-point Energies= -917.009530
Sum of electronic and thermal Energies= -916.990067
Sum of electronic and thermal Enthalpies= -916.989123
Sum of electronic and thermal Free Energies= -917.060679
Cartesian Coordinates

Atom X Y Z

C -0.66481100 -0.74735200 0.30763000
C -1.67089100 0.31422800 0.25933900
O 0.57315600 -0.26037800 0.10613700
C -3.05553800 0.22944200 -0.01995700
C -3.65976800 -1.00993400 -0.39280600
C -3.88755500 1.38592000 0.02180500
C -5.00946900 -1.07084900 -0.70444200
H -3.04721900 -1.90211800 -0.41433900
C -5.23515000 1.30356700 -0.29173600
H -3.45298700 2.33743300 0.30175900
C -5.80759200 0.07879500 -0.65743600
H -5.44847900 -2.02479200 -0.98397200
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H -5.84872000 2.19943900
H -6.86459900 0.02110400
0) -0.94614500 -1.92222300
N -0.16780100 2.15819600
N -1.19192900 1.95627100
C 1.77046600 -1.11340200
C 1.68064500 -2.21088200
H 2.61769600 -2.77491300
H 0.86060900 -2.89844700
H 1.52974400 -1.75812900
C 1.88264900 -1.68412900
H 2.81405900 -2.24793900
H 1.89517100 -0.86812500
H 1.04597700 -2.35097200
C 2.94537900 -0.17543200
C 2.76821300 1.17144200
C 4.25307100 -0.68423000
C 3.86766800 1.98543000
H 1.77004800 1.58750100
C 5.34987300 0.12758500
H 4.42483600 -1.72668200
C 5.16173000 1.47022300
H 3.70504900 3.02923000
H 6.35205300 -0.29121800
H 6.01526700 2.10563500
3carbene

Zero-point correction=

Thermal correction to Energy=

Thermal correction to Enthalpy=

Thermal correction to Gibbs Free Energy=
Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=
Sum of electronic and thermal Free Energies=

Cartesian Coordinates
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-0.25241000
-0.90155000
0.50886700
1.37798500
0.92265500
0.17820500
-0.89516000
-0.92501100
-0.68397000
-1.88042200
1.60039700
1.70644500
2.32963900
1.81666000
-0.12724600
-0.46408300
-0.08624200
-0.74775100
-0.49825800
-0.36976200
0.16880700
-0.70262300
-1.00369700
-0.32984700
-0.92314000

0.284213 (Hartree/Particle)

0.301281
0.302225
0.236644
-807.515685
-807.498618
-807.497674
-807.563255
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Atom X Y Z

C -0.72691400 -0.66791000 -0.00031000
C -1.72529600 0.37304100 -0.00029900
O 0.51891900 -0.14786200 -0.00030200
C -3.12929400 0.41321600 -0.00012100
C -3.92883800 -0.76998800 0.00006100
C -3.79299400 1.67316800 -0.00012700
C -5.31282600 -0.67632600 0.00022900
H -3.42852100 -1.73112900 0.00006600
C -5.17778200 1.74511500 0.00004200
H -3.19316200 2.57830300 -0.00026700
C -5.94602700 0.57352700 0.00022100
H -5.90938200 -1.58483400 0.00036800
H -5.66694900 2.71536100 0.00003500
H -7.03074100 0.63426700 0.00035400
O -1.00632100 -1.86330900 0.00000700
C 1.72038400 -0.98861600 -0.00004700
C 1.74000700 -1.84311600 -1.27813600
H 2.67963300 -2.40007600 -1.34175200
H 0.91037700 -2.55215900 -1.28191600
H 1.66893900 -1.19848600 -2.15997500
C 1.73969900 -1.84282100 1.27824400
H 2.67933200 -2.39973000 1.34222100
H 1.66839400 -1.19798900 2.15991700
H 0.91009200 -2.55189000 1.28198500
C 2.89130100 0.00323100 -0.00000400
C 2.70003600 1.39006700 -0.00008700
C 4.20651700 -0.48676900 0.00015100
C 3.79311600 2.26012600 -0.00002000
H 1.69329400 1.78871000 -0.00020800
C 5.29716400 0.38111000 0.00021700
H 4.38879700 -1.55827000 0.00022400
C 5.09500600 1.76245700 0.00013100
H 3.62010500 3.33334600 -0.00008900
H 6.30569000 -0.02419900 0.00033700

135



O© 0 N O G & W N =~

W W W W W W W NN DN NN NN NN P P P P2 2= s =2 =
SN G A W NN PR O O 0NN 0N R WDy RO O 00NN YO Wy = O

H 5.94377100 2.44108300

ITS4

Zero-point correction=

0.00018300

0.291550 (Hartree/Particle)

Thermal correction to Energy= 0.311007
Thermal correction to Enthalpy= 0.311952
Thermal correction to Gibbs Free Energy= 0.241418
Sum of electronic and zero-point Energies= -917.015110
Sum of electronic and thermal Energies= -916.995653
Sum of electronic and thermal Enthalpies= -916.994709
Sum of electronic and thermal Free Energies= -917.065242
Cartesian Coordinates

Atom X Y V4

C 0.66769700 -0.82298800 0.59886200
C 1.74008600 0.09342000 0.90250000
O -0.53676200 -0.29693200 0.29428700
C 3.00339300 0.08413900 0.19530600
C 3.27348900 -0.77657400 -0.89503600
C 4.03756100 0.93574400 0.64719800
C 4.52736400 -0.78819700 -1.49492500
H 2.50038400 -1.45857600 -1.23262400
C 5.27729900 0.95227500 0.01902400
H 3.84038500 1.58077400 1.49838400
C 5.52573200 0.08474200 -1.04962700
H 4.72717600 -1.46605200 -2.32020500
H 6.05760700 1.62146800 0.37035000
H 6.50034700 0.08297000 -1.53060700
O 0.91395200 -2.01641100 0.77407200
N 0.73541600 2.86733400 1.08287900
N 0.97629400 1.88850800 0.61034000
C -1.74806400 -1.12970900 0.25250100
C -1.97914400 -1.73944900 1.64418900
H -2.92038300 -2.29679300 1.66236800
H -1.16538500 -2.41860700 1.90357800
H -2.04067900 -0.94545000 2.39510700
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-1.59834400
-0.80795700
-2.54005500
-1.36348900
-2.88265600
-2.65710700
-4.20141100
-3.71779400
-1.64888300
-5.26022900
-4.41134900
-5.02315400
-3.51663400
-6.27170700
-5.84718600

Zero-point correction=

-2.20019300
-2.90731000
-2.74509300
-1.72407500
-0.16420700
1.18165400
-0.64324300
2.02362100
1.57355500
0.19576600
-1.68421500
1.53735700
3.06565800
-0.20112300
2.19374700

Icarbene

-0.84184100
-0.58654000
-0.95995100
-1.79949600
-0.11450900
-0.42548800
-0.16273600
-0.76889800
-0.39848800
-0.50547000

0.06802000
-0.81015300
-1.00432200
-0.53373400
-1.07663000

0.284230 (Hartree/Particle)

Thermal correction to Energy= 0.301422
Thermal correction to Enthalpy= 0.302366
Thermal correction to Gibbs Free Energy= 0.236916
Sum of electronic and zero-point Energies= -807.508606
Sum of electronic and thermal Energies= -807.491414
Sum of electronic and thermal Enthalpies= -807.490470
Sum of electronic and thermal Free Energies= -807.555920
Cartesian Coordinates

Atom X Y Z

C 0.78665400 1.22911500 -0.50962000
C 1.85732500 0.56101300 -1.18780100
O -0.32866800 0.48559000 -0.35018300
C 2.94697100 -0.00725300 -0.46473200
C 3.09035100 0.04382300 0.95075200
C 3.94373100 -0.68650900 -1.21397200
C 4.17489300 -0.55260200 1.57553800
H 2.34600100 0.57911800 1.53280500
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5.01450900
3.82998500
5.12980000
4.28393300
5.76478600
5.97328400
0.92664900
-1.61060800
-2.02459000
-3.02388000
-1.31921900
-2.05537000
-1.46972800
-0.76174200
-2.43806500
-1.11959000
-2.60449400
-2.23636900
-3.93582700
-3.17188600
-1.21494000
-4.86974800
-4.25434600
-4.49098700
-2.86265900
-5.89463600
-5.21738300

Zero-point correction=

Thermal
Thermal
Thermal
Sum of
Sum of

Sum of

correction to Energy=

correction to Enthalpy=

correction

to Gibbs

-1.30905500
-0.70742400
-1.23551000
-0.50185800
-1.83741300
-1.71041700
242136900
1.06998300
2.14574100
2.52291600
2.97862500
1.71604400
1.63409600
2.46469100
1.98891200
0.85019200
-0.09805100
-1.38766300
0.12331100
-2.42512500
-1.57771700
-0.91136600
1.11411900
-2.19419600
-3.41832500
-0.71319300
-3.00245100

-0.58424400
-2.29315000
0.80800000
2.65516700
-1.16513500
1.30287700
-0.23616900
0.06115800
-0.95579300
-0.71712400
-0.94270800
-1.96195000
1.48471400
1.49624200
1.85067900
2.16441600
0.03869800
-0.36264100
0.42410000
-0.37498600
-0.66739900
0.41154400
0.73742900
0.01160800
-0.69088200
0.71460600
0.00100100

0.284007 (Hartree/Particle)

Energy=

electronic and zero-point Energies=

electronic and thermal Energies=

electronic and thermal Enthalpies=

0.292172
0.292790
0.257011
-807.504969
-807.496804
-807.496187
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Sum of electronic and thermal Free Energies= -807.531966
Cartesian Coordinates

Atom X Y Z

C -0.74140200 -1.06966900 -0.51511000
C -1.80422700 -0.23166200 -0.99800400
O 0.41442400 -0.38853200 -0.35622100
C -3.02352500 0.14227100 -0.40709700
C -3.46825600 -0.37702000 0.84594300
C -3.85311800 1.08830100 -1.07319900
C -4.67539900 0.03414600 1.38954100
H -2.85593800 -1.11695800 1.35145900
C -5.04296000 1.51610100 -0.50249600
H -3.52127900 1.47227600 -2.03295000
C -5.45973300 0.98807700 0.72578200
H -5.00900000 -0.37667200 2.33840400
H -5.65746100 2.25249900 -1.01247100
H -6.39796000 1.31689100 1.16422600
O -0.90156400 -2.27811400 -0.36310900
C 1.68368100 -1.05373900 -0.04069000
C 2.03849100 -2.00944900 -1.19141900
H 3.02871200 -2.44599600 -1.02880700
H 1.30599300 -2.81596200 -1.26098400
H 2.06258800 -1.45972700 -2.13782100
C 1.56336100 -1.77645500 1.31128400
H 0.84007400 -2.59121900 1.25001300
H 2.53465500 -2.18563500 1.60498700
H 1.24817400 -1.06980400 2.08605500
C 2.71188800 0.08110600 0.05048600
C 2.36743900 1.42404200 -0.14221100
C 4.05061300 -0.22688100 0.33811000
C 3.33361700 2.42859700 -0.04587100
H 1.34069000 1.68249800 -0.36890100
C 5.01489500 0.77482100 0.43381800
H 4.35094700 -1.26018700 0.49036600
C 4.65980100 2.11142400 0.24314800
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H 3.04194000 3.46453500 -0.19869800
H 6.04446100 0.50809700 0.65790300
H 5.40953100 2.89445500 0.31976800
TS5
Zero-point correction= 0.402693 (Hartree/Particle)
Thermal correction to Energy= 0.426748
Thermal correction to Enthalpy= 0.427692
Thermal correction to Gibbs Free Energy= 0.343837
Sum of electronic and zero-point Energies= -1095.001561
Sum of electronic and thermal Energies= -1094.977507
Sum of electronic and thermal Enthalpies= -1094.976562
Sum of electronic and thermal Free Energies= -1095.060418
Cartesian Coordinates

Atom X Y Z

C 0.59716800 0.37079900 -0.18079100
C 0.88367500 1.75324700 -0.02018400
C 0.22420800 2.60129000 0.91408000
C 1.85880800 2.32877600 -0.87873100
C 0.52015400 3.95488800 0.97361900
H -0.52818100 2.17335400 1.56994100
C 2.16700200 3.68021200 -0.80376200
H 2.35857800 1.67019600 -1.58150800
C 1.49421300 4.49021400 0.11882100
H 0.00697200 4.59963700 1.68143600
H 2.91996100 4.11054100 -1.45737900
H 1.72847800 5.55046300 0.17310700
C -0.29711800 -0.36165500 0.66708500
O 0.10185100 -1.13528700 1.54194500
O -1.59007400 -0.19679500 0.29117600
C -2.64923600 -1.14610700 0.66195600
C -2.24424900 -2.56033100 0.21775200
H -1.36619000 -2.90217700 0.76877100
H -3.06752900 -3.25840800 0.39753800
H -2.02259400 -2.56688400 -0.85415000
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-2.88575700
-3.73193800
-1.99650300
-3.12141100
-3.88886000
-5.10552300
-3.85471300
-6.25264500
-5.16444100
-5.00430600
-2.92500300
-6.20755700
-7.18221200
-4.95322700
-7.10063400
3.03717800
3.38333100
2.13777400
3.99341100
5.36716500
3.60310500
6.31766300
5.68433200
4.56280200
2.54397000
5.92712700
7.37348500
4.23907500
6.67021800

Zero-point correction=

Thermal correction to Energy=
Thermal correction to Enthalpy=

Thermal

correction

to Gibbs

-1.05351900
-1.68307400
-1.37878300
-0.02136500
-0.67806700
-1.35528700
0.40189800
-0.96475700
-2.20007200
0.79402600
0.93527800
0.11517400
-1.50643200
1.63549100
0.42141300
-0.65335600
-0.45091900
-1.12694000
-1.10449200
-0.94284100
-1.68197500
-1.35485500
-0.49515100
-2.09466600
-1.77571200
-1.93771300
-1.22311100
-2.54125700
-2.26149900

2.17820500
2.47055700
2.72043100
2.45756000
-0.11067300
0.06606800
-1.00074600
-0.62274900
0.74734100
-1.69095000
-1.15395500
-1.50635500
-0.46801100
-2.37735400
-2.04450500
1.29847200
2.22836100
1.32326100
0.39338600
0.65120500
-0.83089300
-0.28082700
1.59139100
-1.75075200
-1.05386700
-1.48782600
-0.05582600
-2.68808900
-2.21094200

0.407439 (Hartree/Particle)

Energy=

Sum of electronic and zero-point Energies=

0.430229
0.431173
0.352604

-1095.057121
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Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

Cartesian Coordinates

-1095.034331
-1095.033387
-1095.111956

Atom X Y Z

C -0.79725900 0.21162800 -0.10834400
C -1.29118500 1.57133000 -0.12708700
C -0.64059400 2.62644900 0.56268300
C -2.45637200 1.91651400 -0.85577200
C -1.12002400 3.92954000 0.50370100
H 0.24415400 2.40561900 1.14480200
C -2.92766100 3.22772800 -0.90673100
H -3.02506100 1.15271500 -1.37949400
C -2.26529000 4.25112000 -0.23196200
H -0.58888900 4.70863700 1.04629600
H -3.82685300 3.44321000 -1.47967500
H -2.63387300 5.27227200 -0.27000800
C 0.41163100 -0.39067500 0.31373300
O 0.68074800 -1.58700500 0.02431000
O 1.25306500 0.38747100 1.04464800
C 2.58732400 -0.10462100 1.39499900
C 3.19873600 1.09142600 2.14421800
H 2.60832700 1.32156900 3.03771400
H 4.22339900 0.85659900 2.44911000
H 3.22544700 1.97786600 1.50401000
C 2.46879400 -1.30165600 2.34722300
H 3.43806000 -1.52462800 2.80594200
H 1.77283300 -1.04277500 3.15189600
H 2.09628000 -2.18564700 1.83011500
C 3.40001200 -0.37406000 0.12482400
C 4.30963200 -1.43318800 0.03308500
C 3.29749300 0.51127900 -0.95868700
C 5.09352800 -1.60659700 -1.10995400
H 4.40897000 -2.13920900 0.85100500
C 4.07453700 0.33686800 -2.10232000
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H 2.59127100 1.33501200 -0.90776600
C 4.97967100 -0.72364900 -2.18278200
H 5.79073800 -2.43921700 -1.15990600
H 3.97343700 1.03211900 -2.93204700
H 5.58793200 -0.86010400 -3.07313400
N -1.51491300 -0.81135800 -0.90385600
H -1.61800900 -0.52989600 -1.88753200
H -0.77145200 -1.57824100 -0.84872800
C -2.81453100 -1.34091800 -0.42978600
C -3.73459800 -1.80001700 -1.36837200
C -3.06386800 -1.42197300 0.93517700
C -4.93905900 -2.35030200 -0.92735300
H -3.51920600 -1.72888700 -2.43274500
C -4.26925700 -1.97697900 1.36548200
H -2.32816700 -1.03824500 1.63387100
C -5.20648500 -2.44069200 0.43953300
H -5.66505700 -2.70484000 -1.65315100
H -4.47665400 -2.04226600 2.42959500
H -6.14478900 -2.86722700 0.78208600
TS6
Zero-point correction= 0.403703 (Hartree/Particle)
Thermal correction to Energy= 0.426172
Thermal correction to Enthalpy= 0.427116
Thermal correction to Gibbs Free Energy= 0.349369
Sum of electronic and zero-point Energies= -1095.058632
Sum of electronic and thermal Energies= -1095.036163
Sum of electronic and thermal Enthalpies= -1095.035219
Sum of electronic and thermal Free Energies= -1095.112966
Cartesian Coordinates

Atom X Y Z

C -0.79056500 0.25210300 -0.12241100
C -1.32061400 1.59979800 -0.16004300
C -0.70275100 2.67388700 0.52633200
C -2.48476600 1.90115900 -0.90456900
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-1.21711000
0.18282700
-2.99247900
-3.01303000
-2.36442800
-0.71382200
-3.89077300
-2.76144800
0.40327500
0.63951600
1.26084100
2.59881100
3.23106500
2.65417300
4.25626400
3.26059200
2.47269000
3.44566500
1.79541700
2.07702100
3.38439300
4.26355800
3.28428400
5.02201900
4.35935500
4.03536300
2.60084800
4.91115200
5.69646600
3.93683300
5.49924000
-1.44620100
-1.48708900
-0.51709300
-2.72673300
-3.59794700
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3.96381400
248214100
3.19746100
1.11180500
4.24387800
4.76283100
3.38509200
5.25387200
-0.30061900
-1.53979200
0.45174400
-0.05371600
1.14704300
1.39815600
0.90448700
2.02242500
-1.23361300
-1.46700000
-0.95076800
-2.11987500
-0.35322000
-1.43731900
0.52382300
-1.64211400
-2.13750400
0.31728900
1.36637400
-0.76717200
-2.49290200
1.00605000
-0.92846400
-0.84813700
-0.67726500
-1.58689100
-1.38078200
-1.94006200

0.45263900
1.11887500
-0.96968700
-1.43163800
-0.29546300
0.99259100
-1.55346800
-0.34566200
0.35417000
0.08757300
1.06650300
1.40682900
2.12871400
3.02523800
2.42498300
1.47381600
2.37798700
2.82298600
3.19026000
1.88199800
0.12737000
0.03091100
-0.96316400
-1.12393500
0.85419200
-2.11874700
-0.90915300
-2.20363700
-1.17774100
-2.95400300
-3.10324500
-0.85606900
-1.86538500
-0.60085200
-0.40172300
-1.33685400
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C -3.03960300 -1.38608200 0.95623300
C -4.79765800 -2.50867200 -0.90782100
H -3.34247200 -1.93227800 -2.39476100
C -4.24052100 -1.95789400 1.37553000
H -2.35307600 -0.93218800 1.66290900
C -5.12183300 -2.52020700 0.44951900
H -5.47743100 -2.93955000 -1.63747300
H -4.48851100 -1.95942400 2.43321500
H -6.05701900 -2.96048600 0.78311300
IN2
Zero-point correction= 0.407314 (Hartree/Particle)
Thermal correction to Energy= 0.430140
Thermal correction to Enthalpy= 0.431084
Thermal correction to Gibbs Energy= 0.352835
Sum of electronic and zero-point Energies= -1095.072755
Sum of electronic and thermal Energies= -1095.049929
Sum of electronic and thermal Enthalpies= -1095.048985
Sum of electronic and thermal Free Energies= -1095.127234
Cartesian Coordinates

Atom X Y Z

C -0.69481200 0.05310300 -0.02633800
C -1.03283600 1.48627800 -0.06799800
C -0.43180000 2.45482200 0.76733000
C -2.00277300 1.94350900 -0.98545000
C -0.76850000 3.80274000 0.66414400
H 0.29108800 2.14367000 1.50914100
C -2.33760300 3.29246600 -1.08085200
H -2.51295900 1.23393900 -1.62814000
C -1.71969300 4.23662700 -0.26090500
H -0.28622200 4.51974900 1.32452100
H -3.09048600 3.60340500 -1.80105800
H -1.98111700 5.28874900 -0.33408800
C 0.37320100 -0.53920800 0.59234200
O 0.59505700 -1.86329000 0.47825500
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1.23835000
2.66624800
3.29746100
2.84661600
4.37262500
3.15150400
2.80982700
3.86067500
2.25128700
2.42399800
3.23867100
4.11330900
2.92508800
4.66506600
4.37049800
3.46885100
2.24210900
4.34439800
5.34311900
3.20865300
4.77135200
-1.48732100
-1.39626900
-0.12832500
-2.81871600
-3.70127400
-3.25722700
-4.99447700
-3.36785400
-4.55402200
-2.58240500
-5.43174000
-5.66326000
-4.87965400
-6.44087000
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0.12479200
-0.25969500
0.96630800
1.12761200
0.80677600
1.86534500
-1.48122000
-1.63271200
-1.29757000
-2.38860900
-0.43292400
-1.47624300
0.51027800
-1.57423400
-2.22419700
0.40844500
1.32341200
-0.63391000
-2.39200800
1.14675800
-0.71213500
-0.90021200
-0.79904900
-2.15950600
-1.21248600
-1.73376700
-1.06946800
-2.10699100
-1.84930100
-1.44405900
-0.65937500
-1.96552900
-2.50762100
-1.32304200
-2.25386400

1.36902000
1.44803600
2.12548000
3.11045900
2.25263800
1.52097800
2.36289600
2.63141700
3.28567400
1.89827700
0.04084200
-0.28379900
-0.95067500
-1.56310100
0.45883400
-2.23014600
-0.72204200
-2.54139200
-1.79295700
-2.98415200
-3.53769400
-0.77050100
-1.77833300
-0.12359200
-0.39300600
-1.35167000
0.93049100
-0.99148600
-2.38171900
1.27928000
1.67472600
0.32692700
-1.74910000
2.30936900
0.60644000



TS7 major 298K

Zero-point correction= 0.766034 (Hartree/Particle)

Thermal correction to Energy= 0.807413
Thermal correction to Enthalpy= 0.808357
Thermal correction to Gibbs Free Energy= 0.688209

-1961.339466
-1961.298087
-1961.297143

Sum of electronic and zero-point Energies=
Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=
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Sum of electronic and thermal Free Energies= -1961.417292
Cartesian Coordinates

Atom X Y Z

C 2.32846800 -0.81256500 -0.38720400
C 3.61310100 -1.45483800 0.06678500
C 3.72764800 -1.96970900 1.37037000
C 4.74391700 -1.52020200 -0.76235300
C 4.91244000 -2.55389300 1.81382900
H 2.87450300 -1.90145200 2.03922300
C 5.93457400 -2.09723200 -0.31790100
H 4.69153600 -1.10908300 -1.76669300
C 6.02516900 -2.62257000 0.97135700
H 4.97155700 -2.94632000 2.82654600
H 6.79389900 -2.13502600 -0.98364000
H 6.95269200 -3.06980000 1.31982300
C 1.16463900 -1.66956300 -0.63189000
O 0.15543600 -1.30577500 -1.25538000
O 1.25344900 -2.87575900 -0.01837200
C 0.21978400 -3.89638000 -0.11823800
C 0.88250600 -5.09343600 0.58862900
H 1.80212600 -5.37636800 0.06638900
H 0.20122300 -5.94988400 0.60385800
H 1.13512000 -4.83162300 1.62003100
C -0.03891900 -4.24052500 -1.59439600
H -0.61509800 -5.16721000 -1.67849800
H 0.92181000 -4.40291600 -2.09427700
H -0.57124600 -3.43758800 -2.10379600
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-1.04327000
-1.03037900
-2.21852600
-2.16423200
-0.14749500
-3.34768000
-2.25661300
-3.32688400
-2.12823500
-4.24173100
-4.20466800
2.43392500
2.26034700
3.15197300
3.27334900
3.75106600
3.94429300
2.83778400
4.41473700
3.71647600
4.51863100
4.02071400
4.87043000
5.04472800
-0.17159600
-1.09053200
-0.63292900
-0.81349000
-1.46987500
-1.94308800
-1.75372400
-0.91766800
-1.60747900
-2.45279300
-2.11062500
-0.21450500
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-3.50681600
-2.48584800
-4.25841700
-2.22449200
-1.87340500
-4.00085600
-5.06539700
-2.97916900
-1.42714200
-4.60503000
-2.77591300
0.16498100
-0.17716000
1.34801400
2.13895500
1.82327500
3.35684100
1.77989300
3.05052000
1.21703700
3.83171600
3.93932500
3.38967100
4.78157700
0.51556600
4.73252800
3.58338300
3.41936600
4.40671900
5.54828900
5.71376500
4.87887400
4.29435000
6.32135200
6.61467000
2.11766400

0.65713500
1.61771000
0.50210300
2.39122200
1.76137200
1.28166300
-0.22403600
2.23152400
3.12982400
1.14776900
2.83909300
-1.45774000
-2.39578600
-1.39981000
-2.56548400
-0.21392900
-2.53852600
-3.49718600
-0.20336800
0.68349500
-1.35519200
-3.45393700
0.72408100
-1.33662900
-0.34157300
0.23569500
0.88434300
2.26960100
3.00503400
2.35230500
0.97638800
-0.82797000
4.07764900
2.92144900
0.48495000
2.74700900
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H 0.32227500 2.21269500 3.69712800
H -0.98464000 1.34716900 2.89154000
C 0.13316700 241875100 0.31828400
H 0.92771200 2.70812200 -0.37356300
C 0.72171700 1.68086500 1.58338300
H 1.70673300 2.15096900 1.74847300
O 0.80046400 0.31603700 1.42427400
H 1.66088500 -0.12194600 0.67126100
C -2.11507900 1.11120700 -0.00475000
C -0.75662500 1.68514500 -1.95376100
C -3.00356600 1.22856800 -1.26362300
H -2.39660600 1.81905100 0.77304100
H -2.10453900 0.10332200 0.41157200
C -2.00918800 0.95462600 -2.41438500
H -0.84789200 2.76636500 -2.08840100
H 0.17743300 1.33424200 -2.39074300
H -3.32752900 2.27431500 -1.34590200
H -1.80238700 -0.11578700 -2.50161400
N -0.69561300 1.40839200 -0.47075000
C -4.23988400 0.35194200 -1.25274900
C -5.50781200 0.92679000 -1.40405000
C -4.14499600 -1.04102400 -1.11758000
C -6.65697100 0.13474200 -1.42688300
H -5.59631900 2.00636800 -1.50691500
C -5.29213700 -1.83349400 -1.13923600
H -3.17436800 -1.51471300 -0.99135200
C -6.55134900 -1.24990800 -1.29541300
H -7.63163000 0.60067000 -1.54610400
H -5.19722000 -2.90952200 -1.02684800
H -7.44337700 -1.87044600 -1.31188400
H -2.37443000 1.32208300 -3.37785000

TS minor 298K
Zero-point correction= 0.765695 (Hartree/Particle)
Thermal correction to Energy= 0.807157

Thermal correction to Enthalpy= 0.808101
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Thermal correction to Gibbs

Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

Cartesian Coordinates

0.685179
-1961.338569
-1961.297108
-1961.296164
-1961.419086

Atom X Y Z

C 1.62165700 -1.10109500 0.45583300
C 2.50979900 -1.84518100 1.41389700
C 2.98557900 -1.23932400 2.59281300
C 2.84970300 -3.19237300 1.19677600
C 3.78849900 -1.93766300 3.49230100
H 2.72060100 -0.20811500 2.80210500
C 3.64685300 -3.89465700 2.10172600
H 2.48054500 -3.68983900 0.30551600
C 4.12627400 -3.27241800 3.25460300
H 4.14221300 -1.43891600 4.39208300
H 3.89357000 -4.93497600 1.90109200
H 4.74455100 -3.81951700 3.96178200
C 2.14194300 0.06676000 -0.24801700
O 1.71681100 0.46665500 -1.34076800
O 3.11267900 0.74194600 0.44280600
C 3.93636400 1.74895800 -0.21909400
C 3.09460900 2.97474000 -0.60146500
H 2.48154700 3.26610800 0.25841300
H 3.74108800 3.82484300 -0.84514700
H 2.44259100 2.76023700 -1.44804000
C 4.93783300 2.13718300 0.88284000
H 5.65599500 2.86836900 0.49811500
H 4.41059500 2.57561300 1.73744300
H 5.48698600 1.25731000 1.22840900
C 4.69617500 1.11726500 -1.39106500
C 5.19212700 -0.18959000 -1.26720600
C 4.98532800 1.82998100 -2.56035800
C 5.94477700 -0.76785100 -2.28797100
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4.97409200
5.74463900
4.61528000
6.22677000
6.31190500
5.95344100
6.81476900
0.89450100
1.16031100
-1.25448200
-0.18763100
-0.79664600
-0.72030700
-1.88627500
-0.38678500
-1.81502600
-0.27193400
-2.41403700
-2.32304100
-2.19799800
-3.25462500
-2.02738400
-1.60031100
-1.78364100
-2.40714000
-2.84567100
-2.65751900
-1.86039600
-2.54707600
-3.32963000
-2.99096900
-1.23253200
-0.67918500
-2.03258700
-0.87188400
-0.06069700
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-0.76109200
1.25369700
2.84211700

-0.04778900

-1.78453600
1.82571800

-0.49784000

-1.92106200

-1.80154400

0.05389700

-2.73698300

-3.40784700
-2.96046700

-4.25088500

-3.27014300
-3.80545400
-2.47476500
-4.45981800

-4.75507100
-3.96159000
-5.13110400
4.27512500

3.25745600
3.35954700
4.48671400
5.49959500
5.39752400
4.20700200
4.58117600
6.38095500
6.19956600
2.14897900
2.40340300
1.45758200
1.98920700
2.11260100

-0.36970100
-3.58149400
-2.68898300
-3.45082900
-2.17283900
-4.48219600
-4.24650200
-0.49322000
-1.46266900
0.22524700
-0.25693500
-1.34687800
1.03372100
-1.15406200
-2.34640400
1.20588100
1.89132100
0.12511500
-2.01338800
2.21206600
0.27636400
-0.24357900
0.61228500
2.00219600
2.53801900
1.68082000
0.29819000
-1.31610100
3.61194900
2.09325300
-0.35436000
2.71987400
3.63023700
3.01752200
0.27298000
-0.44682900
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-0.33615200
0.69699500
-0.39909700
0.55738000
-3.18751000
-1.57454700
-3.90825300
-3.52058500
-3.29296100
-2.78340600
-1.63401500
-0.58863300
-4.20477500
-2.60468500
-3.01472900
-1.71002700
-5.15437300
-6.40362400
-5.08834300
-7.56261600
-6.47052100
-6.24519600
-4.13427600
-7.48613300
-8.52230800
-6.17290600
-8.38573100

Zero-point correction=

Thermal
Thermal
Thermal
Sum of
Sum of

Sum of

correction to Energy=

correction to Enthalpy=

correction

to Gibbs

1.45148700
1.81519300
0.06244500
-0.41547800
0.76509400
0.65229700
0.41570900
1.71179200
-0.01909300
-0.20362300
1.63991500
0.22477900
1.36044300
-1.24943600
-0.16759200
0.85093000
-0.43006200
0.07213600
-1.72026100
-0.69063600
1.07108000
-2.48317300
-2.14523300
-1.97205400
-0.28211300
-3.48146200
-2.56918500

1.66227900

1.76189000

1.71783600

1.24598100

0.04038700
-1.79255800
-1.28444900

0.46418700

0.79247600
-2.14746700
-2.26146500
-1.98458200
-1.75796900
-1.87476000
-3.21594400
-0.30298400
-1.10468000
-1.48891900
-0.55687300
-1.33396300
-1.91505000
-0.40153300
-0.25348300
-0.78857000
-1.63925100

0.02149300
-0.66626900

0.880552 (Hartree/Particle)

Energy=

electronic and zero-point Energies=

electronic and thermal Energies=

electronic and thermal Enthalpies=

0.932335
0.933279
0.782722
-2245.040665
-2244.988883
-2244.987939
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Sum of electronic and thermal Free Energies=

Cartesian Coordinates

-2245.138496

Atom X Y Z

C -2.09364000 0.72313600 -0.83658700
C -3.06447700 1.86468600 -0.87604600
C -3.76397300 2.34808500 0.25463200
C -3.26984500 2.56100700 -2.08717400
C -4.62677000 3.44304000 0.16696400
H -3.64692100 1.85242600 1.20989100
C -4.12722500 3.65622300 -2.16819800
H -2.75389200 2.22003300 -2.97699300
C -4.81665500 4.11100500 -1.04283000
H -5.15318500 3.77336700 1.06011300
H -4.25861200 4.15564800 -3.12550600
H -5.48537700 4.96509700 -1.10689600
C -2.39720900 -0.50735800 -0.12733500
O -2.05525000 -1.63831600 -0.49904200
O -3.03859800 -0.31222900 1.07695800
N -1.46971200 0.40096600 -2.10196800
H -1.65848100 -0.54644200 -2.40836800
H 0.10930700 -3.88524100 1.08520900
C -0.31815900 0.96045100 -2.61456100
C 0.34903900 0.31981100 -3.68633400
C 0.20761900 2.18604200 -2.15327000
C 1.49484300 0.86993000 -4.24971500
H -0.05643500 -0.61102200 -4.07879500
C 1.36158800 2.72288100 -2.72403000
H -0.30565200 2.72980400 -1.36924000
C 2.02435300 2.07528700 -3.77061800
H 1.98203000 0.35177400 -5.07255900
H 1.73806300 3.67115000 -2.34698000
H 2.91641600 2.50525000 -4.21614800
H -0.55447100 -2.75168000 0.03404100
H 0.38654700 0.73603700 1.32215900
H -1.00413400 1.24142600 0.31271700
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-3.75790200
0.30658700
1.19504700
2.17117000
3.09587300
3.07108900
2.09780500
1.16728700
2.20724500
3.84119500
3.79134700
2.05534600
0.41088400
-0.38641300
-4.45914900
-5.05926200
-3.72053600
-5.12239200
-2.76657600
-2.35933600
-1.94433400
-3.25331300
-4.81386600
-5.11809200
-5.56004100
-6.13574700
-4.56121300
-6.57082000
-5.34020500
-6.86504900
-6.35156900
-7.12853900
-7.65346900
1.14417600
2.26541100
1.66250400
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-1.40896600
-3.18115800
-3.61057300
-4.58416600
-4.94443000
-4.34432900
-3.37785800
-3.01107900
-5.05132400
-5.70257900
-4.62954200
-2.90534900
-2.26079200
1.46382200
-0.69798100
-1.41573800
-0.24994000
0.08952700
-2.44157900
-3.06779100
-1.91655100
-3.07862700
-1.99505500
-3.36135400
-1.13858100
-3.86168200
-4.05193800
-1.63819000
-0.07504300
-3.00307200
-4.92703200
-0.95705100
-3.39265800
-1.45085200
-0.38969600
-0.58294300

1.73425700
0.38228000
-0.61711200
-0.35003000
-1.32920200
-2.59069800
-2.86070400
-1.88845000
0.63190600
-1.10218500
-3.35168400
-3.83904700
-2.10018200
1.29349900
2.90485400
3.47269900
3.57995000
2.53716700
2.28812600
1.49523500
2.78611900
3.03433000
0.79180800
0.78068000
-0.03181900
-0.03463700
1.40571800
-0.85135400
-0.04235200
-0.85566600
-0.02902700
-1.48872600
-1.49415300
1.15168200
0.53440400
1.34700400
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2.38600500
1.82009700
2.49864200
3.74935700
4.31628600
3.64765400
0.84526400
2.04543600
4.27520100
5.29476100
4.11226400
3.04672700
2.82578600
3.28792600
4.67406100
5.53982700
6.90069200
7.42692000
6.56789300
5.20434700
5.13787200
7.55534600
8.48884300
6.96032000
4.54090100
0.13311200
-0.72484700
1.48457800
-0.21895300
-1.77145200
1.97913200
2.14116100
1.13148500
-0.88566300
3.03006300
1.52066500
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-0.65538500
-1.28566800
-1.30878300
-0.69971400
-0.07458900
-0.05234700
-1.76026500
-1.80602400
-0.71756300
0.39255000
0.41119700
-1.12811100
0.50838800
-0.21377200
-0.01028800
-1.09721800
-0.88206200
0.41193000
1.49372400
1.29062400
-2.10794600
-1.73634900
0.57397600
2.50778200
2.13663200
2.81764600
3.90918100
3.00614200
5.20059600
3.75144800
4.30347700
2.15292800
5.40227800
6.04976700
4.44963200
6.41026400

2.56252700
3.68297700
4.89978700
5.02797200
3.91630700
2.69185800
3.59049800
5.75396400
5.97820700
3.99415700
1.82487100
-1.64789800
-1.82204700
-1.27327900
-1.12744900
-0.92188000
-0.71370300
-0.70434200
-0.90818600
-1.11665800
-0.92896100
-0.55986800
-0.54365100
-0.90971500
-1.28097600
1.46045000
1.30882000
1.75440400
1.45924200
1.06501900
1.89742300
1.88932300
1.75114300
1.33956200
2.13023500
1.86334800
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H -1.05642200 1.22375700 2.02949600
TS1029sx
Zero-point correction= 0.761558 (Hartree/Particle)
Thermal correction to Energy= 0.805772
Thermal correction to Enthalpy= 0.806716
Thermal correction to Gibbs Free Energy= 0.676050
Sum of electronic and zero-point Energies= -1957.548122
Sum of electronic and thermal Energies= -1957.503908
Sum of electronic and thermal Enthalpies= -1957.502964
Sum of electronic and thermal Free Energies= -1957.633630
Cartesian Coordinates

Atom X Y Z

C 1.82091000 -0.75888200 1.17630900
C 3.30564300 -0.75589900 1.35189700
C 4.20514000 -1.11572400 0.32396800
C 3.87157600 -0.32239700 2.56799200
C 5.58551200 -1.05535400 0.51057900
H 3.81880400 -1.47121200 -0.62382800
C 5.25262700 -0.26078700 2.75061500
H 3.20922400 -0.04211600 3.37940800
C 6.12468100 -0.62567700 1.72458900
H 6.24436000 -1.34937400 -0.30383400
H 5.64708900 0.07333700 3.70764600
H 7.20101400 -0.57610100 1.86638800
C 1.11701000 -1.88327300 0.59487900
O -0.09177500 -2.11008600 0.78149700
O 1.86155500 -2.65799200 -0.25447500
N 1.04997700 -0.23735800 2.29296100
H 0.30491400 -0.86684500 2.56819800
H -3.06152500 -1.51514900 -0.99270400
C 0.76488300 1.09586100 2.52486000
C -0.35094000 1.43709100 3.32667900
C 1.56780600 2.14700400 2.03112500
C -0.64849700 2.76698500 3.61195800
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-0.97770200
1.25096600
2.44773900
0.14513400
-1.51197300
1.88828600
-0.08420500
-1.87215300
-0.08220300
1.36913000
1.24403400
-2.80445000
-3.77542500
-5.14298500
-6.09791300
-5.71185200
-4.35157200
-3.38850900
-5.45399600
-7.15220800
-6.45863700
-4.03303500
-2.32971000
0.82983300
0.69971200
0.44073000
1.48527300
-0.17062000
2.42915400
2.88803300
3.19125900
2.08979900
0.21153500
-1.06311900
0.57154100
-1.95659300
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0.64225300
3.47375900
1.91767300
3.80354200
2.99416500
4.26098200
4.83976600
-1.64810600
1.18268400
0.21672300
-3.76816800
-1.28014100
-1.66904800
-1.62405100
-1.95526800
-2.33204100
-2.37806900
-2.05381400
-1.32030100
-1.91579500
-2.58795400
-2.67731800
-2.10971900
0.82304900
-4.81630600
-5.73706100
-5.05924600
-4.45243300
-4.37493900
-3.64030600
-4.72319600
-5.22263100
-3.22059600
-3.77486000
-2.15183200
-3.27170800

3.72719700
2.31894800
1.44103200
3.10687900
4.23286800
1.92313500
3.33753400
0.16564600
-0.54062100
-0.06477900
-0.97710600
-0.03850700
0.90860500
0.59555400
1.55520100
2.84325900
3.15668200
2.20277900
-0.40210300
1.29240200
3.58931800
4.15231200
2.44186400
-0.93589300
0.00228200
-0.53185600
0.72451000
0.54667600
-1.74842800
-2.41613200
-1.04443600
-2.35223000
-1.97119500
-2.12486600
-2.81141300
-3.07674800
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-1.37511300
-0.31874200
1.56977000
-1.59332600
-2.93890500
-0.01258600
-2.28651600
-2.23562500
-1.54070600
-1.76374000
-2.47339700
-3.29213000
-3.94468700
-3.79254300
-2.97593900
-2.31863000
-3.41817600
-4.58017400
-4.30445000
-2.84984100
-1.68464000
1.62133400
1.00229700
2.99324200
1.76805100
-0.06335700
3.74795300
3.47269000
3.13879800
1.28700600
4.81660700
3.73110300
0.57921000

Zero-point correction=

-4.60180400
-1.64126300
-1.72804700
-2.19983700
-3.72618600
-0.81965000
-1.81178500
0.68903500
1.83170500
1.60453900
2.63324700
2.33526300
3.35576000
4.68847400
4.98744800
3.97441500
1.29896500
3.10477700
5.48082200
6.01920500
4.21165000
1.88558600
3.07283600
1.70017300
4.07924700
3.21354900
2.71267700
0.78867300
3.90112700
5.00374100
2.57170300
4.68787500
0.10283300

-1.49633100
-3.75670100
-2.73181600
-3.89173400
-3.17939300
-4.39975800
-4.63299500

0.09140300

1.09920200

0.13036500
-0.53044000
-1.63178400
-2.32156000
-1.93296100
-0.84018500
-0.14273100
-1.93545100
-3.16729300
-2.47137900
-0.52145500

0.70863500
-1.54894400
-1.94366000
-1.72804900
-2.53399600
-1.79075900
-2.32212900
-1.38373700
-2.72834500
-2.84044000
-2.45624500
-3.18700600
-1.62343100

0.643668 (Hartree/Particle)
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Thermal correction to Energy=

0.680243

Thermal correction to Enthalpy= 0.681187
Thermal correction to Gibbs Free Energy= 0.569163
Sum of electronic and zero-point Energies= -1670.045102
Sum of electronic and thermal Energies= -1670.008528
Sum of electronic and thermal Enthalpies= -1670.007583
Sum of electronic and thermal Free Energies= -1670.119608
Cartesian Coordinates

Atom X Y V4

C -0.88927900 -0.92276300 0.74542000
C -1.47950800 -2.23730900 0.38606000
C -1.94196700 -2.57039000 -0.91054500
C -1.53017600 -3.26361100 1.35651800
C -2.43624900 -3.84287700 -1.20212800
H -1.93287800 -1.81981400 -1.69076000
C -2.02219100 -4.53182200 1.05745700
H -1.18556600 -3.04082700 2.36026000
C -2.48097600 -4.83834100 -0.22527800
H -2.79133600 -4.05288800 -2.20914800
H -2.04962800 -5.28717800 1.83985600
H -2.86377100 -5.82840200 -0.45785700
C -1.34322500 0.35294200 0.26102300
O -1.15428200 1.43573100 0.84308800
O -1.90461800 0.32044400 -1.00738700
N -0.37878600 -0.78971500 2.09797900
H -0.76942600 0.02825200 2.55489700
H 0.84240500 1.95161700 0.71311500
C 0.95252300 -0.99998000 2.43562800
C 1.53962900 -0.25607100 3.48424500
C 1.74940900 -1.96625500 1.78602200
C 2.86797400 -0.46151100 3.85163200
H 0.93857500 0.48543700 4.00735600
C 3.07927300 -2.15565300 2.15957100
H 1.31088300 -2.58414900 1.00979300
C 3.65621500 -1.40707600 3.18814000
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3.29069000
3.66844100
4.69148500
2.15733900
1.57117700
0.42593000
-2.75264800
1.82823200
2.66067300
2.13967400
2.98084600
4.34877500
4.86759600
4.03472400
1.07460300
2.56047400
4.99971000
5.92868900
4.44150000
1.13575800
-3.31582600
-3.99250100
-2.50319600
-3.87312600
-1.90260300
-1.54804000
-1.03813200
-2.47497100
-3.90515700
-4.39621700
-4.54440900
-5.49441700
-3.92212800
-5.63612400
-4.17471600
-6.11842000

0.12906800
-2.90719000
-1.56476200

1.20485200
0.39588600

-0.81717800

1.42565200

1.71327700

2.80297800
3.90434800
4.94000800
4.89695800

3.80196500

2.76080500
3.94592100
5.78921200
5.70735700

3.75671700

1.91353500

-0.42831800
0.89894600

1.63859400
0.70502500
-0.02872800
2.67626400
3.11651800
2.39728800
3.42019500
1.64295700
2.91799400

0.52967100

3.07919200
3.80044500

0.68977900
-0.46861000

1.96668100

4.66119200
1.63928000
3.47608900
1.38142300
-0.69222800
-0.40272400
-1.46203300
0.56086500
0.20933500
-0.48535800
-0.88927400
-0.61110500
0.08259100
0.49079900
-0.70106500
-1.42196600
-0.92584900
0.31424400
1.03916400
-1.19581600
-2.79346600
-3.23295100
-3.50351300
-2.63795900
-1.72684300
-0.79524100
-2.34049900
-2.29127500
-0.47650500
-0.17381200
0.09036800
0.67403700
-0.59086100
0.94193600
-0.12549400
1.23640700
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Zero-point correction=

-5.85582600 4.07967200 0.89793200
-6.10941700 -0.18667900 1.37690900
-6.96999700 2.09223100 1.89990200
2.10809500 -1.36689700 -1.74011600
3.45375700 -1.00574500 -1.79638700
1.67412000 -2.61800900 -2.18021300
4.37985100 -1.91371700 -2.31179500
3.77352100 -0.02863200 -1.44432300
2.60932900 -3.51470000 -2.69718200
0.62424900 -2.88968700 -2.10255600
3.96006600 -3.16555400 -2.76487500
5.42943900 -1.63846600 -2.35919100
2.27953500 -4.49122100 -3.03946400
4.68402500 -3.86949100 -3.16503900
0.49793700 -0.06318200 -1.90989300
TS8298x

0.523803 (Hartree/Particle)

Thermal correction to Energy= 0.553185
Thermal correction to Enthalpy= 0.554129
Thermal correction to Gibbs Free Energy= 0.461008
Sum of electronic and zero-point Energies= -1382.542753
Sum of electronic and thermal Energies= -1382.513372
Sum of electronic and thermal Enthalpies= -1382.512427
Sum of electronic and thermal Free Energies= -1382.605548
Cartesian Coordinates

Atom X Y Z

C -1.06245100 -1.00376400 -0.33874900
C -1.51821900 -1.93998200 0.72259300
C -0.80432700 -2.08228800 1.92928900
C -2.70880100 -2.67748800 0.58558800
C -1.24179900 -2.94162300 2.93314500
H 0.10378300 -1.50487700 2.07610600
C -3.15278600 -3.53084600 1.59619300
H -3.28397600 -2.57889900 -0.32972600
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-2.42203200
-0.66409400
-4.07581300
-2.76877300
0.25809600
0.63624500
1.08947000
2.45054100
2.92188700
2.28673600
3.95778200
2.86819800
2.43231800
3.41676200
1.71205500
2.14188900
3.32821100
4.19246000
3.33474100
5.04671200
4.20605600
4.18865300
2.66396000
5.05452800
5.71053200
4.17841900
5.73020900
-2.03615500
-1.74379800
-0.01621600
-3.11136100
-3.80518900
-3.55367600
-4.89028500
-3.48303000
-4.64375700
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-3.67417500
-3.03126400
-4.08901500
-4.33734000
-1.07328800
-0.33900900
-1.98827300
-2.19340500
-3.40244400
-4.26854700
-3.65020700
-3.19191300
-2.58673600
-2.95864600
-3.39955200
-1.75339000
-0.98051200
-0.39756600
-0.47692100
0.64640900
-0.75492600
0.56147600
-0.90576700
1.12635900
1.07971700
0.92802000
1.92820900
-0.62686600
-0.76689100
1.32789200
0.22491900
0.70510100
0.65068800
1.56338500
0.38678700
1.51610200

2.77579300
3.85048600
1.45612500
3.56401600
-0.91219100
-1.85752900
-0.33821900
-0.83070200
-0.00271100
-0.21357600
-0.25566400
1.06859100
-2.31412000
-2.61842900
-2.45161400
-2.95260700
-0.50153800
-1.43630200
0.80892600
-1.07176900
-2.46017200
1.17798000
1.54778500
0.23801600
-1.81560000
2.20124500
0.52487600
-1.34135200
-2.30062200
-1.32034900
-1.17374100
-2.30996500
0.10076700
-2.17454500
-3.29983000
0.21495400
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-3.06153100
-5.32298200
-5.40193400
-4.96981000
-6.17325700
1.44040700
2.17541400
1.52723400
0.13442900
-0.61568900
0.04537800
1.95148000
3.26002600
2.09323700
-1.70074600
-0.53218000
-0.54715300
-0.71023600
-1.48422400

Zero-point correction=

Thermal

Thermal

Thermal

Sum
Sum
Sum

Sum

of
of
of

correction

correction to Energy=

correction to Enthalpy=

to Gibbs

0.27283900
1.98206300
1.91244400
1.81689000
2.64980500
4.67598700
3.76533700
2.78241700
2.72770000
3.62549300
4.60275800
5.43999300
3.81181100
2.06748700
3.55781400
5.30757800
1.69623600
0.68617300
1.97948800

TSTmajor 195

0.99003900
-0.91128000
-3.06834400

1.20810700
-0.81037300

1.73789100

0.97666500

0.22816000

0.25061700

1.01218600

1.75497500

2.31653400

0.96030300
-0.36118400

1.02176300

2.34608200
-0.50256900

0.00412900
-0.80141200

0.766034 (Hartree/Particle)

Energy=

electronic and zero-point Energies=
electronic and thermal Energies=

electronic and thermal Enthalpies=

of electronic and thermal Free Energies=

Cartesian Coordinates

0.785067
0.785685
0.725040
-1961.339466
-1961.320433
-1961.319816
-1961.380460

Atom X Y Z

C 2.32846800 -0.81256500 -0.38720400
C 3.61310100 -1.45483800 0.06678500
C 3.72764800 -1.96970900 1.37037000
C 4.74391700 -1.52020200 -0.76235300
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4.91244000
2.87450300
5.93457400
4.69153600
6.02516900
4.97155700
6.79389900
6.95269200
1.16463900
0.15543600
1.25344900
0.21978400
0.88250600
1.80212600
0.20122300
1.13512000
-0.03891900
-0.61509800
0.92181000
-0.57124600
-1.04327000
-1.03037900
-2.21852600
-2.16423200
-0.14749500
-3.34768000
-2.25661300
-3.32688400
-2.12823500
-4.24173100
-4.20466800
2.43392500
2.26034700
3.15197300
3.27334900
3.75106600
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-2.55389300
-1.90145200
-2.09723200
-1.10908300
-2.62257000
-2.94632000
-2.13502600
-3.06980000
-1.66956300
-1.30577500
-2.87575900
-3.89638000
-5.09343600
-5.37636800
-5.94988400
-4.83162300
-4.24052500
-5.16721000
-4.40291600
-3.43758800
-3.50681600
-2.48584800
-4.25841700
-2.22449200
-1.87340500
-4.00085600
-5.06539700
-2.97916900
-1.42714200
-4.60503000
-2.77591300
0.16498100
-0.17716000
1.34801400
2.13895500
1.82327500

1.81382900
2.03922300
-0.31790100
-1.76669300
0.97135700
2.82654600
-0.98364000
1.31982300
-0.63189000
-1.25538000
-0.01837200
-0.11823800
0.58862900
0.06638900
0.60385800
1.62003100
-1.59439600
-1.67849800
-2.09427700
-2.10379600
0.65713500
1.61771000
0.50210300
2.39122200
1.76137200
1.28166300
-0.22403600
2.23152400
3.12982400
1.14776900
2.83909300
-1.45774000
-2.39578600
-1.39981000
-2.56548400
-0.21392900
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3.94429300
2.83778400
4.41473700
3.71647600
4.51863100
4.02071400
4.87043000
5.04472800
-0.17159600
-1.09053200
-0.63292900
-0.81349000
-1.46987500
-1.94308800
-1.75372400
-0.91766800
-1.60747900
-2.45279300
-2.11062500
-0.21450500
0.32227500
-0.98464000
0.13316700
0.92771200
0.72171700
1.70673300
0.80046400
1.66088500
-2.11507900
-0.75662500
-3.00356600
-2.39660600
-2.10453900
-2.00918800
-0.84789200
0.17743300
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3.35684100
1.77989300
3.05052000
1.21703700
3.83171600
3.93932500
3.38967100
4.78157700
0.51556600
4.73252800
3.58338300
3.41936600
4.40671900
5.54828900
5.71376500
4.87887400
4.29435000
6.32135200
6.61467000
2.11766400
2.21269500
1.34716900
241875100
2.70812200
1.68086500
2.15096900
0.31603700
-0.12194600
1.11120700
1.68514500
1.22856800
1.81905100
0.10332200
0.95462600
2.76636500
1.33424200

-2.53852600
-3.49718600
-0.20336800
0.68349500
-1.35519200
-3.45393700
0.72408100
-1.33662900
-0.34157300
0.23569500
0.88434300
2.26960100
3.00503400
2.35230500
0.97638800
-0.82797000
4.07764900
2.92144900
0.48495000
2.74700900
3.69712800
2.89154000
0.31828400
-0.37356300
1.58338300
1.74847300
1.42427400
0.67126100
-0.00475000
-1.95376100
-1.26362300
0.77304100
0.41157200
-2.41438500
-2.08840100
-2.39074300
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-3.32752900
-1.80238700
-0.69561300
-4.23988400
-5.50781200
-4.14499600
-6.65697100
-5.59631900
-5.29213700
-3.17436800
-6.55134900
-7.63163000
-5.19722000
-7.44337700
-2.37443000

Zero-point correction=

Thermal

Thermal

Thermal

Sum
Sum
Sum

Sum

of
of
of

correction

correction to Energy=

correction to Enthalpy=

to Gibbs

2.27431500
-0.11578700
1.40839200
0.35194200
0.92679000
-1.04102400
0.13474200
2.00636800
-1.83349400
-1.51471300
-1.24990800
0.60067000
-2.90952200
-1.87044600
1.32208300

TS minor 195k

-1.34590200
-2.50161400
-0.47075000
-1.25274900
-1.40405000
-1.11758000
-1.42688300
-1.50691500
-1.13923600
-0.99135200
-1.29541300
-1.54610400
-1.02684800
-1.31188400
-3.37785000

0.765695 (Hartree/Particle)

Energy=

electronic and thermal Energies=

electronic and zero-point Energies=

electronic and thermal Enthalpies=

of electronic and thermal Free Energies=

Cartesian Coordinates

0.784845
0.785462
0.722975

-1961.338569
-1961.319420
-1961.318802
-1961.381290

Atom X Y Z

C 1.62165700 -1.10109500 0.45583300
C 2.50979900 -1.84518100 1.41389700
C 2.98557900 -1.23932400 2.59281300
C 2.84970300 -3.19237300 1.19677600
C 3.78849900 -1.93766300 3.49230100
H 2.72060100 -0.20811500 2.80210500
C 3.64685300 -3.89465700 2.10172600
H 2.48054500 -3.68983900 0.30551600
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4.12627400
4.14221300
3.89357000
4.74455100
2.14194300
1.71681100
3.11267900
3.93636400
3.09460900
2.48154700
3.74108800
2.44259100
4.93783300
5.65599500
4.41059500
5.48698600
4.69617500
5.19212700
4.98532800
5.94477700
4.97409200
5.74463900
4.61528000
6.22677000
6.31190500
5.95344100
6.81476900
0.89450100
1.16031100
-1.25448200
-0.18763100
-0.79664600
-0.72030700
-1.88627500
-0.38678500
-1.81502600
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-3.27241800
-1.43891600
-4.93497600
-3.81951700
0.06676000
0.46665500
0.74194600
1.74895800
2.97474000
3.26610800
3.82484300
2.76023700
2.13718300
2.86836900
2.57561300
1.25731000
1.11726500
-0.18959000
1.82998100
-0.76785100
-0.76109200
1.25369700
2.84211700
-0.04778900
-1.78453600
1.82571800
-0.49784000
-1.92106200
-1.80154400
0.05389700
-2.73698300
-3.40784700
-2.96046700
-4.25088500
-3.27014300
-3.80545400

3.25460300
4.39208300
1.90109200
3.96178200
-0.24801700
-1.34076800
0.44280600
-0.21909400
-0.60146500
0.25841300
-0.84514700
-1.44804000
0.88284000
0.49811500
1.73744300
1.22840900
-1.39106500
-1.26720600
-2.56035800
-2.28797100
-0.36970100
-3.58149400
-2.68898300
-3.45082900
-2.17283900
-4.48219600
-4.24650200
-0.49322000
-1.46266900
0.22524700
-0.25693500
-1.34687800
1.03372100
-1.15406200
-2.34640400
1.20588100
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-0.27193400
-2.41403700
-2.32304100
-2.19799800
-3.25462500
-2.02738400
-1.60031100
-1.78364100
-2.40714000
-2.84567100
-2.65751900
-1.86039600
-2.54707600
-3.32963000
-2.99096900
-1.23253200
-0.67918500
-2.03258700
-0.87188400
-0.06069700
-0.33615200
0.69699500
-0.39909700
0.55738000
-3.18751000
-1.57454700
-3.90825300
-3.52058500
-3.29296100
-2.78340600
-1.63401500
-0.58863300
-4.20477500
-2.60468500
-3.01472900
-1.71002700
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-2.47476500
-4.45981800
-4.75507100
-3.96159000
-5.13110400
4.27512500
3.25745600
3.35954700
4.48671400
5.49959500
5.39752400
4.20700200
4.58117600
6.38095500
6.19956600
2.14897900
2.40340300
1.45758200
1.98920700
2.11260100
1.45148700
1.81519300
0.06244500
-0.41547800
0.76509400
0.65229700
0.41570900
1.71179200
-0.01909300
-0.20362300
1.63991500
0.22477900
1.36044300
-1.24943600
-0.16759200
0.85093000

1.89132100
0.12511500
-2.01338800
2.21206600
0.27636400
-0.24357900
0.61228500
2.00219600
2.53801900
1.68082000
0.29819000
-1.31610100
3.61194900
2.09325300
-0.35436000
2.71987400
3.63023700
3.01752200
0.27298000
-0.44682900
1.66227900
1.76189000
1.71783600
1.24598100
0.04038700
-1.79255800
-1.28444900
0.46418700
0.79247600
-2.14746700
-2.26146500
-1.98458200
-1.75796900
-1.87476000
-3.21594400
-0.30298400
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C -5.15437300 -0.43006200 -1.10468000
C -6.40362400 0.07213600 -1.48891900
C -5.08834300 -1.72026100 -0.55687300
C -7.56261600 -0.69063600 -1.33396300
H -6.47052100 1.07108000 -1.91505000
C -6.24519600 -2.48317300 -0.40153300
H -4.13427600 -2.14523300 -0.25348300
C -7.48613300 -1.97205400 -0.78857000
H -8.52230800 -0.28211300 -1.63925100
H -6.17290600 -3.48146200 0.02149300
H -8.38573100 -2.56918500 -0.66626900
TS11;95x
Zero-point correction= 0.880552 (Hartree/Particle)
Thermal correction to Energy= 0.905036
Thermal correction to Enthalpy= 0.905653
Thermal correction to Gibbs Free Energy= 0.829050
Sum of electronic and zero-point Energies= -2245.040665
Sum of electronic and thermal Energies= -2245.016182
Sum of electronic and thermal Enthalpies= -2245.015564
Sum of electronic and thermal Free Energies= -2245.092168
Cartesian Coordinates

Atom X Y Z

C -2.09364000 0.72313600 -0.83658700
C -3.06447700 1.86468600 -0.87604600
C -3.76397300 2.34808500 0.25463200
C -3.26984500 2.56100700 -2.08717400
C -4.62677000 3.44304000 0.16696400
H -3.64692100 1.85242600 1.20989100
C -4.12722500 3.65622300 -2.16819800
H -2.75389200 2.22003300 -2.97699300
C -4.81665500 4.11100500 -1.04283000
H -5.15318500 3.77336700 1.06011300
H -4.25861200 4.15564800 -3.12550600
H -5.48537700 4.96509700 -1.10689600
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-2.39720900
-2.05525000
-3.03859800
-1.46971200
-1.65848100
0.10930700
-0.31815900
0.34903900
0.20761900
1.49484300
-0.05643500
1.36158800
-0.30565200
2.02435300
1.98203000
1.73806300
2.91641600
-0.55447100
0.38654700
-1.00413400
-3.75790200
0.30658700
1.19504700
2.17117000
3.09587300
3.07108900
2.09780500
1.16728700
2.20724500
3.84119500
3.79134700
2.05534600
0.41088400
-0.38641300
-4.45914900
-5.05926200
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-0.50735800
-1.63831600
-0.31222900
0.40096600
-0.54644200
-3.88524100
0.96045100
0.31981100
2.18604200
0.86993000
-0.61102200
2.72288100
2.72980400
2.07528700
0.35177400
3.67115000
2.50525000
-2.75168000
0.73603700
1.24142600
-1.40896600
-3.18115800
-3.61057300
-4.58416600
-4.94443000
-4.34432900
-3.37785800
-3.01107900
-5.05132400
-5.70257900
-4.62954200
-2.90534900
-2.26079200
1.46382200
-0.69798100
-1.41573800

-0.12733500
-0.49904200
1.07695800
-2.10196800
-2.40836800
1.08520900
-2.61456100
-3.68633400
-2.15327000
-4.24971500
-4.07879500
-2.72403000
-1.36924000
-3.77061800
-5.07255900
-2.34698000
-4.21614800
0.03404100
1.32215900
0.31271700
1.73425700
0.38228000
-0.61711200
-0.35003000
-1.32920200
-2.59069800
-2.86070400
-1.88845000
0.63190600
-1.10218500
-3.35168400
-3.83904700
-2.10018200
1.29349900
2.90485400
3.47269900
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-3.72053600
-5.12239200
-2.76657600
-2.35933600
-1.94433400
-3.25331300
-4.81386600
-5.11809200
-5.56004100
-6.13574700
-4.56121300
-6.57082000
-5.34020500
-6.86504900
-6.35156900
-7.12853900
-7.65346900
1.14417600
2.26541100
1.66250400
2.38600500
1.82009700
2.49864200
3.74935700
4.31628600
3.64765400
0.84526400
2.04543600
4.27520100
5.29476100
4.11226400
3.04672700
2.82578600
3.28792600
4.67406100
5.53982700
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-0.24994000
0.08952700
-2.44157900
-3.06779100
-1.91655100
-3.07862700
-1.99505500
-3.36135400
-1.13858100
-3.86168200
-4.05193800
-1.63819000
-0.07504300
-3.00307200
-4.92703200
-0.95705100
-3.39265800
-1.45085200
-0.38969600
-0.58294300
-0.65538500
-1.28566800
-1.30878300
-0.69971400
-0.07458900
-0.05234700
-1.76026500
-1.80602400
-0.71756300
0.39255000
0.41119700
-1.12811100
0.50838800
-0.21377200
-0.01028800
-1.09721800

3.57995000
2.53716700
2.28812600
1.49523500
2.78611900
3.03433000
0.79180800
0.78068000
-0.03181900
-0.03463700
1.40571800
-0.85135400
-0.04235200
-0.85566600
-0.02902700
-1.48872600
-1.49415300
1.15168200
0.53440400
1.34700400
2.56252700
3.68297700
4.89978700
5.02797200
3.91630700
2.69185800
3.59049800
5.75396400
5.97820700
3.99415700
1.82487100
-1.64789800
-1.82204700
-1.27327900
-1.12744900
-0.92188000
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C 6.90069200 -0.88206200 -0.71370300
C 7.42692000 0.41193000 -0.70434200
C 6.56789300 1.49372400 -0.90818600
C 5.20434700 1.29062400 -1.11665800
H 5.13787200 -2.10794600 -0.92896100
H 7.55534600 -1.73634900 -0.55986800
H 8.48884300 0.57397600 -0.54365100
H 6.96032000 2.50778200 -0.90971500
H 4.54090100 2.13663200 -1.28097600
C 0.13311200 2.81764600 1.46045000
C -0.72484700 3.90918100 1.30882000
C 1.48457800 3.00614200 1.75440400
C -0.21895300 5.20059600 1.45924200
H -1.77145200 3.75144800 1.06501900
C 1.97913200 4.30347700 1.89742300
H 2.14116100 2.15292800 1.88932300
C 1.13148500 5.40227800 1.75114300
H -0.88566300 6.04976700 1.33956200
H 3.03006300 4.44963200 2.13023500
H 1.52066500 6.41026400 1.86334800
H -1.05642200 1.22375700 2.02949600
TS10:95x
Zero-point correction= 0.761557 (Hartree/Particle)
Thermal correction to Energy= 0.782318
Thermal correction to Enthalpy= 0.782936
Thermal correction to Gibbs Energy= 0.716296
Sum of electronic and zero-point Energies= -1957.548122
Sum of electronic and thermal Energies= -1957.527362
Sum of electronic and thermal Enthalpies= -1957.526744
Sum of electronic and thermal Free Energies= -1957.593384
Cartesian Coordinates

Atom X Y Z

C 1.82095300 -0.75867800 1.17619800
C 3.30568000 -0.75546400 1.35187000
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4.20529000
3.87147400
5.58564300
3.81906200
5.25250500
3.20902900
6.12467500
6.24458300
5.64686200
7.20099200
1.11730000
-0.09142500
1.86201100
1.04988300
0.30492800
-3.06156300
0.76449600
-0.35148600
1.56726800
-0.64934200
-0.97814700
1.25012700
2.44731400
0.14413700
-1.51293600
1.88733500
-0.08543900
-1.87194000
-0.08230800
1.36913800
1.24472100
-2.80430000
-3.77506200
-5.14269200
-6.09740600
-5.71106000
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-1.11504100
-0.32198400
-1.05446300
-1.47050000
-0.26016500
-0.04188600
-0.62481400
-1.34829600
0.07393300
-0.57507500
-1.88320900
-2.11032200
-2.65770000
-0.23737000
-0.86701800
-1.51574100
1.09578200
1.43674800
2.14710800
2.76656900
0.64176700
3.47378700
1.91798100
3.80331000
2.99354600
4.26115600
4.83947700
-1.64852300
1.18264100
0.21689000
-3.76795300
-1.28063900
-1.66949900
-1.62450200
-1.95566800
-2.33238500

0.32395400
2.56803600
0.51064600
-0.62389700
2.75074100
3.37944000
1.72472600
-0.30376000
3.70782500
1.86658800
0.59472100
0.78134400
-0.25469100
2.29286300
2.56802600
-0.99244800
2.52480400
3.32651400
2.03121700
3.61182100
3.72690500
2.31906200
1.44121400
3.10687900
4.23264100
1.92335900
3.33755400
0.16567300
-0.54071700
-0.06482900
-0.97740800
-0.03832500
0.90902600
0.59628100
1.55615700
2.84414600
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-4.35071000
-3.38785700
-5.45392400
-7.15176000
-6.45767900
-4.03195100
-2.32900500
0.82982600
0.70067000
0.44185400
1.48631800
-0.16971200
2.42995800
2.88865500
3.19216000
2.09077800
0.21206400
-1.06251000
0.57182900
-1.95613900
-1.37431900
-0.31861000
1.56999100
-1.59311000
-2.93838200
-0.01263900
-2.28642000
-2.23570700
-1.54108000
-1.76400500
-2.47382300
-3.29235500
-3.94507400
-3.79329200
-2.97688400
-2.31941800
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-2.37841500
-2.05421500
-1.32078800
-1.91619600
-2.58825700
-2.67762500
-2.11013400
0.82321800
-4.81630300
-5.73705800
-5.05914900
-4.45266600
-4.37438500
-3.63959100
-4.72253300
-5.22210100
-3.22051900
-3.77498600
-2.15165300
-3.27193500
-4.60201400
-1.64118400
-1.72770200
-2.19996200
-3.72657200
-0.81948700
-1.81198800
0.68860200
1.83151200
1.60420500
2.63270200
2.33445800
3.35475900
4.68753300
4.98676700
3.97393100

3.15726400
2.20312900
-0.40131800
1.29359400
3.59038500
4.15283600
2.44197400
-0.93594500
0.00190300
-0.53231500
0.72406800
0.54637700
-1.74881700
-2.41646800
-1.04487600
-2.35268400
-1.97141000
-2.12501300
-2.81160000
-3.07680200
-1.49649700
-3.75679500
-2.73205200
-3.89176100
-3.17939800
-4.39983300
-4.63295100
0.09125800
1.09897500
0.13014600
-0.53080700
-1.63223100
-2.32214400
-1.93360800
-0.84075700
-0.14316400
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H -3.41811200 1.29811300 -1.93585600
H -4.58040200 3.10357400 -3.16793800
H -4.30532400 5.47972600 -2.47213300
H -2.85106600 6.01857300 -0.52207600
H -1.68558100 4.21136800 0.70825900
C 1.62117200 1.88598200 -1.54881100
C 1.00186800 3.07301700 -1.94375600
C 2.99318800 1.70099600 -1.72752600
C 1.76746600 4.07964600 -2.53392200
H -0.06387400 3.21339800 -1.79115700
C 3.74774200 2.71371500 -2.32143900
H 3.47282700 0.78965600 -1.38305700
C 3.13832500 3.90195300 -2.72787600
H 1.28621400 5.00397400 -2.84054100
H 4.81647900 2.57307300 -2.45525200
H 3.73050800 4.68887000 -3.18640600
H 0.57939000 0.10304200 -1.62359200
TS9195K
Zero-point correction= 0.643668 (Hartree/Particle)
Thermal correction to Energy= 0.660719
Thermal correction to Enthalpy= 0.661337
Thermal correction to Gibbs Energy= 0.603777
Sum of electronic and zero-point Energies= -1670.045102
Sum of electronic and thermal Energies= -1670.028051
Sum of electronic and thermal Enthalpies= -1670.027434
Sum of electronic and thermal Free Energies= -1670.084994
Cartesian Coordinates

Atom X Y Z

C -0.88927900 -0.92276300 0.74542000
C -1.47950800 -2.23730900 0.38606000
C -1.94196700 -2.57039000 -0.91054500
C -1.53017600 -3.26361100 1.35651800
C -2.43624900 -3.84287700 -1.20212800
H -1.93287800 -1.81981400 -1.69076000
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-2.02219100
-1.18556600
-2.48097600
-2.79133600
-2.04962800
-2.86377100
-1.34322500
-1.15428200
-1.90461800
-0.37878600
-0.76942600
0.84240500
0.95252300
1.53962900
1.74940900
2.86797400
0.93857500
3.07927300
1.31088300
3.65621500
3.29069000
3.66844100
4.69148500
2.15733900
1.57117700
0.42593000
-2.75264800
1.82823200
2.66067300
2.13967400
2.98084600
4.34877500
4.86759600
4.03472400
1.07460300
2.56047400
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-4.53182200
-3.04082700
-4.83834100
-4.05288800
-5.28717800
-5.82840200
0.35294200
1.43573100
0.32044400
-0.78971500
0.02825200
1.95161700
-0.99998000
-0.25607100
-1.96625500
-0.46151100
0.48543700
-2.15565300
-2.58414900
-1.40707600
0.12906800
-2.90719000
-1.56476200
1.20485200
0.39588600
-0.81717800
1.42565200
1.71327700
2.80297800
3.90434800
4.94000800
4.89695800
3.80196500
2.76080500
3.94592100
5.78921200

1.05745700
2.36026000
-0.22527800
-2.20914800
1.83985600
-0.45785700
0.26102300
0.84308800
-1.00738700
2.09797900
2.55489700
0.71311500
2.43562800
3.48424500
1.78602200
3.85163200
4.00735600
2.15957100
1.00979300
3.18814000
4.66119200
1.63928000
3.47608900
1.38142300
-0.69222800
-0.40272400
-1.46203300
0.56086500
0.20933500
-0.48535800
-0.88927400
-0.61110500
0.08259100
0.49079900
-0.70106500
-1.42196600
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4.99971000
5.92868900
4.44150000
1.13575800
-3.31582600
-3.99250100
-2.50319600
-3.87312600
-1.90260300
-1.54804000
-1.03813200
-2.47497100
-3.90515700
-4.39621700
-4.54440900
-5.49441700
-3.92212800
-5.63612400
-4.17471600
-6.11842000
-5.85582600
-6.10941700
-6.96999700
2.10809500
3.45375700
1.67412000
4.37985100
3.77352100
2.60932900
0.62424900
3.96006600
5.42943900
2.27953500
4.68402500
0.49793700
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5.70735700
3.75671700
1.91353500

-0.42831800

0.89894600
1.63859400

0.70502500

-0.02872800

2.67626400
3.11651800

2.39728800

3.42019500
1.64295700

2.91799400
0.52967100
3.07919200

3.80044500
0.68977900

-0.46861000
1.96668000
4.07967200
-0.18668000
2.09223000

-1.36689700
-1.00574500
-2.61800900
-1.91371700
-0.02863200
-3.51470000
-2.88968700
-3.16555400
-1.63846600
-4.49122100
-3.86949100
-0.06318200

-0.92584900
0.31424400
1.03916400

-1.19581600

-2.79346600

-3.23295100

-3.50351300

-2.63795900

-1.72684300

-0.79524100

-2.34049900

-2.29127500

-0.47650500

-0.17381200
0.09036800
0.67403700

-0.59086100
0.94193600

-0.12549400
1.23640700
0.89793200
1.37690900
1.89990200

-1.74011600

-1.79638700

-2.18021300

-2.31179500

-1.44432300

-2.69718200

-2.10255600

-2.76487500

-2.35919100

-3.03946400

-3.16503900

-1.90989300



TS8195x

Zero-point correction= 0.523803 (Hartree/Particle)
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Thermal correction to Energy= 0.537312
Thermal correction to Enthalpy= 0.537930
Thermal correction to Gibbs Free Energy= 0.489844
Sum of electronic and zero-point Energies= -1382.542753
Sum of electronic and thermal Energies= -1382.529244
Sum of electronic and thermal Enthalpies= -1382.528626
Sum of electronic and thermal Free Energies= -1382.576712
Cartesian Coordinates

Atom X Y V4

C -1.06245100 -1.00376400 -0.33874900
C -1.51821900 -1.93998200 0.72259300
C -0.80432700 -2.08228800 1.92928900
C -2.70880100 -2.67748800 0.58558800
C -1.24179900 -2.94162300 2.93314500
H 0.10378300 -1.50487700 2.07610600
C -3.15278600 -3.53084600 1.59619300
H -3.28397600 -2.57889900 -0.32972600
C -2.42203200 -3.67417500 2.77579300
H -0.66409400 -3.03126400 3.85048600
H -4.07581300 -4.08901500 1.45612500
H -2.76877300 -4.33734000 3.56401600
C 0.25809600 -1.07328800 -0.91219100
O 0.63624500 -0.33900900 -1.85752900
O 1.08947000 -1.98827300 -0.33821900
C 2.45054100 -2.19340500 -0.83070200
C 2.92188700 -3.40244400 -0.00271100
H 2.28673600 -4.26854700 -0.21357600
H 3.95778200 -3.65020700 -0.25566400
H 2.86819800 -3.19191300 1.06859100
C 243231800 -2.58673600 -2.31412000
H 3.41676200 -2.95864600 -2.61842900
H 1.71205500 -3.39955200 -2.45161400
H 2.14188900 -1.75339000 -2.95260700
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3.32821100
4.19246000
3.33474100
5.04671200
4.20605600
4.18865300
2.66396000
5.05452800
5.71053200
4.17841900
5.73020900
-2.03615500
-1.74379800
-0.01621600
-3.11136100
-3.80518900
-3.55367600
-4.89028500
-3.48303000
-4.64375700
-3.06153100
-5.32298200
-5.40193400
-4.96981000
-6.17325700
1.44040700
2.17541400
1.52723400
0.13442900
-0.61568900
0.04537800
1.95148000
3.26002600
2.09323700
-1.70074600
-0.53218000
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-0.98051200
-0.39756600
-0.47692100
0.64640900
-0.75492600
0.56147600
-0.90576700
1.12635900
1.07971700
0.92802000
1.92820900
-0.62686600
-0.76689100
1.32789200
0.22491900
0.70510100
0.65068800
1.56338500
0.38678700
1.51610200
0.27283900
1.98206300
1.91244400
1.81689000
2.64980500
4.67598700
3.76533700
2.78241700
2.72770000
3.62549300
4.60275800
5.43999300
3.81181100
2.06748700
3.55781400
5.30757800

-0.50153800
-1.43630200
0.80892600
-1.07176900
-2.46017200
1.17798000
1.54778500
0.23801600
-1.81560000
2.20124500
0.52487600
-1.34135200
-2.30062200
-1.32034900
-1.17374100
-2.30996500
0.10076700
-2.17454500
-3.29983000
0.21495400
0.99003900
-0.91128000
-3.06834400
1.20810700
-0.81037300
1.73789100
0.97666500
0.22816000
0.25061700
1.01218600
1.75497500
2.31653400
0.96030300
-0.36118400
1.02176300
2.34608200
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N -0.54715300 1.69623600 -0.50256900
H -0.71023600 0.68617300 0.00412900
H -1.48422400 1.97948800 -0.80141200
7
Zero-point correction= 0.361746 (Hartree/Particle)
Thermal correction to Energy= 0.378732
Thermal correction to Enthalpy= 0.379676
Thermal correction to Gibbs Free Energy= 0.315413
Sum of electronic and zero-point Energies= -866.268698
Sum of electronic and thermal Energies= -866.251712
Sum of electronic and thermal Enthalpies= -866.250768
Sum of electronic and thermal Free Energies= -866.315031
Cartesian Coordinates

Atom X Y Z

H 0.22343600 -1.50529100 1.57016800
C -3.36488100 1.39097200 0.13705100
C -2.68633300 0.17733800 0.25660400
C -2.93146400 -0.86904300 -0.64637300
C -3.86135800 -0.70414600 -1.67266900
C -4.53622300 0.51364700 -1.79606700
C -4.29070100 1.55625800 -0.89681000
H -3.18876000 2.19710300 0.84559400
H -4.06367000 -1.51412700 -2.36969000
H -5.26334600 0.64901900 -2.59263500
H -4.82959900 2.49481200 -0.99647200
C -2.08494300 -2.07979500 -0.31984000
H -2.63786000 -3.02321900 -0.39409200
H -1.22013100 -2.16408300 -0.99160100
C -1.64325900 -0.22919700 1.28146500
H -1.94786700 0.03532000 2.30012900
C -1.59627600 -1.79412700 1.12433500
H -2.32959300 -2.22108400 1.82337000
O -0.32157500 -2.31256900 1.42914500
C 0.22615800 0.54647400 -0.24258200
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0.05123800
1.56403900
-0.47069500
0.35785500
1.50743100
-0.58184400
-0.07637000
1.54889600
2.16707900
-0.28440000
2.82248300
3.91487000
2.94615900
5.09958600
3.83494300
4.12735900
2.11022500
5.21041600
5.93235400
4.19909900
6.12940500
1.82404100

Zero-point correction=

1.53216200
1.31464100
1.15983200

-0.40287000

1.76959900

2.39095400

1.36809200
2.20445300

1.13820400

0.31760000
0.53183500
1.18279600

-0.83359500
0.49836700
2.23973800

-1.52154000
-1.37235000

-0.85842400
1.02507400

-2.58019000

-1.39617300

2.80881000

1.86744400
-0.04076400
-0.83412500
-0.76801600

1.45670700

1.57601200

2.94289200
-0.67932000

2.05967900

1.11969000
-0.37334900
-0.96131000
-0.07392300
-1.23818500
-1.20790700
-0.35240300

0.36474800
-0.93309700
-1.69736500
-0.11672700
-1.15056700

1.58752600

0.475228 (Hartree/Particle)

Thermal correction to Energy= 0.503232
Thermal correction to Enthalpy= 0.504176
Thermal correction to Gibbs Energy= 0.407126
Sum of electronic and zero-point Energies= -1149.968502
Sum of electronic and thermal Energies= -1149.940498
Sum of electronic and thermal Enthalpies= -1149.939554
Sum of electronic and thermal Free Energies= -1150.036604
Cartesian Coordinates
Atom X Y Z
H 1.03898500 -2.83988400 1.22356300
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-0.02451800
1.96157900
0.58815700
-0.02415900
0.53064300
-0.03503200
-1.15808400
-1.71255900
-1.15788900
1.41098400
0.40784200
-1.59678000
-2.59434200
-1.61260000
3.73342800
4.86102700
3.79446200
6.01398100
4.82756700
4.95223400
2.92707900
6.07103800
6.87563500
4.97932100
6.97185500
2.54212900
2.68799600
0.96910000
1.19585100
0.50413500
-0.30825100
-0.81867400
-1.66732100
-2.02513200
-1.52168300
-0.67387700
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-1.54730800
-0.86781700
-2.19583200
-2.84645800
-4.02269800
-4.62850700
-4.07432300
-2.90580900
-2.29429100
-4.45749900
-5.54098100
-4.54871900
-2.46668400
-1.39807000
0.12455600
0.67175600
-0.12669500
0.95703100
0.87374500
0.16062800
-0.54976200
0.70496600
1.37772200
-0.04577200
0.92686700
-0.10901100
-0.24111200
2.85383100
1.40533800
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Copy of NMR and HPLC Spectra

9.

el

L —

[3)

T T
) ) 30.0 2(;.0 16.0 0 -100 -200

T

T T T

T

120.0 110.0 100.0 90.0 86.0 70.0 60.0 500 40.0

<
<
e

0

T

4

T

0 160.0 150.0

T T T T T

2200 210.0 200.0 190.0 180.0 170.

S
Fei
re
| Fo——0000
Lo
ek R
Lo
ol
fo
-
161
Y S, st
fe
-
3
Lo
a
Lo
o
<
68 Fe
1{5 -l
Fe
=
L2
>
S
ES
=
I3
o g
o =
< -1
= S
g
/ 2
e e 2
e 2
k5
T T T T T
0 or 0 0 ol 0
2douepunqe
(32

LA, A A ot vt b bl ekt Al I Akl Rl Sl Bl Bt el T T
1200 061 081 0°LL 091 0ST OP1 0°EL 0TLOII 001 06 08 0L 09 0S 0 0€ 0T 01 0
(syppuesnoyy)

—— 10982

— 986’1V

— €968

Tl
_psrLel

=X 1pE'8T1
/ vIL8TL

T6LOEL
1$8°Z€1
$66TEL

- LSSSHI

—— 99691

X : parts per Million : Carbon13

184



e2

ore

£rs

[}

FiC.

1.0

08 oL

09

oS

(g

0¢

T

0T

T

ol

0
2ouepunqe

2.0

-1.0

20

11.0

— SSL'L

— 159¢

LITL

6I1TL
¥TL
0€TL
LETL
LTL
9sTL
YTL
oLTL
16TL

€LEL
£6€°L
995L
S8S°L

X : parts per Million : Proton

0zt

o1l

T

ool

06

08

T

oL

T

09

T

[U8Y

T

[

T

0¢

T

0T

T
0l 0
(syppursnoyy)

T A AR T
100 0 -100 -200

T

ey

I 10|0A0 9(’}‘0 SCILO 7(;.0 6(;40 50.0 400 30.0 200

120.0 110.0

0 160.0 150.0

T

T T
190.0 180.0 170.

T

T

2200 210.0 200.0

—0LS'8T

—— 68ETH

—— 865T8

— U9

X : parts per Million : Carbon13

185



abundance

05

0.4

0.3

0.2

0.1

00 200 300 400 -500 600 700 800 900 -1000 -110.0 -1200 -130.0 -140.0 -150.0 -1600 -170.0 -1800 -190.0

-624127

X : parts per Million : Fluorine19

186




e3

s
O K
°><© ‘
g
°
"S
P3|
8
i
i |
.?:, (- |
T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 50 4.0 3.0 20 1.0 0 -1.0 2.0
R REREREEEE 2 8§ B
AT P o -
X : parts per Million : Proton
T
°><©
S
<
2
23]
é E
2 " o o) " bl ool i "N 4 A (" s L bl e
2 A i Mot " A AT e e "
T T T T T T T T T T T T T T T T T T T T T T
222).0 216.0 206.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 300 200 100 0 -100 -20.0
2 g EnREss g g8 § 3
g % E5RERR g § & 7

X : parts per Million : Carbon13

187



ed

X : parts per Million : Carbon13

=Y
o
= &
Fa
2
i
=
LS Lo
:
S
=
—1 Fo——o0000 -
re
o
Tw %t
=3
'0 -
=3
— S leLer
—~— |, TR -
e 2
— L8TSS
=]
FS
o
=3
k2 -
re
) ~
3 He T
L 6LLE -2
s £ scus
=
S
g
=Y
e =
[
FS
o
%
o < s6Tsa
=3
&
—oeg'sel
=]
=
=
R
S
-2
=
' w
E——
fe o !
o Im p— ()72 |
S
=3
= L
=
F= 5 g
M Vl
h L
2 b -
= £ o rs
F] | F— = «
5 | = m £S
2 a
5 £ -
I =
P3 o
T T T T T T - T T 12 T g ] bl T T T T m < _ T
X (Y oy e 0T [} 0 (Ura} 0ol 06 08 oL 09 (Y or e 0T 0l 0
2ouepunqe (syppuesnoyy)

188




eb

L6'S

e

-

S

00T

A

20

-1.0

3.0

2ouepunqe

9Ll

orLe

9%61°L
S0TL
wTL
L
0€TL
wTL
PETL
LivL
wr'L
'L
oL
SSHL
oL
6L
88LL
608'L

X : parts per Million : Proton

T

T
0

10.0

T

T

T

T

QLA

T
120.0 110.0 lOb.O 9(;.0 80.0 700 60.0 500 400 300 200

( 19’0.0 18'0.0 I7[0.0 I6:).0 151).0 142).0 I3b.0

T

T

2200 210.0 200.0

(el

ol

T
oo1

06

08

T

0L

T

09

os  ov o€ oz 01 0
(swpuvsnoy)

-20.0

-10.0

e LS98T

—906TH

— €T

o

X : parts per Million : Carbon13

189



e6

o =
el s
v |
=
re
L2 !
0 e
=
re
= = =
=] .
rg —vene
- Fo 11882
L re
- “a
<
s6 Iw =
— TR F — v
s 2
J 8T 2
<
= 2
Fe
=
re
1SS I
=
‘2 FS 90618
=
&
e 2
e F3
| q =3
i =
090°L =
=3
G s I~ .
: 2oLl
I b
LT & /wzou
oIzt o L wesu
1L =T YA
0z J R Y v 2 N\ errser
s €6TL o \\szeset
€TL £ T\ ovorogt
SHTL = \\ersel
9sTL o\ \zeosel
Ee  Woor LS \oent
voTL =
69TL o
=
<
L 2 )
g — ot
=
(- -
,U £ g =
: E g
g r&
m o) ] C
o . o =
o 2§ 'z
= = g =
2 i
g g £ 2
o
< 4 ) £
Fe £ = 2
: % & %
o T T T
06 01 0 [t 0z 01 0
souepunqe (syipuesnoyy)
N

190



d1

009

Cl

N2

Fo

1.0

20

4.0

11.0

oy e 0T o1
2duepunqe

— |

L
£8TL
gL
90¢L
(4374
(4374
eL
69¢L
SLEL
98¢€°L
68€°L
16€L
0L

X : parts per Million : Proton

2
=
9
=3
=
<
) . I
<
re
=
e
o
S 68T
e
2
2
e
-
S
Fs
2
<
g
=}
. =
e
=
=3
S B g6ee8
S
=4
>
<
g
. <
£S
S 0¥
S P8Pl
Q=
[
1/&3&_
< SPEIEL
rs
—TN
<
=]
=
mo.
MIINa.m.:
=
-3
=
S
=
=
<
b &
o <
s g
o
<
F 12
nlb (o]
=
-8
a
T T T T T T T T T T T T y
0zl Ol 001 06 08 0L 09 0S 0¥ 0€ 0T 01 0

(sypursnoyy)

X : parts per Million : Carbon13

191



d2

6L ¥60
i8¢

2.0

-1.0

T T | T T
061 01 OL1 091 051 O'F1 O€1 01 011 001 06 08 0L 09 05 0% 0€ 07 01
2ouepunqe

— |

oL
©0wiL
8STL
9L
©wiL
L
8TEL

8srEL
19¢L
9L
T6EL
TIvL

oL
s

X : parts per Million : Proton

FaC.

T T T T T T
( ( 12‘0.0 IIb.O 106.0 9(;A0 8(;‘0 7(;.0 60.0 50.0 400 30.0 200 10.0

140.0 130.

T T L) T T
190.0 180.0 170.0 160.0 150.0

220.0 210.0 200.0

0
(sypuesnoys)

-10.0 -20.0

0

0

— EL68T

—

— 60L'€]

9IS €T
OrErTl
$65°STI
L8LSTL
918'sT1
€STLTL

SSPLTL
6L8LTI
|/ 19821

1IS0El

a4

—— £60°€91

X : parts per Million : Carbon13

192



0.4

_ WXQ

0.2

0.1

abundance

o0 b a0 a0 500 600 700 800 900 -1000 -110.0 -1200 -1300 -1400 -150.0 -160.0 -1700 -1§0.0 -190.0

62337

X : parts per Million : Fluorinel9

193




d4

S0'9

OMe

»
1

1.0

20

3.0

4.0

50

0

7

8.0

0
2ouepUNqE

— 981
— e

€L69
969
€01'L
8oL
vire
9TTL

=l wrL
$STL
99TL

6T€L
SYEL
6YEL
L9€L
€6€°L
oL

\sive

X : parts per Million : Proton

Nz

OMe

0T

010
(spuesnoyy)

T T T T T T T
100 0 -100 -200

100.0 - 90.0 80"0 7(;.0 66‘0 50.0 400 300 200

T

T

—— 690'6T

— ELE'SS

—81'e8

2
=]
=
=1
a
S
E& T 098621
S
re
T
=
-
=
s €109t
| J—
ERR
S
LS
=
=
TO
2
= 2
o =
= £
— =
S
- .
= £
& =
o >
= 5
: :
= £
8 =
& >

194



d5

<
S &
Fa
=3
e
)
Fe
- i
<
Fe
— e -
FS
o
PSS sw06T
Le 2
(=3
Fe
e <
s
- P—T o
ES =
S
e
<
L WW
e
<
e 8 eoss
-
S
PR
o 2
Fa |m
S
|m“ 898°1T1
= 9T
] = 156721
A €LTL = 1E€'PT1
L S ersa
95L o = 0r99tl
SSEL e 0z€LTl
fe L 2 $99'421
w9 R Yl s e
05T — L 'S Wkosar
N!,}.QTIJ ost'L o I iel
Fo £9vL =4 |/~:.m2
) % 16+L = 1951
vSLL
- S
S5 e
= ol
Fo L00'8 .
L 1os e
=
.
=] 2 -
LS o
- § = g
o 3 o F £
= & o= = S
z o S o ~
= £ e £
- = a =
., : 8 g
- |
@ ¢ ) T
<
3 ] & B
% « “®
T T T T T T T T T T T T T a2
0¢ 0T ol oz o1 ool 06 08 0L 09 0 oy 0¢ 0T 0l 0
2ouepunqe (syppuesnoyy)
N

195



3a

10¢

-1.0

|

e

)

&
Vﬁo
o

x-

I}

T

A S SRR St Sk S i ki hd Ml AR Al Al M i Ak Skl S S S S S S S|
STYTETTTITOTOISILIYISTIEIECITI IO 6080L090504#0€0T01°0

ssuepunqe

091
Y

X : parts per Million : Proton

T T T T
100 0 -100 -200

T

s
— LEE6T

T

T

— L'l

T

—— SPLER

T

T

T

130.0 120.0 110.0 1000 90.0 800 700 60.0 500 400 300 200

&
Vﬁo
o

-2

Q

P29l
g

T e

—— 108691

2200 2100 200.0 190.0 180.0 170.0 160.0 150.0

T

oSt

T T T T

e._q_ e.m_ o..m_ o.ﬂ_ o._o_ o_a 08 0L omw o..m 0y 0¢ o._N

o1 0
(sppussnoy)

X : parts per Million : Carbon13

196



Intensity [uV]

150000
3 100000
z i
@ |
53 |
= | 5
50000 ‘ I
a A
IR
| Iy
3 If \\
| [
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#[tR [min] | Area (uV-sec]| Areak
17317 1528404]50.375
2| 14.017 1505678|49.625
1 [ TM-1b-43_UuZ-Lry
300000 |
1
200000 - \
!
100000 | \
\ vy 2
0 Y i T
6:0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Retention Time [min]

130007f 3.309

197



3b

90'€

|

oY

JMeoc

L)

SO°E

S0

Fo

1.0

09 s (g

0T

ol

0
2ouepunqe

—— 6651
— 181

X : parts per Million : Proton

T

orl

c._m_ o..N— o..__ o._o_

T
06

08

oL

09

T

0s

T

(a3

€

0T

01
(stppues

0
noy)

TT T T T T T T
100 0 -100 -20.0

100.0 90.0 80.0 70.0 6{;,0 50.0 400 30.0 200

T

T T T T

T
110.0

0

T
20

0

T

130

<
Lo
I

=]

T

T

190.0 180.0 I7|0.0 160.0 150

T

220.0 2]6.0 200.0

- €68LT

— 95€6T .

—081'19

—— 6TL'E8

9sspll

e

&Il
1\ 655121
opL2l
Ligsal

< IS8T
6V6'8T1
6Tl
Nz

1Sl

N IsLepl

8587691

X : parts per Million : Carbon13

198



1! ——— fm-14-p-Cl-aniline_004-CH1
200000 - i
, (o]
Mo Mo
[ N0
150000 [ A H
g 1
[}
§ 100000 : 2
[
= |
|
|
50000 [ |
|
0 - B »__r____ — Y y B ———
I
6.0 8.0 10.0 12.0 14.0 16.0
Retention Time [min]
#[tR Area [uV'sec]| Areas
1] 5842 2130996]50.098|  220009) 71.734
2| 10092] 2122625]49.902| 86694] 28266
228 fm—-15-p-CL 001 2025/03/13 12.55:28
PIsEd S/B TN ) I ———
l' ———— fm-15-p-Cl_001-CH1
300000 ‘!
i
S H
= |
> 200000 ’I
w
3 I
=
I
100000 {
A
R 2
0 ..-.1_' __X .r""-~_I ——
6.0 8.0 10.0 12.0 14.0 16.0
Retention Time [min]

[#]tR (min][Acoa || Areat |
1] 5725]  340402094989] 362464] 97.533
2] 9622 179571] 5011 9166 2467




3c

X : parts per Million : Carbon13

=
s L
Fei a4
2
re
<
= o
=
Fe
J Fo —0000 =
Fs
N
18942
[ Ragpren
to FS —escet
] ;
LS — a9l re
TEE - o181 -
— S FR
=
F@—so19
L2
- =
FR
-3
L2 % ssses
2
$80 '8
L T ——— e 4 s
Ll ES 6 re
=
ks
o 6559 = =
S e =
wT N MN“W FSeurva
861 u 1089 FS s sorcat
. 0T 5 o m<os9 =
L JOE - R 3 PN\ 9969
Ste B —— — 969 s wm
N 6L6'9 b
4 9L A
2] 9LI'L S \sisw
£86°L =
£9vL o
SLyL kg
S
L [ — ﬁm|.§.ﬁ_
=
e
FS g
2 5 -
£ &
= £ '
- W a
o 2
: 2
Es £ <
o & =
v &
T T T T T T | )l T T T T T x T T T T T T T T T T T T
't 0l 60 $0 Lo 90 ) ) €0 70 o 0 0€l 0Tl 01l 00l 06 08 0L 09 0S 0y 0¢ 0T 01 0
duepuUnqe (syppuesnoy)

200




(thousandths)

30.0

10.0

20.0

prrrrrererprreeny

T T T
-100  -200 -300 -40.0

X : parts per Million : Fluorine19

T
-50.0

-60.0

T
-70.0

T
-80.0

T T T
-90.0 -100.0 -110.0

rrer T freeee
-120.0 -130.0 -140.0 -150.0

TR TR OTYTYTY

-160.0 -170.0 -180.0

-190.0

201




Intensity [pV]

50000
40000
30000
20000 | | i

10000 | | [ !

6.0 8.0 10.0

—_———

—— fm-14-p-F-aniline_006-CH1

H O

120 - 14.0 16.0

Retention Time [min]

0110 fm=15-38-p-F-chiral 001 2025/03/13 130348

DAL .
100000 1‘ - fm-15-38-p-F-chiral_001-CH1
I
80000 i
“;
|f
S 60000 - |
> [
2 I
£ 40000 (
R
20000 I
|
WS A4 — Y _--'2'“--
0 — % O —
6.0 8.0 10.0 12.0 14.0 16.0
Retention Time [min]
[F]ER (e [Ares T3V soc)] Aveat [right [oVI]Feighes]
| 7142] 1200720[93774] sesaz] 97 85s]
12| 13242 79715] 6.226! 2158| 2144

202



3d

0.2

0

abundance
0.1
i
CF" —
L

h
727

0.7
i
3.09

0.3
i
099

32

AN,

169.435

X : parts per Million : Carbon13

83832

60.508

27.390

29211 ——

12I 0 11.0 15.0 9.0 8‘.0 7‘.0 6{0 5‘0 4‘.0 3‘0 20 1.0 0 -1.0 2.0
G33EZREEE3 23 ga8% §%
ERERRRRERS 68 v -
X : parts per Million : Proton
& e
vy

<4

%

]

=~

]

©°

<

wi

i
i

<4 |

<+

<]

-

<

i

<
~=
=
<
1.
k=3

T T 1 T T T T T T T T T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 30.0 200 100 0 -10.0 -200

203




(thousandths)

60.0

40.0

0

T T T bl |
<100 -20.0 -30.0 -40.0

X : parts per Million : Fluorine19

v T
-5(|).0 -60.0

-62.424 7

 baboled T T T T v | T T T
-70.0  -80.0 —96.0 —]0‘0.0 -110.0 -120.0 -13'0.0 -14‘0.0 -150.0 -160.0 -170.0 -180.0 -190.0

204




Intensity (V]

Intensity [pV]

=W N =

300000 ? | fm-14-p-CF3-aniline_005-CH1,

| H O
| |
250000 I Ne. o)(ph
200000 ‘ Q
. FaC
|l
150000 ;
‘ 2
100000 f
|1
i,
50000 A '
ot
4.0 6.0 8.0 10.0 12.0 14.0
Retention Time [min]
[#]tR [min] [ Ares [V -sec]| Areak V][ Heighty]
(1| _5367]  2606655/50043]  203053| 70.774]
2| 9392 2692015/49.957 121013] 29.226'
1 - ——— fm-15-27-€F3_001-CH1
800000 s
'\
600000 |
|
400000 (|
200000 1
| li
{1 2
o+ ——X% A .
, :
4.0 6.0 . 8.0 - 100 12.0 14.0

Retention Time [min]

[#]¢R [min] Area [V sec]] Area¥ [Height [LV][Heights|
1] 5233]  7764055[96065| 867915] 98.084]
2] 900 318008] 3935]  16955] 1916

205



3e

abundance

6.0

5.0

4.0

3.0

2.0

10

MeO,C

5.1

3.02

199
0
2,04

203

303~
315

X : parts per Million : Proton

5.097
5.083
3.802

1797 ——

°
o4

1610~

(thousandths)

1.0 2.0

0

H O

'5 %)4.,

MeQ,C

X : parts per Million : Carbon13

169.513 ——
167271~
149.600

T T Y T T | i T T
220.0 210.0 202).0 196.0 180.0 170.0 160.0 150.0 140.0 130.0 12‘0.0 Ili)‘O 106.0 9(;‘0 80’.0 70’.0 6(;‘0

83.968
60.529 —

r

50.
|
i
s

0 4(;.0 300 200

T
100 0

29337 ——
27.526

100 200

206




Intensity [pV]

Intensity [LV]

40000

30000

20000

10000

80000

60000

40000

20000

E _17 'ﬁfgq.;@zﬁanmné:m}éﬂl

_1.‘ .‘"-.\> s_} J

1 fm-15-25-p-C20Me_006-CH1

8.0 10.0 12.0 14.0
Retention Time [min]
[#]tR [min][Area [uV'soc] | Area¥ [ Height (V][ Heights]
1] 12550]  838630/50.032]  40423| 60915
2] 14650 837546]49.968 25937] 39.085)
il
| |
i
R
|
[
: ' l
f
[
[
i‘ |
|
|
S . _
8.0 10.0 12.0 14.0
Retention Time [min)
|#]tR [min] [Area [uV-soc]] Area® [Height [LV)[Heights]
1] 12558]  2000823]95567] o303y
2] 14750 92803] 4433 2943|3067

207



3f

$6'T

WwT

€67

=
>y
o

-

20

-1.0

Fo

1.0

—[I9
— S08°1

20

—SEP'T

4.0

Ee 605
v —<zirs
szs's

—se5's

6.0

989
~98r9
€969
L= e
oLrL

6LIL
et
sieL
re \Neses
StrL
SHrL
[t
L

X : parts per Million : Proton

0L

09

s

oy

0e

0T

ol

2ouepunqe

T

09

0s

(g

(U3

T

[Ura

o_ 1 0
(syppuesnoyy)

(I) -1 11).0 -2(‘).0

T
10.0

96197
= Los1T
—~sLe6t

0 26‘0

T

50.0 40‘.0 30.

0

S — 09

J—

T

0 100.0 90.0 80.0 70.0 60.

S
/1o
ogeLTl
8LELTl
aTvizl
Lzesa

120.0 110

0
g
]

9E0'6Z1

0.0 13
| /
g
58

— 6LSPF
5 vSL6Y1

0.0 14

AT

e 691961

T T

2200 210.0 200.0 196.0 180.0 170.0 160.0 15

Carbon13

X : parts per Million

208



1 fm-14-p-COMe_002-CH1

12000 : !
2
10000 \
(\
S 8000 L Me
32 i 1
o}
% 6000 |3
z ;
4000 | |
| |
2000
Y
0 = i
10.0 15.0 20.0 25.0
Retention Time [min]
tR [Area [V'sec)| Area’ [Height (V][ Heights}
16.925 466207]49.84( 13282| 54159
20.108] 469205]50.16( 11242| 45.841
1229 fm=15-p~COMe~chiral 003 2025/03/13 12:18:35
1 fm-15-p-COMe-chiral_003-CH1
60000 I
§ 40000
2z i
g
£
— |
20000 P
' / \ L 2
0 T o Y S A
10.0 15.0 20.0 25.0

Retention Time [min]

R [min) | Area (uV-sec]] Area’ |Height (V)] Heights]
16283 2342353|96.589|  67536] 97.068]

19.567 82716] 3411 2040| 2932

209



{qlmy FR—<lots

J 018's

o —<uss
-l

L9

00T

— =69

€8I'L

86

9L

86'1

B I PN
Q= / LOVL
— [~ INSE
—
€L
6L
o w06t

]
] E® W6

886'L
£€66'L
1008

120

0T o.,_ w.,_ \.__ o__ m.__ ¥l m.._ N.__ r

T T T T T T T
1 01 60 80 L0 90 S0 v0 €0 TO 10

2ouepunqe

X : parts per Million : Proton

T
0l 0
(sypuesnoyy)

2
e
D)
2
o
-
o
<
S
=
re
N
PR
=7
2
=
=
-
=]
FS
2
<
S 99509
g
S
FS
e
=]
e
—sers
<
&
S
re
< -
> e8Izl
=
wn 71012t
82971
2 [lusw
wn useal
SSEST
FS=Z wssul
& Nesteai
rrocl
o= .
LS —sosl
= sevhl
e
|m — €160S1
e
e
< -
510691
e
2
=3
]
2
&8
2
re
N
2
=
a
=]
=
&
o

X : parts per Million : Carbon13

210



=W NN -

1 t fm-p-NO2-racemic-re_002-CH1

60000 H O )4
g‘ o Ph
ok
Z 40000 ON
g o
s 2
20000 /
Y X
i
10.0 15.0 20.0 25.0 30.0
Retention Time [min]
[#]tR [min) [Area [V sec]] Areax Mt_xﬂl%
1| 14992 961513]49921 7884| 73.730!
2| 24350 967713[50079 4188] 26.270
1 fm-15-p-NO2-chiral_006-CH1
60000
I
2 40000 I
Z
20000 i
! 2
0+ - Y — . B — B
5.0 10.0 15.0 20.0 25.0 30.0
Retention Time [min]
[#]tR [min][Area [uV-sec]] Area’s | Height (V)| Heighty]
(1] 14500 161633095 665]  67072| 97.968]
2] 247v08]  73247] 4335]  1391] 2032

211



3h

2
2 rs
ES 3
s
ke
2
= I
=]
re
— Fe °
re
&
__08¥LT
=3 v
Fo g s
S
— ]
— b8l
J L2 <
) e
. -m —
re
Ll <
FS
e
=
re
F2 RN
2
S
001 . Y
£H0'S > ’
JIFM A < ssos Fg T
85°S s
0955 =3
o =
) o9 =
m\ 6419 Fe
8919 WO
9569 =
L2 - L )
= 6LiL -
S0€'L =4
1eL g
0e€'L o
re WL LS —
bl S8EL =
665°L -
8THL =
=
<
Fo 2 seweon
e
S
|
= = «
el g o E
g -3 £
[ L o
ep - %
L2 g = g
= =3 =
- = o =
P - s
2 = 2
= £ 4
= £ 2= &
> a ]
T T T T T T T T T T T T T T '
Lo 90 S0 o €0 70 1o 0 0L 09 s oy 0¢ 0T ol 0
douepunqe (syppuesnoy)

212




0614 08-578.001 2026/06/15 15:18:56

60000
50000
40000

30000

Intensity [pV)

20000 -

10000 -

10.0

1 [ 08-578_001-CH1l
II H O
I | ypu
I N o)
| @
| NC
| |
'. 2
[ £\
[\
v v) AN
: Y 't
15.0 20.0 25.0 30.0 35.0

Retention Time [min]

=

| 1658442]50.087)

|#]tR [min) [Area [uV-sec)| Area’ [Height [ 4 V] (V][ Heights
| 14.925] | 63145] 76,007
2] 26275]  1es2661]49.013]  19332] 23903

0416 yk-ts-07-509r0 001 2026/06/14 2.26:56

Intensity [pV]

100000 |

50000 |

10.0

‘ [ yk-ts-07-509re_001-CH1
|
I
I
(|
[
[
|
|
|
| 1
\
|\
[\ A
B A g‘ Y /= — ‘ .
15.0 20.0 25.0 30.0 35.0

Retention Time [min]

213



86T

6T

90§

G (3 (2
~ o~

0¢ 0T

ol

0
2ouepunqe

e 609°L
—6LL

X : parts per Million : Proton

_ _ T
ol ool 06 o8 oL 09 oS  ov  o¢ o0z 01 0
(syppuvsnoyy)

200

T
-10.0

T T T T
50.0 40.0 300 200 100

—r

T

T
0.0 110.0 100.0 90.0 80.0 70.0 60.0

0 160.0 150.0

T T

180.0 170.

T
190.0

T

T
220.0 210.0 200.0

LT
= 66067

— 1]

— LTS8

—— pSPELL

= 5091

——9r'oLt

X : parts per Million : Carbon13

214



=W N

Intensity [11V]

Intensity [uV]

25000

20000

" 15000

10000

0 T a S

600000

500000

400000

300000

200000

100000

4.0

4.0

— . ‘__L_

6.0

8.0

10.0

Retention Time [min]

285272]49.105

[Aroa LV sec)| Area’s | Heigl [Heights |
[1] 6967]  295666|50895]  26660] 61091]
808

16980| 38909

1
]
\
|
[
|
|
v I | ,2 =
A
6.0 8.0 10.0
Retention Time [min])
tR [min] [Ares [V sec)| Areat [Heig [Heighty]
350|  8578580|96564]  614210] 67.907|
10992 305278] 3436 13128] 2093

215

= fm-14-p-H_005-CH1

1 3K

12.0

14.0

fm-16-28_002-CH1,



80°€

0T

we

L60

k4

NN LY

I-Z

20

-1.0

Lo — 0000

1.0

e 6091
— £08'1

20

—TTT

X : parts per Million : Proton

n__.o o 1o ro &.o

T
800 &.o 900 SO0 00

€00

1000
2ouepUnqe

T T T T
100 0 -100 200

.0

T

T T T T T T
.0 50.0 40.0 30.0 20

T

0 1000 90.0 80.0 70.0 60.

T

0 110,

0 120.

T T

0 160.0 150.0 140.0 130.

T

220.0 210.0 206.0 190.0 180.0 170.

(syipuesnoy)

— SE¥'LL

LT
et

— 62019

— L9EE8

Lot
8ECLIL
09771
9£6'€T1
$88°9T1
€C1LTL
seeLTl
160821
8S18T1
SLYSTL
€80°0€T
6£0'8E1

2

AN

wLvrl

— pEroLt

X : parts per Million : Carbon13

216



0508 yk~ts=7-533.004 2026/05/08 13:32:36

100000 |

Intensity [pV]

40000 [

| N\
20000 - \

. I\ A [\
0 ‘ — ¥ N . /i - —
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Retention Time [min]

0614 yk-ts-08-574.001 2026/06/14 19:32:19

2 ~ yk-ts-08-574_001-CH1|
100000 ‘ .
I
80000 I‘
g 60000 - i
|
g 40000 [ |
= |
N |
20000 il \
1 .' i' | "\\
o } — —4\"/ !’ “._1 Y; B ——— ’_'_ .\-»,‘ —_—— ——
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Retention Time [min]

[£]tR [min]|Area [uV: [ Hoi ]
1] 7208]  110868] 2930)
2] 16517]  3ers204for070] 102248 94677

217



3k

L6T

-1.0

— Ll

$6T

—I9€7T

£6'9

W 2
p—
s
3
==

3.0

€6y

LS6'Y
e [2 o6y

086t

09€9

ue9
€869

06£9
6869

Foosert

- |
DR
)
=5 =
- 91

wIL
$91'L
oLI'L
S 081°L
L gL
L

0T

2ouRpUNgE

X : parts per Million : Proton

T
051

T T T T T
ovl 0€l 0TI 011 001

T
06

T

08

oL

09

0s

T

ot

e

0T

T
[ ]
(syppuesnoyy)

<

[5=3
a
2

=

o
=3

re

FS —asror
N
o 09T

[ S — 80867
2
=

re
-

S

re
2
S

Fg 90819
=

=3
e
=

o
®___ures
=
&
=

g
=]

2 0SSENT
= 1l
o €20LTL

R Lzl
i ws'LT1
S €81'8T1

FS -/A 65T8TI
i /2».2_
o PLL6TI

FS N sersel
— ]
o N\ e6rl

o
]
=

=
2 .

& — weoul
S

=3
=
S

'8
S

=]

S
=

re
a
=

o
o
&

X : parts per Million : Carbon13

218



[S2 SN GO\

Intensity [pV]

Intensity [uV]

o, (4 fm-15-p-Me-racemic_003-CH1
I
I
1 2.
| | z‘I'
1 : /
100000 ‘ |
| ; I ls Me
| (|
[ .1 \‘ ‘,
| |
50000 I |
i |
! | | \
} |‘ |
rl “\ ;
0+ | S A4 R _/'I S I », N —
8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
[¥]tR Tmir)[Area V-s0c]| Areas | Hoight V]| Heghts]
1] 14992  sasacu7[evsse] _152988] 55145}
12| 17842 3840523|50.042 124441| 44855
150000 4 f15-p-Me-chira-2mol_005-CH1
i
‘.‘ ‘
I A
fl | !
100000 1 [
A I
[ | I
\ |
[
50000 | |
A | | ||
.k | ‘ |
I ' !
| "‘ | \ J 2‘\
01— I\ . . Yy N ,“ / "»-_.‘
8.0 10.0 12.0 14.0 16.0 18.0 20.0

Retention Time [min]

[¥]tR Tmin)[Area (uV-sec][ Area’ [Height (V][ Heights]
(1] 15192] 3779070s2257] _ 145770| 93796}
[2[ 18117 317183] 7743 9642 6204

219

Z—-I

Oy
oPh



3l

80€ M

20T

€01 ¥30 —

o
<

o

;

fal
e
Lo — 0000
]
—— 291
— E8L1
LS
o
LS
o
—— 689
LS
-
ue'y

T T T T T T T T T T T T T T T T T T T T T T T T T T T
LTYTSTYTETTTITOZOISILIOISTIVICITITION6080L0906850+0€0T01°0
aduepunge

X : parts per Million : Proton

220



20

1.0

0

(thousandths)

e

AR T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.

R R R R e

g
200 100 0 -10.0 -20.0

0 500 400 300
\

170,089~
160.726
61228 D]
55.086
29279

641

27

| X : parts per Million : Carbon13

—

221



Intensity [pV]

Intensity [uV]

———— 16-m-OMe-aniine-racemic_003-CH1

18.0

20.0

- 16-m-OMe-aniine-chiral_004-CH1

1
, !
1'!
150000 ,
|
|
100000 2
50000
0 —— Y N i Y
8.0 10.0 12.0 14.0 16.0
Retention Time [min]
#[tR [min) [Aroa (1V-sec)] Area’ |Height (V]| Height™
1] 9650]  2068762[49.877]  181665] 65504
2| 14.850 2983421]50.123 95668| 34.496
1
250000 f
200000
150000 [ |
100000 P
|
50000
2,
0 ~_ Y N A\ —
8.0 10.0 12.0 14.0 16.0
Retention Time [min]
[#]tR [min][Area [LV-sec]| Area’ [Height (V]| Heights|
1] 9ss8]  4279117]91.676 261180] 94941
2] 14850 388538 8.324 13916] 5059

3m

222

18.0

20.0



<
=1
2 8
&
' )
=
e e
: s
£ Fe
.VO =3
' e
[ &
_1€92T
LS = 6Lz6T
- z 2
- =
. re
e ||\||AW —7 Y N
=2 [ — 801
S ts -3
(o] vy
< S
g — 060"
=
Fei <
o=
e
<
e
F2 % ___o8Les
=
| =
| ES
02 | 1667 =
o /908 =
—— [ A v20's g
o80s SRkl
FS_/ 60
5599 ~= 7/ siout
b0l -3 )00 e |\ 60TETt
4 2 )
| 9169 -8~ o
f..l'|1!.; -/ 569 == epeiat
. wo L J 969 o =<Lserint
e ———, =/ st69 ] LIESTL
ST Lo & 6169 - M&ZN_
0TS \YW T oL = / 8L6'STI
= | \&i 2 N\
—__\epreel
J - MMH e 2 ” WLl
2 I 18TLY1
bl WL ] ;
9prL =
or'L S
=
o LS ssueot
=
=
-0
pe 2
£S =
= - -
=] 2
g r&
£ L]
‘e 5 L2
= = &
. - °
z =
(o]
o £
Fed <
o W S
. 5
< o
J : 5 (kAR | T T T T T T T T
0¢ 0T ol [UrA BV B X1 06 08 oL 09 (U ot 0 0T [ 0
2ouepunqe (syppuesnoyy)

223

X : parts per Million : Carbon13




(€2 SN GO \)

Intensity [pV]

Intensity [pV]

fm-14-m-Br-aniline_007-CH1l

150000
I
\i o
100000 ’I
[}
|
I
50000 i'. 2
| \
[ 4 ‘
0_!_. —_— Y . — ¥_
6.0 8.0 10.0 12.0 14.0 16.0
Retention Time [min]
[#]tR [min] [Area [uV-sec]] Areak [Height (V][ Heights]
(1] 5725]  1463262|50242]  153780] 78857
2] 11.117 1449182]49.758 41231] 21.143
800000 1 ———— fm-15-32-m-Br_003-CH1
600000 |
f
400000 I
|
|
200000 {
f 2
0 R, S  S— ¥ A i '
6.0 8.0 10.0 12.0 14.0 16.0

Retention Time [min]

[#[R [min)[Area (uV:sec]| Area [Height (V][ Height’ ]
1] 5650]  7525734]95716]  780083] 98.745]
2] 10950 336842| 4284 9911] 1255

224



3n

£0'S

w1

1T€

E o —— 0000

1.0

—
—06L'1

X : parts per Million : Proton

91 ST ¥l

€1

(4!

T

T
ol

T T T
60 80 L0

T
90

T
<o

0

€0

T

0

T
m o
Qouepunqe

T T T
o€l 0TL 011 o.M: o_o e._s e._h ouo e._m o._v 0e 0T 01 0
(syppuesnoyy)

T T T T T T T T T T
100 0  -10.0 -20.0

T

T

0.0 120.0 110.0 100.0 90.0 80.0 700 60.0 500 400 300 200

T

&

T

T
0.0 160.0 150.

T T
220.0 216.0 20‘).0 19{).0 180.0 17

w9t
— LzeeT

. S80'19

pu— 1

— 196'691

X : parts per Million : Carbon13

225



Intensity (V]

Intensity [uV]

30000

25000

20000

15000

10000 -

5000

h
e

150000 -

100000 -

50000

6.0

\

ot

8.0

A-..__«‘_ !

10.0

12.0

[~ fm-15-p-vinyl-racemic_004-CH1

14.0

Retention Time [min]

- fm-15-44-vinyl-2-chiral_002-CH1

226

2
\_ v A
i i
8.0 10.0 12.0 14.0 16.0 18.0
Retention Time [min]

# Area Areas
1] 6800 2025609]93074 170321| 96.964
2| 12.100 150732| 6926 5332] 3036

20.0



3o

i
LJ_LJ

/

{ g

90T

UV

10T

g

|
|

|
1

[

-1.0

Fo — 0000

1.0

— T8l

20

3.0

FS vz
T <gee
o<t
£ peey
~opc9
€669

Fo 9669

= 691'L
% sLIL
€81L

- oLe'L
ES i\ sseL
1L

£€vL

YL

° 65S°L
> SLsL

o T
006 008 0oL 009 00§ 0or 00 00T ool 0

(syppuesnoyy)

X : parts per Million : Proton

T T T T T T T T T T T T T
100 0 -100 -200

T

0 1100 100.0 90.0 80.0 700 60.0 500 400 300 20.0

0 120.

\

0 150.0 140.0 130

0I6b

T T T T T

T

220.0 210.0 200.0 190.0 180.0 170.

oSt

c..v_ o._m_ c.w_ o._: o.w_

o_ 1 ._v
(syipuesnoy))

{4
—— L9S'6T

- 98T19
— 8PLE8

—89¢°s01

S6LLIL
_/sTont
62121
_/ 96¥T1
= or6'szl
- verozt
SLELTI
1€5°221

PLESTI
“\\eiLszi
16821
/ 068°LE1

998vrl

— 08T°0L1

X : parts per Million : Carbon13

227



SN G R W

Intensity [pV]

Intensity [uV]

100000

50000

300000

250000

200000

150000

100000

50000

0 —

1
[]
if
(l
f
|1
{1
[ | !
]
[
|
|| i
fl H |
1 | \
I\ |
| | |
. — — AW I Y S
4.0 6.0 8.0 10.0 12.0 14.0
Retention Time [min]
[#]tR [min][Area [V sec]] Area’ [Height [VI[Height’
49925 140770[ 56.600]
[50075] 107941 43400]
} [ fm-15-43-Naph-chiral_001-CH1
[
i
.
[
"
i
I
' |
|
|
2
— o VAN § < 1 AN
4.0 6.0 8.0 10.0 12,0 14.0

Retention Time [min]

[#]R [min][Area [uV-sec]| Area’ [Height (V]| Heights]

1] 9.567] 4978078]94.789)| | 95,975
(2] 12842 273694] 5211 13114]  4,025!

228




“ X : parts per Million : Carbon13

S
-9
]
<
ES :
. -2
re o
. 2
Fre
S
—= fe LS
PRV
FS =86t
a
M 3
- S
e
-
e -1
e > S FS
"3 fe 2
- et o
2 .
R g— A1)
= =
s £
S
e
. ag— 13
re
- e
3
< 5
i > 659601
} - :_,m Im o
0 LS Lsus = s
— —— 8IS < /1%
s = 658921
908921
2 = AT
£S o 6e9 & [/ scw
ad w09 A 9L8LTI
N 3 07821
= s - re2 /RSN_
wd o — 669 " /:32
ore e — R 860L Fs \\orozer
07 N T _\swrem
= i s \\swoser
60 8Pl Lo 8
o LT 2 Nosornt
e \aore 5681
<
00s'L 'S
80SL g
8L
] Suce LS teLeo1
L2 g
o
=3
£
<
3 -
= L
o
e o
g g
2 L &
= = °
Z FS
g a
g e
'S g =
g ! T 0Tl 00l 06 08 0L 09 0s 0y o0¢ 0T 01 0
! TOLSIPIEIZI 101 6080L0905080¢020 1 '€l 0T 0T 001 06 08 0L 09 0
87797 ST €T TT 1202618119181 91121 _._o;:o;o:evomoww:whsm« €l 0Tl LS

229




1 hfm524004-(}|1

|
150000 !
!}
g {
_g 100000 ]‘
|
2
= [ f\
50000 - ' ‘ | [
f [N ‘f \
J ' ! |
I ||
I\ gl I\
o+—"— — —_— Y ) -
a0 10.0 15.0 20.0
Retention Time [min]
[¥]ER (min) [ Avea (oV-s62]] Area [Haight V] [Fiaights]
[1] 11.067]  2578944]50298] _ 190152] 71361}
[2] 78133 2548352[49.702] _ 76313] 28639]
0612 yk-ts-08-573.001 2026/06/16 4:29:10
800000 1‘ [ yk-ts-08-573_001-CH1
I
600000
([
2 |
§ 400000 :
: ;
} |
‘ |
200000 |
;
0 . - y! —— 7 - \ 5 _‘ o
5.0 10.0 15.0 20.0
Retention Time [min]

m EE][{Z‘I]TTJI AJIE.","T.‘]

725751 l130 15524 1‘939

230



X : parts per Million : Carbon13

S
ES Fa
°
FS
Fe
g o
S
=
2 Fo — 0000 -
Fe
_099%T
Fo ‘m = ssr6T
~ 3
e 9291 re
LA 2 — 681
Jte =
& s
Tm —— 8€5°09
Lo
“ 2
e
e
re
E2 - .. ® s
o
3 SE6'y g
Sho ) fo Loy =
= Y PR s =
L00°
LS
=Y $E€9 -
. Fe 6£€9 = -
LUk J 1r9 = X
0559 :
wz y 851L .mk:_.
. z ba_ Jert & ’
rIs . ~ = — [T 66IL = Mmmm“
R L [N~3 .
WT 3 €0T" = SYvl
) LD —Z 95t
o Nz S
S Weeee S
1s€L
L05°L o
5L re
<
Fe vm o SET691
°
2 re
LS s 5
g o
E2 2 rg
M <
o >
£
<
I 5
> (o)
: ; : 0 L Y ! ! : : | o€l 0Tl 01l 001 06 08 0L 09 05 o0r o0t 0z 0l 0
rl 0l 60 80 Lo 90 $0 ¥0 €0 z0 o
2ouepunqe . _ (syppuesnoy)

231




Intensity [pV]

Intensity [pV]

400000

300000

200000

100000

250000

200000

150000

100000

50000

1 ) : fm-15-p-Br-diazo-racemic_001-CH1

\ 'i‘ o

0)4"'I

Br
[ Br
|
I
| R
|
| |
} '
| .'1 !
|\ / L
— i e . § = i
10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min)
[#]tR [min] | Area [uV-sec]| Area’s [Height (uV]|Heights]
1] 0242]  6114411[50046]  402278] 70417
2] 17275 6103232]49.954] __ 169002| 29.583]
! (- fm-15-p-Br-diazo-chiral_005-CH1
[
il
I
i
|
|
|
|
1
K
| ";
| 2
z Yy e —
10.0 12.0 14.0 16.0 18.0 20.0

Retention Time [min]

[#]R Tmin][Area [LV-sec]| Area [Height (V]| Heighty]
[1] oco08|  3682005[95380]  276248] 8.045]
2] 16725]  178394] 4620]  5509] 1.955]

232



3r

X : parts per Million : Carbon13

=
2 S
2
e
<
I.ﬂ I
<
£S
I
S
re
&
S=are
FS =
= g
. 2
85 01 Fe
— —98L'1
L[S =
o lw .
LS osroo
e
LS
o« <
=
e
=
=) re
= ® 8018
<
§ [R
. 96t
660 l .
[.L Ol\coo.. =
= fad 900 S
! Nsos g
S
—
029 = .
L2 87€9 m ___seosil
00T Pee9 d
— SHE9 -mu\
1 0569 — |\
€61 | 6669 =
o -z
60°S [ J te Lol &
— 6€ — | o SHIL -
= oLr'e m
N 1 161'L r c6rip1
w0TL = gt
Fo Weor 2 6LSTHL
2 lever P2
PIEL
16£L 2
Fe
Le
= < .
g1
2 e
<
S =
Fe -
g o
g g8
<
=
[ <
i =
S £ ]
Fe = S
S FS
~ o
LASABAEARST IR Bbel BESL LI Rl et b gl i g4l S i bl b L S LASRAARAGA! SAARAARAAL AAARAAAALY MARAMAAN LAALASALS LAGAAAAAAL MAAMAASAL LAASAAL WAALAALLA |
€777 1T 07 6 ¥ €T 01 60 80 L0 90 S0 #0 €0 T0 10 0Tl 01l 00l 06 08 0L 09 0SS 0v 0¢ 0T Ol 0
2ouepunqe (syppuesnow)

233




Intensity [pV]

Intensity [uV]

1 {~——— fm-15-p-Cl-diazo-racemic_002-CH1

600000 |'
\
500000 I
\l
400000 1
300000 H 2
| A
200000 I
\ |
0*‘."*"" S i . B
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
[#]ER [rmin) [ Aron [V -soc]] Aroa¥ | Feight Gav]| Heights]
(1] _8702]  o819898]49954]  660034] 69.789
(2] 16.458] 5838013|50046] __ 266115] 30.211
x T fm-15-p-C-diazo-chiral_004-CH1
250000 l
I
200000 '
(|
150000 - |
i
100000 | "
50000 A
\
v Y /2
0 T . o s A . ) - 7-"‘ N
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Retention Time [min]

(7] T [Ares GV sec]] Aveot [Foght V]| Feights]
| 6333]  ssatose[oasor] 2664ds| 97.145)
2] 14983 215102] 5593 7830] 2.855)

234



3s

J
by

g
a

-

a

(T2

8€s

Iy

AN
JUUJL

2.0

-1.0

d

1.0

3.0

4.0

<
o

~

UAARSAMAAAL AR MRS AARAS AASS LRSS LARS MASA LASAM AR LAaAd MM LASAT AR LAt LAY Lkid LM Seksd LA Mlad Sk Lias s
ITETHYTETTTITOTEISILIYISTVIECTITITITI O 6080L090500€0T010 0
douepunqe

£

6191
66L°1

SE0°S
80
$90°S
9L0'S

81€9
9E9
0€€9
€9

Fo 6569

969
€$sre
09re
691°L
SLrL
sLI'L
€81'L

LE9L

X : parts per Million : Proton

235



2.0

1.0

1

(thousandths)
0

T L |
700 60.0 50.0 40.0 30.0 20.0 I(;.O (‘) -16.0 -2(‘).0

84225 ——
60.623

29.038 ~~—
274297

(thousandths)

1 9.0

0

T T T T T T T T T T TrpTTT
-l(|).0 -2(|).0 -30.0 -4(l).0 -56.0 -60.0 -70.0 -80.0 -90.0 -10|0.0 -llIOA() -IZIO.O -I}IO.O -140.0 -150.0 -160.0 -170.0 -180.0 -190.0

-61.060

X : parts per Million : Fluorine19

236



0616 579-re 004 2026/06/16 5:42:39

! C 579-re_004-CH1
250000 |
3
|
200000 2
= A
> |
= 150000 ' I CF;
i |
= 100000 1 ‘
[ 1
50000 .
1
\
o B vyl N Y .
6.0 8.0 10.0 12.0 14.0 16.0 180 200
Retention Time [min]
1' t ~ fm-15-58-p-CF3-diazo-chiral_002-CH1/
400000 - I
|
= 300000 '
= | |
g 200000 '
S_ |
I
100000 i \
v { 2
0OT— o Sl Yoy
.6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Retention Time [min]

[#]tR [min][Ares (uV-sec]| Area’ [Height [uV][Heights]
(1] 8742]  6589508[94611] 452037] 96 580)
[2] 15150 375321] 5389]  16039] 3420

237



3t

<
= Fe
e
=
L2 Fo
2
<
e ) o <
Fe sz
PR 74
w . LS~ osze
— =
we 3 €
UL sl S
4 k2 S
we o : e
- 195 .
FS — 18009
L
- =
R
2
re
L2 ®___ o8
=
<
FR
. | ey
00T - 8S6'F <
e E2 ot =]
086'F =
FS_ ureol
09€'9 = .
£ /o9 ——psosn
0T ) ° Jusy 2= i
q 0669 o/ oo
10t 6369 F2 1€l
s o be st & wec
2 = 9sIL
S
-— ot FE e
oLt <~ 100’51
= 081'L -m .
Lo TeL -
L s
=
Lo
L E2_ noou
o=
=
-2
S ] -
£ES o
-— = <
£ >
£ E £
a - <
= - =
E2 £ re £
= = N |
: s 2
o
: : e
3] 2 £
- 2 e a
I 8 =
® N *®
T T T T A R B L L DA AR BN RSN AES Sy Ra L Las sy an s Ban e nan e
(U4 (X3 0T o1 0 0L1 091 0SL Ovl 0€l 0TI OIL 001 06 08 0L 09 0§ 0¥ 0€¢ 0T 01 0
2duRpUNgE (syppuesnoyy)
N

238



=W N =

Intensity [pV]

Intensity [1V]

150000 ~

100000 — ‘
[
i
| 2
| | N
0-— ~Y \ i Y. k>
5.0 10.0 15.0 20.0
Retention Time [min]
umr"uz::: oV-sec]] Arsa® [Height V][ Heghts]
1960584 |50.237] 155787| 85.402
a w:ml 1942091]49.763] _ 26629| 14.598
TR ——— fm-15-54-p-Me-diazo-chiral_001-CH1l
500000 !
400000 il
300000 ’
I
200000 il
|
!
100000 I\
'; Y 2 -
0 S R S
5.0 10.0 ) 15.0 200
Retention Time [min]

[#]tR Tmin][Aroa [uV-sec] Area’ [Height [LV][Heighty|
n-m]lmn

239




3u

X : parts per Million : Carbon13

=
< S
FS &
2
e
L2
- Fe
2
3=
N ) P
2
s ——sisie
9TS'LT
o 3
M Eo S ——swwet
<
P 091 Fe
— =
P — sl E
=1 :
. o re
FiLd T “
2
= pa—T ]
Lo
) )
R
- =
re
L2 @ 598
S
0T w6r &
o L6y <
F3 = w96 Fs
SL6T S
FS /) seosit
. [ 2 |\ e
e /89 99¥T1
207 ) vse9 =R AT
9659 & J etz
w1 b 10t'9 - 657871
$rIL S = g6Lstl
165 L Foa/esiL & Nesi6tl
9L EE——— T o eTEl
i PrL = 0P LEl
oLrL FS Nsiosel
1 9LIL - 08Lhpl
Le et FS 6€0°
©  \eszL e}
9STL -
e
<
LS =
& S LS m6691
S
2
|
o 2
2 :
— = <
g >
g &
a <
L2 g g
— = (]
= <
g -2
o
S £ =
3 E LS
5 &
» (2}
T T T T T T T T T T T T T T T T T T T T T .- yA_ T T T T T T T T T T T
I'c 0T 61 81 L1 91 1 ¢v'1 €1 T1L I'l 01 60 80 L0 90 S0 #0 €0 TO 10 0 ovL o€l 0TI 01l 00 06 08 0L 09 0S5 O 0€ 0T 01 0
. 2ouepUnqe (syipuesnoyy)

240




Intensity [uV]

Intensity [uV]

400000

300000

200000

100000 -

800000

600000

200000

0 —_Y

—

6.0

N [—7“»,;___*.42*_! ~_‘
8.0 10.0 12.0
Retention Time [min]
[#]tR [min][Area [LV-sec]] Area’ [Height (V]| Height’|
(1| 6158 4323087]50.194]  394745] 68.998
2] 10.700! 4290580/49.806] __ 177370] 31.002
1
! AAAAA
f
l
|
"
1
(!
il
I
|
N— I T
8.0 10.0 12.0

———— 16-m-Me-racemic_001-CH1

Retention Time [min]

[]tR [min] [Area [uVsec][ Area’ [Height (V[ Heights)
1] 6442] 10286464[95008] B9e660| o7.588
(2| 11383]  530235] 402]  22212] 2412

241

—

14.0

ok
o Ph

CHs



I

AL

|8

A

3v

20

-1.0

— L |
——T6L°1

Fo 9969
AT
06€'9

6€'9

8969

o =/ 8869

OMe

&

re
b =

%

S o=\,

m -2 *

2 ) s
<

i

»

T T T T T T T

orl o€l oA_N_ o._: o.w— 06 08 0L 09 0S O

T T T T
100 0 -100 -200

26.0

_b9SLT
L2 opeet

3

T

50.0 40.0

—ELESS

2 .
g — st

=3
FS
e

o T6S601
S ol
= —servn

FS —— 68611
L
o — 8LELTL
N
=\ o662
o \86lgl
FS T stregl
e e
0.|Amxv3_

=3
kgl

=
g — forost

T

70.0
|
g
g

220.0 2100 206.0 190.0 180.0 1

242

X : parts per Million : Carbon13




1 - fm-15-m-OMe-racemic_005-CH1

120000 |
| |-I| o
100000 N
80000 ‘
: ‘|
g 60000 - I
= ' !_ '
40000 l
!: 2
| '\
20000 H ,‘
| 1 |
0 - v S .
5.0 10.0 150 - 20.0 25.0 30.0
Retention Time [min]
3]tR [min] [ Ares [V sec]] Area [Height V][ Height¥
1] _ss42] 1870275]50401] 125093 B08sd]
(2] T9275] 1840500 49.599]  29621] 19.148]
) ' F——— fm-15-m-Ome-chiral_002-CH1]
400000 ]
\
300000 - l
g 1!
,i
4 fl
g 200000 |
I
100000 1
ll
I
| 4 2
o +——32—>—a— L i
[ I
5.0 10.0 15.0 20.0 25.0 30.0
’ Retention Time [min]

243



3w

&

2.0

-1.0

Lo

90

s0

o

€0

7o

o

0
2ouepunqe

X : parts per Million : Proton

o1 o
(sypuesnows)

<
-
Q8
S
LS
~
Lo
<
Fe
<
LS
o
oML
ES = ssrec
]
e
I
g
°
o
:
<
FS—— w90
S
e
o
re
® ___9re8
o
ES
= el
s~
m 89°L01
o /985801
LS = noeot
= sosul
o, E01zl
LS /sl
S/ e
- Lugsu
=t
2 ="s961¢1
o
=
— 66L Y1
- .
o oLl
Lo T~ 10T8rl
a
o
Lo
e
<
LS 108691
=
wo.
=3
=
e
g
e
g
=)
Fe
o}
o
e
&
o~

X : parts per Million : Carbon13

244



Intensity [pV]

Intensity [uV]

120000 -

100000

60000

20000

300000

200000

100000

5.0 10.0 15.0 20.0 25.0 30.0

um._lmﬂ""ummmu:’m
n-zm--mm
2]

5.0 10.0 15.0 20.0 25.0 30.0
Retention Time [min]

mmmmmu:ﬂmm
0308] _ 11073607/96 557] _ 628530] 99335
2621 394847] 3443 4205] 0.665)

#]
1]
2]

~

245

] [ fm-15-benzo-diazo-racemic_003-CH1

‘ ——— fm-15-benzo-chiral_001-CH1

35.0



w

3x

abundance

4.0

1.0

—
196
2,00

; 101

9.01

X : parts per Million : Proton

9.0

»
°
°
o

(thousandths)

1.0

0

ok

|

Mo A

da

e e
2200 2100 2000 1900 1800 1700 160.0 150.0 1400 1300 120.0 110.0

X : parts per Million : Carbon13

170634 =

114997 =

T
100.0  90.0

109.525 —

3
S
o

82713

=
33

T
60.

61.123

T T T T
0 500 400 300 200 100

27.890

T
0

T T
-10.0 -20.0

246




=W N =

Intensity [pV]

Intensity [uV]

300000

250000

200000 -

150000

100000

50000

300000

200000

100000

0.0

0.0

1 [T TM-10-1Z2_DUd-Lhl)

, .
i\ [
‘ f
|
| I
i
| |
|| H
|1
[
| |
| l |
} ‘I ! 10
|1 | 1
| \ |
- < - ) ~
2.0 4.0 6.0 8.0 10.0
Retention Time [min]
]| Area [Height (V]| Height]
! ~—— fm-16-77-tBu_001-CH1
I
I
I
|
[
\
[ \
l |
i .‘l
' 2
B — e 0 _{ A N -
2.0 4.0 6.0 8.0 10.0

Retention Time [min]

[#]tR {min][Area (uV'sec]] Area [Height [LV]]HeightS]
1] 4975 3453041]

195355] _ 360200] 95997

247




FS
)
—d
LS
66T -
687 J
06T - ) o~
o™\
o
Lo
-
LS
00T L 4A
960 . JW.A
00l
— =<
LS
3
%1 -~
= 961 g o
< o o ) Fe=
R a— YT - = [ =
s61 J
S <
%
L2
£-
2
1
Fe
S
e
LA A A A AARAE B AAL MY AR A AAA3 Rides hata sass nasts s na bl LD R R
wo 7o 81’0 910 vio o 1o 800 900 0’0 00 0

aouepunqe

X : parts per Million : Proton

T T
-10.0 -20.0

T
0

T
10.0

—

__oveT
S et

-

> Loy
Fg —ogr09

— A7

— 8€8'¢8

T T

0.0 110.0 100.0 90.0 80.0 7(;.0 60.0 50.0 40.0 300 20.0

T
.0 12
N
8]
AR

T

220.0 210.0 20b.0 190.0 180.0 170.

T

0T

T
01 0
(syppuesnoyy)

X : parts per Million : Carbonl3

248



0529 yk-ts-03-186 p-COEA;_OOJ 2026/05/07 16:09:56

80000 L‘ :
I
| 2
£ 40000 | |
- 1
"
20000 [ ;'
B Y / \ . '/ — ..\,\___.. —
0 A i
10.0 12.0 14.0 16.0 18.0
Retention Time [min]

lmm-ﬂzzmmm awos
nlm—ym

0620 yk~ts-03-223-p-CO2Et 003 2026/05/07 16:09:19

1 F ykts03-22
[ 'rl
| (1
[ |
a
60000 I
z |
g 40000 ‘
s [
[ |
20000 - [

0  E— —— \ VA S—— ‘4 S '_-r'*\,-__‘
10.0 12.0 14.0 16.0 18.0

Retention Time [min]

DEI\I‘HAJ J .u,"‘u_x u V] (V] [Heig ‘Z ]
-Em

249

20.0

-t5-03-223-p-CO2Et_003-CH1

20.0



3z

=Y
en
)
o
=
I
Lo
5991
P 6Ll
5
Fe
-
Ee
-
=] .
FS s
a
—is1¢

T T T T T T T T T T %
T0 610 810 L0 910 ST0 P10 €10 TI'0 110 10 60'0 80°0 L0'0 90°0 S0'0 $0°0 £0°0 200 100 0
Jduepunqe

X : parts per Million : Proton

0¢

0T 0l 0
(syipuesnoyy)

: e
0.0 1300 1200 1100 1000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 200 100 0 -100 -200

0 160.0 I.‘;IO.O 140.0 1300 120.0 110.0 1000 90.0 800 700 60.0 500 40.0 300 20.0

T

T

0 190.0 le.O 170.

220.0 210.0 200.

T

T

- 90v'LT
——— SLI'6T

—— 10019

— 559'C8

—— SLS'891

-
]
£
S

18

— LT6'L6

i

X : parts per Mill

250



0714 yk-ts-247 004 2026/05/16 9:42.09

] — Ykis247_004-CHI
12000 A { yk-ts-24 J
10000 [
| i i
8000 [ 1 ; ;I
Z 1 .
2 N
§ | ‘
T 4000 B
| 1
2000 - ‘ f
1 AN /N N /| _\v,.__ R
T A i
6.00 8.00 10.00 12.00

Retention Time [min]

0516 yk-ts-07-537.002 2026/05/16 14:48:18

1 - yk-ts-07-537_002-CH1
‘V
600000 /1
Z |
g 400000 }
200000
2
0 : Y S~ . oy s
6.00 8.00 10.00 12.00

Retention Time [min]

[#]tR [min)[Area (uV-sec]| Area’s [Height [ V] [LV]|Heights
n.xm—zmn-

251



3aa

9
< b
| = o
| F=
S
S
e -
| rs L8TET
“ “ sTrLT
091 o = 0LI'6T
Fo 66L°1 . F S T~ arog
= 6L6'1
66'1 R p— )
81¢ 0107 <
1283 9207
7T - > Lo woT |M
pap——11 @
ore S6Y'T -
07 5) lm ust -
o - - 88T
J Fe 0£LT -
| LT FS
SSLT e .
69LT o —— 00TLL
re
< "
= % p68es
=1
Fe
; k=3
1 <
00l j £E2 €60°S S
< re =< rors g
60 651

- —lurs ES wson
==eox11l
00t

Tt

ore

3‘§

-
?_ e
2 .
w o Loz
i o ,08IL Fe 981821
: — s - \u
— )| T N
%01 118L -
: o N\ oK EEL
J IMIANQ» wmy.vn“w!
9186H1
<
2
=]
F2 S .
g 60€691
<
o = b
= 5 - S
: T
£ & o
- g o —— 651961 §
= = «m H]
z - =
B g ¢ = Z
L ) G o
S 2 £
< & »
T T T T T T T T T T () T | el | T T T T T i T T T T T T T T ._ T .- ._ ._ ._
90 +vTO TCO0 TO 810 910 vI'0O TI0O 'O 800 900 00 T00 0 09 0 oy 0¢ 0T [ 0
2duepunqe (sypuesnoy)

252




0911 yk~ts-04-277.001 2026/06/16 6:04:57

100000

80000

Intensity [uV]

40000 -

20000 —

10.0

[ yk-ts-04-277_001-CH1|

0929 yk-ts-04-281.002 2026/06/16 6:06:21

120000

100000 -

80000 -

60000

Intensity (V]

40000 -

20000

10.0

2
,r
\‘ A B I S —
20.0 25.0 30.0 35.0 40.0
Retention Time [min]
nmmmnrmmmrrm“
ﬂ.!!m | 96005]
! } yk-ts-04-281_002-CH1/
|
(|
[
[
|
2
i Yoy
20.0 25.0 30.0 35.0 40.0

Retention Time [min]

[[Area [uV-sec]] Area’ [Hoight [1V] [uV][Heightt|
Cross| sasarnsleseri| i20237] sazri]
[ 28483]  a72035[10029]  7209] 5723

253

oﬂo)é
r|q°Ph




3ab

=
Lo
Q
' -
B =
! Fe
I -
| E™ Y
FS
L 0.
2 -
$9TLT
-
-
=
re
-
S0¢
HO€ o
re
L wy
LS s1909
=
e =
- ol
e
=
Ik 31
e v
= 2
FR
2
-3
101 F2 s S
- — w 8 ( .
) ~Zsers o wsell
= .\ 188611
=/ swoul
‘s 2 /s
TP e 8
o <<ze - .
) — =y
- 1s1°L 2 N\ozsse
w — fo- MMK -\ rsesa
TR —— i FS T\ sl
J NMMM m % 8Tysel
$€9°9€1
, el 2\ riewmt
| FS L F2 /«.e.ov_
| TshL -
_ S
1 K3
L60 _ |M 0€€6 M ——
L=
rlIIj“LJ. —ppes M
. \_ . > -
L60 < fa— 1286 & =
3= g o .m
_ g = 5
| & S n9welY
s o 3
2 S d k]
3= = re =
. _ b ¢ b
o
g = Z
) 2 o £
- <
= g = g
® a =
T y T _ T : T T T T T T .
S0 o €0 0 o 0 09 [8Y oy 0¢ 0T [ 0
20uepuUnqe (syppuesnoyy)

254




1015 yk~ts~05-314.001 2026/06/16 6:15:59

40000 1 [ yk-ts-05-314_001-CH1]
I’ ,
(! 1
30000 I A
A i
g | |
g 20000 '\
|
= ‘ |
; 1| I
10000 - [ 1. |
L R IS T :
6.0 8.0 100 120 140 160 180 200
Retention Time [min]

1031 yk-ts-05-318.001 2026/06/16 6:16:09

1 L ykts-05-318 001-CHL
[v
= [
=
g 10000
k |
£ |
5000 [ |
‘ 2
op———— Y — VS —
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]

255



3ac

S
Lo
ol
o 3
LS :
oS
e E N
<
re
<
Lo =
o l6Ti
= g4
()
Lo
- =]
W =
st =
60°€ - — =
—— i P
- Eei i
o~
J =
RN %= g— AT
Eo -
- R
=]
FS
= 3 IR euss
N <
=3
2 SL8'601
3 E TS [ersenn
86€S o /e
— — gor's o F ES /et
=7 [ essent
S SR _[f ezt
Fo w09 S — = preges
—_—— ey S _J/ isesa
6669 2 | o =X o9l
FS R\ sz
st'e _ o Lot ——— 8 \au
“orT — |~ vLre < 1s'eat
oIt - < t61'L L2 {
08€L 3 0TT8TL
: = _\\ezesa
&n . < Or8'8TI
NE re 019L E2 699°LE
N - s - £T8°6€1
wlL M
66L'L LS
o \test =
Fo 8008 t [o )
S s ——F Fg—wou
2 L}
-3
3 & -
LS 5 2 .m
£ & S
g =
= o £
< £ e £
= : g :
= f to 5
2 |m H
o £ m.
‘-Au m. fm E
) 5 )
) T
T T o
- 0o 0 ol 0
€10 TI0 AT N

256



1118 yk-ts-05-360.001 2026/06/16 6:27:28

30000 1 T Ykts05'360_001-CH
I
20000 :;}
t
2 I
= (| A
'g 10000 | 2
(| | A
- ! . I\
; I? | I', l."\.
0 S— ) W Y b | — \ A, . - S
-10000 - ,‘
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Retention Time [min]

1219 yk~ts-~06-406.001 2026/06/16 6:27.09

1 F—— yk-ts-06-406_001-CH1|
60000 |
g 40000 ‘]
Z I
£
20000 A
1
I 1)
. [\t
0 SN | PR 4 T ——— . ‘“”_"":\T
0.0 5.0 10.0 15.0 20.0 25.0 30,0

Retention Time [min]

257



0
T
-20.0

3ad

m
|
I3 :
S
P2 i 3
=
Fe
_— e e
Fe
0TeLT
_ s 3=
4 < -
- =
e
¥eo U S8 =
0y — 181 =)
R 3 13
=3 -
L2 98709
g
L2 |m
<
o
FS [—T
N =
&
<
107 o V66 =
/,|I|ﬂkq e =100 g
0T Srr'S -
- B FS_ssn
s = si6
Fe 8009 fe /s
o AT FS \\ uz
i - 861871
L peo — 2 68Tl
sor - 6€1'L o e P 106821
909 ) D e LSIL SR - €86'8C1
ezl 0S€'L LS |/ 9HOgl
o 2 oY T \wuwsar
# 9¢L ——F T e
Fo \l\soce 8 [ S — 006801
o WreeL 2
$65L Z
61SL 9
orsL 8 ,
Fe z |
< LS — wrest
<
= )
S g - E
T s £
_ e 8 S
= - z
o k] > g
3= = He -
= s >
2 =] 2
o~
< £ m
< 3 s g
= 8 >
. o 20 ro 0 ' 09 s v o'c 0t o1 0
{ € T T
"o 2duEpunge oL (syppuresnoyy)

258



0206 yk~ts-06-446.002 2026/05/26 17:31:37

20000 2 =
15000 - |
Z 1 ' '
% 10000 [ 3 "
: A L O
[\ . [\ 0”0
5000 [ | _ [\
[ \ | \ Ph
o v \ — v - {V — D
20.0 25.0 30.0 35.0 40.0

Retention Time [min]

0206 yk—ts-06-447.003 2026/05/26 17:31:48

3 [ ykts06-447_003-CH1
100000 {1
80000 (
= .
2
_g 60000 \
2 .
E
40000 ,
20000 ‘
1 S S~y N
e S SS—— S—
20.0 25.0 30.0 35.0 40.0
Retention Time [min]
[iR (][ Area [0V sec)] Aroa | Height {4 V] V]

%]
(1] 24400] 72874 0715 732 0607)
2| 29633]  es7413] 6.550]

259



3ae

- I
=
Fe
=< fo—om 2
I
81T
o= -
E2 = ¢or6z
Ee &
<
o
8 — 0991 g
o081l
< Fe
‘J o ”
S 809
- 8 <5609
Lo
« Fo
re
e
Fo
re
= F® s
Fe
F8
re
w1 b gers 3=
= IJ " =osrs g
°
=
- =
F3 S
00l 9159 — =
J
b = 6er9 z
w0z it ——— 2
pIe = — FR-/uiL -
. $e€ e =—6scL — <
= —_— 75 FE O\
= — vL = .
op'L e X
FS l/&l FR |/ 2
619L a i
o \swosrl
re
Fo 2
0l = S ——sts891
o6 Fe
[ —— A —
= ~ZoLr'6 z
ES = .rm )
= g - .m
e 4
& 3 <
e £ S o861 5
- =] nm =
= s
E s 3
4 S 2
o a
3 ] s g
. o
5 s i
i y . .— .— .— ._ .ﬂ T T T T T T T T T T T T I | o =
008 0oL 009 005 0oy 00¢ 00z 001 0 d d d T T T

T
0Z1 01l 001 06 08 0L 09 0s oy 0¢ 0T o'l 0
(syppuesnoyy)

(syrpuesnoyy)

260




0616 5ae racemic.002 2026/06/16 6.55:34

12000 | 1F Sae racemic_002-CH1

°>4
o Ph

10000 — ‘

8000 ~

Intensity (uV]
8

0- //. i = e v ’j—~r e —————— e

5.0 10.0 15.0 20.0
Retention Time [min]

0616 3ae chiral 003 2026/06/16 44743

40000 | 1 [ 3ae chiral_003-CH1
‘\
|
~|
30000 '
\
2 1
'5 20000 I
8 I
= |
i
10000 ~ i\
[\ 2
0 Y "—1—_ A X ,.:'Tf e e e——— e ec—
5.0 10.0 15.0 20.0

Retention Time [min]

261



3af

S
LS
e &
] 3
o
re
Pe 1t
<o
Fe
—aa
; Lo — 0000 -
re
. N N
Y 1
L2 = 8668C
Lo = —3 R
= 6
@ Ms._ <
s D e g
T J— 509'1
3 Ee T\ =]
pm [ 2] b
o €109
Cg = sps09
S
LS 2
3 R
=
o 0Ty Fe .
0T Fv m Ty T Lt
J 9Ty Fe
uTy ES
. 2
o =3 ares r8 e
- LsTs - 86'€T1
860 J _siss S /Jlaeou
AT =/ [fsieont
Lo o [lesvout
b 4 .
LS - ectiat
007 Ts9 a $69°LT1
- L 9159 o sws
6 ve69 : F2 X~ sor'stt
- L RIS 3 = m/ SEL8TL
- - BN o \geisl
61 860 _3 _\sstL ]
ore 00T 801 €0S°L - fpi—,
— ﬁi Fo 605°L S IM L seeht
@ yISL e
61SL o
S9LL 3
€8LL |m
L2 8L -] __ST9'991
S \uoee — - STl
=
2
= =
re = —
— <
2
: 3
2 8 o
F= E =
= o
E
S £ a
] iy
& 2 =
* &
i : i U . : T T T T T T T T T T T T T T T o
Lo 90 §0 vo €0 To ro 0SI Ol 0€l 0TI 011 001 06 08 0L 09 0§ 0F 0¢ 0T Ol
douepunqe (syppuesnoyy)

262

X : parts per Million : Carbonl3




1219 yk—ts-06-411.003 2026/06/03 19:03:13
30000 - 1 [ yk-ts-06-411_003-CH1
25000

20000 - [ f 4\

15000

Intensity (V]

10000 | |

5000 [ 1 | ".‘

5.0 10.0 15.0 20.0
Retention Time [min]

[#]¢R [min]| Area [uV-sec]| AreoX [Height [ #V] [uV][Heights)
(1] 11042]  825309[50085]  29620] 58.052]
2] 14133]  s23001lasens|  21404] 41.94]

0603 yk~ts-08-556.001 2026/06/16 7:16:43

1 , yk-ts-08-556_001-CH1
I
150000 - |
,_% {
Z 100000 - ]!
50000 [ |
‘ ‘7
oy ‘ Y »;\
0 - Y 'Y . T T
5.0 10.0 15.0 20.0
Retention Time [min]
(E]tR min] [ Area (uV-sec]| Areat Height [ V] (V][ Heights
1] 10.183] 433063993500 188438] 95.400]
2 12792]  sotoas] 6500 soes| 4600

263



3ag

=3
o =
el P
=
FS
Lo
- o
<
0000 =
-3 5000
oo =
>
o
o 955LT
|u - LS = es68z
Lo 2
$0°€ B ) =
= — 865°1 e
WE 3 —6LLL -
] te =
1] »
_ wi
| =)
| Eq 88—
o« 2
=
~
2
=Y re
S S @ ___0sLes
=
980' &
0ofp0 ] S60'S S
- 2 RL or1's F8 avvll
SsIs o 23:
ro, $90°S21
o = 297921
Fe o [ 6Tt
e . Ls ) awou
00T B - Mw“w oo _S wn
i e - o X soLil
i o 2 =69 FS O\ Tovae)
I — |% $00°L
61 k] £20L < e@ uu_
€07 3 L90'L m
LSTL o
Fo \\ rose Fe
L0S'L L
| st =
LISL =
Fo o lesst e
H >
A 8064 um L9691
=
S o©
Im m w —
§ s 4
£ 2 z
| k2 £ E g £
W = te 2
i ™
2 FS 2
| ) 2 a )
| Fa g 2 2
13 B -8 "
—_— Q_— °_° w._c FMQ o_° T T .— ._ .— T T ._ T ._ T U T T T T T T T T T T T T T T T T “ i
0 0 €0 o o 0 012002061 081 0°LI0910SIOPIOEIOTIONIO0I 06 08 0L 09 0S 0% 0€ 0T 01 0
2duepunqe (sypuesnoyy)
N

264



1218 ykts-060401.001 2026/06/03 19:11:21

150000

Intensity [uV]

0603 yk-ts-08-557.002 2026/06/04 1:45.08

Intensity [uV]

100000

50000 -

o____.__i S—

5.0

600000

400000

200000 —

5.0

~ ykts-060401_001-CH1l

15.0 20.0 25.0
Retention Time [min]

tR [min][Area [uV-sec]| Aroa’ [Height {1 V] [V][Heights]
[ 11.233]  38e7927(s0217] 172252] 72224)

2
~— \ ¥, <
15.0 20.0 25.0
Retention Time [min]

[#]tR [min)[Area [uV-sec]| Areo’ [Height [ V] (V]| Height
669146] 96.422

[1] 10783 12820912[92693
2] 18233]  1011449] 7307] 24828] 3578

265

30.0

30.0



3ah

— Eo——0000

_—

-10.0 -20.0

I
S
S
2
re
«
PR
= T
o
=
i
-
2
re
i
lm T
<
R
o
ro
fa— 47
=
ES
'm 90966
= 80l

T

S/ west

oL PT

2 SEYITL
FQ T/ wevetl
0pS'9T1

2 R 90eLT
] 9pLLTI
2 s

-3
I _Wriesa
o \ostest

L2\ \sosect
i
LI 6v8'8F1
e

rg
< .

=}
(=
o

(=3
0
=

F8
<o

=1
o~
2

S
o~
o

-
o~
o~

w Lo
L€ T
L 3 — 68L'T
1te
Ea
Lo
o
Ee
-
101
001
—_—
661
)
oz J
1
£0Z u —
Wz Yol =
H'E LW J
)
=
Fe 5
2
o~
=
] 2
- =
2
o 2
Fa 2
ks
T T T T T
09 v o€ 0T 01 0
Qouepunqe
N

T T T T T
012002061 081021091 01 071 0°€1 01 011001 06 08 0L 09 05 0F 0°€ 0T 01
(supuvsnouy)

X : parts per Million : Carbon13

266



0115 yk~ts-06-421.001 2026/06/08 12:36.01

lr [ yk-ts-06-421_001-CH1|
]
250000 I
(! H O
|
200000 I 1 ~
[ | ¥
2 | Ne
> 150000 ‘ ! 2
\ I\
g }l I/ Il.l
| \
100000 - } ‘-\ [\
\ | \
\ [
50000 | 1 \ I\
j \\ | \
S ———— o
, : ‘ .
10.0 15.0 20.0 25.0
Retention Time [min]
[ 17983 es0sza7[s0008] 1asos2| saiso)
0607 ykts-08-566.001 2026/06/08 12:36:08
1A f——— yk-ts-08-566_001-CH1/
I
\
|
100000 - (|
|
5 ' |
= |
g | ? Il
= 50000 | | \
] |
1 [\
[\
‘ | \ 2
—-— Y 8 ) B
0 _ i _ i
10.0 15.0 20.0 25.0
Retention Time [min]

267



€6t

e

T T T T T T T T T T T T T T T T T T T T T T T T T T
9TSTHYTETLTTITOTOEI ST LTIISTIHFIEITI L OT6080L090S0%0¢E0T01°0

20ouepunge

€0TL
viTL
€L
WL
65TL
w9TL
9TL
SLTL
88TL
0s€'L
9L

X : parts per Million : Proton

0T

o1 0
(syppuesnoys)

T T T T T
100 0 - -100 -200

T

— 020°€E

gy
— IETEY

T

0 500 40.0 30.0 20.0

5 —— T89°08

> —— 1088

T

0 60

—S1999
S 0190L

T T T T T T T T T T T7 T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.

T

X : parts per Million : Carbon13

268



9a

pre

SOT

00T

901 160

-1.0

1.0

— 191
— 06L'1

20

30

4.0

A
1os

F& =sio0s
LS
550

o, L6v9
FS /o159
1969
SL69
8169
o S esoL
Fe =< zor’
|/ S91'L
SLIL
weL
SLEL

Iy
S8YL

X : parts per Million : Proton

T

1o

0
douepunqe

T T T T T T T T T T T
100 0 -100 -20.0

0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

T

220.0 210.0 20;).0 196.0 18}).0 I7]0.0 I6IO.0 ISIO. .0 131).0 IZb

T

09

0
(sypuesnoys)

___96vLT
= 6L16T

— S20'19
—— 6YE'S9

— VBY'E8

LTEEN
966'€C1

—
LIzl
|\ el

€S1'8TL

—— 168691

X : parts per Million : Carbon13

269



0528 yk—ts-03-180.002 2026/05/28 18:53.27

} [ yk-ts-03-180_002-CH1
200000 Il

3 Ko

Intensity [uV]
e

10.0 15.0 20.0 25.0
Retention Time [min]

1008 yk~ts-04-304.001 2026/05/28 18:53:45

}I [ yk-ts-04-304_001-CH1|
1000000 1

Intensity [uV]

200000 | [ |

10.0 15.0 20.0 25.0
Retention Time [min]

270



9b

o0'¢

-1.0

Lo

00€

861

w1

S _,_,_UVM"\J\_A.,__ Jl__ L
10

]
J
s

o

2ouepunge

X : parts per Million : Proton

S
o
Q
2
Fre
4
* Lo
f 3=
Fre
o
e
o
8S¥LT
. S R
—F [2wrs
g
3
< <
=
-
o
o
wy
S _seTss
2
=gt
=
—bEESY
o
re
e
3 [2
- re
k[ % L0568
o
CR
=Y
=
o e
_/soeenl
= 156611
18611
F& T esovtl
—_— ~ s
—
=" st
N~ ozesei
= \oweu
¥ 3 \seooc1
f Neeresl
S =~ 989°0p1
=]
ES N ieert
3 bal
k2
S __asest
—— .Im —_—
F [ .
s —3 ﬁm —98L'691
& 3 E
VP lm oz}
o = ]
< 2
[} 3 =
o F& S
I—Z - .
2 g
F 2 =
3 N =
=] -
2 = 2
«l
b [ 2
- ..
£ ] ®
T T T T ._ <_
oL 09 s 0t 0¢ 0T ol
(supuesnoyy)

271



9¢c

S
-5 'S
=]
=
<
L2 4 fe
S
ES
o o
re
- o
T
o o g ww
o
£ec — - LS
o = | —m ¢
o °
M ° Iw
] um 15909
o uTsy
« S
R
o
re
) & zeres
0T -
F&
86’1 o
8 — ustol
—J |2
o .
LS
00T SEm— a "
5 i
) ——= 3= ooa
11/ o6t =N woist
661 o
ts
[ L
pr— ey T
NP1
o
g
o
= £ aseot
S
o
g s =
= e
e 5 - m
£ &
e £ = £
- = . =
o ) o
2 FS 2
(2]
S 2 H
T T T T x T T T T T T T .“ ._ L
0 600 800  L0OO 900 SO0 P00 €00 200 100 0 0°0¢ 00z 001
2ouepunqe (syipuesnoyy)
N o

272



0123 yk-ts-06-439.001 2026/05/23 1:50.09

: - yk-ts-06-439_001-CH]
150000
f Ne.
- . '@
3 100000 - 1 40 o
:Z. |
£ 2
c i A\
< | \
50000 '. v
[ |
Il v.
0 - - v \1 — — _ Y/ ~ — ~
10.0 15.0 20.0 25.0 30.0 35.0

Retention Time [min]

[#]tR (min] [Ares (uV-sec]| Area’ [Height [ V] (V][ Heights]
(1] 14650]  5819183[50174]  176553] 69.345)
2] 28125]  s77essifeos26]  7804a] 30855)

0201 yk-ts-06-442.001 2026/05/23 1:50:44

1 £ yk-ts-06-442_001-CH1
;
1000000 Il
il
800000 ,
2
g 600000 |
g
E
400000
200000 '
I 2
0 A J. - , I —
10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]

[#]tR [min)[Area [1V'sec] | Area® [Height [V] (V] [Heights]
14033 36429982|95033 1141565] 97.487
26450 1904016] 4967 29427] 2513

273



9d

£1'e

10T

wi? \Hw
.

o —— 0000

1.0

€91
— 6Ll

20

— L9t

T T T T
S0 vi'0 €10 TI0o 1

T

1

T \n
010 &.o uo_.o S_.o &.e nm.o Xw.c &.c Nm.o _.w.o

2ouepUNgE

X : parts per Million : Proton

31000 500 800 700 600 500 400 300 200 100 0  -100 -200

T

70.0 160.0 150.0

T

T

T

220.0 2100 200.0 190.0 180.0 1

T T T =

oy 0¢ 0T 0

1
(sypursnoy)

— ISTIT

LeSLT
=906t

— 6TL09
— 1189

— 9EE'E8

cocell
7 owovzl

A\ YITLTl
071'8T1

— 9600L1

X : parts per Million : Carbon13

274



0206 yk~ts-06-451.001 2026/05/26 17:44:49

1 C " yk-ts-06-451_001-CH1
|
60000 i
! . )4
‘ o Ph
2 40000 | 2 o "
= [ |
|1
20000 - ‘
o-—"— Y \]’A~ — - S~ \ o
5.0 10.0 15.0 20.0

Retention Time [min]

[#]tR [min][Area (uV-sec] | Area’ [Height [1 V] (V][ Height¥|
nmmamm-mﬂ
2] 34501

0209 yk-ts-06-456.001 2026/05/26 17:45:02

1000000 ~ 1
800000 l
£ 600000
=
£
Z 400000~
200000 '
0 \ ¥ - Y. S—
5.0 10.0 15.0
Retention Time [min]
(3]t Gied [ Avea (¥ swc] [ Areat] V] GV [Feights]
n 10.192 21212244|86677 985072| 92.520
12] 17.708 3260449113323 B80443| 7.480

275

~ yk-ts-06-456_001-CH1]

20.0



60°€

T
-2.0

-1.0

F o —— 0000

i

—_—L191

A

— 06L'T

— 56T

9e

1L

30

4.0

66Y'Y

L6y
< 666t

o 800°S

1s9
9789
9969

o

869
860'L

JHJ 1]

=]
Fe e
1L
6LIL
£STL
Ee Wizt
soTL
ouTL

€1

1

ro o
2ouepunqe

100 200

T T T T T T
300 200 100 0

T

T

T T T T T T

0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0

0 140

277N

T T T T T
0 160.0 150.

220.0 210.0 200.0 190.0 180.0 170

X : parts per Million : Proton

T T T T T T T T T T T T T T T T T T T
061 081 0°L1 091 0°S1 OFL 0°€L 0TI O'LL 0°01 06 08 0L 09 0S 0¥ 0¢ 0T 01

— LT

o
w6t

— 85019
— 98E°S9

— 90V'E8

LaZeenn
6L0FTL
968'¥T1
wren
088°LT1
oz1'szt
819'8C1
T6L8TL
€56'8T1
$S0°0€1
P69°LEL
CIP8EL
oLL'yyl
LyL'SYL

—— LSO0LT

276

X : parts per Million : Carbonl3




0107 yk~ts-06-413.001 2026/06/13 13:32:14
! £ ks 06413_00r-CH

150000 “‘

- (| HO
‘g | | 2
= | [
| | \
50000 | \
| | '\
I [
: \ | l.
0 —— /I "\rﬂ ——eee—— Y S —— .
5.0 10.0 15.0 20.0 25.0

Retention Time [min]

[]tR [rmin) [ Ares (0V-sec) | Aroa’ [Height (V] (V]| Height¥ |
(1] oo0ss|  30as977[s0258] 164121] 66619)
2| te0sz| soiesizjaszaz]  82238] 33381)

0613 08-554-re 001 2026/06/13 13:32.21

150000 — 1 ' " 08-554-re_001-CH1
|
100000 - 1
2
i f‘
|
£
50000 J
[
R 2
0 ~— A\~ v -
5.0 10.0 15.0 200 25.0

Retention Time [min]

[tR [min] [Area (uV-sec)[ Area’s [Height [ 1 V) (V)| Heights
| 9008  2657548[90022]  146463] 94820]
[ 15558 2esass| oovs|  eooi] 5180

277



)

R

— 081

L_JLWL‘,

of

Lo
-
Lo
-
T
9L0'S
o /880
= P £ vors

wr'9

3 W €LY'9
1569
$S69

U 169

< 960°L

oos ity
ssIL
691'L

o
kS

881'L
£S wTL
1oe
€€9L
8€9°L
199

0
(sypuesnouy)

)

X : parts per Million : Proton

3
3

T T T T
100 0 -10.0 -20.0

_ E9¥'LT
—— 06T

— 96909
— 851'S9

T

—SLOP8

T

.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

0 160.0 150.

5 —— 666891

T

220.0 210.0 200.0 190.0 180.0 170
X : parts per Million : Carbon13

0

(syipuesnoyy)

278




0227 07-481.001 2026/06/16 12.56:28

100000

40000 |

Intensity [uV]

20000

0.0

HO

5.0 10.0 15.0
Retention Time [min]

0303 07-486.001 2026/06/16 12:56:20

40000

30000 -

20000

Intensity [pV]

-10000

10000 -

0.0

e ——tt

5.0 10.0 15.0
Retention Time [min]

[#]tR [min)| Area (uV-sec]| Area’ [Height [ V] (uV][Heights]
| 68171 697810[91.007] 48922 93761
[ 1o000]  esisa] seos[  3iiz| s219)

279

07-481_001-CH1/

20.0

~ 07-486_001-CH1

20.0



%

B
e S
ES 3
, e
ﬂ S
| :
[ Ee
- -
=
FS
il = <
| re
o~
wriz
e =" ar
A o FS— LIT'6T
||u\ s
$1¢ = | g
= = —16L1 F
iia £
1 e [y .\o..
4‘ LS ozoe
o
3 o €STS9
- =3
FS
e
=
o
te @ ___ 0998
0T J —_osr -m
1
881
e _Jte g 2
. —_— [} —r0s r8 zcen
_ A
2 /8oLt
| 1989 = |\ £96'€Z1
A L) e AT 1
) /0669 re /lwersa
we - J 666'9 g 9IL'8TL
B S00L o Y 9ssu
€07 | " Ls =68t
sor S ' e 3 I /4 t+&1 < 2\ iszost
- g0t — SoI'L o \sssea
—— - & (-3
3 s8I'L I _eiswrl
g solie o T 1675t
= =1
* LevL E2
IsvL =
6sv'L FQ ——8pEI91
- = 0891
e LS a6
0. o
Lo
£S 5 & =
S g A g
£ F8 8
e 5 o 5
= 3 & E
g = g
= o~
In... 1 m.
T m u ! u .— T T T T T 4 T
$0 0 €0 To 10 0 09 0 (1% o€ 0 ol 0
2douRpUNqR (sypuesnoyp)
N o

280



(thousandths)

1.0 2.0 3.0 40 5.0 6.0 7.0 810 9.0 10.011.012.013.014.015.016.017.018.019.020.021.022.023.0

10 0

1

1

1

1

1

1

1

T
-ll‘).O -20.0 -3(I).0 -40.0

X : parts per Million : Fluorinel9

1o
-50.0

rrprrrTrrTeOT

-60.0  -70.0

-80.0

T T
-90.0 -100.0 -1

rpreer

: Rt AASdaasnant frereere
-120.0 -130.0 -140.0 -150.0 -1

281

v

60.0 -I7|0A0 -ISIO.O

rrerrprrerrerre

-190.0




0304 07-490.001 2026/06/05 17:43:34

] [ 07-490_001-CH1
|
150000 | 1
| }|1 o] )4
‘  Ne ol
Z 100000~ ' 2 HO
= | 3 F
|
2 ‘v
E |
| \ ] 1
50000 I 1
[ | 1
‘ ." | \
0 t+———— Y A " - . v/ .'~,_,‘
5.0 10.0 15.0 20.0 25.0
Retention Time [min]

tR [in) [Aroa [1sV-sec][ Area’ [Height [ V] (V]| Heights)

11.558 3986093|50.025 169238
19.933 3982175]49.975 92287

%]
o
2!

0310 07-500.001 2026/06/05 17:4342

1 [ 07-500_001-CH1|
150000 I
|
Z 100000 ‘
.5 .
8
=
50000 [ |
\ 2
| j.'\\\
0o———— Y — p— \ »A___‘
5.0 10.0 15.0 20.0 25.0

Retention Time [min)

282



%h

fo
-S r&
' e
S
)
= =
S
E=
o — 0000 <
re
(3]
o —951T
ES = 8006z
Lo b=
<
£ 96T = 6791 re
=1 16L'1 -
< £
=]
— LS 6r09
8
fo _uzse
« o
e
o
re
L2 _ [®__ zewes
X =]
ne ) o 00SY -3
61 L,_ - : 2
. M S22 90 S
ES oveen
) = st
] \ sLr9 - \ &zl
; 200L L
e 1oL 2 ) seosul
| w0t 3= Sewa
<0z o JLuoL -2 :
90¢ B - —= et - ” 105l
[AK V4 == S61'L 2 £66'€ET
a = S0TL FS  Nuel
TITL = ILY'PPl
Fo Waewee F2 Nswsn
% Wrocs =
61vL s
ovrL F2
o
Fe P2 voveot
=
o
o FS b
ES - &
= m < .m
£ -
= o m
(=] =] J o=
= = |M W
= = =
o) 2 =] 2
i S s &
o g = b
b o bl
T T T T T T T T T L T T T T T o J T T u .« _ .q o M
o TO  8r0 90  FIO  TI0O [0 800 900  ¥00 200 0 09 0's 3 3 0T ol 0
2ourpunge (sypuesnoyy)
N

283



1022 yk-ts-05-323 001 2026/05/28 13:49.02

IA F——— yk-ts-05-323_001-CH1
50000

40000 i

30000 | [ 2

Intensity [pV]

20000 -

10000 — |
| | ! ) \
| | I:. .‘; \.\'\
0 ~ Y\ I A '\_‘ e —
10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#]tR [min) [ Area (uV-sec)| Area¥ |Height (V] [uV][H
1210 yk-ts-05-392. 001 2026/05/28 13:49:13
’i [ yk-ts-05-392_001-CH1
80000 I
| %
1 I
: (|
60000 | [
2 | I
g 40000 | |
| |
f |
20000 1 1
| | 1
1 I 2
| J \ Y .
0 e Y A i A
10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]

284



W AV R

9i

B
Fa
=
F o 0000
o
sl
—
o
o
e
=]
<
ES
J— A 4
Fo 966w
wy
o o
ES v
© |\ L669
000L
900L
€LOL
=3
AT
061
g 661'L
90zL
Fo \ebeL
«  Wost
ssvL
605L
o
Fov
Y
2=
e
o
Fa

T T T T
0 -100 -20.0

10.0

Ly )

0.0 100.0 90.0 80.0 70.0 60.0 50.0 400 300 20.0

\o_n.a_
|\2S~_
um nsal

S X swet
= / 9E€0E1

T

220.0 210.0 200.0 190.0 180.0 170.

X : parts per Million : Proton

PPSLT

—— €66'8T

—— 85Y09
— 90759

— 958¢8

LIEENT

_ss0aal

LIG'ETL

285

X : parts per Million : Carbon13




1007 yk~ts-04-306_001 2026/05/28 13.52:41

| —

yk-ts-04-306_001-CH1]

50000 - 1!
1
40000 - |
[ [ 2
30000 | !}
§ || A
K= | 4
20000 - [ [
| | | |
| | ».
10000 l | [\
[ | |\
\ [\
I\ /
o+ ,F__'Jé.l_. = A \T .
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]

0605 yk-ts-08-565.001 2026/06/05 17:23.01

1 - yk-ts-08-565_001-CH1|
100000

60000

Intensity (V)

40000 [

20000

6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]

286



t [
=3
ES ma
! 2
! e
| ke
| F~ —3f°
|
,_ °
| S
1 . e
| Fo — 0000
| o 95§LT
L - S -
] gl
- -
e < _— Tu.lln_ﬁm
_FI91 e
36T - — 1801
LS E [ o
o re
i
361 M R 3o
L WLt FS ——orz1e
o N8ILT — )
Een o
Fe
- 9TL's 3
w?e - A wie 2
. e
o NssLe T
2
re
580 2
W1~ - . [ o ——ti6Y F to
F& = oz FS
=
LS g
S wseln
%1z — 20wl
1 AVl
o | ] |\ 107221
— P A1)
v6'E L mw S Sr1°8T1
6T ) a |/ €2L8T1
& - — o \isuetl
= — LS T~ o0l
I sesvhl
Q i 1N
=
2
2
=3
=
2 .
—4§ fg —owout
o
o F2
-2 = E 3
- <
£ -8
e £ b
- W xm
s 2
g 2 ¢ =
o o
Foi m. y <
. o
*® &
., L ._ u ._ T T T T T T T T T T T Al | T
€0 o 1o 0 0€l OFl 0€l 0T1 011 001 06 08 0L 09 0S¢ O0v 0¢ 0T 01 0
QouepUNqE (sypuesnoyy)

287

X : parts per Million : Carbon13




0624 yk~ts-03-220-C2H40H.004 2026/05/28 19:14:53

100000 $ [ yk-ts-03-220-C2H40H_004-CH1,

L
80000!

.o oyph

Z , A
> [ i
f ool || i
| | B
S ; [ 1 [l
| i ‘\ [
[ [
- \ \
00001 | | [\
| ; \.‘ {
I' .\ 'K
/ e — e / -
o kr’ e R S
10.00 12.00 14.00

Retention Time [min]

0701 yk-ts-04-241.001 2026/05/28 19.24:51

600000 L ykets-04-241_001-CH1

Intensity [uV]

\ 2
v/ N o R V4.

10.00 12.00 14.00
Retention Time [min]

[#]tR V- o\ [Hoight [
1] 8683  9422386[93101]  579618]

288



9k

S
Lo
3 &
Fe
S
LS
-
Lo i A
o
=
Fo — 0000 4 -
=
= «
8052
) M — rS et
o 3 s
—= - o €6ls¢
re
Sz§ sl =
12 - ——68L'1 -
R 2
—s0zss
1697 o -
- b & — wm.no
Fo Nout -
- -~
6ws =
vhLE
=3
T 12 0oL’ o
gt = A e Nsue & ___cves
hd S8LE -
988 FR
: 2 °
201880 _J |0.|.wa”,“ £
v IA 686% “ |\ s
LS /uwsen
€859 = qsenl
3 2 < $28°611
1S eres FS 1ol
00z 0L69 = — g
o 1869 2 =sorun
< 890 ) C2 \oilsel
§ 60T LA M———— o 6669 - B
v R ! Fr EX s00L 089°621
- =t = ’ 2 _ \ewee
oure RN
st T§ o s6sthl
i S Nzem
Fo Wz L2
Al LTL M
9621 3 .
— g —ueest
=]
o . =g
S
& o
— =
3 : 2 3
z mm 3
N - -
e £ 2 g
F= = g g
= < m.
5 LS
o 2 g g
z o £ 2 m
P - ..
x T T T T T T T T T ° _° c_n °—c °mv T °.ﬁN T
( ( G G g G 3 : : '81 091 0¥l 0TI 001 0 :
008 0oL 009 008 0or 00¢ 00z 001 0 09 0%C 02T 00 081 09 KA
(sypuesnoyy)
N o

289



0425 07-524.001 2026/06/16 16:16:.04

! —— 07-524_001-CH1

150000 i
S, |
= 100000
§ 2
s
50000 I [
“ “
! ™\ / h —
0 I - Y. 2 / . v N -2
0.0 5.0 10.0 15.0 20.0 25.0
Retention Time [min]
TR ey Vsl Ao i (V] ][
[i[ t0817]  4saiza0[s0090] 166643 69.982]
BT T T
0513 yk-ts-07-536.001 2026/06/16 16:14.23
1 k507536 001-CH1
300000 - I
250000
E 200000 - [
I
g ‘
|
100000 “
50000 - [ !
|| 2
01 B/ Vi
0.0 5.0 10.0 15.0 20.0 25.0

Retention Time [min]

[]tR [min]|Area (uV-sec]| Area’ [Height [u V] [uV]|Heights|
(1] 10.125] 722621391854  330941] 95876
2] 18633  e41033] ias]  14234]

290



< S
] |m-
)
FS
Pe '
Ty Lo
<
' e
—— Eo—0000
S
¥ I8
o %LT
9 ke FS et
e o~
3 (=]
10°€ M €191 LS
T6C = — 6L =
|M 4 IM
2
| -m 52019
| EQ o T6ESY
E [o
e
e
(=]
< =]
P lw & __ Lo
007 4 -m
2
— =
=)} o
<
tS Lusw
= xsm.w:
o sl
LS |\m~:~_
& \mm.z_
o L st
] W LS R~ eviset
s = \Nowst
e < \e9esel
= FS T\ osuel
= 2N 10wl
2 /35:
F2 \ssionl
=
=
ES 6ol
=
& 5 s -
(=} - -
VFO |W. m Vho : 2 [
g s i
N .. o=\, g
-z = g -2 m 5
- b a b
r e
o 2 ~ = g2
I = @ L F M 2
o 2 = &
® ~ ©
T T T T T T T T T T T T T T T T T T T T T
'l €1 Tl rl ol 60 80 Lo 90 <0 0 €0 70 o 0 0L 09 (Y oy 0¢ 0z 01
Qouepunqe (syipuesnoy)
— N o

291



0522 yk-ts-07-545.001 2026/05/26 18:03:39

200000 1 — yk-ts-07-545_001-CH1|
i
| H °
| HO r': oypn
150000 | "
D
'5"3 [
Z 100000 - 2
I
50000 .
[ | \
ANy . ¥ \ B
o . ‘f’_'"' ) A
5.0 10.0 15.0 20.0 25.0 30.0

Retention Time [min]

DEIM]ESMIEIEHTDMWIM
[1] 13017[ so600e6[50050] 196412] 67,087}
!nm:mzam

0526 yk~ts-07-546.001 2026/05/26 18:54:16

1 [ ykets-07-546_001-CH1
250000
\
200000
z
; 150000
g ||
< 100000
50000
\ 2
0 e — ———Y g | V0. 08 "
5.0 10.0 15.0 20.0 25.0 30.0

Retention Time [min]

(2[R [min] MMIME_"EMI (V] [Heights|
(1] 12.483]

292



9m

1437

132

e

we

SIL

90°¢

[

2.0

-1.0

Eo — 0000

1.0

8191
— 8Ll

20

—T

30

4.0

—4 4

o 16
Fa — T00's

X : parts per Million : Proton

100 0
20uepUNqE

LA M B Al A A | T
0T 61 81 L1 91 1 ¢1 €1 T1 I’

101 60 80 £0 90 S0 0 €0 20 10 0
(syipuesnoyy)

0 500 400

0 -10.0 -200

10.0

— PE68L

PrSLT
= ll“ SS1°6T
2N 8967

20.0

FS —— 96609
— 955'¢9

—/ 4 4% ]

120.0 110.0 100.0 90.0 80.0 70.0 6

0.0 160.0 150.

]

T T

T

T
220.0 210.0 200.0 190.0 180.0 17

X : parts per Million : Carbon13

293



0120 yk~ts-06-433.004 2026/04/09 17:39:47 .
150000 f—— yk-ts-06-433_004-CH1,

100000 | 2

Intensity [pV]

:

)

0.0 5.0 10.0 15.0 20.0
Retention Time [min]

0121 yk-ts-06-434 001 2026/04/09 17.38:48
1 ——— yk-ts-06-434_001-CH1]

100000 |
80000

60000

20000 J\
2
A J} A Pt

Intensity [pV]

0.0 5.0 10.0 15.0 20.0
Retention Time [min]

294



9n

e

A%

8
a

f

00E e

1.0

2.0

3.0

£ES
v

]
©

0

7.

0 0 €0

0

|
|
T
0
2ouepUNqE

-

BN

2N

fo —— 0000

9191
081

68Y'Y

§50°S
690°S
SETS

v6e'9
0569
9569
1L6'9
PL6S
e
891°L
SLI'L
6LI'L
89€°L
98¢€'L
09¥'L
9L
6LY'L

X : parts per Million : Proton

o
T

T T T T T T T
100 0 -100 -20.0

T

0 100.0 90.0 80.0 70.0 66.0 50.0 40.0 30.0 20.0

T
0

=3

T T T T T VLA
0 160.0 150.0 140.0 130.

T

220.0 210.0 2010.0 190.0 180.0 170

T

T

T T T T T T T T T T T T T T T T T
OLL 091 0°ST 01 0°€l 0TI O°I1 001 06 08 0L 09 0S 0y 0€ 0T 01

(syipuusnoyy)

__9seLT
w6t

— TSL'09
— 5, )

— 8L5'E8

wLenn
e
98LENL

uesen

X : parts per Million : Carbon13

o <

295



N =

(thousandths)

30.0

200

0

T T T T
-100 -20.0 -30.0 -40.0

X : parts per Million : Fluorinel9

T
-50.0

500 700

T
-80.0

T T T T jevy T T T T
-90.0 -100.0 -110.0 -120.0 -130.0 -14'0.0 -150.0 -160.0 -170.0 -180.0 -190.0

Gamow
888s¢
S3saaq
aanas

296




0207 yk-ts-06-448.003 2026/06,05 17:35:19

80000
60000
3
Q i
g 40000
=
20000
0+
5.0

e yk-t5-06-448_003-CH1|
1
i
i
E Ho W
| ! o Ph
i 2
! f
| \
| il
| i
I
| I \
| i
! [
‘z R
| I
| P
Y L‘ I Y} AN i
10.0 15.0 20.0 25.0

0207 yk-ts-06-449.004 2026/06/19 0:58:47

Intensity [uV]

600000

500000

400000

300000

200000

100000

30.0

yk-ts-06-449_004-CH1J

2
\ S VAN
i

5.0

10.0 15.0 20.0 25.0

Retention Time [min]

16756793|94.598
956944| 5.402

297



1
2

10.

(1

)

3)

4

)

References
Sietmann, J., Ong, M., Miick-Lichtenfeld, C., Daniliuc, C. G. & Wahl, J. M.
Desymmetrization of prochiral cyclobutanones via nitrogen insertion: A concise
route to chiral y-lactams. Angew. Chem. Int. Ed. 60, 9719-9723 (2021).

https://doi.org/10.1002/anie.202100642

Jobin, S., Gagnon, D. & Lubell, W. D. Development of a solid-phase traceless-
Ugi reaction as a novel backbone anchoring strategy for peptide synthesis. Pept.

Sci. 111, 24044 (2019).

https://doi.org/10.1002/pep2.24044

Li, M.-L., Yu, J.-H., Li, Y.-H., Zhu, S.-F. & Zhou, Q.-L. Highly enantioselective
carbene insertion into N—H bonds of aliphatic amines. Science 366, 990-994
(2019).

https://doi.org/10.1126/science.aaw9939

Becke, A. D. Density-functional exchange-energy approximation with correct
asymptotic behavior. Phys. Rev. A 38, 3098-3100 (1988).

https://doi.org/10.1103/PhysRevA.38.3098

Gaussian 16, Revision C.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E.
Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Petersson,
H. Nakatsuji, X. Li, M. Caricato, A. V. Marenich, J. Bloino, B. G. Janesko, R.
Gomperts, B. Mennucci, H. P. Hratchian, J. V. Ortiz, A. F. Izmaylov, J. L.
Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, B.

Peng, A. Petrone, T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao, N.

298


https://doi.org/10.1002/anie.202100642
https://doi.org/10.1002/pep2.24044
https://doi.org/10.1126/science.aaw9939
https://doi.org/10.1103/PhysRevA.38.3098

(6)

(7)

8)

©)

Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J.
Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K.
Throssell, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. J. Bearpark, J. J.
Heyd, E. N. Brothers, K. N. Kudin, V. N. Staroverov, T. A. Keith, R. Kobayashi,
J. Normand, K. Raghavachari, A. P. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi,
M. Cossi, J. M. Millam, M. Klene, C. Adamo, R. Cammi, J. W. Ochterski, R. L.
Martin, K. Morokuma, O. Farkas, J. B. Foresman, and D. J. Fox, Gaussian, Inc.,
Wallingford CT, (2016).

Fukui, K. The path of chemical reactions: the IRC approach. Acc. Chem. Res. 14,
363-368 (1981).

https://doi.org/10.1021/ar00072a001

Zhao, Y. & Truhlar, D. G. Exploring the limit of accuracy of the global hybrid
meta density functional for main-group thermochemistry, kinetics, and
noncovalent interactions. J. Chem. Theory Comput. 4, 1849—-1868 (2008).

https://doi.org/10.1021/ct800246v

Humphrey, W., Dalke, A. & Schulten, K. VMD: Visual molecular dynamics. J.
Mol. Graphics 14, 33-38 (1996).

https://doi.org/10.1016/0263-7855(96)00018-5

Falivene, L., Cao, Z., Petta, A., Serra, L., Poater, A., Oliva, R., Scarano, V. &
Cavallo, L. Towards the online computer-aided design of catalytic pockets. Nat.
Chem. 11, 872-879 (2019).

https://doi.ore/10.1038/s41557-019-0319-5

299


https://doi.org/10.1021/ar00072a001
https://doi.org/10.1021/ct800246v
https://doi.org/10.1016/0263-7855(96)00018-5
https://doi.org/10.1038/s41557-019-0319-5

(10) The Avogadro software is available free of charge from the following website:

https://avogadro.cc/install/

300


https://avogadro.cc/install/

