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Computational and Correlative Studies

A. Effects of Solvents on Enantio-selectivity

i. DFT Calculations

For computationally derived IR vibration values, solvents were geometrically optimized
and their frequencies and intensities were calculated using Gaussian 09 software.! The functional
used for DFT calculation is M06-2x. A triple zeta potential basis-set (jun-cc-pvtz) was chosen
based on the evaluation of the M06-2x functional for organic molecules, as triple zeta quality basis
sets mostly result to quantitative correlations.” Subsequently, Sterimol values of the groups of the

solvent were calculated for the geometry optimized structures using Molecular Modeling Pro®.?

NBO charges were obtained using NBO Version 3.1 in Gaussian 09.*

Table S1. Solvent Screen.?

(o}
Pd,dbag (5 mol %) o]
rt, 3A MS, solvent
+ I om — o
OTf Fac—Q—QN]v’<“5 mol %) _0
Experiment 1 Experiment 2
entry  solvent yield er dr | yield er dr
0 E
1 HJ\N/ 12% 23.5:76.5 >20:1 15% 24.6:75.4 >20:1
| !
0 f
2 - 11%  29.1:70.9 >20:1 | 14% 29.0:71.0 >20:1
N
| :
o E
3 )J\ o~ 29% 59941 >20:1 ' 45% 59941 >20:1
(¢} '
(e} !
4 YJ\O/ 50% 7.792.3 >20:1 ! 41% 7.992.1 >20:1
2 E
5 )]\ _ 40% 6.5:93.5 >20:1 ' 49% 6.8:93.2 >20:1
o :
o E
6 )J\ J\ 27% 5.7.94.3 >20:1 ' 39% 5.7:94.3 >20:1
(¢} !
(e} '
7 %0/\ 41% 55945 >20:1 ' 49% 54946 >20:1
9 |
8 \{)Lo/\ 52% 5.5:945 >20:1 62% 5.3:94.7 >20:1
0 :
9 )J\ 40%  7.1:929 >20:1 ' 29% 7.3:92.7 >20:1
H™ o™ -

2 1a (0.25 mmol), 2a (0.5 mmol), Pdy(dba); (0.0125 mmol), ligand (0.0375 mmol) ,3A MS

(50 mg), solvent (3 mL), Under an atmosphere of N, condition for 24 h. b |solated yield,

dr value based on NMR, er value based on SFC or HPLC.

S2



ii. Model Development

First, parameters that describe the steric and electronic perturbations induced by the
substituents of the solvent were identified. Using MATLAB® R2014a software’, a multiple linear
regression model was developed toutilize the normalized steric and electronic parameters in
predicting the difference in transition state energies (AAG*).These predicted AAG*values were
then compared to the measured AAG* values obtained from an average of two experimental results.
A good correlation between the two indicates that the predicted AAG* approximates the measured
AAG?* adequately. The resulting model was then evaluated for accuracy and precision using

Leave-One-Out (LOO) validation.®
o)

R1/U\¢)I(’R2

R2
X=0orN

Figure S1.Carbonyl stretch of solvent.

O

J_ R

RT"™~X”
RZ
X=0orN

Figure S2.C-X stretch of solvent.
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Table S2. Summary of Solvent Screen

. . Trial 1 . . Trial 2 Average
Trial 1 Trial 1 Trial 2 Trial 2 N
Solvent ] AAG* ] AAG* AAG?
er? Ratio® er Ratio®
(kcal mol)¢ (kcal mol'))¢  (kcal mol )¢
o
HJ\N/ 23.5:76.5 3.26 0.6992 24.6:75.4 3.07 0.6636 0.6814
|
o
)J\N/ 29.1:70.9 2.44 0.5276 29:71 2.45 0.5304 0.5290
|
o
/U\o/\ 5.9:94.1 15.95 1.6407 5.9:94.1 15.95 1.6407 1.6407
(o]
\V)J\o/\ 5.4:94.6 17.52 1.6963 5.4:94.6 17.52 1.6963 1.6963
o]
%O/\ 5.4:94.6 17.52 1.6963 5.3:94.7 17.87 1.7080 1.7021
i J\ 5.7:94.3 16.54 1.6624 5.7:94.3 16.54 1.6624 1.6624
i 7:94. . . 7:94. . . .
o
)J\ _ 6.5:93.5 14.38 1.5795 6.8:93.2 13.71 1.5509 1.5652
o
o
YJ\O/ 7.7:92.3 11.99 1.4715 7.9:92.1 11.66 1.4550 1.4632
0
HJ\O/\ 7.1:92.9 13.08 1.5234 7.3:92.7 12.70 1.5056 1.5145

“Enantiomeric ratios of two trial runs. ® Enantiomeric ratios ratios of two trial runs. “Difference in

AAG calculated from enantiomeric ratios. “AAG? calculated from average enantiomeric ratios.
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Table S3. Crude values of electronic and steric parameters of Solvents

Bl of -R! B5of-R' B1of-XR? BS5 of -XR? IR
Solvent NBO of O NBO of X NBO of C o o o o " )
olven ) ) ) , requencies
(Carbonyl) (X=0/N) (Carbonyl) kafo RWJ\X/R R1JI\X'R R1JJ\X/R a
R2 R2 R2 R2 Ve-o
o}
HJLN/ -0.61613  -0.43116 0.53659 1.17000 1.17000 2.05700 3.247279 1805.77
|
o)
)LN/ -0.62728 -0.43481 0.67598 1.7000 2.20714 1.860973  3.251941 1773.54
|
o)
. -0.59059 -0.51754 0.79089 1.7000 2.19657  1.52000 3.211042 1853.06
o)
o
%0/\ -0.60202 -0.51479 0.80347 2.07980 3.34643 1.52000 4.307413 1840.95
o]
%0/\ -0.6053 -0.5137 0.81079 4.29077 3.34524 1.52000 4306221 1834.64
o)
)LJ\ -0.60516  -0.51229 0.79599 1.7000 2.19642  1.52000 4.329018 1843.81
o
o
)Lo/ -0.59166  -0.5014 0.787 1.7000 2.19666  1.52000 3.220223 1856.69
0
%O/ -0.59972  -0.50239 0.79853 2.07287 3.34633  1.52000 3.219782 1846.63
o
)Lo/\ -0.54480 -0.49768 0.65446 1.17000 1.17000 1.52000 3.211948 1891.88
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Table S4. Normalized values of solvent electronic and steric parameters

Solvent

(e}
M-

(0]

O/

o
HJ\O/\

NBO of O
(Carbonyl)

-0.78480

-1.26941

0.32525

-0.17153

-0.31409

-0.30801

0.27874

-0.071570

2.31542

NBO of X
(X = O/N)

1.78147

1.67415

-0.75823

-0.67738

-0.64533

-0.60387

-0.28369

-0.31280

-0.17432

NBO of C
(Carbonyl)

-2.11937

-0.662022

0.53938

0.67091

0.74744

0.59270

0.49871

0.61926

-0.88702

B1 of -R!
(o]

2
i

R2

-0.83916

-0.27166

-0.27166

0.13501

2.50238

-0.27166

-0.27166

0.12759

-0.83916

B5 of -R!

o)
qu‘l\)‘(,Rz
R2

-1.38291
-0.17026
-0.18262
1.16183

1.16044

-0.18279
-0.18251

1.16172

-1.38291

B1 of -XR?

o)
RJJ\X,RZ
RZ

2.20074

1.21904

-0.48854
-0.48854
-0.48854
-0.48854
-0.48854

-0.48854

-0.48854

B5 of -XR?

o
R‘Jj\x‘Rz
RZ
-0.62917
-0.62060
-0.69580
1.32027
1.31808
1.36000
-0.67892

-0.67973

-0.69414

IR
frequencies

Vc-o0

-0.98850

-1.96036

0.43746

0.07230

-0.11797

0.15854

0.54692

0.24357

1.60803

Equation S1. Crude (a) and normalized (b)linear regression model relating the NBO of X atom of
solvents to the AAG?.

(a) Crude Regression Model: 44G* = -13.089NBO, - 5.0528

(b) Normalized Regression Model: 44G* = 1.3839 - 0.4452NBO,
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Table S5. Measured and Predicted differences in transition state energies (AAGY) derived

using equation S1a.

Measured 44G* Predicted 44G*
Solvent
(kcal mol™) (kcal mol™)
(¢]
Al 0.6814 0.5907
|
(o]
M- 0.5290 0.6384
|
(0]
T~ 1.6407 1.7213
(@]
%O/\ 1.6963 1.6853
(0]
%o/\ 1.7021 1.6710
(0]
A 1.6624 1.6526
(0]
Py 1.5652 1.5100
O
(@]
\HKO/ 1.4632 1.5230
i 1.5145 1.4613
HJ\O/\ ' '
o}
%‘ 2.0' o™
(]
R / 7
g o Ao o ‘F%o/\
v} n _ —L. A
§ 1.5 \H’Lo ”’/.:.T \O NBOX
: "‘ ( (o] )’LOJ\ ?L R
S10{ 9 IR e 2
< /ILN/ . s H R
8 !\-,'; X=0orN
+ 0.5- i od Y =0.9770"X + 0.03172 AAG* = -13.089NBO,
3 A R¥=0.9770 s
£ \ LOO: Q2 = 0.9399
o 0.0 ' . . :
0.0 0.5 1.0 1.5 2.0

Measure AAG* (kcal/mol)

Figure S3. Comparison of predicted difference in AAG* derived using equation Sla that related the
NBO charge of the X atom of various solvents, with the measured AAG?.
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Table S6. Measured and Leave-One-Out (LOQ) predicted AAG] as validation to the linear
regression models obtained.

Measured 44G* Predicted 44G*
Solvent
(kcal mol™) (kcal mol™)
(0]
W 0.6814 0.4973
|
(o]
N 0.5290 0.7324
|
(0]
T~ 1.6407 1.7395
(@]
%O/\ 1.6963 1.6832
O
\{)ko/\ 1.7021 1.6651
Y 1.6624 1.6509
A . .
(6]
puw 1.5652 1.5026
O
\HKO/ 1.4632 1.5315
i 1.5145 1.4546
HJ‘I\O/\ . .
— 0
S 2.0- %0/\
£ O ¢ 0
§ 0 )J\O/?’..I<— o~
< 1.5 o~ \O
* ’/' T J\
9 0 e A,
i 2 0o -
g 1 0 )]\N/ ’,l Oﬁ/ (0]
Q | \l Pis H
g .
5 0.5- i
o A Y = 0.9680%X + 0.04456
S 4\N/ N
o o R?=0.9399
O 0-0 L T T 1
9 oo 0.5 1.0 15 2.0

Measured AAG” (kcal mol™)

Figure S4. Leave-One-Out (LOO) validation of linear regression model based on equation S1
relating the predicted 44G in response to the NBOx of the solvents.
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B. Effects of Ligand on Enantioselectivity

i. DFT Calculations

For computationally derived NBO charges were obtained using NBO Version 3.1 in

Gaussian 09.* For Hammett value based on the literature.’

Pd,dbas (5 mol %)
Lignad (15 mol %)

ethyl pivalate (3 mL)
LioCO3 (1.5 equiv)
3AMS,rt, 24 h

Table S7. Evaluation of Ligand Electronics®?

o o)
+
OH “, -0
oTf

Experiment 1

Experiment 2

ligand yield%  er dr yield% er dr
A 1) R=5-CF,4 74% 5.4:946 >20:1 74%  53:947 >20:1
R I . Z o 2R=4cCl 4% 7.4:926 >20:1 6%  7.3:927 >20:1
1 ,\}J 3)R=5-CN 13% 5.1:949 >20:1 12%  5.3:947 >20:1
%/ _4)R=5NO, 47% 53947 >20:1 49% 491951 >20:1
5)R=CO,Me 25% 7.3:926 > 20:1 31%  8.4:916 >20:1

a :Ia (0.25 mmol), 2a (0.5 mmol), Pdy(dba); (0.0125 mmol), ligand (0.0375 mmol), Li,CO3 (0.375 mmol),
3A MS (50 mg), solvent (3 mL), Under an atmosphere of N, condition for 24 h.  Isolated yield, dr value
based on NMR, er value based on SFC or HPLC.

Table S8. Summary of Ligand Screen

) ) Trial 1 ) ) Trial 2 Average
. Trial 1 Trial 1 . Trial 2 Trial 2 .
ligand ] AAGH ] AAGH AAGE
er® Ratio? er? Ratio?
(kcal mol™!)° (kcal mol")®  (kcal mol™)?
Cl
ﬁjg 7.4:92.6 1251 1.4969 7.3:92.7 12,70  1.5056 1.5013
— o
OZNQ*NJK 5.3:94.7 17.87 1.7080 49:951 1941  1.7569 1.7325
= O
F&{NHN]K 5.4:94.6 17.52 1.6963 5.3:94.7 17.87  1.7080 1.7021
= o)
“°{NHN1K 5.1:94.9 18.61 1.7320 5.3:94.7 17.87  1.7080 1.7200
— o)
Me‘”C@*\NJK 7.4:92.6 1251 1.4969 8.4:91.6 1090 1.4154 1.4562

“Enantiomeric ratios of two trial runs. ’Enantiomeric ratios ratios of two trial runs. “Difference in

AAG calculated from enantiomeric ratios. “AAG? calculated from average enantiomeric ratios.
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Table S9. Ligand NBO Values

Hammett Value

ligand NBO of N; NBO of N, NBOof O .
of substituents
Cl
o< < -0.37230 -0.43311 -0.49675 0.23
— O
02“@*@,,, < -0.36000 -0.42178 -0.49565 0.71
— o]
FSC{N}—%J,,, < -0.36115 -0.42900 -0.49650 0.43
— [e]
NC{N}*\NJ% < -0.36046 -0.42480 -0.49606 0.56
— O
MSOZCQ*\NJM < -0.37222 -0.43111 -0.49625 037

Equation S2. Crude linear regression model relating the NBO of N! atom of ligand to the AAG?.
Crude Regression Model: 44G* = 20.44x + 9.09

Table S10. Measured and Predicted differences in transition state energies (AAGI) derived

using equation S2.

ligand Measured 44G* (kcal mol!)  Predicted 44G* (kcal mol™)
Cl
oSl - 1.5013 1.4780
= [e]
°2”@*N1K 1.7325 1.7294
= 0.
Fﬁ°@*\@ﬁ 1.7021 1.7059
= 0.
”°{NHN1K 1.7200 1.7200
= 0.
Me°2°@*\~lf< 1.4562 1.4796
= 1.81
g m-CN
= 1.71 m-CF;>.a"y R o
) .~ m-NO ne
:-" 1.6 ."‘ ’ WNJ“"v
9 e i
215 Pl NBOy
Q n
5 i A Y =1.000*X - 0.0002112 AAGE =
: 144 1.COOMe  R?~0.0841 fg 08@3.437NBON
a 13 LOO: Q2 =0.9384 .
1.4 1.5 1.6 1.7 1.8

Measure AAGH (kcal/mol)

Figure S5. Comparison of predicted difference in AAG* derived using equation S2 that related the
NBO charge of the X atom of various solvents, with the measured AAG*.
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Table S11. Measured and Leave-One-Out (LOO) predicted AAGH as validation to the linear
regression models obtained.

ligand Measured 44G? (kcal mol')  Predicted 44G* (kcal mol™)
Cl
= ol
@%] < 1.5013 1.4542
S
°2“{NHN]-K 1.7325 1.7273
— 0.
FSC{NHN]K 1.7021 1.7073
— 0.
“C{NHNJK 1.7200 1.7197
— O
@*jﬁ 1.4562 1.5023

S 1.9-

E NO

— m- 2

T 1.8

3

W 1.7- m—CFs»,VT

3

g 16' "' m-CN

kA -CO,Me .°~

£ 151 " Zie,_'

T

© 1.4- P-Cl vy = 0.9696*X + 0.04915
o R = 0.9384

o 1-3 T 1 T T T 1
Q 13 14 15 16 17 18 1.9

Measured AAG” (kcal mol™)

Figure S6. Leave-One-Out (LOO) validation of linear regression model based on equation S1
relating the predicted 44G¥ in response to the NBOx; of the Ligands.
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T DO @ZT@ZTO0Zo@mao

T T T O@D T T OOZoaozzmom T O

O OO0 O IT IT ITO

iv. Cartesian Coordinates of Geometry Optimized Structures

-2.58345
-3.56261
-2.04612
-1.86592
-2.18343
-3.23708
-1.66115
-1.88317
-2.27844
-2.04733
-1.75615
-3.33209

-1.24867
-1.02838
-0.56565
-2.24965
-1.10809
-1.81236
-0.15120
1.15084
1.84736
1.04021
1.51271
-0.64834
0.04818
-1.59608
-0.75897

-3.56248
-3.57997
-3.83043
-4.26049
-2.14702
-1.72492
-1.31234
-0.43577

O
A
|
0.07050
0.13527
1.09264
-1.21248
-1.94973
-2.13028
-2.88360
-1.37194
-2.00626
-1.46963
-2.94014
-2.18681
O
A
|
0.06128
-0.98453
0.60077
0.23199
0.54432
1.50042
-0.11148
0.56477
0.08742
1.59101
0.50812
-0.03365
-0.51100
-0.52589

0.99259
0]

H

T

-0.25194

-1.32013
0.05432
0.15600
0.25752
1.32293

-0.48010
0.41920

S12

-0.03310
-0.45965
0.46700
-0.03128
1.20021
1.24621
1.20153
2.04927
-1.19775
-2.09413
-1.19642
-1.15175

0.08830
0.13988
0.71067
0.42564
-1.36721
-1.78366
-2.27009
-2.17913
-2.83633
-2.46108
-1.17377
-3.65129
-4.30848
-3.71750
-3.93324

0.75974
0.81954
-0.22985
1.46064
1.08920
0.56929
1.98592
2.66988



I T T O I T

I T T O X T T O I T T T O T T O O O O O

OTXT T T T OID OO0 OON

-1.01415
0.17394
0.46312
1.11901

-0.14659
1.04150

-3.59667
-2.19106
-1.59470
-1.56353
-0.69467
-0.22512
-4.11034
-1.51238
-2.26111
-0.86226
-1.98193
0.05406
-4.38690
-5.36353
-3.87323
-4.47299
-3.47277
-4.44940
-2.92371
-2.95910

-3.59772
-2.19133
-1.59468
-1.56342
-0.69318
-0.22334
-1.50940
-2.25783
-0.85824
-1.97924

0.05526
-4.38736

1.12911 3.22342
0.93412 1.95713
-0.37516 3.63559
0.29775 4.14735
-0.89008 4.34833
-1.08506 3.08204
(0]
e
-0.08326 0.66543
0.43604 1.02064
1.22203 0.23952
0.02508 2.23810
1.06254 2.70034
0.75504 3.61131
0.65012 0.07960
2.34318 2.95115
2.14920 3.69053
3.11946 3.29702
2.65068 2.04018
1.25653 1.96096
-0.35186 1.95965
-0.71267 1.71285
-1.08524 2.54548
0.55571 2.51984
-1.38947 -0.14082
-1.75028 -0.38762
-1.20284 -1.04005
-2.12285 0.44501
(0]

o

-0.08318 0.66650

0.43502 1.02024
1.21960 0.23794
0.02463 2.23770
1.06165 2.69831
0.75458 3.60928
2.34339 2.94839
2.15091 3.68846
3.11934 3.29305
2.65046 2.03743
1.25412 1.95825
-0.34967 1.96151
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T T T T EQOTD T TS OQ000amImA T T T o@D T T Q@D T T

T T EZ DO OO0 OTAO

-5.36453
-3.87406
-4.47214
-3.47570
-4.45287
-2.92706
-2.96240
-4.33649
-3.78785
-5.31366
-4.42127

-3.59705
-4.14454
-2.19196
-1.59816
-1.56201
-0.69452
-0.22316
-4.11291
-3.50996
0.38112
-0.09024
1.03021
0.95075
-1.51436
-2.26172
-0.86527
-1.98572

-3.58655
-4.12724
-2.18676
-1.60705
-1.54571
-0.68975
-1.27014
0.05146
-0.21008
-4.11475
-3.49023

-0.70972 1.71573

-1.08299 2.54774
0.55854 2.52085

-1.39033 -0.13853

-1.75038 -0.38431

-1.20518 -1.03831

-2.12366 0.44770
0.97225 -0.17723
1.15741 -1.07701
0.61220 -0.42301
1.88047 0.38211

0}

PN
-0.08501 0.66668
-0.27281 1.56662

0.43695 1.02007
1.22418 0.23825
0.02704 2.23663
1.06611 2.69784
0.75939 3.60813
0.64746 0.08164
-0.99233 0.10626
1.34752 1.63228
1.65423 0.72198
2.12500 1.97738
0.45884 1.45713
2.34514 2.94992
2.14962 3.69027
3.12263 3.29502
2.65185 2.03962
0]

P
-0.16739 0.74140
-0.31476 1.65290

0.39039 1.05932
1.14310 0.23414
0.05297 2.29225
1.12585 2.69368
2.01510 2.82513
1.29187 1.94005
0.87338 3.61621
0.52669 0.12161

-1.10167 0.22880
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T T o@D 000 IO T T To@mpT@DTIZo@DnTDzZ 000 0a@mAOa

I T T 2 O O O

-3.58655
-4.12724
-2.18676
-1.60705
-1.54571
-0.68975
-1.27014
0.05146
-0.21008
-3.44793
-2.91973
-4.42051
-2.90723
-4.34676
-5.31934
-4.44307
-3.80607

-1.98473
-3.05473
-1.35769
-1.27219
-2.20305
-2.81811
-2.81814
-1.43502
-0.81993
-2.13154
-0.81996

-5.03081

-4.2024
-3.50909
-3.66527
-4.51684
-5.19312
-2.85321
-4.10771
-4.66794

0]

o

-0.16739 0.74140
-0.31476 1.65290
0.39039 1.05932
1.14310 0.23414
0.05297 2.29225
1.12585 2.69368
2.01510 2.82513
1.29187 1.94005
0.87338 3.61621
-1.51205 0.00364
220614 0.62344
-1.89960  -0.21725
136468 -0.90786
0.83157  -0.15064
044403  -0.37153
1.76585 0.36196
097894  -1.06214
Ox O~
-0.07634 0.00000
-0.07634 0.00000
1.01471 0.00000
131617 0.00000
2.40170 0.00003
234411 0.87369
234412 -0.87362
13.73652 0.00003
2379410 0.87367
-4.54878 0.00005
379412 -0.87363

N N ,/<
0.59050 0.00000
0.93515 -1.08363

2.14590 -1.03409
2.96445 0.08588
2.53298 1.11942
1.36801 1.08816
2.44942 -1.86239
0.26235 -1.94544
3.15071 2.02266
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-5.17035
-6.21223
-5.55525
-4.24003
-5.78711
-4.8697

-6.63483
-7.42656
-5.81929
-2.92656
-2.08959
-3.82507
-2.21747
-6.97422
-7.80275
-6.61288
-6.19273
-8.4767

-7.98792
-9.00546
-9.16638
-8.04309
-8.38599
-7.30422
-8.86743

-1.79558
-2.66158
-3.99886
-4.41453
-3.46628
-2.1862
1.40409
1.80019
1.9319
1.51352
2.22194
0.01134
0.52361
2.81749
-0.35855
4.12907

-2.83840
-2.15534
-3.82365
-3.04569
-1.93210
-1.91901
-0.86764
-3.07817
-0.73234

431113

4.27919

5.30485

4.52989
-4.36500
-4.79050
-5.06636
-4.13226
-2.35379
-1.84444
-1.64487
-3.06878
-3.43853
-2.54743
-3.91362
-4.10492

= 0]
N

-0.05670
-1.07810
-0.76851
0.53750
1.48381
1.20325
-1.71355
-0.25858
-2.12825
-2.38997
-0.19969
-1.63003
0.46127
0.39513
-0.34778
-0.38887

Si6

N

J,

1.09668
1.97096
0.73095
1.68233
2.98181
-0.07822
1.27827
2.18401
0.00017
0.19708
1.25583
0.36356
-0.93068
2.89888
3.42555
2.17607
3.59170
3.04661
3.85069
2.44432
3.44415
0.81959
0.33662
0.20864
0.96552

~

-0.14229
0.23466
0.42919
0.24136
-0.13446
-0.32332
-0.42481
-0.76529
0.43232
-1.27238
-1.7726
-0.09309
-0.75525
0.19431
-0.36113
0.13453
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4.88341
4.01389
4.51427
3.06814
3.46666
2.14314
3.79456
2.27847
1.35855
2.07154
3.01196
-2.28539
-4.70207
-3.75563
-5.81825
-6.24713
-6.58282

-2.37396
-1.38872
-1.26947
-2.14760
-3.11081
-3.19302
-0.51988
-2.47544
-2.08680
-5.67098
-4.59052
-5.98649
-4.95252
-3.80865
-0.44809
0.28001

-4.08619
-4.98715
-4.09972
-6.91615
-6.48543
-6.02124
-5.79087
-7.33878

0.09412
-1.41349
-0.42743

1.82983

1.84337

2.40508

2.31685

0.41386

0.99721
-0.59146

0.86866

-2.08166

-1.53722
2.51772
0.93041
0.50502
0.36522

Nc@—{)]

0.58699
0.19165
0.87309
1.93412
2.28763
1.61421
0.58417
0.06781
2.47128
4.96264
5.46051
5.71223
6.15931
5.92868
-0.98692
-1.85244

3.45527
3.84010
4.24440
4.47623
3.42449
2.59628
3.86812
3.08010
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0.75845
0.49412
-0.88740
-0.27139
-1.28867
-0.26122
0.38248
1.62435
1.68139
1.99853
2.29283
0.36820
0.72246
-0.28913
0.43136
1.64984
-0.54105

\

N~ ", [<

-1.52637
-0.61057
0.60619
0.87784
-0.08090
-1.24314
1.31677
-2.45811
1.80482
-0.07892
0.85870
-0.77403
1.58410
0.30060
-0.94045
-1.13805
0.18520
-0.69432
1.41675
0.68646
1.72748
1.22368
2.41226
2.26759
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-7.58673
-7.88686
-8.44581
-6.89606
-7.92042
-8.20496
-7.46319
-8.79284

-2.45988
-1.51239
-1.40110
-2.24105
-3.17074
-3.25530
-0.68438
-2.55044
-2.17589
-5.65415
-4.55018
-5.98174
-4.88775
-3.77197
-4.10193
-4.99814
-4.07244
-6.87895
-6.44295
-6.01563
-5.71633
-7.29395
-7.49396
-7.79690
-8.34496
-6.76735
-7.92473
-8.22766
-7.49741
-8.77572
-0.60258
0.24617

-0.72224

5.66473
6.38221
5.32250
6.11363
3.85220
4.58637
3.01500
3.52251

— 0
Meooc{>—<\ ]
N

0.45741
0.05925
0.77240
1.86670
2.22070
1.51535
0.48522
-0.08496
2.43021
4.95816
5.45844
5.70282
6.17606
5.90500
3.42665
3.81938
4.24663
4.48797
3.41890
2.58575
3.83594
3.09221
5.68708
6.42988
5.36039
6.10412
3.88774
4.63054
3.05460
3.56106
-1.15391
-1.50635
-1.87992
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1.39434
0.66267
1.93401
2.07530
-0.30291
-1.03826
-0.79400
0.23192

N "’///<

-1.46327
-0.51036
0.68407
0.89534
-0.09192
-1.23235
1.42484
-2.38117
1.80260
-0.13303
0.76966
-0.82806
1.48797
0.18667
0.13200
-0.75064
1.34264
0.67344
1.69255
1.17470
2.35814
2.25288
1.41874
0.71066
1.97908
2.08433
-0.28452
-0.99260
-0.80236
0.27582
-0.77885
0.08079
-2.00502
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0.54769
0.87386
0.45815
1.26127

-1.79558
-2.66158
-3.99886
-4.41453
-3.46628
-2.1862
1.40409
1.80019
1.9319
1.51352
2.22194
0.01134
0.52361
2.81749
-0.35855
4.12907
4.88341
4.01389
4.51427
3.06814
3.46666
2.14314
3.79456
2.27847
1.35855
2.07154
3.01196
-2.28539
-4.70207
-3.75563
-5.81825
-6.24713
-6.58282

-2.43608
-3.09717
-2.97931

-1.64791
Cl

-0.05670
-1.07810
-0.76851
0.53750
1.48381
1.20325
-1.71355
-0.25858
-2.12825
-2.38997
-0.19969
-1.63003
0.46127
0.39513
-0.34778
-0.38887
0.09412
-1.41349
-0.42743
1.82983
1.84337
2.40508
2.31685
0.41386
0.99721
-0.59146
0.86866
-2.08166
-1.53722
2.51772
0.93041
0.50502
0.36522

S19

-2.35556
-1.58001
-3.27304
-2.47591

-0.14229
0.23466
0.42919
0.24136
-0.13446
-0.32332
-0.42481
-0.76529
0.43232
-1.27238
-1.77260
-0.09309
-0.75525
0.19431
-0.36113
0.13453
0.75845
0.49412
-0.88740
-0.27139
-1.28867
-0.26122
0.38248
1.62435
1.68139
1.99853
2.29283
0.36820
0.72246
-0.28913
0.43136
1.64984
-0.54105



C. Calculations on the Stereodetermining Alkene Insertion Transition State

i. Computational Methods

Unconstrained geometry optimizations using the M06® functional implemented in Gaussian09'
were used. This functional includes corrections for dispersion interactions and was found to be
reliable in previous work performed on similar Heck reaction transition states’. The Lanl2DZ and
6-31+G(d) basis sets were used for Pd and all other atoms, respectively. Frequency calculations at
the same level of theory as the optimized geometries confirmed the stationary points as transition
states (one imaginary frequency) and were used to calculate the reported Gibbs free energies.
Several conformations and configurations of the transition states have been investigated, but only
the results for the lowest energy conformer are presented in the manuscript. The results for all of
the transition states are presented in Table S12. The final free energies from the optimizations are
reported in kcal/mol in the manuscript.

ii. Electronic energies, thermal corrections to energies, and free energies for transition states

Table S12. Electronic energies, thermal corrections to energies, and free energies in vacuo at 298

K (Hartree), calculated at the M06/6-31+G*, Lanl2DZ level of theory

Descriptive TS E(MO06) E(correction) AGHIK Imaginary

Name” Name”*" Frequency
tsl 2a r up -1733.4060468 0.496028 -1732.910019 -223.77
tsl 2a s up -1733.4050761 0.494178 -1732.910898 -217.26
tsl 2a r down a -1733.4045786 0.490829 -1732.913750 -227.63
tsl 2a r down b TSAR -1733.4064095 0.491829 -1732.914580 -238.58
tsl 2a r down ¢ -1733.4026333 0.492282 -1732.910352 -219.55
tsl 2a s down -1733.4047194 0.493213 -1732.911506 -207.52
ts2 2a r up -1733.4002667 0.490840 -1732.909426 -242.52
ts2 2a s up a -1733.4058688 0.493658 -1732.912211 -244.53
ts2 2a s up b -1733.4089118 0.494953 -1732.913959 -237.73
ts2 2a s up ¢ TSAS -1733.4114749 0.494459 -1732.917016 -240.47
ts2 2a s up d -1733.4033392 0.492169 -1732.911170 -237.67
ts2 2a r down -1733.4031478 0.492167 -1732.910981 -230.76
ts2 2a s down -1733.4055537 0.495084 -1732.910470 -232.21
tsl 2aa r up -1733.4028667 0.495686 -1732.907181 -231.29
tsl 2aa s up -1733.4060126 0.495156 -1732.910856 -223.73
tsl 2aa r down -1733.4025699 0.49525 -1732.907320 -213.04
tsl 2aa s down -1733.4039985 0.4935040 -1732.910495 -224.12
ts2 2aa r up a -1733.4030154 0.494618 -1732.908397 -249.10
ts2 2aa r up b -1733.4056640 0.493790 -1732.911874 -246.89
ts2 2aa r up ¢ TSBR -1733.4087506 0.495337 -1732.913414 -245.68
ts2 2aa s up -1733.4022827 0.494207 -1732.908076 -247.09
ts2 2aa r down -1733.4012806 0.493750 -1732.907531 -245.28
ts2 2aa s down_a -1733.4044004 0.491699 -1732.912701 -249.00
ts2 2aa s down_ b TSBS -1733.4079265 0.493467 -1732.914459 -242.29
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~ The descriptive name is split into sections which describe different aspects of the transition state geometry. The sections are
broken down as follows utilizing this example: ts142a7r1_I

tsl indicates a structure with the alkenyl moiety trans to the chiral oxazoline portion of the ligand. The alternative, ts2, places the
alkenol moiety frans to the chiral oxazoline.

24 indicates the use of (E)-alkenol substrate 2a. The alternative, 2aa, indicates use of (Z)-alkenol substrate 2aa.

1 indicates a transition state leading to the R enantiomer product. The alternative, s, indicates a transition state leading to the S
enantiomer product.

l indicates the alkenyl moiety is oriented with the double bond upward relative to a structure with the oxazoline portion of the
ligand on the right and behind the reacting center. The alternative, down, indicates the alkenyl moiety is oriented with the double
bond downward relative to a structure with the oxazoline portion of the ligand on the right and behind the reacting center

I indicates that more than one conformation of the same geometry was studied. Possible alternatives are b, ¢, and d.

" The transition state name is the designation given to the transition state as it appears in the manuscript. If a TS is not discussed

in the main body of the manuscript, this field is left blank.

iii. Cartesian coordinates for complexes and transition states.

(Cartesian coordinates and imaginary frequencies of the reported geometries optimized at
MO06/6-31+G*, Lanl2dz)

tsl 2a r up

Imaginary Frequency: -223.77

Pd -0.6534727749 0.6635700473 0.0315405448
C 0.1324083351 -2.2626808943 0.4114874728
C 0.8381567275 -3.4351524078 0.6506428844
C 2.1999108786 -3.456530058 0.3633373057
C 2.7900102958 -2.3087730024 -0.1496432436
C 2.0050271311 -1.1768437685 -0.3537298601
N 0.7074974719 -1.146948289 -0.0716888656
H 2.7916076681 -4.3520901287 0.5438654798
H 0.3294050891 -4.3060326821 1.0560132101
H 2.4481695163 -0.2608415878 -0.7393932967
C 4.2494660758 -2.2817349681 -0.5235965865
F 4.4220447631 -2.778271352 -1.7552433215
F 4.7283488202 -1.035698281 -0.5153888315
F 4.9759516585 -3.0184157479 0.3163472058
C-1.3125301692 -2.1510602889 0.642098475
0-1.9329612289 -3.1977648519 1.1715809811
N -2.0083183066 -1.1133101952 0.3343657423
C -3.2943580119 -2.7566083954 1.4095104023
H -3.9573192575 -3.5790523181 1.1305522118
H -3.3874139156 -2.5622326876 2.4844600185
C -3.4265537705 -1.4944570053 0.5454610148
H -3.9324993853 -0.6912810353 1.1015232194
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C -4.1857193531 -1.7119087741 -0.7866344065
C -3.5622751691 -2.8323866978 -1.6182121229
H -2.5257822958 -2.6004871355 -1.9019742545
H -3.5702922037 -3.8021769932 -1.1012086698
H -4.1297520176 -2.9627517965 -2.5492181368
C -5.639565092 -2.0545936298 -0.4540592791
H -6.1102919253 -1.2689302237 0.1552359139
H -6.223709425 -2.1464446962 -1.3794010728
H -5.744548556 -3.0075253619 0.0821440806
C -4.1701844946 -0.4206504545 -1.5975846946
H -4.7250107439 -0.5541876182 -2.5360628854
H -4.6578462453 0.3957833519 -1.0431754854
H -3.1464686209 -0.1133076543 -1.8552082088
C 3.6467570104 2.7092707328 -0.9664824656
C 1.9464443267 1.8112345928 0.7674738145

C 0.9646015387 1.9612373041 -0.1558127322
C 1.2540962784 2.3904525136 -1.5693054091
C 2.4303147901 3.3627949349 -1.5984245529
H 1.4924861485 1.4982492515 -2.1772267785
H 2.6467847945 3.6720584907 -2.6288552351
C -2.8485873734 2.1152084226 1.4265783684
H -2.3711852258 1.6720192818 2.3092415143
H -3.672951332 1.4620642386 1.1127198319

C -1.894746296 2.35142426 0.287997638

C -0.6503862441 3.0240121728 0.5236516273
C-2.5562566931 2.7237941613 -1.0215969158
H -3.4326496994 2.0879593398 -1.2055602318
H -1.8604610761 2.5950684372 -1.8701653535
H 4.4894784585 3.4008479458 -0.8437614342
C 3.3665138338 2.0843003824 0.3796030051

0 4.2685072657 1.7576962154 1.130013484

C 1.7745624834 1.2700564896 2.1502615248

H 0.724246828 1.0601462628 2.3863707507

H 2.3377252866 0.3302430337 2.2476452088

H 2.1965956194 1.9456439177 2.9060790543

H 4.0216994095 1.8985721343 -1.6168867375
H 2.1562550933 4.2743685761 -1.0418488944
H 0.3681158997 2.8339129765 -2.0433539708
H -0.3705081815 3.6947683325 -0.2941698377
H -3.2977653012 3.073667068 1.7336856349

C -0.3154390496 3.5873490732 1.8684095165
H -0.4439901445 2.884926818 2.6973151811

H 0.7039351217 3.985916451 1.9018284238

H -1.0140977472 4.4220180099 2.0375246189
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0-2.9305530018 4.0819983957 -0.8714241263
H -3.4961864468 4.3570275618 -1.6069566315

tsl1 2a s up

Imaginary Frequency: -217.26

Pd 0.6938458088 0.6435971117 -0.1064238347
C -0.1648166771 -2.2735284354 -0.5383490676
C -0.862778762 -3.4234732571 -0.8761217716
C -2.2511365844 -3.4169610279 -0.7515253676
C -2.86809664 -2.2617227038 -0.299070195

C -2.0866274272 -1.1467262029 0.0119433211
N -0.7653844566 -1.148211634 -0.0973083798
H -2.8393603731 -4.2960787196 -1.0057057657
H -0.327477246 -4.3022932306 -1.2269567166
H -2.5495053322 -0.218947482 0.3540161726
C -4.3606596202 -2.1468041393 -0.1314910531
F -4.9860932773 -3.2681448985 -0.4834801551
F -4.6673552554 -1.8776307964 1.143366521

F -4.8393160814 -1.1462468304 -0.8769815112
C 1.2990519525 -2.2009428879 -0.5904471572
0 1.972852857 -3.3046054051 -0.8870664617
N 1.966874199 -1.1407457177 -0.2995450645
C 3.3701491227 -2.9057901165 -0.9063028996
H 3.9426128173 -3.7062581016 -0.4313566464
H 3.6667949294 -2.8183991404 -1.9582604872
C 3.3777816138 -1.5659746889 -0.1560546353
H 4.0328318365 -0.8363921875 -0.6558385867
C 3.806880951 -1.6673955535 1.3321482912

C 2.954308732 -2.6757680135 2.102152501

H 1.8929343218 -2.3861954236 2.1215466806
H 3.0294305343 -3.6955065043 1.7007158858
H 3.2925480475 -2.7207856544 3.1458327846
C 5.2765341879 -2.0926106652 1.370224393

H 5.9128725802 -1.395805343 0.80508508

H 5.6373802475 -2.0985112818 2.4072790219
H 5.4430790986 -3.1027637095 0.9714437907
C 3.6867124734 -0.3032842172 2.0067871688
H 3.9767264664 -0.3815224071 3.0631486428
H 4.3524867814 0.4353513745 1.5401239398
H 2.6580553184 0.0862089011 1.9719955487
C-3.0121287284 2.8348638401 2.0092211279
C-1.9115156593 2.1450415607 -0.2131727537
C -0.7415490456 2.0244426216 0.455141402
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C -0.5943085031 2.2342262166 1.9403735584
C-1.9212341685 1.9994374811 2.6582094663
H 0.186711285 1.5734061441 2.3512597079

H -2.1857606561 0.930621053 2.6163360751
C 2.2660223031 1.7480232503 -2.2563925608
H 1.3508375472 1.4122085835 -2.7753227819
H 2.9869931986 0.912111566 -2.2562981906
C 1.9538430083 2.1781144296 -0.8387189691
C 0.7728374088 2.9689412364 -0.6887764056
H 0.1547624803 3.021120662 -1.5873512721
C 0.8129574183 4.2574669516 0.0781880229
H -0.183877366 4.687821203 0.2266362363

H 1.3258997352 4.1871521071 1.0429691732
H 1.3944019293 4.957179654 -0.5435708414
0 2.8116307925 2.8976390947 -2.8736485983
H 3.0734371234 2.6995066752 -3.7840560789
C3.1618174764 2.4748421358 0.0011198565
H 3.9336301166 1.7092941993 -0.1420270335
H 3.5990320837 3.4344937677 -0.3171411297
H 2.9353765488 2.5418651165 1.0726383126
H -2.7631600906 3.9071708405 2.1004723384
C -3.1508642986 2.523802598 0.5405978926
0 -4.2207267352 2.5710478149 -0.0379756707
C-2.1159267166 1.9169174591 -1.6773997805
H -1.2457228888 1.4520087441 -2.1560401025
H -2.9885109525 1.2709491749 -1.8427269333
H -2.3547848162 2.8584751574 -2.1935427295
H -3.9930437278 2.6996395568 2.479559158
H -1.8166320152 2.2535436404 3.7207869228
H -0.2600602317 3.2615374534 2.152339594

tsl 2a r down_a

Imaginary Frequency: -227.63

Pd -0.6016519826 -0.6885377766 -0.1811138727
C -0.0269077928 2.2166799999 -0.7991210136
C 0.5906846836 3.3945012397 -1.1908809806
C 1.9599246989 3.5300755919 -0.9620469195
C 2.6372616527 2.4908983051 -0.3429855167
C 1.9366607969 1.3355816888 0.0105812227
N 0.6403422395 1.1958784126 -0.2229504103
H 2.486070813 4.4347831102 -1.2586345452
H 0.01184859 4.1863015794 -1.6598380625

H 2.4370726095 0.4956611475 0.4984637587
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C 4.1104435247 2.5439179557 -0.0369095808
F 4.6738710869 3.6595417264 -0.4918195055
F 4.320606234 2.4710126626 1.2799321869

F 4.7387711347 1.499739464 -0.5991706814

C -1.4770007728 2.0048352856 -0.8922040486
0 -2.2254887671 2.9593097687 -1.4289473516
N -2.0646466649 0.9724183997 -0.396826703
C -3.5808563893 2.4295344865 -1.4082538251
H -4.2489133733 3.2555149308 -1.1530029091
H -3.8044320444 2.0780009095 -2.4227983502
C -3.5091585307 1.300792958 -0.3730003844
H -4.0890633064 0.4231629879 -0.696335442
C -3.9878471768 1.7107090597 1.0474722836
C -3.2704419086 2.9628754233 1.5536711058
H -2.1877459485 2.8010341499 1.6612290425
H -3.4298278709 3.8396912642 0.9120431623
H -3.6525128702 3.2242784493 2.5493250009
C -5.4946270322 1.9689210301 0.978053951
H -6.0360122191 1.0922545687 0.5927187438
H -5.8847889945 2.1790747341 1.982786493
H -5.7558472322 2.831348925 0.3496256197
C -3.7394074623 0.5765994693 2.0396147532
H -4.0526001438 0.888131377 3.0451164994
H -4.3239084707 -0.317498282 1.7823746375
H -2.6764848683 0.3006938809 2.0930297031
C 3.9735544213 -2.2333161573 -0.176720175
C 3.1328507288 -2.6727394481 -1.3630003181
C 1.8429699548 -1.8577904263 -1.4216796463
C 1.0993020017 -1.8844043014 -0.1144619493
C 1.7167247446 -2.037092531 1.0810765649
H 3.6940617477 -2.5502233522 -2.2983819727
H 2.0936260912 -0.8076482322 -1.6602606718
C -2.3058988027 -2.3463341963 -1.917300111
H -1.4965705501 -2.237508881 -2.6496282358
H -3.0116083814 -1.5184062503 -2.0668761622
C -1.8136634072 -2.3776245544 -0.4961111726
C -0.6327051366 -3.106071744 -0.1582250732
C -2.9053709276 -2.4312344376 0.5439184956
H -3.686442684 -1.6867525836 0.3156439277
H -2.5060816074 -2.2161403637 1.5506141011
H 43611259367 -1.2126093079 -0.3465369137
C 3.2075587208 -2.1983764506 1.1244358536
0 3.7759606461 -2.2505371846 2.199799132
H 4.8573031535 -2.8647049548 -0.0252306639
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H 2.8928830432 -3.7430888731 -1.2785191284
H 1.2050895035 -2.1886090603 -2.251359261
C 1.052257156 -2.0103315063 2.4204648585

H 1.2129118732 -2.95231858 2.9632122037

H 1.504140371 -1.2302978847 3.0477728969

H -0.023099764 -1.8048213364 2.3507152576
0 -3.4149738851 -3.7491279617 0.4667414335
H -4.1632434519 -3.8566714717 1.071072862
H -2.8448785542 -3.280590566 -2.1433714287
C -0.0923484449 -4.1673345896 -1.0669765683
H 0.8489550154 -4.587481093 -0.6997122586
H -0.8465452199 -4.9709988656 -1.0630735483
H 0.0310498777 -3.8566865354 -2.1091969722
H -0.5665604116 -3.3710212022 0.8994015825

tsl 2a r down_b

Imaginary Frequency: -238.58

Pd -0.5768132898 -0.8199515411 -0.1747561113
C-0.1470177951 2.1468137218 -0.6818495159
C 0.3993255355 3.3907495485 -0.960983217
C 1.735595164 3.614400576 -0.6308046428

C 2.4526798555 2.587063717 -0.0370482881

C 1.8279446602 1.3591020887 0.1888575456
N 0.5611549841 1.1402211405 -0.1331048139
H 2.207424026 4.5751437626 -0.8266452098
H -0.2127033029 4.1657204536 -1.4156828975
H 2.3698673982 0.5271642132 0.644452383

C 3.8912258724 2.7333999095 0.3821261835
F 4.0042198804 2.6621942948 1.7107257939

F 4.6288253855 1.7405240702 -0.1353165756
F 4.4105234662 3.8905141933 -0.0219031397
C-1.5708414623 1.8481317515 -0.8735351728
0 -2.3260673087 2.7625213536 -1.4712831166
N -2.1383747099 0.7863444913 -0.4177496184
C -3.6403814073 2.1520065533 -1.5710499626
H -4.3806981975 2.9368879358 -1.3985423593
H -3.7422261462 1.7702408239 -2.5944281456
C -3.5972141325 1.0452504837 -0.512748437
H -4.1128947177 0.1389533761 -0.8631758536
C -4.2055948286 1.4602807437 0.8549412128
C -3.5708939731 2.7443888067 1.3914894138
H -2.5001810942 2.6127766415 1.6057276325
H -3.6853481519 3.5962509397 0.7072339935
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H -4.0542114605 3.0246582906 2.3365221658
C -5.7090340834 1.6713655858 0.6592096425
H -6.1910209952 0.7775809967 0.236086949

H -6.1845845344 1.871561512 1.6286459862

H -5.9448057655 2.5241228898 0.0084933313
C -4.0077256051 0.3496116311 1.8838873967
H -4.3927325715 0.6769152826 2.8593521699
H -4.5713324978 -0.5532818624 1.6051987606
H -2.9501842463 0.0823834567 2.0134045931
C 4.0795410056 -1.9393274139 -0.6405341001
C 3.159930854 -2.4301805687 -1.7446799237
C 1.8053942897 -1.7351968811 -1.6351347116
C 1.213175102 -1.8723897489 -0.2592789179
C 1.9638207259 -1.9983587591 0.8593275109
H 3.6032853705 -2.2356637315 -2.730022083
H 1.9351988115 -0.6578803467 -1.8464197342
C -2.2997014966 -2.6462334651 -1.7773900402
H -1.5747440658 -2.4190344725 -2.5677202732
H -3.1280242348 -1.9313278368 -1.8666727017
C -1.6905348534 -2.604422801 -0.4021803662
C -0.4179944102 -3.2060720311 -0.1605107206
C -2.7179119689 -2.67136626 0.6987741666

H -3.2338424554 -3.6473099268 0.5999564655
H -3.479921154 -1.8914042895 0.5335676437
H 4.3486529963 -0.8826544665 -0.8180630513
C 3.459178154 -1.9965016903 0.7361756453

0 4.1467386353 -1.980892354 1.7411146679

H 5.0296793732 -2.4857452057 -0.6014970164
H 3.0263201875 -3.519697499 -1.6691448296
H 1.1130417048 -2.0926772867 -2.4083980709
C 1.449470285 -2.0594303032 2.2619345115

H 1.7826755061 -2.9785002138 2.7637435484
H 1.8798971021 -1.2373126878 2.8508201972
H 0.3580761486 -1.9869422369 2.3179621767
0 -2.1090019249 -2.5437377169 1.9575079805
H -2.7401234591 -2.7662066241 2.6555802945
H -2.7113706076 -3.6478751923 -1.9871883623
C 0.1407992983 -4.2142819691 -1.1234222601
H 1.1485222822 -4.5347305862 -0.8417697076
H -0.5152156302 -5.097807924 -1.0705950917
H 0.1454944104 -3.8925613837 -2.1698777325
H -0.2480189332 -3.4536919592 0.8875578096

tsl 2a r down_c
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Imaginary Frequency: -219.55

Pd 0.6049634994 0.7254882983 -0.1461592083
C -0.0587478261 -2.188431041 -0.6712121939
C -0.6947340033 -3.3898169487 -0.9445241567
C -2.0433300735 -3.5138350275 -0.6113607897
C -2.6844158647 -2.4350986383 -0.022878377
C-1.9731758839 -1.251587096 0.1902696251
N -0.6936107407 -1.1275287677 -0.1328235207
H -2.5790423562 -4.4415565997 -0.8002328975
H -0.1424886302 -4.211382208 -1.3937736036
H -2.4536492313 -0.3790027814 0.6374739071
C -4.1246993477 -2.4820728046 0.4159802823
F -4.7176870865 -3.6168022224 0.0526516854
F -4.2107715644 -2.3685153626 1.7448660283
F -4.8108568603 -1.4624947694 -0.1166251491
C 1.3863939554 -1.9997002117 -0.8483361329
0 2.0764212608 -2.9573763158 -1.4548425652
N 2.0280484821 -0.9903972386 -0.3708774281
C 3.4342042152 -2.4437068915 -1.5360931149
H 4.1124091881 -3.2838016307 -1.371727291
H 3.5707588808 -2.0545188046 -2.5525027627
C 3.4647182174 -1.3535873688 -0.4605735216
H 4.0450688222 -0.4803834092 -0.7924774648
C 4.031507206 -1.8309451611 0.9039983584

C 3.3198495403 -3.0879291727 1.4077663247
H 2.2513408816 -2.9053151867 1.5949706589
H 3.4097082583 -3.9378702456 0.7175151632
H 3.7618039215 -3.4027126213 2.3622724429
C 5.5229918454 -2.11964064 0.7178716234

H 6.0607835542 -1.2365489678 0.342456938
H 5.973565896 -2.3929871075 1.6812485704
H 5.7181736786 -2.9528672406 0.0293003989
C 3.8833110383 -0.7329393296 1.9541521458
H 4.2643212652 -1.0891528596 2.9206550431
H 4.4682396455 0.1579213999 1.6858523752
H 2.8346744914 -0.4377304607 2.097700215
C -3.8140102115 2.6473338166 -0.7166082008
C -3.1216543291 1.7272668055 -1.7078974223
C -1.6084740701 1.9380326893 -1.6660511465
C -1.0788886593 1.9360154654 -0.2557637319
C -1.8433932247 2.1176251822 0.8451056649
H -1.1027263536 1.1612500083 -2.262054702
C 2.4355911261 2.4640085783 -1.7223566846
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H 1.669940431 2.3692060411 -2.5027307874
H 3.1740947915 1.6661330139 -1.8746171737
C 1.861151013 2.4112967365 -0.3329809706
C 0.6724930769 3.1372383965 -0.0254040428
C 2.8835289973 2.3918341872 0.7771213869
H 3.6933868576 1.6852141944 0.5355095072
H 2.4283691063 2.0821853833 1.734808748

C -3.3009090347 2.4311091104 0.6843960559
0 -4.014531099 2.5253342356 1.6654494542
H -1.3697774024 2.8906105832 -2.163178697
C-1.3681842429 2.0315346103 2.2610042318
H -1.4967382981 2.9894811546 2.7847014561
H -1.9796285058 1.3104860943 2.8205943049
H -0.320487746 1.7129119251 2.3306992192
0 3.3683542465 3.7201768547 0.8461208259
H 4.0878368783 3.7821234053 1.4904809084
H 2.9578850958 3.4226158301 -1.8730821972
C 0.221579264 4.2816129783 -0.8810497598
H -0.7937326957 4.6174160406 -0.6424954967
H 0.9150376517 5.1042689662 -0.6414077146
H 0.3076191802 4.0989582999 -1.9563136649
H 0.5233010731 3.3175444235 1.0417794892
H -3.3633893727 0.6784829218 -1.4734139985
H -3.4888520854 1.9068307467 -2.7265498352
H -3.6197116058 3.7009620528 -0.9847136977
H -4.9023441273 2.5191957009 -0.705893937

tsl 2a s down

Imaginary Frequency: -207.52

Pd -0.6611493541 -0.7204167402 -0.1334053542
C 0.1405740418 2.1569679986 -0.7204465601
C 0.8281689419 3.3031685291 -1.0894789043
C 2.2039891011 3.3506749944 -0.8636881468
C 2.8161469609 2.2585761453 -0.2694778964
C 2.0472812584 1.1386908568 0.0553465586
N 0.7448677065 1.0794475919 -0.1786583812
H 2.7831563944 4.2295645659 -1.1387918145
H 0.2957916469 4.1410085121 -1.5329392036
H 2.5041566482 0.2641007934 0.5214737009
C 4.2838645194 2.2234331207 0.0641487936
F 4.9404621689 3.2511634333 -0.4681722934
F 4.4638458185 2.2486976804 1.3872132195
F 4.8379188827 1.0904288667 -0.3914703084
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C-1.3218313455 2.0507015997 -0.7878602814
0 -2.0104038236 3.0677163295 -1.2893256484
N -1.973998192 1.0556026291 -0.2960783018
C -3.399607405 2.6367681985 -1.2483808719
H -4.0019168185 3.5037906197 -0.9674255625
H -3.667345759 2.3184450336 -2.2633570509
C -3.3887401213 1.4893433933 -0.2321399723
H -4.0391398041 0.663040033 -0.5558692481
C -3.8020306027 1.9066815682 1.2056415373
C -3.0125109064 3.1200651496 1.7000826177
H -1.9345840049 2.9111064967 1.7671841484
H -3.156134361 4.0128316664 1.0766867242
H -3.3464200266 3.383443948 2.712368271

C -5.2964503458 2.2356028447 1.1843634632
H -5.8918826343 1.3796675515 0.8341017007
H -5.6399773637 2.480238862 2.1982292475
H -5.5390641308 3.0995882249 0.5500069804
C -3.5729787563 0.7526575705 2.1791293222
H -3.8598917881 1.0605492809 3.193535826
H -4.1853972071 -0.1216639879 1.921596986
H -2.5173916458 0.4455955158 2.2099708416
C 3.7569256408 -2.7020674644 -0.2596671039
C 3.1099771393 -1.9993523037 -1.4426236128
C 1.6188438252 -2.3112216624 -1.4817189424
C 0.9493108609 -2.061595954 -0.1561008426
C 1.6051822144 -2.0942063579 1.0268769007
H 3.2735023496 -0.9128882449 -1.3739795698
H 1.1160223179 -1.7364969625 -2.275680282
C -2.5824834784 -2.0993771252 -1.791973648
H -1.7637754939 -1.9164816921 -2.5114625273
H -3.258070005 -1.2257189766 -1.8148042112
C-2.0316584422 -2.2965752824 -0.3963036752
C -0.8461325403 -3.0952044045 -0.3081286833
H -0.4969542944 -3.4209326964 -1.29071984
C -0.6858249512 -4.128802843 0.7658283866
H 0.2905302222 -4.6225550851 0.7086646862
H -0.8142906649 -3.7328169228 1.7783957587
H -1.4664960015 -4.8891789657 0.608239203
C -3.0757551856 -2.3924867736 0.6762927737
H -3.8606732056 -1.6431384949 0.5234194412
H -3.5615570023 -3.3793857478 0.6191451706
H -2.6710143906 -2.272705486 1.6883009737
0 -3.2742643262 -3.2930212278 -2.097380173
H -3.6949794439 -3.2263579469 -2.9663782443
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H 4.8239007987 -2.4706006771 -0.1583487998
C 3.080453266 -2.3614279336 1.0444197968
03.6911978136 -2.2958379942 2.0956323446
H 3.6810694175 -3.7960006739 -0.3913720919
H 3.5777039961 -2.3198420581 -2.3825654578
H 1.4978699004 -3.3749245371 -1.7570948905
C 1.0052670724 -1.8110523629 2.3675584148
H 1.2191209612 -2.6220155612 3.076562523
H 1.459991329 -0.9100924778 2.8047358095
H -0.0777283922 -1.641399979 2.310497274

ts2 2a r up

Imaginary Frequency: -242.52

Pd 0.1877974513 -0.6338130009 -0.2512590799
C -1.6043469203 1.6133863929 0.6485031059
C -2.6654664039 2.3593604314 1.1369237847
C -3.9629347224 1.9245121105 0.8712907529
C -4.1316885886 0.7724837632 0.1198422468
C -3.0061053977 0.0741299131 -0.321892466
N -1.7670312615 0.4673072077 -0.0529493272
H -4.8233940537 2.4808653135 1.2364312044
H -2.4738400446 3.2664584497 1.7050190956
H -3.1201890613 -0.8339902178 -0.9141174469
C -5.4861827156 0.2176901736 -0.2318503099
F -6.4720734075 0.9432164225 0.2865972738
F -5.649025787 0.1712410393 -1.5582050675
F -5.6038208123 -1.0377210293 0.2260677715
C -0.2096727712 2.0531935683 0.7778471898
0 0.0761955885 3.0962723401 1.5481929268
N 0.7424479758 1.500425521 0.1177523683

C 1.5330590104 3.1738738081 1.5350870943
H 1.8051060498 4.2318579991 1.5181873255
H 1.8843351583 2.7221545281 2.4710550749
C 1.9246364821 2.3667076481 0.2906949632
H 2.8052819045 1.733851296 0.4860012464

C 2.1912242736 3.2210809863 -0.9779998777
C 1.088320757 4.2533753602 -1.215692134

H 0.1064278305 3.7790156432 -1.3598493527
H 1.0011068534 4.9892197036 -0.4050284544
H 1.3076388145 4.8161945314 -2.1327898748
C 3.5337998445 3.92719212 -0.7853549332

H 4.3518793564 3.2037136554 -0.652508095
H 3.7718676903 4.5382685563 -1.6661189688
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H 3.537625195 4.6007535529 0.0831630868

C 2.2730536908 2.3218558554 -2.2103256048
H 2.5341371309 2.9215803314 -3.0926897896
H 3.048204888 1.552356123 -2.1007226879

H 1.316357115 1.8227340716 -2.4169184233

C 5.0133883928 -1.4039194602 -0.1703264177
C 4.2897054755 -0.7629390382 -1.3425126074
C 2.8564183704 -1.2848610655 -1.4597327707
C 2.155384626 -1.3373101035 -0.1294725604
C 2.7830049217 -1.1841819263 1.0614333342
H 4.2822041729 0.3280598269 -1.1901890287
H 2.2794776063 -0.6527374778 -2.1542956613
C 1.6206784511 -3.9834578893 -0.6846975062
H 2.6660768734 -4.0291803742 -0.3601023881
H 1.5783255321 -3.8897328272 -1.774076701
C 0.8303723154 -2.9485454937 0.0579217565
H 0.9512040871 -3.0282796062 1.1405050612
C -0.5025212306 -2.6157252891 -0.3428852884
C -1.536089596 -2.8309854459 0.7432295277
H -2.5114489611 -2.4044869617 0.4557165972
H -1.2189178832 -2.3544675337 1.6882259034
H 1.1440721226 -4.9434092315 -0.42703923

H 6.0469023957 -1.0540790975 -0.0690576444
0 -1.6227031763 -4.2356613559 0.8846608407
H -2.3621759086 -4.472748125 1.4625767044
C -0.964070482 -2.9289915287 -1.7393808771
H -1.1981923523 -4.0027026688 -1.8222521287
H -1.8827498505 -2.3836356961 -1.9943127914
H -0.2106190154 -2.6846095194 -2.4989445032
C 4.2768320326 -1.0954513071 1.1061045789
0 4.8408679332 -0.8057650765 2.1454259507
H 5.0521655213 -2.4996269075 -0.2952509165
H 4.8244283712 -0.9424613341 -2.2841186771
H 2.8777216776 -2.2808368301 -1.9248478394
C 2.1150694346 -1.0911966575 2.3959406369
H 2.3604338193 -0.1278392262 2.8658832113
H 1.022583069 -1.1601081769 2.3239929873

H 2.4900901409 -1.8561847648 3.0898908291

ts2 2a s up_a

Imaginary Frequency: -244.53
Pd 0.1325370518 -0.6520258278 -0.0650627797
C-1.6371957018 1.7473431337 0.4792095895
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C -2.6988416126 2.5852906085 0.7849843358
C -3.995617638 2.1280968576 0.5611427744

C -4.1637798695 0.8571003993 0.0351216994
C -3.0396655551 0.0726092745 -0.2258865339
N -1.8003873255 0.4939310132 -0.0009249241
H -4.855581867 2.7538646558 0.7892487901
H -2.5077442376 3.5775887612 1.1858472301
H -3.1571205541 -0.932638067 -0.6313505229
C-5.5175250772 0.2641537747 -0.2517039512
F -6.5020487923 1.1173713246 0.0127765078
F -5.6080699304 -0.0982118805 -1.5369433971
F -5.707833683 -0.8391780851 0.4846670044
C -0.241582647 2.1820043282 0.6094559904
0 0.0062951861 3.3266308731 1.2354630502
N 0.7429745919 1.5209448204 0.1197462311
C 1.4565907107 3.3879912314 1.3410999901
H 1.755515314 4.4220179587 1.1520065059

H 1.7134917908 3.1174416101 2.3728899445
C 1.9454181922 2.3667270673 0.3037118346
H 2.7604449988 1.7478796591 0.7080639151
C 2.439461427 2.9868796443 -1.024998152

C 1.3942039034 3.9117630046 -1.645529578
H 0.4639531059 3.37484944 -1.8815441217

H 1.1449624905 4.7667410744 -1.0015524123
H 1.7769108651 4.3243184466 -2.5886463582
C 3.7233674959 3.7638347335 -0.7270056056
H 4.4904151151 3.1144664641 -0.2793878029
H 4.1373337859 4.1761010546 -1.6569110206
H 3.5610721242 4.6123051609 -0.0480375346
C 2.766363439 1.8702632409 -2.0111889882
H 3.1795846746 2.2898111265 -2.938339677
H 3.520816841 1.1866709065 -1.592253962

H 1.8721598439 1.2876490604 -2.2744370571
C 4.9319813293 -1.3577667482 -0.6012571247
C 4.0222477779 -2.3337722718 -1.328919656
C 2.6305666387 -1.7201741658 -1.4694872683
C 2.0748739095 -1.406157989 -0.1060293484
C 2.86294769 -0.9802141761 0.9098143042

H 4.4334462149 -2.5812575969 -2.3158417586
H 2.6926662342 -0.7942742815 -2.0623214786
C 0.7802244172 -2.9435959216 0.3686078034
C-0.5927260113 -2.6207690484 0.1143050345
C-1.5861228195 -2.7129012288 1.2419483563
H -2.5621475734 -2.2970593937 0.9638784854

S33



H -1.2460600078 -2.2065263006 2.1535235616
H 5.2108294292 -0.5238457345 -1.2675500608
C-1.1148917932 -3.0528033459 -1.2378999144
H -2.0434770635 -2.5128336271 -1.4928832624
H -0.3749342621 -2.8353863959 -2.0283434044
C 4.3100224951 -0.7350814609 0.6270400778
04.9569087242 -0.0077414983 1.3623973387
H 5.8828134237 -1.8118249143 -0.2923473832
H 3.9473983482 -3.2806694981 -0.768888701
H 1.9622665282 -2.3838848323 -2.0344847332
C 1.2198050873 -3.473605022 1.6972845037

H 0.7479264567 -4.4618275566 1.8170863938
H 2.3057558816 -3.6075260754 1.7410815454
H 0.9097606835 -2.8628919792 2.5502575047
0 -1.3498949548 -4.4412832421 -1.1236277697
H -1.7527320044 -4.7834724643 -1.9347101955
H -1.756924261 -3.7725827786 1.4886906622
H 1.263403994 -3.4475557693 -0.4729719966
C 2.4136836035 -0.6097442697 2.2873154362
H 2.7460657236 0.4079407329 2.5324022671

H 1.3228980129 -0.6529271086 2.3947355115
H 2.8777906912 -1.2578098859 3.044696255

ts2 2a s up b

Imaginary Frequency: -237.73

Pd -0.1421011775 -0.6671757142 0.0938309177
C 1.6242480621 1.7430115188 -0.475356458
C 2.6804095254 2.5828401536 -0.7967170487
C 3.9807419524 2.1334379118 -0.5796665784
C 4.1580250394 0.8676388117 -0.0441031414
C 3.0384031192 0.0823868443 0.2324413306
N 1.795761184 0.494978907 0.0144174344

H 4.8362350632 2.7609154035 -0.8197709728
H 2.4810096986 3.570763189 -1.2043004513
H 3.1642116028 -0.9183210348 0.6474788577
C 5.5156077328 0.283868969 0.2405281064

F 6.4960917951 1.1335519551 -0.0490874202
F 5.620143019 -0.0551905234 1.5312469311

F 5.7028423183 -0.8336138862 -0.476682103
C 0.2268508596 2.1732509734 -0.5998246305
0 -0.0243934298 3.3116008096 -1.2376302681
N -0.753051407 1.5174979595 -0.0958520456
C-1.4748866284 3.3746386986 -1.3318595182

S34



H -1.7705282617 4.4099076599 -1.1438996277
H -1.7412301364 3.1006677287 -2.3602224375
C-1.9571067479 2.3600173732 -0.284560589
H -2.7724636949 1.7365904302 -0.6815224925
C -2.4483772415 2.9929229979 1.0393004597
C -1.4025362129 3.9259446095 1.6466608706
H -0.4717126256 3.3923000682 1.8874617781
H -1.1548195306 4.7735896019 0.9923612669
H -1.7841289813 4.3490700581 2.5855706565
C -3.7345099593 3.764498452 0.7367990972

H -4.4987806188 3.1103377329 0.2910067178
H -4.1507915184 4.1785858212 1.6648915012
H -3.5755037861 4.6112856713 0.0546630162
C-2.7708729801 1.8870120018 2.0384058118
H -3.1806181361 2.3162118149 2.9627294124
H -3.5270580451 1.1995833937 1.6294419483
H -1.8766774341 1.3059889547 2.3043873

C -4.9595868108 -1.3052521132 0.5286345992
C -4.0861336761 -2.2916392459 1.2847683468
C-2.6861311483 -1.7053148906 1.4555549346
C-2.0936100808 -1.4151749023 0.1032289319
C -2.8480082633 -0.9804596427 -0.9353458997
H -4.5248122651 -2.5222200838 2.2640581974
H -2.7477710456 -0.7697127277 2.0327601662
C -0.7981153509 -2.9367138368 -0.3093036688
C 0.5884197425 -2.6413772088 -0.0817966611
C 1.5610435649 -2.7249735746 -1.229932027
H 2.5502173971 -2.3323565005 -0.9616991856
H 1.2150483857 -2.185310079 -2.1192925329
H -5.2351649706 -0.4596879502 1.1817974478
C 1.1984773303 -3.0524913886 1.2380350259
H 1.6286203439 -4.0642513293 1.1007059058
H 2.0458904984 -2.3872389486 1.485502666

C -4.2958690453 -0.7049452631 -0.6887371548
0-4.9123118477 0.0271855316 -1.4463798234
H -5.9127638986 -1.7404167285 0.1999964339
H -4.0182695868 -3.2453678657 0.7352850484
H -2.0371229938 -2.3657122343 2.0418518281
C -1.2460196953 -3.4916057158 -1.6305506213
H -0.7872455293 -4.4859002467 -1.7468421936
H -2.3336893086 -3.6148238895 -1.6639046399
H -0.9429450878 -2.8952635414 -2.4959586919
0 0.2356930487 -3.0399596598 2.259079929

H 0.607416 -3.416285891 3.0686794713

S35



H 1.7081187133 -3.77712964 -1.5247641505

H -1.2630727596 -3.4243189482 0.5496741411
C -2.3647362378 -0.624234106 -2.3055835625
H -2.671407562 0.4001727558 -2.5567158577
H -1.2735351803 -0.6886094822 -2.3941962728
H -2.8302494587 -1.261408279 -3.0713400114

ts2 2a s up_c¢

Imaginary Frequency: -240.47

Pd -0.1210981896 -0.6517695905 0.0833541142
C 1.6188450735 1.756437803 -0.5234610568
C 2.6650789123 2.5983122656 -0.8667051043
C 3.9697570373 2.1612697138 -0.6471910563
C 4.1562144936 0.9098757323 -0.0836312366
C 3.047362702 0.1166608691 0.2206326642

N 1.8007888054 0.5192798798 -0.0086575161
H 4.8198760285 2.7891422191 -0.9046406021
H 2.4570217181 3.5773636923 -1.2908707402
H 3.1635716778 -0.8670051488 0.6759930048
C 5.520367723 0.3426621476 0.202467508

F 6.4922551083 1.1991214774 -0.1038063394
F 5.6384263736 0.0219287893 1.4963908403
F 5.7164534535 -0.780568541 -0.5025455981
C 0.2185639477 2.1767327417 -0.6393718063
0-0.0489212914 3.3137082799 -1.2721860067
N -0.7535103807 1.5152046101 -0.1250145018
C-1.5001503324 3.3706652765 -1.3454329282
H -1.7976802324 4.4045895112 -1.1527607761
H -1.7805214075 3.09665061 -2.3700795821

C -1.9632234657 2.3530974134 -0.2926337295
H -2.7831648077 1.7294028356 -0.678315073
C -2.4377169232 2.9802570115 1.0399315341
C -1.3855917134 3.912294794 1.6373312061
H -0.4507128145 3.3790707965 1.8626250892
H -1.1483096583 4.7621947968 0.9821784321
H -1.7549133077 4.331750266 2.5827602822
C -3.7295118412 3.7501079028 0.7575395206
H -4.4992377625 3.0951086647 0.3224222739
H -4.133031101 4.1635287446 1.6915504025
H -3.581038212 4.5966929854 0.0731800967
C -2.7458898861 1.8692938534 2.0385450014
H -3.1490319864 2.2936562569 2.9680017434
H -3.5031941798 1.1799105939 1.6340183895

S36



H -1.845866246 1.2924464435 2.2945219815

C -4.9286010367 -1.3382741307 0.5813167291
C -4.0296472647 -2.3238105495 1.308526165
C -2.6342269239 -1.7208897169 1.4549716439
C -2.067385555 -1.4065576903 0.0958676705
C -2.8501077724 -0.9693786444 -0.9207454319
H -4.4456503388 -2.5716323835 2.2933920268
H -2.6906490957 -0.7964932391 2.0503250135
C -0.7795872253 -2.9086841239 -0.3787285389
C 0.5929734502 -2.6388799958 -0.050611273
C 1.6416524119 -2.7292265401 -1.1283520643
H 2.6174180564 -2.3849950326 -0.7716931589
H 1.3794467691 -2.1584151111 -2.0270923394
H -5.1982247778 -0.5021660154 1.2486494108
C 1.0327930671 -3.1160000701 1.3130639806
H 0.21527407 -3.0026184098 2.0453955409

H 1.253450311 -4.1983035134 1.2298870243

C -4.2980348138 -0.7212028087 -0.6453275113
0 -4.9416490878 0.0033188007 -1.3865145512
H -5.8839674099 -1.7815056047 0.270974333
H -3.9612347417 -3.2692264431 0.7446514027
H -1.9749951593 -2.3910274946 2.0229634401
C -1.1580085679 -3.4088374929 -1.7412401767
H -0.7135703555 -4.4089436786 -1.8631687254
H -2.2436932552 -3.5069982078 -1.8449724753
H -0.7862993377 -2.7911451047 -2.5637999791
0 2.1797550285 -2.4113218572 1.7285591955
H 2.5666351001 -2.838764634 2.5052905475

H 1.7678221678 -3.7821192572 -1.4327658969
H -1.3123004226 -3.4356797216 0.419639393
C -2.394253516 -0.5886311562 -2.293600162

H -2.7381215013 0.4255864679 -2.5356398347
H -1.3026590494 -0.6167411255 -2.3928193242
H -2.8448358589 -1.2374523928 -3.058380965

ts2 2a s up d

Imaginary Frequency: -237.67

Pd -0.1745706212 -0.6457566423 0.2493033703
C 1.5255219387 1.7045640086 -0.596258323

C 2.5396108638 2.4988553788 -1.1085977792
C 3.8559164912 2.0561902566 -0.9941279283
C 4.0901593031 0.8431127609 -0.3673336855
C 3.0087413749 0.1006426294 0.109599308
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N 1.7501699159 0.5079117095 -0.0043120443
H 4.6814390253 2.6479529754 -1.3834376865
H 2.2978788799 3.4460589334 -1.5844685439
H 3.1786151315 -0.8581598619 0.5998203822
C 5.4719881341 0.2779412395 -0.1752200114
F 6.4022923355 1.0299436047 -0.7556580933
F 5.7619190503 0.1819532665 1.1277771754
F 5.5469679897 -0.9565450897 -0.6899077843
C 0.1208349689 2.1297338297 -0.6060935259
0-0.2091368129 3.251202939 -1.2354814094
N -0.7981223907 1.481007056 0.010626345
C-1.6645751365 3.3038283395 -1.1615517436
H -1.9451992678 4.3449059757 -0.9834850618
H -2.0467927904 2.9818386253 -2.1382149314
C-2.0062723514 2.3262278496 -0.0280192365
H -2.871457771 1.7002035161 -0.2966445975
C -2.2817464156 2.9880556777 1.3472851273
C -1.1885046472 3.9875101549 1.7295046465
H -0.2060989417 3.5043396735 1.8337353463
H -1.0922754197 4.8163124793 1.015096032
H -1.4266219694 4.4348079916 2.7037736368
C -3.6292820485 3.7059216618 1.2579013733
H -4.4433220863 3.0085878568 1.0111536051
H -3.8742635181 4.1719076706 2.2215834575
H -3.6343146893 4.5066711339 0.5049526416
C -2.3562058805 1.9190052608 2.4365968442
H -2.5932615408 2.3871301265 3.4015974859
H -3.1442507782 1.1813816676 2.2316662803
H -1.4024078251 1.3849581766 2.5493352784
C -4.9641873673 -1.3450013648 -0.4663833454
C -4.4227943295 -0.875408606 0.87412737

C -3.065799302 -1.5165878499 1.145211305

C -2.128032752 -1.4006933967 -0.0256780376
C -2.5448041632 -1.1470159114 -1.289586945
H -2.5969837702 -1.0895982738 2.0464113826
C -0.8133563377 -2.950721348 0.2593455547
C 0.5725397051 -2.6042922003 0.375960553
C 1.5218646832 -2.9657978606 -0.7325138142
H 2.5101648886 -2.5112349122 -0.5931564167
H 1.1518619665 -2.6813496211 -1.7244766749
C 1.1377349648 -2.7296923866 1.7739001548
H 2.0928171858 -2.1829004189 1.8633473454
H 0.4352294757 -2.304912517 2.513965071

C -4.006214154 -0.9755893615 -1.5669506962

S38



0 -4.372944142 -0.5561874729 -2.6499894402
H -3.2356764831 -2.5841910212 1.3744722738
C -1.2862074042 -3.8708278521 -0.8288766702
H -0.8016017183 -4.8457796184 -0.661233476
H -2.3718452202 -4.0172879689 -0.793620042
H -1.0130101018 -3.5365926057 -1.8350929499
0 1.3247429772 -4.1151654069 1.9789111087
H 1.7491242459 -4.2757451293 2.834075077

H 1.6793666507 -4.0560214913 -0.7324999738
H -1.2655006379 -3.1535242974 1.2334989306
C-1.6701193989 -0.9650126152 -2.4895849417
H -1.7409995132 0.072267116 -2.8500347438
H -0.6130447822 -1.1719455143 -2.2777195231
H -2.0096599914 -1.5899195913 -3.3265271734
H -4.3318204653 0.2224032663 0.8598301757
H -5.1178495501 -1.1214087498 1.6873842041
H -5.0746545468 -2.4438476013 -0.4619459706
H -5.946821113 -0.9218862492 -0.7027966222

ts2 2a r down

Imaginary Frequency: -230.76

Pd -0.1847620296 -0.5899650971 -0.0940711576
C 1.7320722932 1.7346697052 -0.5074791319
C 2.8545380821 2.5186088007 -0.7300428581
C 4.1031010407 2.0100541392 -0.3794985676
C 4.1622875023 0.7488555767 0.1909415719
C 2.9829774846 0.0256524713 0.3731930605
N 1.7905913689 0.4909521544 0.0176838873
H 5.0105538071 2.5875201073 -0.5421013002
H 2.7442116451 3.5090732314 -1.1644513897
H 3.0155848142 -0.9660868351 0.8233062806
C 5.4577964218 0.0983162305 0.5962042117
F 6.5011225769 0.8958184574 0.3877765531

F 5.4355591029 -0.2397172873 1.8893633479
F 5.6455381585 -1.0295577537 -0.1056091574
C 0.3773453678 2.2304788559 -0.7708214924
0 0.2490678578 3.4118498555 -1.3651939265
N -0.6824111397 1.6016445318 -0.4124740016
C-1.1777935034 3.5665749304 -1.5925729371
H -1.4333622641 4.605700697 -1.3709756987
H -1.3570409023 3.3663504794 -2.6556976197
C -1.8129479661 2.5253753112 -0.6590617227
H -2.611641867 1.9737129841 -1.1754571379

S39



C -2.3955721193 3.1073670787 0.6525860334
C -1.3758909227 3.9809817277 1.3837612716
H -0.4806417903 3.4113445107 1.6729122801
H -1.0561622432 4.8513006916 0.7939990193
H -1.8199308116 4.3695641453 2.3098402898
C -3.628723308 3.9365085553 0.2894404203

H -4.3861262895 3.3257971538 -0.2243537396
H -4.093407215 4.3349360799 1.2010416814

H -3.395814898 4.7983501758 -0.3520924772
C -2.8242404393 1.9723584886 1.5769723853
H -3.2775186131 2.3793813979 2.490874542

H -3.5750977115 1.3239860404 1.1026313219
H -1.9699375594 1.3492110935 1.8726024575
C -4.9996409681 -1.2789264398 -0.600194375
C -2.8653805192 -1.3487175632 0.8342539814
C -2.1433395441 -1.2974513722 -0.3083369486
C -2.754508435 -1.1202484208 -1.672771294

C -4.1523582744 -0.5137502119 -1.601491317
H -2.0910640799 -0.5143273207 -2.3109712299
H -4.6150637504 -0.5290739327 -2.596876162
C-1.5794527922 -3.9507284701 0.1092798891
H -2.6008787004 -4.0085308912 -0.28380383
H -1.6282010517 -3.8541843938 1.1979002038
C -0.7830253604 -2.8700336526 -0.5592975257
H -0.906422672 -2.8461981022 -1.6457232252
C 0.555241688 -2.5751657394 -0.1562023037
C 1.5569997113 -2.6106689493 -1.2947153204
H 2.5339152468 -2.2128156657 -0.9740757604
H 1.2027184181 -2.003647678 -2.1474629229
H -1.0675205508 -4.9000571396 -0.1181324225
C 1.0789248725 -3.0903546618 1.1547008488
H 1.382886246 -4.142123033 1.0295414492

H 1.9723528845 -2.5450400319 1.4848765116
H 0.3436290544 -3.0467433942 1.9649056505
0 1.659462411 -3.9761847335 -1.6470872052
H 2.3896029254 -4.1112451774 -2.2679982679
H -5.1037060865 -2.329590871 -0.9251447216
C-4.3616142365 -1.2877080861 0.7653665044
0-5.0171155693 -1.280452857 1.7906390133
C -2.322234593 -1.5013819049 2.2173633545
H -2.6555716076 -0.6645365248 2.8456740535
H -2.72214577 -2.4026962593 2.7029921948

H -1.2257809378 -1.5201937957 2.2354954175
H -6.0149454963 -0.8778682957 -0.5019753456

S40



H -4.0952413493 0.5435590301 -1.2962445115
H -2.8304756394 -2.1024491574 -2.174203611

ts2 2a s down

Imaginary Frequency: -232.21

Pd -0.1580425845 -0.5838601595 -0.0470580633
C 1.7072355998 1.7817594062 -0.4936151582
C 2.7957284516 2.596802417 -0.7658800119

C 4.0771863362 2.0912985533 -0.5599999148
C 4.2021378017 0.7950055998 -0.088695566

C 3.0522667017 0.0382019501 0.1424256122
N 1.8256127269 0.5077399258 -0.0560259178
H 4.957363974 2.6978747119 -0.7614306848
H 2.6349227165 3.608987647 -1.1283604318
H 3.1391251801 -0.9863791034 0.5021584441
C 5.5360401556 0.1513697724 0.1824093492
F 6.5477563129 0.9743836158 -0.0764950168
F 5.6203017329 -0.2285094071 1.4631331235
F 5.6859052038 -0.9484617463 -0.567265447
C 0.3311317189 2.2716387488 -0.6242048672
0 0.1480381075 3.4881202208 -1.1247830622
N -0.6956918045 1.5998918091 -0.2482702667
C -1.2924355094 3.6256631878 -1.258687358
H -1.5537662367 4.6454988557 -0.9656714668
H -1.5293057279 3.4798409386 -2.3197597856
C-1.8530719729 2.5196123043 -0.3531018638
H -2.6842897096 1.9937037266 -0.847114956
C -2.3565823243 3.0052184096 1.0283616415
C -1.2908845587 3.8070690663 1.7751798442
H -0.3878430932 3.2099495932 1.9675827059
H -0.9954633627 4.7252753048 1.2491486577
H -1.6833453981 4.116941241 2.752879713

C -3.5948579108 3.8725934276 0.7929839563
H -4.3859778136 3.3110733117 0.2734308626
H -4.0087945085 4.2052767347 1.7540256803
H -3.3802872462 4.7781623299 0.2085157073
C -2.7604588435 1.8032881746 1.8749047461
H -3.1702979915 2.1393124583 2.8369702187
H -3.541667031 1.2098321698 1.3781719694
H -1.904833675 1.147028313 2.0830867731

C -4.7916322008 -0.6719103781 -1.2827450849
C -3.0595695526 -1.3036043672 0.5300688671
C -2.1018462806 -1.2465403233 -0.4233331654
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C -2.386702892 -0.9445871628 -1.8703654629
C -3.8176791106 -1.300969035 -2.2626799518
H -2.2221297723 0.1344862562 -2.0406622671
H -3.9430567031 -2.3944497065 -2.2642725084
C -0.8399946127 -2.9114400388 -0.1158367247
C 0.5388058547 -2.5729965066 0.0372040653
C 1.4927297181 -2.8566217726 -1.0934450217
H 2.4918991741 -2.4480605791 -0.9016346581
H 1.1442726966 -2.4589275838 -2.0549006468
C 1.0869328087 -2.8162519709 1.4263507162
H 2.0472517049 -2.294231026 1.5785808777

H 0.3806639823 -2.4491478879 2.1910781022
H -5.8351821871 -0.9449608206 -1.4793283198
C -4.4834128548 -1.018390918 0.1532829497
0 -5.3507037287 -1.0227847698 1.0075324677
C -2.8505223252 -1.6429299075 1.9708788053
H -3.4588960345 -0.9929488163 2.6100701236
H -3.1958253235 -2.6667065796 2.1842549437
H -1.8021798466 -1.5469188192 2.2751302531
H -4.7430533227 0.4303683339 -1.3608632869
H -4.0214521887 -0.9604519559 -3.2862104173
H -1.6651089503 -1.4477344486 -2.5284171731
C -1.3050909079 -3.7468863773 -1.2670490169
H -0.876622706 -4.7496157967 -1.1064662462
H -2.394496651 -3.847660349 -1.2924310124
H -0.9504144057 -3.4057677282 -2.2451270414
0 1.2561179221 -4.2169933558 1.5119018216
H 1.6531434139 -4.4584543638 2.3612344329
H 1.6171602389 -3.9454662878 -1.2038544745
H -1.3387110674 -3.1498241819 0.8241577434

tsl 2aa r up

Imaginary Frequency: -231.29

Pd -0.6272543565 -0.6872068383 0.0309719669
C 0.1264471295 2.2495065249 -0.486521931
C 0.7873470338 3.4417452982 -0.745764743
C 2.1636604151 3.4970276071 -0.5341521219
C 2.8053924989 2.3565816342 -0.078620413
C 2.0610251635 1.1974041981 0.1433468633
N 0.7513500052 1.1381454004 -0.0521620981
H 2.7208276844 4.4119554758 -0.7231341712
H 0.2320120012 4.3050115654 -1.1032744011
H 2.5511102504 0.2843362131 0.4806572304
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C 4.2912394153 2.2871585694 0.1531304775
F 4.8680916613 3.4816979367 0.0504243405
F 4.5526534612 1.7971070873 1.3721116561

F 4.8591897834 1.4661296673 -0.7360557624
C-1.3250531941 2.1141939627 -0.6415699924
0 -1.9807528615 3.1444759015 -1.1617349633
N -1.99519718 1.0760535344 -0.2809001126

C -3.3447993626 2.6845268965 -1.3312582739
H -4.0054594109 3.5082738996 -1.0505355115
H -3.4794346787 2.4573584553 -2.3955950767
C -3.42672488 1.4489680763 -0.4261822182
H -3.9585898755 0.6300000027 -0.932305586
C -4.1179007156 1.7068323325 0.9355691144
C -3.4626077291 2.8585611005 1.6976050001
H -2.412686599 2.6414943125 1.9413802812
H -3.5010326224 3.8114373321 1.1516194291
H -3.9864124679 3.0164371733 2.6497835935
C -5.5893687955 2.0286329514 0.6659351867
H -6.086278966 1.2153294506 0.1164812775
H -6.1238624726 2.1564213125 1.6165874128
H -5.7286881679 2.9575533543 0.0966415463
C -4.0487735895 0.4455294771 1.7881447544
H -4.5658778974 0.6020478163 2.7443078389
H -4.5418973831 -0.4000492188 1.284391384
H -3.0093284749 0.1676101898 2.010760074
C 3.5135807614 -2.8575833047 1.3719210587
C 1.9990116952 -1.9882713872 -0.5270081591
C 0.9426602154 -2.0672190227 0.3221283879
C 1.0935241322 -2.4371884491 1.7803312471
C 2.5075854929 -2.1894451148 2.2924035427
H 0.3680025079 -1.8774202665 2.3900305011
H 2.7060468108 -1.1068413156 2.3507413052
C -2.9399199763 -2.1437367678 -1.0795640533
H -2.5233138587 -1.6616317667 -1.9810031289
H -3.7061930744 -1.470584011 -0.658456537
C -1.8765930809 -2.3841673102 -0.0324407318
C -0.6530592372 -3.036629502 -0.4237741227
C -2.4245322125 -2.7418787561 1.3245351074
H -3.1176289201 -1.988545182 1.7104861195
H -1.6362676805 -2.9010561228 2.0693828424
H 3.3470826379 -3.9489476176 1.3673821538
C 3.3702777025 -2.3698354857 -0.0457151296
04.3180886042 -2.286135997 -0.8043554609
C 1.9668269351 -1.5099745756 -1.9430659034

S43



H 0.9788844687 -1.1435043783 -2.2412150205
H 2.6906672677 -0.692339729 -2.0703652542
H 2.2998732579 -2.2894457567 -2.6413579124
H 4.5529247039 -2.6999479357 1.6822190166
H 2.6013211572 -2.5735191652 3.3161558214
H 0.8489308837 -3.5040671844 1.9306624825
H -0.342235163 -3.7901518789 0.305430205

H -2.9890353041 -3.6831765678 1.2315164406
C-0.4167124177 -3.4920539818 -1.8331512298
H -0.6079488089 -2.7253698659 -2.5908685853
H 0.5996359504 -3.8725881678 -1.9698992255
H -1.11785359 -4.3166972529 -2.0229120066
0 -3.4908860355 -3.4110757564 -1.3783017405
H -4.2535604603 -3.3163239337 -1.9660228028

tsl1 2aa s up

Imaginary Frequency: -223.73

Pd 0.693435131 -0.5549887383 0.2626712234
C -0.2713858745 2.3382224397 0.4846013972
C-1.0347937413 3.4674891628 0.7413486677
C-2.4170991102 3.3837553517 0.5781880585
C -2.9615371794 2.1789599556 0.162168052
C -2.1179960062 1.0916016748 -0.0691430384
N -0.8035729994 1.164682436 0.0843263361
H -3.0565827283 4.2425515753 0.77102838
H -0.5552781041 4.3888404641 1.0627093837
H -2.524689721 0.1287555258 -0.3848440881
C -4.4424318618 1.9714437605 -0.015233463
F -5.1146603558 3.1179321084 0.0616199528
F -4.6985830474 1.411636533 -1.2032965508
F -4.9103531007 1.1463556083 0.9262766725
C 1.19283963 2.3343211628 0.5771354042

0O 1.8124412905 3.4849515486 0.8057556632
N 1.910346518 1.2863245633 0.3736633688
C 3.2247565189 3.1496167013 0.8752721088
H 3.7722131721 3.9409848861 0.3572786914
H 3.5045379159 3.1437990878 1.9353572832
C 3.3020762692 1.7652077131 0.2174190155
H 3.9845643638 1.1035965954 0.7713639247
C 3.7397315163 1.7876036881 -1.2720351725
C 2.8504888371 2.7061457672 -2.1101504303
H 1.8052520334 2.362067189 -2.1240000198
H 2.8673474754 3.7494588029 -1.7663023545
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H 3.2004664674 2.7080188721 -3.1509228038
C 5.1902749866 2.2710454736 -1.3299599364
H 5.850007621 1.6396255967 -0.7166550157

H 5.5598723829 2.2258705905 -2.362995025

H 5.3106242184 3.3107052657 -0.9961010792
C 3.6809903772 0.3789367123 -1.8585720846
H 3.9807756589 0.4006947324 -2.9149138372
H 4.3719051948 -0.2989285814 -1.3377402227
H 2.6676570764 -0.0487197531 -1.8091872766
C-2.9704362412 -2.7040479646 -1.9286456807
C-1.8736559844 -2.1477137067 0.3495369158
C -0.6887774956 -2.0094006273 -0.2915535343
C -0.5420482941 -2.1739719312 -1.7818667432
C-1.5786468773 -3.1354526603 -2.356219997
H -0.6764705497 -1.1793077995 -2.2476362212
H -1.5015204406 -3.160013377 -3.4507774424
C 2.1572643852 -1.5853078771 2.5182342424
H 1.2197940564 -1.4231445701 3.0644866046
H 2.7478874799 -0.6606140825 2.5596857035
C 1.9281826173 -2.0401334447 1.0984306088
C 0.7956399466 -2.8849631626 0.8372359852
H 0.1422008143 -3.0076113729 1.7030178323
C 0.931139467 -4.1431686007 0.024538752

H -0.040523239 -4.6186289726 -0.1428640183
H 1.4321662237 -4.0029076374 -0.9393567957
H 1.5620250748 -4.8303374532 0.6054101661
C 3.1984213035 -2.2699958159 0.3175720327
H 3.8622874988 -1.3976831914 0.4388549546
H 2.9935763776 -2.3853851381 -0.7608467737
H -3.7528660877 -3.4059296129 -2.2406439312
C -3.1010478966 -2.4952996915 -0.4394874977
0 -4.1827938457 -2.539635388 0.1181359264
C-2.1151661401 -1.9224791245 1.8077528395
H -1.2563160277 -1.4606422149 2.3087334092
H -2.9864689636 -1.2671246951 1.9450358041
H -2.3771460375 -2.8596547939 2.3200823597
H -3.2235218712 -1.7372229068 -2.4018595283
H -1.373200922 -4.1566960184 -2.0011418861
H 0.4768614593 -2.4841599167 -2.0504352604
H 2.7283047837 -2.3608633527 3.0522167857
0 3.7894834768 -3.4338856725 0.8602493121
H 4.6587531239 -3.5839856982 0.4626028906

tsl 2aa r down
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Imaginary Frequency: -213.04

Pd -0.6015767088 -0.7195703451 0.0787348086
C 0.2447352144 2.1964123157 -0.2678749228
C 0.9589623527 3.3794196999 -0.3885237813
C 2.2841826579 3.3979792615 0.0432872477
C 2.8260535749 2.2372146331 0.5736107036
C2.0416307321 1.0841125193 0.635230223

N 0.7840320715 1.0603450478 0.2138708196
H 2.8800475983 4.3051621898 -0.0290889138
H 0.48364944 4.2646769447 -0.8033716301

H 2.4454273585 0.1503457588 1.0331979365
C 4.2373903408 2.1579808256 1.0935718674
F 49074928607 3.288632534 0.8835653039

F 4.2390243984 1.9044614742 2.4052591244
F 4.8998485401 1.1612157758 0.4925022548
C-1.181683588 2.0990248667 -0.5985990913
0 -1.7273268339 3.1085162401 -1.2673018737
N -1.931494728 1.11545958 -0.2412842741

C -3.0791178649 2.6762273235 -1.568075602
H -3.7373269001 3.5388343582 -1.4408021166
H -3.0900446949 2.3614177603 -2.6185945085
C -3.3184459863 1.5240530251 -0.5841757358
H -3.8254101862 0.6840460411 -1.0817925459
C -4.1492981626 1.9175460584 0.6629375388
C -3.5667974695 3.1363503343 1.3774216854
H -2.5389386295 2.9554228337 1.7231896026
H -3.5701515303 4.0414794563 0.7549807324
H -4.1692251634 3.362026235 2.2672999209
C -5.5764405141 2.2160699185 0.1990667013
H -6.0253559077 1.3467427648 -0.304047677
H -6.2093609606 2.4577145347 1.0632140935
H -5.6358691839 3.0718941338 -0.4875692947
C -4.1917954324 0.7483341172 1.6408028645
H -4.8376361736 0.9907908617 2.4952825734
H -4.6034404193 -0.1556497326 1.166465579
H -3.1919877581 0.5167363436 2.0324712361
C 3.8462185414 -2.3378174329 -0.79022397

C 2.8070867832 -2.6061407662 -1.8633862081
C 1.5641321275 -1.7568826439 -1.6069708952
C 1.0354970642 -1.9590347393 -0.2131572922
C 1.8269164992 -2.2943110599 0.8305466092
H 3.2125275705 -2.3835171074 -2.8588195429
H 1.824978575 -0.6895611099 -1.7263088224

S46



C -2.9823015604 -2.1538139259 -0.9324222541
H -2.5236548607 -1.7969153476 -1.8723338608
H -3.6945578465 -1.3828936724 -0.5918265779
C-1.9416931013 -2.3609016337 0.1441009323
C -0.7593049111 -3.0982930004 -0.1611566803
C-2.5039108247 -2.4910471704 1.5343365048
H -3.0535272227 -1.5993337721 1.8520346554
H -1.733723777 -2.7104845626 2.2825832838
H 4.2337493678 -1.3080352854 -0.8903240046
C 3.3017707558 -2.4576451585 0.6124753903
04.0357508623 -2.6238478342 1.5696879483
H 4.7210972642 -2.994750109 -0.8664362148
H 2.5354106776 -3.6729416269 -1.8633978794
H 0.7924312248 -1.9515717096 -2.3622731568
C 1.3844137134 -2.4589514338 2.2486276134
H 1.550822208 -3.4874396667 2.6001533779

H 1.9893663298 -1.8256286831 2.9112004465
H 0.3322838891 -2.1888422074 2.3893846664
H -0.3375222207 -3.6198988434 0.6987869928
H -3.2193089971 -3.3287860306 1.5370577501
C -0.6140006695 -3.8440688471 -1.4527195546
H 0.4023862445 -4.2170270333 -1.610290512
H -1.2869876799 -4.7107021982 -1.388065545
H -0.9304987553 -3.2700370075 -2.3306655922
0 -3.6262767406 -3.3983323177 -1.1101524219
H -4.3909198749 -3.3020777521 -1.6951140357

tsl 2aa s down

Imaginary Frequency: -224.12

Pd 0.6596831662 0.6953284812 -0.2520372776
C-0.2546889413 -2.1811047145 -0.647741662
C -0.9858793739 -3.3294985522 -0.9125985012
C -2.3503409086 -3.3244348805 -0.6262189088
C-2.9111463704 -2.1768847681 -0.0874380758
C-2.1034719927 -1.0573896743 0.1238455612
N -0.8079855068 -1.0529961035 -0.1582670705
H -2.9636254183 -4.2031146347 -0.8147438612
H -0.4936608755 -4.2093121267 -1.3195548878
H -2.5200840101 -0.1347100055 0.5314519614
C -4.3611424647 -2.1005359838 0.3129527691
F -5.0597706712 -3.1257950052 -0.1708311205
F -4.4787678248 -2.1044416287 1.6437762545
F -4.9167886967 -0.9671124844 -0.1339104703
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C 1.2058550878 -2.127624954 -0.7824460822
0 1.8316786712 -3.1931101997 -1.2653354784
N 1.9156153764 -1.1361389849 -0.3692334286
C 3.2360146341 -2.8194562955 -1.3063999838
H 3.8150265395 -3.6947347846 -1.0023892039
H 3.471954322 -2.5673863882 -2.3474705642
C 3.3169302341 -1.6188437272 -0.3561329561
H 3.9772833746 -0.8379767033 -0.7623132742
C 3.7968104346 -1.9727684691 1.0785918914
C 2.9630773112 -3.0950257543 1.6982804378
H 1.9083734109 -2.8060368025 1.8169377981
H 3.0052500892 -4.0298475722 1.1234631101
H 3.3452049835 -3.3224520139 2.702232849
C 5.2628595342 -2.4031672071 0.9913270723
H 5.8836273535 -1.6260541151 0.5213002614
H 5.6624268108 -2.5763692249 1.9994043117
H 5.4046069238 -3.3362868741 0.4295792523
C 3.7105093143 -0.7470899853 1.985375179
H 4.0286232075 -1.0150840639 3.0018343512
H 4.3770967248 0.0550840827 1.6395872638
H 2.6866233621 -0.3519804233 2.0500691908
C -3.6858087889 2.7828564115 -0.5048388559
C-3.0274612652 2.0019413051 -1.6309172042
C -1.5315304791 2.2924705603 -1.66192405

C -0.8908134638 2.1030514701 -0.3101459503
C-1.5733238942 2.197875861 0.8554626342
H -3.201706526 0.9224231914 -1.4976309147
H -1.0285534745 1.6627282278 -2.4122527284
C 2.4163959765 2.0163059568 -2.1380473136
H 1.5490795677 2.0461233858 -2.8098892502
H 2.9383761148 1.0613924529 -2.2876630792
C 2.0330804476 2.2211148507 -0.6940438767
C 0.9223432236 3.0817706341 -0.403704752
H 0.4984734895 3.5243560089 -1.3081361729
C 0.9239518718 4.0163693156 0.7692521031
H -0.0466292299 4.5085981387 0.8891652982
H 1.1820171558 3.532347272 1.7165347174

H 1.6873664221 4.7833950225 0.5778910128
C 3.2051805352 2.2072544334 0.2550471544
H 3.8362542402 1.3302225618 0.0340223991
H 2.8801601811 2.1306588815 1.3062868997
H -4.7584978748 2.5755625663 -0.412413556
C -3.0417499758 2.5022247068 0.82937717

0 -3.6736844583 2.5050686174 1.8700313625
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H -3.5893848058 3.8657170229 -0.6977084657
H -3.4754099744 2.2669044687 -2.5973061596
H -1.3892000991 3.3344182679 -2.000319629
C -1.013699607 1.9439544685 2.2192610373
H -1.1748527095 2.803664438 2.8835806987
H -1.543666524 1.1051376371 2.6935098777
H 0.0539769694 1.6923932544 2.1894694891
03.9077786742 3.4113312024 0.0184923115
H 4.7069590399 3.4436931339 0.5630189204
H 3.1088404294 2.8160738147 -2.4435788358

ts2 2aa r up a

Imaginary Frequency: -249.10

Pd 0.1772515708 0.6987112911 -0.0878500309
C -1.5459555878 -1.7685314293 -0.4626991466
C -2.58933109 -2.6529219805 -0.6903060989

C -3.8896818154 -2.2329667233 -0.4194719467
C -4.0792533137 -0.9491607463 0.0670589051
C -2.9735795216 -0.1160625953 0.2435625665
N -1.7312565937 -0.5043133219 -0.0208845371
H -4.735709598 -2.8970163311 -0.5816825906
H -2.3816431169 -3.6520706831 -1.0652164475
H -3.1099202335 0.901320224 0.6120438398

C -5.4393920667 -0.3935107043 0.3958765956
F -6.4014735237 -1.2938751012 0.2205549608
F -5.4804604174 0.0252054378 1.6664586842
F -5.7092342465 0.6660899443 -0.3786852805
C -0.1420816217 -2.1604685083 -0.632189431
0 0.1307804067 -3.2901020791 -1.2751621838
N 0.8306746208 -1.4713586795 -0.1563629616
C 1.5799113683 -3.2897311093 -1.4230278442
H 1.9259139802 -4.316245119 -1.2807363114
H 1.7943652957 -2.9733805885 -2.451415611
C 2.0526227587 -2.2797446102 -0.3686569682
H 2.8432070574 -1.628724825 -0.7716209077
C 2.5739229055 -2.9137942038 0.9449743166
C 1.5859183486 -3.9252369633 1.5252361148
H 0.6137315488 -3.4624997271 1.7503186637
H 1.4142658567 -4.7852042272 0.8638130293
H 1.9789294977 -4.3241428855 2.469895815

C 3.9077792107 -3.5943928511 0.632222476

H 4.6390109332 -2.8753380094 0.232267994

H 4.3335903903 -4.0287806073 1.5465849374
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H 3.809106136 -4.4122424545 -0.0947744832
C 2.8188289172 -1.8201685406 1.9796252312
H 3.254299845 -2.2514588141 2.8910338148
H 3.5285058234 -1.0715859942 1.5987828223
H 1.8879794239 -1.3084426868 2.2614772183
C 4.9437324671 1.2061160823 0.4480674841
C 4.0895288665 2.1908099646 1.2271430994
C 2.6280744499 1.7435324527 1.249610675

C 2.1158925304 1.4556296479 -0.1321570235
C 2.9089775927 1.0522463253 -1.1519278495
H 4.4634826114 2.2938444381 2.2539789015
H 2.5256951073 0.8283495001 1.8549053154
C 1.4763582821 4.106701056 -0.2456344883
H 2.5380269337 4.1111932047 -0.5096143013
H 1.3661629666 4.2213031165 0.837003093

C 0.7592437648 2.9223801254 -0.8241004276
H 0.9939292182 2.7609678167 -1.8787725975
C -0.5986188942 2.6236899449 -0.4869500967
C-1.5732217251 2.4930375759 -1.6310120432
H -2.4957320104 1.9743387123 -1.3435837992
H -1.1353139018 1.9740606704 -2.4934064702
H 1.0060115915 4.9939054644 -0.6948535564
H 5.0948359907 0.2790545316 1.0274147082
C-1.1758494392 3.2181722141 0.7767309794
H -2.0688525383 2.6455141208 1.0832715487
H -0.4523131203 3.1587660786 1.6078425739
C 4.3548126491 0.7855660961 -0.8775027769
0 5.0230786906 0.1762790987 -1.6960364703
H 5.9529404178 1.5904296579 0.2521441817
H 4.1590283788 3.1880138621 0.7677851243
H 2.0065942128 2.4913149299 1.7574655406
0 -1.5134069306 4.5555002222 0.4753487656
H -1.9826646785 4.960367073 1.2186513278
H -1.8680996615 3.5019197867 -1.9582678323
C 2.4599583656 0.7355388669 -2.5440291868
H 2.8986680748 1.4364282612 -3.2693490968
H 2.820979589 -0.2560230665 -2.8478672821
H 1.3682901395 0.7514517411 -2.6471912444

ts2 2aa r up b

Imaginary Frequency: -246.89
Pd -0.1392328606 -0.6753321273 0.010057495
C 1.6318324546 1.7349389697 -0.4456685967
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C 2.7015904175 2.5793125744 -0.7015609259
C 3.988674189 2.1258585059 -0.4204320941

C 4.1403817076 0.8535759286 0.108668447

C 3.0096765442 0.061392207 0.3134273576

N 1.7818191202 0.4799165783 0.0319839911
H 4.8549298317 2.7567750408 -0.6065267624
H 2.524513845 3.5730389596 -1.1056706669
H 3.1073222297 -0.9464953694 0.7188783541
C 5.4832176135 0.2688936357 0.4553800406
F 6.4759013431 1.1205242774 0.2177349522

F 5.5264740401 -0.0781998106 1.7471565432
F 5.7049064367 -0.8438829611 -0.2596959501
C 0.2371826644 2.1592998055 -0.6143849804
0-0.0153815933 3.272184911 -1.2943415657
N -0.7452958824 1.5128720897 -0.1007438869
C-1.4664254411 3.3046899598 -1.4208122738
H -1.7829822543 4.3442314591 -1.3070018131
H -1.7051311411 2.9600402358 -2.4348148055
C -1.9494778972 2.343299236 -0.3263047751
H -2.7618484994 1.6980712167 -0.6945116392
C -2.4369240988 3.0349050915 0.9711156751
C-1.4133392071 4.0348945045 1.5072412661
H -0.4540544458 3.549937155 1.74033016

H -1.2214810634 4.8655767175 0.8144522113
H -1.78501668 4.478203233 2.4407055271

C -3.7539729075 3.7439040982 0.6501137695
H -4.5098152764 3.0338160169 0.2813459507
H -4.1568801351 4.219021203 1.5545431368
H -3.640275323 4.5354865452 -0.1034373405
C-2.7015399951 1.9826073338 2.0432953177
H -3.1170623554 2.4554014918 2.9434258147
H -3.4339164875 1.2405681582 1.6937430819
H -1.7825786585 1.455124959 2.3344876936
C -4.8894105875 -1.0978732952 0.74065365

C -4.0057200467 -2.0660056862 1.5085594175
C -2.5446313449 -1.6215147049 1.4587424652
C-2.0962317679 -1.3792641374 0.0478045871
C -2.9263664928 -0.9911903893 -0.9477378702
H -4.3372253305 -2.1401507372 2.5524207052
H -2.4229383421 -0.6816689512 2.021931182
C -1.4904986977 -4.0328481534 -0.0306885368
H -2.5540135468 -4.0509880961 -0.2878101135
H -1.3710977482 -4.0889190285 1.0539580268
C -0.7833033716 -2.8661810738 -0.6617610178
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H -1.0641754756 -2.718202684 -1.7068139662
C 0.6032827993 -2.6132592106 -0.4121287757
C 1.507743025 -2.5100151744 -1.6166573771
H 2.4384378474 -1.9680402158 -1.4082902721
H 1.0097258443 -2.0269200704 -2.46629622

H -1.0345744084 -4.9411182175 -0.4573660606
H -5.0130962202 -0.157309307 1.3044972757
C 1.2743451984 -3.2307599748 0.7904516753
H 1.3256694408 -4.326448876 0.6291296654

H 2.3202767424 -2.8801590654 0.8463372916
C -4.356055303 -0.7090178414 -0.6185355071
0 -5.0590221383 -0.1194176696 -1.4230970114
H -5.9072403326 -1.4820736074 0.5953914092
H -4.0972403917 -3.0750157002 1.0795612671
H -1.8864994654 -2.3379343586 1.9636731866
0 0.5690499121 -2.9183526603 1.9691969952
H 0.9764129902 -3.3690872249 2.7226267973
H 1.7983477168 -3.5224978983 -1.9435695125
C -2.533605801 -0.7174011832 -2.3662810924
H -2.9844813418 -1.4502522376 -3.0518194034
H -2.9222460979 0.2571332908 -2.6903138553
H -1.4457660784 -0.7183944902 -2.5061993141

ts2 2aa r up c

Imaginary Frequency: -245.68

Pd -0.111504125 -0.6516930808 0.0260135108
C 1.6384618392 1.770589264 -0.4895480103
C 2.6855371627 2.6298259475 -0.7828684123
C 3.9867811815 2.2010604223 -0.5286085076
C 4.1694696392 0.9378590828 0.0097025751
C 3.0604871192 0.1241341019 0.2553079338
N 1.8174904985 0.5236310357 0.0013538717
H 4.837445819 2.8438892946 -0.7434902371
H 2.4818717621 3.6152547765 -1.1944289835
H 3.1745126677 -0.8783193343 0.6703235118
C 5.530752802 0.3796370782 0.3269540089

F 6.5011730781 1.254161967 0.0716109128

F 5.610292901 0.0320715905 1.6169678072

F 5.7636688818 -0.7248604944 -0.3955324468
C 0.2362703604 2.1749971749 -0.6352694772
0 -0.0437949108 3.2820957767 -1.3136809604
N -0.7315384213 1.5179318724 -0.1052774317
C -1.4958335034 3.2944463522 -1.4188925445
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H -1.8257246972 4.330095874 -1.3073396703
H -1.7448199078 2.9400285046 -2.4270736535
C-1.9493861621 2.3323648066 -0.3129729245
H -2.7589358595 1.6770729379 -0.6680959531
C -2.4260442559 3.0219073845 0.989270036
C-1.4074535263 4.0372783204 1.5061121744
H -0.4377042835 3.5665436993 1.7244433029
H -1.2385680175 4.8678248257 0.8073723136
H -1.7699090413 4.4790237504 2.4439240108
C -3.7570425059 3.7126023053 0.6866318876
H -4.508965609 2.9920246715 0.3300566644
H -4.1530721005 4.1847686679 1.595649023
H -3.6642768879 4.5034423141 -0.0703987877
C-2.6609018441 1.9701710727 2.0690362884
H -3.0633777208 2.441656506 2.9757449092
H -3.394331654 1.2218793332 1.7348077205
H -1.7316030418 1.4519090075 2.343915965

C -4.8627701941 -1.1129423987 0.7416404878
C -3.9736682269 -2.0841830315 1.4992544831
C-2.5173694728 -1.6237769921 1.4556166294
C -2.0639767196 -1.353686398 0.0500291792
C -2.898614405 -0.9694149791 -0.9430364341
H -4.3064622485 -2.17494257 2.5413090559

H -2.4016530017 -0.6959093915 2.0391308555
C -1.5438104876 -3.9989493276 -0.1678533559
H -2.5795157368 -3.9738404874 -0.5205917165
H -1.5436420832 -4.1060121573 0.9216507986
C-0.7511618925 -2.8321115995 -0.6913352575
H -0.9424267262 -2.6433940307 -1.7502330668
C 0.6113818216 -2.6242719729 -0.3124793314
C 1.6263715496 -2.5344912705 -1.4254636271
H 2.5595718656 -2.0534830342 -1.1194586581
H 1.2241428019 -2.0067600417 -2.2997065807
H -1.0735084421 -4.9079076005 -0.576069793
H -4.984792059 -0.1761226007 1.3121580134
C 1.0913708042 -3.2801555618 0.9563787682
H 0.3309842945 -3.2001703306 1.7512269479
H 1.2410738081 -4.3587315094 0.7477528099
C -4.3350988891 -0.7159021907 -0.617342188
0 -5.0473096477 -0.139986029 -1.4228667976
H -5.8801077666 -1.499112191 0.599523037

H -4.0543710803 -3.0875221675 1.0552994794
H -1.8622357892 -2.3518146916 1.9519451292
0 2.3004576965 -2.6819858581 1.3646054544
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H 2.6839451851 -3.1833905945 2.0974665685
H 1.8907277718 -3.5562594827 -1.7460807073
C -2.5064345032 -0.6787449655 -2.3582249854
H -2.8962422273 -1.4469231536 -3.0431377484
H -2.963116584 0.2621198359 -2.6919480998
H -1.4191852722 -0.6063143255 -2.4863317469

ts2 2aa s up

Imaginary Frequency: -247.09

Pd 0.2218569794 -0.6377779462 -0.3212428756
C -1.3818678561 1.6752577247 0.8003615345
C -2.3632422876 2.4434679408 1.4080473911
C -3.6985744497 2.0953464947 1.2138480688
C -3.9828363371 1.0050022298 0.4080984335
C -2.9322294405 0.283719856 -0.1615451783
N -1.6562880213 0.5918663543 0.0366492883
H -4.4993378669 2.6664028186 1.6786841829
H -2.0803758537 3.2978843041 2.0180512279
H -3.1452985803 -0.5729487824 -0.8016075306
C -5.3863216381 0.5346638869 0.1353152117
F -6.2940638802 1.298146722 0.7354616305
F -5.6379910259 0.5325310384 -1.1778615532
F -5.5433663025 -0.7242648348 0.571004449
C 0.0419360362 2.0206039984 0.8861730784
0 0.4099614986 3.0486108333 1.6420534161
N 0.9424934662 1.4021406246 0.2140880538
C 1.8667031733 3.0447730818 1.590577993
H 2.1950920456 4.0857903655 1.5376540259
H 2.2187685375 2.5993517618 2.5294699682
C 2.1857206892 2.1821863733 0.3605182092
H 3.019008756 1.4940522432 0.5710774294
C 2.5129692853 2.9724559078 -0.93272964

C 1.4652373523 4.047119271 -1.2259978345
H 0.4634606246 3.6162624547 -1.3692141967
H 1.4031578958 4.8149821129 -0.4428536622
H 1.7244446542 4.5662546473 -2.1583721873
C 3.8848546099 3.6219804229 -0.7490989313
H 4.6672790614 2.8700629527 -0.5693514674
H 4.1642453258 4.1799806524 -1.6526820767
H 3.9063930958 4.3351419658 0.0867392994
C 2.5671890609 2.0171579754 -2.1242420044
H 2.846058941 2.5682759112 -3.0324546449
H 3.317816243 1.2281395416 -1.9794802309
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H 1.5941842509 1.5396482155 -2.3064618464
C 4.9342140617 -1.6709329957 0.4627921042
C 4.4661541303 -1.0102697643 -0.8233334735
C 3.1019718886 -1.5589096555 -1.2251834996
C 2.1164029694 -1.5452835591 -0.0866529295
C 2.4882733072 -1.4857672848 1.2149343424
H 4.4095965633 0.0790834412 -0.6693038159
H 2.6895094948 -1.0140362729 -2.0893324993
C 0.7479133253 -2.9595926495 -0.6461565538
C -0.610672876 -2.5121894646 -0.7663084599
C-1.6101089871 -2.9624554953 0.2762859664
H -2.5109233122 -2.3276840887 0.239828808
H-1.1899112171 -2.8789345146 1.2928740434
H 5.9180584416 -1.3189261293 0.7928405711
C-1.1724425221 -2.3649202932 -2.1575953835
H -2.0133253269 -1.6591841064 -2.1991922092
H -0.4140007771 -2.0322207625 -2.8782573474
C 3.9428662129 -1.4195230435 1.5668923487
0 4.2788563236 -1.1737384058 2.7114445507
H 5.0123990375 -2.7628958303 0.3160373233
H 5.187134253 -1.17489465 -1.6346539418

H 3.2442916017 -2.5995121504 -1.5700914591
C 1.1414128945 -4.0519163737 0.3108119668
H 0.6383590297 -4.9737691962 -0.0135430049
H 2.225067063 -4.2162431819 0.3014157898

H 0.8309372993 -3.8611566192 1.3435678506
0 -1.9289998041 -4.3008983525 -0.0434638366
H -2.6407213371 -4.6222248112 0.5282469561
H -1.5600754128 -3.3382112106 -2.4966797817
H 1.2329941471 -3.0412346024 -1.6219674375
C 1.5722481088 -1.4299514286 2.3958184554
H 1.8721535389 -2.1564927399 3.1626596344
H 1.6408382804 -0.4439602021 2.8795659631
H 0.5217907265 -1.5921195661 2.1208472777

ts2 2aa r _down

Imaginary Frequency: -245.28

Pd -0.1793051796 -0.5760174679 -0.2213395286
C 1.7465854672 1.7773482539 -0.4720648658

C 2.8630509778 2.5844960041 -0.6352875064

C 4.1181916215 2.0523752589 -0.3500380943

C 4.1900468728 0.7405693427 0.0893437272

C 3.0165035908 -0.0046119564 0.2092753121
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N 1.8158844331 0.4886512721 -0.0731153714
H 5.019999643 2.6502302173 -0.4622502531

H 2.7433892335 3.6106279696 -0.9736037771
H 3.0627454158 -1.0402484739 0.5453846551
C 5.4912157875 0.0672946457 0.435746843

F 6.533410748 0.8701219534 0.2416926692

F 5.4930539639 -0.3225366369 1.7159731993
F 5.661325994 -1.0309419355 -0.3126735636

C 0.3883859537 2.2921042678 -0.6705069864
0 0.2526601507 3.5133718083 -1.1759006624
N -0.6667058747 1.6395027561 -0.3413639384
C-1.1766081015 3.6791579133 -1.3769386199
H -1.4319523972 4.7036294233 -1.0952985179
H -1.36732521 3.5386537433 -2.4478020978

C -1.7980027965 2.5826948221 -0.5002548367
H -2.6103087407 2.0689684203 -1.0338194292
C -2.3535953981 3.0790632137 0.8578937853
C-1.3158257482 3.8844712771 1.6401442363
H -0.4179827279 3.2898892313 1.8629584903
H -1.0048057899 4.803517694 1.1249475197

H -1.7418317463 4.1926051269 2.6042913162
C -3.5801280066 3.9463575174 0.5691253954
H -4.3549620686 3.3791997898 0.0316099004
H -4.0243179896 4.2949588805 1.5108489634
H -3.3438331147 4.8420043308 -0.0225594724
C-2.7876716612 1.8862867296 1.7035707216
H -3.2323692156 2.2330072413 2.6460854488
H -3.5479547612 1.2808362039 1.189338909
H -1.9373330078 1.2367575398 1.9501822981
C-5.0159936318 -1.1578918936 -0.6861656363
C -2.8607342848 -1.3634073422 0.7058600452
C-2.153505414 -1.2514329335 -0.4425626708
C -2.7855545953 -0.9647138558 -1.7797002189
C -4.1699598596 -0.3395268197 -1.6452506492
H -2.1203024293 -0.3290059941 -2.3864717526
H -4.646650233 -0.277344788 -2.6321760717
C -1.6290789352 -3.925814997 -0.1971494608
H -2.6758482592 -3.9148341805 -0.5217248914
H -1.6020834437 -3.9197180728 0.8965824562
C -0.8418907213 -2.8112163461 -0.8266013925
H -1.010868975 -2.7186430271 -1.903262909
C 0.5231091543 -2.5565450143 -0.4774271781
C 1.5114459859 -2.5152390041 -1.6180319843
H 2.4664019058 -2.0555663489 -1.3375498486
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H 1.1112520052 -1.984714713 -2.4918625637
H -1.1698026898 -4.8696066417 -0.5258546253
C 1.0648805722 -3.1382880348 0.8085599392
H 1.9439962068 -2.5605452427 1.1433528266
H 0.3155316292 -3.0847296425 1.6146939156
H -5.1452930757 -2.1810288941 -1.0823879684
C -4.3573577072 -1.2731062788 0.6643978412
0 -4.9975692893 -1.329064451 1.6978059609
C -2.3032404908 -1.6249258749 2.0667246641
H -2.6107660181 -0.8294037468 2.7584424341
H -2.7134349399 -2.551878278 2.4918850653
H -1.2070907782 -1.6654563358 2.0669927695
H -6.0221657637 -0.7470956964 -0.5435409309
H -4.0906129732 0.6931151001 -1.2691396738
H -2.8903038572 -1.9077008418 -2.3467464907
H 1.7398562778 -3.5475364618 -1.9239861027
0 14216829017 -4.4736676658 0.5204892379
H 1.824253893 -4.887767892 1.2970903768

ts2 2aa s down_a

Imaginary Frequency: -249.00

Pd -0.1733601726 -0.5983294434 0.079274718
C 1.7007333437 1.7114815919 -0.5976450053
C 2.7913948876 2.4946853447 -0.945456363
C 4.0713532837 2.0173571722 -0.6733100865
C 4.1914746046 0.7832082297 -0.0563438594
C 3.0398574043 0.0575005997 0.2516055947
N 1.8149113048 0.4948290327 -0.018561083
H 4.9526855576 2.6001002486 -0.9319518549
H 2.6328992868 3.4624559825 -1.414658242
H 3.1296244394 -0.912827081 0.7397365564
C 5.5220504944 0.1614138535 0.274258771

F 6.5353488081 0.9804730901 0.0104257845
F 5.5768486635 -0.176533501 1.5669421792

F 5.6955052915 -0.9625498914 -0.4367159965
C 0.3256921643 2.1864714939 -0.7851399396
0 0.1459795611 3.3502693143 -1.4006470749
N -0.7023952403 1.5584094011 -0.3445081074
C -1.2943602739 3.4862912349 -1.5357850882
H -1.545561455 4.5292737398 -1.3272916382
H -1.5421024141 3.2526527123 -2.5785107491
C -1.8549473794 2.4694080709 -0.5307380238
H -2.6924055546 1.9046691735 -0.967817342
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C -2.3418883381 3.08630469 0.8035222984
C-1.2616795785 3.9504155976 1.4529635939
H -0.361488496 3.3664605728 1.6941785181

H -0.9627578818 4.8044628944 0.8291483742
H -1.6390015971 4.3632006163 2.3979743129
C -3.5807810142 3.9323156794 0.5035027554
H -4.3752630784 3.3297595456 0.0379059435
H -3.9880510588 4.3433466561 1.4366253099
H -3.3711343898 4.7866982218 -0.1555112002
C-2.7369311868 1.9721964142 1.7666564298
H -3.122883685 2.3990259996 2.7022613537

H -3.5342650816 1.3437934975 1.3436419925
H -1.8823009746 1.3293521561 2.0169107757
C -4.7996118169 -0.7622996443 -1.1453072912
C -3.0704341271 -1.26026866 0.7117821145
C-2.114194844 -1.3112728486 -0.2451486935
C -2.4013290697 -1.1287176804 -1.7118723242
C -3.8400298237 -1.49114512 -2.0689437744

H -2.2187743441 -0.0706001716 -1.9733128937
H -3.9856081382 -2.5782220399 -1.9756465861
C -0.8859643551 -2.9261777945 0.2064299962
C 0.4928086791 -2.5716464484 0.3731538068
C 1.4567959381 -2.9333476585 -0.7371521501
H 2.4068985108 -2.3903578194 -0.6073421956
H 1.0481920386 -2.6483098444 -1.7230957438
C 1.0638872665 -2.6593320809 1.7659944251
H 1.8980503553 -1.9652035364 1.9313159627
H 0.3095392737 -2.464218506 2.5379272285

H -5.8483023453 -1.0340745318 -1.3142295761
C -4.4911788234 -0.9860178875 0.314635494
0 -5.3545905144 -0.9026002934 1.1687245984
C -2.8625193823 -1.4651019915 2.177484175
H -3.4359541182 -0.7274081055 2.7505811245
H -3.2517468854 -2.4451953598 2.4944735991
H -1.8090789777 -1.3836210885 2.4675337258
H -4.7330031299 0.3277714295 -1.3198506828
H -4.0422578812 -1.2372592876 -3.1176545774
H -1.6915833806 -1.6992699719 -2.3255942854
C-1.3420471672 -3.8565306242 -0.8781662648
H -0.9652852158 -4.8551424723 -0.6163007973
H -2.4338892984 -3.9081446104 -0.9349872624
H -0.939670298 -3.6241100326 -1.8694372885
0 1.6627127562 -4.3278771284 -0.6448907875
H 2.3767987374 -4.6021342672 -1.2376775003
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H 1.4572196716 -3.6750817383 1.9269086312
H -1.4004576423 -3.0927701728 1.1531247912

ts2 2aa s down_b

Imaginary Frequency: -242.29

Pd -0.1944235309 -0.6724304717 0.0888340032
C 1.6803583684 1.6471849812 -0.5668306078
C 2.7644545956 2.4368115731 -0.9168825629
C 4.0467014886 1.9699555874 -0.6354529034
C 4.1697569884 0.7430300905 -0.0074146673
C 3.0236718827 0.0073473005 0.3028047497
N 1.7975038953 0.4350511942 0.0221761005
H 4.9253871418 2.5555615739 -0.8966188406
H 2.6006734704 3.3993164763 -1.3947411434
H 3.1230990775 -0.9709962227 0.7649978203
C 5.501934761 0.1260389441 0.3199921244

F 5.5552770011 -0.2381082598 1.6056700218
F 5.6937555883 -0.9819737055 -0.4129694254
F 6.5118856856 0.95869986 0.0788426837

C 0.3044841677 2.111500844 -0.7643162165

0 0.1154318038 3.2602098937 -1.4054277721
N -0.7209648661 1.4878522937 -0.3092879469
C -1.3249430891 3.3794300087 -1.5467398127
H -1.58608699 4.4264604336 -1.3745919862

H -1.569404849 3.1083338733 -2.5815315565
C-1.8771967123 2.391002587 -0.5103445628
H -2.7181654142 1.8150831678 -0.9259129616
C -2.3557829879 3.0448062702 0.8095259226
C-1.276282162 3.9328360474 1.426788168

H -0.3675833297 3.3622765569 1.6678425082
H -0.9937952448 4.7777005162 0.7833632155
H -1.6461593698 4.3599682305 2.3683818218
C -3.6023664839 3.8741307036 0.4950586186
H -4.3979130817 3.251927323 0.0576766609
H -4.0027213013 4.3131541361 1.4183583339
H -3.4044502066 4.7074455564 -0.1939200178
C -2.7365199849 1.9580155852 1.8092827541
H -3.1256252279 2.4116014169 2.730954772
H -3.5267168372 1.3059647875 1.4093718963
H -1.8736166664 1.3344970347 2.0796804726
C -4.8192080885 -0.7719076848 -1.1921782439
C -3.1181336551 -1.2588756398 0.6948890369
C -2.1495613906 -1.3239787516 -0.2482945018
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C-2.4148516551 -1.1465305729 -1.7195971848
C -3.8481367353 -1.5097827278 -2.0963137656
H -2.228329107 -0.089212936 -1.9812269404
H -3.996766385 -2.5959238456 -1.9973461896
C -0.9460753512 -2.9492419617 0.2336045588
C 0.4566748137 -2.6790765392 0.3345599882
C 1.3233506838 -3.1221448449 -0.8197953589
H 0.8937971629 -2.7941951514 -1.7823331689
H 1.3276392561 -4.2306757108 -0.823542814
C 1.0845674101 -2.7794763932 1.7014223925
H 1.9481773998 -2.1205407397 1.8322734152
H 0.3623272937 -2.5616040951 2.496663094

H -5.8652334595 -1.0483587656 -1.3699150734
C -4.529097624 -0.9743857591 0.2751459516
0 -5.4035814521 -0.8674289783 1.115668551
C -2.9333333968 -1.4536872394 2.1657476302
H -3.5204972425 -0.7143128581 2.7223696773
H -3.3222662275 -2.4334298932 2.4843395438
H -1.8860485932 -1.3621159196 2.4743188732
H -4.754224661 0.3158074806 -1.3798110558
H -4.0341639584 -1.2628658538 -3.1496800457
H -1.694750247 -1.715787991 -2.3228520493

C -1.4811800054 -3.896720905 -0.8047990644
H -1.0901819388 -4.8986081968 -0.5675934123
H -2.5737949842 -3.9542524281 -0.7721870797
H -1.172539394 -3.6696313359 -1.8311102407
0 2.6298266449 -2.6260619114 -0.6582196252
H 3.2322286186 -3.0679026195 -1.2722322226
H 1.4567830279 -3.8059048844 1.8552233615
H -1.4265083399 -3.0718895345 1.2042762985

References for Computational and Correlative Studies:

1. M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G.
Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P.
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota,
R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A.
Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N.
Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, J.
Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C.
Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C.
Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J.
J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski,
and D. J. Fox, Gaussian, Inc., Wallingford CT, 2009.

2. (a) R. Valero, J. R. Gomes, D. G. Truhlar and F. Illas, J. Chem. Phys., 2008, 129, 124710. (b) Y.
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Zhao and D. G. Truhlar, Theor. Chem. Account, 2008, 120, 215.

3. J. A. Quinn, ChemSW, Inc.: Fairfield , CA.

4. E. D. Glendening, J, K. Badenhoop, A. E. Reed, J. E. Carpenter, J. A. Bohmann, C. M. Morales,
C. R. Landis, and F. Weinhold, Theoretical Chemistry Institute, University of Wisconsin, Madison
(2013).

5. In MATLAB NBO Version, 3.1 (R2014a); The MathWorks, Inc.: Natick, MA, 2014.

6. S. Arlot and A. Celisse, Statist. Surv. 2010, 4, 40.

7. C. Hansch, A. Leo and R. W. Taft, Chem. Rev., 1991, 91, 165.

8. Y. Zhao and D. G. Truhlar, Theor. Chem. Acc. 2008, 120, 215.

9. (a) M. J. Hilton, L.-P. Xu, P.-O. Norrby, Y.-D. Wu, O. Wiest and M. S. Sigman, J. Org. Chem.,

2014, 79, 11841. (b) L. Xu, M. J. Hilton, X. Zhang, P.-O. Norrby, Y.-D. Wu, M. S. Sigman and O.
Wiest, J. Am. Chem. Soc., 2014, 136, 1960
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Experimental section

General Considerations:

All manipulations were conducted using Schlenk techniques.'H NMR spectra were obtained at
400 MHz or 500 MHz, chemical shifts are reported in ppm, and referenced to the
tetramethylsilane (3 = 0 ppm). '*C NMR spectra were obtained at 100 MHz or 125 MHz and
referenced to CDCl; (6 = 77.00 ppm). IR spectra were recorded using a Thermo Nicolet FT-IR.
High resolution mass spectrometry (HRMS) data were obtained on a Waters LCP Premier XE
instrument by ESI/TOF. SFC (supercritical fluid chromatography) analysis was performed at 40
°C, using a Thar instrument fitted with a S2 chiral stationary phase as indicated. HPLC analysis
was performed at room temperature. Optical rotations were measured (Na D line) on a Perkin
Elmer Model 343 Polarimeter fitted with a micro cell with a 1 dm path length; concentrations are
reported in g/100 mL. Dry ethyl pivalate was purchased from Alfa Aesar, distilled to remove any
stabilizer, and stored over activated 3 A molecular sieves (3 A MS). Powdered 3 A MS were
activated by flowing N, through a glass tube of sieves maintained at 200 °C. Substrates were
purchased from Aldrich, TCI, or Acros, or synthesized according to the procedures outlined below.

S62



Synthesis of alkene substrates

These substrates were prepared according to the corresponding literature reports. Analytical data
("H NMR, *C NMR) matches with the literature.

/:(oH f(OH /:270H

2a: (E)-2-methylbut-2-en-1-ol’ 2b: (E)-2-methylpent-2-en-1-ol? 2d: (E)-3-methylpent-3-en-2-ol®
Ph
OH OH
— OH —
2e: (E)-4-methylhex-4-en-3-ol* 2f: (E)-3-methyldodec-2-en-4-0l° 2h: (E)-3-methyl-1-phenylpent-3-en-2-ol®

Ph Ph
OH OH /_(OH

2g: (E)-4-methyl-1-phenylhex-4-en-3-ol”  2j: (E)—2,4-dimethylhex-4-en-3-o|8 2i: (E)—2-methyl-1-phenylbut-Z-en-1-0I9

T™MS
~ e

2k: (E)-3-methyl-1-(trimethylsilyl)pent-3-en-2-ol10 2z: (E)-3-methylhex-3-en-1-ol"
HO OH
/\(\\V Ph\_/:(
2I: (E)-1-cyclopropyl-2-methylbut-2-en-1-ol1? 2b: (E)-2-methyl-5-phenylpent-2-en-1-ol™®

S63



Synthesis of Alkenyl Triflates

The alkenyl triflates shown below were prepared according to the corresponding literature reports.
Analytical data (‘"H NMR, *C NMR) matches with the literature.

(0] (0] Br (0]
0 o OTf
OTf OTf OTf —

1a: 2-methyl-3-oxocycl- 1p: 2-bromo-3-oxocycl- 1q: 2-methyl-3-oxocycl- 1r: (2)-1-(2-oxodihydrofuran
ohex-1-en-1-yl trifluorom- ohex-1-en-1-yl trifluor- opent-1-en-1-yl trifluo- -3(2H)-ylidene)ethyl
ethanesulfonate™ omethanesulfonate'® romethanesulfonate'® trifluoromethanesulfonate'”
OTf ?
> _ < — . _OTf NJ_>:‘(
EtO,C
Et02C OTf EtOQC/—<_\ > )\r @ié EtOZC OTf
T™S o
1s: (Z)-ethyl 2-methyl-3-  1u: (E)-ethyl 3-(((trifluorom- 1t: (E)-ethyl 2-methyl-3-  1v: (Z)-ethyl 5-(1,3-dioxoisoindolin-
(((trifluoromethyl)sulfonyl)-  ethyl)sulfonyl)oxy)-5-(tri- (((trifluoromethyl)sulfo-  2-yl)-2-(1-(((trifluoromethyl)sulfonyl)-
oxy)but-2-enoate'® methylsilyl)pent-2-enoate’®  nyl)oxy)but-2-enoate'® oxy)ethylidene)pentanoate’®

TfO
1x: (8R,9S,13S,14S)-3-methoxy-13-methyl- 1w: (4R,4aS,6R)-4,4a-dimethyl 1y: (8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-
7,8,9,11,12,13,14,15-octahydro-6H- -6-(prop-1-en-2-yl)-3.4.42,56,7-  ((R)-6-methylheptan-2-y1)-2,7,8,9,10,11,12,
cyclopenta[a]phenanthren-17- hexahydron-aphthalen-2-yl 13,14,15,16,17-dodecahydro-1H-cyclopenta
yl trifluoromethanesulfonate® trifluoromethanesulfonate® [a]phenanthren-3-yl trifluoromethanesulfonate®

General Procedure for Alkenyl Triflate Synthesis:
(e} O

R i R
. (CF3802)20 C5H11N (2.0 equw)
CH,Cl,, 0 °C, 4h
0] OTf

To a dry 100 mL Schlenk flask equipped with a stir bar was added the 1,3-dione substrate (2 mmol,

1.0 equiv), piperidine (4 mmol, 2.0 equiv), and CH>Cl, (25 mL). The mixture was stirred for 10
min at 0 °C under an atmosphere of nitrogen. Then trifluoromethanesulfonic anhydride (2.2 mol,
2.2 equiv) was added dropwise. After the reaction was stirred for 4 hours at 0 °C, it was quenched
by the addition of HCI (25 mL, 1 M). The aqueous layer was extracted with diethyl ether (2 x 50
mL), and the combined organic layers were washed with water (20 mL), and brine (20 mL). The
organic layer was then dried over Na;SO4, and concentrated under reduced pressure. The resulting
mixture was purified using silica gel flash chromatography (10-20% EtOAc/hexanes) to give the
alkenyl triflate product.

o 1m 2-ethyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (I1m): This compound

was prepared using the general procedure for alkenyl triflate synthesis using
ot 2-ethylcyclohexane-1,3-dione (280 mg, 2.0 mmol). Purification of this material by

chromatography on silica gel (1:10 EtOAc:hexanes) afforded alkenyl triflate Im as a
yellow liquid (408 mg, 75% yield): R;=0.50 (1:10 EtOAc:hexanes); "H NMR (CDCls, 500 MHz)
8=2.75(t,J=5.0 Hz, 2H), 2.47 (d, J = 5.0 Hz, 2H), 2.38-2.35 (m, 2H), 2.10-2.04 (m, 2H), 1.02
(t,J = 6.0 Hz, 3H); BC NMR (CDCl;, 125 MHz) § = 197.3, 161.5, 133.5, 119.5, 117.0, 36.9, 28.7,
20.6, 17.2, 12.8 ppm; IR (neat) 2943, 1687, 1413, 1206, 1136, 923 cm™'; HRMS (ESI-TOF) m/z
caled for CoH1204SF3 (M + H)"™: 273.0408, found 273.0407.
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5\*
OTf

10

2-isopropyl-3-oxocyclohex-1-en-1-yl  trifluoromethanesulfonate ~ (10):  This
compound was prepared using the general procedure for alkenyl triflate synthesis
using 2-isopropylcyclohexane-1,3-dione (308 mg, 2.0 mmol). Purification of this
material by chromatography on silica gel (1:10 EtOAc:hexanes) afforded alkenyl

triflate 1o as a yellow liquid (303 mg, 53% yield): Ry = 0.50 (1:10 EtOAc:hexanes); 'H NMR
(CDCl3, 500 MHz) 6 3.09-3.01 (m, 1H), 2.73 (d, J = 5.0 Hz, 2H), 2.44 (t, J = 6.0 Hz, 2H),
2.07-2.01 (m, 2H), 1.21 (d, J = 5.0 Hz, 6H); 3C NMR (CDCls, 125 MHz) & 197.4, 160.8, 136.3,
119.5, 117.0, 38.0, 29.0, 26.1, 20.5, 20.1 ppm; IR (neat) 2940, 1689, 1136, 1036, 866, 598 cm’;
HRMS (ESI-TOF) m/z calcd for C1oH1404SF3 (M + H)": 287.0565, found 287.0569.

o}

1n

ij?Ph
OTf

2-benzyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (1m): This compound
was prepared using the general procedure for alkenyl triflate synthesis using
2-benzylcyclohexane-1,3-dione (404 mg, 2.0 mmol). Purification of this material by
chromatography on silica gel (1:10 EtOAc:hexanes) afforded alkenyl triflate 1n as a

yellow liquid (381 mg, 57% yield), Ry= 0.5 (1:10 EtOAc:hexanes); 'H NMR (CDCls, 500 MHz)
8 7.27-7.23 (m, 2H), 7.21-7.17 (m, 3H), 3.70 (s, 2H), 2.81 (t, J= 5.0 Hz, 2H), 2.48 (t, /= 6.0 Hz,
2H), 2.10-2.04 (m, 2H) ; '3C NMR (CDCls, 125 MHz) § 196.9, 162.5, 137.9, 130.9, 128.6, 128.5,
126.5, 119.5, 117.0, 36.8, 29.1, 28.7, 20.5 ppm; IR (neat) 2960, 1686, 1414, 1205, 1134, 788 cm’';
HRMS (ESI-TOF) m/z calcd for C14H1404SF3 (M + H)" 335.0565, found 335.0563.

S65



Ligand Synthesis

The ligands shown below were prepared according to the corresponding literature. Analytical data
("H NMR, *C NMR) matches with the literature.

o] cl o]
Sasel < @%ﬁlﬁ @%jﬁ

(S)-4-(tert-butyl)-2-(5-(trifluoromethyl)  (S)-4-(tert-butyl)-2-(4-chloropyridin  (S)-methyl 6-(4-(tert-butyl)-4,5
pyridin-2-yl)-4,5-dihydrooxazole?° -2-yl)-4,5-dihydrooxazole?® -dihydrooxazol-2-yl)nicotinate?"

General Procedure for Ligand Synthesis:

1) 4-methylmorpholine AN
N HN iso-butyl chloroformate R_:K
—_ [o] b7
R U OH + 2 Y\OH CH,Cl,,0°Ctort, 16 h N \ o)
N £-Bu 2) diethylaminosulfur trifluoride N \)
o CH,Cl,, KoCO3, -78 °C to rt

t-Bu

To a dry 50 mL round-bottom flask containing a stir bar was added picolinic acid substrate (1.0
mmol, 1.0 equiv). Under an N, atmosphere, CH>Cl> (20 mL) and 4-methylmorpholine (121 mg,
1.2 mmol, 1.2 equiv) were added. Then, the reaction mixture was cooled to 0 °C,
iso-butylchloroformate was added (1.2 mmol, 1.2 equiv) via syringe. The reaction mixture was
stirred for another 30 min, then (S)-2-amino-3,3-dimethylbutan-1-ol (129 mg, 1.1 mmol, 1.1 equiv)
was added. The mixture was allowed to slowly warm to room temperature and stirred for 16 h.
The reaction was quenched via addition of water (10 mL). The aqueous layer was extracted with
CH>Cl; (2 x 20 mL), and the combined organic layers were washed with brine (1 x 20 mL), dried
over NaySOy, decanted, and concentrated under reduced pressure to give a brown solid. Under an
N, atmosphere, CH>Cl, (35 mL) was added and the reaction mixture was cooled to —78 °C, and
diethylaminosulfur trifluoride (2.0 mmol, 2.0 equiv) was added dropwise. The reaction mixture
was warmed up to 0 °C and stirred for 1 h. Then, potassium carbonate (2.0 mmol, 2.0 equiv) was
added. The mixture was allowed to warm to room temperature. The reaction was quenched via
addition of water (2 mL). The aqueous layer was extracted with CH>Cl, (2 x 20 mL), the
combined organic layers were washed with brine (1 x 20 mL), dried over Na;SOs, decanted, and
concentrated under reduced pressure to give a brown solid. Purification of this material by
chromatography on silica gel afforded the corresponding product.

(8)-4-(tert-butyl)-2-(5-nitropyridin-2-yl)-4,5-dihydrooxazole (L-NQO3): This

— O
OZNAQ_QN]% [< ligand was prepared using the general procedure for ligand synthesis using
L-NO,

S-nitropicolinic acid (168 mg, 1.0 mmol). Purification of this material by
chromatography on silica gel (1:1 EtOAc:hexanes) afforded ligand L-NQO; as a white solid (132
mg, 53% yield): Ry=0.20 (1:1 EtOAc:hexanes); 'TH NMR (CDCls, 500 MHz) § 9.49 (t, J = 5.0 Hz,
1H), 8.55 (t, J=10.0 Hz, 1H), 8.29 (t, /= 7.5 Hz, 1H), 4.51 (t, J = 7.5 Hz, 1H), 4.37 (t, /= 10.0
Hz, 1H), 4.19 (t, J = 10.0 Hz, 1H), 0.99 (s, 9H); 3C NMR (CDCls, 125 MHz) § 161.0, 151.5,
145.0, 131.8, 124.3, 76.9, 69.9, 34.1, 25.9 ppm; IR (neat) 2960, 1653, 1559, 1524, 1507, 668 cm';
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[a]p*® = —68 (c = 0.1, EtOH); HRMS (ESI-TOF) m/z calcd for C12H16N303 (M + H)™: 250.1192,
found 250.1198.

(8)-6-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)nicotinonitrile (L-CN): This

— O
NC{,\HN]»,, {< ligand was prepared using the general procedure for ligand synthesis using
L-CN

5-cyanopicolinic acid (148 mg, 1.0 mmol). Purification of this material by
chromatography on silica gel (1:1 EtOAc:hexanes) afforded ligand L-CN as a white solid (131 mg,
57% yield): Ry = 0.20 (1:1 EtOAc:hexanes); 'H NMR (CDCls, 400 MHz) & 8.97 (d, J = 4.0 Hz,
1H), 8.22 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 4.0 Hz, 1H), 4.50 (t, /= 10.0 Hz, 1H), 4.35 (t, /= 8.0
Hz, 1H), 4.17 (t,J = 8.0 Hz, 1H), 0.98 (s, 9H); 3C NMR (CDCls, 100 MHz) & 161.1, 152.2, 149.7,
139.8, 123.7, 116.1, 111.3, 76.8, 69.7, 34.0, 25.9 ppm; IR (neat) 2955, 2871, 1635, 1473, 1095,
949 cm'; [a]p*® = —58 (c = 0.1, EtOH); HRMS (ESI-TOF) m/z calcd for Ci3H;sN3ONa (M + Na)*:
252.1113, found 252.1120.
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General Procedure A for the Enantioselective Redox-Relay Heck Reaction

;
R R4 ] Pdadbas (5 mol %) T,
R2 R 2-+-BuPyrOx (15 mol %) _ RS AN R'6
oOTf + | A .
3 RS OH Li,CO3 (1.5 equiv) R3
R n ethyl pivalate RS o
1 2 3AMS, 1,24 h 3

To a dry 100 mL Schlenk flask equipped with a stir bar was added Pd,dbas (11.1 mg, 0.0125 mmol,
0.050 equiv) ligand (0.0375 mmol, 0.15 equiv), 3A MS (50 mg, 200 mg/mmol 1), and ethyl
pivalate (3 mL). To this flask, a three-way adapter fitted with a balloon of N, was added, and the
flask was evacuated via house vacuum and refilled with N, three times while stirring. The
resulting mixture was stirred for 15 min. To this, the corresponding alkenyl alcohol (2, 0.50 mmol,
2.0 equiv), alkenyl triflate (1, 0.25 mmol, 1.0 equiv) and Li,CO3 (28 mg, 0.375 mmol, 1.5 equiv)
were added. The resulting mixture was stirred for another 24 h at room temperature. The solvent
was concentrated under reduced pressure, and the resulting residue was purified by
chromatography on silica gel to afford the corresponding product (3).

General Procedure B for the Reduction of Aldehydes

R! R
R2 _ R* NaBH, (2.0 equiv)‘ R? 7 R*
R3 MeOH (0.10 M) R .
R®” ™1 0 R . OH
3 3-ol

The aldehyde product was dissolved in MeOH (0.1 M) in a 20 mL scintillation vial equipped with
a stir bar. The mixture was cooled to 0 °C and sodium borohydride (2.0 equiv) was added, and the
resulting mixture was stirred for 30 min. The solvent was removed under reduced pressure, and
the resulting residue was transferred to a separatory funnel using diethyl ether (100 mL) and water
(20 mL). The aqueous layer was extracted with diethyl ether (2 x 50 mL), and the combined
organic layers were washed with water (20 mL), and brine (20 mL). The organic layer was then
dried over Na>SOs, decanted, and concentrated under reduced pressure. The resulting residue was
purified by chromatography on silica gel to afford the corresponding alcohol product (3-ol).

General Procedure C for Esterification

.
R1 0 R2 R R4
2 4 Br =

R AR HO Cy—N=C=N-Cy 1 Q 5

+ > r
R'rs oH DMAP,CH,Cl, RS0
n
3-ol Br 3-ester

To a mixture of the alcohol (3-0l, 0.10 mmol), DMAP (6.1 mg, 0.050 mmol), and
3,5-dibromobenzoic acid (280 mg, 1.0 mmol) in CHxCl, (5 mL) was added
N,N'-dicyclohexylcarbodiimide (206 mg, 1.0 mmol) at 0 °C. The mixture was warmed to ambient
temperature and stirred for 2 h. After this time, the reaction was filtered through a short plug of
silica gel with CH,Cl,, concentrated under reduced pressure. The resulting residue was purified by
chromatography on silica gel to afford the corresponding ester product (3-ester).
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Matched and Mismatched Ligand Effects with Chiral Triflate Reagents

Table S13. The result of Late-Stage Functionalization.?
Pd,dbas (5 mol %)

R OH R
"y 2-t-BuPyrOx (15 mol %) i
+ H. ~ "y
\y/kOTf Me Li,COs (1.5 equiv) WZ " “Me
R3 Me
1 2a

ethyl pivalate R3 Me
3AMS, 1,24 h 3

— O
F304<\j>—<\ ] 79% yield 27% yield 22% yield
N N "//< dr=1:1.8 dr=1:2.3 dr=1:2.4

(S)-lignad

— o)
F3C@—<\ 79% yield 31% yield 26% yield)
N N dr > 20:1 dr=1:7.9 dr=1:7.9

(R)-lignad

aGeneral Procedure A was followed. Each entry represents the isolated yield on 0.25 mmol scale. dr values were determined by 'H
NMR.

Unsuccessful Reactions with Sterically Hindered Alkenols

(@] OH szdba3 (5 mol %)
— 2-t-BuPyrOx (15 mol %)
ijf + : : no reaction (Eq. S3)
Li,CO3 (1.5 equiv)
OTf ethyl pivalate

3AMS, 1t, 24 h
0 Pd,dbas (5 mol %)
2-t-BuPyrOx (15 mol %)
[ I + [ I OH X X > no reaction (Eq. S4)
Li,CO5 (1.5 equiv)
OTf ethyl pivalate
3AMS, 1t,24h
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Data for X-ray Analysis

[0}
step 1) O’ O Ho/\< _Procedure A }2?5507:?%

er=288:12
- Sl-3a
o OH 9
=0 OH OH
yield% = 41% yield% = 25%
Sl-3a-1-ol Sl-3a-2-ol

OH o
Bi
step 3) + HO " _Procedure C_
g Br o,
Br
SI-sa-1.f|\LOH I 3a-1-ester

yield% = 90%

Prob = 50
Temp = 150

18 Y

B3

PLATON-Apr 1 16:36:19 2016 - (70316)

~
'
@

P12i/nl R=0.03 RES= 0 -93 X

Figure S8. Crystal cell of SI-3a-1-ester
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ECD analysis
1. ECD Methodology

The sample was dissolved in CH3CN (0.15 mg/mL). All experiments were performed using a
0.10-mm path length quartz Starna cell. The ECD spectra were recorded using a Jasco J-810 CD
spectropolarimeter (Jasco, Easton, MD), with the following instrumental parameters: 185-400 nm
wavelength scan, 5 nm bandwidth, high sensitivity, 1 sec response, 1 nm data pitch, 200 nm/min
scanning speed, 3 accumulations. The acetonitrile blank was collected first, and used to baseline
correct the sample.

A subset of the details of the computational methodology is provided here. The applied
conformational sampling workflow is analogous to what has been used previously for VCD.??
Conformers of each test structure were geometry optimized at the B3LYP/6-31G** level and

2331 A1l calculations

stationary points were confirmed by performing frequency calculations.
were performed using Gaussian 09.3

Output conformers were ranked according to DFT energy and a clustering was performed to
remove duplicates. Initial identification of duplicates was performed solely on an electronic
energy basis where compounds were considered identical if the difference in Hartrees was less
than 0.01. Rounding the differences led to inconsistencies in identification of duplicates. It
became better to cluster the DFT minima by energy and then re-cluster each energy bucket by
structure using an all atom RMS of 0.6 A.  This faithfully removed only identical compounds.

To calculate ECD spectra, B3LYP geometries were used as input for CAM-B3LYP'?
calculations using the 6-31++G** basis set*>* in vacuo. Only conformers which contributed
more than 2.0% to the total in vacuo conformer distribution were selected for ECD calculation.
Time-dependent Density Functional Theory (TDDFT)* methodology was employed using the
following keywords: TD=full,singlet, Nstates=100, and integral=ultrafinegrid. ~Spectral display

and Boltzmann weighting were carried out using SpecDis,>’-*8

and were displayed with a band
broadening sigma=0.3 eV.

Figures S1 and S2 provide the overlays of the calculated and measured ECD spectra. A high
degree of confidence is derived from the statistical and visual matching of the spectra. The final

assignment is shown in Scheme S1.
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2. Overlay of ECD Spectra

e=Fxp 3d

0.9 e Calc SS

Normalized CD

Wavelength (nm)

Figure S9: Overlay of unshifted measured (black) and calculated (red) ECD spectra.

e=Fxp 3d
0.9 e Calc SS

Normalized CD

Wavelength (nm)

Figure S10: Overlay of shifted measured (black) and calculated (red) ECD spectra. The entire
calculated spectrum was shifted by +10 nm to account for a systematic overestimation of

transition energies.

3. Assigned Absolute Configuration

O _\\\\
(S) (S)

Scheme S1: Assigned absolute configuration SS for compound 3d.
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4. Conformations of Global and Local Minima

ol 3o

Conformer 1 Conformer 2 Conformer 3
27.6% 26.5% 11.1%
Conformer 4 Conformer 5 Conformer 6
5.4% 3.9% 3.2%
Conformer 7 Conformer 8 Conformer 9
3.1% 2.7% 2.7%

Figure S11: Conformers of the SS stereoisomer minima contributing >2% to the Boltzmann

distribution, percentages shown above based on in vacuo electronic energies.

5. Electronic Energies and Coordinates for Minima
Provided for conformers that contribute >2% to the in vacuo Boltzmann distribution.

Conformer 1:  E=-657.905771

B3LYP/6-31G**
6 -2.67405 0.439878  0.23094
6 -3.10567 -0.52206 -0.86746
6 -1.93942 -0.93867 -1.75985
6 -0.80458 -1.4961  -0.89898
6 -0.40791 -0.56841 0.235885
6 -1.27388 0.344042 0.750892
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Conformer 2:

-3.47521
0.990947
2.10753
1.15695
3.52743
1.96675
1.92231
1.93632
-0.94384
1.1848
2.07779
0.323354
3.74156
4.28424
3.64039
2.79826
1.03935
1.9329
-0.84141
-0.01273
-1.75857
-3.92198
-3.52825
-1.57788
-2.25906
0.067028
-1.11344
1.10619
2.02126

B3LYP/6-31G**

2.67536
2.95807
2.21363
0.718872
0.429772
1.34557
3.51301
-0.93777
-2.09496
-1.03122
-3.49079
-2.07402

1.24127
-0.76699
-0.36772
-2.21334
-0.55151

1.10935

1.98257

1.43365

1.28621
-2.94033

-2.325
-2.48108
-1.60143

-0.2004

0.02786
0.987698
0.997838

2.51427
0.746083

1.82832

2.00153
-0.05169
-1.40956
-0.06574
-1.68042
-1.72153
-2.46437
-0.09522
-0.98756

E =-657.905732

-0.54368
0.086164
1.40621
1.19681
0.507137
-0.28977
-1.2618
0.771969
0.382008
2.23383
0.707851
-1.12726

0.69394
0.813949
-0.19742

1.32679

0.37703
-0.59807
0.249715
-2.07778

1.88789
0.507946

1.90443

1.98359
0.589809
-0.33274

1.29797
-2.58787
-2.53422
-2.22552

2.83712

1.70722

2.00383
-1.42223
-0.37244
-2.31894
-2.50004
-1.52412
-0.47519

1.66743
-1.09827

0.120623
-1.23663
-1.42458
-1.17532
0.14601
0.755272
0.651218
0.768324
-0.19213
1.2567
0.383787
-0.48098
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Conformer 3:

-1.84252
-2.4051
1.10749

-1.92387

-0.16221

-1.06664
-4.2848

-3.63531

-3.61929

-1.58706

-2.53585

-3.30681
0.24124

0.927021
1.98858
4.04179

2.6343
2.59716
2.38227

0.191067

0.299802

-1.04534

-1.98929

B3LYP/6-31G**

6

—_— = = O O 0 N AN NN S

2.64784
2.92287
2.18969
0.692138
0.389385
1.30926
3.48777
-1.00422
-2.136
-1.12015
-3.54349
-1.95118
-1.53571
-2.31807
1.07897
-1.08914
-2.0516
-0.2922

-1.93588
-1.56542
-0.99616
2.3898
2.48184
2.94927
0.335004
1.78553
0.238151
-1.27786
-2.64766
-1.06354
-1.66185
-0.28798
-1.58703
0.189138
-0.63481
2.14831
1.81022
2.15595
0.59457
0.124261
0.921945

E =-657.904910

-0.55027
0.296242
1.63519
1.3985
0.457158
-0.42106
-1.33862
0.557961
0.463293
1.84353
0.500147
-0.78445
-0.68754
-2.14047
-1.34735
2.74473
1.86244
1.89996

0.399056
-1.89503
2.07184
1.86797
1.87354
0.427784
-0.27206
0.490436
1.36392
-2.56722
-1.93116
-2.26288
2.0085
2.88834
2.3236
-1.33816
-2.00275
-0.71299
-2.42896
-1.21864
-1.99766
1.64045
-1.14161

0.094886
-1.1377
-1.07949
-0.87724
0.271928
0.749085
0.510882
0.885759
-0.18842
1.73528
0.435357
-1.06465
-2.20615
-0.48539
1.92443
1.11436
2.30699
2.44821
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-3.74967  1.47602  0.88116
-4.31113  0.323913  -0.32523
-3.66378  -0.25697  1.21764
-1.95511 -2.26342 0.539677
-3.40889 -2.24531 -0.45306
-1.90984 -2.92483 -1.12369
0.69758 -0.81765  2.80275
03675 -2.14662  1.68411
2.02515  -1.8217  2.18755
2.57724  -0.27742  -2.01069
4.0064 0.405228 -1.23482
23628  2.21248 -1.99406
2.58321 2.23142  -0.2461
0.250893 0.980253 -1.79315
0.179695 2.3541 -0.71339
-1.14016 -0.28708  1.56783
-2.03759  1.30915 -0.87697

— e e ek e e e e e ek ek e e e e e e

Conformer 4: E =-657.904229
B3LYP/6-31G**

6 246811 -0.65199 -0.42721
6 3.02899 -0.29218 0.938867
6 259198 1.10746  1.36486
6 1.06846 121371 1.32147
6 0.439142 0.688017 0.046708
6 1.11962 -0.12692 -0.80158
8 3.08261 -1.39562 -1.18262
6 -1.00224 1.17393 -0.14472
6 -2.02891 0.028464 -0.34044
6 -1.0841 228091 -1.21684
6 -3.48549 0.544499 -0.37223
6 -1.93038 -0.98419 0.810047
8 -1.67975 -0.63033  1.94889
6 -2.19184 -2.43888 0.471548
6 0.635124 -0.63835 -2.13955
1 -091656 1.89723 -2.22714
1 -2.05891 2.77631 -1.20091
1 -0.32536 3.04675 -1.02758
1 -3.66281 1.17688 -1.24561
1 -4.1991 -0.28458 -0.41999
1 -3.70706  1.12511 0.529055
1 -3.07301 -2.55096 -0.16896
1 -1.33692 -2.83145 -0.09288
1 -23136 -3.02106 1.38596
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Conformer 5:

-0.18117
1.46777
0.309326
4.11521
2.6514
3.02844
2.96274
0.758215
0.612749
-1.28365
-1.84135

B3LYP/6-31G**

6

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

2.68218
3.0344
1.82241
0.685291
0.370454
1.29637
3.52866
-1.01702
-2.1838
-1.14696
-3.54456
-1.89327
-1.53446
-2.0836
1.05506
-1.11687
-2.08414
-0.32638
-3.81578
-4.33963
-3.53791
-1.72897
-3.15201
-1.56587
0.763195
0.271682
1.977
3.85056
3.43857
1.47193

-0.04885
-0.63149
-1.68411
-0.40908
-1.03542
1.84676
1.34534
2.25878
0.669123
1.63698
-0.50148

E =-657.903923

0.255539
-0.93944
-1.82139
-0.97999
0.244006
0.813667
0.764538
0.854593
-0.1514
1.4666
0.560629
-0.99655
-2.15616
-0.36485
2.05118
0.692427
2.01808
2.16501
1.03448
-0.15123
1.33749
0.669452
-0.34542
-0.96524
2.91237
1.89898
2.30274
-1.47962
-0.5394
-2.29187

-2.55401
-2.84694
-2.07579
0.898246
1.65704
0.680767
236767
1.45418
2.16222
0.807777
-1.27891

0.386178
-0.48526
-0.7754
-1.35739
-0.51701
0.298206
1.11055
-0.68882
-0.40474
-2.10196
-0.29957
0.842762
0.735075
2.2112
1.13793
-2.87539
-2.21483
-2.29221
-1.24621
-0.05477
0.472144
2.24473
2.45756
2.96018
0.527074
1.88813
1.66316
0.002354
-1.4279
0.150771
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2.08712
-0.20797
0.951748
-1.12018
-2.23141

-2.63068
-1.60101
-0.64997

1.67293
-0.87222

Conformer 6: E =-657.903741
B3LYP/6-31G**

2.64619
3.00627
1.78901
0.671611
0.33857
1.26364
3.47843
-1.06701
-2.19098
-1.26023
-3.55821
-1.80786
-1.46017
-1.88546
1.07375
-2.22572
-0.47985
-1.21468
-4.32555
-3.88722
-3.52619
-2.93323
-1.34801
-1.47676
1.2405
0.089439
1.82933
3.42913
3.80949
2.05285
1.42019
0.963892
-0.22338
-1.18464
-2.27145

0.436856
-1.02989
-1.87828
-1.64642
-0.17558
0.792723
1.31376
0.120013
-0.37029
-0.48268
0.246872
-0.11123
-1.03247
1.30817
2.2825
-0.19629
-0.12522
-1.57588
-0.08257
-0.05598
1.34123
1.57992
1.36401
2.03652
2.79265
2.56229
2.68127
-1.37121
-1.09447
-2.94067
-1.60303
-2.07207
-2.19001
1.20213
-1.45963

-1.46439
-1.46023
-2.37399
0.029724
-1.22768

0.082416
0.251453
0.611122
-0.40665
-0.60005
-0.36482
0.278171
-1.11487
-0.13727
-2.52342
-0.48205
1.32596
2.04408
1.86061
-0.52918
-2.94889
-3.2021
-2.50149
0.226066
-1.47944
-0.4604
2.03547
2.80796
1.15402
0.425144
-0.9042
-1.21296
-0.70595
0.990774
0.64964
1.60604
-1.37948
-0.09289
-1.20977
-0.2151
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Conformer 7: E =-657.903718

B3LYP/6-31G**

6  -2.6482
6 -3.01338
6 -1.79952
6 -0.68129
6 -0.34259
6 -1.26443
8 -3.47751
6 1.06365
6 2.18622
6 1.2528
6  3.56085
6 1.81329
8 1.43622
6 1.93737
6 -1.07029
1 1.20928
1 221578
1 0.468702
1 3.88331
1 432521
1 3.54409
1 1.50378
1 299535
1 1.445
1 -0.08705
1 -1.23146
1 -1.82771
1 -3.81787
1 -3.43648
1 -1.42991
1 -2.06711
1 0211838
1 -0.97588
1 1.18501
1 224951

-0.44999
0.945885
1.70234
1.69608
0.301489
-0.69757
-1.35116
0.127824
0.401598
1.01924
-0.09836
-0.18718
0.540911
-1.68647
-2.11712
2.08217
0.830518
0.817113
0.43718
0.064384
-1.16699
-2.24981
-1.96695
-1.96199
-2.30626
-2.82028
-2.36362
0.849199
1.4813
1.22324
2.73144
2.1636
2.31791
-0.90826
1.48143

Conformer 8: E =-657.903576

B3LYP/6-31G**
6 2.63743
6 3.17154
6 2.07119

0.240043
-0.811
-1.77497

-0.01133
0.465643
0.999406
-0.04339
-0.54551
-0.52359
-0.00741
-1.11066
-0.05038
-2.3576
-0.52951
1.31744
2.21903
1.52408
-1.00296
-2.1004
-2.83966
-3.09364
-1.42596
0.237344
-0.76808
0.692174
1.58571
2.45735
-1.43325
-0.1793
-1.75332
1.20009
-0.39833
1.91348
1.26243
0.378982
-0.90327
-1.43548
0.120368

-0.51442
0.443896
0.879927
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0.886729
0.423658
1.23057
3.35531
-0.98579
-2.02732
-0.98413
-3.46398
-2.048
-2.00122
-2.16884
0.890655
-0.79839
-1.93847
-0.20268
-3.55699
-4.18715
-3.7448
-2.9674
-1.23505
-2.35239
1.10319
-0.14511
1.53563
3.57282
4.01524
2.44915
1.72862
1.14299
0.035828
-1.31779
-1.77215

-1.00179
0.164956
0.716218
0.724505
0.655035
0.408199
2.10285
0.779542
-1.07055
-1.96119
-1.36911
1.85906
2.84263
2.3469
2.2229
1.85094
0.524081
0.233964
-0.77601
-1.08321
-2.43288
1.57284
2.18359
2.72048
-0.28067
-1.31109
-2.49732
-2.35322
-0.61127
-1.67329
0.018921
1.0043

Conformer 9: E =-657.903575
B3LYP/6-31G**

2.63733
3.17203
2.0721
0.887367
0.423841
1.23039
3.35476
-0.98568
-2.02732

0.2402
-0.8102
-1.77444
-1.00157
0.16487
0.716121
0.724407
0.654639
0.408128

1.45874
0.603498
-0.34103

-1.3809
0.964685
-0.16437

1.49704
0.264481
-0.57796

0.25262
-2.05853
-1.26975
0.714375

1.97214

2.25366
0.457364
-0.51738

1.17076
-2.51764
-2.55815
-2.21496
-2.30423
-1.20204
-1.06447

1.32092
-0.03938

1.61144
0.012281

2.45803

1.60953

1.79287
-1.04615

-0.5149
0.44379
0.880316
1.45898
0.603581
-0.34125
-1.38188
0.964989
-0.16401
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-0.98405
-3.46392
-2.04813
-2.00055
-2.1701
0.889968
-0.7984
-1.93834
-0.20253
-3.55686
-4.18724
-3.74462
-2.96891
-1.23661
-2.35386
-0.14526
1.53645
1.10006
3.57321
4.01585
2.45043
1.72968
1.14342
0.036693
-1.31753
-1.77223

2.10231
0.779466
-1.07048
-1.96141
-1.36863
1.85844
2.84232
2.34619
2.22217
1.85085
0.524099
0.233837
-0.77534
-1.08275
-2.43234
2.18427
2.71922
1.571
-0.27936
-1.31018
-2.4964
-2.35314
-0.61082
-1.67336
0.018248
1.00446

1.49782
0.265107
-0.578
0.252218
-2.0586
-1.27042
0.71535
1.97308
2.25439
0.458098
-0.51664
1.1714
-2.51703
-2.55881
-2.21514
-1.20095
-1.06729
-2.30507
1.32054
-0.03941
1.61203
0.012898
2.45824
1.60981
1.79303
-1.04566
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Product Purification/Characterization Data

(25,35)-2-methyl-3-(2-methyl-3-oxocyclohex-1-en-1-yl)butanal ~ (3a):  The

0.
j;) 3a general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl

Me trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and

Me/\M(§o (E)-2-methylbut-2-en-1-o0l (2a, 43 mg, 0.50 mmol). Purification of this material
e

by chromatography on silica gel (1:5 EtOAc:hexanes) afforded product 3a as a
yellow liquid (36 mg, 74% yield): Ry= 0.20 (1:4 EtOAc:hexanes); "TH NMR (CDCls, 400 MHz) &
9.47 (d, J=2.0 Hz, 1H), 3.09-3.01 (m, 1H), 2.46-2.45 (m, 1H), 2.39 (t, /= 8.0 Hz, 2H), 2.28-2.24
(m, 2H), 1.94-1.89 (m, 2H), 1.81 (s, 3H), 1.16 (d, J = 12.0 Hz, 3H), 1.14 (d, J = 12.0 Hz, 3H); 13C
NMR (CDClI3, 100 MHz) 6 203.2, 199.1, 159.1, 131.2, 49.6, 38.4, 37.9, 25.9, 22.5, 15.3, 11.9,
10.6 ppm; IR (neat) 2938, 2877, 1724, 1663, 1559, 1457 cm™'; HRMS (ESI-TOF) m/z caled for
Ci2Hi13s02Na (M + Na)™: 217.1204, found 217.1206; 95:5 er; >20:1 dr; [a]p®® = +26 (c = 0.1,
EtOH).

(25,35)-2-methyl-3-(2-methyl-3-oxocyclohex-1-en-1-yl)pentanal ~ (3b): The

O
j;) 3b| general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl

Me™ 7% trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and

Et/Y§O (E)-2-methylpent-2-en-1-ol (2b, 50 mg, 0.50 mmol). Purification of this
Me

material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded
product 3b as a yellow liquid (44 mg, 84% yield): Ry = 0.20 (1:4 EtOAc:hexanes); "TH NMR
(CDCl3, 400 MHz) & 9.44 (d, J=4.0 Hz, 1H), 2.91-2.86 (m, 1H), 2.42-2.39 (m, 3H), 2.23-2.20 (m,
2H), 1.93-1.90 (m, 2H), 1.82-1.77 (m, 4H), 1.44-1.39 (m, 1H), 1.18 (d, J = 4.0 Hz, 3H), 0.83 (t, J
= 8.0 Hz, 3H); 13C NMR (CDCls, 100 MHz) & 203.1, 198.9, 157.2, 133.5, 49.4, 45.9, 38.0, 25.6,
22.5,22.4, 12.4, 11.6, 11.1 ppm; IR (neat) 2962, 2874, 1723, 1662, 1457, 1301 cm™'; HRMS
(ESI-TOF) m/z caled for Ci3H200,Na (M + Na)'™: 231.1361, found 231.1357; 94:6 er, >20:1 dr.
[a]p?® =—10 (c = 0.1, EtOH);

o (28, 35)-2-methyl-3-(2-methyl-3-oxocyclohex-1-en-1-yl)-5-phenylpentanal

j;) 3| (3o The general  procedure A was followed  using
z 2-methyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (1a, 65 mg,

Ph"™>"y"S0| 025 mmol) and (£)-2-methyl-5-phenylpent-2-en-I-ol (2¢, 88 mg, 0.50
Me mmol). Purification of this material by chromatography on silica gel (1:5

Me

EtOAc:hexanes) afforded product 3¢ as a yellow liquid (29 mg, 41% yield): Ry = 0.30 (1:4
EtOAc:hexanes); '"H NMR (CDCls, 400 MHz) & 9.43 (d, J = 4.0 Hz, 1H), 7.29 (t, J = 6.0 Hz, 2H),
7.20 (t, J=8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 2H), 3.04-2.98 (m, 1H), 2.56-2.40 (m, 5H), 2.27-2.24
(m, 2H), 2.1-1.90 (m, 3H), 1.82-1.72 (m, 4H), 1.17 (d, J = 8.0 Hz, 3H); '3C NMR (CDCls, 100
MHz) 5 202.8, 198.9, 156.8, 141.1, 133.7, 128.5, 128.2, 126.2, 49.4, 43.9, 38.0, 33.4, 31.2, 25.8,
22.4,12.3, 11.2 ppm; IR (neat) 2939, 2867, 1721, 1662, 1455, 700 cm™'; HRMS (ESI-TOF) m/z
caled for C1oH240,Na (M + Na)™:307.1674, found 307.1682; 95:5 er, >20:1 dr; [a]p®® = —4 (c =
0.1, EtOH).
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o) 3d 2-methyl-3-((2S,3S)-3-methyl-4-oxopentan-2-yl)cyclohex-2-enone (3d): The
j;) general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl
H trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and

/Ygo (E)-3-methylpent-3-en-2-ol (2d, 50 mg, 0.50 mmol). Purification of this

material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded

product 3d as a yellow liquid (30 mg, 60% yield): Ry = 0.40 (1:4 EtOAc:hexanes); "TH NMR

(CDCl3, 400 MHz) & 3.08-3.00 (m, 1H), 2.66-2.61 (m, 1H), 2.37 (t,J = 6.0 Hz, 2H), 2.25-2.20 (m,

2H), 2.06 (s, 3H), 1.91-1.87 (m, 2H), 2.06 (s, 3H), 1.16 (d, J = 8.0 Hz, 3H), 1.08 (d, J = 8.0 Hz,

3H); 3C NMR (CDCls, 100 MHz) § 211.1, 199.3, 160.2, 130.9, 50.5, 39.7, 37.9, 27.6, 25.7, 22.6,

15.3, 14.8, 10.5 ppm; IR (neat) 2937, 2876, 1709, 1661, 1456, 1353 cm™'; HRMS (ESI-TOF) m/z

caled for Ci3H0,Na (M + Na)™: 231.1361, found 231.1367; 97:3 er, >20:1 dr; [a]p®® = +20 (c =

0.1, EtOH).

0 3e 2-methyl-3-((2S,35)-3-methyl-4-oxohexan-2-yl)cyclohex-2-enone  (3e): The

j;) general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl
Me™ < E trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and
/Ygo (E)-4-methylhex-4-en-3-ol (2e, 57 mg, 0.50 mmol). Purification of this
material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded
product 3e as a yellow liquid (30 mg, 54% yield): Ry = 0.40 (1:4 EtOAc:hexanes); '"TH NMR
(CDCl3, 400 MHz) & 3.10-3.02 (m, 1H), 2.68-2.65 (m, 1H), 2.36-2.18 (m, 6H), 1.91-1.84 (m, 2H),
1.80 (s, 3H), 1.15 (d, J = 4.0 Hz, 3H), 1.07 (d, J = 4.0 Hz, 3H), 0.98 (t, J = 6.0 Hz, 3H); 3*C NMR
(CDCI3, 100 MHz) & 213.6, 199.4, 160.3, 131.0, 49.6, 39.7, 37.9, 34.0, 25.8, 22.7, 15.4, 15.2, 10.6,
7.6 ppm; IR (neat) 2937, 2876, 1712, 1661, 1455, 1351 cm™'; HRMS (ESI-TOF) m/z calcd for
C14H20,Na (M + Na)™: 245.1517, found 245.1524; 98:2 er, >20:1 dr; [a]p*® = +32 (c = 0.1,
EtOH).

o o 2-methyl-3-((2S,3S)-3-methyl-4-oxododecan-2-yl)cyclohex-2-enone (3f): The

j;) general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl
Me trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and
(E)-3-methyldodec-2-en-4-0l (2f, 99 mg, 0.50 mmol). Purification of this
material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded
product 3f as a yellow liquid (39 mg, 51% yield): Ry = 0.50 (1:4 EtOAc:hexanes); "H NMR
(CDCl3, 400 MHz) & 3.09-3.02 (m, 1H), 2.70-2.62 (m, 1H), 2.35-2.14 (m, 6H), 1.90-1.85 (m, 2H),
1.80 (s, 3H), 1.51-1.44 (m, 2H), 1.31-1.20 (m, 10H), 1.14 (d, /= 8.0 Hz, 3H), 1.06 (d, J = 8.0 Hz,
3H), 0.87 (t, J = 8.0 Hz, 3H); 3C NMR (CDCls, 100 MHz) & 213.2, 199.3, 160.3, 131.0, 49.7,
40.9, 39.6, 37.9, 31.8,29.4, 29.2, 29.1, 25.8, 23.4, 22.7, 22.6, 15.4 15.1, 14.1, 10.6 ppm; IR (neat)
2926, 2855, 1710, 1664, 1456, 1350 cm’'; HRMS (ESI-TOF) m/z calcd for CoH340.Na (M +
Na)™: 329.2456, found 329.2455; 98:2 er, >20:1 dr; [a]p?® = +21 (c = 0.1, EtOH).

2-methyl-3-((2S,3S)-3-methyl-4-ox0-6-phenylhexan-2-yl)cyclohex-2-enone
3g): The general procedure A was followed using

2-methyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (1a, 65 mg, 0.25
mmol) and (£)-4-methyl-1-phenylhex-4-en-3-0l (2g, 95 mg, 0.50 mmol).
Purification of this material by chromatography on silica gel (1:10
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EtOAc:hexanes) afforded product 3g as a yellow liquid (37 mg, 49% yield): Ry = 0.50 (1:4
EtOAc:hexanes); '"H NMR (CDCls, 400 MHz) & 7.24 (t, J = 6.0 Hz, 2H), 7.18 (d, J = 4.0 Hz, 1H),
7.12 (d, J = 8.0 Hz, 2H), 3.07-2.99 (m, 1H), 2.88-2.59 (m, 5H), 2.37-2.02 (m, 4H), 1.84-1.72 (m,
5H), 1.09 (d, J = 8.0 Hz, 3H), 1.03 (d, J = 8.0 Hz, 3H); '*C NMR (CDCls, 100 MHz) & 211.9,
199.3, 160.0, 141.1, 131.0, 128.5, 128.3, 126.1, 49.8, 42.6, 39.6, 37.9, 29.3, 25.7, 22.6, 15.4, 15.0,
10.6 ppm; IR (neat) 2934, 1711, 1622, 1454, 1351, 701 cm’'; HRMS (ESI-TOF) m/z caled for
C20H2602Na (M + Na)™: 321.1830, found 321.1837; 98:2 er, >20:1 dr; [a]p*’ = -9 (c = 0.1, EtOH).

o 3h 2-methyl-3-((2S,3S)-3-methyl-4-oxo0-5-phenylpentan-2-yl)cyclohex-2-enone
I) pn|  (Bh): The general procedure A was followed using
H 2-methyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (1a, 65 mg, 0.25
Me O| mmol) and (E)-3-methyl-1-phenylpent-3-en-2-0l (2h, 88 mg, 0.50 mmol).
Purification of this material by chromatography on silica gel (1:10
EtOAc:hexanes) afforded product 3h as a yellow liquid (32 mg, 46% yield): Ry = 0.50 (1:4
EtOAc:hexanes); 'H NMR (CDCls, 400 MHz) § 7.32-7.25 (m, 3H), 7.12 (d, J = 8.0 Hz, 2H), 3.65
(q, J=16.0 Hz, 2H), 3.15-3.07 (m, 1H), 2.83-2.76 (m, 1H), 2.34-2.08 (m, 3H), 1.80-1.66 (m, 6H),
1.16 (d, J = 8.0 Hz, 3H), 1.04 (d, J = 8.0 Hz, 3H); '3C NMR (CDCls, 100 MHz) § 209.8, 199.4,
160.1, 133.6, 131.1, 129.4, 128.7, 127.1, 48.6, 48.4, 39.2, 37.8, 25.5, 22.6, 15.37, 15.35, 10.6 ppm;
IR (neat) 2937, 2875, 1715, 1662, 1456, 1327 cm™; HRMS (ESI-TOF) m/z calcd for C9H240,Na
(M + Na)"307.1674, found 307.1678; 97:3 er, >20:1 dr. [a]p*° = -90 (c = 0.1, EtOH).

0 . 2-methyl-3-((2S, 3S)-3-methyl-4-oxo0-4-phenylbutan-2-yl)cyclohex-2-enone
I) 3i): The general procedure A was followed using
Me™ < 2-methyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (1a, 65 mg, 0.25
ﬁ/go mmol) and (E)-2-methyl-1-phenylbut-2-en-1-ol (2i, 81 mg, 0.50 mmol).
Me Purification of this material by chromatography on silica gel (1:5
EtOAc:hexanes) afforded product 3i as a yellow liquid (27 mg, 40% yield): Ry = 0.30 (1:4
EtOAc:hexanes); '"H NMR (CDCls, 400 MHz) & 7.87 (d, J = 4.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 1H),
7.46 (d, J = 8.0 Hz, 2H), 3.65-3.57 (m, 1H), 3.28-3.20 (m, 1H), 2.30-2.18 (m, 2H), 2.17-1.93 (m,
2H), 1.84 (s, 3H), 1.75-1.55 (m, 1H), 1.50-1.42 (m, 1H), 1.28 (d, /= 8.0 Hz, 3H), 1.15 (d, /= 4.0
Hz, 3H); *C NMR (CDCls, 100 MHz) & 203.2, 199.3, 160.0, 136.7, 133.1, 131.2, 128.8, 127.9,
435, 40.2, 37.8, 25.9, 22.4, 16.3, 15.6, 10.6 ppm; IR (neat) 2934, 2873, 1679, 1661, 1215, 710
cm™'; HRMS (ESI-TOF) m/z caled for C1sH20,Na (M + Na)*: 293.1517, found 293.1521; 96:4
er, >20:1 dr; [a]p?® =—43 (c = 0.1, EtOH).

3-((28,395)-3,5-dimethyl-4-oxohexan-2-yl)-2-methylcyclohex-2-enone (3j): The

O 3
j;) ! general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl
Me™ % A trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and
Me O| (E)-2,4-dimethylhex-4-en-3-ol (2j, 64 mg, 0.50 mmol). Purification of this
Me

material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded
product 3j as a yellow liquid (27 mg, 45% yield): Ry = 0.30 (1:4 EtOAc:hexanes); 'H NMR
(CDCl3, 400 MHz): & = 3.12-3.06 (m, 1H), 2.88 (m, 1H), 2.66-2.57 (m, 1H), 2.38-2.17 (m, 4H),
1.96-1.80 (m, 5H), 1.13 (d, J = 8.0 Hz, 3H), 1.06 (d, J = 8.0 Hz, 6H), 0.98 (d, J= 6.0 Hz, 3H); 13C
NMR (CDClIs, 100 MHz) 6 216.7, 199.3, 160.2, 131.2, 47.9, 40.0, 39.5, 38.0, 25.9, 22.7, 18.5,
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18.1, 15.5, 15.4, 10.6 ppm; IR (neat) 2969, 2935, 1701, 1663, 1507, 1457 cm™'; HRMS (ESI-TOF)
m/z caled for C1sH2402Na (M + Na)™: 259.1674, found 259.1680; 98:2 er, >20:1 dr; [a]p>® = +42 (c
= 0.1, EtOH).

o 3K 2-methyl-3-((2S,3S)-3-methyl-4-oxo0-5-(trimethylsilyl)pentan-2-yl)cyclohex-
I) SiMe;| 2-enone (3k): The general procedure A was followed using
Ve /Eﬁ/go 2-methyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (la, 65 mg,
Me 0.25 mmol) and (E)-3-methyl-1-(trimethylsilyl)pent-3-en-2-ol (2k, 86 mg,
0.50 mmol). Purification of this material by chromatography on silica gel
(1:5 EtOAc:hexanes) afforded product 3k as a yellow liquid (13 mg, 19% yield): Ry = 0.40 (1:4
EtOAc:hexanes); '"H NMR (CDCl3, 400 MHz) & 3.08-2.99 (m, 1H), 2.64-2.56 (m, 1H), 2.41-2.25
(m, 4H), 2.11 (s, 2H), 1.96-1.86 (m, 2H), 1.79 (s, 3H), 1.09 (d, J = 8.0 Hz, 3H), 1.05 (d, J = 8.0 Hz,
3H), 0.10 (s, 9H); 3C NMR (CDCls, 100 MHz) & 211.8, 199.4, 160.4, 131.2, 50.5, 40.0, 38.0,
36.8, 26.2, 22.7, 15.2, 14.1, 10.8, 0.8 ppm; IR (neat) 2926, 2855, 1686, 1664, 1251, 853 cm’;
HRMS (ESI-TOF) m/z caled for CisH2s0,NaSi (M + Na)™: 303.1756, found 303.1758; 97:3
er, >20:1 dr; [a]p?® = +55 (c = 0.1, EtOH).

o Ve 2-methyl-3-((2S,3S, E)-3-methyl-4-oxohept-5-en-2-yl)cyclohex-2-enone  (31):
j@ P The general procedure A was followed using
Me™ 3 2-methyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (1a, 65 mg, 0.25
Me O | mmol) and (E)-1-cyclopropyl-2-methylbut-2-en-1-ol (21, 63 mg, 0.50 mmol).

3l Me

Purification of this material by chromatography on silica gel (1:5
EtOAc:hexanes) afforded product 31 as a yellow liquid (23 mg, 40% yield): Ry = 0.30 (1:4
EtOAc:hexanes); 'TH NMR (CDCls;, 500 MHz) & 6.89-6.81 (m, 1H), 6.13 (dd, J;= 15.0 Hz, J> =
2.5 Hz, 1H), 3.11-3.05 (m, 1H), 2.86-2.80 (m, 1H), 2.35-2.32 (m, 2H), 2.31-2.09 (m, 2H),
1.89-1.83 (m, 5H), 1.79 (s, 3H), 1.16 (d, J = 8.0 Hz, 3H), 1.08 (d, J = 8.0 Hz, 3H); 3C NMR
(CDCI3, 100 MHz) & 202.0, 199.5, 160.3, 143.1, 131.0, 129.8, 47.2, 39.8, 37.9, 25.8, 22.6, 18.3,
15.5, 15.4, 10.5 ppm; IR (neat) 2936, 2875, 1662, 1627, 1456, 1350 cm™'; HRMS (ESI-TOF) m/z
caled for CisH2,0o,Na (M + Na)™: 257.1517, found 257.1523; 97:3 er, >20:1 dr; [a]p?® = -23 (c =
0.1, EtOH).

T (28,35)-3-(2-ethyl-3-oxocyclohex-1-en-1-yl)-2-methylbutanal (3m): The
H:/ general procedure A was followed using 2-ethyl-3-oxocyclohex-1-en-1-yl
0 ’ Me| trifluoromethanesulfonate  (1m, 68  mg, 0.25 mmol)  and

Et Me

(E)-2-methylbut-2-en-1-0l (2a, 43 mg, 0.5 mmol). Purification of this
material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded product 3m as a yellow
liquid (44 mg, 85% yield): Ry=0.20 (1:4 EtOAc:hexanes); 'H NMR (CDCls, 400 MHz) & 9.84 (d,
J=4.0 Hz, 1H), 3.05-2.96 (m, 1H), 2.49-2.18 (m, 7H), 1.95-1.84 (m, 2H), 1.17 (t, J = 8.0 Hz, 6H),
0.93 (t, J = 6.0 Hz, 3H); 1*C NMR (CDCl3, 100 MHz) & 203.3, 198.7, 158.7, 137.3, 49.4, 38.17,
38.15, 25.6, 22.6, 18.2, 16.2, 14.0, 12.1 ppm; IR (neat) 2967, 2874, 1723, 1661, 1455, 1184 cm';
HRMS (ESI-TOF) m/z calecd for Ci3H200:Na (M + Na)*: 231.1361, found 231.1360; 96:4
er, >20:1 dr; [a]p*® = +29 (c = 0.1, EtOH).
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o (25,35)-3-(2-benzyl-3-oxocyclohex-1-en-1-yl)-2-methylbutanal (3n): The

i general procedure A was followed using 2-benzyl-3-oxocyclohex-1-en-1-yl
O I""H:Me trifluoromethanesulfonate  (In, 84 mg, 025 mmol) and
Me (E)-2-methylbut-2-en-1-0l (2a, 43 mg, 0.5 mmol). Purification of this
material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded product 3n as a yellow
liquid (46 mg, 68% yield): Ry= 0.40 (1:4 EtOAc:hexanes); 'H NMR (CDCl3, 400 MHz) & 8.92 (d,
J=4.0 Hz, 1H), 7.26-7.21 (m, 2H), 7.15-7.07 (m, 3H), 3.74 (q, J = 16.0 Hz, 2H), 3.09-3.03 (m,
1H), 2.47 (t, J = 6.0 Hz, 2H), 2.37-2.24 (m, 3H), 2.01-1.89 (m, 2H), 1.06 (d, /= 8.0 Hz, 3H), 1.01
(d, J = 8.0 Hz, 3H); 3C NMR (CDCls, 100 MHz) & 203.4, 198.8, 161.4, 140.7, 134.8, 128.3,
129.1, 125.8, 49.6, 38.6, 38.1, 30.0, 25.7, 22.5, 15.5, 12.0 ppm; IR (neat) 2937, 2875, 1720, 1662,
1453, 726 cm’'; HRMS (ESI-TOF) m/z caled for CisH2,0.Na (M + Na)™: 293.1517, found
293.1521; 93:7 er, 20:1 dr; [a]p?® = -14 (c = 0.1, EtOH).

Bn

% 0 (28,35)-3-(2-1sopropyl-3-oxocyclohex-1-en-1-yl)-2-methylbutanal (30): The
~ general procedure A was followed using
O /"'H:Me 2-isopropyl-3-oxocyclohex-1-en-1-yl trifluoromethanesulfonate (1o, 72 mg,
0.25 mmol) and (E)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol).
Purification of this material by chromatography on silica gel (1:5 EtOAc:hexanes) afforded
product 30 as a yellow liquid (30 mg, 54% yield): Ry = 0.30 (1:4 EtOAc:hexanes); "H NMR
(CDCl3, 400 MHz) & 9.49 (d, J=4.0 Hz, 1H), 3.16-3.09 (m, 1H), 3.01-2.94 (m, 1H), 2.50-2.40 (m,
1H), 2.34-2.16 (m, 4H), 1.90-1.81 (m, 2H), 1.19-1.13 (m, 12H); '*C NMR (CDCl;, 100 MHz) &
203.4,199.0, 158.2, 140.4, 49.5, 39.3, 37.7, 27.3, 26.3, 22.4, 21.2, 20.7, 16.2, 12.1 ppm; IR (neat)
2937, 1724, 1663, 1457, 1298, 668 cm™'; HRMS (ESI-TOF) m/z calcd for C14H2,0,Na (M + Na)™:
245.1517, found 245.1509; 96:4 er, >20:1 dr; [a]p?® = +28 (c = 0.1, EtOH).

i-Pr  Me

(25,35)-3-(2-bromo-3-oxocyclohex-1-en-1-yl)-2-methylbutanal (3p): The

3p _O
z general procedure A was followed using 2-bromo-3-oxocyclohex-1-en-1-yl
) o Me
Me

! trifluoromethanesulfonate (1p, 81 mg, 0.25 mmol) and
;

(E)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol). Purification of this material
by chromatography on silica gel (1:5 EtOAc:hexanes) afforded product 3p as a yellow liquid (14
mg, 22% yield): Ry=0.20 (1:4 EtOAc:hexanes) '"H NMR (CDCls, 500 MHz) § 9.53 (d, J = 4.0 Hz,
1H), 3.53-3.47 (m, 1H), 2.61-2.51 (m, 3H), 2.46-2.35 (m, 2H), 2.0-1.95 (m, 2H), 1.21 (d, J=4.0
Hz, 3H), 1.16 (d, J = 4.0 Hz, 3H); 3C NMR (CDCl3, 125 MHz) § 202.8, 190.9, 164.1, 123.6, 49.7,
42.6, 38.1, 28.5, 22.0, 14.5, 11.6 ppm; IR (neat): v = 2936, 2876, 1723, 1685, 1585, 1268 cm’';
HRMS (ESI-TOF) m/z caled for Ci1H60,Br (M + H)": 259.0334, found 259.0338; 95:5 er, >20:1
dr; [a]p*® = -3 (¢ = 0.1, EtOH).

- 0 (28,35)-2-methyl-3-(2-methyl-3-oxocyclopent-1-en-1-yl)butanal (3q): The
Oj@”’ i general procedure A was followed using 2-methyl-3-oxocyclopent-1-en-1-yl
Me ’;Vle Me  trifluoromethanesulfonate (1q, 61 mg, 0.25 mmol) and
(E)-2-methylbut-2-en-1-o0l (2a, 43 mg, 0.5 mmol). Purification of this material

by chromatography on silica gel (1:5 EtOAc:hexanes) afforded product 3q as a yellow liquid (39
mg, 87% yield): Ry = 0.20 (1:4 EtOAc:hexanes); '"H NMR (CDCls, 400 MHz) & 9.54 (d, J = 4.0

Hz, 1H), 3.18-3.10 (m, 1H), 2.59-2.52 (m, 2H), 2.49-2.36 (m, 3H), 1.74-1.72 (m, 3H), 1.19 (d, J =
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8.0 Hz, 3H), 1.18 (d, J = 4.0 Hz, 3H); 3C NMR (CDCl;, 100 MHz) & 209.7, 202.9, 173.8, 136.5,
49.8, 35.6, 33.8, 26.0, 154, 11.6, 8.3 ppm; IR (neat) 2971.2, 2924.0, 1722.9, 1696.1, 1640.5,
1328.4 cm™'; HRMS (ESI-TOF) m/z calcd for C11H;602Na (M + Na)™:203.1048, found 203.1045;
94:6 er, >20:1 dr; [a]p*® = +35 (c = 0.1, EtOH).

. M o) (28,3S,2)-2,3-dimethyl-4-(2-oxodihydrofuran-3(2H)-ylidene)pentanal ~ (3r):
r e =
o, H:M The general procedure A was followed using
‘ e
5 Me (Z2)-1-(2-oxodihydrofuran-3(2H)-ylidene)ethyl trifluoromethanesulfonate (1r,
0

65 mg, 0.25 mmol) and (F)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol).
Purification of this material by chromatography on silica gel (1:4 EtOAc:hexanes) afforded
product 3r as a yellow liquid (42 mg, 86% yield): Ry = 0.10 (1:4 EtOAc:hexanes); '"TH NMR
(CDCl3, 400 MHz) 6 9.43 (d, /=4.0 Hz, 1H), 4.59-4.51 (m, 1H), 4.31 (t, J = 6.0 Hz, 2H), 2.85 (t,
J=06.0 Hz, 2H), 2.35-2.28 (m, 1H), 1.78 (s, 3H), 1.16 (d, /= 4.0 Hz, 3H), 1.08 (d, /=4.0 Hz, 3H);
13C NMR (CDCls, 100 MHz) & 204.5, 169.8, 155.4, 120.0, 64.3, 50.4, 33.7, 27.9, 17.1, 15.3, 11.7
ppm; IR (neat) 2974, 2917, 1735, 1653, 1194, 1066 cm™'; HRMS (ESI-TOF) m/z caled for
C11H1s03Na (M + Na)™: 219.0997, found 219.0998; 92:8 er, 20:1 dr; [a]p*° =-12 (c = 0.1, EtOH).

3s e ° (48,58, 2)-ethyl 2,3,4,5-tetramethyl-6-oxohex-2-enoate (3s): The general

Me._~», M procedure A was followed using (Z)-ethyl
’ e

EtO,C Me 2-methyl-3-(((trifluoromethyl)sulfonyl)oxy)but-2-enoate (1s, 69 mg, 0.25

mmol) and (E)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol). Purification of
this material by chromatography on silica gel (1:100 EtOAc:toluene) afforded product 3s as a
yellow liquid (38 mg, 72% yield): Ry= 0.60 (1:10 toluene:hexanes); "H NMR (CDCl3;, 400 MHz)
59.84 (d, J=4.0Hz, 1H), 4.22-4.14 (m, 2H), 3.38-3.31 (m, 1H), 2.32-2.26 (m, 1H), 1.82 (s, 3H),
1.67 (s, 3H), 1.29 (t, J = 8.0 Hz, 3H), 1.11-1.06 (m, 6H); 3C NMR (CDCls, 100 MHz) & 205.1,
169.8, 145.0, 124.9, 60.3, 49.8, 38.8, 16.2, 15.9, 14.23, 14.19, 12.0 ppm; IR (neat) 2975, 2932,
1718, 1701, 1218, 1106 cm™'; HRMS (ESI-TOF) m/z caled for C12H2003Na (M + Na)': 235.1310,
found 235.1306; 91:9 er, >20:1 dr; [a]p*® = +2 (c = 0.1, EtOH).

EtO,C (4S,5S,E)-ethyl 2,3,4,5-tetramethyl-6-oxohex-2-enoate (3t): The general
)=//_(—° A (E)-ethyl

3t 2-methyl-3-(((trifluoromethyl)sulfonyl)oxy)but-2-enoate (1t, 69 mg, 0.25
mmol) and (£)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol). Purification of this material by

procedure was followed using

chromatography on silica gel (1:100 EtOAc:toluene) afforded product 3t as a yellow liquid (14 mg,
27% yield): Ry= 0.60 (1:10 toluene:hexanes); 'H NMR (CDCls, 500 MHz) § 9.52 (d, J = 2.5 Hz,
1H), 4.20-4.16 (m, 2H), 2.94-2.88 (m, 1H), 2.48-2.42 (m, 1H), 1.89 (s, 3H), 1.85 (s, 3H), 1.29 (t,J
= 5.0 Hz, 3H), 1.12 (d, J = 5.0 Hz, 3H), 1.08 (d, J = 10.0 Hz, 3H); 13C NMR (CDCl;, 125 MHz) §
203.9, 170.0, 144.8, 124.3, 60.2, 49.2, 38.0, 15.53, 15.48, 15.4, 14.2, 11.9 ppm; IR (neat) 2981,
2931, 1720, 1777, 1218, 1101 cm™'; HRMS (ESI-TOF) m/z calcd for Ci2Hx03Na (M + Na)™:
235.1310, found 235.1312; 97:3 er, 20:1 dr; [a]p** = +23 (c = 0.1, EtOH).

(4S5,55,2)-ethyl  2,3,4,5-tetramethyl-6-oxohex-2-enoate (3t’): The general
procedure A (E)-ethyl
2-methyl-3-(((trifluoromethyl)sulfonyl)oxy)but-2-enoate (1t, 69 mg, 0.25

g
EtO,C /—(

3t'

was followed using
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mmol) and (£)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol). Purification of this material by
chromatography on silica gel (1:100 EtOAc:toluene) afforded product 3t> as a yellow liquid (16
mg, 29% yield): Ry= 0.60 (1:10 toluene:hexanes); "TH NMR (CDCls;, 500 MHz) & 9.48 (d, J= 5.0
Hz, 1H), 4.22-4.13 (m, 2H), 3.38-3.32 (m, 1H), 2.33-2.25 (m, 1H), 1.83 (s, 3H), 1.66 (s, 3H), 1.29
(t, J= 7.5 Hz, 3H), 1.10-1.06 (m, 6H); '3C NMR (CDCl;, 125 MHz) § 205.0, 169.7, 144.9, 124.9,
60.3,49.7, 38.8, 16.2, 15.9, 14.21, 14.16, 12.0 ppm; IR (neat) 2976, 2935, 1718, 1276, 1219, 1106
cm™'; HRMS (ESI-TOF) m/z caled for C12H2003Na (M + Na)* 235.1310, found 235.1312; 91:9
er, >20:1 dr; [a]p* = +2 (c = 0.1, EtOH).

_ W o (45,58, E)-ethyl  4,5-dimethyl-6-0x0-3-(2-(trimethylsilyl)ethyl)hex-2-enoate
'\élfoazség KE (3u): The general procedure A was followed wusing (F)-ethyl

Me e 3-(((trifluoromethyl)sulfonyl)oxy)-5-(trimethylsilyl)pent-2-enoate (1u, 87 mg,
0.25 mmol) and (F)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol).
Purification of this material by chromatography on silica gel (1:50 EtOAc:hexanes) afforded
product 3u as a yellow liquid (61 mg, 86% yield): Ry = 0.60 (1:20 toluene:hexanes); 'H NMR
(CDCl3, 400 MHz) 6 9.66 (d, J=4.0 Hz, 1H), 5.58 (s, 1H), 4.18-4.12 (m, 2H), 2.81-2.70 (m, 2H),
2.57-2.50 (m, 1H), 2.37-2.30 (m, 1H), 1.28 (t, J = 8.0 Hz, 3H), 1.06-1.04 (m, 6H), 0.78-0.62 (m,
2H), 0.05 (s, 9H); 3C NMR (CDCls, 100 MHz) & 203.9, 168.2, 166.2, 144.9, 59.6, 49.1, 40.3,
264, 16.3, 15.5, 14.3, 9.5, 1.9 ppm; IR (neat) 2954, 1715, 1636.7, 1154, 861, 835 cm™'; HRMS
(ESI-TOF) m/z calcd for C15Hs03NaSi (M + Na)*: 307.1705, found 307.1708; 90:10 er, >20:1 dr;
[a]p?® = +32 (c = 0.1, EtOH).

o 3y ve ° | (48.5S8.2)-ethyl 2-(3-(1,3-dioxoisoindolin-2-yl)propyl)-3,4,5-
NW% H:Me trimethyl-6-oxohex-2-enoate (3v): The general procedure A was
EtO,C Me followed using (2)-ethyl 5-(1,3-dioxoisoindolin-2-yl)

-2-(1-(((trifluoromethyl)sulfonyl)oxy)ethylidene) pentanoate (1v,
112 mg, 0.25 mmol) and (F)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol). Purification of this
material by chromatography on silica gel (1:20 EtOAc:toluene) afforded product 3v as a yellow
liquid (56 mg, 58% yield): Ry= 0.30 (1:5 toluene:hexanes); 'H NMR (CDCls, 500 MHz) & 9.47 (d,
J =5.0 Hz, 1H), 7.85-7.82 (m, 2H), 7.72-7.69 (m, 2H), 4.19-4.12 (m, 2H), 3.70-3.67 (m, 2H),
3.25-3.16 (m, 1H), 2.32-2.25 (m, 3H), 1.83-1.64 (m, SH), 1.25 (t, J= 7.5 Hz, 3H), 1.09 (d, J=5.0
Hz, 3H), 1.05 (d, J = 10.0 Hz, 3H); 13C NMR (CDCl;, 125 MHz) § 204.7, 169.3, 168.3, 144.8,
133.9, 132.1, 129.0, 123.2, 60.4, 49.6, 39.2, 37.7, 27.5,27.2, 16.2, 14.2, 13.6, 12.0 ppm; IR (neat)
2973, 1712, 1396, 1369, 1215, 721 cm'; HRMS (ESI-TOF) m/z calcd for C2H,7NOsNa (M +
Na)™: 408.1787, found 408.1778; 91:9 er, 16:1 dr; [a]p>® = +5 (c = 0.1, EtOH).

(2R,3R)-3-((4R,4aS, 6R)-4 ,4a-dimethyl-6-(prop-1-en-2-yl)-3,4,4a,5,6,7-he
xahydronaphthalen-2-yl)-2-methylbutanal (3w): The general procedure A
was followed using (R)-4-(tert-butyl)-2-(5-
(trifluoromethyl)pyridin-2-yl)-4,5-dihydrooxazole (10.2 mg, 0.0375
mmol), (4R,4aS, 6R)-4,4a-dimethyl-6-(prop-1-en-2-yl)-3,4,4a,5,6,7-hexahydronaphthalen-2-yl1
trifluoromethanesulfonate (1w, 88 mg, 0.25 mmol) and (£)-2-methylbut-2-en-1-ol (2a, 86 mg, 1.0

mmol). Purification of this material by chromatography on silica gel (1:20 EtOAc:hexanes)
afforded product 3w as a white waxy solid (22 mg, 31% yield): Rr= 0.60 (1:4 EtOAc:hexanes);
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'"H NMR (CDCls, 500 MHz) & 9.55 (d, J = 2.5 Hz, 1H), 5.80 (m, 1H), 5.40 (d, J = 5.0 Hz, 1H),
4.74 (t, J = 2.5 Hz, 2H), 2.51-2.39 (m, 3H), 2.26-2.20 (m, 1H), 2.00-1.90 (m, 2H), 1.83-1.70 (m,
5H), 1.53-1.44 (m, 1H), 1.18-1.13 (m, 1H), 1.07-1.03 (m, 6H), 0.90 (d, J = 10.0 Hz, 3H), 0.83 (s,
3H); 3C NMR (CDCls, 125 MHz) & 205.1, 150.3, 142.0, 138.7, 125.1, 122.4, 108.6, 49.5, 41.5,
40.1, 39.1, 37.3, 36.0, 32.5, 31.1, 20.7, 17.3, 16.1, 14.8, 11.1 ppm; IR (neat) 2960, 2872, 1730,
1721, 1562, 1453 cm™'; HRMS (ESI-TOF) m/z calcd for CaH3:0 (M + H)": 287.2375, found
287.2373; 1:7.9 dr; [a]p** =—197 (c = 0.1, EtOH).

_0 | (25,35)-3-((4R,4aS,6R)-4,4a-dimethyl-6-(prop-1-en-2-y1)-3,4,4a,5,6,7-h
t, H:Me exahydronaphthalen-2-yl)-2-methylbutanal ~ (3w-2):  The  general
Me procedure A was followed using
(8)-4-(tert-butyl)-2-(5-(trifluoromethyl)pyridin-2-yl)-4,5-dihydrooxazole (10.2 mg, 0.0375 mmol),
(4R,4aS, 6R)-4,4a-dimethyl-6-(prop-1-en-2-yl)-3,4,4a,5,6,7-hexahydronaphthalen-2-yl
trifluoromethanesulfonate (1w, 88 mg, 0.25 mmol) and (£)-2-methylbut-2-en-1-ol (2a, 86 mg, 1.0

mmol). Purification of this material by chromatography on silica gel (1:20 EtOAc:hexanes)
afforded product 3w’ as a white waxy solid (19 mg, 27% yield): Rr= 0.60 (1:4 EtOAc:hexanes);
'"H NMR (CDCl3, 400 MHz) § 9.55 (d, J = 2.0 Hz, 1H), 5.80 (t, J = 6.0 Hz, 1H), 5.40 (d, J = 8.0
Hz, 1H), 4.7 (s, 2H), 2.54-2.37 (m, 3H), 2.27-2.19 (m, 1H), 2.01-1.89 (m, 2H), 1.84-1.70 (m, 5H),
1.56-1.43 (m, 1H), 1.28-0.98 (m, 7H), 0.91-0.83 (m, 6H); '3C NMR (CDCl;, 100 MHz) § 205.1,
150.3, 142.0, 138.7, 125.1, 122.4, 108.6, 49.5, 41.5, 40.1, 39.1, 37.3, 36.0, 32.5, 31.1 ppm; IR
(neat) 2967, 2877, 1733, 1725, 1559, 1457 cm’'; HRMS (ESI-TOF) m/z caled for CaoH310 (M +
H)": 287.2375, found 287.2373; dr = 1:2.3; [a]p*° = -151 (c = 0.1, EtOH).

(2R,3R)-3-((8S,9S, 138, 14S5)-3-methoxy-13-methyl-7,8,9,11,12,13,1
4,15-octahydro-6H-cyclopenta[a]phenanthren-17-yl)-2-methylbuta

nal (3x): The general procedure A was followed using
(R)-4-(tert-butyl)-2-(5-(trifluoromethyl)pyridin-2-yl)-4,5-dihydroo
xazole (10.2 mg, 0.0375 mmol),
(8R,9S, 138, 14S)-3-methoxy-13-methyl-7,8,9,11,12,13,14,15-octahydro-6H-cyclopenta[a]phenant
hren-17-yl trifluoromethanesulfonate (1x, 104 mg, 0.25 mmol) and (E)-2-methylbut-2-en-1-o0l (2a,

86 mg, 1.0 mmol). Purification of this material by chromatography on silica gel (1:20
EtOAc:hexanes) afforded product 3x as a white waxy solid (70 mg, 79% yield): R, = 0.50 (1:4
EtOAc:hexanes); "TH NMR (CDCls;, 500 MHz) & 9.69 (d, J = 2.5 Hz, 1H), 7.18 (d, J = 10.0 Hz,
1H), 6.70 (d, J = 10.0 Hz, 1H), 6.63 (s, 1H), 5.46 (s, 1H), 3.77 (s, 3H), 2.90-2.75 (m, 3H),
2.53-2.51 (m, 1H), 2.36-2.18 (m, 3H), 1.93 (t, J = 10.0 Hz, 3H), 1.62-1.42 (m, 5H), 1.04-1.02 (m,
6H), 0.84 (s, 3H); 3C NMR (CDCls, 125 MHz) & 205.2, 157.5, 157.4, 138.0, 132.8, 125.9, 124.5,
113.8, 111.4, 55.9, 55.2, 50.1, 47.8, 44.3, 37.4, 35.1, 31.4, 31.1, 29.7, 27.7, 26.5, 16.7, 16.5, 8.8
ppm; IR (neat) 2922, 2852, 1727, 1495, 1254, 1045 cm™'; HRMS (ESI-TOF) m/z caled for
C24H330, (M + H)": 353.2481, found 353.2483; 20:1 dr; [a]p*® = +76 (c = 0.1, EtOH).

2 TH 5 (25,35)-3-((8S,9S, 138, 145)-3-methoxy-13-methyl-7,8,9,11,12,13,1
\eo Q. H:/ 4,15-octahydro-6H-cyclopenta[a]phenanthren-17-yl)-2-methylbuta
e . .

H Me Mel nal (3x-2): The general procedure A was followed using
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(8)-4-(tert-butyl)-2-(5-(trifluoromethyl)pyridin-2-yl)-4,5-dihydrooxazole (10.2 mg, 0.0375 mmol),
(8R,98S, 138, 14S)-3-methoxy-13-methyl-7,8,9,11,12,13,14,15-octahydro-6H-cyclopenta[a]phenant
hren-17-yl trifluoromethanesulfonate (1x, 104 mg, 0.25 mmol) and (E)-2-methylbut-2-en-1-ol (2a,
86 mg, 1.0 mmol). Purification of this material by chromatography on silica gel (1:20
EtOAc:hexanes) afforded product 3x-2 as a white waxy solid (70 mg, 79% yield): Rr= 0.50 (1:4
EtOAc:hexanes); 'H NMR (CDCls, 400 MHz) § 9.58 (d, J = 2.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 1H),
6.70 (d, J = 8.0 Hz, 1H), 6.63 (s, 1H), 5.44 (d, J = 16.0 Hz, 1H), 3.77 (s, 3H), 2.93-2.53 (m, 4H),
2.36-2.14 (m, 3H), 1.93 (t, /= 8.0 Hz, 3H), 1.67-1.39 (m, 5H), 1.07-1.02 (m, 6H), 0.83 (d, /= 8.0
Hz, 3H); 3C NMR (CDCls, 100 MHz) & 205.4, 205.2, 157.9, 157.5, 157.4, 138.0, 132.8, 125.93,
125.90, 124.5, 124.3, 113.8, 111.4, 56.7, 55.9, 55.2, 49.9, 47.3, 44.3, 44.2, 37.3, 34.9, 32.9, 30.9,
29.7, 27.7, 26.4, 17.6, 16.7, 16.5, 10.9, 8.8 ppm; IR (neat) 2927, 2848, 1722, 1498, 1254, 1049
cm™'; HRMS (ESI-TOF) m/z calcd for C4H3302 (M + H) *:353.2481, found 353.2483; 1:1.8 dr;
[a]p?® = +56 (c = 0.1, EtOH).

(2R,3R)-3-((8S,9S,10R,13R, 14S,17R)-10,13-dimethyl-17-((R)-6-
methylheptan-2-y1)-2,7,8,9,10,11,12,13,14,15,16,17-dodecahydro
-1H-cyclopenta[a]phenanthren-3-yl)-2-methylbutanal (3y): The

general procedure A was followed using
(R)-4-(tert-butyl)-2-(5-(trifluoromethyl)pyridin-2-yl)-4,5-dihydro
oxazole (10.2 mg, 0.0375 mmol),

(8S,9S,10R,13R, 14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-2,7,8,9,10,11,12,13,14,15
,16,17-dodecahydro-/H-cyclopenta[a]phenanthren-3-yl trifluoromethanesulfonate (ly, 129 mg,
0.25 mmol) and (E)-2-methylbut-2-en-1-o0l (2a, 86 mg, 1.0 mmol). Purification of this material by
chromatography on silica gel (1:30 EtOAc:hexanes) afforded product 3y as a white waxy solid (29
mg, 26% yield): Ry = 0.70 (1:4 EtOAc:hexanes); 'H NMR (CDCls, 500 MHz) & 9.56 (d, J = 2.5
Hz, 1H), 5.77 (s, 1H), 5.35 (s, 1H), 2.52-2.38 (m, 2H), 2.16 (d, J = 15.0 Hz, 1H), 2.05-2.00 (m,
3H), 1.84-1.79 (m, 2H), 1.68-1.42 (m, 5SH), 1.35-1.23 (m, 7H), 1.14-1.03 (m, 14 H), 0.98-0.86 (m,
12 H), 0.7 (3H); 3C NMR (CDCls, 125 MHz) & 205.1, 141.4, 137.9, 125.5, 122.8, 57.0, 56.2,
49.5, 48.3, 42.5, 41.6, 39.8, 39.5, 36.2, 35.8, 35.0, 34.2, 31.8, 28.2, 28.0, 24.2, 23.8, 23.4, 22.8,
22.6,21.1, 18.8, 18.7, 16.1, 12.0, 11.0 ppm; IR (neat) 2936, 2864, 1725, 1461, 1459, 1382 cm’;
HRMS (ESI-TOF) m/z calcd for C3,Hs;0 (M + H) *: 453.4096, found 453.4098; 1:7.9 dr; [a]p® =
—147 (¢ =0.1, EtOH).

(25,38)-3-((8S,9S,10R, 13R, 14S,17R)-10,13-dimethyl-17-((R)-6-m
2 | ethylheptan-2-y1)-2,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-1
H: Me| H-cyclopenta[a]phenanthren-3-yl)-2-methylbutanal (3y-2): The

3y-2 Me

general procedure A was followed using
(8)-4-(tert-butyl)-2-(5-(trifluoromethyl)pyridin-2-yl)-4,5-dihydrooxazole (10.2 mg, 0.0375 mmol),
(8S5,98,10R, 13R, 14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y1)-2,7,8,9,10,11,12,13,14,15
,16,17-dodecahydro-/H-cyclopenta[a]phenanthren-3-yl trifluoromethanesulfonate (ly, 129 mg,
0.25 mmol) and (E)-2-methylbut-2-en-1-o0l (2a, 86 mg, 1.0 mmol). Purification of this material by
chromatography on silica gel (1:30 EtOAc:hexanes) afforded product 3y-2 as a white waxy solid
(23 mg, 22% yield): Ry= 0.70 (1:4 EtOAc:hexanes); "TH NMR (CDCls, 400 MHz) § 9.56 (d, J =
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2.0 Hz, 1H), 5.77 (s, 1H), 5.36 (s, 1H), 2.53-1.70 (m, 7H), 1.61-1.43 (m, 5H), 1.35-1.20 (m, 6H),
1.17-0.98 (m, 15 H), 0.93-0.85 (m, 13 H), 0.7 (s, 3H); 3C NMR (CDCls, 100 MHz) & 205.2,
141.4, 137.9, 125.5, 122.8, 57.0, 56.2, 49.5, 48.3, 42.5, 41.6, 39.8, 39.5, 36.2, 35.8, 35.0, 34.2,
31.8,28.2,28.0,24.2,23.8,23.4,22.8,22.6,21.1, 18.8, 18.7, 16.1, 12.0, 11.0 ppm; IR (neat) 2933,
2868, 1726, 1466, 1457, 1380 cm™'; HRMS (ESI-TOF) m/z caled for C3xHs3O (M + H)*: 453.4096,
found 453.4098; 1:2.4 dr; [a]p** = —134 (c = 0.1, EtOH).

S, o | The general procedure A was followed using

2 Me ro (3R, 4S8, Z)-4-ethyl-3-methyl-5-(2-oxodihydrofuran-3(2H)-ylidene)hexanal (3z):
M

0, E (£)-1-(2-oxodihydrofuran-3(2H)-ylidene)ethyl trifluoromethanesulfonate (1z,

65 mg, 0.25 mmol) and (£)-3-methylhex-3-en-1-ol (2z, 57 mg, 0.5 mmol).
Purification of this material by chromatography on silica gel (1:4 EtOAc:hexanes) afforded
product 3z as a yellow liquid (17 mg, 31% yield): Ry = 0.10 (1:4 EtOAc:hexanes); '"TH NMR
(CDCl3, 500 MHz) 6 9.70 (d, J = 2.5 Hz, 1H), 4.34-4.29 (m, 2H), 3.96 (t,J = 10.0 Hz, 1H), 2.88 (t,
J=17.5Hz, 2H), 2.37-2.09 (m, 3H), 1.88-1.72 (m, 4H), 1.31-1.21 (m, 1H), 1.06 (d, /= 5.0 Hz, 3H),
0.75 (t, J = 7.5 Hz, 3H); 3C NMR (CDCl3, 100 MHz) & 202.6, 170.1, 155.6, 122.3, 64.2, 49.7,
45.2,30.8, 28.1, 22.6, 18.4, 16.5, 11.9 ppm; IR (neat) 2964, 2875, 1736, 1722, 1188, 1074 cm’';
HRMS (ESI-TOF) m/z caled for Ci3H003Na (M + Na)* 247.1310, found 247.1311; 89:11 er, 6:1
dr; [a]p®® =-9 (c = 0.1, EtOH).

o) (2S,3R)-2-methyl-3-(2-methyl-3-oxocyclohex-1-en-1-yl)butanal (3aa): The

3aa general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl

Me S trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and
Me (@)

(Z£)-2-methylbut-2-en-1-o0l (2aa, 43 mg, 0.5 mmol). Purification of this material
by chromatography on silica gel (1:4 EtOAc:hexanes) afforded product 3aa as a
yellow liquid (33 mg, 68% yield): Ry= 0.20 (1:4 EtOAc:hexanes); '"TH NMR (CDCls, 400 MHz) &
9.66 (d, J = 2.0 Hz, 1H), 3.19-3.09 (m, 1H), 2.45-2.39 (m, 3H), 2.33-2.13 (m, 2H), 1.98-1.91 (m,
2H), 1.84 (s, 3H), 1.10 (d, J = 8.0 Hz, 3H), 0.98 (d, J = 8.0 Hz, 3H); '3C NMR (CDCl3, 100 MHz)
5 203.7, 199.2, 158.3, 132.2, 49.7, 38.0, 37.8, 25.2, 22.6, 16.6, 12.8, 10.8 ppm; IR (neat) 2933,
2871, 1723, 1660, 1625, 1457.cm™; HRMS (ESI-TOF) m/z caled for C12Hi;s0.Na (M + Na)':
217.1204, found 217.1206; 57:43 er, 20:1 dr; [a]p?® = -17 (c = 0.1, EtOH).

6] (5)-3-(2-methyl-3-oxocyclohex-1-en-1-yl)butanal ~ (3ab): The  general
j;) 3ab procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl
Me trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and (E)-but-2-en-1-ol (2ab,
36 mg, 0.50 mmol). Purification of this material by chromatography on silica
gel (1:4 EtOAc:hexanes) afforded product 3ab as a yellow liquid (28 mg, 62% yield): Ry = 0.20
(1:4 EtOAc:hexanes); "TH NMR (CDCls, 500 MHz) § 9.72 (d, J = 2.5 Hz, 1H); 3.51-3.42 (m, 1H),
2.56 (d, J=5.0 Hz, 2H), 2.40 (t, J = 6.0 Hz, 2H), 2.32-2.12 (m, 2H), 1.95-1.89 (m, 2H), 1.84 (s,
3H), 1.13 (d, J = 5.0 Hz, 3H); 3C NMR (CDCl;, 125 MHz) & 200.4, 199.3, 159.3, 130.8, 48.0,
37.8, 31.5, 25.2, 22.5, 18.0, 10.3 ppm; IR (neat) 2935, 1722, 1661, 1617, 1457, 1327 cm™;
HRMS (ESI-TOF) m/z calcd for C;1H;60.Na (M + Na)™: 203.1048, found 203.1043; 89:11 er;
[a]p?® = +29 (c = 0.1, EtOH).

Me” "o
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o) (8)-2-methyl-3-(2-methyl-3-oxocyclohex-1-en-1-yl)propanal ~ (3ac):  The
Jac general procedure A was followed using 2-methyl-3-oxocyclohex-1-en-1-yl

M
© trifluoromethanesulfonate (1a, 65 mg, 0.25 mmol) and 2-methylprop-2-en-1-ol

o
Me

(2ac, 36 mg, 0.5 mmol). Purification of this material by chromatography on

silica gel (1:4 EtOAc:hexanes) afforded product 3ac as a yellow liquid (40 mg,
89% yield): Ry= 0.20 (1:4 EtOAc:hexanes); "TH NMR (CDCls, 500 MHz) & 9.68 (d, J = 2.5 Hz,
1H), 2.67-2.61 (m, 2H), 2.43-2.32 (m, 5H), 1.99-1.92 (m, 2H), 1.79 (s, 3H), 1.15 (d, J = 5.0 Hz,
3H); 3C NMR (CDCls, 125 MHz) § 203.2, 199.0, 154.8, 132.8, 44.9, 37.7, 35.6, 30.9, 22.3, 13 .4,
11.1 ppm; IR (neat) 2933, 2871, 1723, 1660, 1625, 1457 cm™'; HRMS (ESI-TOF) m/z calcd for
C11H1s02Na (M + Na)™: 203.1048, found 203.1051; 79:21 er; [a]p** = -17 (¢ = 0.1, EtOH)

(28, 35)-2-methyl-3-(1-0x0-2-phenyl-1H-inden-3-yl)butanal (SI-3a): The
O’ o general procedure A was followed using 1-oxo-2-phenyl-/H-inden-3-yl
: trifluoromethanesulfonate ~ (SI-1la, 89 mg, 0.25 mmol) and
Sl-3a /\( (E)-2-methylbut-2-en-1-ol (2a, 43 mg, 0.5 mmol). Purification of this material
by chromatography on silica gel (1:4 EtOAc:hexanes) afforded product SI-3a as
a yellow liquid (52 mg, 72% yield): Ry= 0.40 (1:4 EtOAc:hexanes); '"H NMR (CDCls, 400 MHz)
5 9.43 (d, J = 4.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.45-7.35 (m, 4H), 7.30-7.23 (m, 4H),
3.30-3.22 (m, 1H), 2.90-2.83 (m, 1H), 1.45 (d, J = 8.0 Hz, 3H), 1.16 (d, J = 8.0 Hz, 3H); 3C
NMR (CDCI3, 100 MHz) 8 202.9, 196.2, 159.5, 143.3, 134.5, 133.5, 131.1, 130.96, 129.6, 128.9,
128.4,128.1, 122.9,121.5,49.2, 34.5, 16.5, 12.3 ppm; IR (neat) 2974, 2935, 1707, 1456, 753, 701
cm™'; HRMS (ESI-TOF) m/z caled for C20H1s02Na (M + Na)™:313.1204, found 313.1204; 88:12
er, >20:1 dr; [a]p?® = +83.7 (¢ = 0.1, EtOH).

on (R)-3-((2S,3S)-4-hydroxy-3-methylbutan-2-yl)-2-phenyl-1H-inden-1-o0l
O’ o (SI-3a-1-0l): The general procedure B was followed using SI-3a (58 mg, 0.20
AN mmol). Purification of this material by chromatography on silica gel (1:1
— EtOAc:hexanes) afforded product SI-3a-1-ol as a yellow liquid (24 mg, 41%
yield): Rr=0.30 (1:2 EtOAc:hexanes); 'TH NMR (CDCls, 500 MHz) & 7.57 (d,
J=10.0 Hz, 1H), 7.46-7.41 (m, 3H), 7.35-7.31 (m, 3H), 7.29-7.21 (m, 2H), 5.45 (s, 1H), 3.31 (d, J
=10.0 Hz, 1H), 3.10-3.07 (m, 1H), 2.83-2.78 (m, 1H), 2.15-2.09 (m, 1H), 1.47 (d, J= 5.0 Hz, 3H),
1.27-1.23 (m, 1H), 1.02 (d, J = 5.0 Hz, 3H); 3C NMR (CDCl;, 125 MHz) & 145.3, 145.0, 143.0,
141.7, 134.9, 129.0, 128.8, 128.3, 127.6, 125.9, 123.8, 121.9, 77.7, 66.8, 38.5, 34.8, 17.1, 15.3
ppm; IR (neat) 2967, 2930, 2875, 1458, 1017, 731, 699 cm™'; HRMS (ESI-TOF) m/z calcd for
C20H2,0:Na (M + Na)™:317.1517, found 317.1517; [a]p?® = +148 (c = 0.1, EtOH).

Sl-3a-1-ol OH

OH

(S)-3-((2S,3S)-4-hydroxy-3-methylbutan-2-yl)-2-phenyl-1H-inden-1 -0l

Ph (SI-3a-2-o0l): The general procedure B was followed using SI-3a (58 mg, 0.20
EE mmol). Purification of this material by chromatography on silica gel (1:1

RS

si-3a2-0l —oH| EtOAc:hexanes) afforded product SI-3a-2-ol as a yellow liquid (14 mg, 25%

yield): Ry=0.20 (1:2 EtOAc:hexanes); 'H NMR (CDCls, 500 MHz) & 7.54 (d, J
= 5.0 Hz, 1H), 7.43-7.35 (m, 5H), 7.33-7.32 (m, 1H), 7.30-7.27 (m, 1H), 7.25-7.20 (m, 1H), 5.27
(s, 1H), 3.51 (d, J = 10.0 Hz, 1H), 3.36-3.31 (m, 1H), 7.72-7.60 (m, 1H), 2.20-2.14 (m, 1H),
1.27-1.23 (m, 4H), 1.05 (d, J = 10.0 Hz, 3H); *C NMR (CDCls, 125 MHz) § 145.3, 144.0, 143.4,
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141.9, 135.7,129.1, 128.5, 128.3, 127.5 125.9, 123.7, 121.6, 78.6, 66.9, 38.7, 35.2, 17.4, 15.5 ppm;
IR (neat) 2965, 2930, 1458, 1011, 731, 701 cm™'; HRMS (ESI-TOF) m/z caled for C2H,,0,Na
(M + Na)":317.1517, found 317.1524; [a]p*° = —63 (c = 0.1, EtOH).

(2S,3S)-3-((R)-1-((3,5-dibromobenzoyl)oxy)-2-phenyl-1H-inden-3-yl)-2-m
p& ethylbutyl 3,5-dibromobenzoate (SI-3a-1-ester): The general procedure C
o

Sh3atestor was followed using SI-3a-1-ol (29 mg, 0.10 mmol). Purification of this

o
material by chromatography on silica gel (1:10 EtOAc:hexanes) afforded

h
S 9 Br| product SI-3a-1-ester as a yellow solid (73 mg, 90% yield): Ry= 0.50 (1:5
O»\Q EtOAc:hexanes); 'TH NMR (CDCls, 400 MHz) & 7.88 (s, 2H), 7.75 (t, J =
®— 8.0 Hz, 2H), 7.60 (d, J = 2.0 Hz, 2H), 7.51-7.43 (m, 1H), 7.41-7.36 (m, 1H),
7.34-7.32 (m, 1H), 7.21-7.12 (m, 5H), 7.04 (t, J = 6.0 Hz, 1H), 6.94 (s, 1H), 4.05 (d, J = 12.0 Hz,
1H), 3.88 (d, J=4.0 Hz, 1H), 3.21-3.13 (m, 1H), 2.57-2.45 (m, 1H), 1.62 (d, /= 8.0 Hz, 3H), 1.18
(d, J = 8.0 Hz, 3H); 3C NMR (CDCls, 100 MHz) & 164.4, 163.7, 144.6, 142.5, 141.8, 141.7,
138.2, 137.8, 133.7, 133.1, 133.0, 131.4, 130.8, 128.9, 128.5, 128.2, 127.7, 126.2, 124.6, 122.8,
122.7, 122.0, 78.1, 69.3, 35.4, 35.2, 17.0, 16.0 ppm; IR (neat) 2969, 1722, 1559, 1258, 763, 747
cm™'; HRMS (ESI-TOF) m/z caled for C3sHy60.NaBrs (M + Na)': 836.8462, found 836.8481;
[a]p?® = +47 (c = 0.1, EtOH).

Br (2S,35)-3-((S)-1-((3,5-dibromobenzoyl)oxy)-2-phenyl-1H-inden-3-yl)-2-m
p’sr ethylbutyl 3,5-dibromobenzoate (SI-3a-2-ester): The general procedure
o C was followed using SI-3a-2-ol (29 mg, 0.10 mmol). Purification of this

O  Sl-3a-2-ester

material by chromatography on silica gel (1:10 EtOAc:hexanes) afforded

0 Brl  product SI-3a-2-ester as a yellow solid (73 mg, 89% yield): Ry=0.50 (1:5
OLQ EtOAc:hexanes); "TH NMR (CDCls, 400 MHz) & 8.06 (d, J = 2.0 Hz, 2H),

%1 784 (d,J=2.0 Hz, 1H), 7.75-7.70 (m, 3H), 7.49-7.45 (m, 2H), 7.35-7.31
(m, 1H), 7.22-7.21 (m, 4H), 6.61 (s, 1H), 4.22 (s, 2H), 2.91 (t,J= 8.0 Hz, 1H), 2.61-2.51 (m, 1H),
1.43 (d, J = 8.0 Hz, 3H), 1.17 (d, J = 4.0 Hz, 3H) ; 3C NMR (CDCls, 100 MHz) & 164.4, 163.9,
146.1, 142.6, 141.7, 140.0, 138.5, 137.9, 134.9, 133.3, 133.1, 131.5, 131.0, 129.0, 128.6, 128.4,
127.8, 126.4, 124.9, 123.1, 122.7, 121.7, 79.6, 69.8, 36.0, 35.7, 17.3, 16.1 ppm; IR (neat) 2967,
1723, 1558, 1253, 762, 742 cm™'; HRMS (ESI-TOF) m/z calcd for C34sH,60,NaBrs (M + Na)':
836.8462, found 836.8481; [a]p?® = +77 (c = 0.1, EtOH).
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Enantiomeric ratio of products

Entry Compound Conditions
o 3a
: Mej;_) HPLC, Column Whelko, 25 °C,
SN Hexane : i-PrOH= 95:5, 1mL/min
Me 0O B
s
o 3b
5 RN HPLC, Column Whelko, 25 °C,
SN Hexane : i-PrOH= 95:5, 1mL/min
Et 0O )
s
o 3c
3 Mei_j HPLC, Column Whelko, 25 °C,
Ph/\MO Hexane : i-PrOH = 95:5, ImL/min
Me
®) 3d
j;) M HPLC, Column Whelko, 25 °C,
4 Me™ X Ve
Me/YgO Hexane : i-PrOH = 95:5, ImL/min
Me
o 3e
j;) Et HPLC, Column Whelko, 25 °C,
5 Me™ 7%
Me/\‘/&o Hexane : i-PrOH = 98:2, ImL/min
Me
° 3f
CeH HPLC, Column Whelko, 25 °C,
6 Me’ /Eﬁ/i 17
Me o Hexane : i-PrOH = 98:2, ImL/min
Me
39

Hexane : i-PrOH = 98:2, ImL/min

0 Ph
]\%)\(C HPLC, Column Whelko, 25 °C,
7 Me™
]

0, 3h
j;) Ph HPLC, Column AY-H, 25 °C,

Me o) Hexane : i-PrOH = 95:5, ImL/min
Me
Oj;) 3i SFC, Column OJ-H, 40 °C,
9 Me A‘/L“ “PrOH:CO; = 5:95 to 50:50 (50 min),
Me ° 2mL/min, 180bar,
Me
O, 3j
10 Mej;_) iPr SFC, Column OZ-H, 40 °C,
Mei\l)%o “PrOH:CO; = 5:95, 2mL/min, 180bar
Me

S9%6

Retention time (min)

t; =43.9,t, =493

t; =44.6,t, =49.7

t1=67.7,t,=76.2

t; =50.3,t, =573

t;]=61.3,t,=67.5

t1=134.1, 1, =142.5

t1=71.7,t,=759

t; =39.8,t, =54.5

t; =10.8, 2 =19.1

t1=14.8,t,=16.8

cr

95:5

94:6

95:5

97:3

98:2

98:2

98:2

97:3

96:4

98:2



11

12

13

14

15

16

17

18

19

20

21

22

23

Me Me

3r Me /O
2 Me
0 Me

(0]

3s Me /O

Me S, Me

EtO,C Me

3t me °

EtOZC\%u,,, H:Me

Me Me

3t' Me /O

Me Zm, Me

EtO,C Me

Meﬁij 3u 20O

E10:C A Ay
Me

o 3v e

N/\/\Zau, HiMe
Et0,C Me
0

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 98:2, ImL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 98:2, ImL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 98:2, I1mL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH=90:10, ImL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 98:2, ImL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 90:10, 1mL/min

HPLC, Column AS-H, 25 °C,
Hexane : i-PrOH = 95:5, 0.5mL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH=90:10, ImL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 98:2, 1mL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH=99.8:0.2,

ImL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 98:2, 1mL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH=99.9:0.1,

ImL/min

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 80:20, 1mL/min

S97

t; =56.8,t,=62.6

t1 =1064, 2 =114.0

t1 =493, =604

t1 =52.7,t,=66.9

t1 =31.6,t,=40.2

t1 =38.8,1,=47.0

t1=40.5,1,=457

t; =43.5,t,=47.8

t1=119,t =151

t1 =61.6,t,=68.7

t1=112,t,=14.2

t1=38.4,t,=42.9

t1=363,t,=41.0

97:3

97:3

96:4

93:7

96:4

95:5

94:6

92:8

91:9

97:3

91:9

90:10

91:9



24

25

26

27

28

Me
Me o
Me

o
Me

M eMO

Me’
~o
Me

h -

&L

HPLC, Column Whelko, 25 °C,
Hexane : i-PrOH = 95:5, 1mL/min

HPLC, Column AY-H, 25 °C,
Hexane : i-PrOH = 98:2, ImL/min

HPLC, Column AY-H, 25 °C,
Hexane : i-PrOH = 95:5, 1mL/min

SFC, Column AY-H, 40 °C,
PrOH:CO;, = 4:96, 2mL/min, 180bar

SFC, Column AY-H, 40 °C,
“PrOH:COs = 4:96, 2mL/min, 180bar

S98

t1=72.7,t=280.3

t1=39.0,t,=44.4

t1=13.7,=19.5

t; =10.5,t,=11.5

t1 =36.9,t, =422

89:11

57:43

89:11

79:21

88:12



Enantiomeric ratio of products

Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 95:5,

ImL/min, minor retention time: t; = 43.9, major retention time: t, = 49.3; er = 95:5.

=1 UADT . S1g=220 ReFofl (518 T0 51900101020y il Informatior,

mAU # Tme  Area  Height Wih  Area% Symmetry LCFile  O01-01020
1 43917 8313 733 18977 5297 067 File Path CIICHEM3ZRIDATAIS-18 TO 5191
1200 - 2 43262 14314157574 32813 94703 041 Date  10-Jan-16, O7:25.52
Sample  z0-518
Sampie Info
Barcode
PE | Cperstor 7C
Method  55_5_SLIL_{ ML_BOMN
e Analysis Time in
P Samping Rete 00067 min (0,402 sec), 12001 datepoints
g
800 - g‘é‘a@
600
00
200
o]
a2 4 B B3 50 52 s5a E 58 mi

product

=1 UADT B, S1g=220 ReFofl (518 T0 51900202010 File Information

R LCFle  002.0201 D
File Path C\CHEM32\2IDATASAE TO 5190
# Tme  Arca  Heght Weh  Arca Symmelry Date  10-laniB, 10:0315
1000 1 42714 85015 5034 24369 50293 D461 Sample 20.641
2 SOBYE 843085 4761 28514 49707 0448 Sample Info
Barcode
Cperstor 2
Method 955 SLL_1ML_EOMNM
Analysis Time 0 min
L Samplng Rate: 0.0067 min (0402 sec), 12001 datapoints.
o
A
LA
S
o004
200 4
200 4
oe)
azs & als =0 s2s % o7s 0 m
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 95:5,

ImL/min, minor retention time: t; = 44.6, major retention time: t, = 49.7; er = 94:6.

7 DADT B, §1g-2208 Reofi (524 10 5260010301 0 File Information

mau LoFie 00103010
i fvea et wen  Avean Symmetry FiloPeth CCHEMIZCIDATAIS 24 T0 5281
1 44587 20155 22 15284 B412 0453 Date 12-Jan-16, 09:58:03
2 49695 294194 2035 24089 93588 0595 Sample  zc-5-25
0] Sampienfo
Barcoe
Operator ZC
Method | 95_5_2UL_14L_S0MmM
AnaysisTine 60 min
] Samping Rete 00067 min (0402 s2c), 9001 cetapoirts
a0 ]
i
o
v
§ 4
200 &
100 ]
@
R
g 4
p
o]
= & - P P = P = i

product

=1 UADT B, S1g=220 ReFofl (524 T0 5 2800209020 File Informetion

mau | LCFile 00204020
# Tine  Area  Heght  Width  Area  Symmetry
1 43936 415714 37T 21363 5063 0616 R
2 49993 dDBZ3S 2745 24784 49388 0STT e fan15;
Sample 20524
1 Sample nfo
o0 Barcode
Operstor 2C
Method 95 5_SLL_1HL_SOMN M
Analysis Time
800 Samping Rste  0.0067 min (0.402 s=c), 12000 datapoirts
»
00 4 o
g &
g s
o P
HE g &
200 4 3
200
00
o]
P az - 5 a5 o 5z 54 a5 55 mi
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 95:5,

ImL/min, minor retention time: t; = 67.7, major retention time: t, = 76.2; er = 95:5.

T7 DADT B, §1g-2205 Re-of (580 10 5-89010-0102.00

Flle Informstion
mA LC-File  010-0102.0
Flle Path C:\CHEM32IZDATA15-80 T0 5831
Date  Z3Feb-16, 015553
nple 72583
L # Time  Area  Helght Widh  Area%  Symmetry Senplointe
1 67653 26361 194 24842 S406  0.597 Oz’;;; o Sring
2 TEATE SOTOE2 1981 4237 94584 002
Method  95_5_4UL_1ML_100MNM
Anlysis Tine 100 min
Samping Rate  0.0067 min (0 402 sec), 15001 dtapoints
600 4
00 4
200 4
'9“6\
& EP"«
=
o
o5 675 ™ 725 5 775 50 625 &5 mi

product

T=7 DADT B, §1g-2208 Ref-ofi (580 10 58900502010

ST Fie nfomation
LCFie 01001020
Fle ot CICHEMOZEDATAI-30T0 5631
Dste  Z3Fe15, 039743
[ drea  Heg Widh  Area%  Symnelry Sanple 22582
1 meam w02 1068 o202 49241 05 Sanpe nfo
a0 : Tr2% 25769 54 37691 078 04g Bercode
Operstor Chun Zheng
Nethod 55 _5_4UL_1ML_I00MNM
AnalycisTire 98 883 min
Serplng Rele 00067 min (0.402 sec), 15000 cstapoints
300 -
200
-
o
o
g & &
B g
B §
100 B
sl
o B 7 ) & ® m

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 95:5,

ImL/min, minor retention time: t; = 50.3, major retention time: t, = 57.3; er = 97:3.

TT DADT B, §13-220 5 Ref-ofi (5-86 AND 5877002 0202.0Y

AU
1000 < File Infarmation
LeFie 002-02020
Fie Path CICHEM32QDATAIS 25 AND 5.971
Date  O2-Mer-15, 2310:27
# Tme  Area  Heghl  Width  Areat  Symmetry Sompie: o581
s T ws e Vs 33 oo Sance
2 67255 245046 1393 2837 665t 0550 il S
Method  55_5_5UL_{ML_SOMINM
Aralysis Tme  Gamin
Samping Rete  DO0BY min (0402 sec), 12001 dateports
o004
004
200 4
s
-
E—;;Amb
o
% B = o0 o i

product

7 DADT B, §1g-2205 Ref-ofi (588 AND 58700103010

K File Informtien
's00 LCFie 00103010
FilePeih CCHEMA22IDAT AS-36 AND 5-971
# Time  Area  Hegh With  Areatt Symmetry L M0
1 4927 B2 522 22475 49855 0544 Rl
2 5773 704 457 25692 50045 0456 o
Bercode
00+ Opersior Chun Zhang
Method  85_5_5UL_{ML_G0MN.M
AnalysisTme 80 min
Samping Rate 00067 rin (0,40 sec), 13001 datapoints
a0 4
200+
&
- &
100 4 o ¢
g & 3 &
' i
% 3%
o
a © ® EA 52 54 A £y o o2 i
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 61.3, major retention time: t, = 67.5; er = 98:2.

T DACT B, S13-220.8 Ref-off (2-5-130 AND 2E-5-131A0 010201

5 Fil nformation
nAll LG-Fie  001-0102D
Flle Peth C:\CHEMS22'DATA\EC-5-130 AND IC-5-1314
Dete  26-Mar-18,07:51:37
Sample  zo-5-131
Sanmple Info
00 - [ Tme  Area  Heght Width  Arest  Symmetry Barcode
1 61324 516 44 19599 2450 0425 Operstor Chun Zhang
2 67505 20463 1016 335 97541 0532 Method 38_2_4UIL_1ML 180NN
Analysis Tme 160 min
SampingRete  0.0067 min (0.402 cec), 24001 citapoints
200 4
200 4
3
. @
H z@vﬁf
400 - b
&
o+
8
o
el
55 0 o5 ™ 75 mi
=T 0ADT . 51972208 ReFofl @5 150 AND 205 T3 T002 0201 0
mau il Information
LCFle  002-0201D
Fil Pt CICHEM320IDATALZC-5-130 AND ZC-5-1311
Date  26-Mar-16, 103313
Sample  z0-5130
Sample info
005 * Tne  Aves  Heht  With  Areak  Symmetry Barcode
1 6113 58028 351 27518 49550 052 perator Chun Zhan
2 B4 S84 326 30204 S04 0478 Method - 95_2_4UL_1ML_1B0MN 1
Analysis Tme 160 min
Samping Rele  0.0087 min (0.402 se<), 24001 datapoirts
200 4
200 4
400 -
&
37
&@P
o
55 o0 o5 ™ i &0 mi

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 134.1, major retention time: t, = 142.5; er = 98:2.

TT DACT B, S1g-220 8 Ref-ofl (5132 10 5 135005-0301.0)

AT File Informetion
LCFie 0030301 D
Fll Palh GICHENE2QIDATA'S- 132 TG 51331
e 28.Mar-18,09.0519
] Tme  Avea  Heght With  Ares%  Symmetry Siidleesd
00 - 1 134113 12283 B3 32819 2351 5 kil
2 142509 51020 1533 55457 97643 058 s
Method  98_2_4UL_D4ML_200MINM
Analysis Tine  138:363 min
Pl Samping Rats 00067 min (0.402 sec), 30000 datspoints
200 4
P
2 &
200 - z .,;@
S
00 -
¢
o
Lo
[
o
125 130 136 140 136 150 156 mi
T 0ADTE. SIg-22078 Rl @C5-152 10 205 1390040201.0)
Fil nformation
nAt LG-Fie  004-0201 D
Flle Peth CCHEMZ2Z'DATAC-5132 TO ZC-5-1330
500 4 Dt 27-Mar-18, 125922
Sample  z-5-132
# Time  Area  Height  Width  Area%  Symmetry Sample info
1 130936 143404 505 49015 S00F3 D0 Barcode
2 141608 14897 478 51833 49927 D56 Operstor Chun Zhan
400 4 Method  96_2_4LL_DdhiL_200MIN M
Analysis Tme  193.393 min
SampingRete  0.0067 min (0.402 cec), 30000 cetapoints
3004
200 4
g g &
'm_Yga“ ;v_e&
ol
120 126 130 136 190 146 150 156 mi

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 71.7, major retention time: t, = 75.9; er = 98:2.

T DADT B, $13-220.8 Ref-off (205192 AND 2E-5- 13000 1010107

File Information

Norm. LC-File  001-0101.0
File Path  C:\CHEM322DATAIC-5-142 AND ZC-5-143%
£ Time  Area  Hemt Wan  Arean Symmetry e Doy
1§ iem eas 41 17is dA7as 4% g, &
00 2 75861 24050 1106 36241 98265 0504 Barcode
Operstor Chun Zhang
et 55.2_4l1-IM_tsmnn
osetig ~ J0
Sampling Rate 0.0067 min (0 402 sec), 24001 datapoirts
aau |
200
i b
g qpﬂé’
i
o0
g 0
<l
-
- B % - - B 5
T DAD1 B, $ig=220 8 Ref=off (Z0-5-142 AND ZC-5-1431002-0201.0)
o s oo
Losie on20om b
FioPaih CCHEBI2IDATAIZES142 AND 7C.5443:
500 o Date 08-Apr-16, 150225
§ Tme A Hen Wih  Avea% Symmetry Sample 105142
1 7iu swi1 35 opsis soms 05 Sampe ot
2 76.61 62103 32 32338 50554 046 Barcode
Operstor Chun Zheng
il Wt 95._4ULIwL_teonn i
juw
Sampling Rate 0.0067 min (0.402 sec), 24001 datapoirts
aon |
200
w00 ] ®
A = o
£ 2 s
S B
il
- - & B o - B 5

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column AY-H, 25 °C, Hexane : i-PrOH = 95:5,

ImL/min, minor retention time: t; = 39.8, major retention time: t, = 54.5; er = 97:3.

T 0ADT B, Sig=2208 RaFaflAY: U025
| Fil nformation
Houm LGFie  011-0202D
5 e  Brear VOB Wi Bresd® Dymndny Flle Peth CACHEMZ22IDATAVAY-H.041120161
1 39786 7074 38 31117 3480 2 o Lgmis s
2 54458 195607 €27 52009 9610 0.7 ample 205
250 Sample Info
Barcode
Operator Chun Zhang
Method 35_5_4UL_TML_S0MN
Analysis Tme 30 min
200 4 SampingRete  0.0067 min (0.402 sec), 13501 oetapoints
150
400 |
§
ww‘#
504
o
a5 a0 s 0 55 0 55 mi
T 0ADT B, Sig=2208 RaFaflAY: T2
o i nformation
LCFle  001-0102D
Fie Path C:\CHEMZ2IDATAVY-H.041120161
# Time  Area  Height Widlth  Area%t  Symmetry Dele  11-Apr-16,07:3034
S 1 786 147624 S35 26321 4995 0435 Sample 105140
2 54051 148087 S0 49361 50041 0508 Sampie Infa
Barcode
Operator Chun Zhang
Nethod  85_5_aUIL_1ML_S0MNM
Aralysic Time nin
o SamplngRets  0.007 min (0.402 sec), 13501 datapoints
s &
g &
100 | 5
&
Py
0+ =
o
a5 B a0 55 o0 o5 mi
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Me
Separation of enantiomers by SFC. Chiralcel® Column OJ-H, 40 °C, “PrOH:CO, = 5:95 to 50:50
(50 min), 2mL/min, 180bar, minor retention time: t; = 10.8, major retention time: t, = 19.1; er =
96:4.

Total Absorbance
A

1000 - -

800 - -

600 - -

400 - -

Absorbance(mAU)

200- -

12 14 16 18 20 22
Elapsed Time(min)

product

Total Absorbance

1200 1
1000 T
800 +
600 +

400 +

Absorbance(mAU)

200 +

200 - | | ' | | | |

Elapsed Time(min)

Rac
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Separation of enantiomers by SFC. Chiralcel® Column OZ-H, 40 °C, “PrOH:CO, = 5:95,

2mL/min, 180bar, minor retention time: t; = 14.8, major retention time: t, = 16.8; er = 98:2.

Total Absorbance

300 -A-
200 - -
B
T 100- -
T
3
c
g
—E ‘
o
2 0- !
)
A00- -
v
. 1 1 1 1 | 1 |
il o« >
I R L R o S P IIPIPIPI EEEEEEEERNERTE =
13 14 15 16 17 18 19
Elapsed Time(min)
product
Total Absorbance
500 -A-
400 - -
300 - -
2 K Nt L0 162
£ g 89" @D
5 00- - g5 Cat XK
I &) JPRLE
5
2 100 - -
< ’ ‘
B ’ ‘ ’
-00- -
v
. i | 1 1 1 | | 1
g o « >
e e o
13 14 15 16 17 18 19 20
Elapsed Time(min)
Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, major retention time: t; = 56.8, minor retention time: t, = 62.6; er = 97:3.

TT DADT B, §13-2205 Ref-ofi (564 AND 5850002 0102.0%

File Information

mAu LCFle 00201020
Flle Path C:\CHEM3212iDATAYS-54 AND 5-351
Date  Of-Mar-16, 2233.32
Sample 20595
# Tme  Area  Heght Widh  Aresk  Symmetry Sample Infa
5004 1 56827 44451 312 2342 97325 0487 Bercods
2 62591 1222 25 D828 2675 0845 Operator Chun Zhang
Method 982 SUL_1ML_EOMNM
Analysis Tine in
- Samping Rate  0.0067 min (0 402 sec), 12001 datapoints
200 4
200 4
00 - @
5 o
& 1
el ¥
&
i B
oz 54 50 55 o0 52 64 65 _mi
T1 UADT . 313220 & ReF ol (283 AND E05007T 0201 0
File Inormation
nAt LG-Fie  001-0201 D
00 Flle Pt C:\CHEMSZIDATAS.34 AND 5350
e D20Mer-18,00.0118
# Tine  Area  Height  Widh  Ares%  Symmetry Somele, o
1 §673 02083 261 21509 50472 0577 iy
2 62283 3BT 21 25222 43528 053 e
400 4 Method  35_2_SUL_1ML_SOMNM
Analysis Tme B0
SampingRate  D0BT min (0.402 sec), 12001 datapoints
200 4
200 4
00 - "
2 o
2 & q &
g g
B &
ol
50 55 o0 o5 ™ mi
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 106.4, major retention time: t; = 114.0; er = 97:3.

T DADT B, S13-220 8 Ref-off (25122 AND 2E-5- 12900 1010201

Houm File Information
LCFle  001-0102D
Filg Peth C:\CHEM322DATA\IC.5-122 AND ZC-6.1231
Dete  25Mar-15, 085235
=] D T — s Ein
1 106408 10685 57 31183 2578 0658 i
2 114012 403638 1158 53107 97421 083
Operator Chun Zhang
Methoo 982 4UL_1WL_1SOMN A
400 4 Anglysie Time 180 min
Samplng Rate 00087 min (0402 sec), 24001 datapeints
3004
200 4
o o
5
=
400 -
PR
g &
975‘?
o
00 108 110 115 120 126 130 mi
T7 UABTE. 313220 8 ReFol & 122001 OTEET)
Horm il Information
Ll 001-0102D
FilePath CICHEM32QIDATAIS122)
00 4 Dtz 23-Mar-18, 1:11:06
Tine  Ares  Heht  With  Areak  Symmetry Sample 5122
1 106356 154039 513 49478 50074 05 Sampe nfo
2 117256 1535 50 51183 49326 0436 Barcode
Operator Chun Zhang
Method  95_2_4UL_1ML_1B0MIN 1
2004 Analysis Tme 160 min
Samping Rete  0.0087 min (0.402 s2<), 24001 detapoirts
200 4
1 o
00 g &
&
vg?s@
o
100 106 110 115 120 126 mi

S110
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 49.3, major retention time: t, = 60.4; er = 96:4.

T DADT . S13-220 8 ReFofl @e-574 10 205 B0WZ 01020

File Information

mA LCFile  001-0302D
Fle Path CACHEMBZDIDATANEC.S.74 T ZC.5.831
Date 21-Feb-16, 04:45:47
Sampe 20.575
e Sample Info
Barcects
# Time Area Height  ‘icth  Area%  Symmetry
1 3T 20483 167 20459 4410 0adt e et
600 2 6037 443526 2115 34046 95582 0437 Arelysis Time | somin
Sampling Rate 0.0087 min (0,402 sec), 12001 datapoirts
=00
0]
a0
B
200
] . 5
g ¥
svsa?
%l
= ) B o o © o
O DAD1 B, $ig=2208 Ref=off (2C-5-74 TO 2C-5-831001-0302.0) File Information
mAU LC-File  001-0302.00
File: Path  C\CHEM322IDATAVC-5-74 TO ZC-5-83\
o0 £ Time  Area  Heiht Widn  Aresw Symmetry o R
1 47305 35948 285 2669 S0S03 0SST ekl
2 B0.613 346803 1804 32054 49407 0472 Bivcooki
Operetor Chun Zhang
=00 ] Method  G5_2_4UL_1 ML _80MNM
Anlysis Tins 993 min
Sampling Rate. 0.0067 min (0.402 sec), 12000 datapoints
a0
®
200 9 ¢§h
w R
200 B
100
o]
P P B o o o

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH =

90:10, 1mL/min, major retention time: t;

= 52.7, minor retention time

1t =066.9; er=93:7.

T DADT B, S1g-2208 ReFofl @e-574 10 265 B0W06-0101.0)

i File Information
™ LCFie 0080101 D
Fll Pt CIICHEMS2QIDATANIC-6.74 TO ZC-6-831
s Defe  22.Feb-1, 025045
# T Area  Heott With  Area%  Symmetry Sample 20579
1 52733 13140586282 34807 92632 043 Sample info
2 ST 104S1B 621 28054 7388 D477 Barcode
1200 ] Operatar Chun Zhang
Method - 90_10_4LL_1MAL_BOMNM
Analysis Time min
SampingRete D067 min (0.402 se<), 12001 dtapaints
4000 4
200 o &
o 8
8
iy
600 4
4004
200 4
o]
a0 55 0 65 ] 75 mi
T DR B, 513220 8 RaFof 20574 10 265 50050201 05
File Informetion
mA LCFile  DOB-0101D
Fll Path CIICHEMS2QIDATANC-5-74 TO ZC-5-831
0 e 22.Feb-16,053622
# Time  Area  Height Wlth  Area%t  Symmetry Sanple 20578
1 53507 335535 2118 26402 50052 0538 Sample Info
- 7 65441 33837 1702 32798 49948 087 G
Operstor Chun Zhang
Method  90_10_4UL_1L_SOMNM
Analysis Time 60 min
300 Samping Rets 00067 min (0,402 sec), 12001 datapoints
>
250 s
& .
v
200 ] 5 4
&sﬂ’
150
00
s
o
a0 55 o0 65 S mi

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 31.6, major retention time: t, = 40.2; er = 96:4.

T DR A, 513215 4 RaFof 20574 10 265 B304 0802 03
Flle nformation
DA L&-Fie  004-05020
401 File Path C:\CHEMZZIDATA\IC-5-74 TO ZC-5.831
Dete  21-Feb-18, 154352
Sample  zc-5-77

# Tme  Area  Height Widh  Ares%  Symmetry Sampleinfo
- 1 163 1518 248 10147 3833 0401 Barcade
2 40222 300826 282 21738 96167 0558 Operstor Chun Zhang
Method 562 4UL_{ML_GOMIN M
AnelysisTine 73333 min
PR | Samping Rate 0 DDT min (0402 sec), 12000 detapoirts
00 -
600 -

3
004 B &

200 4

105
£
%

X

product

T DADT . S1g-2208 ReFofl @e-574 10 265 B0WE-0701.0

mAU File: Infarmeation
Lcie 0005020
Flepeih ¢ CHEMA2QDATALZC.5.74 0 05,89
1801 Date  21-Feh-15, 194920
I T — S ey
1 e 62752 TEE 1384 50538 0481 Sample Info
s ] 2 wsm ole sa  17os s oame Aarcose
Operator Chun Zhang
o S6.2.4UL ML_BouM
Brvee Tms S0
100 Sampling Rate 00067 min (0.402 see), 12001 datapoints
7]
&
o
g &
80 4 5‘7‘#
2]
o]
25 ]
o]
= s = s - s - =5 P o
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH =

3p
O

Br

_O
i,
‘ Me
Me

90:10, ImL/min, minor retention time: t; = 38.8, major retention time: t, = 47.0; er = 95:5.

TT DADT €. $13-20.50 Ref-off (5-109 AND 510502 0103.5)

i File Information
™ LCFle 00201030
Filg e C:\CHEM322IDATAY 104 AND 51081
Dite  OMar-15, 033407
Sample 205105
# ime Areatt Symmetry Sampie Infa
250 4 1 3BEN 5250 0ETS Barcods
2 45902 etz 0397 Operator Chun Zhang
Methoo 90_10_2U1L_1L_SOMN
Analysis Tme 60 min
SampingRate 00067 min (0,402 sec), 9001 detapoirts
2004
50 -
00
0+
>
i
g
o] i
a8 a8 a0 a2 - 50 a2 mi

product

200

180 -

100

=1 DADT €. $1g=290.80 Fref=off (5-109 AND 210670 T 0202.5)

] Time  Aves  Helght With  Ares¥%  Symmetry
1 39039 14914 154 16155 43609 0403
2 4TFOT 1SS 138 18215 50391 0422

LCFie
File Path
Date

Sample

File Information

001-0202D
CACHEMI20IDATAS-104 AND 51051
06-Mar-16,05.37:35

265104

Sample Info

Barcode
Operator
Method

Analysis Tine
Sampiing Rete

Chun Zhang
90_10_20L _1ML_SOMIM

iy
00067 min (0402 sec), 3001 datapoints
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Separation of enantiomers by HPLC, Chiralcel® Column AS-H, 25 °C, Hexane : i-PrOH= 95:5,
0.5mL/min, minor retention time: t; = 40.5, major retention time: t; = 45.7; er = 94:6.

T DADT B, §1g-2208 Ref-ofi (580 AND 581 ASHRUZOT02D)

Fie Information

Ak LCFile  002-01020
Fils Path CCHEM32DATAIS-30 AND S-61 AS-HU
g0 4 Date 26-Feb-16, M:43.40
Time e Hegit Widh  Aveatt Symmetry Sample o561
1 40488 11048 17 10803 6347 0689 Sample Info
2 45669 16302 1034 26286 93653 0383 Barcode
Operator Chun Zhang
500 Method  95_5_1LIL_DSML_S0MN.M
AnslysisTine | 78.883min
Sampling Rate: 0.0067 min (0.402 sec), 12000 datapoints
00 ]
a00 ]
200 ]
2 &
g ¢
G
100 A
g &
g e
F
o]
0 B B B a B By = 5 i

product

T DADT B, §1g-2205 Ref-ofi (580 AND 581 ASHA0T-02010)

Fie Information

nAt LC-File  001-0201.0
FiloPeth CCHEMIZCIDATAIS.50 AND .81 AS-HL
Date  28Feb-16,030530
Sample  zc-5-80
1000 4 Sample Info
# 0 Tme  Arsa  Heih Wdh  Ares Symmeby Barcode
1 38683 223054 1905 19483 49547 0354 Operator Chun Zhang
2 ason mm3 12 2802 S04 Oedt Method 55 2UL_05ML_G0MN M
Analysis Tine. 79983 min
00 SampingRate  0.007 min (0.402 582), 12000
datapoints.
o00
<00
g &
ol 4
200
01 T T T T T T T T
= B B @ P P =% % m
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH =
90:10, ImL/min, minor retention time: t; = 43.5, major retention time: t, = 47.8; er = 92:8.

=1 UADT A SIg=215.4 ReFofi (520 T0 52100702015

File Information

mAU LCFle  001-0201D
# ime  Area  Heht Widh  Areath  Symmetry
1 43486 B2637 83 17901 8254 0586 o E e S 0
2 47767 69625 4555 25475 91746 0501 Sa':p‘e S
soe Sample info
Barcode
Cperator 76
Method - S0_10_2UL_1ML_BOMIN 1
Andiysis Time s
Samping Rele  0.0087 min (0,402 sec), 9001 datapoints
00 4
4
EF
G
4004
200 4
o
s &
i
&
o
P az 4 a0 P 0 oz 5e 55 mi
T1 DA A, 513215 A ReFol 520 TO 521020901 By Fie mtormation
mAU LCFle  002-0401.0
+ e me et W aess Symer P CC B TE
1 44758 243678 191 21263 4993 0827 ool e
300 2 50891 244322 178 243 50086 0857 S 2
Sample info
Barcode
Operstar IC
Method 30_10_2UL_1ML_SOMNM
2501 AnlysisTine 60 min
" SampingRete D007 min (0.402 sec), 9001 detapoints
&
2004 S &
i 5 &
B
S
450 -
00 -
60+
]
2 - P P o a2 54 ] 55 mi
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 11.9, major retention time: t; = 15.1; er = 91:9.

T DACT B, S13-220 8 Raf-ofi (522 523 592 5. 50005 0503.6)

i Fie Infarmation
s LC-Fie  003-0503D
4200 4 File Peth CCHEM32U2IDATAS-2 523 532 5331
# Tine  Area  Heicht  With  Area% Symmetry Date  23-Jan-16, 2301116
1 1189 40872 1605 0423 9376 0504 Sampls 70525
2 15121 3eB0ES 8927  07TE 0624 0522 Sample Infa
& Barcode
4000 - 2 é?“ Qperatar ZC
QQP Method  38_2_4UL_TML_BOMN M
S Analysis Time in
SampingRete 0007 min (0,402 sec), 12001 datapaints
€00 4
e00
400 4
200 4 o
i S S " 7 i~ -

product

T DACT B, S13-220 8 Ref-off (522 523 592 5 5000 D002.5)

File Information

mAU LC-File  004-0602D
¥ Tme  Mea  regt wdh  Area% Symmetry Ll
1 1186 193992 B¢ 04653 49125 0478 Samie; em
> 5213 om0m93 si1s oGSt S0sv 043 il
i Barcode
H00g; Operator IC
Metnod 53_2_4UL_IML_SOMHM
Brclysis T =
Sampling Rate: 0.0067 min (0402 sec), 12001 datapoints
a0 4
o
@00 o &
o
04
2004
-
: © P 1 £ 15 = i

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH =
99.8:0.2, ImL/min, major retention time: t; = 61.6, minor retention time: t; = 68.7; er = 97:3.

Norm

T DADT B, $13-220 8 Ref-of @5 102.2003-0101 )

File Informetion

LCFle  003-0101 D
FilePeth C:\CHEMI2@IDATA\IC-5-102.21
Date  DdMar-15, 030329
200 * Tme  Area  Hegh Wi Ares% Symmetry Sample  z0-5103-2
1 6157 G5 M7 27219 9BSM 0497 Sampie Info
2 63537 2487 28 1421 3439 0754 Barcos
Operstor Chun Zhang
Method 938_02_2UL_1ML_S0MN 1
Analysis Time in
00 SampingRete  0L.0DE7 min (0402 5e), 13501 datapoints
200 4
00 - r o
& .
2 J’»
o L
55 o715 o0 oz 65 675 ™ 725 mi
T1 DABTE. 513220 & RaFol 205 102 200 10101 1)
o, il Information
LCFle 00101010
Fil Path C/\CHEM32QIDATALZC-5-102-21
Date  04-Mar-16, 0026:50
Sample  z0-5102-2
ol # Time  Area  Height  Width  Area%  Symmelry Sample Info
1 62861 28392 185 25432 49501 0453 Barcode
2 BO038 28872 171 28162 50419 0543 Cperator Chun Zhang
Method  995_02_2LL_1ML_SOMNM
Anaiysts Time
Samping Rete  0.0087 min (0.402 se<), 13501 datapoirts
200 4
400 -
o
>
g
B
400
a5 0 o2 6e o5 o5 ™ 72 a mi
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, minor retention time: t; = 11.2, major retention time: t; = 14.2; er = 91:9.

T DADT B, §1g-220 8 Ref-of @3- 105- TR0 1-0101 )

mAU File Information
LCFle  001-0101.0
Flle Path C:\CHEMI2@IDATANIC.5-1031%
Date  03Mar-16, 21:30:32
4000 - Sample  zc.5-103.1
# Time  Area  Height Width  Area%  Symmetry Sampie Info
1 1211 14486 607 03977 9383 DSAT Barcode
2 14202 140154 3947 05018 90632 0405 Operdor ChunZhang,
Methoe 982 4LIL_1ML_E0MNM
o AnalysisTie  42573min
Samplng Rate  0.0057 min (0 4012 sec), B367 datapoirts
600 4
-
.
g Bﬁ
b
an0 4 iy
200 4
o
n 11 2 18 18 5 15 mi
T7 UABT . 313220 8 ReFol & 1003 0301 5)
Fil nformation
nAt LG-Fie  003-0301 D
- Flle P C:\CHEM32ZIDATA'S. 1061
Time  Area  Height  Wicth  Area%  Symmetry Dee . D3Mndoy1aenis
1 11207 83097 346 04244 50250 0484 Samle: 26:57102:1,
2 14388 G721 2595 0560 4R750 0442 Smplebto
Barcoe
ool Operstar Chun Zhang
Method 38_2_4UIL_1ML_BOMNM
Anaysis Time 60 min
00 SampingRete  0.0067 min (0.402 cec), 12001 cetapoints
&
0] 5 &
= "
a0 4 g &
S
200
00
ol
s 0 2 P i mi

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH =
99.9:0.1, ImL/min, major retention time: t; = 38.4, minor retention time: t; = 42.9; er = 90:10.

T DADT . S13-2208 Ref-ofl (20596 10 205 A0W4 0202.0) Fie Information

mAU LCFle  003-0302D
* Tne  Area  Height With  Area¥ Symmetry D IO
1 38355 301092 2521 19906 69731 0688 i e
2 42857 34458 338 17011 10269 04gs o T
Sample Info
Barcoe
Operdtor 26
400 4 Method  933_01_2UL_1ML_SOMN 14
Analysis Time,
SamplngRate 00067 min (0402 sec), 13501
detapoirts
o
200 4 g g
B
200 4
00 - 5
= E,g:“
&
° T T T T T T T T T
a7 B B a0 a1 a2 a - a mi
T DAPT B, 513220 8 ReF o 20548 10 265 00030302 03
mAu Fil nformation
LeFie  003-0302D
+ Tine  Ares  Heiht With  Ares®% Symmetry Fll Pth C:\CHEMS22IDATA\EC-5-48 TO ZC-5-491
12 1 3B71 E5TI4 608 18003 48326 0468 Defe, - Di-FenBi14:0000
2 44136 70265 561 20857 51674 0531 Sample  ze-5-48
Sample Info
Barcode
00 Operstor IC
Method 399 01_2LL_1ML_SOMIM
Analysis Tme 90 min
] SampingRete  0.0067 min (0.402 cec), 13501 citapoints
o
g &
8 &
ey
60+
i)
204
]
204
E B a2 a a 4 a0 mi
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH =
80:20, ImL/min, minor retention time: t; = 36.3, major retention time: t, = 41.0; er = 91:9.

o}

EtO,C

Me

3v Me /o
N /\/\%’% Me
(0]

T DACT B, S13-220.8 Ref-off (2590 AND 205 3TH0E-0102.01

] File Information
LCFile 00501020
Floran CIEHENAZEOATAZE 540 1D 725411
P Tme  mea remn wen et Symmer Con e, 225818
T o iemr me e sed oan Sorvte 2
4102 202802 1694 10034 91085 0494 Sample Info
00 1 Barcode
Crava 70
Method  80_20_4UL_1ML_SOMN.M
Sy ne 735
AR 00057 rin 0402 o0, 12000 hapins
o
5 &
g &
?'9?‘”?
0 2 : T T T :

product

T DACT B, $13-220.8 Ref-off (2590 AND 205 31004020107

e e ntormation
LCFile  005-0102D
0] Fie P C CHEMDZZDATALC-5-40 AND 1C-5-411
Dete 29.Jan-15, 001402
¥ Tme  fes  fedw W Arese Symmery Camgle 20540
1 w3 mo1 sae 16017 4840 04E3 R
as0] > wees s 72 1929 Sosw Ddes et
operator 3
Method  80_20_4UL _1 ML _BOMIN M
won ] fneiysis Tme 73553 min
Samping Rele 00087 min (0.402 sec), 12000 detepots
20
200 ]
1o
»
5
2 o &
g & @
8 +
100 ] 5 H -2
T
=]
Ot T T T T T
= = - & P & m

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column Whelko, 25 °C, Hexane : i-PrOH = 95:5,

ImL/min, minor retention time: t; = 72.7, major retention time: t, = 80.3; er = 8§9:11.

T DAGT B, $13-220.8 Ref-off (5-100 AND 510105 0101.6)

Fie Information

Nom. LC-File  003-0101.00
File Path  CACHEM32WDATANS-100 AND 5-101%
Dtz OrMare15, 05041
0] Sample 725101
z Time  Area  Height Wicth  Area% Symmetry Sample Infa
1 Tq0s es1 47 237 11w 1a7s Barcods
2 80295 53029 245 3.6123 88900 0563 Operator Chun Zhang
o0 ] Metnod | 955 2L 1ML_140MNM
Analysis Time min
Sampling Rate: 0.0067 min (0.402 sec), 21001 datapoints
E
0]
a0 ]
200
&
10
g o g &
g P
N &
o
) ) = S 0 i
3 DADT B, $ig=220 & Refoff 2C-5-1000001-0101.0)
mAU 7] File Information
LCFile 001-0101 D
File Path  CACHEM32\DATAZC-5-1000
e ] Date 07 Mar16, 221100
Sample 205100
& Tme  Area  Het W Area%  Symmetry S
T T 1229 87 25w 04w 00T
1 operator chun Zhang
300 2 81216 12016 81 24738 49581 0715 Method | 555 ALL. 1ML_140MINM
Analysis Time in
Sampling Rate 0.0067 min (0,402 sec), 21001 datapoints
20]
20 ]
120
109 ]
50 4 x4
g & o
LS &
a1
= S % ) = i
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Separation of enantiomers by HPLC, Chiralcel® Column AY-H, 25 °C, Hexane : i-PrOH = 98:2,

ImL/min, major retention time: t; = 39.0, minor retention time: t, = 44.4; er = 57:43.

T GADT 8. 51372208 Rer e AR )
Horm Fie information
Lo 0aB001 0
File Path  C:\CHEM3ZI2IDATAMAY-H 041220184
E Dete  12.Apr-8, 150228
Sample 2051352
# Time: Area Height ~ Wicth  Area%  Symmetry Sample Info
1 B8 106779 78 200 e 0ue Borcacks
2 a3 EOBIA B4 20M2 43078 0408 Operator Chun Zheng
% Method - 582 4UL_1WL_onNM
Anaiysis Trme in
Sampiing Rate. 0.0067 min (0402 sec), 13501
cataponts
200
20
g -
0 B HIFa
1
o
3 = @ 2 PA P P S 2
T GADT 8. 51372208 Rer e AR )
Hom Fie nformation
Lol 0508010
FlePaih CACHENG2QIDATAIAY-HOA1 220150
380 Date 12-#pr-16, 16:34.18
& Tme  Aea  Hegi Wdh  Area%  Symmery Sgite Aol
1 A0 71247 €15 19622 SOFT 0509 Bt
200
2 43720 71028 583 20209 49923 0451 s R e
Method  98_2_4LL_iNL_S0MNM
Analysis Time i
555 Sanplng Rete 0.0087 in (0402 sec), 13501 datapaints
20
15
& &
100 K 0
E#«‘” g &
B ol
Y
o
P % P PA P P = s

Rac
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Separation of enantiomers by HPLC, Chiralcel® Column AY-H, 25 °C, Hexane : i-PrOH = 95:5,

ImL/min, minor retention time: t; = 13.7, major retention time: t, = 19.5; er = 89:11.

T DAD B, 51g=2208 Rer=ofl (AVH

Q@ Fil nfommation
S LCFile  082-0301D
Fie Path CICHEWGZZIDATAIAY-H D4 220180
70 Dite  12-Apr-16,0824:45
Sample 7051362
¥ Time  Ares  Height With Ares  Syrmehry ot
o 1 13745 455 94 DEOSI 11400 1044 Onerstor Chun Zhars
2 19452 A 43 13716 GBS0 0632 R
Analysis T B0min
Sampling Rate. 0.0067 min (0.402 sec), 9001 datapoints
£
a0
a0
200
3
100 £ § &
g o
o
o
= T Bt T B = 2 i
T TADT B, SeZE0E ReE e A CE)
Fie nfornation
Nom LC-File  081-0201.0
Fils Fath CICHEN3ZIDATAAY-HDA1 220160
Date  12-A00-16,072303
Semple  zo5-136-1
1000 # Time  Aves  Height Width Area% Symmehry Plindts
1 13819 2MeSS 47 07ETE S04 05 Rl
2 005 226 24 474 48570 D89N vt hun Frag
athod 955 _4LL_IML_G0MNM
Analysis Time iy
a0 Samping Rete 0.0067 min (0402 s=c), 3001 dtapoints
a0
a0
e
e &
g mf
B
o

24 mi

Rac
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Separation of enantiomers by SFC, Chiralcel® Column AY-H, 40 °C, “PrOH:CO, = 4:96,
2mL/min, 180bar, minor retention time: t; = 10.5, major retention time: t, = 11.5; er = 79:21.

Total Absorbance

700 -
600 -
500 -

400 -

Absorbance{mAU)

300 -

Elapsed Time(min)

product

Total Absorbance

1000 +
800
600

400
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200
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Rac
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Separation of enantiomers by SFC, Chiralcel® Column AY-H, 40 °C, “PrOH:CO, = 4:96,
2mL/min, 180bar, major retention time: t; = 36.9, minor retention time: t, = 42.2; er = 88:12.

Total Absorbance
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O \ \ | : e ) \ \ Lo
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= 400- - e i
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