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1. General Methods

Analytical thin layer chromatography (TLC) was performed using Merck 60 F254 precoated silica gel
plate (0.2 mm thickness). Subsequent to elution, plates were visualized using UV radiation (254 nm) on
Spectroline Model ENF-24061/F 254 nm. Further visualization was possible by staining with basic solution
of potassium permanganate or acidic solution of ceric molybdate. Flash column chromatography was
performed using Merck aluminium oxide 90 active neutral with freshly distilled solvents. Columns were
typically packed as slurry and equilibrated with the appropriate solvent system prior to use. Proton nuclear
magnetic resonance spectra (*H NMR) were recorded on Bruker AMX 400 spectrophotometer (CDCls as
solvent), and Bruker AMX 500 spectrophotometer (CDCl; as solvent). Chemical shifts for tH NMR spectra
are reported as 6 in units of parts per million (ppm) downfield from SiMe, (5 0.0) and relative to the signal
of chloroform-d (6 7.26, singlet). Multiplicities were given as: s (singlet), d (doublet), t (triplet), dd
(doublets of doublet) or m (multiplets). The number of protons (n) for a given resonance is indicated by nH.
Coupling constants are reported as a J value in Hz. Carbon nuclear magnetic resonance spectra (3C NMR)
are reported as & in units of parts per million (ppm) downfield from SiMes (8 0.0) and relative to the signal
of chloroform-d (& 77.0, triplet). Mass spectrometry was performed by Waters Q-Tof Premier Micromass
instrument, using Electro Spray lonization (ESI) mode. IR spectra were recorded as thin films on KBr
plates on a Bio-Rad FTS 165 FTIR spectrometer and are reported in frequency of absorption (cm™). The
enantiomeric excesses (ee) of the products were determined by chiral stationary phase HPLC with
Chiralpak (AD-H, OD-H, 1A-H, IC-H, IB-H). Optical rotations were measured with Rudolph Autopol IVT.
The single crystal X-ray diffraction studies were carried out on a Bruker D8 Venture diffractometer.
Pd(OAc), were purchased from TCI and used directly. Other reagents, unless otherwise noted below, are
commercially available from TCI, Energy Chemical, Alfa Aesar (China) Chemical Co. Ltd. and used

without further purification.



2. General Procedure for Substrate Synthesis

2.1 General Procedure A for Substrate Synthesis

Me
Me PdCl, (5.0 mol%)
N COMe PN PPhy (10mol%) i cOMe
R _ + BF3K Cs,CO; (3.0 equiv) R =
Br (1.1 equiv)  THF/H20 = 17/3 (0.5 M) 2
s1 85°C, 22 h
Me Dess-Martin regent HTS Me
LiAlH, (4.0 equiv) (1.5 equiv) N\, CHO
Et,0 (0.2 M) Xy 0H  DCM(05M),Ar2.0h,  R-j
0°Ctort, 2h R 0°Ctort. Z
s3 1

General Procedure for Heck Reaction: A solution of potassium vinyl trifluoro borate (1.1 equiv),
PdCI; (5.0 mol%), PPh; (10 mol%), Cs,COs; (3.0 equiv), and substituted ester (S1) (5.00 mmol) i
n THF/H,O (17:3) (0.5 M) was heated at 85 <C under N, atmosphere in a sealed tube. The reacti
on mixture was stirred at 85 <T for 22 h, then cooled to r.t. and diluted with H,O (3 mL) follow
ed by extraction with EtOAc (30 mL x 3). The solvent was removed in vacuo, and the crud prod
uct was purified by silica gel chromatography (SiO,, PE/EA = 98/2) to obtain the corresponding p
roduct Ester (S2).
General Procedure for Ester Reduction!™ : To a solution of substituted Ester (S2) in Et,0 (0.2 M) was
added dropwise LiAlH4 (4.0 equiv ) over 30 min at 0<C and stirred for 2 h at r.t. 2 M HCI was added slowly
to until a clear solution was obtained. The Et,O layer was separated and the aqueous phase was extracted
with Et,0 (20 mL x 3). Combined the organic layers and dried over Na,SO.. After removing the solvent
under reduced pressure, the residue was purified by column chromatography on silica gel with PE/EA to
obtain the corresponding product alcohol (S3).
General Procedure for Aldehyde Preparation? : To a solution of Dess-Martin regent (1.5 equiv )in
DCM (0.5 M) was added dropwise substituted alcohol (S3) at 0<C and stirred at r.t. for 2 h. The solvent was

removed in vacuo, and the resulting residue was purified by silica gel column chromatography to obtain the



corresponding product benzaldehyde derivatives (1).

N Me 3-methyl-2-(prop-1-en-2-yl) benzaldehyde (1a)
Me CHO Following the general procedure A, la was obtained as a yellow oil (0.6 g, 75%
yield for three steps).
IH NMR (500 MHz, CDCls)
§10.19 (s, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.29 (t, J = 7.5 Hz, 1H),
5.48 (t, J = 1.5 Hz, 1H), 4.92 — 4.91 (m, 1H), 2.33 (s, 3H), 2.08 (s, 3H).
3C NMR (125 MHz, CDCly)
6 191.85, 146.24, 140.31, 134.89, 134.60, 132.02, 126.04, 123.85, 117.01, 24.39,
17.76.
HRMS (ESI) for C11H130 [M+ H]*: 161.0961, found: 161.0969.
ETIR (KBr,cm?)
3441.54, 3423.43, 2354.21, 1650.47, 1630.84, 1557.94, 1504.67, 1398.13, 1022.43.

HTX Me 1-(prop-1-en-2-yl)-2-naphthaldehyde (1b)

oo

69% yield for three steps).

Following the general procedure A, 1b was obtained as a reddish brown oil (0.68 g,

IHNMR (500 MHz, CDCls)
§10.42 (s, 1H), 8.11 (dd, J = 8.5, 1.0 Hz, 1H), 7.97 (d, J = 8.5 Hz, 1H), 7.88 (d, J = 8.0
Hz, 1H), 7.82 (d, J = 8.5 Hz, 1H), 7.64 — 7.61 (m, 1H), 7.58 — 7.55 (m, 1H), 5.74 (t, J =
1.5 Hz, 1H), 5.16 (s, 1H), 2.27 (s, 3H).
13C NMR (125 MHz, CDCls)
§ 191.65, 147.75, 138.86, 135.25, 129.83, 128.33, 127.81, 127.38, 126.75, 125.87,
125.68, 121.12, 118.84, 25.75.

HRMS (ESI) for C14H130 [M+ H]*: 197.0961, found: 197.0962.



FTIR (KBr,cm?)

3473.23, 3442.38, 3417.86, 2982.24, 2931.78, 1675.70, 1653.27, 1630.84, 1605.61,

1409.35, 1386.92, 1266.36, 1106.54, 1025.23, 798.13.

L Me 2-(prop-1-en-2-yl)-3-(trifluoromethyl) benzaldehyde (1c)
F3C CHO  Following the general procedure A, 1c was obtained as a light yellow oil (0.44 g,
55% vyield for three steps).
IHNMR (500 MHz, CDCl5)
510.24 (s, 1H), 8.12 (dd, J = 7.5, 1.0 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 7.5 Hz,
1H), 555 (t, J = 1.5 Hz, 1H), 5.08 (s, 1H), 2.16 (s, 3H).
15C NMR (125 MHz, CDCl5)
§190.12, 145.12 (d, Jor = 1.8 Hz), 137.32, 133.00, 130.38 (q, Jor = 5.3 Hz), 129.65,
128.25 (q, Jcr = 29.9 Hz), 126.58, 122.67 (q, Jor = 272.4 Hz), 119.00 (d, Jcr = 1.4 Hz),
25.76.
1F NMR (471 MHz, CDCl5)
6 -58.32.
HRMS (ESI) for C11H100F; [M+ H]*: 215.0678, found: 215.0687.
ETIR (KBr,cm?)
3424.87, 2923.36, 2357.01, 1664.49, 1653.27, 1639.25, 1400.93, 1386.92, 1028.04,

798.13, 666.36.



2.2 General Procedure B for Substrate Synthesis

N CO,Me
RZ,— _
Br =

S6 S
@) TSNHNH, (1.1 equiv) NNHTs  Pd,(dba); (1.0 mol%)
N N xPhos (2 mol%) - C02Me
R'T 'V'eo':' (0.6 M) R LiO'Bu(2.2 equiv) R%{-
S4 60°C,2h Z S5 Dioxane (0.2 M) 7
70 °C, overnight s7
’/+w ’/+W
X Dess-Martin regent X
LiAlH, (4.0 equiv) N oH (1.5 equiv) CHO
Et;0 (0.2 M) r2fl DCM(0.5 M), Ar20 h,  gofl
0°Ctort, 2h Z 0°Ctort. A
S8 1

General Procedure for Hydrazide Preparationl: To a solution of TSNHNH; (1.1 equiv) in MeOH (0.5
M) was added dropwise substituted ketone (S4) at 60T and stirred for 2 h. The solvent was removed in
vacuo, and the resulting residue was purified by silica gel column chromatography (PE / EA =1/ 1) to
obtain the corresponding product (S5).

General Procedure for Heck Reaction: A solution of Pd,(dba)s (1.0 mol%), X-Phos (2.0 mol%), LiO'Bu
(2.2 equiv), substituted ester (S6) (5.00 mmol) and Hydrazide (S5) (5.00 mmol) in Dioxane (0.2 M) was
heated stirred at 85 <C overnight under Ar atmosphere in a sealed tube. Then cooled to r.t. and diluted with
H->0 (20 mL) followed by extraction with EtOAc (30 mL > 3). The solvent was removed in vacuo, and the
crud product was purified by silica gel chromatography (SiO,, PE/EA = 98/2) to obtain the corresponding

product (S7).

Ester Reduction and Aldehyde Preparation were conducted following the general procedure A.

OO 3-methyl-2-(1-(naphthalen-2-yl) vinyl) benzaldehyde (1d)
H™X

Me CHO
O Following the general procedure B, 1d was obtained as a yellow oil (0.33 g, 24%
yield for four steps).
'H NMR (500 MHz, CDCls)

§10.11 (s, 1H), 7.92 (dd, J = 8.0, 1.5 Hz, 1H), 7.83 (d, J = 8.5 Hz, 1H), 7.80 (dd, J = 8.0,



1.5 Hz, 1H), 7.68 — 7.65 (m, 2H), 7.50 (d, J = 7.5 Hz, 1H), 7.45 — 7.42 (m, 3H), 7.39 (d, J
= 2.0 Hz, 1H), 6.28 (s, 1H), 5.29 (s, 1H), 2.17 (s, 3H).

BC NMR (125 MHz, CDCl5)

6 192.08, 143.70, 142.65, 136.55, 135.61, 134.76, 133.80, 132.28, 132.03, 127.51,
127.35, 126.78, 126.52, 125.45, 125.40, 125.14, 123.73, 122.21, 116.93, 18.34.
HRMS (ESI) for CxH1s0ONa [M+ Na]*: 295.1093, found: 295.1095.

FTIR (KBr,cm?)

3447.66, 3385.98, 1686.92, 1653.27, 1633.64, 1557.94, 1406.54, 1395.33, 1025.23.

N ‘ 3-methyl-2-(1-phenylvinyl) benzaldehyde (1e)

Me l CHO
Following the general procedure B, 1e was obtained as a yellow oil (0.31 g, 28% yield

for four steps).
IH NMR (500 MHz, CDCls)
§ 10.08 (s, 1H), 7.87 (d, J = 7.5 Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.39 (t, J = 7.5 Hz,
1H), 7.32 = 7.29 (m, 3H), 7.27 — 7.26 (m, 2H), 6.15 (s, 1H), 5.21 (5, 1H), 2.15 (s, 3H).
BC NMR (125 MHz, CDCls)
6 192.13, 143.71, 142.74, 138.30, 136.48, 134.69, 133.72, 127.71, 127.25, 126.69,
125.09, 123.69, 116.48, 18.35.
HRMS (ESI) for C16H150 [M+ H]*: 223.1117, found: 223.1127.
ETIR (KBr,cm®)

3472.92, 3443.15, 3417.11, 3395.61, 3385.11, 2359.81, 2334.58, 1650.47, 1633.64,

1395.33, 1263.55, 1022.43.
OMe 2-(1-(4-methoxyphenyl)vinyl)-3-methylbenzaldehyde (1f)
A~

Me CHO
O Following the general procedure B, 1f was obtained as a yellow oil (0.37 g, 29%



yield for four steps).
IH NMR (500 MHz, CDCls)
§ 10.07 (s, 1H), 7.86 (d, J = 7.5 Hz, 1H), 7.47 (d, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz,
1H), 7.19 (d, J = 8.5 Hz, 2H), 6.83 (d, J = 8.5 Hz, 2H), 6.03 (s, 1H), 5.09 (s, 1H), 3.79 (s,
3H), 2.16 (s, 3H).
3C NMR (125 MHz, CDCls)
5 192.25, 158.64, 144.04, 142.04, 136.44, 134.63, 133.66, 131.04, 126.57, 126.38,
123.55, 114.40, 113.03, 54.27, 18.26.
HRMS (ESI) for C17H170, [M+ H]*: 253.1223, found: 253.1217.
ETIR (KBr,cm®)
3417.50, 3386.70, 2962.62, 2923.36, 2856.07, 1653.27, 1630.84, 1400.93, 1263.55,

1028.04, 798.13.

F
O 2-(1-(4-fluorophenyl)vinyl)-3-methylbenzaldehyde (1g)
HTX

Me CHO
O Following the general procedure B, 1g was obtained as a colorless oil (0.54 g, 45%
yield for four steps).
IH NMR (500 MHz, CDCls)
8 10.07 (s, 1H), 7.86 (d, J = 7.5 Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.40 (t, J = 7.5 Hz,
1H), 7.25 — 7.22 (m, 2H), 7.02 — 6.98 (m, 2H), 6.09 (s, 1H), 5.19 (s, 1H), 2.15 (s, 3H).
3C NMR (125 MHz, CDCly)
8 191.88, 161.68 (d, Jcr = 247.0 Hz), 143.35, 141.70, 136.38, 134.78, 134.49 (d, Jcr =
3.4 Hz), 133.63, 126.84, 126.82 (d, Jcr = 8.1 Hz), 123.90, 116.17 (d, Jcr = 1.6 Hz),
114.66 (d, Jcr = 21.5 Hz), 18.29.
F NMR (471 MHz, CDCls)
5-113.46

HRMS (ESI) for C16H1.OF [M+ H]*: 241.1023, found: 241.1019.



FTIR (KBr,cm?)
3445.33, 3422.81, 2959.81, 2357.01, 1675.70, 1647.66, 1560.75, 1504.67, 1395.33,

1384.11, 1025.23, 795.33.

S
/ Y
H™OS 3-methyl-2-(1-(thiophen-3-yl)vinyl)benzaldehyde (1h)
Me CHO

Following the general procedure B, 1h was obtained as a yellow oil (0.33g, 24%
yield for four steps).
IH NMR (500 MHz, CDCls)
8 10.06 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.49 — 7.48 (m, 1H), 7.40 — 7.37 (m, 1H), 7.34 —
7.32 (m, 2H), 6.68 (dd, J = 3.0, 1.5 Hz, 1H), 6.04 (s, 1H), 5.15 (s, 1H), 2.21 (s, 3H).
3C NMR (125 MHz, CDCly)
6 192.02, 143.68, 141.13, 137.89, 136.25, 135.22, 134.69, 126.71, 125.59, 123.68,
123.50, 122.74, 115.09, 18.10.
HRMS (ESI) for C14H10OSNa [M+ Na]*: 251.0501, found: 251.0499.
ETIR (KBr,cm%)
3444.86, 3414.02, 2351.40, 2328.97, 1734.58, 1686.92, 1653.27, 1636.25, 1563.55,

1504.67, 1406.54, 1022.43, 669.16.



2.3 General Procedure C for Substrate Synthesis

COzMe Bpin2 Pd(dppf)C|2 (20 mol%) ‘
+ O/ Na,COs (2.3 equiv)
Br Dioxane/H,0 = 5/1 (0.2 M) M€ COMe
Me . 90 °C, 3 h, air
5.0 mmol (1.2 equiv) Ss9
‘ Dess-Martin regent ‘
LiAIH, (4.0 equiv) - Me (1.5 equiv) H
Et,0 (0.2 M) OH DCM(0.5 M), Ar2.0h, Me CHO
0°tort,2h 0 °C tor.t. O
s10 f

General Procedure for Suzuki Reaction: A solution of Pd(dppf)Cl. (0.1 mmol, 2.0 mol%), Na,COs (11.5
mmol, 2.3 equiv), methyl 2-bromo-3-methylbenzoate (5.0 mmol, 1.0 equiv) and
2-(cyclohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (6.00 mmol, 1.2 equiv) in Dioxane/H,0O
(5/1, 0.2M) was heated at 90 <T under N atmosphere in a sealed tube. The reaction mixture was stirred at
90 <TC for 3 h, then cooled to rt and diluted with H,O (20 mL) followed by extraction with EtOAc (30 mL x
3). The solvent was removed in vacuo, and the crude product was purified by silica gel chromatography

(SiO., PE/EtOAC) to obtain the corresponding product (S9).

Ester Reduction and Aldehyde Preparation were conducted following the general procedure A.

H ‘ 6-Methyl-2",3",4",5'-tetrahydro-[1,1'-biphenyl]-2-carbaldehyde (1i)
Me O CHO Following the procedure C, 1i was obtained as a light yellow oil (0.7 g, 70% vyield
for three steps).
HNMR (500 MHz, CDCls)
8 10.17 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 7.5 Hz, 1H), 7.28 — 7.25 (m, 1H),
5.63 — 5.60 (m, 1H), 2.29 (s, 3H), 2.26 — 2.21 (m, 3H), 2.10 — 2.03 (m, 1H), 1.84 — 1.78
(m, 2H), 1.77 — 1.70 (m, 2H).

BC NMR (125 MHz, CDCl3)

10



6 192.30, 147.08, 135.65, 134.48, 133.31, 132.66, 128.17, 125.77, 123.48, 30.41,
24.35, 21.73, 20.96, 17.80.
HRMS (ESI) for C14H170 [M+ H]*: 201.1274, found: 201.1265.
ETIR (KBr,cm?)

3473.28, 3442.36, 3422.95, 1653.27, 1633.64, 1538.32, 1507.48, 1403.74, 1022.43.

‘ 1-(1-phenylvinyl)-2-naphthaldehyde (1j)
H™ X
cHo Following the general procedure C, 1j was obtained as an orange oil (0.67 g, 26%
OO yield for four steps).
IH NMR (500 MHz, CDCls)
§10.31 (s, 1H), 8.06 (d, J = 8.5 Hz, 1H), 7.99 (d, J = 8.5 Hz, 1H), 7.91 (dd, J = 12.5, 8.5
Hz, 2H), 7.61 — 7.58 (m, 1H), 7.46 — 7.43 (m, 1H), 7.33 — 7.27 (m, 5H), 6.38 (s, 1H), 5.42
(s, 1H).
3C NMR (125 MHz, CDCly)
6 191.90, 144.78, 141.54, 139.05, 135.29, 131.02, 130.28, 127.82, 127.77, 127.43,
127.38,127.27,126.42, 126.01, 125.18, 121.14, 118.13.
HRMS (ESI) for C1gH14OK [M+ K]*: 297.0676, found: 297.0691.
ETIR (KBr,cm?)
3474.05, 3441.95, 3422.82, 2959.81, 2926.17, 1656.07, 1639.25, 1538.32, 145421,

1398.13, 1022.43.

3. Optimization of Reaction Conditions

Table S1. Preliminary Screening of TCAs?
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Pd(OAc), (10 mol%)

Me TCA (30 mol%)
X o
Me CHO ., ~“co.B Co(OAc),4H,0 (1.0 equiv) BuO,C
25U BQ (1.0 equiv) Me CHO
(BnO),PO,H (50 mol%)
HOAc / DMSO = 10 : 1
1a 2a 40°C, 48 h, O, 3a
TCAs:
By | Bu NH, P NH ‘Bu
o OH 2 ’ H Boc OH
N., ~ <
o) o o) o] 0
TCA-1 TCA-2 TCA-3 TCA-4 TCA-5
52%, 98% ee 16%, 99% ee 19%, 72% ee 16%, 98% ee 0%

@ Reactions conditions: la (0.1 mmol), 2a (0.4 mmol), Pd(OAc), (10 mol %), TCA (30 mol%),
Co(OACc)24H,0 (1.0 equiv), BQ (1.0 equiv), (BnO)2PO2H (50 mol%) in HOAc/DMSO (10:1, v/v,1.1 mL)
under Oz at 40 °C for 48 h. Isolated yields.. The ee value was determined by HPLC .

Table S2. Preliminary Screening of Additives @

" Pd(OAc),
HXy Ve TCA-1 (30 mol%) Me TCA- ,
Me CHO |, ~~cop Co(0Ac),4H,0, BQ BuozC/; = cHo ‘Bu Bu
2=t (BnO),POH © H,N Noig,
HOAc / DMSO o
(1.1 mL, 10/1)
1a 2a 40°C, 48 h, 0, 3a
entry additive yield (%)° ee (%)°

1 Co(OACc)24H,0 (0.5equiv) 42 98

2 Co(OAC)24H,0 (1.5equiv) 33 98

3 BQ (0.5equiv) 33 98

4 BQ (1.5equiv) 29 98

5 (BnO),POH (25 mol%) 27 98

6 (BnO),PO,H (75 mol%) 34 98

7 (BnO);PO;H (100 mol%) 36 98

MnO: (1.5 equiv
8 2(1.5 equiv) 82 08

Instead of Co(OACc)24H20(1.0

12



equiv)
9 Pd(OAC)2 (15 mol%) 80 98
& Reactions conditions: 1a (0.1 mmol), 2a (0.4 mmol), Pd(OAc)2 (10 mol%), TCA-1 (30 mol%), additives

in HOAC/DMSO (10:1, viv, 1.1 mL) under O, at 40 °C for 48 h. " Isolated yields. ¢ The ee value was
determined by HPLC.

Table S3. Further Optimization of Reaction Conditions?

Pd(OAc), (10 mol%)

TCA-1 (30 mol%)

HTX Me MnO, (1.5 eql.Jiv), BUO C/\ SN Me TCA-1;B B
Me CHO . >co,Bu (Bnols;;gz'&?g;':ol%) ’ Me CHO . ) N‘:au
HOAc / DMSO o
1 % 4070, 4210, o
entry deviation from standard conditions yield (%)P ee (%)°
1 none 82 98
2 MnO(1.0 equiv) 69 98
3 MnO(2.0 equiv) 60 98
4 25°C 45 98
S 25°C, 72h 38 97
6 (S)-diphenyl(pyrrolidin-2-yl)methanol as ligand 23 13
7 Pd(OAC)2 (5 mol%) 48 97

TCA-1 (15 mol%)
2 Reactions conditions: 1a (0.1 mmol), 2a (0.4 mmol), Pd(OAc). (10 mol %), TCA-1 (30 mol%), MnO;
(1.5 equiv), BQ (1.0 equiv), (BnO),PO2H (50 mol%) in HOAc/DMSO (v/v, 10:1, 1.1 mL) under O, at 40
°C for 48 h. ® Isolated yields-. ¢ The ee value was determined by HPLC.

4. General Procedures D for the Cross-Couplings

General Procedure for Atroposelective Cross-Coupling by p-C-H Alkenylation

CHO Pd(OAc),, TCA-1, MnO, R’
) ) /\ t i
R’ PN BQ, (BnO),PO,H R® 2\ Bu Bu
* 3 > R CHO N.,
L 7 R HOAcDMSO HoN Bu
R H 40°C, 48 h, O, o)
1 2 3 TCA-1

13



An screw-cap vial was charged with Pd(OAc); (10 mol%, 0.01 mmol) , MnO; (1.5 equiv, 0.15 mmol), BQ
(1.0 equiv, 0.1 mmol), (BnO),PO;H (0.5 equiv, 0.05 mmol), HOAc (1.0 mL), DMSO (0.1 mL). Then,
TCA-1 (30 mol%, 0.03 mmol), aldehyde 1 (1.0 equiv, 0.1 mmol) and olefin 2 (4.0 equiv, 0.4 mmol) were
added into the solution in sequence. The vial was sealed under O and heated to 40 °C with stirring for 48 h.

After cooling down, the mixture was directly applied to a flash column chromatography (PE / EA).

Me
BuO,C~ TN

Me CHO

Butyl (R)-(2E,4Z)-5-(2-formyl-6-methylphenyl)hexa-2,4-dienoate (3a)
Following the General Procedures D, 3a was obtained as a yellow oil (23.4
mg, 82% yield, 98% ee).
IH NMR (500 MHz, CDCls)
§ 10.00 (s, 1H), 7.80 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz,
1H), 6.71 (dd, J = 15.0, 11.5 Hz, 1H), 6.50 (d, J = 12.5 Hz, 1H), 5.87 (d, J = 15.0 Hz,
1H), 4.05 (t, J = 6.5 Hz, 2H), 2.22 (s, 3H), 2.17 (s, 3H), 1.58 — 1.53 (m, 2H), 1.35 — 1.28
(m, 2H), 0.88 (t, J = 7.5 Hz, 3H).
3C NMR (125 MHz, CDCly)
6 190.87, 165.95, 143.59, 142.02, 139.30, 135.06, 134.92, 132.05, 127.22, 126.96,
125.57,120.52, 63.18, 29.60, 25.39, 18.09, 17.74, 12.66.
HRMS (ESI) for C1gH2303 [M+ H]*: 287.1642, found: 287.1632.
ETIR (KBr,cm?)
344417, 3417.83, 3383.41, 2923.36, 2354.21, 1731.78, 1681.31, 1653.27, 1633.64,
1538.32, 1400.93, 1022.43.
Opt. Rot. []®D =-20.7 (c = 0.4, CHCly)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 15.763

min (major enantiomer), 23.606 min (minor enantiomer).

Etozo/\ - Me Ethyl (R)-(2E,42)-5-(2-formyl-6-methylphenyl)hexa-2,4-dienoate (3b)
Me CHO . . .
Following the General Procedures D, 3b was obtained as a brown oil (17.4

mg, 67% yield, 98% ee).
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'HNMR (500 MHz, CDCls)
5 10.00 (s, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.38 (t, J = 7.5 Hz,
1H), 6.71 (dd, J = 15.0, 11.5 Hz, 1H), 6.50 (d, J = 12.5 Hz, 1H), 5.87 (d, J = 15.0 Hz,
1H), 4.10 (9, J = 7.0 Hz, 2H), 2.22 (s, 3H), 2.17 (s, 3H), 1.21 (t, J = 7.0 Hz, 3H).
BC NMR (125 MHz, CDCly)
8 190.86, 165.86, 143.55, 142.01, 139.24, 135.52, 135.08, 132.04, 127.25, 126.97,
125.58, 120.59, 59.25, 25.42, 17.74, 13.19.
HRMS (ESI) for C16H1903 [M+ H]*: 259.1329, found: 259.1326.
ETIR (KBr,cm?)
3473.40, 3441.43, 3422.79, 2957.01, 2923.36, 2853.27, 2354.21, 2331.78, 1681.31,
1653.27, 1636.45, 1398.13, 1028.04, 798.13, 669.16.
Opt. Rot. [a]®D =-30.7 (c = 0.4, CHCl5)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 17.331

min (major enantiomer), 24.726 min (minor enantiomer).

Me
BuO,C” DTN

Me CHO

Tert-Butyl (R)-(2E,42)-5-(2-formyl-6-methylphenyl)hexa-2,4-dienoate
(3¢)
Following the General Procedures D, 3c was obtained as a yellow oil (21.5
mg, 76% yield,98% ee).
IH NMR (500 MHz, CDCl5)
§9.99 (s, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.47 (d, = 7.5 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H),
6.65 (dd, J = 15.0, 11.5 Hz, 1H), 6.47 (d, J = 12.5 Hz, 1H), 5.81 (d, J = 15.0 Hz, 1H),
2.22 (s, 3H), 2.16 (s, 3H), 1.40 (s, 9H).
3C NMR (125 MHz, CDCls)
6 190.95, 165.28, 142.85, 142.19, 138.40, 135.04, 134.92, 132.03, 127.25, 126.89,
125.43, 122.38, 79.25, 27.07, 25.38, 17.74.

HRMS (ESI) for CigH2303 [M+ H]*: 287.1642, found: 287.1635.
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ETIR (KBr,cm%)
344495, 3416.76, 3405.25, 3384.98, 2968.22, 2923.36, 2359.81, 2334.58, 1684.11,
1647.66, 1633.64, 1403.74, 1028.04, 803.74, 666.36.
Opt. Rot. [a]®D =-14.0 (c = 0.4, CHCl5)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (98/2), 0.5 mL/min, 254 nm, 18.950

min (major enantiomer), 21.680 min (minor enantiomer).

M Phenyl (R)-(2E,42)-5-(2-formyl-6-methylphenyl)hexa-2,4-dienoate (3d
PhO,C~ N Me yl (R)-( )-5-( y ylphenyl) (3d)

Me CHO Following the General Procedures D, 3d was obtained as a yellow solid (21.5

mg, 70% yield, 99% ee).
IH NMR (500 MHz, CDCls)
5 10.02 (s, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 7.33 (t, J = 7.0 Hz, 2H),
7.19 (t, J = 7.5 Hz, 1H), 7.03 (d, J = 7.5 Hz, 2H), 6.88 (dd, J = 15.0, 11.5 Hz, 1H), 6.59
(d, J =12.0 Hz, 1H), 6.07 (d, J = 15.5 Hz, 1H), 2.25 (s, 3H), 2.21 (s, 3H).
3C NMR (125 MHz, CDCly)
8 190.77, 164.22, 149.64, 145.25, 141.61, 141.16, 135.14, 134.86, 132.06, 128.26,
127.11, 127.05, 125.96, 124.61, 120.51, 119.50, 25.45, 17.76.
HRMS (ESI) for CyHi1s03Na [M+ Na]*: 329.1148, found: 329.1138.
ETIR (KBr,cm?)
344151, 3417.85, 3384.07, 2959.81, 2920.56, 2847.66, 2357.01, 2337.38, 1678.50,
1653.27, 1633.64, 1398.13, 1260.75, 1103.74, 1022.43, 803.74, 669.16.
Opt. Rot. [a]®D =-25.4 (c = 0.4, CHCl5)
HPLC  Daicel Chiralpak IB-H column, n-hexane/i-PrOH (95/5), 0.5 mL/min, 254 nm, 26.432
min (major enantiomer), 28.410 min (minor enantiomer).
Me

MeOzC/\ o Methyl (R)-(2E,42)-5-(2-formyl-6-methylphenyl)hexa-2,4-dienoate (3e)
Me CHO

Following the General Procedures D, 3e was obtained as a yellow solid
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(21.5 mg, 76% vyield, 98% ee, m.p. = 65.0 °C).
IH NMR (500 MHz, CDCls)
§9.99 (s, 1H), 7.81 (d, J = 7.5 Hz, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H),
6.71 (dd, J = 15.0, 11.5 Hz, 1H), 6.50 (d, J = 12.0 Hz, 1H), 5.87 (d, J = 15.5 Hz, 1H),
3.64 (s, 3H), 2.22 (s, 3H), 2.17 (s, 3H).
BC NMR (125 MHz, CDCls)
6 190.83, 166.23, 143.79, 141.95, 139.44, 135.10, 134.91, 132.04, 127.22, 127.00,
125.62, 120.14, 50.45, 25.41, 17.73.
HRMS (ESI) for CisH1603Na [M+ Na]*: 267.0992, found: 267.0984.
ETIR (KBr,cm®)
3441.07, 3417.58, 340521, 3384.21, 2957.01, 2920.56, 2351.40, 1647.66, 1633.64,
1400.93, 1384.11, 1022.43.
Opt. Rot. [a]®D =-2.7 (c = 0.4, CHCls)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 23.133

min (major enantiomer), 34.742 min (minor enantiomer).

nguo,c” NN Me butyl (R)-(2E,4Z)-5-(2-formylnaphthalen-1-yl)hexa-2,4-dienoate (3f)
OO CHO Following the general procedure D, 3f was obtained as a reddish brown oil
(27.5 mg, 85% yield, >99% ee).
!HNMR (500 MHz, CDCls)
§10.21 (s, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.93 - 7.87 (m, 3H), 7.66 — 7.63 (m, 1H), 7.57 -
7.53 (m, 1H), 6.79 — 6.77 (m, 1H), 6.66 (dd, J = 15.0, 11.5 Hz, 1H), 5.91 (d, J = 15.0 Hz,
1H), 3.98 (t, J = 6.5 Hz, 2H), 2.35 (s, 3H), 1.53 — 1.47 (m, 2H), 1.24 - 1.21 (m, 2H), 0.82
(d, 3= 7.5 Hz, 3H).
BC NMR (125 MHz, CDCl3)

6 190.67, 165.68, 143.89, 141.58, 139.12, 135.43, 129.39, 129.28, 128.68, 128.14,

127.65, 127.64, 126.45, 125.25, 121.52, 121.26, 63.19, 29.54, 26.73, 18.03, 12.60.
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HRMS (ESI) for Cx1H2303 [M+ H]*: 323.1642, found: 323.1649.
ETIR (KBr,cm?)
3473.23, 3442.38, 3417.86, 3383.18, 2982.24, 2931.78, 2853.27, 1674.70, 1653.27,
1630.84, 1605.61, 1532.71, 1504.67, 1409.35, 1386.92, 1266.36, 1106.54, 1025.23,
798.13, 669.16.
Opt. Rot. [a]®D =73.5 (c = 0.4, CHCls)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 7.371

min (major enantiomer), 13.580 min (minor enantiomer).

”Bquc/\ ~Me Butyl (R)-(2E,42)-5-(2-formyl-6-(trifluoromethyl)phenyl)hexa-2,4-dienoa
FsC CHO o (3g)
Following the general procedure D, 3g was obtained as a yellow oil (23.8 mg,
70% yield, > 99% ee).
IH NMR (500 MHz, CDCls)
§9.99 (s, 1H), 8.11 (d, J = 7.5 Hz, 1H), 7.90 (d, J = 7.5 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H),
6.59 (dd, J = 15.0, 11.5 Hz, 1H), 6.49 (d, J = 11.5 Hz, 1H), 5.82 (d, J = 15.0 Hz, 1H),
4.00 — 3.95 (m, 2H), 2.18 (s, 3H), 1.50 — 1.46 (m, 2H), 1.28 — 1.21 (m, 2H), 0.81 (t, J =
7.5 Hz, 3H).
3C NMR (125 MHz, CDCly)
8 189.21, 165.65, 141.50 (d, Jcr = 1.9 Hz), 141.48, 139.18, 138.77, 132.92, 130.80 (q,
Jer = 5.1 Hz), 129.33 (d, Jer = 1.0 Hz), 128.44 (g, Jcr = 30.3 Hz), 127.53, 122.38 (q,
Jor = 272.6 Hz), 121.29, 63.27, 29.57, 26.52, 18.07, 12.65.
F NMR (471 MHz, CDCls)
6 -59.30.
HRMS (ESI) for C1gH2003F3 [M+ H]*: 341.1359, found: 341.1356.
ETIR (KBr,cm%)

3473.34, 3443.73, 3423.12, 2954.21, 2917.76, 2853.27, 2348.62, 2331.78, 1656.07,
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1628.04, 1608.41, 1541.12, 1504.67, 1400.93, 1016.82, 669.16.
Opt. Rot. [a]®D =-46.5 (c = 2.0, CHCls)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 9.301

min (major enantiomer), 26.712 min (minor enantiomer).

Butyl (R)-(2Z,4Z)-5-(2-formyl-6-(trifluoromethyl)phenyl)hexa-2,4-dienoate (3
g’)
Following the general procedure D, 3g’ was obtained as a light yellow oil (8.0 mg, 23% yield, >99% ee).
IH NMR (500 MHz, CDCls)
§ 10.06 (s, 1H), 8.18 (d, J = 7.4 Hz, 1H), 7.97 (d, J = 7.5 Hz, 1H), 7.82 (d, J = 11.5 Hz,
1H), 7.61 (t, J = 7.5 Hz, 1H), 5.97 (t, J = 11.5 Hz, 1H), 5.52 (d, J = 11.5 Hz, 1H), 4.14 (t,
J = 6.5 Hz, 2H), 2.29 (s, 3H), 1.68 — 1.61 (m, 2H), 1.45 — 1.37 (m, 2H), 0.95 (t, J = 7.5
Hz, 3H).
3C NMR (125 MHz, CDCly)
8 189.42, 165.23, 141.97 (g, Jcr = 1.6 Hz), 139.30, 138.54, 133.09, 130.71 (q, Jcr =
5.0 Hz), 130.13 (d, Jcr = 0.5 Hz), 128.46 (g, Jcr = 30.4 Hz), 127.61 (d, Jcr = 0.8 Hz),
127.36, 122.36 (q, Jcr = 272.6 Hz), 117.45, 63.08, 29.67, 26.66, 18.18, 12.70.
9F NMR (471 MHz, CDCls)
§-59.44.
HRMS (ESI) for CigH2003F3 [M+ H]*: 341.1359, found: 341.1369.
ETIR (KBr,cm%)
3473.29, 3441.49, 3417.39, 3385.39, 2957.01, 2926.17, 2357.01, 2337.38, 1650.47,
1630.84, 1541.12, 1507.48, 1457.01, 1400.93, 1386.92, 1016.82.
Opt. Rot. [a]*°D =49.2 (¢ = 0.4, CHCly)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (92/8), 1.0 mL/min, 254 nm, 6.403

min (major enantiomer), 4.757 min (minor enantiomer).
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OO Butyl (R)-(2E,42)-5-(2-formyl-6-methylphenyl)-5-(naphthalen-2-yl)penta
"Bu0,C7 TN -2,4-dienoate (3h)
Me CHO
O Following the general procedure D, 3h was obtained as a yellow oil (28.2 mg,
71% yield, >99% ee).
IH NMR (500 MHz, CDCls)
§9.92 (s, 1H), 7.95 (d, J = 7.5 Hz, 1H), 7.84 (d, J = 9.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H),
7.69 — 7.66 (m, 2H), 7.59 (d, J = 7.5 Hz, 1H), 7.52 (t, J = 7.5 Hz, 1H), 7.49 — 7.46 (m,
1H), 7.45 — 7.42 (m, 1H), 7.41 (d, J = 1.0 Hz, 1H), 7.33 (d, J = 10.5 Hz, 1H), 6.89 (dd, J
=15.0, 11.5 Hz, 1H), 6.13 (d, J = 15.0 Hz, 1H), 4.09 (d, J = 13.0 Hz, 2H), 2.14 (s, 3H),
1.60 — 1.57 (m, 2H), 1.37 — 1.30 (m, 2H), 0.90 (t, J = 7.5 Hz, 3H).
BC NMR (125 MHz, CDCls)
6 191.04, 165.65, 143.63, 139.80, 139.36, 136.76, 135.21, 135.15, 133.68, 132.47,
132.27, 127.76, 127.65, 127.58, 126.56, 126.32, 126.27, 126.01, 125.64, 124.74,
122.90, 122.01, 63.31, 29.61, 18.18, 18.11, 12.68.
HRMS (ESI) for Cy7Ho603Na [M+ Na]*: 421.1774, found: 421.1766.
ETIR (KBr,cm%)
3456.07, 3414.02, 3385.98, 3231.78, 2957.01, 2357.01, 1684.11, 1656.07, 1633.64,
1560.75, 1541.12, 1510.28, 1406.54, 1395.33, 1030.84, 666.36.
Opt. Rot. [a]®D =- 4.9 (c = 0.4, CHCl5)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (85/15), 1.0 mL/min, 254 nm, 11.377

min (major enantiomer), 6.578 min (minor enantiomer).

Butyl (R)-(2E,42)-5-(2-formyl-6-methylphenyl)-5-phenylpenta-2,4-dieno
"Buozc/; A ate (3i)
e
O Following the general procedure D, 3i was obtained as a yellow oil (30.8 mg,

89% yield, 99% ee).
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IH NMR (500 MHz, CDCls)
$9.89 (s, 1H), 7.91 (d, = 7.5 Hz, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.47 (t, = 7.5 Hz, 1H),
7.34 — 7.31 (m, 3H), 7.29 — 7.26 (m, 2H), 7.19 (d, J = 11.5 Hz, 1H), 6.86 (dd, J = 15.0,
11.5 Hz, 1H), 6.08 (d, J = 15.0 Hz, 1H), 4.07 (t, J = 6.5 Hz, 2H), 2.12 (s, 3H), 1.58 (p, J
=7.0 Hz, 2H), 1.37 — 1.29 (m, 2H), 0.90 (t, J = 7.5 Hz, 3H).
BC NMR (125 MHz, CDCls)
5 191.03, 165.64, 143.74, 139.79, 139.32, 137.80, 136.65, 135.13, 133.56, 128.19,
127.94, 127.56, 125.89, 125.53, 124.68, 122.86, 63.30, 29.60, 18.17, 18.10, 12.68.
HRMS (ESI) for CasHs03 [M+ H]*: 349.1798, found: 349.1801.
ETIR (KBr,cm®)
3473.04, 3441.86, 3416.71, 3395.58, 3385.80, 2957.01, 2354.21, 1653.27, 1636.45,
1614.02, 1541.12, 1504.67, 1406.54, 1019.63.
Opt. Rot. [a]*D =-18.1 (c = 0.8, CHCls)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (95/5), 0.5 mL/min, 254 nm, 19.882

min (major enantiomer), 18.111 min (minor enantiomer).

Butyl (R)-(2E,42)-5-(2-formyl-6-methylphenyl)-5-(4-methoxyphenyl)pen

OMe
1BuO,C” TN ]

Me CHO
O Following the general procedure D, 3j was obtained as a yellow oil (29.6 mg,

ta-2,4-dienoate (3j)

78% yield, 98% ee).
H NMR (500 MHz, CDCls)
$9.87 (s, 1H), 7.90 (d, J = 7.5 Hz, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H),
7.21(d, J=9.0 Hz, 2H), 7.10 (d, J = 11.5 Hz, 1H), 6.86 — 6.80 (m, 3H), 6.03 (d, J = 15.0
Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 3.80 (s, 3H), 2.11 (s, 3H), 1.59 — 1.56 (m, 2H), 1.36 —
1.30 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H).

BC NMR (125 MHz, CDCl3)
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5 191.18, 165.82, 159.49, 143.28, 140.11, 139.70, 136.59, 135.08, 133.53, 130.44,
127.46, 127.00, 124.46, 123.93, 121.71, 113.36, 63.21, 54.34, 29.62, 28.68, 18.08,
12.68.
HRMS (ESI) for CaaH2704 [M+ H]*: 379.1904, found: 379.1911.
ETIR (KBr,cm%)
344452, 3422.80, 3404.70, 3383.99, 2965.42, 2923.36, 2853.27, 2354.21, 2328.97,
1670.09, 1653.27, 1630.84, 1400.93, 1384.11, 1263.55, 1100.93, 1028.04, 800.93,
666.36.
Opt. Rot. [a]®D =-12.4 (c = 0.4, CHCly)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (80/20), 1.0 mL/min, 254 nm, 7.150

min (major enantiomer), 5.690 min (minor enantiomer).

‘ F Butyl (R)-(2E,42)-5-(4-fluorophenyl)-5-(2-formyl-6-methylphenyl)penta-
nB“OZC/;e = oo 24-dienoate (3K)
O Following the general procedure D, 3k was obtained as a white oil (30.6 mg,
84% yield, > 99% ee).
IH NMR (500 MHz, CDCls)
$9.88 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 7.5 Hz, 1H), 7.49 (t, J = 7.5 Hz, 1H),
7.27 (d, J = 3.5 Hz, 1H), 7.25 (d, J = 5.5 Hz, 1H), 7.11 (d, J = 11.5 Hz, 1H), 7.02 (t, J =
8.5 Hz, 2H), 6.85 — 6.80 (m, 1H), 6.08 (d, J = 15.0 Hz, 1H), 4.07 (t, J = 6.5 Hz, 2H), 2.11
(s, 3H), 1.61 — 1.55 (m, 2H), 1.33 — 1.29 (m, 2H), 0.90 (t, J = 7.5 Hz, 3H).
BC NMR (125 MHz, CDCls)
8 190.82, 165.60, 162.17 (d, Jcr = 249.3 Hz), 142.63, 139.37, 139.18, 136.59, 135.23,
134.02 (d, Jcr = 3.4 Hz), 133.49, 127.72, 127.34 (d, Jcr = 9.4 Hz), 125,57 (d, Jcr =
1.8 Hz), 125.09, 122.90, 114.64 (d, Jcr = 21.6 Hz), 76.20, 63.33, 29.59, 18.12, 18.10,
12.67.

“FNMR (471 MHz, CDCls)
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5-111.51
HRMS (ESI) for CaaH240sF [M+ H]*: 367.1665, found: 367.1668.
ETIR (KBr,cm%)
3445.33, 3422.81, 3383.81, 2959.81, 2920.56, 2842.0,6 2357.01, 2326.17, 1675.70,
1647.66,, 1560.75, 1535.51, 1504.67, 1395.33, 1384.11, 1260.75, 1103.74, 1025.23,
795.33, 666.36.
Opt. Rot. [a]*D =-19.3 (c = 0.8, CHCls)
HPLC  Daicel Chiralpak AD-H column, n-hexane/i-PrOH (95/5), 0.5 mL/min, 254 nm, 19.725
min (major enantiomer), 21.934 min (minor enantiomer).

| i Butyl (R)-(2E,4E)-5-(2-formyl-6-methylphenyl)-5-(thiophen-3-yl)penta-2,

Bu0,C”T TN

Me CHO 4-dienoate (3I)

Following the general procedure D, 3l was obtained as a yellow oil (29.3 mg,
83% yield, >99% ee).
IH NMR (500 MHz, CDCls)
$9.88 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.47 (t, = 7.5 Hz, 1H),
7.36 (d, J = 2.0 Hz, 2H), 7.08 (d, J = 11.5 Hz, 1H), 6.87 — 6.79 (m, 1H), 6.74 (t, J = 2.0
Hz, 1H), 6.05 (d, J = 15.0 Hz, 1H), 4.07 (t, J = 6.5 Hz, 2H), 2.15 (s, 3H), 1.60 — 1.55 (m,
2H), 1.36 — 1.29 (m, 2H), 0.89 (t, J = 7.5 Hz, 3H).
BC NMR (125 MHz, CDCls)
6 191.03, 165.66, 141.04, 139.84, 139.27, 138.75, 136.40, 135.10, 133.25, 127.57,
126.09, 124.98, 124.74, 124.38, 123.33, 122.25, 63.27, 29.60, 18.10, 17.98, 12.67.
HRMS (ESI) for CxH2,0sSNa [M+ Na]*: 377.1182, found: 377.1172.
ETIR (KBr,cm%)
3565.42, 2351.40, 1681.31, 1650.47, 1636.45, 1560.75, 1541.12, 1504.67, 666.36.
Opt. Rot. [a]®D =- 7.7 (c = 0.4, CHCly)

HPLC  Daicel Chiralpak IA-H column, n-hexane/i-PrOH (98/2), 1.0 mL/min, 254 nm, 15.699
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min (major enantiomer), 13.717 min (minor enantiomer).

‘ Butyl (R)-(E)-3-(2'-formyl-6'-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2
"BuO C/;e CHO -yDacrylate (3m)
O Following the general procedure D, 3m was obtained as a colorless oil (28.9
mg, 89% yield, >99% ee).
IH NMR (500 MHz, CDCls)
$9.98 (s, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.46 (d, = 7.5 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H),
6.91 (d, J = 15.5 Hz, 1H), 5.86 (d, J = 15.5 Hz, 1H), 4.05 — 4.00 (m, 2H), 2.38 — 2.35 (m,
3H), 2.30 — 2.25 (m, 1H), 2.18 (s, 3H), 1.88 — 1.76 (m, 4H), 1.56 — 1.51 (m, 2H), 1.31 —
1.26 (m, 2H), 0.87 (t, J = 7.5 Hz, 3H).
BC NMR (125 MHz, CDCls)
6 191.08, 166.21, 143.72, 141.80, 141.62, 135.25, 134.95, 132.31, 131.37, 126.67,
125.15, 116.02, 63.04, 33.06, 29.59, 23.80, 21.46, 21.21, 18.10, 17.74, 12.66.
HRMS (ESI) for CxH2703 [M+ H]*: 327.1955, found: 327.1947.
ETIR (KBr,cm®)
3441.17, 3417.14, 3404.98, 3383.83, 2965.42, 2931.78, 2354.21, 2340.19, 1647.66,
1633.64, 1398.13, 1392.52, 1260.75, 1028.04, 812.15, 669.16.
Opt. Rot. [a]®D =-6.9 (c = 0.4, CHCls)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (97/3), 1.0 mL/min, 254 nm, 13.743

min (major enantiomer), 15.202 min (minor enantiomer).

‘ Butyl (R)-(2E,42)-5-(2-formylnaphthalen-1-yl)-5-phenylpenta-2,4-dienoa
BuO,C” TN
cHo te (3n)
OO Following the general procedure D, 3n was obtained as a yellow oil (28.9 mg,
75% yield, 99% ee).

'HNMR (500 MHz, CDCls)
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§ 10.12 (s, 1H), 8.10 (d, J = 8.5 Hz, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.94 (d, J = 8.0 Hz,
1H), 7.82 (d, J = 8.5 Hz, 1H), 7.61 (d, J = 16.0 Hz, 1H), 7.47 — 7.44 (m, 1H), 7.42 (d, J =
11.5 Hz, 1H), 7.32 — 7.28 (m, 5H), 6.78 — 6.73 (m, 1H), 6.10 (d, J = 15.0 Hz, 1H), 4.00 (t,
J = 6.5 Hz, 2H), 1.54 — 1.48 (m, 2H), 1.25 (dd, J = 7.5, 1.5 Hz, 2H), 0.84 (t, J = 7.5 Hz,
3H).

BC NMR (125 MHz, CDCl3)

8 191.00, 165.42, 142.26, 141.06, 139.27, 138.63, 135.51, 135.42, 130.77, 130.50,
128.26, 128.18, 127.97, 127.74, 127.53, 126.59, 125.95, 125.62, 123.34, 121.31, 63.28,
29.51, 18.03, 12.62.
HRMS (ESI) for CsH2503 [M+ H]*: 385.1798, found: 385.1789.
ETIR (KBr,cm%)
3451.97, 3417.41, 3383.93, 2959.81, 2926.17, 2354.21, 2326.17, 1681.31, 1653.27,
1630.84, 1405.54, 1386.92, 1269.16, 1030.84, 809.35, 666.36.
Opt. Rot. [a]®D =83.7 (c = 0.8, CHCls)
HPLC  Daicel Chiralpak IB-H column, n-hexane/i-PrOH (98/2), 0.5 mL/min, 254 nm, 25.445

min (major enantiomer), 24.646 min (minor enantiomer).

(R)-(2-((2Z,4E)-5-phenylpenta-2,4-dien-2-yl)-3-(trifluoromethyl)benzalde

SN Me
F3C CHO hyde (30)

Following the general procedure D, 30 was obtained as a yellow oil (25.9 mg,

82% yield, 95% ee).
'H NMR (500 MHz, CDCls)
§10.13 (s, 1H), 8.20 (d, J = 7.5 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.62 (t, J = 8.0 Hz,
1H), 7.23 — 7.22 (m, 2H), 7.17 — 7.14 (m, 3H), 6.60 (d, J = 11.0 Hz, 1H), 6.56 (d, J =
15.5 Hz, 1H), 6.09 (dd, J = 15.5, 11.0 Hz, 1H), 2.23 (s, 3H).

BC NMR (125 MHz, CDCl3)
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8 190.16, 135.88, 133.28, 132.46, 131.68, 131.68, 130.79 (g, Jcr = 5.3 Hz), 130.00,
129.96, 127.42 (q, Jcr = 16.8 Hz), 127.46, 127.00, 126.71, 124.32 (q, Jcr = 288.0 Hz),
125.43, 124.02, 26.23.
¥FNMR (471 MHz, CDCls)
8 -59.60.
HRMS (ESI) for CigH1603F3 [M+ H]*: 317.1148, found: 317.1144.
ETIR (KBr,cm%)
3441.47, 3422.54, 3383.74, 2962.62, 2923.36, 2354.21, 1681.31, 1650.47, 1543.93,
1403.74, 1381.31, 1260.75, 1028.04, 795.33.
Opt. Rot. [a]®D =-75.9 (c = 2, CHCl3)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (98/2), 0.5 mL/min, 254 nm, 11.147

min (major enantiomer), 12.985 min (minor enantiomer).

N Me (R)-(2-((2Z,4E)-5-(4-methoxyphenyl)penta-2,4-dien-2-yl)-3-(trifl
Meo/©/gc CHO uoromethyl)benzaldehyde (3p)
Following the general procedure D, 3p was obtained as an orange
yellow oil (27.2 mg, 79% yield, > 99% ee).
IH NMR (500 MHz, CDCls)
§10.12 (s, 1H), 8.19 (d, J = 8.0 Hz, 1H), 7.99 (d, J = 7.5 Hz, 1H), 7.60 (t, J = 7.5 Hz,
1H), 7.10 (d, J = 8.5 Hz, 2H), 6.75 (d, J = 8.5 Hz, 2H), 6.56 (d, J = 11.0 Hz, 1H), 6.50 (d,
J =155 Hz, 1H), 5.96 (dd, J = 15.5, 11.0 Hz, 1H), 3.75 (s, 3H), 2.21 (s, 3H).
BC NMR (125 MHz, CDCls)
5 190.32, 158.33, 143.52 (d, Jcr = 1.9 Hz),133.33, 132.01, 131.86 (d, Jcr = 0.9 Hz),
130.77 (g, Jer = 4.3 Hz), 129.98, 128.89 (q, Jcr = 30.3 Hz), 128.73, 128.62, 126.90,
126.68, 122.56 (q, Jcr = 272.6 Hz), 122.09, 112.93, 54.23, 26.17.
E NMR (471 MHz, CDCls)

8 -59.64.
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HRMS (ESI) for CyH1702FsNa [M+ Na]*: 369.1073, found: 369.1072.
ETIR (KBr,cm?)
3447.66, 3419.63, 3385.98, 2351.40, 2328.97, 1684.11, 1656.07, 1533.64, 1510.28,
1406.54, 1384.11, 1025.23, 671.96.
Opt. Rot. [a]®D =-123.7 (¢ = 0.4, CHCl3)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (95/5), 1.0 mL/min, 254 nm, 6.247

min (major enantiomer), 9.032 min (minor enantiomery).

o Me (R)-(3-(Trifluoromethyl)-2-((2Z,4E)-5-(4-(trifluoromethyl)phenyl)pen
Fgc/©/F\3C CHO ta-2,4-dien-2-yl)benzaldehyde (3q)
Following the general procedure D, 3q was obtained as an orange yellow
oil (29.2 mg, 76% yield, >99% ee).
IH NMR (500 MHz, CDCls)
$10.12 (s, 1H), 8.21 (d, J = 7.5 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 8.0 Hz,
1H), 7.45 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 6.61 (d, J = 11.0 Hz, 1H), 6.57 (d,
J =155 Hz, 1H), 6.16 (dd, J = 15.5, 11.0 Hz, 1H), 2.25 (s, 3H).
3C NMR (125 MHz, CDCly)
$189.86, 142.74 (d, Jer = 1.8 Hz), 139.32 (q, Jer = 1.3 Hz), 133.23, 132.16, 131.18,
130.83 (g, Jcr = 5.3 Hz), 130.78, 130.23, 128.74 (q, Jcr = 30.3 Hz), 128.33 (q, Jcr =
22.6 Hz), 127.21, 126.94 (d, Jcr = 7.9 Hz), 126.29, 125.50, 124.40 (q, Jcr = 3.8 Hz),
124.22 (q, Jcr = 3.8 Hz), 123.05 (q, Jer = 270.1 Hz), 122.51 (q, Jer = 272.5 Hz),
26.32.
F NMR (471 MHz, CDCls)
§-59.55, -62.61.
HRMS (ESI) for CxHi15s0Fs [M+ H]*: 385.0982, found: 385.0972.
ETIR (KBr,cm%)

3447.56, 3429.32, 3377.68, 2323.40, 2320.07, 1683.21, 1646.08, 1555.54, 1510.38,
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1406.67, 1382.01, 1035.25, 666.96.
Opt. Rot. [a]*D =108.7 (c = 0.4, CHCly)
HPLC  Daicel Chiralpak AD-H column, n-hexane/i-PrOH (99.2/0.8), 1.0 mL/min, 254 nm,

6.952 min (major enantiomer), 8. 784 min (minor enantiomer).

5. Gram-Scaled Synthesis

CHO PA(OAc), TCA1, MNO,  ng o NN Me
BQ, (Bno)2P02H
| 2 HOAc/DMSO
MeH H 40°C, 48 h, O,
1a,0.75 g 2a 3a, 74%, 99% ee

An screw-cap vial was charged with Pd(OAc) (10 mol%, 0.47 mmol) , MnO; (1.5 equiv, 7.05 mmol), BQ
(2.0 equiv, 4.7 mmol), (BnO),PO.H (0.5 equiv, 2.35 mmol), HOAc (47 mL), DMSO (4.7 mL). Then,
TCA-1 (30 mol%, 1.41 mmol), aldehyde 1a (1.0 equiv, 4.7 mmol, 0.75g) and acrylate 2a (4.0 equiv, 18.8
mmol) were added into the solution in sequence. The vial was sealed under O, and heated to 40 °C with
stirring for 48 h. After cooling down, the mixture was directly applied to a flash column chromatography

(PE / EA). Product 3a was obtained as a yellow oil (1.0 g, 74% vyield, 99% ee).

6. Further Elaboration

Me Me
"BUO,C A CHaPPIal mBuO,c” T
Me Pd/C, H, a Me
OH ) (ii) X
4 829 0 Me 5, 88%, 88% ee
, 82%, 95% ee "BuOQC/\ BN ° °
Me CHO
Me 3a, 98% ee

"BUO,CT DTN

Me
Me COOH i ) "Bu0,C” TN
Me
NaClO, NaBH, OH
NaH2P04

6a, 91%, 98% ee
7, 85%, 98% ee
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Hydrogenation Reaction (i): A solution of aldehyde (3a) (0.2 mmol, 1.0 equiv) in EtOAc (2 mL) was
vacuum purged three times, backfilling with Ar. Pd/C (5% on carbon (wetted with cal. 55% water), 10 wt%)
was added and the solution was vacuumed purged once more, backfilling with H,. The solution was
allowed to stir at room temperature for 4 h until reaction completion (moitored by TLC). The reaction was
vacuum purged and backfilled with N2, upon which the reaction was filtered through Celite, rinsing with
EtOAc (10 mL). The organic solution was concentrated in vacuo to give an orange oil, which was dissolved
in 10 mL EtOAc. The organic solution was washed with HCI (2 M, 10 mL % 2), water (10 mL), and brine
(10 mL). The organic layer was then dried with Na>SO4 and concentrated in vacuo to afford the crude

olefin. Purification by column chromatography (PE/EA) afforded styrene (4).

M Butyl 5-(2-(hydroxymethyl)-6-methylphenyl)-4-ene-hexanoate (4)
"Bu0,C

Me on Following the procedure, 4 was obtained as a colorless oil (48.0 mg, 8

2% vyield, 95% ee).
'H NMR (500 MHz, CDCls)
§7.33(d, =75 Hz, 1H), 7.20 (d, J = 15.0 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 5.52 (t, J =
6.5 Hz, 1H), 4.56 (g, J = 7.5 Hz, 2H), 4.05 — 4.03 (m, 2H), 2.31 — 2.27 (m, 2H), 2.19 (s,
3H), 2.02 — 1.94 (m, 2H), 1.91 (s, 3H), 1.61 — 1.55 (m, 4H), 1.37 — 1.31 (m, 3H), 0.92 (t,
J =7.5Hz, 3H).
3C NMR (125 MHz, CDCly)
8 172.50, 138.45, 136.79, 134.66, 133.95, 128.22, 126.02, 125.69, 124.58, 63.37,
62.05, 32.54, 29.60, 23.59, 23.42, 18.12, 18.09, 12.68.
HRMS (ESI) for CisH2s03Na [M+ Na]*: 315.1931, found: 315.1928.
ETIR (KBr,cm?)
3383.18, 2348.60, 1656.07, 1636.45, 1560.7,5 1538.32, 1507.48, 1403.74, 1016.82.
Opt. Rot. [a]®D =1.9 (c = 0.4, CHCls)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (97/3), 1.0 mL/min, 210 nm, 9.896

min (major enantiomer), 11.192 min (minor enantiomer).
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Wittig olefination (ii): Methyl triphenylphosphonium bromide (0.2 mmol, 1.1 equiv) was suspended in
THF (0.5 M) and cooled to 0 °C. A solution of NaHMDS (1.3 equiv, 0.26 mmol) in THF (2.0 M) was added
dropwise. The mixture was stirred for 1 h until an orange suspension formed. The mixture was then further
cooled to — 78 °C, and the aldehyde 3a (1.0 equiv, 0.2 mmol) was added over 20 min. After addition was
completed, the reaction was gradually warmed to room temperature and stirred overnight. The reaction was
quenched with sat. NH4Cl (ag.) solution, then extracted with EA. The combined organic layers were
washed with brine and dried over anhydrous Na,SO4. The solvent was removed in vacuo, and the resulting

residue was purified using silica gel column chromatography (PE / EA) afforded ester (5).

”BquC/\ o Me Butyl (2E,4Z)-5-(2-methyl-6-vinylphenyl)hexa-2,4-dienoate (5)
Me X Following the procedure, 5 was obtained as a white oil (50.0 mg, 88%
yield, 88% ee).
IH NMR (500 MHz, CDCls)
§7.43(d, J=7.5Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H), 6.79 (dd, J =
15.5, 11.5 Hz, 1H), 6.63 (dd, J = 17.5, 11.0 Hz, 1H), 6.36 (d, J = 11.5 Hz, 1H), 5.82 (d, J
= 15.5 Hz, 1H), 5.65 (d, J = 17.5 Hz, 1H), 5.18 (d, J = 11.0 Hz, 1H), 4.04 (t, J = 6.5 Hz,
2H), 2.14 (s, 3H), 2.06 (s, 3H), 1.59 — 1.53 (m, 2H), 1.36 — 1.28 (m, 2H), 0.89 (t, J = 7.5
Hz, 3H).
3C NMR (125 MHz, CDCly)
6 166.24, 146.75, 140.49, 137.45, 133.90, 133.78, 133.65, 128.46, 126.45, 125.91,
121.65, 119.32,114.12, 63.00, 29.65, 24.32, 18.43, 18.10, 12.68.
HRMS (ESI) for C19H240,Na [M+ Na]*: 307.1669, found: 307.1675.
ETIR (KBr,cm?)
3851.40, 3744.86, 3643.93, 3629.91, 3562.62, 1689.72, 1653.27, 1636.45, 1538.32,
1507.48, 1400.93, 1028.04.
Opt. Rot. [a]®D = - 101.3 (c = 0.4, CHCl3)

HPLC  Daicel Chiralpak OB-H column, n-hexane/i-PrOH (99.2/0.8), 0.5 mL/min, 254 nm,
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16.436 min (major enantiomer), 11.784 min (minor enantiomer).

Oxidation Reaction (i) : To a solution of the aldehyde 3a (0.2 mmol) in a mixture of
t-BUOH/THF/H,O (3 mL, 2:1:3) at 0 °C were added NaH:PO; (4.8 mmol, 24.0 equiv),
2-methyl-2-butene (2.6 mmol, 13.0 equiv), and followed by NaClO. (0.74 mmol, 3.7 equiv). The
mixture was allowed to warm to room temperature. The reaction was stirred at the same temperature for
8 h until the aldehyde was consumed. The organic solution was concentrated in vacuo to give an orange
oil, which was dissolved in 10 mL EtOAc. The organic solution was washed with HCI (2 M, 10 mL x2),
water (10 mL), and brine (10 mL). The organic layer was then dried with Na,SO4 and concentrated in
vacuo to afford the crude product. Purification by column chromatography (PE/EA) afforded acid (6a).

”BquC/\ N Me 2-((2Z,4E)-6-butoxy-6-oxohexa-2,4-dien-2-yl)-3-methylbenzoic acid (6

Me COOH
a)
Following the procedure, 6a was obtained as a yellow solid (54.8 mg,
91% vyield, 98% ee, m.p. = 83.5 °C).
IH NMR (500 MHz, CDCls)
§7.94(d, J=75Hz, 1H), 7.44 (d, J = 7.5 Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 6.71 (dd, J =
15.0, 11.5 Hz, 1H), 6.28 (d, J = 12.0 Hz, 1H), 5.80 (d, J = 15.0 Hz, 1H), 4.03 (t, J = 6.5
Hz, 2H), 2.20 (s, 3H), 2.17 (s, 3H), 1.58 — 1.52 (m, 2H), 1.33 — 1.29 (m, 2H), 0.88 (t, J =
7.5 Hz, 3H).
3C NMR (125 MHz, CDCly)
6 170.52, 166.40, 147.49, 140.72, 140.26, 135.01, 134.05, 128.21, 127.01, 126.38,
124.42,118.88, 63.01, 29.62, 24.08, 18.48, 18.10, 12.67.
HRMS (ESI) for C1gH2204 Na [M+ Na]*: 325.1410, found: 325.1407.
ETIR (KBr,cm?)
3425.23, 3385.98, 3332.71, 3265.42, 3142.06, 3004.67, 2957.01, 2351.40, 1653.27,

1636.45, 1535.51, 1510.28, 1392.52, 1019.63.
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Opt. Rot. [a]?*°D =-65.6 (c =2, CHCly)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 5.768

min (major enantiomer), 27.319 min (minor enantiomer).

Ph~ C0O,"Bu 2-((1Z,3E)-5-butoxy-5-0x0-1-phenylpenta-1,3-dien-1-yl)-3-methylben
Me COH z0ic acid(6b)
Following the Oxidation Reaction (iii) in Further Elaboration, with 0.1
mmol 3i, 6b was obtained as a yellow liquid (33.2 mg, 91% yield, 99% ee).
IH NMR (500 MHz, CDCls)
§7.95(d, J = 7.8 Hz, 1H), 7.49 (d, J = 7.5 Hz, 1H), 7.39 (t, J = 7.7 Hz, 1H), 7.29 —
7.21 (m, 5H), 6.95 — 6.82 (m, 2H), 6.00 (d, J = 14.3 Hz, 1H), 4.06 (t, J = 6.6 Hz, 2H),
2.10 (s, 3H), 1.57 (dt, J = 14.5, 6.7 Hz, 2H), 1.32 (dt, J = 14.8, 7.5 Hz, 2H), 0.89 (t, J
= 7.4 Hz, 3H).
BC NMR (125 MHz, CDCls)
5 169.94 ,166.09 , 147.45,140.17,138.17, 138.00 , 136.82 , 133.93, 128.68 ,
128.20, 127.40, 127.38 , 126.96 , 125.64 , 123.32, 121.24 ,63.12, 29.63 , 18.95,
18.11,12.69.
HRMS (ESI for Co3sH2404Na [M+Na]*: 387.1567, found: 387.1577; for Co3H240:K [M+K]*: 403.1306,
found: 403.1308.
ETIR (KBr,cm®)
3447.47,2832.28, 1596.46, 1363.56, 1068.81, 776.04.

Opt. Rot. [0]?D = -32.5 (¢ = 0.08, CHCls)

HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (50/50), 1 mL/min, 254 nm, 9.719

min (major enantiomer), 56.533 min (minor enantiomer).

M 2-((2Z,4E)-6-butoxy-6-oxohexa-2,4-dien-2-yl)-3-(trifluoromethyl)benzoi
e AP co,Bu (( ) y yh)-3-( yl)

F3C CO,H c acid (6¢)
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Following the Oxidation Reaction (iii) in Further Elaboration, with 0.1 mmol 3g, 6¢ was obtained as a
yellow liquid (30.6 mg, 86% yield, 99% ee).
IH NMR (500 MHz, CDCls)
58.23(d,J=7.8Hz, 1H), 7.94 (d, J = 7.7 Hz, 1H), 7.57 (t, J = 7.9 Hz, 1H), 6.64 (dd,
J=15.1,11.7 Hz, 1H), 6.34 (d, J = 11.6 Hz, 1H), 5.81 (d, J = 15.2 Hz, 1H), 4.04 (t, J
= 6.6 Hz, 2H), 2.24 (s, 3H), 1.55 (dt, J = 14.5, 6.7 Hz, 2H), 1.35 — 1.28 (m, 2H), 0.88
(t,J = 7.4 Hz, 3H).
BC NMR (125 MHz, CDCls)
8 168.86,166.30, 143.21,139.98 ,133.62, 129.70 (q, Jcr = 5.4 HZz), 129.57 ,
128.83,128.59, 126.98 , 126.74 , 122.46 (d, Jcr = 272.5 Hz), 119.46 , 63.16 , 29.59 ,
25.01,18.08 , 12.65.
HRMS (ESI) for CigHi9F30sNa [M+Na]™: 379.1128, found: 379.1128; for CigHigF304K [M+K]™:
395.0867, found: 395.0864.
ETIR (KBr,cm®)
2960.83, 2919.57, 2829.16, 1595.29, 1364.40, 1311.09, 1260.03, 1088.41, 1025.86,
797.61, 775.42

Opt. Rot. [a]?*°D =-102.7 (c = 0.29, CHCl5)
HPLC Daicel Chiralpak AD-H column, n-hexane/i-PrOH (60/40), 1 mL/min, 254 nm, 5918

min (major enantiomer), 4.552 min (minor enantiomer).

Reduction Reaction®: To a solution of aldehyde 3a (0.2 mmol) in MeOH (0.2 M) was added dropwise
NaBH4 (2.0 equiv) over 30 min at 0<C and stirred at r.t. for 8 h. 2 M HCI was added slowly until a clear
solution was obtained. The layer was separated and the aqueous phase was extracted with Et,O (10 mL % 3).
The organic layers were combined and dried over Na,SO.. After removing the solvent under reduced

pressure, the residue was purified by column chromatography on silica gel to afford the resulting alcohol

(7).

”BuOZC/\ - Me Butyl (2E,42)-5-(2-(hydroxymethyl)-6-methylphenyl)hexa-2,4-dienoate

Me OH (7)
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Following the procedure, 7 was obtained as a colorless oil (54.9 mg, 95% vyield, 98% ee).
IH NMR (500 MHz, CDCls)
§7.32(d, J = 7.5 Hz, 1H), 7.23 (s, 1H), 7.17 (d, J = 7.5 Hz, 1H), 6.77 (dd, J = 15,5, 11.5
Hz, 1H), 6.37 (d, J = 11.5 Hz, 1H), 5.84 (d, J = 15.5 Hz, 1H), 4.50 (d, J = 3.0 Hz, 2H),
4.05 (t, J = 6.5 Hz, 2H), 2.16 (s, 3H), 2.11 (s, 3H), 1.59 — 1.54 (m, 3H), 1.36 — 1.29 (m,
2H), 0.89 (t, J = 7.5 Hz, 3H).
3C NMR (125 MHz, CDCls)
6 166.19, 146.45, 140.07, 137.30, 136.37, 133.75, 128.58, 126.76, 125.83, 124.38,
119.60, 63.09, 62.25, 29.63, 24.34, 18.21, 18.10, 12.67.
HRMS (ESI) for Ci1gH2403Na [M+ Na]*: 311.1618, found: 311.1614.
ETIR (KBr,cm%)
3854.21, 3744.86, 3629.91, 3568.22, 3456.07, 3414.02, 2354.21, 1656.07, 1633.64,
1560.75, 1504.67, 1457.01, 1406.54, 1386.92, 1025.23, 803.74.
Opt. Rot. [a]®D =-2.9 (c = 0.8, CHCl5)
HPLC  Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 6.121

min (major enantiomer), 15.077 min (minor enantiomer).
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7. Co''-catalyzed Enantioselective 1,4-Addition of Indoles and

i 6
Maleimides L]
(o]
_Me
A\ o) {Cp*Co(MeCN)3[SbFg],} A N
N (5 mol%) *
)\ + | N—-Me CCA (10 mol%) N o
NG R‘ t-BUOK (12 mol%) N)/‘N
&8 (o} MS13X, TEF/DCM (0.2 M) — \
0°tort,72h, Ar
8 Me 9 Ve 10
reported
CO,H CO,H
OO PR z PR ' _1Ips
Ph A //
90 90
OO 86%, 81:19 er 49%, 77:23 er 55%, 82:18 er
(by Yoshino & (by Wang, ref. 7d) (by Wang, ref. Te)
Matsunaga, ref. 16)
This work
M Ph M
°NF CO,"Bu z CO,"Bu *NFAA"co,mBu
Me CO,H Me CO.H FsC CO,H
6a, 24%, 30:70 er 6b, 36%, 9:91 er

6c, 36%, 35:65 er

To an oven-dried 25 mL Schlenk tube was added N-(5-methyl)-pyrimidyl indole 8 (0.20 mmol, 1.0
equiv), maleimide 9 (0.4 mmol, 2 equiv), CCA (0.02 mmol, 10 mol %), [Cp"Co(MeCN)3][SbFs]. (0.01
mmol), activated MS13X (40 mg). To the mixture were added t-BuOK in TFE (0.1 M, 240 L, 0.024 mmol,
12 mol %), TFE (560 |L), and DCM (200 L) at 0 <€, and the mixture was stirred at 25 €. After 72 hours,
the reaction mixture was filtered through a short pad of silica gel and purified by silica gel column

chromatography (petroleum ether/ethyl acetate = 10/1 to 2/1) to afford 10 as white solid.



1-methyl-3-(1-(5-methylpyrimidin-2-yl)-1H-indol-2-yl)pyrrolidine-2,5-dione (10)
IH NMR (500 MHz, CDCls)
§8.55(d, J = 7.8 Hz, 1H), 8.43 (s, 2H), 7.56 (d, J = 7.1 Hz, 1H), 7.31 (t, J = 7.0 Hz,
1H), 7.23 (g, J = 9.1, 6.8 Hz, 1H), 6.67 (s, 1H), 4.77 (s, 1H), 3.17 — 3.05 (m, 4H), 2.97
—2.84 (m, 1H), 2.30 (s, 3H).
3C NMR (125 MHz, CDCls)
6 17599 , 175.44 , 156.71 , 154.84 , 136.26 , 132.53 , 127.52 , 125.21 , 122.96 ,
121.29,119.30, 114.48 , 109.57 , 41.18 , 35.50, 24.05, 14.02 .
HRMS (ESI) for C1gH1602N4 H [M+ H]*: 321.1346, found: 321.1137.
ETIR 2925.20, 2828.58, 1699.93, 1591.69, 1365.93, 775.34
HPLC  Daicel Chiralpak 1A column, n-hexane/i-PrOH (80/20), 1.0 mL/min, 254 nm, 17.130 min

(major enantiomer), 37.385 min (minor enantiomer).

8. Density Functional Theory (DFT) Calculations

8.1 Computational Details and Rotational Barrier Calculated by DFT

All density functional theory (DFT) calculations were carried out using Gaussianl6 software
package.[l All geometry optimizations were performed with B3LYP ! -D3[% functional and 6-31G (d)
basis set. The vibrational frequencies were computed at the same level of theory as for the geometry
optimizations, and to evaluate the zero-point vibrational energy (ZPVE) and thermal corrections at 298 K.
The single-point energies were computed based on the gas-phase optimized structures, using M06-2x*
functional and 6-311+G (d, p) basis set, with the inclusion of solvation energy corrections using a
self-consistent reaction field (SCRF) based on SMD implicit solvent model*” with DMSO as solvent. |
Free energies were corrected using Truhlar’s quasiharmonic correction, by raising vibrational frequencies
that are below 100 cm " All reported energies were computed at 298.15K. DFT-optimized structures are

illustrated using CYLView.
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8.2 Enantiomeric conversion half-life calculation strategy

The Eyring Equation relates the activation free energy and rate constant:

k,T _ac*

k= e  RT (D

In this equation, 4G is the Gibbs energy of activation, k is the transmission coefficient, kp is

Boltzmann's constant, and h is Planck's constant. The transmission coefficient is often assumed to be equal
to one as it reflects what fraction of the flux through the transition state proceeds to the product without
recrossing the transition state.

The epimerization of atropoisomer is a first order reaction, which makes the half-life only relates to
the reaction rate constant:

t,=In2/k (2)

Based on Equations 1 and 2, the half-life at 40 OC (reaction conditions) and 25 °C (room temperature)

was calculated.
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Table S4. Table of Energies and Figures

Structure E ZPE H T.S T.gh-S G(T) gh-G(T)
3a-TS -924.823022 0.355135 -924.445535 0.075135 0.070643 -924.52067 -924.516178
3a -924.872508 0.354131 -924.494676 0.078712 0.073626 -924.573388 -924.568301
3c-TS -806.868959 0.271208 -806.57951 0.064238 0.061691 -806.643748 -806.641201
3c -806.918472 0.270186 -806.628684 0.067808 0.064679 -806.696492 -806.693363
— 1
f"‘
‘s

3a-T8
AG* = 32 .4 keal/mol
ti, (25 °C) = 2043 yrs
t,, (40 °Cy =141 yrs
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10. NMR Charts

80°T~——

1

€T

16
w6
LS
8F'S

oLy
8T'L
IeL
WL
L
oL'L
!

CHO

J

¥0°¢
550°¢]

=66°0
=00°1

7660
860
“L6°0)

EL6°0

1.0 05

L5

2.0

2.5

50 45 40 35 3.0

9.0 85

12,0 115 110 10.5 10.0 95

9L°LT-
(1% 44

10°LTT
S§ETT
PO'9TTY
T0TET
09 €L
68'PET/
1€0PT/
PTVI

8161

-10

30 20 10

40

90 80 70 60

11 (ppm)
45

210 200 190 180 170 160 150 140 130 120 110 100



Me

HYY

3
s Mrs.m
9I'S~ S =101
€L'S @
pL'S — =00°T
97'L,
mm.j,, 00°T
85T 3 101
19°L] — lms.ﬁ
$9°L — ————101
8L 66°0
€8°L '66°0
LS'L]
o 68L
o L6L
O .
o 86'L A
@) 018 — —~=86"0
s

[y o

|

1.0 0.5

20 15

2.

6.0
f1 (ppm)

90 85 80 75 7.0 6.5

11.0 10.5 10.0 9.5

120 11.5

SL'ST-

¥8°81I
rica
89St
L8'ETT

SLOTI
8€LTT]

I8°LTIT
£E 8T
€861
STSET!

;

[

98°8€T
SLLPT

S9T61-

J——J-ML&—JMMM

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
46

210 200 190 180 170 160 150 140 130 120 110 100 90



Me

(1c)

CHO

FsC

91°C

80°S~
Se's
95°s

IS,
§S°LY
06'Ly
6L
s/
€1'g’

¥To1-

-
.
—=00°T

—=L6"T

=00°I

“00°T
- v00°T
*86°0

-€6°0

1.0 05

15

2.0

2.5

7.0 65 6.0

7.5

8.0

85

9.0

9.5

10.0

12.0 115 11.0 10.5

f1 (ppm)

9L°ST-

66°811
00°61T
0611

9o T
9L°€TT
€6°STT]
85971
68°LTT
o 748
LESTI
19°8Z1
$9°6T1
ZE0ET
9¢"0€ T
0¥ 0€T
P OET
00°€€T
IELET
ITsh1
ET'SHT’

T 061~

Mlmwmmm

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
47

210 200 190 180 170 160 150 140 130 120 110 100 90



-180 -190 -200 -210 -22

10 0 -10 20 30 40 50 -60 -70 -S0 -90 -100 -110 -120 -130 -140 -150 -160 -170
f1 (ppm)

0

HTYY

Me CHO
O (1d)

LT'T-

6Ts—

R7°9
YL
%L
6€°LA
WL
ShL
0S°L]
s
§9°L
89°L]
08°'L
18°L]
8L
P8'L
RL
€6°L
or

—+16°C

—==66"0

~10°T
86°0
1 8TE

€0°T
00T
0T
90°T
8670

=760

w

1.5 1.0

2.0

2.5

40 35 3.0

5.0 45

3.5

6.0

7.0 6.5

8.0

85

9.0

12.0 115 11.0 10.5 10.0 9.5

f1 (ppm)

48



| [ 'uw .
PERT ———— s ST'T- - €0°€
3 !h.. L
] o ‘
L w i
L w i
£6'91T, L e .
17T 2 7S — — 0T
€LETT i s
PTSTI 8 . |
0F'STI 88 S1°9- — — 00T
SH'STI oF 9TL,y I
7§97 R Ll kixd
8L9T1 ] g ) — ooe
SE€°LTI [E— - €L — ‘wﬁé.ﬁ-
1SLT1 | == " 8¢ 'L — 01T
€0°TEN ] -8 e 00T
8TTET] = i Ly'L I
08°€€T A 8¥'L i
9LPET g 98°L]
19°S€T o = L8'L i
SS9E1 = = |
. - 8001~ — ———-66'0
SOTHT 3 Q ]
0L EPT’ - o I
80°T61 - [ B .
I a%
-8 T o
=

1.0 05

15

2.0

40 35 30 25

4.5

5.0

5.5

6.0

f1 (ppm)
49

80 75 7.0 6.5

9.0 85

10.0 9.5

11.0 10.5

12.0 11.5



SE8I-

8911
69°CTTH
60°STI1
69°9711
ST LTI
ILLTT
TLEET-
69'bET/
8+ 9T
0€8ET
PLTPT)
LSt

s

1 () oy

S [

-10

70 60 S0 40 30 20 10

80

f1 (ppm)

OMe

HTYY

Me

210 200 190 180 170 160 150 140 130 120 110 100 90

91°C

6L7E—

60°5—

£0°9-
789
$8°9
8I°L
SHW
S.L
LeL]
Lb'L
S8'L
L8'L

(1)

LOOI—

CHO

80°¢

6’0

1.0 03

15

2.0

50 45 40 35 30 25

5.5

6.0

7.0 6.5

8.0 75

9.0 85

11.0 10.5 10.0 9.5

12.0 11.5

f1 (ppm)

50



9781 = $1T ng.m
w L
LTbS- L !
L m i
e 61— — =-00°T|
£0°€TT, o I
0F +11 i °g o - 001"
SSTETI g5 60°9 00°1
8€°971 = .
e 869 i
LE9TI R i S /20T
R s (A —¢0'7
. / = L] — - =€0'T.
99°¢ET = 3
ot | E— STL - €0
€OPETL | i
P 9cT” 3 3 L L60
_ -2 65°L
PO THL] I L I
el S |
- S 6L I
o 2 98L
- [T N
| o 8L, “660
: O z LO0T I
STT61 A O i
& / I
- 8 T o
M -

1.0 0.5

15

2.0

6.0

f1 (ppm)
51

90 85 80 75 7.0 6.3

9.5

10.0

12.0 1.5 11.0 10.5



0T8I

LS'PII
PLPIL|
L1911

8T9TT
06°€T1
6L°92T
P8'9TI
98'9Z1
€9°€€T
LYFET
0sPeL|
8LHET
8€°9€1”
0L TP
SEEPT
697091~
L9791

Lol 1L

88 I61—

-10

70 60 S0 40 30 20 10

80

f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 90

o EH

-180 -190 -200 -210 -22

10 0 -10 20 30 40 50 -60 -70 -S0 -90 -100 -110 -120 -130 -140 -150 -160 -170
f1 (ppm)

0

52



CHO

Me

(1h)

1TT—

ST'S-
109
89°9|

69'9
3;
NmL
peL|
LEL
oL
8L
6t'L
S8°L
98°L

—

90701

=£0°¢

W

—00°T

= 00°'T]

=*L6°0
uumc.n.

—— €01

hwcn.ﬂ

$6'00

1.0 0.5

15

2.0

50 45 40 35 30 25

5.5

7.0 65 6.0

90 85 8.0 75

10.0 9.5

11.0 10.5

12.0 11.5

f1 (ppm)

01T°'81-

60°STI
bLTTL
05671
89°¢7T{
65'ST1
1971~
69'FE T~
wrsery
ST'9¢1
68'LET
CTTFI
89°¢F1

(41 {3

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
53

210 200 190 180 170 160 150 140 130 120 110 100 90



(1)

Me

0L'T
LL'T]
8L'T
P81
€07~

86T
MS.N
#80°T]

01z
177
97°c|
672

09'S+
€95/

ST'L,
em;
8T'L
oF'L
L
vLL
sL'L)

LTOT-

1667
YA

— 10T

L9
mwéo.v

N

=501

1.5 1.0 05

2.0

40 35 3.0 25

4.5

5.0

5.5

6.0
f1 (ppm)

80 75 7.0 65

8.5

9.0

11.0 10.5 10.0 9.3

12.0 115

08°LT
96°07+!
mzﬂ
SEFT
I+°0€

8P Tl
hh.mﬂ%
LT'8TT~
99°TET
IE€eel
LA
mw.mm:
80°L¥1

0€° 76T

-10

80 70 60 S0 40 30 20 10

f1 (ppm)
54

210 200 190 180 170 160 150 140 130 120 110 100 90



HTYY

ws- -||Idm8.ﬁ-
8€'9- —-96'0)
ol 96
ey [0t
€L Tooth
erL e }0T
oL ) teot|
8s'L xS
19°L
68'L i
€6'L ‘
S 8L
o 00’8 ) i
5 S0°8( 760
L0'8]

O Ieor

1.0 05

30 25 20 15

3.5

6.0

80 75 7.0 65

9.0 85

11.0 10.5 10.0 9.5

12.0 115

f1 (ppm)

€I8IT
PTIZI
8T°STT
10°9Z1;
W 9TI
LTLTI
8ELTT
CP LTI
LoLer)
8°LTL
8T0ET!
20 IE T
6T°SET
SO°6ET]
PSIFL
8L¥HT

06°T61—

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
55

210 200 190 180 170 160 150 140 130 120 110 100 90



CHO

Me
BuO,C~ TN
Me

(32)

L80,
060 _
8T'T
S i
mm.L
8s1’

=§T't
€T
q rL0°¢]

£L0'€

S.&
7wt

0P
920/

$8°S1
88°S|
6v"9

1S9

6991
_R..j,ﬁ
9T'Ly
LELA

Lt

190°C

€01
o
— T |

=

oF'L
8L
6r'L’
6LL]
18°L

0001

—. 0T

o

00°1

=L6°0

L0 05

25 20 15

40 35 30

4.5

9.0

12.0 11.5 11.0 10.5 10.0 9.5

f1 (ppm)

99°TI
YLLT
60°8T/
6€'ST”.
09'67’

8T°€9-

TS0zl
hm.mm:_
96971

LT,
SOTET
L6 e,
90°SET;
0€6E1/
0T
6 €T
$6°S91-

L8061

LU I

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
56

210 200 190 180 170 160 150 140 130 120 110 100 90



CHO

Me
Et0,c7 TN
Me

(3b)

07’1 L o
T w Lrg
LT E0°E
T ERY
80t cenm
T’ ==5() m‘
S8°S I
68'S/

69 -
ﬂm.w — 0T
QW.WHW» B B L_wﬁc.ﬁu
b9 — 7660
9T'Ly J I
\.m.ﬁw _ 00°T
oL J—
8L L60)
0S°L’

6L'L] s
8L I
00°0T— — =071}

1.0 0.5

15

2.0

6.0

80 75 7.0 65

11.0 10.5 10.0 95 9.0 85

12.0 11.5

f1 (ppm)

6Icl~
PLLLT
[44-TAs

ST65—

65°0T1
8S°STI|
L6971

STLTL

PO
80°SET
Nm.mﬂw
PTeeT)
:..N_i
SSEPT

98°S9T~

98061

\ MH!H|

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
57



CHO

Me
BuO,C”~ DTN
Me

(3c)

ot —= =976
9I'T, _ JJm%.m.
T g
6L'S! i
78's] _

99, s
8¥°9 ~ 00T
799 :
899+ = 7660,
9TL y L]
S€L4 00°T
8€LT - T 1"660
Ly ) J»wa...ﬁ
stL)

wnL !
08L i
666~ - — =560

1.0 05

15

2.0

70 65 60 55 50 45 40 35 30 25

80 75

9.0 85

12.0 1.5 11.0 10.5 10.0 9.5

f1 (ppm)

YLLT~
8€'ST

LO°LT

ST6L—

8€°TL
€PSTI
68971/
STLIT
COTET |
L6 HET
PO"SET
o_“.wm;
6LTrL]
S8 THT
RT'S9T

S6°061

A

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
58

210 200 190 180 170 160 150 140 130 120 110 100 90



Me
PhO,C”~ TN

(3d)

CHO

Me

_ \J,Ju_mg

Amm.m‘

£6°'C

66°0
oot
J 00°T
M L6
=IP0°T

=

— lgo1.

56670

1.0 05

15

2.0

2.5

6.0
f1 (ppm)

80 75 7.0 65

9.0 835

10.0 9.5

11.0 10.5

12.0 115

9L’LT
SYst

05611

1021
19°%C1
96°ST1
SO0°LTI
ITLTI
9T'8T1
920°CET
98 €1
YIsel
IT'IF1
19°1v1
sTsrl
ro'6r1
(44 21!

LL061

]

1
1

1

.

A\
s

.ﬁ
/

-10

60 50 40 30 20 10

70

80

f1 (ppm)
59

210 200 190 180 170 160 150 140 130 120 110 100 90



Me
MeO,C~ 7N

CHO

Me

(3e)

LTT JL6'T
Tt 67T
Fog terd 431
98°s I
68'S 4
6v'9 -
w9 ———xp01l
673 o
Nw.ﬁ Mki
LEL) ql
. SC0°1
WL -.J»S.ﬂ
6¥'L 6600
0S'L
08'L -
8L I
666— ~L6"0F

1.5 1.0

2.0

40 35 3.0 25

4.5

10.0 9.5 9.0

11.0 10.5

12.0 11.5

€L°LY-
8414

SrPos—

PI0TI
T9°STT|
00°LT1

LN

POzEL |
I6¥ET,
0T'SEL
ph6er!
S6THT )
6L CHT
£T99T-

£8°061—

-10

80 70 60 S0 40 30 20 10

f1 (ppm)
60

210 200 190 180 170 160 150 140 130 120 110 100 90



Me
1BuO,C” TN

CHO
OO (3f)

L6'E~
00+’

06°S,
£6's’
19°9
699
E.L

Ei
97°L
csLf
LS'L
€9°L
99°L
LS'L
€6°L
008
08 \
1701

=¥I'g
<TI'T
=917

~80°¢

=10°C

=960

1.0 05

1.5

2.0

4.5

6.0

9.0 85 80 75 7.0 6.5

9.5

10.0

12.0 11.5 11.0 10.5

f1 (ppm)

09°TI~
€081~
€L9T
rs6T-

61°¢9—
9TITT,

I

ZSITL
ST'STI
SHOTT
po°LTT
S9°LTT
PT8TTH
89°87T
8T 6T1
6671/
ersel’
2.%&
8 THT

68°EPT

89°S9T—

L9061-

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
61

210 200 190 180 170 160 150 140 130 120 110 100 90



Me
BuO,C” TN

CHO

FsC

(39)

08°0

wo—————
1T —

871/
91

ol
=m~\ —

8T'T

S6°€
00+

08°'S
€8°S
8+°9
059
95'9
19°9-
6TLy
pS Ly
LS'L”
06'L]
16°L°
0r's;
s

66'6—

=

=661

=001
J00°T]
00T

=€0°'T}
khm.c*
~66°0

8670

1.0 0.5

1.5

2.0

5.5

6.0

80 75 7.0 6.5

8.5

9.0

10.0 9.5

11.0 10.5

12.0 11.5

f1 (ppm)

S9°TI

L0811
7897

LS6T

LT€9
Ir6II|
6711
0 1Z1
LVETT
§9°STI
€S°LTI
LO'STI
78Tl
95871 |
08871

L

€C6T1
£€°671]
LY0ET
bLIOET]
6L OS]
€8°0€T
L8'OET,
T6'TET
LL'SET}
8T'6€1

8P TP 1 Mﬂ

6F'IrI
~m.:“:
s'Irl
S9°S91-

I1T68T—

|

-10

20 10

30

120 110 100 9% 80 70 60

140 130

190 180 170 160 150

100

f1 (ppm)

62



59.30

0w 10 0 -10 -20 -30 40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

NOESYPHSW CDC13 E:\\|CCyY 13 \ ‘
||‘ ,“ | . ppm

b + - 0
. .‘i i -1
‘ bl
l ' 4“’ i - 2
: - 3
& e, boa
] , | - 5
I v A " 6
= I ' !
| ' . - 7
— e '
— it ¢ - 8
'
- 9
ﬁ & ' S T
0 9 8 7 6 5 4 3 2 1 0  ppm

63



Me

CO,"Bu
x

(3g)

CHO

FsC

EI'p
91y’

IS’
pes —
v6°S- -
66’5’

LTLy
65°L
£€9'L1
E.L —
€8'L —
96°L —
86°L
L8
61'8

90°01- —

o

1667
7T
8eT
120°g

=£0°C

=001
=01

10T
786°0
660
16670

=00°T

1.0 0.5

15

2.0

6.0

70 6.5

7.5

8.0

12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

f1 (ppm)

0L°TTy
8T'8I
9997

L9°6T
80°€9|
SH'LTT
80'6IT
LTITL
SH'ETT
€9°STI
9€°LTT
19'LT1
LT
60°8T1

Ve 8Cl
8587
78'8TT
ET°0€T]
ET0ET
S9°0€T
69°0€T
£LOET
LLOST
60'€ET/,
PS8ET]
0€°6ET ]
S6'THT
96 THT{
86°IPT |
66 THT

£T'S9T

68T

-10

30 20 10

40

70

80

f1 (ppm)
64

210 200 190 180 170 160 150 140 130 120 110 100 90



-59.44

W 10 0
f1 (ppm)

NOESYPHSW CDC13 E:\\ CCY 31

|

-100 20 -30 40 -50 60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22

JL[L ppm

el
.;%L
LN
=

R )

b
i
'
[
1

T

10

65

ppm



Me O CHO
(3h)

1Bu0,C” TN

-10

10

20

50 40 30

60

70

680, g -
o Log 3
0T =

e, iy«

M ) & )
LS 0d 3 89°TI~
0911~ Z.wﬁw
1z - a SI'81
LOP) - 1967~
0T
19| - I€'€9
P19 ) e 1021
L89 - — g 06°7T1|
76'9] ¥ PLFLI
9T’L o b9'STI
L ] * TO9CT
PEL “ LT9TI]
0F'L 22 €971
h'Li T 0L *2 959z
WL M::Z. éz 8S°LTT
S°Lq -— =101 2 SOLTIY
9L . _ Jood] = 9LLTT
6L = =i LTTEL
el — =10 3 LY TET
pe'L P0°T 89°€€l
65L €01l % ST'SET
09°L] S0 < 1TSET
99°L Wy 9L 9€T]
69°L] 07 & 9¢"6ET
08'L) — ‘\nﬂa.ﬁ 2 08°6€1]
8L 9601 €9 €T
€8] = S9°S9T
S8'L 3 POT6T
S6°L] -
96°L] 5
76°6' 3

80

f1 (ppm)
66

210 200 190 180 170 160 150 140 130 120 110 100 90




"BuO,C” TN l

Me l CHO
(3i)

wm.e
;..p
67T~
LET
SS'T

1907
Y

90°%-
60

LO9
0ry’
£€8'9

ww.@v
LT'L
0T"L
9L
97 L)
6TL
I€L
PEL
9L}
6FL|
SS'L
95°L]
06°L
6L
68°6’

J

at

so'g

=677
*60'T

sC0°¢Er

=£0°7

=101

00°T
JC0°T

90°C

Lo'g
wg.ﬁ
[00°T
Fa.c

1.0 0.5

1.5

40 35 30 25 20

4.5

5.0

5.5

80 75 70 65 6.0

8.5

9.0

10.0 9.5

11.0 10.5

12.0 11.5

f1 (ppm)

89°TI~
0181

E.wﬁw
09°67"

0€°€9—

9872,
89°PTT
€STI
68°STT
98"LTT
b6 LTI
61°8T1-
9S"€€T
€Isely
$9'9€T|
%sm@

(43131 __ﬁ
6L6€T ,_,
rLert
Yo so1-

€0'T6T—

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
67

210 200 190 180 170 160 150 140 130 120 110 100 90



OMe

Me O CHO
@)

Bu0,Cc” TN

ww.__
;._L‘|
0€ T~
ser, —
95T

65T
e

08°€,

-

SOb
80t/

209
s0'9”
08'9
ww.ww e
60°L ——
19 ==
0T'L —
L
9T°L
SHL
8t L]
pSL
se Ll —
%.t\

16°L]

L8'6

|

LYE

=TT
€T

J10°€

=T10°¢]
€07

210

-76°0

1.0 05

1.5

40 35 30 25 220

4.5

5.0

5.5

9.5

10.0

12.0 11.5 11.0 10.5

8971~
80°81 -
89'87,
1967

rers—
1T°€9—
9¢ €11

IL 121
€6°€TI
I HTI
00°LTT
9 LT
PP OET)
£S°EE T
80°SET,
65°9€1
E.%_N
I oF1 \H
8TEr1

6+ 651
8591

ST'T6T—

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
68

210 200 190 180 170 160 150 140 130 120 110 100 90



Y
Bu0,C” TN

Me l CHO
(3K)

ww.?k -
60t — _—
6T ___)Tre
e e — =617
i \\ - B T
197 1908
Il
e -
9wy, |
i, ———66'T
90°9 i
60°9;
089, i
$8°9
00°L — —00"]]
€0°L Lﬁwnm
0r'L — -
L, = ) Wmmme.ﬂ
vTL == pa—— 7Yy
STL _ —_j16°0
97°L] 01
9T'L 00'T
LTL '86°0
L¥L I
0S'L .
ssLl - ——————F L6
LsLy
68'L] .
16°L I
88°6

1.0 0.5

1.5

2.0

7.0 65 6.0

8.0 7.5

9.0 85

9.5

10.0

12.0 11.5 11.0 10.5

f1 (ppm)

G.m;
08T,
AR
6567,
£6°€9,
079L
16+11]
60'STI|
06'771
60'STT|
95'sT1{

BESCT]
0€°LTT
LELTY
TLLen
6+ €€
T0F€T
POPET
€TSET
6591
8T'6ET
LEGEL]
£€9°THI

LUT9T
LT'€91-
09591/

8061

MWWM

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
69

210 200 190 180 170 160 150 140 130 120 110 100 90



ISTH

-170 -180 -190 -200 -210 -22

-140 -150 -160

-120 -130

-100 -110
f1 (ppm)

0 0 -10 20 30 40 -50 -60 -70 -80 -90

0

Bu0,C” TN

CHO

Me

(31)

88°0,
60t —
6TT.
[Tl /A
mm.L

__)

090 — —
ST°T

904,
80/

$0°9
L09/
PL'O
L9 —

6.9

B

=

LS9 —
LOL] -—
60°L
9L
9¢°L]
LEL
SHL
8¥"L o
pSL
95°L]
68'L
6L

—

—

J

s0°¢g
~LTT
977
JIE

=60°C

=00°'T

196°0]

7611
2901
=107
1rot
leor
T0°T

=01

1.0 0.5

15

2.0

2.5

3.0

5.5

6.0

80 75 7.0 635

11.0 10.5 10.0 95 9.0 85

12.0 11.5

f1 (ppm)

70



L9TI~
86°L17
0T8T

09°67~

LTE9
STITL

£EETI
REHTI
PLPTI
R6HTT
60°9ZT,
LSLTT
STEET
0LSETy
0¥ 9T
SL'8ET Aﬁ

LTG6EL
ww.mm:
rorrr

99°591-

€0'T6T—

Ll 1]

-10

70 60 S0 40 30 20 10

80

f1 (ppm)

(3m)

®]

[}

210 200 190 180 170 160 150 140 130 120 110 100 90
@)

BUO,CT D
M

$8°0,
88°0-.
97T
1T/
ST
95T
9L
88°T
81T/
STT
0€T
sz
8€T
00°F
SO°p

P8S
LSS
68'9,
76'9
9T'L
vm.nw
nm.h\m
WL
LYL
8L'L
08°L’

8676~

J

J

1T
=y
—— ) €0°E

————

—

TS0

LOE
L_ﬂ_:.n‘

FETT
Jmﬁ.m

=€£0'7

=0T

200'T
JE0°T

*T0°'T

=T10°T;

1.0 05

15

2.0

6.0

7.0 6.5

8.0

85

9.0

11.0 105 10.0 9.5

12.0 11.5

f1 (ppm)

71



%ﬂ,
PLLT)
_:.m:./
11T

91T \ﬁ
08'€7 *
6561/
90°¢€’

ro'€9—

20911,
STSTH
Lo9T1|
LETET
L€ €L
S6VET
STSEI

79 TH1

08T T
TLShT
17991~

80°T6T—

m——-L——lJ i MM%#:&MM

-10

70 60 S0 40 30 20 10

80

f1 (ppm)

(3n)

"BuO,C” TN ]
! [ CHO

210 200 190 180 170 160 150 140 130 120 110 100 90

80
§8°0
T
E.Q
%i
psT

66°€
10/
609,
AN
€L'9
8L'9
9T'L|
8T'L
€L
L

ot

Y s
PrL
L]
09°L
€9'L
18'L
€8'L
c6'L]
S6°L
66°L
10'8
60'8
18
ror

“*I'g

961
=+6'l

=L6°T

=+6°0

1.5 1.0

2.0

6.0

7.0 6.5

7.5

10.0 95 9.0 85 8.0

12.0 1.5 11.0 105

f1 (ppm)

72



9T
€0°817
1S'67~

87°€9
1€°121
PEETI
4t
S6'STT|
65921

|
L

| U

€5°LT1]
pLLTY
L6'LTT
18T
97’8zl
0S°0€ T
LLOET
wsel

ISSET

mm.wmﬁw
hu.mmd

90°THT
9T TFT

(4451

00°T6T—

R -

-10

70 60 S0 40 30 20 10

80

f1 (ppm)

CHO

Me

210 200 190 180 170 160 150 140 130 120 110 100 90
FsC

(30)

¥

9670

7.0 6.5

90 85 80 75

9.5

10.0

12.0 11.5 11.0 105

f1 (ppm)

73



€090

S8OCT
9T°¢T1
0¥l
13474 |
L¥'STT
£9°9C1
IL9CT
S6°9C1
00°LTT
LTLI
WwLll
8SLT1

ILLTT
96°6T1
00°0€T{
SO0°0€T
U0,
TL 0T
LLOET
180T
S8 0ET
89 IET
89 1€ T
9 zET
ST EET
88'sET

9T°061-

-10

70 60 S0 40 30 20 10

80

f1 (ppm)

09°65

210 200 190 180 170 160 150 140 130 120 110 100 90

-180 -190 -200 -210 -22

10 0 -10 20 30 40 50 60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170
f1 (ppm)

0

74



Me

we———

|

2.0

—

‘ —

(3p)

FsC CHO
[—]
=
[-.~]

MeO

-97g

=0T'¢

=T0°T;
66°0
€01
861
10T
10T
m&.ﬁ
~86°0

=560

50 45 40 35 30 25

6.0 5.3

6.5

80 75 7.0

8.5

9.0

11.0 10.5 10.0 9.3

12.0 11.5

f1 (ppm)

Ly e
mn.vm_
£6°CIl

i g xawy

L IcE
60°CT1
S9°¢CI
£8°5T1
89971
06°9C1
£5°8T1
[44:14!
E€L°8T1
LLBTT
10°6T1
ST6C1

I o

8661
IL0ET
SL'OET
6L 0€T

P8 0€T,
98'IET

LS'IET;
T0°Z€ T
€EEET
1SerL,
€SEPT

€E8ST—

(49117

| M

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
75

210 200 190 180 170 160 150 140 130 120 110 100 90



Y965

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22

10 0 -10 -20 -30 40 -50 60 -70 -80 -90
f1 (ppm)

0

Me

FsC CHO

F3C

(30)

ufy
o
o

P19,
61°9
$5'9
85'9
09°9
79'9
eTL|
ST'L
9L
PL T
oL/
9L
s9°L]
00'8
20'8
07’8
s

ror-

i} 00T
mwm.e
ro'1L

M 96°L

=007

I.Iwys.ﬁ
e— L
RN

<=T10'T

12.0 11.5 11.0 10.5 10.0 9.5

1.5 1.0

2.0

2.5

40 35 3.0

4.5

5.0

5.5

70 6.5 6.0

7.5

9.0 85 8.0

f1 (ppm)

76



€97,
W
L6 ITI
09°€T1
0T¥T1
€THLI
9€PTL||
6€ I
A 24|
SHHTI
0S°STI
8L'STI|
6791
169211

L

169t
vr'Ltl
ITLTTY
STSTI
8¢"8CTH
£F'8TIH
79°8C1
98°871

€TOET
8L 0ET/
I80€1
S8 0€T
68°0€T
STIET]
9T ZET
eTeet
€61
£E6ET],
_R.N_i,__
SLTPY|
98°681"

Ll

-10

70 60 S0 40 30 20 10

80

f1 (ppm)

19779~
S565-7

210 200 190 180 170 160 150 140 130 120 110 100 90

-180 -190 -200 -210 -22

10 0 -10 20 30 40 50 -60 -70 -S0 -90 -100 -110 -120 -130 -140 -150 -160 -170
f1 (ppm)

0

77



-10

L g _
— &wo - 8971
=_i86'¢ , ,
— e S.w:/
)&ha.ﬂ - IS8T
wla.m o €T

3.0

AN LEEY

Lzt v mm.m&
%.ai

3 psTe

. S0

10

60 50 40 30 20

70

== 16T ¥

g

beo HE
=T8S
G comt
69°STT
5 Tzt
L. TSt
SS0T R seeer:

N Me
OH
4)

Me

nBUOzC

1 .
—— wa._“. v %._“m%
T 6L9ET
s stser
o oswr-

80

f1 (ppm)
78

210 200 190 180 170 160 150 140 130 120 110 100 90

mm



Me
"BuO,C”T TN

Me

()

L8O

0670

87Ty
9€1-
€sT/

65T

90°7/
PTT

€0°H
920
LTS

0TS

wqm)
h@mﬁ
I8
rgs”
SE'9\
LEY.
09°9
99'9’
LL'Y
789
L
€L
8TL]
1TL
9T'L
Ll
L

—— 1W~.N

_

ETE

OPT
60°€
286°T

=50°7

=901
LOTH
¥€0'T
00T
16670
mmacﬁ
o
60'T
“LOT

i

3.0

w

w

85 8.0

9.0

9.5

10.5 10.0

f1 (ppm)

89°TI
0181
€81
A
s9'67/

00°€9—

I vﬁ

(4% m=
SO
16°5CT
SP9TL
9% 8T1
SOEEl
8LEET W
06°€€1
SYLET \
oF E&
sL wwl
YT991-

i

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
79

210 200 190 180 170 160 150 140 130 120 110 100 90



Me
"BuO,CT TN

COOH

Me

(62)

£.=
%._Lf
6TT

3 o —
Nmi
gs"T

_:.ﬂﬂ i
0T'¢

0P
S0y’

8LS
I8°S|

E.j _
0€°91

699, —
E.L

9T'L

0€L

€€°L] —
L)

mwi -
b6'L]

§6L

+T0°T}

w

w

3.0

w;

5.0

5.5
f1 (ppm)

w

8.0

"y

9.0

10.0 9.5

10.5

LTI
0181
i
80" _“&
79°67

10°€9—

NN

88811
|
8€°9TI,

T0°LTTY
TT8TIL
SOPET~
10ser’.
8.3&
L OFT \
6 LFT

0¥ 991~
ISOLT-

-10

80 70 60 S0 40 30 20 10

f1 (ppm)
80

210 200 190 180 170 160 150 140 130 120 110 100 90



COZ"Bu

2

Ph

CO,H

Me

(6b)

L8O
68°0
060’

(YA

|
€l
€1
ST
1m.—_
SS'1
LE']
8S°1

or'e

S0y
wc.i\

Loy
86°S
109
£€8°9
£8'9
889
069
69
€TL
£TL

VUL

STL
9L
LTL
LE'L
6¢t°L
or'L
8v°L
0s°L
S6°'L

*

96°L

Mﬁ;.m
~60'7

TTSR00T

~ .
Af&c €

-

-chc.n

HﬂTC@.—

———===100'7
—,00°s

——200"1]

o001
—00'1

1.0 0.5

100 95 90 85 80 75 7.0 635 60 535 50 45 40 35 3.0 25 20 15

f1 (ppm)

69°T1~
181
$6°'81

€967

AR
SL'SL
S.ﬁw
ST'9L
PTITL
€ €T
$O"STI
96'971
0F'LT1
07871
89°871
£6°€ET~
S.wm_\ﬁ
00°8€T
LI'8ET
LT'OPT
SHLFT
60°991
v6 691/

0

10

f1 (ppm)
81

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20



Zco,"Bu

Me

CO,H

F,;C

(6¢)

98°0,

880

68°0°

6T
oe'Lyf T

(45!
3 i [
SE'T
&'l
vl
'L
LE']
8s°1

vy,
S0'F

0€'S
6L'S|
w's|

€9, -

mm.i

G.w/ N
@.@N T

r9'9
999’

—

9TL _

SsL]
LSt
8S°L
€6°'L
v6'L
€T'8
vTs

_&J ——

|

=007

1

100 95 90 85 80 75 70 65 60 55 350 45 40 35 3.0 25 20

1.0 0.2

1.5

f1 (ppm)

S99~
80°81-
10°ST~
65°67~

91'€9|
PL'SL|
00°9L ?
ST9L
9611
LETTL
SSUETl
PL'OTI
86'971
65'871 |
£8'871
L6711
£9°6711
89°67I
7L'6T1
9L'671 \
weer)
ma.am;
1Tert
0£'991 -
98'891~

L

210 200 190 180 170 160 150 140 130 120 110 100 9 380 70 60 50 40 30 20 10

-10

0

f1 (ppm)

82



U]

OH

Me
MBuO,C”T TN
Me

L8°0 p

060 T

87T X
et +9€°C

9¢°T i
oy — ¥96°C

pS'T X
: u €0'¢

65T M 50°¢

1154

91T

ont —— ~86°T

920 w

LFy~ =+ 86'T

ey’

8

$8'S

§€°9

8¢9, — = ~00°T

pL 9 ] 1660

6L°9 yf T ) L;:Z

9T'L — — 00°T

2.2 - i b?ﬁ

€TL — - —700°T

97'L

I€L ]

geL

"

i

3.0

\w

w

85 8.0

9.0

9.5

10.5 10.0

f1 (ppm)

LYTL,
0181
1781
i
967/

STT9\
60°€9”

09611,
8EF¥CI
£8°STI
9L°9T1
8S°8TI~
SLEET~
LEIET
0€"LET %
h:.cm
SYorl
61991

|

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

70 60 S0 40 30 20 10

80

f1 (ppm)
83



(10)

Me
[0}

0T ——
88'7
88T —
6T —
6'T
60°€]
60°€
e
PIe’
LLY- —

L9'9)
1L

WL

€TLy

orL| -
6TL

€L .
L
mm.&
9L
'8,
SS'8- —
os'g/

~F00'T

5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5

5.5
f1 (ppm)

9.5 9.0 8.5 8.0 15 7.0 6.5 6.0

10.0

20'+1’
SOPT-
0S°SE
ST'TH

wh.mh/
10°9L
LT9L

LS"601
8 b1+
cm.m_:_/
6T ITI |
&.NNL
_N.mﬁw
WL
£5°TET
97'9¢1’
P8TSI-
1L'9S17

PHSLI
66°SL17

Ll

-10

f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 S50 40 30 20 10 0

84



11. Copies of HPLC Analysis

11.1 Copies of HPLC Analysis for B -C-H Alkenylation product

Me
BuO,C” TN

Me CHO

3a
82%), 98% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 15.763 min (major

enantiomer), 23.606 min (minor enantiomer).

Detector A:254nm
2004

1751

1504

125

1004

759

504

25

Peak# | Ret. Time Area Height Area %

Height %

1 14.796 6722363 204590 51.011

62.233

2 21.630 6455973 124158 48.989

37.767

Total 13178336 328748 100.000

100.000

50]Detector A:254nm
45]
40]
35]
30§
25]
20§
154

104

@

0.0 50 100 180 200 250

85

300




Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 17.331 min (major

Peak# | Ret. Time Area Height Area % Height %
1 15.763 1718651 47698 98.834 99.220
2 23.606 20278 375 1.166 0.780
Total 1738929 48073 100.000 100.000
Me
Et0,c7 NN
Me CHO
3b

67%, 98% ee

enantiomer), 24.726 min (minor enantiomer).

254

204

154

104

Detector A:254nm

0.0 5.0 10.0 150 200 25.0 300
Peak# Ret. Time Area Height Area % Height %

1 17.268 949791 25600 51.666 61.717

2 24.622 888548 15880 48.334 38.283

Total 1838339 41480 100.000 100.000
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60

50+

40/

30+

20+

104

Detector A:254nm

07% - A - &
o0 50 10.0 150 ' 200 250 1300
Peak# Ret. Time Area Height Area % Height %
1 17.331 2385656 63731 99.102 99.362
2 24.726 21607 409 0.898 0.638
Total 2407263 64140 100.000 100.000
Me
BuO,C” TN
Me CHO
3c
69%, 98% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH 98/2), 0.5 mL/min, 254 nm, 18.950 min (major
enantiomer), 21.680 min (minor enantiomer).

150 Detector A:254nm

1254

100+

75+

50+

25+

-25

00

25

5.0 75 10.0 225 250
Peak# | Ret. Time Area Height Area % Height %
1 19.283 444756 16427 54.190 59.841
2 21.664 375975 11024 45.810 40.159
Total 820732 27452 100.000 100.000
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Detector A:254nm
450
4004
3504
300
2504
2004
150
1004
504
0 . i
0.0 25 5.0 75 10.0 125 15.0 175 20.0 225 25.0
Peak# Ret. Time Area Height Area % Height %
1 18.950 12648880 444292 99.152 99.206
2 21.680 108178 3558 0.848 0.794
Total 12757059 447850 100.000 100.000
Pho,c~ N Me
Me CHO
3d

70%, 99% ee

Daicel Chiralpak IB-H column, n-hexane/i-PrOH (95/5), 0.5 mL/min, 254 nm, 26.432 min (major
enantiomer), 28.410 min (minor enantiomer).

1757Detect0r A:254nm
1501
125]
100/
75
501
25/
0 — S
00 50 100 15.0 20.0 250 300
Peak# | Ret. Time Area Height Area % Height %
1 26.129 1340278 41847 49.854 52.185
2 27.943 1348151 38343 50.146 47.815
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 Total | 2688429 | 80190 100.000 | 100.000
Detector A:254nm
2004
1751
1504
1251
1004
751
504
257
o] i
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 i
Peak# | Ret. Time Area Height Area % Height %
1 26432 | 3430076 | 101384 99.455 99.338
2 28.410 18799 675 0.545 0.662
Total 3449775 | 102059 | 100.000 | 100.000
MeOZC/\ S Me
Me CHO
3e

76%, 98% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 23.133 min (major
enantiomer), 34.742 min (minor enantiomer).

175Detector A254nm
150
125]
100]
75
50]
25]
O’—"_'J\/\_'\—’ T T -
00 50 100 = 150 200 250 300 350 400 .
Peak# | Ret. Time Area Height Area % Height %
1 24.299 2345774 41519 51.274 61.858
2 36.792 2229169 25601 48.726 38.142
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 Total | 4574944 | 67120 100.000 | 100.000
100 Detector A:254nm
90]
80]
70|
60
50|
401
30
20]
10]
o b J 4

00 50 100 15.0 200 250 1300 350 400

Peak# Ret. Time Area Height Area % Height %

1 23.133 4955220 93759 99.176 99.411

2 34.742 41177 555 0.824 0.589

Total 4996398 94314 100.000 100.000

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 7.371 min (major

"BU0,C” T

SeN

85%, > 99% ee

enantiomer), 13.580 min (minor enantiomer).

3f

Me

‘ Detector A:254nm
904

801
704
601

501

40]
304
204
10
ol
o  's0

¢/\
00 1

0 1 50 200 ‘250 300 i
Peak# | Ret. Time Area Height Area % Height %

1 7.284 680589 46051 53.782 72.093

2 13.281 584863 17826 46.218 27.907
Total 1265453 63877 100.000 100.000
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mv
1001Detector A:254nm

90

80

704

60

504

40

304

204

104

0.0 50 15.0 ' 200 250 300
Peak# Ret. Time Area Height Area % Height %
1 7.371 1435341 95024 99.502 99.760
2 13.580 7188 229 0.498 0.240
Total 1442529 95253 100.000 100.000

Me
"Bu0,C” DTN

Fs;C CHO
39, 70%, >99% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 9.301 min (major
enantiomer), 26.712 min (minor enantiomer).

Detector A:254nm
500+
4004
300+
2004
1004
0 ‘ML o A 7 N
0.0‘ L ‘510‘ L ‘10‘.0‘ L ‘15‘.0‘ o ‘20‘.0‘ L ‘25‘.0‘ L ‘30‘.0‘ S ‘mn
Peak# | Ret. Time Area Height Area % Height %
1 9.216 5665406 261063 51.577 77.452
2 26.222 5318952 76000 48.423 22.548
Total 10984358 337063 100.000 100.000
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Detector A:254nm
8004
7004
600
5004
4001
3004
2004
100
0 x T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 i
Peak# Ret. Time Area Height Area % Height %
1 9.301 4476780 202215 99.662 99.873
2 26.712 15198 257 0.338 0.127
Total 4491978 202472 100.000 100.000
"BuO,C
X Me
FsC CHO

39', 23%, >99% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (92/8), 1.0 mL/min, 254 nm, 6.403 min (major
enantiomer), 4.757 min (minor enantiomer).

Detector A:254nm

15004
12504
10004
7504
500
2504
0 . .
0.0‘ . ‘110‘ . ‘210‘ . ‘310‘ . ‘410‘ . ‘510‘ . ‘610‘ . ‘7.‘0‘ . ‘8.‘0‘ ‘ 9‘0 160 ‘ liO ,,.‘
Peak# | Ret. Time Area Height Area % Height %
1 4.760 13451490 1568113 48.642 58.119
2 6.418 14202507 1129980 51.358 41.881
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 Total | 27653997 | 2698093 | 100.000 | 100.000
Detector A:254nm
1500+
12504
10004
7504
500+
250+
0 b Q3 L
00 10 20 30 40 50 60 70 80 90 100 110
Peak# Ret. Time Area Height Area % Height %
1 4.757 29218 4320 0.155 0.284
2 6.403 18869501 1514443 99.845 99.716
Total 18898719 1518762 100.000 100.000

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (85/15), 1.0 mL/min, 254 nm, 11.377 min (major

"BUO,CT TN l I
Me l CHO

3h
71%, > 99% ee

enantiomer), 6.578 min (minor enantiomer).

4004

3504

3004

200+

1504

1004

504

0.

Detector A:254nm
o = 25 50 ‘75 100 125 150 175
Peak# | Ret. Time Area Height Area % Height %
1 6.521 5134802 390072 52.220 70.580
2 11.299 4698235 162592 47.780 29.420
Total 9833037 552664 100.000 100.000
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Detector A:254nm
5004
400+
300+
200
100
O — - “
0.0‘ o ‘2.‘5‘ o ‘510‘ o ‘7.‘5‘ o ‘16.0‘ o ‘12‘.5‘ o ‘15‘.0‘ o ‘17‘.5‘ o ‘mn
Peak# Ret. Time Area Height Area % Height %
1 6.578 65761 5590 0.421 1.075
2 11.377 15537636 514194 99.579 98.925
Total 15603397 519784 100.000 100.000

Bu0,C” TN l
Me l CHO

3i
89%, 99% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (95/5), 0.5 mL/min, 254 nm, 19.882 min (major
enantiomer), 18.111 min (minor enantiomer).

Detector A:254nm

2004

1751

1504

1254

1004

757

50

254

00 25 5.0 75 10.0 125 15.0 175 20.0 225 250

Peak# | Ret. Time Area Height Area % Height %
1 18.117 1562875 51796 48.642 51.112




2 19.928 1650149 49541 51.358 48.888
Total 3213023 101337 100.000 100.000
Detector A:254nm
125/
1001
754
50
251
0 ‘\—Jk T * L
00 25 ‘50 75 100 125 150 175 225 250,
Peak# Ret. Time Area Height Area % Height %
1 18.111 26160 857 0.592 0.681
2 19.882 4396054 124998 99.408 99.319
Total 4422215 125855 100.000 100.000

OMe
BuO,C” TN l

Me l CHO

3

78%, 99% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (80/20), 1.0 mL/min, 254 nm, 7.150 min (major
enantiomer), 5.690 min (minor enantiomer).

Detector A:254nm
400
3504
3001
2504
200y
1504
100
50+
01 "
»507‘ ‘ ‘ : ‘ : ¢ ‘ : ‘ : ‘ ‘ : ‘
0.0 25 5.0 7.5 10.0 125 min
Peak# | Ret. Time Area Height Area % Height %
1 5.661 2546292 215549 46.116 55.421
2 7.109 2975190 173382 53.884 44579
Total 5521482 388932 100.000 100.000

95




Detector A:254nm
2504
2004
1504
1004
50+
O i L i L
0.0‘ o ‘2.‘5‘ o ‘510‘ o ‘7.‘5‘ o ‘16.0‘ o ‘12‘.5‘ o ‘15‘.0‘ o ‘17‘.5‘ o ‘mn
Peak# Ret. Time Area Height Area % Height %
1 5.690 29876 2325 0.642 0.875
2 7.150 4626772 263272 99.358 99.125
Total 4656648 265597 100.000 100.000

98
Bu0,C” TN
Me [ CHO

3k
84%, >99% ee

Daicel Chiralpak AD-H column, n-hexane/i-PrOH (95/5), 0.5 mL/min, 254 nm, 19.725 min (major
enantiomer), 21.934 min (minor enantiomer).

mv
1250betector A:254nm

1000

7501

500+

2504

96



Peak# Ret. Time Area Height Area % Height %
1 19.714 12742432 290100 56.573 59.048
2 21.849 9781434 201197 43.427 40.952
Total 22523866 491297 100.000 100.000
Detector A:254nm
900
8004
700
600
5001
400
300
2004
100
o 7 - -
0.0 25 5.0 75 10.0 125 15.0 175 20.0 225 25.0 275
Peak# Ret. Time Area Height Area % Height %
1 19.725 20092675 451923 99.528 99.537
2 21.934 95242 2104 0.472 0.463
Total 20187917 454026 100.000 100.000
1 S
"BuOZC/\ = 4
Me CHO

3l

83%, > 99% ee

Daicel Chiralpak 1A-H column, n-hexane/i-PrOH (98/2), 1.0 mL/min, 254 nm, 15.699 min (major
enantiomer), 13.717 min (minor enantiomer).

1757

1504

1254

100+

754

50+

251

Detector A:254nm

S 100



Peak# | Ret. Time Area Height Area % Height %
1 13.774 1390985 40184 50.223 54.166
2 15.817 1378619 34002 49.777 45.834
Total 2769604 74185 100.000 100.000
Detector A:254nm
1757
1504
125
1004
751
501
254
O,
00 25 50 75 100 125 150 175 200 225 250 275
Peak# Ret. Time Area Height Area % Height %
1 13.717 9416 281 0.270 0.328
2 15.699 3475404 85197 99.730 99.672
Total 3484820 85478 100.000 100.000

MBUO,C”T D l
Me l CHO

3m, 89%, > 99% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (97/3), 1.0 mL/min, 254 nm, 13.743 min (major
enantiomer), 15.202 min (minor enantiomer).

Detector A:254nm
600

500+

4004

300+

200+

1004




Peak# | Ret. Time Area Height Area % Height %
1 13.839 3932061 150774 52.423 55.309
2 15.282 3568575 121830 47.577 44.691
Total 7500636 272604 100.000 100.000
2507Dt—:‘tectorA:254r1m
225
200
175
1501
125
100
75
501
25
0 ™ T =
0.0 ' 50 100 " 150 200 25.0 300 1350
Peak# Ret. Time Area Height Area % Height %
1 13.743 6415936 245007 99.956 99.943
2 15.202 2825 139 0.044 0.057
Total 6418761 245146 100.000 100.000

Bu0,C” TN l

O l CHO

3n
75%, 99% ee

Daicel Chiralpak IB-H column, n-hexane/i-PrOH (98/2), 0.5 mL/min, 254 nm, 25.445 min (major
enantiomer), 24.646 min (minor enantiomer).

Detector A:254nm
20004

17504

15004

12504

10004

7504

5004

2504
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Peak# | Ret. Time Area Height Area % Height %
1 24.175 8049665 245523 53.396 57.339
2 25.581 7025697 182670 46.604 42.661
Total 15075362 428192 100.000 100.000
goo Detector A254nm
700
6004
500
400]
300
2004
100
o A o
0.0 5.0 100 15.0 20.0 250 1300
Peak# Ret. Time Area Height Area % Height %
1 24.646 47470 2037 0.143 0.265
2 25.445 33066362 766455 99.857 99.735
Total 33113832 768492 100.000 100.000
SN Me
©/F\30 CHO

30
82%, 95% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (98/2), 0.5 mL/min, 254 nm, 11.147 min (major
enantiomer), 12.985 min (minor enantiomer).

Detector A:254nm

12504

10004

7504

500+

250+




Peak# | Ret. Time Area Height Area % Height %
1 11.155 2646575 161502 53.305 60.751
2 13.060 2318387 104342 46.695 39.249
Total 4964962 265845 100.000 100.000
4007Detect0r A:254nm
3501
300/
2501
2001
1501
1001
501
0 A T 3
o0 25  s0 75 100 125 180 175 m
Peak# Ret. Time Area Height Area % Height %
1 11.147 1552971 95611 97.590 97.936
2 12.985 38355 2015 2.410 2.064
Total 1591326 97626 100.000 100.000
/©/\ SN Me
MeO F3C CHO
3p

79%, > 99% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (95/5), 1.0 mL/min, 254 nm, 6.247 min (major
enantiomer), 9.032 min (minor enantiomer).

Detector A:254nm

3004

250+

200

100+

50+

0.0‘ o ‘2.5‘ o ‘5.0‘ o ‘7.5‘ o ‘10.0‘ o ‘12‘.5‘ o ‘15.0‘ o ‘17.5‘ o ‘20.0‘ ‘,,.‘n



Peak# | Ret. Time Area Height Area % Height %
1 6.283 888322 78209 53.167 65.394
2 9.060 782489 41387 46.833 34.606

Total 1670812 119596 100.000 100.000

Detector A:254nm

200

175

150

125

1004

754

504

254

ol A .

0.0 25 5.0 7.5 10.0 12.5 win
Peak# Ret. Time Area Height Area % Height %
1 6.247 2266521 203698 99.729 99.839
2 9.032 6162 329 0.271 0.161
Total 2272683 204027 100.000 100.000

/@/\ N Me
FiC FsC CHO
3q

76%, > 99% ee

Daicel Chiralpak AD-H column, n-hexane/i-PrOH (99.2/0.8), 1.0 mL/min, 254 nm, 6.952 min (major
enantiomer), 8. 784 min (minor enantiomer).

Detector A:254nm
150

1254

1004

759

50+

25+




Peak# Ret. Time Area Height Area % Height %

1 6.887 278351 14849 48.438 44,704

2 8.716 296303 18367 51.562 55.296

Total 574654 33216 100.000 100.000

7007Detect0r A:254nm
600+
5004
4001
300+
200+
1004
0 /L T /L N3 T N

0.0 ‘ 2.‘5 ‘ ‘ 5.‘0 ‘ ‘ ‘ ‘ 715 ‘ ‘ ‘ 16.0 ‘ ‘ lé.5 ‘

Peak# Ret. Time Area Height Area % Height %

1 6.952 1840832 84104 99.746 99.637

2 8.784 4687 306 0.254 0.363

Total 1845519 84410 100.000 100.000

Me
"Bu0,C ~
Me OH
4

Daicel

82%, 95% ee

Chiralpak OD-H column, n-hexane/i-PrOH (97/3), 1.0 mL/min, 210 nm, 9.896 min (major

enantiomer), 11.192 min (minor enantiomer).

1004

75+

50+

25+

Detector A:210nm




Peak# | Ret. Time Area Height Area % Height %
1 9.903 101256 6005 45.656 47.387
2 11.192 120526 6668 54.344 52.613
Total 221782 12673 100.000 100.000
Detector A:210nm
125
100+
751
501
251
0,
0.0 S ‘215 S ‘5.‘0 o 7.‘5 ‘ ‘10‘.0 ‘12‘.5 ‘15‘.0‘ ‘17‘.5‘ ‘20‘.0‘ ‘22‘.5‘
Peak# Ret. Time Area Height Area % Height %
1 9.896 1143407 69119 97.656 97.815
2 11.192 27443 1544 2.344 2.185
Total 1170850 70663 100.000 100.000
Me
BuO,C”T NN
Me N

5
88%, 88% ee

Daicel Chiralpak OB-H column, n-hexane/i-PrOH (99.2/0.8), 0.5 mL/min, 254 nm, 16.436 min (major
enantiomer), 11.784 min (minor enantiomer).
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Detector A:254nm
2504
225
200
175
150
125
1004
751
504
251
[
0.0‘ ‘2.‘5‘ o ‘5.‘0‘ o ‘7.‘5‘ ‘10‘.0‘ ‘12‘.5‘ ‘15‘.0‘ ‘17‘.5 ‘20‘.0‘ ‘22‘.5 ,,.‘
Peak# Ret. Time Area Height Area % Height %
1 11.482 3653776 59645 54.167 73.818
2 15.275 3091634 21155 45.833 26.182
Total 6745410 80800 100.000 100.000
35|Detector A:254nm
30+
251
20+
154
104
5,
01 7 *
00 25 50 75 100 125 150 175 200 225 250 275 .
Peak# Ret. Time Area Height Area % Height %
1 11.784 302091 4667 5.951 12.527
2 16.436 4774257 32592 94.049 87.473
Total 5076348 37259 100.000 100.000
"BuO,c” N Me
Me COOH
6a

91%, 98% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 5.768 min (major
enantiomer), 27.319 min (minor enantiomer).
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50+

40+

304

204

-104

Detector A:254nm

00 50 10.0 15.0 20.0 250 30.0
Peak# Ret. Time Area Height Area % Height %
1 5.878 497022 16196 51.585 77.359
2 27.248 466471 4740 48.415 22.641
Total 963493 20935 100.000 100.000
1500 Detector A:254nm
1250]
1000
750
500
250]
0 . s 3 :
0.0 50 10.0 15.0 200 250 300
Peak# Ret. Time Area Height Area % Height %
1 5.768 28987269 1396035 99.074 99.819
2 27.319 270933 2533 0.926 0.181
Total 29258202 1398569 100.000 100.000
Ph
CO,"Bu
Me CO,H

6b, 86%, 99% ee

Daicel Chiralpak AD-H column, n-hexane/i-PrOH (60/40), 1 mL/min, 254 nm,
5.918 min (major enantiomer), 4.552 min (minor enantiomer).
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nDetectorA:254nm
3004
2504
200
1504
1004
50+ u
L
25 T s0 75 100 125 150 175 200 225 250 275
P Ret. Area Height Area Height
e Time % %
a
k
#
1 4,566 25559 32332 48.902 57.593
38 2
2 5.978 26707 23807 51.098 42.407
27 2
T 52266 56139 100.00 100.00
ot 64 3 0 0
al
70(;Detez:torA:254nm
600+
500
4004
300
200+
100
o +
ST o5 T T s T 75 77 100 0 125 ‘180 175
Ret. Area Height Area Height
Time % %
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Daicel Chiralpak OD-H column, n-hexane/i-PrOH (50/50), 1 mL/min, 254 nm, 9.684 min (major

4.552 13999 2072 0.370 0.601
5.918 37689 34243 99.630 99.399
07 9
T 37829 34451 100.00 100.00
ot 06 0 0 0
al
Me A~ Nco,mBu
FsC CO,H

6c, 91%, 99% ee

enantiomer), 57.209 min (minor enantiomer).

90

804

709

604

504

40

304

204

104

Detector A:254nm

01b2b3b4b5b6b7b

P Ret. Area Height Area Height

e Time % %

a

k

#

1 9.719 18025 10405 51.024 64.523
38

2 56.533 17301 5721 48.976 35.477
82

T 35327 16127 100.00 100.00

ot 20 0 0

al
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n
22&Detector A:254nm

200
1757
1504
125
100

75

504

254

Ot B - L
01b2b3b4b5b6b7bm
P Ret. Area Height Area Height
e Time % %
a
k
#
1 9.684 21607 10711 99.505 99.662
297 8
2 57.209 10744 363 0.495 0.338
4
T 21714 10748 100.00 100.00
ot 740 1 0 0
al

Me
BuO,C” TN

M
© OH

7
85%, 98% ee

Daicel Chiralpak OD-H column, n-hexane/i-PrOH (60/40), 1.0 mL/min, 254 nm, 6.121 min (major
enantiomer), 15.077 min (minor enantiomer).
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450-Detector A:254nm
4001
3504
300
250
2004
1504
100y
501
o] y " f
0.0 25 5.0 7.5 10.0 125 15.0 175 20.0
Peak# Ret. Time Area Height Area % Height %
1 6.139 2941922 214011 45.901 71.653
2 15.088 3467414 84665 54.099 28.347
Total 6409336 298676 100.000 100.000
900 Detector A254nm
800
7004
600
5004
400
3004
2004
100
o + - .
0.0 25 5.0 7.5 10.0 125 15.0 175 20.0
Peak# | Ret. Time Area Height Area % Height %
1 6.121 11333655 832826 98.903 99.640
2 15.077 125669 3011 1.097 0.360
Total 11459323 835837 100.000 100.000

11.2 Copies of HPLC Analysis for 12 with different CCAs

6¢-rac as ligand

Daicel Chiralpak IA column, n-hexane/i-PrOH (80/20), 1.0 mL/min, 254 nm, 17.130min (major
enantiomer), 37.385 min (minor enantiomer).
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i

i

80

704

60+

504

40]

30+

20+

104

)\
Detector A:254nm

4 [6) N\
Me
N o
Me
L 6c¢c-rac as ligand y
o 50 100 150 200 250 300 350 400 450 500 550
P Ret. Area Height Area Height
e Time % %
a
k
#
17.130 19720 7543 68.037
1 9 50.911
37.385 19015 3544 49.089 31.963
2
T 38736 11087 100.00 100.00
ot 1 0 0
al
vDetector A:254nm
4 (o) ™\
Me|
N T o
a
Me
L 6a as ligand
" 200 25.0 30.0 35.0 40.0 '45.0 50.0 .
‘ P ‘ Ret. Area Height Area % Height
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100

90

80

70

60

50

40

301

20

10

ea Time %
#
19.227 628966 19198 30.125 55.053
1
2 45.617 145890 15674 69.875 44,947
4
T 208787 34872 100.00 100.00
ot 0 0 0
al
Detector A:254nm
r 5 ~
_Me
\ *
N 0
a
L 6b ashfiegand )
I\
150 200 25.0 30.0 350 400 .
P Ret. Area Height Area % Height
ea Time %
k
#
1 18.746 248725 10326 9.270 16.218
2 35.375 243431 53346 90.730 83.782
2
T 268303 63672 100.00 100.00
ot 7 0 0
al
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2(.)_(;Detet:tor A:254nm
( [6) )
_Me
17.5 A\ N
N7 °
15.0{ N)/\R‘
12.5] Me
L 6c¢ as ligand
10.0{
7.5
5.0/
2.5
0.0/
10.0 15.0 20.0 25.0 30.0 35.0 40.0
P Ret. Area Height Area % Height
ea Time %
#
16.773 274479 10968 35.269 52.615
1
2 36.063 503764 9878 64.731 47.385
T 778243 20846 100.00 100.00
ot 0 0
al

12. X-ray Crystallography

Single crystal of compound 3e:
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Table S5 Crystal data and structure refinement for 3e.

Empirical formula CisH1603
Formula weight 244.28
Temperature/K 170.0

Crystal system orthorhombic
Space group P2:2:2

alA 8.8975(4)

b/A 21.5517(9)

c/A 6.9771(3)

a/° 90

/e 90

v/° 90

Volume/A3 1337.90(10)

z 4

Pealcg/cm?® 1.213

wmm? 0.679

F(000) 520.0

Crystal size/mm? 0.48 x0.32 %0.07
Radiation CuKo (A= 1.54178)
20 range for data collection/<10.756 to 145.002
Index ranges -11<h<9,-20<k<26,-8<1<7
Reflections collected 11542

Independent reflections 2628 [Rint = 0.0309, Rsigma = 0.0246]
Data/restraints/parameters ~ 2628/0/166

Goodness-of-fit on F? 1.070

Final R indexes [[>=26 (I)] R:1=0.0294, wR, = 0.0732

Final R indexes [all data] R1=10.0308, wR, = 0.0744

Largest diff. peak/hole / e A 0.11/-0.14

Flack parameter -0.04(6)

Table S6. Fractional Atomic Coordinates (x<10%) and Equivalent Isotropic Displacement

Parameters (A2x10%) for 3e. Ueq is defined as 1/3 of of the trace of the orthogonalised U; tensor.

Atom X y z

01 3276.7(17) 1601.0(6) 6478(2)
02 5389.9(15) 4233.2(6) 10909.4(18)
03 7391.1(15) 4731.4(6) 9701(2)
C1 1951.7(18) 2546.7(7) 6897(2)
C2 1007.2(19) 2305.1(8) 8309(2)
C3 -40(2) 2681.4(9) 9175(2)
c4 -160.0(19) 3299.6(8) 8636(3)
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U(eq)

51.5(4)
36.4(3)
38.7(3)
27.5(3)
31.5(4)
35.0(4)
33.7(4)



c5 758.5(18) 3553.3(8) 7224(2) 29.7(4)

C6 1843.7(18) 3172.6(7) 6349(2) 25.4(3)
c7 3082(2) 2133.4(8) 6008(3) 34.0(4)
cs 580(2) 4223.1(8) 6667(3) 41.2(4)
c9 2829.6(19) 3430.1(7) 4800(2) 27.8(3)
C10 4096(2) 3743.3(8) 5190(3) 30.5(4)
c11 4595.6(19) 3888.4(7) 7113(2) 28.7(3)
C12 5811.4(19) 4227.9(8) 7541(3) 32.5(4)
C13 6139.5(19) 4385.5(7) 9543(3) 29.3(4)
Cl4 7769(2) 4920.3(10) 11628(3) 46.5(5)
C15 2275(2) 3334.7(9) 2796(3) 35.7(4)

Table S7. Anisotropic Displacement Parameters (A2x10%) for 3e. The Anisotropic displacement
factor exponent takes the form: -2x?[h%a*?Uu+2hka*b*Us2+...].

Atom Un U2 Uss Uz Uiz U2

01 52.7(8) 31.3(7) 70.5(10) 6.5(7) 11.5(8) 10.5(6)
02 39.0(7) 37.3(6) 33.0(6) 2.2(5) 2.6(5) -5.0(5)
03 31.0(7) 40.5(7) 44.7(7) -6.5(6) 0.2(5) -9.0(5)
C1 27.9(8) 27.4(8) 27.2(7) -2.2(6) -0.9(6) -1.7(6)
C2 32.1(9) 31.3(8) 31.0(8) 1.4(6) -2.3(7) -5.2(7)
C3 32.6(9) 44.1(9) 28.2(8) -2.8(7) 2.7(7) -8.2(7)
c4 28.5(8) 39.009) 33.6(8) -11.9(7) 3.7(7) -1.1(7)
C5 28.4(8) 28.2(8) 32.5(8) -7.5(6) -2.2(7) -0.7(6)
C6 24.7(8) 26.7(7) 24.8(7) -3.8(6) -1.4(6) -2.6(6)
c7 34.6(9) 30.1(8) 37.3(9) -1.7(7) 1.8(8) 3.0(7)
c8 41.9(10) 27.6(8) 54.2(11) -7.2(8) 4.6(9) 3.5(8)
C9 31.4(9) 25.0(7) 27.1(8) -0.1(6) 2.0(6) 1.8(7)
C10 32.9(9) 29.9(8) 28.8(8) 1.8(6) 3.3(6) -2.0(7)
Cl1 31.0(8) 25.0(7) 30.3(8) 1.1(6) 2.0(7) -1.3(6)
C12 30.0(8) 33.4(8) 34.2(9) 1.4(7) 5.3(7) -5.3(7)
C13 26.8(8) 24.5(7) 36.7(9) 1.0(6) 0.5(7) -0.2(6)
Cl4 41.7(11) 44.7(11) 53.2(11) -12.8(9) -12.4(9) -3.0(8)
C15 38.6(9) 40.2(9) 28.2(8) -2.2(7) -0.8(7) -1.3(8)

Table S8. Bond Lengths for 3e.
Atom Atom  Length/A  AtomAtom  Length/A
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o1 C7 1.206(2) C4 C5 1.392(2)

02 C13 1.209(2) C5 C6 1.406(2)
03 C13 1.344(2) C5 C8 1.503(2)
03 Cl4 1.445(2) C6 C9 1.498(2)
cl1 c2 1.396(2) C9 C10 1.342(2)
Cl cs 1.405(2) C9 C15 1.497(2)
c1 c7 1.480(2) C10 Cl1 1.447(2)
c2 C3 1.375(3) C11 C12 1.340(2)
C3 C4 1.389(3) C12 C13 1.467(2)

Table S9. Bond Angles for 3e.

Atom Atom Atom Angle/* Atom Atom Atom Angle/®

C13 03 C14 115.13(15) C5 C6 C9 119.94(14)
C2 Cl cC6 120.60(15) 01 C7 C1 123.78(17)
c2 C1 cC7 118.73(15) C10 C9 Cé6 122.12(15)
c6e C1 cC7 120.67(15) C10 C9 C15 122.37(15)
C3 C2 cC1 119.87(16) C15 C9 C6 115.47(14)
C2 C3 c4 119.94(16) C9 C10 C11 123.69(15)
C3 C4 C5 121.56(16) C12 Cl1 C10 124.92(16)
C4 C5 C6 118.77(15) C11 C12 C13 119.96(15)
C4 C5 cC8 119.85(16) 02 C13 03 122.91(16)
C6 C5 C8 121.38(16) 02 C13 C12 125.32(15)
Cl C6 C5 119.25(15) O3 C13 C12 111.76(14)
Cl C6 (9 120.77(14)

Table S10. Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters
(A2x103) for 3e.

Atom X y z U(eq)
H2 1087.66 1881.46 8671.7 38
H3 -680.4 2518.63 10141.81 42
H4 -886.37 3555.5 9245.42 40
H7 3689.99 2296.97 5008.76 41
H8A 1480.27 4454.75 7043.62 62
H8B -300.01 4397.62 7318.75 62
H8C 441.66 4253.62 5277.03 62
H10 4699.46 3877.36 4145.86 37
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H11

H12

H14A
H14B
H14C
H15A
H15B
H15C

4017.61
6460.75
8648.92
7996.51
6917.06
2212.63
2973.14
1277.88

3731.05
4366.46
5193.48
4552.72
5142.85
2889.28
3530.24
3522.22
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8149.74
6548.68
11595.61
12402.64
12194.71
2525.53
1892.59
2658.56

34
39
70
70
70
53
53
53



