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General Information

NMR spectra were recorded on Bruker-400 (400 MHz for 'H; 101 MHz for *C)
instruments internally referenced to SiMes signal. High resolution mass spectra were
recorded on P-SIMS-Gly of Bruker Daltonics Inc. using ESI-TOF (electrospray ioniza-
tion-time of flight). Optical rotations were determined at 589 nm (sodium D line) by
using an Anton-Paar MCP 200 polarimeter. HPLC analysis was performed on Shi-
madzu LC-20AT. Chiral column AD-H, OD-H, and ID were purchased from Daicel
Chemical Industries, LTD. Trifluoroethanol was purchased from Qinba Chemie and
used as received. Potassium chloride was purchased from Sinopharm and used as re-
ceived. DMSO (superdry) and acetonitrile (superdry) were obtained from Adamas-Beta
and used as received. Palladium acetoacetate was purchased from Strem and used as
received. 2-Nal-OH was purchased from GL Biochem. And used as received.
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Tables of the Optimization of Reaction Conditions

Table S1. Enantioselective C(sp?)—H activation/CO insertion: Reaction time and At-
mosphere Screening

Ph
Q H Pd(acac), (10 mol%) Me S
Me Cbz-2-Nal-NHOMe (30 mol%), Cu(OAc), (1.0 equiv.)»
KCI (1.5 equiv.),DMSO (25 equiv.), MeCN (24 equiv.) Neom
rf"N* TFE, 50 °C, t h, CO/O, = x:y (VIV) €
OMe o)
1a 3a
entry x:y t (h) yield (%)? ee (%)°
1 1:1 24 37 93
2 1:1 48 71 92
3 1:1 72 74 91
4 1:2 24 55 94
5 1:3 24 40 94
6 1:1 24 77 92

@ Reaction conditions: 1a (0.15 mmol), Pd(acac), (0.015 mmol, 10 mol%), Cbz-2-Nal-
NHOMe (0.045 mmol, 30 mol%), Cu(OAc), (0.15 mmol, 1.0 equiv.), KCI (0.225 mmol, 1.5
equiv.), DMSO (3.75 mmol, 25 equiv.), MeCN (3.6 mmol, 24 equiv.), TFE (1.2 mL), CO/O,,
50 °C. ? Isolated yield. ¢ The ee value was determined by chiral HPLC analysis. ¢ 60 °C.

Table S2. Enantioselective C(sp?)—H activation/CO insertion: Copper salts Screen-

a

ing
Ph
O H Pd(acac), (10 mol%) Me
Me o Cbz-2-Nal-NHOMe (30 mol%), [Cu(I))]
KCI (1.5 equiv.),DMSO (25 equiv.), MeCN (24 equiv.) N\OM
NS TFE, 60 °C, 24 h, CO/O, (1:1) €
OMe 0]
1a 3a
entry [Cu(Il)] (equiv.) yield (%) ee (%)°
1 Cu(OAc),/Cu(acac), (1.0/0.5) 82 93
2 Cu(OAc),/Cu(acac), (0.5/1.0) 73 93
3 Cu(acac), (1.0) N.R. -
4 Cu(OAc),/Cu(hfacac), (1.0/0.5) 58 88
5 Cu(OAc),/Cu(acac), (1.5/0.5) 46 93
69 Cu(OAc),/Cu(acac), (1.0/0.5) 88 91

@ Reaction conditions: 1a (0.15 mmol), Pd(acac), (0.015 mmol, 10 mol%), Cbz-2-Nal-
NHOMe (0.045 mmol, 30 mol%), Cu(ll) salts, KCI (0.225 mmol, 1.5 equiv.), DMSO (3.75
mmol, 25 equiv.), MeCN (3.6 mmol, 24 equiv.), TFE (1.2 mL), CO/O, (v/v = 1:1), 60 °C,
24 h. P Isolated yield. ¢ The ee value was determined by chiral HPLC analysis. ¢ 48 h.

S4



Experimental Procedures

All of the mono-protected amino hydroxamic acid (MPAHA) ligands were prepared
through the amidations of mono-protected amino acid (MPAA).! L1, L3-7 and L12
were prepared according to the reported procedures. L2 was purchased from Adamas-
Beta and used as received.

All of the substrates were prepared through amidations of diarylacetic acids.! The acid,
which was used for preparation of 1a, 1r and 1s was purchased from Fluorochem and

used as received.

Preparation of Ligands (L8-11, L13-17)

R, 0O RONH,"HCI R, 0O
EDC, HOBt
PG-NH OH ~ DIPEA,DCM _ PG-NH NHOR

To a DCM (40 mL) solution of MPAA (10 mmol), HOBt (1.49 g, 11 mmol, 1.1 equiv.)
and EDCI (2.1 g, 11 mmol, 1.1 equiv.), O-alkyl hydroxylamine hydrochloride (15
mmol, 1.5 equiv.) and DIPEA (2.6 mL, 15 mmol, 1.5 equiv.) were added in an ice-bath.

After stirring at room temperature overnight, the reaction mixture was quenched by
water. The mixture was extracted by DCM for three times. The combined organic phase
was washed with brine, dried over anhydrous Na,SOyg, filtered, and concentrated under
reduced pressure. The residue was purified by column chromatography, and the ligand
was obtained after recrystallization.

(9H-fluoren-9-yl)methyl (8)-(1-(methoxyamino)-1-oxo-3-phenylpropan-2-yl)car-
bamate (Fmoc-Phe-NHOMe, L8)

H

FmocHN N\OMe

L8 O

"H NMR (400 MHz, DMSO-de) 6 11.31 (s, 1H), 7.88 (d, J= 7.5 Hz, 2H), 7.82 (d, J =
8.4 Hz, 1H), 7.66 (t,J= 7.4 Hz, 2H), 7.41 (td, /=7.4, 3.3 Hz, 2H), 7.36 — 7.23 (m,
6H), 7.23 —7.15 (m, 1H), 4.21 — 4.09 (m, 3H), 4.09 —3.99 (m, 1H), 3.49 (s, 3H), 2.95
—2.79 (m, 2H). 3C NMR (101 MHz, DMSO-de) & 167.8, 155.7, 143.7, 140.7, 137.6,
129.2,128.1, 127.6, 127.1, 126.4, 125.4, 125.3, 120.1, 65.7, 63.1, 53.9, 46.5, 37.5.
HRMS (ESI) calcd. for CosHzsO4N2 ([M+H]Y): 417.1809, found: 417.1810. [o]p® = -
21.2° (¢ 0.09, CHCL).
(5)-2-acetamido-/N-methoxy-3-phenylpropanamide (Ac-Phe-NHOMe, L9)

ZT

AcHN “OMe
L9 O
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'"H NMR (400 MHz, CDCl3) § 9.91 (s, 1H), 7.33 — 7.12 (m, 5H), 6.78 (d, J = 8.0 Hz,
1H), 4.62 (dd, J=15.5, 7.9 Hz, 1H), 3.59 (s, 3H), 3.12 — 2.94 (m, 2H), 1.95 (s, 3H).
13C NMR (101 MHz, Acetone-ds) § 170.1, 168.8, 138.4, 130.2, 129.1, 127.3, 63.8,
53.0, 38.7, 22.7. HRMS (ESI) calcd. for C12H;703N2 ([M+H]"): 237.1234, found:
237.1236. [a]p?® = -2.4° (¢ 1.0, CHCl5).

Benzyl (8)-(1-(methoxyamino)-1-oxopropan-2-yl)carbamate (Cbz-Ala-NHOMe,
L10)

MeH

CszNJ\WN\OMe
L10 O

'H NMR (400 MHz, CDCl3) & 8.99 (s, 1H), 7.40 — 7.29 (m, 5H), 5.21 (s, 1H), 5.16 —
5.05 (m, 2H), 4.17 — 4.05 (m, 1H), 3.75 (s, 3H), 1.39 (d, /= 7.0 Hz, 3H). '3*C NMR
(101 MHz, CDCl3) § 170.0, 156.3, 136.0, 128.7, 128.4, 128.1, 67.3, 64.4, 48.2, 18.2.
HRMS (ESI) calcd. for Ci2Hi704N2 ([M+H]Y): 253.1183, found: 253.1184. [0]p® = -
1.2° (¢ 1.0, CHCL;).
Benzyl (5)-(1-(methoxyamino)-3-methyl-1-oxobutan-2-yl)carbamate (Cbz-Val-
NHOMe, L11)

Me Me
H
N\
CbzHN OMe
L11 O

'"H NMR (400 MHz, CDCl3) & 8.58 (s, 1H), 7.44 — 7.29 (m, 5H), 5.24 (br, 1H), 5.11 (s,
2H), 3.87 — 3.61 (m, 1H), 3.77 (s, 3H), 2.19 — 2.06 (m, 1H), 1.10 — 0.82 (m, 6H). '*C
NMR (101 MHz, CDCls) 6 168.9, 156.8, 136.0, 128.7, 128.4, 128.1, 67.3, 64.4, 58.3,
31.0, 19.2, 18.5. HRMS (ESI) caled. for Ci4H2104N2 ([M+H]"): 281.1496, found:
281.1498. [a]p*® =-26.7° (¢ 1.0, CHCl5).

Benzyl (5)-(2-(methoxyamino)-2-oxo-1-phenylethyl)carbamate (Cbz-Phg-
NHOMe, LL13)

H
CbzHN N\OMe
L13 O

'"H NMR (400 MHz, CDCI3) § 8.45 (s, 1H), 7.35 (dd, J = 8.1, 5.2 Hz, 10H), 6.01 (s,
1H), 5.12 (d, J=12.3 Hz, 1H), 5.06 (d, J= 12.2 Hz, 1H), 3.72 (s, 3H), 3.43 (s, 1H). *C
NMR (101 MHz, CDCl3) 6 167.8,156.0,137.1, 136.0, 129.2, 128.8, 128.7, 128.4, 128.2,
127.2,67.4, 64.6, 56.3. HRMS (ESI) calcd. for C17H1904N> ((M+H]"): 315.1339, found:
315.1340. [a]p® = +22.8° (¢ 0.5, CHCl3).

Benzyl (5)-(1-(methoxyamino)-1-oxo-4-phenylbutan-2-yl)carbamate (Cbz-HPh-
NHOMe, L.14)
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H
CbzHN N ome
L14 O
'H NMR (400 MHz, CDCl5) § 8.80 (s, 1H), 7.41 — 7.31 (m, 5H), 7.30 — 7.26 (m, 2H),
7.23 -7.19 (m, 1H), 7.19 — 7.09 (m, 2H), 5.21 (s, 1H), 5.13 (d, /= 12.3 Hz, 1H), 5.08
(d, J=12.0 Hz, 1H), 3.97 (dd, J=14.6, 7.0 Hz, 1H), 3.74 (s, 3H), 2.68 (t, /= 7.5 Hz,
2H), 2.22 — 2.08 (m, 1H), 2.04 — 1.89 (m, 1H). 3C NMR (101 MHz, CDCl3) § 169.2,
156.5, 140.6, 136.0, 128.7, 128.6, 128.5, 128.4, 128.1, 126.3, 67.4, 64.4, 52.1, 33.7,
31.8. HRMS (ESI) calcd. for C19H2304N2 ([M+H]"): 343.1652, found: 343.1653.
[0]p?® = -24.4° (¢ 1.0, CHCI3).
Benzyl (S)-(3-(2-chlorophenyl)-1-(methoxyamino)-1-oxopropan-2-yl)carbamate
(Cbz-Phe(o-C1)-NHOMe, L15)
Cl

H

CbzHN N\OMe
L15 O

"H NMR (400 MHz, Acetone-de) & 10.44 (s, 1H), 7.57 — 7.17 (m, 9H), 6.69 (d, J = 8.1
Hz, 1H), 5.00 (dd, /= 18.9, 12.6 Hz, 2H), 4.40 (dd, /= 15.2, 8.6 Hz, 1H), 3.59 (s, 3H),
3.28 (dd, J=13.7, 6.3 Hz, 1H), 3.08 (dd, J = 13.6, 8.8 Hz, 1H). '*C NMR (101 MHz,
Acetone-ds) 6 168.5, 156.7, 138.1, 135.9, 134.9, 132.9, 130.2, 129.4, 129.2, 128.6,
128.5, 127.8, 66.7, 63.9, 53.2, 36.6. HRMS (ESI) calcd. for Ci1sH20CIN204 ([M+H]"):
363.1106, found: 363.1111. [a]p?® = -14.1° (¢ 1.0, CHCI5).

Benzyl (S)-(1-(methoxyamino)-3-(naphthalen-1-yl)-1-oxopropan-2-yl)carbamate
(Cbz-1-Nal-NHOMe, L.16)

H

CbzHN N\OMe
L16 O

"H NMR (400 MHz, CDCl;) & 8.67 (s, 1H), 8.05 (d, J = 6.4 Hz, 1H), 7.89 — 7.78 (m,
1H), 7.75 (d, J = 8.1 Hz, 1H), 7.53 — 7.38 (m, 2H), 7.38 — 7.13 (m, 7H), 5.68 (d, J= 7.2
Hz, 1H), 4.97 (s, 2H), 4.55 — 4.34 (m, 1H), 3.62 — 3.47 (m, 1H), 3.47 — 3.29 (m, 1H),
3.39 (s, 3H). *C NMR (101 MHz, CDCls) § 168.3, 156.1, 136.0, 134.0, 132.1, 131.8,
129.0, 128.7, 128.4, 128.3, 128.2, 128.1, 126.7, 126.0, 125.6, 123.6, 67.3, 64.3, 53.3,
36.2. HRMS (ESI) calcd. for C220H23N204 ([M+H]"): 379.1652, found: 379.1657. [a]p*
=-8.2° (¢ 0.5, MeOH).
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Benzyl (S)-(1-(methoxyamino)-3-(naphthalen-2-yl)-1-oxopropan-2-yl)carbamate

(Cbz-2-Nal-NHOMe, L.17)
H

CbzHN N\OMe
L17 O

'H NMR (400 MHz, Acetone-ds) & 10.39 (s, 1H), 7.98 — 7.66 (m, 4H), 7.59 — 7.36 (m,
3H), 7.26 (s, 5H), 6.69 (d, J= 8.3 Hz, 1H), 4.99 (q, J = 12.6 Hz, 2H), 4.39 (dd, J = 15.0,
8.3 Hz, 1H), 3.57 (s, 3H), 3.29 (dd, J = 13.6, 6.3 Hz, 1H), 3.13 (dd, J = 13.6, 8.5 Hz,
1H). 3C NMR (101 MHz, Acetone-de) & 168.8, 156.7, 138.1, 136.0, 134.5, 133.4, 129.1,
128.9, 128.7, 128.6 (2C), 128.5, 128.4, 126.8, 126.4, 66.7, 63.9, 55.2, 39.1. HRMS (ESI)
caled. for CoaHasN204 ([M+H]Y): 379.1652, found: 379.1656. [o]p = -10.0° (¢ 1.0,
CHCL).

Preparation of 1m

s § Bix(SO4)s 1) KOH (aq.)
[;>-+/Jk00ﬁﬂ T™SCl /XX O 2)(COCl),

3) MeONH,+HClI

\ S OEt
To a mixture of TMSCI (13.0 mL, 100 mmol, 2.0 equiv.), dihydrobenzofuran (16.9 mL,
150 mmol, 3.0 equiv.), ethyl pyruvate (6.1 mL, 50 mmol), Bi2(SO4)3 (3.5 g, 5 mmol,
10 mol%) was added in portions. The mixture was stirred at room temperature over-
night vigorously. Silica gel was added after completing the reaction. To evaporate the
volatile, and the residue was purified by flash column chromatography.

The ester (20 mmol) was dissolved in MeOH (11.2 mL), and was added 11.2 mL 20%
KOH (aq.). The resulting solution was refluxed for 24 h. After that, the mixture was
cooled to 0 °C, acidified using 4N HCI, and extracted with Et2O. The organic phase was
dried over anhydrous Na,SOs. After filtration and concentration, the acid, without fur-
ther purification, was dissolved in dry DCM (40 mL). Then DMF (3000 pL, 4 mmol,
0.2 equiv.) and oxalyl dichloride (3.4 mL, 40 mmol, 2.0 equiv.) was added successively
in an ice-bath. The reaction mixture was stirred at room temperature for 3 h, and then
concentrated in vacuo. The residue was dissolved in toluene (30 mL), O-methyl hy-
droxylamine hydrochloride (1.84 g, 22 mmol, 1.1 equiv.), which was added to a solu-
tion of Na,CO3 (4.24 g, 40 mmol, 2.0 equiv.) in toluene/H,0O (100 mL, v/v =1:1) slowly
at 0 °C. The resulting mixture was stirred at room temperature overnight. The mixture
was extracted with EtOAc for three times, and the combined organic phase was washed
with brine, dried over anhydrous Na,SOg, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel.
N-methoxy-2,2-di(thiophen-2-yl)propanamide (1m)

S8



\S HN
1m

'H NMR (400 MHz, CDCls) & 8.30 (s, 1H), 7.33 — 7.21 (m, 2H), 6.98 (d, J = 2.7 Hz,
4H), 3.78 (s, 3H), 2.13 (s, 3H). °C NMR (101 MHz, CDCl3) § 170.9, 147.8, 126.9,
126.4, 125.7, 64.4, 50.7, 29.6. HRMS (ESI) caled. for Ci2H1aNO.S; ([M+H]"):
268.0460, found: 268.0434.

“OMe

Preparation of 1f
Ph

|V|g THF HO Q KOH ( aq HI, TFA
\©\ ) (COLEY), O CO,Et MeOH, reflux CO,H reflux

Ph

O )LDA o O )(COCl,
2) Mel 2) MeONH,+HCI
O CO,H ) O CO,H 2
Ph Ph

To a solution of diethyl oxalate (8.13 mL, 60 mmol) in drled THF (60 mL) was added
4-biphenylmagnesium bromide (132 mmol, 2.2 equiv., synthesized from 30.77 g 4-bro-

H
N

mobiphenyl and 3.35 g magnesium in 90 mL dried THF) dropwise at -78 °C, and then
warmed to room temperature. After stirring overnight, the reaction was quenched with
saturated NH4Cl (aq.) at -10 °C, and stirred for another 10 min. The mixture was ex-
tracted with DCM for three times, and the combined organic phase was dried over an-
hydrous Na>SOg, filtered, and concentrated. The residue was purified by flash col umn
chromatography to give the ethyl benzilate.

The ester (23.69 g, 58 mmol) was dissolved in MeOH (58 mL), and the solution re-
fluxed overnight after 2.5 M KOH (58 mL) was added. The reaction was cooled to 0 °C
and then acidified using 4N HCI. The mixture was extracted with Et2O. The organic
phase was dried over anhydrous Na>SO4. After filtration and concentration, the residue
was dissolved in TFA (190 mL), and heated to reflux, then 57% HI (aq., 84 mL) was
added dropwise. The solution was cooled to room temperature 5 h later, and most of
the volatile was evaporated. The residue was diluted with water, added 30% NaOH (aq.)
to adjust pH < 3 in an ice bath, extracted with EtOAc for three times. The combined
organic phase was dried over anhydrous Na,SOg, filtered, concentrated. The crude acid
was purified by flash column chromatography.
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To a solution of di(4-biphenyl)acetic acid (3.64 g, 10 mmol) in dried THF (10 mL) was
added LDA (2.0 M in THF, 11 mL, 22 mmol) under N2 atmosphere in an ice-bath. The
solution was stirred at room temperature for 4 h. After cooling the reaction mixture
again to 0 oC, alkyl halide (15 mmol) was added dropwise. The reaction was stirred
overnight at room temperature, quenched by 4N HCl at 0 oC and then diluted with Et20.
The phases were separated and the aqueous phase was extracted with Et20 (3 times).
The organic layers were combined, washed with brine, dried over anhydrous Na2SOa.
After filtration and concentration, the crude acid was purified by flash column chroma-
tography. Then, the similar procedure according to 1m was carried out to give 1f.
2,2-di([1,1'-biphenyl]-4-yl)-N-methoxypropanamide (1f)
Ph

Me !
O ’
HN .
Ph OMe

1f
'H NMR (400 MHz, CDCls) & 8.08 (s, 1H), 7.59 (t, /= 6.7 Hz, 8H), 7.45 (t, /= 7.5 Hz,
4H), 7.40 — 7.31 (m, 6H), 3.79 (s, 3H), 2.08 (s, 3H). '*C NMR (101 MHz, CDCls) &
172.9, 142.9, 140.4, 140.3, 129.0, 128.6, 127.7, 127.5, 127.2, 64.5, 55.2, 27.1. HRMS
(ESI) calcd. for CasHas0:N ([M+H]"): 408.1958, found: 408.1962.

General Procedure for Pd(II)-Catalyzed Enantioselective C(sp?)-H
Carbonylation

Pd(acac), (10 mol%)
H Cbz-2-Nal-NHOMe (30 mol%)
R? Cu(OACc), (1.0 equiv.), Cu(acac), (0.5 equiv.)
o -
N KCI (1.5 equiv.)
_ mN\ 3 DMSO (25 equiv.), MeCN (24 equiv.)
OR®  TFE, 60 °C, 24 h, CO/O, = 1:1 (VIV)

In a 10 mL oven-dried two-necked bottle, 1.2 mL trifluoropanol, 267 uL DMSO and
150 uL MeCN were added to a mixture of diarylamide 1 (0.15 mmol), Pd(acac), (4.6
mg, 0.015 mmol, 10 mol%), Cbz-2-Nal-NHOMe (17.0 mg, 0.045 mmol, 30 mol%),
Cu(OAc); (27.2 mg, 0.15 mmol, 1.0 equiv.), Cu(acac)z (19.6 mg, 0.075 mmol, 0.5
equiv.) and KCI (16.8 mg, 0.225 mmol, 1.5 equiv.) under CO/O; (v/v 1:1). The bottle

was equipped with a 10 cm spherical condenser and the reaction mixture was stirred at

60 °C for 24 h. After cooling to room temperature, the mixture was diluted with EtOAc,
washed with water and brine, dried over anhydrous Na,SO4 and concentrated under
vacuum. The residue was purified by column chromatography on silica gel (petroleum
ether/acetone = 7:1 to 5:1) to give the chiral imides as white to pale yellow solid.
2-Methoxy-4-methyl-4-phenylisoquinoline-1,3(2H,4H)-dione (2a)
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O 2a

82% yield. "H NMR (400 MHz, CDCl3) § 8.31 (dd, J= 7.8, 1.2 Hz, 1H), 7.59 (td, J =
7.6, 1.4 Hz, 1H), 7.53 — 7.45 (m, 1H), 7.35 — 7.23 (m, 3H), 7.19 — 7.10 (m, 3H), 3.92
(s, 3H), 2.10 (s, 3H). *C NMR (101 MHz, CDCls) & 171.0, 160.8, 143.9, 142.5, 134.6,
128.9 (2C), 128.1, 128.0, 127.9, 127.2, 124.5, 63.9, 53.6, 26.9. HRMS (ESI) calcd. for
C17H16NO3 ([M+H]"): 282.1125, found: 282.1131. [a]p®® = -54.8° (¢ 0.5, CHCL).
Enantiomeric  excess:  93%, determined by HPLC  (Chiralpak-AD-H,
hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 25 °C, 254 nm): tr = 12.278
min (minor), tr = 16.320 min (major).
2-Methoxy-4,7-dimethyl-4-(p-tolyl)isoquinoline-1,3(2H,4H)-dione (2b)

2b O

83% yield. "H NMR (400 MHz, CDCls) & 8.09 (s, 1H), 7.39 (d, J=7.8 Hz, 1H), 7.15 -
6.94 (m, 5H), 3.90 (s, 3H), 2.44 (s, 3H), 2.30 (s, 3H), 2.05 (s, 3H). '>*C NMR (101 MHz,
CDCls3) 0 171.3, 161.0, 141.1, 139.7, 138.0, 137.6, 135.5, 129.5, 128.8, 127.8, 126.9,
124.2, 63.8, 52.9, 26.8, 21.0 (2C). HRMS (ESI) calcd. for Ci9H2NO3 ([M+H]"):
310.1438, found: 310.1439. [a]p*® = -48.4° (¢ 1.0, CHCI3). Enantiomeric excess: 91%,
determined by HPLC (Chiralpak-AD-H, hexane/isopropanol = 90/10, flow rate 1.0
mL/min, T =25 °C, 254 nm): tg = 14.477 min (minor), tr = 20.040 min (major).

7-Ethyl-4-(4-ethylphenyl)-2-methoxy-4-methylisoquinoline-1,3(2H,4 H)-dione (2¢)

2c O
80% yield. 'H NMR (400 MHz, CDCI3) § 8.12 (d, J = 1.7 Hz, 1H), 7.41 (dd, J = 8.1,
1.9 Hz, 1H), 7.12 (d, J= 8.3 Hz, 2H), 7.09 — 7.01 (m, 3H), 3.91 (s, 3H), 2.74 (q, J=7.6
Hz, 2H), 2.60 (q, J = 7.6 Hz, 2H), 2.06 (s, 3H), 1.29 (t, J=7.6 Hz, 3H), 1.19 (t, J="7.6
Hz, 3H).3C NMR (101 MHz, CDCl3) § 171.4,161.1, 144.3, 143.8,141.4,139.9, 134.5,
128.3, 128.0, 127.7, 127.0, 124.3, 63.9, 53.0, 28.4 (2C), 26.8, 15.4 (2C). HRMS (ESI)
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caled. for C21H24NO; ([M+H]"): 338.1751, found: 338.1757. [a]p®® = -54.5° (¢ 1.0,
CHCI3). Enantiomeric excess: 91%, determined by HPLC (Chiralpak-OD-H,
hexane/isopropanol = 95/5, flow rate 0.5 mL/min, T =25 °C, 254 nm): tr = 15.967 min
(minor), tr = 47.052 min (major).

7-Butyl-4-(4-butylphenyl)-2-methoxy-4-methylisoquinoline-1,3(2H,4H)-dione (2d)

2d O

82% yield. '"H NMR (400 MHz, CDCls) § 8.09 (s, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.09
(d,J=8.2 Hz, 2H), 7.06 (d, /= 8.2 Hz, 1H), 7.03 (d, J= 8.2 Hz, 2H), 3.90 (s, 3H), 2.77
—2.63 (m, 2H), 2.63 — 2.49 (m, 2H), 2.06 (s, 3H), 1.73 — 1.59 (m, 3H), 1.59 — 1.48 (m,
2H), 1.45 — 1.23 (m, 5H), 0.95 (t, J = 7.4 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H). 3C NMR
(101 MHz, CDCl3) & 171.4, 161.1, 143.0, 142.6, 141.3, 139.9, 134.9, 128.9, 128.2,
127.9, 127.0, 124.3, 63.9, 53.0, 35.2 (2C), 33.5, 33.4, 26.8, 22.5 (2C), 14.1. HRMS
(ESI) caled. for C25sH3NOs ([M+H]"): 394.2377, found: 394.2379. [a]p?® = -45.1° (c
1.0, CHCL3). Enantiomeric excess: 90%, determined by HPLC (Chiralpak-OD-H,
hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =25 °C, 254 nm): tr = 5.533 min
(minor), tr = 9.958 min (major).

2,7-Dimethoxy-4-(4-methoxyphenyl)-4-methylisoquinoline-1,3(2H,4H)-dione (2¢)

OMe

2e O

68% yield. '"H NMR (400 MHz, CDCl3) § 7.73 (d, J = 2.8 Hz, 1H), 7.15 (dd, J = 8.7,
2.8 Hz, 1H), 7.09 — 7.00 (m, 3H), 6.86 — 6.77 (m, 2H), 3.91 (s, 3H), 3.90 (s, 3H), 3.77
(s, 3H), 2.04 (s, 3H). >*C NMR (101 MHz, CDCl3) & 171.4, 160.8, 159.2, 159.1, 136.3,
134.8, 129.3, 128.3, 125.5, 122.9, 114.2, 110.6, 63.9, 55.9, 55.4, 52.3, 27.0. HRMS
(ESI) caled. for C19H20NOs ([M+H]"): 342.1336, found: 342.1343. [a]p?® = -55.1° (c
1.0, CHCI3). Enantiomeric excess: 90%, determined by HPLC (Chiralpak-AD-H,
hexane/isopropanol = 85/15, flow rate 1.0 mL/min, T = 25 °C, 254 nm): tr = 20.211
min (minor), tr = 28.263 min (major).
4-([1,1'-Biphenyl]-4-yl)-2-methoxy-4-methyl-7-phenylisoquinoline-1,3(2H,4 H)-di-
one (2f)
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60% yield. '"H NMR (400 MHz, CDCl3) § 8.55 (d, J = 2.0 Hz, 1H), 7.83 (dd, J = 8.2,
2.1 Hz, 1H), 7.70 — 7.64 (m, 2H), 7.58 — 7.52 (m, 4H), 7.52 — 7.46 (m, 2H), 7.46 — 7.38
(m, 3H), 7.38 — 7.30 (m, 1H), 7.28 — 7.24 (m, 3H), 3.96 (s, 3H), 2.16 (s, 3H). *C NMR
(101 MHz, CDCl3) & 171.0, 160.8, 142.5, 141.3, 141.2, 140.8, 140.2, 139.0, 133.1,
129.2, 128.9, 128.6, 128.3, 127.7, 127.6 (2C), 127.1, 127.0, 124.9, 64.0, 53.2, 27.0.
HRMS (ESI) calcd. for CooH24NOs3 ([M+H]"): 434.1751, found: 434.1753. [a]p®® = -
24.6° (¢ 1.5, CHCI3). Enantiomeric excess: 90%, determined by HPLC (Chiralpak-OD-
H, hexane/isopropanol = 80/20, flow rate 1.0 mL/min, T =25 °C, 254 nm): tr = 15.790
min (minor), tr = 26.692 min (major).
2-Methoxy-4,6-dimethyl-4-(m-tolyl)isoquinoline-1,3(2H,4H)-dione (2g)

29 O
71% yield. '"H NMR (400 MHz, CDCl3) § 8.18 (d, J = 8.1 Hz, 1H), 7.28 (d, J= 8.1 Hz,
1H), 7.18 (t, J = 7.7 Hz, 1H), 7.08 (d, J = 7.7 Hz, 1H), 6.98 (s, 1H), 6.94 — 6.87 (m,
2H), 3.91 (s, 3H), 2.36 (s, 3H), 2.30 (s, 3H), 2.06 (s, 3H). '>*C NMR (101 MHz, CDCI;)
0171.2,160.9, 145.6, 144.1, 142.5,138.6, 129.1, 128.8, 128.7 (2C), 128.3,127.8, 124.2,
122.0, 63.9, 53.4, 26.9, 22.1, 21.7. HRMS (ESI) calcd. for CioH2NO3 ([M+H]"):
310.1438, found: 310.1444. [a]p* = -27.2° (¢ 1.0, CHCl3). Enantiomeric excess: 89%,
determined by HPLC (Chiralpak-OD-H, hexane/isopropanol = 90/10, flow rate 1.0
mL/min, T =25 °C, 254 nm): tg = 8.472 min (minor), tr = 16.403 min (major).
4-(3,4-Dimethylphenyl)-2-methoxy-4,6,7-trimethylisoquinoline-1,3(2H,4 H)-dione
(2h)

Me Me
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85% yield. 'H NMR (400 MHz, CDCl3) & 8.03 (s, 1H), 7.04 (d, J= 7.9 Hz, 1H), 6.92
(s, 1H), 6.87 (s, 1H), 6.83 (d, /= 7.9 Hz, 1H), 3.90 (s, 3H), 2.34 (s, 3H), 2.25 (s, 3H),
2.20 (s, 3H), 2.20 (s, 3H), 2.03 (s, 3H). 1*C NMR (101 MHz, CDCls3) § 171.5, 161.1,
144.5,141.7,140.1, 137.0, 136.9, 136.2, 130.0, 129.1, 128.8, 128.2, 124.4, 122.0, 63.8,
52.8,26.8, 20.4, 20.1, 19.4. HRMS (ESI) calcd. for C21H24NO3 ([M+H]"): 338.1751,
found: 338.1757. [a]p?® =-15.3° (¢ 1.0, CHCl3). Enantiomeric excess: 86%, determined
by HPLC (Chiralpak-AD-H, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =
25°C, 254 nm): tg = 11.156 min (major), tr = 12.628 min (minor).
2,7-Dimethoxy-4-(4-methoxy-3-methylphenyl)-4,6-dimethylisoquinoline-
1,3(2H,4H)-dione (2i)

Me OMe

2i O
82% yield. "H NMR (400 MHz, CDCls) § 7.63 (s, 1H), 6.94 — 6.82 (m, 3H), 6.71 (d, J
=9.1 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 3.78 (s, 3H), 2.21 (s, 3H), 2.14 (s, 3H), 2.01
(s, 3H). ®C NMR (101 MHz, CDCl3) § 171.7, 161.1, 157.5, 157.3, 136.4, 135.2, 134.4,
129.8,129.4, 127.1, 125.6, 123.1, 109.9, 107.9, 63.8, 55.9, 55.4, 52.3, 27.0, 17.0, 16.6.
HRMS (ESI) caled. for C21H24NOs ([M+H]"): 370.1649, found: 370.1657. [a]p® = -
45.4° (¢ 1.0, CHCls). Enantiomeric excess: 86%, determined by HPLC (Chiralpak-OD-
H, hexane/isopropanol = 85/15, flow rate 1.0 mL/min, T = 25 °C, 254 nm): tr = 8.604
min (minor), tr = 18.197 min (major).
6-Chloro-4-(3-chloro-4-methoxyphenyl)-2,7-dimethoxy-4-methylisoquinoline-
1,3(2H,4H)-dione (2j)

2j O
46% yield. 'H NMR (400 MHz, CDClz) 5 7.69 (s, 1H), 7.08 (d, J = 2.5 Hz, 1H), 7.04
(s, 1H), 6.89 (dd, J = 8.7, 2.5 Hz, 1H), 6.78 (d, J = 8.7 Hz, 1H), 3.95 (s, 3H), 3.84 (s,
3H), 3.80 (s, 3H), 1.94 (s, 3H). *C NMR (101 MHz, CDCl3) & 170.4, 160.0, 155.0,
154.8, 136.3, 135.0, 130.4, 129.6, 129.0, 126.6, 123.8, 123.0, 112.2, 110.4, 64.0, 56.8,
56.3, 52.1, 27.2. HRMS (ESI) caled. for C19H20ClaNOs ([M+H]"): 410.0557, found:
410.0553. [a]p®® = +14.6° (¢ 1.0, CHCI;). Enantiomeric excess: 92%, determined by
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HPLC (Chiralpak-OD-H, hexane/isopropanol = 85/15, flow rate 1.0 mL/min, T = 25
°C, 254 nm): tr = 16.548 min (minor), tr = 24.704 min (major).
4-(2,3-Dihydro-1H-inden-5-yl)-2-methoxy-4-methyl-4,6,7,8-tetrahydro-1H-cyclo-
pentajg]isoquinoline-1,3(2H)-dione (2k)

2k O
76% yield. 'TH NMR (400 MHz, CDCl3) & 8.11 (s, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.04
(s, 1H), 6.96 (s, 1H), 6.87 (d, J= 7.7 Hz, 1H), 3.91 (s, 3H), 2.98 (t, J = 7.5 Hz, 2H),
2.93 -2.77 (m, 6H), 2.18 — 1.98 (m, 7H). 3C NMR (101 MHz, CDCl3) § 171.6, 161.3,
152.3,145.0, 144.6, 143.9, 142.9, 140.8, 125.1, 124.6, 124.2, 123.6, 123.1, 122.5, 63.9,
53.3, 33.3, 33.0, 32.6, 32.4, 27.3, 25.5, 25.4. HRMS (ESI) caled. for C23H24NO3
([M+H]"): 362.1751, found: 362.1757. [a]p®® = -6.9° (¢ 1.0, CHCl3). Enantiomeric
excess: 84%, determined by HPLC (Chiralpak-OD-H, hexane/isopropanol = 90/10,
flow rate 1.0 mL/min, T = 25 °C, 254 nm): tr = 8.631 min (minor), tr = 19.846 min
(major).
5-(2,3-Dihydrobenzofuran-5-yl)-7-methoxy-5-methyl-2,3-dihydrofuro|3,2-g]iso-
quinoline-6,8(5H,7H)-dione (21)

210

General Procedure B with modifications of 45 °C, 36 h give 3m and 3m’ in 38% and
20% yields as separable mixture. 'H NMR (400 MHz, CDCls) § 7.58 (s, 1H), 6.99 (s,
1H), 6.94 (s,1H), 6.86 (dd, J = 8.3, 2.0 Hz, 1H), 6.67 (d, J = 8.4 Hz, 1H), 4.62 (t,J =
8.7 Hz, 2H), 4.54 (t, J = 8.7 Hz, 2H), 3.90 (s, 3H), 3.35 — 3.02 (m, 4H), 2.01 (s, 3H).
3C NMR (101 MHz, CDCl3) § 171.5, 160.7, 159.9, 159.7, 137.2, 135.7, 134.9, 127.8,
127.0, 124.3, 123.8, 109.2, 107.5, 71.6 (2C), 63.8, 52.6, 29.8 (2C), 27.4. HRMS (ESI)
caled. for C21H20NOs ([M+H]"): 366.1336, found: 366.1341. [a]p?® = +42.1° (¢ 1.0,
CHCIl3). Enantiomeric excess: 88%, determined by HPLC (Chiralpak-OD-H,
hexane/isopropanol = 75/25, flow rate 1.0 mL/min, T = 25 °C, 254 nm): tr = 13.454
min (minor), tr = 33.552 min (major).
4-(2,3-Dihydrobenzofuran-5-yl)-2-methoxy-4-methyl-8,9-dihydrofuro[2,3-A]iso-
quinoline-1,3(2H,4H)-dione (21’)
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General Procedure B with modifications of 45 °C, 36 h give 3m and 3m’ in 38% and
20% yields as separable mixture. '"H NMR (400 MHz, CDCl3) 6 6.99 (d, J = 8.4 Hz,
1H), 6.98 (s, 1H), 6.94 (d, J = 8.5 Hz, 1H), 6.84 (dd, /= 8.4, 2.2 Hz, 1H), 6.67 (d, J =
8.4 Hz, 1H), 4.72 (ddd, J=9.6, 8.2, 2.1 Hz, 2H), 4.55 (t, J = 8.7 Hz, 2H), 3.90 (s, 3H),
3.85—3.64 (m, 2H), 3.15 (t,J = 8.7 Hz, 2H), 2.02 (s, 3H). *C NMR (101 MHz, CDCl3)
o 171.6, 160.9, 160.5, 159.7, 135.9, 135.4, 129.6, 128.4, 127.8, 127.1, 123.8, 121.4,
115.2,109.3,72.6,71.6,63.9, 52.8,31.4,29.8,27.7. HRMS (ESI) calcd. for C21H20NOs
([IM+H]"): 366.1336, found: 366.1342. [a]p?® = -48.6° (¢ 1.0, CHCIs). Enantiomeric
excess: 86%, determined by HPLC (Chiralpak-OD-H, hexane/isopropanol = 85/15,
flow rate 1.0 mL/min, T = 25 °C, 254 nm): tg = 19.875 min (minor), tr = 32.160 min
(major).
5-Methoxy-7-methyl-7-(thiophen-2-yl)thieno|3,2-c]pyridine-4,6(SH,7H)-dione
(2m)

O 2m

General Procedure B with modifications of 40 °C, 12 h give 3u in 79% yield. '"H NMR
(400 MHz, CDCl3) 6 7.46 (d, J=4.9 Hz, 1H), 7.34 (d, /J=4.9 Hz, 1H), 7.18 (d, /J=4.8
Hz, 1H), 6.84 (s, 1H), 6.77 (d, J = 2.9 Hz, 1H), 3.81 (s, 3H), 2.10 (s, 3H). 3C NMR
(101 MHz, CDCl3) & 169.7, 156.7, 153.6, 146.1, 128.3, 127.1, 127.1, 126.4, 126.0,
125.5, 64.0, 50.1, 29.2. HRMS (ESI) calcd. for Ci3H12NO3S,; ([M+H]"): 294.0253,
found: 294.0255. [a]p?*® =+14.3°(c 1.0, CHCls). Enantiomeric excess: 75%, determined
by HPLC (Chiralpak-OD-H, hexane/isopropanol = 85/15, flow rate 1.0 mL/min, T =
25°C, 254 nm): tr = 13.218 min (minor), tr = 22.280 min (major).
4-Ethyl-2-methoxy-4-phenylisoquinoline-1,3(2H,4H)-dione (2n)

L0
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67% yield. "H NMR (400 MHz, CDCl3) § 8.32 (d, J = 7.9 Hz, 1H), 7.59 (t, J= 7.4 Hz,
1H), 7.49 (t, J= 7.4 Hz, 1H), 7.33 - 7.21 (m, 3H), 7.16 (d, /= 7.5 Hz, 2H), 7.09 (d, J
= 7.8 Hz, 1H), 3.94 (s, 3H), 3.14 — 3.00 (m, 1H), 2.41 — 2.23 (m, 1H), 0.73 (t, J= 7.2
Hz, 3H). >*C NMR (101 MHz, CDCl3) § 170.5, 160.9, 142.7, 142.3, 134.6, 128.9, 128.7,
128.0, 127.9, 127.4, 126.0, 64.1, 58.6, 33.0, 9.5. HRMS (ESI) calcd. for CisHisNO3
([IM+H]"): 296.1281, found: 296.1276. [a]p?® = -60.5° (¢ 1.0, CHCIs). Enantiomeric
excess: 90%, determined by HPLC (Chiralpak-OD-H, hexane/isopropanol = 95/5, flow
rate 0.5 mL/min, T =25°C, 254 nm): tg = 29.077 min (major), tr = 32.160 min (minor).
4-Isopentyl-2-methoxy-4-phenylisoquinoline-1,3(2H,4H)-dione (20)

O 20

51% yield. "H NMR (400 MHz, CDCl3) § 8.32 (d, J= 7.8 Hz, 1H), 7.59 (t, J= 7.5 Hz,
1H), 7.49 (t, J=7.5 Hz, 1H), 7.33 - 7.21 (m, 3H), 7.16 (d, /= 7.3 Hz, 2H), 7.10 (d, J
= 7.8 Hz, 1H), 3.93 (s, 3H), 3.00 (td, J = 12.5, 3.9 Hz, 1H), 2.29 (td, J = 12.8, 4.0 Hz,
1H), 1.56 —1.47 (m, 1H), 1.08 — 0.96 (m, 1H), 0.85 (d, /= 6.7 Hz, 3H), 0.79 (d, J= 6.6
Hz,3H),0.74-0.61 (m, 1H).'>*C NMR (101 MHz, CDCl3) § 170.5, 160.9, 142.8, 142.6,
134.6,128.9,128.7,128.0,127.9, 127.8, 127.3, 125.8, 64.0, 57.9,37.7,33.8, 28.3, 22.6,
22.3. HRMS (ESI) calcd. for C21H24NOs ([M+H]"): 338.1751, found: 338.1755. [a]p*°
=-36.3° (¢ 1.0, CHCI3). Enantiomeric excess: 86%, determined by HPLC (Chiralpak-
OD-H, hexane/isopropanol = 95/5, flow rate 0.5 mL/min, T = 25 °C, 254 nm): tr =
13.887 min (major), tr = 16.793 min (minor).
4-Isobutyl-2-methoxy-4-phenylisoquinoline-1,3(2H,4H)-dione (2p)

O 2p

48% yield. "H NMR (400 MHz, CDCl3) § 8.35 (d, /= 7.9 Hz, 1H), 7.60 (t, J= 7.4 Hz,
1H), 7.51 (t, J= 7.6 Hz, 1H), 7.33 — 7.19 (m, 3H), 7.19 — 7.07 (m, 3H), 3.91 (s, 3H),
3.04 (dd, J=13.7, 8.4 Hz, 1H), 2.37 (dd, J = 13.6, 4.5 Hz, 1H), 1.43 — 1.28 (m, 1H),
0.79 (d, J= 6.7 Hz, 3H), 0.74 (d, J = 6.6 Hz, 3H). >*C NMR (101 MHz, CDCl3) § 170.6,
160.8, 143.7, 142.2, 134.4, 128.9, 128.5, 128.0, 127.8, 127.2, 125.8, 63.7, 57.0, 47.5,
25.6, 24.4, 22.6. HRMS (ESI) calcd. for C20H22NO3 ([M+H]"): 324.1594, found:
324.1599. [a]p®® = -46.0° (¢ 1.0, CHCIs). Enantiomeric excess: 86%, determined by
HPLC (Chiralpak-OD-H, hexane/isopropanol = 95/5, flow rate 0.5 mL/min, T =25 °C,
254 nm): tr = 14.793 min (major), tr = 16.304 min (minor).
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4-(Ethoxymethyl)-2-methoxy-4-phenylisoquinoline-1,3(2H,4H)-dione (2q)

0 2q

66% yield. '"H NMR (400 MHz, CDCl3) § 8.30 (d, J= 7.8 Hz, 1H), 7.58 (t, J= 7.6 Hz,
1H), 7.48 (t, J=7.5 Hz, 1H), 7.33 - 7.23 (m, 3H), 7.14 (d, /= 7.8 Hz, 1H), 7.08 (d, J
= 7.8 Hz, 2H), 4.73 (d, J = 8.1 Hz, 1H), 4.15 (d, J = 8.2 Hz, 1H), 3.95 (s, 3H), 3.54 —
3.42 (m, 1H), 3.42—3.30 (m, 1H), 1.00 (t,J=7.0 Hz, 3H). '*C NMR (101 MHz, CDCl5)
0 169.8, 161.0, 141.4, 139.8, 134.1, 129.1, 128.6, 128.2, 128.0, 127.8, 127.4, 126.4,
76.5, 67.4, 63.9, 59.0, 14.8. HRMS (ESI) calcd. for C19H20NO4 ([M+H]"): 326.1387,
found: 326.1389. [a]p?° = -39.2° (¢ 1.0, CHCl3). Enantiomeric excess: 92%, determined
by HPLC (Chiralpak-AD-H, hexane/isopropanol = 85/15, flow rate 1.0 mL/min, T =
25°C, 254 nm): tr = 13.679 min (major), tr = 22.214 min (minor).

2-Ethoxy-4-methyl-4-phenylisoquinoline-1,3(2H,4H)-dione (2r)

),

O 2r

66% yield. "H NMR (400 MHz, CDCl3) § 8.30 (dd, J = 7.9, 1.3 Hz, 1H), 7.58 (td, J =
7.6, 1.4 Hz, 1H), 7.49 (td, J = 7.8, 0.9 Hz, 1H), 7.34 — 7.21 (m, 3H), 7.18 — 7.07 (m,
3H), 4.20 — 4.03 (m, 2H), 2.09 (s, 3H), 1.33 (t, /= 7.1 Hz, 3H). >*C NMR (101 MHz,
CDCl3) o 171.4, 161.1, 143.9, 142.6, 134.5, 128.9, 128.8, 128.0, 127.9 (2C), 127.1,
124.6, 72.2, 53.5, 26.9, 13.4. HRMS (ESI) calcd. for C1sHisNO3 ((M+H]"): 296.1281,
found: 296.1285. [a]p?’ = -65.4° (¢ 1.0, CHCl3). Enantiomeric excess: 90%, determined
by HPLC (Chiralpak-OD-H, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =
25°C, 254 nm): tr = 11.345 min (minor), tr = 23.988 min (major).
2-(Benzyloxy)-4-methyl-4-phenylisoquinoline-1,3(2H,4H)-dione (2s)

)

O 2s
46% yield. '"H NMR (400 MHz, CDCl3) 6 8.29 (d, J= 7.8 Hz, 1H), 7.57 (t, J= 7.6 Hz,
1H), 7.53 — 7.44 (m, 3H), 7.36 — 7.22 (m, 6H), 7.09 (dd, J = 7.6, 3.0 Hz, 3H), 5.09 (s,
2H), 2.03 (s, 3H). 3C NMR (101 MHz, CDCls) § 171.5, 161.1, 144.1, 142.5, 134.5,
133.9, 130.2, 129.2, 128.9, 128.8, 128.5, 128.0 (2C), 127.9, 127.3, 124.5, 78.2, 53.7,
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27.2. HRMS (ESI) caled. for C23HaoNOs ([M+H]"): 358.1438, found: 358.1442. [o]p>
=-54.7° (¢ 1.0, CHCI3). Enantiomeric excess: 88%, determined by HPLC (Chiralpak-
OD-H, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 25 °C, 254 nm): tr =
12.828 min (major), tr = 14.324 min (minor).

Derivatizations of 2a

BH3eMe,S Sml, 0o
—_—
O NH THF H20, THF O NH
e
@) (0]
4a, 79%, 92% ee 2a, 93% ee 3a, 95%, 92% ee

NaBH,4
MeOH

BF3.Et20
DCM
6a, 98%, 95% ee, dr = 40:1 5a, 89%, 92% ee 8a, 92%, 94% ee, dr = 31:1
TFA
Et3SiH
DCM

7a, 91%, 92% ee
Deprotection of Methoxy Group!
To a solution of 2a (28.1 mg, 0.1 mmol) in THF (1 mL) and deoxygenated water (0.05
mL) was added Sml; (0.1 M in THF, 10 mL, 1.0 mmol, 10 equiv.) in an ice-bath. The
mixture was stirred for 1 h, and diluted with EtOAc, washed with saturated NaHCOs,
saturated Na,S»0;3 and brine, dried over anhydrous Na,SOs, filtered and concentrated
under reduced pressure. The residue was purified by column chromatography.
4-Methyl-4-phenylisoquinoline-1,3(2H,4H)-dione (3a)

w0
0]
O NH

3aQ
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'H NMR (400 MHz, CDCl3) § 8.28 (dd, J= 7.9, 1.4 Hz, 1H), 8.17 (s, 1H), 7.60 (td, J
=7.6,1.4 Hz, 1H), 7.52 — 7.44 (m, 1H), 7.35-7.23 (m, 3H), 7.21 — 7.16 (m, 2H), 7.14
(d, J=8.0 Hz, 1H), 2.07 (s, 3H). *C NMR (101 MHz, CDCI5) § 175.1, 164.0, 146.0,
142.6, 134.8, 128.9, 128.4, 128.3, 127.9, 127.4, 124.1, 52.1, 27.1. HRMS (ESI) calcd.
for C16H1sNO, ([M+H]"): 252.1019, found: 252.1021. [a]p* = -14.7° (¢ 0.3, CHCI3).
Enantiomeric ~ excess:  92%, determined by HPLC  (Chiralpak-AS-H,
hexane/isopropanol = 80/20, flow rate 0.5 mL /min, T = 25 °C, 254 nm): tr = 15.591
min (minor), tr = 30.045 min (major).

Reduction of Lactam!

To a solution of 2a (84.4 mg, 0.3 mmol) in dried THF (4 mL) was added BH3-Me>S
(2.0 M in THF, 0.9 mL, 1.8 mmol, 6.0 equiv.) dropwise in an ice-bath. The mixture
was warmed to room temperature and stirred for 2.5 h, then heated to reflux for 48 h.
After cooling to 0 °C, 10% HCI was added slowly to quench the reaction, and the re-
sulting solution was refluxed for 1.5 h. The mixture was cooled to 0 °C again, and 12
N NaOH was added until pH > 10. The mixture was extracted with EtO for three times,
and the combined organic phase was washed with brine, dried over anhydrous Na>SOs,
filtered and concentrated under reduced pressure. The residue was purified by flash
column chromatography.

4-Methyl-4-phenyl-1,2,3,4-tetrahydroisoquinoline (4a)

w0
O NH

4a

'"H NMR (400 MHz, CDCl3) § 7.34 — 7.22 (m, 2H), 7.22 — 7.13 (m, 3H), 7.11 (d, J =
7.4 Hz, 2H), 7.06 (t, J= 7.3 Hz, 2H), 4.10 (s, 2H), 3.19 (d, /= 13.2 Hz, 1H), 3.05 (d, J
=13.2 Hz, 1H), 2.16 (s, 1H), 1.71 (s, 3H). 3*C NMR (101 MHz, CDCls) & 148.8, 142.5,
128.8, 128.2, 127.6, 126.7, 126.2, 126.1, 125.8, 27.0. HRMS (ESI) calcd. for CisHisN
([IM+H]"): 224.1434, found: 224.1435. [0]p?° = +10.3° (¢ 0.8, CHCI3). Enantiomeric
excess: 92%, determined by HPLC (Chiralpak-OD-H, hexane/isopropanol = 80/20,
flow rate 0.5 mL/min, T = 25 °C, 254 nm): tr = 9.933 min (minor), tr = 12.343 min
(major).

Partial Reduction of Imide

To a solution of 2a (28.1 mg, 0.1 mmol) in MeOH (1 mL) was added NaBH4 (7.6 mg,
0.2 mmol, 2.0 equiv.) in an ice-bath. The mixture was warmed to room temperature and
stirred for 2 h, then saturated NaHCO3 was added slowly to quench the reaction, and
the resulting solution was stirred vigorously for 15 min. The mixture was extracted with
EtOAc for three times, and the combined organic phase was washed with brine, dried
over anhydrous Na;SOys, filtered and concentrated under reduced pressure. The residue
was purified by flash column chromatography.
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3-Hydroxy-2-methoxy-4-methyl-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one (5a)

O 5a
"H NMR (400 MHz, Acetone-ds) & 8.13 (dd, J=7.7, 1.1 Hz, 1H), 7.68 (td, J= 7.6, 1.4
Hz, 1H), 7.52 (t, J= 8.2 Hz, 2H), 7.30 — 7.23 (m, 2H), 7.23 — 7.16 (m, 1H), 7.02 (dd, J
=5.4,3.4Hz,2H),5.97 (d,J=5.5Hz, 1H), 5.51 (d, J= 5.4 Hz, 1H), 3.33 (s, 3H), 2.86
(s, 1H), 1.91 (s, 3H). 3*C NMR (101 MHz, Acetone-ds) & 162.6, 147.1, 142.9, 133.5,
130.4, 129.0, 128.2 (3C), 127.5, 127.4, 91.1, 62.0, 50.3, 24.3. HRMS (ESI) calcd. for
C17H1sNOs ([M+H]"): 284.1281, found: 284.1284. [a]p®® = -71.9° (¢ 0.07, MeOH).
Enantiomeric excess: 92%, determined by HPLC (Chiralpak-ID, hexane/isopropanol =
80/20, flow rate 0.5 mL /min, T =25 °C, 254 nm): tr = 25.796 min (minor), tr = 28.469
min (major).
Methoxylation of Hemiaminal?
A solution of Sa (28.3 mg, 0.1 mmol) in MeOH (0.4 mL) was added p-toluenesulfonic
acid (1.9 mg, 0.01 mmol, 0.1 equiv.) and stirred at room temperature for 12 h. After
evaporating the volatile, the residue was purified by flash column chromatography.
2,3-Dimethoxy-4-methyl-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one (6a)

5=
OMe
O N\OMe
O 6a

'H NMR (400 MHz, CDCl3) & 8.24 (dd, J= 7.7, 1.3 Hz, 1H), 7.60 (td, J = 7.6, 1.5 Hz,
1H), 7.48 (td, J=7.6, 1.2 Hz, 1H), 7.37 (dd, J = 7.8, 0.7 Hz, 1H), 7.28 — 7.16 (m, 3H),
6.96 — 6.89 (m, 2H), 4.91 (s, 1H), 3.52 (s, 3H), 3.19 (s, 3H), 1.89 (s, 3H). 1*C NMR
(101 MHz, CDCl) ¢ 161.9, 145.2, 141.6, 133.1, 128.9, 128.6, 128.3, 127.8, 127.2,
126.8, 98.5, 62.1, 58.5, 49.5, 23.7. HRMS (ESI) calcd. for CisH2oNO;3 ([M+H]"):
298.1438, found: 298.1441. [a]p?® = -40.6° (¢ 0.6, CHCI3). Enantiomeric excess: 95%,
determined by HPLC (Chiralpak-ID, hexane/isopropanol = 80/20, flow rate 0.5 mL
/min, T =25 °C, 254 nm): tr = 21.236 min (major), tr = 27.765 min (minor).
Reduction of Hemiaminal®
To a solution of 5a (14 mg, 0.05 mmol) in DCM (1 mL) was added triethylsilane (17
pL, 0.107 mmol, 2.0 equiv.) and trifluoroacetic acid (0.5 mL). After stirring at room
temperature for 1 h, triethylsilane (17 pL, 0.107 mmol, 2.0 equiv.) was added again.

After 1 h, the mixture was concentrated under reduced pressure, and the residue was
purified by flash column chromatography.
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2-Methoxy-4-methyl-4-phenyl-3,4-dihydroisoquinolin-1(2H)-one (7a)

e,
N
oM

O 7a

"H NMR (400 MHz, CDCl5) § 8.23 (dd, J= 7.7, 1.4 Hz, 1H), 7.48 (td, J= 7.5, 1.6 Hz,
1H), 7.42 (td, J="7.5, 1.3 Hz, 1H), 7.36 — 7.22 (m, 3H), 7.22 — 7.12 (m, 2H), 7.08 (dd,
J=1.7,0.9 Hz, 1H), 4.06 (d, /= 11.8 Hz, 1H), 3.82 (d, J=11.8 Hz, 1H), 3.63 (s, 3H),
1.83 (s, 3H). 3C NMR (101 MHz, CDCl3) § 162.7, 145.0, 144.9, 132.7, 128.7 (20),
128.5, 127.6, 127.2 (2C), 126.6, 61.5, 61.1, 44.7, 25.9. HRMS (ESI) calcd. for
Ci17H1sNO, ([M+H]"): 268.1332, found: 268.1334. [a]p®® = +15.7° (¢ 0.8, CHCI5).
Enantiomeric ~ excess:  92%, determined by HPLC  (Chiralpak-AS-H,
hexane/isopropanol = 80/20, flow rate 0.5 mL /min, T = 25 °C, 254 nm): tr = 13.166
min (major), tr = 16.298 min (minor).

e

Allylation of Hemiaminal*

To a solution of 5a (28.3 mg, 0.1 mmol) and allyltrimethylsilane (48 puL, 0.3 mmol, 3.0
equiv.) in DCM (2 mL) was added BF3-Me>O (38 pL, 0.3 mmol, 3.0 equiv.) at -60 °C,
and stirred for 4 h. The reaction mixture was purified by flash column chromatography
directly.

3-Allyl-2-methoxy-4-methyl-4-phenyl-3,4-dihydroisoquinolin-1(2 H)-one (8a)

O 8a
'H NMR (400 MHz, CDCl3) § 8.22 (d, J= 7.7 Hz, 1H), 7.59 (t, J= 7.6 Hz, 1H), 7.48
(t,J=7.6 Hz, 1H), 7.37 — 7.13 (m, 4H), 6.94 (d, J = 7.2 Hz, 2H), 5.78 (dq, J = 10.0,
7.2 Hz, 1H),4.99 (d,J=17.2 Hz, 1H), 4.96 (d, /= 10.2 Hz, 1H), 4.07 (dd, J = 8.0, 4.7
Hz, 1H), 3.16 (s, 3H), 2.65 — 2.48 (m, 1H), 2.45 — 2.26 (m, 1H), 1.82 (s, 3H). '*C NMR
(101 MHz, CDCl) 6 161.2, 147.5, 141.6, 134.6, 132.9, 129.9, 128.4, 128.2, 127.9,
127.0, 126.5, 126.4, 117.5, 70.6, 61.0, 48.1, 35.1, 24.3. HRMS (ESI) calcd. for
C20HNO, ([M+H]"): 308.1645, found: 308.1647. [a]p®® = -127.7° (¢ 0.3, CHCI).
Enantiomeric ~ excess:  94%, determined by HPLC  (Chiralpak-OD-H,
hexane/isopropanol = 95/5, flow rate 0.3 mL/min, T = 25 °C, 254 nm): tr = 16.123 min

(minor), tr = 16.771 min (major).

Determination of the Absolute Configuration of 2a, Sa, 6a and 8a
The crystals of 2a, Sa, 6a and 8a, which were detected by X-ray, were the major product
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determined by chiral HPLC.

X-ray crystal data of the enantiomerically enriched isomer 2a:

P R & ©

Table 1 Crystal data and structure refinement for 170412.

Identification code 170412
Empirical formula Ci17H15NO3
Formula weight 281.30
Temperature/K 292(2)
Crystal system orthorhombic
Space group P2,2124

a/A 8.53180(10)
b/A 9.34100(10)
c/A 18.0021(2)
a/° 90

pB/e 90

v/° 90
Volume/A3 1434.69(3)
Z 4

Pealeg/cm? 1.302
w/mm! 0.731
F(000) 592.0

Crystal size/mm?

Radiation

0.240 x 0.220 x 0.210
CuKa (L = 1.54184)

20 range for data collection/®9.826 to 142.52

Index ranges -6<h<10,-11<k<10,-16<1<21
Reflections collected 4843

Independent reflections 2688 [Rint = 0.0185, Rsigma = 0.0227]
Data/restraints/parameters ~ 2688/0/193

Goodness-of-fit on F? 1.076

Final R indexes [[>=2c (I)] R;=0.0356, wR>=0.0916
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Final R indexes [all data] R1=0.0366, wR> =0.0929
Largest diff. peak/hole / e A 0.14/-0.14
Flack parameter 0.01(10)

Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Dis-
placement Parameters (A2x103) for 170412. Uegis defined as 1/3 of of the trace of
the orthogonalised Uutensor.

Atom X y z U(eq)

03 -415.1(19) 7890.1(16) 6223.7(10) 69.1(5)
Ol 1280(2) 6518(2) 7197.0(8) 77.6(6)
NI 431(2) 6684.8(18) 6017.3(9) 51.6(4)
02 -755(3) 6811(2) 4899.4(11) 87.6(6)
C10 3734(2) 4720.3(19) 6656.1(10) 43.1(4)
C5 1248(2) 6005(2) 6585.2(10) 47.9(4)
C4 2021(2) 4568(2) 6404.5(10) 43.4(4)
C2 1097(2) 4934(2) 5076.2(10) 50.5(4)
CI5 4696(3) 5644(2) 6270.0(12) 56.9(5)
Cl 175(3) 6199(2) 5297.2(12) 56.3(5)
C3 1961(2) 4162(2) 5587.9(10) 45.9(4)
Cl1 4330(3) 3990(3) 7261.2(12) 60.1(5)
C6 1058(3) 4519(3) 4328.2(12) 70.7(7)
C12 5888(3) 4188(3) 7467.7(16) 77.4(8)
Cl6 1095(3) 3445(3) 6851.2(13) 63.8(6)
C13 6828(3) 5110(3) 7087.9(16) 78.3(8)
Cl4 6250(3) 5840(3) 6488.5(17) 74.0(7)
C9 2740(3) 2938(3) 5342.5(15) 68.0(6)
C17 434(4) 9164(3) 6039.2(18) 79.2(8)
C8 2673(3) 2534(3) 4608.2(17) 83.3(9)
C7 1848(3) 3325(4) 4099.9(15) 86.7(9)

Table 3 Anisotropic Displacement Parameters (A2x10%) for 170412. The Aniso-
tropic displacement factor exponent takes the form: -
2n?[h?a*2Un+2hka*b*Una+...].

Atom Un Uz Uss Uzs Uis Uiz

03 58.5(8) 51.3(8) 97.3(12) -2.5(8) 0.5(8) 15.1(7)
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01
N1
02
C10
C5
C4
C2
CI5
Cl
C3
Cll1
C6
Cl12
Clé6
Cl13
Cl14
C9
C17
C8
C7

78.8(10)
51.7(8)
103.6(14)
42.2(8)
41.6(9)
40.6(8)
52.6(9)
48.8(10)
61.9(12)
39.7(8)
61.6(12)
75.0(14)
65.9(15)
57.1(11)
44(1)
49.6(11)
56.5(12)
85.7(17)
65.1(14)
77.5(16)

100.2(13)
45.6(8)
75.4(11)
43.8(9)
56.9(11)
47.9(10)
56.2(11)
60.0(12)
52.4(11)
52(1)
64.5(13)
92.8(18)
94.9(19)
71.6(14)
100(2)
79.9(16)
71.8(14)
47.0(11)
97(2)
123(2)

53.9(8)
57.5(9)
84.0(11)
43.3(8)
45.1(9)
41.7(9)
42.8(9)
62.0(11)
54.7(10)
46.2(9)
543(11)
44.4(10)
71.2(14)
62.8(12)
90.6(18)
92.4(18)
75.7(15)
105(2)
87.5(18)
59.8(14)

Table 4 Bond Lengths for 170412.
AtomAtom Length/A AtomAtom Length/A
1.388(2) C2
1.432(3) C2
1201(2) C2
1391(3) CI5
1391(3) C3
12123) Cl1
1.379(3) C6
1382(3) C12
1.537(2) C13
1.5303) C9
1.5193) C8
1.540(3)

03
03
01
N1
N1
02
C10
C10
C10
C5
C4
C4

Table S Bond Angles for 170412.

N1
C17
(O]
C5
Cl
Cl
CI5
Cll1
C4
C4
C3
Cl6

C3
Co6
Cl1
Cl4
C9
C12
C7
C13
Cl4
C8
C7
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-23.7(9)
1.1(7)
20.1(10)
2.7(7)
-1.6(8)
5.1(7)
2.2(8)
3.3(10)
14.2(9)
-1.7(8)
3.9(10)
-1.4(11)
-14.6(14)
15.3(11)
-45.1(16)
21.5(14)
21.0(12)
-0.5(12)
-44.6(17)
-39.7(16)

1.383(3)
1.402(3)
1.474(3)
1.394(3)
1.394(3)
1.392(3)
1.366(5)
1.361(5)
1.369(4)
1.376(3)
1.371(5)

-5.1(8)
-1.9(8)
-38.0(11)
0.6(7)
0.7(8)
1.8(7)
-0.4(8)
4.9(9)
-11.8(9)
1.8(7)
-9.6(10)
-5.7(10)
24.3(12)
7.5(10)
“12.1(11)
11.1(12)
2.8(11)
-17.4(16)
6.6(14)
7.5(13)

33.4(10)
8.6(7)
10.2(11)
4.4(8)
4.3(9)
0.2(7)
-12.5(9)
-3.8(9)
-6.5(9)
4.1(8)
7.2(10)
21.8(14)
24.1(14)
-13.0(11)
10.9(12)
-14.1(12)
9.4(11)
3.1(12)
2.0(15)
-24.0(18)



Atom Atom Atom

N1
03
03
C5
CI15
CI5
Cl1
01
01
N1
C3
C3
C5
C3
C5
C10
C3

O3
N1
N1
N1
C10
C10
C10
(O]
(O]
C5
C4
C4
C4
C4
C4
C4
C2

C17
C5
Cl
Cl1
Cll1
C4
C4
N1
C4
C4
C5
C10
C10
Cl6
Cl6
Cl6
C6

Table 6 Torsion Angles for 170412.
A B C D

C17
C17
03
Cl1
O3
Cl
01
N1
Ol
N1
Ol
N1
CI5
Cl1
CI5
Cl1

03
03
N1
N1
N1
N1
Cs
Cs
C5
C5

N1
N1
C5
C5
G5
G5
C4
C4
C4
C4
C5 C4
C5 C4
C1o0C4
C1o0C4
C1o0C4
C1o0C4

C5
Cl
Ol
Ol
C4
C4
C3
C3
C10
C10
Cleé
Cleé
C3
C3
G5
G5
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Angle/® Atom Atom Atom Angle/*
110.40(18) C3 C2 (1 121.54(17)
115.75(16) C6 C2 Cl1 117.9(2)
115.61(17) C10 C15 Cl14 120.4(2)
127.94(17) 02 Cl1 NI 120.0(2)
119.14(19) 02 C1 C2 124.6(2)
118.40(17) N1 Cl1 C2 115.40(17)
122.45(18) C2 C3 (9 118.09(19)
120.22(19) C2 C3 C4 122.14(18)
122.31(18) C9 C3 (4 119.71(18)
117.41(16) C10 C11 Cl12 119.7(2)
114.22(15) C7 C6 C2 120.2(3)
109.89(14) C13 C12 Cl11 120.8(2)
105.44(15) C12 C13 Cl4 119.9(2)
108.54(17) C13 Cl14 C15 120.0(3)
105.37(15) C8 C9 C3 120.6(3)
113.40(16) C7 C8 C9 121.0(3)

120.6(2) C6 C7 C8 119.5(2)
Angle/* A B C D Angle/*

99.9(2) C3 C2 CI NI 9.8(3)
-88.9(2) C6 C2 C1 NI -171.1(2)
-5.03) C6 C2 C3 C9 -2.2(3)
-1749(2) C1 C2 C3 C9 176.88(19)
172.29(15) C6 C2 C3 C4  -179.39(19)
243) Cl1 C2 C3 C4 -0.3(3)
-175.4(2) C5 C4 C3 C2 -8.3(3)
7.4(2) C10C4 C3 C2  -126.53(19)
-54.6(2) C16C4 C3 C2 108.9(2)
128.12(17) C5 C4 C3 C9 174.59(19)
65.6(2) C10C4 C3 C9 56.3(2)
-111.7(2) C16C4 C3 C9 -68.2(2)
55.1(2) C15C10C11CI12 -0.5(3)
-126.2(2) C4 C10C11CI12 -179.1(2)
-68.5(2) C3 C2 C6 C7 1.4(3)

110.2(2) C1 C2 C6 C7 -177.7(2)



CI5C10C4 Cl6  176.76(19) C10C11CI12C13 1.0(4)

C11C10C4 C16 4.6(3) C11C12C13C14 -0.9(4)
C11C10C15C14 -0.2(3) C12C13C14Cl5 0.3(4)
C4 Cl10CI5C14 178.6(2) C10C15C14C13 0.2(4)
03 N1 Cl 02 1.0(3) C2 C3 C9 C8 1.4(3)
C5 N1 Cl 02 169.0(2) C4 C3 C9 C8 178.6(2)
03 N1 CI C2  178.95(17) C3 C9 C8 C7 0.3(4)
C5 N1 Cl C2 11.1(3) C2 C6 C7 C8 0.3(4)
C3 C2 Cl 02 ~170.3(2) C9 C8 C7 C6 1.1(5)
C6 C2 Cl 02 8.8(3)

Table 7 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Pa-
rameters (A2x103) for 170412.

Atom X y z U(eq)

H15 4307 6138 5861 68
HI11 3694 3369 7529 72
Ho6 493 5058 3986 85
HI12 6291 3684 7870 93
HI16A 1561 2519 6782 96
H16B 29 3426 6682 96
H16C 1119 3691 7369 96
H13 7863 5244 7235 94
H14 6892 6467 6227 89
H9 3311 2389 5678 82
H17A 504 9252 5509 119
H17B 1469 9112 6246 119
H17C -102 9982 6239 119
HS8 3195 1712 4454 100
H7 1826 3052 3603 104

Crystal structure determination of [170412]

Crystal Data for Ci7HisNOs; (M =281.30 g/mol): orthorhombic, space group
P21212; (no. 19),a= 8.53180(10) A, b= 9.34100(10) A, c= 18.0021(2) A, V=
1434.693) A%, Z= 4, T= 2922) K, w(CuKa)= 0.731 mm™, Dcalc = 1.302 g/cm’,
4843 reflections measured (9.826° <20 < 142.52°), 2688 unique (Rint = 0.0185, Rsigma =
0.0227) which were used in all calculations. The final R; was 0.0356 (I > 2o(]))
and wR> was 0.0929 (all data).

X-ray crystal data of the enantiomerically enriched isomer 5a:
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5a O

Table 1 Crystal data and structure refinement for exp 47.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pr°

y/°

Volume/A3

Z

Pealeg/cm’

pw/mm’!

F(000)

Crystal size/mm?

Radiation

exp 47
C17H17NO;
283.32

293(2)
monoclinic
P24
7.37420(10)
8.59040(10)
12.08780(10)
90
101.0020(10)
90
751.656(15)

2

1.252

0.698

300.0

0.6 x0.4x0.1
CuKa (A =1.54184)

20 range for data collection/°7.45 to 147.672

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

9<h<7,-9<k<10,-14<1<14
9272

2808 [Rint = 0.0284, Ryigma = 0.0193]
2808/1/193

1.248

R, = 0.0606, wR, = 0.1325

R, = 0.0608, wR; = 0.1331

Largest diff. peak/hole / e A~ 0.42/-0.66

Flack parameter

0.13(8)
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Dis-
placement Parameters (A2x10%) for exp_47. Ucqis defined as 1/3 of of the trace of
the orthogonalised Uutensor.

Atom x y z U(eq)

018 7307(2) 4902(2) 5281.1(12) 51.0(4)
0o19 3424(2) 6034(2) 5258.1(13) 54.8(5)
021 4642(3) 8418(2) 6602.1(16) 64.9(5)
N9 4930(2) 5873(2) 6150.2(15) 43.0(4)
Cl1 5842(2) 3503(2) 7908.5(15) 35.3(4)
C8 6129(2) 4559(3) 6028.9(15) 38.2(4)
Cleé 5546(3) 4210(3) 8887.3(17) 45.5(5)
C7 7224(2) 4137(2) 7215.5(15) 35.2(4)
C17 8616(3) 2844(3) 7099(2) 47.8(5)
C1 8186(3) 5609(2) 7739.7(16) 37.8(4)
Cl12 4847(3) 2154(3) 7548.3(18) 46.4(5)
Cl14 3281(3) 2287(3) 9118(2) 53.7(6)
C13 3570(3) 1561(3) 8155(2) 55.7(6)
C10 5524(3) 7201(3) 6709.1(16) 44.0(5)
C6 7334(3) 7048(3) 7496.3(15) 41.3(4)
C15 4282(3) 3604(3) 9498.4(19) 54.3(6)
C2 9883(3) 5572(3) 8475(2) 51.7(5)
Cs5 8161(4) 8407(3) 7986(2) 55.7(6)
C3 10706(3) 6926(4) 8960(2) 63.5(7)
C4 9853(4) 8331(4) 8717(2) 64.9(7)
C20 1787(4) 5519(8) 5608(4) 108.0(18)

Table 3 Anisotropic Displacement Parameters (A2x10%) for exp_47. The Aniso-
tropic displacement factor exponent takes the form: -
2n?[h?a*2Un+2hka*b*Una+...].

Atom Un U2 Uss U2 Ui Uiz

018 54.8(8) 59.6(11) 40.9(7) -6.2(7) 14.7(6) -18.7(8)
o19 38.4(7) 72.5(13) 48.9(8) 21.4(8) -3.3(6) -5.4(7)
021 84.2(12) 48.2(11) 59.5(10) 9.3(8) 6.7(9) 22.7(9)
N9 39.9(7) 44.8(11) 41.0(7) 9.1(7) -1.0(6) 0.7(6)
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Cl1 37.9(7) 27.4(9) 39.3(8)
C8 40.3(8)  37.2(11) 36.3(8)
C16 50.8(10)  44.5(11) 41.0(9)
C7 37.2(8)  29.8(10) 37.6(8)
Cl17 44.7(10)  37.2(12)  61.6(12)
Cl 39.48)  34.2(10) 39.3(8)

C12 54.7(10)  31.6(11)  53.7(11)
Cl4 49.5(10)  52.1(14)  61.7(12)
C13 55.8(11)  39.6(13)  72.9(14)
C10 54.7(10)  37.1(11)  41.6(9)

C6 52.9(10)  33.6(10) 37.8(9)
Cl15 58.8(11)  60.9(16)  45.4(10)
C2 44.8(10)  482(13)  56.9(11)
Cs 78.0(14)  33.7(12)  56.9(12)
C3 51.9(11)  66.3(18)  66.7(14)
C4 77.7(16)  50.5(16)  66.2(15)
C20 44.9(12) 163(5) 112(3)

Table 4 Bond Lengths for exp_47.

4.9(7)
-0.5(7)
2.0(8)
-1.3(7)
-6.3(9)
-1.7(8)
-0.8(9)

22.4(11)
9.3(10)
9.8(8)
2.9(8)
5.4(9)
-6.5(10)
-0.7(9)
-12.0(14)
-13.6(12)
63(3)

AtomAtom Length/A AtomAtom Length/A

018 C8 1.399(2) C7 Cl1 1.527(3)
019 N9 1.400(2) C1 Cé6 1.393(3)
019 C20 1.424(3) C1 C2 1.391(3)
021 C10 1.225(3) C12 Cl13 1.396(3)
N9 C8 1.458(3) C14 Cl13 1.372(4)
N9 CI10 1.355(3) C14 CI15 1.381(4)
Cll Cl6 1.384(3) C10 C6 1.490(3)
Cl1 C7 1.537(2) C6 C5 1.395(3)
Cl1 Ci12 1.396(3) C2 C3 1.389(4)
c8 C7 1.549(2) C5 C4 1.386(4)
Cle6 C15 1.396(3) C3 C4 1.367(5)
Cc7 C17 1.537(3)

Table 5 Bond Angles for exp 47.

Atom Atom Atom Angle/* Atom Atom Atom
N9 019 C20 109.50(19) C6 C1 C7
019 N9 C8 113.98(17) C2 Cl1 C7
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4.3(6) 1.6(7)
5.6(6) -7.9(7)
8.4(8) -3.6(8)
4.2(6) -2.4(7)
10.5(8) 2.5(8)
6.1(6) -5.0(8)
12.1(8) -6.3(8)
16.0(9) 3.709)
15.3(10) -11.2(9)
12.6(8) 7.3(9)
9.8(7) -3.8(8)
15.4(8) 2.3(11)
-3.7(8) -5.1(10)
16.5(10) -9.8(11)
-2.7(10)  -19.8(13)
12.9(12)  -30.3(13)
6.1(14)  -19.1(19)
Angle/*
119.51(16)
122.5(2)



C10 N9 O19 115.72(17) C2 Cl1  Cé6 118.0(2)

Cl0 N9 C8 123.87(16) C13 Cl2 Cll 120.4(2)
Cl6 Cl1 C7 122.65(18) C13 Cl4 Cl5 119.72)
Cl6 Cl1 CI2 118.14(18) C14 C13 Cl2 120.6(2)
Cl12 Cll C7 119.21(17) 021 C10 N9 123.4(2)
018 C8 N9 111.39(18) 021 Cl10 C6 122.4(2)
018 C8 C7 111.67(14) N9 C10 C6 114.15(18)
N9 C8 C7 107.87(15) C1  C6 C10 121.73(19)
Cl1 Cl6 Cl5 1213(2) C1  C6 C5 120.65(19)
Cll C7 C8 107.74(14) C5 C6 C10 117.6(2)
Cl7 C7 Cll 108.50(16) C14 C15 C16 119.8(2)
Cl7 C7 C8 108.90(16) C3 C2 Cl 121.22)
Cl C7 Cll 111.78(15) C4 C5 C6 119.9(3)
Cl C7 C8 108.03(16) C4 C3 (2 120.2(2)
Cl C7 C17 111.77(15) C3 C4 CS5 120.0(2)

Table 6 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Pa-
rameters (A2x103) for exp 47.

Atom X y z U(eq)

HO001 6987.93 4402.96 4698.19 77
HO006 5355.37 3668.34 5733.67 46
H007 6202.49 5105.47 9142.94 55
HOOA 9182.91 2477.25 7834.42 72
HO0OB 9549.34 3249.01 6722.53 72
HO0C 7985.91 1999.21 6669.04 72
HOOD 5036.26 1647.42 6899.91 56
HOOE 2415.57 1893.61 9511.84 64
HOOF 2908.19 665.41 7904.59 67
HO00G 4114.38 4085.92 10160.41 65
HOOH 10478.91 4623.73 8645.82 62
HOOI 7578.51 9361.92 7821.92 67
HO00J 11840.56 6876.71 9451.96 76
HOOK 10406.81 9236.35 9042.7 78
HOOL 780.25 5517.3 4973.15 162
HOOM 1504.3 6207.07 6177.12 162
HOON 1970.94 4484.04 5908.23 162

Crystal structure determination of [exp_47]
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Crystal Data for Ci7.000001H17.000001NO3 (M =283.32 g/mol): monoclinic, space
group P2i (no. 4),a= 7.37420(10) A, b= 8.59040(10) A, c = 12.08780(10) A, B =
101.0020(10)°, V= 751.656(15) A3, Z= 2, T= 293(2) K, w(CuKa)= 0.698 mm
!, Dcalc = 1.252 g/cm®, 9272 reflections measured (7.45° < 20 < 147.672°), 2808
unique (Rint = 0.0284, Rsigma = 0.0193) which were used in all calculations. The fi-
nal R; was 0.0606 (I > 25(I)) and wR> was 0.1331 (all data).

X-ray crystal data of the enantiomerically enriched isomer 6a:

6a O
Table 1 Crystal data and structure refinement for liyan-cxf-co-meoh.
Identification code liyan-cxf-co-meoh
Empirical formula CisH19NO3
Formula weight 297.34
Temperature/K 293(2)
Crystal system orthorhombic
Space group P2,2124
a/A 7.87176(11)
b/A 12.32287(17)
c/A 16.6389(3)
o/° 90
pB/e 90
v/° 90
Volume/A3 1614.02(4)
V4 4
Pealeg/cm’ 1.224
p/mm’! 0.673
F(000) 632.0
Crystal size/mm? 0.4x0.3x0.2
Radiation CuKa (A =1.54184)
20 range for data collection/°  8.93 to 147.734
Index ranges -9<h<9,-15<k<13,-20<1<19
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Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit
Final R indexes

Final R indexes

Largest diff. peak/hole / e A~

Flack parameter

on F?
[[>=20 (I)]
[all data]

12148
3210 [Rint = 0.0280, Reigma = 0.0186]
3210/37/202

1.066

R = 0.0436, wR, = 0.1289

R = 0.0464, wR; = 0.1331
0.21/-0.22

-0.06(9)

Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Dis-

placement Parameters (A2x103) for liyan-cxf-co-meoh. Ueq is defined as 1/3 of of

the trace of the orthogonalised Ui tensor.

Atom x

Ol 4271.9(19)
N1 5171(2)
C8 4076(2)
C10 1990(2)
C7 2217(2)
C2 3267(3)
02 6791.6(19)
C9 4980(3)
C1 1920(3)
03 6112(3)
Cl6 1047(3)
C15 2331(4)
Cl1 1449(3)
C17 5877(3)
Cé6 328(3)
C12 1303(4)
C4 1421(5)
C13 1705(5)
C3 3026(4)
Cl4 2201(5)
C18 6960(4)
Cs5 93(4)

y z
102.7(13) 1403.9(10)
-1291.9(14) 2294.7(11)
-357.9(15) 2173.3(12)
-1079.5(17) 3156.1(13)
-726.0(16) 2272.6(12)
-2368.6(19) 1516.5(13)
-1044.4(15) 2588.7(10)
-2224.0(17) 1877.5(15)
-1669.7(18) 1699.9(13)
-2904.7(16) 1836.2(17)
249.1(18) 2096.5(17)
-347(2) 3764.7(16)
2115.4(19) 3365.3(15)
597(3) 1290.6(19)
-1888(2) 1373.1(17)
-2408(2) 4169.4(18)
-3433(3) 683(2)
-1678(3) 4765.5(16)
-3248(3) 1010.3(18)
-642(3) 4563.5(17)
-1439(3) 3387.4(17)
-2769(3) 864(2)
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U(eq)

56.7(4)
50.4(4)
44.5(4)
48.6(5)
46.2(4)
57.9(5)
62.8(4)
57.7(5)
52.0(5)
87.3(6)
62.0(6)
64.8(6)
60.4(6)
75.7(8)
69.1(6)
75.9(8)
89.5(7)
85.7(10)
78.9(7)
82.5(9)
86.9(9)
82.2(7)



Table 3 Anisotropic Displacement Parameters (A2x103) for liyan-cxf-co-meoh.

The Anisotropic displacement factor exponent takes the form: -

2n’[h?a**Un1+2hka*b*Urz+...].

Atom
Ol
N1
C8
C10
C7
C2
02
Cc9
C1
03
Cl6
C15
Cll1
C17
Cé6
Cl12
C4
C13
C3
Cl4
C18
C5

Un

53.8(8)
42.5(8)
44.2(9)
44.5(8)
43.1(9)
60.1(9)
42.7(7)
56.1(11)
52.4(10)
73.8(11)
50.9(10)
78.9(15)
62.6(12)
57.8(12)
64.1(10)
83.2(16)
94.6(11)
106(2)
84.6(10)
104(2)
73.4(16)

81.0(10)

U2

61.8(8)
51.409)
43.6(9)
46.9(10)
43.909)
55.009)
76.4(10)
49.9(11)
53.3(11)
64.3(10)
58.4(12)
57.4(13)
51.5(11)
89.5(18)
73.2(10)
65.2(14)
87.0(12)
95(2)
72.5(11)
88(2)
116(3)

84.3(11)

Uss
54.5(9)
57.5(10)
45.8(10)
54.3(11)
51.6(10)
58.5(9)
69.2(10)
67.1(13)
50.2(10)
123.9(17)
76.6(15)
58.2(12)
67.0(13)
79.9(17)
70.0(11)
79.2(17)
87.0(12)
55.7(13)
79.6(12)
55.3(13)
70.8(16)
81.4(12)

Uzs
20.1(7)
9.2(8)
9.4(8)
8.7(8)
9.2(8)
3.6(7)
18.3(8)
7.2(10)
7.7(9)
-5.1(11)
15.4(11)
1.7(11)
12.3(11)
32.3(16)
4.7(8)
29.5(13)
-15.6(10)
22.7(14)
-11.009)
-2.7(13)
22.4(17)
-2.8(9)

Table 4 Bond Lengths for liyan-cxf-co-meoh.

AtomAtom Length/A AtomAtom Length/A
1.409(2) C2
1.41533) C2
1.452(2) O2
1.400(2) C9
1.350(3) Cl

Ol
01
N1
N1
N1
C8
C10

C8
C17
C8
02
C9
C7
C7

1.541(3) C15

1.544(3) Cl11

Cl
C3
C18
O3
C6
Cl4
C12
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1.400(3)
1.386(4)
1.421(3)
1.226(3)
1.392(3)
1.382(4)
1.390(3)

Uis
-0.9(6)
0.0(7)
1.0(7)
8.8(8)
2.4(8)
8.8(8)
-3.9(7)
15.3(10)
3.409)
12.7(12)
-0.6(11)
14.1(12)
14.7(11)
4.4(12)
-4.9(9)
29.9(15)
-1.2(10)
26.9(15)
6.8(10)
15.3(14)
-15.9(14)
-6.8(10)

Uiz
-8.5(6)
4.5(6)
0.5(7)
7.8(7)
3.0(7)
-1.8(8)
0.7(6)
7.7(9)
-4.8(8)
23.1(9)
13.2(9)
6.4(11)
7.2(9)
-15.3(12)
-7.7(8)
19.5(13)
-15.009)
39.1(18)
-4.1(9)
20.7(18)
15.7(16)
-18.8(9)



Cl10 CI5 1.383(4) C6 C5 1.389(4)

Cl0 Cl1 1.3903) C12 C13 1.376(5)
C7 Cl 1.522(3) C4 (3 1.394(5)
C7 Cl6 1.542(3) C4 C5 1.362(5)
2 9 1.487(3) C13 Cl4 1.376(5)

Table 5 Bond Angles for liyan-cxf-co-meoh.

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

c8 O1 C17 113.09(17) C3 C2 Cl1 120.7(2)
02 NI C8 114.63(17) N1 02 C18 109.72(19)
C9 NI C8 122.46(18) N1 C9 (2 114.23(18)
C9 NI 02 117.79(18) O3 C9 NI 122.0(2)
Ol C8 NI 112.38(16) O3 C9 C2 123.7(2)
Oo1 C8 (7 108.66(16) C2 C1 C7 119.4(2)
NI C8 (7 108.38(15) C6 C1 C7 122.1(2)
Cl15 C1o0 cC7 119.40(19) C6 C1 C2 118.5(2)
Cl15 C10 C11 118.4(2) C14 C15 Cl10 121.2(3)
Ci1 C10 cC7 122.2(2) C10 Cl11 Cl12 120.3(3)
c8 C7 Cl10 107.17(16) C5 C6 Cl1 120.6(3)
C8 C7 Cl6 108.51(16) C13 C12 Cl11 120.4(3)
Cl C7 cC8 107.70(17) C5 C4 C3 120.7(3)
Ct C7 CI10 111.28(16) C12 C13 Cl4 119.7(3)
Cl C7 Cle6 112.62(18) C2 C3 C4 119.3(3)
Cl6 C7 CI10 109.36(17) C13 C14 C15 120.0(3)
Cl C2 (9 121.72) C4 C5 Ce6 120.2(3)
C3 C2 ©9 117.6(2)

Table 6 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Pa-
rameters (A2x103) for liyan-cxf-co-meoh.

Atom x y b4 U(eq)

HS 43359 191.65 2580.9 53
H16A 1458.3 876.53 2377.64 93
H16B -85.87 85.71 2272.87 93
H16C 1039.3 392.04 1529.33 93
H15 2653.13 356.95 3634.01 78
HI11 1184.46 -2615.16 2965.68 72
HI17A 5900.49 955.43 778.48 114
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H17B
H17C
H6
HI12
H4
HI13
H3
H14
HI8A
H18B
HI18C
H5

Crystal structure determination of [liyan-cxf-co-meoh]

6748.55
6071.27
-585.93

930.74
1255.94
1642.03
3924.72
2449.56
6884.99
6068.17
8041.27
-974.05

52.33
1118.18
-1440.57
-3100.09
-4016.91
-1883.25
-3710.12
-141.3
-2216.3
-1144.39
-1221.9
-2905.28

1307.03
1709.4
1496.7

4305.11
337.31

5302.46
890.03

4964.55

3386.06

371491

3600.71
646.81

114
114
83
91
107
103
95
99
130
130
130
99

Crystal Data for CisH19NO3 (M =297.34 g/mol): orthorhombic, space group
P212121 (no. 19),a= 7.87176(11) A, b= 12.32287(17) A, c= 16.6389(3) A, V=
1614.02(4) A%, Z= 4, T= 2932) K, w(CuKa)= 0.673 mm™, Dcalc = 1.224 g/cm?,
12148 reflections measured (8.93° < 20 < 147.734°), 3210 unique (Rine= 0.0280,
Rsigma = 0.0186) which were used in all calculations. The final Ry was 0.0436 (I > 20(1))

and wR> was 0.1331 (all data).

X-ray crystal data of the enantiomerically enriched isomer 8a:

Table 1 Crystal data and structure refinement for liyan-cxf-co-allyl.

Identification code

Empirical formula

Formula weight
Temperature/K
Crystal system

Space group

a/A
b/A

liyan-cxf-co-allyl
C20H21NO2
307.38

293(2)
monoclinic

P2,

7.84850(10)
12.7347(2)
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c/A

a/°

p/e

v/°

Volume/A3

Z

Pealeg/cm’

wmm'!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A

Flack parameter

9.08320(10)
90

90.4380(10)

90

907.82(2)

2

1.124

0.571

328.0

0.3x0.2x0.1

CuKa (A = 1.54184)

11.274 to 148.064
9<h<9,-15<k<13,-11<1<11
8523

3231 [Rint = 0.0204, Ryigma = 0.0151]
3231/1/218

1.026

R, = 0.0388, wRy = 0.1096

R, = 0.0390, wR, = 0.1103
0.14/-0.24

0.15(8)

Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Dis-

placement Parameters (A2x103) for liyan-cxf-co-allyl. Ueq is defined as 1/3 of of

the trace of the orthogonalised Uws tensor.

Atom X

021 3143.9(13)
023 3936.5(19)
N9 4764.0(14)
Cl1 7858.3(16)
C12 7499(2)
C10 5005.4(19)
Cé6 6766(2)
C1 8085.0(18)
C7 7720.1(16)
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y z

5628.3(12) 4754.8(14)
3725.6(12) 5835(2)
5381.2(11) 5307.6(14)
5694.1(13) 3633.3(15)
6483.0(15) 2613.8(17)
4424 4(14) 5882.8(17)
4261.6(13) 6505.8(16)
4968.6(13) 6209.4(15)
5941.6(11) 5287.4(15)

U(eq)

56.3(3)
69.6(4)
44.9(3)
41.3(3)
50.2(4)
47.7(3)
45.2(3)
41.6(3)
39.0(3)



C8
C2
CI18
C5
C3
C4
C17
Cl6
Cl13
C19
Cl14
CI15
C22
C20

5860.9(18)
9713(2)
5606(2)
7063(3)
9999(2)
8685(3)

8947.0(19)
8343(3)
7628(3)
3778(3)
8105(4)
8464(4)
3019(3)
3052(5)

6291.2(12)
4731.1(15)
6721.5(15)
3359.5(15)
3820.8(17)
3143.9(18)
6851.5(15)
4715.5(18)
6296(2)
6856(3)
5328(2)
4530(2)
5322(3)
6396(4)

5603.3(16)
6732.1(17)
7171.5(19)
7330(2)
7548.7(19)
7865(2)
5662.8(18)
3115(2)
1112.9(19)
7571(3)
607(2)
1609(2)
3250(2)
8679(4)

41.6(3)
49.6(4)
53.9(4)
57.2(4)
59.7(4)
63.6(5)
49.9(4)
60.0(4)
64.9(5)
79.2(7)
76.1(6)
78.4(7)
75.7(6)

115.4(15)

Table 3 Anisotropic Displacement Parameters (A2x103) for liyan-cxf-co-allyl.

The Anisotropic displacement factor exponent takes the form: -
2n’[h?a**Un1+2hka*b*Uiz+...].

Atom

021
023
N9
Cl1
C12
C10
C6
Cl1
C7
C8
C2
CI8
C5
C3
C4
C17
Clé6
C13

Un

37.9(5)
60.4(7)
35.6(5)
41.1(6)
61.9(8)
44.1(7)
49.0(7)
43.2(6)
39.7(6)
42.3(6)
44.6(7)
57.0(8)
67.009)
58.8(8)

79.0(11)
49.1(7)

77.0(10)

86.9(12)

U2
63.7(8)
50.3(8)
45.8(8)
42.8(8)
44.2(8)
45.4(8)
39.4(8)
42.3(8)
37.1(8)
37.7(8)

54.4(10)

52.3(10)

44.0(10)

62.4(11)

49.6(10)
47.909)

51.2(10)

66.2(13)

Uss
67.3(7)

98.0(10)
53.3(6)
40.0(6)
44.6(7)
53.7(7)
47.1(7)
39.5(6)
40.3(6)
44.9(6)
49.7(7)
52.6(8)
60.5(9)
58.0(8)

62.3(10)
52.7(7)
52.0(8)
41.7(8)
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Uz

-0.5(6)
7.8(7)
-1.05)
-3.0(5)
0.4(6)
0.2(7)
0.8(6)
-3.05)
2.8(5)
-3.3(6)
0.4(7)
“13.4(7)
7.9(8)
0.0(8)
8.8(8)
-5.3(6)
5.4(7)
1.7(8)

Uis
-1.4(4)
-1.2(7)

1.1(4)
5.5(5)
6.4(6)
5.9(6)
4.6(6)
5.5(5)
4.5(4)
4.9(5)
4.6(5)
7.6(6)
6.1(7)
-0.8(7)
0.6(8)
-0.8(6)
7.1(7)
2.4(7)

Uiz
1.7(5)
-17.3(6)
-2.4(5)
-4.9(5)
-3.5(7)
-5.9(6)
0.9(6)
1.6(5)
-3.4(5)
-0.7(5)
6.2(6)
2.0(7)
-0.4(7)
19.4(8)
15.1(9)
-9.9(6)
8.9(8)
-3.7(10)



C19
Cl14
CI15
C22
C20

66.2(11)
105.1(16)
114.8(18)

67.2(11)

89.0(18)

100(2)
82.2(16)
64.5(14)
90.4(17)

175(4)

71.2(12)

41.0(7)
56.0(10)
69.2(11)
83.2(16)

-23.6(12)
-10.4(9)
-16.9(9)
-5.9(11)

-35(2)

12.7(9)
4.2(9)
8.4(10)
-18.3(9)
38.2(15)

21.3(11)
4.1(13)
12.0(13)
-4.3(10)
22(2)

Table 4 Bond Lengths for liyan-cxf-co-allyl.
AtomAtom Length/A AtomAtom Length/A

021
021
023
N9
N9
Cll1
Cll1
Cll1
C12
C10
C6
C6
Cl1

N9 1.3993(16) Cl1

C22 1.424(3) C7

C10 1.224(2) C7

C10 1.339(2) C8

C8 1.467(2) C2

C12 1.394(2) C18
C7 1.5398(18) C5

C16 1.386(3) C3

C13 1.388(2) C16
C6 1.504(2) C13
Cl 1.399(2) C19
Cs 1.390(2) C14
C7 1.522(2)

C2
C8
C17
C18
C3
C19
C4
C4
CI15
Cl4
C20
CI15

1.393(2)
1.5544(18)
1.543(2)
1.541(2)
1.394(3)
1.493(3)
1.387(3)
1.376(3)
1.392(3)
1.368(4)
1.299(5)
1.391(4)

Table S Bond Angles for liyan-cxf-co-allyl.

Atom Atom Atom

N9
021
C10
C10
C12
Cl6
Cl6
C13
023
023
N9
Cl
C5

021 C22
N9 C8
N9 021
N9 C8
Cl1 C7
Cll Ci2
Cl1 C7
Cl12 Cl1
C10 N9
C10 Ceé
C10 Ce6
C6 Cl10
C6 Cl10

Angle/*

109.78(13) C11
114.74(13) C1
118.04(13) C1
124.50(12) C1
119.04(14) C17
118.48(14) N9
122.48(14) N9
120.85(17) C18
123.60(15) C1
122.74(17) C19
113.54(13) C4
121.18(14) C4
117.80(15) C3

S39

Atom Atom Atom

c7 C17
C7 Cl1
C7 C8
c7 C17
C7 C8
c8 C7
C8 Cl18
cg (7
Cc2 (@3
C18 C8
Cs  Cé
C3 C2
C4 G5

Angle/*

108.71(11)
110.86(12)
107.74(11)
112.04(13)
109.22(12)
106.87(12)
111.71(12)
113.66(12)
120.41(16)
113.43(15)
120.14(17)
120.92(16)
119.36(18)



Cs
C6
C2
C2
Cll1

C6
Cl
Cl1
Cl1
C7

Cl
C7
Co6
C7
C8

120.95(15) C11
119.57(13) C14
118.19(15) C20
122.20(14) C13
108.18(11) C14

Cl6
Cl13
C19
Cl14
CI5

CI5
C12
C18
CI15
Cleé

120.48(19)
120.42(19)
124.4(3)
119.54(17)
120.2(2)

Table 6 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Pa-

rameters (A2x103) for liyan-cxf-co-allyl.

Atom
H12
H8
H2
H18A
H18B
HS5
H3
H4
H17A
H17B
H17C
H16
H13
H19
H14
H15
H22A
H22B
H22C
H20A
H20B

Crystal structure determination of [liyan-cxf-co-allyl]

7169.12
5556.49
10613.55
6139.58
6176.29
6172
11094.11
8882.74
10058.73
9013.3
8532.28
8587.87
7388.02
3113.63
8187.65
8787.39
3917.7
1937.13
3117.85
1990(80)
3830(60)

y

7143.33
6846.62
5182.77
6245.54
7394.82
2899.47
3668.62
2547.65
6695.3
6936.8
7488.34
4178.96
6831.36
7298.03
5204.43
3870.86
5646.94
5539.48
4572.19
6590(50)

5740(50)

2943.05
4902.29
6535.02
7869.63
7255.19
7522.37
7884.55
8432.33
5287.54
6711.78
5222.64
3777.79

446.94
6988.51
-398.51
1271.06
2703.05
2855.85
3178
9060(60)
9270(50)

U(eq)

60
50

59

65

65

69

72

76

75

75

75

72

78

95

91

94

114

114

114
170(20)
139(16)

Crystal Data for CyoH21NO> (M =307.38 g/mol): monoclinic, space group
P2, (no.
90.4380(10)°, V' =907.82(2) A®, Z=2,T=293(2) K, w(CuKa) = 0.571 mm’!, Dcalc =
1.124 g/cm?, 8523 reflections measured (11.274° <20 < 148.064°), 3231 unique (Rint =
0.0204, Rsigma = 0.0151) which were used in all calculations. The final Ry was 0.0388
(I>20(I)) and wR> was 0.1103 (all data).

4),a=

7.84850(10) A, b =

S40

12.73472) A, c =

9.08320(10) A, =
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Chiral HPLC Data
Chromatography

malr

—
o =
IS A A B

)

12.m72

FIIh Multi@ 254nm, 4nm

4
e
-

0.0 2.5 5.0 7.5 0.0 12.5 15.0
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 12,012 2BT2E 4127 448429 49, 9Ta
2 14,243 22652 45 873 445859 50,024
B 49330 100, 0oo 297287 100, 000
Chromatography
malr
] POA Mgdti 1 254nm, 4om
400 o
300 Q
1 Me
1 (0]
200+ O N
] “OMe
100 O 2a o
i Ea
] =
1 N - -~ J'n\_ i
0 T T
L B e e e e e e e S LIS B e s s e e e e B e S N L e e s e e
0.0 2.5 5.0 7.5 0o 12.5 15.0 1T.5
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 12,274 24079 5,351 480522 3.B613
2 16, 320 4258093 4. 649 13061208 Q6. 38T
B 449972 100, 0oo 13550730 100, 000
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Chromatography

malr
L T POA Multi 1 254nm, 4mm
] = .
150 7
R T
1004
50+
1 . — JI i i
0 Y Y
T T . T — — T T T T T — T T — T — T
0 5 1o 15 20
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 14, 2649 177493 5T. 433 3663039 50, 0og
2 19.731 131556 42 SBT 3661835 49, 992
o 309053 100. 000 TIZ48T4 100, 000
Chromatography
mAll
750 E FOA Multi 1 254nm, 4nm
1 &
500+
250
1 -
1 T
; :
| - o~ h\]’..—.. i
0 ¥ T
-7 T T 7 T T T T T T T T T 7T
0 5 1o 15 20 25
min
Table
FOA Chl 254mm
Fumber Retention Time Height Height% Area Areak
1 14, 47T 51394 6,330 QBT434 4. 526
2 20. 040 TeO454 3. 670 2040587349 Q5. 474
o 115875 100. 000 213TELT4 100, 000
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Chromatography

malr
1000 . FOA Malti 1 254mm, 4om
: ;
TS0+
] I
500 iy
4 T
250+
0 ’ L
— T 7 T T—T[ TT—T—T— T L e S e e e I
0 1o 20 30 40 50
min
Table
PO4 Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 15. 487 347391 B9. 48T 33773119 49,537
2 42 044 416014 30,513 34403511 50. 463
o 1363405 100. 000 B51TBI30 100, 000
Chromatography
mAll
J FDA Multd 1 Z54nm, 4nm
[
400
300
200+
100
07 F :
— T — — 7T
0 10 40 50
min
Table
FOA Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 15. 96T 55290 11.703 1969173 4. BBO
2 47. 052 439793 85, 297 40259208 95. 340
o 493083 100. 000 42255380 100, 000
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Chromatography

malr
10004 IE FOA Multi 1 254nom, 4om
] '
750
] -
] &
500 a
250
0] ¥
— T — T — 7T
0.0 2.5 5.0 7.5 0o 12.5
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 5. 504 1005259 BB, 546 10120894 49,358
2 10, 297 4935849 33154 10384343 50, B42
o 1503345 100. 000 20505237 100, 000
Chromatography
mAll
E FDA Mighti 1 Z54nm, 4nm
- o
Ta0
500+
FE0
] &
1 w3
0 T LN I ——— y
——— T —T— — T T T — T
0.0 2.5 5.0 T.5 10.0
min
Table
FOA Chl 254mm
Fumber Retention Time Height Height% Area Areak
1 5. 533 105332 10. 4549 1018570 5. 182
2 Q. 953 927410 49,541 186TE3T3 Q4. 838
o 1035743 100. 000 19692944 100, 000
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Chromatography

mAU
o PDA Multi 1 254nm, 4nnf
500 o
250H
rac-2e O
0 ¥ 1 ¥ 1
T T T T T T T
0 5 10 15 20 25 30
min
Table
PDA Chl 254nm
Number Retention Time Height Height% Area Areakh
1 19. 949 635736 58. 832 17975106 49, 957
2 28, 259 444853 41. 168 18005952 50. 043
Bt 1080589 100. 000 35981058 100. 000
Chromatography
mAll
4007 FOA Malti 1 Z54pe, dom
: g
300+
200
1004 -
1 b
] &
= R T.Jﬂ\_ + T X
T ——T— T — T — T —
0 5 10 15 Z0 25
min
Table
FOA Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 20,211 3061T T.4B5 TI3116 5. 245
z 28,263 379538 2. 535 14328078 34, 755
o 410155 100. 000 15121193 100, 000
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Chromatography

malr
TS0+ = POA Multi 1 254nm, 4om
Z k
] Ph
500
] &
] Me P
4 (3]
| 0]
250+
I T
1 Ph OMe
1 O rac-2f J
o Y i T *
T T T T T T T T T T T T T T T T T T T
0 10 20 30 40
min
Table
PO4 Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 15. 886 735587 B5. T36 3BATRS35 50. 445
2 27,384 334569 31. 284 38324387 49,555
o 1070156 100. 000 73300923 100, 000
Chromatography
mAll
400 o FIA Multi 1 254om, 4om
=l
300+
200+
100+
0 ¥ d
T T T T T T T [ T T T T T T T
0 20 25 30 35 40
min
Table
FO4 Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 15. 790 41416 T 2073750 4,943
2 26. B92 352200 a0, 223 39877797 95. 057
o 423616 100. 000 41951547 100, 000
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Chromatography
malr
] 1 POA Multi 1 254nm, 4om
m [or]
125+ o
100 5
] =
75
50
75
04— - ! - 4]
——T T O LI s e e — T T T T T T T
oo 2.5 5.0 7.5 10.0 12.5 15.0 1T.5
min
Table
PO4 Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 g.375 135927 BZ2. 914 2352T46 50. 154
2 16. 246 g0125 37,086 2338273 49. 546
o 218052 100. 000 4691023 100, 000
Chromatography
mAll
1 FDA Multinl Z54nm, 4nm
I ¥
500
250+
] :
E o
A ;
o i T
———TT T — T T T T T T T
oo 2.5 5.0 T.5 10.0 12.5 15.0 17.5
min
Table
FOA Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 g.472 74578 9.979 1327839 5. 658
2 16. 403 BT2507 q0. 021 22015609 Q4. 312
o T4T386 100. 000 23346447 100, 000
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Chromatography

malr
R FDA Mudti 1 ZBdnm, 4nm
- L] o
o) o
S0+
25+
[ — ¥
— T ——— T T—T—T—T—T T
0.0 2.5 5.0 T.5 0.0
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 11.37a Ba303 52, 394 1194430 50, 296
2 12,802 B2061 47, 606 1180386 49, T04
o 130364 100. Qoo 2374816 100, 000
Chromatography
mAll
] FDA Malti 1 Z54nm, 4om
1500
1000
500+
- oo
] )
] J N
0 - AN
T ¥
— T — —— — — 7T
0.0 2.5 5.0 T.5 0.0 12.5
min
Table
FOA Chl 254mm
Fumber Retention Time Height Height% Area Areak
1 11. 156 1201867 3. 244 2TO22425 2. 81T
2 12. 628 130564 6. TSE 2160784 T.183
o 1932431 100. 000 30083208 100, 000




Chromatography

mall
] e FOA Malti 1 254om, 4om
200 o
] Me OMe
150
B -
] &
100 Me
50 MeO OMe
1 rac-2i O
o™ I — ,
T T T T I T T T I T T T T I T T T I T T T T I T T T T
] 5 1n 15 20 25
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 8. 772 2132149 BT. 02T 3625938 S0, 022
2 17. 154 104591 32,973 3625702 49,975
B 315110 100, 000 TZ54640 100, 0ao
Chromatography
mAll
25,:,__ s FOA Multi 1 254nm, 4nm
1 2
200 Me,  OMe
150
100 Me
] 2 MeO oM
50 @ € _ €
] — }\J i o
] +
0 i
T — T —T— T — ——— 7T
] 5 10 15 20 25
min
Table
POA Chl Z54mm
Fumber Retention Time Height Height% Area Areak
1 4. 604 40700 13. 964 TEREIT 6. 599
2 15,197 250775 &6, 036 10346496 93 1M
B 291476 100, 000 11113193 100, 0ao

S87



Chromatography

malr
R w3 POA Multi 1 254nm, 4mm
1004 H
] k1 4
&
]
75
50
25+
0 —_
T
— T e
20 25
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 16, T25 104654 5T.503 4339283 49,803
2 25,302 TT344 42 497 4372761 50,192
o 151993 100, 0oo aT12044 100, 000
Chromatography
mAll

Table
FO4 Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 16. 548 41581 5. 862 167162 4. 226
2 24,704 BT148 94 138 3785355 95. 774
o T1329 100. Qoo 3955517 100, ooo
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Chromatography

mAlU
1504 = PDA Multi 1 254nm, 4nnl
100+ i
50H
4 .
— — T — 7T
0 5 10 15 20
min
Table
PDA Chl Z254nm
Number Retention Time Height Height% Area Area%
1 8. 507 145257 61. 443 3593626 49. 791
2 19. 561 91152 38. 557 3623807 50. 209
Bat 236409 100. 000 7217433 100, 000
Chromatography
malr
] PDA Multicl 254nm, 4nm
500 X
400
300
200
100+
o] ~ e
—— ——T
0 5 Z0
min
Table
FDA Chl 2Sdnm
Famber Eetention Time Height Height% Area Area%
1 a.6831 Ta013 13. 213 1951307 3. 006
z 19. 346 518973 86, TaT 2241496 31,994
o 597991 100, 0oo 24372803 100, 000
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Chromatography

malr
] a FOA Multi 1 2T2nom, 4om
257 £
] £
20
] "
15 K
] &
10
"3 'rac-2|0 J
0 f f
T T T T T T T T T T T T T T T T T T
0 10 20 30 40
min
Table
PO& Chl 2T2nm
Famber Eetention Time Height Height% Area Area%
1 15.231 25308 B5. 229 1042661 50. 355
2 37775 11785 31T 1027341 49. 645
o 37094 100. 000 2070602 100, ooo
Chromatography
mAll
1507 DA Malti |ePSénm, dom
T T T
20 25 30 35
min
Table
FOA Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 13. 454 15093 11.851 B91508 5.792
2 33.552 137204 85, 3449 11246797 Q4. 203
o 155295 100. 000 11935305 100, ooo
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Chromatography

malr
30 FIA Mol is
| I ti 1 2T2mm, 4nm
=
1 =
2
4
z
— ¥
L e e e e e e e S B LA B m e
20 25 30 1
min
Table
POA Chl 2T2mm
Famber Eetention Time Height Height% Area Area%
1 20,031 306TE 59, 694 1502017 49,936
2 34,204 20713 40, 306 1597017 50, 064
o 51388 100, 0oo 3189934 100, 000
Chromatography
mAll

FIIh ti 1 234mm, 4nm

=1

25 30 3|5 40
min
Table
FO4 Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 19,875 8294 10. 166 42BBE2 T.726
2 32,180 T3291 89,834 5095240 92, 274
o 515585 100. Qoo 5521562 100, ooo
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Chromatography

mAl
100 = PDA Multi | Z54nm, 4nnf
757 3
50+
95 O rac-2m
{0 J 3 _/\ x
T T | L — T T
0 5 10 15 28 25
min
Table
PDA Chl 254nm
Number Retenticon Time Height Height% Area Areah
1 12. 954 99287 62. 117 2260542 50. 456
2 22. 282 60551 37. 883 2219647 49544
Bt 159838 100. 000 4480189 100. 000
Chromatography
mAll
] FDA Multjcl E54nm, 4nm
400+ ™
300 s
1 Me )»—
4 S O
oo Q| N
] OMe
100-] O 2m
n | T
7 T T T T I T T T T I T T T T I T T T T I T T T T I T
1l 5 10 15 20 25
min
Table
FOA Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 13.218 109826 20, TB0 2E05R95 12, B3E
2 22 2an 415434 T9. 240 17245995 a7.314
o 528060 100, Qoo 19751693 100, 0oa
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Chromatography

malr
e FOA M Ei 1 @41‘@, 4nm
: ER
50+
25+
0 —_— TJ k
T LA DL — 1 T ] 1 — T T T T T T T T T T ]
0 5 15 20 25 30 35
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 29074 To302 52,390 3223085 49, 951
2 31.821 ga430 47 610 3229459 50,0449
o 143733 100. Qoo B452544 100, 000
Chromatography
mAll
POA Multi-1 254nm, 4nm
=
500+
250
I z
| 5
0 - AN
T T
— T T ——T T —— T T T T
0 5 15 20 25 3n
min
Table
FOA Chl 254mm
Fumber Retention Time Height Height% Area Areak
1 29.07T SRTa1Z 3. 897 24136628 Q4. 09T
2 32,180 3B8T3 6.103 1514193 5. 003
o E04155 100. Qoo ZEES0A2S 100, 000
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Chromatography

malr
] © FDA Multi 1 Z54nm, 4nm
o =
] n =
100
75
50
25
] -~ J B!
D_ ¥ ¥
T T T — T S ——T — T T
oo 2.5 5.0 7.5 10.0 15.0 17.5
min
Table
PO4 Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 13.813 117086 53.974 2543585 49. 926
2 16. 45T 99546 46, 026 2551389 50.074
o 216931 100. 000 5095274 100, 000
Chromatography
mAll
10004 FlauMalti 1 Z54nm, dom
: 5
TS0+
500
250+ "
4 =
1 e
: LA AL
T —— T — — ——T T T
oo 2.5 5.0 7.5 10.0 12.5 15.0
min
Table
FO4 Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 13. 887 AB1T43 92,345 159367549 Q2. 296
2 16. 793 T3000 T.055 1580576 T.704
o 1034742 100. 000 20517365 100, 000
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Chromatography

malr
40-
3|:I—_
20-
10
0 ——
T T T T I T T T I T T T | T T T T I T I T
0.0 2.5 5.0 7.5 0o 12.5
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 15. 020 410681 51,101 913240 49,140
2 16,133 39293 48,899 Q45222 50, 860
o 0354 100. 000 1858463 100, 000
Chromatography
mAll
| i 1 254nm, 4nm
=
1 =
500+
250
4 o
=
| e
0 - #/\. +
T T T T T T T T T 7T T — L e
0.0 2.5 5.0 T.5 0o 12.5 15.0 1T.5
min
Table
FOA Chl 254mm
Fumber Retention Time Height Height% Area Areak
1 14,793 Bo0428 3. 147 1g210142 3,239
2 16, 304 47854 6.853 1175390 6. 761
o E95252 100. 000 17385532 100, 000
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Chromatography

malr
1 o POA Multi 1 254nm, 4mm
I it
1 2
50+ -
] EtO ™
O r
] N.
257 OMe
i O rac-2q
—-._._.-/H\-—....-._.L
0 -+— b Y
I B e e e I s p e e e o I m e e S L
0 5 10 15 20 25
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 13.538 2246 B0. 972 1376769 50,0349
2 21,480 43683 39.028 1374603 49 961
o 111929 100, 0oo 2751377 100, 000
Chromatography
mAll

FOA Multi 1 254nom, 4om

13. 6749

4 T
| b
0 o ~ . T + T‘A r
-7 T T 7T T T T [T T T
0 5 10 15 20 25
min
Table
FO4 Chl 254nm
Fumber Retention Time Height Height% Area Areak
1 13,879 854572 Q7. 500 15780836 95.5158
2 22 214 21913 2,500 BE3630 4. 182
o STE455 100. Qoo 1B4B9526 100, ooo
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Chromatography

malr
| = PDA Multi 1 254nm, 4om
[ ]
=
=
| I L
o i i
——T -7
0 5 10 15 Z0 z5
min
Table
FDA Chl 2Sdnm
Famber Eetention Time Height Height% Area Area%
1 11,307 Q04632 B9. 211 18760134 49,651
z 24, TBZ 402435 30,7849 19000398 50.319
o 1307087 100. 000 ITTE103Z 100, 000
Chromatography
mAlU
PDA Multi 1 254nm, 4nn
3004
2004
100+ w
0 J\l 2 J 4
T T T T T T T
0 5 10 15 20 25
min
Table
PDA Chl 254nm
Number Retention Time Height Height% Area Areah
1 11.345 43382 10. 952 760411 4. 762
2 23. 988 352713 89. 048 15386362 95. 238
At 396095 100. 000 16155773 100. 000
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Chromatography

malr
o POA Multi 1 254nm, 4mm
o oo
o &
.-
Wk
T T
T T T T — — T T [ T T T T [ T T T T T T T
0.0 2.5 5.0 7.5 0o 12.5 15.0 1T.5 20,0
min
Table
POA Chl 254nm
Famber Eetention Time Height Height% Area Area%
1 12, 988 185496 55, 224 4055201 49,960
2 14, 228 150402 44 TTE 4061625 50, 040
o 335595 100. Qoo 8116826 100, 000
Chromatography
mAll
1 @ POA Multi 1 254nm, 4mm
' §
500+
250
T -
] =
| I
o i ¥ :
T T T T — T T T T T T T T T T T T
0.0 2.5 5.0 7.5 0o 12.5 15.0 1T.5 20,0
min
Table
FOA Chl 254mm
Fumber Retention Time Height Height% Area Areak
1 12, aza B316449 a4, 833 14318309 3. 946
2 14, 324 34417 5. 18T Q22708 6. 054
o BBEOGT 100. Qoo 15241517 100, 000




Chromatography

malr
1 £ POA Multi 3 254nm, 4om
125+ |:_j
] Me
T5 @] ﬁ
] O &
o0 NH
1 rac-3aQ
25
a e '3
0 ¥ J ¥
T T T T — T T LI e e e o e e e e S
0 5 10 15 20 25 30 35
min
Table
PO4 Ch3 254nm
Famber Eetention Time Height Height% Area Area%
1 15. 142 133589 T0. 307 4051574 45,871
2 29,293 SE419 29,693 4270172 51.129
o 130003 100. 000 3351746 100, 000
Chromatography
mAll
1 DA Multi 3 Z54nm, dom
75 =
50 Me !
] O
] O NH
254
1 3aQ £
1 l
| j\J. ~
0 T T
T T T T N S o e o L s e e e e e e e INLA [ e
0 10 15 20 25 30 35
min
Table
FD4 Ch3 254nm
Fumber Retention Time Height Height% Area Areak
1 15.591 4685 10,871 270485 4,028
2 30. 045 TTEO4 89. 1249 B444T05 95,4972
o ST069 100. 000 BT15170 100, 000
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Chromatography

mall
] . FDA Multi 3 254mm, 4om
50+ - ™~
i a ]
] Me
30
20 O NH
. rac-4a
10
|:|_: LJ i) e |
— T — — —— 77—
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
Table
FDA Ch3 254mm
Famber Eetention Time Height Height% Area Area%
1 9. 497 52048 53. 790 1051415 50. T46
2 11. 745 44712 46, 210 1020499 49, 254
B 9BTSE 100, 000 2071914 100, 0ao
Chromatography
mAl
PDA Hulti 3 254nm, 4mmf
ZME ‘4!!5} |
1501 Me
1004 O NH
] 4a
50—: (a2}
AN i
T T
T — T — T L LA ™ — T
0.0 2.5 5.0 7.5 10. 0 12.5 15. 0
min
Table
FDA Ch3 254nm
Number Retention Time Height Height% Area Area%
1 9. 933 12375 4,941 204507 4. 166
2 12. 343 238051 95, 059 4704103 95. 834
At 250426 100, 000 4908610 100, 000

S100



Chromatography

mall
] FOjMalti § 254mm, 4om
- =
] 0 &
E Q
1 Me
20 O OH
] N<
] OMe
107 Orac-5a
0] R J ¢*} 4
-7 7T
] 5 1n 15 20 25
min
Table
POA Ch3 254nm
Famber Eetention Time Height Height% Area Area%
1 23. 412 36621 52,952 1111001 49, 97T
2 26, 045 32537 47. 045 1112020 S0, 023
B B3153 100, 000 2223021 100, 0ao
Chromatography
mAl
PDA Multi 3 254%am, 4nn]
20+ 8
15_: Me Q
1 OH
101 O
] N\
] OMe
2 O Sa 2
o]
T T T T T T
0 5 10 15 20 25 30
min
Table
FDA Ch3 254nm
Number Retention Time Height Height% Area Areak
1 25. 796 1187 4. 958 330992 4.179
2 28. 469 22755 95. 042 779414 95. 821
Bt 23942 100. 000 813406 100, 000
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Chromatography

mAl
=PDA Multi 3 254nm, dnnf
1 Me
| O OMe
] N
25 OMe
O rac-6a S =
A J ; N
¥ T ¥
-7 T T[T T
0 5 10 15 20 25 30
min
Table
PDA Ch3 254nm
Number Retenticn Time Height Height% Area Areak
1 20. 830 5684 4. 579 113813 3.342
2 23. 443 65706 52.925 1597998 46. 927
3 28. 524 3847 3.099 114784 3.371
4 30. 057 48912 39. 398 1578711 46, 360
Bt 124149 100, 000 3405306 100, 000
Chromatography
mAll
1 & FOA Multi 3 254nm, 4nm
T (3]
] b
] Me
21 O OMe
i N.
] OMe
10 O 6a
] B 5 B
i o 5 &
Q" Y T L y rf'd- 1_.;-\_-].-
L m e e e e e e B LA B m e e e S S S N B
0 5 10 15 20 25 an
min
Table
POA Ch3 254nm
Humber Eetention Time Height Height% Area Area®
1 15,759 a6 0. 223 1504 0.155
z2 21,236 36310 95, 801 P62 95,1411
3 2B, 34T T3 2063 22248 2 28T
4 27.TBS T35 1.913 20592 2,147
=R 35424 100, 000 972906 100, ooo
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Chromatography

malr
1 DA Multi 3 Z54nm, dom
i I I
- =
] 'l =
o O
7 Me
L
0] OMe
] QOrac-Ta
R | L
T T T T T T T T T T T T T T T T T
0 5 10 15 20
min
Table
POA Ch3 254nm
Famber Eetention Time Height Height% Area Area%
1 15. 3949 135024 55, 361 1870807 0,021
2 18, 117 105875 44 B39 1869254 49,9749
o 2435949 100. 000 3740060 100, 000
Chromatography
mAll
] = POA Multi 3 254nm, 4mm
: 5
1 Me
100 O
| N.
i OMe
50+ O 7a
] o
] &H
] J 5
0 —— 7 i3 T/\._L
T T T T T T T T T T T T T T T T T
0 5 10 15 20
min
Table
FOA Ch3 254mm
Fumber Retention Time Height Height% Area Areak
1 13. BEG 1ao101 a6, 546 2T22365 95,973
2 16, 203 Bd44 3.454 114220 4. 027
o 156545 100. 000 2836585 100, 000
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Chromatography

miAll
i = PO Multi 3 254om, 4om
i =2
200+ o= @
o CL
. “OM
1 rac-8a
S04 O ) —
] g4
- 5o
o — FANIE WA ] .I i
] T ¥
— T — T 7T T T T 7T T T
0 5 10 15 20
min
Table
POA Ch3 254nm
Humber Retention Time Height Height% Area Area%
1 13.923 9370 2,185 154508 1.351
2 15. 151 8514 2,057 192334 1.405
3 17. 8B40 2F313 52,042 BEZEE40 47.784
4 19. 085 157431 43.T16 BT55201 49. 45T
HBit 428751 100. 000 13655654 100. 000
Chromatozraphy
mall
2000 FOA Mults 3 Z5dnm, 4o
r—
1500+
1000
500
4 o
_ = [
] ol
E =}
0 1
————— T ——TTT T —
n.a 2.5 5.0 T.5 10.0 12.5 15.0
Table
P& Ch3 254nm
Humber Eetention Time Height Height% Area Area®
1 12,190 11625 0. 544 150548 0.159
2 12,774 101314 4. T35 224BT35 2. 366
3 16. 123 120194 5. 621 2TTRS32 2924
4 16. 771 1905125 g9. 097 89799014 94,552
St 2135262 100. 000 J49T2E25 100. 000
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