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1. General Information

'H (400 MHz) and '3C NMR (100 MHz or 125 MHz) spectra were recorded on
JEOL (400 MHz) or Agilent (500 MHz) [7.26 ppm for 'H NMR, 77.00 ppm for 13C
NMR as internal references when CDCI; used]. High-resolution mass spectra were
recorded by ESI method. The used organic solvents were dried by standard methods if
it was necessary. Optical rotations were determined at 589 nm (sodium D line) by using
a Perkin-Elmer-341 MC digital polarimeter; [o]p values are given in unit of 10 deg’!
cm? g'!. Chiral HPLC was performed on a SHIMADZU LC-20AT LC System with
chiral columns [Chiralpak AD-H, OD-H, IB-H and IF-H columns 4.6*250 mm, (Daicel
Chemical Ind., Ltd.)]. Commercially obtained reagents were used without further
purification. All these reactions were monitored by TLC with silica-gel-coated plates.

Flash column chromatography was carried out by using silica gel at increased pressure.

All the racemic products were carried out with tertiary phosphine (PMePh,, 20
mol%) or tertiary amine (DABCO, 20 mol%) as catalyst in ethyl acetate at room

temperature.



2. Screening of reaction conditions

Table S1. Optimization of the reaction conditions ¢

0 LB20 (10 mol%) o ! J H H
@Elg* add. (20 mol%) | ”"[N\H/N CFs
»—Ph + MVK i
N sol., T N Ph O PPh,
1a 2a 3a I e20 CF?
Entry Sol. T[°C] add. Yield [%] ee [%]

1 toluene 25 None 99 75
2 DCM 25 None 27 79
3 MeCN 25 None 79 81
4 fluorobenzene 25 None trace -

5 o-xylene 25 None 99 79
6 Et,O 25 None 74 87
7 MTBE 25 None 7 80
8 THF 25 None 24 88
9 EtOAc 25 None 99 88
10 CH5CO,'Bu 25 None 99 83
11 CH3CO,CH;3 25 None 81 87
12 HCO,Me 25 None 44 43
13 HCO,Et 25 None trace -

14 CO(OCHg3), 25 None 99 85
15 EtOAc 25 PhOH 99 81
16 EtOAc 25 2-chlorophenol 99 55
17 EtOAc 25 PhCOOH trace -

18 EtOAc 25 MeOH 99 86
19 EtOAc 25 H,O 99 83
20 EtOAc 25 4A MS 99 87
21 EtOAc 10 None 99 87
22 EtOAc 0 None 99 88
23 EtOAc -10 None 82 69

[a] All reactions were run with 1a (0.05 mmol), 2a (0.075 mmol) and LB20 (10 mol%) under argon
atmosphere in solvents (1.0 ml) at indicated temperature for 6 h. [b] Isolated yields. [c] ee values were
determined by stationary chiral HPLC.



Table S2. The screening of chiral phosphines ¢

16} e}
0,
O ) O . MVK LB (10 mol%) o
N EA, 1t N o]
1a 2a 3a
H H
)/,,[NYN CF3 )/[HYH ‘Bu
PP%Z PPEZ \©/ PPE PP}S‘
CF3 'Bu
LB21 LB22 LB23 LB24
52% yield 99% yield 99% yield 87% yield
65% ee 79% ee 85% ee 84% ee
CF.
NS : Y o NN CF T ooy
n, N N F. ‘. 3
// j\;i [ N 3 [ N Ph/K[NYN CF3
W HNTON CF3 PPh, PPh, PPh,
[ CF4 CF3 CF4
PPh; | B25 LB26 LB27 LB28
99% vyield 87% vyield 99% vyield 99% vyield
86% ee 84% ee 88% ee 69% ee
o W Y [
CF.
[ T \Q/ [ PPﬁ OMe PPE 2
LB29 LB30 LB31 LB32
99% yield 99% yield 94% yield 99% yield
89% ee 86% ee 87% ee 90% ee

[a] All reactions were run with 1a (0.05 mmol), 2a (0.075 mmol) and LB (10 mol%) under nitrogen atmosphere in EtOAc (1.0 ml) at room
temperature for 6h. [b] Isolated yields. [c] ee values were determined by stationary chiral HPLC



3. Experimental procedure and characterization data

General procedure (/) for the synthesis of C2-substituted-3H-indol-3-one (1a-1x).

Method A:

m O/ H)z Pd(OAC),, O, _Pd(OAC), 02 g m Pyridine, Oz, MB
s e P
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Method B:

[0} [¢}

7N Q i _ _ . .
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Method C:
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Method D:
[o}

A " Pyridine (2.0 equiv.)
R3 R Cul (20 mol%) R? )R
H N

DMSO, O, RT, 12 h

n

Compounds 1 were prepared according to the modified procedure of literature. [1]

General Procedure I:

Method A: Indole derivatives (A) (1.0 equiv.), aryl boronic acid (B) (1.3 equiv.) and
Pd(OAc), (0.1 equiv.) were added to an oven dried Schlenck flask. AcOH was added
by syringe and resulting solution was degassed twice and refilled with O, The reaction
mixture was stirred for 8 hrs at room temperature. Then AcOH was recovered by
distillation under reduced pressure, and the residue was dissolved in DCM, washed with

aqueous NaHCOs;. The organic layer was dried over anhydrous Na,SO,. After removal



of the solvent, the product (C) was purified by flash chromatography on silica gel.

Irradiation of a methanol solution of 2-arylindoles (C, 1.0 equiv.) in the presence
of methylene blue (MB, 0.1 equiv.) and pyridine (1 M) was carried out with a lighting
operated at 180 V at 20 °C under oxygen bubbling. After complete disappearance of
the starting 2-arylindoles (TLC monitoring), the reaction mixture was concentrated in
vacuo, diluted with ether and washed with water. The ether layer was dried over
anhydrous Na,SQO,, evaporated to dryness and heated at 100 °C under reduced pressure
for 1 h. The product 1 was purified by flash chromatography on silica gel (Compounds
1a-i were prepared by method A).

Method B: Reactions were performed in a dry Schlenck flask equipped with a
magnetic stirring bar under N,. Aniline derivatives (D) (1.0 equiv.), KO"Bu (3.0
equiv.), and bathophenanthroline (0.2 equiv.) were added to the Schlenck tube. A
solution of ketone (E) (2.0 equiv.) was added through a syringe and the reaction mixture
was stirred at 60 °C for 8 hrs. After the solution was cooled to room temperature, the
reaction was quenched with water. The organic layer was extracted with ethyl acetate
and the combineg layer was concentrated under reduced pressure. The product (F) was
purified by flash chromatography on silica gel. Then the procedure for the preparation
of 1 followed method A from compound F (Compounds 1k-n, 1p-r, 1t-v and 1x were
prepared by method B).

Method C: A solution of I, (1.0 equiv.) in DMF was dropped into a solution of F
(1.0 equiv.) and KOH (2.5 equiv.) in DMF at room temperature and stirred for 2 hrs.
The mixture was then purged with air, silica was added and the mixture heated to 120
°C. Upon cooling, water was added and the mixture extracted with ethyl acetate. The
organic extracts were combined, dried over anhydrous Na,SO,, filtered and
concentrated in vacuum. Purification by flash chromatography on silica get eluting with
petroleum ether/ethyl acetate to give product 1 (Compounds 1o and 1w were prepared
by method C).

Method D: Reactions were performed in a dry Schlenck flask equipped with a
magnetic stirring bar under N,. Compound F (1.0 equiv.), Cul (0.2 equiv.) were added

to the Schlenck flask, DMSO was added as solvent, then pyridine (2.0 equiv.) was
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added through a syringe, the resulting solution was degassed twice and refilled with O,
The reaction mixture was stirred for 12 hours at room temperature, water was added
and the mixture extracted with ethyl acetate. The organic extracts were combined, dried
over anhydrous Na,SQ,, filtered and concentrated in vacuum. The crude materials were
purified by flash chromatography on silica gel eluting with petroleum ether/ethyl
acetate to give product 1 (Compounds 1j and 1s were prepared by method D).

Compounds 1a-1i, 1m-1n and 1p-1v were known compounds. The spectra data were

correspondence with the literature data. []

2-(3,5-bis(trifluoromethyl)phenyl)-3H-indol-3-one (1j)

0 CF,
Lo~
N
CF,
1j

Compound 1j (175 mg, 73% yield) was obtained as a red solid following the general
procedure I (Method D) from F (0.70 mmol, 240 mg), Cul (0.14 mmol, 26.7 mg),
pyridine (1.4 mmol, 110.6 mg, 110 pL) in DMSO.

'TH NMR (400 MHz, DMSO-dy) & 8.73 (s, 2H), 8.36 (s, 1H), 7.70-7.63 (m, 2H), 7.55
(d, J=7.6 Hz, 1H), 7.42 (t, J= 7.6 Hz, 1H); 13C NMR (100 MHz, DMSO-dy) 6 191.0,
159.2, 158.1, 136.9, 132.6, 130.8 (q, J = 33.1 Hz), 129.4, 128.7, 124.9, 124.7, 123.1,
123.0 (q, J = 271.4 Hz), 122.5; F NMR (376 MHz, DMSO-dy) 6 -61.5 (s); HRMS
Calcd. for C;cHgONF¢" [M+H]": 344.0505, found: 344.0500; M.p.: 102-104 °C.

4-(3-0x0-3H-indol-2-yl)benzonitrile (1k)

Compound 1k (206 mg, 34% yield) was obtained as a red solid following the general
procedure I (Method B) from F (2.65 mmol, 578 mg), MB (0.265 mmol, 84.8 mg),
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pyridine (2.5 mL) in MeOH.

'TH NMR (400 MHz, CDCl3) & 8.49 (d, J= 8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.60-
7.56 (m, 2H), 7.45 (d, J= 8.0 Hz, 1H), 7.32 (t, /= 7.6 Hz, 1H); 13C NMR (100 MHz,
CDCly) 6 192.4, 159.6, 159.0, 137.0, 134.0, 132.4, 129.4, 129.3, 125.0, 122.8, 122.6,
118.3,115.1; HRMS Calcd. for C;sHyON," [M+H]": 233.0709, found: 233.0703; M.p.:
179-181 °C.

2-(pyridin-4-yl)-3H-indol-3-one (11)

11

Compound 11 (51.1 mg, 12% yield) was obtained as a red solid following the general
procedure I (Method B) from F (2 mmol, 388 mg), MB (0.2 mmol, 64 mg), pyridine (2
mL) in MeOH.

'TH NMR (400 MHz, CDCl;) 6 8.78 (d, J= 4.8 Hz, 2H), 8.19 (dd, J=4.8, 1.6 Hz, 2H),
7.61-7.57 (m, 2H), 7.49-7.47 (m, 1H), 7.36-7.32 (m, 1H); 13C NMR (100 MHz, CDCl;)
0 192.1, 159.8, 158.9, 150.5, 137.0, 136.9, 129.5, 125.0, 122.9, 122.8, 122.3; HRMS
Calcd. for C;3HyON," [M+H]*: 209.0715, found: 209.0706; M.p.: 138-140 °C.

2-(benzo|d][1,3]dioxol-5-yl)-3H-indol-3-one (10).

0]
Lo~
N
10

Compound 1o (106 mg, 37% yield) was obtained as a red solid following the general
procedure I (Method C) from F (1.14 mmol, 270 mg), KOH (2.85 mmol, 160 mg), I,
(1.14 mmol, 290 mg) and sillica gel (570 mg) in DMF.

TH NMR (400 MHz, CDCl3) 6 8.09 (dd, J = 8.4, 1.6 Hz, 1H), 7.85 (d, /= 1.6 Hz, 1H),
7.53-7.50 (m, 2H), 7.37-7.34 (m, 1H), 7.24-7.20 (m, 1H), 6.91 (d, /= 8.0 Hz, 1H), 6.05
(s, 2H); 13C NMR (100 MHz, CDCl3) 6 193.8, 160.7, 159.5, 151.4, 148.3, 136.8, 127.8,
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125.6, 124.7, 124.3, 123.2, 121.6, 108.7, 108.4, 101.7; HRMS Calcd. for CsH;(NO;*
[M+H]*: 252.0655, found: 252.0653; M.p.: 141-143 °C.

6-Methyl-2-(naphthalen-2-yl)-3H-indol-3-one (1w).

( (<
PR
N

1w

Compound 1w (64.9 mg, 20% yield) was obtained as a red solid following the general
procedure I (Method C) from F (1.2 mmol, 308 mg), KOH (3 mmol, 168 mg), I, (1.2
mmol, 305 mg) and sillica gel (600 mg) in DMF.

'TH NMR (400 MHz, CDCls) 6 9.03 (s, 1H), 8.37 (dd, /= 8.8, 1.6 Hz, 1H), 8.00 (d, J=
7.6 Hz, 1H), 7.92 (d, /= 8.4 Hz, 1H), 7.86 (d, /= 7.6 Hz, 1H), 7.60-7.52 (m, 2H), 7.48
(d, J=7.2 Hz, 1H), 7.25 (s, 1H), 7.06 (d, J= 7.2 Hz, 1H), 2.45 (s, 3H); 13C NMR (100
MHz, CDCl;) & 193.2, 161.5, 160.4, 148.6, 135.0, 133.0, 131.3, 129.6, 128.7, 128.5,
128.2, 127.8, 127.6, 126.6, 124.8, 124.7, 123.0, 121.0, 22.4; HRMS Calcd. for
Ci19H1,ON* [M+H]": 272.1075, found: 272.1077; M.p.: 163-165 °C.

4-(5-Bromo-1H-indol-2-yl)benzonitrile (1x)
O

Br
N

1x

Compound 1x (185.7 mg, 40% yield) was obtained as a red solid following the general
procedure I (Method B) from F (1.5 mmol, 443 mg), MB (0.15 mmol, 48 mg) and
pyridine (1.5 mL) in MeOH.

'TH NMR (400 MHz, CDCl3) & 8.49 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H), 7.71
(td,J=8.0,2.0 Hz, 2H), 7.36 (d, /= 8.0 Hz, 1H); 3C NMR (125 MHz, CDCl;) 6 191 .4,
159.3, 157.7, 139.3, 133.6, 132.5, 129.5, 128.2, 124.2, 124.0, 122.9, 118.2, 115.4;
HRMS Calcd. for C;sHgN,OBr* [M+H]*: 310.9815, found: 310.9807; M.p.: 259-261
°C.



Structures of compounds 2

[l
a (MVK) 2b (EVK) 2d (PVK)

0 CN
HL ﬁoa i
e (acrolein) 2g 2h

Compounds 2a-2¢ and 2e-2h are commercially available, using directly without any

purification. Compound 2d (PVK) was prepared according to literature. %]

General procedure (I7) for the synthesis of chiral phosphines.

S 0
1 s g
R/,ENHz RZNCS or RZNCO Rl,EN N-R* Rl,EN N-R
LBa-d LB12
LBa, R' = isopropyl tg:g'm LB21
LBb, R = Me LB21-24
LBC R1 Et LB26-28
LBd, R' = isopentyl LB29-32
S
RL[NH2 R2-NCS R HNJ\H—R2
LBe, R' = diphenylmethyl LB28

LBf, R" = isopentyl LB33
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Structures of Phosphine Catalyst
S Ph OO OH § Ph S Ph o o
)m, NJ\N@ oy Bn NJ\N)""' Phu,, NJJ\N) K ),, )J\ )m J\l‘\[Bu
NN BN NN " ~N" Ph N
PPh, EH EH NHBoc
PPh, PPhy PPh,

PPh,
LB1 LB2 LB3 LB4 LB5 LB6

S Ph S s /O S S
Py . Py . PRC.S A~ Py HJ\HM
I:H H EH H I:H H EH H E
PPh, PPh, PPh, PPh, PPhy
LB7 LBS LB9 LB10 LB11

)EJLL )EPPJ:QJ JL”) JLQ )Ek@

PPh, Pth PPhy
LB12 LB13 LB14 LB15 LB16

cl OMe

A (i ) A Q ) A @L
I:H H E

PPh, Pth PPh2 Pth F'th

LB17 LB18 LB19 LB20 LB21

3

[Ppﬁ [Ppﬁ PPﬁ CFa
'Bu
LB22 LBZ3 LB24 PPh2 LB25

, CFy " CFs
EF’Pﬁ PP}? Ph/K(PPﬁ Y [Ppﬁ \©/ Y [PPﬁ

LB26 LB27 LB28 LB29 LB30
Ppﬁ \‘\,/OM PPE CF3 PPE 3
LB31 LB32 CFs LB33 CFs

LBa-f, isothiocyanate and isocyanate was prepared according to the reported
literature.>*' LB1-11, LB13-14, LB17-18, LB20 and LB25 were known compounds.!’
Procedure (IT): To a solution of LBa-f (1.0 eq) in DCM under N, atmosphere was
added isothiocyanate or isocyanate (1.2 eq), and the reaction mixture was stirred at
room temperature for 24 hrs. Solvent was then removed under reduced pressure, and
the residue was directly subjected to column chromatographic separation on silica gel
(hexane/ethyl acetate = 15:1 to 10:1) to afford chiral phosphines (LB12, LB15-16,
LB19, LB21-24, LB26-33) as white solid.

(8)-1-(1-(diphenylphosphaneyl)-3-methylbutan-2-yl)-3-isopropylthiourea (LB12)

PPh,

LB12
11



Compound LB12 (70 mg, 94% yield) was obtained as a white solid following the
general procedure Il from LBa (0.2 mmol, 54.2 mg) and 2-isothiocyanatopropane
(0.24 mmol, 24 mg, 26 pL) stirred for 24 hours.

TH NMR (400 MHz, CDCl;) 6 7.47-7.41 (m, 4H), 7.35-7.31 (m, 6H), 5.75 (brs, 1H),
4.28 (brs, 1H), 3.79 (brs, 1H), 2.42 (dd, J = 14.0, 4.8Hz, 1H), 2.33-2.28 (m, 1H), 2.19-
2.10 (m, 1H), 1.09 (dd, J = 6.4, 1.6 Hz, 6H), 0.91 (t, J = 6.4Hz, 6H); 3C NMR (100
MHz, CDCl;) 8 179.8, 138.2 (d,/J=11.8 Hz), 132.8 (d, /= 19.2 Hz), 132.6 (d, /= 18.9
Hz), 128.74, 128.66, 128.50 (d, J = 6.8 Hz), 128.47 (d, J = 6.9 Hz), 99.8, 57.6, 45.4,
32.0 (d,J=8.9 Hz), 31.2 (d, J=12.1 Hz), 22.4 (d, J = 9.6 Hz), 18.7, 18.0, 14.0; 3'P
NMR (160 MHz, CDCls) 6 -23.7; HRMS Calcd. for C,;H3)N,PS* [M+H]": 373.1862,
found: 373.1854; ML.p.: 105-106 °C; [a]*’p = +2.0 (¢ 0.05, CH,Cl,).

(8)-1-(2-chlorophenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-yl)thiourea

(LB15)
s
),,,'HNJJ\H
L Cl
PPh,
LB15

Compound LB15 (83.1 mg, 94% yield) was obtained as a white solid following the
general procedure Il from LBa (0.2 mmol, 54.2 mg) and 1-chloro-2-
isothiocyanatobenzene (0.24 mmol, 40.7 mg, 31 pL) stirred for 24 hours.

TH NMR (400 MHz, CDCl;) 6 7.77 (brs, 1H), 7.49-7.41 (m, SH), 7.34-7.17 (m, 9H),
6.06 (brs, 1H), 4.60 (brs, 1H), 2.43-2.31 (m, 2H), 2.16 (h, J= 6.4 Hz, 1H), 0.87 (dd, J
= 11.2, 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl;) 6 180.1, 138.0 (d, J = 11.9 Hz),
133.4, 132.8 (d, /= 4.8 Hz), 132.6 (d, J = 4.8 Hz), 130.6, 129.7, 128.7, 128.5, 128.4,
128.3,127.8 (d,J=11.1 Hz), 126.8, 58.5 (d, /= 14.3 Hz), 31.54 (d, /= 8.4 Hz), 31.49
(d, J=14.7 Hz), 18.7, 17.9; 3P NMR (160 MHz, CDCls) 6 -24.2; HRMS Calcd. for
Co4H»7CIN,PS* [M+H]": 441.1327, found: 441.1319; M.p.: 43-45 °C; [a]*°p = +63.6
(c 0.11, CH,Cly).
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(8)-1-(3-chlorophenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-yl)thiourea
(LB16)

//L”Eﬁzﬁ\”/l:::1\0|

PPh,
LB16

Compound LB16 (88 mg, 91% yield) was obtained as a white solid following the
general procedure I from LBa (0.22 mmol, 59.6 mg) and 1-chloro-3-
isothiocyanatobenzene (0.24 mmol, 40.7 mg, 32 uL) stirred for 24 hours.

TH NMR (400 MHz, CDCl;) 6 8.64 (brs, 1H) 7.47-7.40 (m, 4H), 7.32-7.29 (m, 6H),
7.24-7.22 (m, 1H), 7.18-7.16 (m, 1H), 7.13-7.11 (m, 1H), 7.00 (d, /= 8.0 Hz, 1H), 6.12
(brs, 1H), 4.59 (brs, 1H), 2.47-2.42 (m, 1H), 2.27 (dd, J=11.4, 8.4 Hz, 1H), 2.13 (h, J
= 6.4Hz, 1H), 0.88 (dd, J = 9.2, 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) & 179.7,
138.1(d,J=11.5Hz),137.9(d,J=12.2 Hz), 137.4, 135.4,132.9(d,J= 6.9 Hz), 132.7
(d, J=17.0 Hz), 130.8, 128.8, 128.5 (d, J = 6.8 Hz), 126.7, 124.7, 122.6, 58.6 (d, J =
13.9 Hz), 31.8 (d, /= 8.4 Hz), 31.0 (d, J = 14.5 Hz), 18.7, 18.2; 3'P NMR (160 MHz,
CDCl3) 6 -24.2; HRMS Calcd. for C,4H,;CIN,PS™ [M+H]": 441.1327, found:
441.1332; M.p.: 50-52 °C; [a]*°p = +52.0 (¢ 0.10, CH,Cl,).

(8)-1-(3,5-dimethylphenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-
yDthiourea (LB19)

S

/Jm,HN’ﬂ\N
L\ H
PPh,
LB19

Compound LB19 (90.0 mg, 90% yield) was obtained as a white solid following the
general procedure Il from LBa (0.23 mmol, 62.3 mg) and 1-isothiocyanato-3,5-
dimethylbenzene (0.24 mmol, 39.2 mg, 39 pL) stirred for 24 hours.

'TH NMR (400 MHz, CDCl;) & 8.22 (brs, 1H) 7.50-7.44 (4H, m, ArH), 7.34-7.29 (m,

13



6H), 6.88 (s, 1H), 6.73 (s, 2H), 6.15 (d, J = 8.0 Hz, 1H), 4.60 (brs, 1H), 2.44 (dd, J =
14.4, 5.6 Hz, 1H), 2.28 (s, 6H), 2.15 (h, J = 6.4 Hz, 1H), 0.87 (dd, J = 16.4, 6.8 Hz,
6H); 3C NMR (100 MHz, CDCl;) 6 179.8, 139.8, 138.2 (d, J=11.9 Hz), 135.7, 132.8
(d, /=193 Hz), 132.7 (d, J=19.1 Hz), 128.6, 128.42, 128.36, 122.6, 58.3 (d, /= 14.5
Hz), 31.6 (d, J= 8.6 Hz), 31.2 (d, J = 14.6 Hz), 21.1, 18.8, 17.9; 3'P NMR (160 MHz,
CDCl;5) 6 -24.3; ML.p.: 117-118 °C; HRMS Calcd. for C,sH3,N,PST[M+H]*": 435.2018,
found: 435.2013; [a]*°p = +72.5 (¢ 0.04, CH,Cl,).

(8)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)-3-
methylbutan-2-yl)urea (LB21)

o CF3
J,, HNJJ\N
z,[ H
PPh, CFs
LB21

Compound LB21 (36.0 mg, 40% yield) was obtained as a white solid following the
general procedure Il from LBa (0.17 mmol, 46.4 mg) and 1-isothiocyanato-3,5-
bis(trifluoromethyl)benzene (0.24 mmol, 61.2 mg, 41 pL) stirred for 24 hours.

TH NMR (400 MHz, CDCl5) 6 7.66 (s, 2H), 7.41-7.38 (m, 5H), 7.30-7.25 (m, 6H), 5.18
(d, J=8.8 Hz, 1H), 3.85 (brs, 1H), 2.36 (d, J = 12.8 Hz, 1H), 2.16 (t, /= 12.8 Hz, 1H),
1.95-1.89 (m, 1H), 0.87-0.84 (m, 6H); 3C NMR (100 MHz, CDCl;) 3 154.8, 140.4,
138.0 (d, J=10.8 Hz), 137.7 (d, J = 11.7 Hz), 132.7 (q, J = 8.6 Hz), 132.6 (d, J = 8.6
Hz), 132.0 (d, J=33.0 Hz), 131.5, 128.9 (d, /= 13.5 Hz), 128.6 (d, /= 7.0 Hz), 123.1
(q,/=271.5Hz), 118.5,115.6, 53.4 (d,J=14.3 Hz), 32.7 (d, /=7.9 Hz), 32.2 (d, J =
12.9 Hz), 18.9, 17.5; 3P NMR (160 MHz, CDCIl;) 6 -22.7; YF NMR (376 MHz,
CDCl3) 6 -63.0; M.p.: 189-191 °C; HRMS Calcd. for Cy,sHysONyF¢P* [M+H]":
527.1681, found: 527.1676; [a]*’p = -10.0 (c 0.05, CH,Cl,).

(8)-1-(3,5-di-tert-butylphenyl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-
yl)thiourea (LB22)
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s ‘Bu

//LNI4N’JL\N

[ H
By

PPh,
LB22

Compound LB22 (214.8 mg, 83% yield) was obtained as a white solid following the
general procedure Il from LBa (0.5 mmol, 136 mg) and 1,3-di-tert-butyl-5-
isothiocyanatobenzene (0.6 mmol, 148 mg) stirred for 24 hours.

TH NMR (400 MHz, CDCl5) 6 8.60 (s, 1H), 7.53-7.44 (m, 4H), 7.34-7.28 (m, 7H), 7.09
(s,2H), 6.17 (d, J = 8.4 Hz, 1H), 4.60 (brs, 1H), 2.36 (d, /= 6.4 Hz, 2H), 2.21-2.12 (m,
1H), 1.32 (s, 18 H), 0.87 (dd, J = 21.6, 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl;)
5 179.6,152.7,138.3 (d,/=12.6 Hz), 137.8 (d, J=11.5 Hz), 135.4, 132.7 (d, J=19.2
Hz), 132.6 (d, J=19.1 Hz), 128.4 (d, J= 5.6 Hz), 128.3 (d, J=4.2 Hz), 128.2 (d, J =
4.1 Hz), 120.8,119.2,57.7 (d,J=14.6 Hz), 34.8,31.4 (d,J=14.5 Hz), 31.2, 18.9,17.5;
3IP NMR (160 MHz, CDCl;) & -24.6; HRMS Calcd. for C;,HyuN,PS* [M+H]*:
519.2968, found: 519.2965; M.p.: 60-62 °C; [a]*’p = +52.7 (¢ 0.11, CH,Cl,).

($)-1-([1,1'-biphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-
yDthiourea (LB23)

),,,ENiu@Ph

PPh,
LB23

Compound LB23 (131.2 mg, 82% yield) was obtained as a white solid following the
general procedure Il from LBa (0.33 mmol, 71.2 mg) and 4-isothiocyanato-1,1'-
biphenyl (0.39 mmol, 83.6 mg) stirred for 24 hours.

TH NMR (400 MHz, CDCl3) 6 8.23 (s, 1H), 7.59 (d, J = 8.0 Hz, 4H), 7.51-7.45 (m,
6H), 7.39 (d, J= 7.2 Hz, 1H), 7.36-7.31 (m, 6H), 7.17 (d, /= 8.4 Hz, 2H), 6.13 (d, J =
8.4 Hz, 1H), 4.65 (brs, 1H), 2.46 (dd, J=14.4, 5.6 Hz, 1H), 2.32 (dd, J = 14.4, 8.0 Hz,
1H), 2.22-2.14 (m, 1H), 0.90 (dd, J = 14.8, 8.0 Hz, 6H); 13C NMR (100 MHz, CDCl3)
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§179.9, 139.7 (d, J = 11.7 Hz), 138.2 (d, J = 12.3 Hz), 135.1, 132.9 (d, J = 8.1 Hz),
132.7 (d, J = 8.1 Hz), 128.9, 128.73, 128.68, 128.51, 128.47, 128.44, 128.40, 127.6,
126.9, 125.1, 58.5 (d, J = 14.3 Hz), 31.7 (d, J = 8.6 Hz), 31.1 (d, J = 14.4 Hz), 18.8,
18.1; 3P NMR (160 MHz, CDCls) & -24.2; HRMS Calcd. for C3oHz,N,SP* [M+H]":
483.2018, found: 483.2003; M.p.: 60-62 °C; [0]2%p = +103.0 (c 0.10, CH,Cl).

($)-1-([1,1':4',1"'-terphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-3-methylbutan-2-

yDthiourea (LB24)
S
dp O~
PPh,
LB24

Compound LB24 (207 mg, 81% yield) was obtained as a white solid following the
general procedure Il from LBa (0.46 mmol, 127 mg) and 4-isothiocyanato-1,1":4",1"-
terphenyl (0.55 mmol, 158 mg) stirred for 24 hours.

TH NMR (400 MHz, CDCl;) 6 8.22 (s, 1H), 7.73-7.63 (m, 8H), 7.52-7.47 (m, 6H), 7.40
(d, J=7.6 Hz, 1H), 7.37-7.31 (m, 6H), 7.20 (d, J = 8.4 Hz, 2H), 6.15 (d, J = 8.4 Hz,
1H), 4.67 (s, 1H), 2.48 (dd, J=14.4, 4.0 Hz, 1H), 2.34 (dd, /= 14.4, 8.0 Hz, 1H), 2.24-
2.16 (m, 1H), 0.92 (dd, J = 14.0, 6.8 Hz, 6H); 3C NMR (100 MHz, CDCl3) 6 179.9,
140.5, 140.4, 139.1, 138.6, 138.2 (d,/=9.3 Hz), 135.2, 132.9 (d, /= 8.5 Hz), 132.7 (d,
J=8.4Hz), 128.8, 128.7 (d, /= 4.8 Hz), 128.5 (d, /= 3.7 Hz), 128.43 (d, /= 3.8 Hz),
128.37,127.9,127.6,127.4,127.2,126.9, 126.1, 125.1 (d, J= 0.8 Hz), 58.5 (d,J=14.3
Hz),31.8 (d,J=9.2 Hz),31.2 (d,J=14.8 Hz), 18.8, 18.1; 3'P NMR (160 MHz, CDCl;)
0 -24.1; HRMS Calcd. for C34H3¢N,PS™ [M+H]*: 559.2331, found: 559.2317; M.p.:
136-138 °C; [a]*’p = +118.0 (¢ 0.10, CH,Cl,).

(8)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)propan-2-
ylthiourea (LB26)
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PPh,
LB26

Compound LB26 (130 mg, 51% yield) was obtained as a white solid following the
general procedure II from LBb (0.5 mmol, 122 mg) and 1-isothiocyanato-3,5-
bis(trifluoromethyl)benzene (0.6 mmol, 162 mg, 110 pL) stirred for 24 hours.

TH NMR (400 MHz, CDCl3) 6 7.69 (d, J = 7.2 Hz, 3H), 7.48-7.39 (m, 4H), 7.34-7.30
(m, 6H), 6.18 (brs, 1H), 4.65 (brs, 1H), 2.53 (dd, J = 14.0, 6.0 Hz, 1H), 2.41 (dd, J =
14.0, 6.4 Hz, 1H), 1.38 (d, J = 6.4 Hz, 3H); 13C NMR (125 MHz, CDCl;) 8 178.9,
139.0, 137.2 (d, J=9.8 Hz), 137.1 (d, J=9.6 Hz), 132.7 (d, /= 4.6 Hz), 132.5 (d, J =
4.6 Hz), 128.9, 128.57 (d,J="7.0 Hz), 128.55 (d,/=7.0 Hz), 123.4, 122.7 (q,J=217.3
Hz), 118.8,49.3 (d, J=14.8 Hz), 35.8 (d, /= 12.4 Hz), 21.6 (d, J = 8.6 Hz); 3'P NMR
(160 MHz, CDCl3) 6 -24.9; '°F NMR (376 MHz, CDCl;) 6 -62.8; HRMS Calcd. for
Co4HpFgNoPS*[M+H]™: 515.1140, found: 515.1129; M.p.: 106-108 °C; [a]*’p = +24.8
(c 0.20, CH,Cl,).

(8)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)butan-2-

yl)thiourea (LB27)
CF3

S
JJ\
//"'EN H

PPh, CFs
LB27

Compound LB27 (69.5 mg, 40% yield) was obtained as a white solid following the
general procedure Il from LBc (0.33 mmol, 85 mg) and 1-isothiocyanato-3,5-
bis(trifluoromethyl)benzene (0.4 mmol, 108 mg, 73 pL) stirred for 24 hours.

'TH NMR (400 MHz, CDCl;) 6 8.26 (brs, 1H), 7.67 (d, J= 10.4 Hz, 3H), 7.46-7.39 (m,
4H), 7.31-7.30 (m, 6H), 6.25 (brs, 1H), 4.62 (brs, 1H), 2.60 (d, J = 12.4 Hz, 1H), 2.37
(dd, J=14.4,7.2 Hz, 1H), 1.82-1.66 (m, 2H), 0.94 (t, /= 7.2 Hz, 3H); 13C NMR (125

MHz, CDCl;) 6 179.6, 138.8, 137.6, 137.3, 132.73 (d, J=19.0 Hz), 132.69 (d, /= 19.0
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Hz), 129.0, 128.6 (d,.J= 6.9 Hz), 123.6, 122.8 (q,J = 271.8 Hz), 119.11 (d, J= 3.5 Hz),
119.05 (d, J = 3.8 Hz), 55.0 (d, J = 13.6 Hz), 33.2, 28.4, 10.2; 3'P NMR (160 MHz,
CDCl3) & -25.2 (s); 'F NMR (376 MHz, CDCl3) 6 -62.9 (s); HRMS Calcd. for
CasHaaFeNoPS* [M+H]*: 529.1307, found: 529.1302; M.p.: 133-135 °C; [a]?’p = +7.5
(¢ 0.04, CH,Cl).

(R)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(3-(diphenylphosphaneyl)-1,1-

diphenylpropan-2-yl)thiourea (LB28)

CF;
Ph /ﬁ\
HN N
Ph H
CF,

PPh,
LB28

Compound LB28 (183.4 mg, 64% yield) was obtained as a white solid following the
general procedure II from LBe (0.43 mmol, 171 mg) and l-isothiocyanato-3,5-
bis(trifluoromethyl)benzene (0.52 mmol, 141 mg, 95 pL) stirred for 24 hours.

TH NMR (400 MHz, CDCl3) 6 8.24 (brs, 1H), 7.65 (s, 1H), 7.49-7.45 (m, 2H), 7.37-
7.29 (m, 9H), 7.25-7.15 (m, 9H), 7.05 (s, 2H), 5.80 (brs, 2H), 4.60 (d, J= 7.6 Hz, 1H),
2.99 (d, J=10.0 Hz, 1H), 2.12 (d, J = 14.8 Hz, 1H); 3C NMR (125 MHz, CDCl;) §
179.2,141.0 (d, J=18.6 Hz), 138.1 (d,/=9.6 Hz), 137.7, 136.9 (d, J=11.3 Hz), 133.1
(d,/=19.9 Hz), 132.8 (d,/=32.9 Hz), 132.2 (d, /= 18.3 Hz), 129.1, 128.9 (d, /=9.8
Hz), 128.6 (d, J = 7.3 Hz), 128.5, 128.4 (d, J = 6.8 Hz), 128.3, 127.9, 127.1, 127.0,
1239 (d, J=2.9 Hz), 122.6 (q, J=271.9 Hz), 119.4 (d, J = 6.6 Hz), 56.1 (d, J=73.9
Hz), 31.6, 22.6; 3'P NMR (160 MHz, CDCl;) 6 -27.7; YF NMR (376 MHz, CDCl;) 6 -
62.6; MLp.: 79-81 °C; HRMS Calcd. for CsH;30FsN,SP* [M+H]*: 667.1766, found:
667.1749; [a]*°p = -58.0 (¢ 0.05, CH,Cl,).

(8)-1-(3,5-bis(trifluoromethyl)phenyl)-3-(1-(diphenylphosphaneyl)-4-
methylpentan-2-yl)thiourea (LB29)
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Compound LB29 (173.2 mg, 62% yield) was obtained as a white solid following the
general procedure II from LBd (0.5 mmol, 143 mg) and 1-isothiocyanato-3,5-
bis(trifluoromethyl)benzene (0.6 mmol, 163 mg, 110 pL) stirred for 24 hours.

TH NMR (400 MHz, CDCl3) 8 8.95 (brs, 1H), 7.69 (d, J= 10.4 Hz, 3H), 7.50-7.42 (m,
4H), 7.34-7.31 (m, 6H), 6.41 (brs, 1H), 4.85 (brs, 1H), 2.68 (s, 1H), 2.40 (dd, J = 14.0,
6.0 Hz, 1H), 1.62 (brs, 3H), 0.91-0.87 (m, 6H); 3C NMR (100 MHz, CDCl;) 6 179.3,
138.8, 137.6 (d, J = 10.2 Hz), 132.9, 132.7, 132.5, 129.0, 128.9, 128.6, 128.5, 123.4,
122.8 (q, J=271.6 Hz), 118.9, 51.9 (d, J = 12.9 Hz), 44.6 (d, J = 8.9 Hz), 34.1, 25.1,
22.4;31P NMR (160 MHz, CDCl5) 8 -25.4; °F NMR (376 MHz, CDCl;) 6 -62.9; M.p.:
145-146 °C; HRMS Calcd. for Cy7H,sF¢N,SP* [M+H]™: 557.1610, found: 557.1616;
[a]*’p = -2.50 (¢ 0.20, CH,Cl,).

(8)-1-([1,1'-biphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-4-methylpentan-2-
yDthiourea (LB30)

PPh,
LB30

Compound LB30 (109 mg, 88% yield) was obtained as a white solid following the
general procedure Il from LBd (0.25 mmol, 71 mg) and 4-isothiocyanato-1,1'-biphenyl
(0.3 mmol, 63.3 mg) stirred for 24 hours.

TH NMR (400 MHz, CDCl;) & 8.24 (brs, 1H), 7.59 (d, J = 7.6 Hz, 4H), 7.53-7.44 (m,
6H), 7.40-7.29 (m, 7H), 7.14 (d, J = 8.4 Hz, 2H), 6.10 (brs, 1H), 4.87 (brs, 1H), 2.59
(dd, J=14.4, 6.4 Hz, 1H), 2.42 (dd, J = 14.0, 6.0 Hz, 1H), 1.62-1.53 (m, 3H), 0.88 (d,
J=4.4 Hz, 6H); 3C NMR (100 MHz, CDCl;) & 179.3, 139.7 (d, J = 16.6 Hz), 138.3

(d, J=11.1 Hz), 138.0 (d, J = 11.5 Hz), 135.1, 133.0 (d, J = 19.3 Hz), 132.6 (d, J =
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19.0 Hz), 128.8, 128.7, 128.6, 128.49, 128.45, 128.41, 128.38, 127.6, 126.9, 125.1, 52.1
(d,J=14.3 Hz),44.5(d,J=9.4 Hz), 34.4 (d, J= 14.5 Hz), 25.1, 22.7, 22.4; 3P NMR
(160 MHz, CDCls) 6 -24.9; M.p.: 55-57 °C; HRMS Calcd. for C5;H34N,SP* [M+H]":
497.2175, found: 497.2163; [a]*’p = +75.0 (¢ 0.20, CH,Cl,).

($)-1-(3',5'-dimethoxy-[1,1'-biphenyl]-4-yl)-3-(1-(diphenylphosphaneyl)-4-
methylpentan-2-yl)thiourea (LB31)

S OMe

\(""['NJLH
PPh, OMe

LB31
Compound LB31 (189.8 mg, 68% yield) was obtained as a white solid following the
general procedure Il from LBd (0.5 mmol, 143 mg) and 4'-isothiocyanato-3,5-
dimethoxy-1,1'-biphenyl (0.6 mmol, 163 mg) stirred for 24 hours.
'TH NMR (400 MHz, CDCls) 3 8.60 (s, 1H), 7.58-7.43 (m, 6H), 7.38-7.27 (m, 6H), 7.15
(d, J=8.4 Hz, 2H), 6.72 (d, J = 2.0 Hz, 2H), 6.50 (t, J = 2.0 Hz, 1H), 6.14 (brs, 1H),
6.88 (brs, 1H), 3.85 (s, 6H), 2.59 (dd, J = 14.4, 6.4 Hz, 1H), 2.42 (dd, J = 14.0, 4.8 Hz,
1H), 1.63-1.54 (m, 3H), 0.88 (d, /= 6.0 Hz, 6H); 13C NMR (100 MHz, CDCl;) 8 179.4,
161.1, 142.0, 139.6, 138.3 (d,J=11.7 Hz), 138.1 (d, /= 11.2 Hz), 135.3, 133.0 (d, J =
19.5 Hz), 132.6 (d, J=19.1 Hz), 128.8, 128.6, 128.5 (d, /= 3.6 Hz), 128.4 (d, J=3.3
Hz), 125.0, 105.3, 99.5, 55.4, 52.2 (d, J = 14.1 Hz), 44.5 (d, /= 9.5 Hz), 34.4 (d, J =
14.6 Hz), 25.1, 22.7, 22.5; 3'P NMR (160 MHz, CDCl3) & -24.9; M.p.: 57-59 °C;
HRMS Calcd. for C33H33N,0,SP [M+H]": 557.2386, found: 557.2381; [a]*’p = +82.0
(c 0.05, CH,Cl,).

(8)-1-(3',5'-bis(trifluoromethyl)-[1,1'-biphenyl]-4-yl)-3-(1-

(diphenylphosphaneyl)-4-methylpentan-2-yl)thiourea (LB32)
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Compound LB32 (195.4 mg, 62% yield) was obtained as a white solid following the
general procedure Il from LBd (0.5 mmol, 143 mg) and 4'-isothiocyanato-3,5-
bis(trifluoromethyl)-1,1'-biphenyl (0.6 mmol, 208 mg) stirred for 24 hours.

TH NMR (400 MHz, CDCl;) 6 7.99 (s, 2H), 7.88 (s, 1H), 7.60 (d, /= 8.4 Hz, 2H), 7.51-
7.43 (m, 4H), 7.35-7.29 (m, 6H), 7.21 (d, J = 8.4 Hz, 2H), 6.07 (brs, 1H), 4.84 (brs,
1H), 2.61 (dd, J=14.0, 6.0 Hz, 1H), 2.38 (dd, /= 14.4, 5.6 Hz, 1H), 1.58-1.53 (m, 3H),
0.87 (dd, J= 6.0, 3.6 Hz, 6H); 13C NMR (125 MHz, CDCl3) & 179.4, 142.0, 138.2 (d,
J=9.8 Hz), 138.0 (d, /= 11.0 Hz), 136.8, 136.3, 133.0 (d, /= 19.4 Hz), 132.6 (d, J =
18.9 Hz), 132.3 (d, /= 33.1 Hz), 131.9, 128.9 (d, /= 10.3 Hz), 128.7 (d, J = 16.1 Hz),
128.54, 128.51 (d, J = 5.4 Hz), 127.0 (d, J = 2.9 Hz), 125.1, 123.2 (q, J = 271.4 Hz),
121.2,52.4 (d,J=14.5Hz),44.6 (d,J=9.4 Hz), 34.4 (d, /= 14.0 Hz), 25.2, 22.6, 22.5;
3IP NMR (160 MHz, CDCls) 6 -25.2; 'F NMR (376 MHz, CDCl;) 6 -62.7; M.p.: 138-
139 °C; HRMS Calcd. for C33H3,FgN,SPT [M+H]*: 633.1928, found: 633.1932; [a]*°p
=+88.0 (c 0.10, CH,Cl,).

(R)-1-(3',5'-bis(trifluoromethyl)-[1,1'-biphenyl]-4-yl)-3-(1-

(diphenylphosphaneyl)-4-methylpentan-2-yl)thiourea (LB33)

S CF3
e O

W H

PPh, CFs

LB33
Compound LB33 (229 mg, 73% yield) was obtained as a white solid following the
general procedure II from LBf (0.5 mmol, 143 mg) and 4'-isothiocyanato-3,5-
bis(trifluoromethyl)-1,1'-biphenyl (0.6 mmol, 208 mg) stirred for 24 hours.

H NMR (400 MHz, CDCls) § 8.30 (brs, 1H), 7.99 (s, 2H), 7.88 (s, 1H), 7.59 (d, J =

8.0 Hz, 2H), 7.52-7.43 (m, 4H), 7.34-7.31 (m, 6H), 7.24 (d, J = 8.0 Hz, 2H), 6.15 (brs,
21



1H), 4.86 (brs, 1H), 2.62 (dd, J = 14.0, 5.6 Hz, 1H), 2.39 (dd, J = 14.4, 6.0 Hz, 1H),
1.56 (d, J = 6.8 Hz, 2H), 1.27 (s, 1H), 0.89-0.86 (m, 6H); *C NMR (100 MHz, CDCl;)
§179.3, 142.0 138.2 (d, J= 10.8 Hz), 138.0 (d, /= 10.9 Hz), 137.0, 136.1, 133.0 (d, J
=19.3 Hz), 132.6 (d, J = 18.9 Hz), 132.3 (q, J = 33.2 Hz), 131.8, 128.9, 128.7, 128.6
(d,J=4.6 Hz), 128.5 (d, J= 4.5 Hz), 127.0, 125.0, 123.2 (q, J=271.4 Hz), 121.1, 52.2
(d, J=14.0 Hz), 44.6 (d, J=9.1 Hz), 34.4 (d, J = 13.7 Hz), 25.2, 22.6, 22.5; 3'P NMR
(160 MHz, CDCl;) § -25.2; 1°F NMR (376 MHz, CDCls) & -62.7; M.p.: 136-138 °C;
HRMS Calcd. for C33Hs,FgN,SP* [M+H]*: 633.1928, found: 633.1926; [0]2p = -47.0
(¢ 0.10, CH,CL).

General procedure (I11) for the synthesis of C2-quaternary indolin-3-ones (3aa-

3xe).

SN LB32 (10 mol%) N @
R™—y A+ HkF# R Ar
/ | \ /

EA, RT

—

[ U
1

w

2a,R=Me

2b, R = Et

2c, R="Pr

2d, R=Ph

2e, R=H

2f, Cyclohexenone

Procedure (III): To a solution of compound 1 (0.1 mmol, 1.0 equiv.) and chiral
phosphine LLB32 (0.01 mmol, 0.1 equiv.) in ethyl acetate (2.0 mL) was added
compound 2 (0.15 mmol, 1.5 equiv.) under nitrogen atmosphere at room temperature.
TLC monitor until the compound 1 consumed after six hours. The reaction mixture was
then concentrated on a rotary evaporator under reduce pressure and the residue was
subjected to purification by column chromatography (silica gel, PE/EtOAc: 15/1 to
10/1, R¢=0.2-0.3) to afford the corresponding product 3.

(5)-2-(3-oxobut-1-en-2-yl)-2-phenylindolin-3-one (3aa)
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3aa

Compound 3aa (26.3 mg, 95% yield) was obtained as a yellow solid following the
general procedure III from 1a (0.1 mmol, 20.7 mg) and 2a (0.15 mmol, 10.5 mg, 12.5

pL) stirred for 6 hours.

TH NMR (400 MHz, CDCl;) § 7.57 (d, J = 7.6 Hz, 1H), 7.50-7.42 (m, 3H), 7.32-7.29
(m, 2H), 7.25-7.21 (m, 1H), 6.92-6.90 (m, 1H), 6.79 (t, /= 7.6 Hz, 1H), 6.41-6.40 (m,
2H), 6.26 (brs, 1H), 2.36 (s, 3H); '3C NMR (100 MHz, CDCl5) § 200.1, 198.5, 159.6,
145.4, 137.9, 137.8, 128.58, 128.55, 127.6, 125.4, 125.2, 118.7, 118.4, 111.6, 72.6,
27.1; HRMS Calcd. for CigH;(NO," [M+H]": 278.1187, found: 278.1186; M.p.: 158-

160 °C.

[a]*’p = -677.0 (¢ 0.10, CH,Cl,) for 90% ee; Enantiomeric excess was determined by

HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,

tminor = 29.862 min, tyajor = 26.359 min.

Racemic Sample of 3aa

Chromatogram
mV
- s 1777A230nm
250 %
{)__ | 1 1 T ] 1 L] I ) 1 T
22.5 30.0
min
Peak Table
727A 230nm
Peak# Ret. Time Area Height Area%
l 25.759 14981922 334691 50.354
2 29.008 14771524 276099 49.646
Total 29753446 610789 100.000

Enantiomeric Sample of 3aa
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Chromatogram

mV
7 1 777A 230nm
1000
[] | 1 1 I 1 | L 1 1 I | 1 I 1 -IH-'_:‘I_‘_-_I 1 i 1 |
225 25.0 275 30.0 325
min
Peak Table
77?7 A 230nm _ _
Peak# Ret. Time Area Height Area%
1 26.359 57554823 1250244 95.153
2 29.862 2931544 61266 4.847
Total 60486367 1311510 100.000

(8)-2-(3-oxopent-1-en-2-yl)-2-phenylindolin-3-one (3ab)
O

\\\\(Et

3ab

Compound 3ab (27.4 mg, 94% yield) was obtained as a yellow solid following the
general procedure I1I from 1a (0.1 mmol, 20.7 mg) and 2b (0.15 mmol, 12.6 mg, 14.8
uL) stirred for 6 hours.

TH NMR (400 MHz, CDCl3) 6 7.56 (d, J = 7.6 Hz, 1H), 7.50-7.42 (m, 3H), 7.31-7.27
(m, 2H), 7.25-7.21 (m, 1H), 6.91 (d, J= 8.4 Hz, 1H), 6.78 (t, /= 7.6 Hz, 1H), 6.38 (s,
1H), 6.34 (s, 1H), 6.27 (brs, 1H), 2.85-2.64 (m, 2H), 1.02 (t, J= 7.2Hz, 3H); 3C NMR
(100 MHz, CDCls) & 202.8, 198.5, 159.6, 145.1, 138.0, 137.8, 128.6, 127.6, 127.2,
1254, 124.8, 118.7, 118.5, 111.7, 72.9, 32.1, 8.0; HRMS Calcd. for C;oH;sNO,*
[M+H]*: 292.1332, found: 292.1331; M.p.: 131-133 °C.

[a]*’p = -328.0 (¢ 0.10, CH,Cl,) for 90% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,

tminor = 26.566 min, tyajor = 31.697 min.
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Racemic Sample of 3ab

Chromatogram
mV
o = 177?A 230nm
0= L L L
30.0 32.5 35.0
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 26.256 48541672 898281 50.117
2 31913 48315644 828445 49 883
Total 96857316 1726726 100.000
Enantiomeric Sample of 3ab
Chromatogram
mV
2500 1 777A 230nm
0 | /——i‘—-_—.__
T T T T I T T T T | T T T T I T T T T
250 275 30.0 32.5 35.0
min
Peak Table
277A 230nm
Peak# Ret. Time Area Height Area%
1 26.566 9595773 226576 4.884
2 31.697| 186864092 2641594 95.116
Total 196459865 2868170 100.000

(5)-2-(3-oxohex-1-en-2-yl)-2-phenylindolin-3-one (3ac)
0

3ac

Compound 3ac (27.4 mg, 90% yield) was obtained as a yellow solid following the

\\L«“Pr
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general procedure I from 1a (0.1 mmol, 20.7 mg) and 2¢ (0.15 mmol, 14.7 mg, 17.5
uL) stirred for 6 hours.

TH NMR (400 MHz, CDCl;) § 7.57 (d, J = 8.0 Hz, 1H), 7.50-7.42 (m, 3H), 7.31-7.27
(m, 2H), 7.24-7.21 (m, 1H), 6.91 (d, J = 8.4 Hz, 1H), 6.78 (t, J= 7.6 Hz, 1H), 6.37 (s,
1H), 6.34 (s, 1H), 6.29 (brs, 1H), 2.74-2.61 (m, 2H), 1.56 (h, J = 7.6 Hz, 2H), 0.85 (t, J
=7.6 Hz, 3H); 3C NMR (100 MHz, CDCl;) 4 202.5, 198.5, 159.6, 145.4, 138.0, 137.8,
128.5, 127.6, 127.2, 125.4, 125.2, 118.7, 118.5, 111.7, 72.9, 40.8, 17.6, 13.6; HRMS
Calcd. for Cy0H,0NO," [M+H]*: 306.1489, found: 306.1487; M.p.: 42-44 °C.

[a]?°p = -828.0 (¢ 0.05, CH,Cl,) for 91% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel IF-H column, Hexane/PrOH = 95/5, 0.2 mL/min, 230 nm, t,inor
= 99.826 min, tyajor = 93.696 min.

Racemic Sample of 3ac

Chromatogram
mV
500 § 1 777A 230nm
0 ! [
90
Peak Table
77?A 230nm
Peak# Ret. Time Area Height Area%
1 94.125 62565488 507630 49.923
2 98.524 62759228 409320 50.077
Total 125324716 916950 100.000

Enantiomeric Sample of 3ac
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Chromatogram

mV
] 1 777A 230nm|
500
0 ! T | T | T T |E\ T T T |
90 95 100 105
min
Peak Table
7?77A 230nm
Peak# Ret. Time Area Height Area%
1 93.696| 106057757 793893 05322
2 99.826 5204608 44449 4.678
Total 111262366 838342 100.000

(8)-2-(3-0x0-3-phenylprop-1-en-2-yl)-2-phenylindolin-3-one (3ad)

3ad

Compound 3ad (17.1 mg, 50% yield) was obtained as a yellow solid following the
general procedure I1I from 1a (0.1 mmol, 20.7 mg) and 2d (0.15 mmol, 19.8 mg, 19.4

uL) stirred for 8 hours.

TH NMR (400 MHz, CDCls) § 7.94-7.92 (m, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.61-7.55
(m, 2H), 7.52-7.46 (m, 4H), 7.41-7.34 (m, 4H), 7.29 (d, J = 4.0 Hz, 1H), 7.04 (d, J =
8.4 Hz, 1H), 6.96-6.92 (m, 1H), 5.25 (s, 1H); '3C NMR (100 MHz, CDCl;) 5 198.2,
190.5, 160.1, 145.5, 138.0, 137.9, 137.3, 133.1, 129.1, 128.7, 128.6, 128.5, 126.2,
125.73, 125.66, 120.1, 119.1, 112.6, 73.1; M.p.: 125-127 °C; HRMS Calcd. for

Cyp3H1sNO," [M+H]": 340.1343, found: 340.1336.

[a]*p=-4.2 (c 0.13, CH,Cl,) for 3% ee; Enantiomeric excess was determined by HPLC
with a Chiralcel IB-H column, Hexane//PrOH = 90/10, 0.5 mL/min, 230 nm, tyiner =

23.500 min, tmajor = 42.696 min.
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Racemic Sample of 3ad

Chromatogram
mV
2504 1277A 230nm
0_ T T T T ] T T T T | T T T T I T T T T I J[k T T
20 25 30 35 40 45
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 23.540 12010462 252321 50.021
2 42.167 12000235 165221 49.979
Totall 24010697 417542 100.000
Enantiomeric Sample of 3ad
Chromatogram
mV
250 | 1 22?A 230nm
0— I 1 j\ I I I ] | I ] I I I I I I I | 1 I/‘¥l I I
20 25 30 35 40 45
min
Peak Table
?77?A 230nm
Peak# Ret. Time Area Height Area%
1 23.500 5335510 118611 48.289
2 42.696 5713498 81574 skl
Total 11049008 200185 100.000

(5)-2-(3-0x0-2-phenylindolin-2-yl)acrylaldehyde (3ae)
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3ae

Compound 3ae (24.7 mg, 94% yield) was obtained as a yellow solid following the
general procedure I from 1a (0.1 mmol, 20.7 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)

stirred for 3 hours.

TH NMR (400 MHz, CDCL3) § 9.54 (s, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.51-7.43 (m,
3H), 7.33-7.24 (m, 3H), 6.93 (d, J = 6.4 Hz, 2H), 6.81 (t, J = 8.0 Hz, 1H), 6.39 (s, 1H),
6.16(brs, 1H); 3C NMR (100 MHz, CDCl3) § 197.9, 194.4, 159.8, 146.0, 137.9, 137.1,
136.9, 128.6, 127.9, 125.5, 125.4, 119.0, 118.2, 111.7, 71.0; MLp.: 154-156 °C; HRMS

Calcd. for CyH4sNO," [M+H]*: 264.1019, found: 264.1012.

[a]?°p = -439.0 (¢ 0.20, CH,Cl,) for 94% ee; Enantiomeric excess was determined by

HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,

tminor = 34.447 min, ty,jer = 32.086 min.

Racemic Sample of 3ae

Chromatogram
mV
200 1 77?A 230nm
100
0 : T I I I | ] I I I | ] I
30.0 325 35.0
min
Peak Table
77?2A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 32.123 9312471 211723 50.620
54 33.989 9084251 187188 49.380
Total 18396722 398912 100.000

Enantiomeric Sample of 3ae
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Chromatogram

mV
i 1 777A 230nm
G T 1 T 1 | 1 1 1
30.0 35.0
min
Peak Table
?7?77A 230nm
Peak# Ret. Time Area Height Area%
| 32.086 43136270 897638 96.964
i 34.447 1350434 32516 3.036
Total 44486704 930154 100.000

(8)-2-(3-0x0-2-(p-tolyl)indolin-2-yl)acrylaldehyde (3be)

o-_H
o\V\\
. s\\\\\

3be

Compound 3be (18.5 mg, 67% yield) was obtained as a yellow solid following the
general procedure III from 1b (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.55 (s, 1H), 7.58 (d, J= 7.6 Hz, 1H), 7.49 (t, J= 8.0
Hz, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.0 Hz, 2H),
6.80 (t,J=7.6 Hz, 1H), 6.38 (s, 1H), 6.13 (brs, 1H), 2.29 (s, 3H); 3C NMR (100 MHz,
CDCly) 6 198.1, 194.5, 159.8, 146.1, 137.9, 137.7, 137.0, 133.9, 129.4, 125.5, 125.3,
118.9, 118.2, 111.7, 70.9, 21.0; HRMS Calcd. for C;sH;(NO," [M+H]": 278.1176,
found: 278.1176; M.p.: 119-121 °C.

[a]*’p = -1160.0 (c 0.04, CH,Cl,) for 94% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 36.846 min, tyajor = 29.235 min.

Racemic Sample of 3be
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Chromatogram

mV
1000~ ¥ % 1 777A 230nm
D T T T T | T T T I T T T T
25 30 35 40
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 28.755 61250538 1133543 50.823
i 35229 59267686 023784 49 177
Total 120518224 2057327 100.000
Enantiomeric Sample of 3be
Chromatogram
mV
. % 1 777A 230nm
1000
] 5
{-J T T T T I T L T T I T !_ T T
25 30 35 40
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 29 235 08575696 1717294 97.055
2 36846 2991589 53068 2945
Total 101567284 1770364 100_000

(5)-2-(2-(4-fluorophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3ce)

o H
o \V\\
‘\\\\\\

3ce
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Compound 3ce (26.3 mg, 94% yield) was obtained as a yellow solid following the
general procedure III from 1¢ (0.1 mmol, 22.5 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.53 (s, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.50 (t, J = 8.0
Hz, 1H), 7.45-7.41 (m, 2H), 6.99 (t, J= 8.4 Hz, 2H), 6.93-6.90 (m, 2H), 6.82 (t,J=7.6
Hz, 1H), 6.39 (s, 1H), 6.15 (brs, 1H); '3C NMR (100 MHz, CDCl;) 8 197.8, 194.4,
162.5 (d, J=245.5 Hz), 159.7, 145.9, 138.1, 137.3, 132.7 (d, /= 2.9 Hz), 127.3 (d, J =
8.1 Hz), 125.5,119.2, 118.1, 115.5 (d, J=21.6 Hz), 111.8, 70.5; ’F NMR (376 MHz,
CDCl;) o -114.7 (s); HRMS Calcd. for Ci7H;sNOF* [M+H]*: 282.0925, found:
282.0922; M.p.: 118-120 °C.

[a]?°p = -480.0 (c 0.04, CH,Cl,) for 94% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 38.129 min, ti,jer = 30.637 min.

Racemic Sample of 3ce

Chromatogram
mV
i % 2 1?777A 230nm
D T | T T T T | T T T T | T T T T | T T T T | T
30.0 325 35.0 315 40.0
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 31.081 22480732 451120 50.747
2 37.833 21818893 372721 49253
Total 44299625 823841 100.000

Enantiomeric Sample of 3ce
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Chromatogram

mV
2000 T 1 777A 230nm
1000
G_'I" ||fL_|
30.0 325 35.0 15 40.0
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 30.637| 114699328 2077015 96.805
2 38.129 3785617 77356 3.195
Total 118484945 2154371 100.000

(8)-2-(2-(4-chlorophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3de)

oM
oj/\
. s\\\\\

3de

Compound 3de (25.9 mg, 87% yield) was obtained as a yellow solid following the
general procedure III from 1d (0.1 mmol, 24.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.53 (s, 1H), 7.58 (d, /= 7.6 Hz, 1H), 7.50 (t, J= 8.0
Hz, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz, 1H),
6.89 (s, 1H), 6.82 (t,J= 7.6 Hz, 1H), 6.40 (s, 1H), 6.12 (brs, 1H); 3C NMR (100 MHz,
CDCl) 6 197.5, 194.4, 159.7, 145.7, 138.1, 137.4, 135.6, 133.9, 128.8, 127.0, 125.6,
119.3, 118.1, 111.8, 70.5; HRMS Calcd. for C;7H;3NO,CI* [M+H]": 298.0629, found:
298.0627; M.p.: 145-148 °C.

[a]?°p = -1043.6 (¢ 0.07, CH,Cl,) for 90% ee; Enantiomeric excess was determined
by HPLC with a Chiralcel OD-H column, Hexane//PrOH = 90/10, 0.5 mL/min, 230

nm, tminor = 41.556 min, ty0r = 34.505 min.
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Racemic Sample of 3de

Chromatogram
mV
1000
T T T | T T I T T T | T T
35.0 371.5 40.0
Peak Table
77?A 230nm
Peak# Ret. Time Area Height Area%
1 35.816 31503862 488140 50.117
2 42.524 31357187 438212 49.883
Total 62861050 926352 100.000
Enantiomeric Sample of 3de
Chromatogram
mV
: 1 ?7?7A 230nm
500+
0 | I I 1 1 | 1 I - I | I I I
40.0 425 450
min
Peak Table
?77A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 34.505 44077070 676629 94.770
2 41.556 2432440 41619 5230
Total 46509509 718247 100.000

(8)-2-(2-(4-bromophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3ee)
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3ee

Compound 3ee (23 mg, 67% yield) was obtained as a yellow solid following the general
procedure III from 1e (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 pL) stirred
for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.53 (s, 1H), 7.58 (d, /= 7.6 Hz, 1H), 7.50 (t, J= 7.6
Hz, 1H), 7.43 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.4 Hz, 1H),
6.89 (s, 1H), 6.83 (t,J=7.6 Hz, 1H), 6.40 (s, 1H), 6.12 (brs, 1H); 3C NMR (100 MHz,
CDCl;) 6 197.4, 194.3, 159.7, 145.7, 138.2, 137.4, 136.2, 131.7, 127.3, 125.6, 122.2,
119.3,118.1, 111.9, 70.6; HRMS Calcd. for C{;H3NO,Br* [M+H]*: 342.0124, found:
342.0123; M.p.: 115-117 °C.

[a]*’p = -815.0 (¢ 0.04, CH,Cl,) for 91% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 44.565 min, tyajor = 36.272 min.

Racemic Sample of 3ee

Chromatogram

mV
: 5 5] 777 A 230nm
250
0 | T T T T I T T T T I T T T T I T T T T I T T T
350 37.5 40.0 42 5 450
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 36.841 28218864 430560 50.544
2 44 080 27611359 370127 49 456
Total 55830222 800687 100.000

Enantiomeric Sample of 3ee
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Chromatogram

mV
2000 : 1 777A 230nm
1000
z :
I:l T T T T | T T T | T T T | T _I'-._'-'I_Hl_‘_‘l_ T T
35.0 37 40.0 425 450
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
| 36272 | 148688277 2035137 95.341
2 44 565 7265240 111244 4659
Total 155953517 2146381 100.000

(8)-2-(2-(3-bromophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3fe)

Compound 3fe (25.6 mg, 75% yield) was obtained as a yellow solid following the
general procedure I1I from 1f (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.53 (s, 1H), 7.59 (d, J = 9.2 Hz, 2H), 7.51 (t, /= 8.0
Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.18 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H),
6.90 (s, 1H), 6.83 (t,J=7.6 Hz, 1H), 6.41 (s, 1H), 6.14 (brs, 1H); 3C NMR (100 MHz,
CDCl) 6 197.2, 194.3, 159.7, 145.6, 139.4, 138.2, 137.6, 131.0, 130.1, 128.5, 125.6,
124.3, 122.8, 119.3, 118.0, 111.9, 70.5; HRMS Calcd. for C;;H3NO,Br" [M+H]":
342.0124, found: 342.0123; M.p.: 142-144 °C.

[a]*’p = -777.5 (¢ 0.04, CH,Cl,) for 90% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,

tminor = 39.394 min, tyajor = 33.075 min.
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Racemic Sample of 3fe

Chromatogram
mVv
1000 E 1 777A 230nm
{} 1 1 I ) 1 L I 1 L L I 1 1 ) 1 I
32.5 35.0 AT 40.0 42.5
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 33454 G1875702 1015651 50.869
2 38.570 59761028 860719 49131
Total 121636729 1876369 100.000
Enantiomeric Sample of 3fe
Chromatogram
mY
2500— 3 1 777A 230nm
| Z
{': T T I L T T T I T T T T I T T -'I-._._l'_-—-_r-_ T T T
325 350 37.5 40.0
min
Peak Table
777A 230nm _
Peak# Ret. Time Area Height Area%
1 33.075] 180244203 2715744 95.117
2 39394 0252187 150420 4. 883
Total 189496389 2866164 100,000

(R)-2-(2-(2-bromophenyl)-3-oxoindolin-2-yl)acrylaldehyde (3ge)

Compound 3ge (13.7 mg, 40% yield) was obtained as a yellow solid following the
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general procedure I1I from 1g (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)
stirred for 36 hours.

'TH NMR (400 MHz, CDCl3) 4 9.64 (s, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 8.0
Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.32-7.27 (m, 2H), 7.19-7.16 (m, 1H), 6.89-6.84 (m,
2H), 6.40 (d, J= 12.0 Hz, 2H), 6.25 (brs, 1H); 13C NMR (100 MHz, CDCl;) & 198.0,
193.1, 159.9, 145.5, 137.72, 137.67, 136.3, 135.2, 130.5, 129.8, 127.5, 125.0, 123.0,
120.2,119.4,112.5,73.5; M.p.: 169-171 °C; HRMS Calcd. for C;H3BrNO," [M+H]*:
342.0124, found: 342.0132.

[a]?p = -1.82 (c 0.11, CH,Cl,) for 11% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 91.515 min, tiajer = 43.878 min.

Racemic Sample of 3ge

Chromatogram
mV
200 1 & 1 777A 230nm|
100 :
| T T T T '| T T T T I T T T T | T T T T '| T T T T
40 50 60 70 80 90
min
Peak Table
77?7A 230nm
Peak# Ret. Time Area Height Area%
1 40.596 8914589 135499 49.592
2 79.696 9061226 71103 50.408
Total 17975815 206601 100.000

Enantiomeric Sample of 3ge

38



Chromatogram

mV
i 1 22?A 230nm
100 5
0— L /$\
1 | I 1 | T 1 T I
50 75 100
min
Peak Table
77?A 230nm
Peak# Ret. Time Area Height Area%
1 43.878 4806142 60920 55.263
2 91.515 3890761 26238 44.737
Total 8696903 87159 100.000

(8)-2-(3-0x0-2-(0-tolyl)indolin-2-yl)acrylaldehyde (3he)

3he

Compound 3he (11.9 mg, 43% yield) was obtained as a yellow solid following the
general procedure III from 1h (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl3) 6 9.70 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.51-7.47 (m,
1H), 7.21-7.17 (m, 1H), 7.13 (t, /= 4.0 Hz, 3H), 6.88-6.83 (m, 2H), 6.62 (s, 1H), 6.41
(s, 1H), 6.03 (brs, 1H), 2.18 (s, 3H); '3C NMR (125 MHz, CDCl;) 8 199.2, 1944,
159.3, 145.9, 137.8, 137.6, 136.9, 135.3, 132.5, 128.5, 128.3, 125.9, 125.0, 119.8,
119.2, 112.3, 21.0; M.p.: 125-127 °C; HRMS Calcd. for CigH;(NO," [M+H]":
278.1176, found: 278.1180.

[0]*p = -15.0 (c 0.04, CH,Cl,) for 9% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 76.915 min, tygjor = 38.117 min.

39



Racemic Sample of 3he

Chromatogram
mV
1 777A 230nm
) | I ! | I I | I 1 1 | I I I )
50 60 70 80 90
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 39.155 43479462 579871 49754
2 80.489 43909926 281827 50.246
Total 87389388 861697 100.000
Enantiomeric Sample of 3he
Chromatogram
mV
1 277A 230nm|
I I | T 1 1 I I I I 1 I T I T 1 | I 1
50 60 70 80
min
Peak Table
7?77A 230nm
Peak# Ret. Time Area Height Area%
| 38.117 11654307 165168 54.696
2 76.915 9653024 76959 45.304
Total 21307330 242127 100.000

(5)-2-(3-0x0-2-(4-(trifluoromethyl)phenyl)indolin-2-yl)acrylaldehyde (3ie)
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3ie

Compound 3ie (26.9 mg, 81% yield) was obtained as a yellow solid following the
general procedure I1I from 1i (0.1 mmol, 27.5 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.54 (s, 1H), 7.61-7.51 (m, 6H), 6.97-6.93 (m, 2H), 6.85
(t,J=7.6 Hz, 1H), 6.44 (s, 1H), 6.16 (brs, 1H); 3C NMR (100 MHz, CDCl;) 6 197.1,
194.3, 159.7, 145.7, 141.1, 138.3, 137.6, 130.1 (q, J = 32.2 Hz), 126.0, 125.6 (q, J =
3.7 Hz), 124.0 (q, J=270.9 Hz), 119.5, 118.0, 111.9, 99.9, 70.8; 1°F NMR (376 MHz,
CDCl;) & -62.5 (s); HRMS Calcd. for CgH3NO,F;* [M+H]": 332.0893, found:
332.0887; M.p.: 115-117 °C.

[a]*’p = -555.0 (¢ 0.05, CH,Cl,) for 87% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 34.681 min, tyajor = 27.444 min.

Racemic Sample of 3ie

Chromatogram
mV
] 18777A 230
500 A -' o
ﬂ _ I L I ! I | ! I L] I | I ! I I i ] I !
£ 30.0 325 35.0
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 28.149 29387205 621245 49 968
2 34.799 29425233 521001 50.032
Total 58812438 1142246 100.000

Enantiomeric Sample of 3ie
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Chromatogram

mV
] 5 1 77?7A 230nm
2500 i
0 ] T T | T T T T | I I I I | I I I I I--:l T T T
27.5 30.0 325 35.0
min
Peak Table
?77?A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 27.444| 188756040 3404147 93.391
2 34.681 13356971 268050 6.609
Total 202113011 3672197 100.000

(8)-2-(2-(3,5-bis(trifluoromethyl)phenyl)-3-oxoindolin-2-yl)acrylaldehyde (3je)

Compound 3je (25.6 mg, 64% yield) was obtained as a yellow solid following the
general procedure III from 1j (0.1 mmol, 34.3 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.54 (s, 1H), 7.96 (s, 2H), 7.79 (s, 1H), 7.62-7.54 (m,
2H), 7.01 (d, J = 8.0 Hz, 1H), 6.95 (s, 1H), 6.90 (t, J= 7.6 Hz, 1H), 6.49 (s, 1H), 6.14
(brs, 1H); 13C NMR (100 MHz, CDCl3) 8 196.3, 194.2, 159.7, 145.3, 140.1, 138.6,
138.3, 131.8 (q, J = 33.3 Hz), 126.1 (q, J = 3.5 Hz), 125.6, 123.2 (q, J = 271.4 Hz),
122.0 (q, J = 3.7 Hz), 120.0, 117.9, 112.4, 70.4; YF NMR (376 MHz, CDCl;) 8 -62.5
(s); HRMS Calcd. for C;gH;,NOyF¢" [M+H]": 400.0767, found: 400.0756; M.p.: 162-
164 °C.

[a]?°p = -780.0 (c 0.04, CH,Cl,) for 88% ee; Enantiomeric excess was determined by
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HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 19.957 min, tyajor = 13.945 min.

Racemic Sample of 3je

Chromatogram
mV
1000 g‘?‘?‘_’AZEEUnm
0 T T T T
17.5 20.0
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
| 13.994 23052224 1049306 50221
2 19.938 22848925 746126 49.779
Total 45901148 1795432 100.000
Enantiomeric Sample of 3je
Chromatogram
mV
2000 1 1 777A 230nm
1000
0 : 1 1 | I I 1 | ) 1 I i; ) 1
15.0 17.5 200
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
] 13.945 43154932 1886348 93972
2 19.957 2768208 105255 6.028
Total 45923140 1991602 100.000

(8)-4-(3-0x0-2-(3-oxoprop-1-en-2-yl)indolin-2-yl)benzonitrile
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3ke

Compound 3ke (20.1 mg, 70% yield) was obtained as a yellow solid following the

general procedure III from 1k (0.1 mmol, 23.2 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)

stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.53 (s, 1H), 7.61-7.51 (m, 6H), 6.98-6.84 (m, 3H), 6.45

(s, 1H), 6.14 (brs, 1H); 3C NMR (100 MHz, CDCl;) § 196.6, 194.2, 159.7, 145.5,

142.5, 138.4, 137.8, 132.3, 126.4, 125.6, 119.7, 118.6, 117.9, 112.1, 111.7, 70.8;

HRMS Calcd. for CigH3N,0," [M+H]": 289.0972, found: 289.0964; M.p.: 98-100 °C.

[a]*’p = -737.5 (¢ 0.40, CH,Cl,) for 87% ee; Enantiomeric excess was determined by

HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,

tminor = 110.507 min, tysj0r = 96.747 min.

Racemic Sample of 3ke

Chromatogram
mV
] S 1 777A 230nm
100
0] T .. & & T T ] ——]
90 100 110 120
min
Peak Table
77?A 230nm
Peak# Ret. Time Area Height Area%
| 96960 39105651 175787 50.762
2 107.303 37931383 145267 49 238
Total 77037034 321054 100.000

Enantiomeric Sample of 3ke
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mV

Chromatogram

200
100

1 777A 230nm|

) 110,507

D T T T | T T T T | T T T T
90 100 110
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%

1 96.747 44036993 203920 93.595
2 110.507 3013591 16065 6.405

Total 47050584 219985 100.000

(5)-2-(3-0x0-2-(pyridin-4-yl)indolin-2-yl)acrylaldehyde (3le)

3le

Compound 3le (16.5 mg, 63% yield) was obtained as a yellow solid following the
general procedure 111 from 11 (0.1 mmol, 20.8 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl3) & 9.53 (s, 1H), 8.54 (d, J = 5.6 Hz, 2H), 7.59 (d, J = 8.0
Hz, 1H), 7.53 (t, J = 6.8 Hz, 1H), 7.39 (d, J = 6.4 Hz, 2H), 6.97-6.94 (m, 2H), 6.85 (t,
J=17.6 Hz, 1H), 6.45 (s, 1H), 6.13 (brs, 1H); 3C NMR (100 MHz, CDCl;) 6 196.4,
194.1, 159.8, 150.0, 146.4, 145.4, 138.4, 137.7, 125.6, 120.6, 119.6, 118.0, 112.0, 70.4;
HRMS Calcd. for CigH3N,O," [M+H]": 265.0977, found: 265.0972; M.p.: 114-115
°C.

[a]?°p = -676.4 (c 0.18, CH,Cl,) for 97% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel IB-H column, Hexane//PrOH = 80/20, 0.5 mL/min, 230 nm,

tminor = 51.126 min, tajer = 54.844 min.
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Racemic Sample of 3le

Chromatogram
mV
250~ 1 ?22?A 230nm
0 N\
T 1 1 I | T 1 T I | 1 T I T | 1 I T | 1 I 1
40 45 50 53 60 65
min
Peak Table
?77?7A 230nm
Peak# Ret. Time Area Height Area%
1 48.436 11591436 66381 50.455
2 54.842 11382473 57802 49.545
Total 22973909 124183 100.000
Enantiomeric Sample of 3le
Chromatogram
mV
A 3 1 ?272?A 230nm|
0 z
T T I 1 [ T 1 1 L | T T T T | I I I T I T
45 50 55 60 65
min
Peak Table
27?A 230nm
Peak# Ret. Time Area Height Area%
1 51.126 335033 2614 1.549
2 54.844 21300933 98756 98.451
Total 21635966 101370 100.000

(5)-2-(3-0x0-2-(thiophen-2-yl)indolin-2-yl)acrylaldehyde (3me)
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3me

Compound 3me (16.8 mg, 62% yield) was obtained as a yellow solid following the
general procedure Il from 1m (0.1 mmol, 21.3 mg) and 2e (0.15 mmol, 8.4 mg, 10
pL) stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.56 (s, 1H), 7.62 (d, J= 7.6 Hz, 1H), 7.50 (t, J= 7.6
Hz, 1H), 7.19 (d, /= 5.2 Hz, 1H), 7.03 (d, J = 3.2 Hz, 1H), 6.97-6.90 (m, 3H), 6.85 (t,
J="1.6 Hz, 1H), 6.36 (s, 1H), 6.29 (brs, 1H); 3C NMR (100 MHz, CDCls) & 196.9,
194.1, 159.5, 145.8, 141.9, 138.0, 137.2, 127.6, 125.6, 125.3, 124.8, 119.5, 118.1,
112.0, 69.0; HRMS Calcd. for CsH;,NO,S* [M+H]*: 270.0589, found: 270.0583;
M.p.: 130-132 °C.

[a]*’p = -468.0 (¢ 0.05, CH,Cl,) for 92% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 50.817 min, tyajor = 43.986 min.

Racemic Sample of 3me

Chromatogram

mV
1 X g 777A 230nm
250
[]__ T T | T T T T | T T T T | T T T T | T T T T |
425 45.0 475 50.0 52.5
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 43.799 31010242 418694 50628
2 50.103 30240986 363885 49372
Total 61251228 782579 100.000

Enantiomeric Sample of 3me
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Chromatogram

mV
5004 8 1 777A 230nm
] =
7
r:j T T -l T T T T [ T T T T [ T T T T I T T T T '|
425 45.0 47.5 50.0 525
min

Peak Table
777A 230nm

Peak# Ret. Time Area Height Area%
| 43 986 43195569 566485 96.019
2 50817 1791123 24550 3981
Total 44986692 591035 100.000

(8)-2-(2-(naphthalen-2-yl)-3-oxoindolin-2-yl)acrylaldehyde (3ne)

Compound 3ne (19.0 mg, 61% yield) was obtained as a yellow solid following the
general procedure III from 1n (0.1 mmol, 25.7 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl;) 6 9.58 (s, 1H), 7.91 (s, 1H), 7.80-7.79 (m, 3H), 7.61-7.51
(m, 3H), 7.45-7.44 (m, 2H), 6.99 (s, 2H), 6.84 (t, J = 7.6 Hz, 1H), 6.46 (s, 1H), 6.27
(brs, 1H); 13C NMR (100 MHz, CDCl3) 8 197.9, 194.4, 159.8, 145.9, 138.0, 137.4,
134.3, 133.2, 132.9, 128.5, 128.1, 127.5, 126.16, 126.15, 125.6, 124.6, 123.3, 119.1,
118.3,111.8,71.1; HRMS Calcd. for C;;H,NO,"[M+H]": 314.1176, found: 314.1174;
M.p.: 84-86 °C.

[a]*’p = -423.5 (¢ 0.04, CH,Cl,) for 95% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,

tninor = 64.359 Il’lil’l, tmajor =52.177 min.
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Racemic Sample of 3ne

Chromatogram
mV
100 =
[} 1 T I 1 1 T | 1 T ] I I 1 I T 1 | Ll

55 60 65 70

min
Peak Table
77?7A 230nm
Peak# Ret. Time Area Height Area%

1 57.273 11733615 74393 49 669

2 67.848 11889943 91996 50.331

Total 23623558 166389 100.000

Enantiomeric Sample of 3ne
Chromatogram
mV
1 777A 230nm
G T T T ] T T T | T T T T | T T T _\Er T T T T
50 55 60 65 70
min
Peak Table
727A 230nm
Peak# Ret. Time Area Height Area%

1 52.177| 137329473 920716 97.486

2 64.359 3540876 34149 2.514

Total 140870349 0954865 100.000
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(8)-2-(2-(benzo[d][1,3]dioxol-5-yl)-3-0xoindolin-2-yl)acrylaldehyde (30e)

3oe

Compound 30e (26.4 mg, 86% yield) was obtained as a yellow solid following the
general procedure III from 10 (0.1 mmol, 25.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl3) § 9.55 (s, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 7.6
Hz, 1H), 6.92-6.87 (m, 4H), 6.81 (t,J= 7.2 Hz, 1H), 6.74 (d, J = 7.2 Hz, 1H), 6.37 (s,
1H), 6.11 (brs, 1H), 5.91 (s, 2H); 3C NMR (100 MHz, CDCl;) & 197.9, 194.5, 159.6,
148.0, 147.4, 145.9, 138.0, 137.2, 130.7, 125.5, 119.0, 118.8, 118.1, 111.7, 108.3,
106.2,101.2,70.7; HRMS Calcd. for C;3H4,NO4 [M+H]": 308.0917, found: 308.0909;
M.p.: 147-149 °C.

[a]?°p = -812.5 (¢ 0.04, CH,Cl,) for 94% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 66.796 min, tajer = 72.289 min.

Racemic Sample of 3o0e

Chromatogram
mV
100
(] T | T T T T | T T T T | T T T T
65 70 75 80
min
Peak Table
779A 230nm . .
Peak# Ret. Time Area Height Area%
1 66.979 12483628 101163 49.771
2 74.138 12598719 88995 50.229
Totall 25082347 190158 100.000
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Enantiomeric Sample of 3oe

Chromatogram
mV

1 777A 230nm

Z
£
0 —

65 70 75 80
min
Peak Table
77?7A 230nm
Peak# Ret. Time Area Height Area%

| 66.796 1021862 9909 2918

2 72.289 33991635 232437 97.082

Total 35013496 242347 100.000

(8)-2-(3-oxobut-1-en-2-yl)-2-(1-tosyl-1H-indol-3-yl)indolin-3-one (3pe)

NTs

N ‘, —
d

H
e

Compound 3pe (19.2 mg, 42% yield) was obtained as a yellow solid following the

3p

general procedure Il from 1p (0.1 mmol, 40 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 8 hours.

TH NMR (400 MHz, CDCl3) 6 9.60 (s, 1H), 7.88 (d, /= 8.4 Hz, 1H), 7.69 (d, /= 8.4
Hz, 2H), 7.63 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.55-7.48 (m, 2H), 7.25-7.23 (m, 1H),
7.21 (s, 1H), 7.19 (s, 1H), 7.15-7.11 (m, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.87 (t, J=8.0
Hz, 1H), 6.78 (s, 1H), 6.42 (s, 1H), 5.99 (brs, 1H), 2.33 (s, 3H); '3*C NMR (100 MHz,
CDCly) 6 197.7, 193.7, 159.6, 145.1, 144.9, 138.1, 137.9, 135.7, 134.7, 129.9, 127.8,
126.8, 125.4, 125.1, 124.9, 123.3, 121.4, 119.44, 119.36, 119.0, 113.7, 112.2, 67.9,
21.6; ML.p.: 123-125 °C; HRMS Calcd. for C,sH,1N,O4S* [M+H]*: 457.1228, found:
457.1224.
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[a]?°p = -362.5 (c 0.04, CH,Cl,) for 88% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel IF-H column, Hexane//PrOH = 80/20, 0.5 mL/min, 230 nm,
tminor = 58.202 min, tajer = 70.844 min.

Racemic Sample of 3pe

Chromatogram
mV
100 S 1 777A 230nm|
{] T T T | T T T T I T T T
50 60 70 80
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 57.106 20071371 92700 49.062
2 71.110 20838545 102798 50.938
Total 40909916 195498 100.000
Enantiomeric Sample of 3pe
Chromatogram
mV
Gl [ 777A 230nm
100
0- o
! L L I ) ) I L) ) L) | !
60 70 80
min
Peak Table
77?7A 230nm
Peak# Ret. Time Area Height Area%
1 58.202 2540345 13211 5.778
2 70.844 41423853 189985 04.222
Total 43964199 203196 100.000

(8)-2-(5-bromo-3-o0xo-2-phenylindolin-2-yl)acrylaldehyde (3qe)
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3qe

Compound 3qe (30.7 mg, 90% yield) was obtained as a yellow solid following the
general procedure III from 1q (0.1 mmol, 28.4 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl3) 6 9.54 (s, 1H), 7.68 (s, 1H), 7.55 (d, /= 8.8 Hz, 1H), 7.41
(d, J=7.2 Hz, 2H), 7.34-7.27 (m, 3H), 6.88 (s, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.41 (s,
1H),6.20 (brs, 1H); 3C NMR (100 MHz, CDCl;)  196.6, 194.2, 158.2, 145.7, 140.4,
137.3, 136.3, 128.8, 128.1, 127.9, 125.3, 119.8, 113.3, 111.0, 71.6; HRMS Calcd. for
C17H13NO,Br" [M+H]": 342.0124, found: 342.0123; M.p.: 179-181 °C.

[a]?°p = -576.0 (c 0.05, CH,Cl,) for 92% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 38.327 min, tmajer = 41.696 min.

Racemic Sample of 3qe

Chromatogram
mV
= | 2 1 ?277A 230nm
OF——— —r Tt T [ vt Tt T [ T 1
350 425 450
min
Peak Table
777A 230nm
Peakd# Ret. Time Area Height Area%
1 38.184 29664294 470192 49931
2 42145 29746868 397140 50.069
Total 59411162 867332 100.000

Enantiomeric Sample of 3ge
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Chromatogram

mV
i 1 777A 230nm|
500
0 | T T T T E T (l:l T T ] T T T |' T T T T I T
35.0 XA 40.0 42.5 45.0
min
Peak Table
797A 230nm
Peak# Ret. Time Area Height Area%
1 38.327 2294397 39078 4.172
2 41.696 52696875 686925 95.828
Total 54991273 726003 100.000

(8)-2-(4-chloro-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3re)

3re

Compound 3re (18.8 mg, 63% yield) was obtained as a yellow solid following the
general procedure Il from 1r (0.1 mmol, 24.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)
stirred for 6 hours.

'TH NMR (400 MHz, CDCl;) 8 9.52 (s, 1H), 7.44 (d, J = 7.2 Hz, 2H), 7.38-7.27 (m,
4H), 6.98 (s, 1H), 6.80 (d, /= 8.0 Hz, 1H), 6.73 (d, J= 7.6 Hz, 1H) 6.42 (s, 1H), 6.31
(brs, 1H); 13C NMR (100 MHz, CDCl3) 8 195.0, 194.4, 160.9, 145.7, 138.0, 137.5,
136.5, 133.3, 128.7, 128.1, 125.4, 120.0, 114.8, 109.9, 71.2; HRMS Calcd. for
C17H;3NOLCIF [M+H]*: 298.0629, found: 298.0623; M.p.: 118-120 °C.

[a]?°p = -1185.0 (¢ 0.04, CH,Cl,) for 93% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 55.244 min, ty,jer = 43.204 min.

Racemic Sample of 3re
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Chromatogram

mV
] gl 777A 230nm
250 z
0-— = = e IN .
40 45 50 55
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 43 498 21429594 305188 50.097
2 54.286 21346986 212915 49903
Total 42776580 518104 100.000
Enantiomeric Sample of 3re
Chromatogram
mV
>005 1 222A 230nm
G I T T T [ I I T | T T T T | $ ] T T T
40 45 50 55 60
min
Peak Table
777A 230nm . _
Peak# Ret. Time Area Height Area%
1 43.204 38009900 494960 96.723
2 55.244 1287867 14216 3.277
Total 39297767 509176 100.000

(8)-2-(6-fluoro-3-oxo-2-phenylindolin-2-yl)acrylaldehyde (3se)
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Compound 3se (27.3 mg, 97% yield) was obtained as a yellow solid following the
general procedure III from 1s (0.1 mmol, 22.5 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCls) 6 9.54 (s, 1H), 7.57 (dd, J = 8.4, 5.6 Hz, 1H), 7.43-7.40
(m, 2H), 7.34-7.24 (m, 3H), 6.94 (s, 1H), 6.58-6.49 (m, 2H), 6.41 (s, 1H), 6.33 (brs,
1H); 3C NMR (100 MHz, CDCl;) 8 195.9, 194.3, 169.9 (d, J = 255.3 Hz), 161.2 (d, J
=14.3 Hz), 145.8, 137.2, 136.6, 128.7, 128.1, 127.9 (d, J=12.6 Hz), 125.3, 114.8 (d,
J=0.9 Hz), 107.9 (d, J = 24.8 Hz), 98.0 (d, J = 26.0 Hz), 71.6; 1°F NMR (376 MHz,
CDCl;) & -98.1 (s); M.p.: 125-127 °C; HRMS Calcd. for Ci7H;;FNO, [M-H]J:
280.0774, found: 280.0783.

[a]?°p = -692.8 (¢ 0.91, CH,Cl,) for 90% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 31.656 min, ti,jor = 40.417 min.

Racemic Sample of 3se

Chromatogram
mV
Llily Z1 777A 230nm
O I | I I I I | I I I I | 1 ) 1 )
30 35 40 45
min
Peak Table
77?7A 230nm
Peak# Ret. Time Area Height Area%
1 31.236 55772458 944060 49.837
2 40.759 56138381 802853 50.163
Total 111910839 1746913 100.000

Enantiomeric Sample of 3se
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Chromatogram

mV
: ¢ 1777A 230nm
250
0_— I | I r‘; I I | I I I I | T T T T
30 35 40 45
min
Peak Table
772A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 31.656 1484609 32833 5.002
2 40.417 28198455 434473 94.998
Total 29683064 467306 100.000

(8)-2-(5-methoxy-3-0xo0-2-phenylindolin-2-yl)acrylaldehyde (3te)

3te

Compound 3te (19.7 mg, 67% yield) was obtained as a yellow solid following the
general procedure III from 1t (0.1 mmol, 23.7 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl3) 6 9.55 (s, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.33-7.24 (m,
3H), 7.20-7.17 (m, 1H), 7.00 (s, 1H), 6.91-6.88 (m, 2H), 6.39 (s, 1H), 5.88 (brs, 1H),
3.75 (s, 3H); 3C NMR (100 MHz, CDCls) 6 198.2, 194.3, 155.7, 153.4, 146.3, 137.1,
137.0, 128.7, 127.9, 125.4, 118.3, 113.3, 105.0, 72.0, 55.7; HRMS Calcd. for
CisHigNOs" [M+H]": 294.1125, found: 294.1117; M.p.: 169-170 °C.

[a]?°p = -940.0 (c 0.04, CH,Cl,) for 85% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 95/5, 0.5 mL/min, 230 nm,
tminor = 78.973 min, tmajor = 82.414 min.

Racemic Sample of 3te
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Chromatogram

mV
0 1 22?A 230nm
2501 £
I T 1 T | I T 1 1 I I T 1 1 I I T T T | T I T 1 |
75.0 TS 80.0 82.5 85.0 87.5
min
Peak Table
?7?2?A 230nm
Peak# Ret. Time Area Height Area%
1 77.473 8935858 68207 49.053
2 82.003 9280727 64949 50.947
Total, 18216585 133156 100.000
Enantiomeric Sample of 3te
Chromatogram
mV
25+ = 1 ?22?A 230nm
0-
T T 1 1 | T 1 1 L I I T T 1 I I T T 1 | T I T 1 |
75.0 1.5 80.0 82.5 85.0 87.5
min
Peak Table
?77?7A 230nm
Peak# Ret. Time Area Height Area%
1 78.973 282591 2606 7.376
2 82414 3548487 23950 92.624
Total, 3831078 26556 100.000

(8)-2-(6-methyl-3-0xo0-2-phenylindolin-2-yl)acrylaldehyde (3ue)
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Compound 3ue (21.0 mg, 76% yield) was obtained as a yellow solid following the
general procedure III from 1u (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 uL)
stirred for 6 hours.

TH NMR (400 MHz, CDCl3) 8 9.54 (s, 1H), 7.45 (dd, J=17.2, 8.0 Hz, 3H), 7.32-7.23
(m, 3H), 6.93 (s, 1H), 6.73 (s, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.38 (s, 1H), 6.10 (brs,
1H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCls3) 8 197.1, 194.5, 160.2, 149.8, 146.1,
137.13, 137.10, 128.6, 127.8, 125.3, 125.2, 120.9, 115.9, 111.7, 71.2, 22.5; HRMS
Calcd. for CigH(NO," [M+H]*: 278.1176, found: 278.1167; M.p.: 141-143 °C.

[a]?°p = -1070.0 (¢ 0.05, CH,Cl,) for 92% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel IF-H column, Hexane/PrOH = 95/5, 0.5 mL/min, 230 nm, t.inor
= 35.014 min, tyajor = 48.313 min.

Racemic Sample of 3ue

Chromatogram
mV
500 & 2777A 230nm
0_ L] T | I I I I | 1 1 I i | I I 1 1 | 1 i I
35 40 45 50
min
Peak Table
777A 230nm
Peakd# Ret. Time Area Height Area%
] 34.766 29983951 513831 49.745
2 49179 30291608 359694 50.255
Total 60275559 873525 100.000

Enantiomeric Sample of 3ue
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Chromatogram

mV
1000 1 777A 230nm
= |M: LU E L E B L B T T '
30 35 40 45 50 5
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
| 35014 3724088 69008 3.778
2 48313 94840643 990739 96.222
Total 08564732 1059837 100.000

(8)-2-(5-methyl-3-0x0-2-phenylindolin-2-yl)acrylaldehyde (3ve)

Compound 3ve (24.5 mg, 88% yield) was obtained as a yellow solid following the
general procedure III from 1v (0.1 mmol, 22.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)
stirred for 6 hours.

'TH NMR (400 MHz, CDCl3) 6 9.54 (s, 1H), 7.43 (d, J=7.6 Hz, 2H), 7.37 (s, 1H), 7.34-
7.28 (m, 3H), 7.25-7.23 (m, 1H), 6.89 (s, 1H), 6.86 (d, J = 8.4 Hz, 1H), 6.37 (s, 1H),
5.98 (brs, 1H), 2.28 (s, 3H); 3C NMR (100 MHz, CDCl;) 6 198.0, 194.3, 158.3, 146.3,
139.4, 137.2, 136.9, 128.6, 127.8, 125.5, 124.8, 118.4, 111.7, 71.4, 20.5; M.p.: 141-
143 °C; HRMS Calcd. for CigH;(NO," [M+H]": 278.1176, found: 278.1174.

[a]?°p = -1461.0 (¢ 0.05, CH,Cl,) for 95% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel IF-H column, Hexane//PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 33.131 min, tyajer = 29.494 min.
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Racemic Sample of 3ve

Chromatogram
mV
100 % é 1 22?7A 230nm|
0_. T 1 1 | I I T 1 | T I T 1 | 1 I T
30.0 32.5 35.0
min
Peak Table
?777A 230nm
Peak# Ret. Time Area Height Area%
| 30.048 5299058 107213 50.556
2 33.403 5182471 98645 49.444
Total 10481529 205858 100.000
Enantiomeric Sample of 3ve
Chromatogram
mV
i 1 27?A 230nm
500
O | T T '| ; T T T
325 35.0
min
Peak Table
?77?A 230nm
Peak# Ret. Time Area Height Area%
1 29.494 34655083 707790 97.255
2 33.131 977992 21158 2.745
Total 35633074 728948 100.000

(8)-2-(6-methyl-2-(naphthalen-2-yl)-3-oxoindolin-2-yl)acrylaldehyde (3we)
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3we

Compound 3we (15.0 mg, 46% yield) was obtained as a yellow solid following the
general procedure I1I from 1w (0.1 mmol, 27.1 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)

stirred for 6 hours.

TH NMR (400 MHz, CDCl5) 5 9.58 (s, 1H), 7.89 (s, 1H), 7.79 (d, J = 8.0 Hz, 3H), 7.55-
7.42 (m, 4H), 6.99 (s, 1H), 6.79 (s, 1H), 6.66 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 6.19
(brs, 1H), 2.40 (s, 3H); 3C NMR (100 MHz, CDCL3) § 197.1, 194.5, 160.3, 149.9,
146.1, 137.4, 134.6, 133.2, 132.9, 128.5, 128.1, 127.5, 126.11, 126.08, 125.3, 124.5,
1233, 121.0, 116.1, 111.8, 71.3, 22.6; HRMS Caled. for Cp,HsNO," [M+H]*:

328.1332, found: 328.1326; M.p.: 75-77 °C.

[a]*’p = -836.0 (¢ 0.05, CH,Cl,) for 94% ee; Enantiomeric excess was determined by

HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,

tminor = 57.515 Min, tygjor = 50.001 min.

Racemic Sample of 3we

Chromatogram
mV
1 77?7A 230nm|
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
] 51274 44619768 v 49521
2 56.297 45483131 313900 50479
Total 90102899 671269 100.000

Enantiomeric Sample of 3we
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Chromatogram

mV
1000~ 1 777A 230nm|
O ! L) I I I I I I I ¥ = L) | I L]
55 60
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 50.001 160886728 1110298 97.194
2 57.515 4644033 40297 2.806
Total 165530761 1150594 100.000

(5)-4-(5-bromo-3-0x0-2-(3-oxoprop-1-en-2-yl)indolin-2-yl)benzonitrile (3xe)

3xe

Compound 3xe (26.1 mg, 71% yield) was obtained as a yellow solid following the
general procedure III from 1x (0.1 mmol, 30.9 mg) and 2e (0.15 mmol, 8.4 mg, 10 puL)

stirred for 6 hours.

'TH NMR (400 MHz, CDCl3) 6 9.52 (s, 1H), 7.69 (s, 1H), 7.59 (dd, J = 18.8, 8.8 Hz,
5H), 6.88 (t, J= 4.8 Hz, 2H), 6.47 (s, 1H), 6.17 (s, 1H); 3C NMR (100 MHz, CDCl5)
0 195.3, 194.0, 158.2, 145.1, 141.8, 140.9, 137.9, 132.4, 128.0, 126.4, 119.5, 118.5,
113.7, 112.0, 111.7, 71.4; M.p.: 88-90 °C; HRMS Calcd. for C;3sH;(N,O,Br [M-H]:

364.9931, found: 364.9938.

[a]*’p = -652.5 (¢ 0.04, CH,Cl,) for 78% ee; Enantiomeric excess was determined by

HPLC with a Chiralcel IF-H column, Hexane/PrOH = 80/20, 0.5 mL/min, 230 nm,

tminor = 34.686 min, tyajor = 28.998 min.

Racemic Sample of 3xe
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Chromatogram

mV
200~ . 1 777A 230nm)|
o /\
{-:I - ] ] T | T ] I T | ] T T ] I
30 35 40
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 29.334 15777285 221386 50.496
2 34.532 15467267 135228 49.504
Total 31244552 356614 100.000
Enantiomeric Sample of 3xe
Chromatogram
mV
] % 1 777A 230nm|
250
G | T T T T [ T T T T | T T T T [ T T T T (-:l T T T T [
25.0 273 30.0 32.5 35.0 375
min
Peak Table
777A 230nm ‘
Peak# Ret. Time Area Height Area%
1 28.998 29823111 412678 89.231
2 34.686 3599423 35718 10.769
Total 33422534 448396 100.000

(R)-2-(3-0x0-2-phenylindolin-2-yl)acrylaldehyde (3ae’)
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3

S CF
JLH W
\(\L H
CF

o o PPh, 3 o
LB33 (10 mol%) o
N EA, RT N H
H
1a 2e 3ae’'

Procedure (IIIa): To a solution of compound 1a (0.1 mmol, 1.0 equiv., 20.7 mg) and
chiral phosphine LLB33 (0.01 mmol, 0.1 equiv., 6.3 mg) in ethyl acetate (2.0 mL) was
added compound 2e (0.15 mmol, 1.5 equiv., 10 pL) under nitrogen atmosphere at room
temperature. TLC monitor until the compound 1a was consumed after three hours. The
reaction mixture was then concentrated on a rotary evaporator under reduce pressure
and the residue was subjected to purification by column chromatography (silica gel,
PE/EtOAc: 15/1 to 10/1, R¢= 0.2-0.3) to afford the corresponding product 3ae’.
Compound 3ae’ (24.7 mg, 94% yield) was obtained as a yellow solid following the
general procedure Illa from 1a (0.1 mmol, 20.7 mg) and 2e (0.15 mmol, 8.4 mg, 10
uL) stirred for 6 hours.

'TH NMR (400 MHz, CDCI;) 6 9.54 (s, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.51-7.42 (m,
3H), 7.31-7.24 (m, 3H), 6.93-6.91 (m, 2H), 6.81 (t,J= 7.2 Hz, 1H), 6.40 (s, 1H), 6.17
(brs, 1H); '3C NMR (100 MHz, CDCl3) & 197.9, 194.4, 159.8, 146.0, 137.9, 137.1,
136.9, 128.6, 127.9, 125.5, 125.4, 119.0, 118.2, 111.7, 71.0; M.p.: 155-157 °C.

[a]?°p = +904.0 (¢ 0.05, CH,Cl,) for -95% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 32.868 min, tmajer = 37.239 min.

Racemic Sample of 3ae’
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Chromatogram

mV
] 5 1 22?A 230nm
250—_
0 . 1 1 1 1 1 1 | 1 1 1 | 1 1 1
30.0 325 35.0 37.5 40.0
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 32.219 17886753 359635 50.162
2 35.515 17770952 316523 49.838
Total 35657705 676158 100.000
Enantiomeric Sample of 3ae’
Chromatogram
mV
500 % 17?2?A 230nm
{} T T [ F[(I T T [ T T T T T T T T
32.5 35.0 375 40.0
min
Peak Table
27?A 230nm
Peak# Ret. Time Area Height Area%
1 32.868 941969 21972 2.669
2 37.239 34354114 539141 97.331
Total 35296083 561113 100.000
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4. Synthetic applications

a) Scale-up experiments for the synthesis of 3aa and 3ae

s CF.
A O
\l/ I._L H
CF.

3

3
o o PPh, o
LB32 (5 mol% o
N EtOAc, RT N | R
H
1a 2a, R = Me; 3aa, R = Me;
2e,R=H 3ae, R=H

The scale up experiment was followed the general procedure IIl. To a solution of
compound 1a (1.0 mmol for 3aa, 5.0 mmol for 3ae, 1.0 equiv.) and chiral phosphine
LB32 (5 mol%) in ethyl acetate was added compound 2a or 2e (1.5 equiv.) under
nitrogen atmosphere at room temperature. TLC monitor until the compound 1a
consumed after six hours. The reaction mixture was then concentrated on a rotary
evaporator under reduce pressure and the residue was subjected to purification by
column chromatography (silica gel, PE/EtOAc: 20/1 to 15/1, R¢ = 0.3) to afford the
corresponding product 3aa (0.21 g, 76% yield, 90% ee) and 3ae (0.971 g, 74% yield,

94% ee) as yellow solid.

b) Synthesis of N-Boc product 3ae

0 0
o) 0
@E@,P‘Dk (Boc),0, DMAP @E@,F‘ﬁk
“1” H > " H
N N
N MeCN, RT, 20 hrs N .
3ae 4

Procedure (IV): To a solution of 3ae (1 mmol, 263 mg) and DMAP (3.3 mmol, 720
mg) in MeCN was added (Boc),0 (2.2 mmol, 489 mg) under nitrogen, then the reaction
mixture was stirred at room temperature for 20 hrs. After conversion, the solvent was
removed in vacuum and extracted twice with EtOAc and water, the organic layers were
dried over anhydrous Na,SO, and purified by column chromatography (Petroleum
ether/EtOAc: 30/1 to 20/1) to afford the product 4 in 75% yield with 94% ee.
tert-Butyl (8)-3-0x0-2-(3-oxoprop-1-en-2-yl)-2-phenylindoline-1-carboxylate (4)

Compound 4 (272.9 mg, 75% yield) was obtained as yellow solid following the
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procedure IV from 3ae (1 mmol, 263 mg), DMAP (3.3 mmol, 720 mg) and (Boc),O
(2.2 mmol, 489 mg) stirred for 20 hrs. "TH NMR (400 MHz, CDCls) 8 9.56 (s, 1H), 8.27
(s, 1H), 7.67 (d,J=8.0 Hz, 1H), 7.62 (t,J= 7.6 Hz, 1H), 7.45 (d, J= 7.6 Hz, 2H), 7.36-
7.30 (m, 3H), 7.13 (t,J=7.6 Hz, 1H), 6.58 (d, J=17.2 Hz, 2H), 1.44 (s, 9H); 3C NMR
(100 MHz, CDCls) & 196.0, 191.6, 152.3, 150.7, 149.1, 141.4, 136.6, 133.6, 128.3,
128.2, 127.3, 124.4, 123.4, 122.7, 117.1, 83.0, 74.1, 28.1; HRMS Calcd. for
CyHy1NOgNa™ [M+Na]*: 386.1368, found: 386.1372; M.p.: 49-51 °C.

[a]*p = -103.0 (¢ 0.10, CH,Cl,) for 94% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 22.596 min, tyajor = 14.894 min.

Racemic Sample of 4

Chromatogram
mV
1 1 277A 230nm
2500 .
0 ] I T I I | I T T I | I L
10 15 20 25
min
Peak Table
77?2A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 14.779 99981535 3784934 49.518
2 21.776] 101927515 2214040 50.482
Total 201909050 5998974 100.000

Enantiomeric Sample of 4
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Chromatogram

mV
] 3 1 7277A 230nm
1000
0 ] I 1 I | I ] I T | 1 "::Il
10 15 20 253
min
Peak Table
77?A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 14.894 42802899 1771240 96.750
2 22.596 1437746 44501 3.250
Total 44240644 1815741 100.000
¢) Preparation of compound 5
@] O
©j@,Pho Pd/CaCOs, H, phl)
N \)kH EtOH, RT N
3ae 5

Procedure (V): Compound 3ae was dissolved in ethanol, and then 5% Pd/CaCO; was
added. The mixture was stirred overnight under a hydrogen balloon at room
temperature. Then the mixture was filtered through a Celite pad and the solvent
removed in vacuum, the residue obtained was purified by column chromatography
(petroleum ether/EtOAc: 20/1 to 15/1) to afford the product 5 in 91% yield with 91%
ee/94% ee and 43/57 dr.

Note: Compound 5 were inseparable diastereoisomers.
2-((R)-3-0x0-2-phenylindolin-2-yl)propanal (5)

Compound 5 (48.1 mg, 91% yield, diasterecomers, 43:57 dr) were obtained as yellow
solid following the procedure V from 3ae (0.2 mmol, 52.6 mg) and 5% Pd/CaCO; (0.1
mmol, 41.3 mg) stirred for 24 hrs. '"H NMR (400 MHz, CDCl;, diastereomers) 6 9.61
(s, 1H), 9.48 (s, 1H), 7.60-7.57 (m, 3H), 7.53-7.51 (m, 3H), 7.49-7.45 (m, 2H), 7.36-
7.29 (m, 5H), 7.25-7.22 (m, 1H), 6.98-6.93 (m, 2H), 6.84 (t,J = 7.6 Hz, 1H), 6.78 (t, J
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=7.6 Hz, 1H), 5.70 (brs, 1H), 5.39 (brs, 1H), 3.83 (q, J=7.2 Hz, 1H), 3.59 (q, J= 7.2
Hz, 1H), 1.05 (s, 3H), 1.04 (s, 3H); 3C NMR (100 MHz, CDCls, diastereomers) &
202.9, 201.1, 200.2, 200.0, 160.9, 160.0, 137.8, 137.68, 137.65, 136.7, 129.0, 128.8,
128.0, 127.9, 125.43, 125.35, 125.29, 125.25, 119.9, 119.8, 119.0, 112.1, 111.5, 72.6,
71.6, 53.8, 52.5, 9.1, 8.8; HRMS Calcd. for C{7H;(NO," [M+H]": 266.1176, found:
266.1183; M.p.: 167-169 °C.

[a]?p = -364.0 (¢ 0.05, CH,Cl,) for 91% and 94% ee; Enantiomeric excess was
determined by HPLC with a Chiralcel AD-H column, Hexane//PrOH = 95/5, 0.5
mL/min, 230 nm, tyiner = 65.593 min, tyajor = 57.335 min and tyine: = 104.012 min, togjor
= 73.380 min.

Racemic Sample of 5

Chromatogram
mV
200 [797A 230nm
100] g : F g
OLM . T’L
50 1 100
min
Peak Table
2797A 230nm
Peak# Ret. Time Area Height Area%
1 57.661 5003239 72057 19.040
2 66.815 5191389 66292 19.756
3 74.565 8071859 85793 30.718
4 106.253 8010428 55973 30.485
Total 26276914 280116 100.000

Enantiomeric Sample of 5
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Chromatogram

mV
1 777A 230nm
T T | T T T T | T T T 1 | T T T I | T T I I | T T 1 T
60 70 80 90 100 110
min
Peak Table
27?A 230nm
Peak# Ret. Time Area Height Area%
1 57.335 24756013 353621 40.710
2 65.593 1218707 14592 2.004
3 73.380 33815178 346068 55.608
4 104.012 1020382 8861 1.678
Total 60810281 723141 100.000
d) Luche reduction
0 (0]
NaBH,, CeCl;

"/, H > "/, OH
N Hk THF, 0°C, 18 hrs N \/\

3ae 6

Procedure (VI): A solution of NaBH, and CeCl; in anhydrous THF was cooled to 0 °C
under nitrogen atmosphere, the solution of 3ae in anhydrous THF was added dropwised
while maintained temperature at 0 °C for full conversion. The mixture was then
quenched with saturated NH,4Cl solution and extracted twice with EtOAc, the organic
layers were combined and dried over anhydrous Na,SO,. The residue obtained was
purified by column chromatography (Petroleum ether/EtOAc: 8/1) to afford the product
6 in 93% yield with 94% ee.
(8)-2-(3-hydroxyprop-1-en-2-yl)-2-phenylindolin-3-one (6)

Compound 6 (24.7 mg, 93% yield) were obtained as yellow solid following the
procedure VI from 3ae (0.1 mmol, 26.3 mg), NaBH, (0.11 mmol, 4.2 mg) and CeCl;
(0.1 mmol, 24.6 mg) stirred for 18 hrs. 'TH NMR (400 MHz, CDCl3) 6 7.61 (d, J=17.6
Hz, 1H), 7.53 (d, J = 8.0 Hz, 2H), 7.48 (t, J = 8.0 Hz, 1H), 7.36-7.29 (m, 3H), 6.94 (d,
J=28.0 Hz, 1H), 6.84 (t,J=7.6 Hz, 1H), 5.80 (brs, 1H), 5.40 (d, /= 10.8 Hz, 2H), 4.21
(d, J=12.8 Hz, 1H), 4.15 (d, J = 12.8 Hz, 1H); 3C NMR (125 MHz, CDCl3) & 200.0,
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160.0, 145.7, 138.4, 137.6, 128.7, 127.9, 126.5, 125.4,119.8, 119.3, 116.7, 112.6, 75.1,
65.2; HRMS Calcd. for C;7H{NO,* [M+H]": 266.1176, found: 266.1182; M.p.: 47-49
°C.

[a]*’p = -199.5 (¢ 0.21, CH,Cl,) for 94% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/PrOH = 80/20, 0.5 mL/min, 230 nm,
tminor = 14.368 min, tmajor = 12.197 min.

Racemic Sample of 6

Chromatogram
mV
it : 1 77?7A 230nm
500 \
0 ] T T T | T T T T T 1 T T T T ]
10.0 15.0 17.5
min
Peak Table
772A 230nm
Peak# Ret. Time Area Height Area%
1 12.190 13515518 693656 50.720
2 14.243 13131542 547227 49.280
Total 26647060 1240883 100.000
Enantiomeric Sample of 6
Chromatogram
mV
1i 2 1 777A 230nm
0 T T T T | T T T | T T T T | T T T I T = T T | T T T
10 11 12 13 14 15
min
Peak Table
777A 230nm
Peak# Ret. Time Area Height Area%
1 12.197 18015067 029766 CFNAE
2 14.368 535253 27587 2.885
Total 18550320 957353 100.000
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e) Tsuji-Wilkinson Decarbonylation

o) o)
0
©j/gf’h (Ph3P)3RhCI ©j/g,Ph
N N Toluene, 120 °C, 20 hrs N |
Boc Boc
4 7

Procedure (VII): The compound 4a (0.1 mmol, 1 equiv.) in dry toluene (2 mL) was
vigorously purged with nitrogen for 30 min. In an inert atmosphere box, the reaction
mixture was added Rh(PPh;);Cl1 (0.1 mmol, 1 equiv.) and then heated at 120 °C for 20
hrs. The reaction mixture was cooled to room temperature and quenched with H,O,
Then the mixture was diluted with EtOAc, filtered through a Celite pad and the solvent
was extracted twice with EtOAc, the organic layers were combined and dried over
anhydrous Na,SO,. The residue obtained was purified by column chromatography
(petroleum ether/EtOAc: 40/1 to 30/1) to afford the product 7 in 73% yield with 88%
ee.

tert-Butyl (R)-3-0xo0-2-phenyl-2-vinylindoline-1-carboxylate (7)

Compound 7 (24.6 mg, 73% yield) were obtained as yellow solid following the
procedure VII from 4a (0.1 mmol, 36.3 mg) and Rh(PPh;);Cl1 (0.1 mmol, 93 mg) stirred
for 20 hrs. "TH NMR (400 MHz, CDCls) & 8.39 (s, 1H), 7.72 (dd, /= 19.2, 8.0 Hz, 2H),
7.34-7.27 (m, 3H), 7.24 (d, J=7.6 Hz, 2H), 7.18 (t, J= 7.6 Hz, 1H), 6.54 (dd, J=17.6,
10.8 Hz, 1H), 5.45 (d, J = 10.4 Hz, 1H), 5.38 (d, /= 17.2 Hz, 1H), 1.23 (s, 9H); 13C
NMR (100 MHz, CDCl;) 8 196.6, 153.3, 150.5, 138.4, 137.4, 133.3, 128.6, 127.8,
125.7, 125.0, 123.4, 121.5, 118.0, 116.8, 82.4, 76.2, 27.8; HRMS Calcd. for
C,1H,NO5" [M+H]™: 336.1600, found: 336.1601; M.p.: 74-75 °C.

[a]?°p = -176.7 (¢ 0.38, CH,Cl,) for 88% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column, Hexane/'PrOH = 95/5, 0.5 mL/min, 230 nm,
tminor = 10.745 min, tmajor = 9.639 min.

Racemic Sample of 7
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Chromatogram

mV
i ” _ 1?277A230nm
1000 & g
0; I 1 1 I I J\ 1 I /\ T T T T
8 10 11 12
min
Peak Table
772?2A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 9.711 11639295 896520 50.139
2 10.777 11574560 792510 49861
Total 23213855 1689029 100.000
Enantiomeric Sample of 7
Chromatogram
mV
7 “ 1 777A 230nm
1000
0__ I I I I I | I I_ ‘ I I I
8 10 11 12
min
Peak Table
79?A 230nm
Peak# Ret. Time Area Height Area%
| 9.639 14782317 1262981 94.016
2 10.745 940957 82847 5.984
Total 15723274 1345827 100.000
f) Pinnick oxidation for the preparation of compound 8
? 5 NaClO,, NaH,PO4+H,0, 0
@@{%H 2-Me-2-butene . PN oo
N e THF:£-BuOH:H,0 = 1:2:1 N e r
4 0°C, 5hrs 8
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Procedure (VIII): The compound 4 (0.1 mmol, 1 equiv.), NaH,PO,4 (0.6 mmol, 6
equiv.) was dissolved in the mixture solution of THF, ~-BuOH and H,O (1:2:1 mL), 2-
Me-2-butene (1 mmol, 10 equiv.) was added dropwised by a syringe at 0 °C, then
NaClO (0.5 mmol, 5 equiv.) was added in above solution while mataining temperature
at 0 °C for full conversion. After conversion, the reaction solution was quenched with
Na,SO;3 (0.8 mmol, 8 equiv.), then 0.5 M HCI was added for acidification. The obtained
mixture was extracted twice with EtOAc and water, the organic layers obtained were
dried over anhydrous Na,SO, and purified by column chromatography (DCM/MeOH:
10/1) to afford the product 8 in 95% yield.
(8)-2-(1-(tert-butoxycarbonyl)-3-oxo-2-phenylindolin-2-yl)acrylic acid (8)
Compound 8 (36 mg, 95% yield) were obtained as yellow solid following the procedure
VIII from 4a (0.1 mmol, 36.3 mg), NaH,PO, (0.6 mmol, 93.6 mg), 2-Me-2-butene (1
mmol, 0.11 mL) and NaClO, (0.5 mmol, 45.2 mg) stirred for 5 hrs. 'TH NMR (400
MHz, CDCls) & 8.23 (d, J= 7.2 Hz, 1H), 7.55-7.50 (m, 2H), 7.44 (d, J = 6.8 Hz, 2H),
7.32-7.28 (m, 3H), 7.02 (t, J= 7.2 Hz, 1H), 6.54 (s, 1H), 5.71 (s, 2H), 1.38 (s, 9H); 13C
NMR (125 MHz, CDCl,) ¢ 197.5, 170.2, 152.4, 151.3, 142.1, 136.1, 134.5, 132.0,
128.0, 127.9, 124.3, 123.1, 117.1, 82.9, 76.3, 28.0; HRMS Calcd. for C,,H,;NOsNa*
[M+Na]*: 402.1317, found: 402.1321; M.p.: 170-172 °C; [a]*°p = -25.2 (¢ 0.70,
CH,Cl,).

g) Preparation of compound 9

2 5 30% H,0,, ? 5
@%{Ph 24% NaOH Ph
N //\)kH MeOH, 0 °C, 45 min N o
H 00 H
3ae 9

Procedure (IX): A solution of 3ae (0.1 mmol, 1 equiv.) in MeOH was cooled to 0 °C
under nitrogen atmosphere, 30% H,0, (0.2 mmol, 2 equiv.) was added dropwised
slowly while keeping temperature at 0 °C, then 24% NaOH (0.03 mmol, 0.3 equiv.)
was added in above solution while keeping temperature at 0 °C for full conversion. The

mixture was then quenched with saturated Na,S,0; solution and extracted twice with
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EtOAc, the organic layers were combined and dried over anhydrous Na,SO,. The
residue obtained was purified by column chromatography (Petroleum ether/EtOAc:
8/1) to afford the product 9 in 44% yield with 93% ee.
2-((S)-3-oxo0-2-phenylindolin-2-yl)oxirane-2-carbaldehyde (9)

Compound 9 (12.3 mg, 44% yield) were obtained as yellow solid following the
procedure IX from 3ae (0.1 mmol, 26.3 mg), 30% H,0, (0.2 mmol, 22.7 mg, 15 pL)
and 24% NaOH (0.03 mmol, 5 mg, 5 pL) stirred for 45 mins.

TH NMR (400 MHz, CDCl3) 6 8.93 (s, 1H), 7.50 (dd, J= 18.8, 7.6 Hz, 4H), 7.37-7.29
(m, 3H), 6.94 (d, /= 8.4 Hz, 1H), 6.83 (t,J=7.6 Hz, 1H), 5.73 (s, 1H), 4.22 (d, /= 4.4
Hz, 1H), 3.35 (d, J= 4.4 Hz, 1H); 13C NMR (100 MHz, CDCl;) 6 196.9, 196.6, 160.5,
138.0, 136.2, 129.0, 128.4, 125.53, 125.51, 119.5, 118.3, 111.6, 68.8, 61.6, 48.5;
HRMS Calcd. for C{7H42NO3" [M+H]*: 280.0968, found: 280.0975; M.p.: 166-168 °C;
[0]*’p = -307.8 (¢ 0.20, CH,Cl,). for 93% ee; Enantiomeric excess was determined by
HPLC with a Chiralcel AD-H column, Hexane/PrOH = 90/10, 0.5 mL/min, 230 nm,
tminor = 22.317 min, tmajer = 24.102 min.

Racemic Sample of 9

Chromatogram
mV
8 g 1 777A 230nm
100
{) : 1 1 | 1 | I ] 1 1 | 1 1 1 I | 1 1 1 1 I 1 I I 1
21 22 23 24 25 26
min
Peak Table
77?7A 230nm
Peak# Ret. Time Area Height Area%
| 22222 4429509 162145 50.812
2 24.052 4287870 142877 49 188
Total 8717378 305022 100.000

Enantiomeric Sample of 9
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Chromatogram

mV
R 299
250 5 1 777A 230nm
| .
]
0 I I T T | I I T I | I T | I | I I I T | T I I I
21 27 23 24 25 26
min
Peak Table
77?A 230nm ‘ ‘
Peak# Ret. Time Area Height Area%
1 22317 336879 13128 3.522
2 24.102 9227023 304232 96.478
Total 9563902 317360 100.000
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6. X-ray data

-33

(120922)

™ PLATON-Oct 26 04:11:02 2022

154 WD-LYB87-ORTH o P 21 21 21

R = 0.05

J;i

3aa

RES= 0 -78 X

Table 1.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.487°
Absorption correction
Refinement method

Data / restraints / parameters

Goodness-of-fit on F?

Crystal data and structure refinement for WD-LY687-ORTH_ a-finalcif.

WD-LY687-ORTH_a
C18 HISN O2
277.31

100(2) K

1.54178 A
Orthorhombic
P2,2,2,

a=18.8982(5) A
b=12.1235(7) A

¢ =13.0719(7) A
1410.16(14) A3

4

1.306 Mg/m>

0.683 mm!

584

0.15x0.12 x 0.1 mm3
6.016 to 67.487°.
-10<=h<=10, -14<=k<=14, -15<=l<=15
13582

2449 [R(int) = 0.0572]

97.3 %

o= 90°.
B=90°.
v =90°.

Semi-empirical from equivalents
Full-matrix least-squares on F?
2449/0/191

1.646
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Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

R1=0.0541, wR2 =0.1838
R1=0.0555, wR2 =10.1889
0.05(11)

n/a

0.368 and -0.371 e.A-3

158

- (281122)

™ PLATON-Apr 12 13:4B:43 2023

166 LY929 o P 21 21 21

R = 0.05 RES= 0 -47 X

Prob = 50
Temp = 100

‘ cis /o Ph

Table 1. Crystal data and structure refinement for LY929 a-finalcif.

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

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 67.679°

80

LY929 a

C18 HISN O3

293.31

1002) K

1.54178 A

Orthorhombic

P2,2,24

a=10.4311(17) A o= 90°.
b=11.3052(17) A B=90°.
c=12.2205(18) A ¥ =90°.
1441.1(4) A3

4

1.352 Mg/m3

0.753 mm'!

616

0.10 x 0.09 x 0.07 mm?

5.330 to 68.068°.

-12<=h<=12, -13<=k<=13, -14<=l<=11
12864

2506 [R(int) = 0.0904]

97.1 %



Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7528 and 0.5246
Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 2506 /0/200

Goodness-of-fit on F2 1.033

Final R indices [[>2sigma(])] R1=0.0504, wR2=0.1031

R indices (all data) R1=0.0753, wR2 =10.1184
Absolute structure parameter 0.02)

Extinction coefficient n/a

Largest diff. peak and hole 0.265 and -0.233 e.A3
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7. NMR Spectra

00S'C—

CF5
CF3

FLO'T
=001

(ppm)

f1

PO RE 1

10

o
FR

+6¢

[45%33

0CS6¢E
6TL6E
8€6°6¢

LyT 0¥

_wc,_m_g

434 NNMJA
€vIETl

8TH'621 7

CLCOET
€09°061 9

SE€6°0¢1

99CT _;
£09° €1

coL’L
YOL'L
£€9€'8 —

€EL'8 —

5oz

660

— =6

T69¢T
950°8ST ~

YT 6st

CF3

0

CF3

0

160

82



-61.476

0 CF3

CF3

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2 -10 -20 -30 40 -50 —60 -70 -80 -90 -100 ~110 -120 130 ~140 ~150 ~160 ~170 ~180 ~190 200 ~210 ~220 -230 -240 ~250 260 —270 —280 ~290 ~300
f1 (ppm)

'H, 3C and 'F NMR spectra of compound 1j (400 MHz, DMSO-d5)

DO AORh YT -0 VAN =0
N R RN R R RN s S =]
Iy mgpnuunuuuY Y aaand
L e T N N N T T S S o o o O S
IS R A B

1k

T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

83



7899L
000°LL V

STELL

1po

(ppih)

001°SI1

1

110

6ST'8I1\

0€9°CC1

19 zZi

AY

66T°6T1 N

1Bo

P 621

OFF6ct

86¢CEl 7

S$86°¢el
LTO'LET

810651~
§T9'651

CN

(L

150

29€'T61 —

190

T
200

210

'H and '3C NMR spectra of compound 1k (400 MHz, CDCls)

/

———=TF001

———————mm————

- Fooc

— Hioz

(ppm)

f1

84



T89°9L /

000°LL
/

8I€LL

)

pp

8eeTTl
cos'cel /
co6'cel
896'vCl1 “
06¥°6C1
1L8°9¢1
696°9¢1 N.

98%°0S1T —

916'8ST ~

FZI 65T

/

11

9r0C61 —

'H and *C NMR spectra of compound 11 (400 MHz, CDCl;)

6
4
2
0
8

1.6

4
2
0
8
6
1
2
0

£50'9
$06'9

$T6'9
L61°L
861°L
S1TL

At
peTL |
sezL
eveL
9reL
09¢°L
VCKFJW
$9¢°L
96t°L
?v:r
zisLA\L
91S°L
oesL
vesL/
hﬂwa-

1S8°L

8LOB N\

80’8
660°8 \‘

€018

0T

£1 (ppm)

85



0

N

1o

il

ik 2 by

”\ :Ju.wn VM m

il

$£89°Q

[P Vo T oY L
i " ‘mn

100'LL 7

OCt LL

L

8997TO0T

(ppm)

0T 801

SS9'801

TO9 1T

OTET

1evel ,vr

LLYVCT X
S19'521 7,

1¥8°LT1

9€8°9¢1 —

08T'8%1 —
6LEIST

667 65T

10L°091 —

si18'¢6l —

'H and '3C NMR spectra of compound 10 (400 MHz, CDCl;)

€Sr'T—

150°L
690°L
ssTL
09T°L
L9V'L
S8pL
615°L
TS L
9€5°L ]
ovsL
955°L 1
195°L 1
9L5°LA
085°L
Y65°L A
L65°LA
6v8°L Y
898°L 4
906°L

LT6'L ;W
886'L
10087
8¢S
29¢'8
08€'8
€8

€06 —

F00'¢

160

(ppm)

f1

86



-20

-10

9Ty —

60

10

89°9

000 LL—=

LIELL

0t0°1CI
Tr0'ETl A
9EL'YTI

(ppm)

LLLYTI

1

0€9 9Tt

129°LT1 A

86L°LTI

TZT8CT JW
¥0S'8CI A

89°8T1
629621 7

98T’ 1€l \
6L6'CEL

00°S€l

6T 8T

9LE091 ~

86¥°191

oL’ €61 —

s

'H and 3C NMR spectra of compound 1w (400 MHz, CDCl3)

80L°L _—

Br

CN

1x

R
===
0T

el E€0C

0

S

(ppm)

f1

87



S

SYL'OL

666°9L

VSCTLL

ppm)

1

(324901
mmﬁw:w
£€06°CTI

LS6'ETT L

00C VT

0ST'8Cl 77
/-

£Z56Z1

HAEEE [

ooo.mm_\

scott

LSO'LST ~

e aCE

CN

1x

09¢°161 —

190

T
200

'H and *C NMR spectra of compound 1x

ET09

€09

LLTY —

TSLs —

09T'L

el

LB12

Rseo
6°0
- 0'1

€0

- 979
———— oy

IJ

8.5

£1 (ppm)

88



0g0'v1L L
S10°81
LEL'BT V
csece
wiu.NNV.
691°1¢

06C 1t =F

wg;m%
§co'ce

-300

S6E'SY —

T8S'LS —

99°Q.

000°LL—F

v69°€C- —

9G/L°66—

(pyjm)|

(ppn

TP 8CT
S9°8CI
015°8C1
€€6°8C1

=)
B

C997 8Tl
vyL 8T N.

0

VS CeT

SOCTET T
0€L°TE1

Zr1°8el ]
s

1550

N

H

/!/,’

PPh,

LB12

'H, 3C and 3'P NMR spectra of compound LB12 (400 MHz, CDCl5)

89



865 —

FAG

S61°L T
LOT'LA
SI1TLA
€2TLA
0vT'L A
LST'LA

/s

LB15

-

Fooo

oot
Tooz

%ﬁh.c

(ppm)

f1

€9T'L

T-.o

so0€'L
61¢°L
8zeL ]
1L
0€r'L ]
6€t'L
8Sv'L ]
9Lt

68b°L %
vebL

o

€68°LT~
6,981

€16°0¢
090°1€

oS TE T
/Nwaﬂm\

7Y

(4419

(ppm)

678'9C1 1

f1

00L°LT1

118°LT1 A
SEE]TI

€8E8TT
ISY'8TI A
8S9°8T1
999°'671 -7

—

sssoet If

[LSTFT

619°T€1

€9L°TEL
s zerd
BOFEET
8€6°LET
LSO'8€EL

LB15

70

0

90



-300

-250

-200

-150

)

b

b

Cl

s
) N
L|3|:>h2

LB15

=)
B

£1 (ppm)

0

'H, 3C and 3'P NMR spectra of compound LB15 (400 MHz, CDCl5)

U O

//

!

19

ot
Feot
860

Cl

LB16
|
A

Foso

Fsso

0" 1
e
o

't

f1 (ppm)

91



€0T8I~
coL81”

£€68°0€

—300

667°8S

TIRT

S$89°9L \

P
FOOLL

TCY LT

SLS'TTI
8691CI 1
CTL9T1 A

£1 (ppm)

SOP'8CI
£€€6°8C1

€9L78C1 A

¥8L0€E]

mv&ﬁﬂ
69°TET

18Tl N

£€88°CEl
9I¥'sel
1L

N

rr1°8¢€l

OIL6L1 —

Cl

e

S
HNJ\N
LB16

L H
PPh,

)l,/

981'vT-—

£1 (ppm)

Cl

s
vy
L H

PPh,

oA

LB16

'H, 3C and 3'P NMR spectra of compound LB16 (400 MHz, CDCl5)

92



o1
EO

865 —

J\/

LB19

A

Eco1

Tm.o

Foso

F00'C
o1

(ppm)

f1

006°L1~,
61881~
cerie’
6zI'1E

€TT8S
89¢°85 7

T89°9L
ooo&hW
8I1€LL

90

166221

(ppm)

f1

o
@
“
~

—

19€°8C1
YTy 8Tl /
809°8C1
veocel
089°Cel
s18°cel
€L8°CEL
9ILSET \
691°8¢€1
88T'8€1
oL 6€1

LI86LT —

LB19

93



vSTYe —

S
HN/ﬂ\N

L H
PPh-

LB19

£1 (ppm)

'H, 13C, 3P NMR spectra of compound LB19 (400 MHz, CDCls)

£€68°¢€ —

@]

) HN— =y

-
A

H
LF>F>h2

5

Reor |2
=" T¥e6o
== PO |

CF;,
T
0

LB21

4.5
f1 (ppm)

5.0

Feeo

I
ﬂt
5.5

= £00°1

E— Does |

] 0'S [
- =, Fioc

94



PP LT ~
Ly8'81

€91°ce
a4y
89°CE
19L7ce

€LEES
91§°€S

089°9L
CCCRBW
9IELL

LEYSTT

(ppm)

f1

089°CC-—

Gppm)

f1

TS8TT
966'811 1
60,7121

FCFFCT
LET'LTT A

85-8Tt

959°8Tt
158°8C1 A
986'8C1 Jﬁ
mww._mﬁy
VIS IET Y
jioad A
01szcel )m

96STET
ooLzer ]
98L°TEl K

STo'LEL

TrLLEL

686°LET

L6081
060 -
SE’PST —

3
CF;

0 CF
e )

L H
PPh,

.

LB21

oy
CF3

) HN-

H
LF>F>h2

LB21

150

0

95



-62.965

7.500
7.474
7.460
7.442

8.601
7517
A
Xmm
7.281
7.086
6175
6154

T
-100
£1 (ppm)

4.602

& CF3
) HN—y
L H
PPh, CFs
LB21
*1‘80 i *1_100 i *éZO i *é/i[) i *2‘50 i *2‘80 i *1“»00

'H, 13C, 3!P and '°F NMR spectra of compound LB21 (400 MHz, CDCl3)

5.0
f1 (ppm)

96

(=2 % — O — 0 NN
0~ v g~ »n <t — O 0 T
QT ST QR R
(o Il (o o Il — oo oo
=~ [
e /
i
I
Il
| (N
s i T
2 © = <
g = « B
s = <
T T T T T T T
3.0 2.5 2.0 1.5 1.0 0.5 0.




68F°L1~
798'81

9SI'IE
oom.ﬁmv
vryie
owh.wm\

€99°LS
608°LS v.

T89°9L
ooo.www
8I€LL

SLI6IT
¥SL 0TI
951°821 1
L61°8T1
YTT8TI A
997°8T1
00t°821
95H'8T1 ;
915°TEN
T19°TE1
LOL'TET
vos el
09€°SE1 —

—

LOLLET
T88°LET
6vCT'8¢€1

SLEBEL
8L9°CST —

SYS'6LT —

HN”ﬂ“N

{ !
PPhy

_

LB22

f1 (ppm)

8LSVT-—

LB22

250

£1 (ppm)

'H, 13C, 3P NMR spectra of compound LB22 (400 MHz, CDCls)

97



059y —

v
NN

~

_

/1

il

JJ

LB23

—
L H\moum

9

F—F009

Feo
<01
001

HYN@.O

(ppm)

f1

50

w_o.c

$60°81 ~
9LL'817

LYO'1E
161°1¢€
v89° 1€

0LL'TE

2685~
se5'85

189'9L
6669L V

(ppm)

911°STI
898°9CI 1

019,21

f1

004821
8€1'8T1
69181 |
LOS'STI
189'8T1
seL8el
£58'81 [
et d
veLeel %
ST6cel ]
versen
STI'SET
8€T'8ET
6€9°6€1 1
95L°6€1 7

198°6L1 —

), HNJLN@*Ph
L H
PPh,

LB23

98



oo
Feeo

699 — f - Tx.o
w
19~ _ .
= 8°0
29197 f T
981°L
LOT'L
09T°L
S0€°L
6T¢'L
— 761

1y L — = T
- = —

1LE'LF = B — 01

06¢°L Apoo

60t ]

= = Ter-
L9V
98b°L |

S0S'L % ~ -<{ Hiso

J
I

€0T YT —

£1 (ppm)

LB24

aatatat
e L H
PPhy

LB23

/}
|

'H, 13C, 3'P NMR spectra of compound LB23 (400 MHz, CDCls)

€TS°L
T€9°L
659°L
=5 289 1
soLL
st
817’87

99

f1 (ppm)




Yir'8s
hom.wwv.

T
g1eLL

wN_.mN_g
9¢1°CT1

PPhy

LB

TOT"9CT
0v6'921 1

I 1

CEV'LTI

€CC Lz

£1 (gpm)

Y6’ LT1

69€°8C1

Z0v8TT
Shp8TI

8Tt

PIS8TT
$89'8C1 7

ceLsTl If

s

LY9'CEl

teTet

BEYTEL
£26°C€1
161°S€ET ]
LY1'SEL ]

OvC8eT

0L0°6ET
sseopl |

ryovt
LS8'6LT —

Terve —

S

e avay
[ b
PPh;

LB24

-300

-250

-200

£1 (ppm)

'H, 13C, 3'P NMR spectra of compound LB24 (400 MHz, CDCls)

100



LY9Y —
LLT'9
09T'L
€0€°L
01€’L
€IeL
61¢°L
YTeL
LTEL
0€€°L |
SEEL
16€°L
L6E LA
SOv"L
01'L A
91¥'L A
YTyL A
TEP'L S

/1

S CF
sk Q

EPPhQ

CF3

s

LB26

EL60

Foeo

o

6.

5

6.

(ppm)

f1

SIsic
¥8S°1T

€0L's€E

TO8'SE

LTT6Y
Sye6r

VLot
000°LL 7
SSTLL /

99L78TT
0LY'611 4
£€¥9°1C1

(ppm)

1

06€°€TT §
SI8ETT

:. T
€Ts'8Tl ||
PrS8TI AL

6LS8CI A
009°8T1 N

L

r£6'821 7

66v°CEl 7

9tSTET
0s9°ze1

189°T€1
L00°L€1
¥80°LET
T8I°LET ]
09T'LET ]

vEY'L
e |
edn
sstL ]
09t'L |
S9pL ]
€Ly'L ]
SLYL
P8YL
€89°L
0L°L

986'8¢1

COBLT —

O
Zi

o
e/

<
Ay

CFs

PPh.

LB26

101



-24 942

T T T T T T T T T T T T T T
50 300 250 2 15 100 51 0 -50 ~10¢ ~15¢ ~4o1 -250 -300 -3

(ppm)

-62.843

CF3;

T T T T T T T T T T T T
100 80 60 40 20 0 —20 -10 —60 -80 —100

f1 (ppm)

'H, 13C, 3P and '°F NMR spectra of compound LB26 (400 MHz, CDCl5)

T T T T T T T T T T T T T
-120 -140 -160 -180 -200 -220 -240 -260 -280 -300

102



129v —

€579 —
09Ty
86T'L
20€°LA
11€°LA
T6€°LA
6L

S0+ L =

S
CF3
CF3

Q

S
HNJLN

/”'«E H
PPh,

LB27

_ Feee

== Fo60

\%L Fieo

(ppm)

f1

L61°0T —

6£'8C —
wTEE —

i

Sl

T
30

YS6'vS
€90°SS v.

Of/°Q

000°LL —F

YSTLL

Seo'6ell
§90°611 7

$60°611

S00°611 H#

90

(ppm)

T
100

f1

€CI611 A

99 1T

08S€Z1
0$8°€TT U

STO9TT

T19'8¢1

I 8CTT
900°621

609°z€1 4
rs9°zel u
190°Z€1

—=

TiyL
S1t°L
strL
vevL |
SEt'L ]
EPbL] \
TsyL]

9t
199°L 1
L189°L
197'8 7

908°CE1
SEELET ]
9L5°LE1

9bL'8E1 7

6€9°6L1 —

s CF
HN’LLNQ

ME\ H
PPh;

CF;

LB27

T

150

103



-25.244

CF
1 3
HN-" N
A H
CF
PPh- 3
LB27
‘50 3‘ Z‘ 0 b 1‘10 ‘O '5‘0 ‘O *‘50 —100 I‘FO *éOO *éﬁﬂ *2“.00 *2%
£1 | (ppm)
2
d
CF
S 3
, HN’H\N
e, L H
CF
PPh, *
LB27
lbO E‘KO (EO /10 QO ‘O *‘20 ' *‘10 *‘6 *1‘10 ' *I‘OO‘ *1‘20‘ *1‘10‘ *1‘60‘ *1‘80‘ *QOO‘ *éZO‘ *éri()‘ *2‘60‘ *2‘80‘ *:1‘,00
£1 (ppm)

'H, 13C, 3!P and '°F NMR spectra of compound LB27 (400 MHz, CDCl3)

104



SOI'T~
Wiz’

086'C~
s00'€ "

L8S7~
909~

°08's —

mmoHQ
av_.wg
oo_.wg
SS1°L Y
[€TLA
YT LA
09T'L
88T'L

=m

L

A

CF
CFs

S
Ph
HNJ\N
PPhy
LB28

Ph

Tc;

Lot

Bie
Fire
Fire

180°%1 —

919°CC —

SIS'SS~.
90195

YLoL

cccnh\
$8T° \

PTE6IT
LLE6TT |

TEF T
L99°€T1

£1 (ppm)

6S8°€T1
T88°€CI
0¥8°ST1 A

coLTt
TTI°LTT A
0S8°LT1

CST 8T

TOTRCT

LYY'8T1 ~

13821

zss°8T1
019821

S€8°8CI

14Y

€zeL]
ovEL
99¢'.
Ly ]
9St°L ]
L9VL
9LyL
L8¥°L
1v9°L ]
8€T'8 7

——

=70

=01

%ho.c

ET68CT
L11°6T1
€E1°TET ]
6Lz ZE1

0r97e1

s
O6Tet

86°CET

vv_,mml

88°9¢1
YL69€ET
6ELLET

o
©°
<
©
A

—

(ppfm)

110
105

120

130

CF
CFsq

S
HNJLN
PPhy

LB28

Ph

Ph




-27.649

CF
PR ’
HNAL
Ph H
PPh; &R
LB28
‘50 3‘00 2‘50 1‘-’0 1‘00 0 ‘0 *‘50 *I‘OO *I‘?O *éOO *éﬁﬂ *2“‘00 *2&
£1 | (ppm)
CF
Ph ’
AN
Ph H
PPh; OFi
LB28
1‘00 AO P‘SO 4‘0 QO ‘0 *‘20 *‘40 ' *‘6 *‘80 ' *I‘OO‘ *I‘L_’O‘ *1‘/10‘ *1‘50‘ *1‘80‘ *QOO‘ *é)}ﬂ‘ *Q/m‘ *ékif)‘ *QXO‘ *Z%OO
£1 (ppm)

'H, 13C, 3!P and '°F NMR spectra of compound LB28 (400 MHz, CDCl3)

106



1L8°0
Sw.oW —
L06°0

L19°1— //

ILET
98¢ T~

[

Ji

A

oo
T

90t°C \ /

¥4 e
9L9°C \

S8y — f

9 — /
09T’L

L0€L
LTEL

LEEL

et ——
65v'L A —_
0st'L
65t'L
€81'L
vovL
10S'L
vLOL
S0L'L

96’8 — f

LB28

o

WN_@
Ty

H\vc.m

£1 (ppm)

€8€°CC —
yerse—

9TI'vE —

0SS+
mmo.iav.
9T81¢
mm@;mv.

189°9L
mmm.th
LIELL

SLY'8T1
688°811
coeeTICl
06¢°¢Tl
801°vCl
¥C89¢C1
€C5'8Tl /
$8S°8CI
S68°8CI1

086°8C1
06¥° el
c69°cel

688°CEl
IssLel
€69°LET
178°8¢1

cLTeLt —

CF;

S

HNJ\N

L H
PPh, CF3

‘4,

LB29

£1 (ppm)

107



-25.355

T T T T T T
300 250 200 150 100 50 0 -50 -100 -150 -200 -250 -300 -3

£1 (ppm)
o
3
*®
ol
©
CF
s 3
ko
Y L H
PPhy CFs
LB29
80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 —280 -300
£1 (ppm)

'H, 13C, 3!P and '°F NMR spectra of compound LB29 (400 MHz, CDCl3)

108



180
$88°0
1€s°1
LES'T
Tss'
€861\
109°1
L19'1
96£°C
1v'C
1€6°C
ShrT—
09s°C
9LST
96S°C
T19°C

998'v —

£€01°9
0€1°L
1STL 7
09T°L
T6TL
90¢€°L |
vZEL |
LES'L
T9€°L |
T8E'L
00v°L
Ibb'L
6vt'L A
SSP'L A
0917/ N

=

_

J/

LB30

o619

Feare

Feot
Foo1

th.c

00T
0oL

19

(ppm)

f1

69°L 7]
08°L |
881°L ]
96°L ]
605°L ]
vISL %
LTS

vESTL A
L5
965°L |
LeTg?

T
=80

Tw.c

91t TT
LY9TT~.
180577/

€SEve
861 vE

wrvy
9IS vy

PS0TS
Lores”

189°9L
@@@.@hw
9I€’LL

ppm)

9L0°STI

f1

TISITT

C6SITT

6LE°8C1
CTIv'8TI

9VV 8T
98871
109821
€5L°8TI
Pr8'8T1 —
$0S°ZE1
$69°TE1 7|
cogzerd
et
€r1SEl
6L

NI

H N’JL“N

.[\ b
PPhs

oLL6E1 -

6TE6LT —

4,

LB30

109



968'¥C- —

-300

-250

-200

U=l

Ii N
PPh,

LB30

£1 (ppm)

TH, 3C and 3'P NMR spectra of compound LB30 (400 MHz, CDCl5)

o -
o~
Qv
—

e

//

——

OMe

OMe

ALy

LB31

)

[N

L

Feoe

Ise0
Freo

009

Foso
=960

0T

oz
Fe19

f1 (ppm)

110



9EP'TT
$$9°7T
otrse”/

8SEVE
70S'v€ v.

YSE b
srevh
ov1°Ts

18225
c6ess

089°9L
666'9L V

OTCLL

09%°66 —

697601 —

f1 [(ppm)

610°sT1
o;.wﬁ%

eV 8CT
LLY'STI
€15°821
LT9'8T1
OLLSTI [
6zsTel I

ozLzerdf

segzel
cLost
1Tese
€66°LET ]
SO1'8€1
SHTSET ]

29€'8€1 1
206t

L96°TH1 1
ocr 1917

T6e6L1 —

OMe

S

HNJLN

. L b
PPh,

OMe

/I,

LB31

1140

190

re6'vT- —

OMe

S

ALy

s, HN

OMe

H

2

LPPh

LB31

—300

-250

-200

-150

—100

—50

f1 (ppm)

TH, 3C and 3'P NMR spectra of compound LB31 (400 MHz, CDCl5)

111



209

/

CFs

S
HNJLN

L H
PPh,

CF,

7o

LB32

Feoe

Foot

w;.o

oz
909
Fozy
80T

EF60°1

(ppm)

f1

8.

9.0

v1s°CT
6C9°CC

eg1'sc

yieve
oTr've

19S'v1

9€9'vy

162:2S

LOY'TS

YL 9L

000

1279

886°611

(ppm)

L1ICTCT

LST'TTI

8TLWTI

00T"¢TT

0659TT
GL6°9ZT

866°9TT ¢

681°8C1 )

T€S°8T1 7 L

£158TT
L1L'STI ]
118°8T1
€68'8C1
06+
€L1°TEL
SEVTET |
vrszel |
$69z¢1 |
LE6CET
T6UEET
POE9ET
Tegoet
LLO'SET
€6178€1

gy

[}

w

=
=

s

[

-
L
O

LB32

PPh,

[P
896'1¥1
T8€6L1 "

112



“
I
PN
a
CF,
Y// O O
PPh2 3
‘50 3‘00 2| be) 1‘50 1‘ 0 o ‘0 JSO 71‘00 71‘50 fé()o féﬁﬂ f:%()(l 714
£1| (ppm)
“
=
a
©
S CF,
" HN N O O
TR
PPh; CF;
LB32
T e e e A B e B e s S I o T PG
100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 —240 —260 —280 -300
f1 (ppm)

'H, 13C, 3!P and '°F NMR spectra of compound LB32 (400 MHz, CDCl3)

113



098°0
m&.ow _ =19 | o P8y
$88°0 = €09~
69T1 — — — = =460 osree”
cecl ) . 789'6T
ae - —_— e[t TS
N

bocT = TESTp
QLeT o o 229t
66€°C 8S+HE
YIr T — Q O =="F0T = 867°CS

. o
65T 2 ~ = Foeo
609°C
0£9°C B
vv9°C [

1899
L 000°LL—F
O “ 91¢ \
”ANH
=z
I

S

2 U

90

Gpom)
114

1

CF3

LB33

160

PPh,

T
70

1po

B
o 3 E
- & o]
2 o o F<_ 091611 w
- - mﬁn_ﬂL‘
o J - O
568y — N < Ro [ 81T
[ 8BRS FEH
0€0°sT1 4
196921 |
LS B
0S1°97 ° 19¥°8T1
9TT'L YOS BCT=f
IWT'L |e LTS'8T1
192°L { . e €IS8CT
L0€L ~ Feso 869°8T1 u
PTELA o 7L8'8T1
LEEL re 99L°1€1
1€V°L A L60°TET ]
ost'L 6TrTel
1 - o]
LOV'L [ 80S°TE1
vLvL 4W - S R L69°TE1 %
ostyLf —— Tcrg T
88V L~F m iS1%7 \m @@#J;H
cov'Lf B \J 60T mg%ﬁq‘
86b°L | |} ] PrPI9ET
80S = RO 9L6'9€1 1
L1sL] ve F A | —
€85°L . £90°8€1 |
= L
mcciﬁ ~ Fevo - IP1°8€1 |
oxx.i re GFCRET
166°L S00°TH1
9678 Sre6Ll

Q




Y\LHNJLH L

S CFs

-25.217

'H, 13C, 3!P and '°F NMR spectra of compound LB33 (400 MHz, CDCl3)

115

PPh, CFs
LB33
‘50 A‘OO 2‘ 0 zbn 1‘50 1‘00 5‘0 ‘O J 0 *I‘OO *I‘ﬁﬂ *éﬂﬂ *éﬁﬂ *2%00 *A
f1 (ppm)
<.
3
g
5 CF;
H
PPh, CF3
LB33
100 80 60 10 20 [ -20 40 € -80 -100 -120 -140 -160 -180 -200 -220 —240 —260 —280 -300
f1 (ppm)



8CI'LT—

€T

N

to€

£1 (ppm)

609°CL \

70

T89°9L

000

STCLL

SE9ITIL

e

£1 (ppm)

089°8TT
98 1°STI

6LEBII //
L

oo

Y F=reral

Y

092t

6vS°'8T1 T

SQLLEL

6R°LF1

0Ey’ Syl —

957651 —

3aa

”

IrP'861 ~
090°00Z

2l

'H and *C NMR spectra of compound 3aa (400 MHz, CDCls)

116



°
&
s
I [< 3 °
I
L2 3 Lo
2001y . €108 — = Lo
120°1 W _ E80°€ [
6£0°1 <
u S
- Le
9€9°C ) to°cE =
§S9°C -
€L9°C 4 [ei s
189°C
669°T L2
LILT Foi
Gl == T
TsLT M = T:.N E e
-
0LL'T Fes
68LT SP8'TLA Le
L08°T T89°9L / E—
18T \M Ooo”hh N e
mmx.& SIELL
1$8°C
= S48 : =
(AR z —=
& £ E [g2
. 2 Lo = T80t =
ZT % 005811 / 3 =
689811 / E -
e 99LpzIa|
< zepstl / =
S8T°LTI B ——
e T09°LTLT = E L2
[ 095 8Tt E
19L°L€1 - o
. 6 Let
re  Cersyl — —
oree I Oc
— —

o/ oot LS o o
£§5°3 € LLS'6ST— — B
206'9 _ oot o
€26 =0T zr 8 B
6TT'L \ 7
IVTL~N R = =80'1 -
09CL 7 \ O wocT [ r=
e —_— —— T |
€LTL o [
€6T'L =
01€L - E
L o €C861 — —— =]
YL L1707 — — °
SSv'L . R
UYL b ‘ Fa
SSs'L
YLS'L LS

N 2

'H and '*C NMR spectra of compound 3ab (400 MHz, CDCl;)

117



L2 )
°
F
Fs
. Lo
MMN.NW — — Erre |
980 3 2
9061 L 98sEl —
1TS°1 W 8SSLT s
ST — _ % e
—— 0'C
v95°1 N o
€851
1091 °
[ £SL 0 — H<
609°T
979°'T s
0S9°'T L= 2
L99°C .
5897 f — Froe -
€0L'T |o
9TLT @ 6v8'TL te
YrL'T TBIIL\
000°LL B
o 8IELL “
3
N =
= 1
o Q111 - bl
m e 9st'81l / E
Ll T 059811 =
S81'STI Y °
. voFsc
re  s€TLTl %
0LSLTT 2
16291 STs8Tl
cee \W 9SLLET
wmm.wu SP6LED =
490 1 8PESHI — .
€8L°9 1 LS r=
10879 1 < R
G 16°0 S5 66— 2
20691 = Yoot
€269 Reeo L@
L0TL < Le
STTL Y )
€T — 101 -
. FO00T El | =)
09T'L b =
1LT°LA .
06z'L 7 E—— 00T m Ls
80€°L — Foe wm (]
T 00T TFCReEF—
IvtL Y8420 — o
ssL ] -
iy Fes S
v6tL ]
LSS'LH L5
LLsL? L=

'H and *C NMR spectra of compound 3ac (400 MHz, CDCl5)

118



Ph

N

o

9zZ1¢

Fos 89°9/

000°LL—F
81€LL \

3ad

¥09°CI1 4

9Z1°611

9r0°0Z1 |

5
f1 (ppm)

119

1 (ppm)

LS9°STT

- SEL'STI A

@ 9p1°921
— =60 £9%°8T1

o T19°821 t/ﬂ

Gl €1L°8T1

sh0'621

——

=

°© [010) t
S

preLer

868°LEI

150

© 910°8€1

< 18y SvT~
N LY0°091 —

'H and '*C NMR spectra of compound 3ad (400 MHz, CDCl;)




3ae

\J =160

60

- = =101

H4 00T

£1 (ppm)

86°0.

89 9L
000°LL V

Sm&h\

60L°111

£1 (pgm)

(AR

686'81T
18€°ST1

£0cezI A

_ Free
— L0

=0T

968 LTt

0€9°8C1 7/
8S8°9€T
LTULEL T
SE6'LET \
Y66' ST —

VSL6ST—

3ae

08¢¥61 —
616°L61 —

'H and *C NMR spectra of compound 3ae (400 MHz, CDCl5)

120



€00°1C—

e l
5 I‘O 0‘5

€60°C— =00°¢ [
[oi
°
wm 9¥8'0L
T89'9L
e 000 ZL
N 8IELL /s
°
M
6C1'9 ~
T8€9 -
€819 i woo.:_/
2089 o ™ €I1T8I1

Fs 016°811

£1 (ppm)

121

028'9 - _ Tz60 | )
3069 9P CT1 A
_ _ -

B0z |S

826'9 w001 [0 steeTL
Lol S goreet
R:/ _ - 2660 o8 EE

'H and *C NMR spectra of compound 3be (400 MHz, CDCl3)

09T'L _— — e [T MMWHMM“/
T0€° L~ _ = 10T
A — el womﬁm_N
99t'L T ———= 60 |~  Sl10Opl—
98%'L -
[ [
99s°L . 6TL6S1—
S85°L o
-
Fo
7$6 60 L
-
re
197761 —
© Z0I'R61 —
re
-




LLY'OL~
89°9L

000 LL

m_m,hh\

o_m._:/

0f
¢
122

EBLSTT /
aom,m:/
980°811 "
861°611—
1€67STI~
£5TLTLT

YECLTL

o
— b
P
re
B
=

P
B
4 Foi
o
Foi
B
B
r<
B
Fe
2
B
B
rs

——  Ft60
—— 660 |
rs

I ZE0'l
- —— | w0z |°
————— ] Fe
0T [*

—

T99°CET 7,
069°C¢1
LT LET r

S8LOBET )
906°S¥1
169°6ST ~\

90£° 191 —

190°€917

ZT

3ce

0

B

1

140

Foor

00¥'¥61 —

6€8°L6T —




S69VII-—

e
-
2
\% ~~
[ -
. O
oA
[ Q
‘m N
] an)
s =
R
[ S
e T
! (5]
L 9
o
NG
[ =
- =)
L o
i <%
v Q
[ oy
n 5}
& =
St
=
r Q
° o
s g
L wn
m
\0 N
B
S
I [ =)
c =Y
g - E
. @)
ER
. =
[s

-
e
Fs
-
4
| o
-
M [
-
-
-
e ~
g
e
Fe =
-
LIT9— —_— Eueo | ©
56£°9 — =101 | @
€089 [<
789 0'1
:;.o\ﬂ — H\Mﬂv Lo

a J =~
el et

. P — 0T | o
(A0 0T [~
09z°L] o Mot
EN.J -
8LEL [
66€°L ]
6Ly L] L2
6L “
LisL]

o <
L95°L ] Fo
985°L
Les6— — — =01 [

-
re
S

123



"

At

Ll

8TS 0L

T89°9L
000°LL
S8IELL 7/

TYSTTT,
SPO'8ITI
L9T611 V
05s°sTl
SP6'971

1| (pm

gy

76 €el ~
67SSEN 77

h@m.hm_\
SeI8el

9L SYT

0L9°6ST —

8YEVOl —
covLel —

'H and *C NMR spectra of compound 3de (400 MHz, CDCl3)

£1 (ppm)

124



P6S0L\
¥89°9L
T

1€

He£L

1 (ppm

198°111
990°81T1 V

PoT oI

oL1'cel N\
65S°STI N

OUT ZCeT—

£0L1€1

OV 9€1

88€°LET N

6H1-8ET

6ELCY] —

269651 —

3ee

VT vor —
CTEL6]T —

'H and '3C NMR spectra of compound 3ee (400 MHz, CDCl;)

NN

Y

£1 (ppm)

125



FLF 0L,
_089°9L

866'9L

c_m.hh\

806111

v66°LI1 //

i (ppm)

| WA oY W Y

88L°CC1 )%

SECPTI\L

0SS°STI ~
L1S'8TI —

hN_dm_\
PE0'IET i

OSCZET=r

LLTSET *
s}y | \‘

GS ST

699°6S1 —

08T’ ¥61 ~—

12,61 —

'H and 3C NMR spectra of compound 3fe (400 MHz, CDCl;)

1ST9~

o

€80

f1 (ppm)

L9’
1989

10

0989
6989
w&i
688°9

9s1°L
Lo
€61°L ]
097°L ]
€LTL
96T°L |
L]
LovL]
98v°L ]
S0s'L
+09°

o
H\‘_c._
m\mo,c

001

YTo'L
089°L
669°L
796

60

126



000°LL 7
8IELL \

3ge

0

(on

LV CITy

q

L610ZE
t

1jro

686'7CI

TPP LTI

96L°6CT
6SY'0ET A
LST'SET

e

BCILT T
0L9LET =T

gy

YL LEL

L Sr—

€06°6S1 —

680°€61 —

020'861 —

'H and *C NMR spectra of compound 3ge (400 MHz, CDCl5)

€81'c—

€09
219 ]
7799 ]
P89 ]
7589 1
858°9 1
1L8°9 |
6L8°9 1
611°L
6T1L
serL
[AYE
181°L
PST'L
€61°L Y
Tl
eIy
09TL

Ty
oLtL
06tL
€6t°L ]
961°L
s,
vIS'L]
199°L 1
1897,
$69°6—

960

T o

8670
10T
66T
00°1

7101
L6

—68°0

£1 (ppm)

127



8¥6°0C —

1 (ppy

€crvel —

ST66T

'H and *C NMR spectra of compound 3he (400 MHz, CDCl3)

vs'6 — —

3ie

Fiot

Ea
xo!
10T

Froo

Fio

£1 (ppm)

128



108°0L

T89°9L
000°LL V

STTLL

£98766 1
€V6'T11
YS6'LTT 4/
SSH'611

619271

£1| (ppm)

scesaiy
S1s°T1 o

ccczy

8sssTif
szoszif
956'ST1 ~

o6 6TT

9CT 0T

LY LT

5 T

LSO'1¥1

8C9°CP1

cEL'6ST —

€0EPOl ~

9S0°L61T —

€SP Co- —

f1 (ppm)

'H, 3C and "F NMR spectra of compound 3ie (400 MHz, CDCl;)

129



(ppm)

f1

00b°0L~
789°9L
000°LL
sreLL

on o

STO'LITA
L10°0T1

o

T8 fct

8S6tct

(ppn|

S66°1CI

f1

TS0 22T

0L0°221

1ESHTI A
YC9°STI A
6L0°9T1 L
2119717

-
w9 — _ Tveo | ©
5788 060
m&.o/ B o1
€169 —_— oo 12
LY6'9 101
866'9 \ ] .
810°L L=
f/ = X o~
09CT°L WE.N
£S°L I R B
_ I
e I — = ¥ LD
T8S°L
66S°L B
619°L [
98L°L
956°L |e
<
€rS6 — — 001 wG
-

9T IEl £
S6S1el )

w m,_ﬂ_\\

65T°TEL
esegel )

765°8¢1

£90:041

CTECPl

TCTL'6ST —

8IY6l ~
1€€°961 —

130



-300

-260 -280

-240

£1 (ppm)

YTSTY

'H ,'3C and 'F NMR spectra of compound 3je (400 MHz, CDCl5)

[

In

101

Top

f1 (ppm)

T

o

Foo't

131



A

618°0L~\
89°9L V

C00°LL
0zg: S

LTLTTL
¥S0°CIT
788°LI1T

£1 (ppm)

865 8TT ~

LSO'611

86S°STI 7

VEV9TT
oreTel 4
P8LLET T

9EY8ET

98y 1 \\

FG6ESET
FoF-SHt

12L6ST —

L6+

CN

3ke

909961

'H and *C NMR spectra of compound 3ke (400 MHz, CDCl3)

A

"

|

FL6'0
=T0'1

10T
50T

=00C

| z80'1
o't

F6'1

— =160

£1 (ppm)

132



133

B o
A
o
2 T
Lo
&
1 Le
L 7
- g
- B @)
i le @]
E \V\ HZ.,
S
Lz m
ISE 0L~ | e N
o 2
ot A
61¢ =
=}
. B
T o s
. CR |
120°TIT~ N = )
& - =
i — 3
T B O 06C°9 ~ P 76°0
£ 3 _ — K
Ctecny L= m.. 9569~ S0l
- 6789
96581~ 0o =T ) =k L DMA 8v8°9 M —
£01SHT ~ — __8 998°9 —
959117 “ ~ B Z 106'9 # —_—
8200517 1 - &) Ro.ﬁ
- 969 —
TE8'6ST — — Fe - 956'9
- ..m L9691
2 < v20°L
s z€0°L ]
= ar 081°L 1
L2 ._
3 €61°L
= - 097°L |
3 2 6Ly'L]
0S0'P61 ~ — S6v°L ]
€8€°961 3 Ls Emi
Bl 609 h\; —_— J 001
2 - 8T9'L
ra 2956
3




(il i

|

68
789°9L
000°LL V

STCLL

1 (ppm)

VIO T

90 3TT
LOS6T1 %

08P

bLTSTIN
8€9°sT1 7
/

98¢ /71

89T LET
186'L€17

IS TPT

SI8SHl

LES6ST —

8S0'v61 ~—

£ 06—

678961

'H and *C NMR spectra of compound 3me (400 MHz, CDCl;)

L

J«

|

\
B

k

I

\; w\

!

Fe60
Feo1

Feo1
0T

=80

£1 (ppm)

|

bsoe
o€
001

oot

134



€ET'IL

789°9L
000°LL
8I1€LL

908°I114
€6CT811
860°611
PIE€€Tl o

M\Mm\wwj
Szl
s |
651°921
ayias |
0€1'8TI A
6£s78T1 AL
816€1
ﬁ:.mm_%
eIevel —
16€°LE1-T
100°8¢1
6£6°SY1 —

v

£1 (ppm)

6LL6ST —

P8EY61 —
T06°L6T —

'H and *C NMR spectra of compound 3ne (400 MHz, CDCl3)

H/rc.w

£1 (ppm)

H\ao.o

7011

+

968 9=

Jf

L

7.

F+
00t

o'l
60

'y

s

Q43

|

135



0L9°0L~_
789°9L

000°LL

YW

VOCTOT —~

STTI0T ~_

Y6 80T —

(ppm)

689111 —

6L0°8TT

88’8

ogs'str 7
€890 —

0SI'LET
$96°LEL
168°St1~
LYl ~

CIORETL

019651 —

Qb pe] —

Twe'Lel —

'H and *C NMR spectra of compound 3oe (400 MHz, CDCl5)

LTET—

A

J

A

£1 (ppm)

=001

136



896 1T —

S06'L9 —

89°Q.

000°LL—F
LIELL /

yeoell

TLYETT
996'811 1

AN

6l
SIH1T1

00E€Z1

CCRPTI

£1 | (ppm)

160°STI L
01¥°STI ¢
818971 ~&

106621
L vel 7

69 cer |
T

FE6LEt

£€50°8¢€1 \\

SE6 vv_\
890°S¥1
919'6ST —

Q69 Cer —

YLI'L6T —

'H and *C NMR spectra of compound 3pe (400 MHz, CDCl3)

=}
B
-
B
Foi
B
B
-
Fe 2
g
B
[<
8619 — - 660
€149 — - =01 |
S
0£8°9
7889 2501 =
28897 Feo L2
09T'L - o€
- B -
69T'L — Tl
L8T'L J— e
. [ —
66T'L 360
SIE°L lo
9€€°L %
86€°L
9I¥'L L
ors'L
95°L B
¥89°L Fo
L B | e
9¢5°6 1 =001 [
-
re
o

137



o

LO9'IL
789°9L N\

06"

8I€LL

1 (po)

6v60TT
nnn,m:/

oL 61l

<

Czt
e set

S8 LTI

Ov1'8C1 7

SLRT1

9LT9ET 7
98T'LET *
I1R€°0F1

00L'SP1

OC VoI
9L5961

'H and *C NMR spectra of compound 3qe (400 MHz, CDCl3)

YTs6 —

Ll

L

160

=101

f1 (ppm)

138



10

o

FR

6617 1L~
189°9L

666'9L ~:
i

+Z6°601

(ppn)

YoOL VI
1L6°611 ;/

989°8¢C1
ILTeel
mom.cﬂ#

¥8¢°6T1
nwo.wﬂw

oYY LET

9962617

YyL Syl —

0L8°091 —

€SEP6T ~
L00°s61 7"

3re

Cl

'H and '3C NMR spectra of compound 3re (400 MHz, CDCl;)

N PhO

3se

£1 (ppm)

=860

139



m

(MY

°89°9L

000°LL

8TECLL

606'L6~,
69186

TTLLOT
0L6'L01 7

f1 (ppm)

09L P11
69L Il v

01€°STI A

£98°LT1

686°LCT
6S0°8C1 N

SIL'8TI

aaans

865 9tT \
ovTLET

O SHI—

960°191

£6S 89T ~

VT ILT

N Ph O

3se

o€ +61

w6's61

vI1'86-—

T
—300

~240 ~260 -280

-220

~140 -160 -180 -200

-120

f1 (ppm)

'H ,"3C and 'F NMR spectra of compound 3se (400 MHz, CDCl5)

140



IsL¢€—

TN

)

o

f1 (ppm)

50|

S66'1L
£89'9 N\

C00°'LL

61¢LL

pipm)

SLE 0] —

reeert —

6ZESTT

(1} ral

L98°LT1 \

€CL8TT —

£66°9¢1
SLO'LEL v

= =960

06T9¥1
TLEEST N
8EL'SST ~

18TY6T

L1861 —

'H and 3C NMR spectra of compound 3te (400 MHz, CDCl;)

141



€LET—

$60°9
2869
1299
Ly9°9
9TL'9
926'9
0L

—

0

[V

£1 (ppm)

ALAW

e

0%S —

02.:/

TRY9L
000"

Qre:

SHELL

mg._:
2P6° Sl _V

£1 (ppm)

cei0z1 A\

zicsel //

HEE ST
608°LTT ~

6S8TT

BOO 7T

AR
09z°L
S8TLA

tav)
L
PitvL
pevL
LStL
LivL

SE€S°6 —

3ue

ST LEl

SOI'OP1 —

09671

8€T091 —

VLY P61 ~

OCT Lot

'H and *C NMR spectra of compound 3ue (400 MHz, CDCl3)

142



ILTT—

-

U L

—

e

001

£1 (ppm)

SOY°0C —

£04°1

¥89°9L
000°LL
LIELL

v

£1 (ppp)

GILFCT

ShySTIA|

wsLTl~
€298z
626'9€1
LYTLET W
06€°6€1
(14X a 0

YLT8ST —

o —

886°L61 —

'H and *C NMR spectra of compound 3ve (400 MHz, CDCls)

143



96€°C — . Feoe

1619

6vr9

LY99

£99°9 - !

S8L°9 g0

mmo.c/ —_ - 160
. - H\do.c

09z'L — T tu60

YTr'L ) seo

YEV'L — -

L vi i /F

Syl —— —

S6tL /F = 1 ?o.v

0°¢

e - o

e = ——

SLLL

S6L'L

888°L

9L5°6 — — ———— 960

£1 (ppm)

985°CC —

LECTL
C89°9L )/

000'LL
BIELLT

9LLTTTY
L0911

196'0C1 1

STeecT

TOS VT

ff (op

8TSTT

5021

+£0-9¢t

9019714

STSLTT
szrsziqfb
CRE'RT1

168261
pol-eel >
ey
SOSFET

el

65091 —

Lb8'6v1 —

0LT091 —

3we

T
180

190

0

210|

220

'H and *C NMR spectra of compound 3we (400 MHz, CDCl3)

144



0LT'9 —
L9Y'9 —
8989

Owwdw
688°9

09T L ~
LSS'L \

8LS'LF
€09°L
STO'L

¥69°L

Y6 —

e

560

10T

oS
101

F00'1

£1 (ppm)

TIPTTLN
T89°9L
000°LL ~

Qre:
SHELL

YLOTIT
666°111

£1 (ppm

999°¢l1

€8Y'8IT 7
Z'6ll \

§9€°9CI —

0S6°LTT
ovbzer 7
188°LE1 —
968°0v1 7

9T8’IP1
NN_.mv_\

SIT8ST —

LOO'P6T ~

98TS6T

'H and *C NMR spectra of compound 3xe (400 MHz, CDCl5)

145



- Lo
e
e
e
L= B
> ‘9z —
Wyl T J Teoe |2 860'8T s
S =
LS =
- =
[ e
-
Fos k2
T
(@] [« 060 FL_ =
|\. 789°9L~ |
- ,
2 IS 000°ZL] 5
z o STELL, —
o] ooee
an] L2 =
I
E 0]
bz =
) Lwh
1 g :
TIrLA ha = - L, 0 T=C
orrery =i
bor L] S 9€'€ 0 ] o
09T°L re voreel Zm LS
Sm,h% v vel _d
6RT 1
sl
ZreL] — Fs 91zsz 7 B
. $8T'8TI —
ferc ] ° ShoEel
L} ~ [~ oscost j s
hwv.w) Eiataed —]
. +0 681
: Fe OVo-OvT m
wmo.n Y = = OHOGh~ &
0s0'L szezst 7 =
099°L B ]
089°L “ Fe
0LTs — \
\8‘, .
-
LS -
095°6 — — S R it B
obc ey — g
B SrSH6+
ls S 56T — — -
=
s
h Lo

'H and *C NMR spectra of compound 4 (400 MHz, CDCl;)

146



9€0°1 ~,
€501

q 0 |
M 0¢
J_ Fo
I @
o o
L o
o F<
O ZT
5 =3
== Tueo uw
\n\m Feot B

=001

90T

0918~
$90°67

LOS'TS ~
06L€s

d

9851
LE9TL V

08997

G

5
6669

LIELL

reESHH
0CI'CIT
VL6811

Y8611 q
L88'611

ppm)

VSTSCT
6T STl ;

1

ISE ST

0€b'sTL ;
1L8°LT1 A

Tr0'8TI A
608°8T1 L
966°871 7

£99°9¢1

SYOLELT

8L9°LEL \
9T8'LE1

1S6°6ST ~

OT6 09T

SS6°661

6100

$60 TOC
S16'20T

'H and *C NMR spectra of compound 5 (400 MHz, CDCl;)

147



81T°S9 —

° 860°SL

- 3»3%
000°LL

YSTLL 7

f1 (ppm)

148

\
Ph

\\ \__OH

=860
S201 2
< LesTII
“ 969911 /
- POE6I1
e TICGTT=C
6SECTI~
0T |- YSyoTT—
Fs 626'LT1 \
£89°'8T1
th . .
° 665°LEL
[< 6E8Et
LLYSPT ~
001 | 910091 —
~
T0°¢
H\_c._ "
20T [~
001

'H and *C NMR spectra of compound 6 (400 MHz, CDCl;)

056661 —




legr— T————

s

Fros

e
1 Mool

) /660
0T
Asore

Froz

Tm.o

£1 (ppm)

8€8°LT—

o
R

91°9.

209G

€89-9L

ooo.hh\

8IE€LL

LYET8

SLLOTI
h:o.m:/

Ly1cl

£1| (ppm)

€0V €Tl

100°STT ~
80L°ST1 7

130

S 2L

9SS"8T1 \\

0geeel
89¢° /€1

653CT 7

oo
8TEEST —

86C961 —

'H and *C NMR spectra of compound 7 (400 MHz, CDCl;)

149



T —

YIL'S —

-_—

10°8T

9

9pL°9
VL 9L Di

000°Z:
mmm.hh\

J\COOH

L0678

£1 (ppm)

il [(ppm)

960 LTT

9r0°€Tl

TFEFCTL

€6 T
£96°LT1

0€0°TET 7~
oecpet L

et

1€1°9¢1

cLoTYl

LEETIST~
90v°TS1 7"

991°0LT —

V8V L6T —

'H and *C NMR spectra of compound 8 (400 MHz, CDCl;)

150



U

£1 | (pprp)|

O H

Ph O

€058y —
Y8619 —
M 0¥8°89 —
= 001 789°9L
000°LL —F
8IELL
60TH . [
0Ty
9ETTTT
FPESTI
v8¥°611 \
PISSTI A
8TL'S — — 060 0€5°STI
L0S'9 CRERTI
$T8'9 0£0'621 7
wvw”o YOI'9¢l ~
$T6'9 SE0'8ET
9769
09T'L [ 01
98T'L — B0t
Y0€L
te ) I=TRS
stel ——— Fov SSP'091 —
vSEL
TLEL
99%°L
S8Y°L
€1S°L
cEs’L
0€6'8 — _— €60
985 96T~

8589617

'H and '3C NMR spectra of compound 9

151



8. Tertiary amine catalyzed the reaction

O
B -ICD (10 mol%) \L‘(
Ph + \
EtOAc rt H Ph O

3aa, 71% yield, 54% ee

To a solution of compound 1a (0.1 mmol, 1.0 equiv.) and tertiary amine catalyst
B-ICD (0.01 mmol, 0.1 equiv.) in ethyl acetate (2.0 mL) was added compound 2a (0.15
mmol, 1.5 equiv.) under nitrogen atmosphere at room temperature. TLC monitor until
the compound 1a consumed after six hours. The reaction mixture was then concentrated
on a rotary evaporator under reduce pressure and the residue was subjected to
purification by column chromatography (silica gel, PE/EtOAc: 15/1 to 10/1, R¢= 0.2-
0.3) to afford the corresponding product 3aa in 71% yield with 54% ee.
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