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1. General information

"H and "*C NMR spectra were recorded with a Bruker AVANCE I1I- 400M or AVANCE NEO 500

("H NMR 400, 500 MHz, 3*C NMR 100 or 125 MHz). '"H NMR spectra are reported as follows: chemical
shift in ppm (J) relative to the chemical shift of CHCls at 7.26 ppm or tetramethylsilane at 0 ppm,
integration, multiplicities (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), and coupling
constants (Hz). '*C NMR spectra reported in ppm (3) relative to the central line of triplet for CDCl; at 77
ppm. NMR yields were determined by '"H NMR by comparing the integration values of the internal
standard with product values on the condition with D1 of 1.0 s. The short D1 value was employed because
comparable product yields with that of D1 with 60.0 s in the reaction of Scheme 3 with 9b as a catalyst.
The diastereoselectivities of products were determined by comparison of '"H NMR integration of each
isomer on crude materials. ESI-MS spectra were obtained with a Thermo Fisher, Exactive. FTIR spectra
were recorded on a JASCO FT-IR system (FT/IR-460 Plus). Mp were measured with an AS ONE ATM-
02. Column chromatography on SiO; and neutral SiO; was performed with Kanto Silica Gel 60 (40-50
um). All reactions were carried out under Ar atmosphere unless otherwise noted. Commercially available
compounds were used without further purification. All dehydrated solvents were purchased from Wako

Pure Chemical Industries, Ltd. or Nacalai Tesque, Inc., and were used without purification.
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2. Synthesis of catalysts

Catalysts 9a—d were synthesized according to the reported procedure. '~

3. Synthesis of substrates

Compounds 7a—d and 7f-j were prepared according to the reported procedure.’

'r'JBoc NBoc NBoc ,NBoc
A A M Ll
[ [ =0 [ [ >=o | L =0 [ J )>=o
N N N N
Bn Me Ph Tr
7a 7b 7c 7d
NBoc NBoc NBoc NBoc
A A A )
I ] >=o I T »>o [ T >0 [ J »>o
N N Br N "N
Me Me Me | Me
Cl
7t 79 7h 7i
Synthesis of 7e
O NBoc
A = __,J.::
I T o + BocN=PPh; —» T =0
~FTN Toluene (04M) N
vinyl reflux, 24 h vinyl
1.1 equiv 7e

1-Vinylindoline-2,3-dione (1.0 mmol, 1.0 equiv) and tert-butyl (triphenyl-A*-phosphaneylidene)carbamate

(1.1 mmol, 1.1 equiv) were dissolved to toluene (0.4 M), which was refluxed for 24 hours. The solvent

was removed by evaporation to give the crude product, which was purified by column chromatography

(silica gel, hexane/ethyl acetate) to afford 7e.
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NBoc
| | »=o
NN

vinyl

Te
tert-Butyl (£)-(2-0x0-1-vinylindolin-3-ylidene)carbamate (7e)
Orange solid, 163.8 mg, 0.67 mmol, 67%

m.p. =139-141 °C; '"H-NMR (500 MHz, CHLOROFORM-D) § 7.71 (d, J = 6.4 Hz, 1H), 7.54-7.50 (m,
1H), 7.18-7.14 (m, 2H), 6.68 (dd, J = 15.9, 9.5 Hz, 1H), 5.82 (d, J= 15.9 Hz, 1H), 5.15 (d, /= 9.5 Hz,

1H), 1.63 (s, 9H);"*C-NMR (126 MHz, CHLOROFORM-D) § 160.3, 156.1, 152.1, 146.3, 135.4, 125.2,

124.6, 124.2,119.4, 110.4, 105.6, 83.6, 28.0; HRMS (ESI" in MeCN) calcd for CisHi703N2 [M+H ]
273.1234, found 273.1230; IR (KBr) v 3005, 2977, 2937, 1743, 1685, 1614, 1469, 1368, 1275, 1152,
1100, 794, 752, 456 cm™!

Compounds 16a and 16b were purchased from TCI. 16d was synthesized according to the reported

procedure.* 16¢ was synthesized according to the reported procedure’ and the 'H and '*C NMR data were

matched with the reported values.®

I\I/Ie Th Me hlﬂa
Et0,C~ "CN E0,C~ "CN MeO,C~ "CN 'BuO,C~ CN

16a 16b 16c 16d

Methyl 2-cyanopropanoate (16¢)°

'H-NMR (500 MHz, CHLOROFORM-D) § 3.84 (s, 3H), 3.57 (q, J = 9.3 Hz, 1H), 1.61 (d, J = 9.0 Hz,
3H); BC-NMR (126 MHz, CHLOROFORM-D) 5 166.9, 117.2, 53.5, 31.2, 15.2.
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4. General procedure for the Mannich reaction

* Catalyst screening (Scheme 1).

NC CO,Et
NBoc 9 (1.0 mol%) Me—(+ NHBoc
A Me K,CO4 (1.0 equiv) =
[ [ »=o - A - [ ] =0
- N Et0O:C° CN  Toluene (0.025M) ~— N
n -40°C,2h n
Ta 16a 17a
5.0 equiv

Compound 7a (0.02 mmol, 1.0 equiv), 9 (1.0 mol %) and K>COs3 (0.02 mmol, 1.0 equiv) were added to a
reaction vessel and the mixture cooled to —50 °C. After 5 minutes, toluene (0.025 M) was added slowly
and the mixture stirred for 5 minutes. Then, 16a (0.10 mmol, 5.0 equiv) was added and the mixture was
warmed to —40 °C and stirred for 2 hours. The reaction was quenched by saturated aqueous solution of
ammonium chloride and extracted with CH,Cl,, dried over N a,SOy4, and filtered. The solvent was
removed by evaporation to give the crude product. The yields and diastereoselectivities were determined

by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard.

Optimization of the reaction conditions (Table 1).

NC CO,Et
NBoc 9a (1.0 mol%) Me—%* NHBoc
R Me KzCOy4 (1.0 equiv) R
N Et0,C CN  sglvent (0.025 M) ~F TN
Bn Temp.. 2 h Bn
7a 16a 17a

5.0 equiv

Compound 7a (0.02 mmol, 1.0 equiv), 9a (1.0 mol %) and K,COs (0.02 mmol, 1.0 equiv) were added to a
reaction vessel and the mixture was cooled to a temperature 10 °C lower than the test reaction
temperature. After 5 minutes, solvent (0.025 M) was added slowly and the mixture stirred for 5 minutes.
Then, 16a (0.10 mmol, 5.0 equiv) was added, the temperature increased to the test reaction temperature
and stirred for 2 hours. The reaction was quenched by saturated aqueous solution of ammonium chloride
and extracted with CH>Cl,, dried over Na,SOs, and filtered. The solvent was removed by evaporation to
give the crude product. The yields and diastereoselectivities were determined by 'H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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* N-Protecting group optimization (Scheme 2).

NC CO,Et
NBoc 9a (1.0 mol%) Me—: NHBoc
A Me KzCOs (1.0 equiv) 5 X
L L0 * &oc™en - L/~
P 10z Toluene (0.025 M) ‘P
2 -40°C, 2h R
7 16a 17
5.0 equiv

Compound 7 (1.0 equiv), 9a (1.0 mol %) and K,COs (1.0 equiv) were added to a reaction vessel and the
mixture cooled to —50 °C. After 5 minutes, toluene (0.025 M) was added slowly and the mixture stirred
for 5 minutes. Then, 16a (5.0 equiv) was added, the mixture warmed to —40 °C and stirred for 2 hours.
The reaction was quenched with saturated aqueous solution of ammonium chloride, extracted with
CH,Cl,, dried over Na,SO4 and filtered. The solvent was removed by evaporation to give the crude
product. The crude product was purified by column chromatography (silica gel, hexane/ethyl acetate) to

give 17.
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Ethyl 2-(1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-cyanopropanoate (17a)

NC_COE!

Me .‘:":k__,NHBoc

! _'__"'fj:x—o
Bn

17a

White solid, 38.5 mg, 0.083 mmol, 83% yield, dr 51 : 49, 77% ee, 77% ee

m.p.= 118-120 °C ; '"H-NMR (500 MHz, CHLOROFORM-D) § (diastereomixture) 7.45-7.41 (m, 2.5H),
7.34-7.31 (m, 2.5H), 7.28-7.23 (m, 2H), 7.09-7.03 (m, 1H), 6.78-6.73 (m, 1H), 6.67 (s, 0.5H), 6.30 (s,
0.5H), 5.04-4.86 (m, 2H), 4.51-4.35 (m, 1H), 4.32-4.21 (m, 1H), 1.76 (s, 1.5H), 1.41 (m, 3H), 1.29-1.23
(m, 10.5H);"*C-NMR (126 MHz, CHLOROFORM-D) § (diastereomixture) 173.1, 172.4, 166.7, 166.2,
153.6, 153.5, 143.6, 143.4, 135.2, 135.2, 130.34, 130.28, 128.71, 128.65, 127.70, 127.65, 127.623(2C),
126.3, 125.5,123.9, 123.3, 123.0, 122.7, 116.9, 116.4, 109.7, 109.6, 81.0, 80.8, 64.1, 63.9, 63.3, 63.2,
48.9, 48.3, 44.7(2C), 28.04,27.97, 18.3, 17.2, 13.9, 13.7; HRMS (EST" in MeCN) calcd for C26H30O5N3
[M+H "] 464.2180, found 464.2179; IR (KBr) v 3394, 2964, 2928, 1723, 1613, 1489, 1469, 1456, 1368,
1260, 1163, 1011, 802, 697 cm™'; [a]*’p = +46.8 (¢ = 0.300, CHCI3); HPLC (CHIRALPAK ID column,
hexane/2-propanol = 80/20, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor = 19.0 min, tminor = 28.6

min), Minor- (tmajor = 11.5 min, tminer = 13.6 min)

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17b)

NC_COEt
Me =+ NHBoc

T *=o0
N
Me

17b

White solid, (cat 9a) 18.8 mg, 0.049 mmol, 81% yield, dr 59 : 41, 82% ee, 72% ee, (cat 9b) 125.7 mg,
0.324 mmol (from 0.34 mmol of 7b), 95% yield, dr 66 : 34, 85% ee, 55% ee

m.p.= 105-107 °C ; 'H-NMR (500 MHz, CHLOROFORM-D) & (major) 7.41-7.36 (m, 1H), 7.33 (dd, J =
7.5, 0.8 Hz, 1H), 7.12-7.07 (m, 1H), 6.8 (t, /= 7.0 Hz, 1H), 6.22 (s, 1H), 4.30-4.20 (m, 2H), 3.259 (s,
3H), 1.74 (s, 3H), 1.26-1.23 (m, 12 H); 5 (minor) 7.41-7.36 (m, 2H), 7.12-7.07 (m, 1H), 6.89-6.86 (m,
1H), 6.58 (s, 1H), 4.49-4.32 (m, 2H), 3.253 (s, 3H), 1.53 (s, 3H), 1.39 (t, /= 7.2 Hz, 3H), 1.25 (s, 9H);
13C-NMR (126 MHz, CHLOROFORM-D) § (major) 172.6, 166.6, 153.47, 144.3, 130.49, 125.5, 123.9,
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122.7,116.5, 108.59, 81.0, 63.9, 63.2, 49.1, 27.96, 26.58, 18.3, 13.7; & (minor) 172.1, 166.5, 153.44,
144.1, 130.47, 126.3, 123.2, 122.9, 116.8, 108.57, 80.9, 64.1, 63.3, 48.4, 28.00, 26.63, 17.2, 13.9; HRMS
(ESI" in MeCN) caled for C0H260sN3 [M+H'] 388.1867, found 388.1867; IR (KBr) v 3386, 3338, 2982,
1725, 1611, 1494, 1368, 1255, 1173, 1089, 1017, 983, 762, 689, 540 cm';(cat 1a) [a]*’p = +49.3 (¢ =
0.308, CHCl3), (cat 1b) [0]*’p = +42.0 (¢ = 0.197, CHCl3); HPLC (CHIRALPAK IA column,
hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor = 14.0 min, tminor = 16.1 min),

Minor- (tmajor = 8.4 min, tminor = 9.6 min)

Ethyl 2-(3-((fert-butoxycarbonyl)amino)-2-oxo-1-phenylindolin-3-yl)-2-cyanopropanoate (17¢)

NC,_ COEt
Me—:_NHBoc
R

“Bn

17c
White solid, 22.8 mg, 0.051 mmol, 85% yield, dr 50 : 50, 49% ee, 54% ee

m.p.= 129-131 °C; '"H-NMR (500 MHz, CHLOROFORM-D) § (diastereomixture) 7.55-7.51 (m, 2H),
7.49-7.46 (m, 2H), 7.44-7.41 (m, 2H), 7.31-7.28 (m, 1H), 7.14-7.10 (m, 1H), 6.84-6.81 (m, 1H), 6.69 (s,
0.5H), 6.31 (s, 0.5H), 4.49-4.33 (m, 1H),4.25 (q, /= 7.2 Hz, 1H), 1.86 (s, 1.5H), 1.65 (s, 1.5H), 1.38 (t, J
=7.2 Hz, 1.5H), 1.31-1.30 (m, 9H), 1.22 (t,J=7.2 Hz, 1.5H) *C-NMR (126 MHz, CHLOROFORM-D)
0 (diastereomixture) 172.2, 171.6, 166.8, 166.5, 153.73, 153.69, 144.5, 144.4, 134.03, 134.01,
130.331(2C), 129.657(2C), 128.39, 128.36, 126.63, 126.58, 126.1, 125.3, 124.2, 123.6, 123.2, 123.1,
116.8, 116.5, 109.88, 109.82, 81.2, 81.0, 64.2, 64.0, 63.4, 63.3,49.2, 48.6, 28.12, 28.05, 18.4, 17.3, 13.9,
13.7; HRMS (ESI" in MeCN) caled for C2;H270sN3Na [M+Na*] 472.1843, found 472.1837; IR (KBr) v
3255, 3140, 2976, 2934, 1735, 1708, 1612, 1502, 1369, 1254, 1163 cm™; [a]*’p = +30.8 (¢ = 0.530,
CHCIl3); HPLC (CHIRALPAK IA column, hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 °C, 220 nm)

Major- (tmajor = 6.8 mMin, tminor = 7.9 min), Minor- (tmajor = 9.9 min, tminor =12.7 min)
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Ethyl-2-(3-((tert-butoxycarbonyl)amino)-2-oxo-1-tritylindolin-3-yl)-2-cyanopropanoate (17d)

NC_COEt
Me—: NHBoc
|f_|__ [ =0

N

17d
White solid, 17.0 mg, 0.028 mmol, 46% yield, dr 78 : 22, 54% ee, 73% ee

m.p.= 136-138 °C ; 'H-NMR (500 MHz, CHLOROFORM-D) & (major) 7.62-7.59 (m, 6H), 7.21-7.25 (m,
7H), 7.19-7.15 (m, 3H), 7.03-7.00 (m, 1H), 6.96 (td, J= 7.5, 1.0 Hz, 1H), 6.51 (d, J= 8.3 Hz, 1H), 6.37 (s,
1H), 4.40-4.32 (m, 1H), 4.237-4.17 (m, 1H), 1.76 (s, 3H), 1.33 (t, /= 7.2 Hz, 3H), 1.21 (s, 9H); 5 (minor);
7.56-7.51 (m, 6H), 7.25-7.21 (m, 7H), 7.19-7.15 (m, 3H), 7.03-7.00 (m, 2H), 6.83 (s, 1H), 6.37-6.35 (m,
1H), 4.40 -4.32 (m, 1H), 4.30-4.244 (m, 1H), 1.39 (s, 9H), 1.32 (t, J = 7.2, 3H), 0.77 (s, 3H); *C-NMR
(126 MHz, CHLOROFORM-D) § (major) 175.4, 167.4, 153.7, 144.0, 141.76, 129.4, 128.8, 127.5, 126.70,
125.9, 123.8, 122.3, 117.4, 116.4, 80.466, 75.6, 64.0, 63.93, 63.886, 48.4, 28.0, 19.0, 13.9; § (minor)
172.6, 165.9, 153.9, 143.5, 141.80, 129.1, 128.6, 127.9, 127.6, 126.76, 126.66, 122.8, 122.6, 117.6, 115.7,
80.466, 75.3, 63.886, 63.3, 48.5, 28.2, 16.5, 13.8; HRMS (ESI* in MeCN) calcd for C3sH3705N3Na
[M+Na'] 638.2625, found 638.2627; IR (KBr) v 3382, 3061, 2977, 2932, 1734, 1604, 1491, 1368, 1254,

1160, 747, 704, 472 cm’’; [0]*p = — 14.4 (¢ = 0.531, CHCls); HPLC (CHIRALPAK ID column,

hexane/ethanol = 99/1, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor = 15.3 min, tminer = 21.7 min),

Minor- (tmajor = 9.7 min, tminor = 10.8 min)

Ethyl-2-(3-((fert-butoxycarbonyl)amino)-2-oxo-1-vinylindolin-3-yl)-2-cyanopropanoate (17¢)

NC_COEt
Me \:‘*i__NHBoc
(o

vinyl

17e
White solid, 14.8 mg, 0.037 mmol, 62% yield, dr 44 : 56, 71% ee, 79% ee

m.p. = 103-105 °C ; 'H-NMR (500 MHz, CHLOROFORM-D) § (major) 7.46 (d, J = 7.6 Hz, 1H), 7.43-
7.37 (m, 1H), 7.20-7.13 (m, 2H), 6.78-6.72 (m, 1H), 6.59 (s, 1H), 5.83-5.78 (m, 1H), 5.15-5.13 (m, 1H),
4.49-4.34 (m, 2H), 1.49 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.22 (s, 9H); 5 (minor) 7.43-7.37 (m, 2H), 7.20-
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7.13 (m, 2H), 6.78-6.72 (m, 1H), 6.15 (s, 1H), 5.83-5.78 (m, 1H), 5.15-5.13 (m, 1H), 4.29-4.17 (m, 2H),
1.74 (s, 3H), 1.25-1.21 (m, 12H); *C-NMR (126 MHz, CHLOROFORM-D) & (major) 171.2, 166.1,
153.32, 142.2, 130.50, 125.982, 125.3, 124.0, 123.4, 116.6, 109.79, 105.2, 81.2, 64.2, 63.2, 48.5, 27.90,
17.3, 13.9; 6 (minor) 171.6, 166.2, 153.37, 142.3, 130.55, 126.2, 125.982, 125.3, 124.2, 123.5, 116.3,
109.76, 105.1, 81.4, 64.0, 62.6, 49.6, 27.93, 18.1, 13.7, HRMS (ESI" in MeCN) calcd for C21H2505N3Na
[M+Na'] 422.1686, found 422.1678; IR (KBr) v 3385, 3256, 3139, 2979, 1741, 1706, 1642, 1608, 1487,
1468, 1367, 1253, 1162, 757 cm™;  [0]*’p = +37.3 (¢ = 0.204, CHCl3); HPLC (CHIRALPAK IA column,
hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor = 8.2 min, tminor = 9.3 min),

Mil’lOI‘— (tmajor = 15.8 mln, tminor = 16.9 min)

* Catalyst screening with 7b (Scheme 3).

NC CO,Et
NBoc 9 (1.0 mol%) Me—. NHBoc
A A Me K:COs (1.0 equiv) 5 -
[ I —0 - A - =0
N m Et0:C° CN  Toiyene (0.025 M) ""'4—11‘:'""‘}
e -40°C,2h e
7b 16a 17b
5.0 equiv

Compound 7b (0.02 mmol, 1.0 equiv), 9 (1.0 mol %) and K>COs (0.02 mmol, 1.0 equiv) were added to a
reaction vessel and the mixture cooled to —50 °C. After 5 minutes, toluene (0.025 M) was added slowly
and stirred for 5 minutes. Then, 16a (0.10 mmol, 5.0 equiv) was added and the mixture warmed to —40 °C
and stirred for 2 hours. The reaction was quenched with saturated aqueous solution of ammonium
chloride, extracted with CH,Cl,, dried over Na,SQOj, and filtered. The solvent was removed by evaporation
to give the crude product. The yields and diastereoselectivities were determined by '"H NMR using 1,3,5-

trimethoxybenzene as an internal standard.
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* Substrate scope (Scheme 4).

R
NR? , 9b (1.0 mol%) fo.,:-'?O‘ ,
A T K;CO3 (1.0 equiv) RN _NHR
R1—: ‘}—o + - . _,
SN R'0,C° CN  toene(po25m) R L 7~0
Me -40 °C, 2-96 h gl
e
7 16 17
5.0 equiv

Compound 7 (0.06 mmol, 1.0 equiv), 9b (1.0 mol %) and K»CO;3 (0.06 mmol, 1.0 equiv) were added to a
reaction vessel and the mixture cooled to —50 °C. After 5 minutes, toluene (0.025 M) was added slowly
and the mixture stirred for 5 minutes. Then, 16 (0.3 mmol, 5.0 equiv) was added, the mixture warmed to
—40 °C and stirred for the appropriate time. The reaction was quenched with saturated aqueous solution of
ammonium chloride, extracted with CH>Cl,, dried over Na,SOs, and filtered. The solvent was removed by
evaporation to give the crude product. The crude product was purified by column chromatography (silica

gel, hexane/ethyl acetate) to give 17.

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-1,5-dimethyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17f)

NC_CO,E
_ Me™% NMBoc
[ =0
A"»._;::::v — N
Me

17f
Reaction time: 2 hours
White solid, 21.0 mg, 0.052 mmol, 87% yield, dr 65 : 35, 85% ee, 58% ee

m.p.= 118-120 °C; '"H-NMR (500 MHz, CHLOROFORM-D) & (major) 7.19-7.16 (m, 1H),7.123-7.118
(m, 1H), 6.78-6.75 (m, 1H), 6.22 (s, 1H), 4.30-4.21 (m, 2H), 3.23 (s, 3H), 2.34 (s, 3H), 1.74 (s, 3H), 1.33-
1.11 (m, 12H); & (minor); 7.19-7.16 (m, 2H), 6.78-6.75 (m, 1H), 6.56 (s, 1H), 4.50-4.44 (m, 1H), 4.37-
4.31 (m, 1H), 2.34 (s, 3H), 1.51 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.25 (s, 9H); *C-NMR (126 MHz,
CHLOROFORM-D) & (major) 172.5, 166.7, 153.51, 141.9, 132.2, 130.75, 125.4, 124.6, 116.5, 108.33,
81.0, 63.8, 63.3,49.1,27.98, 26.57,21.17, 18.3, 13.7; & (minor) 171.9, 166.5, 153.46, 141.7, 132.8,
130.72, 126.3, 123.6, 116.8, 108.30, 80.8, 64.0, 63.4, 48.4, 28.02, 26.63, 21.16, 17.2, 13.9; HRMS (ESI*
in MeCN) calcd for C,1H2705N3Na [M+Na™] 424.1843, found 424.1837; IR (KBr) v 3310, 2982, 2197,
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1707, 1618, 1502, 1369, 1255, 1172, 985, 818, 553 cm™; [a]*’p = +39.5 (¢ = 0.656, CHCl;); HPLC
(CHIRALPAK IA-3 column, hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor =

12.2 min, tminor = 16.1 min), Minor- (tmajor = 8.4 mMin, tminor = 9.6 min)

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-5-chloro-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17g)

NC CO,Et
Me —.
CI 4"-._..-"#1:;::_ ___4 NHBOC
| | ")>=0

- N
M

179
Reaction time: 2 hours
White solid, 22.8 mg, 0.054 mmol, 90% yield, dr 65 : 35, 51% ee, 44% ee

m.p.= 130-132 °C; '"H-NMR (500 MHz, CHLOROFORM-D) § (major) 7.38-7.35 (m, 1H), 7.30 (d, J= 1.9
Hz, 1H), 6.81 (d, J = 8.6 Hz, 1H), 6.28 (s, 1H), 4.30-4.26 (m, 2H), 3.25 (s, 3H), 1.74 (s, 3H), 1.36-1.26
(m, 12H) & (minor); 7.38-7.35 (m, 1H), 7.29 (d, /= 1.9 Hz, 1H), 6.82 (d, J= 8.3 Hz, 1H), 6.56 (s, 1H),
4.51-4.45 (m, 1H), 4.38-4.33 (m, 1H), 3.25 (s, 3H), 1.61 (s, 3H), 1.39 (t,J= 7.2 Hz, 3H), 1.29 (s, 9H);
BC-NMR (126 MHz, CHLOROFORM-D) § (major) 172.3, 166.5, 153.5, 142.9, 130.39, 128.1, 127.1,
124.3,116.1, 109.582, 81.4, 64.1, 63.21, 48.8, 28.00, 26.70, 18.3, 13.7; 6 (minor) 171.6, 166.6, 153 .4,
142.7, 130.41, 128.5, 128.0, 123.4, 116.3, 109.582, 81.2, 64.3, 63.16, 48.3, 28.04, 26.77, 17.2, 13.9;
HRMS (ESI" in MeCN) caled for C20H2405N3CINa [M+Na*] 444.1297, found 444.1286; IR (KBr) v 3316,
2984, 2940, 1709, 1609, 1489, 1369, 1260, 1171, 820, 546 cm™'; [a]*°p = +14.4 (¢ = 0.400, CHCI;); HPLC
(CHIRALPAK IA-3 column, hexane/2-propanol = 97/3, flow rate 1.0 mL/min, 25 °C, 220 nm) Major-

(tmajor = 24.8 min, tminer = 30.5 min), Minor- (tmajor = 20.4 min, tminor = 14.8 min)

Ethyl 2-(6-bromo-3-((fert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17h)
NC_CO,Et
Me '\t NHBoc
[ o
-~ ‘~»4_A:.-;Z-"'-.N
Br N

17h
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Reaction time: 2 hours
White solid, 25.4 mg, 0.055 mmol, 91% yield, dr 60 : 40, 66% ece, 34% ee

m.p.= 117-119 °C; '"H-NMR (500 MHz, CHLOROFORM-D) § (major) 7.25-7.19 (m, 2H), 7.02 (d, J = 1.3
Hz, 1H), 6.20 (s, 1H), 4.31-4.21 (m, 2H), 3.239 (s, 3H), 1.74 (s, 3H), 1.28-1.25 (m, 12H) & (minor) 7.25-
7.19 (m, 2H), 7.04 (d, J = 1.3 Hz, 1H), 6.59 (s, 1H), 4.48- 4.41 (m, 1H), 4.39 - 4.33 (m, 1H) 3.235 (s, 3H),
1.54 (s, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.28 (s, 9H); *C-NMR (126 MHz, CHLOROFORM-D) § (major)
171.9,166.4, 153.48, 145.6, 125.546, 125.1, 124.4, 124.2, 116.2, 112.230, 81.4, 64.0, 62.9, 48.9, 28.01,
26.72,18.3, 13.7; 6 (minor) 172.5, 166.3, 153.46, 145.5, 126.0, 125.546, 124.5, 124.3, 116.5, 112.230,
81.2,64.3,63.1, 48.2, 28.05, 26.78, 17.2, 13.9; HRMS (ESI" in MeCN) calcd for C20H2505N3Br [M+H"]
466.0972, found 466.0971; IR (KBr) v 3374, 2996, 2980, 2941, 1734, 1608, 1495, 1367, 1281, 1164, 1016
cm’l; [0]*p = +10.3 (¢ = 0.320, CHCl3); HPLC (CHIRALPAK IA-3 column, hexane/2-propanol = 97/3,
flow rate 0.9 mL/min, 25 °C, 220 nm) Major- (tmajor = 23.1 min, tminor = 32.7 min), Minor- (tmajor = 15.8

min, tminor = 14.7 min)

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-7-chloro-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17i)

NC_COEt
Me ™% NHBoc
| T ">=o0
“N
Me
ci
17i

Reaction time: 2 hours
White solid, 22.66 mg, 0.054 mmol, 90% yield, dr 61 : 39, 79% ee, 42% ee

m.p.= 115-117 °C; '"H-NMR (500 MHz, CHLOROFORM-D) § (major); 7.32-7.29 (m, 1H), 7.24 (dd, J =
7.6, 1.0 Hz, 1H), 7.04-6.98 (m, 1H), 6.19 (s, 1H), 4.30-4.20 (m, 2H), 3.619 (s, 3H), 1.73 (s, 3H), 1.27-1.23
(m, 12H); & (minor) 7.32-7.29 (m, 2H), 7.04-6.98 (m, 1H), 6.60 (s, 1H), 4.48 -4.32 (m, 2H), 3.609 (s, 3H),
1.49 (s, 3H), 1.39 (¢, J = 7.2 Hz, 3H), 1.27 (s, 9H); '3C-NMR (126 MHz, CHLOROFORM-D) & (major)
173.0, 166.2, 153.371, 140.2, 132.77, 128.5, 123.3, 122.3, 116.23, 116.15, 81.4, 64.0, 62.6, 49.3, 30.05,
27.96, 18.2, 13.7; 6 (minor) 172.5, 166.1, 153.371, 140.1, 132.79, 129.3, 123.9, 121.4, 116.5, 116.18,
81.2, 64.3, 63.0, 48.4, 30.08, 28.00, 17.2, 13.9; HRMS (ESI" in MeCN) calcd for C2H240sN3CINa
[M+Na*] 444.1297, found 444.1288. ; IR (KBr) v 3385, 2991, 1734, 1610, 1466, 1367, 1257, 1164, 1111,
1056, 739 cm™'; [0]*°p = +16.8 (¢ = 0.198, CHCl3); HPLC (CHIRALPAK IA-3 column, hexane/2-

S12



propanol = 94/6, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor = 37.6 min, tminor = 35.4 min), Minor-
(tmajor = 10.0 min, tminoer = 12.0 min)

Ethyl 2-(3-(((benzyloxy)carbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (17j)

NC_ CO,E!
Me ™%+ NHCbz
| [ =0
PN
Me

17j
Reaction time: 2 hours
White solid, 18.22mg, 0.052 mmol, 72% yield, dr 58 : 42, 23% ee, 16% ce

m.p.= 71-73°C ; '"H-NMR (500 MHz, CHLOROFORM-D) § (major) 7.43-7.32 (m, 5H), 7.21 (br, 2H),
7.13-7.08 (m, 1H), 6.85 (br, 1H), 6.60 (s, 1H), 5.02-4.90 (m, 2H) , 4.31-4.22 (m, 2H), 3.21 (s, 3H), 1.72 (s,
3H), 1.25 (t, J= 7.2 Hz, 3H); & (minor) 7.43 -7.32 (m, 5H), 7.21 (br, 2H), 7.13 -7.08 (m, 1H), 6.93 (s, 1H),
6.85 (br, 1H), 5.02-4.90 (m, 2H), 4.47-4.40 (m, 1H), 4.39 -4.33 (m, 1H), 3.21 (s, 3H), 1.56 (s, 3H), 1.37 (t,
J=17.2 Hz, 3H); 3C-NMR (126 MHz, CHLOROFORM-D) § (major) 172.3, 166.562, 154.28, 144.4,
135.2,130.76, 128.482, 128.280, 128.17, 124.7, 124.0, 122.8, 116.2, 108.764, 67.57, 64.0, 63.2, 48.8,
26.57,18.2, 13.7; & (minor) 171.7, 166.562, 154.24, 144.2, 135.3, 130.75, 128.482, 128.32, 128.280,
125.7,123.3,123.1, 116.5, 108.764, 67.49, 64.2, 63.3, 48.2, 26.64, 17.2, 13.9 HRMS (ESI" in MeCN)
calcd for C23H,305N3Na [M+Na*] 444.1530, found 444.1518; IR (KBr) v 3374, 2937, 1730, 1613, 1495,
1374, 1255, 1089, 1002, 755, 699 cm'; [a]*’p = +2.8 (¢ = 0.240, CHCl;); HPLC (CHIRALPAK AD-H
column, hexane/ethanol = 96.5/3.5, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor = 73.5 min, tminor =
67.9 min), Minor- (tmajor = 30.5 min, tminor = 52.2 min)

Ethyl 2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyano-2-phenylacetate (17Kk)

NC, CO,Et
Ph~% NHBoc
| ] =0

“N
Me

17k

Reaction time: 2 hours
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White solid, 25.43 mg, 0.057 mmol, 94% yield, dr 92 : 8, 40% ee, 18% ce

m.p.= 150-152 °C ; "TH-NMR (500 MHz, CHLOROFORM-D) & (major) 7.41-7.28 (m, 6H), 6.92-6.87 (m,
2H), 6.69 (d, J= 7.6 Hz, 2H), 4.43 -4.30 (m, 2H), 3.04 (s, 3H), 1.30 (t, /= 7.0 Hz, 3H), 1.23 (s, 9H); &
(minor) 7.47-7.45 (m, 1H), 7.21-7.18 (m, 3H), 7.02 (td, J= 7.5, 1.0 Hz, 2H), 6.92-6.87 (m, 2H), 6.49 (d, J
= 7.6 Hz, 2H), 4.57-4.45 (m, 2H), 3.04 (s, 3H), 1.38 (t,J = 7.2 Hz, 3H), 1.23 (s, 9H);"*C-NMR (126 MHz,
CHLOROFORM-D) & (major) 172.6, 165.8, 153.7, 144.6, 130.3, 129.7, 128.8, 128.13, 128.03, 125.6,
124.6, 122.1, 114.9, 108.2, 80.8, 66.0, 64.3, 58.1, 28.0, 26.3, 13.7; HRMS (ESI" in MeCN) calcd for
CasH2705N3Na [M+Na'] 472.1843, found 472.1825; IR (KBr) v 3370, 3265, 3149, 3061, 2979, 2932,
1706, 1613, 1491, 1372, 1247, 1160, 1017, 754, 696 cm™'; [a]*°p = +20.0 (¢ = 0.303, CHCI;); HPLC
(CHIRALPAK ID column, hexane/ethanol = 95/5, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor

:27.5 mln, tminor = 30.7 mil’l), MinOI‘- (tmajor = 17.9 mln, tminor = 23.8 1’1’111’1)

Methyl 2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-cyanopropanoate (171)

NC_CO;Me
Me % NHBoc
[ I =0

171
Reaction time: 2 hours
White solid, 20.55 mg, 0.055 mmol, 92% yield, dr 65 : 35, 86% ee, 63% ee

m.p.= 131-133 °C; 'H-NMR (500 MHz, CHLOROFORM-D) § (major) 7.41-7.37 (m, 1H), 7.29 (dd, J =
7.5, 0.8 Hz, 1H), 7.12-7.07 (m, 1H), 6.88 (d, /= 7.6 Hz, 1H), 6.24 (s, 1H), 3.83 (s, 3H), 3.26 (s, 3H), 1.74
(s, 3H), 1.24 (s, 9H); 8 (minor) 7.41-7.37 (m, 1H), 7.34 (d, J=7.3 Hz, 1H), 7.12-7.07 (m, 1H), 6.88 (d, J
= 7.6 Hz, 1H), 6.52 (s, 1H), 3.93 (s, 3H), 3.25 (s, 3H), 1.55 (s, 3H), 1.24 (s, 9H); *C-NMR (126 MHz,
CHLOROFORM-D) 8 (major) 172.8, 167.4, 153.5, 144.3, 130.53, 125.3, 123.9, 122.75, 116.2, 108.7,
81.1,63.4,54.2,48.8, 27.95, 26.58, 18.3; & (minor) 172.0, 167.2, 153.4, 144.1, 130.49, 126.3, 123.3,
122.77,116.6, 108.6, 80.9, 63.3, 54.3, 48.5, 27.98, 26.64, 17.2; HRMS (ESI" in MeCN) calcd for
Ci9H2305N3Na [M+Na*] 396.1530, found 396.1523; IR (KBr) v 3398, 2982, 1720, 1611, 1493, 1374,
1256, 1171, 1087, 1025, 977, 762, 690, 539 cm™; [a]*°p = +39.5 (¢ = 0.200, CHCI3); HPLC
(CHIRALPAK IA-3 column, hexane/ethanol = 97/3, flow rate 1.0 mL/min, 25 °C, 220 nm) Major- (tmajor =

26.1 min, tminor = 34.0 min), Mil’lOI’— (tma_l()r = 16.2 mln, tminor = 18.6 H’lln)
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tert-Butyl-2-(3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-y1)-2-cyanopropanoate (17m)

NC CO,t-Bu
Me—X NHBoc
N—0
N
Me

17m

Reaction time: 24 hours
White solid, 22.71 mg, 0.055 mmol, 91% yield, dr 32 : 68, 71% ee, 52% ee

m.p.= 150-152 °C ; '"H-NMR (500 MHz, CHLOROFORM-D) § (major) 7.43-7.35 (m, 2H), 7.12-7.07 (m,
1H), 6.87 (d, J=7.6 Hz, 1H), 6.70 (s, 1H), 3.25 (s, 3H), 1.60 (s, 9H), 1.46 (s, 3H), 1.24 (s, 9H), 6 (minor);
7.43-7.35 (m, 2H), 7.12-7.07 (m, 1H), 6.84 (d, J="7.9 Hz, 1H), 6.11 (s, 1H), 3.24 (s, 3H), 1.74 (s, 3H),
1.38 (s, 9H), 1.27 (s, 9H);"*C-NMR (126 MHz, CHLOROFORM-D) § (major) 172.2, 164.87, 153.5,
144.1, 130.37, 126.6, 123.1(2C), 117.1, 108.46, 86.6, 80.7, 63.3, 48.8, 28.03, 27.7, 26.6, 17.3; & (minor)
172.5,164.87, 153.4, 144.3, 130.35, 125.8, 123.9, 122.6, 117.0, 108.46, 85.8, 80.7, 62.5, 50.2, 27.96, 27 .4,
26.5, 18.2; HRMS (EST" in MeCN) calcd for C2,H200sN3K [M+K*] 454.1739, found 454.1733; IR (KBr)
v 3442, 3267, 3141, 2971, 2937, 1701, 1612, 1475, 1371, 1278, 1160, 754 cm’!; [a]*’p = +45.2 (¢ = 0.305,
CHCIl3); HPLC (CHIRALPAK IA-3 column, hexane/ethanol = 97/3, flow rate 1.0 mL/min, 25 °C, 254

Ilm) MajOI‘- (tmajor = 7.36 mll’l, tminor = 9.46 min), MIHOI'- (tmajor :16.4 mln, tminor = 22.8 mll’l)
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5. !'H-, 3C-NMR spectra and HPLC charts.
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*"H-NMR and HPLC charts of 17a for Scheme 1.
Without Catalyst (65% yield, dr 28 : 72)

211,3,5-trimethoxybenzene: 3.0 mg [ =

217a: 0.020 mmol
éo )Ul QLJMJL_AJJ J[J“ML ‘

““““ Y S A T S

X : parts per Million : 1H ° e ©

1 exp123 - CH9
150000 | P
21

100000
>
=
=
(2]
5]
g

50000

3 4
Y . v o
0 Y (" i i
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Retention Time [min]

#|Peak Name|CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1|{Unknown 9 11.237 3542218 150105]42.747 50.7
2| Unknown 9 13.213 3509767 127176]42.355 43.0
3| Unknown 9 19.053 617796 9904| 7.455 3.35
4|Unknown 9 | 27.217 616677 8603| 7.442 2.91
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Catalyzed by 9a (83% yield, dr 51 : 49)

=11,3,5-trimethoxybenzene: 3.2 mg .
17a: 0.020 mmol
: B wg Nl A
““““ I S T Y 1 S
]
X : parts per Million : 1H s
exp117 tol - CH9
220000
200000 |
=
;:’J, 100000
S
2
0 — o = A8 i‘ e . 5 —— v >
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name [CH|tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 11.49 4444070 200381(33.111| 54.890
2 |Unknown 9 13.63 620004 23006| 4.619| 6.302
3|Unknown 9 19.04 7377623 128250(54.967| 35.131
4 |Unknown 9 28.55 980218 13423| 7.303] 3.677
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Catalyzed by 9b (79% yield, dr 70 : 30)

17a: 0.020 mmol

11,3,5-trimethoxybenzene: 3.4 mg

0.54

““““ 00 o0 8o 7o eo soao 3o 2o The ol T
X : parts per Million : 1H € es s
600000 1 exp133I+ - CH9
3.
400000
S
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Z
w
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200000 2
4\
0! v 'Ay ‘_'A"v'" A T A
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH|[tR [min]|Area [uV-sec]|Height [uV]]| Area% |Height%
1|Unknown 9 11.965 16085241 591296(22.559 42.0
2| Unknown 9 14.107 5946023 190228| 8.339 13.5
3| Unknown 9 19.770 40345132 521987(56.582 37.0
4|Unknown 9 29.437 8927122 105394]12.520 7.48
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Catalyzed by 9¢ (63% yield, dr 24 : 76)

1,3,5-trimethoxybenzene: 2.9 mg
1 7a: 0.020 mmol

0.57

““““ 100 90 xo 70 o so a0 a0 2o a0 ol T
Ll ]

X : parts per Million : 1H € s s
1100000 1 exp135CI+ - CH9
1000000

2‘
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Fy
£ 500000
L
S
3 4
0 v X A T B T i\
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name|CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1|Unknown 9 11.903 29893775 1047237|41.616 51.5
2| Unknown 9 13.940 25843111 764695]35.977 37.6
3| Unknown 9 20.070 8526835 124908(11.871 6.14
4| Unknown 9 29.013 7567909 96585]10.536 4.75
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'H-NMR and HPLC charts of 17a for Table 1.
Entry 1 (Toluene) (83% yield, dr 51 : 49)

11,3,5-trimethoxybenzene: 3.2 mg
17a: 0.020 mmol

5.0
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0 1 ‘0
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Retention Time [min]
#|Peak Name |CH |tR [min] |Area [uV-sec] |Height [uV]| Area% |Height%
1 |Unknown 9 11.49 4444070 200381]33.111] 54.890
2| Unknown 9 13.63 620004 23006| 4.619| 6.302
3| Unknown 9 19.04 7377623 128250(54.967| 35.131
4|Unknown 9 28.55 980218 13423| 7.303| 3.677
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Entry 2 (Et20) (76% yield, dr 57 : 43)

11,3,5-trimethoxybenzene: 3.8 mg
|7a: 0.020 mmol

3.0

2.0

1.0

0.39

Trowend
-
E_
é;
[;:

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
X : parts per Million : 1H e e Sl
1000000 3 exp122 - CH9
3 3
2 500000
c
9]
=
2,
4
. / \ 4 . \/ N\ -
0 L .- o
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Retention Time [min]

#|Peak Name|CH|[tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1|Unknown 9 11.480 25913687 991282(34.922 54.2
2| Unknown 9 13.527 5479073 192224| 7.384 10.5
3| Unknown 9 18.728 36452785 562111(49.124 30.7
4| Unknown 9 27.985 6359890 84995| 8.571 4.64
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Entry 3 (CH2Cl) (76% yield, dr 58 : 42)

| 7a: 0.020 mmol

=1 1,3,5-trimethoxybenzene: 3.0 mg

%o J‘M JHL_A‘J]L—‘ U‘J\/ L_*—l—
““““ R T S S S VT
1 L
X : parts per Million : 1H € e s
240000 exp118 DCM - CH9
200000
2 L :
> |
g
E 100000
2 4
0 - e A / ]! S — i ~ i . —
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 11.53 3132883 13706822.220| 41.598
2|Unknown 9 13.65 950701 33354| 6.743| 10.122
3| Unknown 9 19.12 7538941 127910]53.470| 38.819
4| Unknown 9 28.62 2476931 31175/17.568| 9.461
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Entry 4 (THF) (77% yield, dr 58 : 42)

1,3,5-trimethoxybenzene
7a: 0.020 mmol

34mg,

0 0.10203040506070809101.11213141.51.61.7181.92.02.1222324

£ ) UVLbLJMMWMMMW W
““““ Y S Y T T
L |
X : parts per Million : 1H € e s
400000 1‘ expl121 - CH9
300000
s
=
> 200000 3
= |
5
< 2
100000
4
0+ —— s O S _X_ Y e o — . —
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 11.80 9068487 381929(30.134| 49.599
2 |Unknown 9 13.96 3941462 136335]13.097| 17.705
3 |Unknown 9 19.61 11264992 181751(37.432| 23.603
4|Unknown 9 29.27 5819384 70018{19.337| 9.093
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Entry 5 (CHCl3) (68% yield, dr 60 : 40)

3.00

1,3,5-trimethoxybenzene: 3.1 mg
] 7a: 0.020 mmol

3.0

2.0

1.0

£o \J I
160 9‘.0 8‘0 7‘0 610 5‘.0 410 3‘.0 210 1‘.0 6
X : parts per Million : 1H ° e c
119 - CH9
90000
>
=
= 50000
2 y
3
S
2 3
4
; v . v
0 v - B A
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Retention Time [min]

#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 {Unknown 9 11.960 1066406 42423]31.859 49.2
2 |Unknown 9 14.083 510216 17414115.243 20.2
3| Unknown 9 20.230 1182729 18626135.334 21.6
4|Unknown 9 29.350 587903 7703|17.564 8.94
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Entry 6 (CHsCN) (90% yield, dr 70 : 30)

(Thousands)

-+ 1,3,5-trimethoxybenzene

7a: 0.020 mmol

0 0.10203040506070809101.11213141516 17 1.8 19 2.0

3.00

3.5 mg(

100 90 80 70 60 50 40 30 20 10 0
L] ]
X : parts per Million : 1H € < s
85000 \ 120 - CH9
80000
60000
s
=
z Y
E 40000 3
S 2 4
20000
. \ & S
o — : 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name|CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1| Unknown 9 11.780 1057801 41531]17.365 32.3
2 |Unknown 9 13.883 803230 27718|13.186 21.6
3| Unknown 9 19.883 2245554 33828]36.863 26.3
4|Unknown 9 | 28.823 1985005 25436]32.586 19.8
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Entry 7 (0 °C) (84% yield, dr 25 : 75)

(Thousands)

3.0

2.0

1 1,3,5-trimethoxybenzene
7a: 0.020 mmol

4.0 mg

3.00

100 80 70 60 50 40 30 20 1.0 0
L ]
X : parts per Million : 1H $ e s
1 exp131.0 - CH9
450000
400000 2‘
s
=
z
S 200000
S
N 4
0 e A R g s o e
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 11.32 10636192 462569(42.226| 51.959
2| Unknown 9 13.38 10597306 367755(42.071| 41.308
3| Unknown 9 19.11 1986256 34808| 7.885| 3.910
4 |Unknown 9 28.42 1969145 25134| 7.818| 2.823
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Entry 8 (20 °C) (90% yield, dr 52 : 48)

11,3,5-trimethoxybenzene: 3.4 mg|
{7a: 0.020 mmol
S WL_JMUM WA Wi
““““ Y S S Y Y T S
1] L
X : parts per Million : 1H < es s
700000 1 exp130.-20 - CH9
600000
2 400000
=y
g
= 3
200000
2.
4
0 A JEERN { —— Y — Y / i
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH[tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 11.20 15974252 678798(41.042| 60.799
2 |Unknown 9 13.34 3624133 132198| 9.311| 11.841
3 |Unknown 9 18.59 16466733 266607(42.307| 23.880
4|Unknown 9 28.05 2856681 38866| 7.340| 3.481

S30



Entry 9 (=80 °C, 96 h) (57% yield, dr 40 :

60)

| 1,3,5-trimethoxybenzene; 3.9 mg
=1 7a: 0.020 mmol 5
““““ T T T S
1 L
X : parts per Million : 1H € es s
200000
s
=
=
5
S
100000
3;
2.
4
L e ' \_Y_ \__ y o - TN
0 1 JANS SN V. - -
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 10.50 6424854 281666|57.867| 72.928
2 |Unknown 9 12.54 923493 34466| 8.318| 8.924
3|Unknown 9 17.23 3199476 61394]28.817| 15.896
4 |Unknown 9 25.73 555040 8699| 4.999]| 2.252
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Entry 10 (10 mol% of K>CO3) (87% yield, dr 51 : 49)

1,3,5-trimethoxybenzene: 3.5 mg (S
7a: 0.020 mmol
M Lol L
““““ T AT ) S
L |
X : parts per Million : 1H € es s
1
220000 ‘
200000
s
.
=
£ 100000
<
3,
2
0-+—— o y i / 5 i, 7% —
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1| Unknown 9 11.48 5040019 224592149.662| 69.900
2 |Unknown 9 13.64 716178 26638| 7.057| 8.290
3 |Unknown 9 19.34 3741796 61449136.870| 19.125
4|Unknown 9 28.55 650717 8625| 6.412] 2.684
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Entry 11 (5 mol% of 9a) (82% yield, dr 51 : 49)

7 1,3,5-trimethoxybenzene
17a: 0.020 mmol

3.6 mg

““““ 100 90 s 70 o so 4o ae 2o i T T
1 L
X : parts per Million : 1H € e s
220000
200000
1\
s
=
Fny
(72}
£ 100000
<
3
2.
4
0 _ \ ¥ { —p A Y - . b S — -
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1|Unknown 9 11.24 3349355 155839]49.683| 69.357
2 |Unknown 9 13.33 493124 19010| 7.315| 8.460
3 |Unknown 9 18.86 2510137 44278|37.234| 19.706
4|Unknown 9 27.78 388875 5565| 5.768| 2477
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Entry 12 (1.5 equiv of 16a) (68% yield, dr 54 : 46)

1.0 2.0 30 40 50 6.0 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0

1,3,5-trimethoxybenzene: 3.4 mg
i7a: 0.020 mmol

1 L 1 1 I I I I I
3.00

I I I I I
D
0.31
—
0.37

Retention Time [min]

#|Peak Name |CH[tR [min] |Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 11.36 2565657 118801]48.524| 69.080
2| Unknown 9 13.47 373059 14256| 7.056]| 8.290
3| Unknown 9 19.12 2039123 34595|38.565| 20.116
4|Unknown 9 28.13 309614 4323 5.856| 2514

E—%O JMJU M Jb\ Lm MA_ M L

““““ Y Y Y ' T R

X : parts per Million : 1H e c

200000
3 1
2 100000
1=
3
S

3»
2
X 4
g A i i y =
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
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Entry 13 (Toluene 0.1M) (74% yield, dr 50 : 50)

=11,3,5-trimethoxybenzene: 4.0 mg
24 7a: 0.020 mmol =
E. UL ,‘_i/JJM_MJ L_LM L_JJ | U N
““““ 0o oo 8o 7o Tso so U wo 3o Tho T The T T T
i L
X : parts per Million : 1H $ es s
220000 exp208 - CH9
200000
1!
S
=
2
£ 100000
s
3,
2A
VoY vV o~ v A
O - — — — — \'«\Av \‘”77"”77 &= X/ *A— s N CAE L.~ -.1 —— e
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1 |Unknown 9 11.14 3271232 156218]52.629| 71.327
2 |Unknown 9 13.19 534973 21352| 8.607| 9.749
3|Unknown 9 18.66 1969618 35581|31.688| 16.246
4|Unknown 9 27.37 439790 5866]| 7.076] 2.678
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X : parts per Million : 13C




Racemic sample of 17a

1 -
150000 | exp123 - CH9
21
100000
S
=
=
(2}
o
=
50000
‘ 3 4
SN y o
0 ‘ ) v I A v A A
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name [CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1|Unknown 9 11.237 3542218 150105]42.747 50.7
2 |Unknown 9 13.213 3509767 127176]42.355 43.0
3| Unknown 9 19.053 617796 9904| 7.455 3.35
4|Unknown 9 27.217 616677 8603| 7.442 291
17a catalyzed by 9a
expl17 tol - CH9
220000
200000 Y
S 3
= |
=
é 100000
=
2
. \ 4
01— s Y o , 4 .X ) = & S - o, 4 *\_A., S
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH [tR [min] |Area [uV-sec] |Height [uV]| Area% |Height%
1 |Unknown 9 11.49 4444070 200381]33.111] 54.890
2| Unknown 9 13.63 620004 23006| 4.619| 6.302
3| Unknown 9 19.04 7377623 128250(54.967| 35.131
4|Unknown 9 28.55 980218 13423| 7.303| 3.677
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X : parts per Million : 13C
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Racemic sample of 17b

280000

200000

Intensity [uV]

100000

17b catalyzed by 9a

380000

300000

200000

Intensity [uV]

100000

0.0

0.0

2.0

2.0

2,
3 4
Y KY e \ ) ~ 2 \ .
4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 8.67 4178901 278131/40.051| 47.190
2| Unknown 9 9.83 4190131 23415840.159| 39.729
3|Unknown 9 14.60 1033791 38783| 9.908| 6.580
4|Unknown 9 16.59 1031144 38311| 9.883| 6.500
1 136 - CH3
3‘
2
4
" S
4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 3 8.43 6273137 380449|34.837| 46.985
2| Unknown 3 9.60 1034832 54810| 5.747| 6.769
3|Unknown 3 14.03 9742849 340388(54.106| 42.038
4|Unknown 3 16.11 956166 34073| 5.310] 4.208
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X : parts per Million : 13C




Intensity [pV]

36000 1 3 6-yy-20-isolated - CH3

|
17b catalyzed by 9b (Scheme 4)

30000 —
20000
10000 )
] 4
I o R 4 R/
0,‘ - 4 — - ' <7 - — —
0.0 5.0 10.0 15.0 20.0 23.0

Retention Time [min]

#|Peak Name |CH|tR [min]|Area [uV-sec]|Hight [uV]]|Area%|Hight%
1{Unknown 3 9.542 506583 34966| 29.92| 42.7
2|Unknown 3 10.858 146582 8149 8.658] 9.96
3|Unknown 3| 15.775 963142 36056| 56.89| 44.1
4|Unknown 3 18.375 76808 2658| 4.536[ 3.25
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Racemic sample of 17¢

240000 ‘ exp158 NPh - CH10
200000 >
;1 3
= |
2 4
£ 100000
=
0 e T R e e
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#|Peak Name [CH[tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 10 7.12 2924061 24122628.240| 36.403
2 |Unknown 10 7.96 2948906 186083|28.480| 28.081
3 |Unknown 10 10.74 2199689 127447|21.244| 19.233
4 |Unknown 10 13.27 2281790 107898]22.037| 16.283
17¢ catalyzed by 9a
1 137 - CH10
400000
300000 3
S
=
2 200000
o
=
100000 2 4
: L S A "
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 10 6.75 6347149 409009|39.128| 46.815
2| Unknown 10 7.87 1890829 89680/11.656| 10.265
3|Unknown 10 9.88 5931257 294672)|36.564| 33.728
4 |Unknown 10 12.71 2052216 8030912.651 9.192
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Racemic sample of 17d

28000

20000

10000

Intensity [uV]

17d catalyzed by 9a

170000

150000

100000

Intensity [uV]

50000

0.0

0.0

34
2v
4’.
P T \] Y " N
[ I L, S~
— —
5.0 10.0 15.0 20.0 25.0 28.0
Retention Time [min]
#|Peak Name | CH [tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 10 9.97 593764 27336(16.379| 30.448
2 |Unknown 10 11.18 552546 20474115.242| 22.804
3| Unknown 10 16.51 1236065 26491(34.097| 29.506
4| Unknown 10 23.34 1242736 15481[34.281| 17.243
exp165ID - CH10
1 3
2 4
Y S v — \ A —
5.0 10.0 15.0 20.0 25.0 28.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 10 9.677 820662 37432]28.035 45.5
2| Unknown 10| 10.757 124860 5182 4.265 6.30
3| Unknown 10| 15.287 1534800 34042|52.431 414
4|Unknown 10| 21.740 446954 5574(15.269 6.78
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Racemic sample of 17e

240000
2
200000 i
s
=
=
2
£ 100000
3 4
\/
0 1 X “A ' A A
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 {Unknown 9 8.200 3744670 241147]35.901 43.5
2 |Unknown 9 9.307 3746009 199213(35.913 36.0
3| Unknown 9 15.917 1458588 5649813.984 10.2
4|Unknown 9 17.003 1481391 57269]14.202 10.3
17e catalyzed by 9a
900000 1 No.152 - CH9
800000
600000
S
=
2
S 400000
= 3
200000
2 4
. / \/
0 \ = i Y\ Y A A
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#|Peak Name|CH [tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 8.170 14856358 883198]54.381 64.9
2| Unknown 9 9.300 1712639 87525| 6.269 6.43
3| Unknown 9 15.800 9191246 328575]33.644 24.1
4|Unknown 9 16.933 1558747 61485| 5.706 4.52
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- 'TH-NMR and HPLC charts of 17b for Scheme 3.
Without catalyst (65% yield, dr 19 : 81)

- 1,3,5-trimethoxybenzene: 4.7 mg
1 7b: 0.020 mmol E
gi j i/; |
éo .lJ kJ ,_‘___JJMM\J WL_MLJJJ LL_

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 6
X : parts per Million : 1H °oee °
280000 'l
2,
200000
=
=
=
2
k3]
£ 100000
3 4
\/ A .
0 7 g i
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5

Retention Time [min]

#|Peak Name |CH [tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 8.67 4178901 278131]/40.051] 47.190
2| Unknown 9 9.83 4190131 23415840.159| 39.729
3| Unknown 9 14.60 1033791 38783 9.908]| 6.580
4|Unknown 9 16.59 1031144 38311f 9.883] 6.500
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Catalyzed by 9a (81% yield, dr 59 : 41)

*1 1,3,5-trimethoxybenzene: 5.2 mg
=1 7b: 0.020 mmol :
gif j}[ ISJ ‘ |
_MUL@_JMMAA__MM —
““““ T S U S
L) ]
X : parts per Million : 1H € e s
380000 ! 136 - CH3
3‘
300000
S
=
> 200000
5
=
100000
2
4
: tY g e
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 3 8.43 6273137 380449|34.837| 46.985
2 |Unknown 3 9.60 1034832 54810| 5.747| 6.769
3| Unknown 3 14.03 9742849 340388|54.106| 42.038
4| Unknown 3 16.11 956166 34073 5.310] 4.208
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Catalyzed by 9b (98% yield, dr 67 : 33)

1,3,5-trimethoxybenzene: 4.2 mg
7b: 0.020 mmol
D1 =1.0 sec.

3.00

1.0 2.|0 3i0 410 510 6.|0 7.0 8|.0 9i0 lOl.O lll.O 12|.0 13|.0 l4|.0 15[.0 161'0

E

(Millions)
0
=
t 026
[
—
=

T T T
10.0 9.0 8.0 70

6089 — o
0.000 —

6.584 ——
6223 —

X : parts per Million : 1H

g1 1,3,5-trimethoxybenzene: 4.2 mg 2
7b: 0.020 mmol
s D1=160.0 sec.
g
g_
3 f ) |
2 l ‘U v HH'
éo "A Ll N A L\_J LL LU
1(;.0 9{0 8f0 710 | | |6I0 S.IO 4!0 3.IO 210 ltO (i)
g 88 g
X : parts per Million : 1H
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3 6-yy-36 - CH3

" I
4\ |
(\ N
w |
|
\
w |
| |
/ \ 2 ( |
| \l r”’\\ /‘ \\ 4
v v/“’ \ Voo v/
S /RN /A . —®
[ [ I ! [ I ] I I
6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5

Retention Time [min]

#|Peak Name |CH|tR [min] |Area [uV-sec] |Height [uV]|Area% |Height%
1|Unknown 3 8.94 788659 60939 27.32 38.6
2|Unknown 3 10.13 212754 13374] 7.371 8.46
3|Unknown 3 14.27 1747957 78227| 60.56 49.5
4|Unknown 3 16.59 136859 5526 4.742 3.50
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Catalyzed by 9c¢ (72% yield, dr 42 : 58)

=11,3,5-trimethoxybenzene: 3.5 mg
=17b: 0.020 mmol

2.0

(Millions)

0 1‘0 ;
ﬁ

[

E

[%

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 6
X : parts per Million : 1H e °
140000 exp242Cl+ - CH9
100000 L
S
=
Z 2
2
8
£ 50000
3 4
0 R R S
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5

Retention Time [min]

#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 {Unknown 9 8.783 1662920 94845141.275 47.7
2| Unknown 9 9.990 1225330 62133]30.414 31.2
3| Unknown 9 14.113 603926 22690 14.990 114
4|Unknown 9 16.123 536678 19311]13.321 9.70
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Catalyzed by 9d (39% yield, dr 19 : 81)

1,3,5-trimethoxybenzene: 7.2 mg
7b: 0.020 mmol

1 1 1 1 1 1 L 1 1 1 1 1 L 1 L
3.00

1.0 20 3.0 40 50 60 7.0 80 9.0 10.0 11.0 12.0 13.0 140 150 16.0 17.0 18.0 19.0

(Millions)
0
1 1 1
¥
-
N
0.15
{ <
35 17
|
|
]
—
-
=
|
|

U L _ .
l(;.O 910 8{0 710 ’ ’ ‘GIO STO 4|0 310 2|0 lYO j)
3 52 g
X : parts per Million : 1H
50000 1‘|‘ 6-yy-38-2 - CH3
1 I
40000 - {\ 2{
i ‘ \ | \
H i
20000 — ( | | \
\
} L
, | . .
i | /
| B 4}
0o | N /AN ]2 W AN VA
\ ‘ \ 1 ‘ ‘ T ‘ T T !
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 195

Retention Time [min]

#|Peak Name |CH[tR [min] |Area [uV-sec]|Height [uV]|Area% |Height%
1|Unknown 3 9.32 759995 49939 41.51 494
2|Unknown 3 10.62 754664 39740] 41.22 39.3
3|Unknown 3 15.34 163417 6192 8.926 6.12
4|Unknown 3 17.91 152671 5247] 8.339 5.19
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Catalyzed by 9e (96% yield, dr 29 : 71)

3.00

1,3,5-trimethoxybenzene: 4.7 mg
7b: 0.020 mmol

16.0 18.0 200 220 240 260 280

<
=*
E
S
i
=+
<3
-]
<4
° s
|
-t
3 | j R
E =
£ J _II
g S N | |, S L. i\
T T T T T T T T T T T
10.0 9.0 8.0 7.0 | | |6.0 5.0 4.0 3.0 2.0 1.0 (’)
3 58 g
E- RN} <

X : parts per Million : 1H
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(Millions)

0

20.0

10.0

NC CO,Et

Me—X+ NHBoc
=0
N
Me

17f

r8)5

1.

1.96

1.01

3.00

1.97

|

11.00

.

10.0 9.0 8.0 7.0 X 5.0

o
%
=

X : parts per Million : 1

4.0

3.0

1.0

2.0

(Millions)
0

3.0 4.0 5.0 6.0

2.0

L

I J I J‘ A

L

|

h

|

210.0 200.0 190.0 1800 170.0 1600 150.0 1400 130.0 120.0 1100 100.0 90.0 80.0

ERNES N — o S TNV AN — =
TAaS o = o SO =N == A DA %MD
v o s "< R O IR A R R A R !
ol =8 g o e S aSSC T eSS %%
-] e FTTommEaAadAdAN = =33

X : parts per Million : 13C

A\

80.954
80.800
77.000

30.0 200

70.0 60.0

50.0 40.0

A

49.046
48.403
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Racemic sample of 17f

75000 exp244 - CH9
60000
s
=
> 40000
G
5
S
3
20000 4
L 2
\/ \4 _
J Y i A
0]
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% | Height%
1 |Unknown 9 8.403 65931 4000 9.010 12.9
2| Unknown 9 9.533 66312 2915] 9.063 9.38
3| Unknown 9 12.233 300449 13657|41.061 43.9
4|Unknown 9 15.990 299018 10504140.866 33.8
17f catalyzed by 9b
300000 1
S
=
> 200000
5
S
100000
2
4;
0 Y S A Yo
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 8.440 4636523 28101630.738 38.4
2| Unknown 9 9.577 1213980 52847| 8.048 7.21
3| Unknown 9 12.240 8560817 375610]56.754 51.3
4|Unknown 9 16.103 672752 23291| 4.460 3.18
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] NC CO,Et .
] Me =
oA *
2] NHBoc
] Cl
i * o)
] Me
-
=
"] 179
-
=
o
i (g
.
1 g
N 4 L
e JJLJ I
10.0 9.0
EEE Bl RIS 3 I8 R288 I8 asSnst8cIe@RERrSTI8IgeR28EE
HREENnERAAR xR AnIEREIRINASAINURRR38888883Tcs8%38888
Ll e T R -E R i s S 2 s s i s B R D e Rl ] <
X : parts per Million : 1H
=1
=
=
e
=
=
o]
+
2
m,
<]
A=
=1
7
- ﬂ J | |
S o4 i J | l 1| J 1 L )
o o L e o B L I L B B L e e e o 8 L o o
210.0 2000 190.0 180.0 1700 1600 150.0 140.0 1300 120.0 110.0 1000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
2§83 53 ZRSB53S:-§R5sd ¥§8 883% EF SEESRJES
N e dN SSXXENRLTMO SR N R R R
EEEE RR SYSSESENINZZE et FTEee %% SES§===2
X : parts per Million : 13C
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Racemic sample of 17g

4 exp246 - CH9

60000
1 2 3
40000
S
=
=
E 20000
(=
- \J \1,, i J " \ B . 1’" ——
0 |~
-20000
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 15.543 1844183 42195(19.260 24.3
2| Unknown 9 20.653 1828552 40663|19.097 23.5
3| Unknown 9 25.417 2932999 38903(30.632 22.4
4|Unknown 9 30.763 2969321 51530]31.011 29.7
17g catalyzed by 9b
60000 ’ 3 exp245 - CH9
2
40000
1
S A 4
=
z 20000
5
S
\J . A _ _
0 Y R i A i
-20000
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 14.837 840348 25912]10.050 17.6
2| Unknown 9 20.447 2124827 45312(25.410 30.7
3| Unknown 9 24.820 4066555 52792|48.631 35.8
4|Unknown 9 30.543 1330323 23529]15.909 15.9
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Racemic sample of 17h

50000
40000
S 20000
=
2
(%2}
5
=
07 -
-20000
0.0 5.0
17h catalyzed by 9b
500000
400000
=
=
=
5
£ 200000
0o
0.0 5.0

exp250(6-Br) - CH9

i 2‘
3.
4.
y
vl ./ . Y _—
10.0 15.0 20.0 25.0 30.0 35.0 38.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 {Unknown 9 14.790 811913 34004120.606 29.6
2 |Unknown 9 15.937 818118 31777]20.764 27.6
3| Unknown 9 23.470 1153717 27526(29.281 239
4|Unknown 9 32.937 1156400 21655(29.349 18.8
3 exp249(6-Br) - CH9
2\
1|
4.
vl - v . 3 -
10.0 15.0 20.0 25.0 30.0 350 390
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1| Unknown 9 14.683 5535747 235317]12.871 18.8
2| Unknown 9 15.793 11289715 421704126.249 33.6
3| Unknown 9 23.097 21704694 512080]50.464 40.8
4|Unknown 9 32.650 4480386 85022|10.417 6.78
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Racemic sample of 17i

140000 exp252(7-Cl) - CH9
100000
S
=
z
§ 50000
=
1‘ 2,
3’\ 4»;
0+— A J \rl ——— Y /N ],Y_/ \“.M _
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 [Unknown 9 9.94 381982 27830|26.469| 44.446
2| Unknown 9 12.00 394278 23003|27.321| 36.737
3|Unknown 9 35.37 333634 6521]23.119| 10.415
4|Unknown 9 39.12 333247 5261]23.092| 8.402
17i catalyzed by 9b
220000 d exp251(7-Cl) - CH9
200000 |
S
=
> 100000
2 2 4
8 ' '
=
3.
0 _ \ 4 1' i R v X N~ —
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 9.95 3039667 214200/29.862| 57.668
2| Unknown 9 12.01 1245688 72482(12.238| 19.514
3|Unknown 9 35.39 619828 12446| 6.089| 3.351
4|Unknown 9 37.61 5273751 72311(51.810| 19.468
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Racemic sample of 17

110000 exp241 - CH9
100000
11
S
=
2 50000 2
g i 3 4
<
0 ,_/_‘v TWW_.L \7r~_,._1/ % \\‘_,‘,_«_M-_
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Retention Time [min]
#|Peak Name |CH [tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 30.64 4412578 75442124.241| 40.441
2 |Unknown 9 52.15 4459153 41117|24.497| 22.041
3| Unknown 9 68.16 4689049 3403825.759| 18.246
4|Unknown 9 73.88 4642429 35952125.503] 19.272
17j catalyzed by 9b
130000 exp240 - CH9
100000
S
=
=
@ 50000
L 1
£ |
4
2 3 N
I NA
0o — S ST SS SRR PRRE 11 ‘TM\,_.W*__M,N\,,!/ \».x_, povcns: e SV \%’ \TMWW
\
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 30.49 2233170 3749126.987| 43.832
2 |Unknown 9 52.20 1630774 15097]19.707| 17.651
3| Unknown 9 67.88 1703628 12439|20.588| 14.543
4| Unknown 9 73.53 2707426 2050532.718| 23.974
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Racemic sample of 17k

exp258 Ph - CH9

80000 ‘ 3
4(
50000
s
=
=
=
1;
2 ; :
0 ks \/ v/ \"Il % \Wrwm
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 38.0
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%
1|Unknown 9 18.15 288780 9334| 4.101| 6.109
2 |Unknown 9 24.03 282570 4475| 4.013| 2.929
3|Unknown 9 27.81 3232507 74352145.910| 48.666
4 |Unknown 9 31.01 3237174 64619]45.976| 42.296
17k catalyzed by 9b
exp257 Ph - CH9
130000
100000 3
s
=
Fny
2 50000
£ 4
y 2
0+ SO ok o B / 5 Y~ '"‘T" X ———
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 38.0
Retention Time [min]
#|Peak Name |CH |tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1|Unknown 9 17.91 290599 9937| 4.560| 6.750
2 |Unknown 9 23.78 202682 3347| 3.180| 2273
3|Unknown 9 27.48 4101854 96341/64.361| 65.440
4|Unknown 9 30.70 1778075 3759427.899| 25.536
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Racemic sample of 171

1 exp268C0O2Me - CH9
300000 ’
2\
200000
3 3
=
(%2}
5
E 4
100000 i
.Y
0 R ' A ! A
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Retention Time [min]
#|Peak Name|CH|[tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 {Unknown 9 15.273 7562205 304797]26.254 37.7
2 |Unknown 9 17.337 7508870 242997126.069 30.0
3| Unknown 9 24.953 6914486 161117]24.005 19.9
4|Unknown 9 32.827 6818418 100129]23.672 12.4
171 catalyzed by 9b
exp267 - CH9
100000 ’
1 3
S
=
% 50000
o
S
2.
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Retention Time [min]
#|Peak Name|CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 |Unknown 9 16.213 2351554 86797|34.187 43.9
2| Unknown 9 18.603 540695 17163| 7.861 8.69
3| Unknown 9 26.097 3702801 88505]53.832 448
4|Unknown 9 33.997 283451 5043| 4.121 2.55
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Racemic sample of 17m

50000 3 exp262 - CH10
40000
o 4
2 |
% 20000
5
S 1
2.
0 Y ‘*X" A v A T Y\
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 {Unknown 10 7.347 168123 11995| 5.061 13.1
2 |Unknown 10 9.503 168691 7618| 5.078 8.31
3| Unknown 10| 16.197 1488128 47588144.795 519
4|Unknown 10| 22.133 1497156 24421145.067 26.7
17m catalyzed by 9b
36000 1I exp261 - CH10
30000
= 20000
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=
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0 Y _‘! Y — \ — Y <
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
#|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%
1 {Unknown 10 7.360 487877 34916]53.622 71.0
2| Unknown 10 9.457 152332 6840(16.743 13.9
3| Unknown 10| 16.403 230839 6909(25.371 14.0
4|Unknown 10| 22.773 38789 518| 4.263 1.05
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