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General.

Solvents were purified by filtration on Al,Os drying columns using a Solvtek system
or by distillation over Na and benzophenone. Reactions and manipulations involving
organometallic or moisture sensitive compounds were carried out under dry nitrogen and

glassware heated under vacuum prior to use. Analytical HPLC was performed using an
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Agilent 1100 series chromatograph with a JASCO PU-980 pump and Agilent 1100
Series detection system.

'H- and "C-NMR spectra were recorded on Bruker AMX-500, AMX-400 or AMX-
300 FT spectrometers using an internal deuterium lock. Chemical shifts are quoted in
parts per million (ppm) downfield of tetramethylsilane. Coupling constants J are quoted
in Hz. Infrared spectra were recorded on a Perkin—Elmer Spectrum One
spectrophotometer. Electron impact (EI) mass spectra were obtained using Varian CH—4
or SM-1 instruments operating at 40-70eV.Electrospray ionization (ESI) HRMS
analyses were measured on a VG analytical 7070E instrument. Optical rotations were
measured on a Perkin Elmer 241 polarimeter using a quartz cell (/ = 10 cm) with a Na
high-pressure lamp (4 = 589 nm). Melting points were determined on a Biichi 510
instrument and are uncorrected.

Ligands L1, L2 and chiral amine (R)-3 were prepared according to literature

methods.!

1. Synthesis of the chiral carbene ligand precursor:

OMeBu OMeBu
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(R)-tert-butyl-1-(2-methoxyphenyl)-2,2-dimethylpropylcarbamate (4). To a solution
of (R)-1-(2-methoxyphenyl)-2,2-dimethylpropan-1-amine (3) (1.32 g, 6.83 mmol) and
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triethylamine (2.1 mL, 14.6 mmol) in dichloromethane (40 mL) was added di-tertbutyl
dicarbonate (3.2 g, 98%, 14.3 mmol) at room temperature, and the reaction mixture was
stirred at room temperature for 18 h. The reaction was quenched with sat. aq. NH4Cl, the
aqueous layer was extracted with dichloromethane and the combined organic layers were
dried over magnesium sulfate and concentrated in vacuo to give 4. The crude product was

used without any further purification.

(R)-1-(5-bromo-2-methoxyphenyl)-2,2-dimethylpropan-1-amine (5). To a solution of
4 (14.6 mmol) in acetone (30 mL) and 1 N HCl (0.74 mL) was added N-
bromosuccinimide (1.28 g, 95%, 6.83 mmol), and the reaction mixture was stirred at
room temperature for 12 h. Hexane (40 mL) was added, the reaction mixture was cooled
to 0 °C, and the precipitate formed was removed by filtration and washed with hexanes.
The filtrate was concentrated in vacuo to give the crude product 5 as a glassy solid (2.31
g, 91% over two steps). 'H NMR (400 MHz, CDCls): § 0.94 (s, 9H), 1.46 (s, 9H), 3.84 (s,
3H), 6.78 (d, /= 8.6 Hz, 1H), 7.23 (s, 1H), 7.35 (dd, /= 2.3, 8.8 Hz, 1H).
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Compound 6. A dried Schlenk tube was charged with [P'Bu;H][BF,] (78 mg, 0.269
mmol), Pd(dba), (78 mg, 0.136 mmol), ‘BuONa (30 mg, 0.312 mmol) and 5 mL DME
under N,. The mixture was stirred at room temperature for 0.5 h. Then K,CO; (2.8g, 20.3
mmol), PhB(OH), (2.4 g, 19.7 mmol), and 6 (2.12 g, 5.7 mmol) (in 20 mL DME and 25
mL degassed water) were added. The stirred mixture was then heated to 80 °C for 36 h.
The reaction mixture was cooled to room temperature, quenched with sat. aq. NaHCOs
and extracted with ethyl acetate. The combined organics were dried over magnesium
sulfate, filtered and concentrated in vacuo. The resultant oil was purified by column
chromatography to yield 6 (2.17g, 5.48 mmol, 96%) as a yellow glassy solid. '"H NMR
(400 MHz, CDCls): 6 1.0 (s, 9H), 1.49 (s, 9H), 3.92 (s, 3H), 7.0 (d, J = 8.4 Hz, 1H), 7.37
(t,J=17.3,2H), 7.45-7.51 (m, 3H), 7.59 (d, J= 7.6 Hz, 2H).

7.6010

3.9240
—1.4881
—1.0039

]8.2424

T~
~18.7260 F

43.0473

— T — T T T T
55 5.0 4.5 4.0 35 3.0 2.5 2.0
(ppm)

S
[
o
N~
o
~
N
>

0.5

Compound 7. To a solution of 6 (2.1 g, 5.69 mmol) in water (1.4 mL) was added
trifluoroacetic acid (25 mL), and the reaction mixture was stirred at room temperature for

4 h. The reaction mixture was neutralized with saturated sodium bicarbonate, the aqueous
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layer extracted with ethyl acetate, and the combined organic layers were dried, filtered
and concentrated in vacuo to give 7 (1.41 g, 92%), which was used without any further
purification.

Compound 8. Aq. glyoxal (40%) (300 uL, 2.6 mmol) was introduced into
dichloromthane (15 mL) and vigorously stirred with freshly dehydrated sodium sulfate
(6.0 g). After the addition of formic acid (98%) (13 uL, 7 mol%) and 7 (1.4 g, 5.2 mmol),
the mixture was allowed to stir for overnight at room temperature. The mixture was then
filtered, and the solvent was removed in vacuo. The residue was purified by column
chromatography to yield 8 (1.03g, 71%) as a pale-brown solid. [ot]p> = +291.6 (¢ = 1.0
in CH,Cl,). '"H NMR (400 MHz, CDCl3): & 1.01 (s, 18H), 3.85 (s, 6H), 4.68 (s, 2H), 6.91
(d, J=8.6 Hz, 2H), 7.31 (t, J = 3.6 Hz, 2H), 7.39-7.43 (m, 6H), 7.56 (d, J= 7.1 Hz, 4H),
7.77 (d, J = 2.1 Hz, 2H), 8.07 (s, 2H). *C NMR (100 MHz, CDCLs): & 26.9, 36.3, 55.5,
75.3,110.6, 126.0, 126.5, 127.0, 128.7, 129.0, 130.5, 132.9, 141.3, 156.4, 162.0.
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Carbene ligand precursor L3.

To a solution of 8 (340 mg, 0.61 mmol) in methanol (18 mL) was added NaBH4
(461 mg, 12.1 mmol) at 0 °C. The reaction mixture was stirred overnight at room
temperature. The mixture was then filtered through a short pad of silica gel, the pad
washed with ether, and volatiles were removed in vacuo to give a pale-yellow oil (334
mg). This was taken up in HC(OEt); (3mL), NH4BF4 (65 mg, 0.61 mmol) was added and
the mixture was heated to 125 °C for 12 hours. The excess of HC(OEt); was removed
under vacuum. The residual oil was dissolved in 6 mL acetone and Nal (887 mg, 6.1
mmol) was added. After stirring overnight, acetone was removed in vacuo and the
resultant solid was dissolved in CH,Cl,. The solution was filtered and washed with
CH,Cl,. After removal of CH,Cl,, the residue was dissolved in 6 mL of acetone, treated
with Nal (436 mg, 3 mmol) and stirred overnight. Solvent removal followed by flash
chromatography (Ether/CH,Cl, 1/1) afforded L3 (378 mg, 88%) as pale-yellow solid.
[a]p™ =+125.8 (¢ = 0.5 in acetone). 'H NMR (400 MHz, CDCl;): & 1.29 (s, 18H), 3.83 (t,
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J=16.4 Hz, 2H), 3.98 (s, 6H), 3.99 (t, J = 16.4 Hz, 2H), 5.51 (s, 2H), 7.08 (d, J = 8.6 Hz,
2H), 7.39 (t,J = 7.1 Hz, 2H), 7.49 (t, J = 8.1 Hz, 4H), 7.56 (dd, J = 1.3, 7.6 Hz, 4H), 7.62
(dd, J = 2.3, 8.6 Hz, 2H), 7.69 (d, J = 2.3 Hz, 2H), 9.69 (s, 1H). °C NMR (100 MHz,
CDCls): §28.4, 36.2, 49.2, 56.2, 112.1, 122.6, 126.8, 127.2, 128.2, 128.8, 129.0, 133.5,
140.0, 157.1, 159.1. Vpa/em™: 2961, 2186, 1620, 1542, 1509, 1486, 1462, 1400, 1369;
HRMS: m/z (ESI+) calculated for C39H47N,0; ([M—I]+): 575.3632, found: 575.3652.
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2 Synthesis of the substrates:
Substrates 1a, 1f, 1g, 1j and 1k were synthesized according to general procedure A.
1b-e, 1h and 1i were synthesized according to general procedure B. 11-o0 were prepared as

detailed in general procedure C.

General Procedure A:

1. NaH, R?X, )
OH THF, 0°C oR
MeO,C > MeO,C X
_R1 2 1 p1
| 2. KOH, | R
80% MeOH,
reflux Br
PoPCly, | pall
CH,Cl,, T
reflux NH,
R NaH, R
4
,\BrO = R*X 3.\Br0 Y.
R3.—/ S | R _ S |
N THF, r.t. N
R* OR? H  ore

Individual details of the syntheses are not given. Commercial mandelic acids were
protected as the methyl esters according to Carboni ef al.” and subsequently O-alkylated
and deprotected as described by Greenberg ef al and Khumtaveeporn ef al.’ The anilide
coupling was facilitated by the method of Azumaya ez al.,* and the anilides N-methylated

according to Hartwig and Lee.’

N-(2-Bromophenyl)-N-methyl-2-phenyl-2-methoxyacetamide (1a)

'H NMR (300 MHz, CDCl3): & 3.19 (s, 0.9H), 3.23 (s, 2.1H), 3.25 (s, 0.9H), 3.42
(s, 2.1H), 4.40 (s, 0.7H), 4.60 (s, 0.3H), 6.59 (dd, J = 1.7, 7.8 Hz, 0.7H), 7.05-7.12 (m,
2H), 7.16 (td, J = 1.5, 7.7 Hz, 0.7H), 7.19-7.34 (m, 4H), 7.43 (dd, J = 1.7, 7.8 Hz, 0.3H),
7.48 (td, J=1.5,7.7 Hz, 0.3H), 7.62 (dd, J = 1.4, 8.0 Hz, 0.3H), 7.76 (dd, /= 1.4, 8.0 Hz,
0.7H). >C NMR (75 MHz, CDCls): § 36.3, 36.4, 56.8, 57.8, 81.1, 81.8, 123.4, 124.3,
128.2, 128.30, 128.37, 128.41, 128.45, 128.56, 128.58, 128.7, 130.0, 130.1, 130.6, 131.5,
133.7, 134.0, 135.4, 136.3, 141.0, 141.5, 169.4, 169.7. Vmu/cm™: 2926, 1676, 1477,
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1454, 1379, 1103; HRMS: m/z (EI+) calculated for CisH;¢" BrNO,Na ([M(*'Br)+Na]"):
358.0237, Found: 358.0221.
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N-(2-Bromophenyl)-NV-methyl-2-methoxy-2-(4-trifluoromethylphenyl)acetamide (1f)

'H NMR (300 MHz, CDCls): § 3.13 (s, 0.9H), 3.21 (s, 2.1H), 3.21 (s, 0.9H), 3.39
(s, 2.1H), 4.44 (s, 0.7H), 4.59 (s, 0.3H), 6.64 (dd, J = 1.7, 7.8 Hz, 0.7H), 7.15-7.34 (m,
3.3H), 7.40-7.47 (m, 1H), 7.52 (t, J = 8.1 Hz, 2H), 7.63 (dd, J = 1.4, 8.0 Hz, 0.3H), 7.75
(dd, J = 1.4, 8.0 Hz, 0.7H). °C NMR (75 MHz, CDCL): § 36.6, 36.7, 57.5, 58.2, 80.7,
81.3,123.6, 124.2, 124.3, 124.4, 125.5, 128.96, 129.05, 129.3, 130.7, 130.8, 130.9, 131.5,
134.27, 134.34, 140.9, 169.0, 169.4. V. /cm™: 3063, 2989, 2933, 2826, 1682, 1619,
1584, 1477, 1326, 1165, 1124; HRMS: m/z (EI-) calculated for C;7;H;4F;BrNO,
(IM—H] ): 400.0165, Found: 400.0179.
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N-(2-Bromophenyl)-N-methyl-2-methoxy-2-(4-methoxyphenyl)acetamide (1g)

'H NMR (300 MHz, CDCl3): & 3.14 (s, 0.9H), 3.20 (s, 2.1H), 3.21 (s, 0.9H), 3.37
(s, 2.1H), 3.79 (s, 3H), 4.30 (s, 0.7H), 4.50 (s, 0.3H), 6.56 (dd, J = 1.3, 7.7 Hz, 0.7H),
6.74-6.79 (m, 2H), 6.94-6.99 (m, 2H), 7.12-7.31 (m, 1.6H), 7.41 (t, J = 8.5 Hz, 0.7H),
7.58 (d, J = 8.0 Hz, 0.3H), 7.72 (d, J = 8.0 Hz, 0.7H). >C NMR (75 MHz, CDCL): §
36.2, 36.3, 55.3, 56.6, 57.6, 80.4, 81.2, 113.7, 113.8, 123.3, 124.4, 127.5, 128.4, 128.5,
128.6, 129.7, 129.9,130.0, 130.5, 131.5, 133.6, 134.0, 141.0, 141.6, 159.9, 169.7, 170.0.
Vmadem™: 3061, 2934, 2835, 1675, 1512, 1476; HRMS: m/z (EI+) calculated for
Ci17HsBr NOsNa ([M+Na]+): 386.0362, found: 386.0365.
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N-(2-Bromo-4-methylphenyl)-/N-methyl-2-methoxy-2-phenylacetamide (1))

'H NMR (300 MHz, CDCls): § 2.38 (s, 1.8H), 2.41 (s, 1.2H), 3.16 (s, 1.2H), 3.17
(s, 1.8H), 3.18 (s, 1.2H), 3.39 (s, 1.8H), 4.42 (s, 0.6H), 4.57 (s, 0.4H), 6.44 (d, J = 8.0 Hz,
0.6H), 6.92 (dd, J = 1.8, 8.0 Hz, 0.6H), 7.04-7.10 (m, 1.8H), 7.21-7.29 (m, 4H), 7.40 (s,
0.4H), 7.54 (s, 0.6H). °C NMR (75 MHz, CDCl;): & 21.3, 36.8, 36.9, 57.2, 58.2, 81.2,
82.0, 123.2, 124.2, 128.6, 128.8, 128.9, 128.9, 129.1, 129.6, 129.8, 130.4, 131.3, 134.4,
134.7, 135.9, 136.7, 138.6, 139.2, 140.9, 141.0, 170.0, 170.4. Vpu/cm™: 3060, 3030,
2978, 2924, 2822, 1675, 1494, HRMS: m/z (EI+) calculated for C;7H;sBrNO,Na
([M+Na]"): 370.0413, found: 370.0402.
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N-(2-Bromo-4-fluorophenyl)-/N-methyl-2-methoxy-2-phenylacetamide (1k)

'H NMR (300 MHz, CDCls): & 3.15 (s, 1.2H), 3.18 (s, 1.8H), 3.19 (s, 1.2H), 3.39
(s, 1.8H), 4.34 (s, 0.6H), 4.53 (s, 0.4 H), 6.50 (dd, J = 5.5, 8.8 Hz, 0.6H), 6.83 (ddd, J =
2.8, 7.7, 8.8 Hz, 0.6H), 7.02-7.39 (m, 6.2H), 7.46 (dd, J = 2.8, 7.7 Hz, 0.6H). °C NMR
(75 MHz, CDCl;): 6 36.9, 36.9, 57.3, 58.2, 81.6, 82.3, 116.0, 116.2, 121.2, 121.4, 124 .4,
128.7, 128.8, 128.9, 129.3, 131.9, 132.8, 135.6, 136.4, 137.7, 162.1, 169.9, 170.2.
Vmax/om™: 3064, 2934, 2825, 1735, 1681, 1594, 1489; HRMS: m/z (EI+) calculated for
C16H,sBrFNO;Na ([M+Na]"): 374.0173, found: 374.0160.
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General Procedure B:

OH Ag,0 OR!

Ar—py _ MQO)/THF )J\H/OEt _NaBH, _ OEt RX OEt
0 TEtoH | Ar OMF rt' Ar
-30°C o ’ o
EtOJ\NOEt

Br
o (17,
W‘& ‘

oR! DCC/DMAP 1
NaOH )\H/OH THF, rt OR
Ar
EtOH/H,0 Br Br NaH, Br
rt 0 0 2
: Noe

2 ©: )J\/Ar Ar
DCC/DMAP N THE. rt N

THF, rt H OR' R2 OR!

Individual details of the syntheses are not given. Aryl o-ketoester were prepared
from commercial arylbromides and reduced to mandelic acids according to Saito et al.®
Condensation reaction to amides were carried out according to Suna.” N-alkylated amides

were prepared according to Hartwig and Lee.’

N-benzyl-N-(2-bromophenyl)-2-methoxy-2-phenylacetamide (1b)

'H NMR (400 MHz, CDCl;): 8 3.15 (s, 1.1H), 3.46 (s, 1.9H), 3.94 (s, 0.2H), 3.99 (s,
0.2H), 4.07 (s, 0.3H), 4.12 (s, 0.3H), 4.40 (s, 0.6H), 4.54 (s, 0.4H), 5.65 (s, 0.3H), 5.70 (s,
0.3H), 5.76 (s, 0.2H), 5.81 (s, 0.2H), 6.03 (dd, J= 1.5, 7.8 Hz, 0.7H), 6.88-6.96 (m, 1.1H),
7.04-7.07 (m, 1.3H), 7.11-7.16 (m, 2H), 7.18-7.33 (m, 9.9H), 7.62-7.65 (m, 0.4H), 7.74
(dd, J = 1.3, 8.0 Hz, 0.6H). °C NMR (100 MHz, CDCl;): § 51.5, 51.9, 56.7, 57.7, 81.1,
82.0, 123.8, 124.4, 127.5, 127.6, 127.8, 128.1, 128.30, 128.33, 128.39, 128.42, 128.48,
128.6, 128.8, 129.1, 129.4, 130.2, 132.4, 132.7, 133.5, 133.8, 135.4, 136.2, 136.54,
136.57, 138.8, 139.1, 169.2, 169.6. Vma/em™: 3031, 2928, 2825, 1676, 1584, 1495, 1474,

1455; HRMS: m/z (ESI+) calculated for C,HyBrNO, ([M+H]"): 410.0750, found:
410.0750.
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2-(Benzyloxy)-N-(2-bromophenyl)-N-methyl-2-phenylacetamide (1¢)

"H NMR (400 MHz, CDCls): § 3.23 (s, 1.2H), 3.25 (s, 1.8H), 4.22 (s, 0.2H), 4.25 (s,
0.2H), 4.50 (s, 0.2H), 4.53 (s, 0.2H), 4.54 (s, 0.2H), 4.57 (s, 0.4H), 4.62 (s, 0.4H), 4.64 (s,
0.6H), 4.65 (s, 0.2H), 4.77 (s, 0.4H), 6.61 (dd, J= 1.5, 7.8 Hz, 0.6H), 7.09-7.18 (m, 3.2H),
7.21-7.39 (m, 10H), 7.58-7.33 (dd, J = 3.6, 5.8 Hz, 0.4H), 7.68 (dd, J = 1.5, 8.1 Hz,
0.7H). *C NMR (100 MHz, CDCls): & 36.2, 36.4, 70.5, 71.2, 79.1, 123.3, 123.9, 127.6,
127.8, 128.12, 128.19, 128.2, 128.3, 128,43, 128.47, 128.5, 128.60, 128.68, 128.7, 129.9,
130.1, 130.3, 131.3, 133.6, 133.8, 135.6, 136.4, 137.5, 137.7, 140.9, 141.3, 169.3, 169.9.
Vinax/cm’™: 3030, 2930, 1675, 1584, 1476, 1454; HRMS: m/z (ESI+) calculated for

C,Ha BINO, ([M+H]"): 410.0750, found: 410.0736.
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N-(2-bromophenyl)-2-methoxy-/N-methyl-2-p-tolylacetamide (1d)

'H NMR (300 MHz, CDCl3): § 2.35 (s, 3H), 3.17 (s, 0.9H), 3.24 (s, 2.1H), 3.25 (s,
1H), 3.41 (s, 2H), 4.35 (s, 0.7H), 4.55 (s, 0.3H), 6.63 (dd, J = 1.7, 7.8 Hz, 0.7H), 6.94-
7.02 (m, 2H), 7.09 (t, J = 6.6 Hz, 2H), 7.18 (dt, J = 1.5, 7.8 Hz, 0.8H), 7.25-7.35 (m,
0.8H), 7.43-7.51 (m, 0.8H), 7.63 (d, J = 7.9 Hz, 0.4H), 7.77 (dd, J = 1.4, 8.0 Hz, 0.7H).
C NMR (75 MHz, CDCl;): & 21.2, 36.20, 36.28, 56.6, 57.5, 80.7, 81.4, 123.2, 124.1,
128.2, 128.3, 128.5, 128.7, 128.8, 129.0, 130.0, 130.1, 130.5, 131.4, 132.4, 133.2, 133.6,
133.9, 138.2, 138.4, 140.9, 141.4, 169.5, 169.8. Via/em™: 2923, 1676, 1584, 1514, 1476;
HRMS: m/z (ESI+) calculated for C17H;9BrNO, ((M+H]"): 348.0593, found: 348.0587.
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N-(2-bromophenyl)-2-methoxy-N-methyl-2-(3,5-dimethylphenyl)acetamide (1e)

'H NMR (400 MHz, CDCl3): § 2.23 (s, 3H), 2.24 (s, 3H), 3.19 (s, 0.5H), 3.21 (s,
1.4H), 3.23 (s, 2.1H), 3.41 (s, 1H), 3.42 (s, 1H), 4.31 (d, J = 3.6 Hz, 0.7H), 4.55 (d, J =
3.3 Hz, 0.3H), 6.56-7.11 (m, 2.7H), 6.91 (s, 1H), 7.12-7.20 (m, 0.7H), 7.25-7.33 (m,
1.1H), 7.40-7.49 (m, 0.6H), 7.58 (t, J = 7.6 Hz, 0.3H), 7.75 (t, J = 7.6 Hz, 0.7H). °C
NMR (100 MHz, CDCls): § 15.2, 21.0, 36.1, 56.6, 57.5, 65.6, 81.0, 81.9, 123.1, 124.2,
125.8, 126.0, 128.1, 128.6, 129.92, 129.96, 130.0, 130.1, 130.5, 131.6, 133.4, 133.6,
134.9, 135.8, 137.3, 137.5, 140.6, 141.2, 169.3, 169.5. Vmu/cm™: 2916, 2821, 1800,
1672, 1609, 1583, 1475, 1436; HRMS: m/z (ESI+) calculated for C;sH,BrNO,
([M+H]"): 362.0750, found: 362.0741.
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N-(2-bromophenyl)-2-methoxy-N-methyl-2-(naphthalen-1-yl)acetamide (1h)

"H NMR (400 MHz, CDCls): & 3.26 (s, 1.7H), 3.27 (s, 2H), 3.54 (s, 0.3H), 3.55 (s,
2H), 5.18 (s, 0.7H), 5.35 (s, 0.3H), 6.19 (dd, J = 1.5, 6.3 Hz, 0.7H), 6.66 (dt, J= 1.2, 7.8
Hz, 0.7H), 7.03 (dt, J = 1.5, 7.8 Hz, 0.7H), 7.16 (d, J = 6.1 Hz, 0.3H), 7.21-7.26 (m,
0.3H), 7.32-7.40 (m, 2.8H), 7.41-7.53 (m, 1.7H), 7.68 (dt, /= 1.2, 8.1 Hz, 1.4H), 7.82 (d,
J =7.8Hz, 2H), 7.92 (d, J = 8.6 Hz, 0.3H). °C NMR (100 MHz, CDCLs): § 36.4, 36.5,
57.0, 58.0, 79.3, 79.6, 122.8, 123.0, 123.8, 123.9, 125.0, 125.4, 125.6, 126.0, 126.3, 126.9,
127.6, 128.4, 128.7, 129.1, 129.3, 129.83, 129.89, 130.4, 130.93, 130.99, 131.2, 131.7,
132.3, 133.3, 133.5, 133.7, 133.8, 140.5, 141.2, 169.4, 169.9. Vpu/cm™: 2923, 2822,
1710, 1672, 1597, 1583, 1510, 1475, 1435; HRMS: m/z (ESI+) calculated for
C0H 9BrNO, ([M+H]"): 384.0593, found: 384.0584.
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N-(2-bromophenyl)-2-methoxy-/N-methyl-2-(naphthalen-2-yl)acetamide (1i)

'H NMR (400 MHz, CDCls): & 3.23 (s, 1.1H), 3.26 (s, 1.9H), 3.27 (s, 1H), 3.47 (s,
2H), 4.58 (s, 0.7H), 4.79 (s, 0.3H), 6.53 (dd, J = 1.5, 7.8 Hz, 0.7H), 7.09 (dt, J = 1.5, 7.8
Hz, 0.7H), 7.27-7.31 (m, 1.1H), 7.32-7.39 (m, 1H), 7.41 (s, 0.8H), 7.47-7.53 (m, 2.7H),
7.58 (dd, J= 1.2, 7.8 Hz, 0.4H), 7.74 (dd, J = 2.3, 8.8 Hz, 1H), 7.78-7.86 (m, 2.7H). °C
NMR (100 MHz, CDCly): 6 15.3, 36.3, 36.4, 56.9, 57.7, 65.8, 81.2, 81.9, 123.3, 124.3,
125.6, 125.7, 126.0, 126.2, 126.4, 127.6, 128.02, 128.05, 128.11, 128.19, 128.3, 128.5,
128.8, 130.1, 130.2, 130.6, 131.5, 132.91, 132.93, 133.0, 133.4, 133.5, 133.6, 133.7,
133.9, 140.8, 141.4, 169.3, 169.6. Vimax/cm™: 3057, 2927, 2822, 1672, 1583, 1508, 1475,

1436; HRMS: m/z (ESI+) calculated for C0H;oBrNO, ([M+H]"): 384.0593, found:
384.0599.
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General Procedure C:

0]

A
Br & Br o R,NH NaH
= Ph

NH, Step1 N Step 2

H

Ph

Step 3
Cl R NR,

Step 1: To a solution of 2-bromoaniline (1 eq) in DCM (ca 0.025 M) was added
pyridine (1.3 eq) and chlorophenylacetyl chloride (1.3 eq). The mixture was stirred for 3
hours then diluted with DCM (equivalent volume to that of DCM used in the reaction),
washed with water (equivalent volume to DCM), 1 M NaOH (equivalent volume
toDCM) and brine, dried (MgSO,) and concentrated under reduced pressure, to yield an
orange oily solid; the product was recrystallised from methanol / water to give N-(2-
bromophenyl)-2-chloro-2-phenylacetamide as a pale yellow crystalline solid (93 %).

Step 2: To a solution of the amine (1.2 eq) and diisopropylethylamine (1.2 eq) in
acetonitrile (ca 0.025 M) was added the N-(2-bromophenyl)-2-chloro-2-phenylacetamide
(1 eq); the solution was then heated under reflux for ~10 hours, and then allowed to cool
to room temperature. The reaction mixture was diluted with diethyl ether (equivalent
volume to that of acetonitrile used in the reaction) and washed with water (equivalent to
volume of diethyl ether). The aqueous layer was washed with diethyl ether, and the
combined organics were washed with brine, then dried (MgSQO,4) and concentrated under
reduced pressure to give the crude product, which was purified by flash column
chromatography.

Step 3: To a suspension of NaH (1.2 eq) in acetonitrile (ca 0.025 M) at 0 °C was
added the amide (from step 2) (1 eq, as a solution in acetonitrile), and Mel or benzyl
bromide (1.2 eq). The reaction mixture was allowed to warm to room temperature over 4
hours. The reaction was quenched with 1 M NaOH (aq) (equivalent to the volume of
acetonitrile used in the reaction) and diluted with ethyl acetate (equivalent to the volume
of acetonitrile used in the reaction). The layers were separated and the aqueous layer

washed with ethyl acetate. The combined organics were then washed with brine, dried



Supplementary Material (ESI) for Chemical Communications 29
This journal is (c) The Royal Society of Chemistry 2008

(MgSO,), and concentrated under reduced pressure; the crude product was purified by

flash column chromatography.

N-(2-Bromophenyl)-2-(diethylamino)-N-methyl-2-phenylacetamide (11)

'"H NMR (300 MHz, CDCl3): & 0.82-0.89 (m, 6H), 2.77-2.38 (4H, m), 3.19 (s,
2.1H), 3.21 (s, 0.9H), 4.09 (s, 0.7H), 4.27 (s, 0.3H), 6.47 (d, J = 7.8 Hz, 0.7H), 7.01 (t, J
= 7.8 Hz, 0.7H), 7.11-7.25 (m, 5.9H), 7.41 (d, J =7.5 Hz, 0.7H), 7.55 (d, J = 7.8 Hz,
0.3H), 7.67 (d, J = 7.8 Hz, 0.7H). *C NMR (75 MHz, CDCl3): § 13.1, 36.2, 44.3, 67.0,
123.0, 127.9, 128.1, 128.1, 129.7, 129.8, 131.0, 133.6, 137.3, 141.8,172.3. Vya/cm™:
3033, 2953, 2861, 1670; HRMS: m/z (EI+) calculated for C;oH»BrN,O ([M+H])):
375.1067; found: 375.1058.

e e

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (f1)
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150 100 50
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N-Benzyl-N-(2-bromophenyl)-2-(diethylamino)-2-phenylacetamide (1m)

'H NMR (300 MHz, CDCl3): § 0.79 (t, J = 7.0 Hz, 2.4H), 0.88 (t, J = 7.0 Hz, 3.6H),
2.40-2.83 (m, 4H), 3.94 (d, J = 14.1 Hz, 0.6H), 4.10 (s, 0.6H), 4.21 (s, 0.4H), 5.76-5.87
(m, 1H), 6.76 (t, J = 7.8 Hz. 0.6H), 6.84-6.87 (m, 0.4H), 7.04-7.25 (m, 12H), 7.56-7.59
(m, 0.4H), 7.68 (d, J = 8.1 Hz, 0.6H). °C NMR (75 MHz, CDCly): & 13.5, 44.5, 51.5,
67.0, 123.4, 124.4, 139.5, 127.3, 127.4, 127.5, 127.7, 127.9, 128.0, 128.2, 128.3, 129.3,
129.4, 129.7, 130.2, 132.6, 133.5, 133.7, 137.2. vpu/cm™: 3077, 2965, 1872, 1659;
HRMS: m/z (EI+) calculated for C,sH,3BrN,O ([M+H]+): 451.1380, found: 451.1390.
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N-(2-Bromophenyl)-N-methyl-2-phenyl-2-(pyrrolidin-1-yl)acetamide (1n)

'H NMR (300 MHz, CDCls): & 1.71-1.75 (m, 4H), 2.27-2.35 (m, 2H), 2.53-2.59 (m,
2H), 3.16 (s, 2.1H), 3.20 (s, 0.9H), 3.47 (s, 0.7H), 3.80 (s, 0.3H), 6.45 (d, J = 7.8
Hz.0.7H), 6.98-7.29 (m, 6.7H), 7.36 (d, J= 7.8 Hz, 0.3H), 7.44 (t,J = 7.5 Hz, 0.3H), 7.54
(d, J = 7.8 Hz, 0.3H), 7.70 (d, J = 7.8 Hz. 0.7H). °C NMR (75 MHz, CDCl3): § 23.6,
36.8, 53.1, 72.2, 123.5, 128.3, 128.5, 128.8, 129.6, 130.1, 131.9, 133.9, 137.9, 142.1,
171.1. Via/em™: 3021, 2956, 2875, 1661;HRMS: m/z (EI+) calculated for C9Hx,BrN,O
([M+H]"): 373.0910, found: 373.0898.
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N-(2-Bromophenyl)-N-methyl-2-morpholin-4-yl-2-phenylacetamide (10)

'H NMR (300 MHz, CDCl;): § 2.30-2.37 (m, 2H), 2.42-2.52 (m, 2H), 3.16 (s,
2.25H), 3.20 (s, 0.75H), 3.53 (s, 0.75H), 3.66-3.70 (m, 4H), 3.80 (s, 0.25H), 6.50 (d, J =
7.8 Hz, 0.75H), 7.06-7.31 (m, 6.75H), 7.37 (d, J = 7.8 Hz, 0.25H), 7.46 (t, J = 7.8 Hz,
0.25H), 7.57 (d, J = 8.0 Hz, 0.25H), 7.72 (d, J = 8.0 Hz, 0.75H). >C NMR (75 MHz,
CDCl): 6 36.2, 36.3, 51.6, 51.9, 66.9, 67.1, 71.3, 72.3, 123.0, 124.2, 127.9, 128.0, 128.1,
128.2, 128.3, 128.6, 129.7, 129.8, 129.9, 130.0, 130.9, 131.4, 133.7, 134.1, 134.4, 135.3,
141.4, 142.0, 170.0, 170.2. Vpao/em™: 3048, 2960, 2857, 1664; HRMS: m/z (EI+)
calculated for C9H,BrN,O, ([M+H]"): 389.0859, found 389.0845.
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3. Catalytic asymmetric intramolecular o-arylation reactions
General procedure:

A dry Schlenk tube was charged with Pd(dba), (5.8 mg, 0.01 mmol), L3 (7.8 mg,
0.011 mmol) and ‘BuONa (29 mg, 0.3 mmol) under N,. Toluene (2mL) was added and
the mixture was stirred for 0.5 h before addition of a solution of the amide (0.2 mmol in
2.0 mL toluene. The reaction mixture was stirred at the indicated temperature / time.
Flash chromatography afforded the product oxindoles, the ee values were determined by

chiral HPLC.

3-Methoxy-1-methyl-3-phenyloxindole (2a)®

91% yield. [o]p> = +79.3 (¢ = 0.5 in acetone). 97% ee [Chiralcel AD column, n-
hexane/i-PrOH = 98:2, 1.0 mL/min, 254 nm; g = 11.72 min (minor) and 14.13 min]; '"H
NMR (300 MHz, CDCl;): 6 3.23 (s, 3H), 3.23 (s, 3H), 6.93 (d, /= 7.8 Hz, 1H), 7.14 (t, J
=7.5Hz, 1H), 7.26-7.33 (m, 4H), 7.33-7.43 (m, 3H).
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DAD1 A, Sig=254 4 Ref=off (JYX-4-78B.D)
mAU 2
400
350
300
250
200
150
100
50 S
] ~
0]
L 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 T T T T
6 i} 10 12 14 16 18 20 22 mi
Area Percent Report
Sorted By H Signal
Multiplier i 1.0000
Dilution i 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.721 BB 0.2916 151.49486 7.90458 1.4790
2 14.133 BB 0.3614 1.00916e4 424.43036 98.5210

Totals : 1.02431e4 432.33494

**% End of Report ***

1-Benzyl-3-methoxy-3-phenyoxindole (2b)

93% yield. [o]p> = +49.1 (¢ = 1.0 in acetone). 85% ee [Chiralcel AS-H column, »-
hexane/i-PrOH = 90:10, 1.0 mL/min, 254 nm; fg = 9.25 min (minor) and 12.31 min]; 'H
NMR (400 MHz, CDCls): 6 3.38 (s, 3H), 5.01 (dd, J = 15.7, 19.7 Hz, 2H), 6.90 (d, J =
7.6 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 7.33-7.44 (m, 10H), 7.51 (d, J = 1.5Hz, 1H), 7.53 (d,
J = 1.8 Hz, 1H). >C NMR (100 MHz, CDCL;): & 44.0, 53.3, 84.0, 109.8, 123.4, 125.8,
126.4, 127.4, 127.8, 128.1, 128.52, 128.57, 128.9, 130.1, 135.7, 138.9, 143.7, 175.4.
Vma/em™: 3061, 3031, 2929, 2826, 2248, 1717, 1610, 1485, 1465, 1454; HRMS: m/z
(ESI+) calculated for C,,H19NO,Na ([M+Na]+): 352.1308, found 352.1321.
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DADT A, Sig=254 4 Ref=off (JYX2620PT.D)
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2 4 6 8 10 12 14 16 18 mi
Area Percent Report
Sorted By H Signal
Multiplier i 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
1 9.252 VB 0.2940 793.33899 43.25339 7.5638
2 12.319 BB 0.4648 9695.25488 335.83481 92.4362
Totals : 1.04886e4 379.08820

+3+ End of Report sis
3-(Benzyloxy)-1-methyl-3-phenyloxindole (2¢)

94% vield. [0]p> = +184.2 (¢ = 1.0 in CH,Cly). 79% ee [Chiralcel OD-H column,
n-hexane/i-PrOH = 90:10, 1.0 mL/min, 254 nm; g = 7.42 min (minor) and 9.28 min]; '"H
NMR (300 MHz, CDCls): & 3.31 (s, 3H), 4.47 (dd, J = 10.6, 45.2 Hz, 2H), 7.01 (d, J =
7.8 Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H), 7.34-7.49 (m, 10H), 7.51-7.57 (m, 2H). °C NMR
(75 MHz, CDCls): § 26.4, 67.6, 83.7, 108.7, 123.4, 125.8, 126.5, 127.7, 128.0, 128.3,
128.42, 128.49, 130.3, 137.7, 138.8, 144.4, 175.2. Vipa/em™: 3059, 3031, 2924, 1720,
1610, 1491, 1468, 1448, 1419; HRMS: m/z (ESI+) calculated for CaH;oNO,Na
(IM+Na]"): 352.1308, found 352.1324.
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Area Percent Report
Sorted By H Signal
Multiplier i 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 7.427 BB 0.2299 174.85225 11.59477 10.7100
2 9.289 BB 0.3015 1457.74878 74.08422 89.2900
Totals : 1632.60103 85.68899

*** End of Report ***

3-Methoxy-1-methyl-3-(4-tolyl)oxindole (2d)

99% yield. [o]p”> = +81.7 (¢ = 1.0 in acetone). 91% ee [Chiralcel AS-H column, n-
hexane/i-PrOH = 95:5, 1.0 mL/min, 254 nm; fg = 8.08 min (minor) and 9.04 min]; 'H
NMR (300 MHz, CDCl3): 6 2.35 (s, 3H), 3.27 (s, 3H), 3.28 (s, 3H), 6.97 (d, J = 7.8 Hz,
1H), 7.15-7.22 (m, 3H), 7.32 (td, J = 1.7, 8.3 Hz, 3H), 7.45 (dt, J = 1.3, 7.6 Hz, 1H). °C
NMR (75 MHz, CDCl;): 6 21.1, 26.3, 53.1, 83.8, 108.5, 123.2, 125.6, 126.3, 128.1, 129.1,
130.1, 135.6, 138.2, 144.5, 175.3. vma/em™: 2929, 2826, 1720, 1609, 1509, 1492, 1468,
1420; HRMS: m/z (EI) calculated for C7H;70,N ([M]): 267.1259, found 267.1262.
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DAD1 A, 5ig=254 4 Ref=off (JYX2790PT.D)
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Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 8.089 Vv 0.1848 704.85931 58.3288619 4.6451

2 9.045 VB 0.2383 1.4469%4e4 936.22797 95.3549

Totals : 1.51743e4 994 .61416

*%* End of Report ***

3-Methoxy-1-methyl-3-(3,5-dimethylphenyl)oxindole (2¢)

89% yield. [o]p® = +60.5 (¢ = 1.0 in acetone). 96% ee [Chiralcel AD column, #-

hexane/i-PrOH = 95:5, 1.0 mL/min, 254 nm; fx = 6.35 min (minor) and 7.39 min]; 'H
NMR (300 MHz, CDCls): 6 2.31 (s, 6H), 3.27 (s, 3H), 3.29 (s, 3H), 6.96-7.03 (m, 4H),
7.18 (t, J= 7.1 Hz, 1H), 7.32 (d, J= 7.1 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H). °C NMR (75
MHz, CDCls): § 21.4, 26.3, 53.0, 83.9, 108.5, 123.3, 123.8, 125.6, 128.2, 130.0, 130.1,
137.9, 138.5, 144.5, 175.4. Vya/em™': 2927, 2826, 1721, 1608, 1491, 1468, 1420; HRMS:
m/z (EI) calculated for C1sH;oNO, ([M]): 281.1416, found 281.1412.
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Sorted By H Signal
Multiplier E 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
T R e |-ooommsee |-mo s |--z - |
1 6.356 BB 0.1771 217.25282 18.4844¢6 2.2141

2 7.397 BV 0.1984 9594.88672 744.49866 97.7859

Totals : 9812.135854 762.88312

*** End of Report ***

3-Methoxy-1-methyl-3-(4-trifluoromethylphenyl)oxindole (2f)

45% vyield. [o]p>> = +40.1 (¢ = 1.0 in acetone). 82% ee [Chiralcel AD column, n-
hexane/i-PrOH = 99:1, 1.0 mL/min, 254 nm; g = 14.41 min (minor) and 16.03 min]; 'H
NMR (300 MHz, CDCls): & 3.23 (s, 3H), 3.25 (s, 3H), 6.96 (d, J= 7.7 Hz, 1H), 7.16 (td,
J=0.9, 7.5 Hz, 1H), 7.24 (ddd, J =0.5, 1.5, 7.5 Hz, 1H), 7.44 (td, J = 7.7, 1.5 Hz, 1H),
7.49 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H). >C NMR (75 MHz, CDCl;): § 26.4,
53.1, 83.6, 108.8, 123.6, 124.0, 125.3, 125.6, 126.7, 127.3, 130.5, 130.6, 142.7, 144.5,
174.5. Vimax/em™: 2950, 2928, 1731, 1612, 1470, 1326, 1166, 1127, 1103; HRMS: m/z
(EI+) calculated for C;7H;4F3NO,Na ([M+Na]"): 344.0869, found: 344.0858.
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DAD1T A, Sig=254 4 Ref=off (JYX2850PT.D)
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Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 14.407 BV 0.3859 134.90701 5.35581 9.1835
2 16.037 VB 0.4294 1334.1077¢% 47.25684 90.8165

Totals : 1469.01480 52.61276

#%+ End of Report ***
3-Methoxy-3-(4-methoxyphenyl)-1-methyloxindole (2g)

90% vyield. [ot]p® = +105.3 (¢ = 1.0 in acetone). 91% ee [Chiralcel AS-H column,
n-hexane/i-PrOH = 90:10, 1.0 mL/min, 254 nm; g = 10.47 min (minor) and 11.21 min];
'H NMR (300 MHz, CDCls): & 3.21 (s, 3H), 3.22 (s, 3H), 3.76 (s, 3H), 6.83 (dt, J = 2.5,
8.9 Hz, 2H), 6.92 (d, J = 7.8 Hz, 1H), 7.15 (td, J = 0.7, 7.5 Hz, 1H), 7.28-7.34 (m,3H),
7.40 (td, J = 1.3, 7.8 Hz, 1H). °C NMR (75 MHz, CDCl3): § 25.3, 52.1, 54.2, 82.5,
107.5, 112.8, 122.2, 124.7, 126.8, 129.1, 129.5, 143.5, 158.7, 174.4. Vipa/em™: 2928,
2829, 1724, 1610, 1510, 1467, HRMS: m/z (El+) calculated for C;7H;7NO3;Na
([M+Na]"): 306.1101, found: 306.1091.
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DAD1 A, Sig=254 4 Ref=0ff (JYX2880PTASH.D)
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Area Percent Report
Sorted By H Signal
Multiplier i 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
Seiofsooeee e R |==omneeee |--zomn e |--o- |
1 10.478 VV 0.2423 1270.98364 79.58650 4.7163

2 11.219 VB 0.3328 2.56777e4 1223.60144 95.2837

Totals : 2.69487ed4 1303.18794

*** End of Report **+

3-Methoxy-1-methyl-3-(naphthalen-1-yl)oxindole (2h)

99% yield. [o]p” = —33 (¢ = 1.0 in acetone). 86% ee [Chiralcel AD column, n-
hexane/i-PrOH = 95:5, 1.0 mL/min, 254 nm; g = 10.02 min (minor) and 13.76 min]; '"H
NMR (300 MHz, CDCl3): 6 3.36 (s, 3H), 3.43 (s, 3H), 6.99 (d, /= 7.7 Hz, 1H), 7.11 (t,J
=7.4 Hz, 1H), 7.43 (t, J = 7.5 Hz, 3H), 7.50-7.58 (m, 3H), 7.88 (t, J = 8.3 Hz, 2H), 8.66
(s, 1H). >C NMR (75 MHz, CDCls): & 26.4, 52.6, 85.3, 108.7, 123.3, 124.8, 125.6, 125.8,
126.0, 126.3, 128.8, 128.9, 129.9, 130.2, 131.3, 133.8, 134.7, 144.0, 175.0. Viya/cm™:
3053, 2932, 2827, 1713, 1609, 1509, 1491, 1469, 1420; HRMS: m/z (EI) calculated for
C0H7NO; ([M]"): 303.1259, found 303.1261.
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DAD1 A, Sig=254 4 Ref=off (JYX2820PT2.D)
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Sorted By H Signal
Multiplier H 1.0000
Dilution i 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
R P |-moeoo |-moe oo |- |
1 10.028 BB 0.2616 1418.88281 82.12312 6.9434
2 13.768 BB 0.3706 1.90162e4 774.03448 93.0566
Totals : 2.04350e4 856.15760

%%+ End of Report *+
3-Methoxy-1-methyl-3-(naphthalen-2-yl)oxindole (2i)

92% yield. [o]p> = +62.4 (¢ = 1.0 in acetone). 90% ee [Chiralcel AS-H column, #-
hexane/i-PrOH = 95:5, 1.0 mL/min, 254 nm; #g = 11.03 min (minor) and 12.82 min]; "H
NMR (300 MHz, CDCls): 6 3.30 (s, 3H), 3.37 (s, 3H), 6.99 (d, /= 7.8 Hz, 1H), 7.21 (t, J
=17.5 Hz, 1H), 7.38 (d, /= 6.7 Hz, 1H), 7.44-7.53 (m, 3H), 7.61 (dd, J = 1.7, 8.6 Hz, 1H),
7.82-7.88 (m, 3H), 7.92 (s, 1H). °C NMR (75 MHz, CDCls): § 26.4, 53.2, 84.1, 108.7,
123.4, 124.1, 125.5, 125.8, 126.1, 126.3, 127.6, 128.0, 128.3, 128.4, 130.3, 133.1, 133.2,
136.1, 144.5, 175.2. Vina/em™: 3056, 2931, 2826, 1718, 1609, 1491, 1468, 1419; HRMS:
m/z (EI) calculated for C,0H;7NO; ([M]+): 303.1259, found 303.1260.



Supplementary Material (ESI) for Chemical Communications
This journal is (c¢) The Royal Society of Chemistry 2008

S EIATSLEAISSSSSrTETanT
SELEHELYS s ISR AnEER
S ERRRLIAARRLIRIAALARISS
el e e e L N N o o o o v

33732
——3.3051

wd L

z g |2 HE

= = | =

8.5 0 6.5 6.0 55 s0 4.5 40 35
(ppm)
s z : S
= = 3 z
8 = 2 S
e 3 2 s
200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 S0 40



Supplementary Material (ESI) for Chemical Communications 61
This journal is (c) The Royal Society of Chemistry 2008

DAD1 A, Sig=254,4 Ref=off (JYX2T8RAC.D)
mAU |

-090

500

12.984

400+
300+

200

100+

1 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 T T T T T T
0 2.5 5 7.5 10 12.5 15 17.5 20 225  min




Supplementary Material (ESI) for Chemical Communications 62
This journal is (c) The Royal Society of Chemistry 2008
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Sorted By b Signal
Multiplier H 1.0000
Dilution i 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [mAU] %
R Lo e |-=onmesee |--omseee |--osoas |
1 11.035 VB 0.2817 1030.24084 56.77153 4.8330
2 12.823 BB 0.3887 2.02867e4 797.57813 95.1670

Totals : 2.1316%e4 854 .34966

*** End of Report ***

3-Methoxy-1,5-dimethyl-3-phenyloxindole (2j)

95% yield. [o]p”’ = +110.8 (¢ = 1.0 in acetone). 93% ee [Chiralcel AD column, n-
hexane/i-PrOH = 99:1, 1.0 mL/min, 254 nm; #x = 16.68 min (minor) and 20.22 min]; "H
NMR (300 MHz, CDCls): 8 2.34 (s, 3H), 3.23 (s, 3H), 3.23 (s, 3H), 6.82 (d, /= 7.9 Hz,
1H), 7.08 (s, 1H), 7.19 (dd, J = 0.8, 7.9 Hz, 1H), 7.25-7.39 (m, 5H). °C NMR (75 MHz,
CDCl;): 6 21.6, 26.8, 54.5, 84.5, 108.7, 126.7, 128.5, 128.7, 128.8, 130.8, 133.4, 139.2,
142.5, 175.6. Via/em™: 3060, 3021, 2929, 2824, 1725, 1619, 1602, 1498; HRMS: m/z
(EI+) calculated for C;7H;7NO,Na ([M+Na]+): 290.1151, found: 290.1146.
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DAD1 A, Sig=254 4 Ref=off (JYX2860PT.D)
mAU | 8
500
400
300
200
100
i [t}
] g
] 2
0
1 T y T T T 7 T T 7 7
10 12 14 16 18 20 22 24 26 28 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution H 1.0000
Use Multiplier & Diluticn Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 16.685 BB 0.4948 724.92938 22.56577 3.7088

2 20.226 BB 0.5430 1.88213e4

Totals : 1.95462e4

509.51117 96.2912

532.07694

*#*% End of Report ***

5-Fluoro-3-methoxy-1-methyl-3-phenyloxindole (2k)

76% yield. [a]p> = +46.7 (¢ = 1.0 in acetone). 93% ee [Chiralcel AS-H column, #-
hexane/i-PrOH = 90:10, 1.0 mL/min, 254 nm; fz = 8.50 min (minor) and 9.23 min]; 'H

NMR (300 MHz, CDCls): 6 3.24 (s, 3H), 3.25 (s, 3H), 6.86 (dd, J = 4.0, 8.5 Hz, 1H,),

7.03 (dd, J = 2.6, 7.5 Hz, 1H), 7.11 (td, J = 2.6, 8.8 Hz, 1H,), 7.30-7.38 (m, 5H). °C

NMR (75 MHz, CDCls): 6 26.9, 53.7, 84.5, 109.6, 114.1, 116.9, 126.5, 128.9, 129.0,

130.2, 138.5, 140.8, 160.0, 175.4. Vpay/em’™: 3060, 2932, 2828, 1727, 1619, 1494; HRMS

m/z (EI+) calculated for C;¢H4FNO;Na ([M+Na]+): 294.0901, found: 294.0894.
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DAD1 A, Sig=254 4 Ref=off (JYX2920PTASH2.D)
mAU @
300] :
250
200
150-|
100;
50
] ]
w
oo
0 A
T T T TR— T T S
2 4 6 8 10 12 14 16 mi
7777777777777777777777777 Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %
ce|emsees [ P |ooooeeeeee | mmmeeeoee |-nomeees |
1 8.506 BV 0.1816 161.47610 14.09918 3.6788

2 9.229 VB 0.2151 4227.85889 309.932079 96.3212

Totals : 4389.33499 324.0299%6

*** End of Report ***

3-(Diethylamino)-1-methyl-3-phenyloxindole (21)

93% yield. [o]p> = —128.9 (¢ = 1.0 in acetone). 75% ee [Chiralcel AD column, n-
hexane/i-PrOH = 99.5:0.5, 1.0 mL/min, 254 nm; g = 15.20 min (minor) and 17.75 min];
'H NMR (300 MHz, CDCLs): & 0.96 (t, J = 7.1 Hz, 6H), 2.67 (q, J = 7.1, 7.1 Hz, 4H),
3.22 (s, 3H), 6.82 (d, J = 7.8 Hz, 1H), 7.04 (t, J = 7.8 Hz, 1H), 7.21-7.36 (m, 5H), 7.55
(d, J = 8.1 Hz, 2H). *C NMR (75 MHz, CDCl3): § 15.3, 26.2, 44.4, 74.9, 108.2, 122.5,
125.6, 127.2, 127.7, 128.4, 128.5, 131.3, 141.2, 143.1, 177.5. Vma/cm™: 3057, 2970,
2869, 1713, 1610; HRMS: m/z (EI+) calculated for CjoHp;N,O ([M+H]"): 295.1805,

found: 295.1791.
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DADT A, Sig=254 4 Ref=off (JYX3000PT.D)
mAU | B3
300
250
200
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2
o™
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50
.
T T T T T "
5 10 15 20 25 mi
Area Percent Report
Sorted By b Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Diluticon Factor with ISTDs
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %
Seesfemomeee |- [ |2ommmniee |-mmns e |-mme-
1 15.204 Vv 0.9492 3001.68579 51.71533 12.2712
2 17.753 VB 1.0620 2.145%96e4 323.48184 87.7288
Totals : 2.44613e4 375.19717

*** End of Report **+

1-Benzyl-3-(diethylamino)-3-phenyloxindole (2m)

94% yield. [a]p” = —98.9 (¢ = 1.0 in acetone). 80% ee [Chiralcel AD column, n-
hexane/i-PrOH = 95:5, 1.0 mL/min, 254 nm; g = 10.76 min (minor) and 14.99 min]; H

NMR (300 MHz, CDCl3): & 0.98 (t, J = 7.2 Hz, 6H), 2.70 (q, J = 7.1, 7.1 Hz, 4H,), 4.94
(s, 2H), 6.73 (d, J = 7.8 Hz, 1H), 7.00 (t, J = 7.8 Hz, 1H), 7.15 (t, J = 7.8 Hz, 1H), 7.23-

7.37 (m, 10H), 7.59 (d, J = 7.8 Hz, 1H). '*C NMR (75 MHz, CDCly): & 15.5, 43.8, 44.7,

75.0, 76.6, 109.3, 122.6, 125.6, 127.3, 127.4, 127.6, 127.7, 128.4, 128.7, 131.4, 136.0,
141.3, 142.3, 177.5. Vimax/om™: 2991, 2830, 1669; HRMS: m/z (EI+) calculated for
CysHy7N,O ([M+H]"): 371.2118, found: 371.2120.
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DAD1 A, Sig=254 4 Ref=off (JYX2990PT.D)

E]
=
c
90

Sorted By H Signal
Multiplier i 1.0000
Dilution i 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 10.766 VV 0.2816 1785.58105 95.72770 10.1689
2 14.9%0 BV 0.3841 1.57737e4 621.50018 89.8311

Totals : 1.75583e4 T17.22788

*** End of Report ***

1-Methyl-3-phenyl-3-(pyrrolidin-1-yl)oxindole (2n)

96% yield. [o]p> = —115.3 (¢ = 1.0 in acetone). 90% ee [Chiralcel AS-H column, 7-
hexane/i-PrOH = 99:1, 1.0 mL/min, 254 nm; g = 8.67 min (minor) and 9.42 min]; 'H
NMR (300 MHz, CDCl;): 8 1.70-1.74 (m, 4H), 2.72 (m, 4H), 3.24 (s, 3H), 6.85 (d, J =
7.8 Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H), 7.23-7.36 (m, 5H), 7.55 (d, J = 6.6 Hz, 2H). °C
NMR (75 MHz, CDCls): & 23.7, 26.3, 47.0, 71.8, 108.1, 122.6, 125.7, 127.4, 127.7,
128.4, 130.4, 139.7, 143.3, 176.8. Vs /ecm™: 3058, 2962, 2874, 1704; HRMS: m/z (EI+)
calculated for Ci9H, 1 N,O ([M+H]+): 293.1654, found: 293.1616.
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DAD1T A, Sig=254 4 Ref=off (JYX29TOPTASH.D)

3
>
[
24

8.675

Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000

Use Multiplier & Diluticn Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Lrea
# [min] [min] [mAU*s] [mAU] %

1 8.675 BV 0.2787 807.18787 45.56599 5.2273
2 9.424 VW 0.3210 1.46347e4 708.47565 94,7727

Totals : 1.5441%e4 754.04164

**% End of Report #*#**

1-Methyl-3-morpholin-4-yl-3-phenyloxindole (20)

88% yield. [o]p> = —88.1 (¢ = 1.0 in acetone). 85% ee [Chiralcel OD-H column, #-
hexane/i-PrOH = 99:1, 1.0 mL/min, 254 nm; g = 32.11 min (minor) and 36.77 min]; H
NMR (300 MHz, CDCls): 6 2.56-2.60 (m, 4H), 3.23 (s, 3H), 3.67-3.71 (m, 4H), 6.87 (d, J
= 7.5 Hz, 1H), 7.08 (t, J = 7.8 Hz, 1H), 7.26-7.35 (m, 5H), 7.53 (d, J = 7.5 Hz, 2H). *C
NMR (75 MHz, CDCl;): 8 5.1, 46.6, 66.5, 73.1, 107.3, 121.7, 124.9, 126.7, 127.0, 127.6,
127.7, 128.0, 137.3, 142.6, 174.6. Vimax/cm™: 3061, 2963, 2854, 1715, 1606; HRMS: m/z

(EI+) calculated for C9H21N,0, ([M+H]+): 309.1598, found: 309.1588.
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DAD1 A, Sig=254 4 Ref=off (JYX2910PTODH D)

mAU
225

76

200—2
175—5
150—5
125—5
100—2
75—5

50

w
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T T T T T T

10 20 30 40 50 mi

Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAT] %
Seoofemme s | = mm e |-=om o |-z oms oo |--zmme-- |
1 32.115 VB 1.5044 2284 .58496 23.78917 7.6354

2 36.776 BV 1.8565 2.76362e4 226.34825 92.3646

Totals : 2.99208e4 250.13742

*** End of Report ***

"(a) E. P. Kiindig, T. M. Seidel, Y.-X. Jia, G. Bernardinelli, Angew. Chem., Int. Ed.,
2007, 46, 8484; (b) G. Bernardinelli, D. Fernandez, R. Gosmini, P. Meier, A. Ripa, P.
Schupfer, B. Treptow, E. P. Kiindig, Chirality, 2000, 12, 529.

> M. Deligny, F. Carreaux, B. Carboni, Synlett, 2005, 1462.

3 (a) B. C.Bales, J. H.Horner, X. Huang, M. Newcomb, D. Crich, M. M. Greenberg, J.
Am. Chem. Soc. 2001, 123, 3623; (b) K. Khumtaveeporn, A. Ullmann, K. Matsumoto, B.
G. Davis, J. B. Jones, Tetrahedron: Asymm., 2001, 12, 249.

1. Azumaya, T. Okamoto, F. Imabeppu, H. Takayanagi, Tetrahedron, 2003, 59, 2325.
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" E. Suna, Synthesis, 2003, 251.
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<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


