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General. NMR spectra were recorded on a Varian Gemini 2000 ('H at 300 MHz
and °C at 75 MHz), or Varian Mercury-400 spectrometers. Unless otherwise noted,
CDCI; was used as a solvent. Chemical Shifts are recorded in & ppm referenced to a
residual CDCl; (3 = 7.26 for 'H, 8 = 77.0 for °C). High-resolution mass spectra
were recorded on Applied Biosystems Voyager Elite or JEOL JMS-HX110A
spectrometer.  Infrared spectra were recorded on a SHIMADZU FT-IR 8100.
Optical rotation was measured by a JASCO P-1020 polarimeter. HPLC analysis was
performed by 4.6 x 250 mm column. Column chromatography was performed with
silica gel 60 N (Kanto). Preparative thin-layer chromatography was performed with
Silica gel 60 PF,s4 (Merck). Gel permeation chromatography (GPC) was carried out
with Japan Analytical Industry LC-908 or LC-9204 equipped with JAIGEL-1H.

Materials. Amides 14>’ and TMEDA-PdMe," were prepared by the reported
procedures. 14a,' 14c,' 14e,” and 14g' are known compounds. Toluene and
hexane were dried over sodium benzophenone ketyl.  Chlorobenzene and
1,2-dichloroethane were dried over CaH,. Unless otherwise noted, all chemicals and

anhydrous solvents were obtained from commercial suppliers.

Synthesis of Chiral Diamines (R,R)-10 and (S,5)-10

.

a) Ph 7\ Ph
Iy —— )N N _— HN  NH
h Ph Ph—( )—Ph
Ph Ph
8:96 % 9:95 %
— HyN NH, ——> HoN NH, + HoN NH,
(L)-Tartaric acid (L)-Tartaric acid

Racemic-10
(R,R)4-(L)-Tartrate (S,5)4-(L)-Tartrate

crystalization %_\*% f) >_>_\\%

HoN' NH, N NH:
(L)-Tartaric acid (R,R)-10
e) (R,R)-10-(L)-Tartrate

mother liquid HQN/_(Nf f) E //_(_{

(L)-Tartaric acid H2N NH,
(S,5)-10-(L)-Tartrate (5,5)-10

Diimine 8
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Ph ,— Ph

To a stirred solution of aminodiphenylmethane (25 g, 137 mmol) in hexane (60
mL) at room temperature was added glyoxal (40 wt.% solution in water, 7.8 mL, 68
mmol). After being stirred at room temperature overnight, the white precipitate
generated was collected by filtration, washed with hexane and then dried under

vacuum to give dimine 8 as a white solid (25.2 g, 65 mmol, 96% yield).

'H NMR § 8.23 (s, 2H), 7.33 (d, J = 4.4 Hz, 16H), 7.22-7.30 (m, 4H), 5.60 (s, 2H);
BCNMR § 162.1, 142.6, 128.6, 127.6, 127.3, 78.1; IR (KBr) 1628, 1492, 1448, 748,
696 cm'; HRMS (ESI): Caled for CogH,sN, ([M+H]"): 389.2012. Found m/z
389.2005.

y

_H<N NH
Ph Ph
Ph Ph>_

9

To a stirred solution of 8 (23.2 g, 64 mmol) in THF (240 mL) at -78 °C was
added dropwise the 2-methylallylmagnesium choloride (1.0 M in THF, 192mL, 192
mmol). The mixture was allowed to increase gradually to room temperature and
stirred for 10 hours. The reaction was quenched with water, the aq. layer was
extracted with CHCIl3, and the combined organic layers were dried over MgSO, and
concentrated to give diamine 9 as brown oil (30.4 g, 60.8 mmol, 95% yield) which

was pure enough for next step.

'H NMR § 7.16-7.40 (m, 20H), 4.76 (s, 2H), 4.65 (s, 2H), 4.42 (s, 2H), 2.77 (t, J = 6.0
Hz, 2H), 2.46 (dd, J=13.2, 4.8 Hz, 2H), 2.04 (dd, J = 13.6, 8.0 Hz, 2H), 1.62 (br, 2H),
1.45 (s, 6H); >C NMR & 144.6, 144.5, 144.1, 128.4, 128.2, 127.8, 127.4, 126.9, 126.8,
112.8, 64.6, 53.3, 38.7, 21.9; IR (neat) 1642, 1599, 1492, 1451, 893, 745, 699 cm';
HRMS(ESI): Calcd for C3¢H41N, ([M+H]"): 501.3264. Found m/z 501.3250.

Chiral Diamines (R,R)-10 and (S,S5)-10
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y

HoN NH,

Racemic-10

Racemic-10: To 9 (30.0 g, 60 mmol) at room temperature was added Et;SiH
(28.6 mL, 180 mmol) and TFA (60 mL) subsequently. The mixture was stirred at 60
°C for 6 hours. The reaction was cooled with ice bath and quenched with aq. NaOH
(6 M, 150 mL, 900 mmol). The aq. layer was extracted with CHCIl;, and the
combined organic layers were dried over Na,SO4 and concentrated to brown oil

containing racemic-4 which was used for next step without further purification.

(R,R)-10:> To the mixture containing Racemic-10 that was obtained from last
step was added (L)-tartaric acid (9.0 g, 60 mmol) and ethanol (300 mL). The
mixture was refluxed for 2 hours. The salt of (L)-tartaric acid and Racemic-10 was
collected by suction filtration. To the solid was added ethanol 300 ml and water 100
mL. The mixture was refluxed for 2 hours and cooled to room temperature gradually.
The (R,R)-10-(L)-tartrate was precipitated as white solid while (S,S)-10-(L)-tartrate
remained in the mother liquid. To the white solid was added aq. NaOH (6 M, 5 mL,
30 mmol) and stirred for 5 minutes. The mixture was extracted with Et;O (30 mL X
2), and the combined organic layers were dried over Na,SO4 and concentrated to
afford chiral diamine (R,R)-10 (1.86 g, 11 mmol, 37% yield) as colorless liquid.

(R,R)-10:

e

Ho,N  NH,
(R,R)-10

'H NMR & 4.80-4.86 (m, 2H), 4.73-4.79 (m, 2H), 2.72-2.82 (m, 2H), 2.20 (dd, J =
13.5, 2.7 Hz, 2H), 1.96-2.08 (m, 2H), 1.72 (s, 6H), 1.28 (br, 4H); *C NMR § 143.2,
112.9, 52.3, 43.7, 22.1; IR (neat) 3373, 2932, 1648, 1445, 1375, 890 cm';
HRMS(ESI): Caled for CioHy N, ([M+H]"): 169.1699. Found m/z 169.1699; [a]p> =

-23.0(c=1.0 n CHC13).

(S,5)-10

(S,5)-10: To the mother liquid was added aq. NaOH (6 M, 20 mL, 120 mmol) and

stirred for 5 minutes. The mixture was extracted with Et;O (30 mL X 2), and the
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combined organic layers were dried over Na,SOj4 to afford enantioenriched (S,S)-10
as colorless liquid. The enantioenriched (S,S)-10 was further purified by the
complexation with (D)-tartaric acid: To the enantioenriched (S,S)-10 was added
(D)-tartaric acid (2.25 g, 15 mmol), ethanol (210 mL) and water (70 mL). The
mixture was refluxed for 2 hours and then cooled to room temperature gradually.
(5,5)-10-(D)-Tartrate was precipitated as white solid. To the white solid of
(S,5)-10-(D)-Tartrate was added aq. NaOH (6 M, 5 mL, 30 mmol) and stirred for 5
minutes. The mixture was extracted with Et;O (15 ml x 2), and the combined
organic layers were dried over Na,SO4 and concentrated to afford chiral diamine
(S5,5)-10 (1.76 g, 10.5 mmol, 35% yield) as colorless liquid. [o]p> = +23.0 (¢ = 1.0 in
CHCI3).

Synthesis of the Chiral Carbene Precursors 6a, 6b and 7

Br
2.2 equiv ©:
R

3.0 equiv ‘BuONa
5 mol % Pd(OAc), N :
S 5 mol % BINAP 5.0 equiv AICl3
H_-\ < - VAN >0 equv AL NH HN
HoN NH, toluene,20 h ©: :@ chlorobenzene,
R R 100 °C,1h
(S,5)-10 11a:R =Me: 93 % 12a: R =Me
11b: R="Pr:90 % 12b:R ='Pr
1.1 equiv NHBF,, 1.1 equiv NH4BF4,
CH(OEt)3, 120 °C, 5 h. CH(OEt)3,120 °C,5 h.
Na N N N
@Ve &30
BF & BF 4
Pripr R R
7:89 % 6a: R = Me: 75 % over two steps

6b: R =1Pr: 72 % over two steps

General procedure for synthesis of chiral diamines 11:° To a dried Schlenk tube
were added Pd(OAc); (22.4 mg, 0.1 mmol, 5 mol %), racemic-BINAP (62.3 mg, 0.1
mmol, 5 mol %), ‘BuONa (576 mg, 6.0 mmol, 3.0 equiv), (S,S)-10 (336 mg, 2.0 mmol,
1.0 equiv), 2-alkyl bromobenzene (4.4 mmol, 2.2 equiv), and toluene (4 mL). The
mixture was stirred at 100 °C for 20 hours. After cooling to room temperature,
volatiles were removed under vacuum and the residue was purified by flash
chromatography (f.c.) (hexane/ether 100/3) to give diamine 11a (647 mg, 93% yield)
and 11b (728 mg, 90% yield).

55



11a

'HNMR & 7.18 (t, J = 8.0 Hz, 2H), 7.11 (d, J= 7.2 Hz, 2H), 6.81 (d, J = 8.0 Hz, 2H),
6.71 (t, J = 7.2 Hz, 2H), 4.89 (d, J = 1.2 Hz, 2H), 4.85 (d, J = 0.4 Hz, 2H), 4.00
(psedo t, J= 7.2 Hz, 2H), 3.55 (s, 2H), 2.49 (dd, J = 14, 6.4 Hz, 2H), 2.34 (dd, J = 14,
7.2 Hz, 2H), 2.18 (s, 6H), 1.74 (s, 6H); °C NMR & 145.8, 143.1, 130.4, 127.3, 122.2,
116.9, 113.0, 110.1, 52.6, 41.0, 22.3, 17.5; IR (KBr) 3421, 1607, 1586, 1513, 1316,
1263, 1124, 1055, 904, 746 cm'; HRMS(ESI): Calcd for CosHssN, ([M+H]Y):
349.2638. Found m/z 349.2642; [a]p> = +20.0 (¢ = 1.0 in CHCls); HPLC [Daicel
Chiralcel OD-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A = 254 nm): ¢1 =

6.0 min (minor), £2 = 6.6 min (major), ee: > 99%].

11b

N A
L0

11b

'H NMR § 7.10-7.22 (m, 4H), 6.81 (d, J = 8.0 Hz, 2H), 6.76 (t, J = 7.6 Hz, 2H), 4.87
(s, 2H), 4.82 (s, 2H), 3.98 (d, /= 5.6 Hz, 2H), 3.73 (s, 2H), 2.88 (sept, J = 6.8 Hz, 2H),
2.40 (dd, J = 14, 7.2 Hz, 2H), 2.32 (dd, J = 14, 7.2 Hz, 2H), 1.72 (s, 6H), 1.31 (d, J =
6.8 Hz, 6H), 1.26 (d, J = 6.8 Hz, 6H); °C NMR § 144.5, 143.2, 132.6, 126.9, 125.3,
117.4, 113.1, 111.0, 52.3, 40.9, 27.5, 22.5, 22.4, 22.2; IR (neat) 2963, 1604, 1583,
1504, 1451, 1311, 1256, 1041, 891, 744 cm '; HRMS(ESI): Calcd for C,sH4N,
([M+H]"): 405.3264. Found m/z 405.3246; [o]p> = +27.7 (¢ = 1.0 in CHCL).

General procedure for synthesis of chiral cyclic diamines 12: To a dried Schlenk
tube were added 5 (1 mmol), chlorobenzene (40 mL) and AICl; (665 mg, 5 mmol).
The mixture was stirred at 100 °C for 1 hour. After cooling to 0 °C, to the mixture
was added aq. NaOH (6 M, 5 mL, 30 mmol) and stirred for 20 minutes. The mixture
was extracted with Et,0O (30 mL X 3), the combined organic layers were dried over

NaSO4.  The volatiles were removed under vacuum, and the residue was purified by
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flash chromatography (f.c.) (hexane/ether 100/3) to give diamine 12 which were used

without characterization.

General procedure for synthesis of chiral imidazolidiniums 6 and 7: To a dried
Schlenk tube were added the diamines 11b (1 mmol) or 12 (obtained from last step),
CH(OEt); (2 ml), and NH4BF4 (1.2 mmol). The mixture was stirred at 120 °C for 5
hours. After cooling to room temperature, the volatiles were removed under
vacuum, and the residue was purified by flash chromatography (f.c.) (DMC/CH;OH
10/1) to give chiral imidazolidiniums 6a (350 mg, 75 % yield over two steps), 6b
(361 mg, 72 % yield over two steps) and 7 (447 mg, 89 % yield).

o
BF 2
a

6

6a

'H NMR & 8.39 (s, 1H), 7.20-7.40 (m, 4H), 7.14 (d, J= 7.2 Hz, 2H), 4.34 (d, J = 12.6
Hz, 2H), 2.42 (s, 6H), 2.16-2.38 (m, 4H), 1.47 (s, 6H), 1.39 (s, 6H); *C NMR & 150.3,
139.4, 130.2, 129.7, 129.1, 128.1, 126.0, 62.2, 42.6, 34.2, 32.2, 30.9, 19.2; IR (KBr)
2969, 1607, 1577, 1453, 1303, 1257, 1058, 790, 749 cm '; HRMS(ESI): Calcd for
CosHsy N, ([M-BF4]): 359.2482. Found m/z 359.2479; [a]p” = -96.5 (¢ = 0.2 in
CHCL).

6b

'H NMR & 7.85 (s, 1H), 7.20-7.42 (m, 6H), 4.47 (d, J = 14.4 Hz, 2H), 2.94 (sept, J =
6.6 Hz, 2H), 2.20-2.43 (m, 4H), 1.50 (s, 6H), 1.43 (s, 6H), 1.32 (d, J = 6.6 Hz, 6H),
1.27 (d, J = 6.9 Hz, 6H); *C NMR & 151.1, 140.0, 139.7, 128.7, 128.2, 126.0, 125.6,
62.7,42.4,34.6, 32.4, 30.9, 27.4, 24.7, 24.2; IR (KBr) 2960, 1609, 1581, 1438, 1300,
1255, 1050, 752 cm'; HRMS(APCI): Calcd for CaoH3oNs ([M-BF4]"): 415.3108.
Found m/z 415.3088; [a]p> = -59.0 (¢ = 0.6 in CHCls)
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'H NMR & 8.21 (s, 1H), 7.55 (dd, J = 8.0, 0.8 Hz, 2H), 7.41-7.51 (m, 4H), 7.30-7.37
(m, 2H), 4.99 (t, J = 1.6 Hz, 2H), 4.91 (s, 2H), 4.48-4.56 (m, 2H), 3.11 (sept, J = 6.8
Hz, 2H), 2.60 (dd, J = 13.2, 11.2 Hz, 2H), 2.42 (dd, J = 13.2, 2.8 Hz, 2H), 1.59 (s, 6H),
1.37 (d, J = 6.8 Hz, 6H), 1.32 (d, J = 6.8 Hz, 6H); °C NMR & 156.8, 144.9, 138.4,
131.1, 130.5, 128.8, 127.9, 127.4, 117.3, 66.2, 40.2, 28.4, 24.4, 24.0, 21.5; IR (KBr)
2971, 1637, 1491, 1448, 1253, 1050, 920, 763 cm '; HRMS(APCI): Calcd for
CaoH30N, ([M-BF4]"): 415.3108. Found m/z 415.3087. [o]p> = -227 (¢ = 0.6 in
CHCl,).

Synthesis of chiral NHC-copper complex 13: To a dried schlenk tube were added
6b (0.1 mmol, 50 mg), ‘BuONa (0.1 mmol, 9.6 mg), CuCl (0.1 mmol, 9.9 mg), and
THF (2 mL). The mixture was stirred at room temprature for 3 hours. The
volatiles were removed under vacuum, and the residue was purified by preparative
thin layer chromatography on silica gel (DCM/EtOH 10/1) to give 13 (16.2 mg, 33%
yield). A single crystal suitable for an X-ray structural analysis was obtained by

recrystallization from CHCls/hexane

&

iPrl/iP
® ©
o

13

'H NMR § 7.19 (dd, J = 8.0, 1.2 Hz, 4H), 7.03 (t, J = 8.0 Hz, 4H), 6.42 (dd, J = 8.0,
1.2 Hz, 4H), 3.81 (t, J = 7.6 Hz, 4H), 3.70 (sept, J = 6.8 Hz, 4H), 3.70 (sept, J = 6.8
Hz, 4H), 1.90 (d, J = 6.4 Hz, 8H), 1.47 (s, 12H), 1.29 (s, 12H), 0.92 (d, J = 6.8 Hz,
12H), 0.89 (d, J = 6.4 Hz, 12H); >C NMR & 200.5, 139.7, 139.5, 133.0, 128.0, 124.6,
123.8, 62.7,43.1, 34.6, 33.9, 30.2, 29.0, 26.1, 20.8; IR (KBr) 2963, 1441, 1405, 1388,

1299, 1052, 749 cm '; HRMS(ESI): Calcd for CsgH76CuNs ([M-BE4]"): 891.5361.
Found m/z 891.5344; [a]p”’ = -462.4 (¢ = 0.1 in CHCI3).

13

r
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The single crystal was mounted on a plastic loop. Data were collected on
Rigaku/MSC Saturn CCD diffractometer with confocal monochromated Mo KR
radiation (A = 0.7107 A) and processed using the CrystalClear program (Rigaku). The
structure was solved by a direct method and refined by full matrix least-squares
refinement cycles on F2 for all data using the SHELX-97. Details of crystal and data

collection parameters are shown in Table S1-S5.

Table S1. Crystal data and structure refinement
Identification code 1
Empirical formula C60 H78 B Cl6 Cu F4 N4
Formula weight 1218.31
Temperature 296(2) K
Wavelength 0.71075 A
Crystal system, space group P212121

Unit cell dimensions a=11.9578(3) A  alpha=90 deg.
b=16.9032(4) A beta = 90

deg.
c=31.2535(9) A gamma =90

deg.

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Limiting indices

-40<=1<=40
Reflections collected / unique
Completeness to theta = 27.49
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F/2
Final R indices [[>2sigma(I)]
R indices (all data)
Absolute structure parameter
Largest diff. peak and hole

6317.1(3) A™3
4, 1.281 Mg/m"3
0.651 mm”-1
2552
0.10x0.10 x 0.10 mm
3.02 to 27.49 deg.
-13<=h<=15, -21<=k<=21,

59307 / 14109 [R(int) = 0.0292]
98.2 %
0.9378 and 0.9378
Full-matrix least-squares on F"2
14109/0/701
1.065
R1=0.0536, wR2 =0.1539
R1=0.0638, wR2 =0.1641
0.020(11)
0.613 and -0.493 e.A"-3
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Table S2. Atomic coordinates ( x 10"4) and equivalent isotropic displacement
parameters (A2 x 10"3) for 1. U(eq) is defined as one third of the trace of the

orthogonalized Ujj tensor.

X y z U(eq)

Cu(1) 6921(1) 68(1) 1515(1) 40(1)
C(19) 7313(2) 210(2) 921(1) 40(1)
N(1) 6636(2) 383(1) 591(1) 44(1)
N(2) 5900(2) 352(1) 2359(1) 38(1)
CI(1) 3311(2) 820(1) -1037(1) 143(1)

C(24) 4690(3) 346(2) 839(1) 51(1)
C(25) 6576(2) -95(2) 2113(1) 39(1)
NQ@3) 8357(2) 123(2) 763(1) 48(1)
C(27) 7760(2) -165(2) 3017(1) 50(1)
C(28) 6730(2) -529(2) 2821(1) 43(1)
N(4) 6994(2) -667(1) 2365(1) 41(1)
C(30) 5042(2) 886(2) 2205(1) 42(1)
C(@31) 5707(2) -10(2) 2783(1) 42(1)
C(32) 5560(2) 744(2) 629(1) 46(1)
Cl4) 7810(3) -2173(1) -730(1) 202(2)

C(34) 3948(2) 728(2) 2333(1) 48(1)
C(@35) 3619(2) 71(2) 2645(1) 53(1)
C(36) 4467(3) 2032(2) 1819(1) 64(1)
C@37) 4785(3) -529(2) 947(1) 58(1)
C(38) 4626(2) -467(2) 2752(1) 49(1)
C(@39) 5337(3) 1560(2) 1965(1) 51(1)
C(40) 9709(3) -939(2) 797(1) 65(1)
C(41) 9699(3) 92(3) 1356(1) 61(1)
CI(5) 7320(5) -1859(2) -1578(1) 247(2)

C(43) 5415(3) 1489(2) 438(1) 54(1)
C(44) 7884(3) -1206(2) 2283(1) 49(1)
C(45) 3114(3) 1235(2) 2179(1) 66(1)
C(46) 6726(4) -1849(2) 1690(1) 64(1)
C(47) 4398(4) 1873(3) 511(1) 70(1)
Cl(2) 2910(3) -796(1) -815(1) 181(1)

C(49) 3360(3) 1854(2) 1922(1) 72(1)
C(50) 6280(4) 1863(2) 137(1) 63(1)
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Cc(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
B(1)

C(67)
C(68)
C(69)
C(70)
C(71)
C(72)
C(73)
CI(6)
C(75)
F(1)

C(77)
C(78)
C(79)
C(80)
C@81)
C(82)
C(83)
C(84)
C(85)
C(86)
C(87)
F(2)

8778(3)
6548(3)
9257(3)
3567(3)
7815(3)
3693(3)
8402(4)
9425(4)
10558(4)
2703(3)
8762(3)
9850(3)
7288(3)
7399(3)
5797(5)
9268(5)
3197(3)
8703(5)
9393(3)
8749(4)
8366(3)
10912(4)
5890(6)
6091(3)
9197(6)
9805(5)
6763(5)
4059(5)
9608(4)
6373(4)
10510(4)
6465(5)
9590(5)
10142(6)
4560(7)
2630(5)
6911(7)
9199(6)

-718(2)
1825(2)
-250(2)
1514(3)
-1749(2)
758(3)
772(2)
-1200(3)
-1310(3)
-454(3)
-1218(2)
212(3)
538(2)
1423(2)
1795(3)
557(4)
448(3)
-2274(3)
931(2)
-1271(3)
105(2)
-1038(3)
-2313(3)
-1174(2)
-2105(3)
692(3)
2299(3)
-755(4)
-1758(3)
2275(3)
-326(3)
2737(2)
2272(4)
1485(4)
-1013(3)
161(3)
2175(4)
1108(3)

S11

2991(1)
1911(1)
981(1)
747(1)
1945(1)
896(1)
169(1)
343(1)
1034(2)
2459(2)
2584(1)
3011(2)
193(1)
156(1)
-321(1)
-949(1)
3063(1)
1892(2)
1482(1)
3381(1)
289(1)
1419(2)
1954(2)

-941(2)

334(2)
-599(1)
1502(2)
1328(2)
2517(2)
2319(2)
1575(2)

243(2)
2167(2)
1220(2)

551(2)
-690(2)
1239(2)

-1248(2)

57(1)
56(1)
51(1)
75(1)
62(1)
66(1)
71(1)
79(1)
90(1)
76(1)
61(1)
84(1)
52(1)
62(1)
82(1)
80(1)
73(1)
93(2)
66(1)
73(1)
57(1)
89(1)
103(2)
271(3)
107(2)
167(2)
102(2)
102(2)
89(1)
94(2)
85(1)
93(2)
102(2)
118(2)
110(2)
89(1)
115(2)
178(2)



F(3)
F(4)
CcO1)
C(92)
C(94)
CI(3)

8225(4)
9484(10)

10431(5)
9517(5)
7365(7)
2997(2)

293(4)
-98(5)
-1016(5)
1103(4)
-1470(4)
381(1)

-818(2)
-1157(2)
56(2)

1958(2)
-1083(2)
-163(1)

173(2)
256(4)
123(2)
103(2)
128(3)
121(1)

Table S3. Bond lengths [A] and angles [deg]

Cu(1)-C(19)
Cu(1)-C(25)
C(19)-N(1)
C(19)-N(3)
N(1)-C(32)
N(1)-C(63)
N(2)-C(25)
N(2)-C(30)
N(2)-C(31)
CI(1)-C(86)
C(24)-C(56)
C(24)-C(32)
C(24)-C(37)
C(25)-N(4)
N(3)-C(53)
N(3)-C(71)
C(27)-C(28)
C(27)-C(51)
C(28)-N(4)
C(28)-C(31)
N(4)-C(44)
C(30)-C(34)
C(30)-C(39)
C(31)-C(38)
C(32)-C(43)
CI(4)-C(94)
C(34)-C(45)

1.929(3)
1.934(2)
1.344(3)
1.350(4)
1.428(4)
1.490(3)
1.348(3)
1.447(3)
1.480(3)

1.756(6)
1.392(5
1.402(5)
1.521(5)
1.344(3)
1.422(4)
1.480(4)
1.506(4)
1.537(4)
1.478(3)
1.510(4)
1.424(4)
1.394(4)
1.410(4)
1.508(4)
1.404(4)

1.707(7)
1.401(4)
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C(34)-C(35)
C(35)-C(60)
C(35)-C(67)
C(35)-C(38)
C(36)-C(39)
C(36)-C(49)
C(37)-C(85)
C(37)-C(78)
C(39)-C(52)
C(40)-C(59)
C(40)-C(53)
C(40)-C(58)
C(41)-C(81)
C(41)-C(53)
C(41)-C(69)
CI(5)-C(94)
C(43)-C(47)
C(43)-C(50)
C(44)-C(55)
C(44)-C(61)
C(45)-C(49)
C(46)-C(73)
C(46)-C(87)
C(46)-C(55)
C(47)-C(54)
CI(2)-C(86)
C(50)-C(82)
C(50)-C(64)
C(50)-C(65)
C(51)-C(61)
C(51)-C(70)
C(51)-C(62)
C(52)-C(77)
C(52)-C(80)
C(54)-C(56)
C(55)-C(68)
C(57)-C(58)
C(57)-C(71)
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1.528(5)
1.524(5)
1.539(5)
1.545(4)
1.389(5)
1.395(6)
1.506(6)
1.522(6)
1.524(5)
1.406(6)
1.406(5)
1.525(6)
1.380(6)
1.409(5)
1.517(6)

1.682(8)
1.397(5)
1.537(5
1.403(5)
1.409(5)
1.352(6)
1.514(7)
1.530(6)
1.535(6)
1.378(6)

1.698(6)
1.531(6)
1.532(5)
1.547(6)
1.528(6)
1.536(5)
1.541(5)
1.531(5)
1.534(6)
1.369(7)
1.394(6)
1.521(6)
1.529(5)



C(58)-C(91)
C(58)-C(75)
C(59)-C(72)
C(61)-C(79)
C(63)-C(64)
C(63)-C(71)
B(1)-F(1)
B(1)-F(4)
B(1)-F(2)
B(1)-F(3)
C(68)-C(83)
C(69)-C(92)
C(69)-C(84)
C(72)-C(81)
CI(6)-C(94)
C(79)-C(83)
C(86)-CI(3)
C(19)-Cu(1)-C(25)
N(1)-C(19)-N(3)
N(1)-C(19)-Cu(1)
N(3)-C(19)-Cu(1)
C(19)-N(1)-C(32)
C(19)-N(1)-C(63)
C(32)-N(1)-C(63)
C(25)-N(2)-C(30)
C(25)-N(2)-C(31)
C(30)-N(2)-C(31)
C(56)-C(24)-C(32)
C(56)-C(24)-C(37)
C(32)-C(24)-C(37)
N(4)-C(25)-N(2)
N(4)-C(25)-Cu(1)
N(2)-C(25)-Cu(1)
C(19)-N(3)-C(53)
C(19)-N(3)-C(71)
C(53)-N(3)-C(71)
C(28)-C(27)-C(51)
N(4)-C(28)-C(27)
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1.532(8)
1.553(8)
1.354(8)
1.379(5)
1.506(5)
1.512(5)
1.288(6)
1.310(9)
1.323(7)
1.387(7)
1.364(8)
1.521(6)
1.534(6)
1.385(8)
1.664(10)
1.397(8)
1.743(5)
177.98(11)
107.5(2)
128.2(2)
124.26(19)
124.9(2)
111.2(2)
117.8(2)
125.9(2)
111.9(2)
116.4(2)
117.1(3)
121.4(3)
121.0(3)
107.02)
126.19(19)
126.83(19)
125.0(2)
112.0(2)
117.7(2)
112.2(3)
106.4(2)



N(4)-C(28)-C(31)

C(27)-C(28)-C(31)
C(25)-N(4)-C(44)

C(25)-N(4)-C(28)

C(44)-N(4)-C(28)

C(34)-C(30)-C(39)
C(34)-C(30)-N(2)

C(39)-C(30)-N(2)

N(2)-C(31)-C(38)

N(2)-C(31)-C(28)

C(38)-C(31)-C(28)
C(24)-C(32)-C(43)
C(24)-C(32)-N(1)

C(43)-C(32)-N(1)

C(30)-C(34)-C(45)
C(30)-C(34)-C(35)
C(45)-C(34)-C(35)
C(60)-C(35)-C(34)
C(60)-C(35)-C(67)
C(34)-C(35)-C(67)
C(60)-C(35)-C(38)
C(34)-C(35)-C(38)
C(67)-C(35)-C(38)
C(39)-C(36)-C(49)
C(85)-C(37)-C(24)
C(85)-C(37)-C(78)
C(24)-C(37)-C(78)
C(31)-C(38)-C(35)
C(36)-C(39)-C(30)
C(36)-C(39)-C(52)
C(30)-C(39)-C(52)
C(59)-C(40)-C(53)
C(59)-C(40)-C(58)
C(53)-C(40)-C(58)
C(81)-C(41)-C(53)
C(81)-C(41)-C(69)
C(53)-C(41)-C(69)
C(47)-C(43)-C(32)
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100.9(2)
117.2(3)
129.2(2)
111.9(2)
115.7(2)
122.8(3)
116.8(2)
120.2(3)
106.7(2)
100.60(19)
113.7(2)
122.4(3)
120.2(3)
117.3(3)
116.9(3)
124.3(2)
118.8(3)
111.4(3)
109.2(3)
109.0(3)
107.5(3)
111.4(2)
108.3(3)
120.8(3)
109.4(3)
113.8(4)
112.0(4)
112.4(3)
116.9(3)
120.4(3)
122.2(3)
115.5(4)
121.6(4)
122.4(3)
117.7(4)
121.2(4)
120.7(3)
117.2(3)



C(47)-C(43)-C(50)
C(32)-C(43)-C(50)
C(55)-C(44)-C(61)
C(55)-C(44)-N(4)

C(61)-C(44)-N(4)

C(49)-C(45)-C(34)
C(73)-C(46)-C(87)
C(73)-C(46)-C(55)
C(87)-C(46)-C(55)
C(54)-C(47)-C(43)
C(45)-C(49)-C(36)
C(82)-C(50)-C(64)
C(82)-C(50)-C(43)
C(64)-C(50)-C(43)
C(82)-C(50)-C(65)
C(64)-C(50)-C(65)
C(43)-C(50)-C(65)
C(61)-C(51)-C(70)
C(61)-C(51)-C(27)
C(70)-C(51)-C(27)
C(61)-C(51)-C(62)
C(70)-C(51)-C(62)
C(27)-C(51)-C(62)
C(39)-C(52)-C(77)
C(39)-C(52)-C(80)
C(77)-C(52)-C(80)
C(40)-C(53)-C(41)
C(40)-C(53)-N(3)

C(41)-C(53)-N(3)

C(56)-C(54)-C(47)
C(68)-C(55)-C(44)
C(68)-C(55)-C(46)
C(44)-C(55)-C(46)
C(54)-C(56)-C(24)
C(58)-C(57)-C(71)
C(57)-C(58)-C(40)
C(57)-C(58)-C(91)
C(40)-C(58)-C(91)
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119.6(3)
123.1(3)
122.5(3)
120.6(3)
116.6(3)
121.6(4)
114.2(5)
109.6(3)
113.3(4)
120.6(4)
120.7(3)
109.5(4)
111.2(4)
111.3(3)
109.1(4)
109.1(3)
106.6(3)
108.8(3)
111.7(3)
108.1(3)
110.6(3)
108.9(3)
108.6(3)
113.9(4)
107.1(3)
113.0(4)
122.4(3)
117.5(3)
120.0(3)
120.9(4)
117.4(4)
121.0(4)
120.9(3)
121.2(4)
113.3(4)
111.9(3)
109.0(4)
108.1(5)



C(57)-C(58)-C(75) 108.7(5)

C(40)-C(58)-C(75) 109.9(4)
C(91)-C(58)-C(75) 109.1(5)
C(72)-C(59)-C(40) 122.9(5)
C(79)-C(61)-C(44) 117.0(4)
C(79)-C(61)-C(51) 119.0(3)
C(44)-C(61)-C(51) 123.8(3)
N(1)-C(63)-C(64) 106.5(3)
N(1)-C(63)-C(71) 101.3(2)
C(64)-C(63)-C(71) 115.0(3)
C(63)-C(64)-C(50) 114.1(3)
F(1)-B(1)-F(4) 118.2(7)
F(1)-B(1)-F(2) 120.5(6)
F(4)-B(1)-F(2) 104.8(5)
F(1)-B(1)-F(3) 104.8(5)
F(4)-B(1)-F(3) 93.0(7)
F(2)-B(1)-F(3) 112.3(6)
C(83)-C(68)-C(55) 121.1(4)
C(41)-C(69)-C(92) 114.3(4)
C(41)-C(69)-C(84) 106.9(4)
C(92)-C(69)-C(84) 110.4(4)
N(3)-C(71)-C(63) 100.5(2)
N(3)-C(71)-C(57) 105.4(3)
C(63)-C(71)-C(57) 116.4(3)
C(59)-C(72)-C(81) 119.9(4)
C(61)-C(79)-C(83) 121.3(4)
C(41)-C(81)-C(72) 121.0(5)
C(68)-C(83)-C(79) 120.4(4)
C1(2)-C(86)-CI(3) 111.8(3)

C1(2)-C(86)-CI(1) 111.7(3)

C1(3)-C(86)-CI(1) 109.4(3)

CI(6)-C(94)-CI(5) 109.5(5)

CI(6)-C(94)-Cl(4) 108.8(5)

CI(5)-C(94)-Cl(4) 109.4(5)

Symmetry transformations used to generate equivalent atoms:

S17



Table S4. Anisotropic displacement parameters (A2 x 10"3) The anisotropic
displacement factor exponent takes the form: -2 pi*2 [ "2 a**2 U1l + ... +2 hk a*

b* U12 ]

Ul1 U22 U33 U23 Ul3 U2
Cu(l) 451 44(1) 32(1) 4(1) 0(1) 1(1)
C(19)  43(1) 43(1) 35(1) 5(1) 2(1) 1(1)
N(1) 51(1) 48(1) 32(1) 6(1) 0(1) 3(1)
N(Q2) 37(1) 43(1) 34(1) 5(1) 0(1) 4(1)
CI(1)  184(2) 154(2) 90(1) -6(1) 16(1) -48(2)
C4) 5002 61(2) 42(1) 4(1) -5(1) -4(1)
C(25)  40(1) 40(1) 36(1) 4(1) 3(1) 2(1)
NQ@3) 48(1) 60(1) 37(1) 4(1) 2(1) 4(1)
CR7)  44(1) 62(2) 42(1) 3(1) 7(1) 1(1)
C(28)  44(1) 54(1) 33(1) 6(1) -1(1) 5(1)
N(4) 45(1) 44(1) 34(1) 3(1) -1(1) 6(1)
C30)  45(1) 45(1) 36(1) 0(1) -4(1) 6(1)
C3l) 411 52(1) 34(1) 4(1) 1(1) (1)
C32) 471 51(2) 41(1) 2(1) -8(1) 4(1)
Cl(4)  275(3) 107(1) 223(3) 10(1)  -157(3) -20(2)
C34)  43(1) 54(2) 47(2) 1(1) -6(1) 9(1)
C(35)  39(1) 67(2) 55(2) 6(2) 3(1) 42)
C36) 742 54(2) 64(2) 9(2) -8(2) 14(2)
C37)  60(2) 57(2) 57(2) 12(1) -11(2) -12(2)
C(38)  42(1) 58(2) 47(1) 11(1) 1(1) 3(1)
C(39)  64(2) 42(1) 45(1) 3(1) -5(1) 6(1)
C(40)  59(2) 70(2) 65(2) 1) 8(2) 18(2)
C@l)  43(1) 80(2) 60(2) 2(2) -8(1) -6(2)
CI(5)  476(7) 124(2) 139(2) 8(1) -59(3) -94(3)
C43)  65(2) 53(2) 44(2) 7(1) -5(1) 6(2)
C44) 492 53(2) 46(1) 6(1) 3(1) 15(1)
C@45)  47(2) 78(2) 72(2) 5(2) 9(2) 19(2)
C(46)  100(3) 42(1) 49(2) 3(1) -8(2) 10(2)
C@47) 7502 63(2) 63(2) 12(2) -8(2) 19(2)
Cl2) 273(3) 100(1) 169(2) -46(1) -30(2) 28(2)
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C(49)
C(50)
Cc(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
B(1)

C(67)
C(68)
C(69)
C(70)
c(71)
C(72)
C(73)
CI(6)
C(75)
F(1)

C(77)
C(78)
C(79)
C(80)
C@81)
C(82)
C(83)
C(84)
C(85)
C(86)

69(2)
83(2)
42(1)
65(2)
43(1)
58(2)
75(2)
45(2)
90(3)
90(3)
69(2)
43(2)
50(2)
43(2)
62(2)
63(2)
99(3)
79(3)
65(2)
122(4)
53(2)
63(2)
64(2)
67(2)
128(5)
145(2)
147(5)
203(5)
106(4)
91(3)
76(3)
76(3)
64(2)
121(4)
94(3)
133(5)
184(6)
92(3)

65(2)
54(2)
73(2)
41(1)
60(2)
94(3)
55(2)
92(3)
76(2)
87(3)
91(3)
93(3)
74(2)
116(4)
63(2)
69(2)
90(3)
113(4)
94(3)
79(3)
78(2)
87(3)
70(2)
108(4)
82(3)
190(3)
79(3)
205(5)
93(3)
106(4)
99(3)
100(3)
101(3)
53(2)
109(4)
90(4)
60(2)
96(3)

82(3)
53(2)
56(2)
63(2)
51(2)
72(2)
54(2)
62(2)
47(2)
60(2)
108(4)
91(3)
59(2)
93(3)
30(1)
48(2)
57(2)
48(2)
60(2)
77(3)
67(2)
65(2)
38(1)
94(3)
98(4)
477(8)
93(3)
94(2)
108(4)
109(4)
90(3)
106(4)
89(3)
104(4)
102(4)
131(5)
85(3)
78(3)
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92)
15(1)
11(2)
1(1)
(1)
42)
(1)
8(2)
-10(2)
-6(2)
11(3)
13(2)
11(2)
18(3)
8(1)
15(2)
24(2)
-7(2)
3(2)
-9(2)
-4(2)
17(2)
1(1)
12(3)
25(3)
125(4)
-20(3)
19(3)
52(3)
43(3)
313)

-43(3)

7(3)
22(2)

0(3)

13)
-3(2)
-8(2)

-21(2)
1(2)
-6(1)
7(2)
4(1)
-2(2)
6(2)
-2(1)
42)
3(2)
0(2)
-3(2)
-3(1)
-11(2)
(1)
4(2)
-9(2)
-3(2)
13(2)
15(3)
-2(2)
-15(2)
7(1)
-23(2)
-22(3)
46(3)

-19(3)
-57(3)

24(3)
13(3)
-10(2)
8(3)
25(2)
13(3)
5(3)
39(4)

-44(4)
-12(2)

24(2)
4(2)
6(2)
0(1)
6(1)

22(2)

21(2)
2(2)

23(2)

36(2)

32(3)

9(2)

16(2)

-5(2)

-12)

-5(2)
93)

_16(3)

16(2)
43(3)

-15(2)

8(2)
8(2)
13(2)

-24(3)

11(2)
40(4)

-82(4)

4(3)

23(3)

46(3)

21(3)

12)
302)
61(3)

41(4)
-11(3)

2(3)



C(87)
FQ)
F(3)
F(4)
CcO1)
C(92)
C(94)
CI(3)

158(6)
253(6)
138(3)
380(11)
119(4)
81(3)
166(7)
170(2)

110(4)
171(4)
220(5)
221(7)
160(6)
152(5)

93(4)
116(1)

77(3)
110(3)
162(4)
166(5)

89(4)

76(3)
123(5)

76(1)

-41(3)
55(3)
23(4)

73(5)

9(4)

24(3)
18(3)
-7(1)

_11(4)
-20(3)
17(3)
49(6)
37(3)
26(2)
-57(5)
31(1)

39(4)
~66(4)
-43(4)

15(8)

69(5)

2(3)
_44(4)

8(1)

Table S5. Hydrogen coordinates ( x 10"4) and isotropic displacement parameters
(A2 x 10"3).

X y z U(eq)

H(63) 7611 -40 3315 59
H(64) 7930 326 2870 59
H(71) 6545 -1028 2964 52
H(72) 5680 389 3011 51
H(3) 4624 2472 1650 77
H(75) 5563 -627 1029 70
H(65) 4487 -733 3022 59
H(66) 4699 -868 2532 59
H(4) 2374 1144 2255 79
H(76) 6411 -1317 1655 77
H(5) 4281 2376 399 84
H(6) 2786 2164 1812 86
H(77) 7012 1347 1898 67
H(7) 2911 1789 805 90
H(8) 3102 515 1038 80
H(67) 7734 -1029 278 85
H(68) 8394 -819 -140 85

H(9) 10892 -1762 923 108
H(57) 2972 -705 2204 113
H(58) 2060 -137 2393 113
H(59) 2501 -851 2665 113
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H(60)
H(61)
H(62)
H(73)
H(69)
H(70)
H(15)
H(16)
H(17)
H(18)
H(19)
H(20)
H(10)
H(78)
HQ21)
H(22)
H(23)
H(74)
H(11)
H(24)
H(25)
H(26)
H(27)
H(28)
H(29)
H(30)
H(31)
H(32)
H(33)
H(34)
H(35)
H(12)
H(36)
H(37)
H(38)
H(13)
H(39)
H(40)

9834
9891
10491
6914
7824
7820
6276
5063
5752
2933
2598
3798
8691
8613
9356
8053
8820
9013
11424
5149
5936
6055
8527
9816
9109
6344
7546
6535
3286
4252
4181
10203
6466
7661
6696
10790
7017
6720

112
119
-553
315
1545
1617
2070
2025
1248
40
807
730
-2631
1026
-1641
-1554
-965
389
-1329
-2216
-2150
-2868
-2218
-2379
-2276
2073
2284
2838
-676
-430
-1301
-1781
2764
2384
1959
-125
2954
2786
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126
126
126
62
74
74
123
123
123
109
109
109
111
79
110
110
110
68
107
154
154
154
160
160
160
153
153
153
153
153
153
106
141
141
141
102
139
139



H(41) 5775 3021 210 139

H(14) 10186 2615 2121 122
H(42) 10885 1480 1336 177
H(43) 9847 2013 1232 177
H(44) 10161 1309 928 177
H(45) 4896 -1526 582 164
H(46) 4874 751 307 16

H(47) 3768 -1071 513 164
H(1) 1822 243 -720 107
H(48) 7322 2661 1255 173
H(49) 7326 -1797 1073 173
H(50) 6200 2269 1105 173
H(51) 10271 -1180 232 184
H(52) 11075 -1296 159 184
H(53) 10576 -458 61 184
H(54) 8928 846 2112 155
H(55) 9476 1664 2004 155
H(56) 10227 910 2056 155
H(2) 7879 -1019 -1079 153

Synthesis of Amides 1453

1)2.2 equiv LDA
RIK X OH 2) 15 equiv Mel it N OH SOCh y el
‘ o “reflux,2h
Z ° THF,-78 °C to 0 °C overnight = 0 reflux, 3
Br

i Br
2.0 equiv Et3N, H 111 equiv NSH w
1.0 equiv 2-bromoaniline . N 2) 1.1 equiv R°CHX ) N
DCM,0°C ,12h Rv J 4 THE R d

0°C,12h

The 2-methyl-arylacetic acid derivatives the acids were prepared according to
literature.” The acid (1.0 eq.) was refluxed with 2.0 eq. SOCI, for 2 hours. After
evaporation of excess SOCl,, the resulting acyl chloride was diluted with CH,Cl,.
Then the mixture was cooled to 0 °C before the addition of 2.0 eq. NEt; and 1.0 eq.
arylamine. The mixture was allowed to increase to room temperature stirred for 12
hours. The N-H amide was purified by flash chromatography. The amide in THF

was dropped to a suspension of 1.1 eq. NaH in THF at 0 °C and the micxture was
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stirred for 1 h at room temperature, followed by the addition of 1.1 eq. Mel or
benzylbromide at 0 °C.  Stirring was continued for 12 h at room temperature. The

product was purified by flash chromatography to give 14.

14b

Me I\llleBr
N\©
(6]
14b

70% yield. '"H NMR & 7.69 (d, J = 7.6 Hz, 0.70H), 7.59 (d, J = 8.0 Hz, 0.27H),
7.39-7.46 (m, 0.26H), 7.35 (dd, J = 8.0, 1.6 Hz, 0.29H), 7.11-7.31 (m, 2.03H), 7.00 (d,
J=28.0 Hz, 1.97H), 6.92 (d, J= 8.0 Hz, 0.55H), 6.85 (d, J = 8.0 Hz, 1.50H), 6.75 (dd,
J=17.6,1.6 Hz, 0.76H), 3.48 (q, J = 6.8 Hz, 0.28H), 3.30 (q, J = 6.8 Hz, 0.82H), 3.18
(s, 0.80H), 3.16 (s, 2.30H), 2.25-2.32 (m, 3.00H), 1.36-1.46 (m, 3.13H); °C NMR 3
174.1, 173.9, 142.6, 142.3, 138.6, 137.6, 136.20, 136.19, 134.0, 133.5, 130.9, 130.0,
129.7, 129.6, 129.0, 128.8, 128.6, 128.4, 127.9, 127.3, 124.1, 123.6, 43.5, 42.7, 36.10,
36.06, 21.00, 20.97, 20.63, 20.59; IR (KBr) 1654, 1513, 1477, 1379, 1283, 1254,
1124, 1050, 828, 772, 730 cm'; HRMS(ESI): Calcd for C7H;oBINO ([M+H]"):
332.0645. Found m/z 332.0649.

14d

3¢S

14d

79% yield. "H NMR & 7.63-7.69 (m, 0.81H), 7.45-7.51 (m, 0.28H), 7.37 (d, J = 7.6
Hz, 0.91H), 7.00-7.26 (m, 7.68H), 6.93 (d, J = 7.2 Hz, 0.14H), 6.74-6.89 (m, 1.71H),
5.75-5.84 (m, 0.95H), 5.68 (d, J = 14.4 Hz, 0.84H), 3.93 (dd, J = 14.4, 1.2 Hz, 1.01
H), 3.76-3.84 (m, 0.15H), 3.47-3.56 (m, 0.88H), 1.30-1.50 (m, 6.00H); °C NMR &
173.8, 173.7, 140.3, 140.0, 139.9, 138.8, 137.1, 137.0, 135.0, 134.8, 134.0, 133.2,
132.2, 132.1, 130.0, 129.8, 129.4, 129.3, 129.0, 128.25, 128.16, 127.9, 127.6, 127 .4,
127.3, 126.5, 126.4, 126.3, 126.2, 124.4, 124.2, 51.6, 51.2, 40.5, 39.1, 20.1, 19.2, 18.2,
18.1; IR (neat) 1667, 1475, 1389, 1270, 1245, 1205, 1030, 762, 727, 699 cm';
HRMS(ESI): Caled for Co3H,3BrNO ([M+H]): 408.0958. Found m/z 408.0956.
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14f

Br

e

14f

85% yield. '"H NMR & 7.65 (dd, J = 8.0, 0.8 Hz, 0.76H), 7.46-7.52 (m, 0.38H), 7.33
(dd, J=17.6, 1.6 Hz, 0.80H), 7.04-7.27 (m, 7.15H), 6.76-6.93 (m, 2.01H), 6.63 (d, J =
8.0 Hz, 0.20H), 6.57 (d, J = 8.4 Hz, 0.79H), 6.00 (dd, J= 7.6, 1.2 Hz, 0.77H), 5.74 (d,
J = 14.4 Hz, 0.21H), 5.67 (d, J = 14.4 Hz, 0.82H), 4.14 (q, J = 7.2 Hz, 0.23H),
3.82-3.99 (m, 1.86H), 1.33-1.38 (m, 3.00H); °C NMR & 174.5, 155.6, 140.1, 137.3,
133.4, 133.1, 132.2, 132.0, 130.2, 129.3, 129.1, 129.0, 128.8, 128.2, 128.1, 127.62,
127.59, 127.3, 127.20, 127.18, 124.2, 120.7, 120.5, 109.6, 109.4, 54.6, 51.6, 51.2,
36.6, 34.5, 19.8, 18.7; IR (neat) 1661, 1493, 1475, 1390, 1246, 1030, 754, 727 cm ';
HRMS(ESI): Calcd for C,3H3BrNO; ([M+H]): 424.0907. Found m/z 424.0902.

14h

J35¢8

14h

83% yield. '"H NMR & 7.63-7.70 (m, 0.90H), 7.45-7.54 (m, 0.93H), 7.02-7.29 (m,
9.00H), 6.79-6.87 (m, 1.09H), 5.86 (dd, J = 7.6, 1.6 Hz, 0.76H), 5.76 (d, J = 14.0 Hz,
0.24H), 5.66 (d, J = 14.4 Hz, 0.80H), 4.15 (q, J = 6.8 Hz, 0.22H), 3.84-4.01 (m,
1.76H), 1.34-1.42 (m, 3.00H); °C NMR & 173.2, 139.55, 139.48, 137.0, 134.1, 133.5,
133.4, 132.0, 131.6, 129.6, 129.4, 129.3, 129.1, 128.9, 128.3, 128.2, 128.1, 127.84,
127.77, 127.5, 127.4, 127.2, 127.0, 124.1, 51.8, 51.4, 40.9, 39.2, 20.0, 18.9; IR (neat)
1667, 1475, 1394, 1270, 1032, 753, 726 cm '; HRMS(ESI): Calcd for C,H,oBrCINO
([M+H]"): 428.0411. Found m/z 428.0407.

Catalytic asymmetric intramolecular a-arylation reactions

General procedure: In an N»-filled glove-box, TMEDA-PdMe; (2.5 mg, 0.01 mmol,
5 mol %), 6b (5.0 mg, 0.01 mmol, 5 mol %), ‘BuONa (29 mg, 0.3 mmol, 1.5 equiv),
amide 14a (63.6mg, 0.2 mmol, 1.0 equiv), and toluene (2 mL), were added to an

oven-dried Schlenk tube containing a stirrer bar. The tube was sealed and taken out of
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the glove box. After being heated at 50 °C for 20 h, the reaction mixture was cooled to
room temperature. The solvent were evaporated under vacuum and the residue was
purified by preparative thin layer chromatography (hexane/ethyl acetate 5:1) on silica
gel to give 15a (47.1 mg, 0.199 mmol, 99% yield).

15a

'HNMR § 7.17-7.35 (m, 7H), 7.09 (td, J= 7.6, 0.8 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H),
3.24 (s, 3H), 1.79 (s, 3H); °C NMR § 179.4, 143.2, 140.7, 134.7, 128.5, 128.0, 127.1,
126.6, 124.1, 122.7, 108.2, 52.1, 26.4, 23.7; HPLC [(Daicel Chiralcel OD-H,
hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm): ¢1 = 14.2 min (major),
2 = 16.9 min (minor) ee = 86%].

15b

'HNMR & 7.33 (t,J= 7.6 Hz, 1H), 7.16-7.25 (m, 3H), 7.07-7.15 (m, 3H), 6.92 (d, J =
8.0 Hz, 1H), 3.25 (s, 3H), 2.31 (s, 3H), 1.79 (s, 3H); ?C NMR § 179.5, 143.2, 137.8,
136.8, 134.9, 129.2, 128.0, 126.4, 124.1, 122.7, 108.2, 51.8, 26.4, 23.7, 20.9; [(Daicel
Chiralcel AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm): ¢1 =
14.4 min (major), £2 = 18.7 min (minor) ee = 8§4%].

15¢

15¢
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'H NMR § 7.63-7.70 (m, 1H), 7.25-7.34 (m, 2H), 7.20 (td, J = 7.6, 1.2 Hz, 1H), 7.04
(d, J=7.2 Hz, 1H), 6.99 (td, J= 7.6, 1.2 Hz, 1H), 6.92 (d, J= 7.6 Hz, 1H), 6.83-6.89
(m, 1H), 3.33 (s, 3H), 1.78 (s, 3H), 1.62 (s, 3H); °C NMR & 180.0, 142.9, 137.8,
136.8, 135.0, 131.6, 127.7, 127.6, 127.4, 126.0, 122.9, 122.8, 108.0, 52.3, 26.4, 25.7,
19.1; [(Daicel Chiralcel OD-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A =
254 nm): ¢t1 =20.7 min (major), £2 = 32.3 min (minor) ee = 96%].

15d

Me
Me
(L=
N

|
Bn

15d

'H NMR § 7.68 (d, J= 7.6 Hz, 1H), 7.39-7.45 (m, 2H), 7.25-7.39 (m, 4H), 7.15-7.25
(m, 2H), 7.04 (d, J= 7.6 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 6.82-6.92 (m, 2H), 5.24 (d,
J =152 Hz, 1H), 4.80 (d, J = 15.6 Hz, 1H), 1.84 (s, 3H), 1.61 (s, 3H); °C NMR &
180.0, 142.1, 137.7, 137.0, 136.1, 135.2, 131.7, 128.8, 127.81, 127.78, 127.75, 127.69,
127.6, 126.0, 122.97, 122.96, 109.1, 52.5, 44.1, 26.3, 19.5; IR (neat) 1714, 1611, 1486,
1464, 1343, 1173, 752, 745 cm'; HRMS(ESI): Caled for CpsHpNO ([M+H]Y):
328.1696. Found m/z 328.1704; [a]p> = +76.1 (¢ = 2.3 in CHCI3). [(Daicel Chiralcel
OD-H, hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, A = 254 nm): 1 = 20.9 min
(major), £2 = 31.0 min (minor) ee = 98%].

15e

MeO
Me

'HNMR & 7.59 (dd, J = 8.0, 1.6 Hz, 1H), 7.25-7.30 (m, 2H), 7.05 (td, J= 7.6, 1.2 Hz,
1H), 6.93 (td, J= 7.6, 1.2 Hz, 1H), 6.83-6.92 (m, 2H), 6.76 (dd, J = 8.0, 1.2 Hz, 1H),
3.41 (s, 3H), 3.32 (s, 3H), 1.71 (s, 3H); °C NMR & 181.0, 156.9, 143.5, 135.6, 129.7,
128.7, 127.5, 127.2, 122.13, 122.10, 120.8, 112.0, 107.3, 55.8, 49.8, 26.3, 23.3.
[(Daicel Chiralcel OD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A = 254
nm): ¢1 = 11.9 min (major), 2 = 26.3 min (minor) ee = 92%].
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15f

MeO
Me
(Lo
N

|
Bn

15f

'H NMR § 7.63 (dd, J = 7.6, 1.6 Hz, 1H), 7.44-7.52 (m, 2H), 7.25-7.40 (m, 4H), 7.13
(td, J= 8.0, 1.6 Hz, 1H), 7.07 (td, J = 7.6, 1.2 Hz, 1H), 6.90 (td, J = 7.6, 1.2 Hz, 1H),
6.80-6.87 (m, 2H), 6.76 (td, J = 8.0, 1.2 Hz, 1H), 5.01 (s, 2H), 3.22 (s, 3H), 1.77 (s,
3H); °C NMR § 180.6, 157.0, 142.5, 136.6, 135.9, 129.3, 128.8, 128.6, 127.9, 127.7,
127.4, 127.1, 122.10, 122.07, 120.7, 111.8, 108.3, 55.4, 49.9, 44.0, 24.0; IR (KBr)
1710, 1611, 1470, 1341, 1174, 1081, 912, 883, 750 cm'; HRMS(ESI): Calcd for
Ca3HyuNO, (IM+H]Y): 344.1645. Found m/z 344.1652; [alp” = +76.1 (¢ = 2.3 in
CHCIs). [(Daicel Chiralcel OD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A
=254 nm): t1 = 12.8 min (major), 2 = 19.9 min (minor) ee = 94%].

15¢g

'H NMR § 7.76-7.94 (m, 3H), 7.56 (t, J = 7.6 Hz, 1H), 7.28-7.40 (m, 2H), 7.13-7.24
(m, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.88-6.99 (m, 2H), 6.80-6.88 (m, 1H), 3.45 (s, 3H),
1.92 (s, 3H); °C NMR & 180.4, 142.2, 136.7, 135.1, 134.3, 131.3, 129.1, 129.0, 127.9,
126.2, 125.2, 125.0, 123.4, 123.0, 122.8, 108.6, 52.4, 26.8, 26.7. [(Daicel Chiralcel
AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, A = 254 nm): ¢1 = 17.0 min
(major), £2 = 32.9 min (minor) ee = 97%].

15h

Cl
Me
(L=
N

|
Bn

15h
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'H NMR § 7.72-7.78 (m, 1H), 7.23-7.48 (m, 8H), 7.18 (td, J = 7.6, 1.2 Hz, 1H), 6.95
(td, J=17.2, 1.2 Hz, 1H), 6.80-6.87 (m, 2H), 5.22 (d, J = 15.2 Hz, 1H), 4.82 (d, J =
15.6 Hz, 1H), 1.84 (s, 3H); °C NMR & 179.2, 142.8, 137.5, 136.0, 134.4, 134.0,
130.7, 129.3, 129.0, 128.6, 127.8, 127.7, 127.6, 126.8, 122.6, 122.3, 109.1, 52.3, 44.3,
25.7; IR (KBr) 1720, 1611, 1480, 1341, 1174, 1081, 750 cm'; HRMS(ESI): Calcd for
CHoONCI ([M+H]"): 348.1150. Found m/z 348.1155.; [a]p> = +80.0 (¢ = 0.5 in
CHCIs). [(Daicel Chiralcel OD-H, hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, A
=254 nm): t1 = 12.8 min (major), 2 = 19.0 min (minor) ee = 97%].
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338H
File: home/vmmril/vomrsys/data/murakami_lab/LIULT/338H.£id P h //_\\ P h

Pulse Sequence: s2pul N

Solvent: cdcl3 ’ Ph Ph

Temp. 26,0 C / 289.1 K
Operator: vamrl ' 8
File: 338H
Mercury-400BBR "Varian-NMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acq. time 3.502 sec

width 6402.0 Hz

16 repetitions B
OBSERVE - H1l, 400.4411630 Mu
DATA PROCESSING .
Line broadening 0.2 Hz

FT gize 65536

Total time 1 min, 32 sec

«7.335
- 7,324

~T7.275
7.266

-8.231

-7.260
7,254
~5.595

b7 . 243

10 9




e Ph 7/~ Ph

File: home/vnmrl/vomrsys/data/murakami_lab/LIULT/338c.fid > N N

Pulse Sequence: s2pul Ph Ph-
Solvent: cdcl3 .

Temp. 26.0 € / 299.1 K 8

Operator: wnmrl
File: 338¢
Mercury-400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acg. time 1.300 sec

width 24154.6 Hz

640 repetitions

OBSERVE C13, 100.6910134 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 4B

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536 P’
Total time 34 min, 54 sec

128,568
12T 845

127.309

~77.315
77.000
~76.678

w
~
)
®
Dy

162.060
- 142.551

220 200 180 160 140 120 100 80 60 ' 40 20 0 Ppm



33%h

File: home/vmmrl/vamrsys/data/murakami_lab/LIULT/339H.£id

Pulse Sequence: s2pul -
Solvent: cdcl3

Ambient temperature

Operator: vamrl

File: 339H

Mercury-400BB "Varian-NMR" N H

HN
Ph— )—Ph

Ph Ph

’
',

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acg. time 3.502 sec

width 6402.0 Hz

16 repetitioms

OBSERVE  H1, 400.4411637 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 65536

Total time 1 min, 32 sec

-7.259
2.752
-2.467
2.446
2.434
-2.065
2.045
2.031
2.011
~1.445

7.308
7.307
7.295
~7.290

7331
7.272

4.764

7350

~7.184

3
o
-
=~

7.212

&, 654

4,417

7.166

~7.178

2.767
~2.478

~2,781

10 9 8 7 6 5 4 3 2 1 - -0 ppm



339¢
File: home/vnmrl/vnmrsys/data/murakani_lab/LIULT/339c.£id

Pulse Seguence: s2pul

Soclvent: cdel3

Ambient temperature
Operator: vamrl

File: 339¢

Mercury-400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acqg. time 1.300 sec

Width 24154.6 Hz

512 repetitions
OBSERVE C13, 100.6910157 MHEz
DECOUPLE E1, 400.4431366 MHz
Power 40 dB

continuously on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Total time 17 min, 51 sec

.095

~144.498
144

~ 144 .578

=
o
-
@
o
b

0
©
=
@
~
-«

~127.448

-126.877

- 126.760

- 112,755

77.315

77.000

-~ 76.678

64.613

53.281

38.705

HN
Ph—

~21.904

.
III
/g

3

NH

)—Ph

Ph Ph

120

20 0



STANDARD 1H OBSERVE

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-300BB "varian2"

Relax. delay 1.502 sec
Pulse 45.0 degrees

Acg. time 3.200 sec

width 5000.0 Hz

40 repetitions

OBSERVE H1, 300.0672331 MHz
DATA PROCESSING

FT size 32768

Total time 8 min, 46 sec

—4.828
—4.823
4,763

4.760

—4.830

\--2.023

-

—~2.178

2.785
~2,169
~2,051

7.260

HoN' NH,
(S,5)-10

2.020




13C OBSERVE

Pulse Sequence: s2pul

Sclvent: CDC13
Ambient temperature
GEMINI-~300BB “varian2"

Relax. delay 1.158 sec

Pulse 45.0 degrees

Acg. time 0.842 sec

Width 19000.0 Hz

160 repetitions
OBSERVE €13, 75.4519675 MEz
DECOUPLE H1, 300.0687335 MHz
Power 37 dB

continuously on

WALTZ~16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 32768
Total time 601 hx, 21 min, 17 sec

143.155

113,60

77.430
77.000
76.585

52,300

434652

22142

A\ . 5
“ ?yﬁv/{i

N

HoN NH,
(S,5)-10




336H
File: home/vnmrl/vomrsys/data/murakami lab/LIULT/336H.£id

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C /7 299.1 K
Operator: vaomrl

File: 336H

Mercury-400BB "Varian-NMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acg. time 3.502 sec

width 6402.0 Hz

16 repetitions
OBSERVE H1, 400.4411626 MHx
DATA PROCESSING .
Line broadening 0.2 Hz
FT size 65536
Total time 1 mim, 32 sec

1a

«
n g
° %
- o
° 3
~
R R .
< = B N 1
@ w2~ o ‘9 H
de e e !
~ - | ™
~ o
2 | «
3 2 ! :
R @ ! o G 7 ///
L ' a @ 0 o 4
2 - R « a8
8 7 ¢ 7 | ~
- -~ » : i o
g P -
AJU L VL J A
H - K [ H T
10 9 8 7 5 4 2 1 -0 ppm
bbb - oy
1.94 1.94 3.79 1.88 1.98 6.00
1.85 1.87 1.80 1.81" 5.80



336C
File: home/vnmrl/vomrsys/data/murakami_lab/LIULT/336c.fid

Pulse Sequence: s2pul

Solvent: cdel3

Ambient temperature
Operator: vomrl

File: 336¢c

Mercury-400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees
Acg. time 1.300 sec
Width 24154.6 Hz
512 repetitions
OBSERVE (13, 100.6910179 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 &B
continuously on
WALTZ~16 modulated
DATA PROCESSING
Line broadening 1.0 Hz
FT size 65536
“fTotal time 17 min, 51 sec

$16-543
13.048
£20E

3
~17.540

143.136
122.221

76,685

770322
77.000

145.830

‘1,

NH  NH

1a




264h
File: xp

Pulse Sequence: s2pul

Solvent: cdcll

Ambient temperature
Operator: vamrl
Mercury-400BB "Varian-NHMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acg. time 3.502 sec

Width 6402.0 Hz

16 repetitions

OBSERVE Hi, 400.4411637 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 65536
Total time 1 min, 32 sec

~1.715
-1 . 547

7.145
yULRT
7,123
6.818
6.764
4.871
- 4.821

7.260
~7.184
2.880
-2.864
~2.444
-2.427

2.409

;2462
~2.345

- 6.745
~2.897
2.328

-2.310
2.292

°
3 =
e o
P

~3.728
~2.915

1.318
1.301

1.273
1.256
Y
=
Y
-




264c
File: xp

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vamxl
Mercury-400BB "Vazian-NMR®

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 24154.6 Hz

512 repetitions

OBSERVE C13, 100.6910107 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 dB

- continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 17 min, 51 sec

143.178

144.452

132.570

126.867

125.257

117.365

113,111

110.974

77.349

76.712

52.297

-~ 40.892

27.502

22.451
22.377

22.224




STANDARD 1H OBSERVE

Pulge Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-300BB “varian2"

Relax. delay 1.502 sec
Pulse 45.0 degrees

Acqg. time 3.200 sec

width 5000.0 Hz

44 repetitions

OBSERVE H1, 300.0672331 MHz
DATA PROCESSING

FT size 32768

Total time 8 min, 46 sec
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13C OBSERVE

Pulse Seguence: s2Zpul

Solvent: CDC13
Ambient temperature
GEMINI-300BB ‘“varian2n

Relax. delay 1.158 sec
FPulse 45.0 degrees

Acg. time 0.842 sec

Width 19000.0 Hz

1360 repetitions
OBSERVE C13, 75.4519709 MHz
DECOUPLE H1, 300.0687335 MHz
Power 37 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Dine broadening 1.0 Hz

FT size 32768

Total time 601 hr, 21 min, 17 sec

150.271

139.358

~—130.228

129,706

126,075

12B.08T
125,955

\

77.415

77.000
76.570

e

62214

42601

34.208
32.210
30.904

18,222




STANDARD 1H OBSERVE

Pulse Seguence: s2pul

Solvent: CDC13
ambient temperature
GEMINI-300BB "varian2®

Relax. delay 1.502 sec
Pulse 45.0 degrees

Acqg. time 3.200 sec

Width 5000.0 Hz

100 repetitions
OBSERVE  HL, 300.0672331 MHz
DATA PROCESSING

FT size 32768

Total time 8 min, 46 sec

7.347
7.331
~~7.309

/s

1.502
1.427
1.328
1.306
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13C OBSERVE

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
GEMINI-300BB "varian2"

Relax. delay 1.158 sec
Pulse 45.0 degrees

Acg. time 0.842 sec

wWidth 19000.0 Hz

2112 repetitions

OBSERVE C13, 75.4519698 MHz
DECOUPLE K1, 300.0687335 MHz
Power 37 4B

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 32768

Total time 6013 hr, 32 min, 58 sec

151.086

140.035

139.743

128.737

125.602

77.415

—76.570

62,721

42447

34.562
—32.441

30888
27.368
24.740

\24.248




2821

lab/LIULT/282h2.£id

ami.
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282h
File: home/vanmrl/vamrsys/data/murakami_lab/LIULT/282c.fid

Pulse Sequence: s2pul

Solvent: cdel3

Ambient temperature
Operator: vomrl
File: 282c
Mercury-400BE *Varian-NMRY

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acqg. time 1.300 sec

width 24154.6 Hz

1024 repetitions

OBSERVE C13, 100.6910107 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

PT size 65536

Total time 35 min, 42 sec

156.831

144.862

- 138 .441

131.135

-128.785
127.929

+127.350

117.262

T 342

~76.708

e 66 244

40.174

- 28,395

24.354

- 23,981

21.470

2t

(=18



File: home/vimrl/vomrsys/data/murakami lab/LIULT/DiPrCuH.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Oparator: vamrl
File: DiPxCuH
Mercury-400BB "Varian~NMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acq. time 3.502 sec

width 6402.0 Hz

16 repetitions

OBSERVE K1, 400.4411632 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 65536

Total time 1 min, 32 sec

7.203
7,186
~6.431

~7 . 260
7.208

5
i

- L538

TETLTAEE

~0.884

0.900

0,935
0.918

6.996

-6.408
Srmeddinn 3., 792,

~7.519
STVLE
6.411
F-3.828
T —
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T76.428
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288p2c

File: home/vnmrl/vomrsys/data/murakami_lab/LIULT/288p2c.fid

Pulse Sequence: s2pul

Solvent: cdel3 B
Ambient temperature
Operator: vamrl
File: 288p2c

Mercury-400BB "Varian-NMR"

Relax. delay 0.708 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

width 24154.6 Hz

1024 repetitions

OBSERVE C13, 100,.6910134 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 4B

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 35 min, 42 sec

-200.531

139.666

~~139.534

133.026

127.98%

124.578

123.765

~77.315

~'76,678

62.702

- 43.097

P
@
0
-«
=

~--33.924

30.227

~-28.961
~26.128

20.798




lab/LIULT/402hgpc2.£id

i

File: home/vnmrl/vnmrsys/data/murakam:

Me

LBT T~

6EET

6LE'T

LLE T

€6%°T

s2pul

Pulse Sequence:

Solvent: cdcl3

Ambient temperature

Operator: vomrl

File:

402hgpc2

"Varian-NMR"

Mercury-400BB

Relax. delay 1.500 sec
Pulse 45.0 degrees

time 3,502 sec
width 6402.0 Hz

Acq.

16 repetitions

400.4411637 MHz

H1,
DATA PROCESSING

OBSERVE

Line broadening 0.2 Hz

FT size 65536

32 sec

Total time 1 min,
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402c¢
File: home/vnmrl/vnmrsys/data/murakami_lab/LIULT/402c.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vamrl
File: 402c

Mercury-400BB  "Varian-NMR®

Relax. delay 0.709 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

width 24154.6 Hz

17984 repetitions

OBSERVE C13, 100.6910157 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 58 br, 7 min, 7 sec

~129.014

128.809

~128.407

-127.850
-~ 127 .287
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Me Me
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Br

Me

Me

345h

lab/LIULT/278c2.£id

i

File: home/vmmrl/vnmrsys/data/murakam:
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PIVT

TPE T
SPETT

Pulse Sequence: s2pul

Solvent: cdelld

Ambient temperature

vamrl
278c2

Operator:
File:

"Varian-NMR"

Mercury-4008B

time 3.502 sec

Relax. delay 1.500 sec
vidth 6402.0 Hz

Pulse 45.0 degrees

Acqg.

16 repetitions

400.4411630 MHz

H1,
DATA PROCESSING

OBSERVE

Line broadening 0.2 Hz

65536

Total time 1

FT size

32 sec

min,

ppm

o
.8
-

0.88

0.84



File: xp Me Me
Pulse Segquence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vomrl O
Mercury~400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acqg. time 1.300 sec

Width 24154.6 Hz

704 repetitions

OBSERVE (€13, 100.6910193 MHz
DECOUPLE H1l, 400.4431966 MHz
Power 40 aB

continuously on

VALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 35 min, 42 sec

14¢

129.000
~128.246
-128.158

126.240
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-127.8865
~127.572

129.951
129.827

/ 129.395

~129.293

~133.151
132.243
--132.104

Lo 40,498

51.611
~18.155
18.082

~77.315
18,173

4. 77.000
~-76.678

137.016
~134.959
~133.985

140.288
139.856
- 138.795

124.190

173.847

~51.216
~39.056
-20.073
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3068

Br

OMe Me,

EVETT

File: xp

s2pul

Pulse Seguence:

Solvent: cdcl3

Ambient temperature

Operator: vnmrl

Mercury-400BB

"Varian-NMR"

delay 1.500 sec

Pulse 45.0 degrees

Relax.

time 3.502 sec
width 6402.0 Hz

Acq.

16 repetitions

400.4411634 MEz

H1,
DATA PROCESSING

OBSERVE

Line broadening 0.2 Hz

FT size 65536

32 sec

Total time 1 min,

-0

0.76 0.80

3.00

0.60
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2.40

1.86

0.20
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375

File: home/vnmrl/vomrsys/data/murakami_lab/LIULT/278h.fid

Br

Me

Cl

g
6e"T
€68°€
TLBE-
888 g
€687 €~
506" €
BZ6'E-

AcEs

14h

§SE°T
ELETT

Pulse Seguence: s2pul

cdel3

Ambient temperature

Operator: vimrl

File:

Solvent:

278h

”

“Varian-]

Hercury-400BB

86" €~
OYT ¥
LET™Y

Tv9°§-
LL9 G-
GELTG
PLL G-
L4120

858°%-
€LB G-
LLB"S

v08°9-
8089~
ZT8°9-
£28°9
L28*9 ~
TEB"Y-
9¥8°9-
058°9
890" L
ZL0'L
080°L
980° L~
S60° L
660° L~
PIT L
:2 9

vET L
0ET" L

$ET L~
6ET"L

8T L

3.502 sec

time

Relax, delay 1.500 sec
Width 6402.0 Hz

Pulse 45.0 degrees

Acg.

16 repetitions

400.4411630 MHz

H1,
DATA PROCESSING

OBSERVE

Line broadening 0.2 Hz

FT size 65536

32 sec

Total time 1 min,

ol

ppm
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10

o
-
o
0
~
o

3.00

0.90

0.22 0.97

0.24

1.08

0.93



2788
457
File: home/vmmrl/vomrsys/data/murakami lab/LIULT/278c.fid

Pulse Sequence: sipul

Solvent: cdecl3
Ambient temperature
Operator: vmmrl
File: 278¢

400BE

"Vari. MR

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acqg. time 1.300 sec

wWidth 24154.6 Bz

512 repetitions

OBSERVE C13, 100.6510142 MHz
DECOUPLE H], 400.4431966 MHz
Powexr 40 dB

continucusly on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 17 min, 51 sec

~173.181
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134.058
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131.584

- 129.644

~129.366
128.307

129.110

-128.319
~128.224

128.114
127,836

i

127 .770

-127.455
\127.374

--127.191

127.016

124.080

~77.315
77.000
76.685

~-51.751

51.392

40,886

39,151

19.956

~18.895

Cl Me Br

14h



343H

File: home/vnmrl/vnmrsys/data/marakami_lab/LIULT/343h.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vamrl

File: 343h

Mercury~400BB "Varian-iMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acqg. time 3.502 sec

Width 6402.0 Hz

16 repetitions

OBSERVE Hi, 400.4411692 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 65536

Total time 1 min, 32 sec
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343C
File: home/vnmrl/vomrsys/data/murakami _lab/LIULT/343c.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vomrl

File: 343c

HMercury-400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 24154.6 Hz

1024 repetitions

OBSERVE €13, 100.6910193 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 dB

continuously on

WALTZ~16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Total time 35 min, 42 sec

179.381

~143.165

140.720
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T IZ6 056

124.124

122.711

108.238

~77.000

76.685

52.073

- 26.406

~23.675

Me  Ph




4058

File: xp

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vomrl
Mercury-400BB "Varian-MMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acq. time 3.502 sec

Width 6402.0 Hz

16 repetitions
OBSERVE H1l, 400.4411634 MHz
DATA PROCESSING

Line broadening 0.2 Hz
FT size 65536
Total time 1 min, 32 sec

-T7.352

7.258

7.216

~7.210

7.195

~7.121

7.102

o
n
o
)

6.913

3,246
2.309
1-. 786

-3.286
~1.827
~1.745

10

L. 483

1,281

Me

Me
15b

ppm



405H
File: xp

Pulse Sequence: s2pul

Solvent: cdcl3 Me

2mbient temperature
Operator: vomrl
Mercury-400BB “Varian-NMR®

Relax. delay 0.700 sec
Pulse 45.0 degrees
Acg. time 1.300 sec
Width 24154.6 Hz Me
960 repetitions o
OBSERVE C13, 100.6910186 MHz ) 15b
DECOUPLE HI1, 400.4431966 Mz
Power 40 4B

continucusly on

VALTZ~16 modulated
DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

~134.908

128,161
127967
126.445

i s o
Total time 34 min, 54 sec 4
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2798
File: home/vomrl/vnmrsys/data/murakanmi_lab/LIULT/27%h.£id

Pulse Segquence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vomrl
File: 27%h
Mercury-400BB "Varian-NMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acg. time 3.502 sec

Width 6402.0 Hz

16 repetitions
OBSERVE H1, 400.4411636 MHz
DATA PROCESSING

Line broadening 0,2 Hz

FT size 65536
Total time 1 min, 32 sec

7.669
7.666

= 7.649
74315

7.313
7.312
.308

7.289
7.286

~1.776

e 1.714
1.622

-990
6.974
6.972
-6,927
6.908
6.872
6.870
6.854
6.852

Me
Me

Me
15¢

10 9 8

ppm



279GPCC
File: home/vnmrl/vamrsys/data/murakami_lab/LIULT/279GPCC.£id

Pulse Sequence: s2pul

Solvent: cdel3
Ambient temperature
Operator: vomrl
File: 279GPCC

Mercury-400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Bog. time 1.300 sec

width 24154.6 Hz

640 repetitions

OBSERVE €13, 100.6910164 MHz
DECOUPLE H1, 400.4431966 MHz
Power 40 dB

continucusly on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Potal time 35 min, 42 sec

179.974

~142.924

-~ 137.828

136,782

135.039

131,643

127.748
~ 127 .638
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©
kY
0
~
B

1227569
-122.843

108.004

~77.322
77.000

~76.685

52.278

26.413

25.732

-19.136

Me
Me




280k
File: home/vamrl/vomrsys/data/murakami_lab/LIULT/280h.fid

Pulse Sequence: sZpul

Solvent: cdcl3

Ambient temperature
Operator: vomrl

File: 280h

Mercury-400BB "Varian-NMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acqg. time 3.502 sec

width 6402.0 Hz

16 repetitions
OBSERVE 1, 400.4411632 MHz
DATA PROCESSING

Line broadening 0.2 Hz
FT size 65536
Potal time 1 min, 32 sec

7.406
~7.369
-7.352

7.348

o
as
2
P

Me
Me

Bn
15d

~6.869
868
- 6.866
o~ 6.865
- 6.862
\6.851
\-6.850
--6.848

&
-
o
w

-4.819

-4.780

10 9 8 7
1.00  3.50 1.01.90
1.832.011.01
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280c
File: home/vamrl/vamrsys/data/murakami_lab/LIULT/280c.fid

Pulse Sequence: s2pul

Solvent: cdcl3

Ambient temperature
Operator: vomrl
File: 280c

Mercury-400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

width 24154.6 Hz

128 repetitions

OBSERVE €13, 100.6910107 MHz
DECOUPLE HI1, 400.4431966 MHz
Power 40 4B

continuously on

WALTZ~16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 17 min, 51 sec

~179.950

~~142.138

e 3
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136.091
135.206

~-131.684
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122,973

122.958

~109.092

77.422

77.100
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44.113
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30698
File: home/vmmrl/vamrsys/data/murakemi lab/LIULT/309H2.fid

Pulse Sequence: s2pul

Solvent: odcl3

Ambient temperature
Operator: vamrl
File: 309H2
Mercury-400BE "Varian-NMR®

Relax. delay 1.500 sec R
Pulse 45.0 degrees

Acg. time 3.502 sec

width 6402.0 Hz

16 repetitions
OBSERVE  El, 400.4411630 MHz 15¢
DATA PROCESSING

Line broadening 0.2 Hz

FT size 65536
Total time 1 min, 32 sec

3,414

1.709
<
(s3]

by
o
©
v

10 9 8 7 6 5 4 ‘ 3 2 1 -0 pom

1.03 1.011.99 3.00 3.22
2.10 1.03.0%1 3.03 :



309H

File: home/vnmrl/vomrsys/data/murakami_lab/LIULT/309c2.£id

Pulse Sequence: s2pul R -
Solvent: cdcl3 MeO
Ambient temperature

Operator: vomrl

File: 309c2 Me

Mercury~400BB  "Varian-NMR"

N o n W o w0 @
o amapo © ©
Relax. delay 0.700 sec R L S a . N
Pulse 45.0 degrees g 5 & g g 3 :—_: Ny
Acqg. time 1.300 sec AR A - - N
vidth 24154.6 Hz o |
640 repetitions :
OBSERVE C13, 100.6910179 Muz ; Me
DECOUPLE H1, 400.4431966 MEz 15 e

Power 40 4B
continuously on
VALTZ~-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536

Total time 35 min, 42 sec

~77.318

£77.000
76.678

- 55.784

26.340
23.273

129,732

49.752

156.929

180.948
~-143.,488




MeO
Me

|
Bn
15f

ELLT T

TLY T

1ab/LIULT/310H2.£fid

ami,

¥
£
"o
4
z
3
0
5
3 o
PR
~ n a2
5 .v3“1
@ 0
Sk
W g .40 B
AR
m & 8 aAf8s
34 38444
3 0F P Sesd

"Varian-NMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Mercury-~400BB

N

time 3.502 sec
width 6402.0 Hz

Acqg.

16 repetitions

400.4411632 MHz

Hi,
DATA PROCESSING

OBSERVE

Line broadening 0.2 Hz

PT size 65536

32 sec

Total time 1 min,

ppm

1.01 1.951.03 1.02.02

1.941.841.031.99



3108

MeO

File: home/vnmrl/vnmrsys/data/murakami_lab/LIULT/310Hc.£id

Pulse Sequence: s2pul . . -

Solvent: cdcl3

Ambient temperature
Operator: vamrl
File: 310Hc Pd
Mercury-400BB "Varian-NMR" ~

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acg. time 1.300 sec

width 24154.6 Hz

B32 repetitions

OBSERVE €13, 100.6910179 MHz
DECOUPLE H1L, 400.4431966 MHz
Power 40 dB H
continucusly on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
PT size 65536
Total time 35 min, 42 sec

127..894.
@
-

15f

128.582

122.067

- 120.698

-111.847
~108.326

o
*
<
=
&
B

~127.052
-122.096

@
-
=~
[
N
-

128.787

~~77.315

7{000
76.678

<«
= 0
= £
0 2 o
i < 0
[ o
]
§ o
o ~
TR 2
v o 4 .
¢ 28 g
N
@m0 e
- oo
AR

156.980
142.536

- 180.633




3288
File: home/vnmrl/vamrsys/data/murakami_lab/LIULT/328h2.f£id

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Operator: vamrl

File: 328h2

Mercury-400BB "Varian-NMR"

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acg. time 3,502 sec

width 6402.0 Hz

16 repetitions
OBSERVE H1, 400,4411628 Mz
DATA PROCESSING

Line broadening 0.2 Hz
FT size 65536
Total time 1 min, 32 sec

@
Qe 8o
PO Mo
)
T2y o
D - a b
| h.mg;gﬂﬁ:’,moc
- ~ N B 1M a o
I - SN -
\\3:\"7«41‘: | ’?S‘,
Sy i ~

0.98

I
I
o
©

6.916

6.894

.854
~6.853

6.851

6.836

6.834

- 6.833

~3.453

Me

a 0
;- |
Me
15¢g
-




328C
File: home/vamrl/vomrsys/data/murakami lab/LIULT/328c2.fid

Pulse Sequence: s2pul

Solvent: cdel3

Temp. 26.0 C / 299.1 K
Operator: vomrl

File: 328¢2
Mercury-400BB “"Varian-NMR" N Me

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acqg. time 1.300 sec A
Width 24154.6 Hz L N
1000 repetitions |
OBSERVE (€13, 100.6910193 MHz

126.225
T257208

DECOUPLE H1, 400.4431966 MHz | Me
Power 40 4B

continuously on 15 g
WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
PT size 65536

Total time 34 min, 54 sec

~129.095

/‘- -129,022

~125.039
- 123 443
--123.048
©122.814

108.560

~26.779

26.662

~77.315
77.0600
~76.678

136.709
135.069

.
g4
< ot
o4

-142.155
52,431

~180.428

220 200 180 160 140 120 100 80 60 ' 40 20 0 ppm



348H
File: home/vnmrl/vomrsys/data/murakami_lab/LIULT/348h2.£fid

Pulse Sequence: s2pul

Solvent: cdel3

Ambient temperature
Operator: wvamrl

File: 348h2

Mercury-400BB "Varian-~NMR"

Relax. delay 1.3500 sec
Pulse 45.0 degxees

Acg, time 3.502 sec

width 6402.0 Bz

16 repetitions
OBSERVE Hi, 400.4411637 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT gize 65536
Total time 1 min, 32 sec

©
-3
o
~

-~7.353

7.742
7.447

=1.760
~7.739

v 7,278

~7.165

-~ 6.952

6.936
~6.934
6.855
6.835
b 6.B34

Cl
Me

Bn
: 15h

10 9 8




348cC

File: home/vnmrl/vamrsys/data/murakani lab/LIULT/348c.fid

Pulse Sequence: s2pul

Solvent: cdel3

Ambient temperature
Operator: vamrl

File: 348c

Mercury-400BB "Varian-NMR"

Relax. delay 0.700 sec
Pulse 45.0 degrees

Acqg. time 1.300 sec

width 24154.6 Hz

1024 repetitions
OBSERVE C13, 100.6910179 MEz
DECOUPLE H1, 400.4431966 MHz
Power 40 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 35 min, 42 sec

179.177

~128.641
12T0TTO

~~~130.654
~129.278
129.022

122.57%

-~ 122.323

127.579
126.767

~
o
w0
~
o
b

Yo

-~ 109,058

44.283

76.685
-25.732

770322
77 .000

n
]
S -
-
m X
T

133.971

52.329

~142.777
137.470

Cl

15h




11a (Scheme 1)
Racemic mixture

11a

T T

O L L T S R R R R

Mintue .

Retention time [min)

ArealuVs)

Height[uV}

1 55952

1184365

151502

2 £.555

1191861

117588

Enantioenriched mixture

o.14—

.12

&10-

-, e

L

RS —

Minute

MName | Retention time [min)

ArealuVs)

Height{uV) | Concentration | Unit

1 5564

0594

746

2 6579

1552260

150570

S71



15a (Table 1, Entry 2)
Racemic mixture

0.80-

080
0.70]
050

0,50

AL

0.40-]
0.30]

0.20-]

a.10-

]

1 3R E

w1 5,630
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0 D
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Minfue

2000

25.0d0

T
3000

Peak

Mame

Retention time [min)

Area(pVs)

Height({uV)

Concentration

Unit

13.251

22473207

536667

15.630

22384632

673280

Enantioenriched mixture

T ] T
15.00

. 1
40.00

o
w
&

AU
o
w
=)

IS EE RN

o o o @
= - o o
o ) o <

o
o
o

16.894

P
=

|\

0.00

R A N WA

10.00

(R
15.00

-
20,00

Mintue

D
25.00

IR
30.00

Hame

Retention time (min)

ArealpVs)

Height(uV)

Concentration

Unit

122083

13533741

ETERNE |

16,254

11784

7342

ST72

T
35.00

40.00



15b (Table 2, Entry 1)
Racemic mixture

0.090
o.oao—f
o.o7o—f
o.oso-f

0.050

AU

4406 |

18,861

15b

—
1500

Minute

Name

Retention time (min)

Area(uVs)

Height(uV)

Unit

14.486

1553454

90370

18.861

1551572

70554

Enantioenriched mixture

0.50~

0.45]

0,40-]

0.35

o
w
T.

sl a

Z 0.25-

Ly

0.20

!
P
<
@
hid

r~
-
~
(=]
—
[\

Peak

Name

Retention time (min)

Concentration

Unit

14.382

18.747

S73




15¢ (Table 2, Entry 2)
Racemic mixture

‘ |
0.040 2
3
(23
™ .
0.035- P
@0
~N
~
0.030- -
ilf:
0,025
b=}
< 0.02
0.015 4
0010+ i N
! [
0.005 i f 1
i e __:\._ o A A S
0.000-}—~— . piY i
|
) T LR L I L LI Ry I B L L
0.00 5.00 10.00 15.00 20,00 35.00 40,00
Minute
Peak Name | Retention time (min) Area(uVs) | Height(uV) [ Concentration | Unit
1 15.353 2827475 405%6
2 31726 252842383 27218
Enantioenriched mixture
0.35- i
] ¢
w
el
0.30- 3
0.25-
0.20- it
5 jl
< 1 id
0.15- il
0.10- [ 1
0.05- =
< _ :. bl_
P o
| o
0‘00_' _________ L= AP A s s __—,‘ R et TR v-
T 0 O L LS | L | | L .
000 500 1000 15.00 20.00 25.00 30.00 35,00 40,00
Minute
Peak Name | Retention time (min) Area(uVs) | Height(uV) | Concentration | Unit
1 20.735 12333525 | 338542
2 32.254 267530 sy

S74



15d (Table 2, Entry 3)

Racemic mixture

l
t
2
u
N

o
o
=
=
'

T
10,00

T
1500

T
an ng

Minute

25.00

L |
30.00

ol
S5.00

Retention time [min})

Area(uVs)

Height(uV)

Concentration

Unit

21.579

11100604

245910

20,512

11006467

164881

Enantioenriched mixture

045

J \

A

Ji

%31 001

(T
10.00

[
15.00

R
20.00

Minute

T
25.00

I
30.00

T

T
35.00

Retention time [min}

Area(uVs)

Height[uV)

Concentration

Unit

205924

21735230

445835

31001

126662

2291

S75

40.00

40,00



15e (Table 2, Entry 4)
Racemic mixture

0.45
0.40-

0.35-

0.30

850

~
@
w0
w
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MeO
Me

15e

2000 2500

Mintue

D
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Concentration

Unit

11.850

8615792
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Enantioenriched mixture
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Name

Retention time (min)

Area(uVs)

Height(uV)

Concentration

Unit

11928

3185736

189861

26.261

139968

2333

S76

45.00



15f (Table 2, Entry 5)
Racemic mixture

©
o
*
o
<

=—19977

MeO

15f

30.00

Name

Retention time (min)

Area(uVs)

Concentration

Unit

12.928

9239697

19.997

8137331

Enantioenriched mixture
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]

AU

]
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Retention time (min)
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Concentration
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12.825

11375981

456863

19.902

325717

8207
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35.00



15g (Table 2, Entry 6)
Racemic mixture

7/‘" ———
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Concentration
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16.956

2654463

123404

32.766

2658435

64571

Enantioenriched mixture

45.00

0.284]

0.26-
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0.22
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0.18
0.1 s—:
2 o‘m—f
0.1 2—
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0.02-]

0,00~
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Height(uV)
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1 16.973

6006481

2769594

2 32.890

98352

2418

S78



15h (Table 2, Entry 7)
Racemic mixture
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1 12677

225279

5380

2 18.826

223666

5837

Enantioenriched mixture
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