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General Considerations

IR spectra were recorded on a ATR spectrometer (neat) and reported in reciprocal centimeters
(cm™). NMR spectra were recorded for 'H NMR at 400 MHz or 500 MHz and for °C NMR at
100 MHz or 125 MHz. For '"H NMR, tetramethylsilane (TMS) served as internal standard (8 = 0)
and data are reported as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet,
t= triplet, q = quartet, m = multiplet, br = broad), and coupling constant in Hz. For *C NMR,
CDCl; (6 = 77.00) was used as internal standard and spectra were obtained with complete proton
decoupling. HRMS data were obtained using EI ionization. Mp data were measured with micro
melting point apparatus. Elemental Analyses were recorded on an automatic analyzer. All starting
materials 1a-1m' were prepared according to the methods reported in the literature,
vinylsulfonium salt 2a® and styryl sulfonium salt 2b’ were prepared according to the methods

reported in the literature.

General procedure for the synthesis of 3 or 4

A stirred solution of B-amino ketone (1.0 mmol) in CH,Cl, (2 mL) was treated with DBU (2.0
mmol) at 0 °C under nitrogen. After 5 min, a solution of vinyl sulfonium salts (1.2mmol) in
CH,Cl, (5 mL) was added drop-wise over 5 min, and the reaction was stirred for 1 h at 0 °C. The
reaction was then quenched with saturated ammonium chloride solution (10 mL), extracted with
CH,Cl; (3 x 10 mL), washed with brine (20 mL), dried over Na,SO,, The filtrate was
concentrated in vacuum, the residue was subject to a flash chromatography on silica gel with

petroleum ether/ethyl acetate (8:1) as eluent to afford the corresponding product 3 or 4.

General Procedure for the Synthesis of 5

To a solution of 3 (0.5 mmol) in toluene (2 mL) was added DEAD (1.0 mmol) and the resulting
mixture was heated under 80 °C for 8 h. After removal of the solvent in vacuum, the residue was
subject to a flash chromatography on silica gel with petroleum ether/ethyl acetate (20:1) as eluent

to afford the corresponding product 5.

General Procedure for the Synthesis of 3aa
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To a solution of 3a (1.0 mmol) in methanol (2 mL) was added Sodium borohydride (2.0 mmol)
under 0 °C, and the resulting mixture was heated at 50 °C for 2 h. The reaction mixture was
allowed to cool to room temperature , then quenched with water (5 mL), extracted with CH,Cl, (3
x 10 mL), washed with brine (20 mL), dried over Na,SQO,, the residue was subject to a flash
chromatography on silica gel with petroleum ether/ethyl acetate (6:1) as eluent to afford the

corresponding product 3aa in 95% yield .

General Procedure for the Synthesis of 6

A stirred solution of 3aa (1.0 mmol) in CH,Cl, (2 mL) was treated with NaH (3.0 mmol) at 0 °C
under nitrogen, a solution of vinyl sulfonium salt 2a (5.0 mmol) in CH,Cl, (5§ mL) was added
drop-wise over five min, the reaction was stirred for 1 h at 0 °C and at room temperature for 12 h .
The reaction was then quenched with saturated ammonium chloride solution (10 mL), extracted
with CH,Cl; (3 X 10 mL), washed with brine (20 mL), dried over Na,SO,, The filtrate was
concentrated in vacuum, the residue was subject to a flash chromatography on silica gel with
petroleum ether/ethyl acetate (50:1) as eluent to afford the corresponding product 6 as a mixture of

two isomers (19: 6) in 84% yield.
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Characterization Data

phenyl (1-(phenylamino)cyclopropyl)methanone (3a)

T H

N\©
Light yellow solid, m.p.139-140°C; IR (neat) v 3394, 2921, 2851, 1660, 1602, 1512, 1446, 1317,
1202, 1025, 980, 748, 691 cm™; "H NMR (400 MHz, CDCls) & 7.79 — 7.77 (m, 2 H), 7.42 (t, J =
7.2 Hz, 1 H), 7.33 (t,J= 7.6 Hz, 2 H), 7.08 (t, /= 7.6 Hz, 2 H), 6.66 (t,J = 7.2 Hz, 1 H), 6.57 (d, J
=7.6 Hz, 2 H), 4.51 (s, 1 H), 1.78 — 1.75 (m, 2 H), 1.24 — 1.21 (m, 2 H) ppm; >C NMR (100 MHz,
CDCly) 6 203.92, 146.50, 137.55, 131.76, 129.08, 128.10, 127.91, 118.21, 113.06, 42.98, 18.93

ppm; HRMS (EI): m/z calcd for (C16HsNO): 237.1154; found: 237.1156.

(1-(4-methoxyphenylamino)cyclopropyl)(phenyl)methanone (3b)

? H

Ak

Yellow solid, m.p.119-120 °C; IR (neat) v 3398, 2954, 2926, 1667, 1512, 1446, 1235, 1178, 1036,

OMe

971, 822, 714 cm™; '"H NMR (400 MHz, CDCls) § 7.78 — 7.76 (m, 2 H), 7.41 (t, J = 7.2 Hz, 1 H),
7.32 (t,J=7.6 Hz, 2 H), 6.68-6.65 (m, 2 H), 6.53-6.50 (m, 2 H), 4.33 (s, 1 H), 3.67 (s, 3 H), 1.73
—1.70 (m, 2 H), 1.20 — 1.17 (m, 2 H) ppm; *C NMR (100 MHz, CDCl3) & 204.23, 152.45, 140.57,
137.61, 131.71, 128.10, 127.85, 114.72, 114.09, 55.60, 43.50, 18.61 ppm; HRMS (EI): m/z calcd

for (C17H7NO,): 267.1259 ; found: 267.1256.

(1-(4-chlorophenylamino)cyclopropyl)(phenyl)methanone (3¢)

? H
L
cl
White solid, m.p.149-150 °C; IR (neat) v 3398, 2961, 2924, 1667, 1593, 1488, 1307, 1247, 1087,

977, 813, 715, 688 cm’™'; 'H NMR (400 MHz, CDCls) 6 7.76 — 7.74 (m, 2 H), 7.44 (t, J=7.2 Hz, 1
H), 7.35 (t,J = 7.6 Hz, 2 H), 7.03 — 7.00 (m, 2 H), 6.51 — 6.48 (m, 2 H), 4.55 (s, 1 H), 1.78 — 1.75

(m, 2 H), 1.24 — 1.20 (m, 2 H) ppm; *C NMR (100 MHz, CDCLy) § 203.50, 145.08, 137.37,
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131.93, 128.98, 128.22, 127.81, 122.96, 114.14, 43.05, 18.80 ppm; HRMS (EI): m/z calcd for

(C16H14CINO): 271.0764 ; found: 271.0764.

phenyl(1-(o-tolylamino)cyclopropyl)methanone (3d)

y CHs
N

Light yellow solid, m.p.82-83 °C; IR (neat) v 3419, 3056, 2928, 1682, 1599, 1503, 1441, 1298,
1197, 974, 751, 703 cm’’; "H NMR (400 MHz, CDCl;) & 7.80 — 7.78 (m, 2 H), 7.45 — 7.40 (m, 1
H), 7.36 — 7.32 (m, 2 H), 7.29 — 7.26 (m, 1 H),7.09 — 7.05 (m, 1 H), 6.79 — 6.77 (m, 1 H), 6.54 —
6.50 (m, 1 H), 5.22 (s, 1 H), 1.83 — 1.80 (m, 2 H), 1.29 — 1.26 (m, 2 H) ppm; *C NMR (100 MHz,
CDCls) § 204.26, 144.46, 137.36, 131.71, 129.95, 128.01, 127.66, 126.93, 121.31, 117.79, 111.13,

42.85, 18.68, 17.22 ppm; HRMS (EI): m/z calcd for (C17H7NO): 251.1310; found: 251.1310.

(1-(2-bromophenylamino)cyclopropyl)(phenyl)methanone (3e)

OH Br
N

White solid, m.p.79-80 °C; IR (neat) v 3395, 2959, 2924, 1673, 1596, 1503, 1456, 1316, 1201,
1021, 978, 744, 715 cm™; "H NMR (400 MHz, CDCL3) & 7.86 (d, J= 7.6 Hz, 2 H), 7.57 (t, J = 7.6
Hz, 1 H), 7.44 (t,J=7.6 Hz, 2 H), 7.27 — 7.24 (m, 3 H), 7.13 - 7.11 (m, 2 H), 7.02 (d, J = 8.4 Hz,
2 H), 6.92 (s, 1 H), 3.95 (q, J=7.2 Hz, 2 H), 0.88 (t, /= 7.2 Hz, 3 H) ppm; *C NMR (100 MHz,
CDCls) 6 203.20, 143.89, 136.89, 132.21, 132.02, 128.31, 128.12, 127.89, 118.85, 112.60, 109.00,

42.84, 18.95 ppm; HRMS (EI): m/z calcd for (C6H4BrNO):315.0259; found: 315.0257.

(1-(3-methoxyphenylamino)cyclopropyl)(phenyl)methanone (3f)

9 H

White solid, m.p.95-96 °C; IR (neat) v 3399, 2958, 2926, 1667, 1614, 1494, 1446, 1279, 1205,

1159, 1050, 978, 834, 714, 689cm™; 'H NMR (400 MHz, CDCL3) § 7.79 — 7.77 (m, 2 H), 7.43 —
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7.40 (m, 1 H), 7.35 —7.31 (m, 2 H), 6.98 (t, J = 8.0 Hz, 1 H), 6.22 (dd, J ;= 2.0 Hz, J ,= 8.0 Hz, 1
H), 6.18 (dd, J 1= 1.6 Hz, J = 8.0 Hz, 1 H), 6.18 — 6.14 (m, 1 H), 4.59 (s, 1 H), 3.68 (s, 3 H), 1.77
— 1.74 (m, 2 H), 1.23 — 1.20 (m, 2 H) ppm ; C NMR (100 MHz, CDCl;) & 203.84, 160.51,
147.91, 137.42, 131.79, 129.86, 128.10, 127.92, 105.99, 103.33, 99.05, 54.93, 42.91, 18.98 ppm;

HRMS (EI): m/z caled for (C;7H;7NO,): 267.1259; found: 267.1260.
1-(3-chlorophenylamino)cyclopropyl)(phenyl)methanone (3g)

H
N\©/CI

White solid, m.p.105-106 °C; IR (neat) v 3390, 3063, 2925, 1667, 1599, 1483, 1334, 1202, 1075,

0O

979, 884, 767, 718, 685 cm™'; "H NMR (400 MHz, CDCl3) & 7.77 — 7.75 (m, 2 H), 7.45 — 7.41 (m,
1 H), 7.34 — 7.32 (m, 2 H), 6.97 (t, J = 8.0 Hz, 1 H), 6.63 — 6.61 (m, 2 H), 6.45 (dd, J ;= 2.0 Hz, J
»= 8.0 Hz, 1 H), 4.68 (s, 1 H), 1.79 — 1.76 (m, 2 H), 1.23 — 1.20 (m, 2 H) ppm; °C NMR (100
MHz, CDCl;) & 203.44, 147.65, 137.20, 134.74, 131.97, 130.12, 128.19, 127.82, 118.15, 112.81,

111.11, 42.76, 18.95 ppm; HRMS (EI): m/z calcd for (C;sH;4CINO):271.0764; found: 271.0763.

(1-(naphthalen-1-ylamino)cyclopropyl)(phenyl)methanone (3h)

0 ! ‘
®
Light yellow solid, m.p.131-132 °C; IR (neat) v 3434, 3068, 2920, 1654, 1577, 1407, 1326, 1202,
1174, 973, 850, 770, 713 cm’'; 'H NMR (400 MHz, CDCl3) § 7.84 — 7.82 (m, 2 H), 7.72 — 7.70 (m,
1 H), 7.65 (d, J = 8.0 Hz, 1 H), 7.37 — 7.18 (m, 7 H), 6.80 (d, /= 8.0 Hz, 1 H), 5.30 (b, 1 H), 1.88
~1.85 (m, 2 H), 1.33 — 1.30 (m, 2 H) ppm; *C NMR (100 MHz, CDCly) § 204.14, 141.57, 137.25,
134.08, 131.88, 128.63, 128.10, 127.78, 126.40, 125.63, 124.72, 122.80, 119.29, 118.24, 106.21,

43.05, 18.96 ppm; HRMS (EI): m/z calcd for (CyoH7;NO): 287.1310; found:287.1311.

(4-methoxyphenyl)(1-(phenylamino)cyclopropyl)methanone (3i)
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MeO \©

White solid, m.p.129-130 °C; IR (neat) v 3389, 3054, 2932, 1651, 1600, 1511, 1433, 1316, 1265,
1169, 1026, 977, 840, 745, 691cm™'; "H NMR (400 MHz, CDCl;) & 7.90 (d, J = 8.0 Hz, 2 H), 7.08
(t, J=8.0 Hz, 1 H), 6.83 — 6.81 (m, 1 H), 6.66 (t, J = 7.2 Hz, 1 H), 6.60 (d, J = 8.0 Hz, 2 H), 4.55
(s, 1 H), 3.78 (s, 3 H), 1.74 — 1.71 (m, 2 H), 1.17 — 1.14 (m, 2 H) ppm; °C NMR (100 MHz,
CDCl;) 6 201.18, 162.65, 146.56, 130.66, 129.80, 129.09, 118.11, 113.40, 113.10, 55.27, 42.76,

18.68 ppm; HRMS (EI): m/z calcd for (C17H7NO;): 267.1259; found: 267.1261.

(4-chlorophenyl)(1-(phenylamino)cyclopropyl)methanone (3j)

" H

O

Cl
Light yellow solid, m.p.146-147 °C; IR (neat) v 3393, 2961, 2923, 1661, 1599, 1510, 1488, 1317,
1201, 1089, 978, 830, 747, 692 cm™'; "H NMR (400 MHz, CDCl;) 6 7.76 (d, J = 8.4 Hz, 2 H),
7.28 (d,J=8.4 Hz,2 H), 7.09 (t,J=8.0 Hz, 2 H), 6.68 (t, J=7.6 Hz, 1 H), 6.55 (d, J=8.0 Hz, 2
H), 4.48 (s, 1 H), 1.79 — 1.76 (m, 2 H), 1.23 — 1.20 (m, 2 H) ppm; °C NMR (100 MHz, CDCl;) &
202.73, 146.24, 138.08, 135.72, 129.54, 129.17, 128.38, 118.38, 112.96, 43.06, 19.56 ppm;

HRMS (EI): m/z calcd for (C;sH4NO): 271.0764; found: 271.0763.

(1-(methyl(phenyl)amino)cyclopropyl)(phenyl)methanone (3k)

GHs

O
Light yellow liquid; IR(neat) v 3061, 2925, 1670, 1599, 1504, 1358, 1290, 1196, 1042, 988, 750,
695 cm™; '"H NMR (400 MHz, CDCl3) & 7.57 — 7.55 (m, 2 H), 7.42 — 7.38 (m, 1 H), 7.30 — 7.20
(m, 4 H), 6.76 — 6.72 (m, 3 H), 2.92 (s, 3 H), 1.95 (br, 2 H), 1.35 ( br, 2 H) ppm; >C NMR (100
MHz, CDCls) § 206.39, 148.00, 139.07, 131.15, 128.91, 127.98, 127.30, 117.17, 112.96, 51.34 ,

37.70 ppm; HRMS (EI): m/z calcd for (C;7H7NO): 251.1310; found: 251.1312.
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(1-(methyl(phenyl)amino)cyclopropyl)(p-tolyl)methanone (31)

GHs

0
N\©
HsC
Light yellow liquid; IR (neat) v 3028, 2924, 1658, 1600, 1504, 1360, 1292, 1179, 992, 822, 749,
694 cm™; "H NMR (400 MHz, CDCl3) § 7.52 (d, J = 8.4 Hz, 2 H), 7.24 — 7.19 (m, 2 H), 7.07 ( d,
J=8.0Hz, 2 H), 6.75 - 6.72 (m, 3 H),2.93 (s, 3 H), 2.30 (s, 3 H), 1.93 (br, 2 H), 1.31 ( br, 2 H)
ppm; °C NMR (100 MHz, CDCl3) § 205.62, 148.00, 141.94, 136.02, 128.93, 128.77, 127.81,

117.09, 113.03, 51.28, 37.78, 21.43 ppm; HRMS (EI): m/z calcd for (C;sH;9NO): 265.1467; found:

265.1469.

(4-bromophenyl)(1-(methyl(phenyl)amino)cyclopropyl)methanone (3m)

GHs

0O
N \©
Br
Light yellow solid, m.p.89-90 °C; IR (neat) v 3030, 2925, 1667, 1599, 1504, 1360, 1288, 1155,
1071, 986, 822, 746, 691 cm™; 'H NMR (400 MHz, CDCl3) § 7.47 — 7.40 (m, 4 H), 7.25 — 7.21 (m,
2 H), 6.77 - 6.70 (m, 3 H),2.90 (s, 3 H), 1.94 ( br, 2 H), 1.35 ( br, 2 H) ppm; °C NMR (100 MHz,

CDCl3) 6 205.50, 147.43, 137.55, 131.33, 129.21, 129.06, 126.26, 117.43, 112.99, 51.42, 37.75

ppm; HRMS (EI): m/z calcd for (C17H;,BrNO): 329.0415; found: 329.0417.

phenyl((1R,2R)-2-phenyl-1-(phenylamino)cyclopropyl)methanone (4a)

TEC

White solid, m.p.140-141 °C; IR (neat) v 3335, 3060, 2925, 1667, 1600, 1499, 1445, 1317, 1267,
1177, 1072, 977, 752, 694 cm™; "H NMR (400 MHz, CDCls) § 7.76 — 7.74 (m , 2 H), 7.43 — 7.30
(m, 6 H), 7.25-7.23 (m, 2 H), 7.08 (t,J=8.0 Hz, 2 H) , 6.67 (t,J=7.6 Hz, 1 H), 6.49 (d, J =
8.0 Hz, 2 H), 3.77 (s, 1 H), 2.95 (t, J= 8.6 Hz, 1 H), 2.65 (dd, J = 5.2 Hz, J ,= 9.6 Hz, 1 H),

1.50(dd, J = 5.2 Hz, J ,= 7.6 Hz, 1 H) ppm; '>C NMR (100 MHz, CDCls):  203.18, 146.65,
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136.97, 134.16, 131.92, 129.11, 128.85, 128.67, 128.29, 128.05, 127.64, 118.22, 113.21, 48.36,

38.06, 19.89 ppm; HRMS (EI): m/z calcd for (C,H9NO): 313.1467; found: 313.1469.

The single-crystal X-ray Structure of compound 4a is below.

phenyl((1R,2R)-2-phenyl-1-(p-tolylamino)cyclopropyl)methanone (4b)

D
SE0!
Ph CHs

Light yellow solid, m.p.127-128 °C; IR (neat) v 3398, 3027, 2917, 1667, 1518, 1447, 1325, 1265,
981, 810, 742, 696 cm™; "H NMR (400 MHz, CDCl3) & 7.77 — 7.75 (m , 2 H), 7.43 — 7.39 (m, 3
H), 7.36 — 7.30 (m, 3 H), 7.23 = 7.22 (m , 2 H), 6.89 (d, J = 6.4 Hz, 2 H), 6.40 (d, J = 6.8 Hz, 2
H), 3.65 (s, 1 H), 2.94 (t, J= 7.0 Hz, 1 H), 2.63 (dd, J ;= 4.0 Hz, J .= 7.6 Hz, 1 H), 2.18 (s, 3 H),
1.48(dd, J ;=4.0 Hz, J ,= 6.2 Hz, 1 H) ppm; °C NMR (100 MHz, CDCl;) 5 203.42, 144.35,
137.09, 134.32, 131.90, 129.66, 128.89, 128.38, 128.06, 127.62, 127.42, 113.29, 48.52, 38.31,

20.32, 19.92 ppm; HRMS (EI): m/z calcd for (Cy3H,;NO): 327.1623; found: 327.1627.

((1R,2R)-1-(4-chlorophenylamino)-2-phenylcyclopropyl)(phenyl)methanone (4c)

? H
Ph Cl

Light yellow solid, m.p.133-134 °C; IR (neat) v 3397, 3061, 2912, 1668, 1598, 1495, 1326, 1267,
1175, 1092, 982, 817, 698 cm’™'; "H NMR (400 MHz, CDCl3) § 7.73 — 7.72 (m , 2 H), 7.43 - 7.31
(m, 6 H), 7.25-7.22 (m, 2 H), 7.01 (d,J=7.2 Hz,2 H) , 6.40 ( d, J= 6.8 Hz, 2 H), 3.79 (s, 1 H),
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2.97 (t,J=6.8 Hz, 1 H), 2.62 (dd, J ;= 4.4 Hz, J ,= 7.6 Hz, 1 H), 1.47(dd, J = 4.4 Hz, J = 6.4 Hz,
1 H) ppm; *C NMR (100 MHz, CDCl3) § 202.82, 145.21, 136.87, 133.97, 132.08, 129.02, 128.82,
128.77, 128.19, 128.17, 127.78, 122.98, 114.28, 48.38, 37.85, 19.88 ppm; HRMS (EI): m/z caled

for (C,H3sCINO): 347.1077; found: 347.1075.

phenyl(quinolin-2-yl)methanone (5a)*

White solid, m.p.106-107 °C; IR (neat) v 1658, 1592, 1441, 1381, 1168, 849, 783, 754 cm™; 'H
NMR (400 MHz, CDCl3) 6 8.33 (d, J=8.4 Hz, 1 H), 823 (d,J=7.6 Hz, 2 H) ,8.19 (d, J= 8.4
Hz, 1 H), 8.10 (d,J=8.4 Hz, 1 H), 7.89 (d,J=8.0 Hz, 1 H), 7.78 (t,J=7.6 Hz, 1 H), 7.67 —
7.60 (m, 2 H), 7.51 (t,J = 7.6 Hz, 2 H) ppm; *C NMR (100 MHz, CDCls) & 193.77, 154.62,
146.66, 137.07, 136.07, 133.03, 131.41, 130.05, 128.84, 128.37, 128.11, 127.60, 120.75 ppm;

HRMS (EI): m/z calcd for (CysH;;NO): 233.0841; found: 233.0850.

(6-methoxyquinolin-2-yl)(phenyl)methanone (Sb)5
MeO SN

N _Ph
N

@)
White solid, m.p.118-119 °C; IR (neat) v 1652, 1621, 1474, 1437, 1328, 1234, 1029, 970, 871,

726, 690 cm™; "H NMR (400 MHz, CDCls) § 8.16 — 8.12 (m, 3 H) , 8.04 — 7.99 (m, 2 H), 7.53
(t,J=7.2Hz, 1 H), 7.43(t,J="7.6 Hz, 2 H), 7.34 (dd, J ;= 2.0 Hz, J ,= 9.6 Hz, 1 H), 7.06 (s,

1 H), 3.89 (s, 3 H) ppm; *C NMR (100 MHz, CDCl;) & 193.69, 159.33, 152.24, 142.73, 132.81,
131.40, 128.04, 123.12, 121.30, 104.78, 55.64 ppm; HRMS (EI): m/z caled for (C17H3NO,):

263.0946; found: 263.0944.

(6-chloroquinolin-2-yl)(phenyl)methanone (5c¢)

Cl N

ZN_Ph
N
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White solid, m.p.145-146 °C; IR (neat) v 1656, 1598, 1456, 1322, 1287, 1192, 1074, 968, 876,
703, 686 cm™; "H NMR (500 MHz, CDCl3) & 8.27 (d,J=10.5 Hz, 1 H), 8.22 (d, J=9.5 Hz, 2
H),8.14 (d,J=11.0 Hz, 2 H), 7.90 (d, J=2.5 Hz, 1 H), 7.72 (dd, J = 2.5 Hz, J ,= 11.0 Hz, 1
H), 7.64 (t,J=9.5 Hz, 1 H), 7.52 (t,J = 9.5 Hz, 2 H) ppm; *C NMR (125 MHz, CDCl;) &
193.38, 154.82, 145.06, 136.18, 135.95, 134.38, 133.17, 132.09, 131.14, 129.44, 128.18, 126.33,

121.71 ppm; HRMS (EI): m/z calcd for (C;sH;¢CINO):267.0451; found: 267.0449.

(8-methylquinolin-2-yl)(phenyl)methanone (5d)

X

= Ph
N
CHj (0]

Light yellow solid, m.p.118-119 °C; IR (neat) v 1658, 1596, 1444, 1320, 1286, 1157, 947, 870,
846, 725, 690 cm™; "H NMR (500 MHz, CDCl3) 6 8.35(d,J=8.0Hz,2 H) , 8.29 (d, J=8.5Hz,
1H),8.17(d,J=8.5Hz, 1H),7.71 (d,/J=8.0Hz, 1 H), 7.61 (t,J=7.0 Hz, 2 H), 7.55—-7.49
(m,3 H),2.77 (s, 3 H) ppm; BC NMR (125 MHz, CDCls) & 193.39, 153.03, 145.77, 138.78,
137.18, 136.52, 132.66, 131.66, 130.03, 128.93, 128.30, 127.81, 125.45, 120.36, 17.90 ppm;

HRMS (EI): m/z caled for (C;7H;3NO): 247.0997; found:247.0995.

(7-methoxyquinolin-2-yl)(phenyl)methanone (Se)
A

~
MeO N Ph

0]

Light yellow solid, m.p.173—174 °C; IR (neat) v 1660, 1588, 1466, 1358, 1266, 1090, 959, 849,
792, 688 cm™; "H NMR (400 MHz, CDCLy) & 8.67 (d,J=8.4Hz, 1 H), 8.14 (d,J=7.6 Hz, 2
H),7.98 (d,J=8.8 Hz, 1 H), 7.69 (d,J=8.4 Hz, 1 H), 7.59 — 7.52 (m, 2 H), 7.43 (t,J = 7.6 Hz,
2 H), 6.87 (d,J=7.6 Hz, 1 H), 3.96 (s, 3 H) ppm; *C NMR (125 MHz, CDCl;) & 193.93, 155.00,
154.91, 147.51,136.13, 133.01, 131.98, 131.40, 130.02, 128.10, 122.40, 121.40, 119.83, 105.78,

55.84 ppm; HRMS (EI): m/z calcd for (C17H13NO;): 263.0946; found: 263.0945.

(5-methoxyquinolin-2-yl)(phenyl)methanone (5¢’)
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OMe

\

Ph
@)
Light yellow solid, m.p.66-67 °C; IR (neat) v 1661, 1621, 1596, 1456, 1385, 1219, 1027, 980, 903,

850, 721, 690 cm™; "H NMR (400 MHz, CDCl3) 8 8.18 (d, J=8.4 Hz, 1 H), 8.12(d, J= 6.4 Hz,
2H),7.87 (d,J=84Hz, 1 H),7.70 (d,J=9.2 Hz, 1 H), 7.55 (t,J=7.2 Hz, 1 H), 7.46 — 7.41
(m, 3 H),7.23(dd,J =2.4Hz, J,=9.2Hz, 1 H), 3.88 (s, 3 H) ppm; *C NMR (125 MHz,
CDCl;) 5 194.12, 161.18, 154.91, 148.55, 136.66, 136.24, 133.01, 131.35, 128.55, 128.15, 124.28,
121.87, 118.82, 107.98, 55.64 ppm; HRMS (EI): m/z calcd for (C7H13NO;): 263.0946; found:

263.0947.

(7-chloroquinolin-2-yl)(phenyl)methanone (5f)
N

ZN_Ph
cl N

o]
White solid, m.p.90-91 °C; IR (neat) v 1663, 1595, 1460, 1321, 1158, 951, 817, 757, 716, 691
em™; 'TH NMR (400 MHz, CDCl3) § 8.77 (d, J=8.8 Hz, 1 H), 8.23 - 8.19 (m, 3 H), 8.13 (d, J
=8.0Hz, 1 H), 7.75—-7.63 (m, 3 H), 7.53 (t, J=7.6 Hz, 2 H) ppm; °*C NMR (125 MHz, CDCl;)
8 193.35, 155.24, 147.39, 135.88, 134.13, 133.25, 131.44, 131.37, 129.78, 129.67, 128.31, 128.21,

126.98, 121.61 ppm; HRMS (EI): m/z calcd for (C16H(CINO): 267.0451; found: 267.0455.

(5-chloroquinolin-2-yl)(phenyl)methanone (5f”)

\

Ph
)
White solid, m.p.118-119 °C; IR (neat) v 1658, 1598, 1448, 1323, 1162, 1065,932, 858, 718, 698

cm’; "H NMR (400 MHz, CDCl5) 8 8.34 (d, J=8.8 Hz, 1 H), 8.22—8.21(m, 3 H), 8.11 (d,J=
8.4 Hz, 1 H), 7.86 (d,J=8.8 Hz, 1 H), 7.65 - 7.61 (m, 2 H), 7.53 (t, J = 7.6 Hz, 2 H) ppm; '*C

NMR (125 MHz, CDCl3) 6 193.42, 155.53, 147.04, 137.01, 136.07, 135.90, 133.22, 131.39,
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129.44, 129.39, 128.82, 128.19, 127.22, 121.01 ppm; HRMS (EI): m/z caled for (C;6H;o(CINO):

267.0451; found: 267.0450.

benzo[h]quinolin-2-yl(phenyl)methanone (5g)

L

A _Ph

N
"
Light yellow solid, m.p.108-109 °C; IR (neat) v 1658, 1596, 1445, 1321, 1272, 1158, 1089, 944,
853, 732, 705cm™’; 'H NMR (500 MHz, CDCL3) § 9.09 — 9.07 (m , 1 H), 8.30 — 8.24 (m , 4 H),
7.88 —7.85(m, 2 H), 7.69 (d, J=8.5 Hz, 1 H), 7.67 - 7.63 (m, 2 H), 7.59 (t,J= 7.5 Hz, 1 H),
7.50 (t,J = 7.5 Hz, 2 H) ppm; °C NMR (125 MHz, CDCLy) & 193.63, 152.74, 145.00, 136.73,
136.68, 133.78, 132.73, 131.79, 131.61, 129.94, 128.59, 127.99, 127.93, 127.66, 127.57, 124.94,

124.76, 121.86 ppm; HRMS (EI): m/z calcd for (CyoH3NO): 283.0997; found: 283.0996.

(4-methoxyphenyl)(quinolin-2-yl)methanone (5h)6

XN OMe
—
N
o]

Light yellow solid, m.p.154-155 °C; IR (neat) v 1652, 1597, 1462, 1312, 1259, 1028, 924, 850,
774 cm™; '"H NMR (500 MHz, CDCl3) & 8.23 (d,J=8.5Hz, 1 H), 8.20 (d,J=9.0 Hz, 2
H) ,8.11 (d,J=8.5Hz, 1 H), 7.97 (d,J=8.5Hz, 1 H), 7.80 (d, J=8.0 Hz, 1 H),7.70 — 7.67 (m ,
1 H), 7.55 (t,J=8.0 Hz, 1 H), 6.90 (d, J=9.0 Hz, 2 H), 3.80 (s, 3 H) ppm; *C NMR (125 MHz,
CDCls) 8 192.17, 163.68, 155.32, 146.59, 136.97, 133.86, 130.36, 129.97, 128.87, 128.71, 128.14,
127.59, 120.84, 113.48, 55.44 ppm; HRMS (EI): m/z calcd for (C7H13NO;): 263.0946; found:

263.0950.
(4-chlorophenyl)(quinolin-2-yl)methanone (Si)6

X Cl
~

N
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Light yellow solid, m.p.128-129 °C; IR (neat) v 1663, 1589, 1459, 1318, 1211, 1090, 925, 850,
771 em™; '"H NMR (500 MHz, CDCl3) & 8.36 (d, J=8.5Hz, 1 H), 8.24 (d,J=8.5 Hz, 2
H),8.19 (d,J=8.5Hz, 1 H),8.14 (d,J=8.5Hz, 1 H),7.92 (d,J=8.0 Hz, 1 H), 7.80 (t,J=7.5
Hz, 1 H), 7.68 (t,J=7.5Hz, 1 H), 7.50 (d, J = 8.5 Hz, 2 H) ppm; °C NMR (125 MHz, CDCl;) &
192.37, 154.21, 146.66, 139.55, 137.25, 134.49, 132.92, 130.51, 130.21, 128.98, 128.62, 128.45,

127.67, 120.73 ppm; HRMS (EI): m/z calcd for (C16HoCINO): 267.0451; found: 267.0450.

phenyl(1-(phenylamino)cyclopropyl)methanol (3aa)

&

Colorless liquid; IR (neat) v 3399, 3050, 3024, 1601, 1500, 1451, 1322, 1178, 1026, 750, 696 cm'l;

Hoy
N

'"H NMR (400 MHz, CDCls) & 7.33 — 7.25 (m, 5 H), 7.18 — 7.14 (m, 2 H), 6.74 — 6.69 (m, 3 H),
4.95 (s, 1 H), 4.18 (br, 1 H), 2.84 (br, 1 H), 1.03 — 0.97 (m, 1 H), 0.87 — 0.83 (m, 1 H), 0.78 — 0.70
(m, 2 H) ppm ; °C NMR (100 MHz, CDCl) & 146.75, 141.76, 129.15, 128.12, 127.67, 126.59,
117.62, 113.64, 74.16, 39.17, 12.08, 10.92 ppm; HRMS (EI): m/z caled for (C¢H;;NO): 239.1310;

found: 239.1310.

4, 8-diphenyl-7-oxa-4-azaspiro[2.5]octane (6)

O
Light yellow liquid; a mixture of two isomers (19:4) in 84% yield; IR (neat) v 3024, 2851, 1599,
1495, 1451, 1349, 1254, 1215, 1030, 987, 751, 706 cm™'; "H NMR (500 MHz, CDCl3) & 7.35
-6.74 (m, , 10 H), 5.25 (s, 0.77 H), 4.72 (s, 0.23 H), 3.92 -3.37 (m, 4 H), 1.05 -0.56 (m, 4 H) ppm ;
C NMR (125 MHz, CDCl3) & 147.97, 146.83, 139.16, 137.80, 129.27, 129.18, 128.17, 127.86,
127.82, 127.55,127.31, 127.04, 118.53, 117.68, 116.68, 113.86, 81.12, 77.50, 69.12, 65.37, 51.04,

42.18, 38.50, 31.03, 14.21, 11.50, 10.37, 9.38 ppm; HRMS (EI): m/z caled for (C;sH;9NO):

265.1417; found: 265.1468.

S14



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

References:
1. M. Pal, N.K. Swamy, P.S. Hameed, S. Padakanti, K.R. Yeleswarapu, Tetrahedron, 2004, 60,

3987.
2. M. Yar, E. M. McGarrigle, V. K. Aggarwal, Angew. Chem.,Int. Ed. 2008, 47, 3784.
3. J. 1. Matsuo, H. Yamanaka, A. Kawana, T. Mukaiyama, Chem. Lett. 2003, 32, 392.
4.Z.W.Yin, Z.X. Zhang, J.F. Kadow, N.A. Meanwell, T. Wang, J. Org. Chem. 2004, 69, 1364.
5.N.C. Rose, W.E. McEwen, J. Org. Chem. 1958, 23, 337-41.

6. B. Reux, T. Nevalainen, K.H. Raitio , A. M. P.Koskinen, Bioorg. Med. Chem. 2009, 17, 4441.

S15



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Copies of '"H NMR and “C NMR

- - 2
= s
WA T e
3a
I
I
TILT Il T i 1
1.0 10.5 10.0 9.5 9.0 8. 8.0 7. 7.0 6. 6.0 5. 4.5 0o 3. 3.0 2.5 2.0 1.5 0.5 0.0 -0.5
f1 (ppm)
= 2 wom N =
G i 558 2 &
g 4 IS~ d <
\ W
3a
[]
\“
I
I
|
| \‘ '
I
| L1
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10 10

£1 (ppm)

S16



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

1.333
3.665

0.000

H
N
3p OMe
I
\
| |l
|
Wi
‘A |
T T T T T T 7
9.5 9.0 8.5 8.0 .5 7.0 6.5 6.0 5.5 5.0 . 1.0 3.5 3.0 2.5 2.0 1.5
1 (ppm

B 2 % g o

18.613

T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

f1 (ppm)

S17



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

0.000

[NEANY VPRSP iy NS

| |

3¢ Cl

T T
T . . . . T T . . . . T T . . T T
10.0 9. 9.0 8. 6.0 5.5 0 4.5 4.0 3.5 3.0 2.0 1.5 L0 0.5 0.0 0. 1.0
1 (ppm)
- _ -
: g g
=1 o el
= %
I
i
I
I
| | |
I
| Lol L "
. . . . T T T . T . T . . T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

S18



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

VANV I I Vv
H CH;
N
3d
|
IN )
T I TITT T Tt
10‘ IC‘! 0 9‘ 9‘0 B“; R‘.O 7‘5 I‘O 6‘ 5‘0 5‘0 . 1)‘5 '1‘0 Z‘ 3‘0 Z‘,D 5 1‘.0 0‘,5 0‘.0 1‘,0
f1 (ppm)
T 1 1 \
(0] CH
H 3
N
3d
[}
| I I ‘
I
i
Z‘ZO Z‘ZD 2‘10 2‘00 1‘90 1‘80 1‘70 1‘50 1‘50 1‘10 1‘30 1‘20 1‘10 1‘00 ;0 R‘O ;D 'I‘D Z‘D 1‘0 *‘10

f1 (ppm)

S19



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

5.219

NN e

3e

ZT

Br

00T

103, 204

14, 201

12.838

T T T T T T T T T T
230 220 210 200 190 180 il 160 150 140 130 120 110

£1 [ppr

S20

T
100



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

i b

| | |

| '

| 1 il (

[l | "\ |
|l Il J J
|
| 1
I
1
| ) I
woomro o i
: : | : : : | | : : : : | | : : : : : : - i |
9.5 9.0 2.5 2.0 7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 5.0 2.5 2.0 1.5 1.0 0.5 () 0.5 1.0 1.5
£1 [zpm)
< - -
$ z 8 EER B 2 z
s z g 288 z g z
< < © el o o o«
& g & s8¢ Z E s
]
| | I I
I
I
I I
I
| [ 1 ‘ l ' ‘ ‘ ‘ |
. . . . . . . . . . . . . . . . . . .
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 50 20 10 0 -10
€1 (ppm)

S21



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

o 5 < =]
W W=
|
| | |
|
] |
|
iy |
T T T T T T T T T T T T T T T T T T T T T T
10. 0.0 9.5 9.0 8.5 8.0 7.5 7.0 6. 6.0 5.5 5. 4.5 1.0 3.0 2.0 .5 Lo 0.5 0.0 -0.5 L
£1 (ppm)
I
1
| I
|
|
l | i . '
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
f1 (ppm)

S22



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

o
ZT

3h

| i

- oo
T T T T T T T T T T T T T T T
9.5 9.0 8.5 2.0 1.5 7.0 b5 6.0 5.5 5.0 4.5 4.0 35 30 2.5 2.0 1.5 1.0 0.5
£1 [zpm)
P 0
® 8 Err @ ©
2 b 288 2 2
: ! =8¢% 3 5
= < 2 ? .
g g 2l = «
8 S s ki g
! i
A
Pl
| |
T T T T T T T T T T T
M0 130 120 110 100 90 80 70 60 50 10 30 20

230 220 210 200 190 180 170 160 150
f1 (ppm)

S23



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

\ |
I
r rrf
| |
L]
|
| ||.‘I Ie
| | \‘ |‘I ‘
i I J
MeO .
3i
|
I
N
T T T
9.5 9.0 8.5 8.0 T.5 7.0 6.5 6.0 5.5 5.0 4.5 a.0 3.5 3.0 1.0
£1 [ppm)
: : <
Z r
MeO .
3i
1
1
1
1 I
1
1
|
220 210 200 190 180 17 160 150 140 130 120 110 100 90 a0 n

£1 [zpm)

S24



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

4.481

0. 000

|
A T T T
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 0 4.5 1.0 3.5 3.0 2.5 2.0 L5 L0 0.5
£1 (ppn)
i | |
" I I
| |
| ! J
L | I L
T T T T T T T T T T T T T T T T T T T T T T
280 220 20 20 190 180 170 160 150 140 150 120 10 100 0 a0 0 50 50 a0 30 0
£1 [zpm)

S25



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

| T 11 1
’
[
|
| .
|
-
[
[ | .."/
| H /
NI )
O  CHs
N
iy
T I
6.0 5.5 50 4.5 4.0 5.5 30 2.5 2.0
£1 [zpm)
| | I |
O CH,
N
1
|
I
|
|
T T T r T T T T T T T T T T T T
230 220 210 200 190 120 pri) 160 150 40 130 120 110 puli) a0 20

£1 [ppr

S26



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

—3.351

O CHs

—2.934

—2.413

—1.929

——1.313

~1.255

~0. 000
0.001

<

T TT T T 17T I
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 .5 Lo 0.5 0.0 0.5 -0 -1.5
f1 (ppm)
3 g wgo o = o
= = =88 & & 2
< = e o = =
H = EEE @ 5 B
| 3
i
-
| |
' 1 J A
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 2 10 -10
f1 (ppm)

S27



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

. < « S5
88 3 8 85
aied = = ST
(. v
I 3
Br 3m
|
1 | !
T —T 7
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 0.5 0.0 -0.5
1 (ppm)
@ = ® =
S = ] won o <
h = =2 =88 g g
& g = SEE 7 e
(. N
I 3
Br 3m
i
|
! |
| 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
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10

f1 (ppm)

S28



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

e |

—-0.000

T T T
T T T T T T T T T T T T T T
9.5 a0 25 20 7.5 7.0 5.5 5.0 5.5 5.0 4.5 4.0 5.5 5.0 5 Lo 05 00
£1 [zpm)
z g g 8 g
g < % % =
S = 2 S A
|/,, N
. g
[
1
N | |
|
|
T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 10 30 20 10 -10
£1 (ppm)

S29



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

3.654

_~6.416
=-6.399

7

£ 0L
Ph ChHy

4b

| —
oo ——

0.000

—ag. 31

203, 121
— 144,354

— . 616

T T T T T T T T T T T T T T
270 20 250 240 250 220 210 200 190 180 WO 160 150 140 10 120 110 100
£1 [zpm)

S30



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

%0 © NS — ™ o
== IR E=1 =3
S SN SS =™
e [ S (Rt}

—_—

=
@ oM=K O - o~ S
& BEB LN NS @ @ == © S
= SoHBoOD O FIT S
o3 IS ESESENESENEN) o —_— T

Tt T T T T
g &8 8 g 8 8
ST IS = B
T T T T T T | T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6. 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)
= = @ =) o
= 5 & 2 =
o = - = =
©)' gN
4c
1
|
i IJ‘ | | |
|
I L i
)
T T T T T T T T T T T T T T T T T 1 T T T T
220 210 200 190 120 o 160 150 140 130 120 110 wo an a0 To &0 =] 40 a0 20 Ul
£1 [ppm

S31



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

EONORENNO —— @ © 8
SHRS88ETER 4z @ <3 S
SHINSECSE TE S 2 .
BBBB BB LG e — T
2
—
5a
|
A
T T T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
o o o ;o= om®
3 Z B8 RBAITETZ 0o m
= s ©2 8%=~=3< 282
. g L Sennen =88
o < ©2 SHLIBES
B 5 2 2R3ESS S
] L3R IJS8SS tEE
S
—
5a
|
|
| |
| e "
V oy
T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 i 60 50 40 30 20 10 -10
f1 (ppm)

S32



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

2222TE NECSRIRIZLR 5 s e gz
LEO258 8REINS8SRATE 8 z = > S
00 00 00 00 00 I~ = I~ = b= [~ = b= = 0= b= = 0= o5 — = C‘ZC‘>
MeO
AN
~
B A N | T
28 533 5 3
o= S-S S o
T T T T T T T T T T T
10 9 8 7 6 5 4 3
f1 (ppm)
. o = @ ~
2 Y g 2 88 =
o & o o < R <
o g o d g e e
3 E S SN 8
MeO
AN
~
I I
| |
|
T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 80

f1 (ppm)

S33




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

0. 074

-
074
—=-—{. D00

—L. 614

AN
/
5c
|
|
L i
T T T T T T T T T T T T T T T T T T T T T T T
9.3 9.0 2.9 2.0 T.3 T.0 b.3 6.0 5.9 5.0 4.3 4.0 3.9 3.0 2.8 2.0 1.5 1.0 0.3 oo -0.§ -L0 -1.3
£1 [ppm

= 3 8 sesy o
= £ S =eT HEF
g i ¢ dzZ8s e
g & = 2288 S
[T S N7
Cl
AN
7
N
0]
5c
|
|
|
|
|
I
oo
| L
r—r—r - r-rr - rr-rr -r -r--r -0 -1rr -1 -1 -1 1 T " T1°T I L L L L L L e
100 80 70 60 50 40 30 20 10 0 -10 -20 -30

270 260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

S34



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

cmommo owa © o > 58
L@@ swg @ g 2 28
SIRTCEES I S 2 g
50808 o6 68 il e < Ss
~
CHs o
|
H !
I
Iy
| | |
| L. | L
i A i
222 288 2
—~SS S—ai o
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
7.5 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 05 00 0.5

f1 (m‘am)

7.254
77. 000
76. 746

17. 896

193. 394
— 153.029
7

<

CH, o)

LU I L L L L L LA L B |
70 60 50 40 30 20 10 0 -10 -20 -30

r——rrr~r 1~ rr 1 -rr-rr-rr-rr-rr-rrorr o r o r T Tr T T T
270 260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

S35



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

= gz
= “ =g
|f A
|
r |'|f
| |
1
|
I INENIN J
X
N_Ph
MeO N
0]
Se
. |
|
|
I |
| 1|
M A
roTrTy o T
S <ddds o o
T T T T T T T T T T T T T T T
15 12 n 10 9 g 6 4 3 H 1 0 -1
£1 [ppm
| | '
X
\_Ph
MeO N
0]
Se
|
1
| |
|'I I [
1 1 |
| |1 | |I I
T T T T T T T ] I T T T T T T T T T ] L 1 T
Zzo =0 200 130 180 0 160 150 140 130 120 w0 100 9 80  f0 60 50 40 30 20 10

£1 [ppm

S36



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

| 7 v
|
|
OMe
DOV
Z
N
(0]
Se’
|
I
| I L L '“
i\

95 90 85 80 75 7.0 &5 60 55 50 45 40 55 50 25 20 15 L0 05 00 -0.5
£1 [ppm
E z £ 5
OMe
X
~
’
Se
}
|
|
1l !
| - |
| | | l] 1 L
] [ 1| L1
T T T T 1 I T T T 1 I T T T 1 I T T T T I
210 200 190 180 170 180 150 140 130 120 110 100 90 @0 M 80 S0 40 @ 20 10
£1 [ppm

S37



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

8 g
1 7
X
~
Cl N
(6]
5f
|
|
- | | e
T ™I
= o
T T T T I T T 1 I 1 T
1 10 3 8 T 6 5 q 2 1 0 -1 2
£1 [ppm
| [
X
~
Cl N
5 O
|
|
|
“h |
| . .|
[ L [LLL
T I T T T T T T L 1 T T T T I T T T T 1 T
20 200 190 120 170 160 150 140 130 120 10 100 90 80  T0 60 S0 40 3 20 10

£1 [ppm

S38



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

e =T ) ) g
SBn8x88 B o 3 = 3
SBRIKEZT @ B & o g
HBaded el = = S
7
5f ©
|
! ‘ | ‘
Ay
|
T T TT
8388 8 88
— s <~
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
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0 0.5
f1 (ppm)
S °
S 2 woo
< 3 238=
o 5 e
& 8 o]
3] = g S
—
51 ©
|
|
| \J -
| | l | 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
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S39



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

L BO0E
0. 000

=), 0T

|
]
|
I
|
T T
I 1 = T T T I L] T
10 9 a T 3 3
£1 [ppm
@ o
S i
AN
/
|
o |
]
) |
I T L T T T 1 T 1 1 T T T
200 190 130 170 160 150 140 130 120 10 100 90 g0

£1 [ppm

5S40



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

1. 167

LA:;L‘.'...,...._LW| |/
=

S—— T |

|, [l
.I‘ .ll .|| Jl .|| .ll ||
N OMe
/
N

sn O

T T
I T T I II T T I:’. T T I T
11 10 k] 2 7 3 5 3 2 1 0
£1 [ppm
2 2 3 2 =3 8=83 &£ <o B~
= 5 B 2 58 8583 S 8% 2
o o s < So3 FBE S oS aes =
S 2 S < £8 858 = =S o
2 = = = i R g - siEE 8
[ \ I P NP
OMe
AN
~
N
sh ©

S A S S B E S S e s r r r
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

S41



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

I
NID O = DN WD — D — = S
EBIFINR0FANN 0D © 4 S
SRAHZEIEE B2 S o S
o6 06 00 06 06 06 00 CBE= B~ S -

5i
I ‘\
|
|
I |
Il |
A
T T T T T T T T T T T T T T T T T T T T T T
9 8 7 6 5 4 2 1 0 -1 -2
f1 (ppm)
X
—
5i
|
[
i |
I Lodn L)
T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 120 7o 160 150 140 130 120 110 0 an a0 i ) a0 40 a0 20 n

£1 [ppm

S42



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

000

€0L
8GL
€5L

000"

¥82 "

9.1

Gr6 "

269 "
769 "
(U
PIL
9TL
0L
9EL
LET”

6ST .

ore

0 —

0

0 /
0

LLL" =
628 "
8"
198
VL8

//[

861
F-56°0
E16°0

Wﬁ 0

OH
3aa

Feez

F-86°1

06

£1 (ppm)

€06 01 ~—
280 g1 —

VLI 66 —

Vo1 L
289 9L ”
00022 —=
81€ "LL

OH

3aa

-10

20 10

30

40

150 140 130 120 110 100 90 80 70 60
f1 (ppm)

160

S43



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

G9¢
LLE "
68¢ "

€67
SIS
cL9
V69
422
192
18L

768

ST1L°

8V¢

gL
GeL "
052
€LL"

928
S01
121
€Ll
681
502
e
VS8
192
082
663
80¢
e
€26
Leg
e

vee "

e A e e T S S S Sy S S o Syt

S

[ER-R-R

LR S 2

!

2o

w 9L°0

wm_d_

10

£1 (ppm)

0€0

oS
18T

€LE

1er

cpL
vz

a1

098 *
89
9L9
reg
8¢€0
6V¢
198
LL1T

66L
<91

928
L96 "

8¢ —
oy —

69—
69 —

9L
LL

eI —

9TT —
LT
‘8TT
21
2T~
e -,

6e1

LET ~—
661 —

OVT ~

LyT —

N

T
100

110

T
120

T
130

T
140

150

T
160

0

1 (ppm)

S44




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


