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General Information:

Infrared spectra were obtained on a FTIR spectrometer. 'H NMR and *C NMR
spectra were recorded on BRUKER AVANCE III 500 or BRUKER AVANCE III 400
spectrometer. CDCl; was used as solvent and tetramethylsilane (TMS) as internal
standard. Chemical shifts were referenced relative to residual solvent signal ("HNMR:
8 7.26 ppm, °C NMR: & 77.0 ppm). The following abbreviations are used to describe
peak patterns where appropriate: b = broad, s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet. Coupling constants (J) are reported in Hertz (Hz). HRMS
were performed on Waters GCT Premier Time of Flight Mass Spectrometer (EI) or
Agilent Technologies 6224 TOF LC/MS apparatus (ESI). Melting points were
measured with micro melting point apparatus.

The methylenecyclopropanes 1, N-methoxybenzamide 2, and
N-pivaloyloxybenzamides 3, were prepared according to the literature. " [

[Cp*RhCl;],, CsOAc, anhydrous MeOH and ds-benzoic acid were commercial

available.
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General Procedure:

General procedure for synthesis of spiro dihydroisoquinolinones 4: [Cp*RhCl,], (2.5
mg, 2 mol%), benzamide (3a-3j) (0.2 mmol), CsOAc (38.4 mg, 0.2 mmol) were
added to a vial. Methanol (1.0 mL) was added, followed by micro-syringe addition of
methylenecyclopropane 1 (0.4 mmol). The micro-syringe was washed with an
additional 0.5 mL methanol and added to the reaction solution. The mixture was kept
at 30 °C under air. After completion (1 h - 2 h), it was diluted with CH,Cl, and
transferred to a round bottom flask. Silica was added to the flask and volatiles were
evaporated under vacuum. The purification was performed by flash column
chromatography on silica gel using ethyl acetate/petroleum ether (v/v, 1:2) as eluent
to give the product 4.

General procedure for synthesis of furan-fused caprolactams 6: [Cp*RhCL], (2.5 mg,
2 mol%), N-(pivaloyloxy)furan-2-carboxamide (31-3n) (0.2 mmol), CsOAc (38.4 mg,
0.2 mmol) were added to a vial. Methanol (1.0 mL) was added, followed by
micro-syringe addition of methylenecyclopropane 1 (0.4 mmol). The micro-syringe
was washed with an additional 0.5 mL methanol and added to the reaction solution.
The mixture was kept at 60 °C under air. After completion (6 h — 8h), it was diluted
with CH,Cl, and transferred to a round bottom flask. Silica was added to the flask and
volatiles were evaporated under vacuum. The purification was performed by flash
column chromatography on silica gel using ethyl acetate/petroleum ether (v/v, 1:1) as

eluent to give the product 6.
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Characterization of Products 4-6:

' )

3'-Phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-one (4a).
White solid; mp. 172-173 °C; "H NMR (CDCl3, 500 MHz) 6 8.14 (dd, J; = 1.0 Hz, J,
= 7.5Hz, 1H), 7.44 (m, 1H), 7.32 (m, 1H), 7.25 (m, 3H), 7.20 (m, 2H), 6.91 (b, 1H),
6.87 (d,J="7.5Hz, 1H), 4.37 (d, J =3.0 Hz, 1H), 1.18 (m, 1H), 1.00 (m, 2H), 0.95 (m,
1H) ppm; “C NMR (CDCls;, 125 MHz) & 166.1, 141.8, 139.5, 132.9, 129.2, 128.4,
128.1, 128.0, 127.4, 126.3, 121.6, 61.9, 23.3, 16.8, 11.4 ppm; IR (KBr) v 3200, 3078,
2910, 1656, 1596, 1467, 1400, 1332, 1272, 1022, 752, 698 cm™'; HRMS (EI) (m/z):
caled for C7H;sNO [M] 249.1154; found 249.1150.

. J
6'-Methoxy-3'-phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-
one (4b). White solid; mp. 178-180 °C; "H NMR (CDCl3, 500 MHz) & 8.11 (d, J = 8.5
Hz, 1H), 7.26 (m, 3H), 7.22 (m, 2H), 6.83 (dd, J; = 2.5 Hz, J,= 8.5Hz, 1H), 6.62 (b,
1H), 6.36 (d, J = 2.5 Hz, 1H), 4.33 (d, J = 3.5 Hz, 1H), 3.82 (s, 3H), 1.16 (m, 1H),
1.02 (m, 2H), 0.94 (m, 1H) ppm; °C NMR (CDCl;, 125 MHz) § 166.0, 163.4, 144.0,
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139.7, 130.4, 128.4, 128.0, 127.4, 122.2, 111.0, 107.5, 62.0, 55.3, 23.6, 17.0, 11.5
ppm; IR (KBr) v 3179, 2917, 2848, 1663, 1607, 1457, 1407, 1258, 1070, 1026, 826,
708 cm'l; HRMS (EI) (m/z): calcd for C1sH;7NO, [M+] 279.1259; found 279.1265.

7'-Methyl-3'-phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-on
e (4¢). White solid; mp. 206-208 °C; 'H NMR (CDCls, 400 MHz) § 7.97 (s, 1H), 7.27
(m, 4H), 7.20 (m, 2H), 6.76 (d, J= 8.0 Hz, 1H), 6.45 (b, 1H), 4.36 (d, J =2.8 Hz, 1H),
2.38 (s, 3H), 1.12 (m, 1H), 0.96 (m, 3H) ppm; °C NMR (CDCls, 125 MHz) § 166.3,
139.6, 138.8, 136.0, 133.7, 128.9, 128.5, 128.4, 128.0, 127.4, 121.6, 62.0, 23.1, 20.9,
16.5, 11.2 ppm; IR (KBr) v 3191, 3056, 2920, 1655, 1614, 1466, 1431, 1336, 803, 709
cm'l; HRMS (EI) (m/2): calcd for C;sH;7NO [M+] 263.1310; found 263.1307.

8'-Bromo-3'-phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-on
e (4d). White solid; mp. 201-203 °C; '"H NMR (CDCl3, 500 MHz) § 7.57 (dd, J; = 0.5
Hz, J,= 8.0 Hz, 1H), 7.27 (m, 3H), 7.20 (m, 3H), 6.99 (b, 1H), 6.86 (dd, J; = 1.0 Hz,
J, = 8.0 Hz, 1H), 4.31 (d, J = 4.0 Hz, 1H), 1.23 (m, 1H), 1.11 (m, 1H), 1.01 (m, 1H),
0.95 (m, 1H) ppm; °C NMR (CDCls, 125 MHz) 3 164.0, 144.5, 138.6, 133.7, 132.5,
128.4, 128.3, 128.0, 127.3, 122.8, 121.6, 60.8, 25.2, 15.9, 11.2 ppm; IR (KBr) v 3187,
3061, 2924, 1657, 1588, 1550, 1450, 1381, 1287, 960, 772, 721 cm™; HRMS (EI)
(m/z): calcd for C7H4BrNO [M ] 327.0259; found 327.0251.
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- d
1'-Oxo0-3'-phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinoline|-6'-carb
onitrile (4¢). White solid; mp. 181-183 °C; '"H NMR (CDCls, 500 MHz) & 8.23 (d, J =
10.0 Hz, 1H), 7.60 (dd, J;= 1.5 Hz, J,= 10.0 Hz, 1H), 7.28 (m, 3H), 7.17 (m, 4H),
4.40 (d, J = 4.0 Hz, 1H), 1.24 (m, 1H), 1.13 (m, 2H), 0.99 (m, 1H) ppm; °C NMR
(CDCl3, 125 MHz) & 164.3, 143.1, 138.6, 132.9, 129.9, 128.8, 128.7, 128.4, 127.2,
125.8, 118.1, 116.2, 61.5, 23.4, 17.5, 11.8 ppm; IR (KBr) v 3227, 3062, 2924, 2221,
1674, 1552, 1453, 1287, 778, 701 cm™'; HRMS (EI) (m/2): calcd for CigHsN2O [M]
274.1106; found 274.1104.

6'-Nitro-3'-phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-one
(4f). Yellow solid; mp. 155-156 °C; "H NMR (CDCl;, 400 MHz) & 8.32 (d, J = 8.4 Hz,
1H), 8.15 (d, J = 8.8 Hz, 1H), 7.77 (s, 1H), 7.29 (m, 3H), 7.19 (m, 2H), 6.95 (b, 1H),
4.45 (d, J = 2.4 Hz, 1H), 1.29 (m, 1H), 1.17 (m, 2H), 1.07 (m, 1H) ppm; °C NMR
(CDCls, 125 MHz) 6 164.2, 150.7, 143.9, 138.6, 134.3, 129.6, 128.7, 128.4, 127.2,
121.2, 117.3, 61.6, 23.7, 17.8, 12.0 ppm; IR (KBr) v 3428, 1672, 1617, 1584, 1528,
1341, 1054, 783, 695 cm™'; HRMS (EI) (m/z): calcd for C,7H4N,03 [M'] 294.1004;
found 294.1012.
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7'-Methyl-6'-nitro-3'-phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinol
in]-1'-one (4g). Yellow solid; mp. 182-184 °C; '"H NMR (CDCls, 500 MHz) & 8.11 (s,
1H), 7.43 (s, 1H), 7.34 (b, 1H), 7.28 (m, 3H), 7.19 (m, 2H), 4.39 (d, J = 3.0 Hz, 1H),
2.60 (s, 3H), 1.28 (m, 1H), 1.14 (m, 2H), 1.00 (m, 1H) ppm; “C NMR (CDCl;, 125
MHz) & 164.3, 151.7, 141.1, 138.8, 132.8, 132.6, 131.3, 128.7, 128.3, 127.1, 118.4,
61.7, 23.3, 19.8, 17.7, 11.7 ppm; IR (KBr) v 3212, 2927, 1665, 1620, 1568, 1516,
1341, 836, 759, 707 cm™; HRMS (EI) (m/z): caled for CsH;gNOs [M'] 308.1161;
found 308.1147.

3'-(p-Tolyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-one  (4h).
White solid; mp. 164-165 °C; '"H NMR (CDCls, 500 MHz) & 8.14 (d, J = 7.5 Hz, 1H),
7.44 (m, 1H), 7.32 (m, 1H), 7.08 (m, 4H), 6.87 (d, J = 7.5 Hz, 1H), 6.69 (b, 1H), 4.38
(s, 1H), 2.29 (s, 3H), 1.10 (m, 1H), 0.98 (m, 3H) ppm; *C NMR (CDCl;, 125 MHz) &
166.1, 141.9, 137.7, 136.4, 132.8, 129.3, 129.0, 128.0, 127.3, 126.2, 121.5, 61.5, 23.3,
21.0, 16.4, 11.4 ppm; IR (KBr) v 3184, 3035, 2911, 1663, 1601, 1571, 1509, 1473,
1406, 1293, 810, 759 cm™; HRMS (EI) (m/2): caled for C;gH;;NO [M'] 263.1310;
found 263.1302.

af
3'-(4-Chlorophenyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-on
e (4i). White solid; mp. 127-129 °C; "H NMR (CDCl;, 500 MHz) & 8.12 (d, J = 7.5
Hz, 1H), 7.45 (m, 1H), 7.33 (m, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz,
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2H), 7.06 (b, 1H), 6.85 (d, J = 3.0 Hz, 1H), 4.26 (d, J = 2.0 Hz, 1H), 1.28 (m, 1H),
1.06 (m, 1H), 0.98 (m, 1H), 0.93 (m, 1H) ppm; °C NMR (CDCls, 125 MHz) & 165.9,
141.4, 138.4, 133.9, 133.0, 129.2, 128.7, 128.6, 128.2, 126.5, 121.6, 61.6, 23.4, 17.6,

11.0 ppm; IR (KBr) v 3203, 3066, 2967, 1660, 1600, 1573, 1468, 1394, 1257, 1090,
799 cm™;  HRMS (EI) (m/2): caled for C17H4CINO [M'] 283.0764; found 283.0759.

CN
A

4-(1'-Oxo0-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-3'-yl)benzonitri
le (4j). Yellow solid; mp. 161-162 °C; "H NMR (CDCls, 500 MHz) § 8.10 (m, 1H),
7.68 (b, 1H), 7.52 (m, 2H), 7.46 (m, 1H), 7.32 (m, 3H), 6.86 (d, J = 7.5 Hz, 1H), 4.19
(d, J=3.5 Hz, 1H), 1.47 (m, 1H), 1.19 (m, 1H), 1.02 (m, 1H), 0.94 (m, 1H) ppm; *C
NMR (CDCls, 125 MHz) 6 166.1, 145.7, 140.7, 133.2, 132.2, 129.1, 128.1, 127.9,
126.6, 121.7, 118.4, 111.6, 61.8, 23.1, 19.4, 10.2 ppm; IR (KBr) v 3204, 3071, 2920,
2220, 1659, 1600, 1462, 1392, 1259, 1021, 802, 756 cm™; HRMS (EI) (m/2): calcd for
C1sH14N,O [M '] 274.1106; found 274.1104.

3'-(2-Bromophenyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-on

e (4k). White solid; mp. 196-197 °C; "H NMR (CDCl;, 500 MHz) & 8.07 (dd, J,= 1.5

Hz, J, = 8.0 Hz, 1H), 7.50 (m, 2H), 7.34 (m, 1H), 7.23 (m, 1H), 7.11 (m, 2H), 6.97 (d,

J = 8.0 Hz, 1H), 6.58 (b, 1H), 4.59 (d, J = 4.0 Hz, 1H), 1.45 (m, 1H), 1.23 (m, 1H),

0.98 (m, 2H) ppm; >C NMR (CDCls, 125 MHz) & 165.1, 141.9, 139.4, 133.2, 133.1,

129.5,129.0, 128.9, 128.4, 127.7, 126.4, 124.0, 121.1, 60.7, 21.8, 20.5, 10.9 ppm; IR
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(KBr) v 3179, 3037, 2919, 1656, 1600, 1558, 1457, 1410, 1022, 748 cm™'; HRMS (EI)
(M/z): caled for C7H4BrNO [M ] 327.0259; found 327.0254.

3'-(Pyridin-3-yl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-one
(41). White solid; mp. 175-177 °C; 'H NMR (CDCls, 500 MHz) § 8.47 (m, 2H), 8.11
(d, J=7.5 Hz, 1H), 7.46 (m, 3H), 7.33 (m, 1H), 7.15 (m, 1H), 6.86 (d, J = 7.5 Hz,
1H), 4.20 (d, J=4.0 Hz, 1H), 1.43 (m, 1H), 1.18 (m, 1H), 1.01 (m, 1H), 0.91 (m, 1H)
ppm; °C NMR (CDCls, 125 MHz) & 166.1, 149.1, 148.6, 140.8, 134.5, 133.1, 129.1,
128.1, 126.6, 121.7, 60.0, 23.2, 19.2, 10.3 ppm; IR (KBr) v 3177, 3032, 2913, 1657,
1600, 1569, 1476, 1408, 1300, 1024, 802, 760, 703 cm™'; HRMS (EI) (m/z): calcd for
Ci16H14N,0 [M '] 250.1106; found 250.1103.

Ethyl 1'-0x0-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinoline]-3'-carboxylate
(4m). White solid; 159-160 °C; '"H NMR (CDCls, 400 MHz) 6 8.09 (d, J = 7.6 Hz,
1H), 7.41 (m, 2H), 7.29 (m, 1H), 6.83 (d, J = 7.6 Hz, 1H), 4.06 (q, J = 7.2 Hz, 2H),
3.52(d, J=4.4 Hz, 1H), 1.58 (m, 1H), 1.34 (m, 1H), 1.23 (m, 1H), 1.10 (t, J = 7.2 Hz,
3H), 0.75 (m, 1H); BC NMR (CDCls, 125 MHz) & 170.6, 166.4, 140.0, 132.7, 129.0,
128.0, 126.5, 121.1, 61.4, 61.1, 21.2, 20.3, 14.0, 9.5 ppm; IR (KBr) v 3192, 3070,
2946, 1728, 1669, 1194, 1024, 765 cm™'; HRMS (ESI) (m/z): calcd for Ci4H;sNOs
([M+H]"), 246.1130; found 246.1138.
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CHj

6'-Methyl-3'-(p-tolyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]|-1'-0
ne (4n). White solid; mp. 146-147 °C; '"H NMR (CDCls, 500 MHz) & 8.02 (d, J =7.5
Hz, 1H), 7.09 (m, 5H), 6.67 (m, 1H), 6.65 (s, 1H), 4.33 (d, J = 3.0 Hz, 1H), 2.34 (s,
3H), 2.29 (s, 3H), 1.13 (m, 1H), 0.96 (m, 3H) ppm; °C NMR (CDCls, 125 MHz) &
166.2, 143.3, 141.7, 137.7, 136.5, 129.1, 128.1, 127.3, 127.1, 126.7, 122.1, 61.7, 23 .4,
21.8, 21.0, 16.3, 11.3 ppm; IR (KBr) v 3176, 3023, 2920, 1658, 1603, 1560, 1468,
1413, 1284, 819 cm™; HRMS (EI) (m/z): caled for C1oH;oNO [M] 277.1467; found
277.1465.

cl

3'-(4-Chlorophenyl)-6'-methyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquin
olin]-1'-one (40). White solid; mp. 168-170°C; '"H NMR (CDCls, 400 MHz) & 8.02 (d,
J=28.0 Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.12 (m, 3H), 6.64 (s, 1H), 6.59 (b, 1H),
422 (d, J = 2.0 Hz, 1H), 2.34 (s, 3H), 1.25 (m, 1H), 0.98 (m, 3H) ppm; “C NMR
(CDCls, 125 MHz) & 166.1, 143.6, 141.1, 138.5, 133.8, 128.60, 128.59, 128.2, 127.3,
126.5, 122.2, 61.6, 23.4, 21.9, 17.8, 10.8 ppm; IR (KBr) v 3185, 3060, 2918, 1660,
1611, 1567, 1487, 1394, 1276, 1090, 811 cm™; HRMS (EI) (m/z): caled for
C1sH6CINO [M ] 297.0920; found 297.0913.
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6'-Methoxy-3'-(p-tolyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'
-one (4p). White solid; mp. 177-178 °C; '"H NMR (CDCls;, 400 MHz) & 8.09 (d, J =
8.4 Hz, 1H), 7.08 (m, 4H), 6.81 (dd, J; = 2.0 Hz, J, = 8.8 Hz, 1H), 6.56 (m, 1H), 6.34
(d, J=2.4 Hz, 1H), 4.32 (s, 1H), 3.81 (s, 3H), 2.29 (s, 3H), 1.10 (m, 1H), 0.95 (m, 3H)
ppm; °C NMR (CDCls, 125 MHz) & 166.0, 163.3, 144.1, 137.7, 136.6, 130.3, 129.0,
127.3, 122.2, 110.9, 107.5, 61.6, 55.2, 23.6, 21.0, 16.6, 11.5 ppm; IR (KBr) v 3179,
2918, 1661, 1602, 1458, 1400, 1324, 1254, 1075, 1029, 803 cm™'; HRMS (EI) (m/z):
caled for C1oH9NO, [M '] 293.1416; found 293.1411.

CHj

6'-Chloro-3'-(p-tolyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-0
ne (4q). White solid; mp. 135-136 °C; 'H NMR (CDCl;, 400 MHz) & 8.08 (d, J = 8.4
Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.09 (m, 4H), 6.84 (s, 1H), 6.33 (b, 1H), 4.38 (d, J

= 2.4 Hz, 1H), 2.31 (s, 3H), 1.04 (m, 4H) ppm; C NMR (CDCls, 125 MHz) & 165.2,
143.9, 139.1, 138.1, 135.9, 129.8, 129.2, 127.7, 127.2, 126.6, 122.1, 61.5, 23.5, 21.0,
16.6, 11.8 ppm; IR (KBr) v 3416, 3187, 2920, 1662, 1590, 1466, 1283, 1094, 840

cm”; HRMS (EI) caled for CisHsCINO (M), 297.0920; found, 297.0922.

CHs

8'-Methyl-3'-(p-tolyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-0

ne (4r). White solid; mp. 71-73 °C; '"H NMR (CDCls, 500 MHz) & 7.26 (m, 1H), 7.08

(m, 5H), 6.74 (d, J = 7.5 Hz, 1H), 6.67 (b, 1H), 4.28 (d, J = 3.5 Hz, 1H), 2.74 (s, 3H),

2.29 (s, 3H), 1.11 (m, 1H), 0.99 (m, 1H), 0.92 (m, 2H) ppm; °C NMR (CDCls, 125
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MHz) 5 166.8, 142.6, 141.1, 137.6, 136.2, 131.6, 130.4, 129.0, 127.8, 127.3, 119.9,
60.9, 24.6,22.5,21.0, 15.2, 11.0 ppm; IR (KBr) v 3178, 3062, 2916, 1653, 1598, 1506,
1476, 1390, 1275, 1025, 805, 780cm™; HRMS (EI) (m/z): caled for C1oH;oNO [M'],
277.1467; found 277.1463.

CH
3i

7'-Methyl-3'-(p-tolyl)-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-0
ne (4s). White solid; mp. 209-211 °C; 'H NMR (CDCls, 500 MHz) § 7.95 (s, 1H),
7.24 (d, J=17.5 Hz, 1H), 7.09 (d, J = 7.5 Hz, 2H), 7.05 (d, J = 7.5 Hz, 2H), 7.00 (b,
1H), 6.76 (d, J = 8.0 Hz, 1H), 4.32 (s, 1H), 2.37 (s, 3H), 2.28 (s, 3H), 1.12 (m, 1H),
0.94 (m, 2H), 0.90 (m, 1H) ppm; *C NMR (CDCls, 125 MHz) § 166.4, 138.8, 137.6,
136.5, 135.9, 133.5, 129.0, 128.9, 128.4, 127.3, 121.5, 61.6, 23.1, 21.0, 20.9, 16.4,
11.1 ppm; IR (KBr) v 3187, 3043, 2911, 1663, 1610, 1571, 1473, 1380, 1282, 1144,

803 cm'l; HRMS (EI) (m/z2): calcd for C;oH;gNO [M+] 277.1467; found 277.1470.

\

3'-Phenethyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'-one (4t).
White solid; mp. 91-93 °C; '"H NMR (CDCl3, 500 MHz) & 8.13 (d, J = 7.5 Hz, 1H),
7.81 (m, 1H), 7.45 (m, 1H), 7.32 (m, 1H), 7.26 (m, 2H), 7.17 (m, 3H), 6.88 (d, J="7.5
Hz, 1H), 2.78 (m, 2H), 2.64 (m, 1H), 1.90 (m, 2H), 1.52 (m, 1H), 1.07 (m, 1H), 0.82
(m, 1H), 0.64 (m, 1H) ppm; “C NMR (CDCls, 125 MHz) & 165.8, 141.5, 141.2,
132.6, 129.3, 128.4, 128.2, 128.0, 126.1, 125.9, 121.7, 58.5, 36.4, 32.1, 23.2, 20.0, 9.0
ppm; IR (KBr) v 3190, 3061, 2921, 1661, 1607, 1563, 1466, 1405, 1307, 1124, 751,
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696 cm'l; HRMS (EI) (m/z): calcd for C19H;9NO [M+] 277.1467; found 277.1465.

6'-Chloro-3'-phenethyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1'

-one (4u). White solid; mp. 112-113 °C; '"H NMR (CDCls, 500 MHz) § 8.04 (d, J =
10.5 Hz, 1H), 7.80 (m, 1H), 7.25 (m, 3H), 7.15 (m, 3H), 6.84 (d, J=2.5 Hz, 1H), 2.77
(m, 2H), 2.62 (m, 1H), 1.87 (m, 2H), 1.47 (m, 1H), 1.08 (m, 1H), 0.84 (m, 1H), 0.65
(m, 1H) ppm; °C NMR (CDCls, 125 MHz) § 165.0, 143.6, 140.9, 138.8, 129.7, 128.5,
128.2, 127.8, 126.5, 126.0, 122.1, 58.4, 36.4, 32.0, 23.2, 20.2, 9.3 ppm; IR (KBr) v
3192, 2924, 2854, 1666, 1596, 1462, 1399, 1130, 837, 747, 696 cm™; HRMS (EI)
(M/z): caled for C19H;3CINO [M'] 311.1077; found 311.1079.

5'-Phenyl-5'H-spiro[cyclopropane-1,4'-thieno[2,3-c|pyridin]-7'(6'H)-one 4v).
White solid; mp. 201-202 °C; 'H NMR (CDCls, 500 MHz) § 7.51 (d, J = 5.0Hz, 1H),
7.33 (m, 3H), 7.28 (m, 2H), 6.59 (d, J = 5.0Hz, 1H), 5.90 (b, 1H), 4.79 (d, J = 1.5 Hz,
1H), 1.04 (m, 1H), 0.87 (m, 3H) ppm; °C NMR (CDCl;, 125 MHz) & 163.2, 150.0,
138.1, 132.2, 130.1, 128.5, 128.4, 127.9, 122.4, 62.7, 22.3, 14.1, 13.3 ppm; IR (KBr)
v 3187, 3056, 2916, 1655, 1471, 1436, 1402, 1333, 1143, 989, 776, 702 cm’;
HRMS (EI) (m/2): calcd for C;sH3NOS [M'] 255.0718; found 255.0723.
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NH

Ph

5a

\

4'-Phenethyl-2',4'-dihydro-1'H-spiro[cyclopropane-1,3'-isoquinolin]-1'-one (5a).
White solid; mp. 180-182 °C; "H NMR (CDCl3, 500 MHz) 6 8.12 (dd, J; = 1.5 Hz, J,
=7.5 Hz, 1H), 7.51 (m, 1H), 7.42 (m, 1H), 7.27 (m, 2H), 7.18 (m, 2H), 7.14 (d, J =
7.0 Hz, 2H), 6.27 (m, 1H), 2.63 (t, J = 7.5 Hz, 2H), 2.18(m, 2H), 2.06 (m, 1H), 0.93
(m, 2H), 0.74 (m, 1H), 0.63 (m, 1H) ppm; C NMR (CDCl;, 125 MHz) & 167.3,
142.5, 141.6, 132.0, 128.4, 128.2, 128.0, 127.7, 127.2., 125.9, 45.8, 37.9, 35.4, 33.1,
15.0, 10.7 ppm; IR (KBr) v 3173, 3059, 2932, 1667, 1594, 1413, 1380, 1079, 794,
744, 697 cm”; HRMS (EI) (m/z): caled for C;oH;oNO [M'] 277.1467; found
277.1465.

NH

Cl
Ph

6'-Chloro-4'-phenethyl-2',4'-dihydro-1'H-spiro[cyclopropane-1,3'-isoquinolin]-1'
-one (5b). White solid; mp. 178-180 °C; '"H NMR (CDCl3, 500 MHz) & 8.04 (d, J =
10.0 Hz, 1H), 7.37 (dd, J; = 2.5 Hz, J, = 10.5 Hz, 1H), 7.26 (m, 2H), 7.18 (m, 1H),
7.13 (m, 3H), 6.57 (b, 1H), 2.63 (t, J = 10.5 Hz, 2H), 2.10 (m, 3H), 0.93 (m, 2H), 0.73
(m, 1H), 0.61 (m, 1H) ppm; >C NMR (CDCls, 125 MHz) § 166.7, 144.3, 141.2,
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138.0, 130.0, 128.5, 128.2, 127.6, 127.5, 126.5, 126.0, 45.6, 37.8, 35.2, 33.1, 14.9,
10.6 ppm; IR (KBr) v 3173, 3059, 2932, 1667, 1594, 1413, 1380, 1079, 794, 744, 697
cm'l; HRMS (EI) (m/z2): calcd for C;oH;sCINO [M+] 311.1077; found 311.1079.

Ph

=\ //
sS_/

0]

N
H 6a

\

(2)-4-Benzylidene-6,7-dihydro-4H-thieno[2,3-c]azepin-8(5H)-one  (6a). White
solid; mp. 183-185 °C; "H NMR (CDCl3, 500 MHz) 6 7.20 (m, 4H), 7.06 (d, J = 6.5 Hz,
2H), 6.95 (b, 1H), 6.62 (d, J = 5.0 Hz, 1H), 6.58 (s, 1H), 3.53 (d, J = 5.5 Hz, 2H), 2.95
(m, 2H) ppm; °C NMR (CDCls, 125 MHz) & 166.7, 140.9, 136.9, 135.9, 133.5, 130.5,
130.1, 129.1, 129.0, 128.1, 127.2, 42.6, 39.2 ppm; IR (KBr) v 3164, 3030, 2926, 1651,
1520, 1473, 1441, 1348, 1166, 957, 765, 714 cm™'; HRMS (EI) (m/z): caled for
C15sH3NOS [M '] 255.0718; found 255.0723.

(2)-4-Benzylidene-6,7-dihydro-4H-furo[2,3-c]azepin-8(SH)-one (6b). Pale yellow
solid; mp. 154-156°C; "H NMR (CDCls, 500 MHz) & 7.69 (b, 1H), 7.29 (m, 6H), 6.61
(s, 1H), 5.92 (d,J=1.0 Hz, 1H), 3.57 (q, J =4.5 Hz, 2H), 2.84 (t, J = 4.5 Hz, 2H)
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ppm; °C NMR (CDCls, 125 MHz) § 162.4, 144.2, 143.7, 137.2, 131.1, 130.3, 129.0,
128.4, 127.6, 127.5, 112.2, 42.2, 38.2 ppm; IR (KBr) v 3353, 3183, 2921, 2849, 1662,
1622, 1491, 1412, 1367, 1229, 1029, 763, 704 cm™; HRMS (EI) (m/z): caled for
C1sH13NO, [M ] 239.0946; found 239.0943.

o~ N
HGC‘

(Z)-4-(4-Methylbenzylidene)-6,7-dihydro-4H-furo[2,3-c]azepin-8(SH)-one  (6¢).

\

Pale yellow solid; mp. 217-219 °C; "H NMR (CDCl3, 500 MHz) 6 7.30 (d, J= 1.5 Hz,
1H), 7.14 (d, J= 8.5 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 6.94 (b, 1H), 6.57 (s, 1H), 6.01
(d, J =2.0 Hz, 1H), 3.55 (q, J = 5.0 Hz, 2H), 2.82 (t, J = 4.5 Hz, 2H), 2.36 (s, 3H)
ppm; °C NMR (CDCls, 125 MHz) & 162.4, 144.1, 143.7, 137.3, 134.2, 131.2, 129.8,
129.1, 128.9, 127.8, 112.2, 42.3, 38.2, 21.2 ppm; IR (KBr) v 3193, 3060, 2918, 1653,
1552, 1506, 1495, 1440, 1337, 1265, 1201, 1097, 890, 785 cm™'; HRMS (EI) (m/z):
caled for Ci¢H sNO, [M'] 253.1103; found 253.1105.

Cl

o/

N
0] H6d

N\ v}

(2)-4-(4-Chlorobenzylidene)-6,7-dihydro-4H-furo[2,3-c]azepin-8(5H)-one  (6d).

Pale yellow solid; mp. 221-223 °C; "H NMR (CDCls, 500 MHz) & 7.59 (b, 1H), 7.32

(d, J = 2.0 Hz, 1H), 7.28 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 8.5 Hz, 2H), 6.52 (s, 1H),

5.96 (d, J=2.0 Hz, 1H), 3.55 (q, J = 4.5 Hz, 2H), 2.82 (t, J = 4.5 Hz, 2H) ppm; °C
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NMR (CDCls, 125 MHz) 5 162.3, 144.4, 143.9, 135.5, 133.3, 131.0, 130.4, 129.6,
128.6, 127.1, 112.0, 42.1, 38.2 ppm; IR (KBr) v 3201, 3064, 2923, 1652, 1471, 1201,
1088, 889, 784 cm™'; HRMS (EI) (m/2): calcd for C;sH;,CINO, [M'] 273.0557; found
273.0552.

Br.

=\ /
o_/

0~ N ge
\, H v |

(Z)-4-(4-Bromobenzylidene)-6,7-dihydro-4H-furo[2,3-c]azepin-8(SH)-one  (6e).

Pale yellow solid; mp. 230-232 °C; "H NMR (CDCls, 500 MHz) & 7.61 (b, 1H), 7.44
(d, J = 8.0 Hz, 2H), 7.32 (d, J = 2.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 2H), 6.49 (s, 1H),
5.97 (d, J = 2.0 Hz, 1H), 3.55 (q, J = 4.5 Hz, 2H), 2.82 (d, J = 4.5 Hz, 2H) ppm; °C
NMR (CDCls, 125 MHz) & 162.4, 144.4, 143.9, 136.0, 131.6, 131.1, 130.7, 129.6,
127.1, 121.5, 112.0, 42.0, 38.2 ppm; IR (KBr) v 3203, 3064, 2923, 1655, 1471, 1200,
1101, 890, 784 cm'l; HRMS (EI) (m/z): calcd for C15sH;,BrNO, [M+] 317.0051; found
317.0049.

(2)-4-(3-Bromo-4-fluorobenzylidene)-6,7-dihydro-4H-furo[2,3-c]azepin-8(5H)-on

e (6f). Pale yellow solid; mp. 193-195 °C; '"H NMR (CDCl;, 500 MHz) § 7.08 (b, 1H),

7.44 (dd, J; = 2.0 Hz, J, = 7.0 Hz, 1H), 7.35 (d, J = 2.0 Hz, 1H), 7.14 (m, 1H), 7.06

(m, 1H), 6.45 (S, 1H), 5.95 (d, J = 2.0 Hz, 1H), 3.55 (q, J =4.5 Hz, 2H), 2.82 (t,J =
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4.5 Hz, 2H) ppm; C NMR (CDCls, 125 MHz) & 162.3, 158.3 (d, Jc.r = 247.5 Hz),
144.5, 144.0, 134.6 (d, Jcr = 3.75 Hz), 133.9, 131.7, 129.7 (d, Jc.r = 6.25 Hz), 128.2,
126.8, 116.4 (d, Jc.r = 22.5 Hz), 111.9, 109.0 (d, Jc.r = 21.25 Hz), 42.0, 38.1 ppm; IR
(KBr) v 3192, 3050, 2928, 1660, 1495, 1478, 1443, 1248, 1206, 882 cm™'; HRMS (EI)
(m/z): calcd for CsH;;BrENO, [M+] 334.9957; found 334.9960.

(2)-4-(3-Nitrobenzylidene)-6,7-dihydro-4H-furo[2,3-c]azepin-8(5H)-one (6g).

Dark yellow solid; mp. 207-209 °C; 'H NMR (CDCls, 500 MHz) & 8.13 (m, 2H), 7.58
(d, J = 8.0 Hz, 1H), 7.49 (m, 1H), 7.34 (d, J = 2.0 Hz, 1H), 7.23 (b, 1H), 6.59 (s, 1H),
5.85 (d, J = 2.0 Hz, 1H), 3.58 (q, J = 5.0 Hz, 2H), 2.90 (t, J = 4.5 Hz, 2H) ppm; °C
NMR (CDCls, 125 MHz) § 161.9, 148.3, 144.8, 144.3, 138.8, 135.2, 132.9, 129.4,
128.0, 126.3, 123.9, 122.4, 111.6, 42.0, 38.3 ppm; IR (KBr) v 3203, 3704, 2924, 1663,
1526, 1348, 1205, 781 cm™; HRMS (EI) (m/z): caled for C15H,N,O4 [M'] 284.0797;
found 284.0794.

(Z)-4-Benzylidene-2-methyl-6,7-dihydro-4H-furo|2,3-c]azepin-8(5H)-one (6h).

Pale yellow solid; mp.163-165 °C; 'H NMR (CDCls, 500 MHz) & 7.28 (m, 5H), 6.92

(b, 1H), 6.55 (s, 1H), 5.58 (d, J = 5.0 Hz, 1H), 3.52 (q, J= 5.0 Hz, 2H), 2.80 (t, J =
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4.5 Hz, 2H), 2.19 (s, 3H) ppm; *C NMR (CDCls, 125 MHz) § 162.2, 154.8, 142.4,
137.3, 130.9, 130.6, 129.0, 128.8, 128.3, 127.4, 108.6, 42.3, 38.4, 13.7 ppm; IR (KBr)
v 3180, 3050, 2923, 1654, 1479, 1438, 1211, 1016, 820 cm™'; HRMS (EI) (m/2): caled
for C1H;sNO, [M'] 253.1103; found 253.1102.

r ™

EtO,C
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\

(2)-ethyl-(2-methyl-8-0x0-5,6,7,8-tetrahydro-4H-furo[2,3-c]azepin-4-ylidene)
acetate (6i).

Yellow solid; mp. 172-173 °C; 'H NMR (CDCls, 400 MHz) & 7.16 (b, 1H), 6.33 (s,
1H), 6.13 (s, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.41 (s, 4H), 2.38 (s, 3H), 1.30 (t, J=7.2
Hz, 3H) ppm; °C NMR (CDCl;, 100 MHz) § 166.2, 162.4, 156.2, 147.4, 142.9, 130.0,
116.8, 105.7, 60.2, 39.6, 31.9, 14.2, 13.7 ppm; IR (KBr) v 2923, 2853, 1710, 1661,
1464, 1183, 1081, 966 cm™'; HRMS (EI) (m/2): caled for C;3H;sNO4[M'] 249.1001;
found 249.0999.

(Z)-4-Benzylidene-2-bromo-6,7-dihydro-4H-furo[2,3-c]azepin-8(5SH)-one (6j).

Yellow solid; mp. 219-220 °C; "H NMR (CDCl3, 500 MHz) 6 7.33 (m, 4H), 7.23 (m,

2H), 6.63 (s, 1H), 5.86 (s, 1H), 3.53 (q, J = 4.8 Hz, 2H), 2.82 (t, J = 4.4 Hz, 2H)

ppm; °C NMR (CDCl;, 125 MHz) § 161.3, 145.5, 136.6, 132.3, 129.7, 129.4, 128.8,

128.6, 127.9, 126.6, 113.7, 42.0, 38.1 ppm; IR (KBr) v 3179, 3054, 2925, 1655, 1493,
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1477, 1187, 932, 705 cm™'; HRMS (EI) (m/2): caled for C1sH;,BrNO, [M*] 317.0051;
found 317.0049.

Br

\ » |

(Z2)-2-bromo-4-(4-bromobenzylidene)-6,7-dihydro-4H-furo|2,3-c]azepin-
8(5H)-one (6k).

Yellow solid; mp. 246-248 °C; '"H NMR (CDCls, 400 MHz) & 7.47 (d, J = 8.4 Hz, 2H),
7.36 (b, 1H), 7.11 (d, J = 8.4 Hz, 2H), 6.52 (s, 1H), 5.92 (s, 1H), 3.53 (q, J = 4.4 Hz,
2H), 2.81 (t, J = 4.8 Hz, 2H) ppm; °C NMR (CDCls, 100 MHz) & 161.1, 145.6, 135.4,
131.8, 130.9, 130.6, 130.1, 129.4, 127.0, 122.0, 113.5, 42.0, 38.1 ppm; IR (KBr) v
2924, 2853, 1657, 1486, 1185, 1071 cm™; HRMS (EI) (m/z): caled for CsH;1BraNO,
[M'] 394.9157; found 394.9161.

(Z)-ethyl  2-(2-bromo-8-0x0-5,6,7,8-tetrahydro-4H-furo[2,3-c]azepin-4-ylidene)

acetate (61).

Yellow solid; mp. 125-127 °C; 'H NMR (CDCls, 400 MHz) & 7.88 (b, 1H), 7.01 (s,

1H), 5.86 (s, 1H), 4.20 (q, J = 6.8 Hz, 2H), 3.47 (q, J = 4.8 Hz, 2H), 2.80 (t, J = 4.4

Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H) ppm; *C NMR (CDCls, 100 MHz) & 165.4, 161.0,
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146.3, 141.1, 127.6, 126.8, 121.0, 114.9, 60.8, 40.7, 38.9, 14.1 ppm; IR (KBr) v 2924,
2853, 1718, 1661, 1491, 1182 cm’'; HRMS (EI) (m/z): calcd for C1oH»BrNO, [M']
312.9950; found 312.9952.

—
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\ > ]

(2)-5-(4-bromobenzylidene)-2,3,4,5-tetrahydro-1H-benzofuro[2,3-c]azepin-1-one
(6m).

Yellow solid; mp. 237-238 °C; '"H NMR (CDCls, 400 MHz) & 7.55 (d, J = 8.4 Hz, 1H),
7.30 (m, 1H), 7.20 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.91 (d, J = 0.8 Hz,
1H), 6.80 (b, 1H), 6.70 (m, 2H), 3.62 (m, 2H), 3.05 (m, 2H) ppm; °C NMR (CDCl;,
100 MHz) & 163.6, 155.0, 144.9, 1354, 131.3, 130.6, 130.5, 129.0, 127.1, 124.3,
123.6, 123.4,123.0, 121.4, 112.3, 42.8, 39.4 ppm; IR (KBr) v 2924, 2853, 1655, 1492,
1463, 1186, 1080, 966 cm™; HRMS (EI) (m/z): caled for C1oH;4BrNO, [M] 367.0208;
found 367.0209.

Derivatization of Products to 7 and 8:

LiIAIH, (3 equiv) NH
THF o y Ph

85% =z
4a 7

A solution of 4a (70 mg, 0.28 mmol) in THF (5 mL) protected under Argon was

treated with LiAlHs (32 mg, 0.84 mmol), and the mixture heated at reflux for 8h.
Then it was cooled and quenched with water (1.0 mL) (CAUTION), stirred for 10 min
at rt and treated with NaOH (0.5 mL of 2 M aqueous solution), stirred for 5 min and
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diluted with additional water (5 mL). The solution was extracted with ethyl acetate
(10 mL * 2), the combined organic layer were dried (Na,;SOy), filtered, concentrated
under vacuum. The purification was performed by flash column chromatography on
basic alumina using ethyl acetate/petroleum ether (v/v, 1:1) as eluent to give the

product 7 as pale yellow gel (56 mg, 85%).

3'-Phenyl-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinoline] (7). Pale
yellow gel; 'H NMR (CDCls, 500 MHz) § 7.56 (d, J = 7.5 Hz, 2H), 7.28 (m, 3H),
7.19 (m, 1H), 7.11 (m, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.85 (d, J=8.0 Hz, 1H), 4.11 (d,
J=16.5 Hz, 1H), 3.97 (d, J = 13.5 Hz, 2H), 2.72 (b, 1H), 1.18 (m, 1H), 0.94 (m, 2H),
0.84 (m, 1H) ppm; °C NMR (CDCls, 125 MHz) & 140.3, 139.8, 135.5, 128.6, 128.0,
127.2,126.8, 125.7, 124.8, 121.7, 63.9, 46.4, 21.6, 18.0, 14.2 ppm; IR (KBr) v 3393,
3032, 2924, 1613, 1486, 1452, 1372, 1024, 743, 703 cm™; HRMS (EI) (m/z): calcd for
Ci7H;7N [M "] 235.1361; found 235.1353.

=N\ /  LiAH, Bequiv) [\ _/
o~y THE =0

80% N
H

6b 8
ZIE=73

To a solution of LiAlH4 (29 mg, 0.75 mmol) in THF (2 mL) protected under Argon at

0 °C was added dropwise of THF (2 mL) solution of 4a (60 mg, 0.25 mmol), the

mixture was then heated at reflux for 3h. Then it was cooled and quenched with water

(1.0 mL) (CAUTION), stirred for 10 min at rt and treated with NaOH (0.5 mL of 2 M
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aqueous solution), stirred for 5 min and diluted with additional water (5 mL). The
solution was extracted with ethyl acetate (10 mL * 2), the combined organic layer
were dried (NapSO,), filtered, concentrated under vacuum. The purification was
performed by flash column chromatography on basic alumina using ethyl
acetate/petroleum ether (v/v, 1:1) as eluent to give the inseparable Z/E mixture 8 as

pale yellow gel (45 mg, 80%).

Iz

8
ZIE=T73

4-Benzylidene-5,6,7,8-tetrahydro-4H-furo[2,3-c]azepine (8). Pale yellow gel; 'H
NMR (CDCl3, 400 MHz) & 7.28 (m, 1H), 7.15 (m, 6H), 6.95 (d, J = 2.0 Hz, 1H), 6.66
(s, 0.43 H), 6.47 (d, J = 2.0 Hz, 0.44H), 6.31 (s, 1H), 5.78 (d, J = 2.0 Hz, 1H), 3.96 (s,
0.85H), 3.93 (s, 2H), 3.15 (m, 2H), 3.05 (m, 0.88H), 2.75 (m, 0.91H), 2.54 (m, 2H)
ppm; °C NMR (CDCl;, 100 MHz) & 155.5, 153.7, 140.3, 139.2, 137.7, 137.6, 132.7,
132.4, 129.2, 129.0, 128.2, 127.9, 127.0, 126.6, 126.4, 126.0, 124.2, 120.9, 111.6,
109.7, 50.7, 48.9, 47.1, 46.8, 43.0, 34.5 ppm; IR (KBr) v 3321, 3021, 2924, 2853,
1637, 1492, 1445, 1146, 1059, 749, 698 cm™; HRMS (EI) (m/z): caled for C;sH sNO
[M'] 225.1154; found 225.1158.
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Kinetic Isotope Effect Study:

[Ds]-3a was synthesized following literature report,” and [D4]-4a was prepared

according to general procedure in 75% yield.

[D4]-4a

White solid; mp. 172- 173 °C; '"H NMR (CDCls, 500 MHz) & 7.28 (m, 3H), 7.22 (m,
2H), 6.68 (b, 1H), 4.40 (d, J = 3.0 Hz, 1H), 1.17 (m, 1H), 0.99 (m, 3H) ppm; "°C
NMR (CDCls, 125 MHz) & 166.1, 141.7, 139.4, 132.4, 129.1, 128.5, 128.1, 127.4,
125.8, 121.4, 61.9, 23.3, 16.6, 11.5 ppm; IR (KBr) v 3214, 3067, 2921, 1656, 1582,
1411, 1320, 1080, 775, 708 cm™'; HRMS (EI) calced for Ci7H;;D4NO ([M]"), 253.1405;
found, 253.1411.

o (0]
la (2 equiv) . NH
HS/DS_:(j)LNHOPiV [CP*RhClyl, (2 mél%) » Ha/Da7
5 CsOAc (1 equiv) - Ph
[D5]-Sa/3a MeOH, 12 min, 30 OC

, KIE =2.8
(parallel experiments)

Following general procedure, [Cp*RhCl;], (1.2 mg, 2 mol%), benzamide 3a (22.1 mg,
0.1 mmol), CsOAc (20 mg, 0.1 mmol) were added to a vial. Methanol (0.6 mL) was
added, followed by micro-syringe addition of methylenecyclopropane 1a (26 mg, 0.2
mmol). The micro-syringe was washed with an additional 0.15 mL methanol and
added to the reaction solution. In another reaction vial, [Ds]-3a (22.6 mg, 0.1 mmol,
1.0 equiv) was used instead of 3a. The two reactions were allowed to stir at 30 °C for
12 min. Afterwards, the reactions were quenched with water, combined and extracted
with CH,Cl,. The organic layer was washed with brine, dried over Na,SO4. The
product (20 mg, 40% combined yield) was isolated by flash chromatography. The
value of Ky/Kp was obtained based on "HNMR.
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ds-furan-2-carboxylic acid and [Ds]-31 were synthesized following literature report,*

21 [D,]-6b was prepared according to general procedure in 64% yield.

D 83% D incorporation
DY

91% D incorporation D~ O HN\O>\é

[Ds}-3l

83% D incorporation D

'H NMR (CDCls, 500 MHz) § 9.46 (b, 1H), 7.49 (s, 0.09H), 7.23 (m, 0.17H), 6.54 (m,
0.17H), 1.35 (s, 9H) ppm.

74% D incorporation b

. . D
>90% D incorporation Y= //

o/
S
[D,]-6b
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'H NMR (CDCls, 500 MHz) & 7.31 (m, 3.20 H), 7.25 (m, 1.84H), 6.61 (s, 1H), 5.94 (s,
0.26H), 3.56 (q, J = 6.0 Hz, 2H), 2.84 (t, J = 6.0 Hz, 2H) ppm; *CNMR (CDCls, 125
MHz) 6 162.2, 154.8, 142.4, 137.3, 10.9, 130.6, 129.0, 128.8, 128.3, 127.4, 108.6,
42.3, 38.S4 ppm; IR (KBr) v 3204, 3059, 2925, 1683, 1657, 1476, 1438, 1193, 698
cm'l; HRMS (EI) (m/z): calcd for CysH;1D2NO, [M+] 241.1072; found 241.1069.

~\ 0 *1a (2 equiv) i Hy/D,
H3/D3—D—/< [Cp*RNCl,], (2 mol%) S,
o NHOPiv CsOAc (1 equiv) o/
[D4]-3173 MeOH, 40 min, 60 °C
(parallel experiments) @) H
KIE=11

Following general procedure, [Cp*RhCl,], (1.2 mg, 2 mol%), amide 31 (21.1 mg, 0.1
mmol), CsOAc (20 mg, 0.1 mmol) were added to a vial. Methanol (0.6 mL) was
added, followed by micro-syringe addition of methylenecyclopropane 1a (26 mg, 0.2
mmol). The micro-syringe was washed with an additional 0.15 mL methanol and
added to the reaction solution. In another reaction vial, [D3]-31 (21.4 mg, 0.1 mmol,
1.0 equiv) was used instead of 31. The two reactions were allowed to stir at 60 °C for
40 min. Afterwards, the reactions were quenched with water, combined and extracted
with CH,Cl,. The organic layer was washed with brine, dried over Na,SO4. The
product (20 mg, 42% combined yield) was isolated by flash chromatography. The
value of Ky/Kp was obtained based on 'HNMR considering the deuterium

incorporation ratio of starting material [D3]-31 (83% deuterium incorporation).
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Reference:

[1] A. Brandi, A. Goti Chem. Rev. 1998, 98, 589.

[2] H. Wang, F. Glorius Angew. Chem., Int. Ed. 2012, 51, 7318-7322.

[3] D. J. Chadwick, J. Chambers, G. D. Meakins, R. L. Snowden J. Chem. Soc.,
Perkin Trans. 1, 1973, 201.

S27



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

voe'y
0LEV

¥6°0
6'T
960

m\mm”ﬂ

3.0 2.5 2.0 15 1.0 0.5 0.0

3.5

4.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S28



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

198'9 — -
989"

9069 ~ - 18°0

1

TET'8

VET'8 .
1918 — Tm 0 |
6v1'8

6.7

6.8

0T [

7.3 7.2 7.1 7.0 6.9

S29

7.4

0T |

f1 (ppm)

8.0 7.9 7.8 7.7 7.6 7.5

8.1

8.2




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

s GO NG PO m NS o NS~ ® @ s
g S38J88858Y KRS g g 9 o
L ===+ | N \ I
' )
O
‘\
\ NH
[
- >Ph
\ 4a <
[
\ ‘ \
ol b 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 T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

S30



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

£€e8'c —

8¢ev
vee'y

GSE9
8%

§¢8'9
L€8°9
r8’9

S0¢°L
60¢°L
6TC°L
SeeL

T9¢°L
§S9¢°L
TL2L
SleL

860'8 ~_
STT'8 "

¥0'T
10°C
00T

E.0¢

10T

T-660
ot

0°¢
[A

10T

0.0 -0.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.5

S31



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

© I~ o~ omox » @ <

S ™ IS MmO ®m S W 0o w
B ™ ¥ o S ®©w~ o S o~ N o™~
©o © < (52} M N NN N - O ~ N~ ©
= o < A PRI R R | e ~~ o~

—61.99

—55.29

— 23.60
— 16.96

—11.45

T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

S32



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

6v6'0
996°0 V
POTT~_
6TT'T
62T'T

08€'C —

09€'v
198V

€L6'L —

Fere

e

o1

6T

19V [

60

2.0 15 1.0 0.5 0.0 -0.5

4.0 35 3.0 2.5
f1 (ppm)
S33

5.5 5.0 4.5

6.0

6.5

7.0

7.5

8.0

8.5



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

wn < © MmO M N O
S o e gayox Q8K 3 S5 ¥ R
3 23338 S389 ™ NSNS 8 &R 98 4
Vel = N L
|
N
NH
Ph
L 4c J
11
[
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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
1 (ppm)

S34



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3 2 g 8 g8sz 2 8

g g g 3 SRR S

Ll - - - e Ll -

\ \ Y2

4c
| |
|
M B adene
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
140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121
f1 (ppm)

S35



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

82670
886°0
T6°0 4
L1670
156°0
156°0 o
096°0
0670
986°0
666°0
S00°T -
8T0'T ~
820°'T
680°T -/
T0T'T
80T'T 4
YITT 4
0zrT4
€eT'T 4
2121 4
¥2Z'T 4
T€2'T
9g2'T 4
evz'T
56214

Y

=S

[40 84
(01204

8v8'9

298'9 4
989 o
66°9
9LTL
T6T°L A
L02°2
122 o
TR\
s9z'L

2171
oseL”

G997,

195°L
28S°L \
€89°L

w%w.w#

e

H/¢m.o
060
6°C

H\.NN.m

0.0

0.5

25 2.0 15 1.0

3.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35
f1 (ppm)

8.0

S36



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—v0'T

—I0'T

YT'T

145 140 135 130 125 120 115 110 1.05 100 095 090 085 080 075 070 065 060 055 050 0.45
f1 (ppm)

1.50

S37



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o o O NOFT A AN~NMM
o < O NS TMON®© n o w o ~ =) ~
< S S ONIBON N NS~ @ = Qo
1 S 233359999 NSNS 8 & g o
I SN N [
f
<
| Ph
I
4d b |
I
‘ ‘ H ‘
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
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S38



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

v6E'Y
o'y

Te6e
Foee

10T

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.0

S39



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

164.33
— 143.08
—118.13
—116.22

77.25

77.00

76.75

A
\

61.47
—23.39
—17.49
—11.80

170 160 150 140 130 120 110 100 90 70

80
f1 (ppm)

S40



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

42744
8y v.

TS6'9
88T°L /
mm.ﬁ.h/.
09¢°L
88¢°L >
€6¢°L

£860
F16T

Bstt |

€60

560 |

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)

8.0

8.5

9.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o © ™ @ T YTONL N o
« © @ Hn ®oOoNH N ® =N ~ o~ © o
< =) o ® ¥ PO EON~ o~ No~ B ~ ~ N
S ] S 8 g484889 & d NN 3 & 5 9
\ N N L
4
L 4f J
|
| |
T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 0 70

8
f1 (ppm)

S42



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

000 —

209'C —

foteton 4
68€'V

LLTL
8T°L
68T°L
96T°L
TLeL
8L¢'L
282,
68¢°L
T6C°L
etotow
EeV’L

T8 —

Rzot
1202
10T

Feoe

Foot

v0'Z
Tare

160
Rzot

3.0 2.5 2.0 15 1.0 0.5 0.0

3.5

4.0

45
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

S43



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

& N R & 0 oW < © 9w I3
< < <0 oladoon~ @ Ne~ ~ N © © ©
3 g 38 BRE88y 4 SN 2 85 o
LN \ ' NN
Iff
e N
‘\
Ph
“ 4%
|
| |
|
I ~ o) by T - y
T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70

f1 (ppm)

S44



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

€96°0
86°0 V
200 T
90T'T
9TT'T

v6c'¢c —

v8e'y —

WB.M

ot

o |

6

=

Fse0

45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 05  -1.0
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

_~8.150
™~-8.135

N ® VoW < o~y R o
295 8888 9838 & & @
NSNS NN SN NN NN © © ©
NI Y Y

85 84 83 82 81 80 79 78 7.7

76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56
f1 (ppm)

S46



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

8 S n o wn oo} [ ] ©
© GO NP DO G RESE] ~ 0o @
3 39233833999 NN 3 Q3 d
VSN S N N
r
|
]
11 |
I
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 T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0 -10

80
f1 (ppm)

S47



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

JATA
T9¢'Y

0T
10'T
60
F20T

F660

6°0
Y0
6°T

20T
Feo0T

5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5
f1 (ppm)

5.5

6.0

7.5 7.0 6.5

8.0

8.5

S48



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

——8.124
~-8.109

_~7.460

—7.445
™\-7.430

—7.135
~~7.119

— 7.059
— 6.866
~~-6.850

b b & L) L
% S S % S % >
o - - - N o 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
8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3
f1 (ppm)

S49



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

165.92

— 141.35
—138.42

77.25
77.00
76.75

A

61.56

—23.39
—17.63

™ Y "

—11.03

iy

4

!

WA

170

160

150

140

130

120

110

100

90

80
f1 (ppm)

70

S50

60

50

40

30

20

10



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o 0 o o o NO N W o

= ™ < © o N©OooN o ©

0 < I} V] DB Lo O N

© < e ™ M NN NN N ~N

— — — - B R I B —
4 )

L T T P R ———

B e B e B B I o B e e |
168 166 164 162 160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112
f1 (ppm)

S51



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

[4: 14
68TV

0S8'9 ~_

6889
862°L

Ems%
zee L ~%
LSV L~

00S'L —¢
9TG°L x
veS'L

§80°8
0018 V

€e1'8 /

CN

Reot
Fs60
860

Feeo

for

Fue0
Foez
Wwoa

6T
Fevo

Tve0

0.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)

8.0

8.5

S52



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

© [} =} ONPON~GC d © < Nem~ ~ [SEE N
B 3 3 28359839 9 b ININES 3 & 3 S
) o A N |1
r
O
NH
4]
\,
\
[
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
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

f1 (ppm)

SS3



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

296°0
160
71670
0860
€860 4
066°0
966°0
00T ~
y1e'T k
612'T
€221
922’1
982’1
et
6v2'T
e
8zv'T 4
€er'T
e
ST
6T
€571
oyt

065t
865t

88881~
926'9
0TTL
m:s/
812,
0922 V
L
ereL

9¢s’L
TES'L

6018
1118
¥er'8
1218

NH Br

Aot
Eoz
=60
BI0T

Fze0

2.0 15 1.0 0.5 0.0

25

3.0

3.5

4.0
f1 (ppm)

4.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

S54



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~N < Ao LN HONTND
NN - O TTOMONA4 0D
B Be sl D W 0nwnin0n 6Ny
o 0 0 © MNNNNNNNN~N~
N s\
r I
O
NH Br
P
4k
\ ”
1]
.
%
o
T T

T T T T T T T T T T T T T T T T

T

820 8.15 810 805 800 795 7.90 785 7.80 7.75 7.70 7.65

760 755 750 7.45 740 735 730 725 7.20 7.15 7.10 7.05

f1 (ppm)

T

SSS

A1m{

T

ONANTNOOTMOOWOWANON ©0 o

SAUJYNAG3599949388 538

NNNNNNNNNNNNNNNN © o
SN TS ||
|

|

bl bl

e <

o~ —

T T T T

T T T T T

T

L T
7.00 6.95 6.90



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

165.14

—141.91
— 139.37

4k

NH Br

77.25
77.00
76.75

VA
\

60.72

—21.77
™-20.49

10.92

170

160

150

140

130

120

110

100

90

80
f1 (ppm)

70

S56

60

50

40

30

20

10



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

141.91

139.37

——133.21
- 133.06

—129.48
128.95
128.88

N

—128.44
—127.74
126.39

123.97

121.08

@)
NH Br
4k
\\

|

|
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
142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121

f1 (ppm)

S57



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

[s2]
o
(=]
—
.
L

©
©
=1
i
L

L6T'V
S0¢'y

fo_ﬁ
10T

PoTT

45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 55 5.0

8.5

S58



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

< - © O o Mmoo N El2 =] 0 0 N M o <
S o9 FES3IS 988 9959 88
@ @ 0 NNNNN NSNS NNNN © ©
Y% Y Y Y
' N
O
NH
. \
=l
-
=
N
4
\

T T " T T T T T " T T T " T T T T T T T
80 79 78 77 76 75 74 73 72 71 70 69 68 6.7
f1 (ppm)

I BT )
=} o - c c
T T
8.1

S59



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

< 5 © S Yogwe o RESEN S S N
s S 3 3 33338 © NSNS 3 Q2 S
\/ [ NNV ~N- [
|
|
r N
O
NH
3 \
2|
=
N
4
\
||
|
! I
|
I A ‘
| Lo "
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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S60



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

122°0
8e.°0
L0
0520
£52°0
10/
v80°'T
21T\
02T/,
902'T
22zt
12T
vz T
852'T 4
2081
zze1 4
1e€°T 4
6c€'T -
1ve'7 4
v9eT
185°T 4
9957
55T 4
2857
065°T -
909°T A

015°¢
Tese

8E0'
S50 V
€L0'
60

NH

Fvez
82T
F00'T

ot

Foot

Wﬁm.ﬁ

61T

Freot

Fse0

0.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

8.0

8.5

Sé61



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

%g 8 %833 : n o wn o < ™~ ©
o © =} NESENEC) < No~ N NN o o
58 S 9999 § ININE el 48 9 3
[ \ VSNV N v NG
'd N
(@]
NH
OEt
%
(@]
L 4m
|
|
|
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
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

S62



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

g3 Q& & 8 o
o o - o o L
© © N N — o
N ||
N
O
NH
OEt
;’/
O
\ 4m » |
ol ” A " J
I e e e I L L
70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10
f1 (ppm)

S63



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

6€6°0
6°0
¥56°0
T96°0
€16°0
286°0
8IT'T
0ET'T
VET'T
8eT'T
eVT'T

18C°C ~_
Le€°C

g€eey
6cev

6v9°9 ~_
2199

150°L
woox/
£80°2 ~\
660°L
oTT'L
92T, \

09¢’L

Y108 ~_
6208 "

JL

Tvoe

960

0°€
¥0°€

0T
160

Feos

60

2.5 2.0 15 1.0 0.5 0.0

3.0

S64

6.5 6.0 5.5 5.0 45 4.0 3.5
f1 (ppm)

7.0

7.5

8.0

8.5




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o GONG FBN NG 8o~ © 0Rd o 8
3 339838 I39YYY NN 3 Q4 8 o
[/ N = | N NV
r
\
‘ |
|
|
|
‘\
| H \ |
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
180 170 160 150 140 130 120 110 100 80 70 60 20 10

90
f1 (ppm)

S65



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

e —

ceey
Leey

7659 ~_
9€9'9

YIT'L
YeT'L Vr
012 ~
€L \
092

1008 ~_
1208 "

J

|

16°0

0T

6°C

6'T |

Foot

3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

S66

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35
f1 (ppm)

8.0

8.5

9.0



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

[o2] N S o N OO MO=Hm
< © = ~ O AN®LA ugw bl [~y b=]
© <o © ©B WP~ O RS- © @M@~ *
3 S38 98889089 INENES 3 Q5 S
Y N SN T \
|
!
| | I | | |
|
byl |
| L
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S67



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

3 : B 2 838 8§ @ g
o~ — 0 o« © © © ~ © N
3 3 3 put S99 S S S
Vool
r N\
o)
NH
HsC .
<
cl
40
\ » |
| |
| ‘ | ‘ J JL
»'\/vwf{w ML Wwwld Ay l “ " P M -
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
144 143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121
1 (ppm)

S68



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

€160
9760
L€6°0
€56°0

296°0 N
6.6°0
060'T

eIT'T

882°C — m Froe

Froe

F<60

908'€ — — Feoe

STEY —

Tve'9
LVE9
6259
Hom.o/
§65°9
669 S
€089

0¢8'9
§¢8'9

6v0°L
0L0°L
S80°L
SO0T'L

09¢’L

608 ~_

0018~ HJ Foe0

2.0 1.5 1.0 0.5 0.0 -0.5

25

4.0 3.5 3.0
f1 (ppm)
S69

4.5

5.0

5.5

6.0

8.5 8.0 7.5 7.0 6.5

9.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

8 R ] 88 83X § 5 S eE=N [} < = © o ~
< o < ~N© oo~ o S o~ Nem~ © N Q@ =
| S 3 83 3489 9 a3 ININES 8 18 R R,
|1 LN N || N I 0N

I

H4CO
\
! |
|
‘ | ‘ l { \
|
| |
‘ ’ ‘ A 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 T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S70



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

6.6°0
166°0
910°T

Y01 —

S.0'T
v80'T
960°T

60€'C —

-0.5

0.0

0.5

15 1.0

2.0

J

8¢V
188V

6¢€'9 —

3.0 2.5
S71

3.5

4.0

f1 (ppm)

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

[To) © 0w R ENEEN] RN b we e @
] 3 2338 S89X™ [NENES 3 NN pa
N WP SN AN
N
Il
b
Il
|
|
[
| | ‘ }' 1 ‘
e l H 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 T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 0 -10

80
f1 (ppm)

S72



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o™ (22} [ 3T o) < 0 - < N o wn
& @ S o 5 NN NAG0 S
n () (<20« o] n [l ~ I~ © N
©o < «m o™ [32] NN N NN ~N
- - - - - - -

T T~ T T T~ T T~ T T T~ T ~ T T~ T ~ T T~ T T ~ T T~ T T T~ T T~ T "~ T T T "~ T T T T~ T "~ T T T " T T T T T T
172 170 168 166 164 162 160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116
f1 (ppm)

S73



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

68¢'C —

ovL'e —

6.2V
98¢’y

L

AN
0T

Tt

Fore

Foot

Fee0
FeoT

Feos
Fozt

2.5 2.0 15 1.0 0.5 0.0

3.0

3.5

4.0
f1 (ppm)

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

S74



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

2 B o Pl D =D N ™
© NN O oIS o R @ wwo N e
B 338838394988 o INENES 8 IR S S
LONT SNV N (RN
s N
\\
|
Il
|
|
Il
T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S75



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

888°0
mom.o/
Pr6'0 -

696°0 w

266°0
80T'T \
62T'T

€8¢°C —
19¢°C —

oce'y —

1

TT
T2
ot

£€0E T

Fooe

1ot ¢

6°0
0°C
6T

Aot T

860

2.0 15 1.0 0.5 0.0 -0.5

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5
f1 (ppm)

8.0

8.5




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~ < O N st = M oM
(3] 0 © 1 0 W o < AN n o w o) ~ N~ O N
© 0N O WM @ 0 M N o~ L S o XM —
S 33383 99X NN b QRS o
NPy N R
r N\
\
Il
[}
|
(Il
|
| HH J
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
170 160 150 140 130 120 110 100 90 70 60 50 40

80
f1 (ppm)

S77



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

138.84

137.60

— 136.52

— 135.88

133.54

_~129.01
™-128.94
—128.43

127.26

121.53

139

138

137

136

135

134

T T T T T T T T T T T

133 132 131 130 129 128
f1 (ppm)

S78

127

126

125

124

123

122

121



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

989°0
90
1080
9180
2280
0£8°0
vv8'0~"
£90°T
690°T

60S'T
€eS'T
6¢S'T
9e5'T

T98'T
88'T -

006'T
ci6'T
T€6'T

v19°2
1892
292
1597 ~%

7292~
18172
99.°2
1102
808'Z

9/8'9~_
8897
0LT'L V
ST L~
85z°L

L \
gzeL

€LLL ~—
ov8'L —

VT8 ~_
6ET'8 "

To60
T-960

Foot
Fest

160

8T
10'2
6'0
Fge0

Wum.o

160

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

8.0

8.5

S79



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o < o o™ O O W MW= oM O LW - ©

o o < ~ o g m MANOMN~NLWS O~ W D~

oo o~ NN RRERRRERRR @© @

0 © ~ ~ NN~ N NNNNNN NNN © ©

\/ \ \ NI/ NVONLS N \/
e N

L L b Pl i L
=) © =2} =) o @© o
=} o =} o o 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
8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8
f1 (ppm)

S80



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

© o 0 0O OMmM®OWWNML
~ < - LM NO O © n o w (=) ~ @ © ©
re} Jdd dowoor~owd RENE A ® < = @ 3
B 33 8958998389 KRR B 8 o & 32 @
N N I |1
N
4t
y |
[
!
[
|
!
| 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
180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10

0
f1 (ppm)

S81



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

2 v © =} om® N ® re}

< — 0 @ TN — o ©

oo o @ [N © 0 o

< < o N N NN N N N

— - — — = — —
r )

r—— T T T~ T ~ T ~ T T~ T T~ T *~ T T~ T T T *~ T ~ T T~ T T T ~ T T~ T T T T T "~ T T T T T T T T
143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120
f1 (ppm)

S82



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

M ON~NNCEHST OMm
NS MONO©OLWLW S
BLBDHEEE S
[eNelNeNeNeNoNoNoNeo)

9€8'9
159

WwT'L /
See'L

el V
8G¢'L
c9T’L
8/¢°L

T08'L —

0E0'8 ~_
1508 "

Foot
W%a

60

8°C
6°C

o

3.0 2.5 2.0 15 1.0 0.5 0.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5
f1 (ppm)

8.0

S83



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—8.051
—8.030
7.801

M 0N = W0 0O O - ©
RRRRRREERR EE
NNNNNNN~NNNNN © ©
SNEE e N

b 5 S S S L
o @ o @ o
o o o o~ 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 T T T T 1
8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2
f1 (ppm)

S84



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

085'¢
T09°C
§S19°C
Te9e

9€9°Z
1592 /

0zLe
1802 /
vrL'Z W
SSLZ
ey
28T
6.2
£08Z
1182

2.7 2.5 2.3 2.1 1.9 1.7 1.5 1.3 11 0.9 0.7 0.5 0.3 0.1 -0.1
f1 (ppm)

2.9

3.1

S8S5



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

V€6 —

1202 —
geec—

86'1€ —

8€'9€ —

8€'85 —

S.°9L
00°2L V

S¢ nn\

Zrzen
20°92T /
3.@2/
62221

e
Sr'8zT

S9'62T \

€8'8ET —
V60Vt —
99°EYT —

T0'S9T —

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S86



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

5 3 3 5 23% %9 s
o o @ (2] @ © I~ ©o © N
S 3 3 S S99 S g S
10 |
)
\
|
|
|
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
144 143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120
11 (ppm)

S87



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

€80
9€8°0
858°0
998°0
288°0
688°0
680
668°0
206°0
€0’ T
9e0'T
6€0°T
9v0'T
€50°T
150°T

88.'v
6LV

868'G —

o

M

Ts
T_H

6T
8¢
FS60

6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

6.5

7.5 7.0

8.0

S88



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o o SN MO A0 ANOoO n [e)
] B88RI8RKAS B8 &
~ o~ NSNS NS NSNS NS © © 0
\/ N\ Y%
I
|1
|
A L L
@ S S
o — —
T T T T T T T T T T T T T T T T T T T T T T
7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7
f1 (ppm)

S89



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3 8 8§ 5588k ¢ 0w oW < © © ®
o o ©® Nowo~ o NS~ ~ N e ™
3 3 3 33889 ° [NENES 8 N 39
IS ~N- Y4
r N |
N \, y |
I
|
|
|
|
‘ l ‘ J l e |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S90



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o
<
~
o
.
—

Ph

5a

Reot
Eeot
ks

Feot
oz

002

Foo

0z

6T
Rsoz
ot
oot

.60

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.0

8.5

S91



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

69°0T —

96T —

v1'ee —
8€'6E —
26,8 —

LL'SY —

SL'9L
00°LL V

ScLL 7

£6'52T
oNgNﬁ)/
19'121 V
86'L2T
Tz'8eT
vaNH\\
96'TeT

9SG TYT ~_
€5°CVT

€€°L9T —

-10

60 50 40 30 20 10

S92

70

80
f1 (ppm)

90

NH
ba
110 100

Ph

160 150 140 130 120

170




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

32} © © N = 0N~ O [s2)
0 0 ® SNo©N @
g g s SENKNN g
il el - L B B e | -
(77N
4 R
@]
NH
[N}
Ph
5a
\, . |

r—— 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
144 143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124
f1 (ppm)

S93



NH

5b

Ph

Cl

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

-0.5

0.0

0.5

1.0

Fooz

ot

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5
f1 (ppm)

8.0

8.5




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

g 3§58 TSERRNEE RIS g Sw e 3 g
- Ll L e e B B ) M~~~ < momm - -
R e SN [ (.
' N
(@]
NH i
1
Cl
Ph
5b
\
l
‘|\ | | [ | |
| L A |
|
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S9S5



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

3 2 3 3 S 89 2 3
< - o] (o2} o o ~ o~ © ©
3 3 3 B SS9 99 3 9
(Y [
r N
O
NH
[(RR}
Cl
Ph
5b
y |
b
Il !
| | | 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
145 144 143 142 141 140 139 138 137 136 134 133 132 131 130 129 128 127 126 125

135
f1 (ppm)

S96



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

OMMMNSEMUL NN NN A o ~ n O O
83338832833 298 238
NNNNNNN®GO©OCO© ™™ IS
" N’ Y N
.
Ph
— /
S_/
e) N
H
6a
\, ». |
|
|
I
H
‘_,J A A J M
By i3 5 5
™M - O o o o~ o~
T T T T T T T T T T T T T T T T T T T T
75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

S97



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

166.67

— 42.56

—39.22

S e N
|
—
Ph
S

N

H

L 6a

]! P
| |
| |1 “
170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S98



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

8 2 ? g g 5 55 9 9
o © n o™ o o @ 0 0 ~
3 Q a q 8 9 89 g u
[ \Y4 \
.
Ph
— /
S_/
e) N
H
6a
\, ». |

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
144 143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125
f1 (ppm)

S99



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

M DO O Mo ™ 0
DONT DO~ O <~ 0 0
NNRERRRRAR < o @
NSNS NN~ NN © [LTs)

< W0 W0 O o =
G &8 838
®mmmm N NN
N SN

0
e} N
H
6b
\ﬂ
|
I !
J l l L |
F) 1) K
[S) o o
T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

4.0
f1 (ppm)

S100



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

& qR 88§88 g 09w ® o
o ] N O WIS o N o™~ ]
g 3% S EBY8NY g RR S S
N B N P N I
|
|
.
—
Il /
0/
0) N
H
6b
S—
|
|
T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 70 60

80
f1 (ppm)

S101



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

g R 5 3 g 8 8 8%

< (] ~ — o [ee] [e¢] ~ o~

39 & 5§ 8 § 8§ &%

[ \ \ [ \Y4

.
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
145 144 143 142 141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125
1 (ppm)

S102



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

1S€°C —

T18°¢C
AN

618°¢
8¢8'¢ w.

0€S’E
ors'e
0S5°€
095°€

0109
109 v.

695'9 —
8€6'9
60T°L /
9ReT'L
CceET’L

6YT° L —
09¢°L —

L6¢°L \‘
00€’L

Fes60

mﬁmm.o
18'T
mﬁww.ﬁ

V60 T

2.5 2.0 15 1.0 0.5 0.0

3.0

7.0 6.5 6.0 5.5 5.0 45 4.0 35
f1 (ppm)

7.5

8.0

S103



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

g 35 8§553R8&R I wow © ™
N SO NYdo oo~ N REEH N A D
3 33 8323338989 b NN g 8 IS
VARNCSpY N2 |
.
HsC,
I
— /
%
I o) N
H
\ 6c p. |
|
|
| | |
I | ’ ’ }H
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
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S104



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

< s o ~ ~ o © I~ 0 o

— © ™ — — ~ O N~ 3

< ™ ~ < o o o © ~ ]

S < ™ 2] ] N NN Y] —

] « I I o — —
——

oY
i N
" H
\ 6C . |

| o L w

r—— T 1 +~ T *~ T *~ T *~ T *~ T *~ T *~ T T~ T T~ T *~ T T~ T T~ T "~ T T T "~ T T~ T T T T
148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110 108
f1 (ppm)

S105



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~NANOASTONO © O N N MmN M M < W0
BOESINEIS b 88 B8R 88D
NNNNRNNN © Ry ©® oo NN N
| N==—" \ Y ~N\ N~
' N

Cl

— /

[ %

0) N

H
6d
\
1
! h
‘l - ,h _,L S G W
PR g L '’y L
o 9RO S o S S
o O o o N -
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
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

4.0
f1 (ppm)

S106



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

& NS &R 3 83
0 NIRRT L o @
~ L e O © [Tt el
[ 177 N \
e
Cl
— /
o0
o~ N
H
6d
\
ol Il
e PPN L L
o o © o o o
IS SIS} i IS IS
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
7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7
f1 (ppm)

S107



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

P Y9 dddosmn & g8 s 3
3 S3 83383399y pat NN g 3
N OSSN NP [
)
s N
Cl
— /
o/
‘\
o) N
H
6d
\
|
|
! I
‘ ‘ ‘ 1
T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 70 60 50 40

80
f1 (ppm)

S108



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o 0 O o < Mo N~Oo N o™ <

® ® o & Smeo o S

N < ™ n (] — O O © ~ N

©o < < [32] (321 ™M M NN o~ -

- - - - Ll B R - -
r N\

Cl

L B B o o e B e B s e o e e |
166 164 162 160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110 108 106
f1 (ppm)

S109



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

T18°¢C
AN

028'C
6¢8'C w.

TESE
we'e
155°€
095°€

996°G
0,6°G v.
067’9 —

oTTL
TN
0922 ~_
6TE'L

A
lev'L \
evyL

€19°L

Br.
—
(@)

=

160

Feot

Bo60 I

Rt

W.oo._” ,

0.0

0.5

3.5 3.0 2.5 2.0 15 1.0

4.0
f1 (ppm)

7.0 6.5 6.0 5.5 5.0 4.5

7.5

8.0

S110



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

(2] o~ o o o 0 o o o o
3 3¢ 85 8 34 2 58
~ ~ o~ ~~ O~ ~ o~ © [t}
\/ N \/ \
)
Br.
— /
0/
o” N
H
6e
\
b
»T« »—’L—<
S o
- o
T T T T T T T T T T T T T T T T T
7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8
f1 (ppm)

S111



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

2 58 5838534 2 3 00w N o
B 39 BHH88%8 = 9 R a4 @
- o~ - e e e Ll Ll M~~~ < [32]
NS N [
.
Br
— //
0/ !
N
| O H
|
6e
\\
| |
I
! I I
| | } “ A
| 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
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S112



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

n ~ o ~ 0 O N~ o - (=2} ™
® 0@ @ 0o ©wn — S e
N < ™ 0 4 OO ~ — ~N
© < < [32] M mMmoMm N N N -
- - - o - - il
\/ V02
)
Br.
— /
oY
e) N
H
6e -
\|, > |

T T T~ T T~ T ~ T ~ T T~ T T T~ T T T "~ T T T~ T T~ T "~ T "~ T T T T T T T T T T T T T T T T T T T "I
164 162 160 158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110 108
f1 (ppm)

S113



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

e18°2
AN

[44:x4
TE8C w.

TESE
we'e
TSG°€
095°¢

S¥6°G
6¥6°G

it
850°L
§L0°L

09¢’L
LYEL
TS€°L
LevL
0gy’L
ovy'L
vv'L

66L°L —

Fueo

Foot

Es60
Koot

2560 [

0T

35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

S114

45 .
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3 3983 0Y 8 BEIRII 3 22
N SYSSYSOa 8 Hd99999 < !
~ [ S S S ~ NSNS NS S~ © [TolTe}
NE N SN/ %
—
E
Br
— /
O/
e} N
H
6f
\, y |
|
L
I
li
il L
}—lr—{ T« T »T »T« »—’L—<
S S o S S S o
- - o - o - 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 T T T T T
8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7

f1 (ppm)

S115



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

80°8€ —

66’1V —

SL'9L
00°2L V

ScLL v

T6'80T
80'60T V.
98'TIT "

ve9TT
¢59TT

ﬁ.@ﬂ
mﬁ.mﬂ /
99°'62T /
12°621

TLTET —
88°6ET —

1SvET \
09'vET

POPYT ~_
TSV~

T€LST —
62°69T —
S2'C9T —

60 50 40 30 20 10

70

S116

80

f1 (ppm)

90

100

Br

120 110

|

150 140 130

160

170




Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

S LB 28 8 > ®
3 832g g€s d e 2
el e — - <t ™
VSN oo [
)
F
Br
— /
o/
0] N
H
6f
\|, > |
- ~ . _—n |
Ll AU W " N
[
T T T T T T T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

S117



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

188'C
§68°C W.
¥06°C

895°¢
115°€
885°¢
865°€

989'9 —

6T

960

660

<80 |

=£6'0

860

2.0 15 1.0 0.5 0.0

2.5

3.0

50 45 40 35
f1 (ppm)
S118

5.5

6.0

8.5 8.0 7.5 7.0 6.5

9.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

bl oSS PWANDN© MmN — N O~ [
3 333 33583909 bt INENEN ¥ 38
PSE 2SS SSNANN N |
|
[
I N
O,N
— /
[ N
(e) N
H
q 60 __J
! I N | [
L S ol N
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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

S119



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

S81T°C —

€6L°¢
208'¢ /
T18'C

7

605°¢
615°¢
625°€
6€5°E

S.9°'S
9.9°'S

2559 —

| .

I

|

Fooz

Fos0

0.0

7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.5

8.0

S120



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

N < o N OO ®®®I~ 0 N o~ ® 0 «©
g 3 § 5 888885% g KR g 3 9
Y N [
|
I N
HsC /
O/
N
H
6h
\, v |
H
| | | | | |
| | | A ’ ’ ’
L L |
T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10

80
f1 (ppm)

S121



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

< o 0 = NN
N & ®o SXOT
N ~ o o D 0 0 N~
< (2] ™M M N N NN
- Ll - o

r N
HLC
NG p
e %
9] N
H
\, 6h ” |

108.62

144

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
142 140 138 136 134 132 130 128 126 124 122 120 118 116 114
f1 (ppm)

S122

112

110

108

106

104

102

100

98



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o N~ < © wN~ o o e o] 0 0 O
&3 8 o J359 g & ERR
~ o~ © © TS %) N ]
I [ Y N
r N
EtO,C,
H3
— //
o0/
9] N
H
6i
\, y |
I
lLL
T LT e L L L
o S 9 o S S =
o - - - (32] o o
T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 25 2.0 15 1.0 0.5

4.0
f1 (ppm)

S123



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

g3 g g 8 3 © 2 Now o o o < o
© o < ~ oo o < ") mne e N © @ N~
&g & 0§ 3 g 3 g KR 8 g & 39
L (. N N
|
|
' M\
EtO,C
Ha
— //
%
9] N
H
6i
\ ”
| |
! [
|
AN
| ‘ .
T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 40
f1 (ppm)

S124



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

T OMST O AdONNT < n N O 0 © ~ O <
SEINNSSJII 8 8 BE8 5 SRR
NNNNNNNNNN © 0 R EZE>] o NN
T\ | ~N N
'd ™\
Br.
— /
o %
e) N
H
| 6J i
|
I I
J \ k Jk_mm_ M Jp

YN Py L L L

e @ o o < Q

<t - o o o~ 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
8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

S125



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

-10

i 0 O N DO DN © ] No~ S o
g g SHRRERRE O rre § 3
i N R
N\
Br
— /
o/
o) N
H
o
| J
I
1l | Lo
| | h ‘ | } ‘
|
| 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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

S126



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

eEY283% 2 9 Y488 285
Y YMANHO n @ 0N 1o 1o © © N~
L e © n ™Mmmmm N NN
[\ ~N N
' N
Br.
Br
— //
o/
o) N
H
6k
\, > |
JL J [ I
L A — M
'L L L L L
@ 9 5} S o) S S
-t O Ll il o N o~
T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

S127



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

g g IREBSE5S 8 N oo o o
— w0 WAIOO0 OO o ] Mo o
g S 8333998 = NN § 8
\ S\ | SN [
|
I
' N
Br.
Br
— //
o/
o) N
H
6k
\, > |
| |
|
|
| ] [ J
| N
" . | ‘ . N . .
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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

S128



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

X 8 8 3 SA8K SKE8D 883 SN
[ IS @ NN SIS ® &~ ® &
~ ~ ~ mn < S momoMmm N NN —
[ ~N¢ N ~N N
'd ™\
EtO,C
— /
o/
o) N
H
| 6|
I
|
! |
\ I
S & S S ) S =
o o - - - N [32]
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
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

S129



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o o™ o o™ n o ~ o
< o ™ — n ~ ()] (=] N O o ™ ~
0w o © ] ~ © o < Moo @ ~ @ <
g g I 5 88 § o NI g $3 3
[ [ YA \ N |
EtO,C
Br.
— /
O/
o) N
H
6l
|
|
|
| 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
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S130



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o<
N Qo
© © o
oo
Il
o
—

519'9
569°9
€219
0089
2169 / Fort
169 / :
7669 X

g9y

o1z'L V

Pl

E8LT

2.0 15 1.0 0.5 0.0

3.5 3.0 2.5
S131

4.0
f1 (ppm)

6.0 5.5 5.0 4.5

6.5

Fos0 |

7.0

092'L — — Teeo [

685L ~_
095 L~

7.5

8.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o o O~ NO H0O0 OO, [T S S d o} o ™M w0 wn
83 R RRRRE 8855 8 KN&G&
N~ L e e © © O O © ©0 © o
\ [ ~Ve=" SNV (A
)

Br

o N/

e} N

H

6m
\, . |

7.0 6.9 6.8 6.7

S132



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

2 S 8 IL8IVYIBBILS | N o ° o
] < < W A0 ON~NT MMM o o9 ~ @
g ) S 2588893888y ININES ¥ 3
| === N\Ne=— | N [
i
.
Br
o/
0] N
H
6m
\, . |
| |
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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

S133



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

ST8°0
528°0 -
828°0
€80 4
8£8°0
vr8°0
L1980+ L
158°0
668°0
806°0
0760 -
0260 -
126'0
0g6'0 4
65670 4
6v6°0 4
£56°0
856°0 r
2960
19670
1,6°0 4
086°0
95T'T 4 -
99T°T 4
711
8,17
G817 4
1617 L

== Fert
Feoz

o0t

T T
|
|
|
| |
| |
T T

veL'e — - 6°0

Pt
Ph

- 16T

S607 — — 100
gztv /" R\

i
NH
|

£78'9
6589 -
5669
T10°L 1 3
2160°L
2L o
L2rL
6LT°L
V6T
602°L
Sv2L
€57'L
092'Z A
2TLA
182°L —
2oL
91,
61,
0s€'L
98,

—

E96'0
160 |
M\wm.o
0T
m\bm.m b
v6'T

T AT

0.0

6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)
S134

7.0

7.5



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

ST8°0
528°0
828°0
€80
8£8°0
80
Lv8°0
15801
6680
8060
0160
026°0
1260 4
086°0
6€6°0
6760
£56°0
8560

2960

1960

126'0

0860

95T'T

99T°T ~\.

vIT'T
8LT'T
S8T'T
L6T'T

veL'e —

156°€ ~_
v86'c —

S60'7 ~—
8Ty —

Fert
TD.N

Frot

60

bt

IO

0.6 0.4 0.2 0.0

0.8

40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10
f1 (ppm)

4.2

S135



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

ﬁg % n o w mn 0 [} Je ]
S® W WNNOWI o RESE Q ] 0o
33 9 SyySS9Yy NSNS 3 < 53
A N N AN
NH
7 Ph
2 ‘\
7
[N
Il I
” J A " A Y
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
150 140 130 120 110 100 90 80 60 50 40 30 20 10 0

70
f1 (ppm)

S136



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

8L
98L°'S

21e9 —
0L¥'9
jZA4]

18893
wmm.o/
G60°L
moﬁy
TITL —
LTT°L
vET'L
65T,
VST L
ST 4
99T, 4
(AR
z81L
86T L
952°2 4
srzL

T

/

ZT ©

7:3

ZIE

Fere
Feo

F880
Fooz

6'T
80

Foro
M\M#.o
M/@m.o

6°9

H\Nm.o

7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.5

8.0

S137



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

660 —

6V'vE —

66'21 ~_
18'9

T\
16'87 —
vL°05~"

TL°60T —
et
et
95°9¢T
16'92T
18°.2T
sT'8ct
66'82T
[A:14) v
GECET —
€9°LET
CLLET v.
8T'6ET *

9¢'orT

TL'€ST —
8¥°GST —

-10

10

20

30

40

50

60

70

S138

80

90
f1 (ppm)

ZIE=T3
100

110

120

130

170 160 150 140

180




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

g d § 3 Ny T8 93955898 N 3 g &
8 3 S 8 &5 g9 gEergese § 8 3 8
— — o 4 A ] Ad A A A A A — — =
I [ S \/ SNESAA \ \
.
= //
Y%
N
H
8
ZIE=T73
S—
|1
|
iy AP o M - WLW\N " nrlv' hdayniney AAN A A TR
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
158 156 154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110 108
f1 (ppm)

S139



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

86EV
vov'y

€89'9 —
JAAVA
11,
0ce’L
9ce’L
S9¢'L
TL2L
viTL
18¢°L
§8¢°L

= E=20T

Foge

<
) et
]

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

S140



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2013

166.05

—141.71
— 139.40

77.25

76.75

61.91

—23.33

— 16.58

—11.47

180

170

160

150

140

130 120

110

100

90
f1 (ppm)

80

S141

-10



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

S¥6'0
8v6°0
£56°0
€960
1960
L6°0
966°0
YI0'T —¢
9¢0°T
6¢0°'T
€€0°'T
6€0°T
08T'T
¥8T'T
6811
661°T

L9E°Y
€LEY

1£8'9
988'9
810°
Yoz’
802°L
ara
€0T'L
0sZ'z
SST'L
657
992'L
0Lz’
L
Y1, o
9TE'L 4
sees
S |
YYEL

9bE'L
'L
SEV'L
8hb'L

0St'L

€9v'L

99%'L

orT'8
£v1'8
9ST'8
8518

L L

NH
Ph

7\

Ha/D4—;

[DJ]-4a/4a

R

1001

b0
F 860
i

H/Nm.o

Fozo

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

S142



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

9.458
493
260
229
225
222
543
540
537
533
530

1535

: . D 83% D incorporation
83% D incorporation D 0 P

DYk
91% D incorporation D~ O HN\OM
[D5]-3l
|
|
| L | L
T I L L
> & 4 = S
o o o o 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 T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

S143



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o @ o O N Mo~ Mmo
0 o O N NN SIom®
3 N N NN i A ]
> ~ NN © 6 6O

D 83% D incorporation

83% D incorporation D
DY

91% D incorporation D” O HN_go

[D3]-3I

1 017=

9.7 9.5 9.3 9.1 8.9 8.7 8.5 8.3 7.9 7.7 7.3 7.1 6.9 6.7 6.5

8.1
f1 (ppm)

S144



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

5.944

————

3.581
3.569

5

74% D incorporation b

. . D
>90% D incorporation —

SRS
/
/
N
H
[D2]-6b

I |
I
A A

% s T L L
N @ & N S S
oM - o o N o~

T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

4.0
f1 (ppm)

S145



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

R S I 5 833899 g wgw s @
g 3 § 5 88888K g R d @
- al - Ll Ea B B B B - M~~~ < (32]
) N (.
74% D incorporation b
. . D
>90% D incorporation” = //
o/
‘\
(e) N
H
[D,]-6b
I
| \‘ | | | |
I ! l
| 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
160 150 140 130 120 110 100 20 70 60 50 40 30 20 10

80
f1 (ppm)

S146



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o MO NN O I o o AN oo N oo
@ naddadsdls R RGRG % & @
~ NININININININN N wn wn MmmMmmm NN~
| SSNe—=——"" Y N\ NS
s N
H/D
H/D
— /
o 0%
(e) N
H
[D,]-6b/6b
\, y. |
I
[
I
,A\ ﬁ
P 'y N P N
)} © o © s} o
=] " =] 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
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

S147



