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I. General Information

Unless noted, all catalytic reactions were set up inside an inert atmosphere (N2) glovebox
utilizing glassware that was oven-dried (150 °C) and evacuated while hot prior to use,
whereas the work-up and isolation of the products from the catalytic reactions were
conducted on the bench-top using standard techniques. Dichloroethane and other solvents
were passed through a column of activated alumina under nitrogen and were stored in a
glovebox over activated 4 A molecular sieves prior to use. Chloroform-d; (Cambridge
Isotopes) was used as received. All aldehydes were freshly distilled or purified by flash
column chromatography before use. Unless otherwise noted, all other reagents and
materials were obtained from commercial suppliers and used without further purification.
[Cp*RhCI,],* and N-methoxybenzimidates® were synthesized according to published
procedures. Chromatography was performed on Merck 60 230-240 mesh silica gel. *H
and ®C{1H} NMR characterization data were collected at 300K on a Bruker AV-500
spectrometer operating at 500.1 and 125.8 MHz (respectively) with chemical shifts
reported in parts per million relative to CHCl; (*H NMR; 7.26 ppm, *C{1H} NMR;
77.00 ppm). IR spectra were recorded on a Nicolet 6700 FTIR spectrometer and only
partial data are provided. Melting points were determined on a Mel-Temp apparatus and
are reported uncorrected. Mass spectra (HRMS) were obtained by the Keck Center of

Yale University using a Bruker 9.4 TAPEXQe FT-ICR mass spectrometer.
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Il.  Preparation of starting materials
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General Procedure for Preparation N-Methoxybenzimidates: To a 250 mL round-
bottom flask was added O-methylhydroxylamine hydrochloride (2.00 g, 24.0 mmol, 1.2
equiv) and a stir bar, and the flask was then fitted with a rubber septum. The flask was
purged with nitrogen followed by the addition of anhydrous CH,Cl, (100 mL) and the
aroyl chloride (20.0 mmol, 1.0 equiv). The mixture was cooled to 0 °C in an ice-water
bath. Pyridine (4.83 mL, 60 mmol, 3.0 equiv) was added slowly with stirring, and the
solution was allowed to warm to rt overnight. The reaction was quenched with water (300
mL), and the resulting mixture was extracted with CH,Cl, (3 x 100 mL). The organic
layers were combined and dried over MgSO, followed by removal of the solvent under
reduced pressure and then at high vacuum for 2 h to remove any residual pyridine. The
white solid or viscous oil was transferred to a 100 mL oven-dried round-bottom flask
with a stir bar, and dried benzene (60 mL) was added. The solution was cooled to 5 °C,
and PCls (6.25 g, 30.0 mmol, 1.5 equiv) was added in one portion. The heterogeneous
mixture was stirred at 5 °C for 2 h and then allowed to warm to rt. The solution was
poured into a separatory funnel containing hexane (150 mL) and water (150 mL). The
organic layer was washed with additional water (150 mL) and brine (150 mL) and then
dried over MgSO, followed by removal of solvent under reduced pressure. The pale
yellow residue was then dissolved in dry THF (150 mL) in a round-bottom flask with a
stir bar, and sodium methoxide (5.40 g, 100 mmol, 5.0 equiv) was added in one portion.
The heterogeneous solution was heated to reflux with stirring overnight. The mixture was
cooled to rt and poured into a separatory funnel containing ether (150 mL) and water
(150 mL). The organic layer was washed with additional water (150 mL) and brine (150

S-3



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

mL) and then dried over MgSQO, followed by removal of solvent under reduced pressure.

The residue was purified by flash column chromatography with hexane/EtOAc on silica

gel to afford the benzimidates as colorless oils.

.OMe

OMe

.

(2)-methyl N-methoxybenzimidate (3a): Derived from benzoyl
chloride (2.81 g, 20.0 mmol, 1.0 equiv). Purification by silica gel
column chromatography using hexane/EtOAc (20/1) as eluent
afforded the product (2.51 g, 76% vyield) as a colorless oil. The

analytical data for this compound are consistent with previously reported data.®

.OMe

2

OMe

2

HsC

(Z2)-methyl N-methoxy-4-methylbenzimidate (3b): Derived
from 4-methylbenzoyl chloride (3.09 g, 20.0 mmol, 1.0 equiv).
Purification Dby silica gel
hexane/EtOAc (20/1) as eluent afforded the product (3.04 g,

column chromatography using

85% yield) as a colorless oil. The analytical data for this compound are consistent with

previously reported data.?

OMe

OMe

~o

.

(Z2)-methyl N,4-dimethoxybenzimidate (3c): Derived from 4-
methoxybenzoyl chloride (3.41 g, 20.0 mmol, 1.0 equiv).
Purification by silica gel
hexane/EtOAc (20/1) as eluent afforded the product (2.89 g,

column chromatography using

74% vyield) as a colorless oil. The analytical data for this compound are consistent with

previously reported data.*

OMe

OMe

2.

FsC

(2)-methyl N-methoxy-4-(trifluoromethyl)benzimidate (3d):
Derived from 4-(trifluoromethyl)benzoyl chloride (2.09 g, 10.0

mmol, 1.0 equiv). Purification by silica gel column

chromatography using hexane/EtOAc (20/1) as eluent afforded

the product (1.66 g, 72% vyield) as a colorless oil. IR (film): 2944, 1613, 1315, 1165,
1122, 1105, 1049, 1015, 981, 845 cm™; 'H NMR (CDCls): & 7.82 (d, J = 8.0 Hz, 2H),
7.61 (d, J = 8.0 Hz, 2H), 4.02 (s, 3H), 3.94 (s, 3H); *C{*H} NMR (CDCls): & 153.4,
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134.5, 131.7 (9, J = 32.6 Hz), 127.2, 125.3 (q, J = 3.8 Hz), 123.9 (q, J = 272.3 Hz), 62.6,
59.9; HRMS (ESI/[M+H]+) calcd. for C1oH11F3NO,: 234.0736. Found: 234.0734.

ome | (&@)-methyl N-methoxy-2-methylbenzimidate (3e): Derived from
Me N~

N
| 2-methylbenzoyl chloride (3.09 g, 20.0 mmol, 1.0 equiv).
OM
® | Purification by silica gel column chromatography using
hexane/EtOAc (20/1) as eluent afforded the product (2.81 g, 78%

yield) as a colorless oil. The analytical data for this compound are consistent with

previously reported data.?

OMe | (Z2)-methyl N,2-dimethoxybenzimidate (3f): Derived from 4-
OMe N
I methoxybenzoyl chloride (3.41 g, 20.0 mmol, 1.0 equiv).

ome Purification by silica gel column chromatography using
hexane/EtOAc (15/1) as eluent afforded the product (3.03 g, 78%
yield) as a colorless oil. IR (film): 2947, 1628, 1600, 1459, 1326, 1244, 1097, 1055,
1044, 882, 753 cm™; *H NMR (CDCls): & 7.44 (t, J = 7.4 Hz, 1H), 7.42 (d, J = 7.4 Hz,
1H), 6.99 (t, J = 7.4 Hz, 1H), 6.93 (d, J = 7.4 Hz, 1H), 3.89 (s, 3H), 3.86 (s, 3H), 3.63 (s,
3H); BC{*H} NMR (CDCls): & 157.7, 155.3, 131.9, 131.6, 120.8, 118.2, 110.7, 62.2,

56.7, 55.5; HRMS (ESI/[M+H]+) calcd. for C1oH14NO3: 196.0968. Found: 196.0967.

ome | (Z2)-methyl N-methoxy-3-methylbenzimidate (3g): Derived

Me l\Il e from 3-methylbenzoyl chloride (3.09 g, 20.0 mmol, 1.0 equiv).
Purification by silica gel column chromatography using

hexane/EtOAc (15/1) as eluent afforded the product (2.93 g, 82%
yield) as a colorless oil. IR (film): 2941, 1604, 1442, 1317, 1204, 1051, 1006, 981, 789
cm™; *H NMR (CDCls): & 7.46 (s, 1H), 7.43 (d, J = 7.4 Hz, 1H), 7.28 (t, J = 7.4 Hz, 1H),
7.22 (d, J = 7.4 Hz, 1H), 3.92 (s, 3H), 3.90 (s, 3H), 2.38 (s, 3H); *C{"H} NMR (CDCl5):

8 155.7, 138.2, 130.8, 130.1, 128.3, 127.9, 124.5, 62.4, 59.2, 21.3; HRMS (ESI/[M+H]+)
calcd. for C1gH14NO,: 180.1019. Found: 180.1017.
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General Procedure of making N-arylbenzimidates: To a 100 mL round-bottom flask
with the aid of Dean-Stark apparatus was added anilines (22.0 mmol, 1.1 equiv),
trimethyl orthobenzoate (3.64 g, 20.0 mmol, 1.0 equiv) and p-toluenesulfonic acid (150
mg, 0.0100 mmol, 0.05 equiv) in toluene (75 mL) with a stir bar. After being heated with
stirring under reflux overnight, the reaction mixture was cooled to rt and concentrated
under reduced pressure. The residue was purified by flash silica gel column
chromatography using hexane/EtOAc containing 0.5% of EtsN as eluent to afford the

desired arylbenzimidates.

(Z2)-methyl N-(4-methoxyphenyl)benzimidate (7a): Derived
OMe

/©/ from 4-methoxyaniline (1.86 g, 22.0 mmol, 1.1 equiv).

N

Purification by silica gel column chromatography using

I
©)\ OMe hexane/EtOAc (20/1 with 0.5% EtsN) as eluent afforded the
product (3.91 g, 81% vyield) as a pale yellowish oil. IR (film):

1653, 1503, 1432, 1269, 1234, 1175, 1113, 1028, 830 cm™; 'H NMR (CD,Cl,): & 7.24-
7.37 (m, 5H), 6.72-6.76 (m, 2H), 6.59-6.64 (m, 2H), 3.90 (s, 3H), 3.70 (s, 3H), 3;
BC{"H} NMR (CD.Cl,): 5 184.2, 180.5, 166.8, 156.9, 154.7, 154.2, 152.9, 147.4, 139.0,
79.7, 78.1; HRMS (ESI/[M+H]+) calcd. for C15H1sNO,: 242.1176 Found: 242.1170.

O (Z2)-methyl N-phenylbenzimidate (8a): Derived from aniline (1.86
N

g, 22.0 mmol, 1.1 equiv). Purification by silica gel column

| OMe chromatography using hexane/EtOAc (20/1 with 0.5% Et;N) as
eluent afforded the product (3.30 g, 78% yield) as a pale yellowish

oil. The analytical data for this compound are consistent with previously reported data.’
dd

CF, (Z2)-methyl N-(4-trifluoromethylphenyl)benzimidate (9a):
/©/ Derived from 4-trifluoromethylaniline (3.55 g, 22.0 mmol, 1.1
'\f equiv). Purification by silica gel column chromatography using
@OMG hexane/EtOAc (20/1 with 0.5% EtsN) as eluent afforded the
product (3.85 g, 69% vyield) as a white powder (mp: 47-49 °C).
IR (film): 1661, 1610, 1600, 1324, 1297, 1275, 1158, 1101, 1062, 844, 694 cm™; *H
NMR (CD,Cl,): 6 7.47 (d, J = 7.8 Hz, 2H), 7.22-7.37 (m, 5H), 6.86 (d, J = 7.8 Hz, 2H),
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3.92 (s, 3H); *C{*H} NMR (CD.Cl,): & 185.1, 177.6, 156.1, 155.3, 154.2, 153.1, 151.0
(g, J = 3.8 Hz), 149.8 (q, J = 268.9 Hz), 148.8 (g, J = 31.9 Hz), 147.0, 78.7; HRMS
(ESI/[M+H]+) calcd. for C15H12F3NO: 280.0944 Found: 280.0934.

CFs (Z2)-methyl N-(3,5-bis(trifluoromethyl)phenyl)benzimidate

/@\ (10a): Derived from 3,5-bis(trifluoromethyl)aniline (3.55 g,

'\f CF,| 22.0 mmol, 1.1 equiv). Purification by silica gel column
©)\0Me chromatography using hexane/EtOAc (20/1 with 0.5% Et;N) as
eluent afforded the product (5.81 g, 76% yield) as a white

powder (mp: 40-41 °C). IR (film): 1648, 1376, 1273, 1239, 1167, 1118, 962, 883, 775
cm™®; 'H NMR (CD,Cl,): 8 7.48 (s, 1H), 7.35-7.40 (m, 1H), 7.24-7.30 (m, 4H), 7.16 (s,
2H), 4.00 (s, 3H); “C{*H} NMR (CD,Cl,): & 162.2, 150.9, 132.5 (q, J = 32.9 Hz), 131.2,
130.8, 129.7, 128.9, 124.0 (q, J = 272.5 Hz), 122.7 (m), 116.5 (hept, J = 4.0 Hz), 55.1;
HRMS (ESI/[M+H]+) calcd. for C16H11FgNO: 348.0818 Found: 348.0804.

1. Rh(lll)-catalyzed C-H activation and

addition to aromatic aldehydes

General procedure: In a No-filled glovebox, [Cp*RhCl,], (6.2 mg, 0.010 mmol, 0.05
equiv), AgSbFs (13.7 mg, 0.0400 mmol, 0.2 equiv), the benzimidates (0.200 mmol, 1.0
equiv) and the corresponding aldehydes (0.40 mmol, 2.0 equiv) were added to a screw-
capped conical vial with a stir bar followed by addition of DCE (1.0 mL, [benzimidate] =
0.2 M). The vial was sealed with a cap containing a PTFE septum and was removed from
the glovebox. The reaction vial was then placed in a temperature-controlled oil bath at
110 °C. After 20 h of stirring, the vial was removed from the oil bath and was cooled to
ambient temperature. The mixture was directly loaded onto a silica gel column for

chromatographic purification.

o 3-(4-chlorophenyl)isobenzofuran-1(3H)-one (6a): Derived

O
W
o S-7
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from (Z)-methyl N-methoxybenzimidate (3a) (33.4 mg, 0.200 mmol, 1.0 equiv) and 4-
chlorobenzaldehyde (56.2 mg, 0.400 mmol, 2.0 equiv). Purification by silica gel column
chromatography using hexane/EtOAc (10/1) as eluent afforded product 6a (37.2 mg, 76%
yield) as a white powder. The analytical data for this compound are consistent with

previously reported data.’

3-phenylisobenzofuran-1(3H)-one (6b): Derived from (Z)-
methyl N-methoxybenzimidate (3a) (33.4 mg, 0.200 mmol, 1.0

O

P

equiv) and benzaldehyde (42.5 mg, 0.400 mmol, 2.0 equiv).

Purification by silica gel column chromatography using
hexane/EtOAc (10/1) as eluent afforded product 6b (29.0 mg, 69% yield) as a white
powder. The analytical data for this compound are consistent with previously reported
data.®

3-(p-tolyl)isobenzofuran-1(3H)-one (6¢): Derived from (Z)-
methyl N-methoxybenzimidate (3a) (33.4 mg, 0.200 mmol, 1.0

O

Oy
()

equiv) and p-tolualdehyde (48.1 mg, 0.400 mmol, 2.0 equiv).

Purification by silica gel column chromatography using
hexane/EtOAc (10/1) as eluent afforded product 6¢ (28.7 mg, 64% yield) as a white
powder. The analytical data for this compound are consistent with previously reported

data.®

3-(4-(trifluoromethyl)phenyl)isobenzofuran-1(3H)-one
(6d): Derived from (Z)-methyl N-methoxybenzimidate (3a)
(334 mg, 0200 mmol, 1.0 equiv) and 4-
trifluoromethylbenzaldehyde (69.7 mg, 0.400 mmol, 2.0

O

g
9

equiv). Purification by silica gel column chromatography using hexane/EtOAc (10/1) as
eluent afforded product 6d (46.7 mg, 84% yield) as a white powder. The analytical data
for this compound are consistent with previously reported
data.’

O

g

NO,| 3-(4-nitrophenyl)isobenzofuran-1(3H)-one (6e): Derived
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from (Z)-methyl N-methoxybenzimidate (3a) (33.4 mg, 0.200 mmol, 1.0 equiv) and 4-
nitrobenzaldehyde (60.4 mg, 0.400 mmol, 2.0 equiv). Purification by silica gel column
chromatography using hexane/EtOAc (7/3) as eluent afforded product 6e (41.4 mg, 84%
yield) as a white powder. The analytical data for this compound are consistent with

previously reported data.?

methyl 4-(3-oxo-1,3-dihydroisobenzofuran-1-yl)benzoate
A O CO,Me (6): Derived from (Z)-methyl N-methoxybenzimidate (3a)
Q (33.4 mg, 0.200 mmol, 1.0 equiv) and methyl 4-
formylbenzoate (65.7 mg, 0.400 mmol, 2.0 equiv).

Purification by silica gel column chromatography using hexane/EtOAc (7/3) as eluent
afforded product 6f (41.9 mg, 78% vyield) as a white powder. The analytical data for this
compound are consistent with previously reported data.’

3-(2-fluorophenyl)isobenzofuran-1(3H)-one (6g): Derived from
(2)-methyl N-methoxybenzimidate (3a) (33.4 mg, 0.200 mmol, 1.0
equiv) and 2-fluorobenzaldehyde (49.6 mg, 0.400 mmol, 2.0 equiv).

Purification by silica gel column chromatography using
hexane/EtOAc (10/1) as eluent afforded product 6g (32.4 mg, 71% yield) as a white
powder. The analytical data for this compound are consistent with previously reported

data.’”

3-(3-fluorophenyl)isobenzofuran-1(3H)-one (6h): Derived from
(2)-methyl N-methoxybenzimidate (3a) (33.4 mg, 0.200 mmol, 1.0
equiv) and 3-fluorobenzaldehyde (49.6 mg, 0.400 mmol, 2.0

equiv). Purification by silica gel column chromatography using
hexane/EtOAc (10/1) as eluent afforded product 6h (33.3 mg, 73% yield) as a white
powder. The analytical data for this compound are consistent with previously reported

data.*

3-(3-methoxyphenyl)isobenzofuran-1(3H)-one (6i): Derived
from [Cp*RhCl;], (12.4 mg, 0.0200 mmol, 0.10 equiv), AgSbFs
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(27.4 mg, 0.0800 mmol, 0.4 equiv), (Z)-methyl N-methoxybenzimidate (3a) (33.4 mg,
0.200 mmol, 1.0 equiv) and 3-anisaldehyde (54.5 mg, 0.400 mmol, 2.0 equiv).
Purification by silica gel column chromatography using hexane/EtOAc (4/1) as eluent
afforded product 6i (25.5 mg, 53% yield) as a white powder. The analytical data for this
compound are consistent with previously reported data.’

o 3-(4-chlorophenyl)-5-methylisobenzofuran-1(3H)-one  (6j):

O cl| Derived from (Z)-methyl N-methoxy-4-methylbenzimidate (3b)
Q (35.8 mg, 0.200 mmol, 1.0 equiv) and 4-chlorobenzaldehyde
(56.2 mg, 0.400 mmol, 2.0 equiv). Purification by silica gel

Me

column chromatography using hexane/EtOAc (10/1) as eluent
afforded product 6j (40.4 mg, 78% yield) as a white powder (mp: 134-135 °C). IR (film):
1764, 1615, 1296, 1279, 1087, 1065, 983, 837, 769 cm™; *H NMR (CDCls): & 7.82 (d, J
= 7.9 Hz, 1H), 7.32-7.37 (m, 3H), 7.19-7.23 (m, 2H), 7.08 (m, 1H), 6.31 (s, 1H), 2.43 (s,
3H); ®C{*H} NMR (CDCls): & 170.2, 149.8, 145.8, 135.2, 135.1, 130.7, 129.1, 128.3,
125.4, 122.6, 122.8, 81.5, 22.0; HRMS (ESI/[M+H]+) calcd. for C15H1,ClO,: 259.0520.
Found: 259.0518.

3-(4-chlorophenyl)-5-methoxyisobenzofuran-1(3H)-one (6k):

o)
0
O cl| Derived from (Z)-methyl N,4-dimethoxybenzimidate (3c) (39.1
O mg, 0.200 mmol, 1.0 equiv) and 4-chlorobenzaldehyde (56.2
OMe mg, 0.400 mmol, 2.0 equiv). Purification by silica gel column

chromatography using hexane/EtOAc (4/1) as eluent afforded
product 6k (43.4 mg, 79% vyield) as a colorless powder (mp: 116-117 °C). IR (film):
1764, 1615, 1296, 1279, 1087, 1065, 983, 837, 769 cm™; *H NMR (CDCls): & 7.85 (d, J
= 8.6 Hz, 1H), 7.33-7.37 (m, 2H), 7.19-7.23 (m, 2H), 7.05 (dd, J = 8.6, 2.2 Hz, 1H), 6.69
(d, J = 2.2 Hz, 1H), 6.27 (s, 1H), 3.83 (s, 3H); *C{*H} NMR (CDCls): & 169.9, 165.0,
152.0, 135.2, 135.1, 129.2, 128.4, 127.2, 117.7, 117.0, 106.5, 81.2, 55.8; HRMS
(ESI/[M+H]+) calcd. for C15H12ClO3: 275.0469. Found: 275.0465.
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O o 3-(4-chlorophenyl)-5-(trifluoromethyl)isobenzofuran-1(3H)-
O cl| one (6l): Derived from [Cp*RhCl;], (12.4 mg, 0.0200 mmol,

O 0.10 equiv), AgSbFg (27.4 mg, 0.0800 mmol, 0.4 equiv), (2)-
CF, methyl N-methoxy-4-(trifluoromethyl)benzimidate (3d) (46.6

mg, 0.200 mmol, 1.0 equiv) and 4-chlorobenzaldehyde (56.2
mg, 0.400 mmol, 2.0 equiv). Purification by silica gel column chromatography using
hexane/EtOAc (10/1) as eluent afforded product 61 (16.9 mg, 27% yield) as a white
powder (mp: 109-111 °C). IR (film): 1763, 1493, 1331, 1285, 1163, 1132, 1115, 1066,
982, 844, 774 cm™; *H NMR (CDCls): & 8.10 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz,
1H), 7.58 (d, J = 1.3 Hz, 1H), 7.38-7.42 (m, 2H), 7.20-7.24 (m, 2H), 6.44 (s, 1H);
BCc{'H} NMR (CDCls): & 168.7, 149.6, 136.6 (q, J = 33.1 Hz), 135.9, 133.8, 129.5,
128.7,128.3, 127.0 (q, J = 3.5 Hz), 126.6, 123.1 (q, J = 273.3 Hz), 120.2 (g, J = 3.8 Hz),
81.9; HRMS (ESI/[M+H]+) calcd. for C;5HoCIF,0,: 313.0238. Found: 313.0235.

o 3-(4-chlorophenyl)-7-methylisobenzofuran-1(3H)-one
Ve O cl| (6m): Derived from [Cp*RhCl,], (12.4 mg, 0.0200 mmol,

Q 0.10 equiv), AgSbFg (27.4 mg, 0.0800 mmol, 0.4 equiv),
(2)-methyl N-methoxy-2-methylbenzimidate (3e) (35.8 mg,
0.200 mmol, 1.0 equiv) and 4-chlorobenzaldehyde (56.2 mg, 0.400 mmol, 2.0 equiv).
Purification by silica gel column chromatography using hexane/EtOAc (10/1) as eluent
afforded product 6m (31.5 mg, 61% yield) as a white powder (mp: 116-118 °C). IR
(film): 1751, 1600, 1491, 1480, 1287, 1206, 1088, 1005, 758 cm™; *H NMR (CDCls): &
7.50 (t, J = 7.6 Hz, 1H), 7.33-7.36 (m, 2H), 7.30 (dm, J = 7.6 Hz, 1H), 7.20-7.23 (m, 2H),
7.09 (dm, J = 7.6 Hz, 1H), 6.29 (s, 1H), 2.74 (s, 3H); *C{*H} NMR (CDCls): & 170.4,
149.7, 139.8, 135.4, 135.1, 134.1, 131.1, 129.1, 128.3, 122.9, 120.1, 80.9, 17.4; HRMS
(ESI/[M+H]+) calcd. for C15H12ClO,: 259.0520. Found: 259.0517.

O

o 3-(4-chlorophenyl)-7-methoxyisobenzofuran-1(3H)-one
O cl| (6n): Derived from [Cp*RhCl;], (12.4 mg, 0.0200 mmol,
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0.10 equiv), AgSbFs (27.4 mg, 0.0800 mmol, 0.4 equiv), (Z)-methyl N,2-
dimethoxybenzimidate (3f) (39.1 mg, 0.200 mmol, 1.0 equiv) and 4-chlorobenzaldehyde
(56.2 mg, 0.400 mmol, 2.0 equiv). Purification by silica gel column chromatography
using hexane/EtOAc (4/1) as eluent afforded product 6n (36.8 mg, 67% yield) as a white
powder (mp: 147-149 °C). IR (film): 1772, 1758, 1601, 1413, 1290, 1234, 1196, 1064,
1026, 985 cm™; *H NMR (CDCls): 8 7.58 (t, J = 7.6 Hz, 1H), 7.32-7.35 (m, 2H), 7.19-
7.23 (m, 2H), 6.95 (d, J = 7.6 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 6.27 (s, 1H), 4.01 (s,
3H); “C{*H} NMR (CDCl,): & 168.2, 158.5, 151.9, 136.6, 135.2, 135.1, 129.1, 128.2,
114.3, 112.8, 111.0, 80.7, 56.1; HRMS (ESI/[M+H]+) calcd. for C15H1,CIlO3: 275.0469.
Found: 275.0466.

O o 3-(4-chlorophenyl)-6-methylisobenzofuran-1(3H)-one
O ci| (60): Derived from (2)-methyl N-methoxy-3-

O methylbenzimidate (3g) (35.8 mg, 0.200 mmol, 1.0 equiv)
Me and 4-chlorobenzaldehyde (56.2 mg, 0.400 mmol, 2.0

equiv). Purification by silica gel column chromatography using hexane/EtOAc (10/1) as
eluent afforded product 60 (37.7 mg, 73% yield) as a white powder (mp: 121-122 °C). IR
(film): 1758, 1490, 1287, 1157, 1056, 1001, 769 cm™; *H NMR (CDCls): & 7.74 (s, 1H),
7.46 (d, J = 7.8 Hz, 1H), 7.31-7.36 (m, 2H), 7.16-7.22 (m, 3H), 6.33 (s, 1H), 2.47 (s, 3H);
Bc{"H} NMR (CDCls): & 170.3, 146.6, 139.9, 135.6, 135.2, 135.1, 129.1, 128.3, 125.6
(2C), 122.4, 81.7, 21.2; HRMS (ESI/[M+H]+) calcd. for C1sH1,CIO,: 259.0520. Found:
259.0517.

ethyl 3-oxo-1,3-dihydroisobenzofuran-1-carboxylate (6p): Derived
CO,Et| from (Z)-methyl N-methoxybenzimidate (3a) (33.4 mg, 0.200 mmol,

1.0 equiv) and ethyl glyoxalate (50% solution in toluene) (81.7 mg,

0.400 mmol, 2.0 equiv). Purification by silica gel column
chromatography using hexane/EtOAc (4/1) as eluent afforded product 6p (30.5 mg, 74%
yield) as a colorless oil. The analytical data for this compound are consistent with

previously reported data.™*
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IVV. Rh(lll)-catalyzed C-H activation and addition to

aliphatic aldehydes

General procedure A: In a Na-filled glovebox, [Cp*RhCl;], (12.4 mg, 0.0200 mmol,
0.10 equiv), AgSbFg (27.4 mg, 0.0800 mmol, 0.4 equiv), K,CO3 (13.8 mg, 0.100 mmol,
0.5 equiv), the (Z)-methyl N-methoxybenzimidate (33.4 mg, 0.200 mmol, 1.0 equiv) and
the corresponding aldehyde (0.400 mmol, 2.0 equiv) were added to a screw-capped
conical vial with a stir bar followed by addition of DCE (1.0 mL, [benzimidate] = 0.2 M).
The vial was sealed with a cap containing a PTFE septum and was removed from the
glovebox. The reaction vial was then placed in a temperature-controlled oil bath at 110
°C. After 20 h of stirring, the vial was removed from the oil bath and was cooled to
ambient temperature. The mixture was directly loaded onto a silica gel column for
chromatographic purification.

General procedure B: In a No-filled glovebox, [Cp*RhCl,], (12.4 mg, 0.0200 mmol,
0.10 equiv), AgSbFs (27.4 mg, 0.0800 mmol, 0.4 equiv), the (Z)-methyl N-(3,5-
bis(trifluoromethyl)phenyl)benzimidate (10a)(69.5 mg, 0.200 mmol, 1.0 equiv) and the
corresponding aldehyde (0.400 mmol, 2.0 equiv) were added to a screw-capped conical
vial with a stir bar followed by addition of DCE (1.00 mL, [benzimidate] = 0.20 M). The
vial was sealed with a cap containing a PTFE septum and was removed from the
glovebox. The reaction vial was then placed in a temperature-controlled oil bath at 110
°C. After 20 h of stirring, the vial was removed from the oil bath and was cooled to
ambient temperature. The mixture was directly loaded onto a silica gel column for

chromatographic purification.

0 3-cyclohexylisobenzofuran-1(3H)-one (6q): General procedure B
was followed using cyclohexanecarboxaldehyde (2c) (44.9 mg,

0.400 mmol, 2.0 equiv). Purification by silica gel column

chromatography using hexane/EtOAc (10/1) as eluent afforded
product 6q (28.1 mg, 65% vyield) as a white powder. The analytical data for this
compound are consistent with previously reported data.’
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O

S

3-isobutylisobenzofuran-1(3H)-one (6r): General procedure B was
followed using 3-methylbutanal (34.5 mg, 0.400 mmol, 2.0 equiv).
Purification by silica gel column chromatography using
hexane/EtOAc (10/1) as eluent afforded product 6r (30.1 mg, 79%

yield) as a colorless oil. The analytical data for this compound are consistent with

previously reported data.’

O

"

3-(tert-butyl)isobenzofuran-1(3H)-one (6s): General procedure B was

followed using pivalaldehyde (34.5 mg, 0.400 mmol, 2.0 equiv).

Purification by silica gel column chromatography using hexane/EtOAc

(10/1) as eluent afforded product 6s (27.4 mg, 72% yield) as a colorless

oil. The analytical data for this compound are consistent with previously reported data.*?

O

g

3-butylisobenzofuran-1(3H)-one (6t): General procedure B was
followed using pentanal (34.5 mg, 0.400 mmol, 2.0 equiv).
Purification by silica gel column chromatography using
hexane/EtOAc (10/1) as eluent afforded product 6t (25.5 mg, 67%

yield) as a colorless oil. The analytical data for this compound are consistent with

previously reported data.®

O

=

—

Ph

3-((benzyloxy)methyl)isobenzofuran-1(3H)-one (6u): General
procedure A was followed using 2-(benzyloxy)acetaldehyde (60.1
mg, 0400 mmol, 2.0 equiv) and (Z)-methyl N-

methoxybenzimidate (3a) (33.4 mg, 0.200 mmol, 1.0 equiv).

Purification by silica gel column chromatography using hexane/EtOAc (4/1) afforded
product 6u (31.0 mg, 61% yield) as a colorless oil. IR (film): 1754, 1466, 1348, 1284,
1209, 1067, 1037, 921 cm™; *H NMR (CDCls): 8 7.91 (d, J = 7.6 Hz, 1H), 7.67 (d, J =
7.6 Hz, 1H), 7.50-7.58 (m, 2H), 7.32-7.37 (m, 2H), 7.27-7.32 (m, 3H), 5.60 (t, J = 5.3
Hz, 1H), 4.62 (d, J = 12.0 Hz, 1H), 4.59 (d, J = 12.0 Hz, 1H), 3.84 (d, J = 5.4 Hz, 2H);
13C{lH} NMR (CDCls): 6 170.2, 147.3, 137.4, 133.9, 129.4, 128.4, 127.8, 127.6, 126.3,
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125.7, 122.4, 79.8, 73.7, 70.8; HRMS (ESI/[M+H]+) calcd. for CigH1503: 255.1016.
Found: 255.1012.

3-(5,5-dimethyl-1,3-dioxan-2-yl)isobenzofuran-1(3H)-one (6v):
0

0 O>< General procedure B was followed using 5,5-dimethyl-1,3-

o} dioxane-2-carbaldehyde (57.7 mg, 0.400 mmol, 2.0 equiv).

Purification by silica gel column chromatography using

hexane/EtOAc (4/1) as eluent afforded product 6v (41.7 mg, 84% yield) as a colorless oil.
IR (film): 1763, 1467, 1393, 1285, 1129, 1077, 1036, 975, 718 cm™; *H NMR (CDCls): &
7.89 (d,J=7.6 Hz, 1H), 7.71 (d, J = 7.6 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6
Hz, 1H), 5.40 (d, J = 3.9 Hz, 1H), 4.79 (d, J = 3.9 Hz, 1H), 3.72 (dd, J = 11.2, 2.7 Hz,
1H), 3.54 (dd, J = 11.2, 2.7 Hz, 1H), 3.50 (d, J = 11.2 Hz, 1H), 3.38 (d, J = 11.2 Hz, 1H),
1.09 (s, 3H), 0.72 (s, 3H); *C{"H} NMR (CDCls): & 170.2, 145.8, 133.6, 129.4, 126.5,
125.3, 124.1, 99.5, 79.8, 77.3, 76.7, 30.4, 22.9, 21.6; HRMS (ESI/[M+H]+) calcd. for
Ci14H1703: 249.1121. Found: 249.1117.

Reference:

1. White, C.; Thompson S. J.; Maitlis P. M. J. Chem. Soc., Dalton Trans. 1977,
1654.

2. Miyata, O.; Koizumi, T.; Asai, H.; Iba, R.; Naito, T. Tetrahedron, 2004, 60, 3893.

3. Johnson, J. E.; Nalley, E. A.; Kunz, Y. K.; Springfield, J, R. J. Org. Chem. 1976,
41, 252.

4. Johnson, J. E.; Dolliver, D. D.; Yu, L.; Canseco, D. C.; McAllister, M. A.; Rowe,

J. E. J. Org. Chem. 2004, 69, 2741.

Roychowdhury, A.; Kumar, V. V.; Bhaduri, A. P. Synth. Commun. 2006, 36, 715.

Ye, Z.; Qian, P.; Lv, G.; Luo, F.; Cheng, J. J. Org. Chem. 2010, 75, 6043.

Chang, H.; Jeganmohan, M.; Cheng, C. Chem. Eur. J. 2007, 13, 4356.

Phan, D. H. T.; Kim, B.; Dong, V. M. J. Am. Chem. Soc. 2009, 131, 15608.

Ogawa, Y.; Saiga, A.; Mori, M.; Shibata, T.; Takagi, K. J. Org. Chem. 2000, 65,

© © N o a

S-15



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

1031.
10. Kuriyama, M.; Ishiyama, N.; Shimazawa, R.; Shirai, R.; Onomura, O. J. Org.
Chem. 2009, 74, 9210.
11. Karthikeyan, J.; Parthasarathy, K.; Cheng, C. Chem. Commun. 2011, 47, 10461.
12. Tatsugi, J.; Hara, T.; Izawa, Y. Chem. Lett. 1997, 2, 177.

'H NMR and **C NMR of compound 3d

S-16



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

BNHS
0% Q3
[ T e Y
I‘If/ IJ()
CH,
I\f,o
o-CHa
F
F

—4.018
3.935

I U
e~ O &S
@ o @ =
— (o] (9 N ap)
78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40
1 (ppm)
& ¢ HAR38&G now n o
™ < AMNOULnNo [ E=R O @
i ™ el NN NN I~ I~ o [ =)}
\ I | == S [
23 = NS & °
o g A A ~ o
™M M (gl o o~ (]
— - B I ] - -
CH, e [ | |
.0
\
oCHs
F 1
1. J 1.
F
132 131 130 129 128 127 126 125 124 123 122 121
1 (ppm)
| J L L.
150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60
1 (ppm)

'H NMR and *C NMR of compound 3f

S-17



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

§79'c—
+98'€

~8l'¢

.

(18

T68'E--

~9T'¢

CH;
O

026'9,
96'9,

86'91
£66'9-
800'2
9TE L,
02E" -
GEEL
8TH'L T
zeh'L!

H,C-
"o

|
o CHs

026’9,
9€6'9

8/6'9—
£66'9
8002/

7.30 7.20 7.10 7.00 6.90

7.40

1 (ppm)

reot

—

M ~96'0
-00°}

74

7.6

9" 59
0499~

29—

SL9L

0024+
ST’

LT85T,
P LST

CHs

HaC- gy

\
o-CHa

160 155 150 145 140 135 130 125 120 115 110 105 100

90 85 80 75 70 65 60

95

1 (ppm)

'H NMR and *C NMR of compound 3g

S-18



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

9LET—

06" €

I

U

TT6'E-+

CH;
O

1T 4
€T L
092" £
£9¢' /1
LT LN
06¢" £

JAS AN

|
o CHa

H;C

LT L—
L~

mnm.h/

06¢'L—

£Th'Ln
924
8E LAt

AN i

T
7.20

(_;; T

T T
7.40 7.35 7.30 7.25

7.45

1 (ppm)

A

(66
‘ale

3.0 25

3.5

6.5 6.0 55 5.0 45 4.0
1 (ppm)

7.0

7.5

P
05 b2~ "
e
N
V6 LT T
ers_— [ 2
-
NN.@M){ O;—”.OMA—”‘ p— r
9T og e =

|

L9
00" L4

9L

05" +eT—

6¢ 8T~

08'0€T=

LT 8ET—

CH;
L. __cH,
0

99'89T—

H4C

75 65 55 45 35 25

85

1 (ppm)

'H NMR and *C NMR of compound 7a

145 135 125 115 105 95

155

S-19



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

~7.340
\7.283
6748
\6.730

6.622
16.605
~-3.904

3.700

T
\

I | | |
~— [=e Ity @D w
Lo} @ O & O
T ﬂ- T = = T T T T N m
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)
<+ ~ g ol W o
p e - B Ragls
R g R0 5 8 & ]
— = — —— - — LA th hin it
| | ~ I ¢ ey —
CH,
|
o
I
O/CHS
185 175 165 155 145 135 125 115 105 95 90 85 80 75 70 65 60 55 65(
1 (ppm)

'H NMR and *C NMR of compound 9a

S-20



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

N W0 0 IS
28 B 23 8
| i ™~ O w0 o
N P F
F
F
O/CHS
J
4 & & &
- ™ < -
(o] [Ie] (] o
7.6 7.4 7.2 7.0 6.8 6.6 64 6.2 6.0 5.8 5.6 5.4 5.2 5.0 48 46 44 42 4.0 3.8
1 (ppm)
W M~ N~ oMGn oW
S omMHHHo&haQmnaa 0 =
B R BRENERRRLRY ® <+ < m
i — R B B R B B B I B B I ] [Fa M IFal
[ | R AL AN S | 2
F F | Lh Mo nmo W
o ™ - =1 aQn =
. 8 B oY el e ¥
— - - = - — = - -
[ N e |
|
CH
o e
L LM {\
157 156 165 154 153 152 151 150 149 148 147
1 (ppm)
| | I
180 170 160 150 140 130 120 110 100 90 80 70 50
1 (ppm)

'H NMR and *C NMR of compound 10a

S-21



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

O N M ™
SR8 Y g
[ S N N e <+
[ |
F F
F
Nl .
_CH, F
o 3
O ™~ o)
R 3 3 g
r~ r~ r~ ™~
| | | |
T T T T T T T T
7.50 7.45 7.40 7.35 7.30 7.25 7.20 715
1 (ppm)
ﬂ S
R |
O O ® = ]
@ oo @ «
o — < — o«
7.6 7.3 7.0 6.7 6.4 6.1 58 55 52 49 4.6 4.3 4.0
1 (ppm)
% B SRRE REE NS
[l =] i =fe e ool o QMNOM
o N SSRGS [ - L1 O~ L < < M
— — = — D M L K in h th In
| == | — | o~ o = o S e
o A
— — —
E [ I
F F
F
N . ......._.‘_).‘..LJL_.JL
| _CH; F T - T T T
o 133.0 132.0 131.0 130.0 129.0
1 (ppm)
g B G 3
L INENEN It
o o el —
— N —
| N |
"} __1_ J; e JL -~
T T T T T T T T T T T
127 126 125 124 123 122 121 120 119 118 117 116
1 (ppm)
L UL
155 145 135 125 115 105 95 90 85 80 75 70 65 60 55 50

1 (ppm)

'H NMR and *C NMR of compound 6a

S-22



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

9/£9—

JL

04574~
€99/~

G862
pL6 L~

wm.ob_
00°LL4
Nm.hbp

64 63

8.5

18°'18—

69 68 67 686

7.0

€/zely
8b°GCT
CE 52
Sveeey
<= 1T6TT
95'621 ,_*

i
[

7.4

P BET
£6'vET/

7.5

7.8

6T 6v1—

78 7.7

7.9

0C'0LT—

8.0

L

ELT~

85T
LL°STT~

l

126

AR
12621
95621 -

|

130

P ET |
€6°HET
8C'SET-

_l

95 90 85 80 75 70 65

1 (ppm)

134
115 105

f1 (ppm)

S-23

125

135

145

185

165

'H NMR and *C NMR of compound 6b

75



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

28 5B 23 3
@ K L N o= N
™~ ™~ ™~ ~N [t}
/e | | | |
o]
o
& @ o @ & o
< < - « < <
— — — ~ o —
.0 79 7.8 7.7 7.6 7.5 74 73 7.2 71 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6
1 (ppm)
B K 8 35348 © Zapn
@ ot gl TS~
R - el NN ol NI~
— — ™ - = - [+ |\|‘-\|'T.
I | A I | Y
o]
)
[ =N} o — o~
<+ Ao =] (] )
O a8 N Y S
= - — — = —
i | " |

L1

L

—T T T T T T
130 129 128 127 126 125 124 123
1 (ppm)

170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90
1 (ppm)

'H NMR and *C NMR of compound 6¢

S-24

85 80 75 70



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

3 I 2 B3 2 QA
o O oM o= & CH
I~ M~ I~ P M~ [¥a) [
| ~ = |
o
(L
CHy
Q [=3] o o
I B 8 2
M~ I~ M~ M~
| I | -~
“ﬂﬁ nﬁ'” MLJL/
_ MR mk__/g N
o o ) e
ey ‘ — —t :
7.7 7.6 7.5 7.4 7.3 7.2 71
1 (ppm)
L J.JL
| 11 I I | I
© e lor) g P~ [=} —
=2 Sl o = «
=} —— = <t — o
8.0 7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 44 4.0 3.6 3.2 28 24
1 (ppm)
w o [ —w s =0
L [vs] o ONOoO M@ n [ =] %]
@ o gy gy M~ A1 o ™ Mmow o
g iSn (2] NN NN o~ M~ I~ v —
— — — R B B o B e B B | ] M~~~ (o]
| | e | | = — |
ol
(L
) s s
3 n K
[T T
c o~
CHe - -
LI L S S B B L SN U BN S B B S
133 129 125
1 (ppm)
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

'H NMR and **C NMR of compound 6d

S-25



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

I-l'!g M~ o~ [e)] — (]
co [Ts] o] EN N W
& o) o # . M o
M M~ M~ ™~ [ M~ ™~
/e | R

—6.455

| | I |
& & = I 3 8
o (] -— (o] — —
8.0 7.9 7.8 7.7 7.6 7.5 74 7.3 7.2 71 7.0 6.9 6.8 6.7 6.6 6.5 6.4
1 (ppm)
2 8§ 2 L 53839R8Y 5 wse
R ? g & NEQRAINN = N~ o
- - - — o o o o [} M~ M~ M~
| | | | AL R (I
— — M~ (3] Q O M
he R > N B
mE Q a8 INEN]
- - — - -
e —— —
1L 1.
131 129 127 125 123 121
1 (ppm)
L
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 6E

1 (ppm)

'H NMR and *C NMR of compound 6e

S-26



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

88 & o 3 B 88 e
w0 © M~ M~ I~ [ N N [t=}
rd ~ /f') | f_J //’ |
o]
oo
.
& °
& & 3 g o B &
o @ o = o (=]
o o - — - -
84 83 82 81 80 79 T 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63
1 (ppm)
z ¢ ¥ % 239313 a ne3
2 @ 2 5 & R8LYYH S MM w
- — - — - L B I I | [va] M~~~
[ [ | I e T =
o]
o0
g & € =2 349 B
P a N 8 8§ q
: 7 T T 7T T
T T T T T T T T T T T T T
131 129 127 125 123
1 (ppm)
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 0 85 80 75 TC
1 (ppm)

'H NMR and *C NMR of compound 6f



Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

SN NS M M~ W o n
Bk a th o WA M T =]
cao oo gy Mmmmm A 3
00NN NN [N AN =) o rm
e N | —— I
e
o
o]
|
CHy
LN o P oM
™~ LA h A W
QR 0 N
™o~ [N
— =
e 9 < < - 2
8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3
1 (ppm)
L
Hod bd B & @
28 ©e =9 = 3
NO o~ — o — — )
8.2 BO 78 76 4 72 70 68 66 64 62 6.0 58 56 54 52 50 48 46 44 42 40 38 36 34
1 (ppm)
I S & g TRNE r~ =2 A
> 0 @ — < R RN ™ N O~ o
R 8 =+ - o SRR RN o IR o
- = — — — —_ %o [N N 4 A
[ | I | —— I = |
o]
(L
g T &N 8
Q & £ 88 §
— — — —
| — |
o
\
CHs
136 133 130 127 124
1 (ppm)
[ J__J J L‘-. I J
165 155 145 135 125 115 105 95 90 85 80 75 70 65 60 55 50
1 (ppm)

'H NMR and *C NMR of compound 6g

S-28



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

s 32 O 98 OE £8 §
& 3 83 7 § 85 Io &
M~ M~ M~ M~ ™~ M~ M~ [ M~ M~ (Us]
P PERE P i
o]
(L
.
L R L J b
@ & & w0 & - &
=2} =] =] [=] =] I =]
o - — — — © -
8.00 7.90 7.80 7.70 7.60 7.50 7.40 7.30 7.20 7.10 7.00 6.90 6.80 6.70
1 (ppm)
a ¢ ¥ g 2 CEER &%
R o A ¢ 5 SRRY 949
- — - — o o =
] b \ ] bvhalatoia

45

+~130.82
1130.75
127 .64
127.61

»
¥

T T
131 129 127 125 123
1 (ppm)

170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 B85 80
1 (ppm)

'H NMR and *C NMR of compound 6h

S-29

6!



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

> 8 R 3 g B 2
=) e A S & A
T T T TOf it
o
L
-
\ [ 1 I
@ p- ) - @ o
D =] — e =] =]
o - - o o = —
8.1 8.0 79 78 717 7.6 1 7.0 69 6.8 67 66 65 64 63 6.2

-~
2
~
IS
~
[
]
=n
k-]
hs
3~

2 &R 3 88 & PLLE:
= S8 3 a8 < RAa%o @ 5 288
R Tz 2 BE 7 N8E9n — ™~ [~ O
— — — — — — R B e B B B [+2] M~ M~ ™~
T : T — A= P =
o]
[ = [o ol o s+ oM
Lo ﬁﬂ' Mmoo
o w0 W _Fﬁ_ erl-ﬂ
] 8 st NI
- - = -
i > o
(-
T T T T T T T T
131 130 129 128 127 126 125 124 123 122
1 (ppm)
|1 — )
\ L P Y S N— -
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70

1 (ppm)

'H NMR and *C NMR of compound 6i

S-30



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

\

—7.950
~7.650
—7.554
17364
\7.303
-6.896
\6.789
—6.376
3.775

| |

e Ny © o <+
@ oo oc ] b
o —— —— o~ — 3]
32 80 78 76 74 72 70 68 6.6 64 6.2 6.0 58 56 54 52 50 48 46 44 42 40 38 36 3.
1 (ppm)
g 5 L 88 5 g8 e pga 2
= 3 g > & Iy o N~ o wn
- — - — - - - [++] M~~~ Ly
| | | [ | — | e |
o
o
Oem
o
131 128 125 122 119
f1 (ppm)
el ot " A
75 165 155 145 135 125 115 105 95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

'H NMR and *C NMR of compound 6j

S-31



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

o <+ <t w-dsE M I~ [=]

] nem-40wm =1 ]

e 0 MANNS S ! <+

M [T T e et R o o~
l B I B I

f— \ = |

H,C

Cl

T T T T T T T
78 7.7 76 75 7.4 73 7.2 74
1 (ppm)

@ & oo & o
<] Qo Qoo [=] A
o (2] N — -— [y
8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25
1 (ppm)
o v L og@u oo n NG o
IQ = < [sa] [Nl % [a' M atlat| — [l =] [l
- — - = = o = [vs] M~ M~ M~ (']
[ [ | A= [ = |
mn o [=2] o~ WO o~ mn o
— QO — < o @
o] 0 o LN IR
MmN (o] o~ o~
O o - | /.
HsC
cl
T T T T T T T T T T T T T
135 133 131 129 127 125 123
1 (ppm)

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

'H NMR and *C NMR of compound 6k

S-32



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

= I~ o0~ [32] [l s} — —
i 9 B o Q®d N o
© Mmoo S @@ o~ )
M~ [ M~ ww ] 0 0
f— | — — I
(Lo
Q
O
Cl
T T T T T T
7.40 7.30 7.20 7.10
1 (ppm)
L.
| | I | | [ [
Q N ® o po o w©
< o - Q d < 0
— NN e — - o
80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38
1 (ppm)
=] o Qoo r~ o <
o < I PR RN ™~ Qo ) — NO ™ @
(Ue] w [T} [ Msa Bl o~ — — o ~— M~ I~ v ["a]
— ~— — R B B e A I | — — — (o] M M~ ™~ sl
Co | e R |
0]
(Lo
0
R
cl
Ayl Y Ll o AR A M
165 155 145 135 125 115 105 95 90 85 80 75 70 65 60 55
1 (ppm)

'H NMR and **C NMR of compound 6l

S-33



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

o 1w [ QCO — ™M
=3 @ & & & 1A 14 F A NN <
il = P / = T

& s & .~L b &
=] o a o - =]
— — — o (3] —
8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 74 7.3 7.2 71 7.0 6.9 6.8 6.7 6.6 6.5 6.4
1 (ppm)
B ] 238R S F 84% 5
8 g 28B8 8% 988 =
— — -~ —~ =~ [=.2]
| | =l 2 e ‘
Q
A [yi) N M~ o i (5] M~ <t
n LM aaQ o = =
O O o 4 ®R 988 g g S8
Ral el I e B B o | — — — -
i | \ =
F F
F

| : .

130 129 128 127 126 125 124 123 122 121 120
1 (ppm)
T T

T T T
137.0 136.0 135.0 134.0
1 (ppm)

—136.46
—136.20
—135.85
—133.79

ulm b i st

70 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75
1 (ppm)

'H NMR and *C NMR of compound 6m

S-34



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

564°C lee
¥80'Zy ; X
660 L\ —_
ooﬁ,\. —0} 2
0Tz L '
LT 107~
e TAA =
£0€° 40 =P
mom.hv — [~2
mmm.m\, [E——— i A
166, s
S8y'/\ i
00§ £ —
915 L~ J ~
Cre
o (@]
o
(&) O
£67°9— — " 150
012"
12T 41
£0€' L
) — 001
S8 L7 -8l
0052

2.8

3.2

3.6

4.0

44

4.8

5.2

5.6

6.0

6.4

6.8

72

76

1 (ppm)

9 LT~

291
002
mN.R.,ﬁ

6808

S0°0ZT,
8871\

60TET- ———

TTPET—

80'5ET~
SE€'SET~

135 134 133 132 131 130 129 128
1 (ppm)

136

CE'BLT

T8 6ET—

TL6bT—

6L 0LT—

CHs

80 70 60 50 40 30 20

90

1 (ppm)

'H NMR and *C NMR of compound 6n

160 150 140 130 120 110 100

170

S-35



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

i

€10+ -1l'e
(=]
0. O
e,
2,
T
¥08'9,
€28 9|
v -Z0'L
856'9-~. -GS0l
mNN.h,_f
\ -€0¢
FCE L~ 202
hmm.h/
UG LA -
wmm.hv o

41

4.4

4.7

5.0

53

«
o

£
=3

90'95—

8991
00241
e 4L

69'08—

00'TTTy
78T

=3 .
o = TE+TT~

6.2

6.5

6.8

71

74

7.7

£7'8CT
TT 62T~
80'SET
LT'SET
b9 9ET

E6'TaT—

09'89T—

0Z' 89T~

105

115

125

145

155

1 (ppm)

'H NMR and *C NMR of compound 60

S-36



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

[T N~ O L
R EHNRE 8 ¢
M~ [ N L L [¥a] o
| i [
0
HyC
(L
cl
@ —~ N~o
3 & & NR35
M~ I~ M~ P~ [ e Y I"I-
e Z S
____wa\k__f\ J\\
— w &
Qo @ =]
- ——— %
7.50 7.40 7.30 7.20
1 (ppm)
m \__ N N
& = by & b
@ o&Q =] =
o —— — 2
2 78 74 7.0 6.6 6.2 5.8 50 46 4.2 38 34 30 26 22
1 (ppm)
o (o)) [#)] — o g
e noa PRI 3 &88% q
R £ 3 Q8494 B N S =
- - - o = o0 M~~~ (ol
| | = | = |
0 M~ — — O
0 a = o
H5C M Mo
— —
T
cl
T T T T T T T
137 136 133 131 129
1 (ppm)
Mmm Ko AR i A oY L
170 160 150 140 130 120 110 90 80 70 60 50 40 30 20
1 (ppm)

'H NMR and *C NMR of compound 6p

S-37



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

[ o M~m o W o T L
— ~Noodh g ~ ~ " (=]
R IR @ N el
M~ [ S SN SN S N < < —
| et | - |
o}
o
(s}
o]
HyC
L N
g s ; © ;
< == E’; 2 Qﬁ
-— N — o (o] o
8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 .0
1 (ppm)
g r~ =] <+ WO o M~
-2 oo aaw ANER 0 =
P | [ == = | |

N I RN, S T

170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

'H NMR and **C NMR of compound 6q

S-38



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

Mo woaMm o0} [~ WO —
EE Mmoo o Gy — GO N

\O W oo ™M [celively LN pTe]
| I N S L LN o
S N | e |

1.288
t1.112

L

o o= o S
& 833 3 8
-l =0 - - - - - - - - - LN
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
1 (ppm)
[nl [ve] TOoOM~MN
5 ER R s % 88X SIEETEEL
| | e P ! =

JLJL bh J MJL_JL_ h

170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)

'H NMR and **C NMR of compound 6r

S-39



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

2 TZ=2mA 5528 Re Frgeoad
& o nin ¥ < S o -2k
M~ | e N N LN Ly wnwm (o Mgt L B e e B o B o B
| =" ~J — N
9]
(o]
H:C
CHs
J Ll . t.
e o & T
& 949 = 3 s IH
o —— — - —— oK)
g0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)
o I — o mMaw o~ N A&
R (o] [aa] o~ oM~ g Mo
— - - — GO M~ ™~ I~ (o Mot nl]
I I | | N = | 1
0
9]
HiC
CHa
135 132 120 126 123
1 (ppm)
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2

1 (ppm)

'H NMR and *C NMR of compound 6s

S-40



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

£ g1 bl &
& &Ghin - S
[ M P~ M~ [Ep] —
I |
o}
o]
CHy
CHs
HaC
ik L
| ——— | !
= = b= 2 &
& 8o S o
8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0
1 (ppm)
2 o S K82
; ~ 0 e ¢ NaR g <
g bl (2] ﬁ NN [#a] M~ I~ w ¥y [F))
— — — N [va] M~ M~ ™~ ™M N
\ | | m— I e !
o]
o
CH;
CHy
HiC
| A JL_
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
1 (ppm)

'H NMR and *C NMR of compound 6t

S-41



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

£68'04

(U

£06'0-

88T~
L T,

0e0'¢—

H;,C

-S1'e

v

-9l
AN

00+

3.0 25 20 15 1.0 0.5

3.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

8.0

1 (ppm)

T8ET—

88—
89—

A

8C'FE

SL9L
8&@
STIL

8¢ 187

£9°T2Ty
19'SZT4
60°9CT|
56’81
s

LBEET—

90" 09T—

T9'0LT—

HiC

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
'H NMR and *C NMR of compound 6u

180

S-42



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

—~w9 o hmlggloom I~ o n I~ @ 0
N ™ Ly mﬁ (=) v e) [e= R e)] T M
@& 8 Mo N & I A B @ o
[ e [ i i 1w <+ < MM
= r——— SN b P

— W0 oo M~ [~ 0 M~ o ™M

o & 0 9 nnn - e nN

J C
’ - wE —= N

L 0 O R TR 1.

T T T T T T T T T T
7.95 7.85 7.75 7.65 7.55 7.45 7.35
1 (ppm)

L
F_
L

I

S

| i 1
w [=> Il [vr N wr] (3] [v2)
@ o= 08 & &
o — O (o' N at] o (o]

8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

Py o 8% ¢ 8 wg
Q T 5@ g o 2 =2
7 T T =T £ RR

& g 88 8 B

2 € KR 8 49

— — 1:1_:! — —

o | ro

: . 5:
Q
|
T T T T T
130 129 128 127 126 125
1 (ppm)
sy i Vel b s e

170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70
1 (ppm)

'H NMR and *C NMR of compound 6v

S-43



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

STL0

£80'T—

£LE°E
S6E'E
6v'E
vISE
825
£EG'E
§55°€1
0TL €
STL'E
ceLef
8€L'€

98471

\

[T

66€'G
L0~

8EG £
€552
659'2
9/
S/9'/
669"/
P14 2
6/8'/~
$68 £~

CH,

o
D(CHB
o

ELE'EN
§6€°E~

61
IG'EY
825 €\
eg e
055°€f
565°€

(VA
STLE
e
ges e’

€25y
BEG' /.
€66/~
9L,
659L,
bIL
SL9 L
6692
A

6L8' Ly
68 L~

I J'Y .

3.40

3.50
1 (ppm)

3.60

3.70

17 7.6 7.5
1 (ppm)

7.8

7.9

-85¢

-¥9'¢

(81
09T

S<al

-9ll

-00't

L
fOLL
?o.v

-00')

1.5 1.0 0.5

20

25

3.0

3.5

6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

7.0

75

8.0

£9T¢
88 Nmyn

£ 0E—

899
S£9L4
002

10

20

30

40

50

60

70

6% 66—

PrbeT
£€'STTY
6 mmﬁ_,k?
LE6T

S9'EET—

8L'SkT—

IT'0LT—

100 0 80
1 (ppm)
S-44

110

120

CHq
130

0
J(CHE
o
150 140

160

170




