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General Information

Unless otherwise stated, all reagents were purchased from commercial suppliers and
were used without further purification. 2(5H)-Furanones 1 that were not commercially
available were prepared in our lab from substituted phenacyl bromide'. Reactions
were monitored by thin layer chromatography (TLC) on GF,s4 silica gel plates. 'H
NMR spectra and *C NMR spectra were recorded on a JEOL INM-AL300 (300 MHz)
spectrometer in needful D-reagents with tetramethylsilane (TMS) as an internal
reference. Data for 'H NMR are reported as follows: chemical shift (ppm), and
multiplicity (s = singlet, d = doublet, t = triplet, dd = double of doublet, br = broad, m
= multiplet), coupling constants (Hz) and integration; Data for °C NMR are reported
as ppm. Melting points were measured on an Xs-type micro-melting point apparatus
and were uncorrected. Elemental analyses were performed on a Vario EL I
instrument. High-resolution mass spectra (HRMS) were obtained on a Bruker APEX
IV FT_MS (7.0) spectrometer for electrospray ionization (ESI). HPLC analyses were
performed using a Daicel ChiralPak AD column purchased. Crystal structure
determination of the Michael product 3p was carried out on a Bruker Smart Apex-II
CCD diffractometer. Optical rotations were measured on a AA-10R automatic

polarimeter and are reported as follows: [a]p® (¢ in g per 100 mL of solvent).
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Representative procedure for the synthesis of 2(5H)-Furanones 1:

Syntheis of 1a, 1¢ and 1d (Synthesis of 1a as the example):

1. Na,CO5 (@)

O O
Ph)K/Br + Ph/\COOH 2. NaOH p

CH4CN Ph
Ph
A1 B 1a

Phenacyl bromide A1 (20.0 mmol) was added to a solution of phenylacetic acid B
(20.0 mmol) in acetonitrile (30-50ml) containing sodium bicarbonate (24.0 mmol) at
room temperature with stirring. The mixture was refluxed for the required time untill
the disappearance of A monitored by TLC (silica gel, pet ether: ethyl acetate, 4:1).
The mixture was added NaOH 2.0-4.0 mmol and refluxed until the completion of the
reaction by TLC (silica gel, pet ether: ethyl acetate, 4:1). The resulting mixture was
filtered off through a short column of silica gel and washed with ethyl acetate and pet
ether (pet ether: ethyl acetate, 2:1). The solvent from the filtrate was removed under
reduced pressure and the solid residue was purified by recrystallisation (pet ether:

ethyl acetate, 4:1) to afford the pure product 1a.

Syntheis of 1b:

o

1. K2C03 —
Cl Br + pnh” “COOH Ph
CH4CN
Cl Cl

A2 B 1b

Cl

The substituted phenacyl bromide A2 (20.0 mmol) was added to a solution of
phenylacetic acid B (20.0 mmol) in acetonitrile (30-50ml) containing potassium
carbonate (30.0 mmol) at room temperature with stirring. The mixture was refluxed
for the required time monitored by TLC (silica gel, pet ether: ethyl acetate, 4:1). The
resulting mixture was filtered off through a short column of silica gel and washed
with ethyl acetate and pet ether (pet ether: ethyl acetate, 2:1). The solvent from the
filtrate was removed under reduced pressure and the solid residue was purified by

2
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recrystallisation (pet ether: ethyl acetate, 4:1) to afford the pure product 1b.

Preparation for the racemic vinylogous Michael products:

(0]
(0] (0]
0 0 0 H,N
N )K/\ Cat. = An ? \/\NHZ
=~ A = A ~
Ri 1 2 MeOH-CH.Cl, Ri Ary COOH
1 Re 2 Ro C
3 racemic gotOH
at.

1a R;=Ph R,=Ph 1b R{=Ph R;=34-di-C-Ph

1¢ R{=Ph R;=4-MeO-Ph 1d R{=Ph R;=34-di-MeO-Ph
To a mixture of 1a, 1b, 1c or 1d (0.5 mmol), a chalcone (0.6 mmol) and
ethanediamine (0.1 mmol) in 2.0 ml of CH,Cl, was added the acid additive (0.1 mmol
of hexanedioic acid prepared in 1.0 ml of anhydrous CH3;OH). The mixture was
refluxed for the required time monitored by TLC (silica gel, pet ether: ethyl acetate,
5:1) and then directly purified by filtration and/or preparative TLC chromatography to

afford the pure products.

General procedure for vinylogous Michael reaction:

0]
(0] 0]
O, 0 0]
N Catalyst V or VI [/, Ar H2N NH,
~ Z - - — 1
R Arq Az MeOH-CH.Cl, R Ary - -
1 rt 1 H2N N H2
Ro Ro
1 2 3 vV Vi

1a R{=Ph Ry =Ph 1b R{=Ph R;=34-di-CI-Ph
1c R1=Ph R;=4MeO-Ph 1d R;{=Ph R;= 3,4-di-MeO-Ph

To a mixture of 1a, 1b, 1c or 1d (0.5 mmol), a chalcone (0.6 mmol) and chiral
catalyst 1,2-diaminocyclohexane V or VI (0.1 mmol) in 0.8 ml of CH,Cl, was added
the acid additive (0.1 mmol of hexanedioic acid prepared in 0.4 ml of anhydrous
CH;0H). The resulting mixture was stirred under room temperature in dark for 6 days
and then directly purified by filtration and/or preparative TLC chromatography to

afford the pure products.
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Optimization of Reaction Conditions:

Catalyst Screening

0 0 O
0]
Q )J\/\ Cat. rt O A
+ p-MePh Ph > PhMe-p
A MeOH, 6 days S
Ph Ph Ph
Ph Ph
1a 2a 3a
H
N
D
0 HC o 4
H m
@COOH W\N)\COOH NG
N N H H H CFs
H H
I I n
HoN NH
w t ) O
HoNY “'NH,
v \' Vi
o Yield d ee
Entry Cat.? Additive® dr ‘
(%) (%)
1 1 - N.R - -
2 111 - Trace - -
3 1 TEA - - -
4 I TEA Trace - -
5 v AcOH 8 - 0
6 \Y% AcOH™ 35 98:2 87
Hexanedioic
7 A% ) 40 98:2 90
acid
8 \'% TfOH trace - -
9 \% - trace - -
Hexanedioic
10° \% ] 69 >99:1 96
acid

*The catalyst and additive loading was 20 mol%. °The additive loading of
HOAc was 40 mol%. ‘Isolated yield of the corresponding product.
Determined by chiral-phase HPLC and/or 'H NMR. (1S, 2S)-1,2-
diaminocyclohexane. "The reaction was conducted at room temperature in

dark for 6 days; solvent: CH,Cl,:MeOH = 2:1.
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Acid Additive and Solvent Screening

solvent
Ph Cat rt Ph

Entry Catalyst Additive Solvent Time  Yield(%) %) ee (%)°
1 \% AcOH MeOH 6days 35 >98:2 87
2 \Y% CF;COOH MeOH 6days Trace
3 v HO,CCH,CO,H MeOH 6days 37 >96:4 84
4 \'% HO,C(CH,),CO,H MeOH 6days 40 >98:2 90
5 v HO,C(CH,),CO,H EtOH 6days 28 90:10 86
6 \% HO,C(CH,),CO,H CH,Cl,  6days
7 \% HO,C(CH,),CO,H CHCl, 6days - - -
8 % HO,C(CH,),CO,H  THF  6days
9 \% HO,C(CH,),CO,H DMF  6days ; - -
10 \% HO,C(CH,),CO,H DMSO  6days ; - -
11 % HO,C(CH),CO,H PhCH;  6days - -

12 v HO,C(CH,),CO,H d 7days 69 >99:1 96
CH,Cl,

solated yield of the corresponding product. "Determined by chiral-phase HPLC and/or H NMR. (18, 2S)-1,2-
diaminocyclohexane. “The reaction was conducted at room temperature in dark for 6 days; solvent:

CH,Cl1,:MeOH = 2:1.

Scope of the vinylogous Michael addition reaction

5-(3-Oxo-1-phenyl-3-p-tolylpropyl)-3,4-diphenylfuran-2(5H)-one 3a: obtained in
69% vyield; white powder; m.p. 210-211°C; '"H NMR (400 MHz, CDCl;):  7.95 (d, J
= 7.8 Hz, 2H), 7.40 (m, 3H), 7.30-7.18 (m, 10H), 6.96-6.88
(d, 4H), 6.01 (d, J = 2.4 Hz, 1H), 4.09 (dd, J = 10.0 Hz,

18.0 Hz, 1H), 3.88-3.84 (m, 1H), 3.41 (dd, J= 4.0 Hz, 18.4
Hz, 1H), 2.43 (s, 3H); °C NMR (100 MHz, CDCls): §
198.2, 172.7, 158..9, 144.4, 136.5, 134.3, 130.7, 130.3, 130.0, 129.4, 128.9, 128.8,
128.8, 128.4, 128.4, 128.1, 128.0, 127.6, 127.5, 81.8, 42.5, 40.5, 21.6; Anal. Calcd for
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CspHp605: C 83.82, H 5.72; found: C 83.68, H 5.68; HPLC (AD, hexane:i-PrOH
50:50, 1.0 mL/min): tg 10.47 min (major enantiomer), 12.87 min (minor enantiomer);

dr >99:1; ee 96%; [o]p> = +39 (¢ = 1.0, CHCl;).

5-(3-Oxo-1,3-diphenylpropyl)-3,4-diphenylfuran-2(SH)-one 3b: Obtained in 65%
yield; white powder; 210-211°C; '"H NMR (300 MHz,
CDCl): 0 8.04 (d, J= 7.8 Hz, 2H), 7.61 (tri, J= 6.6 Hz, 1H),
7.51 (tri, J= 7.2 Hz, 2H), 7.41 (d, J= 6.9 Hz, 3H), 7.30-7.19

(m, 8H), 6.96-6.88 (m, 4H), 6.01 (s, 1H), 4.11 (dd, J = 6.9
Hz, 18.0 Hz, 1H), 3.88-3.85 (m, 1H), 3.44 (dd, J = 3.9 Hz, 18.0 Hz, 1H); °C NMR
(75 MHz, CDCls): 0 198.5, 172.6, 158.8, 136.6, 136.3, 133.5, 130.6, 130.3, 129.9,
128.8, 128.7, 128.4, 128.0, 127.5, 81.7, 42.4, 40.6; Anal. Calcd for C3;H2405: C 83.76,
H 5.44; found: C 83.32, H 5.33; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg
7.19 min (major enantiomer), 11.26 min (minor enantiomer); dr >93:7; ee 91%; [a]p>

= 433 (¢ = 1.3, CHCly).

5-[3-0x0-3-phenyl-1-(thiophen-2-yl)propyl]-3,4-diphenylfuran-2(5H)-one 3cl:

0 Obtained in 62% yield; white powder; 206-207°C; '"H NMR
0~_0 (125 MHz, CDCl3): 6 7.95 (d, J = 8.0 Hz, 2H), 7.50 (d, J =
— I S 8.0 Hz, 1H), 7.41 (d, J = 4.0 Hz, 1H), 7.32-7.22 (m, 8H),

PR ph N\
7.16 (dd, J = 3.6 Hz, 8.4 Hz, 1H), 6.93 (d, J = 6.4 Hz, 4H),

597 (d,J=2.0 Hz, 1H), 4.09 (dd, J = 4.4 Hz, 18.4 Hz, 1H), 3.82 (m, 1H), 3.42 (dd, J
= 3.6 Hz, 18.4 Hz, 1H), 2.45 (s, 3H); °C NMR (125 MHz, CDCl5): J 198.0, 171.9,
156.1, 144.5, 136.2, 134.6, 134.1, 133.4, 131.0, 130.6, 130.4, 129.4, 129.2, 129.1,
128.9, 128.8, 128.7, 128.2, 128.2, 127.9, 127.8, 81.5, 42.4, 40.4, 21.7; Anal. Calcd for
Cy9H»,05S: C 77.31, H 4.92; found: C 77.34, H 5.02; HPLC (AD, hexane:i-PrOH
50:50, 1.0 mL/min): tg 7.32 min (major enantiomer), 12.61 min (minor enantiomer);
dr >99:1; ee 89%; [a]p> = +28 (¢ = 1.1, CHCI); 3¢2: HPLC (AD, hexane:i-PrOH
50:50, 1.0 mL/min): tg 7.29 min (minor enantiomer), 12.73 min (major enantiomer);

dr >95:5; ee -91%; [a]p> = -30 (¢ = 1.3, CHCl;).
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5-[3-ox0-1-(thiophen-2-yl)-3-p-tolylpropyl]-3,4-diphenylfuran-2(5H)-one 3d:
0 Obtained in 70% vyield; white powder; 181-182°C; 'H
NMR (125 MHz, CDCl3): 6 7.95 (d, J = 8.0 Hz, 2H),

. — . I /S 7.44-7.38 (m, 3H), 7.36-7.34 (m, 2H), 7.32-7.26 (m, 2H),
7.16 (m, 1H), 7.11-7.08 (m, 2H), 6.87 (m, 1H), 6.56 (d, J

=3.2 Hz, 1H), 5.98 (d, J = 2.4 Hz, 1H), 4.24 (m, 1H), 4.00 (dd, J = 10.4 Hz, 18.0 Hz,
1H), 3.44 (dd, J = 4.0 Hz, 18.4 Hz, 1H), 2.44 (s, 3H); °C NMR (125 MHz, CDCl3): 6
197.7, 172.7, 158.7, 144.6, 138.4, 134.1, 129.5, 129.0, 128.9, 128.8, 128.5, 128.2,
127.9, 126.5, 126.3, 124.6, 81.2, 42.2, 38.2, 21.7; Anal. Calcd for C30H2403S: C 77.56,
H 5.21; found: C 77.52, H 5.22; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg

10.67 min (major enantiomer), 14.23 min (minor enantiomer); dr >99:1; ee 91%;

[a]p? =+29 (¢ = 0.9, CHCL).

5-(3-Oxo0-3-phenyl-1-p-tolylpropyl)-3,4-diphenylfuran-2(5H)-one 3e: obtained in
0 61% yield; white powder; m.p. 192-193°C; 'H NMR (300
O MHz, CDCls): 6 8.04 (d, J = 7.8 Hz, 2H), 7.60 (tri, J = 6.9 Hz,

1H), 7.51 (tri, J = 7.2 Hz, 2H), 7.41 (d, J = 6.9 Hz, 3H),
7.31-6.98 (m, 5H), 7.01-6.98 (m, 4H), 6.78 (d, J = 7.8 Hz,
2H), 5.99 (s, 1H), 4.09 (dd, J=9.9 Hz, 18.3 Hz, 1H), 3.85-3.81 (m, 1H), 3.42 (dd, J =
3.3 Hz, 18.3 Hz, 1H), 2.29 (s, 3H); °C NMR (75 MHz, CDCls): § 198.6, 172.7, 159.0,
137.1, 136.7, 133.5, 133.3, 130.7, 130.3, 130.0, 128.9, 128.7, 128.4, 128.0, 127.5,
81.8, 42.0, 40.8, 21.0; Anal. Calcd for C3;H603: C 83.82, H 5.72; found: C 83.62, H
5.66; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 7.46 min (major enantiomer),
12.55 min (minor enantiomer); dr 96:4; ee 94%; [a]p> = +37 (¢ = 1.2, CHC;).

0] 5-[3-(3-Nitrophenyl)-3-oxo-1-(thiophen-2-yl)propyl
0-__0O NO; |-3,4-diphenylfuran-2(5H)-one 3f: obtained in 36%
— — yield; white powder; m.p. 206-207°C; 'H NMR (300

Ph Ph S/
MHz, CDCls): 0 8.85 (s, 1H), 8.47 (d, /= 6.9 Hz, 1H),

8.35(d, J = 6.6 Hz, 1H), 7.74 (tri, J = 7.5 Hz, 1H), 7.42 (d, J = 5.7 Hz, 2H), 7.32-7.26
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(m, 3H), 7.17 (d, J = 4.8 Hz, 2H), 7.09 (m, 2H), 6.86 (m, 1H), 6.54 (s, 1H), 5.96 (s,
1H), 4.21 (m, 1H), 4.06 (dd, J = 9.6 Hz, 18.3 Hz, 1H), 3.55 (dd, /= 4.2 Hz, 18.3 Hz,
1H); >C NMR (75 MHz, CDCl3): 6 195.8, 172.4, 158.3, 148.4, 137.5, 133.5, 130.4,
130.2, 130.1, 129.7, 128.8, 128.6, 128.5, 128.4, 127.8, 126.6, 126.4, 124.8, 122.9,
80.9, 42.6, 37.9; Anal. Calcd for CooH1NOsS: C 70.29, H 4.27, N 2.83; found: C
70.24, H 4.29, N 2.85; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 11.29 min
(major enantiomer), 32.51 min (minor enantiomer); dr 93:6; ee 96%; [a]p> = +62 (¢ =

0.9, CHCl5).

5-(1-(2-Chlorophenyl)-3-oxo-3-phenylpropyl)-3,4-diphenylfuran-2(5H)-one  3g:
o obtained in 63% yield; white powder; m.p. 179-180°C; 'H
O NMR (400 MHz, CDCl): 6 8.03 (d, J = 7.2 Hz, 2H),

7.62-7.47 (m, 4H), 7.40-7.30 (m, 3H), 7.28-7.22 (m, 6H),
PR P 7.14-7.12 (m, 2H), 7.08-7.05 (m, 2H), 6.17 (d, J = 3.2 Hz,
1H), 4.65-4.61 (m, 1H), 4.04 (dd, J = 10.0 Hz, 18.4 Hz, 1H), 3.33 (dd, J = 4.4 Hz,
18.4 Hz, 1H); >C NMR (100 MHz, CDCls): § 197.9, 172.7, 159.2, 136.5, 135.1,
134.3, 133.5, 130.7, 130.3, 129.9, 129.6, 129.3, 128.9, 128.8, 128.7, 128.6, 128.6,
128.4, 128.4, 128.0, 127.3, 126.7, 81.7, 41.2, 37.3; Anal. Calcd for C3;;H,3CIO;: C
77.74, H 4.84; found: C 77.61, H 4.79; HPLC (AD, hexane:i-PrOH 50:50, 1.0
mL/min): tg 6.83 min (major enantiomer), 9.02 min (minor enantiomer); dr >99:1; ee

80%; [o]n> = +33 (c = 1.0, CHCL5).

4-[3,4-Dichlorophenyl)-5-(3-oxo-1,3-diphenylpropyl]-3-phenylfuran-2(5H)-one

o 3h: obtained in 66% yield; white powder; m.p. 209-210°C; 'H
O © o NMR (300 MHz, CDCl5): ¢ 8.04 (d, J = 8.4 Hz, 2H), 7.62 (tri, J =
PH — " 7.5 Hz, 1H), 7.51 (tri, J = 9.0 Hz, 3H), 7.39 (d, J = 1.5 Hz, 1H),
“ 7.28-7.22 (m, 6H), 7.14 (dd, J = 1.5 Hz, 8.4 Hz, 1H), 6.92 (d, J =

Cl

6.0 Hz, 4H), 5.96 (d, J= 1.8 Hz, 1H), 4.11 (dd, J = 10.2 Hz, 18.6
Hz, 1H), 3.84-3.81 (m, 1H), 3.44 (dd, J = 3.3 Hz, 18.3 Hz, 1H); *C NMR (75 MHz,
CDCly): 5 198.4, 171.9, 156.0, 136.5, 136.1, 134.6, 133.6, 133.4, 131.0, 130.6, 130.4,



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

130.3, 129.1, 128.9, 128.7, 128.7, 128.2, 128.0, 127.9, 81.4, 42.4, 40.5; Anal. Calcd
for C3;H»pClLOs: C 7252, H 4.32; found: C 72.33, H 4.25; HPLC (AD,
hexane:i-PrOH 50:50, 1.0 mL/min): tg 9.07 min (major enantiomer), 15.13 min

(minor enantiomer); dr 98:2; ee 95%; [a]p> = +40 (¢ = 1.1, CHCL).

4-(3,4-dichlorophenyl)-5-[3-0xo0-3-phenyl-1-(thiophen-2-yl)propyl]-3-phenylfuran
-2(5H)-one 3i: Obtained in 71% yield; white powder;
194-195°C; '"H NMR (400 MHz, CDCl;): & 8.04 (d, J = 7.6
Hz, 2H), 7.63 (tri, J = 8.0 Hz, 1H), 7.54-7.46 (m, 4H),
7.33-7.27 (m, 3H), 7.21-7.18 (m, 2H), 7.08-7.05 (m, 2H),

6.90 (m, 1H), 6.62 (d, J = 3.2 Hz, 1H), 593 (d, J = 2.0 Hz,
1H), 4.19 (dd, J = 2.8 Hz, 7.6 Hz, 1H), 4.06 (dd, /= 10.0 Hz, 18.0 Hz, 1H), 3.47 (dd,
J=4.4Hz, 18.4 Hz, 1H); °C NMR (100 MHz, CDCls): 6 197.9, 171.9, 155.7, 137.9,
134.7, 133.8, 133.4, 131.0, 130.4, 129.4, 129.2, 129.1, 128.8, 128.8, 128.1, 128.0,
126.6, 126.6, 124.8, 80.9, 42.2, 38.0; Anal. Calcd for C,9HC1,03S-0.3H,0: C 66.36,
H 3.96; found: C 66.52, H 3.92; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg
8.63 min (major enantiomer), 17.48 min (minor enantiomer); dr = 97:3; ee 95%;

[a]p”’ =+37 (¢ = 1.3, CHCL3).

4-(3,4-dichlorophenyl)-5-[3-0xo0-1-(thiophen-2-yl)-3-p-tolylpropyl]-3-phenylfuran
-2(5H)-one 3j: Obtained in 74% yield; white powder;
221-223°C; '"H NMR (125 MHz, CDCL): § 7.94 (d, J =
8.0 Hz, 2H), 7.48 (tr1, J = 8.0 Hz, 1H), 7.32-7.29 (m, 5H),
7.21-7.18 (m, 2H), 7.07-7.05 (m, 2H), 6.90 (m, 1H), 6.62

(d, /J=2.8 Hz, 1H), 5.92 (d, /= 2.0 Hz, 1H), 4.19 (m, 1H),
4.03 (dd, J = 10.0 Hz, 18.0 Hz, 1H), 3.43 (dd, J = 3.6 Hz, 18.4 Hz, 1H), 2.45 (s, 3H);
BC NMR (125 MHz, CDCls): 6 197.6, 171.9, 155.7, 144.7, 137.9, 129.5, 129.4, 129.2,
129.0, 128.8, 128.7, 128.2, 128.0, 126.6, 126.5, 124.8, 80.9, 42.0, 38.0, 21.7, 1.03;
Anal. Calcd for Cs;0H»,Cl,03S:0.3H,0: C 66.87, H 4.23; found: C 66.86, H 4.18;
HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 15.64 min (major enantiomer),
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18.63 min (minor enantiomer); dr >99:1; ee 91%; [a]p> = +35 (¢ = 1.0, CHCI;).

4-(3,4-dichlorophenyl)-5-[3-0xo0-1-phenyl-3-p-tolylpropyl]-3-phenylfuran-2(5H)-o
ne 3k1: Obtained in 75% yield; white powder; 205-206C;
'H NMR (400 MHz, CDCLs): J 7.95 (d, J = 8.4 Hz, 2H),
7.51 (d,J=8.0 Hz, 1H), 7.41 (m, 1H), 7.32-7.21 (m, 8H),
6.93 (dd, J=1.6 Hz, 6.4 Hz, 1H), 5.96 (d, /= 2.4 Hz, 1H),

4.09 (dd, J = 10.4 Hz, 18.4 Hz, 1H), 3.81 (m, 1H), 3.42
(dd, J = 3.6 Hz, 18.0 Hz, 1H), 2.45 (s, 3H); °C NMR (125 MHz, CDCL;): § 198.0,
172.0, 156.1, 144.5, 131.0, 130.4, 129.5, 129.2, 129.2, 128.9, 128.8, 128.7, 128.3,
128.2, 128.0, 127.9, 81.5, 42.5, 40.4, 21.7, 1.04; Anal. Calcd for C3,H,4C1,05:0.3H,0:
C 72.13, H 4.65; found: C 72.11, H 4.61; HPLC (AD, hexane:i-PrOH 50:50, 1.0
mL/min): tg 10.93 min (major enantiomer), 12.23 min (minor enantiomer); dr >99:1;
ee 96%; [a]p>> = +35 (¢ = 1.0, CHCLs); 3k2: HPLC (AD, hexane:i-PrOH 50:50, 1.0
mL/min): tg 10.06 min (minor enantiomer), 12.25 min (major enantiomer); dr >99:1;

ee -95%; [o]p> = -33 (¢ = 1.2, CHCl).

4-(3,4-Dichlorophenyl)-5-(3-oxo-3-phenyl-1-p-tolylpropyl)-3-phenylfuran-2(5 H)-

one 31: obtained in 69% yield; white powder; m.p. 203-204°C;
'H NMR (300 MHz, CDCl3): 6 8.04 (d, J = 7.5 Hz, 2H), 7.61
(tr1, J = 7.5 Hz, 1H), 7.51 (tr1, J = 8.1 Hz, 3H), 7.41 (s, 1H),
7.27 (d, J= 6.6 Hz, 3H), 7.15 (d, /= 8.4 Hz, 1H), 7.03 (d, J =

7.5 Hz, 2H), 6.95 (d, J= 6.9 Hz, 2H), 6.81 (d, /= 7.5 Hz, 2H),
5.93 (s, 1H), 4.07 (dd, /= 9.9 Hz, 18.3 Hz, 1H), 3.79 (d, /=9.9 Hz, 1H), 3.41 (d, J =
18.3 Hz, 1H); *C NMR (75 MHz, CDCls): 6 198.5, 172.0, 156.1, 137.5, 136.6, 134.6,
133.6, 133.4, 133.0, 131.0, 130.7, 130.4, 129.2, 129.0, 128.9, 128.7, 128.6, 128.0,
127.9, 81.6, 42.0, 40.7, 21.0; Anal. Calcd for C3;H24C1,05: C 72.87, H 4.59; found: C
72.65, H 4.70; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 10.00 min (major
enantiomer), 17.44 min (minor enantiomer); dr >99:1; ee 96%; [a]p> = +43 (¢ = 1.0,

CHCL).
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5-(1-(4-Chlorophenyl)-3-0xo0-3-phenylpropyl)-4-(3,4-dichlorophenyl)-3-phenylfur
an-2(5H)-one 3m: Obtained in 78% yield; white powder;
180-182°C; 'H NMR (400 MHz, CDCls): 6 8.04 (d, J = 7.2 Hz,
2H), 7.51 (tri, J = 6.6 Hz, 1H), 7.63 (m, 1H), 7.54-7.49 (m, 3H),
7.44 (m, 1H), 7.31-7.27 (m, 3H), 7.22 (m, 2H), 7.14 (m, 1H),
6.98 (m, 2H), 6.88 (d, J = 8.4 Hz, 2H), 5.93 (d, /=2.0 Hz, 1H),

4.05 (dd, J = 10.0 Hz, 15.6 Hz, 1H), 3.82 (m, 1H), 3.42 (dd, J
= 4.0 Hz, 15.6 Hz, 1H); *C NMR (100 MHz, CDCls): 6 198.1, 171.7, 155.8, 133.8,
131.1, 130.5, 130.3, 130.1, 129.3, 129.1, 129.0, 128.8, 128.8, 128.7, 128.5, 128.1,
127.9, 81.3, 41.8, 40.6; Anal. Calcd for C3;H,;C1303-0.3H,0: C 67.30, H 3.94; found:
C 67.53, H 3.91; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 10.21 min (major
enantiomer), 21.53 min (minor enantiomer); dr = 91:9; ee 92%; [a]p> = +31 (c = 1.4,

CHCL).

5-(1-(3-Chlorophenyl)-3-oxo0-3-phenylpropyl)-4-(3,4-dichlorophenyl)-3-phenylfur
an-2(5H)-one 3n: obtained in 78% yield; white powder; m.p. 181-182°C; '"H NMR
(300 MHz, CDCl3): ¢ 8.04 (d, J = 7.8 Hz, 2H), 7.63 (tri, J =
7.5 Hz, 1H), 7.52 (tri, J=7.5 Hz, 3H), 7.40 (s, 1H), 7.29-7.21
(m, 5H), 7.17 (d, J = 7.8 Hz, 1H), 6.98 (d, J = 7.2 Hz, 2H),
6.90 (d, /J=7.2 Hz, 1H), 6.83 (s, 1H), 5.92 (s, 1H), 4.06 (dd, J

= 7.2 Hz, 18.3 Hz, 1H), 3.81-3.78 (m, 1H), 3.45 (dd, /= 3.9
Hz, 18.3 Hz, 1H); °C NMR (75 MHz, CDCls): 6 197.9, 171.6, 155.8, 138.1, 136.3,
134.8, 134.0, 133.7, 133.6, 131.1, 130.5, 130.3, 130.2, 129.5, 129.2, 129.1, 129.0,
128.8, 128.7, 128.7, 128.0, 127.9, 127.8, 126.6, 81.1, 42.0, 40.2; Anal. Calcd for
C31H2»Cl303: C 67.96, H 3.86; found: C 67.77, H 3.80; HPLC (AD, hexane:i-PrOH
50:50, 1.0 mL/min): tg 8.36 min (major enantiomer), 16.70 min (minor enantiomer);

dr >95:5; ee 91%; [o]p> = +32 (¢ = 1.2, CHCL).

11
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5-(1-(2-Chlorophenyl)-3-oxo0-3-phenylpropyl)-4-(3,4-dichlorophenyl)-3-phenylfur
an-2(5H)-one 3o0: obtained in 73% yield; white powder; m.p.
184-185°C; '"H NMR (300 MHz, CDCl3): § 7.80 (d, J = 7.5 Hz,
2H), 7.56 (tri, J = 7.2 Hz, 1H), overlapping with 7.50 (d, /= 7.5
Hz, 1H), 7.45-7.33 (m, 8H), 7.26-7.18 (m, 4H), 7.10 (dd, J=1.5

Hz, 8.1 Hz, 1H), 5.67 (d, J = 2.7 Hz, 1H), 4.43 (m, 1H), 3.46
(dd, J=8.4 Hz, 15.4 Hz, 1H), 3.24 (dd, J= 5.4 Hz, 15.4 Hz, 1H); >C NMR (75 MHz,
CDCl): 6 196.1, 171.4, 155.9, 137.6, 136.1, 134.7, 133.5, 133.4, 133.3, 130.8, 130.1,
130.0, 130.0, 129.8, 129.3, 129.2, 129.1, 129.0, 128.7, 127.9, 127.6, 127.3, 82.7, 38.9,
35.9; Anal. Calcd for C3;H,1C1305: C 67.96, H 3.86; found: C 67.78, H 3.76; HPLC
(AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 9.66 min (major enantiomer), 13.18 min
(minor enantiomer); dr >98:2; ee 83%; [o]p> = +44 (¢ = 1.3, CHCl;).

4-(4-Methoxyphenyl)-5-(3-0x0-3-phenyl-1-(thiophen-2-yl)propyl)-3-phenylfuran-
2(5H)-one 3p:

(0]
Ph
0.0 S
_ \ 7
Ph
OMe

Obtained in 37% yield; white powder; m.p. 178-180°C; '"H NMR (300 MHz, CDCl5):
0 8.05 (d, J = 7.2 Hz, 2H), 7.62 (tri, J = 7.2 Hz, 1H), 7.51 (tri, J = 7.5 Hz, 2H),
7.35-7.26 (m, 5H), 7.16 (d, J = 3.9 Hz, 1H), 7.08-7.04 (m, 2H), 6.94-6.86 (m, 3H),
6.57 (d, J = 3.3 Hz, 1H), 5.93 (d, J = 2.4 Hz, 1H), 4.26-4.23 (m, 1H), 4.10 (dd, J =
10.2 Hz, 18.3 Hz, 1H), 3.86 (s, 3H), 3.46 (dd, J = 3.6 Hz, 18.3 Hz, 1H); °C NMR
(100 MHz, CDCls): 0 198.3, 172.9, 161.2, 158.3, 138.2, 136.4, 133.7, 130.4, 130.3,
128.9, 128.8, 128.5, 128.3, 128.1, 126.4, 126.3, 125.9, 124.5, 122.7, 114.3, 80.9, 55.3,
42.2, 38.3; HRMS-ESI (m/z2): [(M+Na) '] calcd. for C;7H»O07Na 503.1293, found
503.1298; HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 10.79 min (major
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enantiomer), 19.54 min (minor enantiomer); dr >99:1; ee 92%; [oc]D25 =+12.7 (¢ = 0.6,
CHCIl3); HPLC (AD, hexane:i-PrOH 50:50, 1.0 mL/min): tg 11.53 min (major
enantiomer), 22.07 min (minor enantiomer); dr >99:1; ee 92%; [a]D25 =-123(c=0.7,

CHCL).

4-(3,4-Fimethoxyphenyl)-5-(3-oxo-1-phenyl-3-p-tolylpropyl)-3-phenylfuran-2(5H
)-one 3q: obtained in 46% yield; white powder; m.p. 200-201°C; '"H NMR (300 MHz,
CDCL): 6 796 (d, J = 7.8 Hz, 2H), 7.32-7.15 (m, 9H),
6.96-6.88 (m, 5H), 6.69 (s, 1H), 5.96 (s, 1H), 4.16 (dd, J =
10.8 Hz, 18.3 Hz, 1H), 3.99-3.95 (m, 1H) overlapping with
3.95 (s, 3H), 3.59 (s, 3H), 3.37 (dd, J = 3.0 Hz, 18.3 Hz, 1H);

BC NMR (100 MHz, CDCls): 6 198.4, 172.9, 158.7, 150.8,
148.8, 144.4, 136.6, 134.3, 130.8, 129.4, 129.0, 129.0, 128.5, 128.2, 128.2, 128.0,
128.6, 126.0, 123.2, 122.1, 111.8, 111.1, 81.5, 55.9, 55.5, 42.9, 40.3, 21.7; Anal.
Calcd for C;34H350s: C 78.74, H 5.83; found: C 78.53, H 5.85; HPLC (AD,
hexane:i-PrOH 50:50, 1.0 mL/min): tg 9.16 min (major enantiomer), 10.78 min

(minor enantiomer); dr 98:2; ee 95%; [OL]D25 =+43 (¢ = 0.9, CHCl;).

5-(3-oxo-1-phenyl-3-p-tolylpropyl)furan-2(5H)-one 3r: obtained in 67% yield;
colorless oil; 'H NMR (500 MHz, CDCls): ¢ 7.88 (d, J =
8.0 Hz, 2.52H), 7.78 (d, J = 8.0 Hz, 4.85H); 7.36-7.31 (m,
11.2H), 7.29-7.19 (m, 18.5H), 6.07 (dd, J = 2.0 Hz, 5.5 Hz,

2.01H), 5.85 (dd, J = 2.0 Hz, 5.5 Hz, 1.00H), 5.45 (p, J =
1.5 Hz, 1.14H), 3.27-2.26 (m, 2.38H); 3.97-3.94 (m, 1.28H), 3.78 (dd, J = 8.0 Hz,
17.5 Hz, 1.43H), 3.73-3.68 (m, 2.60H); 3.56-3.51 (m, 2.79H); 3.46-3.40 (m, 3.95H);
2.41 (s, 3.91H); 7.36 (s, 7.36); °C NMR (125 MHz, CDCL): 6 197.4, 196.9, 172.7,
155.6, 155.3, 144.4, 144.2, 139.8, 137.3, 134.1, 129.4, 129.3, 128.9, 128.6, 128.4,
128.2, 128.1, 128.1, 127.6, 122.1, 121.9, 85.8, 84.4, 44.3, 43.0, 40.0, 39.8, 29.7, 21.7,
21.6.
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Reference:

1. A. Zarghi et al. Bioorg. Med. Chem. 2007, 15, 1056.
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it
L. GOG sec
L 394 e
4.2 us

Th. 45 MHz
124, 00 KHz
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1150.0 He
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20408, 1 Hz
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4,006 sec
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0,00 ppm
0. 1% He
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IH
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= = 3 2
z 22t 2
= = = T

e s

ST
172,974

— BD. B35
A 37420

“— 76, 5RO

P

1677

Ohle

——— 66333

— 42,179
——— 3B 06

-0, (o0

TFILE
(BT
EXMOD
CILFRA
OBSET
CBEIN
POINT
FREMLU
SCANS
ACOTH
i

Fil
TRATH
CIEMP
SLVNT
EXREF

BF
RGAIN

_Fen

IR O NFOB101T Illﬁi:
1H

0N
300, 40 Mk
134, 00 KHz
1150, 0 Hz
L2TGH
HO00. O e
B

4. 096 sec

1.551 see
.1 ws
Bl
8.7 e

COELE

0,00 ppm

012 He
18

DFILE DS WO 00701 -0, ALY

OBRLIG  1SC

EXMOn B

{IEFRG: T, 45 WHz
(RSET 124, 00 Kl
[ LE40. 0 Hr
FOINT BETES
FREQU 0408, 1 He
SOANS 1243
ACOT™ 1. 66 sec
FD 138 sec
FWl 4.2 us
LRATH 511
CTENF 19,6
SLYNT  CDLY

EXREF T7. 00 ppm
BF 2.00 Ha
RGAIN 4
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DFILE  D: \ZEH WEOSOL0406-A-H.
IH

o= =
Z & = OBNUC
&3 - = EXMOD KON
[ | OEFRi 300, 40 Mtz
‘ OBSET 154, (W BHe
TEFIN 1150, & Iz
POINT 32768
FREQU 900, O He
SCANS &
AT 4066 sec
o 1. 531 sec
Pl 6.1 us
= = = IRATN a1l
CTENF 230
SLVNT  CDCL3
EXREF 0. 00 ppw
BF 012 He
ki - RGALR 14
'
!
|
3
=
=
[z
| =
= *? < b
= b Si- ! B
5 = g 27 42 .
< A 15 = < (e -
I - b -
| i 7 -
! [l
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- —— | fememmettdt A L
Y R e Y W V)
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Date_ 20090114
ime 18,
INSTRUM spect
PRCBHD 5 mm PROUL 13C
EULPROG zgpg30
D B5536
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& A RTI0E g KS ErY]
e = gS nane = s q
kA 4 0% BERR R & aWH 4409092 Hz
i il (ks GURtnt £l o FIDRES (. 433488 Hz
| | VR 20 1.1534B36 sec
T RG 2050
oW 17.600 uae
CE 6.50 uaer
TE 208.2 B
i . Dl 1.00000000 sec
! D1l 0.03000000 sec
TOO 1

|
| h |
«_-—«W" o bl I\"'\."’\—\MWI‘VJN

|
|
l ‘ === CHANNEL f1 ===
| 13%
| 10.36 usego
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R == CHANNEL £2 =
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| 5FO2 a00. ‘516006 MHzZ
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3r

wiodoszroE

File: PROTON

Pulse Sequence: sZpul
Solvent: cdold

Temp. 25.0 C s 288.1 K
IKOVA=500 “BMUSDD"

Relax. delay 4.000 sec
Pulse B5.3 degrees

16 repetitions
DESERVE  H1, 499.3018999 MHz
DATA PROCESSING

FT sfiz2¢ 65536

Total time 1 min, 31 sec

O, 0
e

Ph

fle
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1.590

1,256

0,072

- 064
=0.000

o

13 1z 11 10

wf0a0927 08

File: CARBON

Pulsie Sequénce: sZpul
Solwent: cdcl3d

Temp. Z5.0 C ¢ 298.1 K
User: 1-14-87
INDVA-500  “BHUSDOY

Relax. delay 1.000 sec
Fulse 45,0 degreas
Acg. time 1,300 sec
Width 31421.8 Hz

ans
DBSERVE C13, 135.7004346 WHz
DECOUPLE M1, 499 9043860 HHz

OATA PROCESSING
Line broadening 3.0 Mz

FT size 131032

Tatal time 16 hr, 25 min, 19 sec

e

17z.882

L e e

9

77.252
7,000
TE.744

=
o

121.92%
85811
44.311
4z 976
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o R
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HPLC Analyses for Michael product 3

3a

Injection Date
Samnle Name
Acg. Operator
Acog. Method

T 1

: 1/15/2009 2:35:08 4AM

: wE090l1301lre

1 MOVY

: C:\HPCHEM\, L\METHODSAY¥G.H

+ 2
DAD1 E, Sig=23

mAlLl

F0q
609

50+

204

209

110 PAA0 D TELEO BM darr 1daas
10,16 Ref=260,100 (W OV W OWY0417 .00

10,263

12211

9.172
16.822

1 9.172 BB 1]
Z 10,263 EE 1]
3 1Z.811 BB 1]
4 16,532 BB 1]

|
L3a0l 17.34587 §.02735e-1 0.5427
L3178 1019.39410 50.01398 49,5215
L4319 1006, 49295 36.329832 45,9920
LA5SRE 13.25402 3.68015e-1 0.6439

Injection Date
Samnle Name
Ao, Operator
Ao, Method
Last chanaed

171542009 2:55:07 AM
wE09011301

MOVY

C: Y HPCHEM LNMETHOD 3 YG. I
171572009 9:25:50 AM bwv liujm

maAl
140

120

400+

a0

=1y

20+

sl £ =l £ 1 =l
DADY E, Sig=310,16 Ref=360,100 (WM OWAMMOW D412, D0

o

AT

0.5

12270

1l 10.475 EE 0.3245 1699,30627 Gl.09275 97,1142
Z 1Z.5870 EP 0.4171 50.49509 1.90619 Z.5858
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3b
LAD4 B, Sig=300,16 Ref=360 100 (kO 000389 .00
maudInijection Date @ S9/Z5/2009 2:38:07 PH
Sample Name r WwEOSO9230d-re
77 Acoa. Overator : MOWY
Acg. Method ¢ C:AZHPCHEMY 1\METHODSEY ¥z M
54 Last changed r /2552000 2:32:48 PM by MOVY
5_
ad 5 8
- o
3 3
§ g
2] -
1
-1 o
T T T T T T T
0 4 fi 10 1 14 mi
1 7.224 EEA 0.1508 45. 94507 4,17576 23,9320
Z G.020 BEA 0.2229 59, 42565 4,15327 29.0563
3 1ll.321 BE 0.2774 4z, 54493 2.32572 Z0.5014
4 .017 EB& 0.3117 Z.B7635
LAD1 B, S5ig=300,16 Ref=3G0,100 (Wb OV 003800
mAU | Tndiection Date @ 9/25/2009 10:47:07 4M
Sample Name i wEO9092304
Log. Overator  MOVY
Acog., Method i C:ANHPCHEMS IWMETHODSYTG. M
La=zt changed TO9A25/2009 10:15:53 AM by MOWY
A0 &
e
40
20
204
10
; £ &
T £y AVAN
D_
T T T T T T T
0 ] £ 10 1 14 mid

7.197 EE 0.1833 5S52.01685 46,24564 56,9135
§.5354 BEF 0.1511 G.22492 4.57091e-1 0.59801
1l.266 BV 37.29797 L.97023 S.8725
11.871 VB 1.92351 f.2340
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3c
DADT C, 5ig=300.% Ref=360,100 (MO MOV 00420
mal |Injection Date @ 3/28/200% 2:05:08 PM
Gample Name : wEOS092Z704re
apn4 &ca. Overator o HOVY
Ao, Method ¢ CiZHPCHEMY INMETHODSWHIT.H
Last changed 9/28/2009 1:32:14 PHM by MOVY
350
0
300 0. O
Ph PH S
250
200 ?i
150 4
;
100
&0
01 L VAN
T T T T T T T T T
i} 4 £ 10 4 14 1E mi
1 7.390 BB 0.1541 2376.09521 197.54175 44,6463
2 11.303 BE 0,2927 292.27112 15. 59276 5.4917
3 1z2.778 BB 0.34587 2653.67773 117.57108 49.8620
cl
DAD1 E, Sig=310,16 Ref=360,100 (MO V007200
mal] Injection Date /3072009 6:51:16 PM
Sample Name : wilSs098:2901
dcog. Overator : MOVY
Ace. Method C:YHPCHEMY 1\METHOD 3, VG. M
1 Last chateged 973042009 6:44:35 PM by MOVY
S0 1
0 8
P
40 -
O O,
20 4
Ph Ph S
201
10
o
o
o
0 /\‘H—«n e
T T T T T
o 4 £ A0 mi
1 7.320 BE 0.1882 491.57642 40, 33688 94,0119
2 12.613 BP 0.3065 31.31087 1.64130 5.9881
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3c2
CLald B, Sig=200,16 Ref=3G0,100 (MOWS b 0007100
mal | Injection Date @ 9/30/2009 2:37:25 DM
Sanple Nanme r wEO909z2902
Arcg, Operator  MOWVY
Acg. Method : C:WHPCHEM IWVMETHOD S, ¥G. 1
Last chandged To9/30/2009 2:13:38 MM by MOVY
16 4
o
10 ~
5
oA
i 0
-5 T T T T T T
0 a £i a0 1 mi
1 7.298 BE 0.1520 16.79106 1.41914 4.5320
2 11.337 BE 0. 2646 13.58061 1.02943 5.3470
3 12.737 BB 0.3535 312.12695 13.69407 89.8211
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DADA C, Sig=300,2 Ref=3260,100 (MOV MW OW0045. [
meay {Injection Date = 9/25/2009 10:14:34 AM
Zample Name : wEOS09Z2305ke
Aco, Overator H (Tkh'
Aceg. Method ¢ CoWHPCHEMY, 1WMETHODEWHIT. M
a0 -
g
=]
304
8]
0,0 g
+
20 == -
Ph PhH S.F
07
o
o
0 o %
=
T T T T T T T
il 5 A 75 4 17 5 15 17 5

mi

1 10.941 BB 0.2987 725.54155 38.02822 42,4352
2 12,916 VB 0.3806 133.87436 5.72961 7.8268
3 14.583 BB 0.4106 716.597174 £7.35441 42.0335
4 16.589 BB 0.4e92 _131.78377 4,40238 7.7045

CADY C, Sig=200.2 Ref=260,100 (MO YW OWD046 . D)
mal {Injection Date @ 972572009 10:37:49 AM
Sample Name 1 wEOA092305
20 (4ca, Overator T MOVT
A, Method : C:\HPCHEMY 1WMETHODSVHIT. M
70
0 E
=1
a0 I
n} O,
a0 -
Ph (=T P2
30
20
109
D-M ﬁ-
o
-10 T T T T T T T T
il a fi 10 1 14 1 mi

1 10.675 BB 0.2895 1164.45569 62.38278 95.4144
2 14.232 BP  0.3574 55.96334  2.38771 4. 5856

ALCL 4 iuoae wpon e
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Indection Date @ 3/2Z/72009 Z:35:54 PH

Gample Name : wE0S01l0909zxe 1
Leg. Operator : MOWY

Aci. Method : C:\HPCHEMY IVMETHODSAYG. M

Last. chanoed ASEASAA09 222950 PM hw lindw

LAl E, Slg =310,16 Ref=360,100 (b OV 00456 .00
mAll

B0

50

30 A

20

10

1 1
1 7,600 B? 0.2080 464,57949 34.32478 43.1293
z §.9a60 VP 0.2539 77.29051 4, 69504 7.1707
3 12.1zZ6 HNF 0.2323 70.55074 5.06338 A, 5482
4 12.419 FH 0.3957 465.110738 19.558941 43.1513

Injection Date @ 1/12/200%9 12:10:41 PM

Gamnle Name : wto9010%09
Aoy, Operator - MOvY
Aco. Method : C:AVHPCHEMY, L\METHODS,YG. M
Last chanoged H 151232009 9:z0: 28 ﬂH hv MOVY
Lo 54 g e
LAl E, Sig=310, 1Ei Ref—SBD 100 (MDWMDM‘IOD =)}
maAl
20+
G0+
P
40 -
20
D -
8 g &
oo
» I PR N
= T T T T

1 7.465 VE 0.2138 8595.88251 64, 60196 92,7956
Z §.359 BB 0.zZ302 3.07192 3.64754e-1 0.5Z53
3 12.011 BV 0.4z216 35.40931 1l.zZ8688 3.68739
4 12.557 VB 0. 40589 29.012685 1.08577 3.0051



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

3f
Injection Date : 1/7/2009 9:55:23 AM
Samnle Name : 09010501 L
Acg. Operator o MOVY
Ace. Method : CoZHFCHEMS 1\METHODSAYG.M
Last chanoged : 1A7/72009 9:20:41 AM by liujm

imndified aftrer 1nadine

DAl E, Sig=310,16 Ref=360,100 (MOWAMOWVYOIF2.00
mal ol
&0
MO
40 -
20 4
o
D_
] b ;
. ol
o0 AN o
il bttt [Tl S [ ] e '
1 11.430 EE 0.3775 Z23Z.208938 91.21676 48,1078
Z 14.577 BB 0.45587 95.55977 3.06674 Z.0659
3 Z1.755 PP 0.55815 93, 30057 1.97973 Z.0105
4 32.392 BB 1.4224 2215.54941 24, 545834 47.5155
Injection Date @ 171272009 10:54:49 AM
Samnle Name : wE090lo6e0l
Acg. Operator : MOVY
Acg. HMethod s C:ZHPCHEMS INMETHODSAYG.LH
Last chanced t 171272009 9:20:25 AM bv MOVY
' > B - ol £ 1 s LY
DAL E, Sig=310,16 Ref=360,100 (MO OV OE8S 00
maAl
<40 ﬁ
120 [
MO
100 OO
&0 Fh Ph S~
60
40 -
20 4
. [
o & B £
x 5 &
I N —
-20
T T T T T T
|

1 11.296 BB 0.3881 3960.13452 153.14342 90.8196
Zz 14.417 BF 0.401%9 g, 72993 3.11916 2.0349
3 Z2l.0&28 BP 0.6040  207.4050%9 4, 25556 4,7565
4 3Z.51a BB 0.9345 104.17231 1.31740 Z.3890




3g

Injection Date
Jamnle Name
Aog. Operator
Aog. Method
Last chancoged
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1/12/2009 4:56:12 PH

: wto2010905zce

: MOVY
C:VHPCHEMY 1\METHODZA\YG. M
1/12/2009 1:22:16 PM bw MOVY

Imndified aftey loadived

mal ]

1201

100+

20

G0

20

LADRT E, Sig=210,16 Ref=350,100 (WO O 04907 00

o

w

b3

8935

5.445

11855

1 G.445 BY
2 6.318 WP
3 d.285 BP
4 11.855 BB

0.1887 979.50385 Gl.22973 16.8738
0.1932 1920.23083 154.29214 33.0795
0.283% 1902.5849585 104.776l2 32.7801
0.4247 1002. 30905 36.92278  17.2666

Injection Date
Samnle Name
Acg. Operator
Acg. Method
Last chanoaed

L/l2/2009 5:19:24 FH
 wE0S010905 I
: MOVY

C:4WHPCHEM', 1\METHOD 34 ¥G. M

1/12/2009 1:22:16 PM bv MOVY

L.

sln =l == 1
DAl E, S5ig=310,16 Ref=360,100 (hi0Wibd 00402 00
mAL
500 +
400 4 uﬁ
300+
200
100
=1
0 i o W i,-&_,_z
T T T T T T
1] 2 4 [u] A0 12 mi
il Rttt |====]======= | === | === | ===
1 6.5832 BE 0.1932 5053.09033 406.121258 90.0809
2 9.02%9 BP 0.2717 556.4l146l 32.49542 9.9191
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Injection Date
Samnle Name
Acg. Operator
Acg. HMethod
Last chanced
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17872000 4:37:51 PH
: wEN9010407 I
H
C:\HPCHEM', L\METHODE\YG. K
L/8/72009 4:01:34 PM bv MOVY

TADT E, Sig=510,10 R e300, 100 (O vW 0w 0502 0
mal ] e
@
3007
2504
2007
[t}
1504 o
100
50
o g
[ S [ 1L
Rl
T T T T T T T
1 1 1 1 1 1 m.l.[
1 5.964 BE 0,2219 49, 57082 3.4032%9 0.4321
2 2,175 EE 0.2760 LeE2,.32422 320.09763 49,2714
3 10.795 BB 0.31583 §3.582024 4,00325 0.7307
4 15.357 BB 0,5927 5686.09326 144,61058 49,5658
Injection Date 1/5/2009 2:55:44 PM
Gamnle Name  wEd90loenz I
4cog, Operator r MOVY
Ao, Merhod C:ZHPCHEM INMETHODENYG. M
Last chancged 1572009 2:22:19 PM bv Linshi
modified after losdingl
LAD1 E, Sig=310.16 Ref=3G0,100 (MO MOVDZEE.00
maAll
140
o @
120
FPh
0 0
100 Fh
Ph
&0 Cl
Cl
&0
40 -
* 3 &
= w
— Vo pem—
0
T T T T T T T T
IR « ER N S - S N S Alommmmmee n 1% 14 1F mid
1 9.072 BE 0.2683 2051.10522 118.31512 94,5536
2 10.644 BP 0.3053 £3.39702 2.64754 2.4623
3 15.131 EP 0.4116 &4, 06063 1.88027 2.9541
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3i
DADM B, Sig=300,16 Ref=360,100 (MOWM OWY0043. 00
mau ] Iniection Date Q2542009 5:18:45 PM
Sample Name : wE0S092303-re
Acer, Operator = MOVY
Acg, Method : C:ZHPCHEMA 1IWMETHOD 34 YG.H
10 - Last changed 92542009 3:32:08 PM by MOVY
140
1204 §
o
100
S0
G0 o -
#
[
a0 -
i
o =
20 =
0 J T
T T T
il 5 10 15 mi
1 g.654 VB 0.2329 leo40.74670 109.47485 39.7772
z 12.647 EB 0.3473 417.25119 15.769687 10.1156
3 14.183 EE 0.4035 426.59191 16.41112 10,3493
4 17.581 EB 0.5227 1e39.95032 49,22349 39,7579

LADA B, Sig=300,16 Ref=360,100 (MO W D002 00
mal |Iniection Date 9/25/2009 4:52:13 FH
Gample Name T wEDR092303
Aco. Operator o MOV
SD_ACU. Method ¢ C:\HPCHEMY INMETHODSAYG. M
Last changed T 972572009 3:32:08 PM by MOVY
a0 #
o
20
20
10
& g
¥ E
o4 TN N
T T T
il 5 10 15 mi
1 8.638 BB 0.2358 580.93605 38.12855 92.0708
z 14.129 EBE 0.2371 20.95009 9.08199e-1 3.3200
3 17.457 EF 0.3659 29.08605 9.64409e-1 4.6094
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DADA B, Sig=300,16 Ref=360,100 (hi 0k 0000 D0
mal ] Injection Date @ 9/25/2009 4:11:26 PM
Jample Name i wE09092308-re
Acog. Overator  MOvY
Aceg. Method ¢ C:ZHPCHEM, INVMETHODS YG.H
Last changed : 972572009 3:32:08 PM bv MOVY
a0
20
=]
204 @
40
5 8
o
T T T T
i 5 10 15 0 mi
1 G.004 BE 0.134% 33.45866 3.79409 Z.2335
2 11.205 BP 0.3083 50.22109 2.4799z2 3.3524
3 15.723 BB 0.4957  734.32947 22.80445 49,0190
4 15.803 BB 0.5733 6§0.04047 15.22723 45.3951
DAD B, Sig=300,16 Ref=260,100 (MOWAL OWYO080. 00
mal | Injection Date @ 9425472009 3:35:00 FM
Jample Name : wE0S09z2302
Acer, Operator MOV
Acg. Method : C:ZHPCHEM, 1\METHOD SV Y. M
Last changed 942572009 3:32:08 PM by MOVY
a0 4
30 g
w
20
A0+
w
o AN
T T T T
i} 5 10 15 0 mi

1
z

15.647 BE 0.4654 B0Z.83997 26.65538 95,4830
15.639 BB 0.3930 37.98014 1.16304 4.5170
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3k
DAL B, Sig=300,16 Ref=360,100 (h O] 000G 00
maudIniection Date : 9/30/200% 1:05:00 PM
Sample Hame : wEOS092702re
4cog. Opberator  MOWY
Acg. Method : C:yHPCHEMY 1ZMETHODS, Y. M
Last changed 1 9/30/2009 1Z:20:26 PM by MOVY
60
a0
2 o8
]
20 o
oA
T T T T T T T T
0 4 £ 10 1 1 15 mi
1 10,938 BV 0.4775 868.35950 28.17914 47.6544
2 12.185 VB 0.6045 952.89518 23.52086 52,3156
3kl
DAL B, Sig=300,16 Ref=260,100 (MO OV O0ST . 00
mal ] Indection Date @ 9/30/2009 12:47:02 PM
Sample Name r wEOS09:2702
oo, Ovberator r MOVY
Acg, Method i C:iZVHPCHEMS 1WMETHODSYYG. M
Last changed 973072009 12:20:26 PM by MOWVY
] g
o
20
B
T T T T T T T T
0 E] I 10 1 14 A6 mi

11.08l BV 0.3475 33.189333 1.20446 Z.1072
12,252 VB 0.5537 154Z.00647 39.82727  97.89Z8
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mal ] Injection Date
Sample Name
ALog. Oberator
Aog. Method
Last changed

DALY B, Sig=200,18 Ref=250,100 (MOWAMOWTO0ED L)
O9/30/72009 1:23:35 PM
 wE03092908
¢ MOVY
¢ C:\HPCHEMM 1\METHOD S, VG. M
973042009 12:20:26 PM bv MOVY

T T T T T T
) I 0 12 14 min

2
1l 10.93Z EB 0.4741
2 12Z2.230 BP 0.268687

fi
724, 20502 23.59231 97.4304
19.09976 §.11312e-1 2.5696

45
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Injection Date
Samvle Name
Ao, Operator
Acg. Method
Last chancoed
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r 17972009 10:43:37 AM

: wEdS01l0ed3te

o MOvY

: C:VHFCHEMS IZMETHODIAYG. M
1/9/2009 9:55:07 AM bw MOVY

TADT D, Sig=320,16 Ref=360, 100 (MO 0V 0554, 0)

maLl
10 4
04
-10
-20 4 o
=30+
-0
-50 4
g B
I 2
G0+ e
T T
T T T T T T T T
e oEE O £~ S [ I |-J. 15 17.5 20 mis
1 7.742 BB 0.2455% 35.48549 2.25631 1.0969
= 2 9.650 EBE 0.3209 1583.55957 Te.6768E 48,9451
3 1l0.653 BB 0.3295 35.58815 1.63767 1.1000
= 4 16.345 BB 0.6268 1580.739587 39.50880 45.5530
Injection Date @ 171272009 9:46:34 4M
Samnle Name  wENS010603 L
Aco. Operator  MOvY
Acer. Method ¢ C:\HPCHEMS INMETHOD A TGO M
Last changed 171272009 9:20:258 AM bw MOVY
(modified afteyr loadinesd
LAD E, Sig=310,16 Ret=260,100 (b OV 00395, 00
mill ]
S00 1
400 =]
3004
200+
100+
_ : :
0 e,
T T T T T T T
u] 25 5 5 10 128 15 178 mil
=== 1———=—1--——--- |—————————= |——————-——= 1——————-=
1 10.002 BE 0.3552 9147.00977  399.37511 97.4499
Z 11.033 BEP 0.2820 51.3831%9 3.12197 0.5474
3 17.447 BP 0.4779  157.97529 L.24761 Z.00z7
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DAD1 E. Si0=310.16 Ref=350.100 b0 b OVW00Z1.00
may 1 Iniection Date @ 972272009 11:1z2:21 AM

Sample Name  wE09091807-re
Acog. Oberator o MOWY
Ao, Method ¢ CiVHPCHEMS INWMETHOD SN Y. M
25 { Last changed T 92272009 10:12:33 AM by MOVY

204
=
o
g
15
104
B
_'CE
. =
s @

g
1 A

T T
n s A0 15 {nl S mi

1 §.419 BB 0.2253 64. 13092 4.47160 g.4401
2 10.917 BB 0.3203 317.56873 15.41871 41.7945
3 l6.562 BB 0,452l 63.36770 2.06077 g.o0z28
4 Z2.770 BB 0.67538  31Z.7e727 6.96647 41,1625

DAl E, Sig=210,16 Ref=260,100 (MOWAMOUVODSE, [
mel ] Indection Date @ 972972009 10:24:31 AM
Jample Name : wEOSO09ZT05
boo. Overator - MOWY
1icg. Method : CoWHPCHEM INMETHODEWYG. M
Last changed 972572009 6:33:53 FM bv MOVY
20
15 1 o
&
=1
104
5
a-
r | g
AN AN e
5 o
T T T T
n] g o] 15 0 mi

1 7.795 EP 0.2175 13.79115 9.49371e-1 35167
Z 10.Z2Z15 BB 0.3017 337.17154 17.2Z767& 45,9783
3 14.929 BP 0.3465 26.49560 9.34338e-1 6.7563
4 Z1.536 EBE 0.4361 14.70080 4,02555e-1 3.7457
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3n
Injection Date @ 1/1Z/2009 6:06:45 PM
Samnle Name : wE0S01l0904re
Leg. Operator : MOWY
Aceg. Method : C:\HPCHEMY INVMETHODSAYGLH
Last chanoaed t 171272009 1:22:16 PM bw MOVY

fmandified after loadines

DAL E, Sig=210,16 Ref=360,100 (WO OV YDE1 1.0
mal | =
00 -
B00
400 1 o
200 1
04 — A Z o

1 6.924 VB 0.2374 147.16566 9.67635 0.4330
2 8.312 BY 0.2824 1.66534e4 923.53345 45,9983
3 9.869 VB 0.3287 148.26791 £.84395 0. 4302
4 16.543 BB 0.7083 1.7035%e4 379.18185 50,1325

Injection Date @ 171272009 6:36:44 FM

Samnle Name : wE0S010204 I
Aco. Operator  MOvY
Acer. Method ¢ C:\HPCHEMS INMETHOD A TGO M
Last changed t 1/1272009 1:zZ2:16 PM bv MOVY
dramdifiod _afear _Losdssast
LARd E, S5ig=310,16 Ref=350,100 (b O 001 2,00
Ml ]
1400 -
120—-
1I:II:I—_ ﬁ
] o
SDj
EED—-
40 -
2Dj
0 4 &
M o c
4 P T
20
T T T T T T T T

1 6.938 BB 0.1931 24.44871 Z.0z090 1.3000
Z G.362 BB 0.2672 1704.81372 95.86922  90.65068
3 9.895 BE 0.2370 71.44710 3.67127 3.7991
4 16.704 BB 0. 4446 79.93303 Z.l86Z8 4, 2503
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Injection Date
Jamwle Name
Ao, Operator
Acg. Method
Last chanaged

Supplementary Material (ESI) for Chemical Communications
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171272009 5:36:00 FH

1 wEO090l0905zre L
: MOVY

C:\HPCHEMY, 14 METHOD 3, TG
L1/12/2009 1:22:16 PM bw MOVY

drnds £5 oad b roar Jooddacgeh

maL

100

20

=y

20 1

DALY E, Sig=210,16 Ref=3080,100 (M OV 000400 00

8832

11785

13101

1 g.83Z BV
2 9.637 VB
3 11.735 BV

Injection Date
Jamnle Name
hcg. Operator
bcg. Method
Last chandged

0.3300 1381.1:Z634 65.495820 17.6788
0.3068 2535.495829  128.18059  32.45352
0.4102 1365.47949 SzZ.14366  17.5170
0.49933 Z527.159360 T9.27847  3Z.3489

171272009 5:51:07 PH

o wE09010903
o MOVY

C:AVHPCHEMY INMETHODSS TG H
171272009 1:22:16 PM bv MOVY

trvmds £hmd afeaee e’

LAD1 E, Sig=310,16 Ref=23680,100 (hOW b OV 010,00
mall
250
200 ﬁ
o
1504
100+
a0
i
01 o
T T T T T T T T
] = A = = An a2 4. —i
e et R L R [-=mmmmmmm- [-------- |
1 9.660 PP 0.3200 4063.15345 200.52997 85,5222
2z 11.859 EBF 0.3852 100.258519 4, 16080 2.15849
3 13.183 EF 0.5040 426.55075 13.37875 9.2930
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3p
Injection Date @ l2/2272005 6:35:49 PM
Samnle Name : wilSlzZlalore
Acg. Operator T MOVY
Ace., Method : C:\HFCHEMY 1WMETHOD 3, V. 1T
Last chanaed t 1272272008 3:28:33 PM bw MOVY

imodified after loadine!

DALY C, Sig=2310.2 Ref=360,100 WOV AWM OWD321.D)

mall i
SIZID-_
2460
200 g
] b
150-_ Ohe
100
50-
1 o
i o &
[l \L_ Ly
T T T T T T T T T
=== |==== === | === | === | === | _mii
1 11.478 PEA 0.3130 6672.82373 351.27026 49.215%4
Z 18.319 EEA 0.4252 145.45155 4.69835 1.0729
3 Z2l.142 EBEA 0.6132 6653.91260 1e5.775853 49,0799
4 22,893 BBEA 0.3165 §5.10750 3.687081 0.6278
Injection Date @ 1272272005 4:45:43 PH
Gamnle Name : wEOS1lzZ1609 I
Acg. Operator  MOVY
Ace, Method i C:A\HPCHEMY 1WMETHODSNYG.H
Last chanaed P 1242272008 3:28:33 FPM bw MOVY
a5 ol £ 1 ol
DAl C, Sig=310.2 Ref=260,100 (MO0 b 0021600
mall ]
00+
3
=]
20
G0
Chle
a0
20
[ Lﬂ:h—r‘—“—
u} 2I5 é I-'Iﬁ 1IIII 12I b} 1I5 1'.-fl g 2IEI mi
=== |====] === | === | === | === |
1 10.750 BE 0.2881 1554.94500 83.19254 96,4503
Z 19.544 BE 0.4094 57.56238 1.72449 3.5697

50
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3q
Injection Date @ l/3/7200% Z:27:55 PN
Sannle Name r wE09010501
Ao, Operator  MOVY
Acg. Method : C:WHFCHEMS LWMETHOD Y TG M
Last chandged r /872009 2:22:1%9 PM bv Linshi

imodified =frer losdinerd

DADA E, Sig=210,16 Ref=360,100 (MOVAMOVYD3EE.0)
mal ]

14

12

10

0325

12,104

0

<] <] 7 9

mi

5 10.3Z5 EBE 0.3251 £29.22478 10.91076  Z2.1477
6 1z.104 BF 0.4924 232.61876 7.21030 22.4756

Injection Date @ 1/5/200% 4:05:0% PM

Samtle MName r wEN3010406

Log. Operator  MOvY

Aog. Method ¢ C:N\HECHEMY 1\METHOD S YG. M
Last chandged r 17872009 4:01:34 PM bv MOVY

LAl E, Sig=310,16 Ref=260,100 (M OWAR OO0 D)
mall

120

400+

204

G0+

20

9,163

mi

i B I—===1—=====- | ——=======- | ——=======- I =—======- |
1 9.165 BBA  0.2760 2002.25528 113.37322 97.4822
Z 10.789 BBA  0.3138 51.71552 Z.53897 2.5178
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3r
Injection Date @ S/22/72009 10:16:2Z AM
Samnle Name : wE09091304-re
&Aoo, Operator T MOVY
bcg. Method : C:\HPCHEMY 1IV\METHOD 34 Y. H
Last chanoed O/22/2009 10:12:33 _AM kv MOVY
LADd C, Sig=254,28 Ref=360,100 (MO AR Oy 001 2. 00
mal
65 o
iy
704 0
— Fh
-75 A ﬁ
N 8
-80 =
-85 % #
n T
-00
-85
-100+
-105 T T T T T
5 o 10 12 14 16 mi
1 7.923 BE 0.1790 166.44727 14.33752  Z21.9400
2 10.56% BE 0.244% 215.53104 13.62358 25.4561
3 1l.3d5 BFP 0.2557 145.13232 9.-20885% 19.5259
4 14,265 VB 0.3453 225.18553 10.26635 30.0780
Injection Date @ 972272009 10:55:02 AM
Jamvwle Hame - wE09091605
Acog. Operator : MOV
Ao, Method : C:ZHPCHEMS 1NMETHOD S, Vi, H
Last changed T 942272009 10:12:33 AM b MOWVY
DAL C, Sig=254.8 Ref=360,100 (MO OW 002000
mal ]
2501
200 E
=+
150
100+
g
o
a0
=}
o __‘—fk-—'—\_,q_‘_
T T T T T T T T T T T T T T T T
0 4 i} 23 Llu] 1 14 mi
1 5.051 EE 0.1569 792.145352 65, 60139 9.2522
2 10.829 EV 0.2499 352.02310 21.85523 4.1249
3 11.547 VB 0.2501 3549,5858587 193.45633 41,5951
4 14,493 EB 0.3469 3540, 31592 170.41284 44,9995
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CD Spectra of 3p

350
HT[V] 300

250

210
250

Drate

File narme
Modet

Serial Ne.

Band widih
Response
Sensitivity
Maasurement range
Diata pitch
Scanning speed
Accunulation
Cell Length
Salvent
Temperatuie

Sample name
Operator
Camment

300

2010-1-21 &:58
Mermory#2
J-810
BO353E0750
2 nm

1s2c
Standard
400 - 250 nm
1inm

200 nm/min
5

1cm
CDCI3
Reom Temperature

3p
ifwang
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