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Catalytic Stereoselective Benzylic C-H Functionalizations by Oxidative C-H Activation
and Organocatalysis

Fides Benfatti, Montse Guiteras Capdevila, Luca Zoli, Elena Benedetto, and Pier Giorgio Cozzi*

General: '"H NMR spectra were recorded on Varian 200 MHz or Mercury 400 MHz spectrometers.
chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance as the internal
standard (deuterochloroform: & 7.27 ppm). Data are reported as follows: chemical shifts, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, br = broad, m = multiplet), coupling constants (Hz). >*C NMR
spectra were recorded on a Varian 50 MHz or Mercury 100 MHz spectrometers with complete proton
decoupling. Chemical shifts are reported in ppm from tetramethylsilane with the solvent as the internal
standard (deuterochloroform: & 77.0 ppm). Mass spectra were performed at an ionizing voltage of 70 eV.
Chromatographic purification was done with 240-400 mesh silica gel. Analytical gas chromatography
(GC) was performed on a Hewlett-Packard HP 6890 gas chromatograph with a flame ionization detector
and split mode capillary injection system, using a 100% dimethylpolysiloxane (carrier gas helium)
column or a Megadex5 chiral (25 m) column. Analytical high performance liquid chromatograph (HPLC)
was performed on a HP 1090 liquid chromatograph equipped with a variable wavelength UV detector
(deuterium lamp 190-600 nm), using Daicel Chiralcel™ OD column (0.46 cm I.D. x 25 cm) (Daicel Inc.),
Daicel Chiralcel™ AD column (0.46 cm LD. x 25 cm) (Daicel Inc.), Daicel Chiralcel™ OF column (0.46
cm I.D. x 25 cm) (Daicel Inc.), Daicel Chiralcel™ OJ column (0.46 cm I.D. x 25 cm) (Daicel Inc.), Daicel
Chiralcel™ IC column (0.46 cm LD. x 25 cm) (Daicel Inc.); HPLC grade isopropanol and nhexane were
used as the eluting solvents. Xanthene 1, 1,3,5 cycloeptatriene 2 are commercially available, and were
used as received. The flavone derivative 3 was prepared according literature.' The indole derivatives 4-7
were obtained by the reaction of the methyl indole with aldehydes in the presence of Et;SiH and
CF3;COOH, as reported in literature.” All the other reagents were commercially available (Fluka and

Aldrich) and were used as received.

! C. Fichtner, G. Remennikov, H. Mayr, Eur. J. Org. Chem. 2001, 4451.
2]. E. Appleton, K. N. Dack, A. D. Green, J. Steele, Tetrahedron Lett. 1993, 34, 1529.
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Figure 1. Mayr’s electrophilicity scale.’
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Figure 1. Mayr’s Nucleophilicity scale®
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Substrates A-J were tested in the direct organocatalytic C-H alkylation using the MacMillan catalyst in
the presence of DDQ (1.3 equiv) at 0 °C following the general procedure 1. The outcome of the reaction

are indicated in the Table 1. All the reactions were run for 4 hours.



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

Table 3

Entry Substrate Isolated products
O O Not  characterized
! II\\l/le A by-products
2 ©§ Starting materials
Not  characterized
3
Me,N c NMe, by-products
/@A OMe 0
: o
MeO D MeO 45%
OMe i
5 H
Me2N E Me,N 63%
s
MeO O Not  characterized
6
F by-products
7 ©©\‘BOC Starting materials
G
Swe :
” 61%

Starting materials

Starting materials
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CHO

@ Conditions

; Me
1 equiv. O . Additi
\]\:N {Bu itive
S

20 mol %
Ph H DDQ 1.3 equiv.
NN
~ CHO
3 equiv.

Table 4. Reaction of n-octanal with 1,3,5-cycloeptatriene performed in different solvents
and conditions.

Entry™ T,°C  Additive, 20 mol% Yield[%] Ee[%]
1 RT TFA -

2 25 TFA 91 16

3 25 pNO,PhCOOH 90 46

4 25 1,3,5-MeOPhCOOH 27 44

5 25 - 82 40

6 25 CF;CH,0H 32 20

7 -40 Mandelic acid 20

8 25 N-BOC-Phe-OH 20

9! -25 Proline 0

2] All the reactions were conduced using the general procedure B,

in the presence of different additives used in 20 mol% at the indicated
temperature for 2.30 hours..  Proline was used instead of

the MacMillan catalyst
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Synthetic procedures.

Procedure 1. Substrates 1 and 3.

In a two-necked flask containing degassed DCM (1 mL), the organocatalyst 8 (20 mol %), the aldehyde
(3 eq., 0.3 mmol) and compound 1 or 3 (0.1mmol) are added under nitrogen at r.t. and the solution was
stirred at r.t. for 5 min. After cooling to -25°C, DDQ (1.3 eq.) was added portion wise (3 portions) during
1 hour, and the solution was stirred at -25°C for 4 h. The reaction was quenched with water, and the
organic phase was separated. The aqueous phase was extracted twice with DCM; the organic phases were
dried over Na,SO4 and evaporated under reduced pressure to afford the crude reaction mixture, that was
purified by FC (cyclohexane/Et,O = 9/1 for 1a-f, n-hexane/ Et;O = 95/5 for 3a).

Procedure 2. Substrate 2.

In a two-necked flask containing degassed DCM (1 mL), the organocatalyst 9 (20 mol %), the aldehyde
(3 eq., 0.3 mmol) and compound 2 (0.Immol) are added under nitrogen at r.t. and the solution was
stirred at r.t. for 5 min. After cooling to -25°C, DDQ (1.3 eq.) was added portion wise ( 3 portions) during
1 hour, and the solution was stirred at -25°C for 4 h. The reaction was quenched with water, and the
organic phase was separated. The aqueous phase was extracted twice with DCM; the organic phases were
dried over Na,SO4 and evaporated under reduced pressure to afford the crude reaction mixture, that was
purified by FC (cyclohexane/Et,O = 9/1).

Procedure 3. Substrates 4-7.

In a two-necked flask containing degassed DCM (1 mL), the organocatalyst 8 (20 mol %), the aldehyde
(3 eq., 0.3 mmol), MeOH (2eq., 0.2 mmol) and compound 4-7 (0.1 mmol) are added under nitrogen at r.t.
and the solution was stirred at r.t. for 5 min. After cooling to -25°C, DDQ (1.3 eq.) was added and the
solution was stirred at -25°C for 4 h. The reaction was quenched with water, and the organic phase was
separated. The aqueous phase was extracted twice with DCM; the organic phases were dried over Na,SO4
and evaporated under reduced pressure to afford the crude reaction mixture, that was purified by FC
(cyclohexane/AcOEt, gradient from 9/1 to 8/2).
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2-(9H-xanthen-9-yl)octanal, 1a.

(L2

Analytical data for compound 1a are reported in ref. 5.

2-(9H-xanthen-9-yl)propanal, 1b.

CHO C16H1402 Fw =238.28

O O [a]p=+7.6 (c 1.1, CHCL;).
(@)

Colorless oil.

"H NMR (CDCl;, 200 MHz) &: 0.93 (3H, d, J] = 7.4 Hz), 2.67-2.76 (1H, m), 4.64 (1H, d, J = 4.0 Hz),
7.02-7.32 (8H, m); 9.78 (1H, s).

BC NMR (CDCls, 50 MHz) &: 9.4, 39.7, 55.8, 116.6, 118.0, 121.5, 123.3, 123.4, 123.6, 128.2, 128.3,
128.6, 129.0, 152.9, 153.1, 203.7.

GC-MS: rt: 19.2 min; m/z: 238(5), 183(12), 182(146), 181(1000), 180(12), 165(13), 153(15), 152(112),
151(39), 150(14), 127(15), 126(15), 77(10), 76(11), 63(7) .

HPLC analysis: Chiracel IC: 99:1 (hexane: i-PrOH), flow 0.7mL/min. tm:12.2 min; TM: 11.7 min.

HRMS Calcd for C7H;60,: 238.09938, [M]", found: 238.0991.

2-(9H-xanthen-9-yl)butanal, 1c.

CHO C17H1602 Fw =252.31

O O [o]p = +19.5 (¢ 1.2, CHCL).
(0]

Colorless oil.
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"H NMR (CDCls, 200 MHz) &: 0.84 (3H, t, J = 7.5 Hz), 1.45-1.65 (2H, m), 2.42-2.53 (1H, m), 4.49 (1H,
d,J=4.4 Hz); 7.04-7.32 (8H, m); 9.67 (1H, d, ] = 2.6 Hz).

BC NMR (CDCl;, 50 MHz) §: 12.0, 18.7, 40.0, 62.3, 116.7, 116.8, 122.2, 123.2, 123.4, 123.5, 128.2,
128.3, 128.7, 128.9, 152.9, 153.0, 204.5.

GC-MS: rt: 22.7 min; m/z: 252(5), 207(9), 205(7), 196(5), 183(17), 182(18), 181(1000), 180(13),
165(10), 153(18), 152(116), 151(38), 150(14), 139(6), 91(9), 77(9), 76(15), 75(9),70(9), 69(9), 63(10).
HPLC analysis (derivatized to alcohol): Chiracel OF: gradient from 99:1 (hexane: i-PrOH) to 90:10 in

30min, flow 0.5mL/min. tm:23.3 min; TM: 21.4 min.

HRMS Calcd for C;7H60,: 252.11503, [M], found: 252.1151.

3-methyl-2-(9H-xanthen-9-yl)butanal, 1d.

H Fw = 266.
CHO Clg 1802 \%% 66.33

[o]p = + 10.5 (c 0.38, CHCL5).

O o O White solid. Mp=46.2-48.5°C

"H NMR (CDCl;, 400 MHz) &: 0.90 (3H, d, ] = 6.8 Hz), 1.11 (3H, d, J=6.8Hz), 1.94-2.03 (1H,m), 2.31
(1H, ddd, J=4.0, 6.0, 6.8Hz), 4.50 (1H, d, J = 6.0 Hz), 7.07-7.13 (4H, m), 7.24-7.28 (4H, m), 9.52 (1H, d,
J=4.0 Hz).

BC NMR (CDCls, 100 MHz) &: 19.3, 21.7, 26.1, 38.2, 66.2, 116.7, 116.8, 123.1, 123.3, 123.5, 124.0,
128.1, 128.2, 128.7, 128.8, 152.9, 153.2, 204 4.

GC-MS: rt: 26.4 min; m/z: 266(2), 223(8), 205(8), 183(16), 182(166), 181(1000), 180(11), 165(12),
153(13), 152(100), 151(31), 150(12), 127(12), 126(10), 76(8), 63(7).

HPLC analysis: Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5mL/min.
tm:14.8 min; TM: 15.9 min.

HRMS Calcd for C;gH30;: 266.13068, [M], found: 266.1307.
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2-(9H-xanthen-9-yl)hex-5-enal, 1e.

7 CHO | CoHs0, Fw=278.35

O O [o]p = + 2.3 (c 0.48, CHCL).
(@)

Colorless oil.

"H NMR (CDCls, 400 MHz) &: 1.43-1.49 (1H,m), 160-1.69 (1H, m), 1.85-1.91 (1H, m), 1.96-2.02 (1H,
m), 2.60 (1H, ddt, J= 2.4, 4.4, 9.6 Hz), 4.50 (1H, d, J= 4.4 Hz), 4.84 (1H, d, J=17.2 Hz), 4.89 (1H, d,
J=10.4 Hz), 5.57 (1H, ddt, J= 3.2, 10.4, 17.2 Hz), 7.04-7.12 (4H, m), 7.21-7.28 (4H, m), 9.67 (1H, d,
J=2.4 Hz).

BC NMR (CDCl;, 100 MHz) &: 24.4, 31.3, 39.9, 59.9, 115.5, 116.7, 116.8, 122.9 (2C), 123.4, 123.6,
128.3, 128.4, 128.7, 128.9, 137.3, 152.8 (2C), 204.2.

GC-MS: rt: 30.2 min; m/z: 278(4), 207(14), 183(11), 182(138), 181(1000), 180(10), 153(14), 152(86),
151(23), 127(10), 126(9), 77(7).

HPLC analysis (derivatized to alcohol) Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in
30min, flow 0.5mL/min. tm:27.8 min; TM: 29.0 min.

HRMS Calcd for Cj9H;30,: 278.13068, [M], found: 268.1308.

3-phenyl-2-(9H-xanthen-9-yl)propanal, 1f.

Ph CHO | CpHig0, Fw=314.38

O O [a]p =+ 100.0 (c 0.30, CHCI;).
(0)

White solid.Mp= 84-89 °C

'H NMR (CDCls, 400 MHz) §: 2.68-2.90(2H, m), 2.98-3.08 (1H,m), 4.63 (1H, d, J = 7.2 Hz), 7.01 (2H,
d, J=8.0Hz), 7.11-7.36 (11H, m), 9.68 (1H, d, J = 3.6 Hz).
13C NMR (CDCls, 100 MHz) &: 31.2, 39.5, 62.4, 116.7, 116.8, 121.7, 122.6, 123.5, 123.6, 126.3 (2C),

128.2,128.4, 128.5, 128.6 (2C), 128.8, 128.9, 138.7, 152.8, 152.9, 203.4.
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ESI-MS: rt: 12.7 min; m/z: 313 (M-H,+1), 335 (M-H,+Na").

HPLC analysis: Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5mL/min.
tm:17.1 min; TM: 16.3 min.

HRMS Calcd for Cy,H 30;: 314.13068, [M], found: 314.1307.

2-((2Z2.,4Z,6Z)-cyclohepta-2,4,6-trienyl) octanal, 2a.

CHO C15H220 Fw=218.33

[o]p = + 8.4 (¢ 0.90, CHCLs).

Colorless oil.

"H NMR (CDCls, 200 MHz) &: 0.88 (3H, t, J = 6.6 Hz), 1.09-1.44 (8H, m), 1.53-1.81 (2H, m), 1.81-2.07
(1H, m), 2.52-2.69 (1H, m), 5.23 (2H, pseudo t, J = 7.2 Hz), 6.24 (2H, m), 6.69 (2H, pseudo t, J = 2.8
Hz), 9.64 (1H, d, J = 3.4Hz).

BC NMR (CDCls, 100 MHz) &: 14.1, 23.6, 29.1, 29.3, 31.8, 34.4, 38.8, 54.0, 122.2, 123.1, 125.6, 125.7,
131.0, 131.1, 204.7.

GC-MS: rt: 14.7 min; m/z: 218(5), 147(7), 133(45), 129(19), 128(10), 118(6), 117(28), 116(9), 115(32),
105(40), 104(12), 103(17), 92(92), 91(1000), 90(6), 79(17), 78(29), 77(34), 69(6), 65(46), 55(22), 51(11).
HPLC analysis: Chiracel OD-H: 99:1 (hexane: i-PrOH), flow 0.6mL/min. tm:21.1 min; TM: 19.2 min.

HRMS Calcd for Ci5H2,0,: 218.16706, [M]', found: 218.1672.

2-((2Z.,4Z.,6Z)-cyclohepta-2,4,6-trienyl) butanal, 2c.

CHO C11H14O Fw=162.23
[a]p =+ 2.7 (¢ 0.67, CHCls).

Colorless oil.

'H NMR (CDCls, 400 MHz) &: 0.94 (3H, t, J = 7.2 Hz), 1.74-1.84 (2H, m), 1.97-2.02 (1H, m), 2.54-2.60
(1H, m), 5.24 (2H, dt, J = 5.6, 10.0 Hz), 6.25 (2H, tt, ] = 2.8, 10.0 Hz), 6.69 (2H, pseudo t, J = 2.8 Hz),
9.65 (1H, d, J = 3.6Hz).

BC NMR (CDCls, 100 MHz) &: 11.5,20.2, 38.5, 55.1, 122.1, 123.1, 125.6, 125.8, 131.0, 131.1, 204.5.
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GC-MS: rt: 9.3 min; m/z: 162(3), 133(16), 131(7), 128(7), 117(14), 115(29), 105(40), 104(10), 103(20),
92(85), 91(1000), 89(20), 79(18), 78(57), 77(55), 65(77), 63(28), 62(9),55(24), 51(29).

HPLC analysis: Chiracel OD-H: 99:1 (hexane: i-PrOH), flow 0.6mL/min. tm:28.6min; TM: 26.9min.

HRMS Calcd for C;1H;40: 162.10447, [M], found: 162.1045.

2-((2Z.,4Z.,6Z)-cyclohepta-2,4,6-trienyl)-3-methylbutanal, 2d.

C12H160 Fw=176.25
CHO

[o]p =+ 8.8 (c 0.51, CHCL).

Colorless oil.

"H NMR (CDCls, 400 MHz) &: 0.95 (3H, d, J = 7.2 Hz), 1.06 (3H, d, J=7.2Hz), 2.05-2.12 (1H, m), 2.25-
2.33 (1H, m), 2.50 (1H, m), 5.21 (2H, dd, J=6.0, 9.2 Hz), 6.24 (2H, pseudo tt, J=2.8, 9.2 Hz), 6.70 (2H,
dd, J=2.8 Hz), 9.78 (1H, d, ] = 4.4 Hz).

BC NMR (CDCls, 100 MHz) &: 18.6, 21.2, 21.5, 37.3, 59.0, 122.0, 122.7, 125.4, 125.5, 130.9, 131.0,
205.7.

GC-MS: rt: 10.2 min; m/z: 176(5), 174(6), 134(10), 133(94), 131(20), 129(11), 128(17), 117(18),
116(11), 115(50), 105(59), 104(12), 92(114), 91(1000), 90(9), 89(21), 79(39), 78(59), 77(70), 65(80),
63(24), 55(38), 53(17), 52(14), 51(38), 50(12).

HPLC analysis: Chiracel OD-H: 99:1 (hexane: i-PrOH), flow 0.6mL/min. tm:29.0min; TM: 24.9min.

HRMS Calcd for C;,H;60: 176.12012, [M], found: 176.1200.

2-(2-phenyl-4H-chromen-4-yl) octanal, 3a.

C23H2602 Fw =334.45

Colorless oil.

"H NMR (CDCls, 400 MHz) & : 0.82 GH M, t, J = 7.2 Hz), 0.88 3H m, t, ] = 7.2 Hz), 0.91-1.45 (16H,

m), 1.61-1.73 2H m, m), 1.73-1.80 (2H M, m), 2.58-2.62 (1H m, m), 2.62-2.66 (1H M, m), 4.06 (1H m,



Supplementary Material (ESI) for Chemical Communications 13
This journal is (c) The Royal Society of Chemistry 2009

t, J=4.4Hz), 4.22 (1H M, t, J=4.4Hz), 5.38 (1H M, d, J=4.8Hz), 5.55 (1H m, d, J=4.8Hz), 7.07-7.26 (6H,
m), 7.24 (IHM + 1H m, t, J=5.8Hz), 7.33-7.40 (6H, m), 7.69 (4H, d, J=6.8Hz), 9.72 (1H m, d, J=2.4Hz),
9.84 (1HM, d, J=2.4Hz).

BC NMR (CDCl3;, 100 MHz) & (major): 13.9, 24.9(2C), 27.8, 29.1, 31.4, 35.0, 59.5, 96.6, 116.7, 116.8,
121.3,123.7,124.7, 124.8, 127.9, 128.3, 128.4, 128.7, 133.8, 150.6, 152.5, 204.4.

ESI-MS: rt: 17.3 min; m/z: 335 (M+1), 357 (M+Na").

HPLC analysis: Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5mL/min.
tm (major):12.8 min; TM (major): 14.6 min. tm (minor):15.7 min; TM (minor): 13.8 min.

HRMS Calcd for C,4H260,: 334.19328, [M], found: 334.1935.

2-((2-methyl-1H-indol-3-yl)(phenyl)methyl)octanal, 4a.

CHO C24H29NO Fw = 347.49

| Ph Colorless oil.

Iz

"H NMR (CDCl;3, 400 MHz) &: 0.79 (3Hanti, t, J=7.2Hz), 0.86 (3Hsyn, t, J=7.2Hz), 1.09-1.28 (16H, m),
1.48-1.54 (2H, m), 1.54-1.62 (2H, m), 2.42 (3Hsyn, s), 2.44 (3Hanti, s), 3.50-3.61 (2H,m), 4.34 (1Hsyn,
d, J =11.6 Hz), 4.46 (1Hanti, d, J = 11.6 Hz), 7.05-7.41 (18H, m), 7.74 (1Hsyn, bs), 7.80 (1Hanti, bs),
9.42 (1Hsyn, d, J =4.4 Hz), 9.63 (1Hanti, d, ] = 4.0 Hz).

BC NMR (CDCl;, 100 MHz) § (anti+syn): 13.9(2C), 14.0(2C), 22.4, 22.5, 26.7, 27.0, 28.7, 29.2, 29.3,
29.7,31.4,31.5,43.1,43.9,54.3,54.4,110.3, 110.4, 112.1 (2C), 118.8, 119.0, 119.5, 119.6, 121.0, 121.1,
126.3 (2C), 127.9, 128.0 (2C), 128.1, 128.2, 128.5, 128.6 (2C), 131.2 (2C), 131.6 (2C), 135.3 (2C), 142.5,
142.6,204.2, 205.5.

ESI MS: rt: 13.7 min; m/z: 348 (M+H"); 370 (M+Na").

HPLC analysis Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5mL/min.
TM (anti): 31.6 min; tm (anti): 23.8 min; TM (syn): 21.0 min; tm (syn): 24.5 min;

HRMS Calcd for C17H602: 347.22491, [M], found: 347.2247.
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2-benzyl-3-(2-methyl-1H-indol-3-yl)-3-phenylpropanal, 4f.

Ph CHO

Ph

N
H

Analytical data are reported in ref. 5.

2-((2-methyl-1H-indol-3-yl)(2-nitrophenyl)methyl)octanal, Sa.

CHO “ CysHosN,O3 Fw =392.49
2
\ \ | O [a]p =+113.0 (¢ 0.60, CHCl,).
Yellow oil.

"H NMR (CDCl;, 400 MHz) & (syn): 0.86 (3H, t, J=7.2Hz),1.17-1.32 (8H, m), 1.49-1.57 (1H, m), 1.73-
1.80 (1H,m), 2.38 (3H, s), 3.45-3.52 (1H,m), 5.22 (1H, d, J = 10.8 Hz), 7.00-7.09 (2H, m), 7.18 (1H, d,
J=7.2Hz), 7.30 (1H, t, J=8.0Hz), 7.49-7.59 (2H,m), 7.63 (1H, dd, J=1.2, 8.0Hz), 7.85 (1Hsyn, bs), 7.87
(1H, d, J=8.0Hz), 9.38 (1H, d, J = 4.4 Hz).

BC NMR (CDCl;, 100 MHz) & (syn): 12.4, 14.0, 22.5, 26.9, 28.8, 29.1, 31.5, 37.3, 54.6, 110.0, 110.6,
118.7,119.8, 121.3, 124.4, 127.1, 127.2, 129.3, 132.3, 132.7, 135.3, 136.5, 150.3, 203.2.

ESI MS: rt: 12.9 min (syn); m/z: 393 (M+H"); 415 (M+Na").

HPLC analysis: Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 1.0mL/min.
TM (syn): 24.1 min; tm (syn): 17.7min.

HRMS Calcd for Co4HosN>O3: 392.20999, [M], found: 392.2098.

2-benzyl-3-(2-methyl-1H-indol-3-yl)-3-(2-nitrophenyl)propanal, 5f.

Ph CHO C25H22N203 Fw =398.45

| H [ ) | [ao=+131.0 (c 0.27, CHCl).

Yellow oil.




Supplementary Material (ESI) for Chemical Communications 15
This journal is (c) The Royal Society of Chemistry 2009

"H NMR (CDCls, 400 MHz) § (syn): 2.36 (3H, s), 2.87 (1H, dd, J=3.6, 14.0 Hz), 3.18 (1H, dd, ]=10.4,
14.0 Hz), 3.99 (1H, ddd, J= 3.6, 10.4, 10.8 Hz), 5.27 (1H, d, J=10.8 Hz), 6.97-7.26 (9H, m), 7.34 (1H, t,
J=8.0Hz), 7.56 (1H, t, J=8.0 Hz), 7.66 (1H, d, J=8.0 Hz), 7.82 (1H, bs), 7.99 (1H, d, J= 8.0Hz), 9.43 (1H,
d, J=3.6Hz).

BC NMR (CDCl;, 100 MHz) &: 12.2, 35.0, 37.8, 55.6, 109.4, 110.7, 118.6, 119.9, 121.3, 124.5, 126.5,
127.0, 128.5, 128.6 (2C), 128.8 (2C), 129.3, 132.3, 132.9, 135.4, 136.2, 138.4, 150.5, 203.0.

ESI MS: rt: 10.9(syn) min; m/z: 399 (M+H"); 421 (M+Na").

HPLC analysis Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5mL/min.
TM (syn): 40.4 min; tm (syn): 33.9min; TM (anti): 43.0 min; tm (anti): 28.7min.

HRMS Calcd for C,5H2oN,035: 398.16034, [M], found: 398.1602.

2-((4-methoxyphenyl)(2-methyl-1H-indol-3-yl)methyl)octanal, 6a.

CHO CysH31INO, Fw=377.52

‘ N | O OMe | (Colorless oil.

H

"H NMR (CDCl3, 400 MHz) & : 0.79 (3Hanti, t, J=7.2Hz), 0.86 (3Hsyn, t, J=7.2Hz),1.09-1.28 (16H, m),
1.46-1.66 (4H, m), 2.42 (3Hsyn, s), 2.44 (3Hanti, s), 3.43-3.55 (2H,m), 3.72 (3Hanti, s), 3.75 (3Hsyn, s),
4.28 (1Hsyn, d, J = 11.6 Hz), 4.40 (1Hanti, d, J = 11.6 Hz), 6.76 (2Hanti, d, J=8.4Hz), 6.81 (2Hsyn, d,
J=8.4Hz), 7.02-7.11 (4H, m), 7.19-7.31 (6H,m), 7.62 (1Hanti, d, J=7.6Hz), 7.67 (1Hsyn, d, J=7.6Hz),
7.74 (1Hsyn, bs), 7.79 (1Hanti, bs), 9.40 (1Hsyn, d, ] = 4.4 Hz), 9.60 (1Hanti, d, J = 4.4 Hz).

BC NMR (CDCl;, 100 MHz) § (anti+syn): 12.4, 12.8, 14.0 (2C), 22.5 (2C), 26.7, 27.0, 28.7 (2C), 29.2,
29.3,31.5,31.6,42.2,43.1, 54.5, 54.6, 55.1, 55.2,110.3, 110.4, 112.4 (2C), 112.6 (2C), 113.8 (2C), 113.9
(20), 118.7, 119.0, 119.4, 119.5, 121.0, 121.1, 127.4 (2C), 128.9 (2C), 129.0 (2C), 131.1, 131.4, 134.8,
135.4, 157.9 (2C), 204.3, 205.6.

ESI MS: rt: 12.5 and 13.0 min; m/z: 400 (M+Na").
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HPLC analysis: Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 8:2 in 30min, flow 0.5mL/min. TM
(anti): 22.2 min; tm (anti): 20.4min; TM (syn): 24.0min; tm (syn): 25.8min.

HRMS Calcd for Cy5H31NO;: 377.23548, [M], found: 377.2353.

2-benzyl-3-(4-methoxyphenyl)-3-(2-methyl-1H-indol-3-yl)propanal, 6f.

CHO C26H25N02 Fw =383.48
Ph

| | O ome | Yellow oil.

N
H

"H NMR (CDCl;, 400 MHz) §: 2.38 (3Hsyn, s), 2.40 (3Hanti, s), 2.68-3.07 (4H, m), 3.72 (3Hanti, s),
3.78 (3Hsyn, s), 3.89-4.00 (2H, m), 4.37 (1Hsyn, d, J= 11.2 Hz), 4.46 (1Hanti, d, J= 11.2 Hz), 6.77
(2Hanti, dd, J=2.4, 6.8 Hz), 6.87 (2Hsyn, dd, J=2.4, 6.8 Hz), 6.99.7.43 (22H, m), 7.78 (1Hsyn, bs), 7.87
(1Hanti, bs), 9.47 (1Hsyn, d, J = 3.6 Hz), 9.68 (1Hanti, d, ] = 3.2 Hz).

BC NMR (CDCls, 100 MHz) & (syn+anti): 12.3, 12.5, 35.3, 35.4, 42.6(2C), 43.5(2C), 55.7, 56.4, 110.5,
110.6, 111.9, 112.2, 113.9(2C), 114.1(2C), 118.9, 119.0, 119.5, 119.6, 121.0, 121.1, 126.2, 126.3, 126.4,
127.2,127.4, 128.2, 128.3(4C), 128.4, 128.5 (2C), 128.9, 129.0, 129.1, 131.2, 131.8, 134.3, 134.5, 135.3,
135.5, 138.6, 139.0, 157.9, 158.0, 204.5, 205.5.

ESI MS: rt: 10.8 and 11.2 min; m/z: 384 (M+H"); 406 (M+Na").

HPLC analysis IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5 mL/min. TM (anti):
45.8 min; tm (anti): 48.0 min; TM (syn): 42.8 min; tm (syn): 34.1 min.

HRMS Calcd for Co6HysNO;: 383.18853, [M], found: 383.1884.

2-((2-methyl-1H-indol-3-yl)(4-nitrophenyl)methyl)octanal, 7a.

CHO C24H28N203 Fw =392.49

| N | O NO; | Yellow oil.

H

'H NMR (CDCls, 400 MHz) & : 0.77-0.91 (6H, m), 1.34-1.45 (16H, m), 1.46-1.51 (2H, m), 1.52-1.62

(2H, m), 2.42 (3Hsyn, s), 2.44 (3Hanti, s), 3.49-3.58 (1Hsyn, m), 3.61-3.68 (1Hanti, m), 4.45 (1Hsyn, d, J
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= 11.2 Hz), 4.56 (1Hanti, d, J] = 11.2 Hz), 7.03-7.14 (4H, m), 7.18-7.34 (4H,m), 7.50 (2Hanti, d, J=8.8
Hz), 7.54 (2Hsyn, d, J=8.8 Hz), 7.89 (1Hsyn, bs), 7.93 (1Hanti, bs), 8.07 (2Hanti, d, J=8.8 Hz), 8.13
(2Hsyn, d, J=8.8 Hz), 9.44 (1Hsyn, d, ] = 4.0 Hz), 9.68 (1Hanti, d, ] = 4.0 Hz).

BC NMR (CDCls, 100 MHz) § (syn+anti): 12.7 (2C), 14.0 (2C), 22.6 (2C), 26.4, 26.9, 29.1, 29.3, 29.4,
29.7, 31.5, 31.6, 42.4, 43.9, 53.8, 54.0, 110.7 (2C), 118.4, 118.5, 119.9, 120.0, 121.4, 121.5, 123.8 (2C),
123.9 (2C), 128.7 (4C), 127.0 (2C), 131.8 (2C), 132.0 (2C), 135.3 (2C), 150.2 (2C), 150.4 (2C), 203.3,
204.5.

ESI MS: rt: 12.4 and 12.7 min; m/z: 393 (M+H").

HPLC analysis IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 1.0 mL/min. TM (anti):
40.9 min; tm (anti): 31.8 min; TM (syn): 29.3 min; tm (syn): 27.7 min.

HRMS Calcd for C,4HsN>03: 392.20999, [M], found: 392.2098 .
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Determination of the absolute configuration.

Synthesis of (R)-2-(9H-xanthen-9-yl)propanol
CHO

(LI

To a solution of N-propionyl oxazolidinone 9 (20 mg, 0.1mmol) in CH,Cl, ( 2mL) a 1 M solution of
TiCly in CH,Cl, (0.1mL) was added, followed by DIPEA (0.020mL, 0.12mmol). The resulting violet
solution was stirred at 0°C for 30 m, then 9H-Xanthen-9-ol 8 (20 mg, 0.1mmol), immediately followed by
0.ImL of a IM solution of TiCly in CH,Cl,, were added. The titanium enolate was immediately
decolorized and after few minutes a yellow suspension was formed. The slurry was stirred 2 h at 0 °C
then quenched with water and diluted with Et,O (6 mL). The TiO, formed was filtered off and the organic
phase was separated. The aqueous phase was extracted with ether, then the organic phases were reunited,
dried over Na,SO4 and evaporated under reduced pressure. The crude reaction mixture containing 9H-
Xanthen-9-ol, propionyl oxazolidinone and the desired products was transferred to a flask and THF (
3mL) was added. The solution was stirred at 0 °C for 5 minutes then was treated with SuperHydride
(0.20mL of a solution 1M in THF). After 60 min, the reaction was quenched with water and diluted with
AcOEt. The separated organic phase was dried over sodium sulfate and concentrated in vacuo.
Purification by preparative TLC (5:5 cyclohexane/Et,0) afforded 11 (3 mg, yield=12% over 2 steps).

"H NMR (CDCls, 200MHz) &: 0.65 (3H, t, J=7.0 Hz), 1.50 (1H, bs), 2.0 (1H, m), 3.40-3.59 (2H,m), 4.23
(1H, J=4.2 Hz), 7.03-7.12 (4H,m) 7.19-7.29 (4H, m).

HPLC analysis IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5mL/min: TM=
27.5min, tm=30.5min (ee=99%).

Synthesis of (S)-4-benzyl-3-(2-((2Z.,4Z,6Z)-cyclohepta-2,4,6-trienyl)acetyl)oxazolidin-2-one 13.
o O
PN

N~ O 13
/

Q
N

\
Ph

To a solution of diisopropylamine (185 puL, 1.32 mmol) in 12 mL of dry THF under nitrogen, n-
butyllithium (492 pL of a 2.5M solution in hexanes, 1.23 mmol) was added at 0°C and the resulting
solution was stirred for 10 min. Then the flask was cooled to -78°C, EtOAc (119 uL, 1.2 mmol) was

added and the solution was stirred at the same temperature for 60min.
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In a second flask, tropylium tetrafluoroborate 12 (178mg, 1mmol) and TEA (139 pL, 1mmol) were

suspended in 1.5mL of dry THF and the mixture was cooled to -78°C. Then the content of this second
flask was slowly transferred by cannula into the solution of the preformed lithium enolate, while keeping
the temperature at -78°C. The reaction was allowed to warm during 1h, then it was quenched with water
and extracted with EtOAc t. The combined organic phases were dried on sodium sulfate and concentrated
in vacuo. The crude product was the dissolved in a mixture of THF/MeOH/H,0 (3.6/1/1, total volume:
15mL) and lithium hydroxyde (114mg, 3 mmol) was added at r.t.. After 1h, the reaction was diluted with
EtOAc and acidified with 1M HCI. After the extraction, the organic fraction was dried over sodium
sulfate and concentrated in vacuo affording 81mg of 2-((2Z,4Z,6Z)-cyclohepta-2.,4,6-trienyl)acetic acid
(Y=54% over 2 steps).

The carboxylic acid (81 mg, 0.54 mmol) was dissolved in dry THF (4.0 mL) and TEA (139 uL, 1.0
mmol) and cooled to —78 °C according to the procedure described by MacMillan at al. in Science, 2007,
316, 582. Pivaloyl chloride (74 pL, 0.6 mmol) was added and the reaction was gradually warmed to 0 °C
over 90 min. (S)-4-benzyloxazolidin-2-one (89 mg, 0.54 mmol) was added followed by lithium chloride
(64 mg, 1.5 mmol) and the reaction was warmed to ambient temperature and stirred for 72h. The solution
was diluted with ethyl acetate and washed with water, the organic phase was dried over sodium sulfate
and concentrated in vacuo. Purification by flash chromatography (silica gel, 9:1 cyclohexane/EtOAc)
afforded 13 (90 mg, Y=54%).

"H NMR (CDCl;, 200MHz) §: 2.30-2.42 (1H, m), 2.80 (1H, dd, J=9.6, 13.2 Hz), 3.24-3.45 (3H, m), 4.08-
4.27 (2H, m), 4.65-4.76 (1H, m), 5.29 (2H, pseudo t, J=7.0 Hz), 6.25 (2H, d, J=9.0Hz), 6.70 (2H, pseudo
t, J=2.6 Hz), 7.20-7.35 (5H, m).

Synthesis of (S)-2-((2Z,4Z,6Z)-cyclohepta-2,4,6-trienyl)butan-1-ol 14.
< 0H
13

Compound 13 was dissolved in THF (4 mL) and cooled to —78 °C. NaN(SiMe3)2 (700 pL, 0.7 mmol) was
added and the reaction was stirred for 1 h. Iodoethane (150 pL, 1.88 mmol) was then added and the
reaction was warmed to —20 °C over 4 h, then it was quenched with a saturated NH4Cl aqueous solution
(5 mL). The reaction was diluted with EtOAc and the organic phase was washed with brine, dried over
sodium sulfate and concentrated in vacuo. The crude mixture obtained was diluted with 400 pL of dry
THF, cooled to 0°C and treated with SuperHydride (0.29mL of a solution 1M in THF). After 30 min, the
reaction was quenched with water and diluted with EtOAc. The separated organic phase was dried over
sodium sulfate and concentrated in vacuo. Purification by preparative TLC (7:3 cyclohexane/EtOAc)

afforded 14 (7 mg, Y=15% over 2 steps).
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"H NMR (CDCls, 200MHz) &: 0.96 (3H, t, J=7.4 Hz), 1.39-1.70 (3H, m), 1.70-1.88 (1H, m), 3.81 (2H, d,

J=4.8 Hz), 5.28-5.37 (2H, m), 6.21-6.25 (2H, m), 6.68 (2H, pseudo t, J=3.4 Hz).
HPLC analysis OD-H 99:1 (hexane: i-PrOH), flow 0.6 mL/min. tm= 28.6min, TM=26.9min (ee=90%).
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NMR Spectra

21

o dgflm
o dlw
i
I b
~ |~
-~
33a%
" e
® o LR
=1 o=
1o w -
o -4
b ;ﬁ» L ~ o
T - -
@ M .
Nous"f o
= 88 b =
& L - =
[ - ) w o +
: ‘U\L < H
2 - e, - J
o~ w L)
|
1 I i
T LI L e i e o TTT T T T LB G R e i s T mEmm e R R
200 180 160 140 120 100 80 60 4}1 20 0 ppm
Pulse 60.0 degrees
Acq. time 2.666 sec
Width 3000.3 Hz
OBSERVE - 1o i3 22
.9750689 MHz © 0
DATA PROCESSING CHO a3
FT size 16384 -
Total time 0 min, 52 sec
-
S
ojc;
H LY
~ o
: e
- -
b o"'
Rygz8%
anme e
S
. M, JL Jﬂk
— T T — T T T S e T
10 9 8 7 6 5 3 2 1 ppm
PR EE— —— [— [RS—
0.89 5.16 0.82 6.75



Supplementary Material (ESI) for Chemical Communications 22
This journal is (c) The Royal Society of Chemistry 2009

fb458C13

Pulse Sequence: apt

Solvent: cdcl3

Ambient temperature
File: fba58C13
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¢nd pUIse 1./ OBgrees
Peg. time 1,000 sec
Width 26525.2 Hz
222 repetitions
OBSERVE C13, 100.5611186 MHz
DECOUPLE H1, 399.9265569 MHz
Power 41 dB
on during acquisition
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DATA PROCESSING
Line broadening 1.0 Hz
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15t pulse 180.0 degrees

Ind pulse 51.7 degrees

Acg. time 1.000 sec

Width 26525.2 Hz

184 repetitions
OBSERVE C13, 100.5611218 MHz
DECOUPLE H1, 399.9265569 MHz
Power 41 dB

on during acquisition
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 65538
Total time 764 hr, 45 min, 7 sec
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Temp. 25.0 C 7 298.1 K
Mercury-400B8 “ma00*

i1st pulse 180.0 degrees

2nd pulse 51.7 degrees

Acg. time 1.000 sec

Width 26525.2 Hz

294 repetitions
OBSERVE C13, 100.5611186 MHz
DECQUPLE H1, 399.9265569 MHz
Power 41 dB

on during acquisition
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 764 hr, 45 min, 7 sec

204,406

204.986

152.508
152.235

W—150.641

133.857

133.792
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e
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15t pulse 180.0 degrees

2nd pulse 51.7 degrees

Acq. time 1.000 sec

Width 26525.2 Hz

1430 repetitions
OBSERVE C13, 100.5611153 MHz
DECOUPLE H1, 399.9265569 MHz
Eower 41 de

#n during acquisition
WALTZ-16 modulated
DETA PROCESSING

ine broadening 1.0 Hz

FT.size 65536
Total time 764 hr, 45 min, 7 sec

,—128.978
/—128.922
/S —127.801

_54.629
54.597

\

~55.128
42.070
—A42.224
13.953
—12.754

~204.534
——12.391

55.177

s

134.766
~—131.369

//'.131.055
22000

—135.354
77.314
76.678

157 .870
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| OMe

= Z

T ir 5 / ]

ha_ )

L B LA — L A B | T T T T L e B e N S St A S S e . B S T T
9 8 7 6 5 4 3 2 1 ppm
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CHO

ok
o}

Chiracel IC: 99:1 (hexane: -PrOH), flow 0.7mL/min. tm:12.2 min; TM: 11.7 min.

DAD1 A, Sig=210,4 Ref=360,100 (FIDES\FB456.D)

mAU -

200- RACemic
250~
200 —
150 =
100 —
50~
a : S
I T — r r T
5 10 15 20 25 min
1 ]
File Information # Time Area Height Width Area% Symmetry
Sample | fb456 1 11.731 41815 N76 0.2195 49.870 0
Sample Info|IC 931 1=0.7 2 12153 4203.3 2832 0.2474 50130 0.724
DAD1 A, Sig=210,4 Ref=360,100 (FIDES\MOGU100.D)
mAU E
200~ ENantioselective
150 -
100
50~
0- — A T
—_—
5 10 15 20 25 m|
1 I
File Information # Time Area Height Width Area% Symmelry
Sample | mogul103 1 11.759 2936.4 228.2 0.2144 84,305 0.811
Sample Info|IC 99:1 f=0.7 2 12.29 546.7 386 0.236 15.695 0.833
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O

OH

Chiracel IC: 99:1 {hexane: HPrOH), flow 0.5mlimin. £ 27.5 min; £ 305 min.

BADL1 B, SigaZ35.4 Reta380, 100 (LUCATL 0§00

=~ Racemic _ :
. &
120
- -] -]
1:1}_
o
L]
a0
i
o 8 0 15 i 25 0 min
(=1 I ]
File: Information # Tima Area Hesight Width AreaX  Symmetry
Samge |90 «ff [ 736 18026 1182 02379 49245 | omea
S ample Info | IC 331 90010 in 30 rvan Azt 015 30°C [z ] 18579 1158 0% | 50754 | 085
DADA B, 5ige235 4 Ram380, 100 (LUCAZLIN0E [}
=« Enamntioselective 3
| Enamine catalysis %
250 -
200 -
150 -
00~ §
50- %
(] —_— ~ it J\
o - 0 15 ] a5 30 mif
[4] I O
File Infosmation ] Time Aiea Height Width  Area®  Symmebiy
I Sample 12308 = [v] 27ss8 | eeea | 54.1 [ o22n [ wxr | asrr |
| Sample Info]IC 331 9010 in 30 min e 0.5 30°C [ 21 304m | azm2n | ez | o9 [ emorz | oser |
'k DAD1 B, 5igez35,4 Ram380,100 (LUCADLTN0N. [}
mill =
“ Enantioselective E
w0 Evans soctiary
180~
00
50
o L e
1] 8 . . 1I.'.| 1% 20 o8 :IJ .rnln
[xF ] ¥
File Infommation | T i Area Heaght ‘Width MumaX Sy Iy
Sample |30 - [ 1] 2rsse | v | 24 | o2 [100000 | oEE |
S sercle Inéo | IC 931 9010 in 30 i st 05 20°C
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CHO

1c
s (Derivatized to alcohol)

Chiracel OF: gradient from 99:1 (hexane: -PrOH) to 90:10 in 30min, flow
0.5mL/min. tm:23.3 min; TM: 21.4 min.

DAD1 A, Sig=210.4 Ref=450 80 (FIDES\FB468.D)

mAU - ] o
. Racemic
350
300~
250~
200
150 -
100
50-
o-
1I0 1‘2 1I4 1Iﬂ 1é ZIIJ 2‘2 29 26 4
File Informati # Time Area Height Width  Area% Sy y
Sample | fh468 -~ 1 19.528 12707 3733 0.5091 46.807 077
Sample Info] OF 93-1 to 30-10 =05 in 30 min 2 20615 144403 369.4 05648 53193 | 0725

DAD1 A, Sig=214.,4 Ref=450,20 (FIDES\EBZ0RID.D)

"« Enantioselective

0-
10 12 12! 16 1IB 2:3 zlz 7 2:4 i 2; R 2|
<]
File Information # Time Area Height Width AreaX Symmetry
Sample | eb30rid - 1 21.364 44095 129 0.5695 89.396 0.751
Sample Info| of 99:1 t690:10 in 30 min, flow 0.5, .t 2 23.276 523 156 0.5602 10,604 0632
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CHC

SOPL
o)

Chiracel IC: gradient from 99:1 (hexane: FPrOH) to 90:10 in 30min, flow 0.5mL/min.
tm:14.8 min; TM: 15.9 min.

[ DAD1 A, Sig=210,4 Ref=360,100 (MONTSE\MOGU224.D)

Al < -
™~ Racemic
500 -
400 -
300-
200 —
100 *
D _: e P —
PPPPP L L L L L L L
2.5 5 .5 10 125 15 17]
Kl
File Information # Time Area Height y
LC-File | MOGU224.D 1 14.774 68931 600.6 |
File Path | C:A\CHEM32\1\DATANMONTSES 2 16.102 £850.9 586.5 |
DAD1 A, Sig=214.4 Ref=350,80 (MONTSEWMOGU40.D)
mAU | - - []
00 ENaNtioselective
1000 -
800 -
600 -
400 - &
: s
20
0l . —
Jl; Liry# I L I I I I I I
2 & 8 10 12 14 18 min
4] []
File Information # Time Area Height Width Area% Symmetry
Sample | montsedd - | 1 14.817 5297.3 226.9 0.3236 15.780 1.032
Sample Info]ic 99:1 in 30 min 30:10 flux0.5. 2 15.929 282728 1319.9 0.2947 84.220 0.834
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CHO
ol

1e
o/ Derivatized to alcohol

Chiracel IC: gradient from 99:1 (hexane: -PrOH) to 90:10 in 30min, flow 0.5mL/min.
tm:27.8 min; TM: 29.0 min.

DAD1 A, Sig=214.4 Ref=450,80 (MONTSEWOGLU48.D)
maAll
- Racemic
600 -
500 -
400 -
300 -
200 -
100 -
0
10 12;.5 15 175 20 22|.5 ‘2|5 2?|.5 SIO min
4 [
File Information # Time Area Height ‘Width AreaX S
[ Sample [ montsed6 | [1 ] 2693 [ 108229 | 643 [ 02805 [ 49740 [ 0825 |
| Sample Info]ic 38:1 in 30 min 90:10 Aux0.5. Reduction | [ 2] 2843 | 109362 | 6405 | 02846 | 50260 | 0844 |
DAD1 A, Sig=214.4 Ref=450,80 (MONTSEWMOGUS2.D)
mall 2
= Enantioselective
800 -
600 -
a00-
B
200 — R
4 [}
R A
10 12“5 11': 1'4".5 2!‘3 22‘5 ii : 27‘.5 ' '.'iIJ mir
a4 jb
File Inf ti # Time Area Height ‘Width AreaZ Symmetry
| Sample | mogu52 | -l 1| 2zmn [ 22721 | 133 | 02601 | 1100 | 0853 |
| Sample Info]IC 955 flux 0.5. ] [ 2 1 2503 | 181964 | 1026 | 02773 | 88gs00 [ 07 |
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CHO
Ph

1f

Chiracel IC: gradient from 99:1 (hexane: i-PrOH) to 90:10 in 30min, flow 0.5mL/min.

tm:17.1 min; TM: 16.3 min.

| DAD1 B, Sig=254.4 Rei=450.80 (MONTSE\MOGUT1.D)

mAU | 2 3
. Racemic
&
0 |
0
G_R
df PO o AR L
ﬁ 2 fl& B EI 10 1|2 1;1 1|0 |IB min
| T ¥
— File Inf # Time Area Height Width AreaZ S
[ Sample [ mogufl A [ ] e3 [ 7332 | 4675 | 02545 | 46.298 | 0.764 |
| Sample Info[IC 891 in 30 min 90:10 flow 0.5. Rac L 2| 17064 | @711 | 4578 | o272 [ 51702 [ 0706 |
DAD1 B, Sig=254.4 Ref=450,80 (MONTSEWWOGU74.D)
mAU | = = 2
| Enantioselective 3
m -
150
100
I o
! g
50| IS
a /L
T T2 a s g 10 12 14 16 1 i
< [ I
File Inf # Time Area Height Width  AreaX Symmelry
[ Sample [ mogud - [T ] 16293 [ e721.4 | 2836 | 03598 | erae0 | 0718 |
[ Sample Info[IC 93:1 in 30 min 90:10 flow 0.5. FiR- (2] 17oe2 | &1 | #1.3 | o327 | 12680 | o762 |
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CHO

2a

{(Dematized to alcohol)

Chiracel OD-H: 991 (hexane: i-PrOH), flow 0.6mL/min. tm:21.1 min; TM: 19.2 min.

[ DADA A, Sig=210.4 Ra250,100 (FIDE SFBE18.0)
mall | - 'f’ -
- Racemic i
250-|
150 —
o
o]
75 10 125 15 175 20 228 P 275 min
1| | G
File Information Time Area Height ‘width Area®  Symmetry
Sample | fb318 20575 76266 238.8 0.3978 s0.012 0836
Sample Info| 0D-H 931 fow 06 2250 762248 2751 04333 49,988 0.9
DAD1 A, Sig=210.8 Re=380,100 (F IDES\EGE7 RID.0)
= Enantioselective
o00
500 -
o-
-
200~
100 -
i — — —
75 10 125 15 25 s min
4 [#]
File Informati Time Area Height Width  AreaX 5y v
LCFie [EBETRID.D 19.154 356465 7046 08919 72779 | 0867
Fie Path | CCHEM3ZA\DATANFIDES\ 71.144 14455 7561 03172 7.2 094
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CHO

2c
{Derivatized to alcohol)

Chiracel OD-H: 99:1 (hexane: /I-PrOH), flow 0.6mL/min. tm:28.6min; TM:

26.9min.
DAD1 A, Sig=210,4 Ref=380,100 (FIDESVEB122.0)
mall - =) [
“Racemic
00 —
a0 -
80—
40—
20—
o-
4 e
————— T T e e e e e | e e e B [
10 12,5 15 17.5 20 225 25 275 20 325
@ —
File Information 3 Time Area Height Width AreaX
LC-File |[EE122D 1 26,8388 4111.2 137.4 0,463 49,844
File Path | CACHEM3ZATADATANFIDES, 2 28,628 413649 1297 0.4952 50,156
I LAl A, SigeZ 104 Remds 80 (ELERSEB123.09
=0
= Enantioselective
100 -
-
-
nf*“m%m"r‘-ﬂ—ﬂw‘_ S I st
T s m s T & as = @s @ ma " i
]| ||
File: Information # Time Arca Height Width  AeaX 5
[ Sarple [eb123 - "] =3m [ esa3 | 142 | omzm [esas [ omm
| Samgle Info] odh 537 flow OB, 1.t [alcol] 21 =3 | zZiva | E1.3 | omen [ moss | o |
DADA A, Sig=210,4 Ref=380,100 (FIDESVEB128BI5.1)
sl I
=s0- From alkylation of (S)-4-
- benzyl oxazolidin-2-one
- derivative
100
s0-| 8
| A, ]
0 .
——r——r—r—r—r—r—r—p—r—r—r—r—p—r—r—r—r— [ttt p— e e L e e e et [ e
10 125 15 175 20 225 28 275 20 325 min
[ f +]
File Information i Time Area Height Width Area®  Symmetn
Sample | ebl26bis 1 2747 8554.9 2824 04734 95087 0.a0?
Sample Info| OD-H 99:1 F=0.6 2 28923 442 15 0.447 4913 1.293
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CHO

2d
(Derivatized to alcohol)

Chiracel OD-H: 99:1 (hexane: +PrOH), flow 0.6mL/min. im:29.0mm; TM: 24.9mm.

DADY A, Sig=210,4 Ref=360,100 (FIDES'WFBE10.0)

" Racemic
50~
25
20-
16
10
5
o :-_-r\- S ——
'_‘_'_'_‘_'__’_'_'_‘_l_'_‘_'__‘_'_'_‘_'__‘_'__‘_l_'_‘_'_'__'_'_‘_'__’_'__‘_l_'_‘_'_'_l
125 15 175 prai ) 275 325 i
[4] [*]
File | nformation H Time Area Height Width AreaX  Symmelry
Sample | 213 - |1 24116 11546 427 04235 80157 0.964
Sample Info | OD-H 931 | flow 06 2 28147 1147.4 361 0,439 49,843 0,955

DAD1 A Sig=210.4 Ref=300,100 (FIDES\EBSSRID.0)

~u Enantioselective &

160 =
140 =
120-
400 -
20
60 -
o :
= Th
D_. - - - - . - - - - .- ” - - ” - . : r - - - * - i
125 15 175 20 25 25 s a0 28 min
[+] I
File Informalion 4 Time: Area Height ‘Width Areak  Symmeliy
LC+Fi= | EBESRID.D a1 2497 49334 175.8 04374 85.281 0953
File Path | CACHEM 3241 \DATAVFIDES' 2 28.98 8535 259 05142 14.749 0.9&8
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CHO
c-l G Ja

Chiracel IC: gradient from 99:1 (hexane: +PrOH) to 90:10 in 30min, fiow 0_5mL/mn.
tm {major):12.8 min; TM (major): 14.6 min. tm (minor):15.7 min; TM {mnor): 13.8

Timn.
| DADT A, Sig=Z210.9 Ref=380, 100 (FIDES\EB3S5.D)
m:0- RBcemic &
e
8O0 —
400 - § N
200
u_:._,___..-.._,_-"\-_n_r'«— P —
o ” i " , F I g T T T T T F F r
- 2 40 42 14 18 12 20 22 24  min
&) [ ]
File Inf tion " Time Area Height Width Area¥ Sy try
Sample | eb35 1 12581 14336.3 899 0.244 40.941 074
Sarnple Info | 1C 99:7 to 3310 in 30min, F=05 2 13,525 w77 2532 02192 10,488 0762
Barcode 3 14.425 13508.8 9523 0.2175 33578 0.738
Dperator | ML [ 15.439 34333 2925 0.2117 9.993 02139
DAl &, Sige2104 Ret=360 100 (FIDESIEB1Z1.0¥
™' Enantioselective 5
=00 —
a00-
300
o
200 - E E

o 8
‘;:_:- 15.702

T — — !

] 8 10 12 14 18 18 20 2z 24 min

[«] [
File Information ] Time Area Height Width Area¥ Sy i
Sample | eb121 = 12843 1453 121.1 01765 14,406 1.052
Sample Info{IC 93:1 to 90:10in 30 mir, flow 0.5 2 13761 1486.3 121.8 0.1823 14676 0368

Barcode 3 14.646 5963.4 544.3 01678 58.684 0.84

Oparator | elena —| 4 15.702 12188 339 01578 12.034 0509
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CHO
SN 4a
H

Chiracel IC: gradient from 99:1 (hexane: i-PrOH) 1o 90:10 m 30min, flow 0.5mL/min.
TM (anti): 31.6 min; im (anti): 23.8 mn; TM (syn): 21.0 min; im (syn): 24.5 min;

DADA C, Sig=254.9 Ret=300.100 (FIDESWA_RAC.D)Y

moAll = = »
- Racemic o &
s g
70- =
80 - o
: &
50 8
-
a0
2
10
U z E e e
16 ' 20 22 24 32 2400 ein
[ [+
File Information #t Time Area Height Width AreaX  Symm
Sample | 4a rac 1 20865 634 .4 442 0.2216 16.264 0.80
Sample Info|IC9%1 to 91 in 30°F=05 2 23652 13397 BE.3 0.2587 34,345 020
Barcode 3 24,365 £28.2 378 0.277 16.108 085
Dpesator | fides 4 31618 1238.2 63.8 0.3332 33.282 0,75
[ DAD1 €. Sige254.4 Retw380,100 (FIDESWA_EE D)
" Enantioselective %
702 §
0= e
0 -
-
30_'
it B g
; g 2
10 -
o ——
— T — —r— — T — — L T e "
16 12 20 2 24 20 32 24 min
[1] |
File Information a Time Aiea Height Width Area¥  Symmebry
Sample | 45 ee 1 21.03 5296 581 02187 23110 og21
Sample Irnfo| IC 991 ST m 30 =05 2 23.787 1691 10.7 0.2432 5.934 0832
Barcode 3 24,508 192.9 116 0.2637 6.767 0.897
Dperator | hdes 4 31.558 16584 5.9 0.2332 58183 0773

46



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009
CHO

=
.

N
H

N,

5a

Chiracel IC: gradient from 99:1 (hexane: -PrOH) to 90:10 in 30min, flow 1.0mL/min.

TM (syn): 24.1 min; tm (syn): 17.7min.

DADA1 B, Sig=254.4 Ret=450,80 (FIDES\FBES2B.D)

8 (=1
Racemic 2
b 3
o4 o
[ o
___.__L.NA-._
s 15 0 25 20 35 mi
I0
File Inf # Time Area Height Width AreaZ Symmetiy
Sample | fbE82b 1 17.289 7108.9 327.2 0.3367 43.268 0.775
Sample Info] IC from 99:1 to 9:1 in 30 min F=1 2 22.791 1140.5 3.2 0.4333 6.942 0.689
Barcode 3 24.4 7097.4 275.3 0.3872 43198 0.653
Operator | fides 4 35.322 1083.2 22.4 05746 6,533 0.683
DAD1 C, Sig=254,4 Ref=360,100 (FIDES\FB747.D)
mAU - ]
| Enantioselective s
BU ,-
m ,-
i by
- w ] 2
20 2 & o
1 E @
R Fil g L AN
1 T T T (— T I r— — r
5 10 15 20 25 30 35 min
r ] . [ ’] |
File Information # Time Area Height Width Area% Symmetn,
Sample | Ib747 1 17.665 1281 8.2 0.2352 4.513 1.176
Sample Info[IC 931 to 91 in 30', f=1 2 23.354 427.9 16.4 0.4007 15.076 0779
Baicode 3 24.136 1842.5 335 0.3039 64.919 0.828
Operator |fides 4 35.22 439.7 11.8 0.5658 15.493 0.766
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Ph

CHO
NO3

|N| Q 5¢

H

Chiracel IC: gradient from 99:1 (hexane: -PrOH) to 90:10 in 30min, flow 0.5mL/min.

TM (syn): 40.4 min; tm (syn): 33.9min; TM (anti): 43.0 min; tm {anti): 28.7min.

[rau
40
= Racemic
-
i
20
15
10
-
0
Bl —————— .
5| RN . . . . : , :
0 5 10 15 20 25 30 35 ]
File Inf B Time Area Height Width AreaZ S
File Path | CAHPCHEM\SADATANFIDES 1 28.622 2304 11.9 03234 10.556 0.792
Date | 13-Mar-09, 14:23:12 2 33.728 870.4 39 0.3723 39.877 0812
Sample |eb23 3 40.267 856 28 0.5098 39.218 0.785
Sample Infa | IC from 99:1 to 91 in 30' F=0.5 4 42 86 2259 12 05218 10.343 0.888
LT
Enantioselective
ok
o~
Yl
0 -
o-
o
5 10 15 20 25 30 35 ol
[»]
File Inf # Time Area Height Width Area% Symmetry
File Path | CAHPCHEMASA\DATAVMONTSEN - 1 28.714 127.7 4.7 0.4537 4518 1.23
Date | 13-Mar-09, 15:20:30 2 33852 2555 124 0.3422 3.041 0.855
Sample | mogud7p ! 3 40.338 19285 59 0.5445 £8.237 07
Sample Info | IC from 931 to §:1in 30'F=0.5. to us 4 43053 5145 141 0.6073 18.204 0.775
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Chracel IC: gradient from 99:1 (hexane: +PrOH) o 8:2 in 30mn, fiow 0_5mL/mn.
™ (anti): 222 min; tm (anti): 20 4min; TM {syn): 24.0min; tm {syn). 25.8mm.

| DADA C, Sig=254.4 Ret=300,100 (FIDESWBEZ3.0)
mAL

100 c
80~
80~
-
20~
o-
) T T T
5 10 15 20 25 min
[ 4 ok
File Inf tion # Time Area Height Width AreaX Sy Iy,
Sample | (hE23 1 22445 15521 1135 0.2116 25.304 0#5
Sample Info | IC 331 to 82 in 30, =05 2 23885 1511.9 1028 02277 24.648 0.807
Barcode 3 25497 15278 1.9 02309 24,908 an7
Operatos | fides . 27554 15421 84.3 10305 25141 an7
- Enantioselective
%00~
200
00-
' ¢
L5 £ &&5
: - _.,—/-/\v—\f‘ ﬂ‘d}
I P
.m-_
————r— e e T T T T T T T T T T T T T [l Gl | e sl e s el el L [ e e
25 5 75 10 128 15 178 0 25 25
|
File Inloimation " Time Area Height Width Aieak Sy 1y
Sample | IbEES o 1 2046 3221 134 0.2 2446 [
Sanple Inlo| e fom 951 o B8-2 in 30 (=05 2 2224 1476.2 B35 0.2745 11,20 1]
Barcods 3 24.024 H367.9 7.6 02851 .15 03
Opesator | hides L 2584 20048 1535 0.2177 15.221 1.7
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Chracel IC: gradient from 991 (hexane: HPrOH) to 90:10 in 30 min, fiow 0_5mL/min.
T™ (anti): 45.8 mmn; tm (anti): 48.0mmn; TM {syn): 42.8 mmn; im (syn): 34.1mn.

DAL A, Sig=214,4 Ref=350,50 (F IDESFET00.00
[ 2
Racemic ggf
: A2
| v
|
I} e T o s T L L=y e =1 T T s i
2 o 30 325 35 375 a0 az5 a5 ars min
[
File Information L. Time Area Haight Width AreaX S pmmeliy
Sample | (5706 - 1 1946 2550 6 973 0432 | 16290 | 07%
Sample Indo] IC hom 337 to 31 n 30 F=05, 2 | azen2 25657 571 T4;__| 1637 | 0658
Barcode 3 | 4566 E2E0E 1166 750z | 33453 | 0748
Dperator | fides 4 | 4775 53285 1089 9157 | 33948 | 0652
DAD1 A, Sig=214.4 Ref=450 80 (FIDES\FB705.0)
mAL 1
300 - -
- Enantioselective
250 -
200~
150 £
z g &
100 - o
B J\
.--—"M S _._.r""-'--_..___ -
————— e e e e e e e
5 275 30 325 35 TS 20
File Information i Time Area Height
Sarnple | 705 | 1 34,058 1950.9 3.3
Sample Info | IC fiom 331 ta 21 in 30 F=0. 2 42797 1389
Bacode 3 45.799 122007 283
Opetatod | fides | 4 43013 20328 9.4 0.8805 2704 [ Dese
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Chracel IC: gradient from 99:1 (hexane: HPrOH) to 90:10 in 30min, fiow 1.0mL/mn.
T™ (anti): 40.9 mmn; tm (anti): 31.8mm; TM {syn): 29.3 mmn; im (syn): 27 7mmn.

10

-
8-
] 0 & -] 20 2“5 m 25 a0 mim
Ol I
File Infosmation L T i Area Height ‘Width ArcaX  Symmely
Sanphs | rmeauii - 1 47 4.7 172 04154 18.451 0856
Samphs Info | IC 331 to 3010 in 30 min |1, Racens 2 e 4376 163 04373 18772 arrz
TFA 3 3.3 [l k] prd 04347 3.163 096
Bancods 4 4015 TOEa 152 QL7 7EE 3.114 [N

(] 10 1% an Bl min
[ I
File Information ¥ Time Area Height Width __ AweaX S
Sample | moguil a 1 27 E55 e 10 L4063 EET (ETF]
Saengle [rnlo| IC 331 to 31 in 30 =1 2 23.258 2307 1125 0.4414 48707 044
Bacods 3 Eil T 8 (LE453 S04 (kEE
Operator | morkse 4 40 ETS IE42E 503 0.ETE 42 TES nEs
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