Advanced
Synthesis &
Catalysis

Supporting Information

© Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2007



Supporting information for
4, 4’-Disubstituted-; -proline Catalyzes the Direct Asymmetric Michael Addition
of Aldehydes to Nitrostyrenes

Liuqun Gu and Gang Zhao*

Laboratory of Modern Synthetic Organic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, 354 Fenglin Lu, Shanghai, 200032, China

Fax: 0086-21-64166128, e-mail: zhaog@mail.sioc.ac.cn

Table of Contents

General INformation.............oiiii i S2
General procedure for the synthesis of catalysts 1 and data............................... S2
General procedure for the Michael reaction and data of 4a-4Kk........................ S3-7
NMR spectra for catalysts 1........ooouiiiiiiiiii e S8
NMR spectra for compounds 4a-K..............coooiiiiiiiiiiiiiii S9-17
HPLC spectra for compounds 4a-K................cooiiiiiiiiiiiiiiiiiien . S18-28
R OTONCES. ..ot S29

S1



General

Unless otherwise indicated, all reagents were purchased from commercial suppliers
and used without further purification. Reactions were monitored by thin-layer
chromatography (TLC) carried out on 0.25 mm silica gel plates visualized with UV
light and/or by staining with ethanolic phosphomolybdic acid (PMA). Flash column
chromatography was performed on silica gel H (10-40 p). NMR spectra were
recorded on 300 or 500 MHz instruments. Chemical shifts (8) are given in ppm
relative to TMS, coupling constants (J) in Hz. IR spectra were recorded on a
spectrometer. Mass spectra (MS) were measured with a spectrometer. Elemental
analyses were performed. Melting point were measured on a digital melting- point
apparatus. Optical rotations were measured on a JASCO P-1010 Polarimeter at A =
589 nm. Analytical high performance liquid chromatography (HPLC) was carried out
on WATERS 510 instrument (2487 Dual A Absorbance Detector and 515 HPLC Pump)

using chiral column.

General procedure for the synthesis of catalysts 1 see the paper of “Highly
Enantioselective Catalysts of 4,4-Disubstituted L-Proline for Direct Aldol
Reactions”(Adv. Synth. Catal. 2006, 348, 2223.).
4,4’-Di(naphthalene-1-ylmethyl)- -pyroline

white solid, [a]p *** —41.9 (c 0.66, MeOH); m.p. 251-253 °C; IR (KBr) v = 3141,
1630, 1401, 781 cm™; "H NMR (de-DMSO, 300MHz) & = 8.05 (d, J = 9.3 Hz,1H),
7.90 (m, 5H), 7.50-7.30 (m, 8H), 3.75 (t, J = 8.1 Hz, 1H), 3.20 (s, 4H), 3.00 (s, 2H),

2.00 (dd, J = 15.5 Hz, 5.1 Hz, 1H), 1.80 (dd, J = 15.5 Hz, 8.1 Hz, 1H).
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Typical procedure for the Michael reaction using the catalyst 1 in i-PrOH

The following procedure for the reaction of isovaleraldehyde (2a) with nitrostyrene
(3a) in i-PrOH using catalyst 1 is representative. To a mixture of catalyst 1 (20 mg,
0.05 mmol), DMAP (12 mg, 0.05 mmol) and isovaleraldehyde 2a (0.28 mL, 2.5 mmol)
in i-PrOH (1.0 mL) nitrostyrene 3a (37 mg, 0.25 mmol) was added at 0 °C under 1
atm argon. The reaction mixture was stirred for 3 d, then quenched with 5SmL
saturated NH4Cl, extracted with ethyl acetate (5 mLx3), and dried with over Na,SO4,
Purification by flash chromatography (hexane/EtOAc 18/1) afforded product. The
relative and absolute configurations of the Michael adducts were determined by
comparison with 'H NMR spectroscopic analysis and optical rotation. The
enantiomeric excess was determined by HPLC with Daicel Chiralpak AS, AD or
OD-H.

Compounds of 4a, 4c-4i are known."® Compounds of 4b, 4j and 4k are new.
(2R,3S)-2-isopropyl-4-nitro-3-phenylbutanal 4a

Colorless oil. Yield: 87%; [a]p***37.4 (c 2.55, CHCl3); IR (neat) v = 2964, 1717,
1553, 1379 cm™; "H NMR (300 MHz, CDCls) & = 9.84 (s, 1H), 7.26 (m, 3H), 7.10 (m,
2H), 4.73-4.46 (m, 2H), 3.93-3.79 (m, 1H), 2.70 (d, J = 10.2 Hz, 1H), 1.62 (dd, J =
13.5 Hz, 6.6 Hz, 1H), 1.00 (d, J = 6.9 Hz, 3H), 0.80 (d, J = 6.9 Hz, 3H). enantiomeric
excess: 90%, determined by HPLC(Daicel Chiralpak AD, i-PrOH/Hexane 10/90), UV

254nm, flow rate 1.0 mL/ min, tmajor 12.1 min and tminor 13.8 min.
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(2R,3S)-3-(4-bromophenyl)-2-isopropyl-4-nitrobutanal 4b

White solid. Yield: 75%;[o]p %> 25.3 (¢ 2.85, CHCL); m.p. 105-106 °C; IR (KBr) v
= 2964, 1718, 1553, 1379, 1010 cm™; '"H NMR (300 MHz, CDCl;) & = 9.90 (d, J =
2.4 Hz, 1H), 7.48 (dd, J = 8.4 Hz, 1.5 Hz, 2H), 7.07 (dd, J = 8.4 Hz, 1.5Hz, 2H)
4.71-4.65 (m, 1H), 4.58-4.50 (m, 1H), 3.88 (m, 1H), 2.77-2.73 (m, 1H), 1.70 (m, 1H),
1.10 (dd, J = 7.2 Hz, 1.2 Hz, 3H), 0.86 (dd, J = 7.2 Hz, 1.2 Hz, 3H); *C NMR (100
MHz, CHCl3) & = 203.8, 136.2, 132.3, 129.7, 122.1, 78.6, 58.5, 41.4, 27.9, 21.6, 16.9;
MS (EI); m/z(%): 313(0.56), 43(100); Analysis: Calcd. for C;3H;sBrNOs: C, 49.70; H,
5.13; N, 4.46; Found: C, 49.89; H, 5.04; N, 4.24. enantiomeric excess: 91%,
determined by HPLC(Daicel Chiralpak AD, i-PrOH/Hexane 10/90), UV 254nm, flow
rate 1.0 mL/min, tmajor 14.6 min and tminor 22.4 min.
(2R,3S)-2-isopropyl-3-(naphthalen-1-yl)-4-nitrobutanal 4c

Colorless oil. Yield: 89%; [a]p **” 59.6 (¢ 2.95, CHCl3); IR (neat) v = 2963, 1718,
1551, 1377 em™; "H NMR (300 MHz, CDCl3) & = 9.94 (s, 1H), 8.17 (brs, 1H), 7.85
(dd, J = 23.7 Hz, 7.5 Hz,, 2H), 7.60-7.32 (m, 4H), 4.82 (m, 3H), 3.06 (brs, 1H), 1.76
(s, IH), 1.12 (d, J = 6.3 Hz, 3H), 0.83 (d, J = 6.3 Hz, 3H). enantiomeric excess: 87%,
determined by HPLC(Daicel Chiralpak OD-H, '"PrOH/Hexane 20/80), UV 254nm,
flow rate 0.5 mL/ min, tminor 35.3 min and tyajor 38.7 min.
(2R,3S)-2-methyl-4-nitro-3-phenylbutanal 4d

Colorless oil. Yield: 77%; [a]p *** 24.7 (¢ 1.60, CHCl3); IR (neat) v = 2971, 1724,
1553 cm™; '"H NMR (300 MHz, CDCls) 6 = 9.71 (d, J = 1.5 Hz, 1H), 7.36-7.15 (m,

SH), 4.83-4.64 (m, 2H), 3.87-3.77 (m, 1H), 2.83-2.72 (m, 1H), 1.00 (d, J = 6.9 Hz,
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3H). enantiomeric excess: 94%, determined by HPLC(Daicel Chiralpak OD-H,
i-PrOH/Hexane 7/93), UV 237nm, flow rate 1.0 mL/ min, tminor 34.3 min and t major
49.9 min.

(2R,3S)-2-ethyl-4-nitro-3-phenylbutanal 4e

Colorless oil. Yield: 76%; [a]p 7 40.5 (¢ 0.45, CHCl3); IR (neat) v = 2968, 1719,
1553, 1379 cm™; '"H NMR (300 MHz, CDCls) 8 = 9.72 (d, J = 2.7 Hz, 1H), 7.26 (m,
5H), 4.84-4.59 (m, 2H), 3.85-3.75 (m, 1H), 2.68 (m, 1H), 1.53 (m, 1H), 0.83 (t, J =
7.5 Hz, 3H). enantiomeric excess: 95%, determined by HPLC(Daicel Chiralpak AD,
i-PrOH/Hexane 10/90), UV 254nm, flow rate 1.0 mL/ min, tmajor 12.3 min and tminor
13.6 min.

(R)-2-((S)-2-nitro-1-phenylethyl)pentanal 4f

Colorless oil. Yield: 66%; [a]p >*59.2 (¢ 0.5, CHCls); IR (neat) v = 2960, 1722, 1553,
1379 cm™; '"H NMR (300 MHz, CDCls) 6 = 9.70 (d, J = 1.2 Hz, 1H), 7.34-7.16 (m,
5H), 4.64 (m, 2H), 3.82-3.74 (dd, J = 15.3 Hz, 9.0 Hz, 1H), 2.71 (t, J = 8.7 Hz, 1H),
1.49-1.19 (m, 4H), 0.80 (d, J = 6.9 Hz, 3H). enantiomeric excess: 90%, determined by
HPLC(Daicel Chiralpak OD-H, i-PrOH/Hexane 10/90), UV 254nm, flow rate 1.0 mL/
min, t minor 22.6 min and t major 28.1 min.

(R)-2-((S)-2-nitro-1-phenylethyl)hexanal 4g

Colorless oil. Yield: 74%; [a]p**°36.3 (¢ 1.25, CHCl3); IR (neat) v = 3419, 2930,
2860, 1722, 1556, 1466 cm™; "H NMR (300 MHz, CDCl3) & = 9.70 (d, J = 2.4 Hz,
1H), 7.34 (m, 3H), 7.18 (m, 2H), 4.74-4.60 (m, 2H), 3.81-3.73 (ddd, J = 15.0 Hz, 9.9

Hz, 5.4 Hz, 1H), 2.73-2.66 (m, 1H), 1.51-1.10 (m, 6H), 0.78 (t, J = 6.3 Hz, 3H).
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enantiomeric excess: 86%, determined by HPLC(Daicel Chiralpak OD-H,
i-PrOH/Hexane 10/90), UV 254nm, flow rate 1.0 mL/ min, tminor 24.4 min and t major
27.6 min.

(R)-2-((S)-2-nitro-1-phenylethyl)heptanal 4h

Colorless oil. Yield: 79%; [a]p **°56.9 (¢ 1.25, CHCl3); IR (neat) v = 2929, 1722,
1554 cm™; '"H NMR (300 MHz, CDCls) & = 9.62 (s, 1H), 7.24-7.09 (m, 5H),
4.71-4.52 (m, 2H), 3.71 (m, 1H), 2.62 (m, 1H), 1.34-1.09 (m, 8H), 0.73 (s, 3H).
enantiomeric excess: 94%, determined by HPLC(Daicel Chiralpak OD-H,
i-PrOH/Hexane 10/90), UV 254nm, flow rate 1.0 mL/ min, tminor 19.6 min and t major
23.6 min.

(R)-2,2-dimethyl-4-nitro-3-phenylbutanal 4i

Colorless oil. Yield: 73%; [a]p > 3.5 (¢ 1.50, CHCl3); IR (neat) v = 2973, 1725, 1554,
1379 cm™; "TH NMR (300 MHz, CDCl3) & = 9.53 (s, 1H), 7.30-7.19 (m, 5H), 4.86 (t, J
= 12.9 Hz, 1H), 4.70 (d, J = 12.9 Hz, 1H), 3.80 (d, J = 11.7 Hz, 1H), 1.13 (s, 3H),
1.00 (s, 3H). enantiomeric excess: 67%, determined by HPLC(Daicel Chiralpak AS,
i-PrOH/Hexane 10/90), UV 254nm, flow rate 0.5 mL/ min, tminor 20.3 min and t major
23.3 min.

(R)-3-(4-bromophenyl)-2,2-dimethyl-4-nitrobutanal 4j

White solid. Yield: 80%; [a]p**! 4.4 (¢ 0.20, CHCl;); m.p. 105-106 °C; IR (KBr) v
= 2973, 1724, 1553, 1378, 1010 cm™; "H NMR (300 MHz, CDCls) & = 9.49 (s, 1H),
7.48 (d, J = 8.1 Hz, 2H), 7.10 (d, J = 8.1 Hz, 2H), 4.78 (m, 2H), 3.75 (d, J = 11.1 Hz,

1H), 1.12 (s, 3H), 1.00 (s, 3H); °C NMR (100 MHz, CHCl3) & = 203.7, 134.6, 131.9,
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130.7, 122.2, 76.1, 48.1, 48.0, 21.7,18.9; MS (EI); m/z(%): 299 (3.55), 182 (100);
Analysis: Caled. for C;,H14BrNO;: C, 48.02; H, 4.70; N, 4.67; Found: C, 48.00; H,
4.62; N, 4.42. enantiomeric excess: 70%, determined by HPLC(Daicel Chiralpak AD,
'PrOH/Hexane 10/90), UV 254nm, flow rate 0.5 mL/min, tmajor 21.8 min and tminor 27.2
min.

(2R,3R)-3-(3-(benzyloxy)-4-methoxyphenyl)-2-methyl-4-nitrobutanal 4k

Colorless oil. Yield: 78%; [a]p **' 0.39 (¢ 1.26, CHCl3); IR (neat) v = 3504, 2966,
1720, 1551 cm™; "H NMR (300 MHz, CDCl3) & = 9.60 (s, 0.34H, syn), 9.41 (s, 0.20H,
anti), 7.40-7.33 (m, 5H), 6.85 (d, J = 8.4 Hz, 1H), 6.73 (t, J = 9.0 Hz, 1H), 6.63 (s,
1H), 5.14 (s, 2H), 4.75-4.65 (m, 1H), 4.59-4.52 (dd, J = 11.4 Hz, 9.6 Hz, 1H), 3.84 (s,
3H), 3.71-3.62 (m, 1H), 2.73-2.56 (m, 1H), 1.11 (d, J = 8.4 Hz, 1.1H, anti), 0.88 (d, J
= 8.4 Hz, 2.8H, syn); >C NMR (100 MHz, CHCl5) § = 202.3, 149.6, 148.1, 136.8,
128.7, 128.5, 127.9, 127.4, 121.1, 121.0, 114.6, 112.0, 78.1, 55.9, 48.5, 48.4, 43.4,
11.8; MS (EI); m/z (%): 65 (4.75), 92 (8.08), 343 (13.76), 91(100); HR MS
C19H21NOs: Calc.343.1420; Found: 343.1416. enantiomeric excess: 73% (Syn), 58%
(anti), determined by HPLC(Daicel Chiralpak OD-H, i-PrOH/Hexane 5/95), UV
220nm, flow rate 1 mL/min, syn-product: tmajor 63.2 min and tminer 52.1 min;

anti-product: tmajor 70.4 min and tminor 57.0 min.
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'"H NMR spectra for catalysts 1
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NMR spectra for compounds 4a-j

'"H NMR spectra for compounds 4a

__________________________

'"H NMR spectra for compounds 4b
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3C NMR spectra for compounds 4b

"H NMR spectra for compounds 4¢
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'"H NMR spectra for compounds 4d
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"H NMR spectra for compounds 4f
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'"H NMR spectra for compounds 4h
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'"H NMR spectra for compounds 4j
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'"H NMR spectra for compounds 4k
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HPLC spectra for compounds 4a-k

HPLC spectra for compounds 4a
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HPLC spectra for compounds 4b

Auto-Scaled Chromatogram
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HPLC spectra for compounds 4¢
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HPLC spectra for compounds 4d
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HPLC spectra for compounds 4e
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HPLC spectra for compounds 4f
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HPLC spectra for compounds 4g

Auto-Scaled Chromatogram
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HPLC spectra for compounds 4h

Auto-Scaled Chromatogram
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HPLC spectra for compounds 4i
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HPLC spectra for compounds 4j

Auto-Scaled Chromatogram
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Auto-Scaled Chromatogram
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