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1. General Information

Melting points were taken without correction. Optical rotations were measured on a WZZ-2A
digital polarimeter at the wavelength of the sodium D-line (589 nm). 'H NMR spectra were
referenced to tetramethylsilane (d, 0.00 ppm) using CDCl; as solvent. *C NMR spectra were
referenced to solvent carbons (77.0 ppm for CDCls). 3'p NMR spectra were referenced to an
external H;PO, signal (0.0 ppm). IR spectra were recorded on Nicolet Magna-1 550 spectrometer.
High Resolution Mass spectra (HRMS) were recorded on Micromass GCT with Electron
Ionization (EI) resource. HPLC analysis was performed on Waters 510 with 2487 detector using
Daicel Chiralcel OD-H, Chiralpak AS-H or Chiralpak AD-H column.

Toluene, n-hexane and ether were freshly distilled from sodium-benzophenone. Dichloromethane,
chloroform, acetonitrile were freshly distilled from CaH,. Methanol, ethanol and isopropanol were
distilled from magnesium. Thin-layer chromatography (TLC) was performed on 10-40 um silica
gel plates. Column chromatography was performed using silica gel (300-400 mesh) eluting with

ethyl acetate, petroleum ether and CH,Cl,.

2. Synthesis of Chiral Phosphine-Squaramide Catalysts

NH Oﬁﬁo CH,Cl, Oﬁo
O:F'th + RO OR O\H OR
1 2 PPh2 3
General procedure: To a solution of the squarate 2' (0.59 mmol, 1.2 eq.) in CH,Cl, (4 mL) was
added dropwise a solution of (R,R)-2-amino-1-(diphenylphosphino)-cyclohexane (1)° (140 mg,
0.49 mmol) in CH,Cl, (4 mL). The reaction mixture was stirring at room temperature or under

reflux (monitoring by TLC), then the resulting solution was concentrated and purified by silica gel

column chromatography to give the phosphine-squaramide 3.

0 o White solid, 89% yield. M.p.: 69.4-71.5 °C. [a]p>* = + 20.5 (¢ 2.0, CH,CL).

"H NMR (DMSO-dg, 400 MHz, rt): & 8.85 (d, J = 8.3 Hz, 0.5H), 8.46 (d, J =

Q’ . g3 Hz, 0.5H), 7.46-7.33 (m, 10H), 4.68-4.63 (m, 1H), 4.51-4.46 (m, 1H),
PP, 33 386383 (m, 0.5H), 3.35 (m, 0.5H, part in water peak), 2.56-2.50 (m, 1H,

part in DMSO-d residual peak), 1.86 (s, 1H), 1.68-1.48 (m, 4H), 1.39-1.28 (m, 3H), 1.23-1.11 (m,
2H), 0.83 (s, 1H); °C NMR (CDCls;, 100 MHz): & 189.6, 181.9, 176.7, 170.8, 136.3 (d, J = 12.8
Hz), 134.9 (d, J = 15.8 Hz), 134.5 (d, J = 21.2 Hz), 132.6 (d, J = 18.4 Hz), 129.0, 128.3-128.1 (m),
69.4, 56.8 (d, J=15.7 Hz), 40.4 (d, J = 15.7 Hz), 34.8 (d, J = 6.9 Hz), 27.6 (d, J = 3.8 Hz), 25.1 (d,
J =42 Hz), 24.5, 15.8; *'P NMR (CDCls, 202 MHz): & -6.50; IR (KBr, cm™): v 3251, 3050, 2931,
2855, 1802, 1704, 1604, 1520, 1494, 1479, 1434, 1384, 1344, 1117, 1091, 1024, 999, 869, 883,
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742, 699, 508; HRMS Caled for CosHagNOP (IM]"): 407.1650, Found: 407.1669.

0 0 White solid, 69% yield. M.p.: 74.4-76.6 °C. [o]p’"= + 25.7 (¢ 1.5, CH,CL).

jL:ﬁ 'H NMR (DMSO-dg, 400 MHz, rt): & 8.89 (d, J = 9.0 Hz, 0.5H), 8.46 (d, J

O’ . ol Hz, 0.5H), 7.48-7.31 (m, 10H), & 5.25 (heptet, J = 6.2 Hz, 0.5H), &

PP 3508 (heptet, J = 6.2 Hz, 0.5H), 3.92-3.82 (m, 0.5H), 3.43-3.33 (m, 0.5H,

part in water peak), 2.58-2.50 (m, 1H, part in DMSO-d¢ residual peak), 1.89-1.86 (m, 1H),

1.70-1.45 (m, 4H), 1.38 (dd, J = 11.8 Hz, 6.2Hz, 3H), 1.31 (q, J = 3.2 Hz, 3H), 1.24-1.06 (m, 2H),

0.86-0.78 (m, 1H); *C NMR (CDCls, 100 MHz): & 189.7, 181.7, 176.6, 171.1, 136.3 (d, J = 13.0

Hz), 135.1 (d, J = 16.1 Hz), 134.4 (d, J = 20.8 Hz), 132.5 (d, J = 18.4 Hz), 129.0, 128.4-128.1 (m),

60.3,56.7 (d, J = 16.4 Hz), 40.2 (d, J = 16.1 Hz), 35.0 (d, J = 7.0 Hz), 27.7 (d, J = 3.4 Hz), 25.2 (d,

J = 43 Hz), 22.9-22.8 (m), 20.9, 14.1; *'P NMR (CDCls, 162 MHz):. 5 -6.77 (major), -7.39

(minor); IR (KBr, em™): v 3251, 3051, 2980, 2932, 2855, 1801, 1703, 1601, 1520, 1480, 1434,

1412, 1387, 1332, 1094, 908, 808, 742, 698, 509; HRMS Calcd for C,sH,sNOsP ([M]"): 421.1807,
Found: 421.1815.

o o  White solid, 39% yield. [a]p'’ = + 21.0 (¢ 0.69, CH,Cl,). '"H NMR
j\;/( (DMSO-ds, 400 MHz, rt): & 8.90 (d, J = 8.9 Hz, 0.5H), 8.54 (d, J=9.1 Hz,
O’NH o 0.5H), 7.53-7.27 (m, 15H), 5.71 (s, 1H), 5.52 (s, 1H), 3.90-3.80 (m, 0.5H),
PP B 3.41-3.32 (m, 0.5H, part in water peak), 2.55-2.50 (m, 1H, part in DMSO-ds¢
residual peak), 1.88-1.82 (m, 1H), 1.68-1.44 (m, 4H), 1.23-1.03 (m, 2H), 0.89-0.74 (m, 1H); 'H
NMR (DMSO-dq, 400 MHz, 333K): § 8.71 (s, 0.5H), 8.38 (s, 0.5H), 7.45-7.27 (m, 15H), 5.71 (s,
1H), 5.53 (s, 1H), 3.88 (s, 0.5H), 3.41 (s, 0.5H), 2.57-2.50 (m, 1H, part in DMSO-ds residual
peak), 1.86 (s, 1H), 1.70-1.48 (m, 4H), 1.25-1.07 (m, 2H), 0.88 (s, 1H); °C NMR (CDCls, 100
MHz): § 189.6, 182.3, 176.4, 171.0, 136.5 (d, J = 12.8 Hz), 135.2 (d, J = 16.2 Hz), 134.5 (d, J =
21.0 Hz), 132.9 (d, J = 19.1 Hz), 129.1 (d, J = 4.4 Hz), 128.9, 128.8, 128.6 (d, J = 3.1 Hz), 128.5
(d, J=6.5Hz), 128.3 (d, J = 7.6 Hz), 74.5, 57.3 (d, J = 16.6 Hz), 40.6 (d, J = 15.8 Hz), 34.9 (d, J
= 6.8 Hz), 28.0 (d, J = 5.4 Hz), 25.3 (d, J = 4.9 Hz), 24.7; *'P NMR (CDCls, 162 MHz): & -6.78
(major), -7.53 (minor); HRMS (ESI) Calcd for CoH,sNOsPNa ([M+Na]"): 492.1704, Found:
492.1708.

3. General Procedure for the Enantioselective Intramolecular MBH Reaction
Phosphine-Squaramide 3a (2.4 mg, 0.006 mmol) and EtOH (1.0 mL) were added to a vessel
containing substrate 4 (0.20 mmol) and stirred at 25°C. After the reaction was completed

(monitoring by TLC), the solvent was removed under reduced pressure and the residue was
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purified by column chromatography on silica gel to afford the intramolecular MBH adduct 5 and

the ee values were determined by HPLC analysis using chiral column.’

4. References

1 N. Fu, A. D. Allen, S. Kobayashi, T. T. Tidwell and S. Vukovic, J. Org. Chem. 2008, 73,
1768-1773.

2 (a) A. Caiazzo, S. Dalili and A. K. Yudin, Org. Lett., 2002, 4, 2597-2600; (b) Y.-Q. Fang and E.
N. Jacobsen, J. Am. Chem. Soc., 2008, 130, 5660-5661; (c) K. Yuan, L. Zhang, H.-L. Song, Y.
Hu and X.-Y. Wu, Tetrahedron Lett., 2008, 49, 6262-6264.

3 The analytical data of the intramolecular MBH products 4 could be found in our recent
publication: J.-J. Gong, K. Yuan, H.-L. Song, and X.-Y. Wu, Tetrahedron, 2010, 66,
2439-2443.

S4



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

5. HPLC Spectra for the MBH Products
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. 'H NMR, *C NMR and *'P NMR Spectra of Catalyst 3a-c
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