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1. General Remarks

All the solvents were dried according to standard procedures. The reactions were carried out
under nitrogen atmosphere. The isatin derivatives were purchased from commercial sources and
used as such. The isatin derived ketimines were prepared according to previously reported
procedure.l Diphenyl phosphite was purchased from Sigma Aldrich and used without any
purification. The enantiomeric excess was determined by HPLC analysis on chiral stationary
phase (Chiralpak AD-H and Chiralpak IC column) using mixture of hexane-isopropyl alcohol as
eluent. Racemic samples were prepared by performing the reaction in the presence of triethyl
amine as catalyst. All the compounds were purified by column chromatography on 100-200
mesh silica gel using hexane-ethyl acetate as eluent. All the reactions were monitored by TLC
analysis. "H NMR spectra were recorded on 500 MHz or 300 MHz instruments using CDCl; as
solvent and TMS as an internal standard. ?C NMR spectra were recorded at 75 MHz or 125
MHz using CDCl; as solvent and reference. Optical rotation was recorded on Perkin Elmer-343
polarimeter. Absolute configuration of the product was determined by single crystal X-ray
analysis. Based on the stereochemistry of 4b, the relative configuration of all the products were
determined.

All quinine, quinidine were purchased from Sigma Aldrich. Catalysts 1b and 1¢ were
prepared according to the literature procedure.” Ligands 1d and 1e were prepared according to
the previously reported procedures.” The catalysts 1f and 1g were also prepared based on
previous procedures.*

2. Procedure for the preparation of catalysts 1f and 1g.
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To a solution of 5 (2.2 mmol) in methanol (20 mL) was added a solution of amine (2.0 mml) in
methanol (4 mL). The resulting solution was allowed to stir at room temperature for 24h and the
white precipitate of 1f or 1g was filtered with cold methanol and dried under vacum to obtain the

squaramide catalysts 1f or 1g.

Catalyst 1f
Yield 76%, white solid; '"H NMR (CDCl5 + DMSO-d6, 500 MHz) ¢: 0.70-0.78 (m, 1H), 1.50-

1.72 (m, 4H), 2.34 (br s, 1H), 2.60-2.80 (m, 2H), 3.30 (d, /= 10.1 Hz, 1H), 3.33 (d, /= 10.1 Hz,
1H), 3.47 (br s, 1H), 4.01 (s, 3H), 4.88 (d, J = 3.05 Hz, 2H), 5.00-5.08 (m, 2H), 5.84 (m, 1H),
6.14 (br s, 1H), 7.34 (d, /= 3.7 Hz, 1H), 7.38 (d, /= 0.9 Hz, 1H), 7.40 (d, /= 1.7 Hz, 1H), 7.50
(br s, 1H); 7.79 (s, 3H), 7.82 (br s, 1H), 8.00 (d, J =9.2 Hz, 1H), 8.74 (d, J = 4.4 Hz, 1H); " C
NMR (CDCI; + DMSO-d6,75 MHz) 6: 25.3, 26.3, 26.5, 45.5, 54.8, 55.1, 58.7, 100.3, 113.5,
118.0, 120.2, 120.3, 121.4, 123.8, 126.8, 127.2, 130.2, 130.4, 130.7, 140.4, 142.9, 143.6, 146.2,
157.3, 166.3, 181.6, 182.0; HRMS (ESI) m/z: calculated mass for C33H3N4O3Fs [M+H] =
645.2294; found 645.2291.

Catalyst 1g

Yield 80%, pale yellow solid; '"H NMR (CDCls, 300 MHz) 6: 0.80-1.02 (m, 1H), 1.10 (m, 1H),
1.32-1.68 (m, 4H), 2.20 (m, 1H), 2.60-2.90 (m, 3H), 3.00-3.40 (m, 1H), 3.88 (s, 3H), 4.68 (q, J =
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15.8 Hz, 2H), 5.07 (d, J=10.6 Hz, 1H), 5.12 (d, /= 17.3 Hz, 1H), 5.82 (m, 1H), 6.13 (br s, 1H),
7.26-7.52 (m, 5 H), 7.61-7.80 (m, 3H), 7.95 (d, J = 9.1 Hz, 1H), 8.53 (d, J = 4.5 Hz, 1H); " C
NMR (CDCl;, 75 MHz) 6: 24.8, 26.0, 27.0, 38.6, 46.2, 46.3, 18.8, 55.3, 59.8, 101.1, 114.5,
120.9, 124.5, 127.4, 128.7, 129.4, 131.2, 131.7, 133.1, 139.8, 140.4, 144.2, 147.0, 157.9, 166.4,
167.9, 181.9, 182.6; HRMS (ESI) m/z: calculated mass for C33H31N4O3F¢ [M+H]+ = 645.2294;
found 645.2290.

3. ORTEP diagram of compound 4b

The crystal data of 4b have been deposited in CCDC with number 960126. C,5H,5sN,OgP, M =
480.44, colorless needle, 0.18 x 0.08 x 0.05 mm’, orthorhombic, space group P212121 (No. 19),
a=28.901(2), b=12.206(3), c =22.343(6) A, V=2427.3(11) A’, Z=4, Dc = 1.315 g/em’, FO00
= 1008, CCD Area Detector, MoKa radiation, A =0.71073 A, T =294(2)K, 26,y = 50.0°, 21588
reflections collected, 4267 unique (R;,, = 0.0865). Final GooF = 1.048, R1 = 0.0685, wR2 = 0.1684, R
indices based on 3790 reflections with I>26(I) (refinement on F?), 318 parameters, 0 restraints. Lp and

absorption corrections applied, & =0.156 mm™. Absolute structure parameter = 0.01(17).
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