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General: All NMR spectra were recorded on Bruker-500 or 300 MHz spectrometer. FEe values were
measured by chiral HPLC analysis using Gold Nouveau Chromatography system and the data was
recorded on Shimadzu C-R6A Chromatopac integrator. Chiralpak AD-H and As-H columns were
purchased from Daicel Chemical Industries. Routine monitoring of the reactions was performed by TLC
using precoated silica gel plates. Cyclohexanone was ACS reagent pure and the rest of the solvents were

purchased from either Acros or Aldrich and used directly without further purification.

Synthesis of Ligands

N“>NH, BOP,DIPEA,DCMrt >N~ N
’ ’ A H 2.1N NaOH H

NHBoc NH,
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To a stirred solution of N-Boc-L-valine (2.17 g, 10 mmol) in CH,Cl, (100 mL), 2-amino-
pyridine (10 mmol, 0.94 g), BOP (10 mmol, 4.42 g) and DIPEA (1.25 mL, 10 mmol) at 0 °C
were added. This reaction mixture was stirred at room temperature for 24 hrs. The solution was
washed with aqueous NaHCO;. The organic phase was evaporated under reduced pressure and
purified by column chromatography (silica gel, eluent hexane/ethylacetate, 5/1) to give the pure
product A (2.1 g, 72%). "H NMR (300 MHz, CDCl5) & 0.95 (d, J= 6.9 Hz, 3H), 1.01 (d, J= 6.9
Hz, 3H), 1.47 (s, 9H), 2.22-2.28 (m, 1H), 4.10-4.17 (m, 1H), 4.35 (br, 2H), 5.12 (m, 1H), 6.27 (d,
J=7.8 Hz, 1H), 7.28 (t,J=7.8 Hz, 1H), 7.57 (d, J=7.8 Hz, 1H), 8.12 (br, 1H).

The obtained N-Boc compound A (2.2 g) was dissolved into DCM (10 mL) and TFA (10 mL)
and stirred at rt for 2 hrs. The reaction mixture was evaporated and dissolved in Ethyl Acetate.
1 N NaOH solution was used to tune pH to 8 and the mixture was extracted with Ethyl Acetate.
The solvent was evaporated to dryness to get the pure product 1a (1.20 g, 87%). Similar

procedure was followed for other ligands.
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General procedure of the enantioselective aldol reaction: A mixture of CuCl, (5.4 mg,
0.04 mmol, 20 mol%) AgSbFs( 27.5 mg, 0.08 mmol, 40 mol%), and 0.04 mmol, 20 mol% of the
appropriate ligand was stirred at room temperature for 4 hrs in ImL cyclohexanone (neat). The
appropriate aldehyde (0.2 mmol) was then added. The resulting mixture was stirred for 3-48 hrs.
After the reaction was completed (monitored by TLC), the reaction mixture was treated with
saturated ammonium chloride solution, and the mixture extracted with ethyl acetate. After
removal of the solvent mixture, 'HNMR was taken to determine diastereoselectivity. The
residue was purified through column chromatography on silica gel (eluent: mixture of Hexane
and ethyl acetate,) to give pure products. All aldol products are known compounds and their
spectroscopic data are identical with those reported. The ee values were determined by chiral
HPLC analysis. HPLC conditions and retention times are incorporated together with NMR data

for each respective aldol adduct.

General procedure of the enantioselective aldol reaction in water: A mixture of CuCl,
(5.4 mg, 0.04 mmol, 20 mol%) AgSbFg ( 27.5 mg, 0.08 mmol, 40 mol%), and 0.04 mmol, 20
mol% of ligand 1a in the appropriate cyclohexanone: water ratio (total volume 1mL) was stirred
at room temperature for 4 hrs. The aldehyde (0.2mmol) was then added and stirred until reaction

was completed. The rest of the procedure is the same as described above under neat conditions.

Table 1 Metal screening using ligand 1a*

Entry  Metal Yield [%]°  Anti/Syn°  ee [%]°
(anti)
1 Cu(SbFs), 80 25/1 98
2 Cu(OTf), 94 12/1 90
3 Co(ClO,), 90 2/1 65
4 Ni(ClO,), 80 4/1 61
5 Yb(OTf); 80 1/1 25
6 Zn(OAc), 70 1/1 70

*The reactions were carried out with 0.2 mmol of 4-
nitrobenzaldehyde and 1 mL cyclohexanone at room
temperature between 3-48hrs. ° Combined yield. °
Determined by "H NMR. ¢ Determined by chiral HPLC
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Table 2. Solvent Screening using ligand 1a*

Entry Solvent®  Yield[%]° Anti/Syn® ee[%]°

1 DMSO 72 3/1 84
2 CH;CN 84 4/1 84
3 Toluene 88 8/1 95
4 MeOH 66 9/1 97
5 DCM 90 8/1 96
6 THF 76 6/1 94
7 DMF 64 4/1 86

*The reactions were performed with 0.2 mmol of 4-
nitrobenzaldehyde at room temperature. ° 0.3 mL
cyclohexanone and 0.6 mL solvent. ¢ Combined yield. ¢
Determined by 'H NMR. © Determined by chiral HPLC.

NMR data for ligands and aldol adducts

X (0]
DB
RS
H NH,
1a

(8)-2- amino-3-methyl-V- (pyridin-2-yl) butanamide (1a): [a]D25= -21.5(c= 0.20, CHCl3);
'H NMR (300 MHz, CDCls) & 0.86 (d, J = 6.9 Hz, 3H), 1.03 (d, J = 7.2 Hz, 3H), 1.53 (br, 2H),
2.37-2.42(m, 2H), 3.38 (d, J = 2.7Hz, 1H), 6.98-7.03(m, 3H), 7.64-7.71 (m, 1H), 8.24-8.28 (m,
2H), 9.94 (br, 1H). "*C NMR (75Hz, CDCls) & 16. 4, 19.6, 31.3, 61.1, 113.8, 119.5, 138.0,
148.0, 151.5, 173.2. MS (ESI) 194.0 (M+H)"; HRMS exact mass calcd for (CoH;sN3;0+Na)
requires m/z 216.1113, found m/z 216.1119.
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NH,

(S)-2-amino-N- (pyridin-2-yl) propanamide (1b): [a]p>= +5.9 (c=0.34, CHCly); "H NMR (300
MHz, CDCl3) 6 1.42 (d, J= 6.9 Hz, 3H), 1.65(br, 2H), 3.63 (dd, J = 6.9, 13.8 Hz, 1H), 6.99-7.04
(m, 1H), 7.65-7.71 (m, 1H), 8.20-8.32 (m, 2H), 9.85 (br, 1H). *C NMR (75Hz, CDCl3) & 21.5,
51.4, 113.7,119.5, 138, 146.0, 151.5, 174.3. MS (ESI) 188.0 (M+Na); HRMS exact mass calcd
for (CsH;1N30+Na) requires m/z 188.0800, found m/z 188.0805.

N (0]

| “Z )S W
N N W

lc

(S)-2-amino-3-pheyl-N- (pyridin-2-yl) propanamide (1c): [a]p>= -117.1 (c=0.17, CHCl»); 'H
NMR (300 MHz, CDCls) 6 1.62 (br, 2H), 2.78 (dd, J = 3.6, 13.8Hz, 2H), 3.38 (dd, J = 3.9,
13.8Hz, 2H), 3.42 (d, J = 4.8Hz, 1H), 7.02-7.06 (m, 1H), 7.24-7.36 (m, 5H), 7.69-7.75 (m, 1H),
8.28-8.31(m, 1H), 10.00 (br, 1H). *C NMR (75Hz, CDCl;) & 40.4, 56.6, 113.2, 119.0, 126.3,
128.2, 128.7, 137.2, 137.4, 147.4, 172.4. MS (ESI) 242.1 (M+H)"; HRMS exact mass calcd for
(C14H;5N30+Na) requires m/z 264.1113, found m/z 264.1104.

NH
4
(2S,3S)-2-amino-3-methyl-N- (pyridin-2-yl) pentanamide (1d): [a]p>>= -4.07(c= 8.2, CHCl3); 'H
NMR (500 MHz, CDCl;) 6 0.90 (m, 3H), 1.02 (d, /= 7.0 Hz, 3H), 1.39-1.44 (m, 1H), 1.57 (br
1H), 2.11-2.13 (m, 1H), 3.43(d, /= 3Hz, 1H), 7.00-7.02 (m, 1H), 7.68-7.70 (m, 1H), 8.25-8.29
(m, 2H), 10.01 (br, 1H). "*C NMR (125Hz, CDCl;) § 11.9, 16.3, 23.8, 38.0, 60.3, 113.7, 119.6,
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138.2, 147.9, 151.2, 173.5. MS (ESI) 208.1 (M+H)"; HRMS exact mass calcd for
(C11H17N30O+Na) requires m/z 230.1269, found m/z 230.1261.

NH,
le

(28,RS)-2-amino-3-(benzyloxy)-N- (pyridin-2-yl) butanamide (le): [(x]D25= -8.13 (c= 3.42,
CHCl;); '"H NMR (500 MHz, CDCl3) & 1.32 (d, J = 6.5 Hz, 3H),1.89 (br, 2H), 3.38 (m, 1H),
436 (m, 1H), 4.49 (d, J = 11.5 Hz, 1H), 4.60 (d, J = 11.5Hz, 1H), 7.04-7.06 (m, 1H), 7.28 (s,
5H), 7.72 (m, 1H), 8.28-8.34 (m, 2H) 10.22 (br, 1H). “C NMR (125Hz, CDCl5) § 17.2, 59.9,
71.5, 74.8, 113.7, 119.7, 127.7, 128.3, 138.2, 138.3, 148.1, 151.3, 172.6. MS (ESI) 286.1
(M+H)+; HRMS exact mass calcd for (C;sH9N3O,+Na) requires m/z 308.1375, found m/z
308.13.1352.

~N o

| .
T
H NH, g

1f

(S)-2-amino-3-(1-H-indol-2-yl)-N-(pyridin-2-yl) propanamide (1f): [o]p> = -9.40 (c=3.52, CHCly);
'H NMR (500 MHz, CDCl3) & 1.62 (br, 2H), 2.92-2.97 (m, 1H), 3.44 (d, J = 12 Hz, 1H), 3.79 (d,
J =6 Hz, 1H), 6.97-7.16, (m, 4H), 7.31 (d, J = 8 Hz, 1H), 7.610-7.68 (m, 2H), 8.27 - 8.34 (m,
2H), 9.04 (s, 1H), 10.07 (br, 1H). *C NMR (125Hz, CDCl3) & 30.6, 56.1, 111.0, 111.5, 113.9,
118.8, 119.6, 119.9, 122.2, 123.5, 127.4, 136.6, 138.5, 148.0, 151.2, 174.2. MS (ESI) 281.1
(M+H)"

NH,

(8)-2- amino-3,3-dimethyl-N- (pyridin-2-yl) butanamide (1g): [a]p>= -20.0 (c= 0.1, CHCl»);
'H NMR (300 MHz, CDCl5) & 1.03 (s, 9H), 1.67 (br, 2H), 3.25 (s, 1H), 6.98-7.00 (m, 1H), 7.64-
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7.68 (m, 1H), 8.21-8.26 (m, 2H), 9.45 (br, 1H). *C NMR (75Hz, CDCls) & 26.8, 34.6, 65.0,
113.8, 119.6, 138.2, 147.9, 151.1, 172.6. MS (ESI) 208.1 (M+H)"

L3
|
N/ N) /,,/O
H HN
2

(S)-N-(pyridine-2-yl)pyrrolidine-2-carboxamide (2): [a]p>= -117.1 (c= 0.17, CHCly); 'H NMR
(500 MHz, CDCls) 6 1.32 (d, J = 6.5 Hz, 3H),1.89 (br, 2H), 3.38 (m, 1H), 4.36 (m, 1H), 4.49 (d,
11.5 Hz, 1H), 4.60 (d, 11.5Hz, 1H), 7.04-7.06 (m, 1H), 7.28 (s, 5H), 7.72 (m, 1H), 8.28-8.34 (m,
2H) 10.22 (br, 1H). “C NMR (125Hz, CDCls) & 17.2, 59.9, 71.5, 74.8, 113.7, 119.7, 127.7,
128.3, 138.2, 138.3, 148.1, 151.3, 172.6. MS (ESI) 286.1 (M+H)"

O OH

a

(5)-2-((R)-hydroxy(4-nitrophenyl)methyl)cyclohexanone(3a)': Using ligand 1a: yield 80% ; dr 25/1; ee
98% ; [a]p>= +11.0 (c= 0.22, CHCl;), Ligand 1g: yield 90%; dr 9/1; ee >99%; HPLC analysis chiralpak
AD-H (i-PrOH/hexanes = 20:80, 1mL/min, 254nm, tg = 14.1min and tg = 18.2min. 'H NMR (500 MHz,
CDCl;) 6 1.34-1.82 (m, 5H), 2.07 (m, 1H), 2.33-2.35 (m, 1H), 2.45-2.46 (m, 1H), 2.48-2.56 (m, 1H), 4.04
(s, 1H), 4.87 (dd, J = 3 Hz, 8.5 Hz, 1H), 7.48 (d, J = 8.5 Hz, 2H), 8.18 (d, J = 8.5 Hz, 2H). "C NMR
(125Hz, CDCl;) 6 24.70, 27.63, 30.76, 42.68, 57.20, 74.02, 123.57, 127.87, 147.59, 148.37, 214.70.

NO,

3b

(5)-2-((R)-hydroxy(3-nitrophenyl)methyl)cyclohexanone (3b)': Using ligand 1a: yield 86% ; dr 17/1;
ee 96% ; [(x]D25= +28.2 (c= 0.14, CHCI;) , Ligand 1g: yield 90%; dr 3/1; ee >99%; HPLC analysis

7
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chiralpak AD-H (i-PrOH/hexanes = 20:80, 1mL/min, 254nm) tg = 11.4 min and tz = 13.9 min. 'H NMR
(500 MHz, CDCl;) 8 1.35-1.39 (m, 1H), 1.54-1.67 (m, 4H), 2.08-2.09 (m, 1H), 2.35-2.38 (m, 1H), 2.46-
2.49 (m, 1H), 2.61(m, 1H), 4.14 (br, 1H), 4.88 (d, J = 8.5 Hz, 1H), 7.49 (t, J= 8.0 Hz, 1H), 8.18 (d, J =
7.5 Hz, 2H), 8.12-8.19 (m, 1H), 8.20 (s, 1H). ""C NMR (125Hz, CDCl3) & 24.61, 27.59, 30.69, 42.61,
57.08, 73.96, 121.97, 122.81, 129.26, 133.17, 143.26, 148.25, 214.79.

O OH NO,

3c

(8)-2-((R)-hydroxy(2-nitrophenyl)methyl)cyclohexanone (3¢)": Using ligand 1a: yield 84%; dr 30/1;
ee 95%:; [a]D25= +23.9 (c= 0.41, CHCL;), Using ligand 1g: yield 90%; dr 4/1; ee >99%; HPLC analysis
chiralpak AD-H (i-PrOH/hexanes = 20:80, 1mL/min, 254nm) tg = 25.4 min and tg = 27.6 min. '"H NMR
(500 MHz, CDCl;) 6 1.55-1.84 (m, 5H), 2.05-2.06 (m, 1H), 2.31-2.33 (m, 1H), 2.41-2.44 (m, 1H), 2.72-
2.74 (m, 1H), 4.15 (br, 1H), 5.42 (d, /= 7.0 Hz, 1H), 7.40-7.42 (m, 1H), 7.61 (m, 1H), 7.81 (m, 1H). 7.83
(m, 1H) "C NMR (125Hz, CDCl;) § 24.96, 27.73, 31.09, 42.80, 57.28, 69.76, 124.06, 128.37, 128.98,
133.04, 136.60, 148.72, 214.91

3d CN

4-((R)-hydroxy((S)-2-oxocyclohexyl)methyl)benzonitrile (3d)': Using ligand 1a: yield 83%; dr 16/1 ;
ee 97% ; [(x]D25= +22.2 (c= 0.31, CHCI3), HPLC analysis chiralpak AD-H (i-PrOH/hexanes = 20:80, 0.9
mL/min, 254nm) tg = 16.6 min and tz = 24.0 min; Using ligand 1g: yield 85%, dr 3/1, ee >99%, HPLC
analysis chiralpak AD-H (i-PrOH/hexanes = 20:80, 0.9 mL/min, 254nm) tg = 19.6 min and tg = 23.9 min.
'H NMR (500 MHz, CDCl;) & 1.34-1.85 (m, 5H), 2.10-2.14 (m, 1H), 2.36-2.39 (m, 1H), 2.49 (m, 1H),
2.51-2.58 (m, 1H), 4.07 (s, 1H), 4.85 (dd, J= 3 Hz, 8.5 Hz, 1H), 7.45 (d, /= 8.0 Hz, 2H), 7.65 (d, /= 8.0
Hz, 2H). “C NMR (125Hz, CDCl;) & 24.68, 27.64, 30.73, 42.66, 57.14, 74.20, 111.69, 119.80, 127.78,
132.17, 146.41, 214.76.
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O OH <l

Cl
3e

(5)-2-((R)-(2,6-dichlorophenyl)(hydroxy)methyl)cyclohexanone (3e)': Using ligand 1a: yield 86% ; dr
14/1 ; ee >99% ; [o]p™= -38.5 (c= 0.41, CHCl;); HPLC analysis chiralpak AS-H (i-PrOH/hexanes =
10:90, ImL/min, 220 nm) tg = 15.8 min and tg = 19.6 min. Using ligand 1g: yield 89%, dr 4/1, ee >99%;
HPLC analysis chiralpak AS-H (i-PrOH/hexanes = 10:90, 0.7 mL/min, 220 nm) t = 17.1 min and tg =
21.5 min. 'H NMR (500 MHz, CDCl3) § 1.36-1.40 (m, 1H), 1.52-1.85 (m, 4H), 2.08-2.10 (m, 1H), 2.41-
2.54 (m, 2H), 3.49-3.52 (m, 1H), 3.70 (br, 1H), 5.85 (d, /= 10.0 Hz, 1H), 7.17 (d, J = 8.0 Hz, 1H), 7.32-
7.33 (m, 2H). "C NMR (125Hz, CDCl;) & 24.69, 27.63, 29.86, 42.44, 53.65, 70.57, 129.34, 129.75,
134.73, 135.69, 214.39.

3f COOMe

methyl 4-((R)-hydroxy((S)-2-oxocyclohexyl)methyl)benzoate (3f)': Using ligand 1a: yield 94% ; dr
12/1 ; ee 97% ; [a]p™= +11.6 (c= 0.45, CHCl;); Using ligand 1g: yield 90%, dr 3/1, ee >99%; HPLC
analysis chiralpak AS-H (i-PrOH/hexanes = 20:80, ImL/min, 254 nm), tg= 16.7 min and tz = 24.1 min.

'"H NMR (500 MHz, CDCl3) & 1.29-1.33 (m, 1H), 1.51-1.79 ( m, 4H, 2.06-2.09 (m, 1H), 2.33-2.37 (m,
1H), 2.45-2.46 (m, 1H), 2.48-2.58 (m, 1H), 3.90 (s, 3H), 4.04 (s, 1H), 4.83 (d, J= 8.5 Hz, 1H), 7.38 (d, J

= 8.5 Hz, 2H), 8.00 (d, J = 8.5 Hz, 2H). "°C NMR (125Hz, CDCl;) § 24.64, 27.66, 30.71, 42.62, 52.04,
57.24,74.32, 126.97, 129.62, 129.66, 146.05, 166.81, 215.04.
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O OH

3g Br

(5)-2-((R)-(4-bromophenyl)(hydroxy)methyl)cyclohexanone (3g)': Using ligand 1a: yield 70% ; dr
12/1; ee 94%; [a]p>= +20.2 (c= 0.30, CHCl;); HPLC analysis chiralpak AS-H (i-PrOH/hexanes =
2.5:97.5, 0.5mL/min, 220 nm) tg = 41.3 min and ty = 45.8min. 'H NMR (500 MHz, CDCl;) & 1.27-1.30
(m, 1H), 1.52-1.78 (m, 4H), 2.33-2.35 (m, 1H), 2.07-2.08 (m, 1H), 2.33-2.35 (m, 1H), 2.45-2.54 (m, 2H),
3.98 (s, 1H), 4.74 (d, J = 9 Hz, 1H), 7.18 (dd, J = 1.5, 6.5 Hz, 2H), 7.46 (dd, J = 2.0, 6.5 Hz, 2H). “C
NMR (125Hz, CDCls) 6 24.68, 27.69, 30.72, 42.63, 57.33, 74.17, 121.68, 128.71, 131.45, 140.00, 215.21.

3h Cl

(5)-2-((R)-(4-chlorophenyl)(hydroxy)methyl)cyclohexanone (3h)': Using ligand 1a: yield 84% ; dr 7/1
; ee 97%:; [a]D25= +19.2 (c= 0.25, CHCl3); HPLC analysis chiralpak AS-H (i-PrOH/hexanes = 2.5:97.5,
0.5mL/min, 220 nm) ty = 39.7 min and ty= 43.5min. 'H NMR (500 MHz, CDCl;) § 1.29-1.33 (m, 1H),
1.55-1.81 (m, 4H), 2.09-2.58 (m, 3H), 4.04 (s, 1H), 4.78 (d, J = 8.0 Hz, 1H), 7.28 (d, J = 8.5 Hz, 2H),
7.34 (d, J= 8.5 Hz, 2H). "“C NMR (125Hz, CDCl;) & 24.72, 27.72, 30.76, 42.68, 57.38, 74.14, 128.39,
128.54, 138.59, 139.50, 215.29.

3i
(8)-2-((R)-hydroxy(phenyl)methyl)cyclohexanone (3i)': Using ligand 1a: yield 75% ; dr 10/1 ; ee 83% ;
[a]p™= +18.9 (c= 0.56, CHCI;); Using ligand 1g: yield 83%, dr 4/1, ee 89%; HPLC analysis chiralpak

AS-H (i-PrOH/hexanes = 5:95, 0.6 mL/min, 220 nm) tg = 35.6 min and tg = 40.5 min. 'H NMR (500

10



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

MHz, CDCLy) & 1.28-1.31 (m, 1H), 1.52-1.77 (m, 4H), 2.35-2.36 (m, 1H), 2.06 (m, 1H), 2.35-2.36 (m,
1H), 2.46-2.47 (m, 1H), 2.49-2.62 (m, 1H), 3.94 (s, 1H), 4.78 (d, J = 8.5 Hz, 1H), 7.2-7.34 (m, 5H). °C
NMR (125Hz, CDCl3) § 24.68, 27.77, 30.81, 42.63, 57.40, 74.71, 126.99, 127.85, 128.33, 140.92, 215.48.

(5)-2-((R)-hydroxy(naphthalen-2-yl)methyl)cyclohexanone (3j)*: Using ligand 1a: yield 70% ; dr
8/1 ; ee 92% ; [a]p>= +5.3 (c= 0.50, CHCI;); HPLC analysis chiralpak AS-H (i-PrOH/hexanes = 10:90,
0.7mL/min, 220 nm) tg = 20.3 min and ty= 23.2 min. 'H NMR (500 MHz, CDCl;) & 1.32-1.35 (m, 1H),
1.50-1.76 (m, 4H), 2.06 (m, 1H), 2.36-2.38 (m, 1H), 2.48 (m, 1H), 2.72 (m, 1H), 2.49-2.62 (m, 1H), 4.08
(br, 1H), 4.96 (d, J= 9.0 Hz, 1H), 7.46-7.49 (m, 3H), 7.76 (s, 1H), 7.82-7.85 (m, 3H). "*C NMR (125Hz,
CDCl;) 6 24.71, 27.80, 30.92, 42.71, 57.41, 74.92, 124.68, 125.95, 126.15, 126.26, 127.70, 127.99,
128.28, 133.17, 133.21, 138.38, 215.49.

3k

(5)-2-(R)- hydroxy (p-tolyl) methy) cyclohexanone (3k)’: Using ligand 1a:yield 70%, dr 5/1; ee 82% ;
[o]p”= +5.3 (c = 0.50, CHCl;); HPLC analysis chiralpak AS-H (i-PrOH/hexanes = 10:90, 0.7mL/min,
220 nm) tg = 12.9 min and tg = 15.4 min. 'H NMR (500 MHz, CDCl3) § 1.23-1.28 (m, 1H), 1.51-2.04 (m,
4H), 2.04-2.07 (m, 1H), 2.32-2.58 (m 4H), 3.81-3.95 (br, 1H), 4.74 (d, J = 8.5 Hz, 1H), 2.48 (m, 1H),
7.12-7.14 (m, 2H), 7.16-7.24 (m, 1H),. ">C NMR (75Hz, CDCl;) & 21.04, 24.88, 26.11, 27.81, 40.66,
67.45,70.54.68, 125.70, 126.90, 128.83, 129.04, 215.52.

11
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OH O

0N /©/\I)J\

(R)-4-hydroxy-4-(4-nitrophenyl)butan-2-one (1)* Using ligand 1g: yield 65%; ee 81 %;
[a]p> = 35.2 (c= 0.2, CHCIl3). HPLC analysis chiralpak AD-H (i-PrOH/hexanes = 30:70, 0.9mL/min,
220 nm) tg = 20.0 min and ty = 26.5 min. 'H NMR (500 MHz, CDCl5) & 2.18 (s, 3H), 2.82 (m, 2H),
3.65 (s, 1H), 5.23 (t, J= 6 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 8.15 (d, J = 8.5 Hz, 2H). *C NMR
(125Hz, CDCls) 6 30.70, 51.52, 68.91, 123.75, 126.43, 147.10, 150.06, 208.44
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X

P

N

(0)
1a

NH

H,N

XL

Chemical Formula: C,oH,sN;0
Exact Mass: 193.12
Molecular Weight: 193.25
m/z: 193.12 (100.0%), 194.12 (11.9%)
Elemental Analysis: C, 62.15; H, 7.82; N, 21.74; O, 8.28

HRMS = 216.1119 (M+Na)*

D2-25
Q1221098 114 (2.140) AM (Cen 4, 80.00, Ht2000.0,0.00,0.70); Sm ([5G, 2x3.00); Cm (113:181) TOF MS ES+
. 256 4653 7.7623
0
(15174
Calculated M+Na 216.1113
Measured M+Na 216.1112
2.Bppm 308.7680
b
218.1118
2347035
2835151
ntemal Standand
3227782
ps1 2403 3355129
217.1198 ’ 201 052
- 2610756 ~ 209.8264 S0 2220041 | 320.8886 a47 pang
e 1 ! 4 ! I
| 220 5258 245.5041 254,827 (*Fnams 205.1322 l V00 (s sese
G P | R T [ ] n | (350,195
LALAE IR LR LI LIS LN IS RN SR LY SR RN LN LR UL LS RILLLE UL LILLLE B R RS R LS RN LS L L Ll
210 220 230 240 250 260 270 280 240 300 310 320 330 340 350

14




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

Unlimited Pages and MO Ww N oW N ~ <~ © o~ ooy
NN OO o WO ooy oo
NANNNNANNEEDOOOOONOODOOCOO O W0 W0 W0 D O < s
0 00 60 0 OGO [~ M~ [~ [~ [~ [~~~ [~~~ 0w ™ —
LT 50 L oy
\\j \
i I'\K
®
~
0 a
1b  H,N

10 9 8 7 6 5 4 3 2 1 ppm
J \\ | | | | | | | Il
R g g = E s

PDF Complete.
| |
IR ‘L | |
®
=
N NH
o) ‘“
1b  HN
T T T T T T T T T 1
180 160 140 120 100 80 60 40 20 pph

15



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

O%"‘\\
1b H,N
Chemical Formula: CgH{{N;O
Exact Mass: 165.09
Molecular Weight: 165.19

m/z: 165.09 (100.0%), 166.09 (9.8%)
Elemental Analysis: C, 58.17; H, 6.71; N, 25.44; O, 9.69

HRMS = 188.0805 (M+Na)"

D2-2
@122109C 185 (3.678) AM (Cen.4, 50.00. Ht.8000.0.0.00.0.70); Sm {SG. 2x3.00): Cm (184:207) TOF MS ES+
100 172.6540 31323
£15174
Internal Standard
=
Calculated M+Ma 183.0800
Measured M+Ma 183.0805
2 Tppm
1861111
185.8102 1B8.0805 200.3082
149.0978
139.0608
. 1671140 (1731083 S
. ‘. }5'] 012 }5&2393 B6.0673 | 1833281  1op 1044 2ps soms 2138098 371 8744207 16762324203
L . . s ; B, p
150 155 180 185 170 175 180 185 190 185 200 205 210 215 220 225 230
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O%w o
1c HoN

Chemical Formula: C,H;5N;0
Exact Mass: 241.12
Molecular Weight: 241.29
m/z: 241.12 (100.0%), 242.12 (16.3%), 243.13 (1.3%)
Elemental Analysis: C, 69.69; H, 6.27; N, 17.41; O, 6.63

HRMS = 264.1104 (M+Na)"

D2-3

1004
15174

Caleulated M+Ma 284.1113
Measured M+MNa 2084.1104
A.4ppm

264.1104

2812482

283.8134

21221000 200 (2.768) AM (Cen,4, 20.00, Ht,5000.0,0.00,0.70) Sm (S5, 2¢3.00); Cm (105:204)
306.7762

3227782

Intemal Standard

TOF MS ES+
364

3B5 200 285  a00 305 310 315 390 398

3329
260.0828
) 2700000 205.1548 321.0312 332 i
o] o= 1 247 5002} 24770253
- L— % S PO S | sorgse ...J_l._,31°4°n\|_ 3'*5;3 UZ\P )
260 205 270 2?5 280
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H

1d NH,

Chemical Formula: C;;H;,N;0
Exact Mass: 207.14
Molecular Weight: 207.27
m/z: 207.14 (100.0%), 208.14 (12.1%), 208.13 (1.1%)
Elemental Analysis: C, 63.74; H, 8.27; N, 20.27; O, 7.72

HRMS =230.1261 (M+Na)"

D2-14
Q122108F 253 (4.762) AM (Cen.4, 80.00, Ht,8000.0,0.00,0.70); Sm (S5, 2¢3.00); Cm (253:260) TOF MS ES+
5 2301261 470
iy
#15174
Calculated M+Na 220.1288 256.4538
Measured M+Na 230.1261
3.5ppm
# 306 7838
Intemal Standard
3 yrez
231.1307
2893.8338
256.1387 I 2612484 308.1312
2136248 245.5208 oeg ppys. || 261.1475 | o75.9868 2BANETT 505 1440 10.1853
L herpe b | | i . 2931999 3p3qza3) | 1y
L L B e I B ] e L L e L e L e R L i e
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Q}gf@

o NH;

Chemical Formula. Ci6H19N30,
Exact Mass: 285.15
Molecular Weight: 285.34
m/z: 285.15 (100.0%), 286.15 (17.6%), 287.15 (2.0%), 286.14 (1.1%)
Elemental Analysis: C, 67.35; H, 6.71; N, 14.73; O, 11.21

HRMS = 308.1352 (M+Na)"

D2-12
2122109E 384 (7.414) AM (Cen.4, B0.00, Ht.2000.0,0.00,0.70%; Sm (3G, 2x3.00% Cm (384:414) TOF M3 ES+
. 3227782 422
00+
#15174
ntemal Standard
308 1352
Caleulated M+Ma 3031375
Measwred M+Ma 3031352
7.Sppm
#
3330272
2320024
300.1405
310.1383 335 5075 _ _ 3540428
47,7027
N L 312 .'EBA 3'*1-::-4'*& 3°?n41u 3328385 w 55-55:: 3434187 ) j, 354 526
2 PR | " iz
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H \
1f NH, NH

Chemical Formula: C;sH;¢sN,O
Exact Mass: 280.13
Molecular Weight: 280.32
m/z: 280.13 (100.0%), 281.14 (17.5%), 282.14 (1.7%), 281.13 (1.5%)
Elemental Analysis: C, 68.55; H, 5.75; N, 19.99; O, 5.71

MS (ESI) =281.1 (M+H)"

~ Display Report

Analysis Info
Analysis Name  d2-13000.d Acquisition Date  09/23/08 11:29:30
Method PTSHMSMS.M Operator Administrator
Sample Name  d2-13 Instrument Esquire-LC_00137
Comment Diluted 1/40 in MEOH -
Acquisition Parameter . . ,
lon Source Type ESI lon Polarity Positive Alternating lon Polarity na
Mass Range Mode Std/MNormal Scan Begin 50.00 miz Scan End 500.00 m/z
Capillary Exit 79.2 Volt Skim 1 12.7 Volt Trap Drive 30.7
Accumulation Time 647 ys Averages 20 Spectra Auto MS/IMS _qrt o
Intens. _'
%109 latth ]
2811
wl r
303.1 E{ N L'.]
34
2.
337.2
1-
359.2
2471
850 159.0 264.0 393.3
0 1 i : L Sir) [, TR, A o~ S ,
50 100 150 200 250 300 350 400 450
F——=M8
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N O
| -~ W \<
N H )
1g NH,

Chemical Formula: C;;H{7N;0
Exact Mass: 207.14
Molecular Weight: 207.27
m/z: 207.14 (100.0%), 208.14 (12.1%), 208.13 (1.1%)
Elemental Analysis: C, 63.74; H, 8.27; N, 20.27; O, 7.72

MS (ESI) = 230.1 (M+Na)"

Display Report

Analysis Info
Analysis Name  d2-79000.d Acquisition Date  03/30/10 13:59:19
Method NOVAKS.M Operator Administrator
Sample Name  d2-79 Instrument Esquire-LC_00137
Comment Diluted 1/50 in MEOH
Acquisition Parameter
lon Source Type ESI lon Polarity Positive Alternating lon Polarity nfa
Mass Range Mode Std/Nermal Scan Begin 50.00 m/z Scan End 500.00 miz
Capillary Exit 76.7 Volt Skim 1 10.5 Volt Trap Drive 29.6
Accumuiation Time 300 s Averages 20 Spectra Auto MSMS off
Intens., o .
“ f
x108 [ AT+ ’%:{] g
] ) 2301
. - A
¥
DF Pyt T k’ﬂ
4373
&
M)
44 2081
24
95.0 256.1
o P | 5 i : : ; Ak PR ; i T : A n !
50 100 150 200 250 300 350 400 450 miz
I——+MS J
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Chemical Formula: C10H13N3O
Exact Mass: 191.11
Molecular Weight: 191.23
m/z: 191.11 (100.0%), 192.11 (11.0%), 192.10 (1.1%)
Elemental Analysis: C, 62.81; H, 6.85; N, 21.97; O, 8.37

MS (ESI) = 214.1 (M+Na)"

UISpray Report
Analysis Info
Analysis Name  XZH76000.d Acouisition Date  10/27/08 12:23:09
Method NOVAKS.M Operator Administrator
Sample Name  XZH2-76 Instrument Esquire-LC_00137
Comment Diluted 1/100 in MEOH
Acquisition Parameter
lon Source Type ESI lon Polarity Positive Alterneting lon Polarity n/a
Mass Range Mode Std/Normal Scan Begin 50.00 m/z Scan End £00.00 m/z
Capillary Exit 96.0 Volt Skim 1 26.1 Volt Trap Drive 207
Accumulation Time 154 us Averages 20 Spectra Auto MS/MS oftf
Intens.
x107
21441

2.59

2.01

1.5

1.0

286.1
0.59
1921
4052
0.0 i L, e . L R | . . A i
50 100 150 200 250 300 350 400 450
——+Ms
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“The reaction was performed with 0.2mmol aldehyde at rt for 45hrs in 1mL acetone (neat), with ligand 1g
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