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General Methods.'H NMR spectra were recorded on Varian Gemini 20 \arian Mercury 400
spectrometers. Chemical shifts are reported in fpm TMS with the solvent resonance as the
internal standard (deuterochloroforgw 7.27 ppm). Data are reported as follows: chensbdt,
multiplicity (s = singlet, d = duplet, t = triplefj = quartet, bs = broad singlet, m = multiplet),
coupling constants (Hz)*C NMR spectra were recorded on Varian Gemini 208 ¥arian
Mercury 400 spectrometers. Chemical shifts arentedan ppm from TMS with the solvent as the
internal standard (deuterochlorofordgw 77.0 ppm). Chromatographic purification was denth
240-400 mesh silica gel. Determination of enantioenegatio was performed on Agilent
Technologies 1200 instrument equipped with a véiatave-length UV detector, using a Daicel
Chiralpak columns (0.46 cm I.D. x 25 cm) and HPL@dg isopropanol antthexane were used as
the eluting solvents. Optical rotations were deteed in a 1 mL cell with a path length of 10 mm
(Nap line), specific rotation was expressed as detgcam™ and concentration as gémMelting
points were determined with Bibby Stuart ScientMelting Point Apparatus SMP 3 and are not
corrected. Materials: All reactions were carried wader inert gas and under anhydrous conditions.
Anhydrous solvents were supplied by Aldrich in Se@® bottles and used avoiding purification.

Aldehydesla andlj are commercially available. Aldehyd#ls-f andl1i were prepared according to
reported methodologi€sThe analytical data fatb, 1c, 1f, 1h,* 1d,? 1e31i,* were consistent with

the literaturelg was prepared according to literatdre.

Preparation of Cinchona catalysts: catalystl-Ill and VI-VII , were prepared according to the
literature procedur®lV andV were prepared using Hintermann procedfwowed by Connon

method® The analytical data fdr® 11 °, 111 2 VI ,*° VIl ,** andwere consistent with the literature.

| IV (45%); The desired product was isolated by fladhma chromatography
NH, (CH,Cl,/CHsOH/NH,OH = 95/5/1) as sticky solid:a]p®® +79.6 € 1.3 in
" CHCls); *H NMR (400 MHz, CDC}, 25°C): 6= 0.96 (t,J = 7.3 Hz, 3H), 1.40-
1.49 (m, 3H), 1.53-1.60 (m, 3H), 1.76-1.84 (m, 3R{}12 (bs, 3H), 2.27 (d
= 7.9 Hz, 1H), 2.90-3.08 (m, 7H), 4.74 (m, 1H),%(@t,J = 1.4 Hz,J = 8.3
Hz, 1H), 5.09 (m, 1H), 5.86 (ddd,= 7.0 Hz,J = 10.9 Hz,J = 17.4 Hz, 1H), 7.47 (bs, 1H), 7.51
(ddd,J = 1.4 Hz,J = 7.0 Hz,J = 8.2 Hz, 1H), 7.67 (dddl = 1.3 Hz,J = 6.9 Hz,J = 8.2 Hz, 1H),
8.07 (dd,J = 1.1 Hz,J = 8.3 Hz, 1H), 8.27 (bs, 1H}*C NMR (100 MHz, CDGJ, 25°C): 6= 13.9,
22.7, 25.0, 26.6, 27.6, 32.2, 39.1, 39.6, 47.45,4914.5, 119.7, 123.0, 125.4, 125.2, 128.1, 129.7,
140.5, 148.3, 148.7, 162.9; HMRS found,N849.25151; gHsiNs requires: 349.25180.
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| V (51%); The desired product was isolated by flasluran chromatography
NH (CH.CIo/CH30OH/NH4,OH = 95/5/1) as white solid; mp 54 °C (from MeOH);
| [a]p?® +129.6 € 1.0 in CHC)); *H NMR (400 MHz, CDC}, 25°C): 6= 0.94-

o 1.02 (m, 1H), 1.16-1.21 (m, 2H), 1.53-1.60 (m, 2BR3-2.30 (m, 3H), 2.94-
3.11 (m, 5H), 4.83 (dJ = 8.1 Hz, 1H), 5.08 (dt] = 1.6 Hz,J = 10.6 Hz, 1H), 5.10-5.12 (m, 1H),
5.88 (dddJ =6.8 HZ,J = 10.6 Hz,J = 17.2 Hz, 1H), 7.44-7.49 (m, 1H), 7.52-7.59 (rhl)37.73
(ddd,J = 1.2 HZ,J = 6.9 Hz,J = 8.4 Hz, 1H), 8.11 (bs, 1H), 8.19-8.23 (m, 3HBB(bs, 1H)*C
NMR (100 MHz, CDC4, 25°C): o= 24.9, 25.3, 26.6, 27.6, 39.6, 47.4, 49.4, 50.4,.3,1417.5,
123.0, 126.0, 126.7, 127.5, 128.7, 129.1, 129.P,6,3139.6, 140.5, 148.6, 149.5, 157.1; HMRS
found M, 369.22019; gH»7N3 requires: 369.22050.

N

Preparation of aldehyde 1I:Following the procedure of Vedejes etah
S\)vo mixture of 2-naphthalenethiol (3.6 mmol, 581 mgy anethacrolein (3.6

mmol, 300uL) was refluxed with triethylamine (0.5 mL) for 38olvent was
removed under reduce pressure. Flash chromatogr@gyciohexane/ethyl acetate, 95/5) of the
residue givell (571 mg, 69%) as sticky soli#d NMR (400 MHz, CDC}, 25°C): 6= 1.29 (d,J =
7.3 Hz, 3H), 2.7 (m, 1H), 3.00 (dd= 6.8 Hz,J = 13.2 Hz, 1H), 3.00 (dd,= 6.4 Hz,J = 13.2 Hz,
1H), 7.42-7.50 (m, 3H), 7.73-7.79 (m, 4H), 9.71J¢; 1.3 Hz, 1H);"*C NMR (100 MHz, CDG,
25°C): 0= 13.5, 34.5, 45.8, 125.9, 126.6, 127.1, 127.7, 12828.7, 132.0, 132.9, 133.7, 202.8;
HMRS found M, 230.07610; &H140S requires: 230.07654.
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Screening test
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Table S1.Catalyst effeé

Entry Catalyst Acid (mol%) Solvent er
1 I (-)-CSA (40) CH3CN/H,0 1/1 92:8
2 Il (-)-CSA (40) CH3;CN/H,0 1/1 89.5:10.5
3 11 (-)-CSA (40) CH3;CN/H,0 1/1 90.5:9.5
4 v (-)-CSA (40) CH3CN/H,0 1/1 90:10
5 Y (-)-CSA (40) CH3;CN/H,0 1/1 84.5:15.5
6 VI (-)-CSA (40) CH3;CN/H,0 1/1 11:89
7 Vil (+)-CSA (40) CH3CN/H,0 1/1 21.5:78.5
8 VI (+)-CSA (20) CHCN/H,0 1/1 50:50
9 IX (+)-CSA (20) CHCN/H,0 1/1 57:43
10 X PNBA® (20) CHCN 57:43
11 X PNBA” (20) CHCN/H,0 1/1 47:53
12 X - CH;,CN/H,0O 1/1 44:56
13 Xl - CH;,CN/H,0 1/1 47:53
14 Xl - CH,CN 50:50
15 Xl (-)-CSA (20) CHCN/H,0 1/1 48.5:51.5
16 - (-)-CSA (20) CHCN/H,0 1/1 50:50
17 Xl (-)-CSA (20) CHCN/H,0 1/1 60:40

8The reactions were performed at 0°C with 1 equi\2, @ equiv. of aldehyd&ain the presence
of 20 mol% of catalysteXIIl , with 2 equiv. of NaLPO, and 20 mol% o 40% mol of acid as a
co-catalyst in 50QL of solvent at 0°C. The reactions were run urpinpletion, as determined
by TLC (16—24 h)® p-nitrobenzoic acid.
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Table S2.Base effe&

Entry Catalyst Solvent Base er
1 | CH.CI, Imidazole 50:50
2 \ CH;CN/H,0 1/1 NaHPO, 59:41
3 \Y CH;CN/H,0 1/1 NaHCGO, 55.5:44.5

& The reactions were performed at 0°C with 1 eqoil2, 3 equiv. of aldehydéain the
presence of 20 mol% of catalydt¥| , with 2 equiv. of base and 40% mol of (-)-CSA
as a co-catalyst in 500L of solvent. The reactions were run until commeti as
determined by TLC (16-24 h).

Table S3.Solvent effe&

Entry Catalyst Solvent er
1 I CH.CI, 31.5:68.5
2 Vi Toluene/CHCN 5/1  46.5:53.5
3 VI Hexane/CHCN 5/1 50:50
4 I CH:CN 83:17
5 I H,0 72.5:27.5
6 I CH:CN/H,0 1/1 92:8
7 I CH;CN/H,0 9/1 92:8
8 I CH;CN/H,0O 1/9 89:11
9 I [Bmim]OTf 28.5:71.5
10 I C,HsCN/H,0O 1/1 86.5:13.5
11 I CH:CN/D,O 1/1 90:10
12 | Dioxane/HO 1/1 81.5:18.5
13 I THF/H,0O 1/1 78.5:21.5
14 I DME/H,0 1/1 73.5:26.5
15 I TBME/H,0 1/1 84:16
16 | Toluene/HO 1/1 71:29
17 I DMF/H,0 1/1 89:11
18 I DMSO 54:46
19 I DMSO/H,0 1/1 82.5:17.5

#The reactions were performed at 0°C with 1 equiv203 equiv. of
aldehydela in the presence of 20 mol% of catalysigl , with 2 equiv. of
NaH,PO, and 40% mol of (-)-CSA as a co-catalyst in §000f solvent.
The reactions were run until completion, as deteeahiby TLC (16—24 h).
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Table S4.Temperature effett

Entry Catalyst T (°C) er
1 I 0 92:8
2 I 25 90.5:9.5
3 \Y 0 11:89
4 \ -13 11.5:88.5

% The reactions were performed with 1 equiv. f3
equiv. of aldehydela in the presence of 20 mol% of
catalystd-VI, with 2 equiv. of NakPQ, and 40% mol of
(-)-CSA as a co-catalyst in 5QfL of CH;CN/H,O 1/1.
The reactions were run until completion, as deteeahiby
TLC (16-24 h).

Table S5.Acid effecf

Entry Catalyst (mol%) Acid (mol%) er
1 I (20) Benzioc acid (40) 63:37
2 I (20) PNBA® (40) 68.5:31.5
3 VI (20) N-Boc-L-His (40) 14:86
4 VI (20) N-Boc-D-Phe (40) 12.5:87.5
5 VI (20) N-Boc-L-Phe (40) 13.5:86.5
6 VI (20) L-Tartaric acid (40) 39:61
7 VI (20) (R)-Mandelic acid (40) 35:65
8 VI (20) PTSA (40) 14:86
9 VI (20) (+)-Canforic acid 12.5:87.5
10 VI (20) XIV (40) 50:50
11 VI (20) TfOH (40) 12:88
12 I (20) (-)-CSA (40) 91:9
13 I (20) (+)-CSA (40) 92:8
14 VI (20) - 13:87
15 VI (20) (-)-CSA (20) 15.5:84.5
16 VI (20) (-)-CSA (40) 11:89
17 VI (20) (-)-CSA (80) 12.5:87.5
18 VI (20) (+)-CSA (40) 17.5:82.5
19 VIl (20) (+)-CSA (40) 21.5:78.5
20 VIl (20) XIV (40) 44:56
21 I (20) HCI (40 91:9
22 I (20) (-)-CSA (40) 90.5:9.5

& The reactions were performed at 0°C with 1 eqafv2, 3 equiv. of aldehydéa in the
presence of 20 mol% of catalys$tsV, with 2 equiv. of NakEPQ, and different amount of
acid as a co-catalyst in 500L of CH;CN/H,O 1/1. The reactions were run until
completion, as determined by TLC (16—24°h-nitrobenzoic acid® Aqueous solution.
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Table S6.Concentration effet

Entry Catalyst (mol%) Acid (mol%) Note er
1 I (5) (-)-CSA (10) - 87:13
2 I (20) (-)-CSA (40) 10 eq. di aldehyde 86:14
3 I (20) (-)-CSA (40) [Carbocation] =0.1 M 92:8
4 I (20) (-)-CSA (40) [Carbocation] = 0.05 M 90.5:9.5
5 I (20) (-)-CSA (40) [Carbocation] =0.2 M 91:9

The reactions were performed at 0°C with 1 equiv2,a3 equiv. of aldehydéa in the presence of
catalystd, with 2 equiv. of NabPQ, and and (-)-CSA as a co-catalyst in 3000f CH;CN/H,O 1/1.
The reactions were run until completion, as deteeaiiby TLC (16-24 h).

Enantioselectivea-alkylation of aldehydes

General procedure: A vial was charged with (0.02 mmol, 6 mg), (-)-CSA (0.04 mmol, 9 mg),
acetonitrile (0.25 mL) and water (0.25 mL). The tane was cooled at 0°C, 1,3-benzodithiolylium
tetrafluoroborate2 (0.1 mmol, 24 mg), NajPO, (0.2 mmol, 24 mg) anda (0.3 mmol, 40uL)
were added. The mixture was stirred for 24 houthatsame temperature and a saturated solution
of NaHCGQ (1 mL) was added and the mixture was diluted WWH®Et (3mL). The organic layer
was separated, and the aqueous layer was extraittedcOEt (2 x 3 mL). The collected organic
layers were washed with brine (5 mL), dried oves3a and concentrated under reduce pressure.
The residue was diluted in MeOH (1 mL) and Nagbi4 mmol, 15 mg) was slowly added at O °C.
After 30 minutes, silica was added and the solweat$ evaporated in vacuo. The residue was

purified by flash chromatography (cyclohexane/etigdtate = 9/1) to givéa.

HO)S‘(S 3a (26 mg, 90%); er = 92:8; The desired product veagaied by flash column
\@ chromatography (cyclohexane/ethyl acetate = 9/19cdsurless oil; The er was
determined by HPLC analysis Daicel Chiralcel OD-blumn: hexane/PrOH

90:10, flow rate 0.50 mL/min, 40°Q, = 232, 254 nMtmgjor = 23.2 min,zminar = 25.7 min; o -

7.1 € 0.5 in CHCh); *H NMR (400 MHz, CDC}, 25°C):6= 1.51 (s, 3H), 3.78 (d = 11.1 Hz, 1H),

4.01 (d,J = 11.1 Hz, 1H), 5.64 (s, 1H), 6.93-6.95 (m, 2HQ6F7.08 (m, 1H), 7.14-7.16 (m, 1H),

7.29 (dt,J = 1.4 Hz,J = 7.3 Hz, 1H), 7.35-7.40 (m, 2H), 7.43-7.46 (m,)2fC NMR (100 MHz,

CDCl;, 25°C): 6= 16.9, 50.1, 60.6, 68.7, 121.4, 121.6, 125.1, 1282,2 (2C), 127.3, 128.6 (2C),

138.1, 141.9 (2C); HMRS found V288.06401; GH160S requires: 288.06426.

S
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3b (28 mg, 83%); er = 93.5:6.5; The desired produas w8olated by flash column

chromatography (cyclohexane/ethyl acetate = 9/19cdsurless oil; The er was
flow rate 0.50 mL/min, 40°C). = 232, 254 nmzmajor = 30.1 min,zminor = 27.9
min; [a]p?° -104.2 € 1.0 in CHC4); *H NMR (400 MHz, CDC}, 25°C): 6= 1.62

(s, 3H), 3.80 (dJ = 11.2 Hz, 1H), 4.11 (dl = 11.2 Hz, 1H), 5.78 (s, 1H), 6.92-6.98 (M, 2HN5?

7.08 (m, 1H), 7.15-7.17 (m, 1H), 7.49-7.53 (m, 2HR9 (dd,J = 2.1 Hz,J = 11.7 Hz, 1H), 7.82-

7.89 (m, 4H);**C NMR (100 MHz, CDGJ, 25°C): 6= 20.0, 50.3, 60.6, 68.7, 121.5, 121.6, 124.6,

125.1, 125.3, 126.2, 126.8, 127.4, 128.2, 128.2,413133.1, 138.0, 138.1, 139.5; HMRS found

M™, 338.07963; gH1s0S; requires: 338.07991.

HOX(S determined by HPLC analysis Daicel Chiralcel IAwnh: hexane/PrOH 90:10,
=D

3¢ (27 mg, 89%); er = 90.5:9.5; The desired produas vgolated by flash column
o @ chromatography (cyclohexane/ethyl acetate = 9/19cdsurless oil; The er was
)K(S determined by HPLC analysis Daicel Chiralcel OD-blumn: hexane/PrOH
S@ 90:10, flow rate 0.50 mL/min, 40°Q@, = 232, 254 nMtmgjor = 15.7 min,zminor =
17.8 min; [p]p?° -108.7 € 1.4 in CHCY); *H NMR (400 MHz, CDC}, 25°C): 6= 1.49 (s, 3H), 2.35
(s, 3H), 3.75 (dJ = 11.3 Hz, 1H), 3.99 (dl = 11.3 Hz, 1H), 5.65 (s, 1H), 6.94-6.98 (m, 2HN77
7.09 (m, 1H), 7.15-7.18 (m, 1H), 7.19-7.21 (m, 2M)32-7.35 (m, 2H)*}*C NMR (100 MHz,
CDCl;, 25°C): 0= 16.8, 20.9, 49.8, 60.8, 68.7, 121.4, 121.6, 128219, 129.4, 137.0, 138.1, 138.8;
HMRS found M, 302.07969; gH1s0S; requires: 302.07991.

3d (26 mg, 85%); er = 92.5:7.5; The desired produes 18olated by flash column

o @ chromatography (cyclohexane/ethyl acetate = 9/19cdsurless oil; The er was
XS determined by HPLC analysis Daicel Chiralcel OD-blumn: hexane/PrOH
S\@ 90:10, flow rate 0.50 mL/min, 40°Q@, = 232, 254 nmtmajor = 18.3 min,zminor =

15.7 min; p]p*° -78.7 € 0.4 in CHC4); *H NMR (400 MHz, CDGC}, 25°C): 9= 1.56 (s, 3H), 2.38

(s, 3H), 3.76 (dd) = 6.8 Hz,J = 11.1 Hz, 1H), 3.99 (dd,= 5.9 Hz,J = 11.1 Hz, 1H), 5.65 (s, 1H),
6.93-6.99 (m, 2H), 7.06-7.11 (m, 2H), 7.14-7.16 (H), 7.22-7.29 (m, 3H)*C NMR (25 MHz,

CDCl;, 25°C): 6= 16.9, 21.7, 50.0, 60.7, 68.8, 121.5, 121.6, 12425K.1, 125.2, 127.9, 128.1,

128.5, 138.2, 141.8, 151.0; HMRS found,N302.07968; GH1s0S, requires: 302.07991.
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PMe 3e (28 mg, 88%); er = 85.5:14.5; The desired produas isolated by flash
o @ column chromatography (cyclohexane/ethyl aceta®1¥ as colourless oil; The
X(S er was determined by HPLC analysis Daicel Chira@@BlH column: hexane/
S\G PrOH 90:10, flow rate 0.50 mL/min, 40°@,= 232, 254 nmzmajor = 27.2 min,
tminor = 29.5 min; [a]p?° -44.8 € 2.5 in CHCY); *H NMR (400 MHz, CDC}, 25°C): 6= 1.48 (s, 3H),
3.75 (d,J = 11.0 Hz, 1H), 3.81 (s, 3H), 3.97 M= 11.0 Hz, 1H), 5.59 (s, 1H), 6.87-6.92 (m, 2H),
6.94-6.98 (m, 2H), 7.05-7.09 (m, 1H), 7.13-7.19 {H), 7.34-7.38 (m, 2H)**C NMR (100 MHz,
CDCls, 25°C): 6= 17.0, 49.4, 55.2, 61.0, 68.7, 113.9 (2C), 121.4,82125.1, 125.2, 128.3 (20C),

133.6, 138.0, 138.1, 158.6; HMRS found,N318.07459; GH150,S, requires: 318.07482.

Qom 3f (28 mg, 88%); er = 91.5:8.5; The desired produas wolated by flash column

Ho)irs chromatography (cyclohexane/ethyl acetate = 9/igkystsolid; The er was
s@ determined by HPLC analysis Daicel Chiralcel OD-blumn: hexané/PrOH
80:20, flow rate 0.50 mL/min, 40°Q, = 232, 254 nMtmajor = 23.1 mMin,zminor =

18.4 min; p]o®° -47.9 € 3.7 in CHC}); 'H NMR (400 MHz, CDC}, 25°C): 6= 1.46 (s, 3H), 3.72
(d,J = 10.6 Hz, 1H), 3.80 (s, 3H), 3.95 (0= 10.6 Hz, 1H), 5.60 (s, 1H), 6.80 (ddds 0.8 Hz,J =

2.5 Hz,J = 8.4 Hz, 1H), 6.90-6.97 (m, 2H), 6.98-7.01 (m,)2A04-7.07 (m, 1H), 7.12-7.14 (m,

1H), 7.29 (tJ = 8.0 Hz, 1H)6.87-6.92 (m, 2H), 6.94-6.98 (m, 2AHP5-7.09 (M, 1H), 7.13-7.19 (m,
1H); 3¢ NMR (100 MHz, CD(d, 25°C):0=16.8, 50.2, 55.2, 60.5, 68.7, 111.8, 114.1, 1124 4,
121.6, 125.1, 125.2, 129.5, 138.1, 138.2, 143.6,tHMRS found M, 318.07455; GH150,S;

requires: 318.07482.

orn 39 (20 mg, 52%); er = 90:10; desired product wasaisal by flash column
Ho)irs chromatography (cyclohexane/ethyl acetate = 9/19cdsurless oil; The er was
S determined by HPLC analysis Daicel Chiralcel OFuomh: hexane/PrOH
90:10, flow rate 0.50 mL/min, 40°Q@, = 232, 254 nmtmajor = 17.7 min,zminor =
10.3 min; p]o*° -49.3 € 0.6 in CHC}); *H NMR (400 MHz, CDC}, 25°C): 6= 1.46 (s, 3H), 1.59
(bs, 1H), 3.78 (dJ = 11.4 Hz, 1H), 3.99 (dl = 11.4 Hz, 1H), 5.54 (s, 1H), 6.88 (ddids 1.0 Hz J
= 2.4 Hz,J = 8.9 Hz, 1H), 6.95-6.97 (m, 2H), 6.99-7.02 (m,))2H07-7.10 (m, 1H), 7.12-7.17 (m,
3H), 7.20 (ddd,) = 1.0 Hz J = 1.8 Hz,J = 7.9 Hz, 1H), 7.28-7.38 (m, 3H)Y)C NMR (100 MHz,
CDCls, 25°C): 6= 17.1, 50.1, 50.0, 60.4, 68.4, 117.4, 118.4, 118(),(121.4 (2C), 121.6, 122.1,
123.3, 125.2, 125.3, 129.6, 129.8 (2C), 138.0,Q,4857.1, 157.2; HMRS found W380.09020;
C2oH200,S; requires: 380.09047.
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B 3h (31 mg, 84%); er = 86.5:13.5; The desired produas isolated by flash

o @ column chromatography (cyclohexane/ethyl aceta®1¥ as colourless oil; The
XS er was determined by HPLC analysis Daicel Chira@@BlH column: hexane/
S\G PrOH 90:10, flow rate 0.50 mL/min, 40°€,= 232, 254 nMmzmgjor = 21.1 min,
minor = 19.7 min; [a]p?° -60.2 € 0.3 in CHCY); *H NMR (400 MHz, CDC}, 25°C): 6= 1.46 (s, 3H),
3.78 (d,J = 10.8 Hz, 1H), 4.00 (d] = 10.8 Hz, 1H), 5.53 (s, 1H), 6.94-6.99 (m, 2HP6/7.08 (M,
1H), 7.11-7.14 (m, 1H), 7.32-7.35 (m, 2H), 7.4477(th, 2H):**C NMR (100 MHz, CD, 25°C):

0= 17.1, 49.8, 60.3, 68.2, 125.5, 121.6, 125.2, 12628.1 (2C), 131.4 (2C), 137.8, 137.9 (2C),

140.8; HMRS: no ionization was observed.

QNoz 3i (25 mg, 75%); er = 84:16; The desired product isakted by flash column
HOX(S chromatography (cyclohexane/ethyl acetate = 7/3%teky solid; The er was
s\@ determined by HPLC analysis Daicel Chiralcel IAwoh: hexané/PrOH 90:10,
flow rate 0.50 mL/min, 40°C\ = 232, 254 nmMzmajor = 27.3 min,zminor = 29.1
min; [a]p?° -46.4 € 0.6 in CHC}); *H NMR (400 MHz, CDC}, 25°C): 6= 1.55 (s, 3H), 3.96 (d} =
10.6 Hz, 1H), 4.09 (d] = 10.6 Hz, 1H), 5.40 (s, 1H), 6.87-6.91 (m, 2HPOZ7.06 (M, 2H), 7.42 (t,
J = 8.2 Hz, 1H), 7.83 (ddd} = 1.0 Hz J = 1.9 Hz,J = 8.0 Hz, 1H), 8.03 (ddd,= 1.0 HzJ=1.9
Hz, J = 8.0 Hz, 1H), 8.4 (t) = 2.1 Hz, 1H);"*C NMR (100 MHz, CDGJ, 25°C): 5= 18.0, 49.7,
59.9, 67.3, 121.4, 121.5, 122.1, 122.8, 125.3,5,2833.8, 137.5 (2C), 143.4, 147.8; HMRS found
M™, 333.04908; gH1sNOsS, requires: 333.04933.

o~
: ? chromatography (cyclohexane/ethyl acetate = 95¢5¢@ourless oil; The er was

determined by HPLC analysis Daicel Chiralcel ICucoh: hexaneé/PrOH 98:2,
flow rate 0.50 mL/min, 40°C) = 232, 254 nMtmgjor = 27.2 MiN. zminor = 25.5 min; []p>° -28.0 €
0.3 in CHC}); *H NMR (400 MHz, CDCJ, 25°C): o= 0.93 (t,J = 7.3 Hz, 3H), 0.94 (s, 3H), 1.27-
1.39 (2H), 1.44-1.49 (m, 2H), 1.61 (bs, 1H), 3.88)= 11.3 Hz, 1H), 3.66 (d] = 11.3 Hz, 1H),
5.26 (s, 1H), 6.97-7.01 (m, 2H), 7.16-7.21 (m, 18 NMR (100 MHz, CDGJ, 25°C): 6= 14.9,
17.0, 17.8, 36.8, 41.1, 62.9, 66.4, 121.6 (2C),.2,2825.3, 138.1, 138.2; HMRS found™M
254.07971; @H150S requires: 254.07991.

g\( 3j (19 mg, 76%); er = 72:28; The desired product watated by flash column

S
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HOX_(P;‘ 3k (24 mg, 78%); er = 73:27; The desired product isakated by flash column

S@ chromatography (cyclohexane/ethyl acetate = 95%)cdourless oil; The er was

determined by HPLC analysis Daicel Chiralcel Odinot: hexané/PrOH 80:20,

flow rate 1.00 mL/min, 40°C), = 232, 254 nmtmgjor = 10.6 min,zminor = 11.9 min; p]o?° -24.3 €
0.5 in CHC}); *H NMR (400 MHz, CDC}, 25°C): 6= 0.91 (s, 3H), 2.80 (dl = 13.3 Hz, 1H), 2.85
(d,J=13.3 Hz, 1H), 3.51 (d] = 11.1 Hz, 1H), 3.59 (d] = 11.1 Hz, 1H), 5.20 (s, 1H), 7.00-7.02
(m, 2H), 7.20-7.25 (m, 4H), 7.27-7.32 (m, 3C NMR (100 MHz, CDGJ, 25°C): 6= 17.4, 39.7,
45.8, 60.9, 65.4, 121.7, 125.2, 125.3 (2C), 12628.2 (2C), 130.6 (2C), 137.3, 138.2, 138.2;
HMRS found M, 302.07913; gH1s0S; requires: 302.07991.

3l (30 mg, 79%); er = 66:34; The desired product veadated by flash

column chromatography (cyclohexane/ethyl aceta@él¥as sticky solid; The

PrOH 50:50, flow rate 0.5 mL/min, 40°€,= 232, 254 nmtmajor = 29.5 min,
minor = 37.8 min; p]p?° -31.3 € 0.5 in CHCY); *H NMR (400 MHz, CDC},
25°C): 0= 1.06 (s, 3H), 3.28 (dl = 12.6 Hz, 1H), 3.34 (d]l = 12.6 Hz, 1H), 3.75 (s, 2H), 5.36 (s,
1H), 7.00-7.04 (m, 2H), 7.19-7.21 (m, 2H), 7.4317(&, 3H), 7.74-7.81 (m, 4H}*C NMR (100
MHz, CDCk, 25°C): 6= 17.2, 39.9, 46.8, 59.5, 65.8, 121.6, 121.7, 12B@),(125.9, 126.7, 127.1,
127.4, 127.5, 127.7, 128.6, 131.9, 133.7, 134.18.1132C); HMRS found N, 384.06796;
C21H200S; requires: 384.06763.

HOX_;S er was determined by HPLC analysis Daicel Chirat@&lcolumn: hexane/

PhJOk\Ph(S Protection of hydroxyl group: To a suspension of NaH (1.3 mmol, 52 mg of
S\@ a 60% suspension in mineral oil) in anhydrous TBFML) a solution ofda
(0.65 mmol, 187 mg) in THF (1 mL) was slowly addad0°C. After 30
minutes benzylbromide (1.0 mmol, 1168) was added and the mixture was stirred at room
temperature for 18 hours. Water (5 mL) was slovdgedd and the mixture was diluted with@&t
(3mL). The organic layer was separated, and the@gilayer was extracted with,@t(2 x 5 mL).
The collected organic layers were washed with bfheilL), dried over Ng&5O, and concentrated
under reduce pressure.
Flash chromatography (cyclohexane/ethyl acetate), & the residue givda (231 mg, 94%) as
colourless oil. f]p*° -42.6 € 0.5 in CHC}); *H NMR (400 MHz, CDC}, 25°C): 6= 1.45 (s, 3H),
3.61 (d,J = 9.2 Hz, 1H), 3.78 (d] = 9.2 Hz, 1H), 4.48 (s, 2H), 5.70 (s, 1H), 6.8846(m, 2H),
7.02-7.05 (m, 1H), 7.07-7.10 (m, 1H), 7.22-7.35 @H), 7.47-7.51 (m, 2H)**C NMR (100 MHz,
CDCl;, 25°C): 0= 17.5, 48.9, 60.8, 73.5, 75.8, 121.4, 121.5, 12626,1, 127.1 (2C), 127.5 (2C),
S11
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127.7 (2C), 128.1 (2C), 128.5 (2C), 138.2, 138.38.6, 142.9; HMRS found W 378.11092;
Co3H200S requires: 378.11121.

Ph_f’)ih(s Alkylation of benzodithiol: A solution ofnBuLi (0.033 mmol, 204iL, 1.6

s M in hexanes) was added dropwise to a solutiofiagi0.3 mmol, 112 mg) in

anhydrous in THF (2 mL) at 0°C. The mixture turastange colour. After 5

minutes methyl iodide (1.5 mmol, 746.) was added and the solution became colourless. Th
solution was stirred for 5 minutes and then watiermL) was added. The organic layer was
separated, and the aqueous layer was extractecEgfth(2 x 5 mL). The collected organic layers
were washed with brine (5 mL), dried over,N8, and concentrated under reduce pressure. Flash
chromatography (cyclohexane/ethyl acetate = 9/1thef residue giveba (107 mg, 91%) as
colourless oil. f]p*° -15.7 € 0.5 in CHC}); *H NMR (400 MHz, CDC}, 25°C): 6= 1.78 (s, 3H),
1.82 (s, 3H), 4.06 (dl = 9.4 Hz, 1H), 4.26 (d] = 9.4 Hz, 1H), 4.55 (d] = 12.4 Hz, 1H), 4.61 (d
= 12.4 Hz, 1H), 6.95-6.99 (m, 2H), 7.10-7.13 (m))2H28-7.35 (m, 8H), 7.49-7.52 (m, 2HJC
NMR (100 MHz, CDC}4, 25°C): o= 22.6, 29.4, 49.4, 73.4, 76.9, 122.1, 122.2, 12628,1, 127.1,
127.4, 127.5, 127.6 (3C), 128.1 (2C), 128.2 (23K.8, 137.9, 138.1, 141.1; HMRS found M
392.12656; @H»40S requires: 392.12686.

”O)i“/ Reductive removal of benzodithiol group:To a solution oba (0.08 mmol, 31 mg) in
methanol (1 mL), Ni-Raney (0.450 g, slurry in wateias added and the reaction was
kept under H atmosphere (1 atm). After 18h the reaction mixiuas filtered through a Celite pad
and the organic solvent was removed under reduesspre. The residue was diluted with AcOEt,
the organic layer was separated, and the aquegersvias extracted with AcOEt (2 x 5 mL).
The residual was dissolved in MeOH (5 mL), 10% P{IC mg) was added and the reaction was
kerp under hydrogen atmosphere for 18h. The reactixture was filtered through a Celite pad
and the organic solvent was removed under redwesspre.
Flash chromatography (cyclohexane/ethylacetate, &2he residue givéa (11.3 mg, 86%) as
colourless oil. All spectra data were consisterihifie literaturé?> [a]p?° -2.9 € 0.5 in CHC}); lit.:
[0]0?°-3.6 € 0.8 in CHC}, ee = 83%})*
Absolute configuration was confirmed by comparisdrthe chiral HPLC retention time (Daicel
Chiralcel OF column: hexandPrOH 90:10, flow rate 0.50 mL/min, 40°®€,= 214 nMm:tmajor(R) =
21.0 min,mminor9 = 26.4 min;) in the literatur&®
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HO_){";OOH Oxidative removal of benzodithiol group, synthesiof (2R)-(+)-a-methyltropic
acid: To a solution of4a (0.08 mmol, 30 mg) in acetonitrile (1 mL) at 0°8)%
H,O, (320 pL) was added. 40% HBr (0.16 mmol, 24.) was slowly added and the reaction
mixture was raised at room temperature. After 46 (1.0 g), was slowly added at 0°C and the
mixture was diluited with AcOEt (5 mL). Water (0.25L) and NaHC@® ag. were added until pH
8.0. The organic layer was separated, and the aguager was extracted with AcOEt (2 x 5 mL).
HCI (0.1M) was added to the aqueous phase until2pétyd ACOEt was added. The organic layer
was separated, and the aqueous layer was extraittedcOEt (2 x 5 mL). The collected organic
layers were washed with brine (5 mL), dried ovepd@ and concentrated under reduce pressure
to give a colourless oil.
The residual was dissolved in MeOH (5 mL), 10% P@QC mg) was added and the reaction was
kept under hydrogen atmosphere for 18h. The raactixture was filtered through a Celite pad
and the organic solvent was removed under redwesspre.
Flash chromatography (cyclohexane/ethylacetatetaaeid, 1/1/0.05) of the residue giva (10.9
mg, 76%) as colourless oil. Spectroscopy datarasedording with literatur€[a]p*® +20.5 € 0.2

in CHCL); lit.: [a]p*® +21.3 € 0.7 in CHC}).*°
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Enantioselective
DaD1 B, Sig=230.4 Ref=420,80 (ANDREADPZETLCA.D)
mAL 7 ™
500-5
400—5
300—5
200-5 T
7 o
100 = o
0- .
T T T IS T T T T T
o) T4 10 1245 15 175 20 225 min
[=F f i
# Time Area Height Width Area% Symmetry
[ 1 19702 [ 145547 575.1 03912 [ 866F1 | 0893 |
[ 2 21164 [ 22403 739 04635 [ 13339 | 097 |
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HO
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3i

Racemic

DAD1-B, Sig=230,.4 Ref=420.80 (ANDREAWAG1G26A. 00

mAl - z o
E (3]
200 -
140 -
100—f
50
0—5 = 5
T T T T T T T T
16 18 20 22 29 26 28 a0 min
[4] [¥]
# Time Area Height Width Area® Symmelp
[ 1] 2¢mes [ mE037 | 2569 | 08222 [ 60027 [ 1067 |
[2] 284m | essds | 2e@3 | nobend | 49973 [ 1085 |

Enantioselective

DALY B, 5ig=232.4 Ref=420 80 (ANDREADP205B.I0
miall - i
1000 -
00—
B0
400 - T
: i
0~ L : :
H T F T T T T T T T
16 18 20 22 24 26 28 30 jind min
[ I i
# Time Area Height Width AreaZ  Symmety
[1] 2reev [ 40835 [ 12166 | 05241 [ 847180 [ 1065 |
[2] 2a0¢r | 7722 | 2n7 | n0me57 | 15820 [ 1113 |
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Racemic
LAl B, Sig=230.4 Ref=420.20 (ANDREAWVG 1619400
Ml | & 5
: @
500 =
500—5
400—5
300—5
200—5
100—f
D‘E L K + L T
5 ?!5 1ID 12‘.5 1‘5 .1'.-".5 2‘0- 22‘.5 2‘5 27-".5 minI
[+ I [+
# Time Area Height Width Areak Symmetry
[ 1 26781 198963 [ 7004 [ 04434 [ 0029 | n08E7 |
[ 2 28647 198735 |  Es13 | 0478 | 43971 | 08a7 |
Enantioselective
DAD1 B, S5ig=230,4 Ref=420,20 (ANDREAWAGA5648.0)
Al ] o
500—f
e
I ')
: 5
300 &
200—5
100—5
D_f__r-—u-__n_,\_ﬁ A — T
T T T IS T T T T T T
) 75 10 128 15 175 20 225 25 275 min
[ ¥
# Time Area Height Width Area% Symmetry
[1 ] 25478 [ easw2 [ 2661 | 04202 | 28063 [ 0909 |
[ 2] =2fzea | 17es06 [ ®&079 [ 04853 | 71937 | 0897 |
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Racemic
DALY B, Sig=232 4 Ref=450.20 (ANDREAWG1G21AWE D)
mAll = [ ]
| o
500 | o =
400—5
300—5
200—5
100—5
o .
i T T ( T T T T ]
(=} g 0 12 14 16 18 min
[ [+
i# Time Area Height Width Area® Symmetry
[1 ] 1oses [ 178686 | GE47 [ 04613 [ 51263 | 0762
[2] 15 | 1e99a5 | 4326 | o4m3 | 48747 | o073 |
Enantioselective
DAaDd B, Sig=232 4 Ref=450,80 (ANDREAWAG 1622 CWE.[)
mAU @
1000 — =)
800
3 o
600 — &
400 - ~
200
0- T
T T T T T T T 1
(=] a 10 12 14 16 18 min
[+ I ¥
# Time Area Height Width AreaZ Symmetry
[1 [ w065 [ 354118 [ 11508 [ 03718 [ 72920 | 075
[2] 11me [ 1:e05 [ 2996 [ o#1m | zroeo | OF0E |
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Racemic

DADA B, Sig=230,4 Ref=420.30 (ANDREAMYG1719B.00

3
I
e

-4
o
=]

LIl IRYRI CTURIRYRTE |

=]
™

@
o
=]

37400

Time

Area Height Width Area¥ Symmetry

23.311

592346 | 8e17 [ 1088 [ 80172 | 0712

37.403

538283 | BS54 [ 1ams [ 4988 [ o72m

Enantioselective

DAD1 B, Sig=230,4 Ref=d20,80 (ANDREAWAG1TZ04.D)

mAL = ey

o

i)

[
1

=
™

P R )
m o o O
o 9 o o

o
=]

o
il

37794

Time

Area Height Width Area% Symmetry

23.531

275191 [ 3947 [ 1074 [ E5733 [ 07§ |

37.794

143458 | 1607 | 13714 [ 34267 | 0739 |
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HO Ph
)\/ 6a

Racemic

DAL A, Sig=214.4 Ref=420.80 (ANDREAWG1601.00

mall o
1 z
% w0
80— o
B0
40—
20
o]
1 T T T T T T I T T 1
758 10 1258 148 175 20 225 268 2r5 min
[+ |
# Time Area Height Width  Area% Symmetry
[ 1] 2088 7762 | 10R@ [ 0533 [ 49895 [ 07a2
[z ] =83 izl | 873 | oes4r | 0108 | oFe |
Enantioselective
DADT A, Sig=214.4 Ref=420,20 (ANDREAVGAE2TA.D)
ml 3
250
300
250
200 —; (R) (3
150
100= &
g o
50— &
e . i :
T T T T I T ¥ T T 1
78 10 125 15 7.5 20 225 258 275 min
[« I [+
# Time Area Height Width Areak Symmetrp
[1] 20888 [ 1amez [ 378 | 06637 [ 91627 [ 0732 |
[2] 3w | 12975 | 287 | noesda | =473 | n@m |
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