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General Met hods

'H NMR spectra were recorded on Varian 200 (200 MHz) or Varian 300
(300 MHz) spectroneters. Chemcal shifts are reported in ppm from
tetranethylsilane with the solvent resonance as the internal

standard (deuterochloroform & 7.27 ppm. Data are reported as
follows: chemcal shift, multiplicity (s = singlet, d = doublet, t
= triplet, q = quartet, br = broad, m = nultiplet), coupling
constants (Hz). C-NMR spectra were recorded on a Varian 200 (50
MHz) or Varian 300 (75 MHz) spectroneters with conplete proton
decoupl i ng. Chem cal shifts are reported in ppm from
tetramethylsilane with the solvent as the internal standard
(deuterochloroform & 77.0 ppn). Mass spectra were perforned at an
ionizing voltage of 70 eV. Chromatographic purification was
carried out wusing silica gel (240-400 nesh). Analytical gas-
chromat ography (GC) was perforned on a Hew ett-Packard HP 6890 gas
chromatograph with a flane ionization detector and split node
capillary injection system using a Crosslinked 5% PH ME Sil oxane
(30 mM colum or a Megadex-5 chiral (25 n) colum (flow rate 15
m./mn, nmethod: 50 °C for 2 mn, ranp @10 °Cmn to 250 °C for 15
mn). Analytical high performance |iquid chromatography (HPLC) was
performed on a HP 1090 liquid chromatograph equipped with a
vari abl e wavelength UV detector (deuterium lanp 190-600 nm and
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using a Daicel Chiralcel ™M0OD and OF colums (0.46 cm|.D. x 25 cm
(Daicel Inc.). HPLC grade isopropanol and n-hexane were used as
the eluting solvents. Elenmental analyses were carried out by using
a EACE 1110 CHNOCS analyzer. IR were recorded wth FT-IR
i nstrunent.

Al'l the reactions were carried out under a nitrogen atnosphere in
flame-dried glassware using standard inert techni ques for

i ntroduci ng reagents and sol vents.

Mat eri al s

Anhydr ous solvents were supplied by Fluka in Sureseal O bottles and
used as received. Racen c epoxi des were prepared by MCPA oxidation
of the corresponding alkenes. 1-nethoxy-3-phenyl-2-propene was

pr epar ed from ci nnam ¢ al cohol ( NaH, Mel) . 1-t-
but yl di net hyl si | yl oxy- 3- phenyl - 2- propene was pr epar ed from
cinnam c al cohol (TBMBCA ,  imdazole, CHO,). G s-1-phenyl-2-
propene was prepared from phenyl-2-propine (Pd/C, quinoline, kb).ﬂ
Cs and trans stil bene, t rans- 3- phenyl pr opene, 3, 4-
di hydr onapht hal ene, cinnamc alcohol, ~cinnamc acid, styrene
oxide, indole, 2-nethylindole, 1-nethylindole, 1,2-nethylindole

and 5-nethoxyindole are commercially available and were used as
received. (R R-C(Salen)d (Stream) is commercially avail able and
used as received. C(Sal en)SbFs, Cr(Sal en) PFg and Cr(Sal en) BF; were
prepared according to literature procedure.EI Mol ecul ar sieves 4A
were activated by mcrowave irradiation (4 x 1 min., 500 W before
use. The product 2a, obtained by kinetic resolution of styrene
oxide with 2-nethylindole catalysed by C(Salen)d, is a known
corrpound.EI

CGeneral Procedure for the Kinetic Resolution of Aromatic Epoxides
with 2-MethylIndole (Table 1).

A flamed two necked flask equipped with a nagnetic stirring bar
was charged with Cr(Salen) conmplex (0.01 mmmol) and activated
mol ecul ar sieves 4A (100 ng). Then TBME (0.2 nl) was added and the



resulting solution was stirred under nitrogen at room tenperature
for 5 mn. The solution was cooled to 0°C and then the epoxide
(0.3 mol) and 2-nethylindole (0.1 mmol) were added to the
reaction mxture. Finally t-BuOH (0.1 nmol) was added and the
reaction mxture stirred at 0°C until GC analysis indicated
conpl ete conversion of 2-methylindole. The crude reaction mxture
was diluted with Et,O and filtered trough celite. After evaporation
of the solvent under reduced pressure, the product was purified by

chr omat ography on silica gel.

P OH (S, R -2-(2-Methyl -3-indolyl)-1-di met hyl t-

butyl si |l yl oxy-2-phenyl et hanol
\. CH,0SiMe,t-Bu y y y P . y
N Me C24H33NOZSI

H MW 395.61 g/ nol

The product 2b was isolated as a white solid after chromatographic
purification (eluent, cyclohexane : Et,O 7 : 3). M 109-111°C.
Yield 96%

'H NVR (200 MHz, CDCl3) & -0.08 (3 H, s); 0.03 (3 H s); 0.91 (9
H s); 2.45 (3 H, s); 2.77 (1 H d, J = 4.5 H); 3.45 (1 H dd, J
= 6.3, 10.2 Hz); 3.65 (1 H dd, J = 3.6, 10.2 Hz); 4.32 (1 H d,
J =10.2 Hz); 4.78-4.84 (1 H m:; 7.06-7.18 (5 H m; 7.26-7.32 (2
H m; 7.53 (1 H dd, J =0.9, 9 H); 7.63 (1 H d, J =7.8); 7.80
(1 H br). B¥CNW (50 MVHz, CDO3) & -5.35 (2), 12.42, 18.25, 25.90
(3), 45.91, 65.62, 72.18, 110.24, 111.92, 119.32 (2), 120.82,
125.89, 127.45, 128.08 (2), 128.44 (2), 131.37, 135.23, 142.59.
GC-Ms5 nfz (relative intensity) 59 (8), 75 (20), 115 (10), 130
(15), 177 (15), 207 (25), 220 (100), 247 (15), 395 (10).

Elem Anal. Calcd. for GCyuHssNG,Si: C, 72.86% H, 8.41% N, 3.54%
Found: C, 72.96% H, 8.30% N, 3.49% Enantioneric excess was

N

eval uated by HPLC analysis: Chiralcel OF, isocratic (n-hexane : |-
PrOH 88:12), flow 0.5 nL/min; tpne= 10.7mn; tmjor= 15.7m n; Ee
91%

[a]P: +34.6° (c 0.53, CHd 3).



R
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OH (S, R) - 2- (2- Met hyl - 3-i ndol yl ) - 1, 2- di pheny! et hanol
IVIP(? Co3H1NO

MW 327.42 g/ nol
The product 2c was isolated as a white solid after chromatographic
purification (eluent, cyclohexane : AcCeEt 8 : 2). M 142-145°C.
Yield 82%
'H NMR (200 MHz, CDCl3) & 2.07 (3 H s); 2.25 (1 H d, J = 2.2
Hz); 4.47 (1 H d, J =10.0 HZ); 5.77 (1 H, dd, J = 2.2, 10.0 Hz);
7.01-7.37 (11 H m: 7.53 (1 H, br); 7.53-7.71 (3 H m). B¥CNWR
(50 WMHz, CDO3) &: 11.84, 51.76, 74.89, 110.23, 112.01, 119.16,
119.59, 120.64, 125.50, 126.37 (2), 126.43, 127.29, 127.74 (2),
128.52 (2), 128.84 (2), 131.56, 135.19, 141.74, 143.13. GC-M5s mz
(relative intensity) 51 (5), 77 (15), 91 (5), 115 (10), 152 (5),
178 (20), 204 (20), 220 (100), 294 (10), 309 (15).
Elem Anal. Calcd. for GCsHaNO C, 84.37% H, 6.46% N, 4.28%
Found: C, 84.47% H, 6.47% N, 4.25%
The enantioneric excess was evaluated by HPLC analysis: Chiral cel
OD, isocratic (n-hexane : i-PrOH 88:12), flow 0.5 nL/mn; tpne=
32.5mn; tmjo= 39.5m n; Ee 86%
[a]P: -60.4° (c 0.81, CHC 3).

IZ; /2:\

P

.~ OH (s R)-2-(2-Methyl - 3-indol yl ) - 1- net hyl enehydr oxy- 2-
@\/\C'\%HZOH phenyl et hanol
e
N C18H19NG,

H

\\j

MW 281.35 g/ nol

The product 2d was isolated as an oil after chromatographic
purification (eluent, Cyclohexane : AcCOEt, gradient from 8:2 to
1:1). Yield 93%

'H NVR (200 MHz, CDCl3) & 2.42 (3 H s), 3.61-3.70 (2 H, m; 4.28
(1 H d, J = 10.2 Hz); 5.80-5.88 (1 H m; 7.04-7.27 (7 H m;
7.50 (1 H d, J =6.8 H); 7.62 (1 H d, J =8.8 Hz); 7.85 (1 H,



bry. G NWR (50 MHz, CDO ;) &: 12.39, 46.55, 65.19, 72.73, 110. 42,
111.32, 119.18, 119.43, 120.92, 126.36, 127.24, 128.41 (2), 128.52
(2), 131.70, 135.25, 141.85. GC-M5 niz (relative intensity) 51
(5), 77 (15), 115 (10), 130 (15), 178 (20), 204 (20), 220 (100),
250 (10), 281 (10).

Elem Anal. Calcd. for CgghoNO: C, 76.84% H, 6.81% N, 4.98%
Found: C, 76.84% H, 6.95% N, 5.02%

The enantioneric excess was evaluated by HPLC anal ysis: Chiralcel
D, isocratic (n-hexane : i-PrOH 85:15), flow 0.5 nL/mn; tpiner =
31.3mn; tmjor= 37.1mn; Ee 87%

[a] P: product contaninated by traces of Salen.

P o
(S, R -2-(2-nethyl -3-indol yl)-1-net hoxynet hyl - 2-
@\/\Cl\%eHZOMe phenyl et hanol
H CroH1NG,
MW 295. 38 g/ nol
The product 2e was isolated as an oil after chromatographic

purification (eluent, cyclohexane : AcCEt, 85 : 15). Yield 98%
'H NVR (200 MHz, CDCl3) & 2.43 (3 H s); 2.54 (1 H br); 3.19-
3.30 (1 H m; 3.28 (3 H s); 3.39-3.48 (1 H m; 4.32 (1 H d, J
9.8 Hz); 4.85-5.00 (1 H mM; 7.00-7.31 (7 H m; 7.50 (1 H d, J
7.4 Hz); 7.60 (1 H d, J = 7.0 Hz); 7.79 (1 H br). BCNWR (50
MHz, CDCl3) o 12.27, 46.16, 58.94, 71.08, 75.22, 110.33, 111.95,
119.33, 119.44, 120.95, 126.13, 127.48, 128.32 (2), 128.49 (2),
131.56, 135.33, 142.18. GC-Ms niz (relative intensity) 51 (5), 77
(10), 115 (10), 144 (15), 178 (10), 204 (15), 220 (100), 295 (10).
Elem Anal. Calcd. for CgHuNO: C, 77.26% H, 7.17% N, 4.74%
Found: C, 77.41% H, 7.18% N, 4.80%

Enantioneric excess was evaluated by HPLC analysis: Chiralcel OD,
isocratic (n-hexane : i-PrOH 85:15), flow 0.5 nL/mn; tpnr= 20.8
mn, tmjo= 21.1 mn; Ee 86%



P o
¢ (S, S) - 2- (2- Met hyl - 3-i ndol yI ) - 1- met hyl - 2-
©\/\§|\§Aee phenyl et hanol
H Cis8H19NO

MW 265.35 g/ nol
The product 2f was isolated as a white solid after chromatographic
purification (eluent, Cyclohexane : AcCEt, gradient from 95:5 to
8:2). M 130-133 °C. Yield 99%
'H NMR (200 MHz, CDCl3) & 1.23 (3 H d, J = 5.8 Hz); 2.18 (1 H
s); 2.43 (3 H s); 405 (1 H d, J=29.6H); 495 (1 H m,; 7.06-
7.33 (6 H m; 7.49 (2 H d, J =7.6 H); 7.65 (1 H nm; 7.79 (1
H br). BC-NWR (50 MHz, CDCl3) & 12.53, 21.66, 52.55, 69.29,
110.32, 112.72, 119.35, 119.46, 120.82, 126.38, 127.42, 128.36
(2), 128.57 (2), 131.49, 135.22, 142.46. GC-M5s niz (relative
intensity) 77 (10), 91 (5), 115 (10), 130 (15), 144 (10), 178
(15), 204 (20), 220 (100), 248 (5), 265 (25). Elem Anal. Calcd.
for CigHhoNO C, 81.47% H, 7.22% N, 5.28% Found: C, 81.47% H,
7.35% N, 5.33%
Enanti onmeric excess was evaluated by HPLC analysis: Chiralcel OD,
isocratic (n-hexane : i-PrOH 87:13), flow 0.5 nL/mn, tmo= 20.4
MmN, tninor = 22.3 nMn; Ee 72%
[a] P: +98.1° (c 0.71, CHd 5).

P

~O1 (S, R -2-(2-Met hyl -3-indol yl)-1-carboxyet hyl - 2-
©\/\€|\§3600Et phenyl et hanol

H CooH21NGs

MW 323.39 g/ nol

The product 2g was isolated as a white solid after chromatographic
purification (eluent, cyclohexane : AcOEt, 85 : 15). M 39-41 °C.
Yield 85%
'H NWVR (200 MHz, CDOl3) &: 0.89 (3 H, t, J = 7.0 Hz); 2.33 (3 H,
s); 3.96 (2 H g, J = 7.0 H); 4.66 (1 H d, J = 6.6 Hz); 5.00-
5,10 (1 H, m; 7.00-7.40 (7 H, m; 7.40-7.50 (1 H m; 7.57 (1 H,
d, J = 7.0 Hz), 7.90 (1 H br). BCNW (50 MHz, CDd3) &: 12.41,

\\:'



13.56, 46.89, 61.25, 73.26, 110.09, 111.09, 119.36, 119.42,
120.96, 126.41, 127.45, 128.19 (2), 128.69 (2), 132.21, 135.12,
140.29, 174.06. GC-Ms mz (relative intensity) 51 (5), 77 (15, 91
(5), 115 (10), 130 (15), 178 (10), 204 (30), 220 (100), 250 (10),
323 (15).

Elem An. Calcd. for CooHoiNGs: C, 74.28% H, 6.55% N, 4.33%
Found: C, 74.35% H, 6.40% N, 4.24 %

Enantioneri c excess was evaluated by HPLC analysis: Chiral cel OD,

od: 45 mn, 95:5 then 35 mn. 90:10 (n-hexane : i-PrOH), flow 0.5
m/mn; tmo= 64.1 mMn; tpnr = 66.4 nin; Ee 80% [a]P: -9.8° (c
1.6, CHO 3)

Ph OH

(R ' S)-2-(2-Met hyl -3-indolyl)-1-net hyl - 2-

\_ Me henyl et hanol

N Me pheny

H C18H19NO

MW 265.35 g/ nol
The product 2h was isolated as a white solid after chromatographic
purification (eluent, cyclohexane : Et,O gradient from9 : 1 to 1 :
1). M 52-54 °C. Yield 95%
'H NVR (200 MHz, CDCl3) & 1.29 (3 H d, J = 5.8 Hz); 1.99 (1 H,
s); 2.44 (3 H s); 4.07 (1 H d, J =8.6 Hz); 4.87-4.96 (1 H m;
7.08-7.30 (6 H mM; 7.49 (2 H mM; 7.75-7.80 (1 H m; 7.92 (1 H,
bry. BC NWR (50 MHz, CDO ;) & 12.53, 21.66, 52.55, 69.29, 110.32,
112.72, 119.35, 119.46, 120.82, 126.38, 127.42, 128.36 (2), 128.57
(2), 131.49, 135.22, 142.46. GCMs mz (relative intensity) 77
(5), 102 (8), 115 (10), 130 (10), 144 (15), 178 (15), 204 (18),
220 (100), 265 (20).
Elem Anal. Calcd. for CisHiogNO C, 81.47% H, 7.22% N, 5.28%
Found: C, 81.46% H, 7.37% N, 5.35%
Enantioneric excess was evaluated by HPLC analysis: Chiralcel OD,
isocratic (n-hexane:i-PrOH 85:15), flow 0.5 nL/mn; tpnr = 19.8
mn, tmjo = 25.3 mn;, Ee 80%
[a]P: -115.5° (c 0.77, CHd 3).



'*O'{C:zz:j> (1R 2S)-trans-1- (2- Met hyl - 1H-i ndol -3-i1)-1, 2, 3, 4-
i t et r ahydr onapht hal en- 2- ol
N Me

MW 277.36 g/ nol
The product 2j was isolated as an oil after chromatographic
purification (eluent, Cyclohexane : AcOEt, gradient from8 : 2 to
7 : 3). Yield 97%
'H NVR (300 MHz, CDO ») o 1.89 (1 H br); 1.96-2.01 (1 H m;
2.31-2.38 (1 H m; 2.43 (3 H s); 3.08-3.15 (2 H m; 4.14-4.28
(2 H m; 6.85 (1 H t, J =28.9 Hz); 6.92-7.01 (4 H m; 7.09 (1
H t, J =7.8H); 7.17 (1 H d, J =6.0Hz); 7.32 (1 H d, J =
8.0 Hz); 7.94 (1 H, br). BC-NWR (75 Mz, CDdj) & 12.09, 26.90,
28.66, 30.65, 46.28, 71.75, 110,28, 110, 78, 119.09, 119.32,
121.02, 125.84, 125.89, 127.08, 128.19, 129.04, 134.09, 135.58,
137.47. IR (nujol): 3536, 3398, 3020, 2970, 1610, 1530, 1300,
1040, 740 cm!. GC-Ms miz (relative intensity) 51 (5), 77 (10), 91
(5), 102 (15), 117 (25), 132 (40), 146 (30), 189 (20), 218 (100),
232 (20), 259 (18), 277 (95).
Elem Anal. Calcd. for CioHigNO C, 82.28% H, 6.90% N, 5.05%
Found: C, 82.34% H, 6.91% N, 5.15%
Enantioneric excess was evaluated by HPLC analysis: Colum OD,
isocratic isocratic (n-hexane:i-PrCH 80:20), flow 0.5 ni/mn;
trgjor= 14.4 MinN; tpine = 17.6 nmin. Ee 83% [a]®: -30.0° (c O.42,
CHC 3)



(1S, 2R) - 3, 4- Di hydr onapht hal ene oxi de

\\\\g
o

MW 146.19 g/ nol
In a flamed two-necked flask, under a nitrogen atnosphere, (R R)-
Cr(Salen)d (33 ng, 0.0525 mol) was dissolved in TBVE (0.4 nl).
The solution was cooled to 0°C and then 2-nethylindole (89.4 ny,
0.68 mmol) and racem c 3, 4-di hydronapht hal ene oxide 1 (150 ng,
1.05 mmol) were added. The consunption of indole was carefully
nonitored. After 24 hours the reaction goes to conpletion. The
reaction mxture was diluted with Et,O and filtered through celite.
The solvent was evaporated and the epoxide was purified by
chr omat ogr aphy on silica deacti vat ed wth EtsN (el uent,
Cycl ohexane: AcOEt : Et3N, 97 : 2 : 1).
Yield 29% (84% on maxi mum theoretical yield).
'HNVR (200 MHz, CDOl3) & : 1.22-3.00 (m 4 H ; 3.31-3.73 (m 2
H ; 6.88-7.35 (m 4 H).

[a]P: -91.3° (c 2.12, CHO 3).

Lit.g| (1R 2S)- 3, 4-Di hi dronapht hal ene oxide [a]® : +88° (c 0. 36,
CHC 3) .

Enantioneric excess was evaluated by chiral CG analysis. |sotherm
120 °C, (S,R: 12.3 mn, (R S): 13.9 nmin. Ee 99.2%

S (1S, 2R) - ci s- 3- Met hyl styrene oxi de
me GoH100

M W 134. 18g/ nol
A flanmed two necked flask equipped with a nagnetic stirring bar
was charged with Cr(Sal en)SbFs (12.5 ng, 0.015 mml) and activated
mol ecul ar sieves 4A (100 ng). Then TBME (0.2 nl) was added and the
resulting solution was stirred under nitrogen at room tenperature
for 5 mn. The solution was cooled to 0°C and then the epoxide 1h

(40.2 nmg, 0.3 mmol) and 2-nethylindole (27.5 ng, 0.21 nmmol) were



10

added to the reaction mxture. Finally t-BuOH (0.020 ni, 0.21
mmol ) was added and the reaction mxture stirred at 0°C until GC
anal ysis indicated conplete conversion of 2-nethyl indole. After
30 hours the reaction goes to conpletion. The reaction m xture was
diluted with Et,O and filtered through celite. The solvent was
evaporated and the epoxide was purified by chromatography on
silica deactivated with EtsN. (eluent, Cyclohexane : Et,O0 100 : O
to 9 : 1).

Yield 24% (80% on nmaxi mum t heoretical yield).

'H NVR (200 MHz, CDO3) & 1.08 (3 H d, J 5.5 Hz); 3.34 (1 H, dq,
J =4.3, 5,5 H); 4.06 (1 H d, J=4.4H); 7.2-7.4 (5 H m.

[a]® = +31.5° (c 1.52, CHd,). Lit.Ecis-(lS,ZR)-B-I\/bthylstyrene
oxide [a]P= +47.5° (c 1.17, CHO ,)

Enanti onmeric excess was evaluated by Chiral CG analysis. |sotherm
70 °C, (S,R): 42.28 min, (R S): 32.45 nmin. Ee > 99. 8%

O (1R 2R)-trans-2-[ (tert-Butyl di met hyl sil oxy)] - 3-
WOS'Mezt_BU phenyl oxi r ane

CisH4 O Si
MW  264. 44 g/ nol

A flamed two necked flask equipped with a nmagnetic stirring bar
was charged with Cr(Sal en)SbFs (30 ng, 0.036 mml) and activated
mol ecul ar sieves 4A (200 ng). Then TBME (0.4 nl) was added and the
resulting solution was stirred under nitrogen at room tenperature
for 5 mn. The solution was cooled to 0°C and then the epoxide 1b
(312 ng, 1.18 mol) and 2-nethylindole (93 ng, 0.708 mol) were
added to the reaction mxture. Finally t-BuCH (0.067 nL, 0.708
mmol ) was added and the reaction mxture stirred at 0°C until GC
anal ysis indicated conplete conversion of 2-nethylindole. After 24
hours the reaction goes to conpletion. The reaction mxture was
diluted with Et,O and filtered through celite. The solvent was
evaporated and the epoxide was purified by chromatography on
silica deactivated with EtsN. (eluent, Cyclohexane : AcOEt : Et3N,
97:2:1).
Yield 36% (90% on maxi mum t heoretical yield).
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1I-I—NI\/R(ZOO WMHz, CDCl3) &: 0.12 (3 H, s); 0.13 (3 H, s); 0.92 (9 H,
s); 3.14 (1 H ddd, J = 1.8, 3.0, 3.9 Hz); 3.21 (1 H d, J =1.8
Hz); 3.82 (1 H dd, J = 3.9, 12.0 Hz); 3.97 (1 H dd, J = 3.0, 12
Hz); 3.19-3.40(5 H m).

[a]® = +31.5° (c 1.52, CHd ). Lit.® (1R 2R -trans-2-[(tert-
but yl di met hyl si | oxy)]-3-phenyl oxirane [a]®= +40.0° (c 0.47, CHd ,)

Enantioneric excess was evaluated by chiral CG analysis. |sotherm
130 °C, (R R: 46.2 nmn, (S,S): 47.5 mn. Ee 96%

(1R 2R)-trans-stil bene oxi de

0
Ph
MW 196.24 g/ nol

A flamed two necked flask equipped with a nmagnetic stirring bar
was charged with Cr(Salen)SbFs (16.6 ng, 0.02 mmol) and activated
mol ecul ar sieves 4A (100 ng). Then TBME (0.4 nl) was added and the
resulting solution was stirred under nitrogen at room tenperature
for 5 mn. The solution was cooled to 0°C and then the epoxide 1c
(78.4 ny, 0.4 mol) and 2-nethylindole (35 ng, 0.268 nmmol) were
added to the reaction mxture. Finally t-BuOH (0.023 nlL, O0.268
mmol ) was added and the reaction mxture stirred at 0°C until GC
anal ysis indicated conplete conversion of 2-nethylindole. After 48
hours the reaction goes to conpletion. The reaction mxture was
diluted with Et,O and filtered through celite. The solvent was
evaporated and the epoxide was purified by chromatography on
silica deactivated with EtsN (eluent, Cyclohexane: Et,0 gradient
polarity from 1:0 to 9:1). Yield 27% (82% on naxi num theoreti cal
yield).

'H NMR (200 MHz, CDd3) &: 3.88 (s, 2 H) : 7.45-7.30 (10 H, ).
[a]® = +232.5° (c 0.78, GCsHs). Lit.EI (1R 2R)-trans stil bene oxide

[a] P = +257.2° (c 1.10, GCsHs). Enantiomeric excess was eval uated by
Chiral CG analysis. Isotherm 150 °C, (R R: 24.9 mn, (S, S): 26.3
mn. Ee 91%
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General Procedure for the Asymmetric Ring Opening (ARO Reaction
of meso Stil bene Oxide with Indoles.

A flanmed two necked flask equipped with a nagnetic stirring bar
was charged with C(Salen)d (0.01 mmol) and TBME (0.2 nli). Then
meso stilbene oxide (0.1 mml) was added to the brown sol ution.
The m xture was stirred few mnutes then indole (0.15 nmol) was
added. The reaction mxture was stirred for 30-36 hours (checked
by HPLC). Then the reaction mxture was diluted with Et,O and
filtered through celite. The solvent was evaporated and the
i ndolyl derivative was purified by chromatography on silica gel
(el uent, Cycl ohexane : AcOCEt).

Ph
OH (R R)-2-(3-Indolyl)-1,2-di phenyl et hanol

\ Ph Ca2HigNO

H MW 313.39 g/ nol
The product 4a was isolated after flash chronmatography (eluent,
cycl ohexane : AcCEt 8 : 2) as a white solid: np 142-146°C
Yield 98%
'H NVR (200 MHz, CDCl3) & 2.49 (1 H, br); 4.61 (1 H d, J = 8.1
Hz); 5.36 (1 H d, J = 8.1 Hz); 7.01-7.48 (m 15 H); 8.16 (1 H
br). C-NWR (50 Mz, CDd3) & 52.09, 77.61, 111.03, 115.26,
119.37, 119.59, 122.29, 122.35, 126.25, 126.66 (2), 127.26,
127.49, 127.84 (2), 128.05 (2), 128.54 (2), 136.21, 141.61,
142.27. IR (nujol) 3540, 3295, 3060, 1600, 1455, 1370, 1340, 1250,
1100, 1030, 915, 740, 700 cm!. GC-MS mz (relative intensity) 51
(10), 77 (15), 79 (15), 105 (10), 130 (15), 178 (30), 206 (100),
295 (10), 313 (5).
Elem An. Calcd. for CoHigNO C, 84.31% H, 6.11% N, 4.47% Found:
C, 84.43% H, 6.21% N, 4.51%
The enantioneric excess was determ ned by HPLC anal ysis: Chiralcel
OF, isocratic (n-hexane : i-PrOH 85:15), flow 0.5 ni/mn;
tenperature of the colum 35°C. (1S,2S): 37.3 mn; (1R 2R): 21.9

mn Ee 93% [a]P = -68.8° (¢ 1.12, CHC ).
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Ph OH

(R R -2-(1-Methyl -3-indolyl)-1, 2-di phenyl et hanol
N\ Ph C23H1NO
I\\/Ie MW 327.42 g/ nol

The product 4b was isolated after chromatographic purification
(el uent, cyclohexane : Et,0 85:15) as a white solid. M 36-39°C.
Yield 96%

'H NVR (200 MHz, CDO3) & 2.53 (1 H, brs); 3.81 (3 H s); 4.58 (1
H d, J =80 Hz); 5.34, (1 H d, J = 8.0 Hz); 7.02-7.31 (14 H,
m; 7.46 ( 1H, d, J = 7.0 Hz). B3C-NWMR (75 MHz, CDC3) &:32.81,
52.18, 77.64, 109.20, 113.73, 119.13, 119.49, 121.87, 126.22,
126.76 (2), 127.15, 127.29, 127.88 (2), 128.00, 128.08 (2), 128.56
(2), 137.11, 141.96, 142.49. IR (nujol): 3500, 3360, 3050, 1610,
1455, 1240, 1030, 740, 700 cm?'. GC-MS miz (relative intensity) 51
(5), 77 (15), 91 (5), 115 (10), 178 (20), 204 (30), 220 (100), 309
(5), 327 (8). Elem An. Calcd. for GCuaHNO C, 84.37% H, 6.46%
N, 4.28% Found: C, 84.38% H, 4.39% N, 4.33 %

The enantioneric excess was determ ned by HPLC anal ysis: Chiral cel
OF, isocratic (n-hexane : i-PrOH 91:9), flow 0.5 nli/mn;
tenperature of the colum 35°C. (1S,25): 32.9 mn; (1R 2R):

38.3min. Ee 96% [a] © = -65.5° (c 2.23, CHd j).

Ph OH

(R R-2-(2-nethyl-3-indolyl)-1, 2-
> I\I/TgI di phenyl et hanol
H C23H1NO

MW 327.42g/ nol

The product 4c was isolated after chromatographic purification
(cycl ohexane : AcCEt 85:15) as a white solid: np 148-152°C. Yield
98%

'H NMR (200 MHz, CDCl3) & 2.19 (3H s); 2.46 (1H, d = J 3.6 Hz):
4.45 (1H, d, J = 8.0 Hz); 5.75 (1H, dd, J = 3.6, 8.0 Hz); 7.11-
7.30 (m 13H); 7.68 (1H d, J = 7.2Hz), 7.89 (1H, br). ¥C NWR (50
MHz, CDCl3) &: 12.08, 52.39, 76.04, 109.48, 110.48, 119.48, 119. 81,
121.10, 125.98, 126.78 (2), 127.28, 127.87(2), 127.97 (2), 128.48
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(2), 133.70; 135.36; 141.86; 142.82. IR (nujol) 3500, 3305, 3065,
1605, 1450, 1340, 1300, 1050, 820, 750, 700 cm!. GGCMs mz
(relative intensity) 51 (8), 77 (15), 91 (5), 115 (10), 130 (20),
145 (25), 217 (30), 230 (25), 294 (25), 309 (100). Elem An.
Cal cd. for CxsHotNO C, 84.37% H, 6.46% N, 4.28% Found: C,
84.42% H, 6.47% N, 4.31%

The enantioneric excess was determ ned by HPLC anal ysis: Chiralcel
oD, isocratic (n-hexane : i-PrOH 80:20), flow 0.5 ni/mn;
(1S,29): 24.30 min; (1R 2R): 34.1nmin. Ee 98%

[a] P = -153.5° (c 0.68, CHd 3).

Ph OH
(R R-2-(1, 2-D nmet hyl - 3-i ndol yl) -1, 2-di phenyl et hanol
N\ MF(;h C24H23NO
Me MW 341. 45g/ nol
The  product 4d  was isolated after flash  chromat ogr aphy

(Cycl ohexane : AcOEt 85:15) as a white solid: np 147-150°C. Yield
95% .

'HNVR (200 MHz, CDCl3) & 2.33 (3 H s); 2.53 (1 H d, J = 3.4
Hz); 3.68 (3 H s); 450 (1 H d, J =80 Hz); 578 (1 H dd, J =
3.4, 8.0 Hz); 7.11-7.30 (m 13 H); 7.78 (1 H d, J = 8.4 Hz). BC
NVR (50 MHz, CDO 3) &: 10.46; 29.69; 53.00; 75.99; 108.74; 108.89;
119.43 (2); 120.66; 125.90; 126.85 (2); 127.24; 127.83 (2); 127.92
(2); 128.03; 128.44 (2); 135.64; 136.87; 142.08; 142.84. IR
(nujol) 3510, 3050, 1600, 1460, 1315, 1200, 1040, 755, 705 cm?.
GC-Ms nmz (relative intensity) 56 (10), 77 (15), 91 (5), 115 (10),
130 (20), 176 (5), 204 (8), 218 (10), 234 (100), 323 (5), 341 (5).
Elem An. Calcd. for GCuH;NO C, 84.42% H, 6.79% N, 4.10% Found:
C, 84.39% H, 6.82% N, 4.11 %

The enantiomeric excess was determ ned by HPLC anal ysis: Chiralcel
D, isocratic (n-hexane : i-PrOH 80:20), flow 0.5 nL/mn; (1S, 2S):
19.2 min; (1R 2R): 54.2nm n. Ee 97%

[a] P = -142.1° (c 0.81, CHd 3).
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Ph OH
(R R -2-(5-Met hoxy-3-indol yl)-1, 2-di phenyl et hanol
MeO \ Ph
N Co3H1NG,
H M W 343. 42
The  product 4de  was isolated after flash  chromat ogr aphy

(Cycl ohexane : AcOEt 8:2) as a white solid np 158-160°C. Yield
95%

'H NMR (200 MHz, CDO3) &:2.53 (1 H d, J = 3.4 Hz); 3.74 (3 H,
s); 4.57 (1 H d, J = 7.4 H); 537 (1 H dd, J = 3.4, 7.4 Hz);
6.78-6.86 (2 H m; 7.11-7.30 (11 H m; 8.08 (1 H br). BCNWR
(50 MHz, CDCl3) &: 52.03; 55.78; 77.35; 101.23; 111.68; 112.47;
114. 84; 123.27; 126.25; 126.61 (2); 127.23; 127.86 (2); 127. 95;
128.06 (2); 128.51 (2); 131.38; 141.47; 142.49; 153.91. IR (nujol)
3360, 3040, 1610, 1450, 1300, 1050, 916, 730, 700 cm!. GC-Ms mz
(relative intensity) 51 (10), 77 (20), 89 (5), 107 (10), 139 (5),
165 (15), 204 (20), 220 (15), 236 (100), 325 (5), 343 (8). E em
An. Calcd. For GCyiHNO: C, 80.44% H, 6.16% N, 4.08% Found: C,
80.56% H, 5.95% N, 4.10% The enantioneric excess was determ ned
by HPLC analysis: Chiralcel OD, isocratic (n-hexane : i-PrCH
70:30), flow 0.5 nL/mn; (1S,2S): 38.6 mn; (1R 2R): 51.2mn.

[a]® = -24.1° (c 0.28, CHO3). Ee 90%

St ereochem cal assignenent for 2a, 2f, 2j.

The absol ute configuration was established for the products 2a, 2f
and 2j.

W have reported in a previous work® that the InBrs catal ysed the
ring-opening of optically pure aromatic epoxides wth indoles
Wi thout racemization via an S\2 nmechanism To assign the absol ute
configuration of the ring-opened product 2a obtained in the
kinetic resolution catalysed by C(Salen)d, we perfornmed the
reaction of 2-nethylindole with the enantiopure (R)-(+)-styrene
oxide in the presence of a catalytic amount (1 nol% of InBrs. W
have established the (R) absolute <configuration for 2a by

conparison with anal ytical data of the known product.?
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In order to establish the absolute configuration of the other
ri ng- opened products 2b-j, we have chosen two representative
substrates for cis and trans epoxides. Optically pure (1R 2R)-(+)-
1- phenyl - propene oxide, comercially available, (A drich), instead
(1R, 2S)-(+) -3, 4-di hydronapht hal ene oxide was prepared using the
Jacobsen’ s epoxidation (83% ee).* The two epoxides reacted with 2-
methylindole in the presence of a catalytic anount (1 nol% of
InBrz, affording the corresponding indolyl derivatives in 99 and

83% ee, respectively.

INBrz 1mol%

2-methylindole
Sn2

©/<l/ InBr3 1mol%

2- methylmdole
SN2

InBrz 1mol%

2-methylindole
Sn2

The absolute configuration of the products 2f and 2] obtained in
the kinetic resolution catalysed by Cr(Salen) conplexes, were
assigned by conparison of their retention times in HPLC (Chiral cel
OD) with the sanples obtained in the reaction perforned with InBrs.
For al | the other ri ng-opened products 2, the absol ute
configuration was assi gned by anal ogy.

In order to assign the absolute configuration of the ring-opened
products 4a-e obtained in the asymetric ring-opening of neso
aromati c epoxide catalyzed by C(Salen)d, we have assuned that
the nmeso stilbene oxide is structurally related to a cis aromatic
epoxi de. Consequently, the attack of indoles to neso stilbene
oxide and to <cis aromatic epoxides occurred wth the sane
st ereochem cal outcone.
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