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Hi ghly Enantiosel ective One-Pot, Three-Conponents | m no-
Ref or mat sky Reacti on

Pier Gorgio Cozzi,* Eleonora R valta

General : 'H NWR spectra were recorded on Varian 200 Mz or
Varian 300 WMHz spectroneters. chemcal shifts are reported

in ppmfromtetranethylsilane wwth the sol vent resonance as

the internal standard (deuterochloroform d 7.27 ppnm). Data
are reported as follows: chemcal shifts, multiplicity (s =
singlet, d = doublet, t = triplet, g = quartet, br = broad,
m = nultiplet), coupling constants (Hz). C NWR spectra
were recorded on a Varian 50 MHz, Varian 75 MHz or Varian
100 MHz spectrometers with conplete proton decoupling. *°F
spectra were recorded with Varian VXR spectroneter at
282.208 MHz. '°F spectra were referenced to CFCl; as the
external standard. Chem cal shifts are reported in ppmfrom

tetranethylsilane with the solvent as the internal standard

(deut er ochl or of orm d 77.0 ppm. Mass spectra were
perfornmed at an ionizing voltage of 70 eV. Chronatographic
purification was done wth 240-400 nesh silica gel.
Anal ytical gas chromatography (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 nm) colum
or a Megadex5 chiral (25 m colum. Analytical high
performance |iquid chromatograph (HPLC) was perforned on a
HP 1090 Iliquid chromatograph equipped with a variable
wavel ength UV detector (deuteriumlanp 190-600 nm, using a
Dai cel Chiralcel ™ QD colum (0.46 cm|.D. x 25 cm (Daice

Inc.). HPLC grade isopropanol and hexane were used as the



eluting solvents. LC were obtained with HPLC Agilent
technol ogies HP1100 series equipped wth diode array
detector. Only a pre-colum was used for purifying the
products. The binary nobile phase consisted in (A water
(B) acetonitrile in isocratic conditions (A) 20% (B)80% w th
a flowrate of 0.3 m/mn. The Mass detector consist in a
Hew ett Packard 1100 WMSD series equipped with API-ES
interface and single quadrupole. The API-ES conditions for
analysis in positive node were perforned with drying gas
flow x I/mn, nebulizer pressure: x psgi, drying gas
tenperature: x °C, capillary voltage: x V, fragnentor: x V.
All the reactions were carried out wunder a nitrogen
at nosphere in flanme-dried glassware using standard inert
techniques for introducing reagents and solvents. All
al dehydes were distilled prior to use. 2-Methoxy aniline
was distilled and stored under nitrogen. Al the other
comercially obtained reagents were used as received.
Bi stri phenyl phosphi ne nickel (I'1) dichloride was purchased
by Stream Commercially available MeZn 2M in toluene
(Fluka) was used for all the reactions. Anhydrous toluene
and CH,Cl, were purchased from the Fluka. Al racemc b-
amno esters were prepared by a three conponent im no-

Ref ormat sky reaction run at room tenperature wthout the
presence of N-nethyl ephedrine.?

1 J. C. Adrian, M. L. Snapper, J. Org. Chem. 2003, 68, 2143-2150.



Gener al procedur e for t he Enanti osel ecti ve I m no-
Ref or mat sky reaction

To a stirred solution of aldehyde (0.2mvol) in toluene
(2mL) at room tenperature 2-nethoxyaniline (0.2mvol) was
added. After 30min, a solution of dinethylzinc (0.4nL, 2M
0.8mml) in toluene was added all at once. After 10 mn
(1S, 2R)- N net hyl ephedrine (0.060g, 0.33mvl) was added and
the resulting solution was stirred at room tenperature.
After 60 mn the reaction was cooled down to -30°C and
et hyl br onpacet at e (0. 24mmol ) was added, fol | owed
i mredi ately by tris-triphenyl phosphi ne ni ckel (11)
dichloride (10ng, O0.015mml) and was stirred at the sane
tenperature for 23-48 h, then quenched by the addition of
HCO 1M (3nL). The reaction was stirred for 3-10 mn then
the organic phase was separated, washed wth saturated
NaHCO; and brine, then dried wth Na,SOQ,, and concentrated
in vacuo to afford a crude product, purified by
chr omat ogr aphy (cycl ohexane: Et ;0 8. 2-95:5).



3-(4-chl orophenyl) - 3- (2- met hoxyphenyl am no) - et hyl propanoat e
@OMG CisH0Cl NG; Fw = 333.81
NH O [a]D:-ll (C 0. 5, C:HCI3)

OEt

Cl

'H NMR (CDA 5, 300 MHz) d: 1.24 (t, 3H, J = 7.2Hz); 2.88-
2.80 (m 2H); 3.91 (s, 3H); 4.14 (q, 2H, J = 7.2Hz); 4.84
(t, 1H, J = 6.9Hz); 5.05 (brs, 1H); 6.39 (d, 1H, J =
7.5Hz); 6.81-6.67 (m 3H); 7.37-7.29 (m 4H).

13C NWR (CDOl3;, 75 MHz) d: 14.36; 43.35; 54.58; 55.76;
61.09; 109.78; 111.50; 117.43; 121.36; 127.99; 129.13;
133.29; 136.63; 141.21; 147.20; 170.96.

GCOVS: 333(18); 246(100); 120(17); 108(18); 92(17); 77(11);
55(17).

HPLC anal ysis OD: isocratic, flux 0.6nlL/ m (hexane: i-PrOH)
90:10. tm 10.96 min; T™M 14.20 min ee 90%

3- (4-chl orophenyl) - 3- ( 2- met hoxyphenyl am no) -

met hyl propanoate *!

@OMG Q7H18C| NQ; Fw = 319. 78
NH O [a]D:'14 (C 1, CH(:I3)

OMe

Cl

Anal ytical data: see ref. 1
HPLC anal ysis OD: isocratic, flux 0.8nL/m (hexane: i-PrOH)
90:10. tm 14.90 min; TM 16.31 min ee 90%



3-(trifluoronethyl phenyl)-3-(2-nmet hoxyphenyl am no) -

et hyl propanoat e
@OMe Clgl_lzoFgl\Ds FW = 367 36
NH O [a]D:-17 (C 1.7, C:HCI3)

OEt

F3C

'H NMR (CDO 5, 200 MHz) d: 1.22 (t, 3H, J= 7.3Hz); 2.86 (d,
2H, J = 6.9Hz); 3.91 (s, 3H); 4.13 (q, 2H, J = 7.3Hz); 4.94
(t, 1H, J = 6.9Hz); 5.20 (brs, 1H); 6.37-6.32 (m 1H);
6.82-6.66 (m 3H); 7.62-7.50 (m 4H)

13C NV\R (CDOl 3, 100 MHz) d: 14.30; 43.20; 54.77, 55.70;
61.17; 109. 76(s) ; 111. 38(s); 117.56(s); 121.33(s);
124.39(q, J = 271.8Hz); 125.87(q, J = 3.6Hz); 129.85(q, J =
32.7Hz); 126.98; 136.49; 146.89; 147.19; 170.83.

GCOVS: 367(18); 348(2); 280(100); 264(7); 159(2); 151(2);
120(17); 92(8); 65(8); 51(4).

F NVR(CDOl 5, 282 MHz): d: -62.8.

HPLC anal ysis OD: isocratic, flux 0.6nL/ m (hexane: i-PrOH)
85:15. tm 14.22 min; TM 20.63 mn ee 90%

3- (pent af | uor ophenyl ) - 3- ( 2- net hoxyphenyl am no) -
et hyl propanoat e

©:OMG Q8H16F5NQ3 Fw = 389 11
= NH O [a]D:+20 (C 1, CHCIg)

OEt

'H NMR (CDA 5, 300 MHz) d: 1.26 (t, 3H, J = 6.83Hz); 3.05-
2.97 (A part of ABX, 1H, J = 7.8, 15.6Hz); 3.20-3.12 (B
part of ABX, 1H, J = 6.8, 15.6Hz); 3.87 (s, 3H); 3.95 (q,



2H, J = 6.83Hz); 5.0 (brs, 1H); 5.44-5.40 (m 1H); 6.90-
6.71 (m 4H).

13C NW\R (CDO 3, 100 MHz) d: 14.29; 40.25, 45.64; 55.83;
61.33; 110.15; 110.91; 115.53; 118.49; 121.51; 135.53;
137.71(d, J = 253Hz); 140.73(d, J = 254Hz); 145.32(d, J =
247Hz); 147.63; 170.08.

F NVR(CDCl 3,282 MHz) d: -144.14(dd, 2F, J =9, 27.0Hz); -
155(t, 1F, J = 21.0Hz); -161.87(ddd, 2F, J =6, 21, 27Hz).

GCMVB:  389(22); 344(1); 316(1); 302(100); 268(1); 252(1);
221(1); 194(2); 181(2); 151(2); 120(22); 92(9); 65(8);
52(3).

HPLC analysis OD: isocratic, flux 0.6n/m (hexane: i-PrOH)
85:15. tm 10.90 min; TM 12.74 mn ee 90%

3- (phenyl) - 3- (2- et hoxyphenyl am no) - et hyl pr opanoat e
@om CigH1NO; Fw = 299. 36
NH O [a]D=-19 (C 1.2, C:HCI3)

OEt

'H NMR (CDO 5, 300 MHz) d: 1.26 (t, 3H, J = 7Hz); 2.90-2.88
(m 2H); 3.92 (s, 3H); 4.15 (q, 2H, J = 7Hz); 4.90 (t, 1H
J =6Hz); 5.1 (brs, 1H); 6.47 (d, 1H, J = 7.8Hz); 6.83-6.65
(m 3H); 7.44-7.22 (m 5H).

13C NWR (CDOl3;, 50 MHz) d: 14.21; 43.35; 54.98; 55.61;
60. 83; 109.58; 111.34; 116.98; 121.24; 126.40; 127.48;
128.81; 136.78; 142.48; 147.03; 171.13.

GCOVS: 299(20); 254(1); 222(1); 212(100); 196(9); 167(2);
150(2); 135(4); 120(14); 105(12); 77(12); 65(11); 52(4).
HPLC anal ysis OD: isocratic, flux 0.6nL/ m (hexane: i-PrOH)
85:15. TM 13.96 min; tm 15.56 mn ee 83%



3- (4-tButyl phenyl) - 3-(2-nmet hoxyphenyl am no) - et hyl pr opanoat e
©:0Me CooH NG Fw = 355. 47
NH O [a]D:+2.0(C 1.1, CI‘Og)

OEt

'H NMR (CDA 5, 300 MHz) d 1.22 (t, 3H J = 7.3Hz); 1.33
(s, 9H); 2.88-2.85 (m 2H); 3.91(s, 3H); 4.14 (q, 2H, J =
7.3Hz); 4.88-4.83 (m 1H); 5.11(brs, 1H); 6.53-6.50 (m
1H); 6.80-6.61 (m 3H); 7.38-7.31 (m 4H).

13C NWR (CDO 3, 50 MHz) d 14.37; 31.63; 34.73; 43.45;
54.71; 55. 76; 60. 92; 109. 71; 111. 38; 116. 97; 121. 41;
125.85; 126.18; 137.08; 138.51; 147.16; 150.39; 171.46.
GCMVB:  355(14); 311(2); 268(100); 252(6); 236(3); 207(1);
191(16); 163(3); 145(9); 123(20); 91(4); 77(4); 57(17).

HPLC analysis OD. isocratic, flux 0.6nL/ m (hexane: i-PrCH
85:15). tm 11.70 min; TM 12.52 mn ee 82%

3- (2-thienyl)-2-(2-nmet hoxyphenyl am no) - et hyl propanoat e
@OME QI.Gngl\QS Fw = 305. 39
NH O [alp = -6 (c 1.5, CHO,)

R OEt
S

'H NMR (CDO 5, 300 MHz) d@ 1.26 (t, 3H, J = 7.3Hz); 2.91-
3.06 (m 2H); 3.89 (s, 3H); 4.17 (q, 2H, J = 7.3Hz); 5.11(
brs, 1H); 5.21 (t, 1H J = 6.8Hz); 6.81-6.67 (m 4H); 6.97
(dd, 1H, J 3.9, 53Hz); 7.03 (d, 1H, J = 2.9Hz); 7.21
(dd, 1H, J = 1.0, 4.9Hz).



13C NMR (CD 5, 50 MHz) d: 14.40; 43.34; 51.08; 55.80; 61.11;
109.94; 111.59; 117.58; 121.26; 123.94; 124.35; 126.91;
136.45; 147.16; 147.24; 171.00.

GCVE: 305(44); 218(100); 202(13); 183(14); 141(39);
123(80); 111(49); 92(11); 65(22); 52(11).

HPLC anal ysis OD: isocratic, flux 0.6nL/ m (hexane: i-PrOH)
85:15. tm 14.33 min; TM 15.59 mn ee 92%

3-(ci nnanyl) - 3- (2- et hoxyphenyl am no) - et hyl propanoat e
@OME Coo0H:3NG; Fw = 325. 40
NH O [a]o = +26 (c 3, CHO )

x

OEt

'H NMR (CDA 5, 300 MHz) d: 1.28 (t, 3H, J = 6.9Hz); 2.9-2.7
(m 2H); 3.90 (s, 3H); 4.19 (q, 2H J = 6.9Hz): 4.56-4.40
(m 1H); 4.67 (brs, 1H); 6.29-6.22 (m 1H); 6.87-6.59 (m
5H); 7.39-7.22 (m 5H).

13C NWR (CDOl3;, 75 MHz) d: 14.39; 40.98;, 52.35; 55.64;
60.88; 109.75; 111.32; 117.15; 121.41; 126.65; 127.75;
128.68; 129.30; 130.21; 131.03; 136.83; 147.16; 171.31.
GCMB: 325(37) ; 238(100); 207(27); 129(100); 123(33);
115(33); 91(22); 77(3); 51(17).

HPLC anal ysis OD: isocratic, flux 0.6nL/ m (hexane: i-PrOH)
85:15. tm 20.69min; TM 22.75 mn ee 85%



3-(2- naphtyl) - 3-(2- met hoxyphenyl am no) - et hyl pr opanoat e
OMe CooHhsNO; Fw = 349. 42
©:NH o [a]p = -10 (c 0.5, CHO j3)

'H NMR (CDd 3, 300 MHz) d 1.22 (t, 3H J = 6.8Hz); 2.96
(d, 2H, J = 7.3Hz); 3.93 (s, 3H); 4.12 (q, 2H, J = 6.8Hz);
5.06 (brs, 1H); 5.13 (t, 1H, J = 6.3Hz); 6.8-6.4 (m 4H);
7.56-7.44 (m 3H); 7.89-7.82 (m 4H).

13C NWMR (CDOl 3, 75 MHz) d: 14.36; 43.49; 55.45; 55.79;
61.04; 109.74; 111.63; 117.22; 121.42; 124.71; 125. 36;
126.02; 126.34; 127.92; 128.20; 128.88; 133.20; 133.74;
137.00; 140.21, 147.23; 171.25.

GCOVS: 349(22); 262(100); 246(10); 207(7); 185(19); 154(19);
123(19); 108(10); 77(11); 65(8).

HPLC analysis OD:. isocratic, flux 0.6nL/nhexane: i-PrOH)
85:15. tm 11.70 mn; TM 12.52 mn ee 84%

3- (4- met hoxyphenyl ) - 3- ( 2- net hoxyphenyl am no) -
et hyl propanoat e

OMe Q_9|'|23’\D4 Fw = 329 39
@ENH o [a]p =-3 (c 2.6 , CHO j3)

OEt

MeO

IH NMR (CDCOl;, 300 MHz) d: 1.24 (t, 3H, J = 6.8Hz); 2.90-
2.82 (m 2H); 3.80 (s, 3H): 3.90 (s, 3H); 4.16 (g, 2H, J =
6.8Hz); 4.75 (brs, 1H); 4.82 (t, 1H J = 6.9Hz); 6.47 (d,
1H, J = 7.2Hz); 6.66( d, 1H, J = 7.8Hz); 6.74(d, 1H, J =
7.8Hz); 6.79(d, 1H, J = 7.8Hz); 6.88(d, 1H J = 8.7Hz);
7.32 (d, 1H J = 8.7Hz).
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13C NWR (CDO 3, 75 MHz) d 14.07; 43.24; 54.20; 55.18;

55.41; 60.65; 109.33; 111.13; 114.00; 116.71; 121.06;

127.33; 134.30; 136.65; 146.82; 158.73; 171.09.

GCMVB: 329(33); 284(2); 267(1); 242(100); 226(11); 207(27);

184(2); 165(55); 123(36); 121(30); 91(5); 77(5); 51(3).
HPLC analysis OD. isocratic, flux 0.6nL/ nm hexane: i-PrOH)

85:15. tm 17.74 min; TM 18.85 mn ee 66%

3-(cycl ohexyl) - 3-(2- met hoxyphenyl am no) - et hyl pr opanoat e
@OMe CigH,7NO; Fw = 305.41
NH O [a]p = -3 (c 4, CHO 3)

OEt

'H NMR (CDO 5, 300 MHz) d 1.23 (t, 3H, J = 7.3Hz); 2.0-1.0
(m 11H); 2.58-2.21 (m 2H); 3.78 (q, 1H, J = 5.8Hz); 3.87
(s, 3H; 4.11 (g, 2H, J = 7.3Hz); 4.30 (brs, 1H); 6.69 (t,
1H, J = 7.8Hz); 6.80-6.69 (m 2H); 6.81 (t, 1H, J = 7.8Hz).
BC NW (CDd 3 50 Miz) d: 14.21; 26.41; 29.18; 29.49;
37.64; 42.32; 54.98; 55.61; 60.47; 109.82; 110.41; 116.09;
121.41; 139.08; 146.90; 172.48.

GCMS: 305(11); 222(100); 194(1); 176(8); 161(2); 134(31);
121(30); 120(3); 93(3); 77(3); 55(3).

HPLC analysis OD. isocratic (hexane: i-PrOH) 93:7. TM 9.93
mn; tm 10.85 mn ee 80%



11
3- (i sopropyl)-3-(2-nmet hoxyphenyl am no) - et hyl pr opanoat e
@OMG C15H3NG; Fw = 265. 35
NH O [a]p = -10 (c 1, CHO )

OEt

'H NMR (CDO 5, 300 MHz) d: 0.97(d, 3H, J = 6.8Hz); 1.03 (d,
3H, J = 7.1Hz); 1.23 (t, 3H J = 7.1Hz); 1.99-1.94 (m 1H);
2.51-2.54 (m 2H); 3.79 (q, 1H, J = 6.1Hz); 3.87(s, 3H);
4.12 (q, 2H, J,= 7.1Hz); 4.30 (brs, 1H); 6.66 (t, 1H J =
7.8Hz); 6.71-6.50 (m 2H); 6.88 (t, 1H, J = 7.8Hz).

13C NWMR (CDO 3, 75 MHz) d 14.35; 24.19; 33.97; 43.47,
54.84; 55.76; 60.91; 109.72; 111.42; 116.99; 121.41;
137.07; 147.17; 171.43.

GCMS:  265(24); 222(100); 194(2); 178(22); 161(3); 148(4);
134(47); 120(3); 106(3); 92(3); 77(2); 65(3); 52(2).

HPLC anal ysis OD: isocratic, flux 0.5n/m (hexane: i-PrOH)
93:7. T™M 9.90 min; tm 10.82 nmn ee 64%

3- (3-net hyl butyl) - 3-(2- net hoxyphenyl am no) - et hyl pr opanoat e
@OM@ Q.GI_|25’\D3 FW = 279 37
NH O [a]p = -8 (c 1, CHO )

OEt

IH NVR (CDO 3 200 MHz) d: 0.99 (t, 6H J = 6.8Hz); 1.23
(t, 34 J = 7.2 Hz); 1.84-1.56 (m 2H); 1.96-1.90 (m 1H);
2.51-2.48 (m 2H); 3.80-3.76 (m 1H); 3.86 (s, 3H); 4.11
(q, 2H, J = 7.2Hz); 4.30 (brs, 1H); 6.66-6.88 (m 4H).

13C NMR (CDO 3, 75 MHz) d: 14.39; 18.69; 18.93; 32.02; 37.57;
55.66; 55.76; 60.71; 109.94; 110.70; 116.37; 121.56;
137.77; 147.10; 172.69.
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GCMB: 265(27); 250(1); 222(100); 194(2); 178(22); 161(3);
148(4); 134(47); 120(3); 106(3); 92(3); 77(2); 65(3);
55(1).

HPLC analysis OD: isocratic (hexane: i-PrOH) 95:5. TM
13.72 min.; tm 15.16 nmin. ee 74%

PhI(OAC),

OEt

Y

OEt

a] p=+18 (0.5, CHCI
82% Ee [@al o ( 3)

In a two-necked round bottom flask Phl(QAc), (400 ng, 1.2
nmmol ) was dissolved in MeOH (2 nL) and glacial acetic acid
0. 200 m) . A sol ution of 3- (phenyl)-3-(2-
met hoxyphenyl am no) - et hyl propanoate (90 ng, 0.3 mmol) in
MeOH (1nl) was added by a a pressure equalising addition
funnel over 30 min at rt. The resulting black solution was
stirred 6 hours, then a 10% HCO solution (3 nL) was added
and a white precipitate i Mmedi ately formed, which gradually
di ssolved with stirring over 30 mn. A 10 % ag. Na,S0;
solution (3 mM) was added and the m xture stirred for an
additional 20 mn. As the solution reached pH = 12, wth
the addition of solid Na,CO;, it was immediately diluted
with 10 nmL of water, and the nethanol was distilled off
under reduced pressure. The resulting solution was
extracted with CHCO, (2 x 15 nmL) and the conbi ned organic
| ayers were dried over Na,SO,, the solvent was evaporated
under reduced pressure to afford a brown oil which was
purified by flash cromatography (Si O, eluent AcOEt). The
solid obtained was further purified by extraction wth
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pent ane. The deprotected am noacid was obtained as a pale
oil in 79%vyield (46 ng).

'H NMR (200 MHz, CDOl3) d: 1.26 (t, 3H, J =7.08 Hz), 2.67 (d,
2H , J = 7.25 Hz), 4.16 (q, 2H, J = 7.08 Hz ), 4.44 (m
1H), 7.18 (m 5H,).



