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Me,Zn  nediated Catalytic Enantiosel ective Reformatsky
Reaction with Ketones.

Pier Gorgio Cozzi,*

General: 'H NWR spectra were recorded on Varian 200 MHz or
Varian 300 MHz spectroneters. chemcal shifts are reported
in ppmfromtetranethylsilane with the solvent resonance as
the internal standard (deuterochloroform d 7.27 ppm. Data
are reported as follows: chem cal shifts, multiplicity (s =
singlet, d = doublet, t =triplet, q = 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 spectroneters 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
tetramethyl silane with the solvent as the internal standard
(deut erochl orof orm d 77.0 ppm. Mass spectra were
performed at an ionizing voltage of 70 eV. Chronatographic
purification was made wth 240-400 nesh silica gel

Anal ytical gas chromatography (GC) was perforned on a
Hewl 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 m) 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 nnm), using a
Dai cel Chiralcel ™OD 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 with a 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 mM/mn. The Mass detector consists in a
Hewl ett Packard 1100 MSD series, equipped with an API-ES
interface and single quadrupole. The API-ES conditions for
analysis in positive node were perfornmed with drying gas
flow x |/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 flane-dried glassware, using standard inert
techni ques to introduce reagents and solvents. Al ketones
were purified prior to use. Al the other commercially
obtained reagents were used as received. MZn 2M in
toluene (Fluka) was used for all the reactions. Anhydrous
di ethyl ether and tbutylnethyl ether were purchased from

Fluka. Al racemc or quasi racemc b al koxyesters were
prepared by C M(Sal en)catal yzed Reformatsky reaction, run
in toluene at 70°C tenperature.



General procedure for the Enantioselective Reformatsky

reaction

To a stirred solution of dM(Salen) (0.04mmol) in
t BuOve(5nL) at room tenperature, ketone (0.2mml) and
i odoacetate (0.4mml), were added. Then the flask was
imrersed in an oil bath an maintained at 100°C for 2 mn
MezZn (0. 4mmol) was added drop-wi se. The brown honbgeneous
solution was stirred for 2-3 hours at reflux tenperature,
then cooled down to room tenperature. The reaction was
guenched with a saturated solution of NaHCO;, then filtered
over glass septum The organi c phase was separated, and the
aqueous phase extracted with diethyl ether (2x 2nL). The
conbined organic phases were dried over Na,SO, and
evaporated under reduced pressure to give an oil purified
by flash chronmatography (eluant: cycl ohexane: diethylether
70: 30-90: 10)

General procedure for the enantioselective Reformatsky
reaction in the presence of 4-phenyl pyridine N oxide.

To a stirred solution of dM(Salen) (0.04mmol) in
t BuOve(5nlL), 4-phenyl pyridine N-oxide (0.05mmovl) was added
and the m xture was stirred at roomtenperature for 1 hour

The ketone (0.2mml) and iodoacetate (0.4mmol) were added
to the flask and the brown solution was stirred for 5
m nutes. MeZn (0.4mmol) was added drop-w se by syringe.
The mxture imrediately becone heterogeneous, and sone
precipitate was fornmed. The brown, heterogeneous solution
was stirred for 24-120 hours at room tenperature. The
reaction was quenched with a saturated solution of NaHCG;
then filtered over glass septum The organic phase was



separated and the aqueous phase extracted wth diethyl
ether (3x 2nmL). The conbi ned organi c phases were dried over
Na,SQ, and evaporated under reduced pressure to give an oi
purified by flash chromatography (eluant: cycl ohexane
:di et hyl et her 70: 30-90: 10)

Table 1
Table 1.[3  Enantioselective Reformatsky reaction
acet ophenone with ethyl iodoacetate perforned in the
presence of different M Sal en) netal conplexes

Ent rylal M Sal en) Ee [ %"
plel Co( Sal en) -
olc] Co( Sal en) CAc -
glel Co( Sal en) OTs -
alel Co( Sal en) SbFg -

5 Al (Sal en) d 6
6 Sn( Sal en) 0
- O=Ti ( Sal en) 0
8 O=V( Sal en) 0
9 Cu( Sal en) 0
10 Zn( Sal en) 20(S)
11 Ti (Sal en)d , 0
12 Mh( Sal en) C 43(R)
Cr(Sal en)d 0

13




[a] All the reactions were carried out at RT for 3-24 hours
wi th acetophenone (0.2mmmol), ethyl iodoacetate (0.4mmol)
and MeyZn (0.4mol) in Et,O (5nm), in the presence of
20nmol % of M sal en) nmetal conplex. Reaction stirred 24 hours
gi ven conpl ete conversion. [b] Determ ned by HPLC anal ysis
on the crude reaction mxture. [c] No reaction occurs.



Table 2. Enanti osel ecti ve Ref or mat sky reaction of
acet ophenone nediated by C Wn(Salen) (Schene 1, M = M{d)

in different sol vents.

EntryJ a] Sol vent s T[°C Tinme, h Yield [4!Y Eel®

1 Et ,O RT 24 95 43(R)
2tdl CH.O , RT 24 95 0
3 Tol uene RT 24 95 0
4 t BuOve RT 24 95(89) 44(R)
5 DVE RT 24 0

6 D oxane RT 24 0

7 Et ,O Ref | ux 3 95 54(R)
8 Tol uene Ref | ux 3 95(89) 0
9 Et hyl acet at e Ref | ux 3 40 14(R)
10 t BuOwe Ref | ux 3 95(90) 63(R)
11t t BuOve Ref | ux 3 58 62(R)
12 Chl or obenzene Ref | ux 3 80 0
13 DMVE Ref | ux 3

14 Di oxane Ref | ux 3

[a] Al the reactions were perforned at the indicated tenperature
using 2 equiv. ethyl iodoacetate and 2 equiv. of MeZn (for
experi nment al details see supporting i nformation). (R R -
Cl (Mh(Salen) was used in 20nmol % [b] Conversion was eval uated by
the HPLC analysis of the crude reaction mxture. |solated yields
in parenthesis. [c] Determned by chiral HPLC analysis (Chiralcel
D colum). Absolute configuration R by correlation to the
literature data.! [d] 10% of the (R R)-CO Mi(Sal en) was used.



Table 3. Enantiosel ective Reformatsky reaction of acetophenone nedi ated
by O M(Salen) in the presence of different additives.

EntryJ a] Addi tives T[°C Time, h Yield [%4!" Eel®
1 2,6-ditButyl pyridine Reflux 1.5 20 38(R)
2 N- Met hyl i m dazol e Ref | ux 1.5 85 13(R)
3 PhsPO Ref | ux 1.5 60 21(R)
4 4- PhPyri di ne- N- Oxi de Ref | ux 1.5 50 66( R

gld 4- PhPyri di ne- N- Oxi de  Ref | ux 0.75 60 59(R)
6 Pyri di ne- N- Oxi de Ref | ux 1.50 50 52(R)
7tel CHsCN Ref | ux 1.5 90 51(R)
8 PhsPO RT 24 90 38(R)
9 4- PhPyri di ne- N- Oxi de RT 24 84 63(R)
1011 4-PhPyri di ne- N- Oxi de RT 12 82 57(R)
11t9l Si eves 4A RT 24 95 54(R)

[a] AIl the reactions were perforned at the indicated tenperature using 2
equiv. ethyl iodoacetate and 2 equiv. of MeZn (for experinental details
see supporting information), in the presence of 25nol% of additives.
C(Mi(Salen) was wused in 20ml % [b] Conversion evaluated by HPLC
analysis of the crude reaction mxture. [c] Determned by chiral HPLC
analysis (Chiralcel OD colum). [d] Comrercially available C M(Salen)
was enpl oyed [e] 150nol % of anhydrous CH;CN was used as an additive [f] 3
equi val ents of MeyZn and 3 equival ents iodoacetate were enployed in this
reaction. [g] 400my of Sieves 4A were enployed in the reaction.
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(R) Ethyl-3-hydroxy-3—phenyl butyrate
_OH O C12H16Q:, Fw = 208. 25

Me
@MOE [alp = -8.69 (c, 0.46 EtOH). Lit.' (9
Et hyl - 3- hydr oxy- 3—phenyl butyrat e

[a]p = +3.05 (neat), Optical purity 38%

'H NMR (CDO3, 300 MHz) d 1.69 (t, 3H J = 7.2Hz); 1.58
(s, 3H); 2.92 (AB, 2H, J = 15.9Hz); 4.11 (q, 2H J =
7.2Hz); 4.44 (s, 1H); 7.27 (dt, 1H, J = 1.2, 7.8Hz); 7.37
(dt, 2H, J =1, 7.5Hz); 7.49 (dd, 2H, J = 1.5, 8.4Hz).

3C NWMR (CDO 3, 75 MHz) d 13.95; 30.63; 46.38; 60.69;
72.71; 124.42; 126.80; 128.19; 146.79; 172.68.

GCMB:  208(1); 193(59); 163(5); 147(9); 131(3); 121(100);
115(3); 105(62); 91(10); 77(23); 65(3); 60(2); 51(7).

HPLC analysis OD:. isocratic, flux 0.5n/m (hexane: i-PrCOH)
99:1. T 10.96 min; tm 14.20 mn. ee 66%

1- (Hydroxy-1, 2, 3, 4-tetrahydronapht al en-1-yl)-acetic acid
et hyl ester
HO C14H18Q3 Fw = 234. 29

OEt
@ijT [a]o = +11 (¢ 5.5, CHO s

'H NMR (CDO 3, 300 MHz) d: 1.32 (t, 3H, J = 6.9Hz); 1.89-
1.79 (m 1H); 2.17-1.95 (m 3H); 2.86 (AB, 2H, J = 15.3Hz);
2.94-2.91 (m 2H); 4.02 (brs, 1H); 4.24 (q, 2H, J = 6.9Hz);
7.11-7.10 (m 1H); 7.30-7.24 (m 2H); 7.62-7.59 (m 1H).
B3C NWR (CDO 3, 75 MHz) 14.11; 19.95; 29.40; 36.27; 46.041;
60.75; 71.07; 126.28; 126.33; 127.33; 128.82; 136.42;
140. 56; 172. 49.

GOMS:  146(65); 131(18); 118(100); 113(1); 104(3): 98(1);
90(72); 77(2); 63(4); 51(15).

HPLC analysis OD:. isocratic, flux 0.5nL/m (hexane: i-PrCH)
98.5:1.5. TM 14.22 min; tm 20.63 mn. ee 86%
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(R) - 1- (Hydroxy-indan-1-yl)-acetyc acid ethyl ester
Fw = 220. 26

HO \\\-\H/OEt Ci3H160s
©i> O |lalo= +4.2 (c 2.6, CHO )

'H NMR (CDO 3, 300 MHz) d 1.32 (t, 3H, J = 7.2Hz); 2.32
(t, 2H, J = 7.2Hz); 2.74 (AB, 1H, J = 15.9Hz); 2.95-2.84
(m 1H); 2.93 (AB, 1H, J = 15.9Hz); 3.14-3.04 (m 1H);
3.87(brs, 1H); 4.25 (q, 2H, J = 7.2Hz); 7-28-7.20 (m 3H);
7.39-7.37 (m 1H).

BC NWR (CDd 3, 75 Miz) d  14.24; 29.47, 40.40: 44.10;
60.93; 81.17; 122.97; 125.06; 126.88; 128.57; 136. 30;
142.84; 172. 20.

GCMs:  220(1); 202(47); 191(1); 175(4); 163(1); 157(8);
145(2); 133(100); 115(11); 103(10); 91(7); 77(10); 76(3);
63); 51(3).

HPLC analysis OD: isocratic, flux 0.8n/m (hexane: i-PrCOH)
95:5. TM 14.90 min; tm 16.31 mn. ee 84%

Et hyl - 3- (2- chl or ophenyl ) - 3- hydr oxy- but anoat e
C12H15C| Q:, Fw = 242. 69

cIHO Meo [a]D:-l.G(c 2.5, CHC|3)
OEt

'H NMR (CDO 3, 300 MHz) d 1.13 (t, 3H J = 6.9Hz); 1.76
(s, 3H): 2.98 (AB, 1H, J = 16.2Hz); 3.61 (AB, 1H, J =
16.2Hz); 4.06 (q, 2H, J = 6.9Hz); 4.72, (s, 1H); 7.26-7.20
(m 1H); 7.39-7.32 (m 2H); 7.92 (td, 1H J = 1.5, 8.1Hz).
13C NWR (CDO3, 75 MHz) d: 13.88; 27.15; 43.72; 60.69;
73.05; 126.93; 127.99; 128.54; 130.40; 131.14; 142.89;
172. 92.
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GCMS:  229(8); 227(15); 207(65); 197(2); 181(11); 163(10);
155(100); 139(79); 131(6); 111(11); 105(6); 91(14); 77(13);
60(10); 51(9).

HPLC analysis OD:. isocratic, flux 0.5n/m (hexane: i-PrCH)
99:1. T™M 16.81 mn; tm 22.40 mn. ee 84%

Et hyl - 3- (4- chl or ophenyl ) - 3- hydr oxy- but anoat e
HO MeQ Cr2HisCl O Fw = 242. 69
OEt| [a]p = -6.8 (c 5, CHd,)

Cl
'H NMR (CDO3, 300 MHz) d 1.91 (t, 3H J = 6.9Hz); 1.55
(s, 3H); 2.81(AB, 1H, J = 15.9Hz); 2.97 (AB, 1H J =
15.9Hz); 4.10 (g, 2H, J = 6.9Hz); 4.47 (s, 1H); 7.32
(AA,BB, 2H J = 9Hz); 7.42 (AA,BB, 2H J = 9Hz).

B3C NWMR (CDO 3, 75 MHz) d 13.97; 30.61; 46.14; 60.86;
72.44; 126.01; 128.31; 132.64; 154.43; 172.53,

GCMS: 229(13); 227(40); 197(3); 181(6); 155(100); 139(54);
125(2); 111(10); 101(2); 91(4); 75(7); 60(3); 51(3).

HPLC analysis OD:. isocratic, flux 0.5n/m (hexane: i-PrCH)
97:3. TM 11.98 nmin; tm 14.44 nin. ee 85%

3- Hydr oxy- 3- napht al en-3-yl -butyric acid ethyl ester

HO OEt | CigHisOs Fw = 258. 31
Me

OO [a]p = -17.9 (c 3.8, CHO 3)

'H NMR (CDd 3, 300 MHz) o 1.21 (t, 3H J = 7.2Hz); 1.91
(s, 3H):; 3.02 (AB, 1H, J = 16.2Hz); 3.47 (AB, 1H, J =
16.2Hz); 4.16 (q, 2H J = 7.2Hz): 4.75 (s, 1H); 7.81 (d,
1H, J = 8.1Hz); 7.42 (t, 1HJ = 7.8Hz); 7.59-7.48 (m 3H);
7.90 (dd, 1H, J = 2.1,7.5Hz); 8.86 (d, 1H J = 8.1Hz).
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B3C NWMR (CDO 3, 75 MHz) d 14.00; 29.78; 46.17; 60.79;
74.51; 122.71; 124.65; 125.15; 125.38; 126.84; 128.79;
129.09; 130.89; 134.91; 141.34; 173.02.

GCMS: 258(24); 243(13); 213(2); 171(100); 155(57); 127(39);
115(10); 77(5); 63(3).

HPLC analysis OD: isocratic (hexane: i-PrOH) 99:1. tm
39.87 mn; TM 42.39 mn. ee 82%

(R) - 1- Et hyl - 3- (4- bronophenyl ) - 3- hydr oxy- but anoat e

Me :QH o] CioHisBr O; Fw = 287. 14
Br/©>\/u\oa [a]lp = -9.7 (c 2, CHO )
'H NMR (CDO3, 300 MHz) d 1.91 (t, 3H J = 6.9Hz); 1.55
(s, 3H; 2.82 (AB, 1H, J = 15.9Hz); 2.98 (AB, 1H J =
15.8Hz); 4.10 (q, 2H, J = 6.9Hz); 4.47 (s, 1H); 7.36
(AN BB, 2H, J = 9Hz); 7.42 (AA ,BB, 2H J = 9Hz).
3C NWR (CDO 3, 75 MHz) d 14.27; 30.78; 46.38; 61.16;
72.78; 121.10; 126.70; 131.58, 146.27; 172.82.
GCMB: 288(3); 286(3); 273(39); 271(39); 201(100); 199(100);
183(50); 181(50); 155(10);153(10); 146(1); 131(4); 115(9);
91(8); 77(11); 60(6); 51(5).
HPLC analysis OD. isocratic, flux 0.5nL/ m (hexane: i-PrCH)
95:5. TM 11.18 min; tm 12.64 mn. ee 80%

(R) - 1- Et hyl - 3- (3- et hyl phenyl ) - 3- hydr oxy- but anoat e
me. OH O Ci3HisOs Fw = 222. 28
OEt| [a]p = -11 (c 0.9, CHO j3)

Me

'H NMR (CDA 3, 300 MHz) o 1.18 (t, 3H J = 7.5Hz); 1.57
(s, 3H); 2.39 (s, 3H); 2.82 (AB, 1H, 16.8Hz): 3.01 (AB, 1H,
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J = 16.8Hz); 4.11 (q, 2H, J = 7.5Hz); 4.40 (s, 1H:; 7.10-
7.07 (m 1H); 7.28-7.25 (m 2H); 7.32 (s, 1H).

3C NWR (CDO 3, 75 MHz) d 13.96; 21.56; 30.63; 46.36;
60. 65; 72.66; 121. 42; 125. 18; 127. 53; 128.07; 137.75;
146. 89; 172.72.

GCMs:  GCOMs:  222(4); 210(10); 207(70); 189(1); 177(5);
161(6); 147(1); 135(100); 119(73); 105(6); 91(35); 89(6);
77(7); 65(8); 51(3).

HPLC analysis OD: isocratic, flux O.5nL/nm hexane: i-PrOH)
99:1. TM 15.03 min; tm 17.08 mn. ee 81%

Et hyl - 3-f errocenyl - 3- hydr oxy- but anoat e
HO me O CisHoFeOs Fw = 316. 17

OEt [a]D = -15 (C 08, CHC|3)

=

'H NMR (CDO3, 300 MHz) d 1).1.35(t, 3H J = 6,)Hz);
1.63(s, 3H); 2,74(AB, 2H, J = 15,3Hz); 3,54 (s, 1H); 4.20-
4.1(m 3H); 4.25(s, 5H).

13C NMR (CDO 3, 50 MHz) d 14.47; 29.02; 48.01; 60.84;
65. 72; 66.44; 68.1; 68.97; 70.00; 98.13; 172.25.

GCVE: 298(100); 270(10); 253(10); 233(65); 205(11);
189(73); 165(3); 159(15); 122(10); 121(53); 95(5); 78(10);
56( 20) .

HPLC analysis OD: isocratic, flux 0.5nm/m (hexane: i-PrCH
94:6). tm 15.63 min; TM 17.22 mn. ee 57%

3- Furan- 3-yl - 3-hydroxy-butyric acid ethyl ester
C10H14Q1 Fw = 198. 21
OH @ [a]p = -4.5 (c 3.8, CHO 3)

| N\
o OEt
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'H NMR (CDd 3, 300 MHz) o 1.26 (t, 3H J = 7.2Hz); 1.62
(s, 3H: 2.75 (AB, 1H, J = 15.9Hz); 3.02 (AB, 1H, J =
15.9Hz); 4.17 (q, 2H, J = 7.2Hz): 4.42 (s, 1H); 6.28 (dd,
1H, J = 0.6, 3.9Hz); 6.34-6.33 (m 1H); 7.36-7.33 (m 1H).
BC NWR (CDO3 75 MHz) d 14.03; 19.12; 27.65; 44.39;
60.82; 104.56; 110.15; 141.53; 158.41; 172. 36.

GCMB:  198(10):; 183(11); 153(7); 137(9); 111(100); 77(6);
53(3).

HPLC analysis OD: isocratic isocratic, flux 0.5nm/m
(hexane: i-PrOH) 98:2. tm 20.26 mn; TM 26.71 mn. ee
40%

(R) - Et hyl - 3- hydr oxy- 3—phenyl pent anoat e

Et, OH @) Ci3His0s Fw = 222. 28
@Mj\oa [a]p = -10 (c 0.8, CHO ).
[a]p = +28.8 (c 0.2, benzene).(of the

corresponding diol) Lit.? (S) 3—phenyl-1, 3-pentanediol [a]p
= -32.3 (c 10, benzene). Optical purity 55%

'H NMR (CDO 3, 300 MHz) d: 0.812 (t, 3H, J = 7.2Hz); 1,13
(t, 3H J = 7.5Hz); 1.84 (dg, 2H, J = 2.7, 7.5Hz); 2.91
(AB, 2H, J = 15.6Hz); 4.062 (q, 2H, J = 7.2Hz); 4.37 (s,
1H); 7.47-7.30 (m 5H).

BBC NWR (CDO 5, 75 MHz) d 7.76; 13.94; 35.90; 44.99; 60. 65;
75.21; 125.14; 126.67; 128.03; 145.17; 172.92.

GOMS:  193(40); 177(5); 147(10); 135(15); 105(100); 91(7);
77(23); 65(3); 60(2); 57(14).

HPLC analysis OD: isocratic, flux 0.5n/m (hexane: i-PrCH)
99:1. ™ 14.32 min; tm 16.05 mn. ee 53%
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3- Cycl opropyl - 3- hydr oxy- 3- phenyl - propi oni ¢ aci d ethyl ester
CioHsNOy Fw = 234. 29
[a]p = +24.1 (c 3.4 , CHO 3)

OEt
OHQp

GCOMVB:  234(3); 217(6); 206(35); 193(16); 170(1); 160(8);
147(60); 143(7); 118(90); 105(100); 91(17); 77(40); 55(4);
51(5).

HPLC analysis OD: isocratic, flux O.5nL/nm hexane: i-PrOH)
99:1. tm 12.46 mn; T™M 13.37 mn. ee 41%

Et hyl - 3- hydr oxy- 3- net hyl - 5- phenyl - pent - 4- enoat e
C14H18Q3 Fw = 234. 29

©/<O)<\H/OEI [a]p = +1.3 (c 2.5, CHd j3)
o)

'H NMR (CDA 3, 300 MHz) d 1.28 (t, 3H J = 6.9Hz); 1.47
(s, 3H; 2.80-2.69 (m 2H); 4.12 (s, 1H); 4.19 (q, 2H, J =
6.9Hz): 6.32 (dd, 1H J = 1.5, 16.2Hz); 6.69 (d, 1H J =
16. 2Hz); 7.42-7.30 (m 5H).

13C NWR (CDO 3, 75 MHz) d 14.13; 28.43; 45.53; 60.78;
71,24; 126.46; 127.48; 127.83; 128.22; 128.49; 128.94;
134.73; 136.68; 172.49.

GCVE: 234(14); 216(9); 171(5); 147(100); 131(34);
103(14); 77(10); 51(3).

HPLC analysis OD:. isocratic, flux 0.5n/m (hexane: i-PrOH)
95:5. TM 15.87 min; tm 19.72 mn. ee 49%
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(R) - Et hyl - 3- hydr oxy- 3- net hyl - hex- 4- enoat e
CoHi6Os Fw = 172. 22

Me, OHO [a]lp = -10 (¢ 1.1, CHd3); Lit.® (R Ethyl-
/WJ\OEI 3- hydr oxy- 3- net hyl - hex- 4-enoate [a]lp = -
13.0 (c 1.3, CHO 3).
'H NMR (CDO3, 300 MHz) d 1.26 (t, 3H J = 7.2Hz); 1.30
(s, 3H); 1.68 (dd, 3H, J = 1.2, 6Hz); 2.53 (AB, 2H J =
15.3Hz); 3.84 (brs, 1H); 4.16 (q, 2H, J = 7.2Hz); 5.55 (dd,
1H, J = 1,2, 15.3Hz); 5.66 (qq, 1H, J = 6.6, 15.3Hz).
3C NWR (CDCl3, 75 MHz) d 14.15; 17.57; 28.26; 45.54;
60.59; 70.75; 123.45; 136.33; 172.66.
GCOVs: 172(3); 157 (18); 154 (2); 139(2); 127(5); 112(13);
85(100); 69(45); 60(5); 51(3).
HPLC analysis OD: isocratic, flux 0.5n/m (hexane: i-PrOH,
202 and 206nm 95:5. T 9.51 min; tm 10.60 mn. ee 75%%

3-(2,2-Di et hyl ci cl opentyl)-3-hydroxy-butyric acid ethyl
ester

OEt Ci1H00s Fw = 228. 32

HO
7@( [a]D:+7.5(C 2, CHC|3)

'H NMR (CDO 3, 300 MHz) d: 0.88 (s, 3H); 1.02 (s, 3H); 1.32
(t, 3H J = 6.9Hz); 1.93-1.63 (m 5H); 1,48-1.43 (m 1H);
2.46 (AB, 1H, J = 15.9Hz); 2.57 (AB, 1H, J = 15.9Hz); 3.48
(s, 1H; 4.21 (g, 2H, J = 6.9Hz).

BC NW (Ccbds 75 Miz) d  14.16; 19.07; 21.52; 25.05;
37.41; 38.71; 39.23; 45.15; 60.66; 81.68; 173.72.

GCMB:  200(1); 182(10): 168(3); 158(22); 157(18): 143(42);
130(100) ; 115(26); 108(37); 95(65); 88(20); 79(10); 69(39);
56(53); 51(2).

GC anal ysis: isotherm 120°C. TM 17.68 min; tm 18.27 mn.
ee 96%
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3- Hydr oxy- 3- net hyl - 5- phenyl pentanoic acid ethyl ester
C14H20Q3 Fw = 236. 30

©/i0)<\“/oa [a]p = -0.2 (c 3, CHd 3)
o)

'H NMR (CDO3, 300 MHz) d 1.31 (t, 3H J = 6.9Hz); 1.36
(s, 3H:; 1.91-1.93 (m 2H: 2.57 (AB, 2H, J = 15.6Hz);
2.79-2,75 (m 2H); 3.8 (brs, 1H); 4.24 (g, 2H, J = 6.9Hz);
7.31-7.23 (m 3H); 7.36-7.34 (m 2H).

13C NWMR (CDCl3, 175 MHz) d 14.45; 26.96; 30.56; 44.13;
45.21; 60.99; 71.06; 126.07; 128.60; 128.69; 142.51;
173. 30.

GCOMS:  236(1); 221(2); 218(31); 189(1); 172(4); 157(2);
144(76); 131(100); 129(49); 115(4); 105(25); 91(100);
77(14); 65(15); 51(6).

HPLC analysis OD: isocratic, flux 0.5n/m (hexane: i-PrCH)
95:5. TM 14.70 min; tm 16.83 mn. ee 23%

(S) - Et hyl -3-hydroxy-3, 7-di net hyl oct - 6- enoat e

CioHo20s Fw = 214. 30

)\/\Me)SH)Ok [a]p = -0.5 (¢ 2., CHd3); Lit.* (9)-
\ OEt | Et hyl - 3- hydr oxy- 3, 7- di net hyl oct - 6- enoat e

[a]lp = -1.9 (c 1.4, CHO 3).

'H NMR (CDA 3, 300 MHz) o 1.25 (s, 3H); 1.28 (t, 3H J =

7.2Hz); 1.56-1.50 (m 2H); 1.61 (s, 3H:; 1.68 (s, 3H);

2.06-2.04 (m 2H):; 2.52 (AB, 2H, J = 15.3Hz); 3.55 (brs,

1H); 4.18 (g, 2H, J = 7.2Hz); 5.07-5.11 (m 1H).

3C NWR (CDO 3, 75 MHz) d 14.15; 17.57; 22.63; 25.65;

26.59; 41.81; 44.81; 60.61; 70.89; 124.03; 131.77; 173.05.

GOMS: 214 (1); 196(43); 181(5); 167 (6); 151(15); 135(5);

122 (63); 109(100); 93(21); 85(42); 69(72); 55(26); 51(12).
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HPLC anal ysis OD: isocratic, flux 0.5n/m (hexane: i-PrOH,
202 and 206nm 93:7. TM 8.1 min; tm 8.75 mn. ee 21%

3-1sopropyl - 3- hydroxy-butyric acid ethyl ester

OHO CoHi10s Fw = 174.23
WOH [a]p = -2.75 (c 4, CHO j)
'H NMR (CDA3, 300 MHz) d 0.96 (d, 3H J = 6.6Hz); 1.01
(d, 3H, J = 6.6Hz); 1.20 (s, 3H); 1.32 (t, 3H, J = 7.2Hz);
1.79 (sept, 1H J = 6.6Hz); 2.51 (AB, 2H, J = 15.6Hz); 3.62
(brs, 1H); 4.22 (g, 2H, J = 7.2Hz).
BCc NW (Ccbds 75 Miz) d  14.15; 16.95; 17.65; 22.81;
37.39; 42.64; 60.61; 73.31; 173.48.
GOMB:  159(11); 157(1); 141(2); 131(100); 113(11); 103(27);
87(39);: 85(72); 71(15); 61(4); 58(8).

GC analysis: Isotherm 95°C. T™M 20.12 mn; tm 20.64 mn.
ee 28%

3- Cycl opropyl - 3- hydroxy-butyric acid ethyl ester
HO CothOs Fw = 172.22

OEt
M [a]p = +1.7 (c 5.3, CHO j3)

'H NMR (CDO '3, 300 MHz) d@ 0.50-0.32 (m 4H); 0.95-0.87 (m
1H); 1.26 (s, 3H); 1.32 (t, 3H J = 7.2Hz); 2.56 (AB, 2H, J
= 15Hz); 3.44 (s, 1H); 4.21 (q, 2H, J = 7.2Hz).

3C NMR (CDOl 5, 75 MHz) d: -0.63; 0.72; 14.15; 20.76; 27.00;
46.07; 60.65; 69.10; 173.00.

GOMS:  172(1); 157(91); 155(29); 144(4); 131(19); 127(9);
115(6); 111(23); 98(26); 86(6); 85(100); 69(50); 67(9);
56(9).

GC analysis Isotherm95°C. TM 9.93 min; tm 10.85 mn. ee.
86%
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Determ nation of absolute configuration of the products
derived from 1-i ndanone.

The absol ute configuration was determined fromthe sign of
optical rotation of the corresponding diol, obtained from
the Reformatsky adduct by reduction, wth the diol of

5

establ i shed absol ute configuration,> as foll ows.

Ti(OiPr), 30mo|% HO\\\\\\\/

(R,R) BINOL 30mol%

//A\\%/Sn

iIPrOH 20 equiv.

[alp= +5.0 (c 1.2, CH,Cl,);84%ee

HO

HO
\\\\\/O H
N1 0, CH,CI, -78°C \
2) NaBH,, MeOH

yield 39%; [a]D = +22.0 (c 1.0, benzene);

83%ee [a]lp = +24.6 (c 0.4, benzene)

Fromthe sign of optical rotation of the correspondi ng diol
the absolute configuration of the Reformatsky adduct was
deduced to be R
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Determ nation of absolute configuration of the products
derived from 4-bronpacet ophenone.

The absol ute configuration was determined fromthe sign of
optical rotation of the corresponding diol, obtained from
the Reformatsky adduct by reduction, wth the diol of
establ i shed absol ute configuration, as foll ows.

o)
Ti(OiPr)4 30mol%

M€ (RR) BINOL 30mol%

Br Sn
7
(./\a/él . [a]p = +44.7 (c 3.4, CHCl5); 95%ee
iPrOH 20 equiv.

Me, OH
1) O3 CH,Cl, -78°C X

-
-

2) NaBH, MeOH Br
yield 38%; [a]p = +45.0 (c 1.8, benzene);

') Me_ OH

LAH OH
OEt >
Et,0, RT Br
Br ee 36% [alp = +16.6 (c 0.3, benzene)

Fromthe sign of optical rotation of the correspondi ng diol
the absolute configuration of the Reformatsky adduct was
deduced to be R
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Determ nation of absolute configuration of the product
derived from 3-net hyl acet ophenone.

The absol ute configuration was determined fromthe sign of
optical rotation of the corresponding diol, obtained from
the Reformatsky adduct by reduction, wth the diol of
establ i shed absol ute configuration, as foll ows.

Me
Ti(OiPr), 30mol% WOH
(RR) BINOL 30mol%
Me, OH

Sn
(Z, [a]p = +62.6 (c 107, CHCly); 87%ee
iPrOH 20 equiv.
Mey OH
Me 1) 03 CH2C|2 -780 \@)\/\
2) NaBH,, MeOH
87% ee Yield 40%; [a]p = +46.5 (c 2, benzene);

Me
HO_ Me W
ee 53% Et,O, RT

[a]p = +26.83 (c 1.2, benzene)

Fromthe sign of optical rotation of the correspondi ng di ol
the absolute configuration of the Reformatsky adduct was
deduced to be R
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(R -1-Alyl-indan-1-ol
HO,

[a]p = +5 (c 1.2, CHO 3)

'H N\R (CDO'5, 300 MHz) d: 2.16-2.07 (m 1H); 2.41-2.33 (m
1H); 2.56 (dd, 1H, J = 6.9, 13.8Hz); 2.68 (dd, 1H, J = 7.5,
13.8Hz); 2.91-2.80 (m 1H); 3.09-2.99 (m 1H); 5.25-5.17
(m 2H); 5.95-5.83 (m 1H); 7.31-7.26 (m 3H); 7.39-7.36
(m 1H).

HPLC analysis OD: flux 0.5nL/m (hexane: i-PrCH) from 97:3
to 93;7 in 15mn. TM 14.88 mn; tm 17.47 mn. ee 84%

(R) - 2- (4- Bronophenyl ) - pent - 4- en- 2- ol

@M [a]o = +44.76 (c 3.4, CHCO 3)
Br

'H NMR (CDA 3, 300 MHz) d: 1.56 (s, 3H); 2.10 (s, 1H); 2.51
(dd, 1H, J = 8.1, 13.8Hz); 2.69 (dd, 1H J = 6.3, 13.8Hz);
5.21-5.14 (m 2H); 5.66-5.57 (m 1H); 7.35 (AA BB, 2H, J =
8.7Hz); 7.50 (AABB', 2H, J = 8.7Hz).

HPLC anal ysis OD: HPLC analysis OD: isocratic, flux 0.5n/ m
(hexane: i-PrOH) 97:3. tm 16.40m n; TM 17.25mn. ee 95%

(R) - 2- (3- Met hyl phenyl ) - pent - 4- en- 2- ol

HO
Me 2 N
[a]o = +62.06 (¢ 1.07, CHO )

'H NWR (CDO 3, 300 MHz) d: 1.49 (s, 3H); 2.41 (s, 3H); 2.55
(dd, 1H, J = 8.1, 13.5Hz); 2.69 (dd, 1H, J = 6.3, 13.5Hz);
5.23-5.15 (m 2H); 5.72-5.61 (m 1H); 7.13-7.09 (m 1H);
7.27 (s, 1H); 7.33-7.28 (m 2H).
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HPLC analysis QJ: from 98:2 to 92:8 in 15mn. T™M 12.77
mn; tm 13.45 mn. ee 87%

(R) - 3—Phenyl - pent ane- 1, 3-di ol
HO Et

OH [a]p = +28.8 (c 0.2, benzene)

'H NV\R (CDCl3, 300 MHz) d 0.81 (t, 3H, J 7.2Hz) ;
1.94(dg, 2H, J = 2.7, 7.2Hz); 2.08-2.01 (m 1H); 2.27-2.18
(m 1H); 3.20 (brs, 1H); 3.64-3.56(dt, 1H, J = 3.3,
10. 8Hz); 3.82-3.75(m 1H); 7.45-7.26(m 5H)

3C NWR (CDO s, 75 MHz) d 7.44; 36.20; 42.74; 60.30;
78.34; 125.38; 126.42; 128.51; 145.52.

(R)-1-(2- Hydr oxyet hyl ) -i ndan- 1- ol

HO \\\/OH

@ [a]p = +24.64 (c 0.4, benzene)

'H NMR (CDO 3, 300 MHz) d: 1.81 (dd, 1H, J = 3.9, 6.6Hz);
1.86 (dd, 1H, J = 3.9, 6.9Hz); 2.11-1.99 (m 2H); 2.23 (dd,
1H, J = 3.9, 7.8Hz); 2.28 (dd, 1H, J = 4.2, 7.8Hz); 2.77-
2.71(m 1H); 2.94-2.86(m 1H): 3.90-3.75(m 2H); 7.18-7.15
(m 3H); 7.33-7.26 (m 1H).

13C NWVR (CDOs, 75 MHz) d: 29.21; 40.20; 40.75; 60.42;
84.71; 123.09; 125.06; 126.76; 128.37; 142.47; 147.02.

(R) - 3—4- Bronmophenyl ) - but ane- 1, 3-di ol

HO
/©/</\OH [a]p = +16.6 (c 0.3, benzene)
Br
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'H NMR (CDA 3, 300 MHz) d: 1.59 (s, 3H); 2.21-2.01 (m 2H);
; 2.82 (brs, 1H); 3-65-3.57 (m 1H); 3.88-3.81 (m 1H);
7.33 (AABB, 2H, J = 8.4Hz); 7.49 (AA BB, 2H J = 8.4Hz).
BC NWR (Cbds; 75 Miz) d 31.00; 43.71; 60.39; 75.56;
120.49; 126.75; 131.27; 146.65.

(R) - 3— 3- Met hyl phenyl ) - but ane- 1, 3-di ol

HO
Me g OH
[a]p = +26.83 (c 1.2, benzene)

14 NVR (CDOl's, 300 Mz) d 1.61 (s, 3H); 2.19-2.02 (m 2H)
2.41 (s, 3H); 2.84 (brs, 1H); 3.66-3.58 (m 1H); 3.85-3.78
(m 1H); 7.15-7.07 (m 1H); 7.26 (s, 1H); 7.33-7.30 (m
2H) .

13C NVMR (CDO s, 75 Miz) d 21.63; 31.02; 43.88; 60.38;
75.90; 121.75; 125.43; 127.29; 128.11; 137.78; 147.37.
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