CHAPTER 11

EXPERIMENTAL

2.1 Materials and methods

dried glasswares. The L was followed by thin layer

chromatography (TLC) peafory ica gel 60 Fys4 0.2 mm precoated

> ) \ \5
aluminium plates and visu@li 5i1Tg ___' ,y." 254 ), KMnO4, Co(SCN), or

anisaldehyde reagent. £0 ed on 60-400 mesh silica

gel. _

Gas chromatograp £ Lexpeniments ywete performed by Miss Jirawit
Yanchinda and Miss Om Conghu ob and Assistant Professor Dr. Aroonsiri
Shitangkoon on a gas chro Jf aphy (Agilent 6890) equipped with a flame

ionization detector 184 1 & modified B-cyclodextrins

—_—

(heptakis(2,3-di- r'ff_

separation of enantlo@rs NO

5 pmaltoheptaose) for the
erforﬁnce liquid chromatography
(HPLC) experiments were.performed on ater 600™ using Daicel Chiralcel OD

column and Cﬁ%ﬂ)’él%ﬂ aﬁnﬁsw H ’]:ﬂc%jl of enantiomers.

Proton (“{) and carbon ( C)‘nuclear magnetlc resonance (NMR) spectra were

recorda (W'W % ﬁaﬁt»ﬂé gl a B and 100 MHz
("*C) respectively emlcal shifts () are reported in parts per million (ppm) relative
sp

to tetramethylsilane (TMS). Coupling constant (/) were proton-proton coupling unless
otherwise noted and reported in Hertz (Hz). Multiplicities were abbreviated as
followed: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet.

Melting points were measured on an Electrothermal 9100 melting point
apparatus and were uncorrected. The optical rotations were measured at 26°C with

Jasco P-1010 Polarimeter.
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All chemicals were obtained from Fluka, Merck or Aldrich Chemical Co.,
Ltd. THF was distilled from sodium benzophenone ketyl radical prior to use. Other
solvents for reaction were AR grade and were used without further purification. High
purity nitrogen gas, hydrogen gas, and air for GC experiments were purchased from
TIG.

2.2 General procedure for the synthesis of ligands 87

Method A : NaBH4
o

R

NaBH, (:(\N/L\l
+ HzN H
/ oy . OH
A mixture of o e - .. . \ o yde (1 mmol) in methanol

(2 mL) was stirred 2 .-v pated with NaBH4 (1 mmol)
after stirring for 0.5hé"Th NAS', qUE ched with dil. HCI. After

R

neutralization with NaH€O rea 10T i X turt extracted with ethyl acetate (3x

10 mL). The organic layegvas was ':.a with' \- ied with Na,SOys, and the solvent
removed by rotary evapo folto wed purification by flash chromatography

Si0,, hexanes/ethyl acetate). —=
( y A7

Method B : Hydrogefiat

N - m ;
@ﬁ% A \NJ\ iy pac )\ H
ﬂumww N9 CC

Ci W‘Qﬂ‘@"ﬂ%ﬂﬂ | ddy @Wﬂq (ﬁn&jﬂ) in methanol

(2 mL) Was stirred at room temperature for 4h. Then, Pd/C (10 mol %) was added.
The reaction mixture was stirred under H, at atmospheric pressure until the yellow
solution turned colorless. The reaction mixture was filtered through paper filter, and
the solvent was removed under vacuum. The crude product was purified by

chromatography on silica gel column with hexanes/ethyl acetate (80/20).
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Method C: Three-component coupling

O » O Q
= N @ formaldehyde, LiCl 1 eqv. N/.> NaBH,/TFA N/\l
: OH
TRV EtOH, heat, overnight Ly THF, t, 1h M on

oxazolidine 89 ligand 87v

A mixture of phenol (1 mmol), formaldehyde (200 mg), D-phenylglycinol
i was heated at 80 °C for 18h. After

oxazolidine 89 was obtained. The
' to a suspension of the metal
rous THF (5 mL) at 0°C. A
THF (5 mL) was added

temperature, the mixture

hydride (NaBH4, 5
solution of the ox
dropwise to the coole
was cooled and decom m hydroxide aqueous solution.
The mixture was then ¢ th ethyl acetate (3x25 mL). The
combined organic layer w :

13

d \ \\ 04 and evaporated to dryness.
The oily residue was col hromato; ‘u.. d (h

s/ethyl acetate 70/30, v/v).

N-(2’-hydroxﬂluenyl)met yl-(S)-2- ydroxynmhylpyrrolidine (87i) was
prepared from the reactiénef L- rollnol (262'm ﬁ 2.0 mmol) and salicylaldehyde (268
t

mg, 2.2 mno uﬂﬁi DI NI WEIARS: viscous setowish o

(235 mg, 1.2 mmol 60 % yield). [od”p = -75.0 (¢,1.8, CHCls). 'H NMR (CDCls, 400
v o SR Pra BT A pidde. n cmcn,
2.79 (11, m, pyrrolidine, N-CH,CHy), 3.10 (1H, m, N-CHCH,0H), 3.57 (1H, AB, J =
14.0 Hz, ArCH.H,N), 3.69 (1H, ABX, Jag = 11.2, Jax = 3.8 Hz, CH,H,OH), 3.75
(1H, ABX, Jag = 11.2, Jax = 3.8 Hz, CH,HyOH), 4.33 (1H, AB, J = 14.0 Hz,
ArCH,H,N), 6.18 (br s, OH ), 6.80 (1H, apparent t, J = 7.2 Hz, Ar), 6.84 (1H, d, J =
8.0 Hz, Ar), 7.00 (1H, d, J = 7.6 Hz, Ar), 7.18 (1H, apparent t, J = 7.6 Hz, Ar); t
NMR (CDCls, 100 MHz) & 23.2, 27.5, 54.5, 58.3, 64.0, 65.5, 116.0, 119.1, 122.9,
128.1, 128.6, 157.6.
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1-(2-Hydroxy-benzylamino)-indan-2-ol (87j) was prepared from the reaction
of (1§,2R)-1-Amino-indan-2-ol (258 mg, 2.0 mmol) and salicylaldehyde (260 mg, 2.1

mmol) using method A and B. The product was obtained as colorless oil (method A,

170 mg, 33 % yield and method B, 282 mg. ;1.1 mmol, 67 % yield). [a]*°p = +26.62 (c

(1H, AB, J = 13.6 Hz,
AB, J =13.6 Hz, C
OH and NH), 6.83 (2
7.38 (1H, d, Ar); *C
122.5, 124.8, 125.5, 127

8«Hz, NHCHCHOH), 4.23 (1H,
.HyCHOH), 5.20-5.45 (br,
(4H, m, Ar of salicyl moiety),
x‘\.i 64.4,71.6,116.5, 1194,
9,141.2, 158.0.

87

2-[(2-Hydra E - ‘ enol (87k) was prepared
from the reaction of t'l ,2R)-1-amino-1-pheny propan@ol (317 mg, 1.8 mmol) and
salicylaldehyde (250 mg{ 21 mmol) usi %method A. The product was obtained as

white crystal u &L’IJ.T?{I &]vw w ﬂa(ﬂaﬁ) °C; [a]**p = +109.00

(c 1.8, CHC13) NMR (CDCls, 400 MHz) & Q85 (3H, d, J =@,Hz), 2.35 (3H, s),
o1 @8, BT BRI Gl - 30
CH,CH,NMe), 4.62 (1H, d, J = 9.6), 6.82 (1H, m, Ar), 6.86 (1H, d, J = 8.4, Ar), 7.03
(1H, d, J = 7.2 Hz, Ar), 7.21 (1H, m, Ar), 7.39 (5H, m, Ar); *C NMR (100 MHz,
CDCls) & 8.65, 34.5, 57.8, 64.2,75.9, 116.3, 118.9, 122.2, 127.1, 128.3, 128.7, 142.5,
158.3
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[ :[ NV ; 871
H
OH OH

2-[(2-Hydroxy-cyclohexylamino)-methyl]-phenol (87l) was prepared from
the reaction of (+)-2-amino-cyclohexanol (453 mg, 4.4 mmol) and salicylaldehyde
(610 mg, 5.0 mmol) using method A. The product was obtained as white crystal (217
mg, 0.9 mmol, 20 % yield); m.p. 138.0-139.0 °C; [a]*’p = +86.57 (c 0.7, CHCLs); 'H
NMR (CDCls, 400 MHz) & 1.27 H,), 1.73 (2H, m, CH,), 1.99-2.20 (2H,
m, CH,), 2.44 (1H, m, CHNF | H) 3.95 (1H, AB, J = 13.6 Hz,
CH.H,NH), 4.08 (1H, A ] 7 (br, NH and OH), 6.78 (2H,
m, Ar), 7.00 (1H, d, J =% 718 (1H.ms AD™3C NMR (100 MHz, CDCl3) &

. o
24.3,24.4,29.9, 34.6,50. 4 ' %! \‘\ 1374, 128.1, 128.7, 158.1.

N

2-[(2—Hydr0xy—l—(R)— h_,’"; : p)-methyl]-6-methylphenol  (87q)

was prepared from thére

3-methyl-benzaldehydé

% . | mmol) and 2-hydroxy-
ﬁ'ff od A. The product was
obtained as white cry@ (306 mg, 1:2"mmol, 60 % yi@); m.p. 101.3-102.4 °C; [a]
26, = -43.38 (¢ 1.9, CHE@lps'H NMR (CDCIs, 400 MHz) § 2.28 (3H, s), 3.74 (1H,

AB,J=13.6 lﬂ &d% %&bﬂﬁ%&ﬁﬂ aiNH), 3.96 (1H, AB, J

= 13.6 Hz, CH,H;NH), 6.70 (1H, m Hz, Ar of salicyl moiety), 6.79 (1H, d, J = 7.2
e PEN

e G YRS) YT O WA B A . 3070
(5H, m, %Ar); *C NMR (100 MHz, CDCl;) & 15.8, 50.4, 64.0, 66.6, 118.9, 122.1,
125.3, 126.2, 127.5, 128.2, 129.0, 130.1, 138.7, 155.9.
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4-Chloro-2-[(2-hydroxy-1-(R)-phenyl-ethylamino)-methyl]-phenol  (87r)
was prepared from the reaction of D-phenylglycinol (274 mg, 2.0 mmol) and 5-
chloro-2-hydroxy-benzaldehyde (344 mg, 2.2 mmol) using method A. The product
was obtained as white crystal (457 mg mol, 82 % yield); m.p. 139.0-140.0 °C;
[2]*°p = -86.23 (¢ 1.0, CHCLy);:'"H NMR' 400 MHz) & 3.70 (1H, AB, J=13.6
Hz, CH,H,NH), 3.77-3.89 (3Hsit. CH.¢ éﬂ, 3.93 (1H, AB, J = 13.6 Hz,
CH,H,NH), 5.05 (br, s,V [
6.88 (1H,d,/=24H

8.4 Hz, Ar of salicyl moiety),
d,/J=2.4and J= 8.4 Hz, Ar
\MHz, CDCl;), 8 49.2, 63.9,
3.8, 129.8, 138.4, 156.4.

of salicyl moiety), 7.
66.2,117.8,123.9,123 8

2-[(2-Hydr ' E_““ nyl-ethyla ))-methyl]:4-methoxyphenol (87s)

A

was prepared from| tie reaction of D= f‘# mg, 2.0 mmol) and 2-
hydroxy-S-methoxy-bEza de ol@sing method A. The product
was obtained as white cqs&al (272, 1.0 mn&g, 50 % yield); m.p. 88.8-90.1 °C; [«]®p

= 70.82 (c 1%” @W@Wxﬁﬁ]ﬁﬂ(ﬁm AB, J = 13.6 Hz,

CH,HyNH), 3.78 (3H, s), 3.76-3.86“3H, m, CH,OH and CHNH), 3.93 (1H, AB, J =

, o s .
RO I T
moiety),p (1H, dd, J = 3.2’and J = 8.8 Hz, Ar of salicyl moiety), 7.79 (1H, d, J =

8.8 Hz, Ar of salicyl moiety), 7.29-7.43 (5H, m, Ar); >°C NMR (100 MHz, CDCl;) &
50.3, 55.8, 63.9, 66.5, 113.7, 114.4, 116.7, 123.5, 127.5, 128.2, 128.9, 138.8, 151.5,
152.6.
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OH

2-[(2-Hydroxy-1-(R)-phenyl-ethylamino)-methyl]-4-methylphenol  (87t)
was prepared from the reaction of D-phenylglycinol (274 mg, 2.0 mmol) and 2-
hydroxy-5-methyl-benzaldehyde (280 mg, 2.1 mmol) using method A. The product

was obtained as white crystal (232 mg; € ol, 45 % yield); m.p. 131.7-133.5 °C;

i) AP
N ‘
%,
5 v

AB, J = 13.6 Hz, CH.H;N! 372 87 5OH and CHNH), 3.93 (1H, AB,
J=13.6 Hz, CH,H,N 4 (1H, apparent t, /= 7.2 Hz ,

Ar of salicyl moiety), yl moiety), 7.00 (1H, dd, J =
8.0 and J = 1.6 Hz, Ar, , Ar); >C NMR (100 MHz,

CDCl;) & 20.5, 50.2, 687 ‘ A " \ l 1282 128.4, 129.0, 129.1,
129.2, 138.8, 155.3. , &ﬁ_ 5

ROy
AR
Tl
‘_ri‘:--j_.af"

- .- —'ff' ) rﬁ 87“

4-Nitro-2-[(, 0)4 ethyl]-phenol (87u) was
prepared from the rea -!sI on of D-phenylglyCino (137@ 1 mmol) and 2-hydroxy-5-
nitro-benzaldehyde (3504mg;2.1 mmol) using method A. The product was obtained as

yellow crystalﬂauﬂ.ga%&i}ﬂﬂ %Wﬂ%ﬂﬁ[a}“n =-58.94 (c 1.2,

ethanol); 'H NMR (DMSO, 400 MHz) 8 3.92.(2H, m), (IH44B, J = 13.2 Hz,
n SR GRS GAR AR fpd) 03 0.
=972 Hz‘,I Ar of salicyl moiety), 7.43 (5H, m, Ar), 8.12 (1H, dd, J=2.8,J=9.2 Hz, Ar
of salicyl moiety), 8.15 (1H, d, J = 2.8 Hz, Ar of salicyl moiety); °C NMR (100
MHz, DMSO) & 47.0, 64.0, 65.7, 116.5, 125.4, 125.4, 128.1, 128.2, 128.9, 137.6,
139.8, 166.9.
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OH

2-{[(2-Hydroxy-1-(S)-phenyl-ethyl)-N-methyl-amino]|-methyl}-phenol

(87v) was prepared from the reaction of L-phenylglycinol (135 mg, 1.0 mmol), p-
formaldehyde (202 mg), phenol (130 mg, 1.4 mmol) and LiCl (56 mg, 1.3 mmol)
i white crystal (56 mg, 0.2 mmol, 22 %

, CHCL); 'H NMR (CDCl;, 400
z, CH,NH), 3.82 (1H, AB, J =
13.8 Hz, CH,;NH), 3.88 8.0 Hz, CH,H,OH), 3.98 (1H,
ABX, Jag = 5.8, Jax = 1, ABX, Jax = 8.0, Jgx =114
Hz, MeNCHxPh), 4.85 7 __ ; g Ar), 6.87 (1H, d, J = 8.0 Hz,
Ar of salicyl moiety), 6401 \ 1 moiety), 7.21 (1H, m, Ar),
7.28-7.46 (5H, m, Ad: "GN ta0d M 37.4, 58.0, 62.3, 69.1, 116.2,

using method C. The product was ot
yield); m.p. 96.0-97.0 °C; [o

2.3 General procedure for Mi — ] aé on of dialkyl malonate to cyclic
enones )T S 7
2.3.1 General progedure f v Michael adduct catalyz yy LiAlH,

A solution of \ added to dry round bottom
flask (dried THF, 2 mi under N, gas and then added*dialkyl malonate (0.5 mmol)
stirred at roo ﬁf m yclohex-2-enone (0.5
mmol). The I%;Tj EI rm El% re was dissolved by
evaporator in vacuo. The residue wis ijnﬁed byasilica gel chromatography (Si0,, 10

weof RINTIITU AN TIVIER E

2.3.2 General procedure for Michael addition of dialkyl malonate to enone
catalyzed by the Li-Al-N-salicyl-B-amino alcohol complex

The chiral amino alcohol (0.05 mmol) in dry THF was added to a solution of
LiAlH4 (50 pL, 0.1 M in THF) under N, gas stirred at room temperature for 1h. Then,
to the mixture was added diethyl malonate (75 pL, 0.5 mmol) and cyclohex-2-enone

(48 pL, 0.5 mmol). The reaction was stirred for 15 h, and then the mixture was
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concentrated by evaporator in vacuo. The residue was purified by silica gel
chromatography (SiO,, 10% EtOAc : Hexane).

CO,Et
CO,Et
7

3-[Bis(ethoxycarbonyl)methyl]cyclohexanone (67) was prepared from
diethyl malonate (76 pL, 0.50 mz g lohex-2-enone (48 pL, 0.50 mmol). The
O mmol, 80 %) 'H NMR (CDCls,
400 MHz) & 1.28 (2x3H “@dppaient £ J - 1z, 2xCH,CH3), 1.51 (1H, m,

product was obtained as col¢

CH,CH,H,CO), 1.68 (1H, s CHH ~~. CH,CH,H;CO), 2.07 (1H,
m, CH.HCH,CO), 2.28 . CF \Su 2.43,2H, m, CHCH,CO), 2.5 (1H,
m, CHCH(CO,Et),), 2.39 147£8. CH \\ , 2x2H, m, 2x CH,CHs); °C

NMR (100 MHz, CB
209.8.

2, 44.5, 56.9, 61.8, 168.5,

'\\'

‘f;' jone (68) was prepared from
p.L 0.50 mmol) and cyclohex- -enone (48 pL, 0.50 mmol).

The product ﬁjﬂ m ol, 83 %); '"H NMR
(CDCl3, 400 tﬂzﬁﬁ ﬂ)ﬁ’jﬂ TCHZCH Hy,CO), 1.49
(1H, HeHCH,CO),
R A e T B

CHCH(COzEt)z, 3.18 (1H, d, J = 8, CH(CO,Et),), 5.02 (4H, m, 2xCH(CH;),); °C
NMR (100 MHz, CDCL3) & 21.6, 21.7, 24.6, 28.7. 37.9, 41.0, 45.1, 57.1, 69.1, 167.3,
167.4,209.8.

3-[Bis(iso-propax

diisopropyl malonate <
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CO,Et

CO,Et
69

3-[Bis(ethoxycarbonyl)ethyl]cyclohexanone (69) was prepared from diiethyl
methylmalonate (85 pL, 0.50 mmol) and cyclohex-2-enone (48 pL, 0.50 mmol). The
product was obtained as colorless oil (112 mg, 0.41 mmol, 83 %); 'H NMR (CDCls,
,CHs), 1.39 (3H, s, CCH3) 1.47 (1H, m,
CH,CH,HCO), 1.61 (1H, m, “H:Hq | € Eg 87 (1H, m, CH,CH,H,CO), 2.07 (1H,
m, CH.H/CH,CO), 2.22 (2, CHH,C H; 6 (2H, m, CHCH,CO), 2.49 (1H,
m, CHCH(CO,Et),), 4. ) CH,CHs) > NMR (100 MHz, CDCl3) &
14.0,16.7, 24.7, 26.6, . \ﬁ\"- 0%l 71.0, 210.3.

N

hexanone (70) was prepared from
di-tert-butyl malonate (112 p. and cyclohex-2-enone (48 pL, 0.50
mmol). The producf™Wa i 5 ok 189 fig. 0.45 mmol, 89 %); 'H
NMR (CDCls, .5’——5' ClCH;),), 1.53 (IH, m,
CH.H4CH,H,CO), 16B(IH m, 0), 2.01 3[—[ m, CH,CH,H,CO), 2.10
(2H, m, CH.H4CH,CH),2228 (2H, m, CHEH-CO), 2.43 (1H, m, CHCH(CO,Bu),),

3.10 (1H, d, Jﬁ %m% Hwﬁwquﬂlﬁb) 5 24.6, 27.9, 27.9,

28.8,37.9,41. 1“52 58.7.81.9,167.2, 1673,2101

ARIANN 3N SJWTWIEJWQEJ

COZBD

CO'_yBﬂ
71

3-[Bis(benzyloxycarbonyl)methy|cyclohexanone (71) was prepared from
dibenzyl malonate (125 pL, 0.50 mmol) and cyclohex-2-enone (48 pL, 0.50 mmol).
The product was obtained as white solid (108 mg, 0.44 mmol, 87 %); mp: 44.2-45.4
°C; 'H NMR (CDCl;, 400 MHz) & 1.45 (1H, m, CH,CHH,CO), 1.65 (1H, m,
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CH.H4CH,CO), 1.92 (1H, m, CH,CH,H,CO), 2.03 (1H, m, CH.H,CH,CO), 2.23 (2H,
m, CHHyCH>CH), 2.49 (2H, m, CHCH,CO), 2.59 (1H, m, CHCH(CO;Et), 3.44 (1H,
d, J = 8, CH(CO3Et),), 5.19 (2x2H, s, 2xCH>Bn), 7.36 (10H, m, Ar); >C NMR (100
MHz, CDCL3) & 24.5, 28.7, 38.2, 41.0, 45.1, 56.8, 67.2, 67.3, 1283, 128.5, 128.7,
135.2, 135.2, 167.5, 167.6, 209.4.

3-|Bis(tert-butoxy ' nfanone (72) was prepared from
di-tert-butyl malonate (L, ( \\a opent-2 enone (40 pL, 0.50
mmol). The product s White st 12 0 g, 0.42 mmol, 85 %); mp:
78.4-79.5 °C; '"HN | 5, 2xC(CHs)s), 1.60 (1H, m,
CH,CH,H,CO), 1.94 ; m), 2.42 (1H, dd, /=8 Hz, J
= 18.4 Hz, CHerCC), / ATl s, CF Bu),), 3.07(1H, d, J = 8 Hz,
CH(CO,'Bu)y); >C NMR ( iz, ¢ e R7. 27.8, 27.9,36.2,38.2,42.9, 58.5,

17 ’

E

AUEAN ﬂn BN s
M W LY (1151

400 MHz) & 1.29 (1H, m, CH,CH,H,CO), 1.60 (2xCHj, s, 2xC(CHs),), 1.64 (1H, m,
CH.H4CH>CO), 1.81 (2H, m, CH.H,CH,H,CO), 2.11 (2H, m, CH,CHCH,CO), 2.29
(1H, m, CH,CHCH,CO), 2.42 (2H, m, CHCH,CO); *C NMR (100 MHz, CDCl;) &
22.5,22.9,24.6,26.1, 40.9, 42.8, 46.7, 90.6, 209.8.
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COZ'BU
O COZIBU

74
3-[Bis(tert-butoxycarbonyl)methyl]1,3-diphenyl-propanone) (74) was
prepared from di-tert-butyl malonate (112 pL, 0.50 mmol) and 1,3-diphenyl-
propenone (105 mg, 0.50 mmol). The product was obtained as white solid (159 mg,

CH,H,CH,Ph), 3.53 (1
= 10.4, CH(CO,'Bu),,
(4H, m, Ar), 7.45 (2
MHz, CDCls) & 27.5
126.95, 128.17, 128.
197.89.

00,/ LONCHPR), 7.16 (1H, m, Ar), 728
, 2H, d, Ar); °C NMR (100
38, \‘\ 77.08, 77.40, 81.52, 82.04,
v, 140.74, 167.04, 167.83,

3-[Bis(tert-bumycarbonyl)methyl]l-phenyl-&-nitro-phenyl)-propanone
(75) was prep ¢ ¢ ﬁr - m . ol) and 3-(4-Nitro-
phenyl)-l-pheﬂMn ﬁéuﬂﬂ ﬁ‘ﬁ'lfi) duct was obtained as
white solid (82 mg, 0.17 mmol, 35°%); 'H NMRx(CDCls, 400 NMHz) & 1.24 (9H, s,
cn ARV VoAU SH ) VLot A Ehez. 55,
CH,,H.,C?—leh), 3.61 (1H, dd, ABX, Jax = 4.0, Jag = 9.8, CH.H,CH,Ph), 3.54 (1H, d,
J=10.4, CH(CO,tBu),, 4.19 (1H, td, /= 10.0, J = 4.0, CHPh), 7.42 (4H, m, Ar), 7.58
(1H, m, Ar), 7.92 (2H, d, Ar), 8.19 (2H, d, Ar); *C NMR (100 MHz, CDCls), & 27.5,

27.9, 40.9, 43.4, 59.3, 81.5, 82.0, 126.9, 128.2, 128.2, 128.5, 128.6, 132.9, 136.9,
140.7,167.0, 167.8, 197.9.
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2.3.3 Specific rotation of Michael adducts

compound [a]*p*® [a]*p from reference
67 +2.76 (CHCl;, ¢ 5.1, 65 % ee) +2.89° (CHCl;, ¢ 2.6, 81 % ee)
68 | +3.47 (CHCL, ¢ 5.9, 84 % ee) 2.0° (CHCL, ¢ 5.0, 43 % ee )
69 -5.12°(CHCls, c 4.1, 80 % ee) -

70 +4.67 (CHCls, ¢ 7.0, 80 % ee) +4.27 (CHCl;, ¢ 1.0, 65 % ee)
-4.59% (CHCl;, ¢ 4.9, 87

72 | +51.89 (CHCl; \ 501 %k -37.2% (CHCL, ¢ 1.6,40 % ee)
*Using ligand (R)-87d as catalystEnantiomeric xcess-was determined by chiral GC. ‘Using

ligand (S)-87e as cataly(' ‘ . ‘reference 27. reference 24.

freference 36. ' \
2.3.4 General proce ' in n of dialkyl malonate to enone
catalyzed by the Na- i \w Ol nd K-Al-N-salicyl-B-amino

stdtand XK AI-N-salicyl-B-amino  alcohol
(0.5 mmol) or KOH (0.05 mmol),
Al(O'Pr), (0.05 mmol) and-N-saliéyi-p: ohol (0.05 mmol) in methanol at
room temperature 'Vﬁ'

e
THF was added to thﬁs d . %h di-tert-butyl malonate and
cyclohex-2-enone.

235 Genelly Hﬂ? ENI. WA Thdh matonate o cnone
mmﬁxmﬁmﬁmm

solution of N-salicyl-B-amino alcohol (1 mmol) in THF. After being stirred for 0.5h at

reduced pressure. Then,

room temperature, Ti(O'Pr), was added to the above reaction mixture and stirred 1h at
room temperature. Then, solvent was removed by reduced pressure in vacuum. The

crude product (0.05 mmol) was directly used as a catalyst for asymmetric Michael

reaction on a 0.5 mmol scale.
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2.4. Determination of the enantiomeric excess

The enantiomeric excess was determined by GC using chiral column
containing modified B-cyclodextrins (heptakis(2,3-di-O-methyl)-6-O-tert-
butyldimethylsilyl)cyclomaltoheptaose). The enantiomeric excess was calculated by
equation (1). For example, Michael adduct 70, 7, (R) = 16.895 min, peak area = 60, ¢,
(S) = 17.405 min, peak area = 849, gave 87 % ee. Michael adduct 69, #, (R) = 18.003
min, peak area = 168, 7, (S) = 18.490 min, peak area = 1408, gave 79 % ee.

(1

a ....-“5"42&; XCESS
R = peak area of Reefigafio .8 —peak area of S enantiomer

“‘--.

\ Iﬂ" 79 % ee
_ , ,'L

20 min

87 % ee p
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