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LASC

Substrates

Water

Figure 1. lllustration of the formation of the colloidal particles created by a LASC in the
presence of organic substrates in water.
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Scheme 1

ScCl3 + 3 NaO3SOCisH5

1b: Sc(0O3SCigH21)3
1c: Sc(03SC11H23)3
1d: Sc(O3SCioH2s)3

Sc(03SOC12Hzs5)3
H,0 la

le: Sc(03SCi3zH27)3

1f: Sc(03SC14H20)3
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Scheme 2
1a
. OSiMes (10 mol %) OH O
PhCHO P Ph/%)LPh
(1 equiv) 2 (1.5 equiv) ity &1 3 92%

PhCHO + 2

Table 1. Effect of Alkyl Chain Length of LASCs on Aldol Reactions in Water

LASC (10 mol %)

(1 equiv) (1.5 equiv)

H,0, rt, 4 h

LASC

yield (%)

Sc(03SCioH21)3 (1b)
Sc(03SCyyH23)3 (1€)
Sc(03SC12H2s)3 (1d)
Sc(03SCi3H27)3 (Le)
Sc(03SCa4H20)s3 (1f)

60
68
83
76
19

Table 2. Effect of Solvents on LASC (1a)-Catalyzed Aldol Reactions

1a (10 mol %)

PhCHO + 2 3
(1 equiv) (1.5 equiv) H20, rt, 4 h
solvent yield (%) solvent yield (%)
29 92 THF trace
o N Et,0 trace
PV 14 toluene trace
PMSO o hexane 4
g 8 - (neat) 31
CH20|2 3
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Table 3. LASC (1a)-Catalyzed Aldol Reactions in water
OSiMe; 1a (10 mol %) OH O
RICHO + R, ~ R Rl R3
' _ H20, 1t, 4 h B2
(1 equiv) (1.5 equiv)

RL R2 R3 product yield (%)  syn/anti
Ph Me Ph 3 92 49/51
Ph(CHy), Me Ph 4 88 44/56
PhCH=CH Me Ph 5 91 40/60
2-Pyridyl Me Ph 6 842 24176
PhCO Me Ph 7 86 66/34
Ph Me Et 8 84 78/22
p-CIPh Me Et 9 91 79/21
Ph(CH,)» Me Et 10 822 72128
PhCH=CH Me Et 11 87 71/29
PhCH=CH «(CH2)4- 12 852 52/48
Ph H Ph 13 9425

Ph Me; SEt 14 98

Ph Me; OMe 15 8020

21a (20 mol %). PSilyl enolate (3 equiv).
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Figure 3. Separated phases after centri-
fugation of the reaction mixture
of the aldol reaction of benzal-
dehyde with 2 in the presence
of la. Upper phase : water,
middle phase: 1a, lower phase:
mixture of organic compounds.
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Table 4. Three-Component Mannich-Type Reactions in Water

OMe
OSiMe3 LASC (5 mol %) ©[
NH O

OMe
RICHO + ©[ + R2___ r3
NH, 2 H,0, rt,5h Rl R3
R%2 R2?
R! R2 R3 LASC product yield (%)

Ph H Ph 16 17 85
Ph Me OMe 16 18 90
Ph Me OMe la 18 72
2-furyl Me OMe 16 19 85
PhCH=CH Me OMe 16 20 73
(CH3)2CHCH,  Me OMe 16 21 932

aThe reaction was carried out at 0 °C.
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4 H,0, rt Ph Nagayama, H. Oyamada, Tetrahedron
(1 equiv) (0.3 equiv) 22 8% Lett. 38, 45591 199701
2. S. Kobayashi, T. Wakabayashi, Tetra-
hedron Lett. 39, 53891 199801
Scheme 4 o 3. K. Manabe, Y. Mori, T. Wakabayashi,
0 o 1la 0 S. Nagayama, S. Kobayashi, J. Am.
| (10 mol %) Chem. Soc. 122, 7202 200001
OEt H,0. 30 °C OEt 4.Y. Mori, K. Kakumoto, K. Manabe, S.
0 2 Kobayashi, Tetrahedron Lett. 41, 3107
_ _ 0 200001
(1 equiv) (3 equiv) 23 quant. O
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Pd(OAc), +pyridine +hydrotalcite

Pd(11)-hydrotalcite (1)
toluene
80°C,1h

5 mol% Pd(ll)-hydrotalcite

E/Z=98/2 500 mol% pyridine 91% E/Z=96/4
(1 mmol) _OH cho @
toluene (10 mL) \
= . = =
= 80 °C, Oy, 4.5 h
El/Z=2/98 89% E/Z=4]96
(2 mmol)




Table 1. Pd(Il)-Hydrotalcite-Catalyzed Oxidation of Alcohols under
1 Atm Molecular Oxygen?

entry substrate product ?r?)]e ?(;,r)“/' ;,Siglgtﬁai)
" 1a 2a 2 100 quant.?
o 1a 2a 12 98 910
3¢ 1a 2a 12 94 87°
4 1b 2b 2 98 94
5 1c 2c 2 98 92
6 1d 2d 5 100 2
7 le 2e 8 96 95
9 1g 29 2 97 93b
10 1h 2h 2 87 84°
12¢ 1] 2j 3 100 quant®
13¢ 1k 2k 3 98 95
14 3a 4a 6 97 86
" 3 4b 6 97 85
16° 3¢ 4c 11 100 93
17€ 3d 4d 11 100 92

@ Reaction conditions; Pd(I1)-hydrotalcite (300 mg, 0.05 mmol
Pd), alcohol (1.0 mmol), pyridine (0.2 mmol), toluene (10 mL),
80°C, 0,. PGLC yield. ©1 mol % Pd(I1)-hydrotalcite, for 12
h. 910 Fold scale reaction using 1 mol % Pd(I1)-hydrotalcite for
12 h. ©Pyridine (1.0 mmol) was used.

Y Y
RL_ _R?2 RL.__R?
/I OH & o T g
\/\ \/\ | OH O
Xy Xy 3

4
la X:H Y:H 3a RL:CH3(CH,) RZH
1b X:4-Me  Y:H 3b RLCH3(CH.)s RZH
1c X:4-MeO Y:H 3c Rl: CH3(CH2)9 RZ: Me
e sy 3d RY, RZ 4-tertbutylcyclohexyl
le X:2-MeO Y:H » R7- a-lertbutylcyclohexy
1f X:4-Cl Y:H
1g X:3-Cl Y:H
1h X:2-Cl Y:H
1i X:3-NO, Y:H
1j X:H Y: Me
1k X:H Y: Et

Table 2. Recycling of Pd(ll)-Hydrotalcite in the Oxidation of
Benzylic Alcohols under 1 Atm Molecular Oxygen?

entry catalyst substrate tl(r'?)e 2? nger Slécd (%)
ae Pd(ll)-hydrotalcite benzyl alcohol 2 first 98
second 89
third 77
24 Pd(ll)-hydrotalcite(m) benzyl alcohol 5 first 96
second 97
third 90
3° Pd(ll)-hydrotalcite(m) 4-methoxy 5 first 84°¢
benzyl alcohol second  88°
third 84¢
fourth 85¢

@Reaction conditions; Pd(11)-hydrotalcite or Pd(I1)-hydrotalcite(m) (900mg
or 1800 mg, 0.15 mmol Pd), benzyl acohol (3.0 mmoal), pyridine (1.5
mmol), toluene (30 mL), 80 °C, O,. PReaction conditions; Pd(Il)-
hydrotalcite(m) (600 mg, 0.05 mmol Pd), 4-methoxybenzyl alcohol (1.0
mmol), pyridine (0.5mmol), toluene (10 mL), 80 °C, O,. ®Isolated yield

gbooooboboboobobobon

(%).
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OllZhydrotalcite0 DO O OO OO
ooooooo3000oooooo
oo0o0o0ooDoooooooooos
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goboooobooboooooooood
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@ﬂw

1 mmol

5 mol% Pd cat.
20 mol% pyridine

Table 3. Pd-Catalyzed Oxidation of Benzyl Alcohol under 1 Atm Air?

toluene (10 mL)
65 °C, air (1 atm)

©/CHO

0000000000 Table 213 entry Pd-catalyst conv. (%)? GLC yield (%)
1 Pd(OAc), 80 80
30Pdl lIhydrotalcite0 O 0O O 2¢  Pd(OAc), / MS3A 81 81
ogoooooooooooo 3 Pd(ll)-hydrotalcite  first use 98 98
oooooono second use 90 90

gbobooboobooobooooo
ooooboobooboooooooob
gboobobooooboooboon

@ Reaction conditions: Pd-catalyst (0.05 mmol), benzyl alcohol (1.0
mmol), pyridine (0.2 mmol), toluene (10 mL), air (balloon, 1 atm) at 65
°Cfor 3h. P Conversion of benzyl alcohol. ¢ MS3A (500 mg) was
used.
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Table 4. Pd(ll)-Hydrotalcite-Catalyzed Oxidation of Alcohols under 1 Atm Air?

entry substrate

time conv. isolated

product (hy (%) vyield (%)

TSN
10 OH
OH

v L

ElZ=98/2

10

0

’ B

8e M )\/\/g 12 97 85
E/Z=2/98 “SOH E/Zz=2/98 CHO

ElZ=98/2

CHO
©/ 3 98 98
2 OH CHO 3 95 94
3¢ 30 97 96
,d  MeO MeO

30 94 91

@Aj\ 5 8 75

CHO

20 97 97

@ Reaction conditions: Pd(l1)-hydrotalcite (0.05 mmol: Pd), alcohol (1.0 mmol),
pyridine (0.2 mmol), toluene (10 mL), dry air (1 am). PGLC yield. CPd(I1)-
hydrotalcite (0.01 mmol) was used. 910 Fold scale reaction. ePyri dine (5.0 mmol)
was used. E/ Z ratio was determined by 'H NMR.
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0 10Anastas, P. A.; Warner, J. C. Green
Chemistry Theory and Practice;
Oxford University Press: Oxford, U.
K., 1998.

0200 O 00 sSato, K.; Aoki, M.; Takagi,
J.; Zimmermann, K.; Noyori, R. Bull.
Chem. Soc. Jpn. 1999, 72, 2287 and
references therein.

0300 O OOIadBaogh, M.; Laszlo, P
Organic Chemistry Using Clays,
Springer-Verlag: New York, 1993.00 b
Augustine, R. L. Heterogeneous
Catalysis for the Synthetic Chemist;
Marcel Dekker: New York, 1996.

O 400 alNishimura, T.; Onoue, T.; Ohe, K.;
Uemura, S. Tetrahedron Lett. 1998,
39, 6011. O b0 Nishimura, T.; Onoue,
T.; Ohe, K.; Uemura, S. J. Org. Chem.
1999, 64, 6750.

0 500 aJ Nishimura, T.; Kakiuchi, N.;
Inoue, M.; Uemura, S. Chem. Com-
mun. 2000, 1245.0 b0 Kakiuchi, N.;
Nishimura, T.; Inoue, M.; Uemura, S.
Bull. Chem. Soc. Jpn., 2001, 74, 165.

OcO Kakiuchi, N.; Maeda, VY.
Nishimura, T.; Uemura, S. J. Org.
Chem., 00O .

0 60Cavani, F.; Trifiro, F; Vaccari, A.
Catal. Today 1991, 11, 173.

070000 O aKaneda, K.; Yamashita, T;
Matsushita, T.; Ebitani, K. J. Org.
Chem. 1998, 63, 175000 bOOMatsushita,
T., Ebitani, K.; Kaneda, K. Chem.
Commun. 1999, 265.0 ¢ Tatsumi, T.;
Yamamoto, K.; Tajima, H.; Tominaga,
H. Chem. Lett. 1992, 815.

0O 80Ebitani, K.; Fujie, Y.; Kaneda K.
Langmuir 1999, 15, 3557.

o000 0oOoUOoooOoooOooooo
00000000 DOMadHatanaka,
T.; Imamoto, T.; Yokoyama, M.
Tetrahedron Lett. 1983, 23, 2399.0 b0
Zhang, N.; Mann, C. M.; Shapley, P.
A. J. Am. Chem. Soc., 1988, 110,
6591.00 c[I Dijksman, A.; Arends, |. W.
C. E.; Sheldon, R. A. Chem.
Commun., 1999, 1591.00 dOJ ten-Brink,
G-J,; Arends, I. W. C. E.; Sheldon, R.
A. Science, 2000, 287, 1636.0 el
Shapley, P. A.; Zhang, N.; Allen, J. L;
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Soc., 2000, 122, 1079.

000 No. oooog oono ooano 00o0o0oo0moo
161-20543 Palladiun! IGHydrotalcited Pd 1.5%0 oooaono 59 20,000
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[0 HPLC Conditions[]
Column size: 4.6mm i.d. x 250mm
Eluent : CH3CN/MeOH/CHCI3
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Flow rate : 2.0mg/min
Temp. : 350
Detection : UV 470nm, 0.16Aufs
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Sinha, S. et al. : Nature, 402, 53171 199901

Boc-Val-lle-NH M NH-Val-lle-OCHs

O O

CHs F F
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Wolfe, M. S. et al. : J. Med. Chem,, 41, & 199801
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diol bound/m¢{

000 OO0 5000 pmol[®H]-estra-
diol bound/mg protein
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100bourn, J. D. et al. : Biochemistry, 32,
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20Brown, M. et al. : J. Biol. Chem., 265,
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30Tzukerman, M. T. et al. : Mol.
Endocrinol., 8, 2 199401

40Beekman, J. M. et al. : Mol
Endocrinol., 7, 12661 199301
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MgCl, 0.1M iM SLS 2%
Sodium Azide 1% 0.2% CTAB 0.05%
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Glucose iM 0.5mM Tween 20 0.05% 0.1%
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049-28355 Distilled Water oooood 500m¢ 1,100
052-06925 Ethanol(99.5) goooo 500m¢ 3,600
059-06935 Ethyl Acetate ooooo 500m¢ 2,900
080-07845 Heptane ooooo 500m¢ 3,800
087-07855 Hexane goooo 500m¢{ 3,000
139-13995 Methanol goooo 500m¢{ 1,400
169-20485 2-Propanol goooo 500m¢{ 2,200
200-15435 Tetrahydrofuran ooooo 500m¢ 4,000
207-15445 Toluene goooo 500m¢{ 2,200
204-15455 2,2,4-Trimethylpentane ooooog 500m¢{ 4,000
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ZU—44%)L : 0120-052-099
ZU—77vo X : 0120-052-806

E-mail labchem-tec @ wako-chem.co.jp
U R L http://www.wako-chem.co.jp
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