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Fig. 1 Various types of metal-exchanged montmorillonites.
Table 1. Addition of 1 to 2 using various acid catalysts®
(0]
o o E O
+ .
)J\/U\ catalyst (30 mg), n-heptane (2 mL),
1 2 150°C, 0.5 h 3
A t of acid sit o
Entry Catalyst rmount oL acid Site Pore size(A)  Conv. 1(%)¢  Yield 3(%)°
(mmol/g cat)

1 H-mont 0.86 — 87 83
2 H-USY 0.53 74X74 37 37
3 mont K-10 0.25 — 9 8
4 Al-MCM-41 0.15 27X 27 7 5
5 H-mordentie 1.07 6.5X7.0 11 trace
6 H-ZSM-5 0.87 51X%55 nr —
7 SOi-Zr0, n.m. — nr. —
8 Na*-mont n.m. — nr. —
94 H.S04 — — 29 4
10 p»-TsOH — — n.r. —
11 none — — nr. —

2 Reation conditions: 1 (1.3 mmol), 2 (1.0 mmol). ® Estimated by NHs-TPD.

¢ Determined by GC and 'H-NMR. ¢ H,SO, (0.1 mmol). n.r.=no reaction, n.m.=not measured.
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%, H-mont % i\ % & INEE 90% CTHIY 3 % ik
V3% b L7z (Table 1) FEfAEEE LTHIL NS H-
USY o fillt 6 36 M (& AR <, BR B E O K & v H-
mordenite, fifLEE D K & v ALMCM X3 — % O
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TiaREWALL, ThETHETS > 72HMA L 7 1
YANORFIMBOS D HEAT T B & 2 51 b (Table
2)o

OGS B O, 05 HER Al X Y A5 I2H
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DM HETH - 720 F 72, 100 mmol A 7 —
WDIIVEIVR L ETIRYITAL VA VEDRIG
13, Hmont (03g) Z#HWw5 & 3GHTIFIZRTT
% (Eq.2)o

e by e O
.
Ph Pho H-mont (0.3 g) o (2)

100mmol 120 mmol  190°C.3h Ph
(224 9) (11.39) 98 %Yield (31.3 g)
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R THEDICHMES TR TH 5, ZOBIZBW
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Table 2.  Addition of 1,3-dicarbonyls to alkenes cataly-
zed by H-mont®

o O o O
L RA LE? RN
Rz { Rz 22 Ry=pCgHy2d

Ry

R;=R;=Me 1a -

R;=Ph,R,=Me1b Ry=CHjy R;=Me1f Rs = m-Cytlg 2¢

1=Rp=Ph1c_  Ry=0,R;=Me1g nZ12b RemPrat
n=22c R;=4-Cl-Ph2g

R; = Me, R, = OEt 1d
R; = Ph, R, = OEt 1e

Time  Temp.

Entry 1 2 ) ©) Yield (%)"
1 la 2a 1 150 90
2 Ib 2a 1 150 88
3 le 2a 1 150 93
4 1d 2a 1 150 (71)
5 le 2a 1 150 74
6 If 2a 1 150 83
7 lg 2a 1 150 87
8¢ le 2b 24 180 (66)
o b 2 24 180 78
10° le 2¢ 24 180 (80)
11¢ le 2d 24 150 53
12¢ le 2 24 150 60
13¢ le 2f 3 150 72!
148 If 2g 3 150 72!

? Reaction conditions: 1 (1 mmol), 2 (1.3 mmol), H-
mont (0.115 g), n-heptane (2mL). ? Isolated yield
based on 1. Values in parentheses are GC yield. ¢ 2 (5
mmol). 42 (15 mmol). ¢ le (3mmol), 2f (1 mmol).
[ Isolated yield based on 2. ¢ 1f (1.3 mmol), 2g (1
mmol).
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Table 3. Benzylation of allylation of 1,3-dicarbonyls with alcohols®

o 0
Ry Ry R” "R' H-mont(0.15g), 1h R™°R
Entry 1 Alcohol R, R/ Temp. (C) Yield (%)®
1 la Ph, Me 100 90
2 la 4-CI-Ph, Me 150 80
3¢ la 2naphthyl, Me 150 72
4 la Ph, Ph 100 91
5 la 2-cychlohexenol 90 804
6° 1d Ph, Me 100 86
7° 1f Ph, Me 150 86
8 1d Ph, Me 100 83
9 le Ph, Me 100 51
10 1d 2-cyclohexenol 90 48

2 Reaction conditions: 1 (1.5 mmol), 2 (1 mmol), Hmont (0.15 g), n-heptane (2 mL). P Isolated yield based on

alcohol. ¢ Time 05 h. ¢ GC yield. ¢ 1b (1 mmol).
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(Table 3)o LD FL 7 4 > D7 V¥ VAL & ik
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2 & DRI BUBAHEST LT b (Scheme 1)
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&, B4 T A bR AT Homont A5 L 72 8%
e % 849 5. H-beta® H-USY b RAUF2 L 5.
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H X
P NYQR
X@ R‘

5
X=H4a R=H,R =Ph5a RHzN 2
X =4-Cl 4b R=CI, R'=Ph 5b
X = 4-NO, 4¢ R=H, R =Me 5¢ &(@ w
X=4-MeO4ad 1-(2-naphthyljetanol 5d
Ti h
Entry Amine Alcohol me (Q )/ Yield (%)" 6:7:8°
temp (C)
1 4a 5a 1/150 96 51: 0:49
2 4b 5a 3/150 83 100: 0: 0
3 4c 5a 1/100 97 100: 0: 0
4b 4c 5a 1/100 98 100: 0: 0
5 4d 5a 30/150 39 100: 0: 0O
6 4c 5b 1/100 93 100: 0: O
7 4a 5¢ 15/125 93 54:28:18
8 4c 5¢ 1/100 77 100: 0: 0
9 4a 5d 30/100 99 82: 9:18
10 4c 5d 1/100 93 100: 0: O

2 Reaction conditions: 4 (2 mmol), 5 (1.0 mmol), H-mont (0.1 g), 1,4-dioxane (2 mL). " Isolated yield. ¢ Determined

by GC. ¢ Third reuse experiment.
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D FuF I V2 BRI S S5 2 &5 hE
W2 be Tz, ABE~OEBEMBESNEL ) &
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O FERER AR L ARIEF I RS M 2 R L 72,

Ti-mont il # O FAEHEOME 2T o728 2 5,
g T - RO T 2 < A7 < L b 3 DAl
HADBTEETDH o 720 7Y &) ¥ 75mmol & H 72
5= VAT —VTORIBICBWTYH, 30T, Z&h
T2 L 228 2 2 BEEINE96% THHB T
& — At S (Eq. 4).

OH
Ti-mont (0.05 g) o\>_/ (4)
75 mmol acetone (300 mL) yield = 96%
30°C,24h
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D7 VT FTHNT 2T 5 — W mIEE TR S
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Table 5. Acetalization of glycerol with acetone using various acid catalysts®

OH o _uo
H * —= .
oA on catalyst

X _on = X, )-on

Entry Catalyst Time (min) Yield of 1(%)" Yield of 2(%)"
1 Ti-mont 6 88 5
2 Ti-mont 15 >99 <1
3 Ti-mont (reuse 1) 6 >99 <1
4 Ti-mont (reuse 2) 6 >99 <1
5 Ti-mont (reuse 3) 6 99 1
6 H-ZSM-5 6 17 5
7 H-Beta (Si/Al=125) 6 16 4
8 Nafion NR50 6 7 3
9 K-10 6 5 2

10 HY 6 0 0

2 Reaction conditions: catalyst (0.05 g), glycerol (5 mmol), acetone (4 mL), room temp. ® Determined by GC-MS

using an internal standard method.
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Table 6. Synthesis of cyclic acetals of glycerol®

Ho\j):/OH+R1jR2 -T:;Oont RR12>< Zz’]\/o"|+ RR;‘/(Z;} on
Entry Substrate Time (h) Yield (3+4) (%)"® Ratio (3:4)°
1 (R 15 99 98: 2
2 (:’ro 1 99 99: 1
3 e 05 99 >99: <1
4 PUU L 8 95 99: 1

5 o, 15 97 66: 34
6 Meo-{ ) 8 99 42:58

7 NN NP 1 94 60 : 40

2 Reaction conditions: glycerol (1 mmol), carbonyl compounds (2 mmol), Ti-mont (0.1 g), MS4A (0.5 g), 1,4-dioxane
(5mL), room temp. ® Determined by GC based on glycerol.

Cyclization with ketones

Cyclization with aldehydes
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OH oH
(H) (0]
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Development of cation-exchanged montmorillonite catalysts for
green organic synthesis

Tomoo Mizugaki

Department of Materials Engineering Science, Graduate School of

Engineering Science, Osaka University

Montmorillonites have cation exchangeability of the interlayer sodium cations with proton, metal

cations, and metal oxides. According to the properties of the exchanged cations, the montmorillonites

show Lewis acidity and/or Bronsted acidity, which act as efficient solid acid catalysts. Recent examples
of the various C-C, C-N, and C-O bond formations using the montmorillonite catalysts with Brensted

acid are described.
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