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In recent years, organic reactions in aqueous media have attracted much attention, not only because these reactions
eliminate the necessity of vigorous drying of solvents and substrates, but also because unique reactivity and selectivity
are often observed in the aqueous reactions. Furthermore, organic reactions in water may lead to the development of en-
vironmentally friendly chemical processes. We have now developed various types of catalytic organic reactions in aque-
ous media. Catalytic asymmetric aldol reactions in aqueous media have attained by using rare earth metal triflates and a
chiral multi-dentate ligand. Lewis acid catalysis has become feasible in water by using combinations of water-compatible
Lewis acidic cations and anionic surfactants. These new catalysts were found to form stable colloidal dispersions and
catalyze various reactions in water. Moreover, Bransted acid- and palladium-catalyzed reactions in water have also been

performed with the aid of surfactants.
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OSIM OH O
% Yb(OTf)a
(10 mol %)
PhCHO + Ph (Eq. 1)
HoO-THF (1/4)
n,20h
91%
g
N
N
0 o M(OTf)3 (20 mol %)
o ¢ 3 OH O
\[ j\ cho Me,SIO 2 (24 mol %) H a2
PhCHO + ——————- Eq. 2
=
W No 0 Ph  H,O/EtOH (1/9) Ph™ " “Ph
N 0°C, 18h =
2
| M = La: 88% yield, synfanti = 86/14, 79% ee (syn)
D M = Ce: 78% yield, syn/anti =93/7, 82% ee (syn)
M = Pr: 80% yield, syn/anti = 90/10, 79% ee (syn)
2

W2 Lewis RIS &0 D, fEsRATIS TV
Mo e RORRDFEMIRHFEICE T L, kk& 7% Lewis
B VS RS C ORI FORICHTE 5 2 L &R
LT&ER LhL, BRTERWHESRELTUT
D2ONFE-> TV, 1 DHIZ, LitowmtESRE
N 75— b &AW EREE AT OfER L%,
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AR E U TH W THRE 2E M S B ud e
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Z—YH L7 K O A2 VR &5 B il i % 5
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F7z, PR LR D KRR T TORISME2E DB
FREVWSBENSDEETHD. TITEELIL,
ZO2DO0MBEROfREHEL, INITRZHF
HEfTo k.
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Fig. 1. [Pr(NO;),-2]+ Moiety in the X-Ray Structure of
[Pr(NO3),-2]3[Pr(NO;)¢]

Hydrogen atoms are omitted for clarity.

Yield (%)
100

LTWasZENHENERS ., ETBIT, 2&T7
%> b 75—k &R E NMR TEHIL =
LZA, EAK-EIY /) (1/9) FlZBNWTT >
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i3, &EA AT AEWENMEEEAEL, L1
ZTDAF 2D Lewis BEEZH T VK TSR EN
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B KA T O Lewis [ il S St2 ffi fl © & 2 3
L85 TWD, ARFMESN R, EIRVE KROS5
BHBECBNTHEIRERAEZLLELTWVS
N, KRB TOARF Lewis Bl S 2%t 9%
HERMNRZEDHDTHDHEEZLNS.
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DIKHR IS DBAF

mTEESE N 77— NMIEKBEF TO Lewis
B R NICERTH 50, 5 DORIGTIE, #
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Fig. 2. Reaction Profiles for the Pr(OTf) ;-Catalyzed Aldol Reaction of Benzaldehyde with 1-Trimethylsiloxy-1-phenylpropene in

Water/Ethanol (1/9) at 0 °C in the Absence and Presence of 2
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TV Y —F > EEMEAGDE T Sc(DS);, &
W RTF A ZIVR B EMAGDOER 3 NER)
it CdH oz (BEq. 3). TOMERDKRZ
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) 75— b % Lewis Bgfilfit & U CHWESGS, £H
TH5EELEYNIAKITIET T ITHIBEL 72 IREET
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I DM RIZ DR S L TES, T TEH

51, ZOXD572a0A REFNEBRICERINT
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(Fig. 4¢) K OVE T[] 1 BHMBE BRI B W T HERE
SNz EOKENS, BEILEMEETIC
LASC 13/k# T, Fig.3b,ciZrl /&> a01
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T, KB EEAFL O ETRIGETOREE

" LA
OSiMe; (10 mol %) on o (Ea.3)
PHCHO + AN, ———> Ph
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3:83%
o, O
Se (o: s/:o/\/\/\/\/\/\ ) Sc(DS)s
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Fig. 3.

Illustration of Reaction Mixtures in Water

(c) e :Surfactant

(a) Without surfactants, (b) with surfactants, (c) a colloidal particle formed in a mixture in the presence of surfactants.
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(a) S0K™ ()

5um

()

Fig. 4. (a) Mixture of LASC 3 and benzaldehyde (1 : 10) in water, (b) mixture of LASC 3 and benzaldehyde (1 : 20) as detected by

light microscopy, (c) mixture of LASC 3 and benzaldehyde (1 :

" Sc(DS)
OSiMeq (10 mol ‘?/o)
PhCHO + \APh 00 )YL
Yield (%)
30

in Water

in CH,Cl,

8
Time (h)

Fig. 5. Initial Rate Kinetics for the Aldol Reaction in Water
and in CH,Cl,

OFEFEZ T 5 &, KB OB AFL >
HED B 100 5 <HETT DI ENHS N LIRS
7z, ZOWESES, LASC avkhcano1 Rkt
EWT S EEHETDHEZEREND.

UED&S1Z, LASCIZ, /AP TRIEREEEID
1 ROBRZERL, 7V R—=)VE DRI 75 il
W72 D &Moo ns, TOME, 7L R—
VIR PASL D Lewis i filt i S St 12 & 3@ F AT RE C b %
EEZBNS. FITRIZ, LASCZHWTHELZ®D
Lewis i filti 5t DMt 217 - 7=,

Michael 5 Jtnld, 873 jr F-p B A5G KR RS
D1DTHD, BEIIEEMENHNENS., —
F, HERFGETTORIKEEMASHMNT,
Lewis Jgfilfit = WS GBI N TS, £Z
T, LASC %MW 5/KH T® Michael )it &t L

100) as detected by transmission electron microscopy.

So(DS)s

é/co,f-au /ﬁ( (10 mol %) CO,t-Bu
(Eq. 4)

30 020h
96%

@ el ;
2.5 mol %;
Eaq. 5
A gl ) o)
H

h 30065h

7=& 2 A, Eq. 41278 L 7= Michael ) RAY Sc (DS) ;5
FAE FICKP CTHIBICHET TS 22/ L9
7K H T D Lewis B fill i 12 & % Michael s T,
Yb (OTf); Z WA HFiENMES N TV N,?
Sc(DS); D ME B MITTEIEDN SN EHHBL 72,
FEIZ, 1> =)L E T/ > &D Friedel-
Crafts ﬂ#&@iﬁbﬂﬁﬁ}%, Sc(DS); IZ &> TR
I NS Z b MER> (BEq. 5.9 X
7z, T/72>OROVDICB-ZMOXFLoEAEE
L THWTS RORIEKH THEICHETL 2.
Mannich B ISIE, B-7 3 HIVERZIVIEE Y
BROERRBRFED 1 DTHD. ZOMDOKIRITH
LASCIZ#EH AIiE TH %. HIAE, Eq.61TRL
e, TIVTeR 732 2UNIT/)I—hrzA0n
% =% 43 #E & Mannich B 5 inld, LASC 2 & D fi
M, BHFRBRNRTET7I/)IATINEELGZ
7.0 ZOHEE, LASCELTSe(DS); KB R
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OMe
OMe OSiMe; LASC O:NH o

{5 mol %)
PhCHO + + OMe —————= (Eq. 6)
NHp H0 Ph OMe

m,5h

LASC = Sc(DS)5: 72%
Cu(DS),: 90%

Sc(DS)s PhCH
(10 mol %)
Ph(CH,),CHO + Ph,CHNH, + P(OEt)s )\ _OEt (Ea.7)
Ph(CH»),” ~PZ
30°C, 1h 4 "ort

Me,SIO
PhCHO + \Z

%

T IV (Cu(DS)y)) DEMWETH > 7.
7z, VITER -7 -HYCBEIZATIVD
SRS ERAVDKFTD -7 I JRAKRBEIA
FIVERRZERATZE A, Sc(DS); WERNITHEHE
52 EERMEULE (Bq. 7). 2O, AHEE
I T Lewis B2 filiit 2 F W 5 [FIAE O SO & L
LT, KOEETHETTSIEMNHBAL .
LASC ZH WA KIGRICBWTS, FII)VENLT
EHABTDOED LT, MBERNARFE RGN &R AT
HETHhHDEEZALGND. TITHADHAGDEZ
BatlLiz& A, Cu(DS), EF I IVEULIT- 4 &%
AW &Eic, PREOIMRERELRNS, KFT
DRIERIARTFE 7 )V B =)V RIS HETTS 2 2 &2 R
L7z (Eq. 8.9 ZOKINTIX, gD oo >
Be/2 EDFIVIR DRI, B 72 IR F OGEIR
HDZDITHETH D ENNo . AARE MG
X, FEEOEREL M SN TVWEREVNHDD,
Lewis i % ) % /K T OB ARF 7 )L R—)L K
INDHD TOFITH%.

4. Lewis BRI DfiE % U\ 5 1& 4 DKAFARIG
DEAZE

ERRDOEDIZ, AADTLAF T2 ED Lewis
Fely = MR EEER & 2lAGDES I LI
Ko T, /KIFTO Lewis M filt i 5 D3RRI HETT
THIENHSMNE RS, £ 2T, flll & SmEmiE

95%

Cu(DS), (20 mol %)
4 (24 mol %) OH ©

lauric acid (10 mol %)
—_— (Eq. 8)
H0
23°C,20h

76% yield, synlanti = 74/26, 69% ee (syn)

MHHEZHABRDE D EWD TR, Lewis B LASL
Dl FOSIZ BE A W RER D TId s EB 2, i
DK ki [ s Dt 217 o 7.

ZDHER, Bronsted Bl K INITHBNWTH, H
G PEA ORI RN BN S T EAVHIBAL 2. F
IZ, Bronsted & L CTOME &R miEEA &L T
OHEEEHEF D p- RFIINRE ZIVE
(DBSA) 7%, 7K™ Mannich 7 JRICH RN TH
ok HlAE, 7IVTFER 72U T )
Z— b & H W5 = k4 i & Mannich B i %
DBSA Zfiifii & U THWTITD &, EmINRTHER
WZEG 2720, —F, FEEEAIE L TOMnRE & FF
ZlxWwp- MV Z)VR > (TsOH) % filfit &
LTHWS &, EOMIMEIZIEEAEG SN
727 (Bq. 9. W FEH, UINIT/)I—FDRDHDIT
g k2N S =k #E & Mannich B R iR ®
DBSA [ZX > T/KRHP TR RTINS Z &%
RHL7~ (Eq. 10).12

I5I1T, BRAEBESRICBWTEZHINTNS)N
T2 LRSS, FEEER SHAEDE S D
ET, Kb THEPNMNCEITT D EN NS &
(Eq. 11) . Z0¥E, FEiEHEAE L TIHEL F >
P£ @ Triton X-100 25, A F DB D LT,
LVEHETKIEEHETSELDICHETH 5.
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OMe OSiMey (
PhCHO + + )\ —_—
NH, Ph

catalyst = DBSA: 83%
TsOH: trace

o]
DBSA
1 mol %,
PhCHO + PhNH, + (_l..» Ph {Eq.10)
H0
23°C,1h

97%

Pd(PPhg), o)

(1 mol %)
CO,Et Triton X-100 CO,EL
Oac Mol (Eq. 1)
+ AN q.
Z KoCO3 (1.1 eq)
H0

30 °C, 5 min 92%

5. BHYIC

EESIILEDLDIZ, KEFRBEEL THW A
ISR DBFFE 2 To TE /2. NS DRIED
Iz, /ERIIKHPTITS 2ENRETH % &5 X
SNTELEHDOBDH D, Fiz, KOFLED G
ZEFTW3H0bH 5. KA TOEES K
N, FOMENWBICONZIENDTHD, Fi2
RADERDE N, FEH S OWIZEREL, ZOnE
WIDDEHZEHEADHBDEEEZTNWEN, 5%
KETREHBZWN, ZOMEEEICEESYE, &
ICEAMN ISR OBFEE HIET & &BiT, K
% RORNEAR &9 LRI Z D T E 20,

I ABTEA LR, SRk
KERBIR IR0 &, %< ORI
HELEBITPNELOTHD, EHELML LT
¥T. T, APRO IR, SCBERFETIE R
& 0B L D FbhEbOTHD, HrTHil
L T ET
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