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1. Introduction



PR Organic chemistry in water toductior

OH
Zn/Cul, cat. InCl Me
| X H + RZI > | AN RZ P O
2 Na,C,04H,0 [ o /e _/_
Rl R N water
1_
R2 - CN, Br, CI, H, CH3, CF3, CHZO, HO y 14 _ 85% O
R< = alkyl AcO

y. 81%

Barbier—Grignard type
reaction in water

Rate acceleration of Diels—Alder reactions
by water solvent.

Organic reactions in water

Solvent Concentration[M] Time to completion Yield (%)

toluene 1 144 h 79
cat. Ru(OH),/Al,03 CH4CN 1 >144 h 43
A en > /\n/ Chem. Soc. Rev, 2006, 35, 68-82  weor 1 8w
water neat 3.72 10h 82
H,O 3.7@ 8h 81
. > 99 %. . a. Calculated from the measured density of 1:1 mixture of 1 and 2.
Ru-catalyzed hydration of nitriles Diels—Alder reaction in water

to amides in water

-Advantage : safe, benign, environmentally friendly, and cheap

- Disadvantage : Most organic substances are insoluble in water.
Many reactive substrates, reagents, and catalysts are decomposed
or deactivated by water.



P Mukaiyama aldol addition ——

Aldol addition is a powerful method for forming a C-C bond.

OTMS OH O

O 1) Lewis acid
Rle\H . %Rg - le\/”\Rs

R2 2) desilylation R2

typical Lewis acids : TiCl,, SnCl,, BF;-OEt,

The Mukaiyama aldol addition is a type of aldol reaction
between a silyl enol ether and an aldehyde or formate.

These reactants allow for a crossed aldol reaction
between an aldehyde and a ketone or a different aldehyde
without self-condensation of the aldehyde.

Lewis acids undergo hydrolysis by water molecules,
so strict anhydrous conditions are needed in this reaction.



2. Lanthanide triflate as water-tolerant Lewis acids



" U Se Of I_n (OTf)3 a S LeW| S a Cld Laasn\t\t]aatgir(ilfoﬁreirlaar:teLewis acids

Ln(OTf); is prepared from the corresponding lanthanide oxides (Ln,O;)
and trifluoromethanesulfonic acid in water.

H20
LnO; + 6CF3S03H ————3~ 2Ln(OTf)s + 3H,0

Hydroxymethylation reactions by using Ln(OTf),

Effect of Lanthanide Triflates in the Reaction

_ Ln(OTf); 0 of 1 with Commercial Formaldehyde Solution at r.t.
OSiMe3 (X%)
+ HCHO aq. r o ield/%
Ph)\,w“ H,OITHF (1/4) Ph)l\(\c’H n
r.t. 100 mol %
Chem. Lett., 2187-2190 (1991) Ln(OThs 24h 1h 20mal % 86 h
La(OTDs 90 23 88
Pr(OT)s 92 40 80
In most cases, Nd(OTH)s 74 6 89
- Sm(OTH); 92 51 91
the reactions proceeded smoothly. Ea(OTh, 93 28 o8
Gd(OTD)s3 92 20 79
Dy(OTs 89 20 85
Ho(OTf)s 91 38 86

Yb(OTf); is the most reactive catalyst. ENOTH; 90 44 83

Yb(OTf); 94 & 94’



Lanthanide triflate

' ' Seve ra | exa m p | eS Of as water-tolerant Lewis acids

Reaction of Silyl Enol Ethers with Commercial

hyd rOxy m et h yI a t i O n re a Ct i O n — Formaldehyde Solution Catalyzed by Yb(OTf);.

silyl enol ether product yield/%
1 OSiMe, o 94
Yb(OTf)3 o S o
OSiMe3 HCHO (10%) 2 1c|s:u|.a:, \j\]/\ 85
J\.wRZ ' " > RIJH/\OH on
R H,OITHF(1/4) \)? .
r.t. R; 3 ?Sima o 77
Ph Ph)k/\OH
1) In every case, the reactions proceeded smoothly 4 osve " 82
in high yield. & >
5 ‘osm., ) 86
. OH
2) Di- and polyhydroxymethylated products 5 (5:2)
12
were not observed. & g | | 02
OH
3) The absence of equilibrium allowed for 7 o j\[’\ o2
P PH
a OH

a regiospecific hydroxymethylation reaction.

1
Ph SEt Ph’kaj‘SEl (Ph*(!l )
54 OH (o]

4) Only a catalytic amount of Yb(OTf); was required to 5 osme " e e
complete the reaction. é(,‘i S <®>
10 Dsmsu, o!ﬂo 18 90
5) Almost 100% of Yb(OTf); was quite easily recovered q{’iﬂu EIRES & I
from the aqueous layer after the reaction was completed " o 5w
and it couldbe reused (third use(93%yield)). and 1t Tactome 21y s abtained. o sthas Hiamtaromas oot
notobserved. ¢ The mixture of the hydroxy thioester &nd the lactone
J. Org.Chem.’ 59, 3590_3596 (1994) géi)ezgzeorl:rt:;?ed. Less than 3% vield of the other diastereomers



' ' SC Ffeen | N g Of I_ N (OTf) 3 Laasn\t\t]aatgir(ilfoﬁreirlaarff Lewis acids

OSiMe5 Ln(OTf)3 O OH
(10%)
20/T HF(1/4)

Effect of Lanthanide Triflates in the Reaction
of 4 with Benzaldehyde at r.t. for 20 h in H,O-THF (1:4).

Ln(OTh);3 yield/% Ln(OTf); yield/%
La(OTH)s & Dy(OTHs 73
Pr(OTf)s 28 Ho(OTD)s 47
Nd(OTH)s 83 Erx(OTs 52
Sm(OTf)s 46 Tm(OT)s 20
Eu(OTH); 34 Yb(OTH)3 91
Gd(OTH)s 89 Lu(OTf); 88

High reactivity : Nd-, Gd-, Yb-, Lu(OTf),
Low reactivity : La-, Pr-, Tm(OTf),



Lanthanide triflate

" Several examp|eS Of as water-tolerant Lewis acids
hydroxymethylation reaction 2

_ Yb(OTf)3 O  OH
OSiMe3 (10%)
1J\H‘ R H > R
R H,O/THF(L/4) R,
r.t.
OSiMe3 OSiMe3 OSiMe3 Lanthanide Triflate-Catalyzed Aqueous Aldol
o A N A Reaction by Using Yb(OTf); (10 mol %)?.
entry aldehyde gilyl enol ether  product yield/%
1 PhCHO 4 22° 01
1@z/e=>98/2) 2Z 2E 2 PhCHO 27 23¢ 89
3 PhCHO 2F 284 93
OSiMe; OSiMe; OSiMe; 5 PhOHO ESC(OSi- % %0
_ ' Meg)=CMe; 18
Ph EtS 6 p-Cl-PhCHO 4 26/ 89
7 p-MeO-PhCHO 4 27s 77
8 (E)-CHs(CHps 4 28 90
CH=CHCHO
3 4 18 9 Ph(CH::CHO 22 29 79
10 Ph(CH;,CHO 2E 29 72
11 CHsCHO 1 30/ gg
. 12 CHy=CHCHO 1 31 8
1) In every case, the reactions proceeded smoothly 13 cicu.cHo 1 82/ 95
C : 14 CICH.CHO 3 33 67
in high yield. 15 cicrcro 18 34 66
: . 18 PhCOCHOH:0 1 35 67
2) Diastereoselectivitieswere generally 17 o-HO-PhCHO 1 s 81
18  2-pyridinecarbox- 1 am o7

good to moderate aldehyde

& Gd(OTf); was used in entries 11 and 12. Inentry 17, Lu(OTf);
wasused. ¥ synfonti =T3/27. ¢ 63/37. €' 71/29. ¢ 53/47. / 65/35. 7 61/
39. 4 55/45. ¢ BB/32./ 46/54. * 60/40. ' 45/55. ™ 27/73. ?042-"55,



P{ Mechanistic study 1

Yb(OTf); + mH,0 == Yb(H,0),>* + 3OTF
1F (Eq. 1)

Yb(Hp0) . (OH)?* + H*
The dissociation equilibrium equation

Lanthanide triflate
as water-tolerant Lewis acids

Effect of Yb salts

The Yb salts with
less-nucleophilic counter anions are more cationic
and the high Lewis acidity promotes
the desired reaction.

The results of screening of ligands,

o gyn/anti = 73/27. ® 76/24.

OSiMe; ¥b salt OH O
PoHO + 0 o )\(5
HO-THF
(1:4)
4 n, 1%h
Yh salt yield/%

Yb(OTf)s 91s
Yh(ClOy)s 8go
YbCls 3
Yb(OAc)s8H:O 14
Yb(NO3)s*5H:0 7
Yba(S04)s5H:0 trace

Effect of additive

only water was effective.

In the presence of other polar molecules,
the reaction proceeded very slowly.

OSiMe;  YB(OTH)3 (10 molk) OH O
Additive (500 moite)
THF, 1,19 h

4
additive yield/%
none 10
DMFE 214
EtsN irace
pyridine 23%
Et:0 14
H0 80¢

¢ gyn/anti = 66/34. b 73/27. ¢ 76/24.



' ' M eC h a ﬂ | StIC StU dy 2 L:snwaa’cgir?lfoﬁreirlaar:teLewis acids

Effect of water

OSiMe;  YBOTHs (10 mos) OH O “
PhCHO + 6 AL ST e 0 * ° o Yield
THF. i, 19 h 80 4w
4 70+ .
In the absence or presence of small amount of water: & ™ *
. . 50
THF predominantrly coodinates to Yb(OTf), SE_. .
40 -
. . g . ] .
Lewis acidity is low. 30

10 4
0

LI L

When the equivalents of water are gradually increased : "op 70 80 %0 100

0 10 20 30 40 50
Water is prone to coordinate to Yb(OTf); HZ0 (%)
100
Lewis acidity is high. ::‘_ .
There is a chance for an aldehyde activated. R ::j Ve )
2 .
> 404 *
: : s
When the amount of water is further increased : 2 1.
Hydrolysis of the silyl enol ether precedes - . Yiord

. ) 10-9°
the desired aldol reaction T'
0 10 20 30 40 50 60 70 '80 90 100
H,O (Eq.)




Lanthanide triflate

' ' S h O rt S U m m a ry 1 as water-tolerant Lewis acids

Discovery of lanthanide triflate as water-tolerant Lewis acids

Problem

€ When the amount of water is further increased,
a competitive reaction precedes the desired aldol reaction.

3. Development of “LASC”

€ Lanthanide triflate could not be developed
into enantioselective asymmetric reactions.

4. Asymmetric aldol reactions in aqueous media



3. Development of “LASC"



PN Sc(OTf),-SDS system

Development of “LASC”

Sc(OTf);-catalyzed Mukaiyama aldol reactions have been successfully carried out
in aqueous solutions of surfactants.

Sc(OTf)3 (0.1 eq.) O OH

) OSiMeg SDS (0..2 eq.)
RICHO + ZJ\H‘R?, o R2 R1
R Hzo, r.t.
R3
@
O Na

(Sodium dodecyl sulfate)

Not only aromatic, but also aliphatic
and o, B-unsaturated aldehydes reacted with
silyl enol ethers to afford

the corresponding aldol adducts in high yields.

Tetrahedron Letters, Vol. 38, NO. 26, pp. 4559-4562, 1997

Sc(OTf);-SDS system

Aldehyde Silyl Enol Ether Yield%
iMes
PhCHO 1 88®
P
PNHD 1 ,Bac}
HCHO 1 gzd)
iMes
PhCHO 2 88°%
pir” S ACHO 2 8o”
SiMes
PhCHO ML 759M
P
OSiMey
PhCHO ES 94

SiMﬂg
h)
PhCHO M GDL’/ 3 84

a) Synanti = 50/50. b) Syn/anti = 45/55. ¢} Syn/anti = 41/59, d) Comercially
available HCHO aq. {3 ml), 1 (0.5 mmol), Sc{OTH)4 (0.1 mmol), and SDS (0.1
mmol) were combined. e} Sywanti=57/43. f) Synfanti = 69/31. g} Sc{OTh)s
(0.2 eq.) was used. h) Additional silyl enclate {1.5 eq.) was chargethafier 6 h.



" LeWIS_ACld_SurfaCtant—Comb|ned Development of “LASC”
Catalysts (LASC)

LASC is more simplified catalyst than Sc(OTf);-SDS system

1a-1f were prepared from ScCI3 . Sc(03SOC 1,Has)s Y
and the corresponding SDS _ v ol
or sodium alkanesulfonate. 1d: S¢(035C12H2s)3 M

Schematic representation of 1a

la OH O
OSiMe;, (10 mol%) Effect of Solvents on LASC (1a)-Catalyzed Aldol Reactions
PhCHO + P >Ph Ph :
Ph H,O solvent yield (%)
(1 equiv) (1.5 equiv) L. 4h H-0 | 92
CH;OH 4
DMF 14
The reaction in water afforded the product DMSO 9
. . . CH:CN 3
in high yield. CH:Cl 3
THF trace
Low yield were observed Et,O0 trace
] . toluene trace
in other organic solvents. hexane 4
- (neat) 31
Tetrahedron Letters 39 (1998) 5389-5392 ¢ When solvents other than H,O an CH3;OH were used, the initially

J. Am. Chem. Soc., Vol. 122, No. 30, 2000 7205 gﬂgjg;:_d trimethylsilyl ether was converted to 3 (1 N HCI/THF (1/20),



' ' S u bStrate SCO pe Development of “LASC”

_ la OH O
OSiMe; (10 mol%)
R1CHO + RZ""/\ y s Rl R3
3
R H,O )
rt., 4h R

(1 equiv) (1.5 equiv)
LASC (1a)-Catalyzed Aldol Reactions in Water

R! R R? product  yield (%)  swn/anti

Ph Me Ph 3 92 49/51
Ph(CHa)- Me Ph 4 88 44/56
PhCH=CH Me Ph 5 91 40/60
2-pyridyl Me Ph 6 84a 24/76
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 10 820 72/28
PhCH=CH Me Et 11 87 71/29
PhCH=CH —(CHa)s— 12 g5 52/48
Ph H Ph 13 94

Ph Me,  SEt 14 98

Ph Me: OMe 15 80P

 1a (20 mol %). ¢ Silyl enolate (3 equiv).
Aromatic as well as aliphatic, o, B-unsaturated, and heterocyclic aldehydes worked well.

Silyl enol ethers, ketene silyl enol ethers, and an ester reacted well
to give the corresponding adducts in high yields.



" Cha raCterlzathn Of Development of “LASC”
the colloidal particle

-LASCs such as 1a and 1d do not dissolve in water.

-On the other hand, when the LASC was mixed

with organic substrates in water,

a white turbid mixture formed through colloid formation.

Mixtures of LASC 1d in water (left) and
LASC 1d and benzaldehyde (1:10) in water (right)

-Light microscopic observations of the colloidal
particles revealed their spherical shape.

-Finally, all of 1d formed
the spherical colloidal particles.

50 um (a) ®) ()

Mixture of LASC 1d and benzaldehyde as detected by
light microscopy.(a) 1d:benzaldehyde=1:10; (b) 1d:benzaldehyde
=1:20; (¢) 1d:benzaldehyde=1:100. In all cases,
the concentration of 1d was 16.7 mM.



PU Mechanism of catalytic reactions. peveiopmentofiasc:

S.:a’* ?Scﬂd- . . “. . .
o™ o)
Sca"q“qlgg ?!"‘,} ® RJ‘lH
8031-‘:"'. _ll":‘SQa* ®
o o
: awu‘c \ O Sc IR 3+
- Compounds o 0= o~ Compounds | el ° 3
O © Sc"“';,' T .1;‘30 RJ'LH
Water O ch" 'y i i3 it;l.'Sca* °
@ (b) i ) b
(c) e~ :Surfactant oo ® [ ]

(@) Without surfactants

(b) With surfactants
(c) A colloidal particle formed in a mixture in the presence of surfactants

Reaction mechanism

1) In the presence organic substrates, LASC molecules form stable colloidal particles.
(the surfactant moiety of the LASCs surrounds the organic substrates.)

2) the countercations are attracted to the surface of the particles through electrostatic
interactions between the anionic surfactant molecules and the cations.

3) Although each Sc(lll) cation is hydrated by several water molecules,
they can be readily replaced by a substrate.

4) The substrates to be activated move to the interface from the organic phase,
coordinate to the cations, and then react with nucleophilic substances there.



4. Asymmetric aldol reactions in agueous media



Asymmetric aldol reactions
in aqueous media

P Chiral ligand for Ln(OTf),

Need to finding a chiral ligand which has strong binding ability
and does not significantly reduce the Lewis acidity of Ln(OTf),.

g
N MOTfs
0 O , (20 mol %) OH O
R MesSiO o
s\'[-:r Dj\ PRCHO + \"’)\Ph TSy il
N 2 HOEIOH (1/9)
:. | ee or de (%) 0°C, 18h ionic diamater (A)
1 100 B e [Jde(%) —o— ionic diameter(A) 25
-2 .4
Desirable ligand : chiral crown ether 7 s
60 - ey
40 2
-For the larger cations 20
such as La, Ce, Pr, and Nd, 20- L9
both diastereo- and enantioselectivities were high. s
. .
) 17
- The smaller cations M Sc Yb Ho Y Dy To Gd Eu Sm Nd Pr Ce La
such as Sc and Yb showed no enantioselection. e ©0 0 38 7 9 27 4 5 5 75 7 & 7
22 =2 12 10 26 54 56 78 78 8 8O 85 78

Org. Lett,, 3, 165-167 (2001)

de (%)



P Effect of chiral ligand e acueous medi

Yield (%) 100 |

MOTH);
- (20 mol %) OH O 80
MesSID 1 (24 mol %)
PhCHO + o .
\—*)\Ph Ph Ph 60
2 H-O/EIOH (1/9)
0°C,18h 40 -
f %
It should be noted that, . :E:ﬁ;:gf:zmn:;;
i 1 mol e
although 1 slightly decelerated the reaction, +1 (12'Tol %)
0

. RN : : ————
sufficient reactivity still remained in the presence of 1. "5 & 100 150 200 250 Time (min)

Reaction profiles for the Pr(OTf)3-catalyzed aldol reaction
of benzaldehyde with 2 in water/ethanol (1/9) at 0°C
in the absence and presence of 1.

-The methyl groups of 1 are all in axial positions.

-one or two of the nitrate anions are dissociated
in aqueous media and that aldehydes
to be activated coordinate in place of the nitrate anion. 0O

Figure 3. [Pr(NOs),*1]" moiety in the X-ray structure of [PrflROs),-
1]5[Pr(NOs)s]. Hydrogen atoms are omitted for clarity.



5. Metalloenzyme-Like Catalyst



PU 1st generation :

Metalloenzyme-Like Catalyst

1st generation

Asymmetric hydroxymethylation in water

Me,SiO OSiMe,
R OSiR? Z | EN
R! J R
1: R=Me 4:R'=Me, R? = Me, 6: R=p-Cl
3:R=H Rz 2_ 7: R = p-OMe
5.R1 Et, R 2Me3 8 R = m-Me
11: R’ = Me, R* = Me;H
12: R = Et, R? = Me,H
OSiR OSiMe; OSiMe,H 7N \_/
R Bu “tBu
Z OH HO
?‘5?,;;:’“'3;2,_' 10 13: R = p-Cl L1
) 14: R = m-Me
o o OSiMe
e~ 3
N N
C!_ H‘"/)\SfBU
=0 0 16: E/Z =973
HN NH .
-
L2 \©/ StBu
17 E/Z=919

Figure 2. Substrates and ligands used.

by using
2 mol% or 1T mol% of the catalyst (Conditions C and D)
led to the same range in yields and enantioselectivities
as those reactions employing 10 mol% of the catalyst.

Angew. Chem. Int. Ed. 2008, 47, 6909 -6911

HeHO R OSiMe, Condition O
aq. + T E - - 3
(5.0 equiv) 1 R H,O (0.5 M) HO e R
Entry Enolate ConditionsF! Yield [96]® ee [%6]
1 1 A 81 91 (R)
2 1 B 85 90 (S)
3 3 B 83 94
4 4 B 85 91 (R)
5 5 B 85 90
6 5 C 82 91 (R)
7 6 B 84 92
8 8 A 73 90
9 9 B 86 85
10 10 B 82 96
11 10 C 82 96
12 1 B 91 91 (R)
13 12 B 92 90
14 13 B 83 94
15 13 C 83 94
16 13 D 83 90
17 14 B %0 92
18 15 B 84 91
19 16 A 73 91 (S)
20 17 A 65 90

[a] Conditions A: Sc(DS); (10 mol%), L1 {12 mol%), Triton X-705, RT,
20 h. Conditions B: Sc[O;5(CH;)1oCH;)s (10 mol%), L2 (12 mol %),
CH,(CH,),,SO,Na, 5°C, 48h. Conditions C: Sc[O,S(CH,),,CHyls
2mol%), L2 (24mol%), CH,(CH,),,SO;Na, 5°C, 96-110h.
Conditions D: Sc[0;5(CH;)1,CH;]s (1 mol%), L2 (1.2 mol%), CHs-
(CH;),,SO:Na, 5°C, 81 h. [b] Yield of isolated product. [c] Determined
by chiral HPLC analysis.



Metalloenzyme-Like Catalyst

P{ 2nd generation : nd generation
Direct asymmetric aldol reaction in water.

5¢[0;5(CH;)5CH4l5
OSiMe, chiral N-oxide ligand (1a) g4 0o

surfactant
aq. HCHO + RL"’)\'RE H,0 1 2 R?
= R" R
up to 96% ea
<‘ X “‘»”’“‘“ 1a: R = 2,5-Me,CeH,
B J\ 1b: R = cyclohexyl
A 1c: R = nPr
RHN" "0 NHR 1d: R = cyclopentyl Table 1. Optimization of reaction conditions.
chiral N-oxlde ligands Sc(OTH), (10 mol%)
. 1 Chiral Qo g SR P . : e chiral ligand (1)
f:.chcrnc 1. Chiral Sc-catalyzed enantioselective hydroxymethylation of sil Q C, HpnSO,Na (150 mol%) o]
icon enolates. Additi
itive
aq. HCHO (5 equiv) OH
H.O, 0.5M,RT. 24 h
3a 4a
Entry Ligand Additive (mol %) Yield [%]" ee [% ]
1 1a none 20 41
. 2 la Et:N (20) 36 27
A cyclopentyl substituent 3 1a NaOH (20) 37 38
on the amide moiety (1 d) + 1a NaOH (50) 87 0
5 la 2 6-lutidine (20) 16 46
was found to be the best 6 1a pyridine (20) 60 47
in terms of both yield 7 1b pyridine (20) 57 67
. .. . 8 le pyridine (20) 76 70
and enantioselectivity (entries 7-10). , 1d oyridine (20) 26 ”
10/ 1d pyridine (20) 81 72

[a] Yield of isolated product after chromatography. [b] Enantiomeric
Chem. Asian J. 2010 5. 490 — 492 excess was determined by chiral HPLC analysis. [c] Reaction fo#°48 h.



Metalloenzyme-Like Catalyst

P{ Substrate scope nd generation

Table 2. Asymmetric hydroxymethylation of ketones in water.® Sc(OTf), (10 mol%)
: b, ] chiral ligand (1d)
Entry Ketone Product Yield [%] ee [%] C,:H..80,Na (150 mol%)
o] o pyridine (20 mol%) OH
ag. HCHO (5 equiv) _ o
1 . 81 72 H,0, 05m RT,24h N
= 7 Boc
Ja 4a OH o
0 N = Sc(DS); (10 mol%) 82%, 0% ee
0 Boc chiral ligand (6)
= 5 SDS (150 mol%)
2 | 72 72 aq. HCHO (5 equiv) ,
SN H,O, 0.5 m, RT, 24 h
3b 4b GH 59%, 82% ee

A

0 0 B
N
— N\
3ld] 39 88 tBu B
OH OH 6 HO
Scheme 2. Asymmetric hydroxymethylation of oxindole.
41 )J\/ /u\]\/ 29 81
The addition of a catalytic amount of pyridine
gﬂf CI@(, enabled us to use ketones directly in
5 quant 67 ) . .
asymmetric hydroxymethylation reactions.
[a] Conditions: Ketone 3 (0.3 mmol), Sc(OTf); (10 mol % ). N-oxide 1d
(12mol%), C;;H»SO;Na (150 mol%). pyridine (20 mol%), formalin
(5 equiv)., water, RT, 24 h. [b] Yield of isolated product after chromatog-

raphy. [c] Enantiomeric excess was determined by chiral HPLC analysis.
[d] Reaction was carried out at 40°C for 48 h.

26



Metalloenzyme-Like Catalyst

" 3I'd generathn 3rd generation
Metalloenzyme-Like catalyst

(a) hydrophilic
O 4\-/\/+N

Brensted acid ®\N'§o 0

Vo .‘Sclll‘ i
Lewis acid
hydrophobic pocket
{reaction environment)
0 0
(Nl OTf oTf | C:é/ﬂ Cé/f OH
Bt Bronsted base Brensted base .
. hydrophilic L1 hydrophilic 2+

TS (favored)

27

Chem. Asian J. 2015, 10, 133 - 138



Metalloenzyme-Like Catalyst

P{ Substrate scope srd generation

o+
GWN

3 _

O

0 Sc(OTf)g (8 mol%) 4 Y
=y
HCHO m Ligand (5 mol%) @:1}/ O™ NH HN O
ag. +
HO(0.3m),24 h »—0H ,«’ 3 Jm 12{ i =

—N M

L1: 75% yield, 60% ee (S)
91% yield, 60% ee (S)F!

hl s 10°C
Sc(OTH), (8 mol%) o
O o) L1 (5 mol%) J\(\
aq, + 2 = 1 #
R1JJ\/R H,0 (0.3u)20°c T OH
24 h R
o] o) O 0
OH
“-H" lllll I
Ci}ﬂ%iDH C@f WDH EtS’Jk_./\GH
- .r = z
35% yield, 53% yield, 30% yield, 23% yield,
98% ee (S) 75% ee (S) 62% ee (S) 53% ee (S)
[40 °C, 96 h] [40 °C, 20 mol% of pyridine  [48 . 20 mol% of pyridine
was added] was added]

The addition of a catalytic amount of pyridine
enabled us to use ketones directly in
asymmetric hydroxymethylation reactions.

28



P Reaction mechanism

(a} HCHO ag.
+ Se(0Tf)s (1.6-8 mol%) O
o L1 (1-5 mol%)
: fjf Hy0 (0.3 M), 20°C “_OH
ky k
E + S TS : E + P
Chiral Se-L1 Substrate - Product
complex —_— b
Substrate-Binding Step  Catalytic Step
(b)
0.35
0.3 5 mol%
E‘ 0.25
g 0.2
o (.15
B
o 0.1
0.05
0.021
gu.u 15f »=0,0035x
b R2 =0.9986
0.01
0.005

2 3 7 5
[E] (mol%)

Metalloenzyme-Like Catalyst
3rd generation

(d)  HCHO aq.
+ Sc(OTf) (2.5-10 mol%) o
OSiMe, Ligand (312 mol%)
H,O/DME, —20 °C “_OH
k »
E + §8 ——E + 1|
Chiral 5¢  Substrate Product
complex
Rate = k [Silicone Enolate] [Catalyst]
E =0 0107 h~laumal—2
0.7

- "'.-.a.’.....-.-.llIIII'I..l
CL LT Ak

0.3 mmol
o s agemom d HHH B R0 SR B BRI
o -2 0.2 mmol
1 1 1 1 J
24 36 48 60 T2
Time (h)

1.2

0.4

0.6
[5] (mmeol) -
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Summary

Discovery of lanthanide triflate as water-tolerant Lewis acids

OSiMe3;

Ph\

+

1991

Ln(OTf);
(x%)
HCHO ag.

H,OITHF(1/4)
rt.

OH O

Ph Ph

Asymmetric aldol reactions in aqueous media
2001
MOTH)
. (20 mol %)
Me;SiO 5
Proro + 14mol%)

2 H-O/EIOH (1/9)

0°C, 18h

O

r Ph)l\(\OH

A4

Development of “LASC”
1998
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PU{Summary 2

Asymmetric aldol reactions in aqueous media

2001
M(OTf);
(20 mol %)
Me;Sio 5
PhCHO 4 A, 1 (24 mol %)
2 H-O/EtOH (1/9)
0°C, 18h

OH O
Ph Ph
-
g
N
(0] 0O, o
T X
M
g
1

2015

Lewis acid

hydrophobic pocket
(reaction environment)

e P “oTt £ 7
S +1NH Bronsted base Bronsted base .HN+\

hydrophilic L1 hydrophilic

Summary

Development of “LASC”
1998
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