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Lewis Acids in Organic Synthesis

Reactions
Aldol, Michael, Friedel-Crafts, Diels-Alder, Ene, etc.

Lewis Acids
TiCls, SnCls, AICI3, BF3*OEt,, etc.

Problems: e Stoichiometric Use
¢ Moaisture Sensitive
¢ Not Reusable

l Ln(OTf)3 ' Ln=Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu

Tf = SO,CF4

B Stable Lewis Acid in Aqueous Media
m Catalytic Use
B Reusable Catalyst

QSiMe; cat. Yb(OTH); Q
HCHO ag. + 1 - /\(u\ 1
~ R THF-H,0 (4:1) HO" Y R

R R
77-94%
S. Kobayashi, Chem. Lett., 1991, 2187.

QSMes  cat. vb(oTH), oH Q

CICH,CHO aq.  + on > Ci o
THF-H,0 (4:1)

95%, syn/anti = 45/55
S. Kobayashi, I. Hachiya, Tetrahedron Lett., 33, 1625 (1992).




" Organic Synthesis in Water: Advantages

Cl:';f‘e“?ép,i",&.Safe, and Clean Solvent

| -The’mheapest solvent |
B No Inflammable, explosive, mutagenic, carcinogenic
B Environmental-friendly (no pollution, recoverable)

Synthetic Utility

B Simple operation
Phase separation, Control of reaction temperature
W Efficiency
. No protective group, Water-soluble materials
B Hydrophobic effect, Solvation, etc.

Goal: To perform enzymatic reactions in flasks
without using enzymes

(High yield; High selectivity; Mild conditions
+ Substrate generality)

Approach
® To mimic enzymes
= To focus on media in which enzymes work

s

BRI et
= Hydrogen bonding; Hydrophilic and hydrophobic effects:
Solvation; Acid and base
= Protein, Nucleic acid, Lipid, Carbohydrate, etc. work in water

Final goal: To perform catalytic enantioselective
reactions in water;
To study life and nature




Effect of Metal Salts in the Aldol Reaction?

OSiMes MX, (0.2 eq.) oH Q
PhCHO  + —
Ph H,O:THF = 1:9 Ph Ph
' rn,12h
MX, Yield% i MX, Yild% | MX,  Yield%: MX,  Yield%
AICl;  tace | CuCl 25 {  InCls 68 : Er(OTH; g6
ScCls 70(78)° | Cu(ClOy), 478" | In(ClO); 14 i Tm(OTH; 85
S¢(ClO); 82 - i znClL 10 i SnCl, 4 1 _YbCly  11(92)°
CrCl, — wace  { 7pCl0), 467 La©TD, 80 i YD(ClOg); g4
MaCla o mae i GaCly  trace | CeOT, 81 | YbOTD; 92
Mn(CiO,), 18 (40)° : YCl b o + Lu(OTH); 84
'} YCl 5(86)° ! Pr(OT, 8
FeCl, 39 ' Y(CIO,) 9% ' Nd : IrCl, trace
b 4)3 ' (OT1); 78
FeCl,© 21 i RhCl;  trace | Sm(OTf), 85 | L0 tace
Fe(CIOg); 7 i PdCl,  mace EuOTH; 88 | HeQl,  trace
CoCl, trace : AgCl wace i Gd(OTfy 90 ! HgCl trace
Co(Cl0y), 17(7> i AsClO, 42(36)° | Tb(OTH);, 81 ! PbClL 15
NiCl, trace : CdClh 18 i Dy(OTf), 85 i Pb(CIO,), 59 (65)

Ni(ClOy),  17(7)° i Cd(ClO,), 49(72)* | Ho(OTH); 89 BiCl; trace

*No adduct was obtained and the starting materials were recovered using LiCl, NaCl, MgCl,, PCl;, KCJ,
CaCl,, GeCly, RuCls, SbCl;, BaCly, OsCl;. No adduct was obtained and the silyl enol ether was
decomposed using BCl;, SiCly, PCls, TiCly, VCl;, ZrCl,, NbCls, MoCls, SnCl,, SbCls, HfCl,,
TaCls, WClg, ReCls, TICl;. "H,0:EtOH:toluene = 1:7:3.

Yields (%) in the Aldol Reaction Using Metal Catalysts?

L+ B*® C N
NR _ NA J— —
Na +1 Mg +2 Al +3 Si +4 P +5
NR NR trace NR NR
K*| ca*] sc*® T+ v cre Mn?| Fe'?] Co*?}| Ni*?| cu®?] zn*:| Ga®| Ge™| As
NR NR 70 NA NR frace trace 39 trace trace 25 10 trace NR —_
—_— — 82 — — — 40 55 17 17 81 57 — — —_—
Rb Sr Y *®] Zr* Nb*S| Mo*| Tc Ru*! Rh*| Pd* Ag *l Cd*?] In*®| Sn*| Sbh*s
—_— _— ae NR NR NR - NR trace trace trace 18 68 NR NR
— — 20 — — — — — — — 42 72 14 — —
Cs Ba+y] Ln*| Ht*| Ta*s| W*| Re*s 0s*®| Ir* Pt*2 Au*| Hg?| TI®| pPb2] BI®
— NR 82 - NR NR NR NR NR trace trace | trace trace NR 15 trace
— — | 7882 | — — — — — o — — — — (] —

*Upper column shows yields using metal chiorides. Lower column shows yields using metal perchiorates except for lanthanides. Lower column in
lanthanides (La-Lu) shows ylelds using the corresponding trifiates. NR: No product was obtained and the starting materials were recovered. NA: No
product was obtained and the silyl enol ether was decomposed.



The Common Features of the Elements (Cations)!

- W Hydrolysis Constant (pKh = -log K,,)

4.3-10.08

XM™ + yH0 === M(OH),®Y* 4 y H*

_ IM(OH), Y] [H'Y Gy g+

Ky Z+1X X y
[M*7] gmz+ @H20
B Exchange Rate Constant for Substitution of
Inner-Sphere Water Ligands
6 an-1ea-1
>3.2x10°M'S
Hydrolysis Constants? and Exchange Rate Constants for Substitution
of Inner-Sphere Water Ligandsb
L BY C N
1364 | — — —_—
47x107| — _ — —_—
Na +1 Mg +2| Al +3| sl +4 P +5
14.18 11.44 1.14 -—_ —_—
1.9x108/ 5.3x10° 1.6x10% | - —
K caqd sc T4 v cr M Fe] cod N cud 2n" Ga"| Ge"| As
1446 | 1285 | 43 | <23 [ 226 | 40 | 1050 | os 065 | 986 | 753 | 898 | 26 _— | —
1.5x10°%] 5x10” | 4.8x10"}] — 1x10° 15.8x107 | 3.1x107| 3.2x10%] 2x105 | 2.7x10*] 2x10® | sx10® J7.6x102| — —
Rb | Sr YO 2Zr+ No*] Mo* Tc | Ru*| Rh™| Pd*] Ag*| Cd*] In =] sn* sb*
— — 77 022 | (06 | — —_ | - 34 23 12 | 1008 | 400 | — -
— I — laxe’}] — — i = — 1 — I3axtg%| — |>5x10%] >1x10®]4.0x10° —J{ —
Gs | Ba Ln® Ht * Ta*| W*| Re*y 0s* 1r* pt*y Au*'| Hg* T 9 Po* BI ©
— 11347 | 7685 025 (1) — — — — 48 — | 340 | 082 } 771 | 109
— | >6x10” | 10%108| — — — — — — — — | 2x10° | 7x10° |7.5x —
La®] ce®| Pr*| Nd*| Pm Luﬂ
8.5 8.3 8.1 8.0 —_— g 7.6
2.1x10% | 2.7x10%] 3.1x108} 3.9x10%] — . 8x107
®pih = -log Kyy XM + yHO === M(OH),"®¥" 4 y* ®Measured by NMR, sound absorption, or multidentate ligand method.

Kxy

o IMOH), M (H]Y Gy Oe!

M

Quz+" 20"




Lewis Acid-Surfactant-Combined Catalyst
Forms Colloidal Dispersion in Water

Lewis Acid-Surfactant-

Combined Catalyst
@)
|—_—> o O
e o o
Colloidal Dispersion

Lewis Acid-Surfactant Combined Catalyst (LASC)

$¢c(0S03C12H2s5)3 = Sc(DS);




B Preparation of Sc(DS),

SCC|3'6H20 + 3 CH3(CH2)11OSO3N3 —_— SC(OSO3C12H25)3 '
H,0, 1t ;l

Scandium Tris(dodecyl sulfate)
(Sc(DS)3)

B Sc(DS)s;-Catalyzed Aldol Reaction in Water

0 OH

- OSiMe; catalyst (0.1 eq.)
PhcHO + &,, >
o O Ph)H/k Ph
r, 4 h

Sc(DS),; 92% Yield
Sc(OTf)z; 3% Yield

Stable Dispersion System Forms!

Effects of Alkyl Chains and the Scandium Salts

OSiMe; Sc salt (0.1 eq.) O OH
PhCHO  + Ph,\NJ 0 - ph)jw/k Ph
rn,4h
R Sc(OSO3R)3  Sc(OSO.p-R-CgHy)z  Sc(OSO,R); / Particle Size

C1oHz; — 55 60 (700 nm)?
Cq4Hazs — — 68
CioHos 92 . 91 83 (1100 nm)®
CiaHz7 — — 7%
Ci4Hag 73 33 19 (400 nm)?
CieHaz — 14 12

Numbers are isolated yields (%).
a) Particle sizes formed by Sc(OSO,R); and PhCHO in water are shown.



Carbonyl Activation by Sc(03SOC;, 2Has)3 in Water

‘ = Sc3+
e =—03SOC12H25

Kinetic Study of the Sc(DS);-Catalyzed Aldol Reaction

OSiMe, Sc(DS); (0.1 eq.) OH O
PhCHO  + % —— o
Ph solvent
303 K
Yield (%)
30
O ko solvent v (mol/l - sec)
20 L] in CHaCly
H20 2.6x10°
104
CH,Cl, 2.0x107
e !

Time (h)

| The reaction proceeded 1.3 X 10° times faster in water than in CH>Cl,. '




Sc(DS)s-Catalyzed Aldol Reactions in Water

DSMes Sc(DS); (0.1 eq.) Q OoH
R'CHO + g2 /J\rr R - J\(k -
3 H.0, rt 3 N4
R R R
R! R2 R3 R? Yield/%
Ph Ph H Me 92
. PhCH,CHy Ph H Me . 88
PhCH=CH Ph H Me 91
H Ph H Me 72°
2-Pyridyl Ph H Me 84b
PhCO Ph H Me 86
p-Cl-Ph Et Me H 91
Ph -(CHy)4- H 77
Ph Ph H H 9gqb: ¢
Ph EtS Me Me 98
Ph MeO Me Me 80> d

a) HCHO agq. (3 ml), silyl enolate (0.5 mmol), and Sc(DS); (0.05 mmol) were combined.
b) Sc(DS); (0.2 eq.) was used. c) Additional silyl enolate (1.5 eq.) was charged after 4
_h. d) Silyt enolate (3.0 eq.) was used.

Work-Up Procedure without Using Organic Solvents

O

. OH
OSiMe3 Sc(DS)3 (10 mol %)
Ph Ph

PhCHO + —
Ph H,0, 30 °C

centrifugation (3500 rpm) water
. -

\,7 Sc(DS),

colloidal dispersion

organic phase

: distillation
teccsccvsvcurontecannannnassaccsascssovssscnsnna - P rod u Ct



Sc(DS)s-Catalyzed Aldol Reactions in Water

OS'Me;4 Sc(DS); (0.1 eq.) Q OH
RICHO + 92/%1 o Rz)g(kﬂ1
R3 2V ’ R3 R4
R! R2 R3 R4 Yield/%
Ph Ph H Me 92
PhCH,CH, Ph H Me . 88
PhCH=CH Ph H Me 91
H Ph H Me | 72°
2-Pyridyl Ph H Me 84b
PhCO Ph H Me 86
p-Cl-Ph Et Me H 91
Ph -(CHy),- H 77
Ph Ph H H 94> ¢
Ph EtS Me Me 08
Ph MeO Me Me 80> d

" a) HCHO aq. (3 ml), silyl enolate (0.5 mmol), and Sc(DS)z (0.05 mmol) were combined.
b) Sc(DS); (0.2 eq.) was used. ¢) Additional silyl enolate (1.5 eq.) was charged after 4
h. d) Silyl enolate (3.0 eq.) was used.

Work-Up Procedure without Using Organic Solvents

. OH O
OSiMes Sc(DS)3 (10 mol %)
PhCHO + >

Ph H,0, 30 °C

Ph Ph

centrifugation (3500 rpm) water
.

Sc(DS),

colloidal dispersion organic phase

: distillation
feecssnsvacesnconenanncanncssoscncnssnsssrananen . P ro d u Ct



LASC-Catalyzed Mannich-TypeReactions in Water

OMe
Catalyst
1 . NH, OMe (10 mol%) @
R'CHO + /l\/nz —> NH o

OMe Hz0, 0 °C, 18-36 h
R! R? Catalyst Yield (%)
Ph H Cu(DS), 65
c-CgHy1 H Cu(DS), 86
c-CehHhs H Yb(DS)s 78
Y Cu(DS
L. H (DS), 82
Ph OPMB Cu(DS), 62
Y OPMB Cu(DS |
OBn (DS), 73
/\/\/
TBSO I oPMB Yb(DS); 91

Synthesis of Febrifugine and Isofebrifugine

OMe
NH, cat. Yb(DS)s @[NH o
TBSO/\/YU\ C[ OPMB o
H0,0°C 1peo oPMB

OMe

OBn
95%, syn/anti = 40/60

PMB = p-Methoxyphenyl

( OH
N N g
H

Febrifugine (revised form)

OBn OBn [ O_mo OH |//N'
O /lk/OPMB —_— O )l\,Br ——— N ":,X/Np
H

Isofebrifugine (revised form)

S. Kobayashi, M. Ueno, R. Suzuki, H. Ishitani, J. Org. Chem., 64, 6833 (1999).



Michael Reactions Mediated by Scandium Trls(dodecyl
sulfate) (Sc(DS)3) in Water

o o 0O o
Sc(DS)5 (cat.) 1 3
R1)H)LOR3 + P EWG > R, ><"OR
, R? 2
- “EWG
cf.) O O
0 o Yb(OTf)
3 (0.1 eq.) OEt
é/u‘orst s o >
o) H,0, 11, 3 d
o)
> 98% Yield

Keller, E.; Feringa, B. L. Tetrahedron Lett. 1996, 37, 1879.

The Profiles of the Michael Reaction of Benzyl
2-Oxocyclopentanecarboxylate with Methyl! Vinyl Ketone

0 o
O o0 Catalyst (0.1 eq) OB
(o * Y g n
o H,0, 30 °C
100 0

90

80

70 —— SC(DS)3
g 60 ==0 - Yb(DS);
2 %07 @ Sc(OTH)
il Y . c
> 40- ’

“0- —-#=- Yb(OTf),




Sc(DS);-Catalyzed Michael Reactions of p-Ketoesters

with Acceptors
Donor Acceptor Product Yield (%)
0 o0
19 OR! 1_
é/loa’ /\gf ‘ R 91 R'=8n)
. , 96 (R' = 'Bu)
. . o Oo :
w 2 oR? 92 (R? = Me)
OR* © quant (R? = )
' 0o 00
O O = Ph OEt
GG ¢ *ﬁ; 87
o) ,
2 o o] ? o
A O @i%i 68
' o]
Sc(DS);-Catalyzed Synthesis of
a-Amino Phosphonates in Water
R'\
o) JOEt Sc(DS);, (cat.) NH
+ H,N—R' + P—OEt )\ OEt
2 \ R” “pZ
R H OEt H,O0 g\OEt

Oy P
/S\

Sc(DS); = Sc ( /\/\/\/\/\/\)
O (o 3



Effect of Catalysts

Ph
catalyst
/ﬁ\ + H N—<Ph + P(OEt) fomol® Ph)\NH
2 3 T
Ph H Ph H,0 Ph )\P LOEt
30 °C, 30 min ||\0Et
(1 equiv) (1 equiv) (2.5 equiv) : lo}
- Entry Catalyst - Yield (%)
1 NaO3SOC12H25 (30 mol %) 8
2 Sc(OTf)z 6
3 DBSA 18
4 Sc(DS); 71
52 Sc(DS), 31
6° Sc(DS), trace
2 Under neat conditions (without H,0).
b HOP(OEY), (2.5 equiv) was used instead of P(OEt)5.
a-Amino Phosphonate Synthesis
Sc(DS)s RZ\NH
0 PE (10 mol %)
)]\ + H,N—R? + P\-—OEt —_— /k _OEt
R H OEt H,0, 30 °C R F~oEt
(1 equiv) (1 equiv) (4 equiv) 0
Aldehyde Amine Yield (%) Aldehyde Amine Yield (%)
NH,
PhCHO ©/ 88 PhCHO ,,h/'\NHz 782
7\
PhCHO CEOMe 86 QCHO ,,h/km.,2 78
Ph Ph
CHO
PhCHO NN ", 83 or N *Nﬂz 95
Ph
PhCHO Ph”NH, 84 /k,CHo PR 83

Ph”” “NH,




Mechanism of Sc(lll)-Catalyzed Synthesis of a-Amino Phosphonates

o , R' SC(Hl) SC("I) :,
K, own = I =
R H
OEt
PI—OEt
\
OEt

Y

R'\NH R'\N,Sc(lll)
H,0
R/kP OEt /k+ OEt
|| OEt OEt
o EtO

Scandium Tris(dodecyl sulfate) (Sc(DS)3) as a
Lewis Acid-Surfactant-Combined Catalyst (LASC)

o. ,O
N7

Sc(DS); = Sc s
(o’ ~o

)

Lewis acidic metal cation \ Anionic surfactant

Effective Lewis acid catalyst for organic reactions in water

OSiMe, Sc(DS); OH O

(10 mol %)
PhCHO  + \/‘\ > o on
Ph
H,0
n,4h

92% yield (syn/anti = 49/51)




Dodecylbenzenesulfonic Acid (DBSA) as a
Bronsted Acid-Surfactant-Combined Catalyst (BASC)

DBSA = |-lo:,s—c>—c,2w25

(soft type: mixture of isomers with a linear alkyl chain)

Effective Bronsted acid catalyst for organic reactions in water

. Ph
OSiMe. DBSA ~
i (10 mol %) NH O
+ Ph + —>
PhCHO PhNH, OMe Ph OMe
H,0
0°C,2h
91% yield

Manabe, K.; Mori, Y.; Kobayashi, S. Synlett 1999, 1401.

DBSA-Catalyzed Mannich-Type Reactions of
Aldehydes, Amines, and Ketones in Water

o R°Q

o) (u\ DBSA (cat.) NH O
+ H,N—R? + R > .
R' A H H,0 R R

R3

DBSA = H033—©—C12H25



Effect of Catalysts and Solvents

catalyst Ph
o) (10 mol %) “NH o
Ph/U\H * HaN=Ph * )Lph solvent Ph Ph
(1 equiv) (1 equiv) (1 equiv) 23°C,12h
Entry Catalyst . Solvent Yield (%)
1 TsOH H,0 0
2 NaO3;SOC5H,s H,0O 5
3 TsOH + NaO3SOC,Ho5 H,0 56
4 S¢(03S0C5Hzs)3 | H,O 54
5 DBSA H,0 69
6 DBSA MeOH 9 |
7 DBSA CH,Cl, 4

DBSA = dodecylbenzenesulfonic acid (soft type)

Mannich-Type Reactions in Water

2
0

R
0 DBSA (cat.) SNH O
—R2 + 4
)LH + HzN R (lLR R1)YU\R4

R3 H,0, 23 °C 3
(1 equiv) (1equiv) (X equiv)

R1

>
Q
o
g
Q.
(0]

Ketone (equiv) DBSA (mol %) Time (h) Yield (%)

CHO NH; o

)L,h )] 10 24 81

CHO NH;

QQQl

CHO NH, o,
©/ (5) 1 1 quant
cl
CHO NH, °
©/ ,©/ O (5) 1 12 89
MeO
S CHO NH, (o]
wr O (5) 10 24 87
NH, 0,
/k/°"° ©/ (5) 10 128 4!




Assumed Mechanism of DBSA-Catalyzed Mannich-Type Reactions in Water

S0y

Aqueous Phase ? . ©
H,0 =

LRRTTPPPe -
| Qﬁgﬁ | g~
L DY s

+ HzN_R' s
" R H A
- H -
Organic Phase
H\ﬁan'
aPon

Catalytic Enantioselective Carbon-Carbon
Bond-Forming Reactions in Aqueous Media

W Enzymes do, but limited examples
m Still very difficult in flasks

U

Challenging!!



Asymmetric Aldol Reactions Using a Chiral Catalyst

Sn(OTf), +

OSiMes (10-20 moi%) OH O

RCHO + /=( -
SEt C,HsCN, -78°C R)\ru\SEt

T. Mukaiyama, S. Kobayashi, Chem. Lett., 1990, 129; 1455.

/ N-—-B =
R 0770 H p-NOPhSO,  °H N1 Bu

[l . 1 0 o
1R wf o AL
\ O O
C(‘LOJI BX ArSO.N, O ! \ {
B
H. Yamamoto (1991) S. Masamune (1992) S. Kiyooka (1992) E. J. Corey (1992)

A0, . OO
o AR SV

o o} By Cu Bu

K. Mikami (1994)
G. E. Keck (1995) 'Bu
E. M. Carreira (1994)

D. A. Evans (1996)

Assumed Catalytic Cycle of Aldol Reactions in Organic Solvents

R'CHO

OSiMea )
‘1“/)\ T Hz0

R2
7\ )
L L MesSIO O
XM, _ SiMeg R R

achiral pathway




Assumed Catalytic Cycle of Aldol Reactions in Water

achiral pathway suppressed by water

Cu(ll)-Catalyzed C-C Bond-Forming Reactions in Aqueous Media

0O)PhCHO OSiMe; Cu(OTf), (20 mol %) OH O
(o-Me + -
ZSen H,O-EtOH-Toluene (0-MeO)-Ph Ph
| (1:7:4)
rt

95%, syn/anti = 83/17

Cu(OTf), (20 mol %) OH
p~~CHO (/ > - - /\/k/\
4 H,0-EtOH-Toluene Ph N
(1:7:4)
rt 88%

S. Kobayashi, S. Nagayama, T. Busujima, Chem. Lett. 1997, 959.



Catalytic Asymmetric Aldol Reactions in Aqueous Media

Cu(OTf), + ligand

OSiMe, (x mol%)
R'CHO + / —> 1 2
""‘*)\Rz HoO-EtOH (1/9), 20 h R /H)LR

ey R R mz el TR Ve g cot
1 Ph Et Z 1(20) -15 81 3.5/1 81
2 Ph Et b4 1(10) -10 79 3.3/1 77
3 Ph Ph b4 1(20) -10 74 3.21 67
4 Ph Ph b4 2 (20) 0 98 2.6/1 61
5 2-naphthyl ipr 2 1(20) -10 97 4.0/1 81
6 2-furyl  Et Z 1 (20) -10 86 4.01 76
7 PhCH=CH Et V4 1(20) -10 94 4.011 57
8 Ph(CHs)3 Ph b4 2 (20) 0 37 4.6/ 59

a >< b
E/Z = 2/98
Ol 13 1.R=iPr

{  2:R=CH,Ph
R

Effect of Solvents

o%@

Cu(OTf), + /Q(N N
4 OH O

OSiMe; (20 mol%)
—
PhCHO + \/K/ Solvent, -15 °C Ph

Solvent Yield (%) syn/anti ee (%, syn)
CH,Cl, 11 211 20 (2R,3R)
H>O/EtOH = 1/9 81 3.5/1 81 (25,39)

------------------------------------------------------------------------------------------------------

o0
Cu(OT), + S,N NS
'BU ”Bu
(0] OSiMe, (20 mol%) OH O
+ -
BnO\/lL H /\ s'By CH,Cly, -78 °C Bno\/k)’\ S'By

D. A. Evans et al., J. Am. Chem. Soc. 1996, 118, 5814,



Catalytic Asymmetric Aldol Reactions Using |
Lewis Acid-Surfactant-Combined Catalysts (LASCs) in Water

OSiMe;  Cu(DS), (20 mol%)
PRCHO  + I > ph Et
Et C11H23C02H (10 mol%)

H,0, 23 °C, 20 h

76% vyield

ti=2.8/1
Cu(DS), = Cu(0OS03C42H25)2 %Zé (syg)l

Metal-Chiral Crown Ether Complexes as Chirai Lewis Acids

9 oy o”"s SOie ﬂj
0]
SCLVANC SAUV NG 62 %
1 2 3
B Suitable Combination of Metals and Crown Ethers
(lonic Radii and Hole Size)

W Lewis Acidity
B Asymmetric Environment



Effect of Metal-Ligand Combinations

MXn (20 mol%)
OSiMe;  + Ligand (24 mol%) on 9

PhCHO + — - ™M\
\/kph H,O/EtOH = 1/9 Ph/H/‘LPh OQ o o

)

0°C,24h
YORYs
MXn Ligand Yield (%) syn/anti ee (%)? 1 :
- Zn(0OTH), 1 88 69/31 2 OO o/’\o_>
Cu(OT), 1 86 87/13 0 d
Sc(OTi); 2 75 52/48 1 9O
Yb(OTf)3 2 74 63/37 1 2
AgOTf 3 61 75/25 5 (\o ,\
l Pb(OT#), 3 62 90/10 55 l CO o oj
Pb(OTf), 1 78 89/11 0 @O OK/O \)0
Pb(OTH), 2 92 89/11 0 3
?Ee of syn-adduct.
Effect of Solvents?
OSiMez  + 3 (24 mol%)
PhCHO + > o™
\fkph Solvent Ph/KrlLP h g@ o] o
0°C,24h ]
0O @)
@O o
3
Solvent Yield (%) syn/anti ee (%)?
H,O/EtOH = 1/9 62 90/10 62
H,O/EtOH = 1/4.5 92 88/12 57
H,O/EtOH = 1/1 19 87/13 53
H,O/2-PrOH = 1/9 92 91/9 62
H,0/2-PrOH = 1/4.5 89 91/9 69
H,O/tert-BuOH = 1/9 76 89/11 62
H.O 4 70/30 15
H,O-SDS (35 mM) 20 89/11 56
CH,Cl, 10 80/20 -8

2Ee of syn-adduct.



Comparison of Pb(OTf),- and .Pb(OTf)2-3-Catalyzed Reactions

OSiMe;  Catalyst (20 mol%) oH
PACHO + _

0
— O
\)\ph_ H,0/2-PrOH = 1/4.5 Ph)\HLPh OO o(\ ,\o

0°C,24h ]
0] O
@O o/
' 3
Time (h) Pb(OTf), Pb(OTf),-3
_ Yield (%) syn/anti Yield (%) syn/anti ee (%)?
3 15 85/15 14 92/8 67
6 33 86/14 34 92/8 68
9 47 85/15 47 92/8 68
24 87 85/15 89 91/9 69

8Ee of syn-adduct.

Pb-Crown Ether-Catalyzed Asymmetric Aldol Reactions

L

Pb(OTH), j

TS

. OH
OSiMeg (20 mol%)
| \/\ph H,O/2-PrOH = 1/4.5 R/H)LPh
0°C,24 h
R ~ Yield (%) syn/anti ee (%)

Ph 89 91/9 69
CsHy1 82 92/8 80
CgH17 79 90/10 82

(CHg),CHCH, 99 (88) 94/6 (93/7) 87 (85)°
(CH3),CH 65 - 90110 78

210 mol%.



Pb(O Tf),-Crown Ether 3 (X-ray)






