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1. B(CeFs)s ) .
: (2—10 mol%) R R
) R'CHO, ,  QSiMes CH,Cl, R?R?
R'CHOMe)x, + R R —_— or
or R'C(OMe), R3 2.aq. HCI OMe O
RY R*
2 p3
Products (yield) R°R
OH O OH O OMe O OMe O
Ph)%OMe H)Lph %Ph MeO)W)LPh
94% 65% 72% 65%
0
Scheme 1.
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OsiMe, 1 B(CeFe)s 0-2-5mol%) gy _

NBn 2 toluene NH O
RIJ " or* R orR*
R3 2.aqg. NaHCOg4 R2R3
Products (yield)
Bn. Bn. Bn.

"“NH O "“NH © "“NH O
PhMOt-Bu Ph Ot-Bu th-Bu
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Scheme 2.
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Table 1. o
0 Lewis acid OHC
Bu - Bu@ + Bu
alkyl shift hydride shift
Lewis acid yield (%) alkyl shift:hydride shift
B(CgFs)s (1 mol%) >99 98: 2
BF4+Et,0 (200 mol%) 55 33:67

MABR (200 mol%) 73 100: 0




0D0000B(CFy), 0000000000000 00000O0O0000000a,B-00000
000000000000 000000000000000000000000000000
oooo2e
0000000000O00PiersOO01-4 molOO B(CeFs);0 10000000000000
00D00000000000000000000°%Y 0O000000000000000S®
000000000000 3MO000000000000000000000B(CgFs),000
000000000000 000000000000000000000000000000
0000000000000 00000000000000000000000000000
oooooooo®sY gooOo0000000000000000000O00O00O0O0nO
000000000000 00000000D0000D000000003 MO00000Dooo
20 mol0 O B(CeFs), 0 0000000000000 O0ON0NDON0N0N0N000000O0n
00O00o0O00O00®) Ooo00000000000000000000000000000
0000000000 B(C4Fs);0000000000000000000000000O0
000000000000 3

o} OSiPh,

B(CgFs)3 (1-4 mol%)
R *+ HSiPhy ——M8M8M R
X toluene X

reactivity: R=OEt > Me >H

B(C4Fe)s (5 mol%) B(C4Fe)s (5 mol%)
RIOR? ————= ~ RlOSiEty ———————— R
, Et,SiH Et,SiH

R=H, alkyl hexane or CH,Cl, hexane or CH,Cl,

reactivity: R1=primary alkyl > secondary alkyl > tertiary alkyl

R
— + Bu;SnH
B(CoFe)s | -
toluene (C6F5)3i3 -B(CeFs)s  BusSn
Scheme 3.
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catalyst
(R'C0),0 + R?OH
2hequiv lequiv CH3CN, 1t

RCO,R?
catalytic activity : Sc(NTf,)3 > Sc(OTf); > BuzP > DMAP/Et3N

Scheme 4.
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conditions (a)~(c)

RICO,H + RROH ————~ RCO,R?
lequiv lequiv

(a) TiCl4+2AgClO,4 (1~10 mol%), (4-CF3CgH4CO),0 (1.1 mol%),
Me3SiCl (0.5 mol%), CH,Cl,, rt

(b) Sc(OTf)3 (1 mol%), (4-NO,CgH4CO),0 (1.5 mol%), MeNO,, rt

(c) TICI(OTf)3 (0.1 mol%), (Me,SiO), (2 mol%), toluene, 50~70 °C

Scheme 5.
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catalyst (0.1 mol%
Ph/YO\/Ph lyst ( o) Ph/YOH
o

anisole, 100 °C (o]
catalyst time (h) yield (%)
HCTf3 15 >99
Sc(CTfy), 0.5 >99
Sc(NTfy)3 0.5 10
Sc(0Tf); 23 6

Other examples

,—Ph Sc(CTf3)3 (1 mol%)
anisole, 100 °C
| y OMe  HiCTh, Se(CTHy)s, |
LH?YN or Cu(CTf3)3 (5 mol%) LPT?WNHZ
(o]

anisole, 154 °C o
>99%

Scheme 6.
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1. HNT, (0.5 mol%), Et,0, 1t, 0.5 h

2. Slow addition of R'R?CO at -78 °C OH
SiMe.
e 3 R1)[2\/\
3.1 M aq. HCIsTHF R
Products (yield)
OH OH OH OH
=
Ph X O)\/\ \/\/\M O/\/
98% 92% 89% 91%
Scheme 7.
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HFCl,*(THF), (0.1~1.0 mol%)

RCO,H + RPOH RCO,R?
1 equiv 1 equiv t_oluene

azeotropic reflux (-H,0)
Products (yield)
HO[CO(CH,)100]H Ho[OC. COO(CHy)10]H
97%, M,, >39600 (n >200) \©/
HO[CO(CH,)gCO,(CHy)100]H
97%, M, >65200 (n >200) " 96%, M, >60900 (n >200)

Scheme 8.

OHf(IV)ODOOOOODOOOOOO0OO0OO0OO0O00O0O0OHf(IV)OOOO0O0O000o0o0ooooo
goooooooooooooooodari(vybooooooooooooooOoOoO 9

OEt catalyst (1 mol%) i-Bu

o8B
Y+ BnoH Yo

(0] toluene (0]
azeotropic reflux (-EtOH), 4 h

TiCly: 98% yield; HfCl,*(THF),: 0% yield

i-Bu

Scheme 9.
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Table 2.

catalyst o) o
CgHy7OH + O\ + R2CO,H o+ O\
OH toluene CgHi,0” "R? o)kR2

1.1 mmol 1.1 mmol 1.0 mmol  azeotropic reflux
(=H20)
Yield (%)
catalyst (mmol) R? time (h) (octyl ester:cyclohexyl ester)
TiCl, (0.02) Ph(CH,)s 10 >99 (66:34)
HfCl,(THF), (0.01) Ph(CH,); 55 99 (89:11)
HfCl(THF), (0.02) 1-adamantyl 11 >99 (>99:1)

O000OHfCl,+(THF),0000000000000000000000000000000
00000000000000000000000001 0 MO0000000000000
OOOHfIV)O Ti(V)O zr(IV) 00000000000 000%

OH e} HfCl(THF), (10 mol%) o
- SN
1 2 1 2
R WR MeCN or EtNO,, reflux R n R
Products (yield)
o
O/\/\/CHO O/M B NN CHO
t-Bu
99% 99% 42%
Scheme 10.
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t-Bu t-Bu, Ph/QPh Ph
O.,,-O
o)

|
t-Bu Metpy Ph

Ph
MAD ATPH

Scheme 11.
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H 1. Nu™ Nu
—c=Cc-c=0 —C=C-CH-OH
L 2.H" !
lATPH
H 1N Nubt
—C=C-C=O"ATPH ————————~ —C-C-C=0
I o H I
Example
. 1. ATPH Bu Bu
Ph/\AO - +
2. BuBal Ph)\Ao Ph/v\OH
97% 97:3
Scheme 12.

OOO0OOATPHOOOOOODOOOOOOOOOOOOODOODOODOOOOODOOOOOOOOO
000000000000 000000000000000000000000000000
000000000000 000000000000000000000000000000
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00000000000 0000013MATPHODOODOOODOOODOOODODOOODOOO
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000000000000 000000000000000000000000000000
14m%

COZH
COZH

co,M
Co,H vBuMgcl /o 2Me
T LS
-Pr i-PrMgBr
AU

OLi
A~ CO,Me
[\

t-Bu

|
:j// {kou
CO,H i-Pr oLi
OMe \%\ou Aé/ “BU CO,H
°© o

CO,H
i-Pr 2

Scheme 13.




I 9lo -

g% ATP%%OCI

ATPH

Scheme 14. Schematic Depiction of the Induced Conformational Changes of ATPH as 'Molecular
Tweezer' for Effective Inclusion of PhCOCI (The three benzene rings correspond to the darkened
phenyls.)
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1. ATPH

)\/\ . (3.3 equiv) .
o ¢ PhoHO e H_AS - ATPH * PHCHO—=ATPH

2. LDA

LiNi-Pr,
OH
/Ot)\/\
+ Ph
Ph X o S
o
99% >99:1
Scheme 15.
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1)

Zn

s
e

CHO ——————————~ o
‘ CH,Cl,, —78~0 °C OH
0
91% 90% ee
ks OO OO
e OO O
Kaufmann 1990)263) Yamamoto 1992)26"’ Shibasaki (1996)2%%)
). )
TiL, Ti=0

/ /
soxtiieer ~
Reetz (1986);2%9 Mukaiyama (1990)?%) O I

Seebach (1987);2%¢)
Nakai, Mikami (1989);2%) O
Umani-Ronchi, Tagliavini (1993);2%9

Keck (1993)2%"

o
99 99 =
Sas
/
O U g
Kobayashi (1997)%% Shibasaki (1992)?%%)

Scheme 16.
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SiArg
\
design OO

MAD —— /AIMe
OO °
SiArg

OMe

7 1. (10 mol%)
+ PhCHO ———
X 2. CF3CO,H

Ar=3,5-xylyl: 93%, 97% ee (syn), syn:anti=97:3

Me,SiO

Scheme 17.
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Sio-tolyly

Ti(Oi-Pr), azeotropic removal
of i-PrOH

\k 1. (10 mol%)
o - 1

2. CF3CO,H
CHO -2 CHO

53%, 95% ee (70% endo)

Scheme 18.

Ar
99 ® ool
BCl, Ph [ON 0)3Al
Ph o AlCI AIMe
) 9¢ |

Yamamoto (1998)2% Wulff (1993)2%) Yamamoto (1995)°  Yamamoto (1997)29"’

‘ Br
N [¢]
\T_/
I—
o\ A0
O
Bu

Yamamoto (2001)* Carreira (1994)2°9

Y.
o o LI
O\ 1’0 X
/M\
\ o 90
/TI(BF4)2 M
(o}

X: CH,, M'=Ga, M?=Li: Shibasaki (1998)?%"

X: CH,, M*=2r, M?=none: Kobayashi (1999)>%)

X: (CHp)p, M*=Ga, M?=Li: Shibasaki (1998)?%)

X: CH,OCH,, M'=Ga, M?=Li: Shibasaki (2000)>*¥

WPateeiag
COR e G

CIAl

// Pb(OTf),
o) o
Hoveyda, Schrock (1999)%% Hoveyda, Schrock (2001)%°™ Kobayashi (2000)2°"

Scheme 19.
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Oi-PrO  CO,H OIO\
BR
o /
o \
BR R” N
oi-Pro” O 025,
Yamamoto (1988)*%*9 Yamamoto (1990);*" Helmchen (1990);*

30a-c) Kiyooka (1991);%%
300) Masamune (1991);*%) Corey (1991);3%
Harada (1996)3°™

Diels-Alder reaction
Hetero Diels-Alder reaction
Mukaiyama aldol reaction®®®

Sakurai—-Hosomi allylation reaction

CF.
H 3
N— Ox-0
C}J\INB Yamamoto (1999)%°"
|
0,5 CF.
22Ar 3

OSiMe; (10 mol%) oH 0
_~_CHO + _ _ /M
Ph  EtCN,-78°C L

30f)

>99%, >99% syn, >99% ee
Scheme 20.
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_ (R)-BINAP (6 mol%), AgF (10 molog) 2
W A~_-Si(OMe);  + pPhCHO Phi SN
MeOH, —20 °C to rt

94% anti, 94% ee

0Si(OMe)3 O OH
(R)-p-Tol-BINAP+AgF (10 mol%)
+ PhCHO Ph
MeOH, =78 °C, 4 h

84% syn, 87% ee

(R)-BINAP (3 mol%), AgOTF (5 mol%)

) KF (5 mol%), 18-crown-6 (5 mol%) OH
_~_-Si(OMe); + pPhCHO -
= P X
THF, —=20°C, 4 h
96% ee
OSi(OMe)3 (R)-BINAP (3 mol%), AgOTf (5 mol%) O OH
KF (5 mol%), 18-crown-6 (5 mol%)
+ PhCHO Y Ph

THF, -20°C, 4 h
92% anti, 93% ee

Scheme 21.

000000O0O0O0O0OO0OO0OO0ODDODO0OO0O0O0OO (V) 000000000000000000
0000000000000 000000D0D000000000000000D0N0Nonooon
O(v)ODOOooooD®® 0000000000 000000000000D0000000
0 VO(0i-Pr),000000D00000DO0000DO0O0OO00ODODON0NDODOOOODO
00000000000 00000O00%®®» gooooo0oD00000Doo0onooo
000000000000000000000000000000000000000ooa
000000000000000000000000000000000000000ooa
000000000000000000000000000000000000000ooa
000000000000 000000D0D00000000000000DD0O00000Oa
000000000000 000D0000DO0O 22m32®

cat. VO(Oi-Pr)3
Ph J\/ cat. chiral hydroxamic acid Ph "

el
Ph OH ROOH, toluene Ph OH

HO Ph

I
Ph (15 molos) + VO(OI-Pr); (5 mol%):  86% ee
o + Ph;COOH
e
. I
o

O N (1.5 mol%) + VO(Oi-Pr)3 (1 mol%): 95% ee
%r‘\l + t-BUOOH
O tBu OH g

Scheme 22.
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gooooooooooooooOooooooboeobbOOOODOO7TOOOOa- ODDOO
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HO A
+
oH HO

catalyst HO.

- .
hexane, reflux O

HNTTf, (1 mol%): 90% yield, 97% purity
HNTf; (10 mol%): 95% yield, 96% purity
TfOH (10 mol%): 92% yield, 89% purity

Scheme 23.
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ngCH [ — Y
Brgnsted superacid Designer Brgnsted superacid
CF3SO,Na
10 mol% BuyNI 1. t-Buli, Et,0, -78 °C
ArCH,X ArCH,Tf ArCHTf,
EtCN, reflux 2. Tf,0, -78 °C~ 1t
3.4 MHCI
Example R F
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A\—/
F F

R F R F
RLi
F~_ ) CHTR co R—( ) CHTh
F F F F
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< OH Y OBz
i-Pr

PS-CgF4CHTf,
i-f:’r

vs. Nafion® SAC-13
3 mol%: 71% vs. 0%

Comparison of yield (%)
Meo\© Ac,0 Meo\@(

PhCHO + _~_-SiMe;

7

3 mol%: 89% vs. 2%

™~ HC(OMe);

PhA)k

MeQ OMe

Ph

under the same
o) 0.5 mol%: >99% vs. 16%

conditions
1 mol%: 54% vs. 25%

o (o]
. )ﬁ/OSiM%
OMe CO,Me

3 mol%: 77% vs. <1%
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3,4,5-CgH,B(OH), or
3,5-(CF3),CgH3B(OH), (1 mol%)
RICO,H + R?R*NH RICONRZR®
lequiv  1equiv toluene, azeotropic removal of water

Products (yield)

o 0
Q NHPh
NHBn )N P I_Pr\‘)LNHBn
Ph o OH

92% 99% 99% 96% (no epimerization)

N
"o
‘ B

o . 1)\ o F
active intermediate R \@
F

E

Scheme 27.
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3,4,5-F3C4H,B(OH),
(10 mol%)
HO,CR'CO,H + H,NR?NH, HO[OCRCONHR?NH],H

m-terphenyl-NBP=10:1
-H,0

Products

O H o}
HO[OCOC—NONH]UH HO[OCOC—NH(CHZ)QNH]UH

Kevlar®(98%, ni,n=1.19 dl/g) Nylon 9,T(M,,=230,000)

- o conditions: 200 °C (1 day),
conditions : 300 °C (2 days) 0 JC' (15 day) 300(00 (1y)day)

Scheme 28.
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CioFa1

CO,H QB(OH)z
o
CyoF21 (3 mol%)
+ NHBn
PhCH,NH, o-xylene—toluene—perfluorodecalin (1:1:1) or o-xylene

azeotropic removal of water, 12 h
>99%

recovery of catalyst: >99%

1. Organic/fluorous bilayer system (temperature-dependent catalyst miscibility)

i heat cool to rt
R*CO,H -~ - @ .
HNREZRS RICONR?R?
=1~ organic layer
=1~ fluorous layer [« flask
ArB(OH), \ 4 ) ArB(OH),
bilayer, rt homogeneous, azeotropic reflux bilayer, rt

reuse of a fluorous solution of ArB(OH),

2. Liquid/solid separation system (temperature-dependent catalyst miscibility)

heat cool tort
— | R'cOnR®R®
- organic layer
~— flask
bilayer, rt homogeneous, azeotropic reflux bilayer, rt

reuse of ArB(OH), (solid)

Scheme 29.
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Liquid/solid separation system (temperature-dependent catalyst miscibility)

Q heat cool o
%OMe
/ROH =1~ organic layer Z
in octane < flask OR in octane

bilayer, rt homogeneous, 65 °C bilayer, =30 °C

reuse of P[(CH,),(CF;);CFs]; (10 mol%, solid)

Scheme 30.
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1. (CgF5)nB(OH)3., (2 Mol%)

OSiMe; ~ CHCl, -78°C,1h OH O o
PhCHO + +
A
Ph oyt PhM Ph PhA)k Ph
(CeFs)3B: 98% 0%
(CgFs),BOH: 89% 7%
CgFsB(OH),: 0% 0%
* ] o
R% O_> _Ar
R2 OB T/ RVY R?
o o (CgFs),BOH R Ar R3
— 0,
(5-10 mol%) dehydration
RL 2
R3 THF, 1t RS ‘/OCEB/ Ar OH O
R? ‘ N - ot 2
Ar R R
R R®
= - recovery
Examples
o o o
N oA
Ph/\)k Ph Ph Ph Phw Ph
>99% >99% >99%

Scheme 31.
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(C6Fs5)nB(OH)3., (1 mol%)

:/ C t-BUCHO (6 equiv) ; C
\
OH o

toluene, 40 °C, 3 h

(CgFs)3B: 48%
(CgF5),BOH: 92%
CgF5B(OH),: 0%
Other examples (yield)

95% >99% 90%
Scheme 32.
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(R)-BLA1 - (R)-BLA 3

Diels—Alder adducts @
CHO i
A CHO \Q/ A A o
CHO \
Br CHO COzEt \
cat. 1 cat. 2 cat. 2 cat. 1 —0

>99% exo 99% ee 90% endo 95% ee \

>99% ee 95% ee (S) ML,
anti-exo-TS

Ph Ph
OTMS (R)-3
N” “Ph + S E—— HN™ “Ph
Ot-Bu CH,Cl,-toluene 2 _CO.t-B
Ph)LH 78°C pr TR

96% ee

Scheme 33.
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1. (R)-LBA 4 (8 mol%)

i-B . i-BlI
1-Bu OSiMe, 2,6-dimethylphenol (110 mol%) I-Bu
toluene, —-80 °C
OSiMe;
2. H,0

93% ee (S)

OSiMe, o)
é > \ Ph\© Ph\@
OSiR,
overlap each other OO

Q J (R)-LBAS SnCI3

>< ‘ ‘ + Me;Sicl

OSiMe,

sn.,,, OH
Cl \@/ \@/
The proposed transition state assembly

Ph SnMe, (R)-LBA4or5 H
T/v e, Ph,,w/\
toluene, -90 °C
o 89% ee (S)

o

¥

SnCl,
q’ (S}LBA
H i (1.2 equiv)
OSiMe iy
(R)LBA: 4 (R=H) * oluene,78°C o
5 (R=Me) OSiMe, ' I6)
6 (R=i-Pr)

86~87% yield
4: 9% ee; 5: 72% ee; 6 90% ee

Scheme 35.
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OSit-BuMe, (5 mol%) . ?2
R Rg - . R R
N2 R toluene, -78 °C, 1 h R2 R®
Examples
OSit-BuMe, OSit-BuMe, OSit-BuMe, OSit-BuMe,
- i-Pr N
99% isomeric purity 99% isomeric purity
OSit-BuMe, R)-LBA 5 (5 molv OSit-BuMe, OSit-BuMe,
pn R (5 mol%) WPh, Ph
toluene
—78 °C, 2 min
42%, 97% ee 53%
Scheme 36.
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sncl,

\
0.0
Br
ey '
Ph !

20 mol% o o

0 Sy |
Q(\QO CH,Cly, 78 °C msr R Br

94% yield, 95% trans, 90% ee

(-)-ambrox®, 75% ee (R=0-FBn) tetracyclic terpene
from Eocene Messel Shale,
77% ee (R=0-FBn)
Scheme 37.
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O A
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)\/\ * \SnCI
N 4
A “collidine
Ph T e
\SEM —97°C
84% ee

SEM: CH,OCH,CH,SiMe;

oo Q
SnCl,
OBz
CH,Cl, SnCly

—97°C OBz
CH,Cl,

Iigécgyene -78°C L
o ee /
cembrene
32% ee
Scheme 38.

00000000000 D00000000O000LiIst 0000000000000 0000
00D000000000000000000000000000000000%Y oooo
0000000000000 00000000000000000000000000000
0000000000000 00000000000000000000000000000
0000000000000 00000000000000000000000000000
0oDOoO0oOoDOoo 39ms®



OZN\@NOZ
SO4H
/@/(:HO o) (3 mol%)
¥ - .
O.N A chiral diamine (3 mol%)

2 (27 equiv) 23°C,10h O;N

chiral diamine: E% EN>ﬂN Q_-\N
o RO T O

Product: 61%, 83% ee 41%, 84% ee 72%, 93% ee

Scheme 39.
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