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Enantioselective Organocatalysis (lI): PTC

l. Introduction: Phase-transfer Catalysis

MOH, Q"X
R—H + R'— > R—R’
organic phase organic phase organic phase organic phase
A A
Q"X RY Q+) R'Y Q'R R'—Y R-R' Q'Y
JWW@%M \IW\B\;\I\IXQ\I\AI\I‘ [VaVaVaVa VoV VaVaVaV VoV, Vol JVVVVVVVV VNN
M* OH" M* M* X M* X
agueous or agueous or agueous or agueous or
solid phase solid phase solid phase solid phase

M. Rabinovitz et al., Angew. Chem., Int. Ed. Engl. 1986, 25, 960



Enantioselective Organocatalysis (II): PTC

l. Introduction: Phase-transfer Catalysts

Cinchona quats

X X
R! = H, cinchonidinium salts (CD) R! = H, cinchoninium salts (CN)
R! = OMe, quininium salts (QN) R! = OMe, quinidinium salts (QD)

R! =H, dihydrocinchonidinium salts (DHCD) R!=H, dihydrocinchoninium salts (DHCN)
R! = OMe, dihydroquininium salts (DHQN) R! = OMe, dihydroquinidinium salts (DHQD)

P. L. Dalko, L. Moisan, Angew. Chem. Int. Ed. 2001, 40, 3726
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l. Introduction: Phase-transfer Catalysts

Cinchona quats

CD* CN*

P. L. Dalko, L. Moisan, Angew. Chem. Int. Ed. 2001, 40, 3726



Enantioselective Organocatalysis (II): PTC

l. Introduction: Phase-transfer Catalysts



Enantioselective Organocatalysis (II): PTC

II. Electrophilic Substitution of Enolates
lla. Alkylation

lIb. Halogenation



Enantioselective Organocatalysis (II): PTC

Merck: uricosuric, (+)-indacrinone

Cl 0O
Cl
"’ph indanone derivatives

lla. Electrophilic Substitution of Enolates: Alkylation

Indanones
cl o
Cl cat. (10 mol%)
Ph + MeCl o
50% NaOH, PhMe/H,O
MeO e /M2 MeO
yield: 95%
ee: 92%
=z

Catalyst
N

U. H. Dolling et al., J. Am. Chem. Soc. 1984, 106, 446



Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

c o
cat. (10 mol%

( v Clm,CHZCH:C(CI)CHg

Z HO

MeO Ph A

P :
Nz

CF,

50% NaOH, PhMe/H,O
yield: 99%
ee: 92%

Indanones

c o
cl
pyn + CICH,CH=C(CI)CH,

MeO
U. H. Dolling et al., Angew. Chem. Int. Ed. Engl. 1986, 25, 476

Catalyst

(-)-physostigmine
z

Oxindoles
Me
CH>-CN
cat. (10 mol%) MeO W2
> o) —
N analogs
\
Me

Me
MeO
O + CICH,CN
N 50% NaOH, PhMe/H,0O
Me
yield: 83%
ee: 73%

Catalyst

T.B. K. Lee, G. S. K. Wong, J. Org. Chem. 1991, 56, 872




Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

Iminic glycinates: 15t generation
0]

cat. (10 mol%)

Ph\r/N\)J\O-t-Bu + RX

Ph

(R = Allyl, n-Bu, Bn, 4-CIBn)

0O

Ph \r/N \)J\o_t_Bu + CH,=CHCH,Br

Ph
z
Br
Catalysts N
+
N A
59% ee

M. J. O’Donnell et al., J. Org. Chem. 1991, 56, 5181

50% NaOH, CH2C|2, rt

cat. (10 mol%)

yield: 61-81%

e

e: 52-62%

M. J. O’Donnell et al., J. Am. Chem. Soc. 1989, 111, 2353

50% NaOH, CH2C|2, rt

N

X
Z

N
+

s
/,
7/,
O

Br-

59% ee

-

Catalyst




Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

Iminic glycinates: 2"d generation
T t. (10 mol%) T
cat. mol7o
F)hﬁ//[\l\)j\o-t-Bu + CHy=CHCH,Br > Ph /N\.)LO—t—Bu
50% KOH, PhMe, rt Ph :\/
88% ee

Ph

B. Lygo et al., Tetrahedron Lett. 1997, 38, 2343; 2002, 43, 8015; 2003, 44, 5629

O-t-Bu

;m-gzo

cat. (10 mol%)
> Ph\r/N

0
Ph YN\)LO-t—Bu + RX
Ph CsOH.H,0, CH,ClI, Ph
-60 or -78 °C
yield: 75-89%
ee: 94-99.5%

E. J. Corey et al., J. Am. Chem. Soc. 1997, 119, 12414

Catalyst



Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

Iminic glycinates: 3'¥ generation

50% KOH, PhMe, CHCI4
0°C, 2-12h

Catalyst
T cat. (10 mol% Q (allylo)CD? CD*(Oallyl)
ph. N A ’ ph. N
P oweu ¢ R - A, o N
Ph R |OO

Ph

yield: 80-95%
ee: 97-99%

S.-s. Jew, H.-g. Park et al., Angew. Chem. Int. Ed. 2002, 41, 3036

Catalyst

(0] (0]
cat. (10 mol%) O
Ph N Ph N
Y \)LO-'[-BU + RX > z \)]\O-t-Bu CD*(Oallyl)

- (allylO)CDY
L 50% KOH, PhMe, CHCl3 Ph R O

-20°C, 7-12 h cl cl
yield: 50-95% O

ee: 10-90%

C. Néjera et al., Tetrahedron: Asymmetry 2002, 13, 927



Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

Iminic glycinates

E. J. Corey et al., J. Am. Chem. Soc. 1997, 119, 12414



Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

Iminic glycinates Catalyst
i (1 mol%) 1 R
cat. mol*o
Ph._N Ph N
Y \)Lo-t-Bu + RX > Y ])‘\O-I-Bu OO OO
Ph 50% KOH, PhMe, 0 °C, Ar Ph R +N Br-

yield: 80-98% OO QO

ee: 99% R

R = 3,4,5'F3C6H2
K. Maruoka et al., J. Am. Chem. Soc. 1999, 121, 6519

Catalyst
o 0
cat. (10 mol%)
Ph__N Ph__N
g \)Lo-t-Bu + RX > g \‘)J\O-t-Bu
Ph 50% KOH, PhMe, CH,Cl, Ph R Me, —Ar
-70°C, Ar 0 N
yield: 79-92% t-Bu>< :\r+¥Ar 21"
ee: 80-93% Me” o "’/—+N —Ar
Me™ N—Ar

Ar = 4-MeOC6H4

M. Shibasaki et al., Tetrahedron Lett. 2002, 43, 9539



Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

Dienolates

MezN

cat. (10 mol%)

CO2-t-Bu CsOH, CH,Cl/ Et,0,

-45 or -65°C, 12-36 h
Me,N Me,N

yield: 62-83%
/BJ
L,
Catalyst + Br-
Y o O
< b

ee: 94-98%
E. J. Corey et al., J. Am. Chem. Soc. 1998, 120, 13000

Ve




Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

B-Keto Esters

@) O .

" CO,Bu
COBu cat. (1 mol%) N
+ RX > R
- CsOH.H,0, PhMe, g
-30 or -60 °C
or yield: 88-99%
ee: 85-97%

CCr Q0

Catalyst

sesme®l

R

R= 3, 5‘(CF3)ZCGH3

K. Maruoka et al., Angew. Chem. Int. Ed. 2003, 42, 3796



Enantioselective Organocatalysis (II): PTC

lla. Electrophilic Substitution of Enolates: Alkylation

Ketones
T e cat. (10 mol%) e QMe
. 0
DPMO + RBr > R
CsOH.H,0, CH,ClI,, DPMO
_ o
OMe hexane, -35 °C OMe

yield: 80-99%
ee: 80-90%

Catalyst +
T “oallyl -
N A

M. B. Andrus et al., Org. Lett. 2004, 6, 2289



Enantioselective Organocatalysis (II): PTC

lIb. Electrophilic Substitution of Enolates: Halogenation

Fluorination with Selectfluor
OSiMe3 0

/\cl BzDHQN (2 eq) Qij,f

“"E
>
N -

On Z 2BF, MeCN, -20 °C, 18 h n
yield: 95-99%

ee: 71-89%

O

/\
CO,Et \7 cl
e [N 2 BFy
yield: 89%
ee: 78%
I
N

O N

N
SCOE 5 +\F
F | N ) N "’o
° NP Ac N\, Ac
yield: 92%
ee: 80% OMe OMe
F\<CN
AN Co,Me
yield: 80-87% product substrate
ee: 76-87%

N. Shibata et al., J. Am. Chem. Soc. 2000, 122, 10728



Enantioselective Organocatalysis (II): PTC

lIb. Electrophilic Substitution of Enolates: Halogenation

Fluorination with Selectfluor

=z
i (0]
OSlMes N E
*\ NaOH h
OO - o e QO
NI/ OH THF, -40 °C
yield: 93%
ee: 61%

O 0O

R 1. NaH R
y ’IIF
2. F-CD-BF,, MeCN, -40 °C

yield: 67-79%

ee: 74-88%
O 0
©:‘§,coza d,COZEt
,,/ ’ "’|:
yield: 95% yield: 98%
ee: 36% ee: 40%

D. Cahard et al., Org. Lett. 2000, 2, 3699




Enantioselective Organocatalysis (II): PTC

lIb. Electrophilic Substitution of Enolates: Halogenation

Fluorination
(@] @)
cat. (10 mol%) F
COZR + (PhSOZ)zNF ' ",
n K,COs3, PhMe, rt . COzR

yield: 74-92%
ee: 40-69%

Catalyst

OMe

D. Y. Kim, E. J. Park, Org. Lett. 2002, 4, 545
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[ll. Nucleophilic Addition to C=0
[lla. Aldol reactions
[llb. Nitroaldol reactions
llic. Trifluoromethylation

llld. Darzens reaction



Enantioselective Organocatalysis (II): PTC

llla. Nucleophilic Addition to C=0: Aldol reactions

Silyl enol ethers

OSiMey O OH
1. cat. (10 mol%), THF z
)\ + PhCHO > )J\/\
R R Ph
2. 1M HCI
yield: 62-65%
ee: 39-62%
OSiMeg O OH

1. cat. (10 mol%), THF

+ PhCHO >
2. IM HCI

Ph

3

yield: 74%
syn/anti : 3/1
€€syn: 12%

T. Shioiri et al. , Tetrahedron Lett. 1993, 34, 1507

Catalyst




Enantioselective Organocatalysis (II): PTC

llla. Nucleophilic Addition to C=0: Aldol reactions

Silyl enol ethers

Ph
O-t-Bu OH
cat. (10 mol%) OJvPh .
R
Ph CH,ClI,, hexane, -45 or -78 °C
CO,BU! Nﬁ/Ph
» Ph
citric acid
rt, 15h
Catalyst OH OH
CO,But + A_CO,Bu!
R& obu R/Y obUu

Z NH, NH,
N O yield: 61-81%
+ HE. - syn/anti : 1/1-13/1
X O : €€gyn: 72-95%
v,
| @]
Y b

E. J. Corey et al. , Tetrahedron Lett. 1999, 40, 3843




Enantioselective Organocatalysis (II): PTC

llla. Nucleophilic Addition to C=0: Aldol reactions

. _ Catalyst
Iminic glycinates

i e yee
cat. molv% t
Ph 1% NaOH, PhMe, 0°C, 2 h NH, +N O Br
yield: 40-71% OO Q
R

syn/anti : 1/2-1/12
e€eanti- 90-96%

I||O

R= 3, 5'(CF3)2C6H3

K. Maruoka et al., Angew. Chem. Int. Ed. 2002, 41, 4542
Catalyst

Silyl enol ethers

CCr QI
O-t-B N e
-t-Bu
OH
cat. (2 mol%) 1M HCI QO
PhYN\/\OS”\Ae?, + RCHO > L. R*/COZBU’[
R

Ph KF, PhMe, THF, -78°C, 12 h H
2

Zln

3,5-(CF3),CgH3
yield: 58-77%
syn/anti : 1/3-1/11
€€,nti- 82-97% R= 3,5-(CF3),CgH3

K. Maruoka et al., Adv. Synth. Catal. 2004, 346, 1073



Enantioselective Organocatalysis (II): PTC

llla. Nucleophilic Addition to C=0: Aldol reactions

Silyl enol ethers

TMSO  OMe OH O OMe

cat. (20 mol%)

CsF, THF, -55°C, 24 h DPMO

OMe OMe

yield: 23-86%
syn/anti : 10/1-99/1
€€syn: 44-83%

Catalyst

M. B. Andrus et al., Org. Lett. 2005, 7, 3861



Enantioselective Organocatalysis (II): PTC

OH
Bn,N A _NO; —— Amprenavir (Vertex 478)
= HIV protease inhibitor
Bn
86%, dr > 17:1

lllb. Nucleophilic Addition to C=0: Nitroaldol reactions

0,
+ CH3NO, cat. (10 mol A)»
KF, THF, -10°C, 6 h

H

og)
>
o
zZ
@i
>
O

Catalyst i\ O
N “oBn O

E. J. Corey et al., Angew. Chem. Int. Ed. 1999, 38, 1931



Enantioselective Organocatalysis (II): PTC

llic. Nucleophilic Addition to C=0: Trifluoromethylation

Catalyst

O OH

cat. (10-20 mol%) HClaq ield: 87-999%
R + CF,TMS > > DvcE yield: 87-99%
z 3 ee: 15-48%

PhMe, -78 °C, 2-8 h R

K. Iseki et al., Tetrahedron. Lett. 2005, 35, 3137

O

cat. (4 mol% HClaq T™SO,, ,CF3 _
Ar)LR + CF3;TMS ( % > > Ar/’< yield: 63-99% Catalyst
CH,Cl,, -50 °C ee: 5-64%
(R =H, alkyl) =z
O OH
cat. (4 mol%) HClyq
+ CF3TMS > @ — ZYCF,
CH,Cl,, -78 °C z
MeO OCOPMP MeO OCOPMP
92% ee

S. Caron et al., Synthesis 2003, 1693



Enantioselective Organocatalysis (II): PTC

llld. Nucleophilic Addition to C=0: Darzens reaction

O
(j/ TR CI/WTOv = (T /\'O“ko/\
O

O o 3 O
O CD



Enantioselective Organocatalysis (II): PTC

llld. Nucleophilic Addition to C=0: Darzens reaction

cat. (5 mol%)
@)‘\ O)\ NaOH

OH
~__Me
Catalysts m
Me” I “Et
Me
A
o, 0
Y o cat. B (5 mol%)

J O

co

cat. A: 98% 99% ee
cat. B: 95% 99% ee

H

©/\(Me
+
Me’,}l\’O

Me

mQ

B

\\//\<K

28% yield, 23% ee

E. Colonna et al., J. Chem. Soc., Perkin Trans 1. 1978, 8

\\//

O

15% yield, 20% ee



Enantioselective Organocatalysis (II): PTC

llld. Nucleophilic Addition to C=0: Darzens reaction

cat. (10 mol%) O
R/<')LPh

o)
C|\)Lph + RCHO —
LiOH, Bu,0, 4 °C

yield: 23-83%
ee: 44-79%

Catalyst

0]
o)
Cl cat. (10 mol%) “y
+ RCHO > : R
LiOH, Bu,O, rt >
X X
yield: 65-99%

ee: 50-86%

T. Shioiri et al., Chem Commun. 1999, 49



Enantioselective Organocatalysis (II): PTC

llld. Nucleophilic Addition to C=0: Darzens reaction

O

0
cat. (10 mol%) (0)
+ RCH
CI\)LNPhZ cHo > Fe""<')J\NF>h2

LiOH, Bu,0, 4 °C

yield: 61-93%
cis/trans : 2/1-8/1
ee.js: 51-64%; eeyrans: 40-70%

Catalyst > By

T. Arai et al., Tetrahedron Lett. 2004, 45, 1845
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IV. Nucleophilic Addition to C=N
IVa. Imino esters

IVb. Nitromethane



Enantioselective Organocatalysis (II): PTC

IVa. Nucleophilic Addition to C=N: Imino esters

NHBoc
pn N N-BOC  cat. (10 mol%) CO.BU
Y otBu * 2
Ph R Cs,COg, PhF NYPh
Ph
yield: 86-99%
syn/anti ; 19/1-99/1
€€gyn: 98-82%
\ —R?
1 O EIL 2
R RY  2BFy
4
Catalysts ;O<o . + /R
R 7—N
/ \—R?2
Rl = 4-F-Cg4H,

M. Shibasaki et al., Angew. Chem. Int. Ed

R? = 4-Me-CgH,

. 2005, 44, 4564



Enantioselective Organocatalysis (Il):

IVb. Nucleophilic Addition to C=N: Nitromethane

PG PG.
“NH cat. (10 mol%) NH
)\ + CH3NO, > R/'\/NOZ
R™ "SOAr KOH, PhMe, -45 °C
yield: 53-96%
R = alkyl, aryl ee: 73-98%
PG =Boc, Chz

R. P. Herrera, L. Bernardi et al., Angew. Chem. Int. Ed. 2005, 44, 7975

NHBoc cat. (12 mol%) /I\VEB/OC
+ CHaN .~ NO
3NO3 o )
R™ "SO;Tol CsOH.H,0, PhMe, -50 °C

yield: 72-81%
(R = alkyl, aryl) ee: 83-98%

C. Palomo et al., J. Am. Chem. Soc. 2005, 127, 17622

PTC

OMe



Enantioselective Organocatalysis (II): PTC

V. Additions to alkenes
Va. Michael additions

Vb. Epoxidation reactions



Enantioselective Organocatalysis (II): PTC

Va. Additions to alkenes: Michael additions

A
Z ~CO,Me . 85% yield, 95% ee
0O
Ph _N cat. (10 mol%) A CN
f \)]\O-t—Bu < > 85% yield, 91% ee
Ph CsOH.H,0
CH,Cl,, -78 °C
e
>

88% yield, 25:1 dr, 99% ee

L,
Catalyst + Br-

E. J. Corey et al., Tetrahedron Lett. 1998, 39, 5347



Enantioselective Organocatalysis (II): PTC

Va. Additions to alkenes: Michael additions

O JL cat. (10 mol%) O Ar* 0
ArlJ\/\Ar2 T AT oTMS > 1 3
50% KOH, PhMe Ar Ar
-20°C, 4-24 h

yield: 79-94%

ee: 91-95%

Catalyst %
+

E. J. Corey et al., Org. Lett. 2001, 3, 639



Enantioselective Organocatalysis (II): PTC

Va. Additions to alkenes: Michael additions

O Ar?

T CO,Me cat. (3 mol%)
ArlJl\/\Arz + < - ArlJ\/'ﬁ/COZMe
COzMe K2C03, PhMe

CO,Me
-20°C, 24 h
yield: 99%
ee: 85-94%
Ar AT o

oN9®
Catalyst

Ar® CAr Ar

R= 3, 5'Ph2(:6H3

K. Maruoka et al., Org. Lett. 2005, 7, 3195



Enantioselective Organocatalysis (II): PTC

Va. Additions to alkenes: Michael additions

(0]

cat. (10 mol%)
N Ph + CH3NO,
CsF, PhMe
Cl -40°C, 36 h

NO,
MCPBA 1. NiCl, NaBH,

>
90% PhO 2.5M HCI, A

Cl 65%

Catalyst N

NO,

Cl

72% yield, 70% ee (95% after recryst.)

HO
NHz* CI°

(0]

Cl
(R)-baclofen. HCI Cl

E. J. Corey et al., Org. Lett. 2000, 2, 4257



Enantioselective Organocatalysis (II): PTC

Va. Additions to alkenes: Michael additions
Catalyst

. 2
CO,Pr! OzN,, R

cat. (1 mol%) _ R
Rl\)\co pri + Rz/\NOZ > 1 CO,Pr! OO OO
2 Cs,CO3, PhMe R _ SO
0°C, 1-24 h COPr 7 O 4
yield: 97-99% OO Q
R

syn/anti : 1/2-1/19
ee: 88-99% 3,5-(CF3),CeH3

R= Pr@\
K. Maruoka et al., J. Am. Chem. Soc. 2004, 126, 11790 3,5-(CF3)2Cets

O O + .
~ cat. (1 mol%)
*  R7NO, > H
C32C03, PhMe R O "
Ho AN+
\O.
0]

n -30°C, 4-80 h n
NO,

yield: 94-99%
syn/anti : 2/1-19/1

ee: 81-93% @ ﬂ

syn anti

K. Maruoka et al., Org. Lett. 2005, 7, 5143



Enantioselective Organocatalysis (II): PTC

Va. Additions to alkenes: Michael additions
0 0

COMe . co,, -20°C, 43h

%, CO,Me

COZMe
91% yield, 90% ee

60% lDMSO, H,O
Catalyst o 190°C

e

%, CO,Me

methyl dihydrojasmonate

E. J. Corey et al., Org. Lett. 2000, 2, 2959



Enantioselective Organocatalysis (II): PTC

Vb. Additions to alkenes: Epoxidation reactions
Catalyst

Enones

) 0 =z

cat. (5 mol%) o
R/\)J\Ar > R/<')J\Ar

LiOH, 30% H,0O,,
Bu,0O, 4 °C yield: 41-99%,
ee: 42-92%

T. Shioiri et al., Tetrahedron Lett. 1998, 39, 7563

O O
cat. (10 mol%) @]
R/\)J\Ar + KOCI > RA')J\Ar
PhMe, - 40°C, 12 h Catalyst
yield: 70-96%

ee: 91-98%

E.J. Corey et al., Org. Lett. 1999, 1, 1287



Enantioselective Organocatalysis (II): PTC

Vb. Additions to alkenes: Epoxidation reactions

Isoflavones: Weitz-Scheffer conditions

(@] OOH (@]
Ph cat. (5 mol%) # Ph
| + > ‘\(O
MeO 0" R KOH, PhMe, MeO @)

R
H,0,0°C, 20 h

yield: 84-99%,
ee: 40-98%

Catalyst

W. Adam et al., J. Org. Chem. 2002, 67, 259



Enantioselective Organocatalysis

Conclusions

Clean and efficient processes
High yield and enantioselectivity
Operational simplicity

Mild reaction conditions

Easy recoverability

Low cost



