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Phase-Transfer Catalyst

Definition : Phase-Transfer Catalysis

The phenomenon of rate enhancement of a reaction between chemical
species located in different phases by addition of a small quantity of an agent
that extracts one of the reactants, most commonly an anion, across

the interface into the other phase so that reaction can proceed.

ko

Substrate-X + Q* Y-

Q+ X + Product-Y Organic
Phase

Interface

Aqueous
Q" X~ + Reagent™ Y- (or Solid)
Ka Phase

By-product™ X + Q" Y-

Q" = phase-transfer catalyst




Advantages

- The reactivity of anion in the organic phase is usually enhanced due to
the greater charge separation and reduced hydration.

 The reaction conditions are compatible with many organic solvent.
- The substrate itself can be used as the organic phase.
 The biphasic nature of these processes simplifies the separation.

- The catalysts are usually inexpensive and biodegradable.

Lygo, B. et. al. Acc. Chem. Res. 2004, 37, 518.



Asymmetric Phase Transfer Catalysis

1. Epoxidation
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Asymmetric Epoxidation of e Deficient Olefin

* Electron deficient olefins suffer from low reactivity.

25 mol % cat. 1
4-phenylpyridine N-oxide R O
NaOCI

'

23 ~ 31 % yield
78/22~97 /3 er

H|||

Neciais

- Weitz-Scheffer epoxidation

0 H20,, MOH o) Alkaline H,0,

RJ\/\R, > RJ\(f}\R, Selective for electron deficient alkene

Levai, A. et. al. Tetrahedron 1998, 54, 13105.
Weitz, E. and Scheffer, A. Ber. Disch. Chem. Ges. 1921, 54, 2327.



Asymmetric Epoxidation with Chiral PTC

0
[:::rJL<4*‘Ph
0

A ph

@)
~2.8 % cat. O
' Ph
28 % aqg. NaOCl
Toluene, rt, 72 h

37/63 er

O
~1.9 % cat., NaOH d@%
Ph
30 % aq. H202
OCH;

Toluene, rt, 24 h

63/37 er

Solvent D 1/D er
PhNO, 34.8 0.03 55 :45
CH,CI, 9.1 0.11 64 : 36
PhCI 5.71 0.18 67 : 33
0-Me,CH, 2.6 0.39 69 : 31
PhMe 2.44 0.41 74 : 26
CeHs 2.28 0.44 78 :22

Wynberg, H. et. al. Tetrahedron Lett. 1976, 17, 1831.
Wynberg, H. et. al. Tetrahedron Lett. 1978, 19, 1089.
Wynberg, H. et. al. JCS. Chem. Comm. 1978, 42



Asymmetric Epoxidation — Z alkene

0O O
~1.9 % cat., NaOH R

R
> 0
30 % aq. H202

Toluene, 30 °C

O O
R yield (%) er
1° Alkyl groups 50 ~ 76 52.5/47.5 ~ 59/41
2° and 3° alkyl groups 60 ~ 100 58/42 ~ 69.5/30.5
Ph 92 72.5/28.5

Wynberg, H. et. al. J. Org. Chem. 1980, 45, 249



Asymmetric Epoxidation with Chiral PTC

0
0 10 % cat. 0

> o
R)l\/\R. 11% aq. NaOClI RJI\D\R'

Toluene, rt, 48 h

When R and R’ are aryl groups, the best results were obtained.

75 ~ 93 % yield 77 ~ 97 % yield
81/15~93/7 er 14 /86 ~5/95 er

Enantioselectivity was improved by
- protecting alcohol
- introducing large N protection group.

Lygo B. et. al. Tetrahedron Lett. 1998, 39, 1599.
Lygo B. et. al. Tetrahedron 1999, 55, 6189.



Asymmetric Epoxidation with Chiral PTC
- KOCI as oxidant

O O
~ 10 % cat. Qu,
R > > R
8 M aqg. KOCI
X Toluene, X
-40°C,12h

n-Pent, c-Hex, aryl
H, F, Br, RO

R
X
70 ~ 97 % yield

95.5/4.5 ~ 99/1 er

« Constrained enones

@) @)
88/12 er 81/19 er

Phenyl substituent and the carbonyl ¢ plane are nonplanar in TS.

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



Asymmetric Epoxidation - TS

Corey, E. J. et. al. Org. Lett. 1999, 1, 1287.
Corey, E. J. et. al. J. Am. Chem. Soc. 1997, 119, 12414.



Asymmetric Epoxidation — H,0,

O

PhJ\/\Ph

5 % cat., LiOH

0O

> O,
30 % aqg. H,0, Ph)l\i/\ph

n-BUZO, 4°C

Entry PTC X Yield (%) er
1 A1 H 72 50.5/49.5
2 A2 CF, 72 86.5/13.5
3 A3 NO, 61 86/14
4 A4 I 97 92/ 8
5 A5 Br 56 88.5/11.5
6 A6 Cl 68 82.5/17.5
7 A7 F 24 51.5/48.5
8 A8 OCH, 70 52/48
9 B 61 50/50

Arai S. et. al. Tetrahedron 2002, 58, 1623.



- E-alkenes

Asymmetric Epoxidation — H,0,

o 5 % cat., 3 eq. LiOH
> Ou,
R1JJ\/\R2 30 % aq. H,O, R1J\E/\R2
n-BUZO, 4 OC

When R' and R? are aryl groups : 88 ~ 100 % vyield, 82.5/17.5 ~ 96/4 er
When R' is phenyl and R? is alkyl : 41 ~ 82 % vyield, 71/29 ~ 76.1/21.5 er

- Z-alkenes
o) 5 % cat., 3 eq. LiOH
R >
O‘ 30 % aq. Hy0,

CHCl,, -10 °C

When R is 1° alkyl or acetylenyl : 87 ~ 99 % yield, 70/30 ~ 72/28 er
When R is 2° alkyl or Ph : 47 ~ 93 % vyield, 82/18 ~ 88/12 er

Arai S. et. al. Tetrahedron 2002, 58, 1623.



Asymmetric Epoxidation — Hydroperoxide

Q 10 % cat., KOH 0
Ph - Ph
CH50 O R Toluene CH30 O R
0°C, 20 h
Peroxide
> Ph
Entry PTC R yield (%) er

1 A H 97 99 /1

2 A Me 97 945/55

3 A Et 91 95/5

4 A I-Pr 95 76.5/23.5

5 B Et 95 70/30

OH is essencial for the high enantioselectivity.
Large R diminishes enantioselectivity.

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



Asymmetric Epoxidation — Kinetic Resolution

OOH
Ph”” “CHj

@)
10 % cat., KOH R
Ph . _Ph .
| Toluene O
CH30 (@) Et 0°C, 20 h CH30 (@) Et

OOH OH
AN
Ph)\CH3 Ph™ "CHj
66.5/33.5 32/68

The moderate kinetic resolution
- Interaction between PTC and peroxide are not strong.

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



Asymmetric Epoxidation — TS

_Phg
RS 20
/
0 MeQ
= B
MeO

Aggregate A accounts best the observed enantioselectivity.

()

CH3 CHs

10 % cat., KOH Q
> "
1.5 eq. Peroxide o)
Toluene
0°C, 20 h CH3 CH3
59/ 41

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



Asymmetric Alkylation — Amino Acid Synthesis

Ph N
Y \)LOt-Bu
Ph
" Cl |
10 mol % ¢ RX ¢ 10 mol %
O CH2C|2 0]
Ph N 50 % aqg. NaOH Ph N
hd \HLOt-Bu 20°C, 12 h \E)LOt-Bu
Ph R Ph R
' '
O

R = allyl, benzyl, 1° alkyl
60 ~ 85 % yield
71/29 ~83/17

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



Asymmetric Alkylation — Racemization Study

0O
(BnBr, cat.)
Ph N
Y \_)LOt-Bu
Ph Bn Ch,Cl
50 % ag. NaOH
20°C, 10 h

A B C
Entry Cat. BnBr Product (%S)
1 None No 100
2 n-Bu,NBr No 100
3 A No 64
4 B No 65
5 B Yes 100
6 C No 100

O’Donnell, M. J. et. al. Tetrahedron 1994, 50, 4507.



Asymmetric Alkylation — Active Catalyst

Q 0
BnBr, cat.
Ph N ’
\f B » Ph N
o Ot-Bu CH2C|2 f \)LOt-Bu 80/20er

50 % aqg. NaOH Ph Bn

20°C, 10 h
N™ N S N N S N
TN TSN
= H H = H
OH OBn KO
"Br
A B C

O’Donnell, M. J. et. al. Tetrahedron 1994, 50, 4507.



Asymmetric Alkylation — Second Alkylation

Cl o
RX, cat.
Ot-Bu >

CH,Cl, Of'BU
K,CO3/NaOH CHs R
t, 15 h

R Yield (%) er
Benzylic 80 ~ 87 71/29~75/25
Allyl 78 68 /32

O’Donnell, M. J. et. al. Tetrahedron: Asymmetry 1992, 3, 591.



Asymmetric Alkylation — Variation of PTC

0,
RX ¢ 10 mol %
Toluene o)
50 % aq. KOH Ph N
20 °C, 18 h ¥ Y TotBu
Ph R

RX : benzyl bromide, allyl bromide, 1° alkyl iodide
40 ~ 86 % yield
83.5/16.5~955/4.5er

N-anthracenylmethyl derivatives give higher enantioselectivity.

Lygo B. et. al. Tetrahedron Lett. 1997, 38, 8595.



Asymmetric Alkylation — Variation of PTC

.fé 4@
Ph-C=N CO t-Bu
H N+ _Rx _ PheC=N._CO;

R
(S)-isomer

ion-pair A

N-anthracenylmethyl derivatives give higher enantioselectivity.

Lygo B. et. al. Acc. Chem. Res. 2004, 37, 518.



Asymmetric Alkylation — Second Alkylation

CI\©\é o 10 mol % cat., RX C'\@\é o)
>
N
\)LOt-Bu toluene N))LOt-Bu

(=3H3 K,CO3/KOH CH; R
rt. 30 min

R Yield (%) er
Benzylic 72 ~95 88.5/11.5~93.5/6.5

Lygo B. et. al. Tetrahedron Lett. 1999, 40, 8671.



Asymmetric Alkylation — Mildness

@)
BocHN\)L
N
Ph \)Lo £BU = OftBu

Ph 10 mol % cat., RX 15 % aq. citric acid Boc,O, Et3N OAC
+ = = O
I toluene THF CH,Cl, w

9 M aqg. KOH
OAc AcO Z
77 % yield
>95/5dr

Lygo B. et. al. Tetrahedron Lett. 2003, 44, 9039.



Asymmetric Alkylation — Improved system

0 10 % cat., CsOH -H,0 0
Pho__N + > Ph. N
\f \)LOt-Bu RX CH,Cl, \)LOt-Bu

Ph -78°C, 20~ 36 h Ph R

RX : benzyl bromide, allyl bromide, 1° alkyl iodide
68 ~ 91 % yield
96/4~99.75/0.25 er

The reaction can be carried out at low temp. by using CsOH.

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



Asymmetric Alkylation — New Catalyst

R —
: . =00
Pho__N + BnB > . PheN
\f \)LOt-Bu ner Solvent, 50 % agq. MOH \( \l)LOt-Bu N+
i e O U
R

Entry R Solvent base Yield (%) er
1 H benzene NaOH 76 86.5/13.5
2 Ph benzene NaOH 43 90.5/9.5
3 Ph toluene NaOH 62 94 /6
4 Ph toluene KOH 82 945/5.5
5 B-Np toluene KOH 95 98 /2
6 3,5-Ph,-Ph toluene KOH 91 99 /1
7 3,4,5-F;-Ph toluene KOH 90 99.5/0.5

C, symmetric chiral PTC allows fine tuning.

Maruoka K. et. al. J. Am. Chem. Soc. 1999, 121, 6519.
Maruoka K. et. al. J. Am. Chem. Soc. 2003, 125, 5139.



Asymmetric Alkylation — New Catalyst

@) 1 % cat. @)

Pho__N + >
\f \)LOt-Bu RX Toluene, 50 % aq. KOH PhYNﬁ)LOt-Bu
Ph 0°C,05~10h Ph R
R' —
s F
N+ R = —EQF
L, T :
Rl
R Yield (%) er
Benzylic 81 ~98 98/2~99.5/0.5
Allylic 80 ~ 89 99.5/0.5
Propagyl 80 99.5/0.5
1° Alkyl 89 ~ 92 98/2~99/1

C, symmetric chiral PTC was successfully applied.

Maruoka K. et. al. J. Am. Chem. Soc. 1999, 121, 6519.



Asymmetric Alkylation — Catalyst Modification

\)O]\ 1 % cat. 0O
PhaN +  BnBr > ph N\)L 85 % yield
Ot-B 0 3
h g u Toluene, 50 % aq. KOH P OLBU 9o £ /6.5 or
Ph 18 h, 0 °C Ph Bn
B-Np B-Np
0 Br OO atropinversion O Br CO
N+ = = N+
0 CC "
Homochiral Heterochiral
High activity Low activity
B-Np
(e (I
N+
0. CC

. J \ J
A 4 h 4

Easily modifiable achiral subunit Simple chiral source

Maruoka K. et. al. Angew. Chem. Int. Ed. 2002, 41, 1551.



Asymmetric Alkylation — Sequencial Alkylation

Cl o R'Br,1%cat.  R2Br H' 0
- i
N\)LOt_Bu Toluene, CSOH H,0 ? Ot-Bu

0°C R? R’
R' —
e L F
N+ R = —QQF
LK, CC :
Rl
Entry R time (h) R?2 time (h)  Yield (%) er
1 Allyl 3.5 Bn 0.5 80 99 /1
2 Allyl 3.5 CH=C(CH,)CH, 0.7 60 98.5/1.5
3 Allyl 3.5 Propargy!l 0.5 58 98/2
4 Bn 2 Allyl 0.3 74 96/4

Maruoka K. et. al. J. Am. Chem. Soc. 2000, 122, 5228.



Summary

* Phase transfer catalysis is highly selective and mild.

- Chiral phase transfer catalyst allows the asymmetric epoxidation of enones.
- X-ray structure of catalyst gives insight for the enantioselectivity.

- Asymmetric alkylation of glycines imines with chiral phase transfer catalyst
affords amino acids with high enantioselectivity.

- Maruoka’s catalyst allows fine tuning of the structure.

= & sshve



Asymmetric Alkylation — Other Electrophiles

@) X 10 % cat., CsOH-H,0O
N + 7
\)LOt-Bu /\[r

Ph__N
hd 5 CH,Cl, > |
Ph

0O
N
-78 °C eh j\
@)

X =0CH, : 85 % vyield, 97.5/2.5 er
X = Et : 85 % vyield, 95.5/4.5 er

0 0 2 % cat. HC OH O
Ph\|¢N\)L0t-8u * Ph/\)L . -

.~ E
H Toluene, 50 % aq. KOH Ph/\/\HLOt-Bu

0°C,2h

O O

71 %

anti/ syn=12/1
O O CF, 98 /2 er for anti

Corey, E. J. et. al. Org. Lett. 2001, 3, 639.
Maruoka, K. et. al. Angew. Chem. Int. Ed. 2002, 41, 4542.




Asymmetric Epoxidation — Synthetic Applicatio

CH3O OCHj3 o H CH3O OCHj3
NHBoc 100 % cat., NaO> NHBoc
1.5 eq. t-BuOOH @)
rt, 7 days
O O

32 % yield
945/55er

(-)-alismycin

Taylor, J. K. et. al. Tetrahedron Lett. 1998, 39, 5433.



Asymmetric Alkylation — Synthetic Application

Br cat. o
PhYN\)LOt_BU - \/@’ TR PhYN\g)LOt_BU

50 % aq. NaOH Ph \©\
Br

Quant.

76 /24 er

After recrystallization
90/10er

H2NO

Theonellamide F

Shioiri, T. et. al. Synlett 1994, 247.



Asymmetric Alkylation — Synthetic Application

O
Ph 20 mol % cat.
Ph toluene / CH2C|2 I Ot-Bu

CsOH-H,0 Ph NBoc,
-40°C,40h
N™ S X
| 1”3
2N ‘ 66 % yield
O 97 /3 dr

O CO,H 0

belactosin A

Armstrong, A. et. al. Org. Lett. 2003, 5, 2331.



Asymmetric Epoxidation — Post Transformation

H, OH 0 0 /@ H OH O
R o 0
H OH l

Sml,
Zn,NH,Cl \ r,15h H/Pd—C \ r,1h THF, -78°
EtOH, H,0 1\ {68%) THF (95%) 10 min
(64%)
0 o

m-CPBA

cuzm,.

40°,16 h

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



Asymmetric Epoxidation — Kinetics

- Reaction rate
- First order of hypochlorite concentration
- For [cat.] > 0.008 M, Ot order of catalyst concentration

: Solubility effect

(@) [chalcone]yrg = 0.09 M (b) [chalcone]yg =0.17 M
100 100 7
Product Product
(%) (%)
50 50 -
0 T T | L] 1 0 ) T T L] 1
0 6 12 18 24 0 6 12 18 24
Time (h) Time (h)

(¢) [chalcone]yg = 0.34 M

100
catalyst loading

Product
(%) ¢ 10.0 mol%
50 A 5.0mol%
B 25mol%
e 1.0mol%

0 6 12 18 24
Time (h)

Rate limiting step : ion exchange between catalyst and NaOCiI

Lygo B. et. al. Tetrahedron Lett. 2001, 42, 1343.



Asymmetric Epoxidation — Medium effect

1 ~ 10 mol % cat., 0.09 ~ 0.34 M substrate : 93/7 er
* 0.1 mol % cat., 3.4 M substrate : 80/20 er

100 A
e.e.
——
(%) -
____________________ |
50 +
O 1 § | L J |}
0 25 50 75 100

% Ethyl acetate in toluene

Enantioselectivity is linearly dependent on the concentration of EtOAC.
Polarity of organic phase significantly influences enantioselecitvity.

Lygo B. et. al. Tetrahedron Lett. 2001, 42, 1343.



Asymmetric Alkylation — Miscellaneous

cat. @)
BnB > Ph N
ner Conditions \f \l)LOt-Bu
Ph Bn
CH:} .p-CH3OPh
CH3><O:(:N\p'CH3OPh - Qj‘ 2Br ’/\Q
+ +
CHg p-CH30Ph
30 mol % 10 mol % 20 mol %
CH,Cl, Toluene/CH,Cl, CH,Cl,
aq. KOH CsOH-H,O aq. KOH

55 % yield, 95 /5 er

87 % yield, 97.5/3.5 er

95 % yield, 97.5/2.5 er

Nagasawa, T. et. al. Angew. Chem. Int. Ed. 2002, 41, 2832.
Shibasaki, M. et. al. Tetrahedron Lett. 2002, 43, 9539.

Sasai, H. et. al. unpublished result



Asymmetric Alkylation — Miscellaneous

6a Ri=Me, Ry =H, 48% 7aRy=Me, Ry =H, R3=H,R;=Me 41%
o . 7b Ry=H, Ro =Me, Rs=Me, Rs=H 57%
6b Ry=H, Rz =Me, 71% 7c Ry=H, Ry =Me, Ra=H, Ry =Me 51%

R d
TBS “"OH HO' OTBS
TBSO BoeN” “NHBoc oTBS
8a Ri=Me, Rp =H, Rg=H, Rs =Me 58% 9a Ry=Me, Ry =H, Rs=H, Rs =Me
8b R1=H, Hg =Me, R3=Me, R4 =H 51% 9b Rq=H, R2 =Me, R3=Me, R4 =H
8c R1=H, R2 =Me, R3=H, R4 =Me 67% 9c R1=H, Rg =Me, R3=H, R4 =Me
—_— /\/\51<R2
H.C” OTBS
e

4a Ry=Me, R, =H
4b R1=H, Hg =Me

1d 30% °
HoC” OoTBS
1a R1:Me, Rz =H, Fﬁ=H, H4 =Me 53%

Ph
1b R1=H, Rg =Me, R3=Me, R4 =H 34% 5
ic R1=H, R2 =Me. R3=H, R4 =Me 50%
ie R1=H, R2=H, R3 = H, R4 =H

Scheme 1. (a) 4, Toluene, reflux, 24 h; (b) mCPBA, 0°C, CH,Cl,, 10 min; (c) Pd/C, H,, EtOH, rt, 24 h; (d) (i) bis-N-Boc thiourea, HgCl,, DMF, rt, | h,
(ii) TPAP, NMO, rt, 1 h, (e) HCI/MeOH, rt, 24 h.

Nagasawa, T. et. al. Tetrahedron 2001, 57, 8959.



Asymmetric Alkylation — Miscellaneous

Ar
4 CONH, o N/_
Diethyl @b R ]/ cd_R! N Ar
L-Tartrate — R2 ., Ar
‘CONH, o N
4 N—Ar
50to 77% (two steps) 56 to 70% (two steps)
Me —Ar
L o N
e T Ar
R*" Yo /—Ar
5 N—Ar
Yield of 1 Yield of 5
1aa (R'=R2=Me, Ar=Ph)  54% 44%
Others 57 to 89% trace

Scheme 1. Reagents and conditions: (a) ketone (1.2 equiv.).
HC(OMe); (1.5 equiv.), cat. TsOH-H,O. MeOH. 70°C, then
diethyl L-tartrate, toluene, 110°C: (b) NH; gas, MeOH, 4°C:;
(¢) LAH (3.5 mol equiv.), THF, rt to leﬂux. (d) ArCH,CI (7.0
mol equiv.), i-Pr,NEt (7.2 mol equiv.), MeCN, rt; (¢) Mel (40
mol equiv.), rt.

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



Asymmetric Alkylation — Catalyst Modification
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Maruoka K. et. al. Angew. Chem. Int. Ed. 2002, 41, 1551.



Asymmetric Alkylation — Preparation of PTC

MeMgl OO NBS
Ti,0, EtgN GO O NiClo(dppp) Me  at AIBN

B

CH.Cl, ether, r.t. benzene
00 ¢S vl
12 13

96% (2 step)

NDMBA
Br allylamine A Pd(OAc),, PPhj
Br MeCN CHJCl,, 35 °C
50 °C

(S)-1,1"-bi-2-naphthol

62% 96%
©
KgCOs Br
ArCH,Br or 14 / Ar @
NH N
SO 9¢
" 96
92% -
(S)-10a (Ar = Ph), b (Ar = a-Np) (S,9)-11a

Maruoka K. et. al. J. Am. Chem. Soc. 2003,

125, 5139.



Asymmetric Alkylation — Preparation of PTC

Maruoka K. et. al. J. Am. Chem. Soc. 2003, 125, 5139.



Asymmetric AIkyIation — Preparation of PTC

Br
NaH OMOM BuLi/THF OO
_ MOMCI -78~0 °C OMOM conc. HCI
(S)-1,1'-bi-2-naphthol :
OMOM Bro/pentane OMOM dioxane
78°Cert. OO 50 °C

Br 18
90% (2 step)

Br Br Ar
OO OH OO ot _ ArB(OH) OO ott MeMg

Tf,0, EtzN Pd(OAc),, PPhs NiClx(PPh3)»

OH CHQCIQ OTf K3PO4'nH20, THF OTf ether
-78 °C~r.t. 65 °C f
Br

Br 20 Ar 21
19 95% (2 step) 80% (Ar = Ph, -Np)

Ar Ar Ar
o soise
Me cat. AIBN cho3
benzene MeCN
e 99 O
Ar 22 Ar 23 Ar

94% (Ar = Ph) q“a”t (S,S)-11b (Ar = Ph), ¢ (Ar = 5-Np)
76% (Ar = B-Np)

Maruoka K. et. al. J. Am. Chem. Soc. 2003

, 125, 5139.



Asymmetric Alky

B B(OMe), |
sname [T o
-78~0 °C
2) B(OMe), OMOMN
-78 °C~r.t.
B(OMe)2

conc. HCI

dioxane
50 °C

OMe
OMe

:OMe
OMe 26

87% (2 step)

ation — Preparation of PTC

.
benzene O !

0°Cto |
88%

OH

OMOM  \el, K,CO5

acetone

OH 24

Tf,0, EtsN

CHxCl»
-78 °C~r.t.

OMe
Tf
Tf

: : ;'OMe 27

(0)
(@)
97%

OMe OTf
MeMgl
NiClx(dppp) ngO, EtsN
ether, r.t. CHZCI2 CHJ.Cl,
-78 °C~r.t.
OMe 28 OTf 30
88% 95% (2 step)
Ar Ar
ArB(OH), NBS
Pd(OAc),, PPhg cat AIBN Ko CO
K3PO4+nHL0, THF benzene MeCN
65 °C
Ar 22 Ar 23 Ar

91% (Ar =35- Phg-Ph
95% (Ar = 4-F-Ph)
94% (Ar = 3,4,5-F5-Ph)

97% (Ar = 3,5-Phy-Ph)
98% (Ar = 4-F-Ph)
quant. (Ar = 3,4,5-F5-Ph)

(S,5)-11d (Ar = 3,5-Phy-Ph), e (Ar = 4-F-Ph)
f (Ar = 3,4,5-F5-Ph)

Maruoka K. et. al. J. Am. Chem. Soc. 2003,

125, 5139.



