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H Introduction



=" Helical Chiral Polymers
for Asymmetric Synthesis

Advantage of helical polymer-based chiral ligands
-ease in recovery and reusability
-large chiral environment
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(B} miliator control 00
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*R = chiral group ‘ I l ; I

TrMA

TrMA = triphenylmethyl methacrylate

3
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=" Ex. Poly(triphenylmethyl methacrylate)

60000

40000 J‘/f\ «———  Pd-{+}-poly-1
] {+)-poly-1

200004

Pd-{rac)-poly-1
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Poly(triphenylmethyl methacrylate ]
i BUOOO- I I I I I I ]
(l | g an d) 230 240 250 260 270 280 290 300
Al om ——=
OCOCH5 CH,(CO,CH3); CH(CO,CHa), L )
> AL
Ph™ " ph [{Pd(1*-C4Hs)Cl)] / ligand Ph " ph "~ Yo
{"H-if: “
Ligand®  [Pd] Solvent T ¢  Yield| ee Config.l¢) I"F.’HH . ]
[mol %! [°C] [b] [%]9] [%]9 a4\ 4
(+)-poly-1 10 CH,Cl, 25 72 12 |29 |R
(+)-poly-1 25 CH,Cl, 25 72 66 |33 | R
(+)-poly-1 10 CH,Cl, 40 48 74 |27 |R . . .
(+)-poly-1 25 CH,Cl, 40 14 7909 |32 | R Insufficient enantioselectivity
(=)-poly-1 10 CH,Cl, 40 70 889 | 28 S - .
(=)-poly-1 25 CH.CL 40 40 819 | 33 < lack of rigidity, homogeneity, etc.
rac-poly-1 10 CH,Cl, 40 70 9200 | 0 -
rac-poly-1 25 CH,Cl, 40 40 780 0 - 4
Angew. Chem. Int. Ed. 2002, 417, 1641-1647




H Poly(quinoxaline-2, 3-diyl)s



¥ Today's Main Topic : Poly(quinoxaline-2, 3-diyl)s
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What is PQX? (j;ﬁ:a

Poly{gulmaxalig-2, 3-diyl)

ff & Features
o~ mﬁ%ﬁ* I!;C -Single-handed helical polymer

~on Jr i - Chirality-switchability
- OR a—— my:@,‘ f"h




The Chain-End Control Mechanism of
the Screw-Sense Selective Polymerization

p-Tol
(PhMegP),IPd N\
I ~
N
N pTol Pd -
i chiral H’N"‘J*Ph —
2 - L |
R NC |initiators Ph
R? NC living polymerization =%
1 :
R P-helical polymer Ph

P = right hended helix, M = left handed helix

equilibrium only for the
short oligomers

A (disfavored) B (favored)

7
Org. Lett., 2002, 4, 351-354



" The Chain-End Control Mechanism of

the Screw-Sense Selective Polymerization

]

(P)-(terquinoxalinyl)Pd(Il)
i ﬁ) e.g. 172
i PdXL; =

| P-Mequilibrium

(5)-4d

(M)-(tergquinoxalinyl)Pd(11) (M)-poly(quinoxaline)s
J. Am. Chem. Soc. 1998, 120, 11880-11893



=" Solvent-Dependent Switch of

Helical Main-Chain Chirality

1) o-ToINiCI(PMe;)

2
\/L PMes, THF, rt, 3 h \/L
o NC 2) o-TolMgBr o
» o-Tol—
0
Y NC :

(R)-monomer

1,1, 2-TCE = 1, 1, 2-trichloroethan

15 —1, 1 2 TCE 1,1,2-TCE/CHCl

£ 0/100

e — 20/80

o 30/70

g 40/60

& 50/50

"9 .....

> 70/3C

‘C 80/20

B - j 90/10

= N = 100/0 .
0') —

£ .45 cHCl S Perfect P-Helix
° 300 350 400

= Wavelength (nm) ln CHC|3

Solvent-dependent
Hellx Inversion

Perfect M-Helix
In 1, 1, 2-TCE

Chem. Commun., 2010, 46, 4914-4916



H Helix-inversion Mechanism



=" Screening of Chiral Side Chains

EIF'r
{]Pr |
/40 x,-"

[ |
M R*/
‘x

3a®{x=2 4,8 12, 20 28, and 40)

TL” H‘M'al
e

ib* ar e (=40, 100, and 200)
3d™ {x = 40), or 3FY {x = 40)

3" (x=2,4,8 12,16, and 40)

Rt = { Ll it Erl s i

a: (A-Z2-bulcsymettnd ol (R-(pentan-2-ylody imedyl

‘?;.-/'\J\/ r"i-.h.-"::'\.-ﬂj\\/

L
b {SZF-meathyipentyd o (S)-(2-methyibutoxyimethyl

1{0\/]\/ .ﬂLDJ\/

L& [ 5)-2-methylbutoxy f: {S)-2-butowy

R= <

polymer in CHCl; in1,1,2-TCE
a*l  Re= 37{\0/:\/ P M
b4  Res 3?{\)\/ M p| ®No correl'ation .betwee'n heIich direction
- and configuration of side chains
¢ ReE AN P M | & Oxygen atom were not essential.
d¥  Re= \j\/o\/'\/ M M Switchable polymer commonly have
the chiral center at third position.
e Re= 3720\/&/ M P
- 11
f49 Res ;"o/k/ P P J. Am. Chem. Soc, 2013, 135, 10104-10133



¥ Gained Energy Difference Between P and M helix

H: i :H"
e
I oo,
oF H* .
GPF 3% or 3% (x = 40, 100, and 200)
r 3d% {x = 40}, or 39 {x = 40)
dl:I J!

3a* (x =2, 4, 8 12, 20, 28, and 40} 1/-\J\/ ;‘Jwﬂ\’,J\/

_ L
3;1": -[!l; - 2’. d-, 5. 13, '15. and 4':':| b {ﬂ}meth'ﬂﬂl?ﬂtﬁd d- [5]-{2-me’rhylbutu}:'f]meth'.'l

- : R*= <
R*= { ‘I{hgw Etﬂ[}% ‘IE-*[}\_/I\/ r‘?r“ﬂJ\/

a: (R-Z-butoeymettnd &0 (R)-(pentan-2-yloxy imetiyl L& [ 5)-2-methylbutoxy i {S)-2-bautoxy

Calculated E, and g,,,, Values
CHCI, 1,12-TCE
polymer | Ey (k] mol™)|  gma /107 | By () mol™ )| gua /1077

3a —059 P +2.37 032 M —287

3c —070 p +2.23 —046 M ~2.81

3b —0.05 M +1.26 ~* ~* I 3

3e —0.10 M +2.40 - e S _AG = BN

“Collected data were not sufhcient for the nonlinear least-squares Perfect P-helix Perfect M-helix

fitting.
The large E;, value played a central role
in the highly efficient control of the screw sense.

cf. other helical polymers : E, = 0.005-0.06 kJ mol" 12
Angew. Chem. Int. Ed. 2015, 54, 9333-9337 J. Am. Chem. Soc, 2013, 135, 10104-10133

g = dissymmetry factor (Ag/g)



B Relationships Between Number of Chiral Units and se

_ N o ¥ N ae
@NI?:“QM / H“ﬁjf]

3a®{x=2 4,8 12,20 28, and 40}

SCrew-sense excess se ()

100

100

3c* (x=2 4,8 12,18, and 40)

a: (R)-2-butoxymethyl

Etﬂm,%
G (H-pentan-2-yloxy Jmetingd

ﬁfnﬁj#

I i

N H*)
X

3b* or 3% (x = 40, 100, and 200)
3d™ {x = 40), or 3P {x = 40)

f V'\J\/ fwﬂvJ\/

L
d- [S)-{2-methylbutoxyimethyl

b: {5)-2-methylpenty
F?LQJ\/

‘IE-*[}\_/I\/
. {S)-2-butoxy

L B [5)-2-methylbutoxy

R =<

in CHCs

T -
P
=]
= 2 =
b Lol od
| 1
| |
- Folmer 3a n CHC
- Pokimer 3¢ in CHCl:
o Takrmer 36 N CHE N
—&— Polymer 3d in CHCL
—+— Paolymer 3ain 1,1,2-TCE
5\*_5 +— Polymer 3¢ in 1,1,2-TCE
F

in1.1,2-TCE

MNumber of chiral units in a polymer chain N

Polymer 3a and 3c
Helix induction was achieved very efficiency.

Polymer 3b and 3d
Many chiral units are required to
maintain a single-handed helical main chain.

Xse = gabs/gmax

3b : low solubility

3d : no inversion 13
J. Am. Chem. Soc, 2013, 735, 10104-10133



=" Helix induction by various solvents

: improve :
N o N N Vg
X o » X o
N N
Y\ Y\/\/\
40 40

CHCl, 1,1, 2-TCE CHCy 1,1,2-TCE
Ey (k) mol™)  Gmax /107y (k) moI!)  Grmax /107 Ey (k) mol™) - Gma /107 (kI MOIT) Gy /107

3340  -0.59 +2.37 032 -287 3h%0 -1.01 +2.29 -0.70  -2.79

?) (M) (P) (M)
2
1.5
1
0.5
0
-0.5
A
45d”
-2
25

Dissymmetry factor g (1 07, Acie at 366 nmj

e J o
J. Am. Chem. Soc, 2013, 735, 10104-10133



®" Helix induction by Alkane solvents

(@)

P-Helix
100

50

Screw-sense excess (%)
=

50
100
P-Helix M-Helix
100 p—— r -
5 t yc:.ﬂm: ane ——y
- A . CeHx«
@ S0 e o CiHe | T
% Y A ® (CsHx
O olh [ & CoHx i
@ e |sooctane B CioHx
E v - 4 CisHx
i 50
O
@ *. 1" 7 n-Octane
100 I N W T " [_|
M-Helix 1.0 1.5 2.0 2.5 3.0

Molecular aspect ratio (L/D)

Linear alkanes (larger molecular aspect ratio)
induced M-helical structure.

Branched or cyclic alkanes
(smaller molecular aspect ratio)
induced P-helical structure.

X Molecular aspect ratio =
L (major axis)/D (minor axis)

15
J. Am. Chem. Soc, 2014, 136, 15901-15904



Conformation A is favored
in CHCI,?

A (P-heli) : B (P-helix)
Savorable in CHCI; unfavorable

Conformation D is favored

in1,1, 2-TCE?
C (M-helix I D (M-heli)
unfavorable Javorable in 1,1,2-TCE
Chiral side chains except for those on the central quinoxaline ring i

are omitted for darity. Chem. Commun., 2010, 46, 4914-4916



HPQX-based Chiral Ligand



PQXphos Liganc

© a catalytically
active site
in* a chiral initiator
or catalyst
achiral
> A
n* Y
O~ - asymmetric
asymmetric catalysis
monomers | polymerization -
el Sy enantioBenriched
environment pdeUCt

helical polymer catalyst
(single-handed)

P-helix Phelix

Axial chirality induced by P-helix 18
Angew. Chem. 2009, 121, 547-550



PX)Phg

M=
\:l NE NE: EEarPdiL
0 (L= Phepy Y EAHe AN
e NC NC then HSiCls. P{OEL),
aF Me &0 °C, 26 h, 60%
: M=

chiral spacer monomer phaspharus
LA Fonarmar
A(X=0)
4 (X m3)
R 005 ml%[PACIACH), R T

i g |
)y x . A 02 mol%{FyJ_ P“D"'I"‘D*} = R
| + HSICly |
o U OC o

—

High reactivity and enantioselectivity

1} 10 equiv (F)-1
0.5 equiv PMe.Ph
THF, rt, 4.5 h
)1 equiv 3, i, 12 h
10 equiv (H-1, i, 11 h

(5 8- (R-P10%1-10%)

Catalytic Asymmetric Hydrosilylation of Styrene

P-helical sense (right-handed)
entry ligand R R’ % yield® % ee®
1 (5,.5)-(R)-P(10%-1-10%) H H o1 96 (5)
2 (5.5)-(R)-P(10%-1-10%) 2-Me H 04 95 (5)
3 (5,5)-(R)-P(10%-1-10%) 3-Me H 03 91 (5)
4 (5.5)-(R)-P(10%-1-10%) 4-Me H 96 95 (5)
5 (5,5)-(R)-P(10%-1-10%) 4-MeO H 96 91 (5)
6 (5.5)-(R)-P(10%-1-10%) 4-1-Bu H 92 34 (5)
7 (5,5)-(R)-P(10%-1-10%) 4-F H 04 92 (5)
8 (5.5)-(R)-P(10%-1-10%) H Me 03 96 (5)

“ A styrene derivative (1.0 mmol) and trichlorosilane (2.0 mmol)
were stirred at 0 °C in the presence of [PACl(mr-allyl)], (0.50 gmol) with
P). “Isolated yield (bulb-to-bulb
distillation). © Determined by chiral HPLC after conversion to the
corresponding o-phenylethyl alcohol by H,O/KHCO./KF oxidation.

a polymer ligand (2.0 gmol

J. Am. Chem. Soc. 2010, 732, 7899-7901




®" Catalytic Asymmetric Hydrosilylation of Styrene

Random copolymer (P)-co-P(950/0/50) M e haP
. ] M
-easy accessible than block copolymer H- o & T o
e i i
L a "o 250 Mg 5':?_ n
0.08 il % [PACHx-C4He)]s [ H)-P{Os0%0vED)
0.2 mel % ( P)-co-P(950/0/50)
0) initial run
SiCl
= MeCN wash 5
+  HSICl5
., | insolubla catalyst I Py
1-8) 1st-Bth runs (0 °C)
e e o o) el un timeh | %yield®  %ee° un timeh | %yield®  %eec
10) 9th run init___ 12 94 96 5 37 98 97
11) dissolution of calalyst with dppe )
in toluene (recovery of (F)-co-P(950/0/50)) | 24 95 97 6 50 97 98
2 24 96 98 7 64 99 98
3 24 97 97 8 70 97 98
4 32 97 97 9 12 98 96

“ See footnote a in Table 2 for the reaction conditions. Product was
isolated by washing the reaction flask with acetonitrile three times
followed by bulb-to-bulb distillation. ” Isolated yield. © Determined after
oxidation.

Recoverable and reusable

20
J. Am. Chem. Soc. 2010, 732, 7899-7901



®" Catalytic Asymmetric Hydrosilylation of Styrene

ClLEHCH Claluene :""::;
(21 P ——
BO°C. Eh
i
e 3
CHCl
BO°C.1h
(a) (F-P{850*/0/50) (b) (- P(50/0/50)
PACI [ x-alhyd) [PACIx-allyl]]
TS Pt e @Am 1,1,2-TCE—tolusne
i 1,0 °
P % YR g70; 0o (8) @) ;EE 93% ee ()
o 20 - -
B 15 | r A -
T 5 [ \ _
"; D L.‘..IIJJui J\\’—J//II—\I l
= .-I;HHI ——

Chirality-switchable 7 -5 —%\/\5 / ----------------- -
5-10 -
=15 | -

o
%'2”250 300 350 400 450 500
= Wavelength (nm)

CD spectra of (R)-P(950*/50) in chloroform (blue line)
andina, 1, 2-TCE/toluene (2/1) mixture (red line) 21
J. Am. Chem. Soc. 2010, 732, 7899-7901



® Catalytic Asymmetric Suzuki-Miyaura Coupling

Br B(OH), PdLn l Me
P(O)(OMe ) ©/Me Ligand P(O)(OMe ,)
+ > |OO

product

1000mer-based random copolymer

Pure_rlght handed helical stEJcture One of the first system

\/L N reported by Buchwald and co-workers
0 B
/\/Ojiji(
~ 950 OO
o-Tol— h NMeZ
R2P OO PCy2
j; (S)-KenPhos

(P)-(R)-PQXphos
R=2-nap Vy.80%ee9%4% |, \ o y. 95% ee 86%
R=Cy y. 12% ee 40% :| ()-(5)-product (+)-(R)-product
J.Am. Chem. Soc. 2000, 122, 12051-12052  Angew. Chem. Int. Ed. 2011, 50, 8844-8847




Catalytic Asymmetric Suzuki-Miyaura Coupling

(P)-(R)-PQXphos ligand afforded (-)-(S)-compound (94% ee),
whereas (S)-KenPhos gave its enantiomer (+)-(R)-compound (86% ee).

axial chirality induced
by P-helix
(R)

fixed axial chirality
)

(S)-KenPhos

(P)-helical PQXphos bearing R-configured side chains
[(P)-(R)-PQXphos]

Because of the absence of the dimethylamino group

23
Angew. Chem. Int. Ed. 2011, 50, 8844-8847



Catalytic Asymmetric Suzuki-Miyaura Coupling

switch of chirality

=
1,1,2-TCE/toluene (3/1)

{

0

3=
- 60 °C,6h
il
» Me =
Me (P)-(R)-PQXphos(3,5-Xy) :@ (M)-( R)-PQXphos(3,5-Xy) Me
G 1 mol% Pdidba)., Me 1 mol% Pd(dba), G
Me  KsPO4, THF, K0 +E{C‘H]|2 KsPOs, THF HO Me
PO)OMe): 40 °C, 78% Br 1,1,2-TCE/THF (3/1) P(O)(OMe),
0 oy R L
98% ee (5) = 90% ee (R)
24

Angew. Chem. Int. Ed. 2011, 50, 8844-8847



§ chirality-Amplification System



®" Chirality-Amplification System

isessqliisvesy

2(x/y) (random copolymer)

[(x-y)/(x+y) X 100] = 10% ee (55:45)
x+y = 40, 100, 200, 400, 600, 800, and 1000

Solvent AG, [k} mol™]
2 B IR S S CHCl, —0.41
/T/f LI Lo k] toluene —0.22
15 el & THF —0.30
E "}{..I,’": . CHC|3 XAGh — Eh
= 1 CHCI; (caled) |-
3 J( e s+ Toluene
Toluene (calcd)
0.5 L/ 1 AG, value suggests that the use of monomers
; - - 'lTHF (ca l‘r’d} with 10% ee is inefficient for the induction of
0 200 400 600 800 1000 absolute screw senses.
DP (x +y)

26
Angew. Chem. Int. Ed. 2015, 54, 9333-9337



¥ Chirality-Amplification System

isessglisresy

2(x/y)

x+y = 1000
[(x-y)/(x+y) X 100] = 0.0, 1.0, 2.5, 5.0, 7.5, 10, 20, 30, 50, and 100% ee

100 {LT - Py
__ 80
g | A
© 60 (4 * CHCl; .
o J[P CHCls (caled) Monomers with 30% ee were able to
E 40 [ + Toluene - induce > 97% se in the polymer backbone.
s | | Toluene (calcd)

20 7 THF

--------- THF (calcd)
0 |
0 20 40 60 80 100

monomer ee (%)

27
Angew. Chem. Int. Ed. 2015, 54, 9333-9337



Chirality-Amplification System

Polymer ligand 3 and 4 exhibited an almost absolute P-helical conformation.

o) o) 067,

3 (ee value of the chiral unit: 30%,; x + v = 850)

3(PPd=12) SiClg
= [{PACI{ m-allyl}}2] (0.5 mol%a) 90% vield
@/v - HSlCh . - ©/l\/ gAaE :E (S}
neat, 0 °C
8
CM A
+ o
HOW Ho’l\/ —h- N o
(R)-2-butanaol with 30% ee {\

readily accessible
mixture of (R,R)-1, (5,5)-1, and meso-1

/o PPh; |
FN \{\fssu/ﬁ ; fﬁu

4 (side chains were derived from (R)-2-butancl with 30% ee)

4 (P/IPd = 1.2) SiCl

. ~ [{PdCI(x-allyl)}] (0.5 mol%) 92% yield
+ HSICl4 > k
neat, 0 °C %% e (5) 28

Angew. Chem. Int. Ed. 2015, 54, 9333-9337




¥ Chirality-Amplification System

O

/J'Lx/“\/'\/

O
L,

H H

@ (ligand/Ru 1:1)

2.5 mol% [{RuCla(p-cymene)}s] OH

> JJ\/\N

HCOONa, H,0, 30 °C, 5 h
(see Ref. [16])

(R)}-2-octancl
76% yield, 23% ee

e,

5 (chiral side chains were derived from (R)-2-octanol with 23% ee)

nHex '|

ﬁi ;FFH2 g
nHex | /'lggo /

Purely right handed helical structure
Asymmetric Suzuki coupling

Asymmetric hydrosilylation

(P)-5 (P/Pd = 1.2)

[{PACH =-allyl}}s] (0.05 mol%:)

neat, 0 "C

m
\ (M)-5 (P/Pd = 1.2)

HSICl; . [{PdCI(x-allyl)}3] (0.05 mol%)
§ __

1,1,2-TCEftoluene (3:1), RT

89% yield
94% ee (S)

SiCly

SiCly

S
o

90% yield
95% ee (R)

(FP)-5 (P/Pd = 2)

[{PACI(w-allyl)};] (0.5 mol%)

‘ ‘ / KsPO4, H,0, THF, 40 °C

B(OH);

P{D] OMe), (M)-5 (PIPd = 2)
\[{F’dCI{-r -allyl)}s] (0.5 mol%)

gc P(O)(OMe),

41% yield
93% ee (S)

KaPOy4, Ho0
1,1,2-TCE/THF (3:1), 40 °C

L
OO P(O)(OMe);

T74% yield
92% ee (R)

29

Angew. Chem. Int. Ed. 2015, 54, 9333-9337
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Summary 1

v PQX exhibits pure right- or left-handed helical sense
because of large E, value.

Perfect P-helix Perfect M-helix

v PQX shows an efficient solvent dependent helix inversion.

v Studies for establishing the origin of conformational change are
currently being undertaken in Suginome Lab..

31



Summary 2

v PQXphos ligand can induce high enantioselectivities
that are comparable to those obtained
by low-molecular-weight catalyst system.

v PQXphos ligand is easily separable, reusable.

v Reversible conformational change of the polymer backbone can be
applied to switch the enantioinduction.

v The highly enantioselective generation of both enantiomers of a
catalyst from a single chiral sourse with a low ee value
has not been reported previously.

i :]’ = P (23% ee, R =
Low eg o B8 (:j"\‘/
. A ¥ - .
HSICl, f HSICl,
r1 -Hex 1,1.2-TCEtoluane
SiCly yhe " X ]ﬁ; l) SiCly

3"5'5 Ya 5@ (P) in CHCI, @A"
94% ee (S) >39% s (M) in 1,1,2-TCEMolueneg 95% ae (R) 32
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® Calculation of the value of E, and g,

The total energy difference between P and M helical polymers is expressed as

AG = -RTIn([P]/[M]) ... (1)

Where R, T, [P], [M] are the gas constant (8.314 J K1 mol"), operating temperature (293.15 K), and molar
concentration of P and M helical polymers ([P]/[M]). In the case where the polymer has no conformations
containing helical reversal, AG is proportional to the number of chiral units N and E,, i.e., the gained energy
difference between P and M helical per a chiral unit.

AG = EN ... (2)
The screw-sense excess (se) is defined as
se = ([p] = IMD/(IP] + [M]) ... (3)
Here, se is represent using E,, N, R, and T as

se = {exp(-E,N/RT) — 1}/{exp(-E,N/RT) + 1}
= tanh(-E,N/2RT) ... (4)

where hyperbolic tangent function (tanh) is involved. The observed dissymmetry factor g, is proportional to
the screw-sense excess, namely

se = gabs/gmax (5)
where g, is the g value for the purely single-handed poly(quinoxaline-2, 3-diyl)s.
Equation 4 can be expressed using g, and g, @S

Jabs = tanh(_EhN/ZRT) X Omay - (6)

Nonlinear least-square fitting of g, versus N was performed by using the Solver Function
in Microsoft Office Excel 2007. Sums of the squares of the deviation were minimized
by varying two parameters, g,,, and E;. ... (7)



®° Asymmetric Suzuki-Miyaura cross-coupling of
1-bromo-2-naphthoates

=

P
R2 a

R (P)-(R)-PQXphos(R)(950°/50 "
1 mol% [PACI{ a-allyl)]

B(OH)z (PiPd = 21) : G /i
+ =

Br THFT—?PII.‘;{‘J] (101) CO
2
g‘ GGzF‘ 40 °C, 24-48 h g‘

2 el

87% ee, 64% (4-CF3CgH4) 85% ee, 67% (4-CF3CeHy) 02% ee, 66% (4-CF3CeH,)

X Bt B

95% ee, 96% (4-CF1CgH4) 96% ee, 88% (3,5-Xy) 93% ee, 93% (3,5-Xy) ?



Asymmetric Silaborative Cleavage of
meso-Methylenecyclopropanes

=
=5

P
P

(P)-(R)-PQXphos(R)(950"/50)

P”E*?pbf.id{ﬂ“ﬁ“?}“ Pd)  phMeSi  Bipin)
Ph MeSi— [>= e

toluene, 50 °C

Ri
PhaMesSi, B{pm] PhMesSi B{DIT‘I]
O‘\F S %ﬂ O
67% ee,81% (Ph) 94% ee, B5% (3,5-Xy)

7% ee, B7% (2-Nap)
96% ee, 84% (3,5-Xy)

FhEMHSI B[pln}

O > ;(>=_- d '“%

B6% ee, 97% (3,5-Xy) 96% ee, EB% (3,5-Xy)

Phgr'uﬂe-SI B(pin)

PhMeSi B(pin)

Pr. ; . TBSO—
3 Ph-MeSi  Bipin) TBSO M
. z | >= e :
b NN ,f
Pr Br BSO ¢ TBSO

95% ee, 86% (3,5-Xy) 95% ee, 62% (3,5-Xy) 36



Asymmetric desymmetrization through
arylative ring opening of 1,4-dihydro-1,4-
epoxynaphthalenes with arylboronic acids

(R)-PQXphos(Ph)(950%/50) Pd(OAc); (1 mol%)
KF (0.5 equiv)
toluene, 80 °C, 2 h
then evaporation
o RT OH

(P)-(R)-PQXpdcycle(Ph)(250%/50)
R2 (1.0 mol% Pd) R# Ar
SR - "0
B2 CHCI4/MH,0 (10/1) Rz
R 0*C, 35156 h a1
OH
94% ee (37%) 94% ee (93%) B89% ee (BV% 90% ee (84%)
I il pE10,CCeH, “l l m-CICeH. l l o-MeCgH,
91% ee (81%:) 90% ee (B87%) 84% ee (BE%%)
OH OH OMe OH
" sosNeod
. BG®
B87% ee l:BE%"'n}l 84% e {?g.q_.rﬂ:l OMe

53% ee (24%) 37
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