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Ma, G.; Sibi, M. P. Chem. Eur. J. 2015, 21, 11644.



Introduction

Major synthetic approaches towards biaryl compounds

biaryl coupling

Kinetic resolution/ Aryl axis formation
Desymmetrization | from non-aryl part

[ Stereoselective ]

1) Stereoselective biaryl coupling of two aryl counterparts.
2) Aryl axis formation from non-aryl substituents attached to an aromatic ring.

3) Kinetic resolution/desymmetrization of prostereogenic biaryls

Ma, G.; Sibi, M. P. Chem. Eur. J. 2015, 21, 11644.



Introduction

The Basic of KR (1)

Cat(ﬁj
Sgp + Reagent — > Pp
Kr

Cat(,q;
Ss + Reagent —— > Pgs

Efficiency (relative rate or selectivity factor)
S = Krel = Krast/Ksiow

=kRI'kS

= exp(AAGHRT)

Why perform KR:

1. Racemate is cheap

2. No reasonable enantioselective approach
3. Classical resolution (stoichiometric) does
not provide high ee

"selectivity-determining diastereomeric transition states”

0

KR Consideration:
1.

S and P are easily separated

2. High yield (~50%), high ee
3. Short reaction time

4. Scalibility

5. Low cat. loading

6.
-
8
9
1

Inexpensive cat.

. Minimal waste
. Reproducibility

Broad scope
. Functional group compatibility

Walsh P. J.; Kozlowski, M. C. Fundamentals of Asymmetric Catalysis Chapter 7.



Introduction

The Basic of KR (2) Catsq

Sg + Reagent —— > Pg
Kr

Cat(R)
Ss + Reagent —— > Pg
Ks

S=Kre =IN[(1-C)(1-ee)/In[(1-C)(1 +ee)] (1)
C = conversion
ee=eeof S
s can be measured experimentally by knowing C and ee

S =K =In[1-C(1+ee")]/In[1-C(1-ee")] (2)
ee'=eeof P

L. "y

7~

(Combine (1) and (2): ee/ee'=C/(1-C) |

It is impossible to obtain both good yield and
high ee at the same time with moderate s.

Kagan, H. B.; Fiaud, J. C. Topics in Stereochemistry Vol.18, Kinetic Resolution



Introduction

Strategy for Kinetic resolution

Acylations of
alcohol

Alcohol chemistry

Oxidative KRs of
alcohol

Typical
Kenetic Resolution
Strategy

Alkene chemistry

ydrogenatio

Hydrogenation of
imines/hereocycle

amine chemistry

BINAM/NOBIN-Derivative

BINOL-Derivative

Quinolines-Derivative

Pellissier H. Seperation of Enantiomers: Synthetic Method Chapter 3.
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Kinetic Resolution of BINOL-Derivatives

Well-developed Acylation by DMAP Catalyst

Catalysts with a Stereogenic Center
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Wurz, R. P. Chem. Rev. 2007, 107, 5570. J



Kinetic Resolution of BINOL-Derivative

DMAP Catalysts

cat1a R'=Pr, R? = phenyl, R? = dimethylamino

O R® 1 2 3 = A :
cat1b R’ =1{Bu, R“ = phenyl, R® = dimethylamino
[\Iﬁ catic R'=tBu, R? = 1-naphthyl, R® = dimethylamino
Nj N/ cat1id R’ ={Bu, R? = 9-anthracenyl, R® = dimethylamino
1
R R? catie R'=tBu, R? = 1-naphthyl, R® = pyrrolidine
fluxionality cat1f R'=tBu, R? = 1-naphthyl, R® = di-n-butylamino
/
O —N
(@)

0 0 Cat1c

/
j)\H (10 mol%) iH . Qk( w@
+ —_— - N
Rar™  Raiky \H\OJ\( —50°C  Ra” Ray Ry Rypy
rac-a Et,O (S)-a b OO

upto 77% ee upto 88% ee Cat 1c

s upto 37

Ma, G.; Deng, J.; Sibi, M. P. Angew. Chem. Int. Ed. 2014, 53, 11818. 10



Kinetic Resolution of BINOL-Derivative

By acylation using DMAP cat

Cat 1c (15 mol%)

OO isobutytic anhydride O OO
R 2,6-di-t-butylpridine R
OO OH  cH,cl, -50 °C OH 071)\
O

rac-2 (Sa)-3
O O CD O
OMe 0~ "o H N
oyt o ooyt ooy
(Ra)-2 63% ee (Ra)-2 62% ee (Ra)-2 73% ee (Ra)-2 46% ee
(Sa)-3 90% ee (Sa)-3 85% ee (Sa)-363% ee (Sa)-3 86% ee
41% conv., s = 36 42% conv., s = 23 41% conv., s = 10 41% conv., s = 21

Cat 1c

I I OMe
O OH

(Ra)-2 90% ee

(Sa)-3 89% ee

41% conv., s = 51

Ma, G.; Deng, J.; Sibi, M. P. Angew. Chem. Int. Ed. 2014, 53, 11818.
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Kinetic Resolution of BINOL-Derivatives

Origin of the catalytic activity and stereoselctivity

Cat 1c (15 mol%)

O e
/
OO isobutytic anhydride OO OO I\‘l N\_N
R 2,6-di-t-butylpridine R R N
C e O J

rac-2 (Ra)-2 (Sa)-3 | Cat 1c

“ favored approach

Proposed stereochemical model

Ma, G.; Deng, J.; Sibi, M. P. Angew. Chem. Int. Ed. 2014, 53, 11818. 12



Kinetic Resolution of BINOL-Derivative

By acylation using NHC

OH NHC-catalyzed acylation O R + OH
X X X

X = OH or NHBoc s upto >100
>99% ee for alll recovered starting materials

Lu, S.; Poh, S. B.; Zhao, Y. Angew. Chem. Int. Ed. 2014, 53, 11041.

o)

R"/\)LH + chiral NHC
l +/- oxidant —~Ph

R O /

OH ?J\ o "}/ R ~OH

. )
N O | RNONHC | . 5 " mo
R X o R
N
(4)-1 Il R’ I

Lu, S.; Poh, S. B.; Siau, W.-Y.; Zhao, Y. Angew. Chem. Int. Ed. 2013, 53, 1731.
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Kinetic Resolution of BINOL-Derivatives

0 azolium:
0.6 equw
o) =N,
Ao e
- OMPh Nv®
10 mol% azolium @BF4

1 equiv base OH + recovered
5 equiv MnO, (Ra)-4
4A MS, THF, 24 °C
Cat 2a R = C4F5
with azolium Cat 2a and DBU as base, 43% conv., s = 1.2 Cat 2b R = mesity!

with azolium Cat 2b and DIPEA as base, 46% conv., s = 3.5

rac-4a

Lu, S.; Poh, S. B.; Zhao, Y. Angew. Chem. Int. Ed. 2014, 53, 11041. 14



Kinetic Resolution of BINOL-Derivative

. (0]
0.6 equiv
o) =N,
SO I oW T |
OH R o~ R N ®
OH 10 mol% Cat 2b OH @BF4 R
OO 1 equiv DIPEA +R rezovered
w/ or w/o MnO, (Ra)- azolium
THF, 16h R = mesityl
rac-4a Cat 2b
(0]
a) /\)Oj\ ® O 0]
Ph™ ™ NHC /\)J\ or N or =~ H
A Ph™ ™7 H Ph Ho " ph 5c
S5a MnO, Br sp
46% conv., s=3.5 36% conv., s=3.8  18% conv., s=4.5
(0] o) o)
b) ® o
[Ph/\)kNHC /\)k or /\)J\ or  Ph H
B Ph” X H Ph H
X
5a 5d + MnO,
35% conv., s=13 0 _ 5e (X=Cl): 16% conv., s=9.7
_____________________________________ o 1o%oomw 510 st (x=0Bz) 32% conv., =11
0 0
0] o) 0
c) ® , Ph O ;
RJ\NHC R/\)J\H o PR Y R O ’Pr)J\H or AN PrQJ\H
A or
c 5/ +MnO Ph H
59 (R= 4-C|CGH4): 5i ] nLs 5k 51 + Mn02
27% conv., s=4 _ 0 -
' i 7% conv., s=18 20% conv., s=4.6
5h (R= 4-MeCgH,): No reaction ° °

19% conv., s=5.2

@

NHC

acyl azolium
intermediater

or

10% conv., s=20

iPr

OBz

5m
36% conv., s=20

H

Lu, S.; Poh, S. B.; Zhao, Y. Angew. Chem. Int. Ed. 2014, 53, 11041.
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Kinetic Resolution of BINOL-Derivatives

RI
P
OH

Cat 2b (10 mol%)

o)
iPr DIPEA
OH H
. CH,Cl,, 24 °C
R" " (0.7-0.8 equiv.)
rac-4 5m

(Ra)-4a 99% ee (Ra)-4b 99% ee

(Sa)-6a 82% ee
55% conv., s =52

(Sa)-6b 77% ee
56% conv., s = 38

E E Br Br E E
OH OH
i i OH l l OH
Br Br

(Ra)-4c 99% ee
(Sa)-6¢ 81% ee

55% conv., s =49

@BF4
azolium
R = mesityl

MeO l l OH
MeO OO OH

(Ra)-4d 99% ee
(Sa)-6d 77% ee

56% conv., s =40

o/\//"‘\ .

N
N ®

Cat 2

(Sa)-6

I I OH
oes

(Ra)-4e 99% ee
(Sa)-6e 72% ee

58% conv., s = 31

OH
OH

MeO
MeO

(Ra)-4f 99.5% ee
(Sa)-6f 60% ee

62% conv., s =22

(Ra)-49 99% ee
(Sa)-6992% ee
52% conv., s =116

Lu, S.; Poh, S. B.; Zhao, Y. Angew. Chem. Int. Ed. 2014, 53, 11041.
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Kinetic Resolution of BINOL-Derivative

o/\éN\
N—R
Cat 2b (10 mol%) N ®
OH 0.6 equiv 5m Pr )
X )K/ + recovered BF,
1 equiv DIPEA
4A MS,CH,Cl,, azolium

24 °C. 24h R = mesityl
Cat 2b

rac-7

7a (X= OMe): 31% conv., s=1.5
7b (X= NMe,): 14% conv., s=2

Lu, S.; Poh, S. B.; Zhao, Y. Angew. Chem. Int. Ed. 2014, 53, 11041. 17



Kinetic Resolution of BINOL-Derivatives

By alcoholysis catalyzed by palladium

5 mol% Pd(OAc),
O/\ 10 mol% (R,R)- L1
10 eq MeOH
CH,Cl,, 20 °C + recovered
(Ra)-8

rac-8
WaR: HNQw

R'=2,3,4,5-Ph,CgH

(R,R)-L1
BINOL R Conv. [%] ee[%] ee[%] sfactor
(Ra)-8 (Sa)-9

8b H 43 4 6 1.1
8c COCH; 49 54 57 6.1
8d CO(nCgH13) 44 61 77 143
8a CO(tBu) 58 96 69 20.3
8e CO(1-adamantyl) 56 96 77 28.7

Aoyama, H.; Tokunaga, M.; Kiyosu, J.; lIwasawa, T.; Obora, Y.; Tsuji, Y. J. Am. Chem.
Soc. 2005, 127, 10474. e



Kinetic Resolution of BINOL-Derivatives

By alcoholysis catalyzed by palladium

R O 5 5mol% Pd(OAc), 1 O

10 mol% (R,R)-L1 OH + recovered

/\
o\n/fBu 10eqMeOH O\H/’BU (Ra)-8
R O 0 CH2C|2, 20 °C R O (@]

rac-8 Q (Sa)-9
R*@—N\H HN R

R' =2,3,4,5-Ph,C¢H

R
S A L L (12
o0 X 0 RO 0 o
o\n/fBu O O O\n/fBu RO O o\n/fBu O\n/tBu
o : : Ly

R=H (Ra)-8a 96% ee, (Sa)-9a 69% ee  R=Ph (Ra)-89 63% ee, (Sa)-99 77% ee  R=Me (Ra)-8i 95% ee, (Sa)-9i 79% ee (Ra)-8k 95% ee,
58% conv., s =20.3 45% conv., s =14.9 55% conv., s =31.4 (Sa)-9k 75% ee
R=0OMe (Ra)-8f 97% ee, (Sa)-9f 65% ee R=Br (Ra)-8h 45% ee, (Sa)-9h 79% ee  R="Pr (Ra)-8j 84% ee, (Sa)-9j 81% ee 56% conv., s =27.0
58% conv., s = 18.5 37% conv., s = 13.1 51% conv., s = 24.3

Aoyama, H.; Tokunaga, M.; Kiyosu, J.; lIwasawa, T.; Obora, Y.; Tsuji, Y. J. Am. Chem.
Soc. 2005, 127, 10474.

19



Kinetic Resolution of BINOL-Derivative

Alcoholysis mechanism

L. X
R-O + Pd\ —_

N— v
L X X
Initial dissociation equilibrium -
dependent on pK, of HX.
R-O R'—0O
\\: \:
+
L. X |: K /‘ L X :
Pd C Pd
RN ' ’
I //—OR N //—OR
ROH + X R'OH
j X =0Ac’, OC(O)CF5”
HX HX
+ L\ ,X +
CL\ R -x CL/PdIH +X L OR
Pd _— Pd
/TN ,—OR' H /N ,—OR
L7 RO"[~oR L7

Bosch, M.; Schlaf, M. J. Org. Chem. 2003, 68, 5225-5227.

Aoyama, H.; Tokunaga, M.; Kiyosu, J.; lIwasawa, T.; Obora, Y.; Tsuji, Y. J. Am. Chem.
Soc. 2005, 127, 10474.

20



Kinetic Resolution of BINOL-Derivatives

(P)-(R,R)-10

Consumed

j n-BuLi, KO'Bu
R
-78 °C,. 25°C
Ti(OICH s | pmoc

By alcoholysis catalyzed by palladium
(H3C)3COH | CH.Cl,
Sharpless, K. B.; Katsuki, T. J. Am. Chem. Soc. 1980, 102, 5974. (+)-DIPT

(M)-(S,S)-10 -

48% Recov'd (ee> 99%)

Schlosser, M.; Bailly, F. J. Am. Chem. Soc. 2006, 128, 16042.

21



Kinetic Resolution of BINOL-Derivatives

allyl-allyl distance 4.5 A

average C-Li distance 2.3 A
average C-K distance 3.2 A

[ OR = OC(CH3)3; Sv = solvent (i.e. THF)]

Thank Balazs for the helpful discussion.

Schlosser, M.; Bailly, F. J. Am. Chem. Soc. 2006, 128, 16042.

22
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Kinetic Resolution of NOBIN/BINAM-Derivatives

By acylation using DMAP cat

O 1) Cat 3 (1 mol%) O O
' 1 N
NH, (iPrC0O),0, EtNiPr, HJK[/

CH,Cl,, -50°C

= OMe
N ¢ ¢
(6eq.)
68.6% vield 15
14 conv. = 31.4% 25.3% ee 31.4% yield
rac- $=4.4+1.0 55.1% ee

Arseniyadis, S.; Mahesh, M.; McDaid, P.; Hampel, T.; Davey, S. G.; Spivey, A. C.
Collect. Czech. Chem. Commun. 2011, 76, 1239.



Kinetic Resolution of BINAM/NOBIN-Derivatives

Via asymmetric N-alkylation catalyzed by PTC

:a®5° .+ /|\ . \'|‘/

*Q@ ONX
chiral PTC XHN R3 ‘/ R3

high selectivity

Ar EFy
e CCRe (0, O
NHSO,Ph  (S,S)-Cat4
R3 50% aq KOH O O CF3
Toluene, 0 °C Ar

Cat4

Shirakawa, S.; Wu, X.; Maruoka. K. Angew. Chem. Int. Ed. 2013, 52, 14200.
25



Kinetic Resolution of BINAM/NOBIN-Derivatives

Via asymmetric N-alkylation catalyzed by PTC

(S,S)-Cat 4b
0 ®) tBu tBU
Ar
N e (S,5)-Cat 4b Ph/‘NJ\//\Me OO Br° O
Me | + PhCH,Br 2 mol% Me | ﬁ,ﬁ Ar=
~ KOH "R
Pry0, -20 °C OQ Bu
Me Me Ar O
83% yield, 90% ee R ="Bu
Bu

Shirakawa, S.; Liu, K.; Maruoka. K. J. Am. Chem. Soc. 2012, 134, 916.

Shirakawa, S.; Wu, X.; Maruoka. K. Angew. Chem. Int. Ed. 2013, 52, 14200.

26



Kinetic Resolution of BINAM/NOBIN-Derivatives

Ar CF3
! CCLS O@
NHSO,Ph  (S.S)-Cat 4 NSOzPh
3
R _S0%aqKOH_— ra) 16 + O OO s O c:F3
Toluene, 0 °C
Cat 4
rac-16
NHSOQPh NHSO,Ph MeO NHSO,Ph NHSOzPh NHSOQPh
! OMe g g OMe ! OMe OMe NMe2
)-16a 93% ee (Ra)-16b 74% ee )-16¢ 94% ee (Ra)-16d 37% ee (Ra)-16d 67% ee
(S ) 17a 81% ee (Sa)-17b 62% ee (Sa) 17¢ 85% ee (Sa)-17d 60% ee (Sa)-17d 86% ee
s=32 §=9.2 s=43 s=57 s=32

Shirakawa, S.; Wu, X.; Maruoka. K. Angew. Chem. Int. Ed. 2013, 52, 14200.
27



Kinetic Resolution of BINAM/NOBIN-Derivatives

Via hydrogenation of imine catalyzed by CPA

3 = 5
OO H‘@ R-CHO O ﬁ_\R
@

Bremsted acid- catalyzed
——n t nsfer hydrogen major

‘_
NH;  Bransted !
acid H <low
R A »- H
OO " ™

Cheng, D.-J.; Tan, B.; et al. Angew. Chem. Int. Ed. 2014, 53, 3684.



Kinetic Resolution of BINAM/NOBIN-Derivatives

2-naphthyl-CHO
Cat 5 (10 mol%)

R2
OO 20 (0.7 eq)
NHR'
OO NH, EtOAc, rt.
R2

rac-18

\\ O i
“ OO A

H H

OO OO

(Ra)-18a 98% ee
(Sa)-19a 97% ee
s =303

allylO,C COyallyl
XX
N

H
20

(Ra)-18b 96% ee
(Sa)-19b 92% ee
s =94

R2
Ii li NHR'

OO NH*
()

(Ra)-18¢c 92% ee
(Sa)-19¢c 44% ee
s=8

F5;C
joll

\\/

299
X
R3

(Ra)-18d 90% ee
(Sa)-19d 85% ee
s =238

R?=R3=Br

R?=H; R®=Br

(Ra)-18e 90% ee
(Sa)-19e 98% ee
s =307

R2=H; R3=TMS

(Ra)-18f 96% ee
(Sa)-19f 93% ee
s =108

Cheng, D.-J.; Tan, B.; et al. Angew. Chem. Int. Ed. 2014, 53, 3684.

29



Kinetic Resolution of BINAM/NOBIN-Derivatives

2-naphthyl-CHO
Oc Cat 5 (10 mol%) O O
NH; 20 (0.6 eq)
NH; EtOAc, rt. NH2 NH,
99 SoNee e
aIIyIOQC COyallyl

raC-BINAM 51 / 39/ ee 23/ 23/ ee 19/ 93/ ee

H )
20 NP= OO

Cheng, D.-J.; Tan, B.; et al. Angew. Chem. Int. Ed. 2014, 53, 3684.

30
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Kinetic Resolution of Quinolines-Derivatives

Via hydrogenation of heteroaromatics

Central chirality

R'  Transition-metal . R
m or organocatalyst C(\,[
N/ R Hydrogen Source N”R

H
Axillal chirality
R O@ Asymmetrictrgnsfer R O@ R O®
Hydrogenation 9 R3S * R R3

R2 R® = R
Hydrogen Source
s =up to 209

Excellent resolution efficiency
A wide range of substrate scope

Wang, J.; Zhou, Y. -G. et al. J. Am. Chem. Soc. 2016, 138, 10413.
32



Kinetic Resolution of Quinolines-Derivatives

Cat6 Cat 6
MeO,C CO,Me
_ npr N~ "Pr o
R N H 21 + R N \ //O
—_— H -
] e g (e ™
Ph
22
rac-21
X
N R'=OMe: 21a 96% ee, 22a 94% ee s = 125 P
R N R'=0OEt: 21b 97% ee, 22b 95% ee s = 169 MeO N

21i 62% ee, 22i 90% ee s = 36

R2=p-Tolyl: 21e 86% ee, 22e 97% ee s = 209
R2 =p-Anisyl: 21f 99% ee, 22f 81% ee s =50
R? = Me: 219 89% ee, 229 78% ee s = 23
R?=0Bn: 21h 97% ee, 22h 72% ee s = 25

Ph R'=0Pr: 21¢ 86% ee, 22c 97% ee s = 187
O R'=Me: 21d 96% ee, 22d 94% ee s = 131 OO

Wang, J.; Zhou, Y. -G. et al. J. Am. Chem. Soc. 2016, 138, 10413.
33



Kinetic Resolution of Quinolines-Derivatives

2',6'-Substituted Quinoline-Based Biaryls

Cat 6b Cat 6b
MeOZC COzMe
1 1Y,
N/ O\P//O

/ “OH

O Tt X

s = 18 Ar
rac-23a (-)-23a (+)-24a Ar = 9-phenanthrenyl

52% yield, 56% ee  37% yield, 83% ee

Cat 6a Cat 6a
MeO,C CO,Me Ph
O LK S (2
N© P ONT e N O \ Se!
Ph + AN
— Ph = 4 ©OH
OO Toluene, 30 °C OO “
s=13 Ph
rac-23b (-)-23b (+)-24b

52% yield, 61% ee 39% vyield, 76% ee

Wang, J.; Zhou, Y. -G. et al. J. Am. Chem. Soc. 2016, 138, 10413.
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Kinetic Resolution of Quinolines-Derivatives

Kinetic Resolution of 5-Substituted Quinoline-Derived Biaryls

Cat 6¢
Cat 6¢

Ar
MeO,C CO,Me
? ? H ‘O o
| | N o)

7z
Ph2HC2HC CH2CH2Ph

O d “OH
5+ R (1
Benzene 30 °C O Ar

Ar = 2,4,6-(CH3)306H2

26
rac-25

N N
o9 P9
=
R1 MeO MeO Z

R1 OMe: 25a 51% ee, 26a 84% ee s =20

p-Tolyl
=0OEt: 25b 53% ee, 26b 86% ee s =22 OO O
=0"Pr: 25¢ 53% ee, 26¢ 87% ee s =24

25d 46% ee, 25e 48% ee,
26d 79% ee 26e 87% ee
s=14 s=23

Wang, J.; Zhou, Y. -G. et al. J. Am. Chem. Soc. 2016, 138, 10413.
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Kinetic Resolution of Quinolines-Derivatives

Via coupling of Aryl halides

2N (S,5)-L2 (0.75 mol%) N

+ Ar,PH > (Ra)271 *

Br DIPEA, nBuyNHSO,, dioxane, 70°C PAr,
OO gram scale OO

rac-27 (Sa)-28

Me
(S,S)-L2
Ar conv. [%] (Ra-27)(% ee) (Sa-28)(% ee) S
Ph 50 96 95 154
p-Tol 50 96 92 94
p—CF3-C6H4 45 75 63 92
o-tol 30 36 26 16

Bhat, V.; Wang, S.; Stoltz, B. M.; Virgil, S. C. J. Am. Chem. Soc. 2013, 135, 16829.

36



Kinetic Resolution of Quinolines-Derivatives

Racemization Rates of 28a and 27a-c

entry substrate X solvent (°C) kepi (5) 173 (h)
| N 1 27a Br mesitylene (150) 1.2 x 106 78
_N 2 28a PPh,  mesitylene (150) 1.8 x 10 0.5
« 3 28a PPh, toluene (90) 3.9 x107 246
4 27b OTf toluene (90) 16 x108 62
OO 5 27¢ OSs toluene (90) 57 x 106 17
6 27b OTf toluene (80) 52 x 107 187
7 27b OTf dioxane (80) 42 x10° 230
Pd[P(o-tol)s]> (5 mol%), chiral ligand (10 mol%)
rac-27b > (Sa)-28a
DMAP, Ph,PH, dioxane, 15 h
entry  temp. (°C) chiral ligand % conv. ee of 28a
1 70 S,S)-Et-FerroTane 68 —4 Me
2 9 ((S,S,;?,R)-TangPhos 75 58 @/(P .
3 80 (R,R,S,S)-DuanPhos 75 4 £ PCy; 2
4 80 (S,S)-Me-DuPhos [(S,S)-L3] NR - &
5 80 (S,S)-Me-Ferrocelane [(S,S)-L2] 100 0 )
6 60 (S,S)-Pr-Ferrocelane 76 -30 (R, Sfc)-Josiphos
7 80 (R,Sr.)-Josiphos SL-J001-1 100 24 SL-J003-1 [(R Src)L4]
8 80 (R,Sgc)-Josiphos SL-J004-1 100 14
9 80 (R,Sg)-Josiphos SL-J009-1 100 8
10 80 (R,Sgc)-Josiphos SL-J003-1 [(R,SFC)-L4] 100 60
11 80 (R,Sko)-Josiphos SL-J003-1 [(R,Src)-L4] 100 8

Bhat, V.; Wang, S.; Stoltz, B. M.; Virgil, S. C. J. Am. Chem. Soc. 2013, 135, 16829.
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Ki

netic Resolution of Quinolines-Derivatives

Isomerization of Arylpalladium Intermediate

Pd°, (R, Sg.)-L4 Pd°, (R, Sgc)-L4

l— (Ra)- 27b-7(Sa) 27b —[

N

SN o -OTH| = 2
[|I°d]|-n ["’d]Ln
(L o CO o

(Ra)-29 (Sa)-29
Ph,PH PhoPH | [Favored]

(Ra)-28a (Sa)-28a

Me
| Pd[P(o-tol)s],, | A
_N (R, S¢.)-L4, DMAP _N @F'e Pcy'\;CYZ

Phy,PH (slow addltlon)

oTf PPh,
dioxane, 80 °C @
(R, Sgc)-Josiphos

(S2)-28a SL-J003-1 [(R,Sgc)L4]
rac-27b 86% yield, 90% ee

Bhat, V.; Wang, S.; Stoltz, B. M.; Virgil, S. C. J. Am. Chem. Soc. 2013, 135, 16829.

38



Kinetic Resolution of Quinolines-Derivatives

Via C-H functionalization

Pd(OAc), (10 mol%)
(S)-L5 (20 mol%)

NIS
MeCN, 70 °C =
O (Sa)-31
N 12 examples
HO s=4.1-27
]
(S)-L5
. CCx
O = Nto, = N‘O'
[ H
A WP 99
{Sa)-31 rac-30
reductive AcOH
elimination {Ra)-30

o i .
kinetic resolution

R O - .
W R and C-H activation
Yol 4 N
Hu ~ A0 "\ H
N//'PAQ \

. Hw O/"-u ba}.—O/N

X
A
\_/ o=\,

i3 oxidation

o\,

r

Gao, D.-W.; Gu, Q.; You, S.-L. ACS Catal. 2014, 4, 2741.
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Summary

By acylation

BINOL-Derivative
BINAM/NOBIN-Derivative

Quinolines-Derivative

hydrogenation
Alkylation

C-H functionalization
Coupling
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Thanks for your attention !




