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Catalytic Kinetic Resolution of Amines and Their
Derivatives by Non-acylation Reaction
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(Shanghai Key Laboratory for Molecular Engineering of Chiral Drugs, School of Chemistry and Chemical Engineering,
Shanghai Jiao Tong University, Shanghai 200240)

Abstract Enantiopure amines are important building blocks with a plethora of applications in the fields of medicine, agri-
culture and materials. Kinetic resolution (KR) of racemic amines is one of the most important methods for obtaining enanti-
opure amines. However, KR of amines is little investigated because of their high reactivity and coordinating ability in the cor-
responding KR of alcohols. Till now, major developments using non-enzymatic catalysts for KR of amines have been exten-
sively achieved by catalytic acylation (or deacylation). Only recently the non-acylation KR of amines is improving. The rela-
tively wide range of different catalytic asymmetric reactions have been employed as strategies for the efficient KR of amines.
For some cases, the asymmetric reactions do not involve with nitrogen atoms of racemic substrates. This review aims to intro-

duce the development of the non-acylation KR of amines for the synthesis of enantiopure amines.
Keywords enantiopure amines; kinetic resolution; nonenzymatic; non-acylation; catalytic asymmetric reactions
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Scheme 4 Chiral phosphoric acid-catalyzed OKR of cyclic secondary amine derivatives including tetrahydroquinolines
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If.

% La(OiPr)3/Y(OTf)a/Schiff base 1
Ar)]\N R COOR3®  (1:1:1, x mol%), DMAP (x mol%)
‘7/ COOR® 4 AMS, toluene/Et,0, 35 °C
F{Z
Ar = 3,5-(CF3),CgH3
R'= alkyl COOR?® R!_ \NHCOAr
R? = H, Me, Et R \\k .
R3 = Me, Et, Bn j\ COOR?® 2 COOR3
R%Z" YNHCOAr COOR?®
12 examples 12 examples

36% ~ 49% yield
98% ~ >99% ee

40% ~ 49% yield
96% ~ > 99% ee

"1,

=N N=
CowtD
OMe MeO

Schiff base 1

B 16 HlACIEAL IR AIA e AT 30 185 7
Scheme 16 La/Y-cocatalyzed PKR of aziridines

2H-FA IR E ST A BRI I be 1 B 2 T4,
REPRAZ RTINS 2H-58 4% PR WE I ANKE BRI B AT L& B
TR H) PRSI BAEY). 2016 4F, Feng MR
LHPHRIE 7RI Sc AL 2H-S A% TR NE NSRRI AR
1R A TR B B A T4 2H-R 2% I HRE
15~ (Scheme 17). 1Z PR LANG| W R A D9 25 4% 3071,
LA Sc(OTf)s/L-RaPr, BE& P08 FAEMEALF], AT ELEASAL
FHPRTEER, Peor REs il 790, 5 T SCHRRGE
A, RSN R A AL R R AZ PR 5 1 1 AL 2
JEFMAR 3 ALBR IR T, 12 BAR 200 Y B fE 2 2
Meim, A R R THEIE R, #Res IS g
B TR, R R EH 5 ER LA e B R RN S

2016 4F. FRBIZ IR COHRIE TR LA
Ykt 2H-FRPIEE R A XS FRINER, ATITSEIL 2H-22%
PR WE B 71547 53 1 49] 1 (Scheme  18). 1% 41 F] H
TFYERERRVE N MEAL . BL 3 A HUAEE g 4-1R A8 FE (1 nrt nae
B2 LT NFRAZART, AT FEPERT (S)-2H- 5% PG E R IR
BEANRL, MTTSEEL 2H-BA PIIRERI 3 1124k oy, 753
e R WL PR A P DA ERE IR REL s AT A F
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Me Me  Sc(OTf)s/L-RaPr,
N o —(1:1:2,5 moi%)

AN

R R? N toluene/Et,0, 35 °C
R' = Ar, Me, Bn ’
R%=Ar N
/A + RréA\R2
R “IR2 N
o

20 examples

19%-55% yield Me Me

78%=99% ee

20 examples

s3~790 30% ~67% yield
25% ~ 99% ee

o 1
ﬁ‘\ NV\\N
N L -d
R /O O /N\

H H R
L'RaPrz ‘R= 2,6-,PF2CSH3

O

B 17 HrlEfb i) 2H-A IR NE N sl /1245 7>
Scheme 17 Sc-catalyzed KR of 2H-azirines

-NH
N Dcoort N 4a (10 mol%)
+ N\ cyclohexane:toluene
B R! COOR2 (V:V=9:1)

H

N_ \COOR?
R, -

N

N-N - H AN

1 COOR?
{/~COOEt R
10 examples
B 10 examples 45% ~ 49% yield
r

42% ~ 49% yield 94% ~ > 99% ee
88% ~ 99% ee
R' = alkyl, Ar

R? = Me, Et, i-Pr, Bn s 55~ 1057

R! R2
SO NG
Pl ~R
SOV ES
R R?

4a, R"= R? = 1-naphthyl

BR 18  FIEBERRMEAL Y 2H-azirine 3 71 #9757
Scheme 18 Chiral phosphoric acid-catalyzed KR of 2H-azirines

1051.
1.3 KR BN HERS

AR R A P A AR e R e ok g — i A g — 4% SR T
FS S AT A 2 T b BB T, BT, B RERR
A5 I BB T e R A S s /0 A T 4. 2009
0, GRS R AR IE TR AR A 1 A X BRI T
BE B s B S B S W SR AR & Bl 0 2R o i T
(Scheme 19). ZJMAHHFME PN EEAAK, DU 4 5
Boc s Ao AR, 7E % IR AR T B AT Se i — A ek
WAEMIIBN 758 2RISR Ff 2-75 5 S0 W
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VDA BT AR 3 B, R oA B Dy st AR i O O
i, AIA3E] 92% ee FIF=Y)FF B 80% ee HIJEEL, H745)
ZH s ATIE 59. R, 24 2 (BRI A EEEERS, PRk
FURZE, Py 2% s /T 10; [RIRE, 5FF D0 S skl
EY, Pror e R AT

] Ph
R R
I [PAC3HsCl], (1.25 mol%) /
HNT Y Ph  L10(3.75mol%) HN +
N
OBoc toluene, r.t. @)-..W
rac 13 examples 13 examples

R = alkyl, allyl, Ar 46% ~ 53% yield46% ~ 51% yield
o 80% ~ 96% ee  83% ~ 93% ee

o]
NH HN s4~59
R® R®
R3 = PPh,

B 19 A A = 20| W) P R U ED Ty 22 5 2
Scheme 19 Pd-catalyzed asymmetric allylic amination KR of
indolines

2015 4, HIALHUBZ 058 T ) A A AL S 5 R
§5 TR J2 e A NSRBI T — S0 TR R i R 3 0 5 3 oy
145 F(Scheme 20). iZ R4 2 Biwf 70 7 BB 5
— L) T BT B SRR I B, S T A A —
RGN BE M TR e AL ) T REML . T2, 2R
T B T — s I S i 3 0 52485 o, DARR
o RIS, RIS T R8O, IR R A
F1% BINAP /AR, £ F R, RIS T —204
PN I 2 8Eh 21547 0, 3590 R8s ] 31491, H
FEAZ R BIAR Z 1S 52 BT 05 HE B R I TR s e

R? N [Pd(@lly)Cll, (1 mol%) . N

f H\CN(S)-BINAP (4 mol%) 2 RIECN

R NH2R3 3d (.0.6 equiv.), air Z +R2/\/:\R1
rac ms, dioxane, rt., 24 h g2

R’ = alkyl, alkenyl, Ph

R?=H, c-Hex, Ar, alkenyl

R3= Ph, 2-furyl, CCTMS, CO,t-Bu

QO PPh, 2,4,6-Me3CgH,SO,NHNH,
o

(S)-BINAP

B 20 AEAEA AR T S IR I P 2 e R AL B0 0 24 )
Scheme 20 Pd-catalyzed asymmetric allylic alkylation KR of
primary allylic amines

2009 4F, HALYLRBAPHRIE T BREAE AR %R
A5 N-"R RS IR A S PR I S (Scheme 21). 2012
A, R R TR B S TR N-(3- ]
YR I ) H IR 2 AL 5 W) A KR 2R A% AR SN ) 2

21 examples 21 examples

41% ~ 56% yield 21% ~ 57% yield

70% ~99% ee  46% ~99% ee
s5.4~491
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P Z R SR RAEIR A T AT, IR EAR R
REF, ETUATIR) N-(3-Mi e 35k ) (6 k) P SR b 2 218 s e gk
HFENERT 90%. ZIERMIh e BIBUIERIL ST, HAR
REAT IR i A e £ 4E, (HZ 24 3-N51 IR ) NH 2 4]
#e NCH; J BRI, SOBIBCRARZE, ISR X
R R 15%, KU NH 2B Sz S Y m Ak
LS IVNE ¥ N e

BnSH (0.70 equiv.)

302 3¢ (10 mol%), DCE_ R,
_— _ \ )
R

N
H
R'= Ar c-Hex, 2-thienyl 15 examples
2
R<=H, OMe, X 31% ~ 47% yield
R3=H, Me, n-Pr 92% ~ 99% ee

NO,

NO,

B 21 TR M) N-F IR Z BARE) 71 52354y
Scheme 21 Chiral phosphoric acid-catalyzed KR of N-benzylic
sulfonamides

1.4 C—XEWNNFEHRDE

T S A BB A LA T, R EAERHLE R
AR T TTIZ IR A, AR, AN B S T A Rk
XA S T3 D1 R o A T — AL 2013
E, Cai WP HRIERF C—I 3k, B 1THrAR
SRR N J55:4k, SEILT o BURSRILEWIIB) 12885 5
(Scheme 22). ZRBAFH Cul 1EAMEAMTT, FH
BINOL f7AEME AR, TR T Pud st 7
228 FE-3-(2-WAR DY ) INRR R S BUEAL & (1 3 11 4%
53, LA RS B IZe B [ WSS sk £ () B R 15 1 T v o) i
B B E RO AR, PR ik
RE s EEAA 913, ZIREALEIRYY R R 2-5 5
42T 3 TREERM AW, FFER ST IR T
P b JL. DU IR = 0o e 3 1k S iy vl ik 97%,
oy B8 s Fermi vl ik 245.
1.5 HERNHSIHFEHRS

2008 4F, Enders BRARZH TSRS 1 T ik Ik e 4R A 1)
M STARA 2 b Bh 71 %47 73 (Scheme 23). 1R M.
HAEM R EAN 3-TNIEER I EEIE N 3 112237 70 74 BEsE
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R? R30,Cas COzR
3 2
RE0,C NH, Cul (5 mol%) NH2
| L5 6 mol%)
CSQCO:;( 1.0 equiv.)
1,4-dioxane, rt \l/ \l/
1 13 examples 13 examples
R'= alkyl, X,CO.Me, NO;  46% ~ 53% yield 46% ~ 52% yield
R?= Ar, Bn 80% ~96% ee  83% ~ 93% ee
R®= Me, Et, i-Pr, t-Bu $38.6~913
R? CO,Me COZMe COzMe
Cul (5 mol %)
L4 6 mol %
\ / CsZCO3 1.0 equiv.) |
| 1,4-dioxane, r.t \|/ \|/
=H, Me, Cl 7examples 7examp|es '
R2 = alkyl. Ar 46% ~ 51% yield 45% ~ 50% yield
v 85% ~90% ee  80% ~ 97% ee
s 28 ~ 245
CF3
O oo
OH
OH
90 o
L4 CF3

B 22 A IAXTRR C-1iE sl Ty 297 o)
Scheme 22 Cu-catalyzed C-I activation KR

NH  2f (10 mol%) NH
|nd0|e (0.55 equiv.)
PhCI rt,2d
NHTS NHTs HN' X
‘JJJ 55% conv.

67% ee

NO,
B 23 FEBEIE 0 A ) S AT s 1 2 B oy

Scheme 23 Chiral phosphoric amide-catalyzed stereoablative
KR

W, I3RS 67% ee [ TMEIZ JER]

2009 4F, Hultzsch WA PSHRIE T+ 4 @I
-2 I - A Ak & W i AU AL Bl 77 229 73 (Scheme
24). Z S AE T Oy AT ZE W A AR, 8t p-&
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Heoy- AR J2 1R 70 1 SRAN AR B AL S L SE B T 50 7
FAvor, 530 7 AR Bk A RS 50 L DR
RIS G, I [BINC T A 28 21 R4 X BRI 6 18 1 iR
Bl 5o BB s Bk 19, ORI, B bR
B (2 (S FELAE I, 25 Ji I O ) e 73 RCR
AW R, AR /AR Bk R I 24 B
y-RAIk-y- BRI R R - Z H-p- AR R, oAk
BORFIRE TR, PR RAF-AE X Wk FE N T 2 0 1,
[ g DR oS I P AR 2.

1-Y (1 ~ 2 mol% N R NH
MNH2 - ( —>m0 o) """ g + -
[Dg]benzene R
R
22°C 7 examples /

R = alkyl, Ar
Y 34% ~ 70% conv. / examples
trans/cis 34% ~ 70% conv.

SiAr, 5:1~ 50:1 33% ~ 83% ee
OO Meah $2.6~18.1

O?M

o X
OO NMe,Bn

SiArg
(R)-1-Ln: Ar=Ph
(R)-2-Ln: Ar = 3,5-Me,CgH3

Ln=Sc,Y, Lu

H

N Ph
/\)Pi/NH 1-Y (1 ~2m0|%)\Q + MNHZ

B — e 3
= 2 [Dglbenzene “Ph
2200 trans 53% conv.
(+ cis) 34% ee
53% conv.
trans/cis 1:1.3

s=25

R 24 & mAEL RIS WA RSN B )22 3%

ﬁj\

Scheme 24 Ln-catalyzed asymmetric hydroamination KR of
aminoalkenes

2008 4315 SR AP HRE T FE NHC AR B
PR B 7 3 3 0 22 4% 43 (49 T (Scheme  25). %741
FIH p B EY IR S S T cis-4- PR 3E-B A Bk i
1 RN S R4y, T cis-4- FP I - 8- PR T e ol ik
PR B TR B 99%, (HE % N = 0 Tk ade %
TRAR.

2013 4y /N R A OMRE T A WL T
PRI AS o B SR AR A SE IR A Y TR e R AL B P 1 3 7
PR BB F (Scheme 26). Z iR B 2H A F Y P8 g R W)
(2 0 p S, ST Y P T ) A o AR S A e A Rl 2 S
BT Y InE A S B0 F15 4R 43, Tal A o
e ) S A Y T e JEUREG [RT R, 459 31 AR 25 3 ) 4
o WL BETE Y 4- % M B ).

2014 4K SR R E TS NHC AL A
SEAR[3+ 41RO, SEEL T H I % W % 3l g 2245 4y
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3 (1) cat. (5 mol%) 2 R3
2R McHO  DBU (5 mol%) H cH,0H
! CH,Cly, 25 °C L_‘
—_—
o “R! (2) NaBH,
cis (+-) MeOH, r.t. (+)
R' = Mes or PMP 26% ~ 50% yield 32% 7% yield
R2= Ar, Alkyl, PMP, 2-thienyl 0~44% ee 19%=99% ee
R3=H, Ph, Alkyl
O\>\
=N Me
- |
cat. = &va
BF,
Me Me

B 25 FHE NHC IR 4-F BE-p 8 BERZ 30 71237 5

Scheme 25 Chiral NHC-catalyzed KR of cis-4-formyl-p-lac-

tams
1
ﬁozR j/i >_ 4 HBArF4 (2.5 mol%)
\ + R
RZ/LO 4 A MS, -78 °C
R'=Ar
2 3
R3 alkyl, Ar SOR! R NHCC):OOR
R® = Ar l!l 2
R*=Bn, Ar A + )R
» 0 N
R SO,R!
23 examples 23 examples
33% ~ 46% yield 36% ~ 67% yield
55% ~ 99% ee 43% ~ 92% ee
s 15~ 49

CyHN CV CyNHCy

B 26 AHVN TREMHIEZRNT VES) 1247 70
Scheme 26 Organocatalyzed KR of oxaziridines
(Scheme 27). 1% Ui 2H 1] FH FH V. i MV frée AR L 0 475 12 (1)
ARIFRIME, PAlRe i 93% A0 Btk i 1 R, JF

AT T ee KT 903%™, #ror H%0 s ffmiik 339.

2 NT&5RNBONFEHNNFRS

JESRA A W (— B B %) SR T [ 5 A% A A 55
PC (73 T B A o RNRCR A, T2, i
R T S5 AR FRMEA BN K 77955k S I v 28l
FIR RO FAT TN 75— Fh . BR T AS 5
AR FRAEAL S B, AN e E S 5 SR & W B B [ AT ik
R, T HIE AT AR R R SIN T — ATk,
B IAE SN, Bl fETASE
LB J12 AR AR B 1 — SERE U .
2.1 AEEEEUAMENTERER K

TR IR YRR R 4), RN 2 E
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t-Bu t-Bu
o

t-Bu t-Bu
(120 mol%)

D (20 mol%), Ko,COs5
THF, rt., 70 ~ 96 h

(6]
o CHO
®/NH + MeW/
N
\\\R1 Ph

R'= Ar Q o 9
R2= i-Pr, Ar S N
Eé"‘ N
RZ\ N + N
\\\ 1 2
R RZ 4
5 examples
38% ~ 51% yield gﬁi}(ai" fﬁ/s el
53% ~ 96% ee > e )
93% ~ 99% ee
01 s 60 ~ 399
D= N = '}l® BF4

BR 27 T NHC ALK I E 50 1245 73

Scheme 27 Chiral NHC-catalyzed KR of azomethine imines

A PG BUERE S A, AT B 2 UM RS
B, & BOG A VE R R RN IR R AR A FE IR — EH W 5
P25 1248, 2008 4F, Onomura B A" HRE T &3
MR A LB B R A YR B AL B )Ry
(Scheme 28). iZiE4H LA(R,R)-Ph-BOX 1E AT MR,
SEIL T Cu fEALHY N-CRAP ) 1.2- 2 BEREAN 1.2- 0 B 11
ANKIRR AL A A SR, DL AR 7= 245 21 e nf il e 5
PERE IR G, R T 2RI EY) SR B KA
BB 1R AT

Bz Bz

/ /

N N
Bz %)"’COOMe + %)‘W

n n

N
%%rv Cu(OTf), (10 mol%) 4 examples 4 examples
n 6% ~ 43% yield
_ L{0mol%)

34% ~ 85% yield
L (10 mol%) 70% ~ 87% ee 2% ~ 27% ee
-[e]

H R! Pt electrodes, r.t. _N

or

H
\ _N__R!
.COOMe + Bz N

Bz” Y Et,NBr (1.0 equiv.) B2 ) , )
R? S 4 |R 4 examplez
1_ examples
R2 = CHO, CH,OH 13% ~ 50% yield  18% ~ 88% yield
R2=Me, 'Pr 22%~64%ee  0~18%ee
n=1,2

Y

L Ph

B 28 AL I S B A SRR I (1 WAL 2 S A B ) 3 4y
Scheme 28 Cu-catalyzed electrochemical OKR of aminoal-
cohols and aminoaldehydes

2 J5, Onomura PRIk S 58, KN 2418 FH N-
AR BE 3 I W i (NIS)WE N A AL BT, AT AR FL AL 224
b, SEEUARMEL 1.2-Z L mE (11 5P OKR (Scheme 29),
R AR IR F Bk &4, R DA Sk —
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Al A UEURE AZ AR AR RIS FRRA AR A
A RAFROHEACIEE, B8 LR 17 FR 3R 0 e £
e 99% AR TR &), LR s Hmvlik
368; (HAZ, 24k Z [l = 2 i — R i R JRURE R
A7 B R IR

C

Cu(OTf), (10 mol%)

L (10 mol%) . om
TN Y e
N" "CHO "Nis(1.0equiv) N~ “CoOM °N
PG MeOH,rt,24h PG PG OMe
PG = Ac, COOMe, cBz 3 examples 3 examples

26% ~ 39% yield
92% ~ 95% ee

47% ~ 63% yield
29% ~ 52% ee

s40~52
|Ia2 Cu(OTf), (10 r:nol%) R2 R,Iz
Bz/N\{R1 L (10 molA;)' . ,I{IVR1 + _N_R
CHO oot vt oah coom >
oo OMe OMe
R'" = Me, Et, "Pr, 'Pr, "Bu 6 examples 6 examples

R2=H, Me 38% ~ 43% yield 19% ~ 61% yield

55% ~99% ee  25% ~ 71% ee
ow><(o
&I i
N N
PR L Ph

s4 ~ 368

Bz 29 AL IR R RO SRS Ja 4 o)
Scheme 29 Cu-catalyzed OKR of aminoaldehydes

22 NAES5RNHNMIFRMEENNFHFD
2009 4F, Sibi VR HRE T AR A AL 1
Diels-Alder MBS N, SEHUEMEGERHR AL 4103 /)
577 (Scheme 30). ZIRALMEH] T4k BOX FLif, A
RV AR I8, 5 R AS 0 T ot e v P I 2 £ AN X6 R 30 0 ik
BeSE, 4527 im0 Wik £ A T i e e B 2R Ak S,
X WL B B T IA ] 99%. IR LRI, MK

Py R® B[N 75 B2, REAS BRI 7 40 AR,

(@]
E“HJ ,
R1 N O
g2

R"=Pr, Bu, Ph
R2 = Me, Ph, 1-naphthyl

O (6]
R1\ N O 1 N
e ROL

5 examples
35% ~ 40% yield
86% ~ 98% ee s8~35

Cu(OTH), (5.0 mol%)

D L (5.5 mol%)

CHzclz, r.t.
10 equiv.

o
R2

B 30 AL GERE K D-A 2705457
Scheme 30 Cu-catalyzed D-A KR of pyrazolidinones
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2017 4, fEE 4IRS HRE TR A AL R AS
SERRBIAL SN, S2BIL 1,2- AL & VI B0 F1 2855y
(Scheme 31). ZIRMAMEH CuCl fE A&, Josi-
Phos-1 fENFIERLAR, M. miEFEHHscil T 2-H
R-1,2- ZE MR B 125585 5. 2RISR R AR TE
30 min W 58 RN I 5 4R g, AR S 1 3 4 4
(dr>99 : 1, 99.7% ee)3f4% | FHEINEA =), [FIHF LA
99.4% ee [P0 IIEREPE RIS T AR B 1 JERE. %57 E
ARG R G M, 2 75 S sl SEHUR Y IR P 38
REMRT5 R AR, Pror i3 R8s Sem T ik 569.

CuCl (5 mol%)

R NN L (5 mol%)
NP NN-URS Boping (0.6 equiv.)
, /& MeOK (0.22 equiv.)
R°0™ 70 THF, MeOH
0°C,30min~2h
R20 R20
18 examples 18 examples
40% ~ 47% yield 44% ~ 48% yield
98% ~ 99.9% ee 90% ~ 99% ee
R'= CHg, OCHj4
S __PPh
RZ=alkyl,Ph,Bn L=Cy:P" o Y °
R?= alkyl, Ar &> CHs

B 31 A 1,2- AL S A BRI B 7122 57
Scheme 31 Cu-catalyzed borylation KR of 1,2-dihydroquino-
lines

23 NA&5RMMBRRENDFERS

2014 4E Coldham ifZH SR IE T FIF] n-BuLi/(—)-
sparteine BY, n-BuLi/(+)-sparteine {F AF M08, 18 A Xt
FRER T T N-Boe-2-75 B2IRIE 130 /154 55, FF
S T ANV 308 (Scheme  32). 1% B % BUAR 5 75 36
AR TR RSO IR 22, X W RS T R AR 1

n-BuLi (0.55 equiv)
Q (-)-sparteine (0.55 equiv.)
Ar PhMe, -78 °C, 3 h |

JEEATAL TR A
Qcooa
N Boc

Boc then EtCOCI Boc
9 examples

39% ~ 49% yield
50% ~ 94% ee

B 32 TR AL A T7 HE IR IE B /) 2445 7>
Scheme 32 Chiral base-catalyzed KR of arylpiperidines
2014 443 S5 R AR 2R VR R AR A AN Bk 1
BN, SEIL T 2-BUR 2,3- S -4-IENE R AL &)
(I5h 71253778 (Scheme  33). 1% B LA(S)-P-PHOS 1E Ny
FERCAR, DU IR BR IR R 1 D926 sk r), EMRIR T
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SNE, A B et e 3 M 1) e 0 TR AL ) 1 [
INF, Befs LA 2 3 [T AR e Bk Bl 2-BUA 2,3-—
F-4-MEuE AR 5O, 75 R4 s 76 11 31 43 28], 2 frHX
ARFEST =4 ) %o WS B PR M /0N, EL S o ok [l i e
BRI e PR R K

0 [Pd(17-C3H5)CI]2 (6.0 mol%)
(12.0 mol%) fjj 61
| \/\OCOZMe

N~ “R!
) o
CO0,Me LIHMDS, THF, -60 °C Cl:OOZMe COOzMe
OMe 12 examples 12 examples
N 37% ~ 57% yield 31% ~ 43% yield
\ 40% ~88% ee  73% ~93% ee
L8 = MeO PPh; M~a
© MeO._N_ PPh, s11~43
N J
OMe

Bz 33 AL Rt e B AR TR S e AL B g 24 o0
Scheme 33 Pd-catalyzed allylic alkylation KR of pyridones

24 NAB5REH C—HEUHHFERS

BT, LKA C—H A/ 3 Tire
WHRAURJE, FAXFR C—H 28 AR R T-4MH i
HEBh 7154k JONE, AT W51 1, B AT ik
W45 ) T A TR 057 B R e e A BT Tz
PHEIIE S 2016 4R, Yu SREEAIHRIE T F AR FR
C—H BRI R RA S Y1 5) /1247 73 (Scheme
34). G NAHEIERATAY) Boc-L-Bn-NHOMe N T
PERCAK, 575 HEAMRRBELE Ny 2600 R R AR IR, 1551
I iR R A I8 5 R A ) R N [ AT g S R
EEENER R ERE. 2R N AT RAFRIR 2 RCR, 77
A s Fmnlan 135, I B PR BRI 55
TR R #RA R 47 0B e AT 32 11

NHNs [Pd(OAc), (10 mol%)
N R2 L14 (15 mol%)
R'& _ Bpin-Ar (1.0 equiv.)
. H A92C03 N32003 BQ
R'= Me, OMe, CF3, X DMSO, H,0, t-AmylOH

R2= alkyl, CH,CO,Me, Ny, 70 °C, 15 h
CH,OTBS
NHNs NHNs
A R2 X : R2
R+ P *OR'F P
H Ar
21 examples 21 examples
40% ~ 52% yield 11% ~ 47% yield
58% ~ 99% ee 89% ~ 99% ee
s34 ~135
L14 = /?\n

BocHN™ "CONHOMe

B 34 ARAEALI R C—H a1
Scheme 34 Pd-catalyzed C—H activation KR of benzylamines
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2019 4, AR IREAYIFIA I RS HR
C—H Wik, LBl T AME e — 77 FEHIEH) C—H W5 1Lsh
JI54Rr (Scheme 35). 24 4MH iE — 57 Y3k i 1) 1 4> 5
FEIRIEAR, BT C—H VEIRT, e X ik
FUE. QRGeS X 7> P e i i, R AT st
T R SAC S B D1 R . TR RS
TG IREC A, R SEEL 1 97 HEBREEAN A (1 =55
LRI AEN S48k 77, 132X Mk £ 5w 93% ]
A, SR A e [RIAORT e 33 1 Hh <5 1) R A =05 H
SR EORE, ARIE I BUIE A i PR AL, XL
[0 H I R B s EAE 9~68 Z ).

NMe, [IrCI(COD)], (2.5 mol%)
N R L (5 mol%)
| N B,pin, (0.6 equiv.)
R® THF, 70°C, 24 ~48 h
RZ
Bpin NMe, ';lMez 1
X R’ | X R
+
I M v
R3 R
R? R?
11 examples 11 examples

27% ~ 54% conv.
28% ~ 88% ee
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