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Abstract The indoline skeletons, widely present in alkaloids and other products with diverse biological activities, which also
have been considered as privileged structures due to their widespread use as building blocks and chiral auxiliaries in asymmet-
ric synthesis. The importance of these motifs has determined that numerous synthetic multi-step strategies have been devel-
oped. Consequently, there has been a continuing interest in the development of efficient methods to obtain enantioenriched
substituted indolines. A lot of methods have been introduced, including dynamic kinetic resolution, asymmetric reactions,
asymmetric domino cascade reactions and other novel reactions. These methods have been reviewed.
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2
(+)-vinblastine strychnine
H .wOH
HzCHNCOO i W
NIN OH
ZTRON \
(-)-physostigmine (+)-ajmaline
H,NOC ©[><COOH
N
.-\\
O
6 CO,Et
(+)-Benzastatin E Pentopril

B 1 A7 B S s R S R 1AL 5
Figure 1 Part of the bioactive indolines and their derivatives
Eib i as E SHIIT5 WP UREES QTIPS S T1 R B M (EUGHIN
WRAT A= (R AN e (A AE T s 20 i, A R i R
TFRVEIFI) ee M, T HAE IR, 58 A REAE A=A 57
i L ee {HAR B, (HFEALREED) 1996 4F, Wong 20y
UCARIE T R R AN S XS N34 B R e
WAL SEDL 27 ARSI Mk 7 (30 ) 22 95 3 T vk
(Scheme 1), XNAAEI TR EH ee {H, {Hi&= K

(93% ee, 6% yield).

diallyl carbonate
(1.5 mmol, 1.5 equiv.)

phosphate buffer
Me (0.1 mol/L, pH 8.0, 10 mL) )\
N o O

H subtilisin BPN

50 mg, r.t, 92 h \\\
7 8 \
LiAH, ©\/>_Me
ether, 0 °C, 2 h N

H
(R)-9

Scheme 1

2006 4F, Gotor-Fernandez 25 HRIE T i MM I 117 it
A (CAL-A)N T 207 ARG WM AT A= 40 S M g A4 45 4>
BB G 76 B (CAL-B)X] 3437 B Wbk A7 25 42 )
#1535, 30 CF, DAFHERUT ZEBE(TBME) A H5, HE
FIFR BRI TN TG 8 TR A X 2- F LI Wbk /b 4 e 4 7 3t
ITHRIr(Eq. 1), W43 T RBAF R R (99% ee).
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0
ROLO/\/

H CAL-A, TBME, 30 °C
7
o

(1
O%O

. )

REMZ 5N A v A2 iE, Hl T
b A ZK AR PR 38 DA I P 22 PR ke i, B 1 s
B AR T PR B AL (KR 22 B T 0K Mt
Ji€.
1.2 {LF/FDE

Krasnov VL G4RIE T UMLAEY 10 5 11 155 F
PEIRF, SR 2- SRR 7 R AR WAk N, i
IKIRAF BN AR 2- NG WK (S)-9') (76% ee) il 2- F &
H5IRIBR(R)-9 (38% ee) 145 . /7 ¥2:(Scheme 2).

OMe

SS -12 76% de

AcOH OMe
(0]

R)-9 76% ee

L
N Cl
\
@[yMe T
H Benzene, r.t.

7
Cryw
N
H

(S)-9 38% ee

e

HCI

Ts— N\): AcOH
s

13 38%de

Scheme 2

2006 4F, Fu 25108 T FVE R A& 14
AL R BEAT 30 1 2 35 40 15 B (R)-2- AR W] W I (1) 5 92
(Eq. 2). I3k %o 5 ma 4 20 RO 1) R 25 0BT i R, 18- k-
6 Al LiBr £74F N REMUH U (0 7 ik e bE, 2- A7 Hf 3
PR KA IR 2 3R LF(98% ee).

2009 4, Hou 26" VAR 1 4 0@ Pd 1A, Tk
IRF 15 fE Ak 2- FFSEHUARI I DRIbE 7 Jd ik N R 745 I SEE
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BATHR 7 IJTVE(Eq. 3). = LG sE BRI AT R I\ BE 32
i ee (HANFALER, SR EE(DCM)FER N 7 20 BOR
uf.

OAc

t-Bu 5% 14, LiBr
mR % 18-Crown-6
+ O ———— R +
H N= Toluene N
bh -10°C H
fa~71d 16 (R)-9a ~ 9d
©[>--”R a R = Me, 94% ee, 55% convension
N b R = n-Pr, 90% ee, 53% convension )
\Ac ¢ R = CH,CH,Ph, 98% ee, 60% convension
= 0, 0, i
(S)}17a ~ 17d d R = CH,OTBS, 94% ee, 55% convension

toluene, r.t.

Ph
MMe \)\ [PAC3H5Cl],, 15
* "0Boc N Me +

o 2,
N N
H H
PPh, PhyP

15

2 BEAHERE NS R RMETE Y

TEA IR S Db, T8I0 ISR & T
ANKIIREA— B AR TR — AN, PR Ay 15 D 25
A H R T 2R A PR 0 5 ) T A i 4 R T 1, T
=N N SRR Wl TR MDA =T 8 e s P NE A
FHAE S0 5 754 EI, TR =i A K.

2004 4, Kuwano Z5U2TE UCHRGE T FREE (R 16 771,
FHEIRF 20 XFHICH N-SBEIERARTIEIRATAEY) 21
B FAKIREAL, LLKT 95%I1) ee {HASE)6244011) 2-
EUARHS | W AT A= D(R)-17 [1)777%:(ee>95%) (Scheme 3,
Type 1) . A&, ARG T N-FK B LB
3- A7 ARG W A7 A2 ) 1R 3 B ME A TT V(> 90%  ee).
[Rh(nbd),]SbFe £ T-PE XU PhTAP 2% &40 2 fidl 1
RV THEAT, Cs,CO5 HIIMNAT R HUAS i (1) S AR I 4
PE, 2-A BRI A [ 3 i A = (R 2.
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Type 1
[Rh(nbd),]SbFg
20

N—_R! ©[><R1
N Cs,CO3, Hy (505 kPa) N

| +PrOH, 60 °C, 2 h |
21 Ac Ac
(R)-17e ~ 17f
eR'=tBu, 91% yield, 91% ee
fR'=Ph,  91% yield, 87% ee
g R' = CO,Me, 95% yield, 95% ee

Type 2
[RuCly(p-cymene)],
et Nt
N 'CSZCO:;, H, (505 kPa) N
Boc -PrOH, 60 °C, 2 h Boc
22a ~ 22e 23a ~ 23e

a R? = CO,Me, 91% yield, 90% ee
b R? = Me, 99% yield, 95% ee
¢ R? = Bu, 94% yield, 92% ee
d R? = Ph, 99% vield, 95% ee
eR?= ¢c-CgHq4, 92% yield, 87% ee

PhoP e

Me” “PPh,
(S,S)-(RR)-PhTRAP
20

@)

< I

Scheme 3

PIAEJE, Kuwano VAU SIRIE 7 LT MEET i
b7 ([RuCly(p-cymene),-(S,5)-(R,R)-PhTRAP) X} 2-4i7.HL
R N-Boc {RAWIWRATAY) 22 HIA G FR & Ak T7 7
(Scheme 3, Type 2).

2006 4, Chan “5! 418 T 7 Ir(COD)CI AR Ak 551
FHERH 24 F74E N, A 2,3,3-= RIS Mk (25) 3547
KR AT EIL S 26 1775(72% ee) (Eq. 4).

Me Me I(COD)CI Me,

Me
24
»>—Me iMe (4)
N CH20|2, rt, H2 N
25

H
Eo ‘ PPh,
N i PPh,

(

26 72% ee
S,R,R)-24

2010 4F, Baeza 1 Pfaltz 2" HRIE T 78 4 B Kk th Ak
H1 27 VEREAL )T 6 N-Boc {47 2- B LN 22 AL A
A 2-FIEIRMRAT A4 23 (Eq. 5). & B S
A AR AN TS ZE I NB,  FLAE AL AR N s S A T4
(RS ME, e AN BR A S N P A K 10 I T i 55

http://sioc-journal.cn/ 1361
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N 60°C, 24 h N ®)
Boc (R) Boc
22b 89% conv. 99% ee

23b

27

2010 4E, Zhang U9 VkiRkiE T LA Bronsted /&
(L-camphorsulfonic acid) A iE7l, V(& L) @ (=
FARCED =1 1 {EIREHH, (R)-Hg-BINAP (28)1ETF
PRI, PA(OCOCFs), fii ks 3-" AL |1 29 i £ AL A
3R IR R 30 (1) 757%(ee>96%) (Eq. 6).

Bn Bn

S Pd(OCOCF;),, 28

(6)
N N
H H

L-CSA, H, (4.83 MPa)
29 30

V(DCM)/V(TFE) = 1/1
),
oo™

(R)-Hg-BINAP
28
2010 4, [P ESURE T ANEERA &R R L
X =R IR I IR AT AR 31 0 Uk} i L AR I
PEME S S — UL 3" BB R TR BE A ) Mt e -2-
Fi2RAL A1 32 F1 321 77 VE(Eq. 7).

O CF3
/ +
O o) + PhgAsCH,RBr
N
H

Ko,CO3 or KF
B ———
CH,Cl,

R = COCHj

total yield of 32 + 32" = 90%
molar ratio of trans/cis (32/32') = 1/0

2011 4F, Rueping 2"y YkdiiE 7 FH T EBER 7] 33
Y2} Bronsted FRXIL &4 34 HEAT ARG A 1 Wk
WAAT A4 35 1) 7772:(98% yield, 97% ee) (Eq. 8).

2011 4§, Zhou 2% 1E T —Fhit! Bronsted Acid I
TL < AL A BB SR A B S N, S50t 2 B [
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98% vyield, 97% ee
9-Anthracenyl

‘\a. tquene r.t.

9 -Anthracenyl

36 HEAT 3R pe Al HEHEAT AR FREAAT 21 2,3 -0URAC

IS|EIRATT A=) 39 (ee>>98%) (Scheme 3).
Crf

A\ HX, "Pd", Hy
+ RCHO
N N
H "Pd" = Pd(OCOCF3), H
R = Hg-BINAP 39
RCHO HX"'Pd", H,
R R
/ "Pd", Hy
- . AN
N
x’ H
| 38
Scheme 3

3 BIFHIREBIES BUEIRWGTE Y

TH 3 N T A ) PR AN SRR A v T DA L e s IR
FHAEBH ee EHBm, H2&FHERFNME G T — R~
FE BRI T H R
31 NFAREEE

2006 4F, Yang %121 T {E(—)-Sparteine (40)1F T
PEFF PAADVEAEAA) T, DALY 41 4 OB 00
SRR 53 - IR G IR R SN K B T P M R R A
W) 42 11 )5734(70% yield, 86% ee) (Eq. 9).

©\/v/ Pd(TFA),, 40
y 9
NH DIPEA (2 equiv.), 3A MS N @)
)\/ toluene, O, (101 kPa)
o 80 °C, 35 h 4
41 42 70% vyield, 86% ee

(-)-sparteine
40

2008 4, Chemler 252238 T LU AEMEAL T, k-

Chin. J. Org. Chem. 2012, 32, 1359~1367
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4,5- AT XUEMERR(43) 2 TR, 8 AN RS
XML E Y 44 [ ZIEACANKIRR 5 bk

149 45 H1777%(Eq. 10).
44 45 97% yield, 90% ee
oﬁ><(o
Phii / \ Ph
AL

(4R,5S)-Bis-Phbox
43

— OTF

cho3 TEMPO
NHTS  onCFs, 110°C, 24 h

2010 4F, Yamamoto 2521 kAR T 7 Hg(OTF), fi
BRI R R Y 46 73 T WAL IR A SR AR KRR
A B T R N SRS R AR 2B 47 (i, milre
W) A KA 15(99% yield) (Scheme 4, Type 1). 24 W A4k
AP A (R)-BINAPHANE (48)1, 1L&4) 46 Aeik#ett
i BSN-Ts PRAF (1) 2-J oA RIS IR (R)-47 (99% ee,
99% yield) (Scheme 4, Type 2).

Type 1
=
@(\/V Hg(OTf ©[>—/
NHTs r.t., 30 min
46 47 99% yield, racemate
Type 2
P OH 48 (1 mol%)
@(W Hg(OTf), (1 mol%) Wi
—_—
NH mesitylene N
| -30°C,30h \
Ts (Ry-47 TS
46 99% vyield, 99% ee

(R)- BINAPHANE
Scheme 4

2011 4F, Nakanishi 2249 VcRiE 7@ PR
RITE(NHC) 49 F1 Pd LA XL G4 50 Cyp ELHESE AL
b, I 5N AT A R B O 2 0 TR 0 R B
W) 51 (Eq. 11). Cs,COs MM B $ iy 7 A4 3% 5 1
(84% yield, er=97.5 : 2.5).

2011 4F, Labadie %519 Rl 7 LUHFEZR LI &
W) 52 0 JERHE I Diels-Alder [N P 254 AL N A
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H
©i5r/© cat. [{Pd(n>-cinnamyl)Cl},]/49
. 11
CSZCO3 tBUCOQCS N ”H ( )

140 °C, 24 h \
50 COzMe COZMG
’/N\ N. );
NHC HI
MRS R IER AT 2400 54 1) J77:(Scheme 5), 1% Y BE

MR ELr, EIRIER 513, H A% w0 IR
(nuclear overhauser Effect, NOE)i: IV 7= 4 by i 3444 774 .

OTMS
COM Zn, AcOH
2V Y toluene ) toluene OzMe
reflux
N02

(2) p-TsOH

MeO,C

o

N
H
54 cis

Scheme 5

2011, Hsung Z5PRIE T —F#10% F W Diels-
Alder MU N (IMDA), s&%) Oppolzer IMDA [1)edcidt.
S N FR AR NE R G 55 WMl A ok %

N RIS 56 (30% yield, dr=2: 1)F1 57 (26%
yield, dr=2 . 1) (Scheme 6).

Ac Ac<

56 30%, dr=2:1 57 26%, dr = 2:1

Scheme 6

3.2 tHEBEWLZE

2003 4, Johnston ZPTRIE T 18 K R AL
n-BusSnH FIFPEIRF] 58 £77E , XRARH 0 H iRt &

http://sioc-journal.cn/ 1363
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) 59 F1H Z R VY Fh ik 60 T i ke R AL RN g AL I B R A ik
2- FSU R L AR I g | R IR AT 240 61 1R 7 1:(96%  ee)
(Scheme 7). %A 5 T BENE(AIBN) I BEHE fm [ WY,

_ CSOHHzo CO,t-Bu
©\/\Br COyt-Bu 58 @(\( 2
+ _—
N _Ph n-BugSnH N _Ph
Br he AIBN Br Y
Ph Ph
59
60
p—
_TBTH @Q_(;ozt.gu
AIBN N H
N
7N
Py’ N Neo— L
Dally AN
61 89% yield, 96% ee ally
58

Scheme 7

2008 AF, %N XHRIE T O A RS AL
Micheal 1A 05 X FE FHAL A 62 65 i 2,3- BURUAR,
WG| ATZE Y 63 1177 1:128(94% yield, cis © trans=86 :
14) (Eq. 12).

CO,Et

EWG :
CO,t-Bu (1) NaOH *H;0
| BnEtsN*CI”
+ —_— >
NY Ph "2)TBTH, AIBN CO,t-Bu +
Br

N
Ph Ph
62 60 EWG = CN, CO,Et th
63 cis
_COgEt

mcozt-au (12)
N

Ph% "

63" frans

3.3 RIMLEIZE

2009 4F, Maciver 2524256 T ZEHEALF 64 £74F N3l
1 6m R R [ HL IR AL SN AL A4 65 SR A Bans | AT 2
Y1 66 [1)J715(Eq. 13). PRAAMEEUREE U T AL I B
HEAT IR FE RN P= ) B AR IE FEE(99% yield, 97% ee).

COzi-Pr i-PrOzC

COZi-PF

CO,i-Pr 10 mol% 64 O (13)
_ K,CO3 (aq.

R N/\© 2C03 (aq) N O

65 66

R = CF3 99% yield, 97% ee

= R = CH3 99% yield, 87% ee
?5/

CI”
Ph

toluene

2

OR?
64
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2005 4F, Tamaru Z5POHRGE T 48 = 258 e e AE
T~ Pd A 1-H W RS DA I e SV e A I 347
5N TR HE A BT PEAR S (indolenine) ) 7 V25, 2006 4,
Tros P RIE 776 Bk W 41 F ML &Y 67 10 F
PEIR T 3- FIERG 2L 54 68 4 i TF 1) 3-F3E-3-
K55 TN ARG 1 69 1177 74:(88% yield, 83% ee) (Eq. 14).

sz(dba)3CHCI3

MeO,

\ .+ _~_OH (S,S)-67

N CH,Cly, 9-BBN-CgHy3

H

68

MeO Lo
/
N (14)

69 88% yield, 83% ee

e
N
o)
i Hb
Ph,P
PPh,

67

2010 4, Ttost S5P2HRE T LL Mo fEfEALTI, T4k
70 515 3-8 HE-N- FEENGRRER 2- W (71) AN X B s P 2
1.(Asymmetric allylic alkylation, AAA), 5% 3,3-AUAL
(RINGIARE 2-MSRAL 5 72 B 73 1T (dr=9 1, ee=
92%) (Eq. 15).

70 —

10% [Mo(C7Hg)(CO)3] Ph
15% 70
£-BuONa, THF, 8 h

Ph

N N
\ P " 0C0,Bu-t \

71 72

Ph A\\\\/\Ph
O o

\
Me

73

2011 4F, Taylor £33 HR i 1 78 Pd AE AL 7RI F- MR
F 74 AEAER, SR AT BRI BRI AT 347 ke ml, 3-
75 AR g bR 2P AT I TR AR IR ik, B —
1% 75 2P IRAA 76, SRS IS B 3-%E k-34SR
ARSI WEIEE 2-7 77 (83% yield, 74% ee) (Scheme 8). T

Chin. J. Org. Chem. 2012, 32, 1359~1367
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A AT 1 o0 ARG IRE 18 DK/ 152 Wi s T R A 18 37 4
N

(1) Allyl alcohol, DCC
(2) Aniline, 2-chloro-1-
o O

O O
methylpyridinium iodide Ph\
J_L N0
HO OH (3) t-BuOK or NaH / Me
75 alkyl halide Me
(0]

Me
Cu(OAc),-H,0 \ 0™ Pdy(dba); (2.5 mol%)
TR T2 s e T,
N 0 6.5 mol% 74
\

Me
76 racemate

Mgt /
(0]

N

\ NH HN

Me
77 C;’th th%

74
Scheme 8
4  FIEIRE R0 RRIRGTE YRR RS R

CATF-PEAL A WE R i JRUREEAT 2-07 8% 2,317 AU
ARG WA IR AT 26420 R AN R A B DR G I i B PR A 31 T
T2 I .

2002 4%, Jackson Z PR E T Pd AL AT HLERIR 7 79
&Pl SR 78 e [R] 44 80, 1T 7E Pd fiEfL T 2R
PR SRR AT A2 23, BT T B U I AL R S5 06
HEPEVE(63%~87% yields, >>99 % ee) (Scheme 9).

©jl + IZn/\‘/R Pdy(dba)s, P(o—tolyl)3©\/\rR
B NHBoc Tt 4 h, 36% ~ 52% g, NHBoc

r

78 79 80
R = Me, Et, i-Pr, Bn, (CH,),CO,Me

Pdj(dba)s, P(o-tolyl)s, Cs,CO3 ©\/>_,”R
toluene, 100 C, 15 h N\
Boc

23
63% ~ 87% yields, >99% ee

Scheme 9

2008 4, Buchwald ZE5HRGE T LU A AL 520
AKIFRE S 2-HUARI IR AT AE IR T i, SE LR 81
FI(S)-1,2- 315 T e (82) S Wi 2B e Tk h Il 44 83, P A
Boc 2 84 SJNAFEI(R)-2-ZIEWIWEIMATAY) 23 (94%
yield, 99% ee) (Scheme 10).

[Al—4, Yu ZCHGE T LTS RAT A4 85 4
EURJEURL, ESETE PhI(OAC), Fl L /EFI T, AEm iR
rh R 4 86, AR A EL Cul AL 71 P Ak R & i 2- FAR
BRI 05| R AT A= 90)(S)-87 117772 (Scheme 11).
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(i) n-BuLi, BF5+ Et,0

Brw.\\Et THF, -78 °C, 1 h
Y (i) AgCO,CF3, I

CHCI3, r.t, 1.5 h

Et
©il\(:)/Ms

81 82 83
BocNH, (84)
—_— Et
Cul, DMEDA, THF N 94% yield, 99% ee
80°C, 16 h \
Boc
(R)»-23
Scheme 10
|
/@/VNHT“ Pd(OAc),, Phi(OAC), NHTF
CO,Me o, NaHCOg, DMF 2
R 2 130°C,24h R | COaMe
g5 a R=H 86
b R=OTf a R =H 68% yield

| b R = OTf, 52% vyield

@—COZMe
R N

\
87 Tf
a R=H92% yield
b R = OTf, 91% yield

Cul, 1 equiv. NaHCO3
DMF, 130 °C, 24 h

Scheme 11

2009 4, Curran 2£B7H38 7 @S5 e 2,4-—
FH - 6- A Q- V-5 T FE A 1 (88) IR A 15 3] 3-47 7R H IR Wi
EUAC IR AT A4 89 1 7572:(93% yield, er=91 : 9) (Eq.
16).

o Pthc//<

/\/\
PthC N COZMG BU SnH (16)
Eth/OZ COZMe
25 °C, CgHg

93% yleld e.r.=91:9

2011 4, Studer ZESHRGE T — Pl F PR @A
ARNEFACE) 90 28 B h S N4 B WRIHR AT A4 91 (1)
J71%:(Scheme 12), J V28 [y AR AS [R] (1) 3844 B 56 38 i
PGB LA bR, 5 515 30 [H — M 4(86%
yield, dr=94 1 6).

2011 4F, Andrade EPHRAE T A5 RIS K AR
7=#) Leuconicines A (9% yield)f1 B (10% yield)f) /1%,
R ARG G T 92 4y JsURHE T PR Al B AL 93 A7 4r ik £tk
FIEIEATAEY 94 (dr=10 1 1), 5135 H b4
(Scheme 13).

PRG-I R RAL S W T, AR iR R
RERIN AN . T 20X ity (H R NP ERZ | 5 JLAR
PEEE L AR ARV R RO, RSy

http://sioc-journal.cn/ 1365



ERAT bk SR
NC
abstract |
(6]
reduction 0 EH / X
cyclization 4{ H 2" (Et0),POCH,CN H
N 0" "Hex > 0" “Hex
N t-BuOK/DMF N
\
\
abstract | H Ac Ac
cyclization 95
91
90 86% vyield, dr = 94:6 NC
X
Scheme 12 AH
 — 0~ "Hex
o] o N
: s A
. HN">t-Bu ¢
cHo 2 93 96 97% ee, 88% yield
Cf\g In, Ti(OEt), N\ 7 Scheme 14
N _~_Br N L
s 7 Ms B AEXS N S R A LU AB (dr) DT e AR R (dr > 98 = 2, 7%
92 THF, 60 © % 55%) (Scheme 15, Type 2).

87% (dr = 10:1)

R = OMe (-)-leuconecine B
R =NH, (-)-leuconecine A

Scheme 13

FHRERZ | ee (HIEHIHRARMEB] 7 HNHT; AN FRG ik
W AN ee (AR, (HRZTIEBGRIBREL & D, TR
o FSZAT B U S 73 AL £ 1 P it

5 i Domino 8k [z N1 A 3 #7 S B M| Ak
it

A LA B, Domino H3 I S Wil it — &R A1 %
R T AL S O A S, Be AT B
A . Bt Domino 53 H s W N FH 7 W I AT A=
WA FR G b, PR B, S0 B H 5D
T LA 35 A I i 554

2003 4F, Kawasaki 2544 1T LAFE 0 2-045 T JE 4R
TG IBR-3-1 (95) AL 4 JsUk), ik domino i fb AN
ANXFFEI Claisen = HE K & (— )-pseudophrynaminol
(96) (97% ee, 88% yield)[¥) J5 i%(Scheme 14).

2008 4, Fustero Z5M2HRIE T 2- FFARAABEIEHUAC )
& 97 LA EY) 98 4 An IRV FE A iR 2.1
rhiE) Ak 99 F1 99, 4 Al 4A 99 J5 Pl It SyAr 4k
SR O 27 40 1) g | R AT AE ) 100 (dr>98 : 2,
yield=50%) (Scheme 15, Type 1). 495 H AT I IR
BT RS HBEE, RV ERERL . SRR
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Type 1 ? .

5
A N/PMP LDA/THF, -78 °C
Tol ‘

F4C Ph 10 ~ 15 min
97 Me 98

Ph, HN—PMP

Ph, HN—PMP
CFs . CF,

S Me sieS. Me
N :
TolY O Tof O

99 dr>98:2, 60% yield 99'

/
Ph, HN—PMP
KHMDS N _Ph
CFs  THF,0°C “CF,
929 100 yield 83%

| %
PMP
_PMP 4y DATTHF /

qS\ToI N -78°C, 30 mi N_Ph
w e L%
FaC ph  (2)rt, 90 min "CF3
100
d.r. > 98:2, yield 55%
Scheme 15
2011 4, Yang ZESHRE T NGB LRI B S
102 7& PA(OAc),/MEmE AT, S59 )5S A SN
SR AR TR 101 777 R R AR I 3 B |
WEIHAT 24 103 11 J514(64% yield, 98% ee) (Eq. 17).
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10 2 ) 103 dr> 24:1

2
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