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RERTFBIOANTOET (BIIXEHR, BE WBEETLREY) LB In2RAULEw, Wb b [HERRILE
Wld, 2L OaREES, AMEERAY, WM RO E LCTHET S, EERLAWETHL. L LN
5, BAOBEERGRFEIE, EHNICHVE ZEBHEELRSOPLHH Y, L) ZHAr M TRETITZ 5, ELf
EICEOGEREL AT HHEEROBRWEGRLEORIL, S2BYEINTVL008KTHSE. FHITIINET, 1L
SMNCATENE 7 e % — AKFER G (C-H) OEBR SR X 2 EEMTIN G5 &k Bk, wbw s [l
1) C-H EReEAL) ST 2782 O TE . I, TNE2FMLRE - ~T o THRHEEEERGE 5 TN 7ot
A (BABRBOR) (Z#H L7z, Frdlhomh=m 2 BEERBEE O 2 R/MMIITV, BEREZBFTE 2 V. A% T
X, INFETOMEDIHERE LT, AFEMTOMHICE S [FEFHL (desymmetrization) | % #EH L 72 A MR
OSZEHE L7z, SIS XD, BIZ3AEMEEILEMOIRE L THE AT S, BAMAFTRKEERETHAL VR
YERVe FuXRY YT T VEOBERNTREE 5. BRESEME C-H BBV TEWI T AT LA -2 F
FABINEEEB L 2SI N T CTHEEIARL, ZOEBOERIIMO TRE V., RKFRICETLIINE TORK
B2 UTICHET 5.
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1. A4 ¥ ) VBRI BIT 5 Ve

L& la # EFNVIEEIEIRL, 13U, 5FW C-H 7 I JALRIBIC L B4 ¥ Y ¥ 2a RO W e 2 D0
B, AFENA 2RI ISR IE 23 A7 (Scheme 1). Yu SOEPOISICETEHE 2 25#I12, 5D
7 Al & U C PA(OAc):, FEEILAIE LT Ce(SO4)2, S 5IZHIMNAIE LT DMF (N MV-dimethylformamide) % f\vT
la OIS 2 To728 25, HBRIATH A4 2 F) ¥ 2a BEBIHESND Z LA L7Z (25 mol% D85 P
LfRBECINER 49%). LA LAaAS, Fe UssMt O35 U Aflt, HELH, SnF, B cowTozzy) —
VTR o200, TN LEOMBRIEOLFIAON o7 T2, EARAFREBLEORE L2 1b D
G 5ix, B4 et @8H L2 o0, BRAERY 2b 1315 5% h - 72 (Scheme 1).
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25 mol% Pd(OAc),

R 3 equiv. Ce(S0y), O
O NHTFf O 6 equiv. DMF O
H CH4Cl, N R

R Tf
1a (R=H) 100°C, 24h 2a (R=H):49%

1b (R = Me) 2b (R =Me): 0%
(Tf = trifluoromethyl)

Scheme 1. Pd-catalyzed intramolecular C-H amination for indoline synthesis.

2. — biFE (CO) MAZRHT 5 C-H MBRG

FHITLHE, Vo A E WS Z LT, 227 )=V 7 2 —VEICHT S COAEA LA C-H BT
X 2I2ED, IRVIET ) VEEPRIRNHEETE L2 L2 /RILTW 3. Zo%Eo#MET, BloRLAA
YR YEROIEE EFEPOMEW 1c I2BWTh, RIERLMRS COMAILLS C-H AVKR=Z ML -HERTa & X
DVHEITT LI EDRHLRE o7, MEE LTI RNT VAR ELTED, 10 mol% @ Pd(OAc): & & dIZ, 5%ED
AgOAc % L#HI & LTV, MeCN &R, 80 C TRIBZT-72L 25, 17% LRINELLS HYE 3514w
3 AR L 72 (Table 1, Entry 1). AFESANDORER D HEFIC, HivTHA RV TOMRS 217728 25, (S)-BINOL
(1,1-bi-2-naphthol) % V72l D AN\ L L, HREOINFE LIS EEY 3 25 517z (Table 1, Entry 7).

Table 1. Pd-catalyzed carbonylative C-H cyclization

CO (balloon)
10 mol% Pd(OAc),
Me 20 mol% Ligand Me
5 equiv. AgOAc Bn
O NH; O MECH - N

H 80°C,24h o

1c

Entry Ligand? Yield (%)P

1 none 17
2 di-tert-butyl L-(+)-tartarate 17
3 Boc-Val-OH 14
4 Boc-Leu-OH (monohydrate) 10
5 (S)-BINAP 6
6 (S)-tol-BINAP 4
7 (S)-BINOL 44

@ Val = valine, Leu = leucine, BINAP = 2,2'-bis(diphenylphosphino)-
1,1'-binaphthyl, BINOL = 1,1'-bi-2-naphthol.
b Determined by "H-NMR analysis.

BSOS FHEEZHEL, BB THEHEDA 2 ) —= v T %o 2 A, FRIETHVTWV
AgOAc 122 2T AgsPOs Z v 5 Z & TN KIFEIZ LA L7z (Table 2, Entry 1 vs. Table 1, Entry 7). FE{LHID
EROLBIIWNRICKE LEEE2 5 2 b - 725 (Table 2, Entry 1 vs. Entries 2-4), /853 74V =X &L T
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Pd(OTf)2 (Tf = trifluoromethyl) ZfH 325 2 & T, L) AR EITT S &5 AL % - 72 (Table 2, Entry
7).

Table 2. Screening of Ag and Pd in carbonylative C-H cyclization

CO (balloon)
10 mol% "Pd"
Me 40 mol% (S)-BINOL Me
x equiv. AgzPOy4 Bn
O NH, O MeCN B} NH
H 80°C,24h o
1c
Entry "Pd" x (equiv.)  Yield (%)?
1 Pd(OAc), 5 71
2 Pd(OAc), 4 74
3 Pd(OAc), 3 69
4 Pd(OAc), 2 66
5 Pdl, 5 9
6 Pd(OCOCF3), 5 67
7 Pd(OTf), 5 81

@ Determined by TH-NMR analysis.

(S)-BINOL #EfrT-& L, [739 V74 -] L wHMAELEEMERICHVWS ZET, {LEW 1c ® C-H # VR
AL - BRI ICEIT T A Z EDBH LN o720 T, YWD HWTH - 72IEXFRMEIZ & 5 =5 ¥ F 4 #IRW
POSHET LTV B2k ax 77 74 =X ViR L7z, L Ladis, EEET IRk TH S 2 L AvH]
L 7z (Scheme 2).



CO (balloon)
10 mol% Pd(OAc),

Me 20 mol% (S)-BINOL Me
5 equiv. AgOAC *~Bn
O NH, O MECH - N
H 80°C,24h o
1c 44% yield 3
e.r.=50.1:49.9
CO (balloon)
10 mol% Pd(OAc),
Me 40 mol% (S)-BINOL Me
5 equiv. Ag3PO, *™Bn
O NH; O oy - N
H 80°C,24h o
1c 71% yield 3

e.r.=50.2:49.8

E.r. (enantiomeric ratio) was determined by HPLC (chiralcel OJ-H column, hexane/PrOH = 96/4).

Scheme 2. Determination of enantiomeric raito.

3. AFPEP EEZHWETHEH N, ) —ULEWOERE E D

FERD XS, (S)-BINOL ZEMiF& LCEIRT A2 LT, BICRTHWETAHBRAPEONL Z LA L7
YOO, TFrFABREIEI BRI o7z. 22T, AFKIGOEHD 20, BifRIEE 45 BINOL #HEk
wHEA AR L, TOWEEOFMZIT) 2 &IC L7

(S)-BINOL 2R LTk FuF 3D MOM (methoxymethyl) {bZ17\v 4 & L, W THIV METOY F AL BE
I DFERAR 5 2872, ZhICHW LT Suzuki-Miyaura & v 7 » 7125 ) 2naphthyl 2B X 8 4-
methoxyphenyl 2k # &AL, ZOHE MOM 1L%Z479 Z & TNA J — VLAY 6a B L O 6b # & L7z (Scheme 3).

OO 2.2 equiv. NaH OO
OH 2.2 equiv. MOMCI OMOM 1) 3 equiv. BuLi

Y

OH THF OMOM  2) 3 equiv. (CBICly),
SeLE NS

71% yield 71% yield
(S)-BINOL 4

Br 1) 20 mol% Pd(PPhs)4 Ar
OO 3.5 equiv. ArB(OH), OO

OMOM 5.2 equiv.Na;CO3 OH
O O OMOM  2)conc. HCl, MeOH O O OH

Br Ar

5 6a (Ar = 2-naphthyl) : 79% yield
6b (Ar = 4-methoxyphenyl) : 64% yield

Scheme 3. Synthesis of substituted BINOL derivatives 6a and 6b.



B LT, = VFERDH B, 6a BT E L THWIHE L% & M7z (Scheme 4). LA L%AS, (S)-
BINOL % HW7zRpIZHARTINEMET L, FEEMEIT IR TH - 7.

CO (balloon)
10 mol% Pd(OTf),
Me 40 mol% 6a Me
5 equiv. Ag3PO4 *TBn
O NH, O MeCN i N
H 80°C,24h o
1c 44% vyield 3
e.r.=50.1:49.9

E.r. (enantiomeric ratio) was determined by HPLC (chiralcel OJ-H column, hexane/PrOH = 96/4).

Scheme 4. Reaction using ligand 6a.

DERL72&912, C-H ANVKZ ML -7 0 A MFICET T 2502 AT 2 L3 TE 2500, AHFK
JIENDREFIZWEZEBITE TR, &, N — VEEKITM R, JAH 2 AL OWETERHE 217, 2 0%
BEHFLZW.
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