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ABSTRACT

Synthesis of Novel Oxazoline Ligands with a Biphenyl

Backbone and Their Applications in Asymmetric Catalysis

ABSTRACT

The design and development of effective chiral ligands have played a significant role
in advancement of asymmetric catalysis, and have attracted a great deal of attention from
both academia and industry. Thousands of ligands with various chiral elements have been
developed and applied in many catalytic asymmetric reactions. Among them, axial
chirality is one of the important stereogenic elements used in building up chrial ligands
such as BINAP, BINOL, and boxax, which have been explored as effective templates for
transition metal-catalyzed asymmetric reactions. Axial chirality results from restricted
rotation around biaryl axis produced by ortho substituents. Generally, enantiomerically
stable biaryls require at least three ortho-substituents to prevent the racemization.
Therefore, for all of the traditional design of atropisomeric biphenyl ligands, there is at
least one bulky group at 6- or 6’-position on biphenyls for sake of stable axial chirality. In
order to develop more novel and effective biphenyl ligands, three different approaches
have been developed.

First, a novel atropisomeric framework in which the biphenyls have only two
coordinating groups next to the axis was reported. The axial chirality of biphenyls is
expected to be retained by macro-ring strain produced by 5,5’-linkage of biphenyls. Based
on this design concept, a new family of atropisomeric bisoxazoline ligands with a bridge
across the 5,5’-position of biphenyl have been developed. The axial chirality of this type
of ligands can be retained by macro-ring strain produced by 5,5’-linkage of biphenyls
even without 6,6’-substituents on biphenyls. The Pd(II)-5,5’-boxax complex showed high
catalytic activity and enantioselectivity in asymmetric Wacker-type cyclization of

allylphenols.
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ABSTRACT

Second, a new family of biphenyl ligands with four constitutionally identical
coordinating groups at the ortho-positions of the biaryl axis, in which there is no any axial
chirality due to the molecular symmetry was reported. However, the formation of metal
chelation at one or two side of biphenyl resulted a pair of enantiomers of monometallic or
bimetallic complexes. Moreover, if the coordinating groups have chiral element (e.g.,
chiral oxazolines), the diastereomeric metal complexes will be formed. Under ideal
circumstances, these diastereomers will have sufficiently different energies, so that only
one of the two possible diasterecomeric metal complexes could be formed. Therefore, the
axially chiral monometailic or bimetallic complexes could be formed by the
chelation-induction concept upon complexing process of axially achiral ligands. Based on
this idea, we have developed a new family of chelation-induced axially chiral palladium
complex system by using axially achiral 2,2’,6,6’-tetraoxazolinyl biphenyl ligands. The
tetraoxazoline ligands only afforded the (S,aS)-configuration whether monometallic and/or
bimetallic palladium (or copper) complexes were formed upon the complexing process.
Using the chelation-induced axially chiral palladium complex as a catalyst, excellent
catalytic activities and enantioselectivities in the Wacker- type cyclization of allylphenols
with up to 99% ee were gained.

Third, a series of axis-unfixed bisoxazoline ligands with different steric and electronic
properties were synthesized. Due to the different steric interactions, the ligands afforded
only one of the two possible diaseteromeric Pd(IT)-complexes upon metal coordination.
The palladium complexes showed excellent catalytic activities and enantioselectivities in
Wacker-type cyclization of allylphenols with up to 98% ee.

Keywords: Axial chirality, Biphenyl ligands, Asymmetric catalysis, Wacker-type

cyclization
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Table 1-1 Oxazoline donor ligands coordinate to a wide range of transition metals
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Scheme 1-17

B AR B E 2R A 23 AT, AR M THE 3. I LFEE
fe: ) B T B S XU K B 4K 27, 28 (Scheme 1-18) %,

R
_ [PA(CH3CN)4)(BF 4)2(5 mol%)
ligand - %
p-benzoquinone(4 equiv)
OH MeOH 0 R
25a R=Me
29a R=H

a R=CO,Me
b R=SiMe,

¢ R=CONMe,
d R=CHO

e R=l

Scheme 1-18
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Botk 27, 28 HAIT PAADMEALT, UAEERAEWH, MeOH HEH, AXFR#E
LIEY) 25, 29 ff) Wacker-type BL RN . EEFENE, EMIKATFE HERKE
B E 3.3 AREMBE 28a TEEILIRY) 29 RBURESF, 79 30 KE A 90%,
60 °C B} ee 15 67% (S). HRMBEREN 20 °C, BLHAF Pd (LIRS 3] 3:1 B, ee
Eilt—% L7 5 96%, 1 ILEAMEATIGRY 25, KRR YRR BOE
IR EGEE 30%, 4% ec); H{FFIRCIA 23 BEALRY) 25 B, RTLATR ] ee fH 97% M
=Y 26, TIESHEY) 29 MIXTBIERIERE 9% ee, FIEME R IFTRAE .

2003 %, Uozumi UK h T 1 K25 XUUE MARb AT ¢ 82 B B 7 F A1 8H £ (Scheme
1-19) , BT T X Wacker-type LR R AIIEBIARMEW . ARRIR MR E, ™=
EBAR, EXBEFETRER 96%.

_ [Pd(CH3CN),)(BF ),
supported (S, S)-boxax 31 n
p-benzoquinone(4 equiv)
OH MeOH o

o up to 96% ee, 46% yield

OO

Scheme 1-19

2000 4, Theda Sitt—35 FF R B T 7EVEWMIF 4 SLVRE EHHBEMBER
BAMC Ak 32 MBS B 4ER44 33, BAIABIAEMA R ENMZERIERE T, XLR
R T EtyZn X EF MRS (Scheme 1-20) .« X FHIAE € KL 32, B
HEIARME A 32a MR RIF, FEYIE 93%- ee Jy T8%(R): ML TR 32, FH&KsE
BAESLIA 33 KB T RIFHME, PYKE 92%. ec {8 88%(R). BLst, HIFRIEULH:
EAFEMNMTEN FREEHEE TOERMEE, FHEH R HBKERHE 33
RN R 3R 37% ee.
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o - OH
—_—
Ligand
HO, o)
) -0 w,,
I N a R=Me Me>\\« N N »“\<Me
! M
N bR-Et Me Sy % ]
R Y ¢ R=n-Pr o)
F"\\OH
32 3
Scheme 1-20

Ohta #RiE T EMFM 1,U-BRE_B LT a4, EBEER 33 M IEHEF
PEWEMEWAER, JT TRk BINOL-Box ALk & —K VIR AT S H AT 14 34, 35, BRI T 1
WARTRELTXEY 36 1) 1,3-BIRIFMMK Y (Scheme 1-21) 8, 74 F i
R, Btk 34a 55 Sc(OT)3(S mol%)f# K RM3R18 T th A Xt ik 3R R B4 1)
Xt BRIEFEE (endo/ex0=97:3, endo-38 Il ee {HH 87%). RMHIRKFRESBRIH;&K
BT BT R A = S R AR AR . MR BB MM R AR I (s FI5. K.
FRRERMIBES), XA K 2 i T R Al A AN 2 1 70 0 2R a4k b = A2 R R (R
PR BT R o

a R=Ph
b R=iPr
¢ R=Bn
(a5,5)-34
0 _ Sc(OTh; (5 mol%)
/\)L /[2 Bnt O Ligand (6 moi%) Bn\N/O MM?/\ B"\N’o "\MT
N I 4A molecular sieves; : N\‘{o + N_ O
\\/ H™ "Ph Methlene chioride, 48h, r.t. PH N PH T \g
% endo-37 ex0-37
Scheme 1-21

Chan FF& T PUBCALEXALNE 3R NVEMEMAAC (4 38%. i%FE4k 5 T 4B T RCALS o
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BE WE
BT CrMHHRIERERBEEY, HETRUNELE TR FAR SR YRR

TRFHKNA. BAMBEEEAREE, BERT ZEAERTRELT KEE
A HHE

1.4 B

45Kk, BFRT ETHEEHE, ERRDNAT AL F LS DHH]
FHEEEL/L, ANTFROFERAERDOERE, WPEHE, RMEEESS
AEFERSHRERE. 5—FHH, GBXE, K, HASRZEXRSHAHRH
BABARNATIWAE> S, BERBFHLEGYHGHEEZKBTEENT
YR & RN R B AR STk, FIRF AT A X FREL R ALE B Y
AF I FUBHFRFUBATHRS. BLAE MR HRER
AR, RASBREAYETHHREAREPHREESEINREFEAFTEER
R ARMBLSER o

LT, AETRCRE—EHOMTEEUARNRES, RIBXEHTR
WA BB BEHOEE, FBZATSRECHIRBRELRNS. EXEERT
R =AN 5 HEK T AE:

1. R T BBEE 5, S QLA EE IS BB AR FH A B RS, SO HFamT
5. Bkt TEAEBAREMMEC A, IR Z AT AR .

2. BT HSRRAHSHIMFERARMOFR RS, RAFGRT
2,2, 6, 6>~ BXAKDUREMRN, £ RRIFES TRBXEM AR THELN, FHFHZ
R P F AR R R o

3.t 3TETHE MM AC /A ZE Wacker-type SFG R BE P R A 9 J5 PRYE, B3
BT — RFVERH R LA AL ABE LA F A7 IR YRR &8 B XU v
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B S SUERE LI-EERMT HRENTTRRNA

FE 55MERMN LU-BEEXMTFURENFRRER

RAHFRERWIRR N FHBS ERUEWERHRELR N L —HKEH
BERMFHERCH. 830 EXR, RiFHEREBERBEIHENEENBRE—E LR
AP —.

B 1980 4 Noyori I & M T BINAP' HFERKFREALFIRE TRy, BB
BINAP #TAYA EMBEERRAHAKKE (Figure 2-1). B FRIVR BB
KAk, BRRRAHAGRROAHELE SR, MELBKEXRGEEST
i, WIHIAHBEREAFHFRNNZED. B 1983 4 Schmidt FRELERT —
BRXERBALR, BELFHFEARERELEHFBELRR & 39 i NA T EH A%
PR R B JIRES 2.

R

R* .
(L oon O 1, Ok Tl e, |, L
* 1 L*= Eﬁlg
™0 T " S RO
R? :

RS
39

Figure 2-1 BhF¥EACHE
Figure 2-1 Axial ligands

2.1 FHBIBFERRRIRIT

H Noyori & W] BINAPLLSR, B ¥EBCtA URLAE 3 BV RETT R B RL £ KA1 2 315R
E, FERSERATUWEALMRE’. BR, FASTHHKERIE[aR)-40F
(a5)-40], WATAMRI: &4 K ILFTH KT RACARRIE L EZ MW AL
1) i) 25 (AL RELR PR AU e 3, T SKIR e B T4k, BI6, 6* R AR AR 42 il 0
FH. IHBTFURRGELERETFRABHROFENHIFEZRE _EH (41,



B 5 SUERM 1,1-BERMTF AN TF R RNA
Figure 2-2), ‘EHIXNEBSEZMPBAL6, 6! MABAENKNE XK.

"ﬁ‘ @’w/‘@

. (aF)-40 (aS) 40
Figure 2-1
HEASH, WHMFEERANRTFRRET —ERINER, FEREERT
REMZEEF M FERTEDTRE Co ML BRI, &4 K EXHAFFIRE =
T A K/ AT R RE A SEARRE PR B AT T R A AR BFA (Figure 2-3),

Figure 2-3
Saito® LAFA BRI AT FREAL A (R 2-1), BFFUECH T fo vt Tt ik 34k
Bm, MR ZEAE,, MPEEtEE. EWS LML, St MERR
RAEEISE: FAA KMt R I BINAP. BIPHEMP. MeO-BIPHEP. SEGPhos B
WATLUAT C MM FHEMB R G, EREMNNBTFEZMREEATZRNESR,
e FEZEEEEN LAEEEREREENEW, SN5_HAXRBESE>Y
MFH, PEABERNLRERREFRTFE-ER, FEN “ZHmHASD, Wy
BB H%5L, BREFHBRUEN.

R 21 SREAY ZH AN LA T
Table 2-1 Influence of Dihedral Angle in Epantioselectivity



FE 5SS UERN L1I-BRESMTFHRENIFRRNA

0 Ru(ll) 1y ©OH
OH H_2> /‘\/OH
ligand BINAP  BIPHEMP MeO-BIPHEP SEGPHOS
T 73.49 72.07 68.56 64.99
ee (%) 89.0 925 96.0 98.5

¥: A CACHE MM2 1% Ru A4 YFRAN_H%A 0

2000 4, TREBEIL/MAA T BB R = A K TunePhos 7 FIECHE °(F 2-2),
HNAT B-EREEHIANFFEAENRN . KEOBRIIZ AETELT —MEEM
#R: TunePhos RIIMHNN_AREER, BTEZREEXLFRLAR, BF
MR RE AR HRIER: BAERRZEANRAN RN BOEEEE —E
B, BF—TEARBNAEEDERSEGTHRBERNER. BF. ES.
BRSFFHTEMFAMNERT, BYSRASHAMNERERSTIRIEEFEN
BAME, HETLHEMNEAE. TURRRHER: FHEA-HAESREMIT
T 7 BEIRAR B i FAO 0 a0 44 T A 1R LB — T AR /N O R R . X — 5K
RBELEEFRN, BABREMNEA_EASERDEMMEL T4 LR, B
HAKKDI N BIEFREF RN, XE—NMFFHFE.

& 2-2 Cy-Tunephos ALk T A X (L ALK BIE FAE R
Table 2-2 Influence of Dihedral Angle of C;-Tunephos in Enantioselectivity

0
, Bu(L)Clp.dmf OH O
rALCOR 2y L com 9 PPh,
H R (CHy)q
2 b Pphz
42: R= Me, R'= Me O
43: R= Ph, R'= Et

JBtEAC & n=1 n=2 n=3 n=4 n=5 n=6 MeO-BIPHEP BINAP

ZHEfM 60 74 77 88 94 106 87 87
Ee (%)42 909 9038 977 991 971 965 979 98.4
Ee (%)43 768 714 720 823 785 605 74.8 78.4

#: HP-HMAN CACHEMM2 it EARHERFE SN _EHA

WEFTR, —HANKDIREEINFECKRNEERRZ —. BURHERR
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SR SSNERKM 1,1-BEKMF AN TR RN

HFHEMERT ZE A 0 HR/PRMFUHERE R A8, Nt B, BEER 6,6’
MERAENEE T, ZHA 0 AARANEAEE, 8o TURBRPEIRK.
BATREDFHRMFY, BEXUEYHEZRGNUNMSEARFPELINE=
- AEEAR

RERTE 6, A ERFHEAT, EBE LA B AZRALE ST
RE®? R, WEEFRAFEREARITHSHTAE, BFERORMERE
BX. BEFXMRE, RIVAEES, SASIANRRERSHBRARANHFY, %
HHEETE 5, SR —E KB RB R EIHE 8 h#£5h[(ar)-44 F(aS)-44, Figure
2-4), DASCHUMREBCRECRRMTFE. 2%, Bt RS & RFE
ZRMAEER, XERTLUAES 6, 6" AL AR EABUE AL PRI HIVER o

(CHﬂnH ’ L § - . H (CHy)n HOOC H {CH)n
° § 0 0
45

(am)-44 (aS)44

L = Coordination Group

Figure 2-4

B, BATRI LG T AU X A HERHREMZR 7. 1941 48, Roger

Al Nathan HABIIT 5, SOLRE —E KERMMBE R 45 03 ZMEMR.
RERI: WiEEH 5, SUBENKE, BLEErREHATEEIkRS, TLEE
BRI ZHNBR. BRWLAY 45 7F 6, ORI N ERT, {HRE L KERBREER 5,
SOLERRKMBERIFEE AT BES D LT RE XM TSN T
BFHEANITRT . MR ZZBROFENRES S T B ANRER,
BHAMTAHMFEKMEE TH 6 o UMEARTREEEL MR/, TH-H
£ 0 GE/NEIER ERANRE K. B, BIESH 5, SRBMENKE, s
BB KR A 6 fAD. TR, WAMEHRANHR, BRHTFHE
RS — R, SRRHHMFRRG, FALS5SRETRRNEAY,
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B_F 5SMEEN L1-BRRRMTF R AN R ENA

FHRAFAMHREARN, BAEEMNERERLE L.

LTRBMHITERNERESYARRBHREENELEE, TRASHE
BRI mEE. K. B, RABRKAHYE, STHETFESFEABRRIEEHE E
MEAMNBRNPRBRIFANH. ETRFEERARTOFEES, BERINE
WT 5,5 RUEER LU -BERE AL 46.

/ 46a,n=8,R = i-Pr;
46b,n=8, R =Bn;

e ] A G
.n=8 R=Ph
\ O ’OT a6e, n =10, R = iPr
0
2.2 FMBEFHRENER

B %t BT R v AL AR 461 4 M3t AT & LS T (Scheme 2-1), AILAE KA
BHREEFUT=AXRELSRE: (—) KENSA, B @SB EDE K%
(Williamson Synthesis) BE|FBAWEY: (=) BKEMERN, THELES/RE
BB M (Ullman Reaction) B 2]; (=) EMMIAMEH, HTELIRAEER
TEYERTE. @ EaW, BNEERWTTUTZLBE, FH#TTER

B

0 HO —
/ Q). Br(CHo)r B,
(CHan N "':‘::‘4 ’R-===:>
7
\ O OT OCHa
o

HO

Scheme 2-1 B4k 46 3% & A #T
Scheme 2-1 Retrosynthetic analysis of ligands 46

BHARNBH T AL — (Scheme 2-2) « 2-IR-4-FEEEFRERKREHN
FET, HUISKKF=RENKR2-R-4-FEEXFRIT. ZEDMFELTRE R
REAFHME, BEZCERNFETEFHEERRNBABEAL A48, E=
LT 5P RARHBEUR MR 2SI & Y149, L EVAIEFILIRIER TE

COOH
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B 5 SREERI 11-BERHT R0 R RS
BBEL Y50, F+ ZHBER = SAL B RALR B KR 4T X SO B 2B BB K
MAEWS1, BERETRET AR RN B B 571146,

COCH,4 COOH
Br NaOH, _NaOH, Br, Br _nsoc, _ _MsCLNEty o0 j
)Ho , NEY
3
Br
OCH, ocn, HzN ‘R
o
oo <)
Cuo N R A'Cl3 o'zH”sH BanHanf
> 3 O O
oo )<
N

o\/x(\,)»\,o

Scheme 2-2 AC{A4614 A
Scheme 2-2 Synthesis of ligands 46

EEIFHEEBMERAGHE, MERERTEYSUABERE, ®RIMbE
BACE MR T BRI B E — &, A BBk & nScheme 2-3F77R. ZEFEREHWP
RERFLET, LEWATLL % HIF= R H2-IR-4-FE R KX P RPES2. hEY
527 AR AR BS,5 - R AE-1,U-BRE-2,2- “ I FEES3 (61%). &K
RPLHRBAET, LWEYS3E5=RWEEABIIZBEPE=Y, HhlEEEw
=Y, BB EEREREYE K EPIERA T EFRRNEESS -1, B %
2,2-ZHBREE (54) (81%). HAMS4E — mR &1 R N AT 41785,5° - HHEE5,5-
PRV, - P RESS. S5 5 M FHERBARRBEA T RMT
BIBRERLEYIS6. E_FPRBRP=ZHEANFEBEBRIAGFET, BrEEN
MR AAL & PIS6TT 4L K Ak A 146,

S fhd6aft) s g BUH B — R B R RHAMN. (CE) RE. Biikd6af—Fi3E
Xt BRI R 7E328.6F1271.4 nmAL B 7R T BRI M (Figure 2-5), 2 B8 SCHRIRIE %
FHE R MATE W AICDL S, B XA MR SHAS T, HAb LA
P iy b x4 B L S a6a R BIRT LB .
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Scheme 2-3 Synthesis of ligands 46
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2.3 B{AREIERTSR

1R — 20 TS B — AR T B bR, MUAMTRRE W2 (Arropos)
B4 BUEA 2 T TOR AL e, MASIRRE MR (tropos)
4T, BEA R E T,

Kuhn®# 5632t T 9% € (Atropisomerism) KIS, 4 NRRMAEHT
Lo — MRS SREFTR- A . X MESHRINE LA (Conformation) “HEA
HZ AR s R R LR IF B4

BE1920FERAMRIRE T 3745 KA B R 452,2° - B E-6,6"- Bk K — B
(Scheme 2-4) 2, WEFATLAEN, WRRERZ MIMSLASEAHEEBA, BX
LB BN R K 2 B (EFMR = NO,, R’ =COH), EAIZERE Ttk
CABS Rt B R R B e 727 T RRANBEF =4 R KA 2 IR ALF (InE e
IR =H, R’=COH), WISSHBEMINE R BR/ MM, XFF R
2 IRV AT i i M T R A 4 B A B

A!ro
R R (R=NO,, R'=CO,H)

=
RR (R= HTFrzo coH

Scheme 2-4 Bt EALSYIHHIE

Scheme 2-4 Racemation of biphenyls

Oki® W R TR SMAREHFR, FANBEELEVLERRT 167
250 (1000 ) BIAZENEY. A TEZRTHERBE, WSB TN EHE
W RE MK T 93.3 F4/BER

BRI CERIRIE 6, 6' A EERE, 2, 2° A B IR IR BE S — R FE KRR
BEXES, O ALERRK, RARRFE—ENMF, EEZE TAS M IE(Scheme 2-5),
7£23 °Cit, 1,8-F i AER PRI ETRN195500 6, 1,10-B e RE—
FERA14915 68 7643 °CHY, 1, B-FirEEX —HRAL I N0, 1, 10-
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B SSOLEREN LI M TFAERGOTRREA
L OREEE_RRA2008 . BENERESB PR, MHRERS KA, #34.5
°CRY, 1,8-F _EEX_PREEFERAN9. 104, L10-R e EE RN

22554
0
( H O COOH / COOH
(CHoN (CHa)n
\H O COOH KH O COOH
o} 0
45 (as) 45 (SA)

Scheme 2-5 B ZRR4SH ik

Scheme 2-5 Racemation of diphenic acids having many-membered bridges across the 5,5'-positions

% 2-3. B4k 46 22 DMSO-ds J (I BERFAT ¢

Table 2-3 Racemization research for atropisomeric bisoxazolines 46 in DMSO-d;

O, (08

"R N—"R
(CHZ)n N R (CHZ)n N R
4 K-1 H 4
e 0]‘ O
0 0
(S,a5,5)-46 (S,aR,5)-46

Entry Ligand th T,°C K h' K. h' K¢ tiph?
1 (SaSsS)46e 24 25 . . R -

(Sa5,5)-46e 24 60 - - - .

(Sa5,5)-46e 18 80 001381 001524 0.9061 2386
(5a5,5)46e 5 100  0.04858 0.09436 0.5148 4.85
(5a8,5)-46a 5 100 001813 001976 09175 1829
(5.a5,5)-46c 24 100 0.006033 0.008091 0.7456 49.07

N L s WN

* it 'HNMR 8.

K TAEB BT R F AN TR, RATO R ek AC /4 46 1T T B
TR, B 5K (S,aR,S)-46a F(S,aS,5)-46a. (S,aR,S)-46e F(S,aS,S)-46e 4 HIATF

3
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BHARRF (EH. 7R, PRAZFER) B, ERETHHE 48 /IR, REE
ISR R IAF X R R Z RIREFEEEE (R 2-3). REHE
IEAFRE FHITHERR, RALEEFE 60°C K, IR RiEMmpiaett.
RTBEEFZE 100 °C i, ENIZBEIFHEARE. WK 2-3 HIETUR I
FRE ek b M ER B M K/ FIBR B K BEXT IO IE 46 BT HNRERERANE
W, SEAREAREEORATS, CHNREMEEN 1209 K mol?, EFEHN 1829
MR, TIEEBRENRT &N, ERERFHEKD 49.07 DiY. STRE FFEHRAE
FRAENRATES, REKETK, EROEFHXRERDOE 4.85 M, HiEkE
% 126.8 KJ mols @ LAMBIAKR: REBRAMENEAMAS SEHHREK
ERER B I FEHEMREMMLEY. TRBNFABRENEL .

2.4 BB F A Wacker—type IR 5 [

BRARFENE2-RREE-23-“ERXH KW EFRUEVR —KEOHIELAE
AEEMRLEY) (Figure 2-6) . #lin4-hydroxytrematone R & 3 (M HIHE 4 4
KRR, EXMEIFHAEIFF (WP. ixocarpa A1 T. pretense) KB,
B i s AR A Kb B A R 304513 R ; DeoxypsorosperminZ M ##r JE i
Y Psorospermum febrifugum $REK, BEGH HMFHPISSEZRF LEATEH
MMBEREMH, FEARET-EOTUMEER"S.

— = M

{ \ OH '

0 HO 0 o o o]
S5 &

O OMe

OMe
(S)-(+)-Trematone  4-hydroxytrematone  fomannoxin Deoxypsorospermin Rotenone

Figure 2-6 —&F4 2,3- “HEI KRB RUL &Y
Figure 2-6 Some nature products contained chiral 2,3-dihydrobenzofuran backbone

48 £5 11k Y Wacker-Type A b R N EHIE LR EF R R E UM B A RN LS
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—, REBFH (WME_EXHRREER, wwEhE) FHikz—, RAFRT
Lo — AR . BB RN FRWacker- TypeZ N £Hosokawa FIMurahashi.

AR RFANFET, R F - BB SUE R BELTEI T X405 A E X8
MIAFATUREL, KB T29% ee'. 19974FUozumis e 4 -1 25 2 XU MK
ACIk[(aS)-boxax], TEMEALIZRML LIRS T REBHEMERY. K RIEI T IIEHE
HEEEENTW. HEEMmME ARG RT, NBREREDKS TR
RIS BRI RN, RAMERUSDAGRRYNNRE THREANBIEENE. Ak
Uozumi/MATF & T B 44577, 7E(aS)-boxax13, 33N T RrFHAEH, 18750EMmHER
S5EFZ A m, ANREREHREAMEHZHATD. MG LREE
W =BG R RYIIRT T BUF I BUIE I (B EIAEI96% ee), {HFRIFERCIASTIR
YIKERTEEASE R, ZRAZRAELUBRREERDN RIKB T 4% ee. EILE
RWacker-TypeFMb R NP I RYE R 8, JFREBEHFHEEEMEEAARR
EEMEARNMEMMARX.

©j\%\ PA(CF3CO0),, (S) boxu%
benzoguinone OO o
o

methanol OO ol
or s 55 S S
benzoquinone (¢}
OH metﬂanol H (a8)-boxax 57
29 30
8% ee

Scheme 2-12

AT TG R B R LB AT I EL 1A, RATUL 2-2,3- SR E-T I E) K8 25 fFh
R HEAT 4 F W Wacker-Type BRALR L. iR BEEA 1096 R /R (U4 BE 48 Ay AL,
USSR AEMA, 60°C THEFBHEBFHT. BUKNERNEK 244 fin. B
TIEEERTHFENREMEW, FHRRAMFER R BNEARTREOEL
BR, KET 83%H ce, AT S BHJLFRAETERNFEUIR . R HREM
WL RREREER AL RN, FRREIRARER T RAREW, HAXFRE
WRRREFE. RNE. FERKMMN. %RIREKEX I EETRALW,

3



BR 5, SGEERN LIBEEXMT RN TR KRR
Rl iz HIEHEN —TA, BURENKENECNEBLE—ENEW, $B
ZRETFHEKEN 8 MNEFER L 10 M EFEAERIFHANHRMELKE. R
BRMERTAREENEUR NN, 8T 35°C TR 3 REMILRN, FRR
B ec EIL 60 CRE THINES A (87% ee), EKEMRETIRE (45% yield).

£ 2-4. BAD)-HELHRITFR Wacker-type ALK Y
Table 2-4 Pd(IT)-catalyzed asymmetric Wacker-type cyclization®

©j\K)\ Pd(CF3CO0),, ligand &
OH benzoquinone 0

methanol

25 26
me e i K& (%)°  Ee (%Y
(5,a8,5)-46a 8 6
2 (5aR,S)46a 87 83
3 (SaRS)46a 39 84
(5,aR,S)-46b 85 75
5 (5,aR,S5)-46d 82 85
6  (SaR.S)46d 45 87
7 (5,aR,S)-46e 86 79

¢ RIRAE 10% BRGEEMAE (RALRE—E), 4 BROMNERPOEET, £60°CTF
JRBE 24 /N AT R B ° BitHE B S BARMNER, ¢ AYRELREROSME
ARSI, ¢ KRR 35°C TR 3 K.

Eidxt ERFZMHER, RIVGHTHEARNORRES: REKEY A T
A, FERemk EERAEE DR, RARE N 60°C. RN 24 /Met. BBLRATILUIXBE
HIR L EM T EH L AT ARRARENSFERERRN D T RFLR N (£ 2-5).
ST HER LRI 4 60 5 6LF 6 fr FRERKIEY) 25b-25d HLELR R, 6 Az Bt
REIFFCEE BRIAIRE, P4 T BRI RRELEOR, BRI ER
€. MEL 4 EHARBRE (R, 8. PR, PEE) HHEERIE, RAK
BB AL RNEA H RN, MR 1-ZMATEY S8 BFT 93% ee i
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NIRRT 59, B3 Wacker-Type IR LR RLELBIR, RIVEIHE HKIH
R BA B AR FRAEALBUR .

R 2-5. BAD-BEALBIARXFR Wacker-type LR
Table 2-5 Pd(1l)-catalyzed asymmetric Wacker-type cyclization”

. @o/]\ Pd{CF;CO0), ligand
A OH benzoquinone

methanol

25 26
O Z Pd(CF;C00),, ligand O
OH benzoquinone (o]
methanol
58 59

w5 &Y R B#R (%)  Ee (%)
1 (SaRS)y46d  25b 4Me 74 88
2 (SaRS)46d  25¢ 5-Me 81 89
3 (SaRS)d6d  25d 6-Me 41 91
4 (SaRS)46d  25e 4-OMe 7 86
5  (SaRS)46d 25  6-OMe 55 85
6 (SaRS)46d 25¢  4F 80 86
7 (SaRS)46d  25h 4-Ph 62 87
8  (SaRS)46d 58 . 53 93

¢ RMRTE 10%F/RELEAENE (RAETR—E), 4 BREXNEROFAET, % 60°C TRMN
24 M ET AR * BTHENTSBARINE; © FHFREAMREBSHEER
BRGNS,

AT EEEEN ZINRERRARERNE, AT Rk 46 £=IAMHE 29a F
HIRF, Z58RME 2-6 Fim. MNRPTTLUEN, RAKMTFERD RMELETEMIBR
TR BT FRMTL S OEEAE, B3 T 5RANRABZEDN —F41R,
(RIS o A [RI B K FE 9 46a FD d6e (IELERTTCUE Y, BREEKE N 8 MAELHR
RBEFHANHFELKR, B REEED) 27% ce, BREMEFRLHEET 46a
AN RARBEN T BOEENE (83% ee). EULTTLLEH, ARk 46 A RIS
RIEYRERAETIRIRE, RERBEBMER.
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R 2:6. EAN-EULZEIEIZ 292 BITSHHR Wacker-type FFLR Y ¢
Table 2-6 Pd(Il)-catalyzed asymmetric Wacker-type cyclization of 29a°

W Pd(CF3COO),, ligand
OH d ]

Y

benzoquinone
29a R=H methanol 30a R=H
%5 RS KR (%’  Be(%)
1 (5,aR,5)-46a 94 27
2 (5,a5,5)-46a 12 2
3 (5,aR,5)-46e 91 23
4 (8,a8,5)-46e 10 10

¢ R 10%BERIESELE (RAETR—/H), 4 BRI ERNFET, 7 60°C TRNY
24 NESEITORK IR * BB BARNEE: © THHMELRERER bR G
(OD-H) Hi3.
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= 2,2,6,6-VEIEMER-1,1-BRIE RS AR 9 7T B B

E=F 2,2',6,6 -FUIZHENK-1,1"-BX F A R B4 Fr & B S

GAEL T FERMTFHRUABIFR, AT IFREBTFEETI R T
HRCAFLE SRR BRI (Scheme 3-1). A THBRENAYWAT —NLENH
F, BERMSALARE =AU LNEEE, BiANFRMBER 4 EERKE
WP MARAERE (L) MHEER (R, R’ HPALLR=R"), MHEERAK
SINEBRER A AT R AT RIOXHRINEANRETEF MR EARE,
AHRMUBRABHRRE: — RELZAHFHRALERE, AEFERR
RIFUFR P AT SN R AR ITR S, NEFERATERNIEFR: = £F
SRR, N TFHFEBEMAATS, BT AME LR,
FF R AR P EXT BRI h RE H Rt R R A e LKA F M E
i, EEBBSERS —HNRREAMTHREANRE. Bk, NEIRT
REARAKRRETUEY, RRAGHHEGIBSHEERARARNEE.,

R L' M, R’“‘M: ....... “L R L| M R’@\L
L l R . R L ! R u'\©,a

Scheme 3-1 BIFHERBESYHNHIE

Scheme 3-1 Preparation of axial chiral complexs

3.1 E{kHgit

31 KK DG ST ZELH

EXTH, RFERELTEHCE L, HFRHFIRMHROES, RIHSHRNE
REFNS TREHNERE, BAPARS FREERR, BT RS TFEWAMR
MEEN . P THRERKRAS FHUNS FHRMEERRZ —.



B 2,2,6,6-PUREMENE-1,1 B ARG R TR R YA

ELFTART, BRNSEEHE—I0TF. BFRETERBRONHRAR.
RO FMBRARXFITEOFTENFRIEER N TLEE6, RIS TM
IR R T RBEG. T RREEGIL, N0 FREMXHITER A REHATIX
WRIERERNY, FURTFREBAETHSHNLHEC Cos Cu Dav Du DuBiEHY
.

HPBANERRR —RE BB R RABKR2,2,6,6 0L B A HH R B R B B
KUEY (Figure 3-1) 4, BERTDLMHREH, WEHEF—NEREMC, 21MRE
T XA ZIRMC, EFE—NEETEMCHKFENRD,. B1TEH S KRR
e, BEEESTHHBRE TS,

HO l OH HoOC ‘ COOH  H:N I NH;
HO O OH HOOC O COOH  HoN 0 NH,

Figure 3-12,2’,6,6’- WU R &Y
Figure 3-1 2,2°,6,6’-Tetrasubstitutional biphenyls

RTZE1964%E, MislowH MR T B MAF B RER B X U A Y60H U R
HREFASAEEERERBETHNARDMREMNBEELEY, ERAE—E
JRFEBCA2A EH T CAM ZIRAIC,, TIRRAEITNBEMAR FHE[(@R)-611
(aS)-61). XEHEF I PHNM—MHEERRK, BEMFFRETFH[(aR)-62
F(aS)-62] (Figure 3-2) . '

Sle &

(@r)-61 ‘ (@5)-61 @m62 (@$)-62

Figure 3-2

Dy G MRATHTERIMFHBEM SV, HAFIX Dy
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- B 2,2,6,6-DUNEM-1,1-BE KR ARFF R B A
RGP TR AT TR AT M.
—. WBERELEY

1987 £, Lindsten % S SCA MR R T HKEIUERE 63 (Scheme 3-2) , A=Z
BASRFRS BT RIS, FART CRENEL, FRKIEEEREL
BEZE/DTE 100k] BLE, BB EEZRTRMBEMNEH.

2 0
HO O OH (0_0 o ( \/\ O 0/\/ }
" O > <—o OTs & /\/ O o\/\o—)

/

63

Scheme 3-2 7K 63 HIH AR
Scheme 3-2 Synthesis of 63

Harada BIZAFR T ABCRDURY SRR, R T RAFH AT A R F 1L
EYRHET. Ak, IERT — R R R FATEY . Ranpf 2N
Ll Harada #{IRHEM&RMFHEUEYHHEERT HE LB 66 (Scheme
3-3) , W EATAMKREAN, KB TETFHRHRELIIE (96% ee) °.

O 1.,/ ~080,CHy O O

HO OH OSOQCHQ HO

HO oH———15 _"23_.011D P
O Cs,CO, O Et;N O Et, N _<‘

64 65

Scheme 3-3 ALk 66 1€ A
Scheme 3-3 Synthesis of ligand 66

= REEEAEY

MTERAGRENR. Frattnlant, SFRSRHEEEREMRRERE
R EEERE, EREASYHFNFEESYHRITHEXEE . ETHER
BAKEN T HhRREL FARRTHENBEFH AN AZ RO, BELENEY
BERPBERFEFEEEMLEY.

it B ARMBRREESWSIR T AMKNE, AMTEEHRTNZERR i
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B=32,2,6,6-PUREMEM-1,1-BR XA (9 FF A B R
AMETHZRIER T BAR A LUS A 4B T68 (Figure 3-3) V' W T BAERK
TR AR5 T69, Zavadailf A FIRebekiRBA HIR T 2,2,6,6- B XK K 707E
SREATHELAEAER, RABAETAEBATHFHENELFI (ZAFKRR
R SE, HRBHATRARMAAD .

_o"f\o._
ooy o e |
uoocfjr/ ”‘l‘“i”.‘

CoH  ~ //0\\‘/

L

&7 68

—)— @ — @~
T T I HOOC O COOH

' ' I HOOC O COOH
~e—0—e0-

70

§ 1 71

[ i

Figure 3-3

BHZRMUAMHENASR-FNRLREVERNBH R, E5&RA
HUES FRAFEOMMLEMEEY ., ShBFURENRREANBRHART S
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B R 2,2,6,6-TUEEWRE-1, 1B R K80 TF % RS
Nicyclam)P*ZERALE A F RN & BES FRAWT2 (Scheme 3-4) .

72

Scheme 3-4

3.1.2 & o MFREC AR

HMFPHELFNZNATFR, REKE Dy RS YITEH BT S8 BT
HECRAL S MR 28 R R BT M BCR B A RIBCR AL RIS I T FI B S . R
ELNIE, ERAREMHESNATRERARIFRS . SRRHSHERAE
BN, SREFRAREIFEES MR, NTE S5 —LHEKH
FHHEWLF . M Scheme 3-5 TLUE H: HACH 73 5SB/RERBE FRALEHE R
BEREAENT 74, LK 73 5 2 BRISRETRAEE RN ERZELT

Rih$k78 T REFIIR A .

Lk :::L BERER '-:::L RE R :z L‘M
L O L’ : : O ‘

(aR)-74 ' (@s)-74 @R)-75 ' @s)-75

Scheme 3-5 £REMN FESFBIMFHEREEY
Scheme 3-5 Chelation-Induced Axially Chiral Metal Complexes

H—77 0, MRAERCER EHFAFFESDD, FInFEEmEER, Lt
1138 & W AC AL B T ARG B PR 3 JE ST B 3 #9 4% (Figure 3-4): RN E&BEESY
[(S,aR)-76 F1(S,aS)-76)FIXNALAL &R BCE Y (S,aR)-77 F(S,aS) -77]. EOTFHEMEMRIE L



B 2,2,6,6'- VURE -1, - BRE RS R0 7F R B S A
FULFHREWE, EERS,aR)-76 BU(S,aR)-77 i, BVEMME EMEREZ [
HBKMSLARGIRE, {BTEFE(S,aS)-76 BX (S,aS)-77 B, BIMEMMIR LHIRAREZ
BRI ARAI B D . BISLERC AL LB FHS L, SRAREBRAIEATHE
R DS RESY), EERE T —MEEE, HiiTrERE K
FHAELHNA T EEN AR RELRNS .

, R R R
R RA 9 k\NQ ﬂ R,/ SN <N k\NQ o
/MQN\\::/)\‘R M;N/‘{ \<,N"’\\Nh/ M;N% o
A VA 5By

(SaR)-76 R (sas-76 R (S:aR)-T7 R (sasmr B

Figure 3-4 [ MERLUHAC (A5R & IR B 7 MBCHI1T R

Figure 3-4 Complexation behavior of tetraoxazoline ligands with metals
B TIEWIRR ATERNERRN, HREEMRE, FERIEEKFRLR
M, Diels-Alder KN, HH¥EMAKMY, Makaiyama aldol KM, %A EAIFEZIN
BURM, PAREEEMIE R R NS RN ASZAA, EHRAI®RAT LT D dFR IS
PMTHAC i 78

JeuOiy
y/ NS , . -
R N N~ R 78a:. R = -Bu

N R 78b: R = iPr

[\ % j 78c:R = Ph
o O 0

3.2 BIAMERK

R4 B AR AR & BT, RIVIEKETEL Ullmann BEXBEIRME
B, TOVEMMRA T A FHRERRNGE. Bl BB, RIOERRBRT B
KA E (Scheme 3-6), i 2-IARAIR —MEEEK KN B,

PP - o —

7

R™ °N N

Re. N\ /N } x Q
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B=32,2',6,6-TUREM-1,1-BX R RA B TR R K%

Scheme 3-6 AC1A 78 W& B4
Scheme 3-6 Retrosynthetic analysis of ligands 78

BT FHEEBMEER, TRSE5HRND, ¥EBE MR BREENR AR
e ESEBATARIERS BRI SRR T H— &8 & %L E (Scheme 3-7).
RIE %S M EEHEE, 2,2,6,6,— BALMM RS i B RAC AR E B R N a4,

L3085 » oo

V. N\ .

R” N N R HooC COOH

R/,.EN\ ,NJ,R HOOC COOH X X
0 O o} ‘ COOH

Scheme 3-7 Eetk 78 R4 S
Scheme 3-7 Retrosynthetic analysis of ligands 78

RIETERBELRE (Scheme 3-7), BRATEIMBLANMT HiEYERLEN—$
B3 2, UMIEEES FTORLT, o8P, ZHERKORAAE T h
HMBRHEN T BRI, HERMNEAT &R BREANRESRS%EE
(Scheme 3-8).

CH,Cly/H,0/MeCN HOOC COOH  2) amino alcohol,
O O Et;N, CH,Cl,

3) MesCl, NEt3, CHCI,

Scheme 3-8 Fcik 78 HI8
Scheme 3-8 Synthesis of ligands 78

ik, BOIUEAENRBER, EZFHATN0BLT, E-8F5k. ZHEM
KEBFIERT BRI A BRI IUR . BERTURRZE DMF ML, %
R S - HERERR T RAEER, BHRREEYBE, RIEEKS FRE
RERWANBARY QP RERT, MAZZK, TERMIREFIBELEY,
BE LR RSP KA T IAZS AR, HHRNE KBS BRIk, T8a,
78b M 78c MEXE IR FFE— B =250 45%, 39%F147%.




BT 2,2,6,6-TUEM-1,1-BX R AR T R RN

3.3 EAHR IR

3.3.1 SR TRELHR

Tkeda. FKITEBANMA CHRAT 2,2'— WEMIRE B KM RAIE . (S,a8)-21
F(S,a8)-21 BT HELHER, FE—ANFE (Scheme 3-9). ¥ENS5EEE TR
P, BT AT B —XtHEXT IR B A 4(S,a5)-22 FI(S,aR)-22, BRI, 2,2-XUVEMHKAD
%21 SERBEFRAE, HTEWHKE LFHPONES, TUEERERERHE
A B — B EEHENE N S S E BRALEY.

o NH R"N\O
?‘?“‘Q‘”J‘fa
| »

(S,aR)-21 (8,a8)-21
"

(S,aR)-22 (8,a8)-22
not found 100%

Scheme 3-9 Aiff 21 5@ R E FHRIRAHRA
Scheme 3-9 Complexation behavior of ligands 21 with Metals

Mikeda. FKFRBIF PR MELSREFALFE T, RLIENBRE
FEHEH100% B DI FH ASTM EREAEY. BERITE LTI T MIEMH
P AR 46 8 7 MO A RO RE LB 0L o

ERRT, BEERIIEMIKEATSOHBML TS TRARE S, SR THR
e, HEVEBETREIR. EWRF ER—LENERTHE, ATN
VMK BC A T8O AL T 4 R IR R N, LR Pt IR AL AR SR AR R
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B 2,2,6,6"- PYTEMRH-1, 1'-BEE BRI FF R K 8 A
ARSI, BIZREE BB D B2 . (B AR B T —Fhug s ef
ST E (Figure 3-5). ZBTCAILIXEEMIEE R, RATIA N DS MR IR 2 (6] 7] g
HEAG, R EHAEFE, ZARBEMGEF, WEHAETFASHRAEN
R EE AR . T ELBTACAL b T4 B 7 7S e 3R (R R AT e, 7838
Bo A RRCAL BB MR B T B394k, Rl B—Fh R 74,

.....................

¥ I v T T !
8 7 6 5 4 3 2 1 0 PPM

Figure 3-5 ST TR M9 77 45 8 /R £ OV M4enb A 4 78b A B, Y 4 87 A2 T I
Figure 3-5 'H NMR spectrum of complexation of 78b with one equiv. of Cul in acetone-ds

ATEHREHFEIM THE TR, LREIMCER BT RERE, X
HE BB, RATHAEE TR B KA RO AEMIER, BRI TR
Bk, MEAFHERULEY, BRINEAEMT ZEMSELHEE, BEEW REE
FE(0°C, -10°C, -20°C, -40°C, -50°C, -60°C, -75°C), HB—/NEE TR —ANa % rE,
FRARNE BRI ERIR. RTAAKEMREZBEHR-75°C, EMBAE L
KR TR R —Fhi, AWM BREALEFRT (Figure 3-6). B AT
R, BAOTBEBEEMAERE. HLETHUNEEEE, DRRERERTH
EE XM HAE M.



B=5 2,2,6,6-VINEMH-1,1- XA TR R A

0°C
ey ————y ——— — - -
" 5 w Py 5 py
-30°C
- Yl y Y . T T
- LI 4 ) 2 o Py
-60 °C
—— ' —— N
~ ‘n .-.‘_‘_. oo ona 1 44 42 40 PPM

-75 oc u

-y -y T T s Y
48 2y 4t 42 45 PPM

rava

Figure 3-6 70X 7R AR 7 o 55 188 /1K 1) D19 V8 PR I 4 7 8o 0 B34, S0 4R e 67 O IR VR A Tl P

Figure 3-6 'H NMR spectrum of complexation of 78b with one equiv. of Cul in acetone-ds measured at
different temperature

LRMEMAERABULTH, KRBT FR R, SEMRET. FrEK
G EBRATE A —F . BN ERETFRRALRRHBRERBFTIMAER.

R BAIERETRARE R TS 5T R, MEBRBA R K # T REx
MO ERW, EHERILEETRRKGEER. AR, BRIERST, #R
T AR+ EPEM AT 78c MBYLILRABCIR
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B=2,2'6,6'-VIRERERK-1, 1-BER AR IO FF & K R A

LM

T ———y——r ™ e

55 50 45 ) PPM
Figure 3-7 AR 377 = 2588 /) ) DU PRBHAC 4 78 RIBAAL TE 4R 07 R IR A i R
Figure 3-7 '"H NMR spectrum of complexation of 78c with one equiv. of Cul in CDCl;

ZMLM

ot

- T T T v ———— T T T T
55 50 45 40 PPM

LY PN S

Figure 3-8 TUAC FC{5 ¥ 71-f RUERAHHAR 4 78c 71 2 JE/R B AL TE AR 0 G R

Figure 3-8 'H NMR spectrum of compliexation of 78c with two equiv. of Cul in CDCls
M Figure 3-7 & H, % 1 BE/RKDUEMGRAT4& T8¢ A1 1 BE RIGBL EHRETAK
fiPECALIR, BRTHEEXOBREE, BREARBERTERMNNESERS
Y. WEAHEERSYMERMNEE. BhTEERIES, EAHEIENR
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B 2,2,6,6-TUEME-1,1- Bk R R AR R A

BHEPEWF, BEEHGRERMFHEAR BN SHSEESY. R0 MPEEER
WARC/A 78c 70 2 BE/R L YE4 A AL I (Figure 3-8) TTLATEMIBERIERT —HF
BRI EREEY). CD XA B AFHAEYNEITHE, FL3NERE TR
EeYMT B _EXE N CD, KA 3914 nm BEKLEH —MRIBI SR (Figure
3-9) . BRMURERHAAEH THRINBNLENHE. 55, STHEKS2R)-76 5,
(5,aR)-77 Bf, R Ikeda DMK R, FEMMIR_EKEINREZ = EB KK
SEAAOIRE, BRSbRTHERT R4 T SN S e REC A Y.

0

CD[mdeg] -50

_1 1 0 ] , 1 i | 4] |
200 300 400 500 600
Wavelength [nm]

Figure 3-9 (8,aS)-77¢ B & Y CD
Figure 3-9 CD spectrum of 77¢-Cu

3.3.2 5=RZMBRMNHAR

7 DAEE MR RC AR AT A X R BEAL R B P, SR PRIALERARR Y V7, Suzuki &
NP%, SRERTFRECH ZNAN—HERET. BURIMNGERT MLl
55 DU M AL A I BC AL 1B UL o
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B =% 2,2,6,6-TYNEM- 1,1 BE SR AE AR Y FF R B B

Pd(11)/78¢c
2:1
J ey
. ) |
1:2 -
78¢ “ ‘ R m
N A M AT AR AT )

8 PPM

Figure 3-10 $8 (1D R 78¢ BYEI¥%E4 A
Figure 3-10 '"H NMR spectrum of complexation of 78¢ with Pd(CF;COO), in acetone-ds

BSEH 0.5 BRI =R ZMAER 1 B/RIGBCHE 78c /AR BERE: 10 244,
BEZHEITRANBRLERLEYERED, TEERTESRREMNEY, A
NE KENBEFE, (5a5)-77c¢(5,a5)-76¢:78¢ K 1:6:9. 4B SRR LLHIIRE
21 18, NEBMEVWESEM, (5,a5)-77c:(5,a5)-76¢:78c K 1:1.4:1, L
SERBERBIERESEARERES 2: 11, WELERAERBEEY 77c. &
XX & BERAYRATE Z AL CD 247, KIFE 402.8 nm HKLH—ME
SREVIEWR WL (Figure 3-11) , {ERXMIRE R ARG B FHOAMMLEMHE. BRiIE
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B8 2,2,6,6-TUEMN-1,1-BREBRTF R RN A
ERTRNERESYHN NOE K. #Eid CPK B ATLIERHES (Figure 3-12) ,
LR SH, RTEEHc 5K L Ha, Hb 2 [a S RIBERERIE: T LMk Ry
R, ST# L He 5% L Hb Z R ZRFEHEE. BN RS WH—4%
HiZE ER BB 2] T Ha-Hb, Ha-HcHINOEE AN 3.4%, 3.9%. RN EE#MAE
A2 RERETHRALE R, TN IS R & RGBT Hii
A SHEREEY.

300

200

CD[mdeg]
100

-10 ,
200 300 400 500 600

Wavelength [nm]

Figure 3-11 77¢-42 /) CD
Figure 3-11 CD spectrum of 77¢-Pd

)
34é“H:—.‘l 3.9%

HH Hb ‘KQ
t-BU 0 7 ‘e
/
>f~~pd j{* XNy
H

" / i‘Bu
H \ ‘
W (S.aR)-77a-Pd
(S,a5)-77a-Pd (not found)

Figure 3-12 77a-$8 &9 NOE 434
Figure 3-12 NOE analysis of 77a-Pd

EZERBTABEHN CHRTFHRLSERERAEW, BUREMKFEFERT
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= 2,2,6,6-VIEHM-1L1-BORRL A FF R R A

PRSI AL AR R R LR, RIVEE AR At — WM EREIE S §
HERIESY. BEFAREVF, KARLSREA RGOS, RETBITH
BTERRAE—BOER, BRANHR, RISRKERIXEL SRS
RARKHIENA, B BLTE 7N 5o FR M A B B A 7 [R)H 77t BT R 0ot AR S R A4 40 2 R AR R
pN:ip2 R ,

i S 22 1 XU K ARG (KBRS R 6 R AL B B T AL B S R e 4R 4
((5,aR)-22/(5,a8)-22). Rk, FET T OTER IUERME A 78¢ 5 2 R
Pd (CH;CN) CL Fefz. iR, RMAEF Cl HRBEL M Bt
# (Figure 3-13) &

lJiL J'[ R VN

T T

6 ‘ T2 T T 0 e
Figure 3-13 Ak 78¢ 55 2 FE/R Pd(CH,CN)Cl, Bt ik B
Figure 3-13 "H NMR spectrum of complexation of 78¢ with two equiv. of Pd(CH,;CN)Cl,

3.4 WMEAEN B F A Wacker—type IR LR B

3.4. 1 M IHIZARHELL Wacker—type TR1L KR
AT B UEMREC A R L RAN RN BB ENFANHRELEE, BFRT
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B=T 2,2.,6,6-VUEE MR- 1,1 B R AR T & R Y A
PA2-(2,3- I B-2- T 46 25)- 5K W) (25a) AR EZEZ R B IR1E 5L (Scheme 3-10).
CAFRE ¥, E4BE/REON REREAL AT, 760 °CHI10%8 /R AL #h A DU I ng
WHAC # T AR I AN I RRBE LRI A MR e 4250, BELEE R DK 3-1FT7R

W Pd(ll), 78
OH p-benzoquinone %
25 26

methanol

Scheme 3-10
XA F AL & JR AL TG e ERR 3T, 45 3R R DRNE MR BR b A [R) AR,

EMNMEUHREFREMMAIER (entries 1-3), BFRRIB /MK R G RITFH
XRIEFRY 90%, TABMAKEIRTHEUF RN BEERTRE. FEF, HRE
RESRERNEFHER, HRRKABRRRHBEFEER=ROBRREFHAUHR
SFREURR Centry 4), TINFUWRBEERGBIFAEMEE, BHFRER
HANRE, —ERECURERENTHHFELKR.

BER PR MAN FREARR, EREIIZRT B EBRED X
B, ZRIRENERE, RASEHEHN 1. 2, ERMEEN 35°C TRET
91% ee, {HF=RRFH 68% (entry 7).

HAXERTEEEALRRLLAIXT Wacker-type AL RMHIE M. HHHRKIME
ERASEOEM, MyukFtubizgin, LE8 SRAeXE 1. 25, Xt
YR 97% (entry 10) .

% 3-1 BEAEEF5TEETURAIER K2 F N Wacker-type LR B W
Table 3-1 Optimized reaction conditions for Pd(IT)-catalyzed asymmetric Wacker-type cyclization’

@\%\ Pd(il), 78 3
OH p-benzoquinone 0
- 25 26

methanol

(5,35)-77:
(5,a5)-76:78° ek

1 Pd(CF;CGO),/78a (10/5) 1:0:0 43 38

W Pd/78 (mol %/mol%) @F  Be(®)
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BW=%2,2,6,6-TUNEMERK-1,1-BX R BRI T R BN FR

2 Pd(CF;C00),/78b (10/5) 1:0:0 87 80
3 Pd(CFsCOO0),/78¢ (10/5) 1:0:0 89 90
4 Pd(OAc),/78¢ (10/5) 1:0:0 85 90
5 Pd(CH;CN),Cl,/78¢ (10/5) 1:0:0 39 55
6 Pd(CH;CN),(BF,),/78¢/(10/5) 1:0:0 92 75
7 Pd(CFsC00),/78c (2/1) 1:0:0 68 91
8 Pd(CF;C00),/78c (10/7.5) 1:0.5:0.4 85 93
9 Pd(CF;CO0),/78¢ (10/10) 1:1.4:1 86 96
10 Pd(CF3C00),/78c (10/20) 1:6:9 85 97

BT RN RAETF AN 4 BRI RV T » UUFBEAE AV, 2E 60 °C RAY 24 /DEY;
* B 'HNMR 3HRE; © HBi=%; ¢ Mt s e iR,

EXEEYARREAFBHERE, RAGEWHE ERARBIERE, =82
R heRE, EASEELEEN 1: 1, ERNEENR 60 °C THIZRMNAERE
BEMAFEALB R BRI MREEHER T ARURARBETEDHIY T
PN Wacker-type ML N, ZRME 3-2 fir.

R 32 LRSS RATEDN > F A Wacker-type 4L R N8
Table 3-2 Pd(II)-catalyzed asymmetric Wacker-type cyclization of o-allylphenols

78¢ (10 mol%)
AN NN PACFCO0), (10mot%) A ¢
Z ~oH p-benzoquinone A0
25

26

methanol

78¢ (10 mol%)
Pd(CF4CO0), (10 mol%)

p-benzoquinone

methanol
R PR (%) Ee (%)’
H 86 96
4-Me 84 98
5-Me 63 94
6-Me 69 99
4-OMe 81 98

6-OMe 54 95
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= 2,26,6-TIEMI- LI BERRAH FR R A

25g 4-F 79 98
25h 4-Ph 65 97
58 1-naphthol 67 97

CBEE; P ARG s RSN SA BRI TRE.

3.4.2 ZMKE 12 AL HELL Wacker—type IRILFL

ATERNEWREANRYERYE, RMNFZTHZBMREREDH
Wacker-type M6 M (Scheme 3-11), PA2-(2-FZE-2- T M5 2E)- K E (29a) MR R,
FELLF B AW M4 RN KRENFIKELET, 7260 "CHI0%BE/R=RZREN
VT2 PR T 425 T BB AN S PR R AL TG 1R B3R 18 T 82% e FI94 % AR R .

b Pd(ll), 78¢
CE(;‘/\ p-benzoquinone %
29 30
Scheme 3-11

ERRNS RN, TREFIRERRNEEFTRARE TRENAFRE
WRR, TIARSMALEIN1: 16, RIRE TEREONBEEE (R 3-3).

F 3-3 RFEHE/AC LB XE 4L Wacker-type R4k [ L1 B
Table 3-3 The influence of different Pd(II) /Ligands ratios in Pd(II)-catalyzed asymmetric Wacker-type
cyclization of o-allylphenols

W Pd(ll), 78¢c m
OH p-benzoquinone o \

29 30
WY - WA Pd: L =& (%) Ee (%)
1 methanol 1:1 %94 82
2 methanol 2:1 92 23
3 acetone 1:1 93 83
4 acetone 2:1 ' 94 6

< SYEEFEER: ° XML B R RO G AT R

A VT 5 A A T 2 B B 78S FE L PRV RS LB T o S LI AU X BE B B R K
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B=F 2,2,6,6-TIEMIM-1,1-BRER AR R R A

BRI HIR N T e th & XA R LS BB K B . R (FFBE. DUZURRA
BE. HE. SR8 PELERIMR 3-4F7R. REBEFMPENREERTH
AR NG R, E=HZBHNERT BRENXM PR, ERIBENmUE

RWEI B R R P R AR, eefEtHIEHAREM, 55 468%F149%.
ERBERPMASBRIAEDRNEER, RARNBAABRFHOELBR, K

STRUEBEPERE A BEAR, H77%. XERE ZENAREKEE THBATEE,

£ 34 TEERZ LB EATE Y Wacker-type AL R N F B
Table 3-4 The influence of different slovents in Pd(II)-catalyzed asymmetric Wacker-type cyclization

m\ Pd(l), 78¢c m
OH p-benzoquinone o \

29 30
45 il HBE (C) FEE (%) Ee (%)
1 Methanol 60 94 82
2 THF 60 27 68
3 Toluene 60 39 49
4 Acetone reflex 93 83
5 TEF 60 78 16
6 95% methanol 60 o1 71
+ 5% water

* R P WL B RS G RE.

SR B4R E B B TR LR IR DU BB IR R A MRS R (R 3-5),

KORRIEFER =R ZRE—HAEN, MREEENRERENET.

F 3-5 TR LB 31 3 4L Wacker-type 46 i ¥ f1 5% 99
Table 3-5 The influence of different anions in Pd(II)-catalyzed asymmetric Wacker-type cyclization

OH p-benzoquinone o \

29 30
&5 PdX, S Pd: L Mol% =#(%) Ee(%)
1 Pd(CF5COQ), methanol 1:1 10 94 82
2 Pd(AcO), methanol 1:1 10 95 79

3 2AgBF, methanol 1:1 10 95 37
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= 2,2,6,6-TURERERH -1, 1 - X R BRI FF R BN

/Pd(CH;CN),Cl
4 PdClL, methanol 1:1 10 35 4

C S EFER; b ARG R AT RE,

FHENBAIHR T AR RN EE P RRAREF SRR NEEL. EERNE

BRI, MBEEESEFRENRE, BRNFEEHRERE, BEFERKHN
RNESE] (3K). #E20 °CRITER NI HIFIL R TEEILED29FT RSB T B m st
EFEI4% ee (F 3-6).

# 3-6 A RIE XTI Wacker-type R 4L 52 5 I 5w
Table 3-5 The influence of different temperatures in Pd(1l)-catalyzed asymmetric Wacker-type

cyclization
m\ Pd(il), 78¢c s
OH p-benzoquinone ©fc>\
29 30
%5 ®E (O tb AT Pd: L Mol% £ (% Ee(%)
1 60 24 methanol 1:1 10 94 82
2 20 72 methanol 1:1 10 7 . 93
3 58 24 acetone 1:1 10 93 " 83
4 20 72 acetone 1:1 10 87 94

COEER; © XGRS AT R

2P )
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F=F 2,2,6,6-PIREMIN-1, V- B RA R TR RS F

10.
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B % E FHERL A BINAP JR1BRIDRLA LA, 3 20 ERMIE T KEHHEZE
FHERE (Arropos BAF). HEFR—MFHEMRMAAZAMFEREE RN
BIHNNZEHTELENSBREMLSYNHBFERIRELT, HEENATAR
ST . RTTNRFEFHMMARE, IHRTHREREFHMERAENR
BRE

—, RENFAMFHRA LR RE. Fl&R—MTFERF A TR
BEHWMTE. —FHRETXTIMNERER AETIR B R F M TR . Flind
FHUBERAENER, FEFRETIMNYIEN(L)-BINAPLUERRAEAT LTI,
B3¢ %40 (#)(aR)-BINAPHI(aS)-BINAP (Scheme 4-1) 'o fEHATIEH, HMEF
MFERFARANEREREE, EETERRKEN BRI RET SRR,
HELBREREBERISAFENER. F—RERMCZAMBTFHALSTE
THTEA BB E]. Pl Hashimoto/NA 7E & R B Bl T X 3% SN B B A e P Bef (O FI
FHEBEEE AR BRI (Scheme 4-2). B TFHFEERER W, BEMEAE.
T RBLEHRTERMAEAFHER AR, BEERBARAEOTFHREENEER
RET, WFHEMEARIRTTR RN AEBTR .

Oe @ )ﬁrﬁ%@:ﬁz 3 0- OO OO
POPh,  —KF PPh, PPh,
POPh: (3 ﬁifﬁﬁ PPh, PPh,

SO 8RR O™ OO

() : (aS)-BINAP (aR)-BINAP

Scheme 4-1 (3)-BINAP #3475
Scheme 4-1 Resolution of (£ )-BINAP
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OO NH, OO NHPPh,

——

CO NH, CO NHPPh,

(aR)-BDAB {(aR)-BDPAB

Scheme 4-2 Ll(aR)-BDAB % JE ¥l & F(aR)-BDPAB
Scheme 4-2 Synthesis of (aR)-BDPAB from (aR)-BDAB
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BEMBZRRAEE,

4 1 IR R ERKMHARFE

Frif A 2 2 B AR R IRR R ISP A0 A BB KA EE, (#RRRERT UL
EBEH B difeH (Scheme 4-3), ERXMAFHENBFE. ST HRAREH
EEBEREARENHTFHIRA, KTELAIBAALTRRTHHMFIERELN
SR T RERZ T KERBIA

9

(. L
g o8
(25) (aR)
Scheme 4-3 B % E AL e

Scheme 4-3 Racemization of trops ligands
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O FIREM, 2,2’ — TEMMKE & 21 58 BB T (M = ZnXs, PAClL, CuOTf, AgOTH;
X=1,Cl, OTf) EAL/E, BTYEMMIE EFHPORTES, TR RaEEREE
WG B —FhERE — 04 M RF E M F R & BRI A Y.

(SaR)-22  (Sa8)22
Minor (or 0%) Major (or 100%)

Scheme 4-4 Bifk 21 5B E TR
Scheme 4-4 Complexation behavior of ligands 21 with Metals

MiMikamith F2001ERH T 5 —FH B FHEELFR TS (Scheme 4-5)
R TSN FHE AR R B T R e ML)

TED
0. /G

favored

NG L8

(aS)-L-M-L*
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Scheme 4-5 FHEAFERREMTHERRSY
Scheme 4-5 Axial chiral complexes induced by chiral reagents
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HIEACAR IR i NS5 R PR T B A KRR RR -
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Figure 4-1 $i A& €/ &
Figure 4-1 Trops ligands



SUNE BUASE R B XU Mk ) FF R & SR

R
0 0 o))

N Q—%] = N7
h\ﬁ 4—1!— = \N g _&. (/A'Il R
{ . N— R M

! ST NP

oI\, o o
tavor L disfavor
3 P h2 X X Pha
. P ' Papy XY, favor
¢ \P\\\-MLn-2 - A \P\\' \X
PPh L TP
<" i, 1[
Fe
DSppy % X/’\ X e x
2 . L1y, . Wed /3
MLp === O disfavor
\P/ 2 7 \P'M\ X> *
Phi! Phg
o
:
L\

0 0 L Q
oA — o ——— N —
LM L L N

disfavor favor
Scheme 4-6 A EEFHEAEIBILENTFHHEREESD

Scheme 4-6 Chiral complexes induced from frops ligands
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WAACA (Figure 4-2).

50a: R = OCH3, R' = i-Pr
50b: R = OCHj3, R' = Bn
50c: R = OCH;, R' = +-Bu
50d: R = OCH3, R' =Ph
50e:R=H,R =Ph

50f :R=CIl,R' =Ph

AL {450a-d7 HiScheme 2- 2B XA A2, BHTFHEEMLIENSS5EMHE
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RINARBIBEFEYT9, WERHRS5% . BRE ZMAEDMFHEAT, E-EFRP 54
WRERR T REIHE, BEPEFYHRE REEKETERESBHARLER
H_FREEBRT, MAZZK, ERRMIRABIBELESY, BELRRNK
KB T IS Z R, Bk RN SR8 2 B ARRL{A50a, 50bF150d, =& 4

#450%, 60%F54% .
MeO O
CooH 1) SOCl,, DMF(cat)

MeO OMe
> 1
COOMe NaOH aq 2 0 aloohol OI N’S
Me0QOC — . HOOC ) (S)-amino alcoho N /0
O O 3) MsCl, Et;N, CH,Cl, R’ O
OMe MeO
83

OMe
79

Scheme 4-7 AC1A50a-df9E %
Scheme 4-7 Synthesis of ligands 50a-d

P55 -—&-LU-BRER AR, REERETRY, =HEMs0f, BKEH
63 % (Scheme 4-8).

¢ ¢
O 1) SOCl,, DMF(cat) O o
COOH z 0 N

2) (S)-Phenylglycinol | I 501

HOOC N o
O 3) MsCl, EtzN, CH,Cl, Ph O
Cl Ct

Scheme 4-8 BC{AS06M4
Scheme 4-7 Synthesis of ligands 50f

4.3 PARRERBEMUTAR

AEREAASORI BRI IEXT B R M AR P A AR I LU B P L, BRATTXH AR AA
50i41T T EIERE . WRA-1FTR, (5,a8)-50F1(R,aS)-507E R AN HEEE, Rt
B BIR(S,a5)-50H3T B A EE, EHEBRTIEBENEHRTRa9)-50. TIIEHERK S
e T R 4 1 4 L A5 B R TR R _E BB B KN RIERER B5, 5 AL EAREE AT A/
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F4-1 (5,a8)-50F1(R,aS)-SOZE ¥E L K P 4515 1L
Table 4-1 The behavior of ligands 50 in solution

l (5,aR)-50

a b d e f
(S,aR)-50: (5,aS)-50° 1:2.5 1:1.3 1:22 1:14 1:14

" 16 °C PR E A%

ATH—PERTRAEE -MEHNERAER, EXBT, BIE/RKECASOM
1E/RMPd (ID ERARZHEPECAIR BRI, €16 CHRE LA . wHH
B4R —F, iIENRAEBREZEEEP R HA—#HiE (R4-2). Riflkeda,
5% TR/ NARIBRFIRES 2, BOASORRPd (1) BSR4 R T i B A SH & B AR A
WaEWT9. EILAREASONE BELNESHERA TAMREMR NS,

# 4-2 ROtk 50 MRCAIFE O
Table 4-2 The complexation behavior of ligands 50

HI
R
N\©\r0
. rPd,!
o “N
R
R

(5.4R)-80 ' (5580

S0a  S0b_ 50d  S0e  S50f
(S,aR)-80: (5,a5)-80° 0:100 0:100 0:100 0:100 0:100

*16 °C I E B 2Lk

4.4 SBEEW A ST A Wacker—type IF 1L LRI

B R B R FEONER, W% E XS IKAC R 7] % — 115 2 4l
FHASHEBEALEY . X4 BEE YRRV FRGE L FIE AT TR
RN 48R HAL RIS T A Wacker-type ML R N CE N & AL AW —FE
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AT B AR E B A A AL R BRI B R BN AN AR AL R
&M, BIRT LI2-23- 2 E-2- T i) KB (252) AR MR KR,
CLERE AV, TE4RE/REIR RREMFMELET, 7E60°CHI10% B /R4 AALI550
BB FREAL IR AR B R 250, AEALES RINK4-3FTR

# 4-3 RRIRARE (1) BALHISF I Wacker-type JF4LR R AGRM ¢
Table 4-3 The influence of different ligands in Pd(Il)-catalyzed asymmetric Wacker-type cyclization”

W Pd(ll), 50
OH p-benzoquinone %
25 26

methanol

HwE WHh  EY P=E (%)  Ee(%)
81

1 50a 25a 53
2 50b 25a . 89 80
3 50d 25a 92 94
4 50e 25a 86 92
5 50f 25a 67 84

' BTH RN RAE 4 BERXTRRRFELE T, 76 60°C B 10 mol % #) PA(I)-50 £BAES4 (Pd: 6=1:
2) ik, RMHAT 24 DEEE]: © AR, © MMk FSAEEH CP-Chirasil-Dex
CB ST R%E.

BARR, AFRAELBURE R TREMMIR L ERE, R Bk T 5% L
RAEHETHN. MR 4-3 FiR, FHEMENERE 50e ZE#L 2-23-ZFH2-T
WA BBEYI KA T 92% ee F186% MR SRTTUER L 5,54 h EEREN,
KR ARG B A B TR SR E SR A SR L B F R PR
Aotk 50d AXTFRAEMLBUR I BIRE, TSR AT Bk B0k B ARR 3 TR 50e . 2
G A LR RS BB A TR, TR BRI H
Tre,

JiiERC A 50a—60e X Wacker-type T4k 5 R 7 B i T LUR 3L, 50d-Pd(CF>CO0),
REARHEMER RIS Z A RN T — RS 2-23-ZF%-2-THE)-55
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FT4Y) 25b-25h RSRERAI M 58 P (R 4-4) . JEDEHNERM E4HIF 4, 5
BE 6 M PRIV, FEAE7 IR0 BB 35 Hh B w s AR FR AL AR . 6 AL FF AL
REFREXHRF LR BB BEREE, BEAIEFRENRE. AEMNAZE
ATE 4 (03K 6 LB BHAEEMOBLRNS. JEXEREED L 4
S IE AR F R RESR RN, RS TR #9587 F B
th. TEXNB-HREZERMN S LKA T BT BOE R B =2,

F 4-4 L A1) ALK TN Wacker-type FERRY @
Table 4-4 Pd(Il)-catalyzed asymmetric Wacker-type cyclization®

50d (10 mol%)
rL A . Pd(CF3CO0), (10 mol%) m
1 ~ Ro :
A OH p-benzoquinone Z0

methanol
25 26

50d (10 mol%)
O 2\ Pd(CF5C00), (10 moi%)

OH p-benzoquinone

O 58 methanol 59

&"T EE EY R FE%)Y  EBe(%)
1 50d 25a H 92 94
2 50d 25b 4-Me 92 90
3 50d 25¢c 5-Me 83 93
4 50d 25d 6-Me 74 98
5 50d 25e 4-OMe 80 90
6 50d 251 6-OMe 79 98
7 50d 25g 4.F 65 94
8  50d 25h 4-Ph 73 91¢
9 50d 58 1-naphthol 75 92°

* BT RRLE 4 BE/RXEIMAAT, 7E 60 °C #5 10 mol % 9 PA(11)-50 &/EACE ) (Pd: 50=1:
2) ik, RMVHAT 24 DEBEL ° SBREE, © MBIEHEE TS €% CP-Chirasil-Dex '
CB AT thiE: MWt F i h FAEBR @i OD-H ST RE: g HE TR a R
AD-H 7Hfrik=E.
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BHE ALY

EhE 2XEE

FRXUFRFRBRERA N N, S EERERER SN RERER T
FFRFHBR AR RS, A, AXEERTUT=HERMIE:

1L RAHEMT 5,5 -5 S EBREEMIREL A, Bid BT eI H iR
DURHL 5,5 AL A RE — B R P8 RIS BB B B, MITSEIRT 6,6'f A AR
FRRERGAT ZENHMFE. TR T XEREEE (D BUKEHRERRAT
HEYIIARXIFR Wacker-type RPN, #ALERERRANSTE, EEEKE
FOUEAER b IR R AL R R BUE B B — .

2. WWEHAEMT 2,2°,6,6-BKTIEMMACE, ELRHMIREIREBETH
AR 2,2°,6,6-Bk K IEMMALARE BEFRAGARBSBIMFPES §
MEREEY. NTERERT BRRFTHFH.E 2,2,6,6"- B IS M 4 5 3
BRMFHESRERUED.

BIRT 2,2°,6,6"-BRERIUEMMEAEL (D BALKSRRERRTEDHR
X5 Wacker-type RILF RN, M4 R RS &8 5 T /R LLEMIER HER
REMEAF N BRERETE —CNEN. RURGS52BETERWSD 1 A
MEMETR IR _ERURE N R E I B — ML A B R, NI B E MR
EYPIRBBREFHINE, KB THIX 9% ce, M HAEZRAREREBMATEY P IR
BRIFHINA, KRBT FIE 94% ee, MM T LB/ boxax 7E Wacker-type X
JSE A B3 P 4k i) R

3. W HFERT —RFAE A E L4425 (8) G PR 7] B 7 200 Ay e R 2 S8 XU
WA R, EdEEAREITREBEEFHRABRRALENSSBELRMAS
RBEMAEASHERREY. IRT AR ENEMMA AR () #1114
HREEBATED AR FE Wacker-type RPN, ZREFHEELAHHBT
P75 2 TS P KIS, £ L 4 R b, S5 Tk 2 U8 Pk R £ L 7 10 ) RS et AR 4B 1L 3%
R, XEEREACE YL BERELE K Wacker-type FL R N, KB T R 1T
BRI 1598% eeo
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FARE TBRBS

BREFAIERSh, BRIBLREAWA TR ELCE. B RAEXT-4XE BB S
WEMNE, BEHRSKE. "H NMREM®C NMRIEEMERCURY plus 400%44%
BB LM, 'H NMREIAFRTMS (5 0.0 ppm) BXCDCl; (8 7.26 ppm) , °C NMR
EHIAFRACDCL (877.16 ppm) o JTEZHT (PE 2400 IR 27E LATE K#45)
PR OliR, HosRiE (LCTTM) BREERE T RKEMTRF LR, 3t
MRIESF R AE B A Bi% (OD-H M AD-HFEHH) M5 (Chirasil-DEX CB
) EWiE. WHEXE (Perkin—Elmer 241 R HEX0) 7 EHVME. BHEHR
#£100-200 H RERE L3#AT .

2-R-4-FEEEXHN

Br 0 Br

©\ + cmcoa Ak
(o) 0

I I

FEZ M 100mL S+, ZB TH ZBEH (6.60 g, 0.084 mol) A= FAL45 (11.20
g 0.084 mol) MIZH F % (100mL) HH+P, WMHE=FWIEAR, FHERER
B% (15.00g, 0.080 mol) MI—&F % (30 mL) BWMAZE LRRMNEF, TRTR
R FORHHE R A 1k

RMERE, #RABEEAKKAS, H-HBREN. GHMAAKE, @0
BHKYE, BEKRSE, REBAEENSEAHERTY942g BWEHR51%.
2-R-4-FEEXTFR 47
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0 HO.__O
Br
Br Br,, NaOH
—_—_—
H,0
O SN

VKB T, HiR (28mL, 351 mmol) 187 ZE NaOH (4.50 g, 111.4 mmol)
KEW (10 mL) %, HEH 10 min, BH 2-R4-FEEXFE (2.10g, 9.2 mmol)
WELRRMNEF, EZHETHRE 15 ho RELERE, MATFRBRHKER, LAH
KA RMRREH. ACRZEER, 28HPHLEY, BAH 6 N iREKA
TEAKHE, WBXEAGEE. AR a6 47 (2008 95%). 5 197-198
°C.

'H NMR (400 MHz, CDCl5): 3 8.04 (d, J = 8.8 Hz, 1 H, ArH), 7.23 (d,J = 2.4 Hz, 1
H, ArH), 6.90 (dd, J = 2.8, 8.8 Hz, 1 H, ArH), 3.87 (s, 3 H, OCH).

N-(U’S)-(U-R R -2 Z5)-3-FHE-2- WK PRk 48a

COOH
Br 0 HO _ Dy
(0% mnk
HO o =2
2) ] , NEtg o HN “ 48¢c, R = Buy;
OCHs H2N IR T 48d, R = Ph;
47 48

FEVKET, BFIEM (3.6 mL, 0.049 mmol) HNZF 2--4-FEIAEFIK 47
(2.32g, 0.010 mol) ', M#HE 5 /oS, HBdE _EER, H-®HF% (SmL)
BEHRBR. EKE T, BB — S HREREERME =2/ (2.8 mL, 0.020 mol).
L-SER¥ (1.25 g,0.012 mmol) M= HF (10 mL) HH+F. MEEAEZZRHH 4
. RARA S PR, FKYE, MARHKE TKBRRETR, i,
WIERRER, REYARKRE)BRA, HZRZEERER. BIEAE K 48a
(2.63 g, 0.0083 mol), W# 83%. 'H NMR (400 MHz, DMSO): § 7.94 (d,J = 8.8 Hz,
1 H, ArH), 7.33 (d,J = 8.8 Hz, 1 H, ArH), 7.19 (s, 1 H, ArH), 6.98 (d,J = 8.0 Hz, 1 H,
NH), 4.58 (t,J = 5.6 Hz, 1 H, NCH), 3.79 (s, 3 H, OCHs), 3.45 (1, J = 5.6 Hz, 2 H, OCHy),
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1.90 (m, 1 H, CH), 0.93 (d,J = 6.8 Hz, 1 H, CH3), 0.89 (4, J = 6.8 Hz, 1 H, CHs): °C
NMR (100 MHz, DMSO): 8 167.1, 160.1, 132.1, 130.0, 119.8, 117.7, 113.2, 61.4, 56.2,
55.8,28.4,19.9,18.1.

N-(1’S)-(1-FF 5-2- 2 2. 5)-3- - 2- K PRk 48b

K3 85%. 'H NMR (400 MHz, DMSO): 8 8.69 (d, J = 8.4 Hz, 1 H, NH), 7.39 (d, J
= 8.4 Hz, 1 H, ArH),7.21 (d,J = 2.4 Hz, 1 H, ArH), 7.01 (dd, J = 8.8, 2.4 Hz, 1 H, ArH),
7.33 (t,J = 7.2 Hz, 1 H, ArH), 7.24 (t,J = 7.2 Hz, 1 H, ArH), 498 (dd, J = 13.6, 6.8 Hz, 1
H,NCH), 3.80(s, 3 H, OCH;), 3.60 (1, J = 6.8 Hz, 2 H, OCH,); °C NMR (100 MHz,
DMSO): §166.7, 160.3, 141.1, 131.3, 130.2, 128.1, 127.2, 126.9, 120.0, 117.9, 113.3,
64.7,55.8.

N-(S)-(V-B T #-2’- B ZH)-3- FHE-2-BE TR 48¢

2 80% . 'H NMR (400 MHz, CDCl3): 8 7.43 (d,J = 8.4 Hz, 1 H, ArH), 6.99 (d,J
= 3.2 Hz, 1 H, ArH), 6.75 (dd, J = 3.2, 8.4 Hz, 1 H, ArH), 6.56 (d, J = 7.2 Hz, 1 H, NH),
3.92-4.00 (m, 1 H, OCH;), 3.82 (dd, J = 11.6, 3.2 Hz, 1 H, NCH), 3.76 (s, 3 H, OCHj),
3.52-3.64 (m, 1 H, OCH,), 0.97 (s, 9 H, CH;); °C NMR (100 MHz, CDCl;): 4 168.3,
160.9, 131.2 129.8, 119.9, 118.5, 113.2, 77.5, 77.276.8,62.6, 60.1,55.6,34.0,27.2.

N-(US)-(V-FE-2- B 58)-3-FEE-2-REFBE 48d

Kt % 87% . 'H NMR (400 MHz, CDCly): § 7.42 (d,J = 8.4 Hz, 1 H, ArH), 7.22-7.34
(m, 5 H, ArH), 7.05 (d,J = 2.4 Hz, 1 H, ArH), 6.82 (dd, J = 2.4, 8.4 Hz, 1 H, ArH), 6.42 (d,
J = 7.6 Hz, 1 H, NH), 4.30-4.45 (m, 1 H, OCHy), 3.79 (s, 3 H, OCH;), 3.74-3.82 (m, 1 H,
OCH;), 3.69(dd, J = 10.8, 4.8 Hz, 1 H, NCH), 2.99 (d,J = 7.6 Hz, 1 H, CH;); “C NMR
(100 MHz, CDCls): § 167.8, 161.3, 137.6, 131.2, 129.5, 128.8, 126.9, 120.2, 118.7, 113.5,
71.5,71.2,76.8, 64.1, 55.8, 53.7, 37.0.

3FE - 4S)-RTEEUWHE 492
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OHO 0
Haco—Q—( _) MsCl,NEt;  HiCO \N]"
HN—, R
Br R Br

48a-d 49a-d
FEUKE T, K EBEBLE (0.75 mL, 0.0096 mol) Z&HMBI=Z8 (245 mL,
0.0176 mol). 48a (2.51g, 0.0079 mol) I H % (10 mL) BHE+. MEFHE
BRBHE 12 /M. REEAKEE, WAEAKEE, AEKRRETER, RERRE
7. RV BRA, FZRIEBAMAMBMERIER. BRKE AR 492
(2.00 g, 0.0068 mol), Y{Z 86% . *H NMR (400 MHz, CDCL;): 6 7.62 (d, J = 8.4 Hz, 1
H, ArH), 7.14 (d,J = 2.0 Hz, 1 H, ArH), 6.83 (dd, J = 2.0, 8.4 Hz, 1 H, ArH), 4.33-4.40 (m,
1 H, OCH,), 4.08-4.15 (m, 2 H, OCH, and NC-H), 3.78 (s, 3 H, OCH), 1.80-1.90 (m, 1 H,
CH), 1.01(d,J = 6.8 Hz, 1 H, CH3), 0.94 (d,J = 6.8 Hz, 1 H, CH); *C NMR (100 MHz,
CDCLy): §162.6, 161.3, 132.4, 122.7, 122.1, 119.1, 113.1, 72.9, 70.1, 55.7, 32.8, 18.9,
18.3.

-FEE2-]- @'S)-FEEMIE 49b

e % 82% . "H NMR (400 MHz, CDCL3): 8 7.65 (d,J = 9.2 Hz, 1 H, ArH) , 7.21-7.33
(m, 5 H), 7.17 (d, J = 2.4 Hz, 1 H, ArH), 6.85 (dd, J = 2.4, 9.2 Hz, 1 H, ArH), 4.56-4.64
(m, 1 HNCH), 4.32 (t,J = 9.2 Hz, 1 H, OCHy), 4.13 (t, J = 8.0 Hz, 1 H, OCH;), 3.81 (s, 3
H, OCHs), 3.23 (dd, J = 5.6, 14.0 Hz, 1 H, CH,), 2.77 (dd, J = 8.4, 13.6 Hz, 1 H, CH,):
3C NMR (100 MHz, CDCL): 8 163.1, 161.4, 137.9, 132.4, 129.4, 128.6, 126.6, 122.7,
121.8,119.2, 113.2,71.7, 68.2, 68.0, 55.7.

3-FEE2-R- @'S)- T EBHHE 49¢

% 79% . 'H NMR (400 MHz, CDCL): 7.63 (d,J = 8.4 Hz, 1 H, ArH) , 7.16 (d, J
= 2.8 Hz, 1 H, ArH), 6.85 (dd, J = 2.8, 8.4 Hz, 1 H, ArH), 4.33 (dd, J = 9.6, 8.4 Hz, 1 H,
OCHy), 4.22 (dd, J = 8.8, 8.0 Hz, 1 H, OCHy), 4.07 (dd, J = 10.0, 7.6 Hz, 1 H, NCH), 3.81
(s, 3 H, OCHs), 0.97 (s, 9 H, CHs); *C NMR (100 MHz, CDCl;): § 162.528, 161.333,
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132.386, 122.772, 122.230, 119.152, 113.184, 76.693, 68.781, 55.720, 34.157, 26.033.
3-FFEE-2-R- (45)-KEBWIKE 494

K% 88% . 'H NMR (400 MHz, CDCL): 8 7.66 (d, J = 8.8 Hz, 1 H, ArH), 7.32-7.44
(m, 5 H, AH), 7.13 (d, J = 2.4 Hz, 1 H, ArH), 6.91 (dd, J = 8.8, 2.4 Hz, 1 H, ArH), 5.57
(dt,J = 5.2, 8.0 Hz, 1 H, NCH), 3.95-4.04 (m, 2 H, OCH,). 3.83 (s, 3 H, OCH3); °C NMR
(100 MHz, CDCl): 8 166.5, 161.5, 138.2, 131.8, 128.9, 128.8, 128.3, 127.0, 120.3, 118.9,
113.6,77.5,77.2, 768, 55.8, 54.5, 47.8.

2,2°- R [(4'S)-3¢ NEEMEME]-5,5'- F 4 3-1,1'- 5K 50a

0
el
HaCO 9 ) N"gq
N "IR Cu

— 0]
v o))
N—™

49a-d
50a-d

ERST, % 49a (2.01g, 0.0068 mol). iFHILHH (2.29 g, 0.036 mol). DMF
(10 mL) HH#AMEIR 24 /Dot BHIRNHE, A BHmE, FAEKE, Rk

TKGEET R, MEZRREN. REVARKES SIRA, A8 IENRmEB
TEMRBETR] . 18 20k B A4 50a(1.19 g, 0.0027 mol), YT 81%, [a]p® —92.31 (¢ 1.75,
CHCL3). il SR BiFhie . '"H NMR (400 MHz, CDCl3) T E=4): § 7.74 (d, J = 8.8 Hz,
2 H, ArH), 6.82-6.86 (m, 2 H, ArH), 6.79 (br, 2 H, ArH), 4.05 (t, J = 8.0 Hz, 2 H, OCH,),
3.65-3.85 (m, 10 H, OCH;, OCH; and NCH), 1.50-1.70 (m, 2 H, CH), 0.65-0.82 (m, 12 H,
CH); REF=#): 57.79 (d,J = 8.8 Hz, 2 H, ArH), 6.82-6.86 (m, 2 H, ArH), 6.70 (br, 2 H,
ArH), 4.04 (t, J = 12.0 Hz, 2 H, OCHy), 3.65-3.85 (m, 10 H, OCH,, OCH; and NCH),
1.50-1.70 (m, 2 H, CH), 0.65-0.82 (m, 12 H, CH); >C NMR (100 M, CDCls): 6 164.017,
163.728, 160.670, 160.354, 143.508, 143.143, 131.138, 130.913, 120.474, 119.994,
115379, 115.032, 112.761, 112.561, 72.527, 72.469, 72.370, 70.229, 70.110, 55.484,
55.419, 55.338, 33.135, 32.942, 32.823, 32.638, 19.039, 18.941, 18.825, 18.623, 18.507,
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18.412, 18.313, 18.106. 1°C NMR (100 MHz, CDCl;) 6 18.1, 18.4, 18.9, 19.0, 32.6, 32.9,
55.3,70.2, 72.4, 72.5, 112.6, 112.8, 115.0, 115.4, 120.0, 120.5, 130.9, 131.1, 143.1, 143.5,
160.4, 160.6, 163.7, 164.0; HRMS (Micromass LCT) Caled. for C;sH3;N;04: 436.2362;
Found: 436.2358.

2,2°-X [(4'S)- K ZETEmEE]-5,5'- F L H-1,1'-B6 2K 50b

W% 75%, [a)p” ~147.86 (c 1.71, CHCly). ¥l B RAiR&, 'H NMR (400 MHz,
CDChL) FE=#): $7.74 (d,J = 8.4 Hz, 2 H, ArH), 7.06-7.30 (m, 10 H, ArH), 6.90 (d, J
= 2.8 Hz, 2 H, ArH), 6.85-6.89 (m, 2 H, ArH), 4.26-4.38 (m, 2 H, NCH), 4.05 (t, J = 8.8
Hz, 2 H, OCHy), 3.86 (s, 6 H, OCH), 3.70-3.90 (m, 2 H, OCH,), 2.98 (dd, J = 4.8, 13.6
Hz, 2 H, CHy), 2.51-2.60 (m, 2 H, CH,); {RE*#):57.82 (d, J = 8.4 Hz, 2 H, ArH),
7.06-7.30 (m, 10 H, ArH), 6.85-6.89 (m, 2 H, ArH), 6.78 (d, J = 2.8 Hz, 2 H, ArH),
4.26-4.38 (m, 2 H, NCH), 3.97 (1, J = 8.8 Hz, 2 H, OCH;), 3.81 (s, 6 H, OCH3), 3.70-3.90
(m, 2 H, OCH,), 3.07(dd, J = 4.8, 13.6 Hz, 2 H, CHy), 2.51-2.60 (m, 2 H, CHy); *C NMR
(100 MHz, CDCls) 6 41.7, 41.8, 55.6, 68.1, 72.1, 112.7, 113.0, 115.5, 115.8, 126.4, 126.5,
128.6, 128.7, 129.3, 129.5, 131.1, 131.5, 138.6, 143.5, 161.1, 164.6; HRMS (Micromass
LCT) Calcd. for C34H33N204: 533.2440; Found: 533.2434.

2,2°-XN[(4'S)- BT ZAEME]-5,5'- FF 4 RE-1,1"-BE 3K 50c

W 71%. BB ERFFE. 'HNMR (400 MHz, CDCl;) EZE=4): § 7.80 (d,J
= 8.4 Hz, 2 H, ArH), 6.82-6.89 (m, 2 H, ArH), 6.78 (d,J = 2.4 Hz, 2 H, ArH), 3.92 (t, J =
9.2 Hz, 2 H, NCH), 3.75-3.85 (m, 4 H, OCHy), 3.81 (s, 6 H, OCH3), 0.78 (s, 18 H, OCHj);
IRET=Y): & 7.83 (d,J = 8.4 Hz, 2 H, ArH), 6.82-6.89 (m, 2 H, ArH), 6.71(d, J = 2.8 Hz,
2 H, ArH), 4.03 (1, J = 11.6 Hz, 2 H, NCH), 3.75-3.85 (m, 4 H, OCH)), 3.78 (s, 3 H,
OCH3), 0.77 (s, 18 H, CH;); *C NMR (100 MHz, CDCl;): & 164.1, 163.5, 160.5, 160.3,
143.7, 143.3, 131.1, 1204, 120.1, 115.7, 115.0, 112.9, 112.7, 76.0, 76.0, 68.8, 68.4, 55.4,
34.0,33.8,25.9,25.8.
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2,2°-3X[(4'S)- K B VG MR -5,5"- F A 21,1 B 50d

B 76%, [a]p? -187.48 (c 0.88, CHCL). ¥t B/RFiFr 4. 'H NMR (400 MHz,
CDCly) XE=#): 87.91(d,J = 8.4 Hz, 2 H, ArH), 7.15-7.35 (m, 10 H, ArH), 7.08-7.13
(m, 2 H, ArH), 6.90-6.96 (m, 2 H, ArH), 5.15-5.24 (m, 2 H, NCH), 4.48 (dd, J = 10.0, 8.8
Hz, 2 H, OCHy), 3.89 (t,J = 8.0 Hz, 2 H, OCHy), 3.85 (s, 6 H, OCH:); K E=#): §7.95
(d,J = 8.4 Hz, 2 H, ArH), 7.15-7.35 (m, 10 H, ArH), 6.90-6.96 (m, 2 H, ArH), 6.80 (d, J =
2.0 Hz, 2 H, ArH), 5.15-5.24 (m, 2 H, NCH), 4.42 (dd, J = 10.0, 8.8 Hz, 2 H, OCH,), 3.98
(t,J = 8.0 Hz, 2 H, OCHy), 3.82 (s, 6 H, OCHz); *C NMR (100 MHz, CDCl5) 6 55.5, 69.8,
69.9, 74.5, 75.2, 112.9, 115.5, 120.4, 126.7, 126.8, 127.3, 127.5, 128.5, 128.7, 131.5,
142.8, 142.9, 143.2, 143.9, 161.1, 166.0; HRMS (Micromass LCT) Calcd. for C3;H20N204:
505.2127; Found: 505.2135. ’

2,2°-XR[(4'S)- A K EE M IK]-5,5"- —4-1,1' -6 3K 50f

1) SOCl,, DMF(cat) O
HOOC 2) (S)-Phenylglyciri S/
3) MsCl, Et;N, CH,Cl, Ph O

2,2°-3R[(4'S)- R A EEME]-5,5'- — 3B H-1,1'- K% 51a

0
cho \ j
// AICly, C,2H258H N [/
o
HaCO HO O \]
N "/,,/
51a

HEZERT, BT+ 6E (289mL) WME=FHLHE (8.00g, 60.00 mmol) HI—
APEEW (40 mL ) &, HHE=FWEER, BAHEEER. BRKET, #
50a (4.37g, 10.01 mmol ) M-S HFLEM| (20mL ) HE ERERD, ZEHH
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15h. RMBAKKER, BARZBZERXR, EAH09BER, AFZR2EN
FREAE, ATKRMETER, ZREN, AZMZBNEMmBTHE, 82 51a (3.89
g), W 95% . ¥Rk B /RPiFE ., "H NMR (400 MHz, DMSO): E4: $9.88 (s, 1 H,
OH), 7.55 (d, J = 8.8 Hz, 2 H, ArH), 6.68-6.78 (m, 2 H, ArH), 6.54(br, 2 H, ArH),
3.95-4.08 (m, 2 H, NCH), 3.60-3.75 (m, 4 H, CH), 1.40-1.52 (m, 2 H, CH), 0.65-0.76 (m,
12 H, CH); REF#: $9.88 (s, 1 H, OH), 7.61 (d,J = 8.8 Hz, 2 H, ArH), 6.68-6.78 (m, 2
H, ArH), 6.48 (br, 2 H, ArH), 3.95-4.08 (m, 2 H, NCH), 3.60-3.75 (m, 4 H, CH), 1.40-1.52
(m, 2 H, CH), 0.65-0.76 (m, 12 H, CH), 1*C NMR (100 MHz, DMSO): 6 162.5, 158.7,
143.8, 143.6, 130.8, 130.5, 118.0, 117.5, 116.9, 116.8, 113.7, 113.6, 71.8, 69.5, 32.5, 32.4,
18.7.

2,2-X[(4'S)-F¢ W EEVEMEE]-5,5"- 3 ZfR B-1,1"-BX K 46a

Pr iPr
0 <
o) o
N o O

BI'CaH1 GBT

O
HO O \Nl KoCO; o O
51a S
46a

# 51a (0.44 g, 1.08 mmol). T/KEKEHF (1.08 g, 7.81 mmol) F 1,8-F iR (0.25
mL, 1.08 mmol ) ZEZIF (200mL) ¥HTP, MAERT, B4 X, idiE, BRE
ABREE, RS PHREM, 5%NaOH k¥, MAMAHKE ALKRBRETE,
REREN, Al LR B Bk AE, B EHFHEA R A1 S BP=Y) 46a 5 514 60.5 mg
M91.3mg, WHENH 10%F 15%.

(S,a8,5)-46a: [a]p® -185.20 (c 2.51, CHCL3); 'H NMR (400 MHz, CDCls): § 7.71 (d,
J =17.6 Hz, 2 H, ArH), 6.90 (d,J = 2.8 Hz, 2 H, ArH), 6.88 (dd, J = 8.8, 2.8 Hz, 2 H, ArH),
4.41 (ddd, J = 7.6, 7.6, 12.0 Hz, 2 H, OCH), 4.18-4.10 (m, 2 H, OCH), 4.08 (ddd, J = 5.2,
8.4, 12.4 Hz, 2 H, OCH), 3.88-3.78 (m, 4 H, OCH and NCH), 2.02-1.90 (m, 2 H, CH),
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1.50-1.76 (m, 6H, CH), 1.36-1.46 (m, 4 H, CH), 1.26-1.36 (m, 2 H, CH), 0.80 (t, J = 6.8
Hz, 12 H, CHs); ®C NMR (100 MHz, CDCls): 6 163.9, 160.0, 143.4, 131.0, 120.4, 116.7,
113.2, 72.5, 70.4, 66.0, 32.7, 28.5, 27.6, 24.6, 19.1, 18.2; HRMS (Micromass LCT) Calcd.
for C33H43N,04: 519.3223; Found: 519.3203.

(5,2R,5)-46a: [a]p® +9.42 (c 0.16, CHCl3); 'H NMR (400 MHz, CDCl;): § 7.76 (d, J
= 8.4 Hz, 2 H, ArH), 6.85 (dd, J = 8.4, 2.8 Hz, 2 H, ArH), 6.82 (d, J = 2.4 Hz, 2 H, ArH),
4.38 (ddd, J = 7.6, 7.6, 12.4 Hz, 2 H, OCH), 4.11-4.03 (m, 4 H, OCH), 3.74-3.65 (m, 4 H,
OCH and NCH), 1.98-1.86 (m, 2 H, CH), 1.68-1.54 (m, 4 H, CH), 1.52-1.42 (m, 2 H, CH),
1.40-1.32 (m, 4 H, CH), 1.30-1.20 (m, 2 H, CH), 0.82 (d, J = 6.8 Hz, 6 H, CH3), 0.69 (d,J
= 7.2 Hz, 6 H, CH3); C NMR (100 MHz, CDCl): 8 163.7, 159.9, 144.1, 131.0, 120.0,
116.6, 113.6, 73.1,70.7, 66.0, 33.1, 28.7, 28.1, 24.8, 19.7, 18.7.

2-1R-4-FEEXFRTR 52

soc12 Br
CH;OH
o\

52

BT, B _&TEW (13.5 mL, 0.18 mol) ZBHME 2-R-4-FEAEXHR
47 (4.5g, 193 mmol ) KIHFE (10 mL) BET, AZREEFMAER, TLC |WZ
R, fE2h W RNSEE, HRTE-RENMFRE, FAZRZERRE, Ak &
FRMBRHTE, FHAATKRRETRE™ 52 (438, 91%). R 25-26 °C.
'H NMR (400 MHz, CDCl;): §7.86 (d,J = 8.8 Hz, 1 H, ArH), 7.19 (d, J = 2.4 Hz, 1 H,
ArH), 6.86 (dd, J = 2.4, 8.8 Hz, 1 H, ArH), 3.89 (s, 3 H, OCH3), 3.84 (s, 3 H, OCHa); °C
NMR: (100 MHz, CDCls) § 165.6, 162.1, 133.1, 123.4, 123.0, 119.7, 112.7, 55.5, 52.0.

5,5- - EBX _HFRPRES3

8s
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MeO.
COOMe O
: COOMe

BrCu

COOMe
MeO O
MeO
53

52

EEST, ¥ 2-R-4-FEAEFXFRFE 52 (7.3 g, 29.6 mmol) FIHLEH (7.0
g, 0.1 mol) M#HZE 160-170 CHIEK M 15h. BHEMAZRZER, 8, AR
CE R RERLREN, BREN, HLRIBEMAHBRESSABITYS3 30g,
61%). ¥4 166-167 °C; 'H NMR (400 MHz, CDCl3): § 8.01 (d,J = 8.8 Hz, 2 H, ArH),
6.91 (dd, J = 2.8, 9.2 Hz, 2 H, ArH), 6.69 (d, J = 3.2 Hz, 2 H, ArH), 3.84 (s, 6 H, OCH;),
3.61 (s, 6 H, OCH3); ’C NMR: (100 MHz, CDCl;) & 165.6; 162.1, 133.1, 123.4, 123.0,
119.7, 112.7, 55.5, 52.0; Anal. Calcd for C1sH;306: C, 65.45; H, 5.49. Found: C, 65.21; H,
5.90.

5,5°- " REBK _FRTFEE 54

MeO. ! HO l
COOMe AlC's, C12H253H COOMe
—_—> COOMe
O COOMe <G, MeOH O
HO
53

54

MeO

KB T, KW (4048 g, 0.20mol) WME=H 4L (13.41g, 0.10mol)
550 mL SR, B, EKRTRLEY 53 (10.00 g, 0.03 moD)
#7120 mL ZEPRERRmE LREE P, ZRTHRAEIE. AKKEX, K
AR, FHARRKYE, B IV S8 LPKEREL, AR, HRE
KRR, FHZMZMER, TKRBRETR KRE EZTR. BR
BHYAETHE SO mL, FETFKAT, MmM&EM (22 mL, 030 mol), MNFA[BIJHE
14 /hot, ZRSE_EKTFRMNFRE, REVHZRIEER, Kk, TKRRET
B, W%, AZRZEBNAMBEESLSRBEY 54 (741 81%). A 224-225°C.
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'H NMR (400 MHz, acetone-ds): 8 9.02 (s, 2 H, OH), 7.87 (d,J = 8.4 Hz, 2 H, ArH), 6.88
(dd,J = 2.0, 8.4 Hz, 2 H, ArH), 6.64 (d, J = 3.2 Hz, 2 H, ArH), 3.52 (s, 6 H, OCH,); ®C
NMR (100 MHz, acetone-ds): 8 167.1, 160.9, 147.0, 132.9, 121.8, 117.8, 114.5, 51.4;Anal.
Caled for CyH1406: C, 63.57; H, 4.67. Found: C, 63.23; H, 4.87.

555t _REBE_FRPR 55

O s
COOMe B’C"Hanr COOMe

CHz)n

O COOMe K2003 k O COOMe
HO (o)
54 55a:n=8
55b:n=10

&Y 54 (1.00g, 3.3 mmol). /KB (4.60g, 33.1 mmol) F 1,8-F—
iR (0.60 mL, 3.3 mmol) H% 200 mL DMF ¥, FEZE TR 72h. BREHBIT
3, WIEER DMF, B ZBZEBHA MEBOT AR 5,5-(1,8— F K E8)- B
“HRRPEE 552(0.80 g, 55% ). 8 A : 124-125 °C; 'H NMR (400 MHz, CDCly): 8 7.94
(d, J = 8.8 Hz, 2 H, ArH), 6.90 (dd, J = 2.4, 8.8 Hz, 2 H, ArH), 6.76 (d, J = 2.4 Hz, 2 H,
ArH), 4.38 (ddd, J = 6.8, 6.8, 12.0 Hz, 2 H, OCH), 4.10 (ddd, J = 4.8, 7.2, 12.8 Hz, 2 H,
OCH), 3.62 (s, 6 H, OCHj), 1.97-1.92 (m, 2 H, CH), 1.62-1.53 (m, 2 H, CH), 1.47-1.25
(m, 8 H, CH); ®C NMR (100 MHz, CDCly): 8 167.1, 161.6, 146.1, 132.1, 121.7, 116.8,
113.6, 66.1, 51.8, 28.8, 28.5, 24.8; Anal. Calcd for Cz4Hz0: C, 69.88; H, 6.84. Found: C,
69.83; H, 6.28.

5,5°-(1,8— S ZHE L H)-BK ML FF I 55b

F=%: 39%; ¥ /: 104-105 °C; 'H NMR (400 MHz, CDCly): $7.97 (d,J = 9.2 Hz,
2 H, ArH), 6.89 (dd, J = 3.2, 8.8 Hz, 2 H, ArH), 6.71 (d, J = 2.0 Hz, 2 H, ArH), 4.24 (ddd,
J = 6.0, 8.0, 11.2 Hz, 2 H, OCH), 4.09 (ddd, J = 6.4, 7.2, 13.6 Hz, 2 H, OCH), 3.61 (s, 6 H,
OCHj), 1.87-1.80 (m, 2 H, CH), 1.70-1.63 (m, 2 H, CH), 1.42-1.25 (m, 12 H, CH); *C
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NMR (100 MHz, CDCl;): 8 167.0, 161.4, 146.2, 132.1, 121.7, 115.7, 115.0, 68.2, 51.8,
28.7, 28.6, 27.8, 25.2; Anal. Calcd for CsH3206: C, 70.89; H, 7.32. Found: C, 70.85; H,
7.22.

2,2°- XM -5,5" A — A FE-1,1"-BX K 46

MsCl, Et;N
CHy COOMe _ KeCOs 2
n
2& O COOMe  gmino alcohol \S CH,Cl,
o .
55 HO

¥eib &4 55a (2.13 g, 5.16 mmol). %ﬂ(ﬁﬁ@ﬁi (2.18 g, 15.77 mmol). HE®
(1.60 g, 15.51 mmol) 1 10 mL FFEEAIAZE S mL — 4+, n#EIH RN 36
i, TLC MERMN. ERNEFEHZEKPRER, KEIE, BTKRRET
B, ARER, FAAMENZRIEEHBBRRAEY 56a (1.80 g, 3.24 mmol).
¥ B3R 724) 56a (1.80 g, 3.24 mmol)BF T 15 mL & B+, FMAZZRE (2.20
mL, 16.52 mmol). FEVK¥ TN B EFHBEE (0.60 mL, 7.65 mmol), 7EERT RN
H®, TLC JLFAZE. M-E MR, R, maaikit, AXKHRRET
. RBREF, HIRIBEAA MBS 2RI BAR & 2,2 -XX[(4'S)-7 R £
EERAEIRK]-5,5"- 3 — KB 1,1 B K 2 H)(S,25,5)-46a (0.77 g, 29%) FI(S,aR,S)-46a (0.43
g, 16%).

§8588

B anpn

2,27-[(4'S)-FEEMmK]-5, 5'-F _4EE-1,1'-BEK 46b

(S,aS.5)-46b: F=% K 26%; [a]p? -189.21 (¢ 0.06, CHCL;); ‘H NMR (400 MHz,
CDCly): 87.69 (d, J = 8.4 Hz, 2 H, ArH), 7.23 (d, J = 8.4 Hz, 4 H, ArH), 7.17 (t, ] = 7.2
Hz, 2 H, ArH), 7.09 (d,J = 6.8 Hz, 4 H, ArH), 6.92-6.88 (m, 4 H, ArH), 4.46-4.37 (m, 2 H,
OCH), 4.35-4.30 (m, 2 H, OCH), 4.13-4.06 (m, 4 H, OCH), 3.88 (dd, J = 7.2, 8.0 Hz, 2 H,
NCH), 2.96 (dd, J = 6.0, 14.0 Hz, 2 H, CHPh), 2.62 (dd, J = 6.0, 14.0 Hz, 2 H, CHPh),
2.01-1.95 (m, 2 H, CH), 1.66-1.53 (m, 4 H, CH), 1.43 (br, 4 H, CH), 1.31 (br, 2 H, CH);
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BC NMR (100 MHz, CDCl): 8 164.4, 160.3, 143.4, 138.5, 131.1, 129.4, 128.4, 126.3,
120.3, 116.9, 113.1, 71.9, 67.9, 66.0, 41.4, 28.5, 27.7, 24.6; HRMS (Micromass LCT)
Calcd. for C4gH43N204: 615.3223; Found: 615.3223.

(5,aR,5)-46b: F=E K 15%; [a]p® +12.45 (c 0.77, CHCl;); 'H NMR (400 MHz,
CDCl3): 87.75 (dd, J = 2.8, 6.4 Hz, 2 H, ArH), 7.13-7.26 (m, 10 H, ArH), 6.90 (dd, J = 2.8,
6.4 Hz, 2 H, ArH), 6.88 (d, J = 3.2 Hz, 2 H, ArH), 4.40 (ddd, J = 7.2, 7.2, 12.4 Hz, 2 H,
OCH), 4.31 (ddd, J = 5.6, 9.6, 14.8 Hz, 2 H, OCH), 4.11-4.05 (m, 4 H, OCH), 3.73 (dd, J
= 8.4, 9.2 Hz, 2 H, NCH), 3.21 (dd, J = 9.2, 13.2 Hz, 2 H, CHPh), 2.60 (dd, J = 5.6, 14.0
Hz, 2 H, CHPh), 2.02-1.90 (m, 2 H, CH), 1.68-1.58 (m, 2 H, CH), 1.56-1.47 (m, 2 H, CH),
1.46-1.34 (m, 6 H, CH); >C NMR (100 MHz, CDCl5): 8 164.5, 160.2, 143.9, 138.5, 131.1,
129.1, 128.6, 126.4, 119.9, 116.8, 113.4, 72.4, 68.0, 66.0, 41.7, 28.6, 27.9, 24.7.

2,2-R[(4'S)-BUT HEIBMI)-5,5'-F i fE-1,1'-BK d6c

(5,a5,5)-46¢: =% 3K 35%; [a]p? -158.58 (¢ 0.11, CHCl;); 'H NMR (400 MHz,
CDCl3): 87.76 (dd, J = 2.8, 6.0 Hz, 2 H, ArH), 6.88 (dd, J = 6.4, 2.8 Hz, 4 H, ArH), 4.40
(ddd, J = 7.2, 7.2, 12.8 Hz, 2 H, OCH), 4.06 (ddd, J = 5.2, 8.0, 12.8 Hz, 2 H, OCH), 4.04
(t,J = 8.8 Hz, 2 H, OCH), 3.89 (t,J = 8.0 Hz, 2 H, OCH), 3.77 (dd, J = 7.2, 10.0 Hz, 2 H,
NCH), 2.02-1.90 (m, 2 H, CH), 1.68-1.58 (m, 2 H, CH), 1.58-1.47 (m, 2 H, CH),
1.45-1.36 (m, 4 H, CH), 1.34-1.26 (m, 2 H, CH), 0.81 (s, 18 H, CH;); °C NMR (100 MHz,
CDCL): 8 164.3, 160.0, 143.4, 131.4, 120.5, 116.8, 113.5, 76.0, 69.1, 66.1, 34.0, 28.6,
27.8, 26.0, 24.7; HRMS (Micromass LCT) Calcd. for C34H4gN2O4Na: 569.3355; Found:
569.3364.

2,2°-3R[(4'S)- K I MME]-5,5'-F e H-1,1"- B3 46d

(5,a5,5)-46d: =K 32%; [ap® +194.51 (c 0.11, CHCl;); '"H NMR (400 MHz,
CDCly): 67.87 (d,J = 8.8 Hz, 2 H, ArH), 7.32-7.16 (m, 10 H, ArH), 6.98 (d, J = 2.0 Hz, 2
H, ArH), 6.95 (dd, J = 8.4, 2.4 Hz, 2 H, ArH), 5.20 (dd, J = 10.4, 7.2 Hz, 2 H, NCH), 4.49
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(dd, J = 10.4, 8.0 Hz, 2 H, OCH), 4.43 (ddd, J = 7.6, 7.6, 12.0 Hz, 2 H, OCH), 4.11 (ddd, J
= 5.2, 8.0, 12.4 Hz, 2 H, OCH), 3.96 (dd, J = 8.4, 7.6 Hz, 2 H, OCH), 2.06-1.96 (m, 2 H,
CH), 1.72-1.54 (m, 4 H, CH), 1.50-1.40 (m, 4 H, CH), 1.38-1.30 (m, 2 H, CH); *C NMR
(100 MHz, CDCL3): 8 166.2, 160.5, 143.3, 142.9, 131.7, 128.7, 127.5, 126.8, 120.3, 117.2,
113.1, 75.4, 69.8, 66.2, 28.6, 27.7, 24.7, HRMS (Micromass LCT) Calcd. for C3gH39N,05:
587.2916; Found: 587.2910.

(5,aR.S)-46d: F=E K 12%; [alp® -10.23 (c 0.45, CHCL); 'H NMR (400 MHz,
CDCl3): 8 7.90 (d, J = 8.8 Hz, 2 H, ArH), 7.24-7.15 (m, 10 H, ArH), 6.91 (dd, J = 8.8, 2.8
Hz, 2 H, ArH), 6.87 (d,J = 3.2 Hz, 2 H, ArH), 5.15 (t,J = 10.0 Hz, 2 H, NCH), 4.40-3.72
(m, 4 H, OCH), 4.13-4.06 (m, 2 H, OCH), 3.91 (dd, J = 8.0, 8.8 Hz, 2 H, OCH), 2.00-1.90
(m, 2 H, CH), 1.66-1.56 (m, 2 H, CH), 1.52-1.44 (m, 2 H, CH), 1.42-1.34 (m, 4 H, CH),
1.32-1.22 (m, 2 H, CH); *C NMR (100 MHz, CDCL): 8 165.0, 160.2, 144.2, 142.5, 131.3,
128.6,127.3, 126.8, 119.7, 116.8, 113.8, 74.4, 69.9, 65.9, 28.7, 28.3, 24.8.

2,2-3[(4'S)-F LB MI]-5,5'- 2 v 21,1 - L% 46e

(5,aS,5)-46e: 7= %27%; [a]p? -109.03 (c 7.30, CHCL); 'H NMR (400 MHz,
CDCls): 87.73 (dd, J = 3.6, 6.0 Hz, 2 H, ArH), 6.86 (dd, J = 6.4, 2.8 Hz, 2 H, ArH), 6.85
(d,J = 0.8 Hz, 2 H, ArH), 4.26 (ddd, J = 5.6, 8.0, 11.2 Hz, 2 H, OCH), 4.13-4.02 (m, 4 H,
OCH), 3.86-3.78 (m, 4 H, OCH and NCH), 1.88-1.80 (m, 2 H, CH), 1.76-1.64 (m, 4 H,
CH), 1.48-1.36 (m, 8 H, CH), 1.30 (br, 4 H, CH), 0.82 (d,J = 6.4 Hz, 6 H, CH:), 0.79 (d, J
= 6.4 Hz, 6 H, CHa); *C NMR (100 MHz, CDCL,):  164.2, 160.1, 143.4, 131.0, 120.5,
115.7, 115.1, 72.4, 70.4, 68.2, 32.8, 28.7, 28.4, 27.7, 25.3, 19.1, 18.1; HRMS (Micromass
LCT) Caled. for C34HyN,04: 547.3536; Found: 547.3520.

(S,:aR,S)-d6e: F=H K 14%; [a]p® +10.38 (c 1.16, CHCL); 'H NMR (400 MHz,
CDCL): §7.81 (d, J = 8.8 Hz, 2 H, ArH), 6.85 (dd, J = 8.4, 3.2 Hz, 2 H, AtH), 6.75 (d, ] =
2.8 Hz, 2 H, ArH), 4.24 (ddd, J = 6.0, 7.2, 11.6 Hz, 2 H, OCH), 4.14-4.03 (m, 4 H, OCH),
3.78-3.69 (m, 4 H, NCH and OCH), 1.86-1.76 (m, 2 H, CH), 1.68-1.56 (m, 4 H, CH),
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1.42-1.18 (m, 12 H, CH), 0.89 (d, J = 6.8 Hz, 6 H, CH3), 0.78 (d, J = 6.8 Hz, 6 H, CH;);
13C NMR (100 MHz, CDCl3):  163.6, 159.7, 144.1, 130.9, 120.1, 115.7, 115.1, 72.8, 70.4,
68.1, 33.0, 28.60, 28.56, 27.7, 25.1, 19.4, 18.6.

AP AR TR Wacker-Type RN HIELRIGE.

EZRT, A=HZEE9.9 mg, 0.030 mmol)HIEZ{A46a (34.3 mg, 0.066 mmol)
F) B B%(1.0 mL)¥E R F I X % E(128.8 mg, 1.19 mmol), H-Rn2-(2,3- = FH#-2-T#
H)KE) (25a) (52.5 mg, 0.30 mmol)f] FEE(0.5 mL)B K, % RN AEG0°CT HiH: K 24
MR, 4R, ACRZBEMA MBS, B2 TEBH, S)-2-FREE-2-FE-23-
TE K 26a (45.1 mg, 87%, 83% ee) » [a]p’® -70.8 (c 1.45, CHCls); 'H NMR (400
MHz, CDCls): 8 1.55 (s, 3 H, CH), 1.83 (dd, J = 0.8, 1.6 Hz, 3 H, CH3), 3.02 (d, J = 16.0
Hz, 1 H, CH), 3.26 (d,J = 15.2 Hz, 1 H, CH), 4.84 (m, 1 H, CH), 5.09 (m, 1 H, CH), 6.79
(d,J = 7.2 Hz, 1 H, ArH), 6.83 (m, 1H, ArH), 7.10-7.15 (m, 2H, ArH), >C NMR (100
MHz, CDCl;):  158.9, 147.7, 128.0, 126.5, 124.9, 120.0, 109.9, 109.4, 89.7, 41.3, 26.0,
18.7. ¥fmfkid B {Hee & A Chirasil-DEX CB FHAMSMAESBHREN (&R
EAEE 110 °C).
(S)-2-RHE-2,5-HFE-2,3- “HFE KM 26b

FTEE®, "H NMR (400 MHz, CDCL): 8 1.54 (s, 3 H, CHs), 1.81 (br, 3 H, CHy),
2.27(s,3 H, CH3), 2.97 (d,J = 16.0 Hz, 1 H, CH), 3.22 (d, J = 15.6 Hz, 1 H, CH), 4.83 (m,
1H, CH), 5.07-5.08 (m, 1 H, CH), 6.68 (d,J = 8.4 Hz, 1H, ArH), 6.89-6.96 (m, 2 H, ArH),
BC NMR (100 MHz, CDCLy): 6 156.8, 147.8, 129.3, 128.3, 126.5, 125.5, 109.8, 108.8,
89.6, 41.4, 26.0, 20.7, 18.9. *f#iikit & {Hee tHH Chirasil-DEX CB FHEAEHISAM
i s BEe el GRERER110°C).

(8)-2-F M EE-2,6- — I HE-2,3- “EHKIFBKAE 26¢

T &%, "H NMR (400 MHz, CDCl): § 7.02 (d,J = 7.2 Hz, 1 H, AtH), 6.67 (d,J =
7.6 Hz, 1 H, ArH), 6.65 (s, 1 H, ArH), 5.11 (br, 1 H, CHy), 4.85 (br, 1 H, CHy), 3.23 (d,J =
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15.2 Hz, 1 H, CHy), 2.98 (d, J = 15.2 Hz, 1 H, CHy), 2.33 (s, 3 H, CHs), 1.84 (br, 3 H,
CHs), 1.56 (br, 3 H, CH3), *C NMR (100 MHz, CDCls): 8 159.3, 147.9, 138.2, 124.7,
123.6, 1209, 110.3, 110.0, 90.1, 41.3, 29.8, 26.2, 18.9. MK T BEHecc RHHH
Chirasil-DEX CB FHEMSAEESHREN (REAHERL0°C).

(S)-2-R A M HE-2,7- = R-23- —F K HFkm 26d

FHEEH, "H NMR (400 MHz, CDCL): 8 1.57 (s, 3 H, CHs), 1.83 (s, 3 H, CHj),
2.24 (s, 3 H, CHs), 3.03 (d,J = 15.6 Hz, 1 H, CH), 3.26 (d, J = 15.6 Hz, 1 H, CH), 4.84 (b,
1 H, CH), 5.10 (br, 1 H, CH), 6.75 (1, J = 8.0 Hz, 1H, ArH), 6.96 (t,J = 7.2 Hz, 2 H, ArH),
13C NMR (100 MHz, CDCly): 8 157.4, 147.9, 129.1, 125.7, 122.2, 119.9, 119.5, 109.7,
89.2, 41.7, 26.2, 18.7, 15.3. XfW{kid B {Hee R 7 Chirasil- DEX CB FHAEKIAA
ik o BREl (R N1ER100°0).

S)-2-RHIHE-2-FH-5-FEE-23- —H K FHKW 26e

FEEEW®, "H NMR (400 MHz, CDCL): 6 6.65-6.73 (m, 3 H, ArH), 5.08 (br, 1 H,
éHz), 4.84 (br, 1 H, CH,), 3.75 (s, 3 H, OCHs), 3.23 (d, J = 16.0 Hz, 1 H, CHy), 2.99 (d, J
= 15.6 Hz, 1 H, CHy), 1.82 (br, 3 H, CH;), 1.54 (s, 3 H, CH;); °C NMR (100 MHz,
CDCly): 8 154.0, 153.3, 147.9, 127.7, 113.0, 111.5, 110.1, 109.4, 90.0, 56.2, 42.0, 26.2,
18.9. xfiikid Bifee i ## Chirasil- DEX CB FHEMSAHGEIFREHN (B
J¥ R 18125 °C).

(5)-2-R N HEHE-2-FIE-7- L 3E-2,3- K IHIRM 261

TA¥H, "H NMR (400 MHz, CDCls): 8 6.66-6.82 (m, 3 H, ArH), 5.1 (br, 1 H,
CH;), 4.84 (br, 1 H, CH,), 3.88 (s, 3 H, OCH3), 3.27 (d,J = 15.6 Hz, 1 H, CHy), 3.03 (d, J
= 15.2 Hz, 1 H, CH,), 1.83 (br, 3 H, CHs), 1.59 (s, 3 H, CHs); *C NMR (100 MHz,
CDCly): § 147.54, 147.49, 144.7, 127.8, 120.7, 119.4, 117.3, 111.3, 110.2, 90.7, 42.0, 26.2,
18.9. ¥fiifhit BfHee R I H Chirasil- DEX CB FHAMSHEAESIBREN (B
EA1ER125 °C).



BAE LR
(S)-5-F-2- T E-2-FH2,3- “H KN 26g

T, 'H NMR (400 MHz, CDCls): 8 6.77-6.86 (n, 2 H, ArH), 6.69 (dd, J = 4.4,
8.8 Hz, 1 H, ArH), 5.09 (br, 1 H, CH,), 4.86 (br, 1 H, CHp), 3.24 (d,J = 152 Hz, 1 H,
CH,), 3.00 (d, J = 15.6 Hz, 1 H, CHy), 1.83 (br, 3 H, CHs), 1.55 (br, 3 H, CH;); °C NMR
(100 MHz, CDCl3): $158.6, 156.3, 155.06, 155.05, 147.6, 128.0, 127.9, 114.3, 114.1,
112.3, 112.1, 110.3, 109.6, 109.5, 90.6, 41.71, 41.69, 26.1, 18.9. Xf#tfkid E{Hee B
#7# Chirasil-DEX CB FHAEMSAMGIE S BHER (BEHER120°C).

(S)-2-F R HE-2-F#-5- 5 H-2,3-“H KR 26h

EEER, [alp®® -5.38 (¢ 0.72, CHCL); *H NMR (400 MHz, CDCly): § 7.53-7.57 (m,
2 H, ArH), 7.37-7.44 (m, 4 H, ArH), 7.29-7.33 (m, 1 H, ArH), 6.89 (dd,J = 1.6, 8.8 Hz, 1
H, ArH), 5.15 (b, 1 H, CH,), 4.90 (br, 1 H, CHy), 3.34 (d, J = 15.6 Hz, 1 H, CHy), 3.09 (d,
J =152 Hz, 1 H, CH,), 1.88 (br, 3 H, CHs), 1.62 (s, 3 H, CHs); >C NMR (100 MHz,
CDCL): 158.8, 147.8, 141.5, 133.9, 128.8, 127.4, 127.3, 126.9, 126.6, 124.0, 110.2,
109.7, 90.5, 41.5, 26.3, 18.9. Xf#rikid B{tee: it A Daicel Chiralcel OD-HF PEAEH
BHEEEIEREN (ECk: RAK=99.7: 03, WEROSE/2H).

()-2-RRE-2-FH-23- " HEH[1,2-b]"kK 59

FAHER, [a]p®® -30.60 (c 0.94, CHCL3); "H NMR (400 MHz, CDCl;): § 7.85 (d, J =
8.0 Hz, 1 H, ArH), 7.74 (d, J = 9.2 Hz, 1 H, ArH), 7.60 (d, J = 8.0 Hz, 1 H, ArH),
7.49-7.53 (m, 1 H, ArH), 7.33-7.37 (m, 1 H, ArH), 7.20 (dd, J = 2.8, 11.6 Hz, 1 H, ArH),
5.23 (br, 1 H, CH), 4.94 (br, 1 H, CH), 3.56 (d, J = 14.8 Hz, 1 H, CH,), 3.33 (4, J = 15.2
Hz, 1 H, CH,), 1.93 (br, 3 H, CH3), 1.70 (br, 3 H, CHs); °C NMR (100 MHz, CDCl):
8156.5, 148.0, 131.1, 129.23, 129.16, 128.9, 126.7, 122.8, 122.7, 117.9, 112.4, 110.1,
90.8, 40.5, 26.5, 18.8. MtBfkid & {EeefE ti# #H Daicel Chiralcel AD-HF- A HIVRARE
WABAER (FCk: FAE=9.9: 0.1, REH0.SEF/FH).

()-2-C. 3 HE-2-FE-2,3-“HEHKM 30a
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T, "HNMR (400 MHz, CDCl3): & 7.11-7.16 (m, 2 H, ArH), 6.76-6.88 (m, 2
H, ArH), 6.05 (dd, J = 17.6, 11.2 Hz, 1 H, CH), 5.31 (dd, J = 17.2, 0.8 Hz, 1 H, CH), 5.10
(dd,J = 10.4, 0.8 Hz, 1 H, CH), 3.18 (d, J = 14.2 Hz, 1 H, CH,), 3.06 (d,J = 15.6 Hz, 1 H,
CH3), 1.56 (s, 3 H, CHs); °C NMR (100 MHz, CDCls): 6 158.8, 141.8, 128.2, 126.6,
125.2, 120.4, 113.0, 109.6, 87.7, 42.2, 26.3. XHi{kid B {Heef i H Daicel Chiralcel
OD-HEMHMBHEESBREN (ECk: BAE=99.0: 1.0, HEH0.5%EF/
).

(5)-2-ZJ%H-2-FBE-5- K H-2,3- " H KWK 30b

T ¥ #, "H NMR (400 MHz, CDCLy): § 7.50-7.57 (m, 2 H, AtH), 7.27-7.41 (m, 5
H, ArH), 6.85 (d, J = 8.8 Hz, 1 H, ArH), 6.08 (dd, J = 17.6, 10.8 Hz, 1 H, CH), 5.34 (dd, J
=17.2, 0.8 Hz, 1 H, CH), 5.11 (dd, J = 10.8, 0.8 Hz, 1 H, CH), 3.23 (d, J = 15.6 Hz, 1 H,
CHy), 3.10 (d,J = 15.6 Hz, 1 H, CHy), 1.58 (s, 3 H, CHs); *C NMR (100 MHz, CDCl;): &
158.6, 141.7, 141.5, 134.0, 128.8, 127.3, 127.2, 126.9, 126.6, 124.1, 113.1, 109.8, 82.2,
42.2, 26.3. XtBRikid B{fee R B1# % Daicel Chiralcel OD-HFHA: AAH (% 40 Bk
EM (ECk: BAE=99.7: 0.3, MEROSZEF/HE).

(5)-2- S H-2- F BE-5- L -2,3- L K IFRRME 30c

F %5, 'H NMR (400 MHz, CDCl):  6.77-6.85 (m, 2 H, ArH), 6.68 (dd, J = 4.4,
8.8 Hz, 1 H, ArH), 6.02 (dd, J = 17.2, 10.8 Hz, 1 H, CH), 5.30 (dd, J = 17.2, 0.8 Hz, 1 H,
CH), 5.10 (dd, J = 10.8, 1.2 Hz, 1 H, CH), 3.15 (d, J = 16.0 Hz, 1 H, CHy), 3.04 (d, J =
15.6 Hz, 1 H, CHy), 1.54 (s, 3 H, CHs); *C NMR (100 MHz, CDCl3): 8 141.5, 114.3,
114.1, 113.1, 112.4, 112.1, 109.7, 109.6, 88.4, 42.3, 26.2. Xtk Bitiee R HHH
Daicel Chiralcel OD-HFE AT HIMAHAIE S BHER (ECkK: REFE=99.5: 05,
W ROSEF/ ).

2,2°,6,6’- B X VI’ 70
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“ NalO,,RuCl, _ HOOC O COOH
O CH,Cly/H,0/MeCN HOOC O COOH

¥ (3.00g, 14.90 mmoD) ¥FHH % (60mL). ZE (60 mL) FMAK (100
mL) KEBT, AR (29.94 g, 140 mmol) M=H{LET (12031g, 0.58
mmobl). ¥ RMHBMME 40 'C, Hi#k16h, FREMRER. SRBIIWEHRAE
Bl (200 mL) %%, QEBRENEY. EBREKRESBIAEHAK 70 (230 g,
47%). "H NMR (400 MHz, CDCL): d 6.9 (d,J = 7.6 Hz, 4 H, AtH), 6.77 (t, J = 7.6 Hz,
2 H, ArH).

2,2°,6,6’-DH[(4'S)-3X T ZLIEMIE]-BE3K 78a
76a: R = t-Bu

76b: R = i-Pr
76¢c. R=Ph

HOOC COOH 2) amino alcohol, ]
O Et3N, CH,Cl,
3) MesCl, NE‘3, CHCIZ

KB THZEEHR (10mL, 0.14 mol) WINE2,2’,6,6"-BEIIART0 (215,
6.51 mmol) FIDMF (2#) M_&FHEME (30 mL) P, FEBH3IIE, Bk
[ R N8/, BRI B — ROEBURVER, RAETR, FFHRET20 mL-HHF
BB EKET, HRBEERHMENRTREER (343 g, 2927 mmoD) M=
Zf% (491 mL, 37.11 mmol) =& FIE (30mL) &P, BEHHE20/MEHEM
AZZHE (10.74 mL, 81.17 mmol) , I iZ R N E Tk, ZFHMA F M
® (253 mL, 3223 mmol) , ZEEBTRMI6/NIT. REEH_EFHRAE, BK
o, MARHKSE, —ERREATKRRETR KE REREENBIRE
B AT8a (1.66 g, 39%) . [a]p? -73.44 (c 0.20, CHCL;); 'H NMR (400 MHz,
CDCly): 87.92 (d, J = 8.0 Hz, 4 H, ArH), 7.31 (d, J = 8.0 Hz, 2 H, ArH), 3.92 (dd, J =
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12.0, 13.2 Hz, 4 H, NCH), 3.74-3.68 (m, 8 H, OCH), 0.67 (s, 36 H, CH3); BC NMR (100
MHz, CDCl3): & 163.3, 140.4, 130.9, 129.2, 126.4, 76.3, 68.3, 33.8, 25.9; HRMS
(Micromass LCT) Calcd. for C4HssNsOy: 655.4223; Found: 655.4221.

2,2,6,6’-I0[(4'S)- 7 R HBMEME]- KK 78D

REEHFRIE, WER A 45%. [a]p® -125.65 (¢ 0.76, CHCls); 'H NMR (400 MHz,
CDCly): $7.89 (d,J = 8.0 Hz, 4 H, ArH), 7.34 (d, J = 7.6 Hz, 2 H, ArH), 3.98 (t, J = 7.6
Hz, 4 H, NCH), 3.76 (dd, J = 8.0, 14.8 Hz, 4 H, OCH), 3.70 (dd, J = 8.0, 15.6 Hz, 4 H,
OCH), 1.52-1.60 (m, 4 H, Me,CH), 0.76 (d, J = 6.8 Hz, 12 H, CHz), 0.73 (d, J = 6.4 Hz,
12 H, CH3); *C NMR (100 MHz, CDCl;):  163.6, 139.9, 131.0, 129.2, 126.7, 72.7, 70.4,
32.8, 19.1, 18.4; HRMS (Micromass LCT) Calcd. for CssHyyN4O4: 599.3597; Found:
599.3611.

2,2,6,6>-TU[(4'S)-FFEVGMERK]- K T8¢

REAEE, WEH 47%. (oo -143.43 (c 0.93, CHCL); 'H NMR (400 MHz,
CDCL): 4 7.09 (d,J = 8.0 Hz, 4 H, ArH), 7.47 (d,J = 8.0 Hz, 2 H, ArH), 7.27-7.21 (m, 12
H, ArH), 7.1 (dd, J = 1.6, 8.0 Hz, 8 H, ArH), 5.18 (dd, J = 8.4, 10.4 Hz, 4 H, OCH), 4.40
(dd, J = 8.4, 10.4 Hz, 4 H, OCH), 3.91 (1, J = 8.4 Hz, 4 H, NCH); *C NMR (100 MHz,
CDCL): & 165.5, 1424, 139.5, 131.9, 129.2, 128.6, 127.4, 127.2, 126.9, 75.2, 69.9;
HRMS (Micromass LCT) Calcd. for C4sH39N4O4: 735.2971; Found: 735.2975.

2,2,6,6>-1[(4'S)-H T EIEHM]-BEEN =M ZREL B AY 77a

(S,a8)-78
5] 2,2°,6,6’-PU[(4'S)-#N T ZEEEmK]-BX & 78a (6.6 mg, 10.08 pmol) BT FI%
PN 2 BERO=HZBE (6.7 mg, 20.15 pmol) , TEFHHA LS4, Bilk
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B R BIXNAAL & BEC &Y 77a, "H NMR (400 MHz, acetone-ds): 6 8.32 (d, J = 3.6
Hz, 4 H, ArH), 8.18 (dd,J = 7.2, 8.4 Hz, 2 H, ArH), 4.53 (t,J = 9.2, 4 H, NCH), 4.45 (dd,
J=5.2,9.2Hz, 4 H, OCH), 3.95 (dd, J = 5.6, 10.0 Hz, 4 H, OCH), 0.83 (s, 36 H, CH).

2,2,6,6’- T [(4'S)-F A EFEHM-KEK =M ZRESREEY TTb

'H NMR (400 MHz, acetone-ds): 8 8.33 (d, J = 8.0 Hz, 4 H, ArH), 8.21 (dd, J = 7.2,
8.8 Hz, 2 H, ArH), 4.57 (1, J = 9.2, 4 H, NCH), 4.26 (dd, J = 6.0, 8.8 Hz, 4 H, OCH),
3.65-3.71 (m, 4 H, OCH), 1.32 (d,J = 6.4 Hz, 12 H, CHs), 1.03-1.12 (m, 4 H, CH), 0.49 (d,
J = 6.8 Hz, 12 H, CH3).

2,2',6,6’-PU[(4'S)-ERBMN]- BEX N =R ZREESBEEY T7c

'H NMR (400 MHz, acetone-ds): §7.90-8.00 (m, 6 H, ArH), 7.35-7.39 (m, 12 H,
ArH), 7.01-7.04 (m, 8 H, ArH), 5.11 (dd, J = 7.2, 10.8 Hz, 4 H, OCH), 4.88 (dd, J = 9.2,
10.4 Hz, 4 H, NCH), 4.49 (dd, J = 6.4, 9.6 Hz, 4 H, OCH).

2-Q2,3-ZHE-2-TIHRE)KMRTEY 25

-RRARZEES U= R RNAR 2- I 2R IEE % ZRE
NaH fEF T 5K AE R MR 2,3-ZF#-2- THRMZEE : 23-ZFE2-THRZ
BEFF 452 LiAIH, 71 PBrs 038, £/ 1-R-23-ZHE-2-TH# % BEZRRAYE
NaH fEf T 5 K8 R R A AL =47 4.

OEt
COOEt =p- NaH
P(OEY); + DY 0)";05' _.____..I LAH
. Br COOEt acetone COOE!
S2
S1 OH
PBr.
/ 3 / NaH, benzene; N N |
Phenol L
OH Br
S3 §4 25

2- U _ LA ZAE S1

97



-~ BAE KRR

OEt
COOEt =
POEDs + ] , Oh-OEt
Br COOEt

St
2-RANMZEE (5.43 g, 30 mmol) EM#HAE 140 °C, REMHFEEMA TR
M=Z8 (4.99g, 32mmol), HFHEZ 180°C, EHIE. kA, WEEEKES
FEY) 2- MR — Z BRI Z. B8 (5.11g, 22.78 mmol, 76%).

23-“HE2-THRZE S2

CI)Et
O=P-OEt NaH
——
COOEt acetone COOEt
S1 S2

TEKET, 5 2-TEMM— ZEERMZEE S1 (78.11 g, 0.33 mol) #mEIEL
(16.55 g, 55-65%f1&8) HIZ (300mL) B+, B/ nt. A (1758,
0.30 moD) FEHMAE| LRBERT, AZER, FHHH 10, BEEZBTHEE 50
°C, FEHBE TR 1 A, REBEEE, HAIR. B RBEETKS,
RZBER=, ERRATKHRRETR, R4, REREEIITEMRE 2531,
BEH 56%, 'HNMR (400 MHz, CDCl3): 8 1.29 (t,J = 7.2 Hz, 3 H), 1.80 (s, 6 H), 2.00
(s, 6 H), 4.17 (q,J = 7.2 Hz, 2 H),

1-B#-23-—FH-2-TH# S3

LAH
Yo
COOEt OH

S2 s3
EVKET, ¥ 23-“HE-2-THMIEE (2520 g) ZBHMBIMEEE (550g)
FZBER T, ZRTHASE, REMAER 2 M. BHJERENTHRARR
BRSEAUEMSE, 18, AIBRRER, BRATKERETER, KRES
¥ 16.50 g, WHEH 93%, 'H NMR (400 MHz, CDCls): 6 1.69 (s, 3 H), 1.75 (s, 6 H),
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4.13 (s, 2 H).
1-R-23-“FE2.T#H S4
L
OH Br
S3 S4
HEOKEE T, B=84ABE (10 mL, 0.11 mol) ¥ T 20 mL FHIZ KBS, E181E
bnE 1-¥25-2,3-ZFHE-2-TH# (10.11 g, 0.10 mol) K)ZB¥ 20 mL ¥+, FRBIH:
4/pB, BRMBEZKKS, LB, EERAKYE BARRAEELE A

FTKTRRRET 1R, W48, WL BBR=Y 12.72 g, XK 78%, 'H NMR (400 MHz,
CDCl): 8 1.73 (s, 3 H), 1.80 (s, 6 H), 3.98 (s, 2 H).

2-Q23-"HE-2-THE)ER 25a

OH
«%j NaH, benzeni> ©/:<
Phenol '
Br
S4q 25

¥ &% NaH (77.4 mg, 1.94 mmol) MERMIK (3ml) AHZE0°C, MHEF
MAEBXE (1554 mg, 1.651 mmol) RIEEW (3 mD), ZJ/EMA 1-18-2,3-ZH
HT-2-4 (3062 mg, 1.878 mmol). ¥ RMARFHEE 25 °C, TLC i, HER
MR BEZ KK, IAK (18 mbD) FA HEE (18 mD). BiEE A A 20% NaOH
(Tmlx3) MEFEFKR (4ml; 5mlEFH 6 g KOH HI7KHA 25 ml FERBMAR) &
B . BRI A 6N HoSOs BALIF R LK 28 (15 ml x 3) ZEEL, BHAEHA T KREBRET
B, HEENIE (ZRZEARE = 1/20) BEFY 2-Q3-ZHET 28K 12
(101.9 mg, 0.58 mmol, 35%). "H NMR (400 MHz, CDCls): 8 7.16-6.98 (m, 2 H), 6.83
(td,J = 7.4, 1.1, 1 H), 6.62(d, J = 7.7, 1 H), 4.79(s, 1 H), 3.35 (s, 2 H), 1.63 (s, 3 H), 1.53
(s, 3H), 1.52 (s, 3 H).

2-2,3- " E-2-T #i%)-4- FEXR) 25b
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FEHBA%, 'H NMR (400 MHz, CDCL): 8 6.89 (d,J = 7.6 Hz, 1 H, ArH), 6.77 (d,J
= 7.2 Hz, 1 H, ArH), 6.58 (5, 1 H, ArH), 5.31 (br, 1 H, OH), 3.30 (s, 2 H, CHy), 2.20 (s, 3
H, CHs), 1.81 (br, 3 H, CHs), 1.72 (br, 3 H, CH3), 1.55 (br, 3 H, CHs).

2-23-ZHE-2-THZ)-5-FEXR 25¢

T B, "HNMR (400 MHz, CDCLs): 8 6.93 (d,J = 7.6 Hz, 1 H, ArH), 6.66 (d, J
= 7.2 Hz, 1 H, ArH), 6.62 (s, 1 H, ArH), 5.34 (br, 1 H, OH), 3.39 (s, 2 H, CH,), 2.27 (s, 3
H, CH3), 1.85 (br, 3 H, CH3), 1.75 (br, 3 H, CH3), 1.58 (br, 3 H, CH;); 3C NMR (100
MHz, CDCly): 8 154.9, 137.6, 130.4, 127.7, 126.2, 122.5, 121.4, 116.5, 35.5, 21.1, 21.0,
20.6,17.9,

2-23-—HE-2-THiH)-6-FEX® 25d

T4, 'HNMR (400 MHz, CDCL): § 6.95 (d, J =7.6 Hz, 1 H, ArH), 6.65 (d, J
= 7.2 Hz, 1 H, ArH), 6.60 (s, 1 H, ArH), 5.43 (br, 1 H, OH), 3.37 (s, 2 H, CH,), 2.25 (s, 3
H, CHs), 1.83 (br, 3 H, CHj), 1.75 (br, 3 H, CHs), 1.55 (br, 3 H, CH3).

2-2,3-Z R E-2-THH)-4-FEEKR 25

T, 'H NMR (400 MHz, CDCs): § 6.64-6.73 (m, 3 H, ArH), 5.12 (br, 1 H,
OH), 3.75 (s, 3 H, OCHs), 3.40 (s, 2 H, CH,), 1.83 (br, 3 H, CHs), 1.75 (br, 3 H, CHs),
1.59 (br, 3 H, CHs); ’C NMR (100 MHz, CDCls): 8 153.6, 148.9, 128.0, 117.1, 125.6,
116.3, 116.2, 111.9, 55.8, 35.8, 20.9, 20.6, 18.0.

2-23-ZHHE-2-T IR B)-6-FHEHE KR 251

T B, 'H NMR (400 MHz, CDCLy): § 6.65-6.82 (m, 3 H, ArH), 5.72 (s, 1H,
OH), 3.88 (s, 3 H, OCH3), 3.41 (s, 2 H, CHy), 1.76 (br, 3 H, CHs), 1.74 (br, 3 H, CHs),
1.62 (br, 3 H, CHs); °C NMR (100 MHz, CDClL): 3 146.4, 143.9, 126.6, 126.2, 125.8,
121.7, 119.2, 108.3, 56.1, 33.4, 20.8, 20.7, 18.5.

2-23-ZRE-2-T i H)-4-BE® 25¢
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T35, "H NMR (400 MHz, CDCly):  6.70-6.81 (m, 3 H, ArH), 5.20 (br, 1 H,
OH), 3.39 (s, 2 H, CH), 1.83 (br, 3 H, CHs), 1.76 (br, 3 H, CHs), 1.59 (br, 3 H, CHs); *C
NMR (100 MHz, CDCls): 6 158.4, 156.1, 150.85, 150.83, 128.6, 127.5, 127.4, 125.1,
116.7, 116.5, 116.4, 116.3, 113.7, 113.5, 35.61, 35.59, 20.9, 20.6, 18.0.

2-23-Z R E-2-THE)-4- X EER 25h

B4, 1A 66.0-67.0 °C; 'H NMR (400 MHz, CDCly): 6 7.53-7.56 (m, 2 H,
ArH), 7.37-7.43 (m, 2 H, ArH), 7.35 (dd, J = 2.0, 8.4 Hz, 1 H, ArH), 7.28-7.31 (m, 2 H,
ArH), 6.86 (d, J = 8.4 Hz, 1 H, ArH), 5.44 (br, 1 H, OH), 3.51 (s, 2 H, CH3), 1.90 (br, 3 H,
CHs), 1.78 (br, 3 H, CHs), 1.63 (br, 3 H, CH;); *C NMR (100 MHz, CDCL3): 6 154.8,
141.3, 133.9, 129.4, 128.9, 128.3, 127.0, 126.7, 126.4, 126.1, 125.9, 116.2, 36.1, 21.1,
20.7,18.1.

2-23-"HHE-2-THHE)-Z8B) 58

LLEAH4%, "H NMR (400 MHz, CDCL): § 7.95 (d, J = 8.8 Hz, 1 H, ArH), 7.77 (dd, J
=0.8, 8.0 Hz, 1 H, ArH), 7.64 (d,J = 8.8 Hz, 1 H, ArH), 7.46 (ddd, J = 1.6, 7.2, 8.8 Hz, 1
H, ArH), 7.31 (ddd, J = 1.6, 7.2, 8.8 Hz, 1 H, ArH), 7.07 (d, J = 8.8 Hz, 1 H, ArH), 6.07 (s,
1 H, OH), 3.88 (s, 2 H, CH,), 1.99 (br, 3 H, CH3), 1.78 (br, 3 H, CHj), 1.51 (br, 3 H,
CHs); >C NMR (100 MHz, CDCly): §153.018, 134.011, 129.477, 128.819, 128.281,
128.082, 126.658, 126.460, 123.030, 122.810, 118.420, 116.944, 30.326, 21.113, 20.669,
17.184.

2-[(E)-2-RE-2-THREIERATAEY 29

OH
\:( LAH, THF \:<-0 PBrs, THF \=<; NaH, benzene @/\E
COOH H Br
Phenol
S6
S5 29

(E)-2-FET -2- GBI THFH A LIAIHE R 2(E)-1-72 5-2-FH E-2- T 1%SS, %
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FAPBrs b B A4 R (E)-1--2- P #£-2- T #S6°, WRAYWENHER T 5EB RN, 4
BRBELEY16",

(E)-1-323-2- 2. TH S5

S5

[3H LIAIH, (11.81g, 311.2 mmol) MIEMEAT /K THF (80 mL), H(E)-2-
FE-2-THM (10.19 g, 101.75 mmol) ¥ T K THF (20 mL), Z&FHMNE LiAlH,
BgP, REEH. KH, FAWEH NSO, BK, SEBEBAaME. ¥EEME,
IK£E 136-136.5 °C KI1@4r, BUAFYIE)-1-F25-2-FE-2-TH (7.98 g, 92.60 mmol,
91%), '"H NMR (400 MHz, CDCls): 6 1.57 (s, 3 H), 1.60 (s, 3 H), 3.91 (s, 2 H), 5.42 (m, 1
H).

(E)-1-1R-2-B#-2-TH S6

\__<__ PBr, THF \_<1
——
OH B

S5 S6

PBr; (4.83ml, 50.80 mmol) ZEVKEBRFZMHT, ZEHWMBIE)-2-FET -2-4%-1-
B2 (8.61 g, 99.93 mmol) HIFE/KZEFEH (100 mL), RMNEAKEERIH: 2 Iof. 2 )5
FBMBRMHER . ARk, FPERTK NaSOs. TUERR T 485, %
EREER, BRRYERE)-1-8-2-FH-2-TH (994 g, 66.72 mmol, 76%). 'H
NMR (400 MHz, CDCls): & 1.63 (br s, 3 H), 1.76 (br s, 3 H), 3.98 (s, 2 H), 5.69 (m, 1 H).
2-[(B)-2-F&-2-THREIXBATEY 292

r

OH
E.<‘ NaH, benzene _ m
Br o |
Ph
S6 enol
29

FEO0°CTF, MEH NaH (493.8 mg, 12.34 mmol) MIFEBMME (20mD) WMAE
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M (1.06 g, 11.29 mmol) WEBE (10mD), ZFERNEFE MAE)-1-R2-FET
2% (1.85g, 1241 mmol), AS5FHEZ 25°C, TLC MiE. RNGR/GE, WEEE
ZRE, MAK (40ml) FEMHEE (40ml). BAWBA 20% NaOH (15mIx3)\
¥%W (15ml:; S5ml &% 6 g KOH MK 25 ml FEHBBMAD KW, HAMEA
6N H,SO, Bifh, FAE/KZEE (40 ml x 3) EH. FHMAXKERETR, &6
WEAE (LRLB/AMEE =1/20) BEFYE)-2-Q-FET-2-465) KR 11 (1.56 g,
9.60 mmol, 85%). '"H NMR (400 MHz, CDCL): 7.19-7.07(m, 2 H), 6.91-6.83(m, 2 H),
5.51(m, 1 H), 5.42(br s, 1 H), 3.34(s, 2 H), 1.66(d, J = 6.6, 3 H), 1.61(d,J = 1.1, 3 H).

2-[(E)-2-FE:-2-T fH]-4- K EKEE 29

T Wik, 'HNMR (400 MHz, CDCL): 8 7.58 (d,J = 8.4 Hz, 2 H, ArH), 7.30-7.46
(m, 6 H, ArH), 6.93 (dd, J = 1.6, 8.0 Hz, 1 H, ArH), 4.13-4.19 (m, 1 H, CH), 3.45 (br s, 2
H, CH,), 1.69 (4, J = 6.4 Hz, 3 H, CH3), 1.67 (br 5, 3 H, CHs); >C NMR (100 MHz,
CDCL): 8 154.9, 141.0, 135.0, 130.0, 128.8, 126.82, 126.67, 126.64, 121.5, 116.4, 42.0,
15.7,13.6.

2-{(E)-2-F B:-2-T 1 &]-4-WF B 29¢

FE A%, "TH NMR (400 MHz, acetone-ds): 8 6.75-6.85 (m, 3 H, ArH), 5.26-5.33 (m,
1H, CH), 3.29 (s, 2 H, CHy), 1.55-1.62 (m, 6 H, CHz); *C NMR (100 MHz, acetone-dg):
0 158.4, 156.0, 152.18, 152.15, 134.9, 129.2, 129.1, 120.9, 117.0, 116.7, 116.5, 116.4,
113.7, 113.5, 39.54, 39.52, 15.8, 13.5,

SX3HR:
1. K. E. Pryor, G. W. Shipps, Jr, D. A. Skyler, J. Rebek, Jr, The activated core approach
to combinatorial chemistry: A selection of new core molecules. Tetrahedron 1998, 54,

4107-4124.
2. K. Borszeky, T. Mallat, A. Baiker, Enantioselective hydrogenation of a,8-unsaturated
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acids. Substrate-modifier interaction over cinchonidine - modified Pd/Al,O;.

Tetrahedron: Asymmetry 1997, 8, 3745-3753.

. Okada K, Kiyooka F, Nakanishi E, Hirano M, Ohno I, Matsuo N, Matsui M. Synthesis
of some novel carboxylic acids and insecticidal activity of their esters. Agric. Biol.

Chem. 1980. 44, 2595-2599.

. R. M. Trend, Y. K. Ramtohul, E. M. Ferreira, B. M. Stoltz, Palladium-Catalyzed
Oxidative Wacker Cyclizations in Nonpolar Organic Solvents with Molecular Oxygen:

AStepping Stone to Asymmetric Aerobic Cyclizations. Angew. Chem. Int. Ed. 2003,
42,2892 -2895.

. B. M. Trost, J. P. N. Papillon, T. Nussbaumer, Ru-Catalyzed Alkene-Alkyne Coupling.
Total Synthesis of Amphidinolide P. J. Am. Chem. Soc. 2005, 127, 17921-17937.
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KRR I T REIROBLIE S TRAM . ERIGEE L2000,
KRR, LRARHEIERBTRE, HFLFRAZABHIERR.
KRBBE MM IR, BENEREE. HEAEHTEER. ikine
BEURBBUROHT A RE T TRANES, SERASFEIE. £iEN
B, EAR—E “BKEE".

RENIBHKBREFELRRRXEELRILTFHRLOESEXE.
BB LSRR AT OB,

F X HRR TR TR T ERAMTIR P OHREM. REITSES
TR, FEMERMRE. ISR A MR AR T KR
BAREA IR LR OE . RN G B AR A R IR, 015
BERATRE AL TRRNARS .

A R A R L 4 e P L PO B 7 5 R T4 P i R B B R %
o EBHBR—BEIQITHITHRN (N, W, EWABER, #1180
SRR MR TR AR . FHBRHLEE 132 HETH 531
—EER, —RAE, AEEBITRITHANT LR T BRI, 2
PRI TR T MR 2 3. Rt is Tk E #42 R AL R A TE S
FHEFTAT .

BE, RAERROELRIMARORA, ME—EXEER. IRROA,
BUHENI 2 EREY FARE M LRG0 — 1R 550,

EFHEE
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