


1Generamat nbor

NMR spectra were recorded @&muker400 MHz NMR spectromete(400 MHz
for *H and 1@ MHz for 3C {H, 3C decoupled}. Or Bruker500 MHz NMR
spectromete(500 MHz for'H and 126 MHZor *3C {*H, **C decoupled}. *H NMR
chemical shifts werdetermined relative to internal (GHSi (TMS) atli 0.0 or at the
signal of a residual protonated solvent: CDCV.26.%C NMR chemical shifts were
determined relative to CDgli 77.16. Data fofH, *C NMR are recorded as follows:
c h e mi c a lppm3, multiplicity (s & singlet, d = doublet, t = triplet, m = multiplet,
g = quartet, br = broadHigh resolution mass spectra were recorded -@INFS-Gly
of Bruker Daltonics Inc. usingeSFTOF (electrospray ionizatietime of flight) or
Micromass GCT umg El (electron impact)HPLC analysis was pefmed on
Shimadzu LC20AT. Chiral column ID,IB, IF, AD-H, AS-H, AD-3 and ODH were
purchased from Daicel Chemical Industries, LTHalladium acetate was purchased
from Strem and used as receive8ilver carbonateghenoborate borate alcohol ester
acrylic ester, potassium bicarbonatp;benzoquinone, potassium hydroxide,
iodomethaneand Nprotected amino acéddwere obtained from Adamas, Darui
Finechamical, Energy Chemical, and Sinopharm, and asedceivedSolvents were

obtained fom Sinopharm and Qinl@hemie and used as received
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2Tables of the Optimizati on

Table S1.TempertureScreeningof Pd catalyzed @ arylatior-*°

(0]

- - i Me COOMe
2a 4-COOMe-PhBpin PR cOoO

Ph™ X OH )
Pd(OAc),/Boc-L-tert-leucine  then Mel, KoCO5

OO Ag,CO3, BQ, K,HPO,, H,0 DMF
tAmylOH, T °C, 48 h

1a 3aa
entry temperature yield (%)? ee (%)°
1 80 °C 80 25
2 60 °C 67 74
3 50 °C 62 84
4 45°C 46 90
5 40 °C 43 95

4Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 2a (2.0
equiv), Pd(OAc), (0.1 equiv), Boc-L-tert-leucine (0.2 equiv), BQ (0.5 equiv), AgoCO3 (1.5
equiv), KoHPO4 (2.0 equiv), H,O (20.0 equiv) in tAmylOH under air for 48 h. To simplify
separation and HPLC analysis, the crude mixture was methylated using Mel. ? isolate yields.
° The ee value was determined by HPLC.
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P\ “on 2a 4-COOMe-PhBpin o N COOME ~COOMe
Pd(OAc),/Ligand then Mel, KZCOL
OO Ag,CO3, BQ, K;HPO4, H,O DMF OO
tAmylOH, 40 °C, 72 h
1a 3aa
entry Ligand yield (%)? ee (%)°
1 Boc-L-Alanine 39 40
2 Boc-L-Phenylalanine 47 40
3 Boc-L-Ser(Bn)-OH 19 27
4 Boc-L-Thr-(Bu)-OH 43 92
5 Boc-L-Thr-(Bn)-OH 38 75
6 Boc-L-Threonine 11 -
7 Boc-L-Leucine 20 59
8 Boc-L-Valine 56 87
9 Boc-L-tert-Leucine 52 95
10 Fmoc-L-tert-Leucine 42 92
1 Cbz-L-tert-Leucine 35 92
12 tert-Leucine nr -

4Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 2a (2.0
equiv), Pd(OAc), (0.1 equiv), ligand (0.2 equiv), BQ (0.5 equiv), AgoCO3 (1.5 equiv), KaHPO4
(2.0 equiv), H,0 (20.0 equiv) in tAmylOH under air for 72 h. To simplify separation and HPLC
analysis, the crude mixture was methylated using Mel. b isolate yields. ¢ The ee value was
determined by HPLC.
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. Me COOMe
Py “on  2a 4-COOMe-PhBpin o COC
Pd(OAc),/Boc-L-tert-leucine then Mel, K,CO3

Ag,COg3, BQ, base, H,0 DME
tAmylOH,40 °C, 72 h

1a 3aa
entry base yield (%)? ee (%)°
1 K3POy4 12 97
2 K,HPO, 52 95
3 KH,PO, 49 94
4 KOtBu 37 96
5 KOMe trace -
6 K,CO3 24 98
7 KHCO3 74 97
8 KOAc 44 89
9 KOH 30 96
10 Cs,CO3 trace -
11 Na,CO3 54 96
12 Li,CO4 71 93
13 NaHCO;3 79 78

@Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 2a (2.0
equiv), Pd(OAc), (0.1 equiv), Boc-L-tert-leucine (0.2 equiv), BQ (0.5 equiv), Ag,CO3 (1.5
equiv), base (2.0 equiv), H,O (20.0 equiv) in tAmylOH under air for 72 h. To simplify
separation and HPLC analysis, the crude mixture was methylated using Mel. bisolate yields.
® The ee value was determined by HPLC.

Tabl so%$48ente ®Pidn ¢ at aHl yazeyd  4@°i on

(o}
P\ “on  2a 4-COOMe-PhBpin o\ COOMe ~COOMe
Pd(OAc),/Boc-L-tert-leucine  then Mel, K,CO3
OO AgzC0;, BQ, KHCOs, H,0 DMF
solvent, 40 °C, 72 h
1a 3aa
entry Solvent yield (%)? ee (%)°
1 toulene trace -
2 DME 52 95
3 DMF 71 94
4 dioxane 38 73
5 MeCN trace -
6 tAmylOH 74 97
7 tBuOH 17 91
8 iPrOH 34 96
9 EtOH 28 95
10 MeOH trace -
1 HFIP trace -
129 tAmylOH 41 67
13¢ tAmylOH 69 88
147 tAmylOH 52 96

4Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 2a (2.0
equiv), Pd(OAc), (0.1 equiv), Boc-L-tert-leucine (0.2 equiv), BQ (0.5 equiv), Ag,CO3 (1.5
equiv), KHCO3; (2.0 equiv), H,O (20.0 equiv) in solvent under air for 72 h. To simplify
separation and HPLC analysis, the crude mixture was methylated using Mel. bisolate yields.
¢ The ee value was determined by HPLC. 9 no H,0. ¢ 10 equiv H,0. 730 equiv H,0.
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P Xy “on  2a 4-COOMe-PhBpin N COOMe___COOMe
Pd(OAc),, Boc-L-tert-leucine  then Mel, K,CO3

[Ag], BQ, KHCO3, H,O DMF
tAmylOH, 40 °C, 72 h

1a 3aa
entry [Ag] sources yield (%)? ee (%)°
1 AgOAc 65 91
2 AgNO;, 12 90
3 Ag,0 51 97
4 AgTFA 57 93
5 AgOTf trace -
6 AgBF, trace -
7 AgF trace -
89 Ag,CO; 51 90

@Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 2a (2.0
equiv), Pd(OAc);, (0.1 equiv), Boc-L-tret-leucine (0.2 equiv), BQ (0.5 equiv), [Ag] (1.5 equiv),
KHCOj3; (2.0 equiv), H,0 (20.0 equiv) in tAmylOH under air for 72 h. To simplify separation
and HPLC analysis, the crude mixture was methylated using Mel. ? isolate yields. ¢ The ee
value was determined by HPLC. “no BQ.
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4a Z>COOMe
Ph™ " "OH _ P XY “OMe
Pd(OAc),, Boc-L-tert-leucine then Mel, K,CO4

H —_— e Xx-COOMe
KHCO, tAmylOH DMF OO
40°C, 0,, 24 h

1a 5aa
Entry ligand yield ee
1 Boc-L-tert-leucine 49 % 76 %
2 Ac-L-valine 54% 64 %
3 Fmoc-L-valine 41% 71 %
4 Cbz-L-leucine 47% 76 %
5d Fmoc-L-isoleucine 24 % 93 %
6¢ Boc-L-isoleucine 39 % 96 %
79 Fmoc-L-leucine 31 % 86 %
8d Boc-L-isoleucine 44% 94 %
9d Boc-L-tert-leucine 49 % 96 %
104 Boc-L-Thr(O-tBu)-OH 72 % 87 %

4Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 4a (3.0 equiv),
Pd(OAc), (0.1 equiv), ligand (0.3 equiv), KHCO3 (2.0 equiv), in tAmylOH under 1 atm O, for 24 h.
To simplify separation and HPLC analysis, the crude mixture was methylated using Mel. ? isolate
yields. ¢ The ee value was determined by HPLC. ¢ at 30 °C, 48 h.
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OH
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4a Z>CoO0Me

o f-H Plde fcidbt catl iyare d

Pd(OAc),, Boc-L-tert-leucine then Mel, K,CO4
»> —

o

Ph™ X OMe

g ‘ X-COOMe

KHCO3, tAmylOH DMF
30°C, 0,,60h
1a 5aa

Entry solvent yield ee
1 tAmylOH 54% 96%
2 tBuOH 62% 91 %
3 iPrOH 69% 96 %
4 HFIP 39% 90 %
5 EtOH 21% 91 %
6 MeOH 55% 92 %
7 toulene 30% 61%

8 dioxane trace -

9 DCE trace -

10 DME trace -

1 DMF trace -

@Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 4a (3.0 equiv),

Pd(OAc); (0.1 equiv), Boc-L-tert-leucine (0.3 equiv), KHCO3 (2.0 equiv), in solvent under 1 atm O, for
60 h. To simplify separation and HPLC analysis, the crude mixture was methylated using Mel. ? isolate
yields. ¢ The ee value was determined by HPLC.

Tabl8di aSwcdr eeni ng

PR

(o}

OH

oo

4a Z>CcooMe

Pd(OAc),, Boc-L-tert-leucine then Mel, K,CO5

o f-H Plde fcidbr &atl iyare d

(0]

Ph” ™ OMe

g ‘ X COOMe

BnO

KHCOg3, iPrOH DMF
30°C, 05,60 h
1a 5aa

Entry ligand yield ee
1 L1 as ligand 89 % 85 %
2 L2 as ligand nr -
3 L3 as ligand 79 % 84 %
4 L4 as ligand 72 % 87 %
5 L5 as ligand 66 % 90 %
6d L5 as ligand 32% 90 %
7 L6 as ligand 80 % 84%

4Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 4a (3.0 equiv),
Pd(OAc), (0.1 equiv), ligand (0.3 equiv), KHCO3 (2.0 equiv), in iPrOH under 1 atm O, for 60 h. To

simplify separation and HPLC analysis, the crude mixture was methylated using Mel. b isolate yields.
° The ee value was determined by HPLC. @ tAmylOH as solvent.

BocHN

L1

OH

HN_

BocHN
L2
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(o]
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BocHN OH
L4 R =Bu
LS5R=Bz
L6 R =Bn

C
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TablodBasSecr eeni ng of-Hdlde fcidfrdatl iyzred C

0 0
4a Z>cooMe
Ph™ " "OH _ PR XN 0OMe
H Pd(OAc),, Boc-L-tert-leucine then Mel, K,CO3

3 . COOMe
base, /PrOH DMF OO
30°C, 0,72 h

1a 5aa
Entry variations from standard conditions yield ee
1 K3PO, as base 89% 91 %
2 K;HPO, as base 52 % 88 %
3 KH,PO,4 as base trace -
4 KOtBu as base 38% 95%
5 KOMe as base 33% 95%
6 K,COj3 as base 88 % 94 %
7 KHCOj; as base 75 % 96 %
8 KOACc as base 20 % 89 %
9 KOH as base 89 % 98 %
10 NaHCOj; as base trace -
1 NazPO, as base trace -
12 NaOH as base trace -

4Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 4a (3.0
equiv), Pd(OAc), (0.1 equiv), Boc-L-tert-leucine (0.3 equiv), base (2.0 equiv), in iPrOH
under 1 atm O, for 72 h. To simplify separation and HPLC analysis, the crude mixture was
methylated using Mel. bisolate yields. ¢ The ee value was determined by HPLC.

Tabl eMoSdLiOf. iocfattiboen condi ti-Blal ef i?Rdt cahal yzed

1% o}
4a Z>CoOMe
Ph™ " “OH , PR X" 0OMe
Pd(OAc),, Boc-L-tert-leucine then Mel, K,CO3

H 3 . COOMe
KOH, /PrOH DMF OO
30°C, 0, 72 h

1a 5aa
Entry variations from standard conditions yield ee
1 nPrOH as solvent 86 % 91 %
2 iPrOH 1 mL as solvent 62 % 93 %
3 nPrOH 1mL as solvent 68 % 95 %
4 KOH in 36 uL H,O 97% 97%
5 KOH in 72 uL H,0O 98 % 88 %
6 KOH in 108 uL H,0O 98 % 88 %

@Unless otherwise noted, the reaction conditions were as follows: rac-1a (0.2 mmol), 4a (3.0
equiv), Pd(OAc), (0.1 equiv), Boc-L-tert-leucine (0.3 equiv), KOH (2.0 equiv, presolved in 36
uL water) in iPrOH 2 mL under 1 atm O, for 72 h. To simplify separation and HPLC
analysis, the crude mixture was methylated using Mel. ? isolate yields. ¢ The ee value was
determined by HPLC.
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SExperi ment al Section

3.1General Procedure for §nthesis ofStarting Materials 1 2]

(O 0 Nacio,, NaH,PO
a a
R @ i WO Pd(PPhals. Na;COs 2-M thl2 b t22 :
T Br ethlybut-2-ene
Z T DMEMO {BUOH/H,0

S1 S2 Cinnamaldehyde
derivatives 1a-1m

To al00 mL driedround bottom flaskvas charged witls1 (5.5 mmol, 1.1 equiv)$2

(5 mmol, 1.0 equiv)Pd(PPB)4 (5 mol%), Na&COs (10 mmol, 20 equiv), DME (30mL),
H>0 (10 mL). The mixture was stirred at 110 overnight. After cooling to room
temperature, the reaction was diluted with EtOAc, and quenched wih tHen
extracted with EtOAc for three timeShe combinedorganic layer was collected and
dried overanhydrousfNaSQu. After filtration, the solvent was then evaporated under
reduced pressure and tbi@namaldehyde derivativegere obtainedvia flash column

chromatographypetroleum ether/ethyl acetate = 20:1)

To a solution of cinnamaldehyde r@@mol) in tBuOH (1.5M) were added a solutiaof
NaHPQ; (5.0 equiv) and NaCl@(3.7 equiv) in water, and followed byrethyl2-
butene (D equiv). The eaction mixture was stirredt room temperatur®r 4 hours
After full conversion of aldehydenonitored by TLC saturated NECI| was added and
the reaction mixture wasxtracted with EtOAc for three times. The combined organic
layer was dried over anhydrousNaSQs. After filtration, the solvent was then
evaporated under reduced pressure dmrdlm was afford via flash column

chromatography (DCM/M@H = 100:1).

(E2( naphtlwydPHemenyl acrylic acid (la)
0

Ph” X" “OH

IH NMR (500 gMHz8( @D Q@IH)J= 77..899 Hzd,, J=H)8, 47 .

79

Hz, 1H), 7.47 (m, 2H¥, 770421( 0j HiHMN1IHY,6 32

(8



1H), D=0%. 8tHz, J2HY, 46 HG4NRBH)(;126 3NMiHz, CDCI
13.,0414 234B33%33DP31B30D29.B29.8B28T7,28528.

123 . 72682602 FZNHRMS (cEaSlc)dibi@oM+18] 2 7R. 10
found: 4275. 107

(E3phew2yd o) yacagild c( 1b)
0

Ph™ X OH
Me

IH NMR (4 CODGMHZzZ7( 9.7 1HY, 2®, 32 Hi)7,1 47mi2)5,
7.10=(d&, 7 Hz, JEH)7, 47 H¥2 (AL, NMR1610%, MBH)
CDGII 127354213616 ,%4314308.0130. 6,8 13®.9454612d4.28.
128. 41266 8MRMS (ESI) cHaOEM+H]f @FRC1f0ound :
239.1082.

(E2(2t hy |l p3pehneynly)l acryl ic acid (1lc)
0

Ph™ ™Y OH
Et

IH NMR (400 MHz7( 9FDQIHY, 8, 4 2 H)7,. (782H)6,
7.168=(1.,5 Hz, J2HY, 57HQ9 JEHMY, 67HR2 Q#), 2.5/
= 29.7, 14.9, JE. 7. Bz Hz 2NMBR)(11 0019 )NHA17 3CDCI
142.64, B532B34D30B30B295629628528U28526,26. 2
18HRMS (ESI) 1#60NAIMNGT 08 . 8§04 o5 d1027

(E2(2 sopr op y3pphteenryyila)cr yl i ¢ aci d (1d)

O

Ph™ ™ OH
iPr:

IH NMRO (MHz ,3)iCDMI9,8 1H)J= 74.421 Hzdi,7 2#H$, 7.27
{9



2H) , 7J=167 .(6t ,Hz, JZH)7, 67 H®§ JEH)7,. 47 HZ2 (@QH,) A
(heJt ,6. 8 Hz, JEH)6,. 81 .H20 {3H,)6,. 80 ;HE7 N(BR,)

(126 MHzui @4PGIR471421,34133..,890,03ABL29.,7, 129.
128.8, 12&%D3 ,80L2FB8BRM33( ESI ) idi@®@fadvk¥]for C
267883 3f ound: 267.1371.

(E2(2hl oro@Bpbenly) acrylic acid (1le)
0

Ph™ ™Y OH
Cl

IH NMR (400 3MHz8( 9@DQIH) J=7840, (H#d1l Hz, 1H),
= 7.7, 1.89i7HzRih,1HA)HIB2E2 2lml,) , i 7. @R, 3H), 7.009
i7.06, ZHNMR (101 )NHA 70LP.CB34B34D3 131. 2,
130.5,, 1BX9 .¥29.129.528 .B2ARMS (ESI) calcd.
CisHC D[ M+ H5 9. @52 RBro@ D 5

(E3phewy®trifluoromethyl )phenyl )acrylic aci
o)

Ph" XY “OH
FsC

IH NM®O( MHz ) U&DEC®, 1H)J= 77..778 Hzd,, JEHY, 37.58
Hz, 1H)J= 77..562 Hztj,7 1HoeH) 7. BIZ1 & . (6t Hz, 2H), 6.
J= 7.5 HE, NMR)(Hz, £LDCIL,. 14363%T33432.

136, 13%20129=430q2 81z)128438BRIRB.4.9 Hz),
123(.g9= 274.'% NMR (471 )NA,HROMDEESI ) cal cd. f
CiHi 0 M+H] 298 . Gd&nd: 293.0779.

(E2([ YoilphewyyIplhenyl acrylic acid (1g)
o)

Ph™ ™ OH
Ph

{10



IH NMR (500 M$iz,7(BMBSAH)= 7.B8Hg(7.1¢H, 7. 44
2H) 8i 7. @M, 4H)J= 77..149 Hztj7 3HH, ZH)LJ= 77..00 (d,
Hz, ZEH)NMR (126 M$i, 17OMBEO1B418B39535D34.

138. I30530729B281281,B58BA8UHRMS (ESI) calcd.
Coti©f M+H3 01 .9122BwWnd:12 38

(E2(2 met hoxy met-BrgyH & myhleangyrl )l i ¢ aci d (1h
o)

Ph” X" “OH

~o

IH NMR (500 aMHZ7( 9BDQIH)J= 77..%2 H(zd, JA=H)7,. 57,. 41 |
1.3 Hz, 183 ,7.75,331.(47dH.z8 én,1 H) Hi)7,7 477193 H) ,
7.06. 0Mm, 2H),J=48829(dd2.5 HZ NMR) , 12.62 MH(zs ,
CDGII 10731,421,36434134730.130.201 B9 4,8,1 218.82.,
7258, HRMBESI ) c atONg MNG'T 9€. 09 9 @2w0rld :0 9 9 8

(E2( 2dBmet hyi3pphemyll mcrylic acid (1i)
)
Ph” X OH
Me

Me
IH NMR (500 3MHz7( 9®DQAIR)2=(d, 2 Hz, JEH), 27.17
Hz, 3H)J=77.18 HzQ3IEMY, 7 Hz, J=H)7,. 56 .H¥4 (1, ,
2.31 (s, 3HHYE, NMRO q 1(2s6, aMEHHI3Z7, 3CPH L B3 723 5.
135. 13475,B31@.P0 ¥29.128. 4, 162, 73 HRMI 26E S, ) 20.
cal c dyHi®o M+ I€]3:. B2f o3 BD2 2

( E2( 4net h-8megt hy |l p3perreynly)l acryl i c acid (1))

{11



o<

IH NMR (500 sMHz7( 96DAIH), 2BIH)7 7J=187 .(6t ,Hz,
2H), 7=06.@dHz, JZH®B, 37 HZl JEHY,. 66 HZ3 @1H),6 ¢
(dds 8.4, 2.7 Hz, 1H),6 '€ .N8MBR ((sl,2 63 HMiHz , 2 .CIDEC |
178. B59B42238A,34B30580.1212%87 B2HBLI10, , 111. 8
52, 9OHRMS ( ESI ) 1idi8Db dvVidr1] f206r& .CF 1216r0d :1 1 8 2

(E2(4et hyl nafihtJpdleary|l acryl i c acid (1k)
0

Ph XXy “OH

Me
IH NMR (500 gMiHz8( LD @IH)J= 88..044 Hzd,, JEH)8, 37. 79
Hz, 1H)7,. 78,541 H)7,. 878,461l H) J= 77.32 Ha, JLH), 7.:
= 7.1 Hz, JeEHY, 37Hz4 JeEHY, 77 H@a4 J=H)7,. 66 .H¥G ( d
2H), 2.7% NMR ZHRS sMHz1 7 3CID8C3 1,8 , 2AB.5. 9
138, 131.5, 130.82®DPB02861L260026.529247.7, 19.
HRMS (ESI) k8 ddrH]f208® .CEd2nd: 289. 1225,

(E3pheyHhenyl nappt hatcewnl)ic aci d (11
0

Ph” X" “OH

Ph

IH NMR (500 3MHz8( L@DAIHY, 08, 02 H)7,. (78,9 11 H) ,
7.5B.6Mm, 2H)J= 77..550 Hztj,7 2®ih, FHWSB= 77.35 Hd,
1H), i7.@@, 1H)J= 77..089 Hzt,, JZH), 47 HR2NI@R) ;

{12



(126 MHa[li CPel12481, AMM3.48321320311,30. 8
130.2, B2912834, BARW26.12602764826126. 2, 125.:
HRMS (ESI) i@ Vb H]f30538 .CE®8nd: 351.1375.

(E3phe2ypby#gh)acrylic acid (1m)
0

Ph”Xy” “OH

H NMR (500 3MHz8( S@ODAIHB, (&, 22H) J=8716 KKd,
1H), i8.Q06, 2H), 8.00Jn7. 8HJz, TEHB, I7MHAS (1
1H), ©6=9B. 8tHz, J2HY, 66 HB7NR@®H)((126 3NMiHz, CDCI
172. BA44134%318B311310301301,5,8219%2 914281228 .

128 . B27¥271264825B25125. 3,9 12AHRMS. (E4S.1) cal c
f opkidONg MNG: 72 4B0 f oThd1036

3.&ener al Procedata!| yned PAKArynwmmat r oo C

A sealed tube with magnetic stir bar was
phenyl boronic domdl|l pj nHd@O Ao} VeBo-8¢{ &r ting ) ,

l eudiOn®4 mmol . CH 02 3mgnpo,|l ,A32. 7 mg) , BQ (0.
KHCL 0. 4 mmol 0 4R mtA)hy | ®H als nslol v.dhe i n ai
reacti on mi x t40 r ér 7& hosrsUpanicampletidn, tlaetreaction was

diluted with ethyl acetatea nd f i | t er ed C€ehlriotueg.dl Toeept! ug of
concenitnr avaendd ott toebnt as hedr y was di snslo)l,ved i n
treated Owi3t hmnidigl, a(@8Q (K. 4 mmol , 55.6 mg) . T
mi Xt ur e wasousatsi rrroeodm ftoermp2e rhat u rddutedWith en t he
ethyl acetat®0 (mL) andwashedwith water.The aganic layer wag onc entnr at e d
vacairod puri fied by petrokesnhetherlethybaredate e @0:latp hy (
400) to afford the product.

met hyl-4-( {-Bgt h-BaxbphenyilprRggphpht ha2yln)e
benzoate (3aa)
{13



LN COOMs_COOMe

The prsdadwast purified with spieltircoal egueMm ecthhreama
acet at)as=hai4the 1oyli iedHdONMR (500 3NiBz DPOCDZI

(m, 2H)7,. 8,9 BH)J= 78.843 Hzi,7 .16, TH)F,5 47. 49

(m, 2H)J= 77..144 Hzti,7 1M, THNLP= 77..072 Hzti, 2H), 6
6.71 (m, 2H), 3.9& (NMR BHRF WMHBGEL. ABTI.3 H) ;
146.53 1,381341,4,13113439.,2310¥291,29D298B287,238.
128.12@, 468, BX2ME2 742642542 BRRMS (ESI) cal cd.
Cobo© M+14 23 615090 LMBd 1 #0%-42(8 5 O0CHCI HPLC
chiralH ecloABNNI s(alpr opanol i n ahZ xdm)es ,t 1. 0
12mBn ( mma@Ojmarm) ,( Mi% cere). ,

met hy2/ (€)Y h-8axbphenyileRgp3rmet HMlbl'phenyl ]
-4carboxyl ate (3ba)

o\ COOMS COOMe

Me O
The pRBba&acst puri fied with spieltircoaltdgeem / ethirylma
acet at)as=haidtdhe 1s o/li iedHdONeMR% ( 500 3)MH Z7}. 78GH T |
(m, 2H), 7.63= (7s.,6 1Hb)(,7 .1BM3,8 7HDB,5M, 2 6 H) |,
7.192. L&, 3H)7. 070,052 H)6 . 86HM,902H), 3.88 (s, 3F
3H), 2.1 NNMR ZHRSH MHzI11p 8CICNIBA6T41.141. 0,
137.2, 4D34183001,,1P892099 28 .,9,1,218U4FH88R2 817,27 .
52, B2RHRMS ( ESI ) »id®I M 4f00t6} Cf o0Md :1407

[ B9%=-124(.c6 5 O0OCHClI HPLC chHicaloeh ADO% i sopro
hexanes, &. 8 ngmheEMiON 5 min (maj or ), 7.2 min

met hy2-( gnE}Y h-8axybphenyileRgp3rmet HVMlbl'phenyl ]
-4car boxya)ate (3

{14



L\, -C00Ms_COOMe

Et O
The pRB3awast purified with speltircoal eguel ecthhreorma
acet at)a s=hai4tde GHoyliiedHdONMR (500 MRz BACDZI
(m, 2H), 7.67A. 40w, NULH), IJ=7.738,( dd, 371 Hz20 1H),
(m, 1H)7. (7in,1 83 HI)7,. 07,0 42 Hi)6,. 86,882 H) , 3.88 (s,
3.69 (s, 3KH) 412952 14d@t ,J=. 47 .6z HE2 M@M)L . 11
(126 MH2U1E&€B®CI167.416 96,491424.073 4433 230.
129.8,12892.96538528128. 4, 128, 352L1286%24.. 127 .
HRMS (ESI ) 2&adNadMN3T 42 37CA 5 a4u2 3 . .1 53§%% -

47. 6 ¢ B, 0C4ClI HPLC cHi call aeins R0 an ol i n he
1.0 mla/ mindBeks ¥.8 min (major), 6.9 min (min

met hyl 341 6§ &p r26(p3ydt h-B-axybphenyile Ryp[)l, 1°
bi phelwyplrlpoxgd)at e (3

PN CcOOMe COOMe

Pr. l

The pRBdwast puri fied with spieltircoa eguem ecthreama
acet at)as=haidtdhe 8%oyli iedHdONMR ( 500 3)MiARz BBCDZI

(m, 2H), 7.62. 4B, 2AH)7,. (7,531 H)7. (76,173 H) ,
7.06. 0, 2H),. (6M,872H), 3.87 (s, J3HP, 83HZ1 (¢
1H), =18.0dHz, JgHP, 81 HR 2NNRR)§ MHz3) Ui CDCI
18.4,, 162788604184 0734732%300295298B28.128. 6,
1281281237. 7,53255.8304.20,. HRMS8 ( ESI) cal cd.
CoHzrOff M+H]1 8.9 90 odulrbd :1 99%-77 (6 5 OCHCI HPLC
chiraltcelolADNnn (10% i sopropaaotr nbhB=hdex anes,

6.3 min (major), 6.0 min (minor), 98% ee.

met hy-Bc h Eg4 énet h-BaxybphenyilerRyp[)l-bl'phenyl ]

{15



-4car boxwd)ate (3

PN COOMe COOMe

of O
The pRs3ewast purified with speltircoal egueml ecthhreorma
acet at)a s=hai4tde GHoyliiedHdONMR (500 MRz BBCDLI
(m, 2H), 7.62Jfs8. 1N H)1. 7.8z, AHH),Hz7. 28) (t7
7.21 (m, 1H)7.%.,18.QdweHzLM,1H)H)6,7 86Mm59 42 H) ,
6. 7®. {/m, 2H), 3.90 (&, NBR) (1367:8H6T, 6BA) ;
166. 9, 145.,03514232486,3,112493.365, ,12294828828.. 3
128, 12828B. 4, 12HRMS, (562515, 562 KRdi.MNfi'or C
297M8 f 4RO JdOBEP=-74(6 S5 0CHRCI HPLC cH#iralcel
column (10% hesxpmep,ank®.l6 nB&midn,1 mi n ( maj o

7.4 min (minor), 90% ee.

met hy!l -2( gnE)Y h-8axbphenyileprRgp3)r(tri fl uoeromet hy!
[ 1-bl'phedcylrboxyal)at e (3

LN COOMs~COOMe

FsC O

The pR3daast purified with speédtircoal eguent ecthhreorma
acet at)as=hai3tdhe 290/li iedHdONMR (500 3MiAz 85CDGMW,

= 8.0, 1.3iHz{MIHIH) 7.B264J s7. 8,H)Q. 97.HzA, (
7.49)=(drd,8, 1. 3i7Hz2,&,1H)H)JIF .725185 Hzti6 .2H) , 7.0
(m, 2H),J=677%3,(dd5 Hz, 2H) !E3NBR (526 3MHz,
CDQIi167. 9661840421421 F§+932),7180.3,8,130. 0,

129.7, 129148 4¥&2281,98124AR64 %= (3¢,8 Hz), 125. 0,
52, B52f NMR (471 3JKHz60.8BRES (ESI) <calcd.
CxsHi FsOsN & MNG: 46 3. ,1 136 3. .fU3%4-18( & 6,. 2CHCI

HPLC chADHalcoé¢lumn (10% i sopropanolnianigy hexan
trR= 9.3 min (major), 7.6 min (minor), 98 % e

{16



met hy-R( gnE} h-8aybphenyilerRyp[)l 31 tle'r'phenyl ]
carboxwgd)ate (3

o N\ COOMe COOMe

Ph O

The pR3daast purified with spetircoal eguent ecthhreorma
acet at)a s=ha4tde 3Roli iedHdONMR (500 MiARz BRCDE |

(m, 2H)J= 77..573 Hzt,, d=H)7,. 77,. 410. 3( dHlz,, 1H), 7. 36
J= 7.7, 1.3iHz{Wm1HIH)77.028%156H)6. (6Mm,882H) ,
3.88 (s, 3HHY, NMR4q 125, MHHEEB,. AMBTI1 461 22 . 6,
142. 1, 14103413353030@R,.1392.9B29129. 2, 2128. 9, 1
1286 128. 44, 312182 733107,7 . 3281ARMS 2( BSI) cal cd.
CatlsOf M+11498 5B7 foaddl[7@%&-26 (8 5 O0OCHCI HPLC
chiralkHelolADNnn (10% i s olp.rOo prala/onki mhyBe=h déx anes,

9.0 min (majorB%p 68e.0 min (minor), 9

met hyl -2-( $nE) h-8axxbphenyilprRyp3) -dd me{ Ly 1"
bi pheltyplrboxvyal)at e (3

N cCOOMe COOMe
Me
The pReaewastpurified with spetircoal eguem ecthhreorma
acet at)as=haidtine BSwoyliiedHdONMR (500 3MiHz 8QCDdAl,
8.3 Hz, 2H), Je. 3 8( Hz,UHMH] ., da.7H220dH),, 7.
= 7.7 Hz, JZH), 77 HZ6 JEH)B, 36 HZ9 J=H)/, 56 H&4 ( C
2H), 3.88 (s, 3H), 3.69'% sSNMRBH)12& 3)Hz ,( sGDC
U16383. 2674664173813 $35134. 8,8 131RMWBY. 130.
124 . ©28128.7,2 12274 322D.1BRMS (ESI) cal cd.

CobH2«OMN§ MNE: 28725 f oRBd1IpF@¥E=-36(c2 =5 0.CHCI
HPLC chiB3abtedwnAiDsopr opanomLi ma herAhes, 0. °F
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trR= 23.0 min (major), 22.4 min (minor), 98%

met hyl-5-me¢ Eh-8X ¥net h-8-axxbphenylilp Rypg3fmet hyl
[ 1-bl'phedcylrboxyal)at e (3

PN COOMe COOMe

Me l
OMe

The pRBowast purified with speédtircoal eguent ecthhreorma
acet at)as=haidtine YRoyliiedHdONMR (500 sMiHz 82CDhdadl,

= 7.9 Hz, 2H), J= 673 3(sHz ,1MH)H] ., B.7HA 7( ®R,H) , 7.
J= 7.9 Hzi628km, BHYPE=6271 Hdd, 1H), 3.88 (s
3H), 3.68 (s, !@WHYMR 2(. 1156 MHABA HJMECA1L5 9 .

144 . 2424183803 481,20 29129094 ,132182.B588 .43 8 .

126. 3,7, B1,RS5 3B, 52 .B32. 20HRMS( ES1) cal cd. f
CoH20sN & MN3"4 39 1,1 52 04u3n9d..[5%% -6 1 (& 5 O0C4C|

HPLC chi#HalcoélumhD (10% i sopropanolnangM hexan
trR= 14.3 min (majol%)ee9. 0 min (minor), 9

met h(yB4( 4L 8net h-8axxybphenyilpRgpgdmet hyl napht hal en
22yl ) benkao)at e (3

SN COOMe___COOMe

Me

The pRB&kwwast puri fied with spieltircoa eguem echreama
acet at)as=hadtde GRoyli iedHWWMR (500 MHiz ,8i.&BTT

(m, 1H)7,. 870,934 Hi)7,. 676,581 Hi)7,. 470,451 H) , 7.29 (s,
7.0B. (M, 1H)7,. 07,12 H)J= 77..082 Hzti 6 2HMh, BH)B7
3.90 (s, 3H), 3..6BNNR,( BHY A Mz GELLE, 3AHB)7.
146. 62,, 114337., 6H34BH21B 1. 9,5 132923 ,112289/909., 128.
128 . 128. 34,8 1226285. 261RA71BRMS 2(.ESI ) cal coc

{18



f opbAONG MNE: 58 7R5 f 0B @ d15B%42 (6 5 O0OCHCI
HPLC chi#HalcoélumhD (10% i sopropanollnangM hexan

trR= 8.7 min (major), 9.4 min (minor), 95% e

met h(yB4( 4L 3net h-8axybphenyilpRgpgdmet hyl napht hal en
2yl ) benkmqgate (3

PN COOMeg COOMe

Ph

The pRéocast puri fied with spetircoal eqguem ecthhreorma
acet at)a s=hai4tde 3Boyli iedHWWMR (500 MHIB, 0&DTO

(m, 1H)7,. 8,9 R Hi)7,. {®, 8 & Hi)7,. 6B, 6 £ Hi)7,. 6T, 56

2H) , i7.6®, 3H), 7.84D. (®, LW, (M RRH), 7.06
(05 7.8 Hzi6.2H, HBH)9,0 3.90 (&, NNMR)( 1836 6MHZA s
CDG@G)Iul68. 41, navuU43840040637134 3,4,2311378.0 .

130. 2, 130. 1,..,00212.84128329, 12838281.,20 2 6.

1246 . 72552 1HRMS2 ( ESI ) 3ba0cMH]* 419®r9160ound:
499. 9% 23 (cl =50.CCI HPLC ciHi rcaollcuemin ADL O %
i sopropanol I n e x=amEg4= 19..0/7 mrki/nmi(nmaj or ) ,

(minor), 97% ee.

met hyl-4-({-&pt h8axybphenyileRyp ) p-2ylenbenzoat e
( Ba)

o N\ COOME COOMe

The pBmadvacst puri fi ed with gpieltircod egianl ed hrea me
acet at)as=hai4tde 2MoyliiedHdONMR MHz0,0 £IBCI22J ( dd,
= 7.7, 1.1 HIs T7LH), 18. 1Mi8HzZ{BILHIH) 8.4610 (s,
8.05 (sji72@Mm, BHWA 87,9 & Hi)7,. e, 3 2 Hi)7,. 0. 13
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(m, 1H)J= 67..98 Hz,62¢6M, BHBOP 3.92 (&, 3H),
NMR (126 MH:i68CHERCI|I 166. 7, 143.B3113B18B1IF1. A 34.
130.329.7,4122953,838292806,12248. 126128.38261
125. 68,5712 124. 735 245 B5B8HRMSE24(.ESI ) calcd
CaH2OMN§ MNG-5197 2 Bifnad 19 705842 (6 5 0CHRCI

HPLC chi#HalcoélumhD (10% i sopropanollnangMd hexan
trR= 11.5 min (MmMajoo)), 187% een

met hy-3pHe&ERyYHPhenyl napht hatctEephaax e
COOMeg

SO

The pRovast puri fied with spieltircoa eguem ecthreama
acet at)as=haidtdhe 8%oyli iedHIONMP MHz, JWD/CIDD. 87

(nBH) , 7. &8, 1H)7, 8m8HH)4, 17. ABBH) , i7. P,

1H) , i7.Q8H), 176..03%PH) , 16..85n, 2H)3H)3EC 61 (s,
NMR (126 MHI68CDBCI 1,421,339T734413. 21 313, 8130232,
129 . B291285,7,12182384.,1 2172.80,1 2162. 9 , 12BRMAS 125. 4,
(ESI1) calxuOf M+18 6 542 5f o ud @ 5[. @84289.(c7 =5 0. 2
CHG)l, HPLC cHicaloeh ADOI% imexpamepsagnodl. 0 mL/
254 pe) 61l min @2maijnor()mi nor ), 94% ee.

met hy2( A4t hoxypheny-l-y3phlenlydla@hry | at e

COOMe OMe

SO

The pRoaast purified with speltircoal eqgueml ecthhreorma
acet 2t)ds=ha twe 6BoyliiedHdAONMR ( 500 3 NAz PB.CDLI

(m, 3H),J=7879%,(dd1i7Hz4m,1H)H)7, 784431 H), 7.17
i7. 06, 1H)6,. 07M,0 &4 Hi)6,. B6M, 9 52 Hi)6,. (6M,7RH), 3.78

3H), 3.6%F (NMR FH)R6 MHAB, CDEBS 50385324 .
{20



134. N3AB.17 72, B30129. 8, 1289 . 328122, 3,12828.7,
12%. B251251B3, 26RBBBIS2( ESI ) 2&laLNddMNEG: or C
417.14M6ad4ul 7. 1 8%4-19 (@ .25 0OCHCI HPLC ciiral cel
column (10% n shoegxampeasno |2 nBHML7/AN8 n, ( maj or ) ,
13 .mi n ( MBi% cere).,

met hy2-({E€yanophenyl-lynk@phehgl abdad)at e

COOMe CN

OV~

The pReawast puri fied with spieltircoal egueMl ecthhreama
acet 2t)dspal e Holbedy i(etHd NMR (500 3MH& ., 0@ DCI
7.94 (m, 2H), T7=88.@Bs HzIRANHHMNT. THBBd473. 52

(m, 3H)J=78.38 Hz, JAHJ., 5 7HAB? IME, FHIL,3 7. 03
J= 7.7 Hzi6.2¢#,, 26H)74)8C 6N8BVMR s(,1 236 3)MH&B, CDCI
146.5, 143.5, 137.1, 85343D2629BB9120, 182899, 1
128§. 328. 4, 127 .744,126296,B35RRMB®B6( ESI) cal cd.
CoHiNOsN {4 MNG: 412 313flodulmied = 399°9-25 (c5 250 .CHCI

HPLC chiSHactokebmA (10% i sopropashosl naZmnd hex an:
tr=12mDn ( m&jnbm) ( mb% cere)., 9

met hyl 3pHeERYE4trifl uoromet hy l-Iyplh)eancyrly)lnaatpeh t
(3ae)

CcOOMeg CF4

O P

The pRBadast purified with speltircoal egueml ecthhreorna
acet dt:)dd swhistoel 6@y i(e l Hd NMR (500 3MH&i,70 BRCI

(m, 2H), 7.89. (&, 1H)7. 6L BBH)I, 7. BH50 4H) ,
7.1B.0Mm, 3H)J=77.080 Hz, 2aH)8. FH,. 7B. 4ddz, 2H),
3H}YE NMR (126 3MH®8.CUNGI¥43.137,613R3,0, 413

{21



133 . 1304,2911 2PD291288B28H28B28B27/B27/H26K25.
124(.9p= 3.)9 H24=22@0@, 3 :;:%4z)NMR5 .44 DGNHz ,

62 .HIRMS (ESI) dlaf:@Nfi MNfo 45 %. ,12RI6uUN5..1227

[ B9°=-5.(3c¢ 6,. 2CHCI HPLC CDiHi rcanllawenin (10% i sopro
hexanes, &. 8 namhefEmitmdi,n ( rBagdiom ) ( m7%n cere). , 9

met {ER(Z2Hi trophenylDynFPmpharhyalleecnr yl at e ( 3af)

coOMe___NO,

Ph” N ’

The product3af was purified with silica gel chromatographyefroleum ether/ethyl

acetate 40:1) as a yellowsolid (56% yield). *H NMR (400 MHz, CDC}) i8.09i 8.01

(m, 2H), 8.02 7.95 (m,2H), 7.88 (s, 1H), 7.87 7.81 (m, 1H), 7.56 (ddd,= 8.1, 6.9,

1.3 Hz, 1H), 7.53 7.47 (m, 1H), 7.40 (d] = 8.4 Hz, 1H), 7.24 7.11 (m, 3H), 7.03 (t,

J=7.8 Hz, 2H), 6.79 6.66 (m, 2H), 3.69 (8H); 3C NMR (126 MHz, CDC#) (11683,

148.6, 146.7, 148, 1368, 134.2, 133, 13.0, 131.6 1301, 1296, 129.0, 1286,

128.4, 128.37, 127.51273, 126.8, 125.4, 124.4, 3D, 526. HRMS (ESI) calcd. for
Ca6H1oNOsNa[M+Na]*: 432.1212 found 432.1206] WP =-19.9(c = 0.5, CHCb),

HPLC chiralcel ADBH col umn (10% i sopropanol i n hexan

tr= 13.9 min (major), 15.1 min (minor), 91% ee.

met hy2(-4 E}oilphedyyl)napHty h3plheemy | acryl ate (3a
COOMe Ph

Ph™ X ’

The pRBawast puri fied with spieltircoa eguem ecthreama
acetat)as= a4 @ad el ipyli(ledd9d NMR (500 3MH& ., 0@ DCI
7.90 (m,i7B.H)M, 71H) . 570,642 HHA. 46, 2H), 7. 47
7.39 (m,i75H)R, 7L.HBB. 0,1 B HG ., O, 02 Hi)6,. 76. 9 2

(m, 2H), ;:B& 6NBMR s(,1 236H)MHG 8. 6 DCB4GBL40. 7, 139.°

138. 87, 132. 9, 131. 96, UBADIB,B2IBDS .25 ,41288. 4,
{22



128. B271277.00 12@.14, 122464, HRAS. ( ESI ) calcd
CaHooo-Na|[ M¥Na$63. 1674, { Wi’n-a 8 (c@ 6=F, 0L.6ZH Q|
HPLC chdDHalcoeélumn (10% i sopmlo/praanrosl naZngid he x an

tR= 6.7 min (major), 8.4 min (minor), 95% e«

met hy-2-({4.€) uoropheny-l-yiBpplenydlaehnh)yl ate (3a

Ph” N\ COOMe F

The pRBadgast puri fied with spieltircoalteuyen / ethirylma
acet at)a swlhaésdoelliwy i(e/ldd NMR ( 500 3MWHZD,7. @BDCI

(m, 3H)J= 78.840 Hzi,7 1HH, TH)3,48M,4 2 Hi)7,. 170. 20

(m, 1Hi)6,. 97,0 64 Hi)6,. 86Mm,9 42 H)6,. 6M,832H) , :3.64 (s,
1€ NMR (126 3WHz68 .1269C.] 933= (2d4,5, 51 #H2) 97, 138. (
137. 60 @2d 913Hz)393293mWM318B30130. 2, 4,1362.81, 129
128. MB28028M271261,A5.43 6= (A1 . 2 &2E)NMR (471
MHzZCDGQ)IU-11&HRMS ( ESI ) dlaffOsNdi. MNR'D405C , 1267

f mw4:05..1 288439 ( 60 =25CHCI HPLC c-Hi cal amh ADO %
i sopropanol I n hexmamEB4=1D.nMB nml(/nmaijdo,n ) |,

(mi né% )e e .9

met hy-2-(f{4&)y omophenyl Jlyg &3phtemeyllearcr yl at e (3ai)

CcOOMe Br

Ph™ X ’

The pRB3adastpurified with spetircoal eqguem ecthhreorma
acetat)as= a4 gell 4%yvw(elHd NMR (500 3MHAD,B8. GRCI

(m, 3H)J=78.842 HA),716HMN, THHG6IF.862,daldg, 1. 3
1H), 7W=48.6dHz|7 . 18HH, ZH)F6 (M,211H)J= 77..083 (t,
Hz, 2H)6. &M,942H) J=6778 HHd, 3BHE, NMR6F 12$6,

MH z , gbicas, 1,43@,401374,8,131294933 .1830. 8, 130. ¢
{23



130. 14, P229128.6,2, 122749,12827. 2, 512BRMS 125.
(ESI) caHiBdNATMNR:4C65. 04f6@6H dO[4E=-25( ¢
=0.25CHCl HPLC ciHi rceaollcuemin ADLO% hegsapesparioll
mL/ ma n5 n2mM4=8.t7 mi n 7(mBian ot m4¥%n cere)., 9

met hy2(f-Eet hoxypheny-l-yiBphenhlydlaemyl ate (3aj

COOMe

Ph” ™
OMe

The pB3@adast purified with speédtircoal eguemt ecthhreorma
acet 3at:)dAswhaistoel 6@y i(elHd NMR (500 3MHzD, 2. @DCI

m, 3H)J=7882 KHd;718H,h, IFHPEI 0,162H)J 7.02 (
7.7 Hzj62HH, BH)BS 66m,68. H)J= 62..505 Hzt,, 1H),
s, 3H), ;' WNMR({12BH)MHES. 6DCN58D851.304 3.
134, 932312318B301293,4,8B218228. 43, 128. 25, 128
127. 01, wm»26.121.61, B1E30 4 HRMS (ESI) cal cd.
CoHzON& MNZ: 417 . 14®@uln7 . J438%2-13 (&0. 25CHC

HPLC chi#HalcoélumhD (10% i sopropanollning™ hexan
trR=16miln (rmajmdm) ,( me¥% cere)., 9

~

)

met hy-2(f-Eet hoxypheny-l-yiBpphlenhlydlaemyl| ate (3ak

COOMe

Ph”
COOMe

The pRBadwast puri fied with spieltircoa eguem ecthreama
acet at)aswaBstoe 1%y i(eA3d NMR (500 3)MiBz DDCDZI

(m, 2H)J=7786 Kd, 2+H)8. &, 8%. Z ddllz,118H)Hz 7.6
1H), 7.J528(ddd6.9, i7. &6BHz 2 H)7H)LAHRAO507 . 17
i7.@Q, 1H)J= 77..001 Hztip 2@Hh, DBH)?7,8 3.83 (s, 3H),
1€ NMR (126 )Mitis 8. 6DCIB66BHBL3043.4 1,4 31,303 3.

132. 05 130. 10, 134). ®291288,76B32A8289 D2 8.
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127.82 12%.,3,521B8BRMS ( ESI| ) gtlauNcadMNG:. or C
45, 14H@us5. 14823 (60. 25CHCI HPLC cHiralcel
column (10% i sopropansol= n2mirdh ek & .N(&rsayji air.)0, mL |

16.9 min (minor), 96% ece.

met hy-3pHe&RyR 3 ,-t4r,i5f |l uorophedyl )aapht aé eh3al

F
A cooMe/ F

Ph
L

The pRBadwast puri fied with spieltircoa eguem ecthreama
acet at)aswhaBstoe liwly i(65Hd NMR (500 3)MiAz POCOCTI
(mH) , 7J=828.(3d,Hz, JA2H). 0 7THS(57 .64, TH)52 7. 33 (
J= 8.4 Hz, JEHY,47HL27 IJEHY, 77HDA JBEHY, 66 HZ2 (
2H) , 16.6mh, 2H), ;3T 7NMRs(136)MHBEB . CLUBCL.
149. 4, B53¥L30134.3, 133.6, 129.0,, 1229 .60, 12
12®. 128.5, 12B.3, (8408 .A2HUAR 2. W6 6Hd2 Hz),
112. 83 6d ®6G2HA) NMR (4TDGNHAB,5. 1= (AH0. 7 Hz),
162.J8 RQO,.HRMS)( ESI ) xd#d0Nd . MNBOAA2CL10TSund:
441.10081% -44 (40.25CHCI HPLC c4Hicrodlucrenl (ALDD %

i sopropanol i n &exadndxs6 .n8 nO ( mafvimir H(, mi nor ) ,
95% ee.

met hy3pHe&RyY R 3 ,-t4r,i5f | uorophedyl ) aapht @taeé efp3an
COOMeCFs

Ph™ ™
CF3

The pRBadwacst puri fied with spieltircod eguerl ed hrea me
acet at)mas= a3s0eHii tdg i(AHPHN.MMP O( MHz 5)8CDBI 95

(m, 2H)7,. 8M,92Z4.H32 ((7s,711H)s,i718mM, 2ZHHPI 7. 36
= 8.4 Hzj73HM, TH)B] 07m,0 72 Hi)6,. B6ERH)0, 3. 72 (s,

3H)!E NMR (126 MHAB. CIAGI. 7, 9, 1 4138.463,1 , H,31%3.3 .
{25



132, 130=834.q9 ™z)q,2 AM2XN.. 2,9,1229.81,6,4.,28.8. 5,
127.6127.126,1923.122=5(.2p13. 0 HKz)p,t HR)AUDEF (

NMR (471 MHE62 .GDROMS ( ESI ) CoélakbNcadD. MNfd'o r
523.,110&wn3d. .JUdd’2-36. & (©c 25), CHELC cH#iralcel
col umni d@Pro panol i n bexa@mdg4 tihi. ® (Mbd jmo m), ,
4 .ndi n ( md% cere). , 9

met hy-3pHe&RyYR 3 ,-t4r,i5f |l uorophedyl ) aappht ataeé ef3 a
GOON\etBU

Ph™ ™
tBu

The pRBawwast puri fied with spieltircoa eguem ecthreama
acet at)as= a3s@hlisey(idH NMR (500 MiAz 95C DG,

= 11.6, 8.47HE®, 22MH), ZBB8FR2H)7,. 6™, 47 H), 7.25
-7.24 (m,i7L.H)®Hm, 71LH)5= 77..00 Hzt,,J2H), 76H89 2H),
6.75=(8,0 Hz, J2ZH)L, 03 HG5 Jegd#)L, 61 HE7 NMRH)
(126 MH2zulE€®DCHS 42.140847013487,13281231.

130. 28, 112299..,2 , BA8.B28 228126. 8,412152.38201385.
52. B4.3HRBIS (ESI) CclaMaf MNA: @99 . 260 8und:
499. 2% 59 (% O0.253), CHELC c4Hi rcaollcuenin ADL 0 %
i sopropanol i n &exadmdxgsd nd nO ( Madlowr (b, mi nor ) ,
97% e e.

3.&@Bener al Procedatal yoed PAK Qg Imeénfeit matci &n
Subs(bafe mmol(,1 OPdno®AcB o4kt Blrangd iDn &® 6 mmol ,
13 mg) were placedaben whiSchl ewask filled wit
st andar dt eScchhnlieqiuwceks iIPrAHM& N2 whisclmdded usi ng
O ef(iOn 6 @amaoslopl uti on of KOH 46832 whAsmmpdidred3&i
mi cr osyr i ngeTl hes urbesaecqt ui eomnt pngis xotiuusB0e dior X

hours. Upon completion, the reaction was diluted with ethyl acedated f i | t er ed

through Cal pt @g ©Dhe sol viemntvawdisot bencéher abe
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slurry was dism&dlvedebheDMmiI B Meld (KO. 3 mm
(0.4 mmol , 55.6 mg) . Theanetbecehr ®$h mMmoamur e
temper at ur eur & hddueed witih ethyl acetate 20 mL améashedwith

water. Organic layerwasonc e ntnr avemecdui opur i fi ed by fl ash <c

(petroleum ether/ethyl acetate86:1t010:1)) t o af f ord the product.

met hyl (E2(2 (-Bmet h-B-ayo p-t-orp-y | ) napHy h3r!l en
phenyl a(baray)l at e
o]

Ph™ ™ OMe

O ‘ X COOMe

The phohoavast puri fied with spieltircoal egueM ecthhrearma
acet®t)ds=a swhirdeyei(elHd NM® 0( MHz u&.DX9 (s, 1H),
7.06. 6B, 5H) , J=.&.91 ,( de&d.d9,, 1.2 Hz,3,1H).,9,7 .14 13
1H), i7.Q®, 1H)6. 0761,052 Hi)6,. {681,942 H) J=61319 (d,
Hz, 1H), 3.72 (&, NBR)MHz3. @I 5. 923 HPE 3 .

142 . 13513412318118044, 7,2981028 59, ¥2A81827 . 4
127. 31, 127. 323 .1, 012.5& 7% HRMS (ESI) cal cd.
CoaH200N § MN3= 395 . 12 F03u9n5d.:.[2d§°% -51 (@ 0=25CHCI

HPLC chi#HalcoélumhD (10% i sopropanollningm hexan
tr=24 mBbn (M@&8Bjmdm) ,( Mm% cere)., 9

met hyl 2-( 4 EEmnet h-8ayopteogmyl ) napHiy k3l en
phenyl abbrayl at e (
o)

Ph™ ™ OMe
Me X _COOMe

The powmavast puri fied with spieltircoa eguem echreama
acetat)as=akW@hiidei(etBd NM® 0( MHz zus&.DC3 ( s, 1H),
7.64=(85.9 Hz,J=1H).,3 THz54 JEH)L 3.7.,3Z.@2dtHz, 2F
(= 7.4 Hz, JEHY.,67HA46 28%h, THP]I= 61289 (Hz,
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1H), 3.76 (s, 3H),; ;% NMRE4Hz 3 HFDICE27..170, ( s,
167. 1, 142. 7, 142. 3, 137. 3, 136. 3, 134. 2, 1
124.31, 119. 4, HRMS6,( EB1.) 6 OgtaoDDI® .MM 0or C

359. 125 23u5md. .23 -25(80=25CHCI HPLC cHiralcel
column (10% isopropanal = nahr@ xn@ nne s(,malj.o0r )mL

13mdn (minor), 90% ee.

met hyl 2-(BRERYI(-BEmet h-Bayo p-teomp-yl ) phEnyl )
phenyl abcray)l at e (
0

Ph™ ™ OMe
Et X ~COOMe

The pbohoatast puri fied with speltircoal egueml ecthhreorna
acetat)as=akW@hidyei(e9d NMR (500 )MBz03CDE| 1H),
7.64=(d5.9 Hzi,7.14HIH) ,7 .i%.9486&, 2H)7, . (7Mm,24

1H), T=13.6tHz 62N, ZHPIF=61279 (kHz, 1H), 3
3H), 3.70 (sJ= 3HW).,7,2.145 8( d d't ,47 .Hoz ;H&2,H)3 H)1 . C
NMR (126 MHzl8.@DI6 731.,40 142. 8, 7,14123.45633135.
130, 3183023B. 128. 6,3, 1BR4819%G.281 3,6 4 42BRMS

(ESI) c aH0MN.§ MN@T 78 . 14 F6a3uBd148y&=-51(8 =

0. 25CHClI HPLC <c-Ali cal amh ADO% i sopropanol in

& = n2HhgE8 tMi n ( majnb m) ,( mB¥% eere)., 9
met hyl 2-(A €0 p 64 f ENet h-Baxyop-teompyl ) phnyl )
phenyl abdray)l at e (

O

Ph™ OMe
ipr X _COOMe

The phhbavast puri fied with spieltircoal egueml ecthhreama
acetat)as=akWhidyei(edd NMR (500 )MBz0p4CDE| 1H),
7.658=(d5.8 Hz, JEHp, 57.845({MHMz4dM, A HIH) 7. A722
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7.17 (m, aH)7. 67 .HZB, (ZzH), 66 HZ3 J2H)L5.®8. Hx, ( d
1H), 3.75 (s, 3H),J=3670 Hg, JEH)6,. 82 .HZI ((3uk)p
0.92)=(®, 8 HEZ,NERI)( 126 3MH®6,8. 0ODCI1673..,10, 147. ¢
14, 134.8,, 1B3QL2,9 N28B8.,8,12182.83.,, 1R/99P,. 124 . ¢
5%, 7302BRMS (ESI ) 2(®} cMd-H ] f3o0BB.CE Dund: 365. 17
[ B9=-81(t0=25CHCI HPLC c-Hi cal aenn ADO0O% i sopr o
hexanes, &. 8 nBBeEmibGn 6 min ((maj oP P9 %16el min

met hyl 2-( & IEl)-6-¢ O-Bhet h-8-ayop-teomyl ) phEnyl)
phenyl aberay)l at e (
o]

Ph™ ™ OMe
Cl X ~COOMe

The pheoatast puri fied with speltircoal egueml ecthhreorna
acetat)as=abWwh idwei(eShd NMR (500 ;)MBzQ7CDE€| 1H),
7.B6B. 4, 3H)7,. 8,40l H)7,. g™, 25. H)J= 77..155 Hzt,, 2 H) ,
7.00. 9, 2H) J=61209 (dz, JA2H)., 0 3HZB8 JEM),, 3.7
1.2 HZ€ RMR; (12BClMHSB 6. @7, 146. 5, ,144]3.55, 135
13%. 133. 930,,10329%,8,821822.71,0,1,2106%... ARMS1. 7
(ESI) caHiCdDATMNE: T9O. Q7 ¥ 3Burmod :q I%2-2 1 ( 6
=0.25CHClI HPLC cicrodlucrenl (AIDD% i sopropanol i
mL/ ma n5 n2mM4=7 tn2i n ( Bafgbiom )( mi nor ), 97 % ee.

met hy-B-( 4 EEmet h-8-ayop-teomye) t ri fl uoromethyl ) pt
3phenyl abfray)l at e (
o)

Ph™ ™ OMe
FsC X COOMe

The prfoast purified with spetircoal eguem ecthhreorma
acetat)as=akWh4Hyei(elHd NMR (500 )MBIzDp7CDE€| 1H),
7.8W0=(d,9 Hz, JEH)Y, 87 H&0 JEdHLS5.P. 612 ,J dH), 7.
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= 7.9 Hz, JEHY, 47H22 JeHY, 77 H¥4 JH)7, 56 .H&8 ( d
2H), ®&=315(8, Hz, 1H), 3'&T5NMR,( 13He Mz ,7 1COC
U167 . 166865, 8B401/33.5135 7,2, ¥3108133.0 1,301, 07,2 8.

12@. N1~ 5.3 MBz)72AR2586= (7 4.123H2) 6, 51. 8.
¥ NMR (471 )NHD,HROMDCI( ES| ) 26:#40ONdG . MNfA'or C
413.097@uln3d..J991°6-30 (B0 =25CHEPLC chi+Hal cel AL
column (10% i sopropana|l= na2mthle®mabnre s(, malj. AOr )mL |
14mBn ( m99%oe ¢,

met hyl -2-( EEmet h-8awyo p-teofy H)l-bl'ph ewyyd ]
phenyl aBgray)l at e (
o)

Ph™ ™ OMe
Ph X _COOMe

The prhpavast puri fied with spieltircoal egueM ecthhreaoma
acetat)as=akWhi tdei(ecARMNMR (500 )MAz78CDE| 1H),
7.7R.6m, 2H)JI= 77..89 Hzt,, I=H)7,. 57,. 318 3( @Hiz1,7 1 H) ,
(m, 4H),J=7814,(dd,0i6Hz0m,2 H)Hi)6,786M59 42 H), 6. 28
(s 15.9 Hz, 1H), 3! INNMR,( BHM) )MIBABL6DGCI, 3
18.03.40 1426,8,1410426 ,4,13321,9,133086298,28128.5
1285 BZ8 .127. 7, 123. 152 . 134RMB] . (6ES9 ) cal cd.
Cobl2©O M+¥] 39® . T530Md -] BE%-17 (60 =25CHCI HPLC

chiralH eclolAlDmins d Ar0&p a n o | i n bexandhdsgls t1. 0 mL

9.5 min (major), 13.7 min (minor), 99% ee.

met hy-P-( 4 EEmet h-8-axyo p-t-ormp-y 6)( met hoxy met-hyl ) pher
3phenyl atbhray)l at e (
0

Ph™ ™ OMe

COOM
MeO X ©

The pomaadwast puri fied with spieltircoal egueMl ecthhreama

{30



acetat)as=ak@hidyei(efBd NMR (500 )MBz01CDE€| 1H),
7.71. 6, 2H)J=77.53 Ha, J2H],77HAH7 {1HH, 7.24
1H), DV=1%2.6tHz, J2ZHY, 46 H23 JedHNL5.6. H2, (dH) ,
(dds 85.3, 12.5 Hz, 2H), 3.75&€(SNMR3HANL263.7
MHz, gDlCcd7. 71, 142042 .1356 4 0348331380.,2, 129 . ¢
129. 8, 128. 646. 0289574 IRZI7TBARMEB2( ESI ) cal cc
fopHONG MNG: 89 . 1365830 d1[3@&-17( 0 =25CHCI

HPLC chiiHalcoeélumhAD ( 10 % & xsaonper so,p adn.odl namHrd mi n ,
trR=13mDn ( Ma8BjmBrn) ,( mMd»*n cere)., 9

met hyl -2-(q EEmet h-8xyo p-t-ofhy F2),-d3i met hyI3phenyl)
phenyl abiray)l at e (

(0]
Ph™ OMe
Me X _COOMe
Me

The proastpurified with spetircoal eqguem ecthhreorma
acetat)as=akWhidyei(e8Hd NMR (500 )MBz03CDE€| 1H),
7.6Q=(85.9 Hz,J=1H).,0 7THz4i&§ 1M, THI4& 77..163 ('t ,
Hz, 2H)J=679B Kd, JZHNL5.6. M2, 0d H). 9 3HZ,6 J H),,
3.69=(®,. 8 Hz, 3H), 2.38 NMR @H26 MHDHD4 CBCI
169 . 16 B.,9,14124 1, 13%9. 83401B16R3DN3 0BH9P2 9 .
128.52430,6521.88. 5,3 HROMS8 ,( EI1SA.) sbba[cM+H]f or C
351 .615003u5n1d. . 68% -7.(4c 0 =25CHCI HPLC cHiral cel
column (10% i sopropanael= n2nhgh etk @ .n(4ensayiair.)0 mL /

15.0 min (minor), 98% ee.

met hyi2-( 4 et) h-B(x(yBEme t h-dxxyo preorpy F6met hy |l phenyl )
3phenyl acryl ate (5] a)
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0]

Ph™ ™ OMe

Me X COOMe
OMe
The projdava s puri fied wi t h silica gel cf
ether/ethylacetate = 10H INMRis( 50 Owb\NiHze, s®DGI

8. 02 (s, Jd=H)15.79. 5t9zi, 7 diiH®),, 17H)2)4 78 .14, (& . 6 Hz
2H), 7W=0%2.(FdHzi 61N, THPD= 62.88 Had, JLH), 6. :
= 15.8 Hz, 1H), 3.86 (s, 3H)CE3NMB (526 3H)
MHz , gDCL68. 0, 167. 1, 159. 2, 142. 7, 142. 6,
128.9,12182.84.,6,119. 5, 118. 4, 108. 8, 55. 3, 52.
CoblaDs[ M+H] 367. 1545, [ BMn31. B6(7c 18 4M..RBLC CHCI
chiralhcelolAlDnn (10% i sopropa®mo* ndH4 heé Ramres,
12.3 miné6(rmajmm) ,(minor), 83% ee.

met hy I2-( 4 EEmnmet h-8-xyo p-t-ogp-y F4met hyl nafd-hk hal en
3phenyl atkray)l at e (

0

Ph” OMe

g ‘ X COOMe

Me

The prhlavast puri fied with spieltircoa eguem echreama
acethQ)als=aswhi dei(eADINMR (500 )NIBIz28CDE| 1H),
8. 0U=(@&, 4 Hzji71#Hm, ZHBY9 7.61JKs8.3,H)G. & .BAB
1HY, 41J< d&d.,3, 67 91BLz0 ™, 1 H)H) J= 77..062 Hzt,, 2H) , ¢
(= 7.8 Hz, J2HWL5.8. HY, (dH), 3.72 (s, 3H),

1€ NMR (126 )Miis8. €3pCLB83. 8, 1402. 3,3 ABB. 2, 1:
131. 9, 130. 4, 129. 9, 129. 6, 128. 5, 127. 6, .
51. 7, HRMS 8( ESI| ) da®ijfcM+H]f 8 86 .Clf503u8n7d.:.1 59 1

[ B9%=-40( 40 =25CH CI HPLC c-Hi cal aenn ADO0O% i sopro
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hexanes, &. 8 namBeEthBmP n ( B&R2jmda’m) ,( Mi%¥ cere). ,

met hy 2-( { EEmnet h-8-ayo p-t-omgp-y HMphenyl nafp-nk hal en
3phenyl ablray)l at e (

0

Ph™ ™ OMe

! ‘ X COOMe

Ph

The polomast purified with spetircoal eguem ecthhreorma
acetat)as=ab@whidei(eAHd NMR (500 3)MBz32CDE€| 1H),
8.07M. 0Mm, 1H)7,. 8, 9R2H), 7.7D=(6,81H3, TZHHBT7 T:
J= 7.5 Hzi{728H#H, FIH)F0QM, 21N H)I= 77..066 Hzt,, 2H), ¢
(d= 7.6 Hz, J2H)L5.8.HM42, ()71 3C& 3NRR) ( BHY ,
MHz, gbDiCd8. 02 41.807142. 1,1 1413.4..,.9,7r38m:@,32. 3

1349. 130.1,8,121928.,6,12192 8. 42 1122/71261,7,1,2142 61.
118, 52B5BRMS (ESI) siaON&MN:drl. Q5720 und:
471. I5H%.-59 (4 0=25CHCI HPLC c4Hi rcaollcuenin ADL 0 %
i sopropanol i n lee xan2bpd= MBMO0 n m( h2adi eiyn) |,

(mi n8% )ee.9

met hyl (E2( 2 (-Bmet h-B-ayo p-t-eorhy | ) p-¥y ISn
phenyl abnray)l at e (

0]

Ph™ ™ OMe

g ! X COOMe

The pbBmavwacst puri fi ed with gpieltircod egann ed hrea me
acet at)mas= al el il dyw( SHMIHN.MR MH20,0 gD8C.148 ( s,
1H), 8.41 (sJ= 11H).,3,8.7L.76,( dld=2, 1H®H, H2ZH) 2H§ ., 1¢
(s 15.8 Hz,J=L1H).,5 8Hz0iI7 J0tHh, TH)LIE 67..984 Hazt,,
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2H), 6J=838.(2d,d,1.4 Bz, 182H9 ,1H).,613.(7d8, (s, 3H),
1€ NMR (126 )MHGS8. 2aBQCl. 1,1, 1448450, 1311314, 131. 2
131.19,, HB33BOU1.20 8,7,1218.85, 9,1 2A88.74,5, B2A72A&2.57.,6 91, 25 .
125. 68, 11222458 ,52182F0RMB ES| ) c atNdD ] MNGT C

46 9. 14 ¥604uenod. :[437% 33 (6 0=25CHCI HPLC cBiralcel
col ubn i(sopropanod. LA mikhe xa n2edpk = 7t2.mi n
(majd®émpy,n ( md9%wo e & ,

met hyl (E2(2 (-B(benzyoaoypteomyl|l )napHyh3a!l en
phenyl abarby)l at e (
o]

Ph™ ™ OMe

: ‘ X -CO0BN

The prrolvast puri fied with spieltircoa eguem ecthreama
acetat)as=ab®whi dei(eADWMR (500 MHB, 28DCk, 1H),
7.9B.848H), 7J=B08.(4d,Hz, JEHB, 87 HZ5 J&MY ., 47. 49
Hz, 1H)J= 77..461 Hztj,7 1@¢66H) 7. BI&E1 O . (4t Hz, 1H), 7.
J= 7.7 Hz, J=H)7, 66 .H&%5 J2H)1,5.®. Hxi, 4 d9HH,, 5. 35
2H), 3.p& (NMR FH)R26 MHB, 0COH,AI616437, 9 1364 2.
13%. 1348.,%11.,323330. 39, 19.00,3,61,2288M517,, 1128. 45,
128. 1%, 112277.3460,, 81122%/,2 36, 1 .6 PBRRMS ( ESI ) <cal cd.
Cabl2© M+H] 4463B. THUMd 1 BGO-25( 0 =25CHCI HPLC
chirlakokebbmn (10% i sopropan®|l=n2mh24ades, 1
mi n ( majn@® m) ,( mBY% cere). , 9

met hyl-2-(A EFE)cycl oh-Bxyo pixeypy | ) napHy h3xa| en
phenyl abarcy)l at e (
o]

Ph™ ™ OMe

! ‘ x._COOCy

The phohoadiast purified with speltircoal egueml ecthhreorma
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acetat)as=akWhidyei(esi8d NMR (500 )MBz28CDE€| 1H),
7.92. (@BH), 73=48 .(5t ,Hz, J2HY,67HAD7 {®HHmM, 7. 18
1H), D=01. {tHz, J2HY, 86 H&7 JeHN5.6. 4805, (d H) ,
i4. @O1H), 3.68 (s, 3KH)1, 6A2HE 3 MmRABH);, 1. 75
1€ NMR (126 )Mili8, 0@BGIB43T741.1383.3%.22.,034. 0,
130. 54 120096 ,528218.8 6,4 ,1272.728, 8 12P2.362,0.125.
78552.67, B5Z2BRMS (ESI) ba0UNcAdNMNAT 68 . 4 885

fousae3..]a9%-70( 20 =25CHCI HPLC c-Hi cal amh ADO %
i sopropanol i n hFexanZbd= @O0 5mmimi {,maj or ) ,

(minor), 95% ece.

met hyl -2-(4 EE()t rutt oxoyx)o p-t-eofr-y | ) napHiy h3x |l en
phenyl a(Bardy)l at e
o]

Ph™ ™ OMe

: ‘ XCOO0Bu

The prrodvast puri fied with spieltircoa eguem ecthreama
acetat)as=abwhi dei(eIPINMR (500 )NMBIz27CDE| 1H),
7.97. 88, 2H)7,. 67,8283H), 7.48 (m, iATHQM, 7. 40 (
1H), 7J=028.(5d,d,7. Oi6Hz{, 0,2 2)H,) J6 .62 33.48 (Hlz, 1H),
(s, 3H), 'E. AMRR2§, MBE)U1GDOIN66T431,4113D4. 8,
134. M341311,2083F0.129, 61282848 128,. 3172,7.11257,. 6,
125. 7, 1923.820,. 4, 2HIR®S6 ( ES8) 2¢180NddMNG: or C
437 . 17 ZD4Bn7d. . W03°8-63 (L 0=25CHCI HPLC cHliralcel
column (10% i sopropanael= n2mh=th dkndinre s(, malj. dOr )mL |
9.mMi n ( M8 cere)., 9

met hyl 2-( 4 ERE) s ob wtoxoyp-t-om-y | ) napHty k3l en
phenyl a(barey)l at e
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(o]

Ph™ ™ OMe

O [ X _COOBu

The phooaast puri fied with speltircoal eguel ecthhreorma
acetat)as=abwhidei(eSidd NMR (500 3)NiBlz28CDE€| 1H),
7.94.8Mm, 3H),J=71490(d®&, 6§7HAM, 2HH), 27521 (d
= 8.3, 6.9, 1J=2 7z3 HzH)JEHY, 1N7THAL683, 6. 9.
(m, 2H) J=61839 (HdHz, JEH)6,. 63. 22 4( Hk,, 2H), 3. €
(dp=, 13. 4,H)6, 70 B¥36(@18d, 116 NHWR (61H)6; 3MHz, CDC
ul18.,0166.82.043185. 1,4 113314..92,, 113303,.492 28190 . 39
12%. 12854,127283, 1,235 .0, 7,0 .267,2.85 BIR®S ( ES1 )

cal cCoHxONa [ M¥Na337. If oA@7d ] FJ°9-59(60=25

CHGJl, HPLC cHicaloeh ADO0O% i sopr op aan o4 i N he
254 pm)11t3 min (major), 16.1 min (minor),

met hyl( E2( 2 (-B() t brutt oxoyx)o p-treor-y | ) nap Hy h3a | en
phenyl abarfy)l at e (
0

Ph™ ™ OMe

The profdast puri fied with spiédtircoal eguem ecthhreornia
acetat)as=akWhi tdei(edIHB¥MR (500 MHIB, 28DCk, 1H),
7.9B6.6®m, 5H), 7.49 (m, iTHDGG, 71HPJ= @&, .07L Hf t ,
Hz, 2H)6. M,912H) J=61819 (Hz, 1H).,684.(1s3 (3nH) ,
1.75. 6Mm, 2H)L,. B, 4RH)J= O7.. %3 HEt, NMBRI)(;126 MHz,
CDhGJul8.0 66142..8, UBS5.41,30 11383145 R, 4,3103AR.9 .

128. 95 128 54,127283, 1,23152.04, 0 5 26340.. 7, 19. 2, 1
HRMS ( ESI ) CélmliNcad]. M+tNoard 3 7 . 1f 708.8n9d. =1 AJJ°Z -
70(20=25CHCI HPLC cHi cadalowaemn ADO0O% i sopropano
1.0 mla/ mindmed= 5. 0 min (major), 20.0 min (n
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met hyl 2-(4d EROx-dphenox-g@rpp) naptyh3l en
phenyl abargy)l at e (
0

Ph™ X OMe

g ‘ X~ COOPh

The prrogiast puri fied with spieltircoal egueM ecthhreama
acetat)as=abwhidwei(e5IBIMR (500 MHB, 2€DCbk, 1H),
8.0WU=(d5.9 Hzi,7.8BH),, 2H)P8 78.8B Ha, 2H), 7.53
7.44 (m,i7L.HYM, 72 HNOT, . (702, i77..18n, 1H), 7.12

7.07 (m, 2H) 8.B,046 188~ dB2,H4), 1.4 Bz, 2H),

15.8 Hz, 1H)E MNMR 1( (X6 :)HB) 7. EPCLEB6 .48, 144.0
14,0 135. 6, 12404, 1368068492,1 2193194 ,1 218.95 4, 128. ¢
126,. 52742712589, 12A2&.91,10 52 HRMS ( ESI) cal cc
CooH2OMN§ MNG= 457 . 141 65n7d. . 14082 -31(@0=25CHCI

HPLC chii#HalcoelumhD (10% i sopropanolnanigrd hexan
tr= 61n8 n ( mhAjOo rm) ,n 2Z%mierear ), 9

met hyd#2-( 4 EFEO x-&( 2 ,-t2r,i2f |l uor ode Hgxy n@mmpdlpg hal en
yE3p henyl aBarhy)l at e (
o)

Ph™ ™ OMe

O l X COOCH,CF;

The phaowast puri fied with spieltircoal egueml ecthhreama
acetat)as=akWwh bBAei(eAHd NMR (500 )MBz30CDE€| 1H),
7.9D.8Mm, 3H)J=7882 Kd, JEHR, 77 Hz6 (@AH), 7.52
7.43 (m, adH)7. F.H2, 0tHY, 77Hea2I68M, BHD1
6.43=(d5.8 Hz, JEHB, 54.311(He,'E2NMR B12726 (s
MHz, £DICAY .51.60, , 144483513495 21.30333,131029. 81,
129. 78, UPXRP.1XB .74,8,3.2A72172.71.23510¢y=1237.83 Hz),
12,015 . B0z 36. 77.H2 )NMB 2( 4 TD GMHAI,HRMS

(ES1 ) ¢ asHxFOsN § fMOEG: 406 3 . ,1 1f3@W6mdL] 193°%=-2 9 ( ¢
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=0.25CHClI HPLC ciHi rceollcuemin ADLO% i sopropanol
mL/ ma n5 n2mMg 40n0Di n ( h&8Bjmdlrn) ,( mi% cere). , 9

met hy2(4 EEnet hoxystyr yly)I®dmipdinn yhlad Bamy)l at e (

0

PR OMeOMe

0
The poaodast puri fied with spéetircoal eguem ecthhreorma
acethQ)als=a swhi?ei elHd NMR (500 )MBz28CDE€| 1H),
7.07. 86/, 2H)J= 78.80 Ha, JEHB, 37HZB7 (@, 7. 46
H) , i7..R@BH) , 7.0, 3H)JI= 77..072 Hzt,,J2HY, 56.97
Hz2H), 6J848(d,Hz, 2H), 3.;:78 KNBR @HI6 BHB7
CDGIu168. M59143. 0, 41314803, 183338308B30230.
129. 5, 158.18B28$120 2682525124122 .95.31452, 6.
HRMS ( ESI ) 2tlatkNcddMN G 44 32C3 6 f o4udn3d.2.] 699°%= -
18(80=25CHClI HPLC cHi calluenn ADO0O% i sopropano
1.0 mla/ mindyed 3006 n ( ABjmBrn) ,( m8¥%n cere)., 9

met HED(2Z2 (-BEmet hoxystyr yiy)I®dmipént yhlad Bamy)l at e (

o)

PR OMeCF3

0
The praopast purified with spédtircoal eguemt ecthhreorma
acetat)as=ab®whi dei(ec6MIXNMR (500 )MBz30CDE| 1H),
7.05.8m, 3H),J=7873,(d4dd1l 8=z ,8.1H)Hzi7.548H ,(d7 . 5
(m, 3HM, TH¥,1J=.1363 2( dHzi,7. D), , 2H) 17804, (dd,
7.1 Hz, iBHPM, 7261), 3& 609MR256 MHEEI1GBCIS5,
143. 3, 140. 9, 134. 1, 133. 4, 132. 6, 132. 4, 1
128.3, 128.2, 127.1,12562.6),=8,3.182562z7)49, 12525,
5. '8 NMR (471 BHEZ 6 5.ClDREMS ( ESI) cal cd.

CobHuFsO:N & MNG: 481 . ,1 310#®uBnd6.] 3d8°=-4 .(4c 0 =2 5CHCI
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HPLC chii#HalcoelumhD (10% i sopropanoclninigrd hexan
tr=8 .M n ( Ma@®jmDr) ,( M&¥n cere). , 9

3. £4dRcofCCA

COOH

OH
L e LD
LAH, Et,0
98 12

To a csolidreddWA(l ®.n2 ohmo 120 (I S mld)r,y viERi ch was
in a 25mL round f | as k78 TTo¢his solutonh was addedvas st i
LAH (Lithium Aluminum Hydride) 0.6 mmol, 3 equiy slowly. The resulting mixture
wasallowed to warm to room temtertua@d stirred for 2 hounsntil the substrate was

consumed completely which was detected by TW@on completion, the reaction was

moved to0 ,andl.3 mL wateiadded dropwiselfollowedby 1.3 mL NaOH solution

(15% in water)and then 1.3 mL water was addéidpwisely, furthurstired at room

temperature for 15 minutes, after that,.8@& solid was addedthen filtered. Then

water 10mL was addedrganic layers was separated. The aqueous layer was extracted

with EA (10 mL) for two times, and the organice layers were combined. The soultion

was dried oveNaSQ; and concentrated. The residue was purified by flash column
chromatographytoafford Tle pr 6waixctpur i fied with silica
(petrol eum et heyasetahywh iiatdpga (eFdd .= 1: 1

H NMR (500 M8z 00GD®@I, 4 Hz, JEHB, 87H8D pH),
(d= 8.4 Hz[7.1HH, TH)Z9 8M, 44 H)7,. M, 3FH), 7.10
i7.0Mm, 3H)6,. 7,0 B H)3,. 84n,2 H)NNMR (126 3)MHz, CDC
ua141.5, 138. 2, 137. 5, 136. 3, 133. 9, 133. 0,
18. 25, 128. 04, 127. 95, 127. 2, 127. 1, 127. 0,
CHONa[ M¥Naj359. 1412, f&in40.359c14&9)mW. 25, C
HPLC chi#Halco¢lumhD (10% i sopropanacilin2a2iM hexan
tr= 12i.0 (Mqmmaj or ), 10.8 min (minor), 94% ee.
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35Tr ansf orombat$lon

o]

OO e
Ph” ™ OMe Ph™ N c N

X COOMe 1) TosMIC, NaH W,
—_—
OO 2) NaH, Mel OO COOMe
To a suspension of MNaHal 607 di 3peqsion) iinn

was added ®aaso0]l 2t emmol pbsyl met hyl i socyanat e

equi v) in dry DMF (0.3 M findlheaondentrreatci
mi xture was fsotri oQugbd dhatt uted with et hyl acet
organic | ayer was was$8@d fwiltthe rneadt earn,d dcroi necde
crude product was dissolved in dry DMF and

equiv.) was added. Theutneirskdd do smg tlh a2n stqgiurirve g
were added dr.opWwienrn tahtet@reeacwa®nwami med t o
temperatur e aonugr st il ut ed fwort hl eh hyl acetate
| ayer was waamed doviiitetde @@8teear iNat er ed and con
The resivduéiwas by f | gseh rcalirdoemal/t etghr \glp hayc et at
on silica7agsela dwhiiiatde? @ Pod y3oe bd and 9

'H NMR (500 3MHz 95CDGI, J=H)8,. @A )HBz7,7 (@ 58 .(H ,
Hz, 1H) J=7855% Kd, 1H) 8.2.43F.0ddd, 2= Hz, 1H)
8.2, 6.9, 1.3= Hx. 4 1H2 7,7 TMHHL,8 MH)LIZE 77..063 Hazt,,
2H) , i6.0®m, 2H) J=6220 Kd, 1H), 3.59 (s, 3H),
SHYE NMR (126 )MHA@® CUBADB4L1134. 6, 132. 8, 132
131.5, 130.81, 123328®8B228268B26%6K25125. 4,
18.,0 ¥22B1352.1, 50.5, 36. 6xHsMENASMNEESI ) cal
448. Foumds8. I59%-24(680=25CHCI HPLC ASHi r al cel
coludni 65propanoInLi/ Mmamexn@da®&Es4,8 mBn (maj or ),

500 min 3$wmnierear ), 9
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3.6 ¢atalyzed enanfiHi @asneldadti ioneld&€( s i oami de

O Cp*Co(MeCN);[SbFel, Q )H/\NHcoph
CCA, MS13X
oDCB, 40 °C, 24 h

To andmoiRe&dL Schlenk tube 8(alG. 2a0d drendo It,h i 1o.a0ni a
di oxazdl(@One 4 mmol , CCARO.eORui mmopl , 10 mo |
[ Cp*Co(sMe &K 0. O1 mmo | ) , activated MS13X

di chl orobenzene t(he mLoh a eTdheddch ewibterawM § on mi X |

stirreduisr4Q4AB, the reaction mixture was
purified by chilowmat @et aplibgumnet hejt et hyl a
af flo0 d

10s known HNMBO(BEO MHZ, BZDE®H, 1H))J 7.77 (
= 8.1 Hzi728Hn, THES5 87M,432H)J= 77..350 Hzt,, 2H),
7.01%, 3H) J=41226)HdziB..8208H), 3J4914.d2 Hz,
1H), 2=9714(@8, Hz,6H)H) 1. B9 sNsNR 3(H)2;6 MHz, CDC
u207. 5, 167. 27, 136. 3, 134. 8, 131. 3, 130. 3
51.5, 43.5, HPEC2 chiE@@B cred2 (40% i sopropanol
1.0 mla/ r84nim)

37Cdod'¢at alyzed en a@natd doisteiloedeatiidv enal [l mi des

.Me
o s
0] N
)\N / CpCo(MeCN)s[SbFgl, ). °
+ N o 7N
*Me CCA, tBuOH, MS13X N \
o TFE/DCM, 10 °C, 48 h =

11 Me 12

—

13 Ve

To andoived 25 mL SchNBEm&tpybemwdll adaedl! e

mmo | 1 .nBa | eeqi U@{ d)e,4 2remgou ICCAN,0. 02 mmol , 10 mol
[ Cp* Co(sMe EDFO. 01 mmol ), actiTwattde MSXI XrEd o
addtBdOK in TFE (0. Imnmw,l ,24102 Gno,l 0%)0,24TFE (5
DCM (2@®Q@ @L)MUC, and the mix7aour swahse srteiarcrteido

mi xture was filtered through a short pad o
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chromat pgtapheuMm ethed// etthy I IBAak)eittad.eadi o dd

13i s known HoMMRUNEOO MBz 56GD@I, 5 Hz, 1H), ¢
(s, 2H)J= 7. 56 Hizd ,JA4HJ., 8 7THBL1ILH} .4 7TH22 1H),6 ¢
(s, 1H) J=49746, (8d8i3Hz0,Mm,1H)H) ,3=8189 1(dd&b, 8 Hz
1H), 2. HPLECs c hi3@dgall ubr@®l i(sopr opan®.nbLV mi me x ane

& = n2Hh4

38Gener al Procedure for CCAs

For CCQACRA.

A sealed tube with magnetic stir bar was
phenyl heordnpcnacol este(rl O OmoAl dymodl &5 t nPgd)(,O Al
Lleci 6@. 04 mmol L@PO23mep)] ,A82.7 mg), BQ (0.
KHCL 0. 4 mmol 0 4Ram@A)my | ®H 1 mL as sol vent
reacti on mi xt40 r ér 7% hosrs. §gom acompéetion, éhé reaction was

diluted with ethyl acetatea nd f i | t er ed €ehlriotueg.h Tah ep Isuog vefr
concentnr astacdi op u rpir feipa® lalDCK/MeOH=30) t o afford
the product.

For @CQACA.

Substrate (0.2 1@maro)l ,%,BPodt(eBMN@)gqd i On®6 mmol |,

14. 0 mg) were placed in a Schlenck tube,

standard Schlenck iPeORni(gmée}. wAt addwhli wis,
Ol efinolQ. 6andma sol utioneLof8) K@ds( 22dedmy i
mi crosyringe, Thebsequeémbihy B0 x foru72 boursvas st i r
Upon completion, the reaction was diluted with ethyl acetate,d f i | t er ed t hr «
pl ugCeodi te. The sol veinnt wvwaaosd ocpounrciefniterdat ke

chr omat ©OgM/Me®PHy10@:) to afford the product.

(E3pheyPhenyl nappt hatenwl ic acid (CCA 1)
COOH

N
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The pCCédlwas pur prieparwDCMMeOR+30:)ds a whi t e
sol7i® Yi®Hl NMR (400 ;MiAzp7 COB,| 3 Hi)7,. 87,8 7
1H), i7. 8/, 3H)7. (7m,2 44 H)6 . 9761,0 84 H) 6 . 64,8 2
2H)YXE NMR (126 MiiZ2. 8DCIL44. 7, 141. 6, 139. 3,
130. 6, 130. 4, 129. 7, 128. 8, 128. 7, 128. 6,
126.1, 125.3. HRMSONESMHNBaz]a!l ¢ af0BWBa :12 0 7

[ B°=-16 (@ = O0.3pPheeCHCdl ue determined by cor
es t3ea)pHPLC chi HalcoelumhD (10% i sopropanol in
& = nd2hhk 146 mi on 8(.mBiam o( Mm4%n cere)., 9

(E2( 3-dAdmeq{ Ayl 'ph eyyIPplhenyl acryl2) acid (CCA
COOH

o XL

e

The pCC€&wast pur priepar wDCMMeOR+30:)ds a whi t e
ol idy(8MHdMMR (400 sMHz,70CDHGI,i71R)n, 2.H3Q

. LD. O, 5H)J= 77.08 Hzi(,6.1HH, BH)S,9 86h,9 2 H) ,
.37 (s, 3HYE, NMRL 4 1(0sl, s)\MBdH) 2. GDCI142. 8, 141. ¢
36. 2, 135. 2, 134. 7, 133. 4, 130. 5, 130. 3, 1
0.6, 16. 4.alHRIMSHA0ES | QM+ 8a5]1 . ,1 36 Bsnld & 3
PJ°=-39(t = 0.32PFPhe CH&€lvalue determined by c
SstHPL,C chiHalcoélumAD (10% i sopr opanacl 2i5M hex
M)r=5 tnbi n ( rBafjRiom )( mi nor ), 98% ee.

N P N N O»”

—

(¢

>

(E2( 3 sopdpbil'phewyyIplhenyl acrylic acid (CCA 3
COOH

Ph” N ’
iPr l

The pCE€&8Bwast pur priepadrawDCMMeOR+30:)ds a whi t e
ol7®yi{(etHd)NMR (500 sMHz ,70CDHGIi71B)h, 2.HHE
. 23=(d, 4 Hz, XN=H)L,7.7.,146 .(6dtHz .,7.&H)Hz,6 .2H9 ,( d

n

\l
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(s 7.7 Hz, JZHP, 82 HZ5 Jep)p, 81 H23 JeH)H, 81. 01
Hz, #HNMR (126 )MHZ3.@€BCIL 5, 143.2, 141.9, 1
129. 7, 128. 7, 128. 6, 128. 3, 128. 1, 127. 5,

(ES1) cCuMN g MoN:865. . TDLuBES5. 13825 (c =

0. 25,3 THClee value deter mi nedHBLC cohlrirreaslpmealc
ADH column (10% i sopropaaok nb&-beemanes, 1.
(maj6o.nd n ( me¥% cere)., 9

(E3phew2y® (-E)yyryl ) nayplh)tdaad yelni d aci d (CCA
o]

Ph” XY “OH O

I
The pC€dwas purified with H&§CMI Ma Oe)FL dhr o me
as a swhHTii®y ( elHd NMR (500 M8z 32CDGI,-718P, 7. 9¢
(m, 2H)J=78.8® Ha, JEHB, 37HZ57 .A34) ,( rd,.i48BH) , 7.
7.24 (m, 3H)17.77 24zi,¢dI0H),, 2M.)D4 77..071 Hzt,, 2H) ,
6.97=(d, 7 HE,K NER) (126 JMHZ3.0DCI144.8, 137.:
133.12, 133.09, 1312%.,0,1312&.,8,13D028.,6,13D028
127. 0, 126. 7, 126. G NaDAM+MN;a] 229f @dddl:22. 9
399..13B%B 429 (c = P, 2HPLCHGGHI rcollwuemin A 10 %
i sopropanol I n e x=mamaEB4= 1i/midbn mL MaBji3o rmi, n
(mi né% )ee .9

(E2( 2dBmeOy-E) yryl 33phemyll mcryl5c acid (CCA
0

Ph” ™ OH

Me [ AN

Me
The pC&€odwas purified with H&§CMI 8Ma OHe)r 4B O o mh:
as a swheisby ( elHd NMR (500 3MilBz 09CDGIl, J=H), 7. 52

8.0 Hz, 1X).,7.7. 3Hx ,( ®H)L4.73.,227 .(4d tHz ,7 .41H) , 7

Hz, 3HN6. 07M,073H) J= 61®.11 (Hz, 1H), 2:!29 (s, 3
{44



NMR (126 MH72CDC 143. 1, 137. 7, 136. 7, 135.
130. 2, 129. 9, 129. 6, 129. 4, 1 2H8R MBS, (1E2S8.)5,
cal cdxHxO:Na|[ @+NBa7]7 . 150 @Burnrd A 334%=61(06 = 0.25,
CHG) , HPHiCr ssHc elol Amn (10% i sopropa&®o* in he
254 pa)mMmidh ( BangRommi,n 8% )e e 9

(E2X(2soprodgED) yryl 3phemyl macryl6c acid (CCA
0

Ph" X" “OH O

iPr AN
The pCE&€dwapur i fied with si IDICiMd MepeOH ¥=h rlidma tlo
as aswhi7iédy i( elHd NM® 0( MHz )u&brd (s, IH), 7.60
7.7, 1.1 His T7.HY ,HZ7,. ARH)(,t 47 . 31 4( *#dQ,H,3H) , 7.
2H) , i7.@®, 5H)J=7702 Had, J2HLG6.4. H&, (dH), 2
J= 6.8 Hz, JEH$,81HA4I23HG, 80HB/NME)( 126 MHz,
CDh@Iu173. 1, 147. 5, 143. 6, 137. 5, 136. 2, 134
128. 85, 128. 6, 128. 5, 127. 5HRM2 6(. BS | )1 2cba l4c
f opH@Na[ M+NaB]1.,l 6f7BWOrd .1 &q933(6 = 0.325, CHCI
HPLEChir &SHcelol AAmn (10% i sopropashosl naZmnd hex an:
tr=5.nbi n ( rBanfbiom ) (( Y900 € ¢ ,
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X-ray

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

us/ A

b/ A

o/ A

Volume/A

Z

} calg/cm?

e/ mm

F(000)

Crystal size/mrh
Radiation

2U range fo
Index ranges
Reflections collected
Independent reflections

Crystall objgmaaphic

r

Data of

he| (0]

Ph™ OMe

g ‘ X -COOMe

5a a

C24H2004

372.40

293(2)

orthorhombic

P2.2:21

8.99240(10)

19.5139(2)

23.2425(2)

90

90

90

4078.52(7)

8

1.213

0.664

1568.0

? x? x?

CukKU (& = 1.
7.608 to 146.386

11
42944
8078 [Rnt = 0.0341, Rgma= 0.0182]

Data/restraints/parameters 8078/10/509

Goodnesf-fit on P
Fi nal R i
Final R indexes [all data]

1.578

nde Ri1=0.0670, wR=0.1995

R1=0.0754, wR = 0.2077

Largest diff.peak/hole / e R0.40£0.24

Flack parameter

-0.07(8)

5418

O R40 OL k2 80
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X-ray Crystallographic Data of CCA

Ph\CO
CCA1

Empirical foCHi &

Formul a weig350. 39

Temperature/ 293(2)

Crystal systtriclinic

Space group P1

al j 8.6935(2)

b/ j 11.1218(2)

c/ j 12.2142(2)

UA 87.3760(10)

b A 70.785(2)

oA 81.6190(10)

Vol urhe/ j 1103.26(4)

z 2

Jcagé%m 1. 055

g thm? 0.520

F(00O0) 368. 0

Crystal® size0.4 1 0.4 1 0.2

Radi ati on Cud (& = 1.54184

20 ange for d7.666 to 139.896

I ndex ranges-10h©® 1103 k@ 11341

Refl ections
Il ndependent
Data/restrai

369409
7868 R. 02 54,0 .FO
7868/ 3/ 4809

Goodmdsist?on 1.079

Final R id(leRi= 0.06830. WR5?2
Final R indeRi= 0.06670. WB62
Largest dif f30. 07/47

FIl ack parameO. 11( 6)
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