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GAFI~NTaBAW ThHHFF 7 = 0%, EEGOEIEL T U DEL 4
YREMALE M OREIERAL & LTHDD 2, FlxE, P/ MaEr n e K7 1L
LWER TR DT —T 4 T A CHEERIE Y, B APUEEE TH D Y N—n
XY NI FERTEA RRPIRERTH LT 7 707 = VB0, FEERGUEH
WRTHLA TP EL D, B ba U/ EHEGIER TS L T rx v
7 xR EOEFKGITNT NS S ERT AT = EEZ A LT 5 (Figure 1),
T, FAT7 2 UFERIIERLE LTORRLT, IETAEELERIL LT
OEIMELER SN TWD, LER- T, ZEBRT A7 = > O e 3R E Rk
EOBF T ARG LT 8 3 X ORI B I 3\ THiRD C B ZL 2 WFJERR
%T&)é 10-24)O
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COX inhibitor D, receptor and 5-HT 4 receptor inhibitor  estrogen receptor agonist and antagonist
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FHT7 = OB AERIEE LT, N=-7 )= ARG b NI T 7 v
REJGMME STV S (Scheme 1), 7 B E K7 LVOEKHFBETH DT/
EYUUVBRIT14-U7 U EREAKFED NN = VORI K o TR LD
[Scheme 1-(1)] ), —F. AT P OERTREIETH 2 ZEBIRT 47 =
X, EREEHT, HEATF LV E2RS=MU L, 7T R, rREEEOS
7V REOGZ KX > T B35 [Scheme 1-(2)] 7, L L7723 H, ZIUH DX



JERIEL RO IRWIALK BN TH D Z L0 EEA T L AL E WD LI TH
i MEPHORIRD & 570 EORBERZINA TR . S ORIDRRT A7 =
VEREBIEDRFENR RO B TWD,

Scheme 1

(1) Paal-Knorr Reaction

NH-TFA  Os NH-TEA | H2S*HCI
| —— Cl) E—
0 0 TiCl,
H, COMe
N
acy = @0
—_—
S of
Clopidogrel

A. Warm, Heterocycles, 1992, 34, 2263.

(2) Gewald Reaction

Et;N
Me\/CHO + Sg + NCvCOZMe -
DMF Me
()
MeOzC N N\)
~
rw%%l f:,(j(
S Me HN
Me

Olanzapine

J. K. Chakrabati, T. M. Hotten, D. E. Tupper, U. S. Patent 5,229,382, July 20, 1993.

23,5-ZBETF 47 = L DOBRITN L ODOHEHIRH Y | #i] 21, Deng HIZ

T A= WG 2 A =V ETF AT I RERISSEDHZE T, TV =K
JSZHE S D FNBALEOSIZ K D L 23,5-Z BT A7 = VOB EREL TN D
[Scheme 2-(1)] ¥, £7=, Deng H1X7 UV —A Tt 7Tk R, 1,3-F b
DR EDORIGIZ LV 2,3,5- BT 47 = & AR L TV 5 [Scheme 2-(2)1'7,
LU S, 234-Z@EBTF 47 = 0 OB ERIETHRES N TE LT, &
I RO IGFEE &2 WD BT 47 = o OALEER IR A RIZ W T
HHNETR N,



Scheme 2

(1 RIS
(0] S R2
0 R4OH \
2 — N
R1J‘J\/U\’TI/R + AI’T{H > F{/3 OR*
RS
Ar
35-96%

X. Luo, L.-S. Ge, X.-L. An, J.-H. Jin, Y. Wang, P.-P. Sun, W.-P. Deng,
J. Org. Chem., 2015, 80, 4611.

)

KoCOg/KHCO, COR?
Ph_CHO + 8 + R'OC._COR? -  ph
DMSO R

36-84%

Z.Wang, Z. Qu, F. Xiao, H. Huang, J. Deng, Adv. Synth. Catal., 2018, 360, 796.

ZOLOBRBEROLE, FEHEOHBT D0 TR ETIL, TLry 7-
P 2L Y U RISSMEFIC 23BN HWE 3R L Cabnd v A(2,2,2- U
TNA = FIVYR AR FEEA TV (AT 0 VEEE) ORE R T TROAGK
iR LTS (Scheme3) 20, 372 b, AT ILARAR ATV ERL B
UAF NV NANDRIETHELNTLEA(RY ATF /T YLK AR FilgA F I
KU, NV Tx2=VHRAT 4> GUHR, A IF—VEHET, 222-F) 71
duaxy ) —NENZDHE, AT 4 VEREDRESWINETHELND,

Scheme 3
TMSBr
0 (2.5 mol eq) o
MeO. Il TMSO 1
_P. CO,M e >
MeO N blvie TMSO P\/COQMG

PhsP (2.5 mol eq)
I, (2.5 mol eq) [

Garegg-Samuelsson

Imidazole (10 mol eq) Conditions

CF3CH,50H (4 mol eq)

} 0
CF4CH,O.I
SP__CO,M
CF,CH,0”' "2

CHCl3 .
94% Still reagent



IHIZ, AT g VARSI LT/ ) = — ARSI It /e U N
BEIORMIZFAT IENAD E SUSRPTERLIZT T & AT 4 Val3E
DHR—F—+ TRAT—R +« =FE R (HWE) IGHHEITL, 7 L =/L= X7 L3
B2 THEOND Z & bWE LTS (Scheme 4) 27,

Scheme 4
EtsN (2 mol eq)
_ Ar COClI
i-PrMgBr Y (2 mol eq)
o (1.1 mol eq) Me Ar, H
CF5CH,0.1i >=
37 2 5P _CO,Me - g
CF4CH,0 THE THF Me COMe
: 0°C,1h 0°C,1h
Still reagent 90-98%

Ar = Ph, 4'MGOCGH4, 4'N0206H4



TVENVERATNVEFA—NVEHEBRDIC~ A TANINEISEZR I8
D 832 EEIIRE AN AT DT A—INET L=V AT VD~ A 7V
IR D%, % > T KZBIO 5 T NBAL GBS E T T, SERT 47 = 5
RN AERT D E TR L7 (Scheme5), £ Z CTEHIL, 7T L=V AT /LDF
T -~ A T NMATNBOS 2 R & T 2L BT A7 = VIHBIROG TR EF L
7

IR, —HOWFER RIZOWTERR T 5,

Scheme 5
'd N\
Ay B aH Thia-Michael Ar>=(_ cox
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H % R S\
X _— = coy
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R S
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§ J Ar 3 OH
4
T
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Ar, 3
7]
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B T UOHWE SICE AT L= AT VEEERO AR

XU OIC, T O HWE RISICE AT L= L= A7 VB AR 2 MEt L
7= (Scheme 6), T 72bbH ., ZEIRAHWE RIKTHDH AT VK L BAbaA VT
B e R LD THE IWHRIZ 0 °C I CTHiA D7 1Y K la-g BELWRY
TTFAT IV EMR D EISRFTER LT T & 2T 4 ViZED HWE X
JERHEIT L. T L =L AT /L 2a-g DR 90-100% TE LI, KRIZ, LEY
325U EDORW NI AFATVYNVEMARAR A BEA N AF ALY L
Licth, Z7aafR/)VAREY 254 ED RN 722V RAT7 40 o BIORI UHE
Mz 15 %, S 612 10 YE&OA I ¥ Y — /L EMZEIRIZT 15 47,
50°C |Z2T 30 R L7z, 20%, —E=RIZELT1H4 B8O 222-1
Vonrguxk ) —NaEMzx, 60°C \[ZHE LT 2.5 FpRIE#R L7, U VR
T ERZ2OoO N 7t vax R UENEAINTALEY 4 NI 86% T
iz, \b&Wa L7 vl Kla kD77 O HWE S E BT LiofER, 7
=L 7 2 RS DMUE 96% T H4L7- (Scheme7), — 5. 827 v U K 1a kD
TTUVERAR=ZT LAY F6DU A4 YT A ERINCED T V=47 b T %
X2 63% CHAHL L7~ (Scheme 8),

Scheme 6
EtsN (2 mol eq)
, Ar<__COCI (2 mol eq)
i-PrMgBr
~ %o 23)
o) (1.1 mol eq) R 1a-g Ar, H 98% (
CFCHOL 0 1o - = o7 (2h)
cF,cH,0- ~-C02 R CoMe  91% (2¢)
THF THF 2 93% (2d)
Still reagent 0°C,1h 0°C,1h 2a-9 90% (2e)
100% (2f)
a: Ar = Ph, R = Me, b: Ar = 4-MeOCgH,, R = Me, c: Ar = 4-MeCgH,, R = Me, 100% (29)

d: Ar = 4-CICgH4, R = Me, e: Ar = 4-NO,CgHy4, R = Me, f: Ar=Ph, R=Et, g: Ar=R =Ph



Scheme 7

TMSBr
0 (2.5 mol eq)
Eto\IIII> CON(OMe)Me S TMSO\(IF?’ CON(OMe)M
Et0” Mg~ CON(OMeMe
3 rt, 1 h
PPhs (2.5 mol eq) Imidazole CF3CH,OH
. (o]
I> (2.5 mol eq) (10 mol eq) (4 mol eq) CF30H20\IF; S
> _ > > CF3CH,0”
CHCl3 rt, 15 min 60°C,2.5h
rt, 15 min to 50 °C, 30 min 4
86%
EtsN (2 mol eq)
Ph COCI (2 mol eq)
-PrMigBr Y a
CE.CH.0 (I? (1.1 mol eq) Me 1a Ph H
2" >P___CON(OMe)Me - >=
CF3CH,0 THE THE Me CON(OMe)Me
4 0°C,1h rt, 18 h 5
96%
Scheme 8
EtzN (1 mol eq)
PhYCOCI (1 mol eq)
Me 1a Ph
PhsRy,_COPh > >=
6 THF Mé COPh
0°C,35h

63%



o T Lo VT ATIVE ANNE T "EERA FILOF T -
~ATINT 4 — < RIS LD ZERT AT = DA

I FEx O EGFIE F. 7 L=V A7 W2ak ALh 7 R A F1(8)
DFT-~AT VT 4 —7 <~ VRIS D @ RT 47 = OEREBE LT

(Tablel) , IFLDIZ, IMED NI ZF AT IVHLWINN-VA Y TR
NTZFALTIEHNT . T V=)L X5 L2a b 8% THF H IR TR RIHE#E L
e, ROSIEIZ E A EHEITE T, BINE 3523,5-ZEMT 47 = 9abh 5\
132,3,4-— BT 47 = 10al3E 5 7o 7= (Entries 1,2) , RIZ, HEX L
LTCL4-UT ey 7222147 %> (DABCO) #HWTHa LIZiEE, F
T -~ A T AR 11an U E 2% TR L7z (Entry 3) . — 5 R & L T1,1,3,3-
T RIAFNTT =V (TMG) HHVIELE-YT VL7 1n[54.01-7-v 5
Y (DBU) ZHWERER, 7 -~A 7 0V/T 4 — 7 < U RISDBHEIT L., 2,3,5-
SEMTF AT 292l 23,4- BT AT = 10aDRE W NINERT2% (9a : 10a
=96:4) BLU99% (9a:10a=97:3) TYaERAIZHE H47- (Entries4,5) .
SO HEHEE L Tn-7TF NI T LR, Y T a e~ 2T N
THH L7ZfE R 2,3 4- S BT 47 = 10a08 H— DALY & L TINER66-69%
THE LT (BEntries6,7) , £/, FHDOFTET 50 FAIFLFMIEETIE, L
A ABB-T I UFRETIAEFRIRO R T 4 — 7 ~ U ROGZ i LT 53339, %
ITCVIEBORE~ T XV T ABEI N =TT I R VTSR, 2,3,4-—
BT 47 = 10a03 B — DAY & L TINET % T b iv7e (Entry 8)



Table 1

HS._CO,Me
8
>==< Base (1 mol eq) >_5</j[2 + PO 3/ [ 4 * mé S—\
Mé COMe —» Me  S7™coMme 0 2% CO,Me
THF
2a i, 3 h 9a 10a a

Entry Base Yield of 9a + 10a (%) 9a/10a Yield of 11a (%) Recovery of 2a (%)

1 EtsN 0 - 0 84
2 i-ProNEt 0 - trace 86
3 DABCO 2 0:1009 72 17
4 ™G 72 96:4Y 26 0
5 DBU 99 97:39 0 0
6 n-BuLi 66 0:1009 0 0
7 i-PrMgBr 69 0:1009 0 0
8  MgBr./Et;N 78 0:100"9 0 8

a) Determined by "H NMR (500 MHz, CDCl3) analysis.
b) Determined by "H NMR (400 MHz, CDCl;) analysis.

23,5- BT AT = 9a NEARM & L THE B A5 DBU G4 F I RS IR I
Ziat L7z (Table2) . 14-UAFH o, Yrunr & A% /)—1 TEL
= K UL, DMSO 72 & & fit L7243, THF & bl LT 2,3,5- BT 47 = 9a
DO L ONERMEOM EIZ R 5720 - 7= (Entries 1-6)



Table 2

CO,Me

HS._CO,Me
8
Ph H (1 mol eq) Ph 5 ~3OH o SCOZMSH F’h>=(*COZMe
>= = DBU (1 mol eq) /s 2 * >—(/‘j(4 *Mé s
Me CO,M M
ovMe 5 e COQMe Mé 2 S
Solvent
2a rt, 3 h 9a 10a 11a
Entry Solvent  Yield of 9a + 10a (%) 9a/10a Yield of 11a (%) Recovery of 2a (%)
1 THF 99 97:32 0 0
2 1,4-dioxane 68 97:39 29 2
3 CH,Cl, 81 93:79 15 4
4 MeOH 79 91:9b 0 0
5 MeCN 80 96:49 0 0
6 DMSO 94 88:120 0 0

a) Determined by "H NMR (400 MHz, CDCl;) analysis.
b) Determined by "H NMR (500 MHz, CDCl5) analysis.

I, BONRE Ztat L7z (Table3) o MNBGERRSA 2 MET Lo/ R, iRk
Ll LT 2,3,5- @ MT 47 = 2 9a OIRE L OSBIRMEDH X /o7
2o 7= (Entries 1,2) , —J, —40°C 7 5-78°C OIKIRSM 2 LR, 7
T - A VAR 11a B EAEY & L CTHE L7z (Entries 3-5) , £7-, KR
T E2,34-ZEMRT A7 = 10a DHLERE EL, 78 °CIZBWTIXLEY) 10a

DHDELITE (Entry 5)

10



Table 3

HS_ CO,Me
8
Ph H (1 mol eq) Ph 5/ 3 OH o 3COQMSH Ph>=(*COQMe
Me COzMe Me S CO2Me M 2 S Cone
THF
2a Temp., 3 h 9a 10a 11a

Entry Temp. Yieldof9a +10a (%) 9a/10a Yield of 11a (%) Recovery of 2a (%)

1 rt 99 97:32 0
2 reflux 91 95:5b) 0
3 —40 °C 18 76 : 24 75 0
4 —-60 °C 6 22:78%) 83 0
5 -78°C 6 0:100" a1 3

a) Determined by "H NMR (400 MHz, CDCl5) analysis.
b) Determined by 'H NMR (500 MHz, CDCl;) analysis.

ZZ T, HiH L LCDBU # MV, THF HP=EESKMETICT L=/L= AT )L 2b-
g EANTT NEER ATV (8) DF T -~A T NIT 4 — 7~ U RIS ERF LTz

(Table4) ., ZDFER, 7L =L RXT7 )L 2a LEKE, Fix DNRTEERT =)L
HEATDHT V=V AT 2be Ry (VAT NS T 2=V EE2HET 57 L
=NV ATV 2Ug DIISZEBNT | mWIEE (79-95%) 36 KO E SR (9:
10=95:5-100:0) T235- “&HT 47 =9 R3 G517 (Entries 1-6)

11



Table 4
HS_ CO,Me

8
Ar H (1 mol eq) Ar 3 OH S0
. 4 Ar,
=< DBU (1 mol eq) o + ac
R 2

COQMG - R S COZME = S

2b-g rP;Fh 9b-g 10b-g

Entry 2 Ar R Yield of 9 +10 (%) 9/10
1 2b 4-MeOCgH, Me 93(9b+10b) 95:59
2 2¢c 4-MeCgH,4 Me 91 (9¢ + 10c) 98:2b
3 2d 4-CICgH, Me 92(9d +10d) 98:2P)
4 2e 4-NO,CgH4 Me 95 (9e + 10e) 97:33)
5 2f Ph Et 92 (9f + 10f) 98:2"b
6 2g Ph Ph 79 (9g +10g) 100:02

a) Determined by 'H NMR (400 MHz, CDCl;) analysis.
b) Determined by 'H NMR (500 MHz, CDCl;) analysis.

WIZ, 234- BT A7 = 10a B FEEFME L THONDL Bk~ 2D
LY = FNT I R A & LT BOR SR O b A iR L7z (Table 5),
B~ TRV T LRV F AT I 0% 124EL L TR LR LAY 10a
DULERIL 85%IZ 17 | L7= (Entries 1,2) o £72, 1.2 ¥ &EDR{b~ 27 1 ¥ L-DBU
ZHWAER, LAY 10a 28UR 80% CTARk L= (Entry3) , —J5. /LA Afgl
LT FU LTRSS E B LR bV F o A-F ) =F LT I
FHETIEITFT-~A 7 AINE Na BEIEL, Bk~ 7Ry T A-F)ZF LT
UL L T 234- BT AT =2 10a DULRIT 74-7TT%~EK T L7

(Entries 4, 5) . F7=. LV F U LA-DBU KM TIL, —EHBRT A7 = DEE
MIDILF 91% (9a:10a=31:69) THEOLIL, 2,34-—EHT 47 = 10a DL
IIRESIKTLE (Entry6) .

12



Table 5 HS._CO,Me

8
(X mol eq)
3 OH CO2Me Ph CO2Me
Ph H . . . Ph OH
:< LeW|(sXaC|dI- ar)nlne 5/ 1 . Ph>_2j .
>: mol eq |[4 Me S
S I
Me CO,Me Me CO,Me v 2 CO,Me
THF
2a rt,3h 9a 10a 11a
Lewis acid - amine Yield of 5 Vi o Recovery of
Entry (1:1) X mol eq 9a + 10a (%) 9a/10a™ Yield of 11a (%) 2a (%)
1 MgBr,/Et3N 1 78 0:100 8
2 MgBro/EtsN 1.2 85 0:100 0
3 MgBr,/DBU 1.2 80 0:100 0
4 LiCI/EtzN 1 74 0:100 14 0
5 LiCI/EtzN 1.2 77 0:100 0
6 LiCl/DBU 1.2 91 31:69 0

* Determined by "H NMR (500 MHz, CDCl,) analysis.

WIZ, 12 BRI~ X T AN ) ZF LT 2 UF5MEFIC, MINEES
FREt L7z (Table6) , = DfEHR. MMBGREFESMR L U788 °C ST BT
b 234-—BEF A7 = 10a DILRITIE T L7~ (Entries 1-3) .

Table 6
HS._CO,Me
8
Ph H (1.2 mol eq) 3COQMSH Ph>=(—COZMe
>==< IVIIEgt;BI\II'Z(gLZZ m?| eo)|) Ph Al . .
M 3 .2 mol eq
© CoMe 27 7L M 2% CO,Me

THF
2a Temp., 3 h 10a 11a

Entry Temp. Yield of 10a (%) Yield of 11a (%) Recovery of 2a (%)

1 rt 85 0 0
2 reflux 69 0 0
3 -78°C 46 0 2

13



F T2 YN BEOR L~ S R A— R Y TF AT I L4 FIZ, THF HeiR
(CTT V=)L AT /L 2b-g & AT T YR A F IV (8) DF T -~ A 7 VIT 4 —
U= RS R LTCAER, 2,3,4- =BT 47 = 10b-g DR 77-92% THH
7= (Table 7) .

Table 7

HS._CO,Me
8 COgMe
Ar, H (1.2 mol eq) Ar, 3 OH
== MgBr, (1.2 mol eq) < 1*
R CO,Me  Et3N (1.2 mol eq) R S

_—
rt, 3 h
Entry 2 Ar R Yield of 10 (%)
1 2b 4-MeOCgH;  Me 80 (10b)
2 2c 4-MeCgH, Me 92 (10c)
3 2d 4-CICgH, Me 80 (10d)
4 2e 4-NO,CgH, Me 89 (10e)
5 2f Ph Et 86 (10f)
6 2g Ph Ph 77 (10g)

14



FT-~ATNT 4 — 7~ U RICDFRMETIZ, FT7-%A 7 VAHINE 11a D4y
FHNEAL S Z e L7z (Scheme 9), & DfEH., DBU &f:72 5 N Rk~ 7
XV LN ZTFNLT I UEHENTIICEB W T 23,5-ZE T 4T = 9a D
HBER LT, £le, FT7-~vA TN IE 1MaZzE 7 rrkLL 0 HAX
J—= (9:1) HFUZHEML, 1 ¥ ED M) =F L7 I &2z T=EIR 60 K%
IZ THNMR ZJE L7z fE R, A AV RFICBET 5 o KED 12%FAKFELS
e, ZHEEAICHEET S o KFITREAKFLINR o7 (Scheme 10),
LMo T, FT-~A 7 VAHIE 11a O " FEEO a KED D b, A4 4 TJRFIC
Bipid 2 a KFBOBMEEN LV @V ERB ST,

Scheme 9
DBU (1 mol eq) 99% (9a/10a =>99 : <1) *

THF
rt, 3 h

Ph CO,Me Ph 3 _OH
>=(_ 8
2
Me S\ Me S
COo,Me CO,Me
11a MgBr, (1.2 mol eq) 9a
EtsN (1.2 mol eq)
THF 15% (9a/10a = 100 : 0) *
rt, 3 h

Recovery of 11a 77%

* Determined by "H NMR (400 MHz, CDCl5) analysis.

Scheme 10

H H

H
H H H
Ph >=ZLc02Me BN (1 moleq) o >=ZLCOZMe Ph >=ZL002Me
H —_— > D D

H CDCIl3;—CD3;0D D and/or H
Me S—k ©:1) Me S—k Me S—k

CO,Me CO,Me CO,Me
11a 2 60 h 11a-d, 2 11a-d, 2

12% D content

15



B ZEBT AT = 9a B LN 10a D 2 K NMR HIE &217 - 7255 5. 2,3,5-
CEBTFA T 9a [ZBWTCIETF A T = VBRATFUKFE L ARFRE L ORI
HMBC B MR ST, — 07, 2,3 4-ZEHT 47 =2 102 [ZOW T, ik
7% HMBC fHEAIIfER S 2o Te, UL EDOFRER LY | BT A7 = 9a B
LU 10a DILFAERE % Figure 2 ISR T XD ICRE LT, £72, FT-~A 7 Af
IR 11a DT RIERIZ OV T, 1 RITTD NOE A7 MLORIE LY E
HKThHDHEPE L (Figure3),

Figure 2
HMBC experiment (500 MHz, CDCl5)

H CO,Me
Py ) OH Ph OH
| 53.85 7]
51.65 M&' H 5™ Noo e 51.67 Mé{H S™ Ny 5 603
5 4.21 8 5.04

9a 10a

Figure 3
NOE experiment (300 MHz, CD3CN)

NOE

¥ P

HH
COsMe

H
C H S—\
CO,Me

11a
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TV ATV EANT T NEEHRA TV (8) ODF T -~A T INIT 4 — I~
> IS DHEE BG4 Scheme 9 127”3, DBU fF/E ., 7L =)L X7 )L 2
E8DT T -~ A T NAITIMNEINC L0 HEGRI T ) 7 — N ADNEKT 2 EE 25
o, LLens, =/ 77— K AF#EeHCT e NALe=id CF7r-~A4 7
JUATINAE 11 I SN D, D%, DBU fF(E FRIBIZ T, FT7-~A 7 /LAH
K11 LB ) 7 — FBOMICEVEHAE LD EEZ BND, T DORER,
T /)7 — B D FRERIBISIHE AARMEIZ KD | 235-ZFEHF 47 =
YONFEERME L TELNEEEZOND, KBS TH H-78 °C TOMIL
IZBWTCIE~A Z AR 1l OBl a b Aelc L5/ 7 — b BOAERNEX
T2 A TAIME 1L 23 91% TR LN LB X 5D (Table 3, entry 5), F7-,
OPENICAERT S 234-ZFHWTF T 7210 I2HOWTIE, =/ F— h A OB1L
FOSICTERT DB bND, —J7. Bk U L-F ) =F T I %&AF
TIEBWTIX, F7-vA Z IS D%, WRINEZER~ 7 327 L)
T—RCBERL.ZObDDTFHNERLKIGIZE D 23,4-— BT F 7 =210
DH—DEFE L THELNEEEZ LD,
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Scheme 11
H OMe

Ar,
S
DBU >=2%0

A A + HS_COMe — o HOR S

>='=< N
R CO,Me 8 |\J S;O
2 g MeO A
MgBrz/EtsN l l

(0]
Ar.
H OM
R S
O\
R S MgBr /N O
=0 ® N\j MeO 44
EtsNH Br
MeO

COzMe Ar
MeO,C Ar, 3. _OH OMe
A 0 >_X/jﬁ !
R S N'\j %Moe
10 3

J MeO B
e N l
3 _OH
Ar 5 / Ar 0
I 2 -
R S
COzMe R S COZMe
9
\ y,
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B T U=V AT VEARIKE AV T MR A FALDTF T -
~A T NTINRIS &R LT 5 =BT 47 = OREK

BOEE CORMNERAZEBRLE L T LoV AT VERIK THLT L =)L
T I RS MO, ANVDT NEHEA TV (8) DF T -~ A T NIT 4 =7~ i
IZHOWTHET L7~ (Table8) , 7L =/L7 I R5IZ%LTDBUSMHAEH LT
fi R, DUGKEH 3 IRffE] Tl 2,3,5-=BH#F 47 = > 9a DULEITKI 32% TH V|
FT -~ A TIAIE 3 28 58% CHE B AL (Entry 1) , & 2 C, RS FICKES
B2 24 BRI & 372 & 2,3 5- 2@ T 47 =2 9a OILHEIL 87% F Tl E LT

(Entry2), —J, BAL~ IR U LRV ZFNT I UEEIZBWTIE, BV E
T5 234-—EHTF AT = 12 BUIERN 2% THONZD, TLV=1LT7I K5
D3 33%EI E 72 (Bntry3), £ 2 C, L L TR Y L~ Ry
U L HOTTRE L7 fE R SRR 2 0°CI2 95 2 & TRIAE R DI S,
234- =BT A7 = 2 12 IR 88% T3 H L7z (Entries 4, 5),

Table 8
HS._CO,Me
8
Ph H (X'mol eq)
>==< Base (X mol eq)
Mé CON(OMe)Me ————>
THF
5 Temp., Time
CON(OMe)Me
o 3 OH o 3 (OMe) Ph CON(OMe)Me
>0 7 (4
M S le * 28 M S/
¢ COMe Me * S CO,Me
9a 12 13

Entry X Base Temp. Time (h) Yield of 9a (%) Yield of 12 (%) Yield of 13 (%)

1 A DBU rt 3 ca. 322 0 58
2 1 DBU rt 24 87 0 0
39 12 MgBry/EtsN 3 0 ca. 429 0
4 1 [-PrMgBr rt 3 0 ca. 929 0
5 1 iPrMgBr 0°C 3 0 88 0

a) Small amounts of impurities were included.
b) 5 (ca. 33%) was recovered.
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T VoV AT NVERIKTHDHT L= T2 HONWThS, AV 7 MEREE
AFN 8) EDFT-~A T NVIMKISE R E LT =BT A7 = O/ A
Ef L7z (Table9) . 1ZU®DIT, 7L =/A4 F 705 LTS &ED8F% L UDBU
Z N 2 THE P S8 T3R5 & . 7 L= L= 2T 2D i & [ DAL 2F53
PRMETTT-~A T =GB HEIT L, 7 FF 8 Rad4 7 = ViFER
UNARFRZFRFITRNT D 2O VT AT LA~—REW & L TUILER9% T
B oz (Entryl) , BIEOKISICBWTIETORIERMNE LT Z Enb,
KRS TORIGERRT L7k R, 40 °CTIHINERME T L7223, 0°CIizBWn T
INZR97% TILA 147345 L7z (Entries 2-4)

Table 9
HS__ CO:Me
8 OH
Ph H Ph
>::< (1 mol eq) Ph
DBU (1 mol eq)
Me COPh Me S COQMG
7 THF 14
Temp., Time
Entry Temp. Time (h) Yield of 14 (%) 2 Drof 14°)
1 rt 3 ca. 999 49 : 51
2 0°C 3 97 35:65
39 -40°C 3 71 35:65
4 —40 °C 24 80 34 :66
a) Mixture of diastereomers.
b) Determined by "H NMR (500 MHz, CDCI,) analysis.
¢) Small amounts of impurities were included.
d) 7 (20%) was recovered.

ZZT, 77 FuFA7 = 8K 14 ORKOSC K D 2,3,5- =& HF
I T =15 ~OEWEF L= (Table 10) . {LEW 14 (2% LT 02 Y&ED bk
UOVER KR EINZ, YU ana A X SRR T 48RRI L7228, DK
ITETETHBD 2,3,5-Z@BHBF 47 = 151356780 - 7 (Entry 1) , &2
T, 1 H&ED b VEE—KF) 2 N A BOSIRE & 5 L72#5 R (Entries 2, 3) |
40 °C DT 2,3,5- BT 47 = 2 15 BILER 99% T H 7= (Entry 3)
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Table 10

OH TsOH + H,O

Ph Ph 3.Ph
—_—
Me S CH20|2 Me S
CO-Me Temp., Time COMe
14 15
Yield of Recovery of Dr of

Entry Drof14® Xmoleq Temp. Time (n) e ""14(%)  Recoveried 14 3

1 49 : 51 0.2 rt 48 0 ca. 769 46 : 54
2 31:69 1 rt 48 54 ca.43b 9:91
3 28:72 1 40 °C 24 99 0 -

a) Determined by 'H NMR (500 MHz, CDCls) analysis.
b) Small amounts of impurities were included.

WIZ A ABR-T I VR R DT V= N T DF T -~ A TIVT 4 —7
~ VIR EMRFT LTz (Table 11) , 7726, 7 L=A7 F U TICRLT1.2 Y&
D8, Bib~rFxvuh, RV TFIT % MZ THE FEIR T 3 BRI
He, FTT-~ATNT 4 — 7 U RISDEIT L, 234- BT A7 =2 16 8
I 58% T Hi7e (Bntry 1), LINL7e3 B, F7-vA 7 W7 v R—/VRIGIZ
L2527 I RueFA 7= U FHER 4 b E—U T A7 LA~ —& L TIEE25%
THAR L7z, BOSRE O H1T - 7225, 0°C §off, MBS SV hickun
THIEEW 16 R DM FIXR 6720 > 7= (Entries2,3), F7-, L L TR
fbA Y 7Tr N~ 72U LEHNTHRE LTS, (LG 16 IFEOM LIRS
7z 7- (Entry 4),
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Table 11

HS__ CO,Me
8
OH COPh
>=a/ Base (X mol eq) Ph + 74 4
Mé coph ——— Mé ST gome ME 2
THF 14 16
7 Temp., 3 h
Yield of Dr of Yield of
Entry Base X moleq Temp. 14 (%) * 14" 16 (%) *
1 MgBry/Et;N 1.2 rt 25 0:100 58
2 MgBr/EtsN 1.2 0°C 45 0:100 43
3 MgBr,/Et3N 1.2 reflux 21 0:100 52
4 i-PrMgBr 1 0°C 39 0:100 38

* Determined by "H NMR (500 MHz, CDCl;) analysis.

2T ISHEETH L F 7 -~ A T AR DG R A 5 L7z (Scheme 12),
TV by TR L TANVAD T ATV (8), MU =F LT I %00
Z. THF H1-40 °C T 24 R4 D & T7-~A F VAR 17 (B, v -RAd
o k) BIEE85% TR, — . L&MW TITX LT AN 7 Mg A F
v (8) OAHE A, THF F=EIR T 24 KT 2 & (L&MW 17 ORMIETH
HF T -~ AT ATIAES (o, B-FEIFIS b)) D3RR 55% TR LIz,

Scheme 12 HSvCOZMe
8
(1 mol eq) Ph COPh
EtsN (1 mol eq) >=(7
Me S—\
THF COgMe
—-40°C, 24 h
Ph>= =\/H 85% 17
Me COPh
7 HS_-COzMe PhOC,
8 Ph H
(1 mol eq)
> Me S—\
THF CO,Me
rt, 24 h
55% 18

Recovery of 7 22%
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FT-~ATNAIIE 1T 2B aaRLs c WA J—b (9:1) PITE
fEL, 1 ¥&ED MY =F LT I 2% TEIR 24 R %I 'THNMR Z2H1E L
ToAER, TEEAICHET D a KFEN 12%EAKFE{L Sz (Scheme 13), L
BT, FTT-7ATNIE1T O “FEFED akKFEDH B, “EHiEFAIZH
Bt a KFBOMMEENL Y EWI ENRB ST,

Scheme 13

H <3 5 M
ph H~L copn EtsN (1 moleq)  ppy COPh Ph COPh

H - > H and/or H
Mé S_kH CDClg—CDgOD ¢ s_kH M S_kH
CO,Me (9:1) CO,Me CO,Me
rt, 24 h
17 17-d, 17-d,

33% D content

TV=NT b T EANVTT NEEEA TNV 8) OF T -~A T NT 4 —F <
BOG OHEE BOGHEE 2 Scheme 14 1Z77 T, R~ 7 X T LY ZF LT I
ST, TV 7L 8DF T -~ AAMIMKIGICE Y ESND =
77—k DIFHERNT ) T — E) 0BT ) T —FTH Y | RISHENMET
LTS EBRZBND, LIER-oT, ==/ 77—k D bi3nFRERLKX
Iz He < AEFRMALICE Y 234-— BT T 7 = 16 BELINLDH, —HD
T/ 7 —bsDIET e NAEZT T T -~ A TR 17 IZEB S b, £
D%, DBUF(E FE|IRIZT, FT7-~A T NAAIE1T Db 5 —FH D a KB T
TN ) = oD FRNELIGIZE YT N8 ReFd 7 = U5
BRI EONLEEZOND,
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Scheme 14
H Ph

Ph
Ph H (o}
MgBr

>==< Me S
Me COPh MgBr,/EtsN _d ® PhOC
7 - - EtNHBS —
+ MeO
Me S
HS._CO,Me D
° f ll
d ph COPh

Ph>=(_< h OH

0] Ph 3

A >;/_§O MoBr >_8/j/4
gbra 2%g

P
Me S mggr —= wmd s
X o -
0
Et,N

® O
Etz;NHBr~ OMe OMe

17

BB, FT-~A VAR 13, 17 B L OV 18 O BRI HOWTIE, 1R
JETDONOE AT FMLORIELY ERTHD ERE LT (Figure 4),

Figure 4
NOE experiment (300 MHz, CDCly)

i Yt
CON(OMe)Me >_%’ H
M
Me S ° S_<CO Me
CO,Me 2
13 17 18
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FUE 7LV AT AVBIOEOEREKEANVD T N TR NT AT E RO
FT -~ AT IT IV RIS K D “@BRTF 47 = > DARL

EFIL B _EBLOE -EORGHEREZ IR E LT, REFHMNEAET LT
=N LTANVI T "N T® NTATE REAWETFT-~A 7V TV R—IVX
JGE R LTz (Table12) , ANVH T R TR RT AT RIZZEDO _BIKTHSH1,4-
CFT 2,5-UA—(19) & LTREICHETDHZ ENMLNTNWD,ZF 2T,
IMEOIIBEIR N ZF AT I VHFETIC, TV=/VT AT W2am A X ) —)b
IR TR T2 L .7 F T B RuF 47 o VFEIR(E)-20a03 R IRFE I
BERT D 2OTT AT VA~ —IREW (synfanti=54:46) & L CTULFET5% THE
W Lice ZDOBE. T h T8 RuF 47 = UBEINE)-21a83 Y T AT LA~ —RE
e LCRIAE NERKM11%) Lz (Entryl) , RIC, e LT ) — L&
W RUL ZRFT L 72 23E)-20a DI K T L7z (Entry2) , —J, ¥/ Rr1B
A B HTRIGEAT 9 & (E)-21a0s EA R (IERI67%) & L THE b v/ (Entry
3) . ZBRBRNVARL2- VI au X 2k VT BRETCIE, (E)-20aDIK1320%
Rz Y F o7~ (Entries 4, 5) , £7=. Hife=F /1, x| n-~FH
1,4-UA x| tert-7 FNAFNT—T )V EHWTEBREHIB W T, BOSIEIE
LAEDDHNITELHEITE T, 2a0381-95% DU R THEIV X 47~ (Entries 6-10)
&AM IET B b AEOBERRMEREE CH HDMFRDMSO % W TS E1T 9 &
ZIE RO F KX ONMRFE TRUS D 5ERE L. (E)-20a73 & &Y (syn/anti =62 :38)
25537z (BEntries 11, 12)
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Table 12

s
HOOOH
S
19

CO,Me Ph >=(—Cozlvle
Ph>=.=<H (1 mol eq) Fh M e inH
Me CO,Me Et3N (1 mol eq) M S
2a Solvent (E)-20a Ho” 7S
rt, Time (E)-21a
Entry Solvent Time (h) ( E)_Yzing (8/2) a) & F,:—/)Z,g; of ( E)_Y2i1e [: ((3/2) a) l;%fe ggv(tz/?)/
1 MeOH 24 75 54 :46° ca.119 0
2 EtOH 24 65 55:45b) ca.89 0
3 CH.Cl, 24 9 66 :34 9 ca. 679 17
4 CHClg 24 15 76:249 ca.209 65
5 1,2-dichloroethane 24 20 72:28" ca. 479 28
6 AcOEt 24 11 84:16° trace 81
7 toluene 24 trace - 0 91
8 n-hexane 24 0 - 0 87
9 1,4-dioxane 24 trace - 0 81
10 +-BuOMe 24 0 - 0 95
11 DMF 6 100 62:389 0 0
12 DMSO 1 100 62:38°9 0 0

a) Mixture of diastereomers.

b) Determined by "H NMR (400 MHz, CDCl;) analysis.
c) Determined by "H NMR (500 MHz, CDCl;) analysis.
d) Small amounts of impurities were included.

T, RISEEEE LT DMSO ZERL, 7 L=V AT /)L 2b-g DF T -~
A7 IVIT IV R— )V SR L7z (Table 13) . T OfE%E., Bt 5ETH S 2
RS EBDLVNIATFALELZET LT L=/ 2T /L 2be ZHWVTRIEEITH
& 2a OYGE L FIERIT (E)-20b,e PAFRFBICERT L 2O T AT LA~ —
RAEWE L TR (92-94%) THEK L7 (Entries1,2) . —JF. BR5
KThHormulzfG7T52d 0> HIE(E)-20d MUE 71% THERKT 5 & & HiT,
NMEREMATHZ20d N 2O T AT LA~—iEEW (dr=54:46) LT
A (X 11%) L7z (Entry3) . S5, = hulkazF9 5 2e Z V754
X, 4OV T AT VA~ —IRAEY (dr=48:30:12:10) TH D 20%e HNEAE
W (IR 74%) & LCEON (Entryd) . yNAICZFILVEERETLHT L=)1
T AT NV 2UDKISIZIBNTIET 7 -~ A TV 8B D SERBRIR MK
L. 4RO T AT LA~ —REMTH D 20f (E:Z=92:8) HMUILE 95% TH
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iz (Entry5) o y L7 ==V EEHTHT L=V AT )L 2g DG
WU 20g SR 56% CTHEMRT D & &b, MERMEEATH D 200g NHE—DOY
TATVvA~—& LTEIAE (R 24%) L7z (Entry 6) .

Table 13

S
HO—O—OH
S
COZMe Ar

19
R
(1 mol eq) Ar OH HO. CO,Me
>= =< EtsN (1 mol eq) + fng
CO,Me > R S S

DMSO H
2b-g r,1h 20b-g 20’b-g

Yield of E/ Zof syn/ antiof  syn/ antiof Yield of
20b-g (%)?  20b-g (E)-20b-g (2-20b-g 20’b-g (%)

1 2b 4-MeOCgH,; Me 94 (20b) 100:0Y 60 :40° - 0

Entry 2 Ar R

2 2c  4-MeCgH, Me  92(20c) 100:0P  61:39P) - 0
2d  4CICgH, Me 71(20d) 100:0°9  55:459 - 11 (20°d) ©
49  2e  4-NO,CgH, Me 0 (20e) 60:40P 79:21b) 79:210 74 (20%)
2f Ph Et 5 (20f) 92:8°9  61:399 55:45° 0
29 Ph Ph 6 (20g) - 68:329 - 24 (20°g)

a) Mixture of diastereomers.

) Determined by 'H NMR (400 MHz, CDClg) analysis.
) Determined by 'H NMR (500 MHz, CDCl;) analysis.
) Reaction time was 0.5 h.

) Mixture of diastereomers (dr = 54 : 46).

f) Mixture of diastereomers (dr =48 : 30 : 12 : 10).

b
c
d
e

Flo,. TLV=ATIRSBLOTL=AT b oT 2 HWTF T -~ A T IV/T IV
R—= ARG ZERET LT/ 7 R o7 v R T4 7 = VB8R (B)-22 8 L U(E)-23
MARFIRFBIFITERN T2 2OV T AT LA~—BREW & L TRIF2IVE (92-
94%) T/ Rk L72 (Scheme 15) .
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Scheme 15

s
HO—O—OH
S
19

CON(OMe)Me
Ph H (1 mol eq) Ph OH
>=ﬁ/ EtsN (1 mol eq)
M N(OMe)M >
e CON(OMe)Me DMSO Me S
5 f, 1 h (B)-22
92% 2
Dr=69:319
S
HO—O—OH
S
19 COPh
Ph H (1 mol eq) Ph OH
>==< EtsN (1 mol eq)
M Ph >
© 0 DMSO Me S
7 f,1h (E)-23
94% 2
Dr=50:50"%

a) Mixture of diastereomers.
b) Determined by "H NMR (500 MHz, CDCl;) analysis.

WIT, 7 h T RueF47 = U FEK 20a-d fg 35 L0822, 23 ORLAKSIRIC L
% 23- BT AT = v 2dadf,g #5518 25,26 ~DZEW A AT L= (Table 14),
T hI78 FeFAd 7= U iFER20a-df 50023 1% L TO03 Y ED b LfE—
KEW AN A, Pram AR NER T4 BRI L2 L 2 A, BKRIGAE
TTLAMO 23- BT 47 = 24a-df BLO 26 2R 81-93% CTHELLT

(Entries 1-5,8) . 7 F I b RuF 47 = Uik 20g & 22 DA GIT., [FS
HFTHIT LR o272 1 MDD b U VEE—/KFn % I 2 S=BIE.& 5 %40 °C
[CBWTEIGEAT > TofE R, 2,3- BT 47 = o 24g 35 LU 25 MUK 85-93%
TH o7z (Entries6,7) .
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Table 14

COX COX
Ar OH TsOH + H,0 Ar 3
(0.3 mol eq) 74 |
_— 2
R S CH,Cl, R <3S
r, 24 h
20a-d.f.g, 24a-d f.g,
22 23 25, 26
Yield of
Entry 20a-d.f,g, 22, 23 Ar R X 24a-d f,g, 25, 26 (%)
1 20a (E: Z=100:0) Ph Me OMe 82 (24a)
2 20b (E: Z=100:0) 4-MeOCzH, Me OMe 89 (24b)
3 20c (E: Z=100:0) 4-MeCgzH, Me OMe 93 (24c)
4 20d (E: Z=100:0) 4-CICgH, Me OMe 90 (24d)
5 20f (E: Z=91:9) Ph Et OMe 88 (24f)
69 20g Ph Ph OMe 93 (249)
79 22(E:Z=100:0) Ph Me N(OMe)Me 85 (25)
8 23 (E:Z=100:0) Ph Me Ph 81 (26)

a) TsOH + H,O (1 mol eq) was used at 40 °C.
b) TsOH « H,O (1 mol eq) was used.

fEVNTC, Table 1, Entry 5 DfFRAZFEMEE L, (B)21azFEWE L THZD
FOGSGME O b 2Rt Lz (Table17) o« ZTOfEFR, 19 L NV =F LTI D
MEARP LIZE Z A, YEOHEIIZEEV(E)-21a OUILRNM EL, 3 YESMt
TIZBW TR 84% T(E)-21a 235 5H417= (Entry 3)
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Table 15 S—>_
HO OH
_<—s Ph CO,Me
CO2Me >=(_ OH
Ph H 19 Ph OH vé S
>='=< (X mol eq) +
Me CO.Me EtsN (X mol eq) Me S Ho” S
CHCl,
2a . Time (E)-20a (B)-21a
Yield of syn : anti of Yield of Recovery

Enty X Time (N) o oapa(s)@ (H20a® (E)-21a(%)? of 2a (%)

1 1 24 18 68 : 32 ca. 329 50
2 2 48 6 66 : 34 ca. 689 17
3 3 48 11 68 : 32 ca. 849 0

a) Mixture of diastereomers.
b) Determined by 'H NMR (400 MHz, CDCl;) analysis.
¢) Small amounts of impurities were included.

ZFIT.3YBOI9BLION ZF AT IVOFETICY 7 a0 A Z s
I TT L= 27 0B LOZ OEKRIK 2b-g, 5. TOFT7-~A 7 V/T v
R — VO 2 MGt L7z (Table 16) , £ DFER:, 7 L =/L= 27 )L 2b-d,f,g & >
e, 7 NIk Radd 7 = VB8R 21b-dfg BT AT LA~ —IRAW &
L CULERA 53-72% CER L 7= (Entries 1-3,5,6), —J7. = bz 67 25 2e O
FOSIZRBWTIE, 20e NEARY (LK) 61%) & LTHELAL (Entryd), +
oo 7V=AT I RS 2SS, 0 FRIT IV R—LBORIZ K D 27 DHDUL
R 81% THLNTZN, T L= b T #HAWTZREED KIS TN T v
R— LV EUEE &L % (E)-23 D3UER 74% (syn/anti=71:29) TA% L7z (Entries 7, 8)
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Table 16 s
HOO—OH Ar COX
s CcoX >=(_ OH
Ar H 19 Ar OH R S
>=a/ (3 mol eq) +
S S

R

R COX EtsN (3 mol eq) HO
2b-g, CH,Cl, 20b-g, 21b-g
5,7 r, 48 h 22,23 27,28

Yield of E/ Zof syn [ anti of Yield of

Enty 209 Ar R X 20b-g, 20b-g, (E)-20b-g, 21b-g

57 22,23 (%) 22,23  (E)-22, (E)-23 27,28 (%)
1 2b 4-MeOCgH, Me OMe 17 (20b) 100:0D 67:339  ca. 67 (21b)9
2 2c 4-MeCgH,  Me OMe 15 (20c) 100:09 68:329  ca.72(21c)?¥
3 2d 4-CIC¢H;  Me OMe 12 (20d 100:09 68:329  ca. 67 (21d)9
4°  2e  4-NO,CgH, Me OMe ca.19(20e)? -0 - ca. 20 (21e) b9
59  2f Ph Et OMe 7 (20f) 77:239  69:31bN  ca 53 (21f)9
6 2g Ph Ph OMe 7 (209) - 68:329  ca.61(21g)%
7 5 Ph Me N(OMe)Me 0 - - ca. 81 (27)9
8 7 Ph Me Ph 74 (23) 100:0Y 71:299) 0

a) Mixture of diastereomers. NO
b) Determined by "H NMR (500 MHz, CDCI,) analysis. 2
c) Determined by 'H NMR (400 MHz, CDCl;) analysis.
d) Small amounts of impurities were included. Me
e) 20’e (ca. 61%) was obtained. HO.
f) Not determined. CO.Me
g) 2f (33%) was recovered.
h) syn/ anti of (2)-20f is 52 : 48. S H

20’e

VT AT VAT —IREW TH H(E)-20a (syn/anti=54:46) % tert-7 F /T 7 =
=)L U L (TBDPS) £ CH#ET 2 LY T AT LA~ — O HBEERN AT HE & 72
D, H5NT2 3,4-syn-29a B KO8 3,4-anti-29a |2%F LT NOE 72 A2 ML OHIE
EAToTz, TORER, 3,4-syn-29a 15 KL N 3,4-anti-29a D 3NLD A F L KFE L 7 =
=NVEED AN MIAKFORIZ NOE BBl S Z & s, BTEMEITWT NS
ERTH D ERE LT (Scheme 16), F 7= TBDPS f# Wiftri# L THE O 3,4-
syn-(E)-20a DAL FAEE T X BRAS sn G fiEiT i L v ke Lz (Figure 5) ¥, L7
NoT, ©H—FHDOYT AT LA~ —IL 3,4-anti-(E)-20a TH D ERE LT,
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Scheme 16

TBAF
NOE (1.2 mol eq)
AcOH CO,Me
HYCO,Me (1.2 mol eq) pn H.J "~ OH
]~ oTtBDPS .
TBDPSCI “'H THE
(2 mol eq) weé s i, 1h Me S
CO,Me Imidazole  95% 34 (129 93% 54 (520
3 (4 mol eq) 4-Syn-(E)-29a ,4-syn-(E)-20a
Ph 4OH —>q TBAF
(1.2 mol eq)
M S CHaCla AcOH CO,Me
(E)-20a r, 19 (1.2 mol eq) Ph>=H2j§\OH
= . _— H
(syn/ anti= 62 : 38) - " .
rt, 12 h
99%
3,4-anti-(E)-29a 3,4-anti-(E)-20a
Figure 5

3,4-syn-(E)-20a

—F, VT AT LAY —IREWMTHD 21b 1% N VER—KF E B K
FInEDTFAT7 2 30b ~E Sz, LR ->T,21biE7 FT7k FeF4
T UHEETHLERE L, IHIZ, 1 RILTD NOE AT KL OWE
LV 3 IFERTHD EWRELT (Scheme 17),
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Scheme 17

MeQ

CO,Me

OH
Me S

HO” S
(B)-21b

MeOQO NOE
TsOH * H,0 H
(2.4 mol eq) CO.Me
B ——
CH,Cl, Me S
i, 3 h \E\>
64% S
(E)-30b
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FEHT, TV VT AT NADOT T -~ A T ARG &S &35 % BT 4
7 = VRO ERIZOWTEMICHE LTc, ZORE, T L= AT 12 L
ANTT NHEEA F IV (8) OF T -~ AT IVIT 4 — 7~ BRINZ LD 2,3,5- =&
TF A7 9 & 234-ZEHTF AT 2 10 ONLEFRIRZRA RIS LTz

(Scheme 18) 39, £/ ANVH T " T TATE FOZEBARKTHD 1,4-F7T
V25-UA =N 19) EHWETFT -~ AT NT IV R—=ARISIZED, TR
RaF4 7 = U FHER 20a-df,g 1 L 1022,23 #4572 ot < BAKBOGIZ L D 2,3-
TET AT o 24a-dfg BLN25, 26 DEUITH AP LT (Scheme 19) .
AREOSIE AEPTEE LG & L THIRI SN D T A7 = L OLEHHEROFHLE
ik LCTEHATH Y BEHA L0 5B L ORI R0 FICB O TRELSH
T 5 Z RIS D,

Scheme 18
Ar, H

3 _OH : CO,Me

AN 54 | DBU R CoMe 'BaP A 3L OH
A S 2 - 2a-g — = 7 1[4
COMe  THF + THF R 2s
rt rt
: HS CO,Me -
9a g 79-99% \/8 2 10a g
(3/4=95:5-100:0) 77-92%

a: Ar = Ph, R = Me, b: Ar = 4-MeOCgHy, R = Me,
c: Ar = 4-MeCgHy, R = Me, d: Ar = 4-CICgH,4, R = Me,
e: Ar = 4-NO,CgH,, R = Me, f: Ar = Ph, R = Et,
g:Ar=R=Ph

Scheme 19

2a-d f,g, DMSO 20a-d f,g, CH,Cl, 24a-d f,g,
57 rt 22,23 25, 26

71-100% 81-93%
2, 20,24 : X =0OMe
a: Ar = Ph, R = Me, b: Ar = 4-MeOCgH,, R = Me,

c: Ar = 4-MeCgHy, R = Me, d: Ar = 4-CICgH,4, R = Me,
f:Ar=Ph,R=Et,g:Ar=R=Ph

5,22, 25 : Ar = Ph, X = N(OMe)Me, R = Me
7,23,26 :Ar=X=Ph, R=Me
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JEIZER U RARTEERE 70 5 THRE & THHEL BV £ LR KRR ERE
;?2 WFFEEs o+ E'J#Jl:”"/\%’ Pty TR BIRICR LKLV EHOBEER L E
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fl X Yanagimoto micro melting point apparatus (2 CHIE L, RMIEETH 5,
IR A7 kL% JASCO FT/IR-6200 Fourier Transform Spectrometer (Z CiHJE L .
em! T/R L7Z, "THNMR (300 MHz) % JEOL INM-AL300 (Z CHIE L7=, 'HNMR

(400 MHz) 1% Bruker AV 400N {Z CHlliE L7z, '"HNMR (500 MHz) . '*C NMR

(125 MHz) 1% Bruker AV 500 (2 CHIE L7z, (L7 MET M T ATF LT T

(TMS) ZWNEIEEYE & L Cppm TR LT, HEANZ ML (ESIMS) X
Waters LCT Premier Spectrometer (Z CilliE L 72, Jt38 57 #T1% J-SCIENCE LAB IM10
ZRWTHIEL, BfmME e EME% TR LI, X SRS EMIT T Rigaku
RAXIS-RAPID diffractometer |2 X D HIE L2, T X TOKINMNE0.25mm > U B 7
N7 L— K (Merck 5715,60Fass) Z W, g7 v~ 757 ¢ — (TLC) 12T
F=H VT LT, 7T vvaNlTarua~v N7 T 7 ¢ —d Silica Gel PSQ 60B

(B2 U orfes, BR) 2Mvwie, piggEE s v~ 777 ¢ — (PTLC)
1£05mm > U BT L— bk (Merck 5744,60Foss) N2, 77 v 2 HE)
FEHLEE 21X Biotage ISOLERA ISO-1SV % W=, IRHIEBORAHIIAEL T
XL, 7hZ7e k77> (THF) , Y=Firz=—7 /b TER=FU)L A
2 )—) ruauaRrRr raaR/LAh FiETFIL MLy p-~FH
L4-U A xH o tert-7 F NV AF T —FT )V NN-V AF LRV LT I K (DMF)
FEARAE D DEEAN LT AR 2 Lz, =& ) — )b, VAT ILALKRF
K (DMSO) (FFIVEHMBEDN SREA LIRS A Lz, 12-v 7 anx&
X7V Ry F O LTEBKIEE A Uiz, 2 OMowsit, 33X, 71
=R T FAEICE VR LT,
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BB 5 ERR
Scheme 6 O FEEx
T V=)V AT OVEFER 2 O— KA E

EA(2,2,2- U 7 vt F)oL) R AR FiE A T (630 mg, 1.98 mmol) @
THF (20 mL) IA#EIZ 0°CITRALA Y P r L~ 73237 5 (2.83 mL, 2.18 mmol)
Nz, [FET1REHEE L0, R =F 7 I (554 ul, 3.96 mmol)
g7 m Y R1d (634uL,3.96mmol) ZANZ., [FE T 1R L2, ROSEIRIC
FuF LT =0 2OKES (10mL) #H1% 2 medrs (30mLx3) THiH
L7z, FHEE %2 BKRiER~ 7 1 v 0 LTS, AHUAE L, AR Z JERNE
L2 ETCTHARMEZ S, 77 v vahhThra~w NI T 7 40— [T H s —
Fefe— L (20: D] ICX 0 ER ULILEY 2d (410 mg, 93%) Z1%7-.

Methyl 4-(4-Chlorophenyl)penta-2,3-dienoate (2d)

B E R mp 37-39 °C; "H NMR (500 MHz, CDCl3) § 2.18 (d, J=2.9 Hz, 3H), 3.76 (s,
3H), 5.91 (q, J=2.9 Hz, 1 H), 7.31 (s, 4 H); 3C NMR (125 MHz, CDCl3) § 16.2, 52.2,
89.8, 104.7, 127.5, 128.8, 132.8, 133.7, 165.9, 213.8; IR (KBr) 2999, 2953, 1946, 1717,
1588, 1489, 1438, 1263 cm’".

Methyl 4-Phenylpenta-2,3-dienoate (2a)

Y IR ; "TH NMR (500 MHz, CDCl3) 6 2.21 (d, J = 2.9 Hz, 3H), 3.75 (s, 3H),
5.90 (q, J = 2.9 Hz, 1H), 7.27-7.28 (m, 1H), 7.33-7.40 (m, 4H); *C NMR (125 MHz,
CDCl3) 6 16.2, 52.0, 89.5,105.5, 126.2, 127.9, 128.6, 134.2, 166.1, 214.0; IR (neat) 2951,
1948, 1722, 1495, 1437, 1392, 1263, 1209, 1151 cm’!; HRMS (ESI): m/z [M + Na]* caled
for C12H1202Na: 211.0735; found: 211.0732. Anal. Caled for C12H120,: C, 76.57; H, 6.43.
Found: C, 76.27; H, 6.54%.

Methyl 4-(4-Methoxyphenyl)penta-2,3-dienoate (2b)

Y IR ; "TH NMR (500 MHz, CDCl3) 6 2.18 (d, J = 2.9 Hz, 3H), 3.75 (s, 3H),
3.81 (s, 3H), 5.89 (q, J= 2.9 Hz, 1H,), 6.87-6.90 (m, 2H), 7.30-7.33 (m, 2H); 1*C NMR
(125 MHz, CDCI3) & 16.3, 52.1, 55.3, 89.4, 105.0, 114.0, 126.2, 127.4, 159.3, 166.3,
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214.0; IR (neat) 2952, 2838, 2551, 2052, 1946, 1715, 1606, 1513, 1437, 1390, 1255, 1113
cm’; HRMS (ESI): m/z [M + Na]* caled for C13H1403Na: 241.0841; found: 241.0824.

Methyl 4-(4-Methylphenyl)penta-2,3-dienoate (2¢)

IR E ; 'H NMR (500 MHz, CDCl3) § 2.18 (d, J=2.9 Hz, 3H), 2.34 (s, 3H), 3.75
(s, 3H), 5.88 (q,/=2.9 Hz, 1 H,), 7.14-7.17 (m, 2H), 7.26-7.29 (m, 2H); 3*C NMR (125
MHz, CDCl;) 8 16.2,21.2,52.0, 89.4, 105.3, 126.1, 129.3, 131.2, 137.8, 166.2, 214.0; IR
(neat) 2952, 1947, 1721, 1512, 1437, 1260, 1210, 1152 cm™'; HRMS (ESI): m/z [M +
Na]* calcd for Ci13H1402Na: 225.0891; found: 225.0889.

Methyl 4-(4-Nitrophenyl)penta-2,3-dienoate (2e)

Ve IR ; "TH NMR (500 MHz, CDCl3) 8 2.25 (d, J = 2.8 Hz, 3H), 3.78 (s, 3H),
6.00 (q, J = 2.8 Hz, 1H), 7.53 (d, J = 8.8 Hz, 2H), 8.21 (d, J = 8.8 Hz, 2H); 1*C NMR
(125 MHz, CDCI3) 6 16.1, 52.3,90.5, 104.5, 123.9, 126.9, 141.3, 147.2, 165.3, 214.5; IR
(neat) 2953, 1948, 1721, 1593, 1518, 1437, 1346, 1297, 1262 cm™'; HRMS (ESI): m/z [M
+ Na]" calcd for Ci2H11NOsNa: 256.0586; found: 256.0577.

Methyl 4-Phenylhexa-2,3-dienoate (2f)

R IR EL; "TH NMR (500 MHz, CDCl3) 6 1.18 (t, J= 7.3 Hz, 3H), 2.50-2.63 (m,
2H), 3.75 (s, 3H), 5.97 (t, J = 3.4 Hz, 1H), 7.25-7.38 (m, 1H), 7.33-7.40 (m, 4H); 1*C
NMR (125 MHz, CDCl3) 6 12.2, 23.0, 52.0,91.3, 112.4, 126.4, 127.8, 128.6, 134.1, 166.3
213.7; IR (neat) 2970, 1945, 1720, 1592, 1495, 1453, 1436, 1398, 1258, 1209, 1151, 1032
cm’!; HRMS (ESI): m/z [M + Na]* calced for Ci13H1402Na: 225.0891; found: 225.0889.

b

Methyl 4,4-Diphenylbuta-2,3-dienoate (2g)

R IR E; '"H NMR (500 MHz, CDCl3) § 3.78 (s, 3H), 6.10 (s, 1H), 7.33-7.38
(m, 10H); 3C NMR (125 MHz, CDCls)  52.2, 90.4, 114.2, 128.3, 128.7, 128.8, 134.2,
165.8, 214.7; IR (neat) 3420, 3058, 2950, 1942, 1723, 1493, 1435, 1386 cm™'; HRMS
(ESI): m/z [M + Na]" calcd for C17H1402Na: 273.0891: found: 273.0871.
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Scheme 7 @ FHx

Bis(2,2,2-trifluoroethyl) [2-(Methoxy(methyl)amino)]2-oxoethyl)phosphonate (4)

N-A FFT-N-AFIL2-VEF LR AR 78 b7 2 K(3) (880mg, 3.68 mmol)
OYraa AR WK 8mL) I, TAITUFEREA TRRICTEAL N AF LY
UL (1.20mL, 9.20 mmol) ZM %, FHRT 1 KRR Uiz, SROGTAHR % 80 i
FHELTARARUVBEAAT VRN AF LU LEET, VT, RARUEEE A
AFN Y AFAT Y AOEEK7 vaRLs 25mL) ERIC, EiRICTRY 7
T=VRAT 4 (241g,920mmol), = UE (2.33mg, 9.20mmol) % A% [FRE
IZTIS IR L, E512A4 I ¥V —/ (250 g, 36.8 mmol) Z NIz =IRIZT 15
SR L7 50 °C T 30 mf#R L7z, 0%, 222-F) I d s ) —)L

(1.06 mL, 14.7 mmol) %1% 60 °C T 2.5 BEfEIFHE L7z, UGRIRZ Ak A1t
L. AIRZRERNE L AR ST, 7T v a g bhruv NI I77 14—

(n-~FH o FigeTF v 1:2)] BEY [VeFrz—T LT (2:
D] WCE0ERL, {LEW4 (1.10g 86%) Z157-, BEAHIRYE; 'THNMR (500
MHz, CDCl3) § 3.22 (s, 3H), 3.35 (d, 2/up = 20.9 Hz, 2H), 3.75 (s, 3H), 4.44-4.53 (m,
4H); 3C NMR (125 MHz, CDCl3) 8 31.7 (d, 'Jcp = 144.7 Hz, 1H), 32.1, 61.6, 62.6 (qd,
2Jcp =379 Hz, %Jcp=15.3Hz, 1H), 122.7 (qd, 'Jcp = 227.3 Hz, 1H, 3Jcp = 8.5 Hz,
1H), 165.0 (d, 2/ cp = 3.4 Hz, 1H); IR (neat) 2977, 1663, 1423, 1295, 1265, 1171, 1071,
962, 887, 657 cm!; HRMS (ESI): m/z [M + H]" caled for CsH2F¢OsP: 348.0436; found:
348.0403.

N-Methoxy-N-methyl-4-phenylpenta-2,3-dienamide (5)

& 4 (553 mg, 1.59 mmol) @ THF (8 mL) AWHRIZ 0 °C 2 CRIbA ¥ 71
B~ 7R A (262 mL, 1.75 mmol) ZMN%., [FIR T 1 KEIRFELIZD B
FUZF T I (445 4L, 3.19 mmol), 227 =Y K 1a (472 pL, 3.19 mmol) %
Nz IR T8 REEIHLER U 7 USRI ARG L T > & = 7 LOKEIE (20 mL)
ZIMzZ7vuad/Ls (40mLx3) T L7z, Ai%E %2 KR~ 7 %27 AT
WS, ARAIE L, AR ZTRIEIRMET 5 2 & CHARMEZ ST, 77 v ab
TLhruvw NI T7 40— p-~FH U —FEgE T 2:1) ] ITX D BERULEEY
5 (331 mg, 96%) Z=157-, WHEHAMRIRY'E; 'THNMR (500 MHz, CDCl3) § 2.21 (d, J
= 2.9 Hz, 3H), 3.27 (s, 3H), 3.71-3.73 (m, 3H), 6.41 (q, J = 2.8 Hz, 1H), 7.22-7.27 (m,
1H), 7.30-7.36 (m, 2H), 7.39-7.43 (m, 2H); '3C NMR (125 MHz, CDCl;) & 16.3, 32.7,

39



61.7, 88.1, 105.2, 126.1, 127.6, 128.5, 134.8, 165.5, 213.6; IR (neat) 2963, 1946, 1642,
1596, 1442, 1170, 999, 761 cm’'; HRMS (ESI): m/z [M + H]" caled for C13HigNO:
218.1181; found: 218.1177.

Scheme 8 @ FHx

1,4-Diphenylpenta-2,3-dien-1-one (7)

&6 (1.00g,2.63mmol) DY 7 A%y (5mL) WIKIZ0°CIZTHY
TFI)LT I (367uL,2.63mmol), FEZ = U N 1a (389 uL,2.63 mmol) ZJ1X .
[FVEC 35 KRR Lz, ISRk E 7 7 v v a i bra~ NI 77 4— [n-
XU R F L (10: )] ICX 0 ERLLE® T (389 mg, 63%) =157,
Y IR ; "TH NMR (500 MHz, CDCl3) § 2.23 (d, J = 3.0 Hz, 3H), 6.61 (q, J =
3.0 Hz, 1H), 7.25-7.30 (m, 1H), 7.33—7.42 (m, 6H), 7.48-7.53 (m, 1H), 7.85-7.89 (m,
2H); '3C NMR (125 MHz, CDCl3) § 16.3,95.9, 104.7, 126.1, 127.8, 128.3, 128.6, 128.7,
132.6, 134.2, 137.7, 191.7, 215.4; IR (neat) 3025, 2984, 1935, 1649, 1597, 1447, 1277,
1059, 1023, 845, 759, 700 cm™'; HRMS (ESI): m/z [M + H]" calcd for C17H;50: 235.1123;
found: 235.1104.
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Table 1, 4 DR

23,5-SMTF AT =2 9 O—EEIARRE

&% 2a (53.8 mg, 0.286 mmol) LA/ A 7 MEEEE A F/L (8) (26.0 pL,
0.286 mmol) @ THF (2 mL) ¥ KIZEIREIZT DBU (42.7 uL, 0.286 mmol) %l
Z. [FEC 3 BRI L7z, MOSRIRIZ IN 8 B mL) 21z 7 v u kLA

(20 mL x 3) T L7, AHE 2 BOKEE~ 71> U A CHEE, AHAIR
L. AIREWITEEMET 2 2 & CHAERD ZHTZ, 77 v aidhrsa~x 7T
74— n-~FH o —Fi=FL 8:1)] IZL VR LG 9a & 10a DIREG
¥ (74.0 mg, 99%, 92/10a =97 : 3) %15%7=, 9a OO HREHI D EHE 7 o~
77 74— (PTLC) [n-~FH o —FiE=F/L (15:1)] 12X B TR,

Methyl 3-Hydroxy-5-(1-phenylethyl)thiophene-2-carboxylate (9a)

AR E ; '"H NMR (500 MHz, CDCl3) § 1.67 (d,J = 7.2 Hz, 3H), 3.83 (s, 3H), 4.21
(q,/=7.1 Hz, 1H), 6.50 (d, J= 0.8 Hz, 1H), 7.21-7.26 (m, 3H), 7.29-7.35 (m, 2H), 9.54
(brs, 1H); *C NMR (125 MHz, CDCI3) 6 22.2, 41.5, 51.7, 101.9, 116.5, 127.1, 127.2,
128.7, 144.1, 157.7, 164.3, 166.7; IR (neat) 2955, 1657, 1560, 1442, 1352, 1174, 1104
cm'; HRMS (ESI): m/z [M + Na]" caled for Ci14H1403SNa: 285.0561; found: 285.0537.

Methyl 3-Hydroxy-5-[1-(4-methoxyphenyl)ethyl]|thiophene-2-carboxylate (9b)
ARG i (7 2 B R A —p-~FHP ) ; mp 59-61 °C; 'THNMR (500 MHz, CDCl3)
0 1.64 (d, J=17.2 Hz, 3H), 3.79 (s, 3H), 3.83 (s, 3H), 4.17 (q, J = 7.1 Hz, 1H), 6.49 (s,
1H), 6.83-6.87 (m, 2H), 7.14-7.18 (m, 2H), 9.55 (brs, 1H); 1*C NMR (125 MHz, CDCls)
022.4,40.7,51.7,55.3,101.8, 114.0, 116.3, 128.3, 136.2, 158.4, 158.6, 164.3, 166.7; IR
(KBr) 3325, 2950, 1675, 1562, 1509, 1335 cm™'; HRMS (ESI): m/z [M + Na]" caled for
Ci15H1604SNa: 315.0667; found: 315.0638.
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Methyl 3-Hydroxy-5-[1-(4-methylphenyl)ethyl]thiophene-2-carboxylate (9¢)
IR E ; '"H NMR (500 MHz, CDCl3) § 1.65 (d, J= 7.2 Hz, 3H), 2.32 (s, 3H), 3.82
(s, 3H), 4.18 (d, /= 7.1 Hz, 1H), 6.50 (d, J = 1.0 Hz, 1H), 7.13 (s, 4H), 9.53 (brs, 1H);
BCNMR (125 MHz, CDCl3) § 21.0, 22.3, 41.2, 51.6, 101.8, 116.4, 127.1, 129.4, 136.7,
141.2, 158.1, 164.3, 166.7; IR (neat) 2953, 2926, 1656, 1560 1442, 1354, 1174, 1104 cmr’
I, HRMS (ESI): m/z [M + H]" calcd for Ci5sH1703S: 277.0898; found: 277.0887.

Methyl 5-[ 1-(4-Chlorophenyl)ethyl]-3-hydroxythiophene-2-carboxylate (9d)

IR Y E ; "H NMR (500 MHz, CDCl3) § 1.65 (d, J= 7.2 Hz, 3H), 3.84 (s, 3H), 4.20
(q, J = 7.1 Hz, 1H), 6.50 (q, J = 0.95 Hz, 1H), 7.15-7.19 (m, 2H), 7.27-7.30 (m, 2H),
9.54 (brs, 1H); 3C NMR (125 MHz, CDCl3) § 22.2,40.9, 51.7, 102.1, 116.6, 128.6, 128.9,
132.9, 142.6, 156.8, 164.3, 166.6; IR (KBr) 2974, 1655, 1559, 1442, 1355, 1097 cm’;
HRMS (ESI): m/z [M + Na]" caled for C14H13C103SNa: 319.0172; found: 319.0145.

Methyl 3-Hydroxy-5-[1-(4-nitrophenyl)ethyl]thiophene-2-carboxylate (9e)

A SRR L (7 7 a2 L A —np-~F4 ) ; mp 68-70 °C; 'TH NMR (500 MHz, CDCls)
0 1.71 (d, J=7.2 Hz, 3H), 3.85 (s, 3H), 4.35 (q, J=7.1 Hz, 1H), 6.54 (s, 1H), 7.39-7.44
(m, 2H), 8.16-8.21 (m, 2H), 9.55 (brs, 1H); 3C NMR (125 MHz, CDCl3) & 22.0, 41.3,
51.8,102.4,117.1,124.0, 128.2, 147.0, 151.4, 154.9, 164.2, 166.4; IR (KBr) 3104, 3075,
1659, 1562, 1522, 1350, 1189 cm’; HRMS (ESI): m/z [M + Na]" calcd for
C14H13NOsSNa: 330.0412; found: 330.0441. Anal. Calcd for C14Hi13NOsS: C, 54.72; H,
4.26; N, 4.56. Found: C, 54.42; H, 4.25; N 4.31%

Methyl 3-Hydroxy-5-(1-phenylpropyl)thiophene-2-carboxylate (9f)

IR E; '"H NMR (500 MHz, CDCI3) § 0.91 (t, J = 7.3 Hz, 3H), 1.97-2.15 (m,
2H), 3.82 (s, 3H), 3.88 (t, /= 7.7 Hz, 1H), 6.53 (d, /= 0.8 Hz, 1H), 7.21-7.25 (m, 3H),
7.28-7.33 (m, 2H), 9.54 (brs, 1H); 3*C NMR (125 MHz, CDCl3) 8 12.5, 29.5, 49.5, 51.6,
101.8, 116.6, 127.0, 127.7, 128.7, 142.7, 156.7, 164.3, 166.6; IR (neat) 2962, 2932, 2873,
1657, 1560, 1442, 1349 cm’'; HRMS (ESI): m/z [M + Na]" calcd for C;sH;603SNa:
299.0718; found: 299.0700.
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Methyl 5-Benzhydryl-3-hydroxythiophene-2-carboxylate (9g)

IR E ; '"H NMR (500 MHz, CDCls) § 3.81 (s, 3H), 5.54 (s, 1H), 6.45 (s, 1H),
7.16-7.35 (m, 10H), 9.55 (brs, 1H); '*C NMR (125 MHz, CDCl3) § 51.7, 52.9, 102.9,
119.0, 127.2, 128.6, 128.8, 142.1, 155.0, 164.2, 166.6; IR (neat) 3322, 3027, 2952, 1657,

1559, 1443, 1355 cm™'; HRMS (ESI): m/z [M + Na]* calcd for Ci9H603SNa: 347.0718;
found: 347.0725.
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Table 5, 7 D3R

234-Z BT A7 = 10 O—IEA R E

b5 % 2a (44.0 mg, 0.234 mmol) ., RAb~27 T 7 A (51.6 mg, 0.280 mmol) .
BLOAND T MEEEE A F v (8) (25.5uL,0.280 mmol) ® THF (2mL) ¥®iKIZ
HRICTRY=F L7 2> (39.2 uL, 0.280 mmol) ZNN%., [RVE T 3 BRI L
7o BUSERIRIZ INHERE 3mL) #/1zx 7 vmuk/bs (20mLx3) T L7,
ARk 2 KNG~ 7 R0 L THRE . AAIB L, AIRZEIERNGET 5 2 &
THERMESTZ, 77 vvahTrrua~ I T7 4— [n-~FH o —FilgT
F 9: D] ITX VB UG 10a (52.3 mg, 85%) Z 137,

Methyl 4-Hydroxy-2-(1-phenylethyl)thiophene-3-carboxylate (10a)

AR E ; '"H NMR (500 MHz, CDCl3) § 1.65 (d, J= 7.2 Hz, 3H), 3.85 (s, 3H), 5.04
(9, J=7.2 Hz, 1H), 6.23 (s, 1H), 7.19-7.23 (m, 3H), 7.27-7.31 (m, 2H), 9.18 (s, 1H); 13C
NMR (125 MHz, CDCl) 6 23.1, 40.6, 51.7,96.5, 114.9, 126.6, 127.2, 128.4, 145.0, 156.1,
158.6, 166.5; IR (neat) 2958, 1672, 1448, 1423, 1357, 1085 cm™'; HRMS (ESI): m/z [M
+ Na]* caled for C14H1403SNa: 285.0561; found: 285.0536. Anal. Caled for Ci14Hi403S:
C, 64.10; H, 5.38. Found: C, 63.87; H, 5.44%.

Methyl 4-Hydroxy-2-[ 1-(4-methoxyphenyl)ethyl|thiophene-3-carboxylate (10b)
IR E ; '"H NMR (500 MHz, CDCl3) § 1.62 (d, J= 7.2 Hz, 3H), 3.78 (s, 3H), 3.87
(s, 3H), 5.00 (q, J = 7.2 Hz, 1H), 6.20 (s, 1H), 6.81-6.84 (m, 2H), 7.12-7.16 (m, 2H),
9.17 (s, 1H); *C NMR (125 MHz, CDCl3) 8 23.2, 39.7, 51.7, 55.2, 96.5, 113.7, 114.7,
128.3, 137.1, 156.1, 158.3, 159.6, 166.5; IR (neat) 2954, 2836, 1946, 1719, 1672, 1512,
1249, 1032 cm™'; HRMS (ESI): m/z [M + Na]" caled for CisH1604SNa: 315.0667; found:
315.0636.

Methyl 4-Hydroxy-2-[1-(4-methylphenyl)ethyl]thiophene-3-carboxylate (10c¢)

IR E ; "H NMR (500 MHz, CDCl3) § 1.63 (d, J= 7.2 Hz, 3H), 2.32 (s, 3H), 3.87
(s, 3H), 5.01 (q,J=7.2 Hz, 1H), 6.21 (s, 1H), 7.07-7.14 (m, 4H), 9.17 (s, 1H); *C NMR
(125 MHz, CDCl3) 6 21.0,23.2,40.2,51.7,96.5, 114.8, 127.1, 129.1, 136.2, 142.0, 156.1,
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159.2, 166.5; IR (neat) 3261, 2954, 1732, 1673, 1447, 1424, 1357 cm’!; HRMS (ESI):
m/z [M + Na]" caled for Ci5sHi603SNa: 299.0718; found: 299.0691.

Methyl 2-[ 1-(4-Chlorophenyl)ethyl]-4-hydroxythiophene-3-carboxylate (10d)
IR E ; '"H NMR (500 MHz, CDCl3) § 1.62 (d, J = 7.2 Hz, 3H), 3.84 (s, 3H), 5.01
(9, J=17.2 Hz, 1H), 6.25 (s, 1H), 7.11-7.15 (m, 2H), 7.23-7.27 (m, 2H), 9.13 (s, 1H); 13C
NMR (125 MHz, CDCl) 6 23.0, 40.0, 51.8,96.8, 115.1, 128.5, 132.3, 143.7, 156.2, 157.7,
166.2; IR (neat) 3269, 1673, 1491, 1448, 1424, 1013, 1092 cm™!; HRMS (ESI): m/z [M +
Na]* calcd for C14H13CIO3SNa: 319.0172; found: 319.0160.

Methyl 4-Hydroxy-2-[1-(4-nitrophenyl)ethyl]thiophene-3-carboxylate (10e)
AR YE ; '"H NMR (500 MHz, CDCl3) § 1.68 (d, J= 7.2 Hz, 3H), 3.81 (s, 3H), 5.13
(9, J=17.2 Hz, 1H), 6.32 (s, 1H), 7.33-7.37 (m, 2H), 8.12-8.16 (m, 2H), 9.08 (s, 1H); 13C
NMR (125 MHz, CDCl) 6 22.9, 40.5,51.9,97.3, 115.5, 123.8, 128.0, 146.5, 152.8, 155.5,
156.3, 165.9; IR (neat) 3267, 3112, 2956, 1674, 1520, 1448, 1424, 1346 cm™'; HRMS
(ESI): m/z [M + Na]" caled for C14H13NOsSNa: 330.0412; found: 330.0413.

Methyl 4-Hydroxy-2-(1-phenylpropyl)thiophene-3-carboxylate (10f)

IR E ; '"H NMR (500 MHz, CDCl3) § 0.92 (t, J = 7.3 Hz, 3H), 1.96-2.12 (m,
2H), 3.91 (s, 3H), 4.79 (dd, J= 6.8, 8.6 Hz, 1H), 6.23 (s, 1H), 7.16-7.32 (m, 5H), 9.16 (s,
1H); 3C NMR (125 MHz, CDCl3) & 12.8, 30.4, 47.9, 51.8, 96.6, 115.0, 126.6, 127.9,
128.3, 143.1, 155.8, 157.9, 166.6; IR (neat) 3257, 3028, 2963, 2873, 1672, 1571, 1446,
1423, 1357, 1166, 795, 701 cm™'; HRMS (ESI): m/z [M + Na]" caled for CisH;603SNa:
299.0718; found: 299.0701.

Methyl 2-Benzhydryl-4-hydroxythiophene-3-carboxylate (10g)

IR E; 'TH NMR (500 MHz, CDCls) § 3.69 (s, 3H), 6.24-6.27 (m, 2H), 7.10—
7.14 (m, 4H), 7.22-7.32 (m, 6H), 9.15 (s, 1H); 3*C NMR (125 MHz, CDCl3) § 51.6, 52.1,
98.2, 115.7,126.9, 128.3, 128.9, 142.6, 156.3, 156.6, 166.2; IR (neat) 3245, 3085, 3061,
3026, 2950, 1675, 1568, 1495, 1449, 1354, 1208, 955, 698 cm™'; HRMS (ESI): m/z [M +
Na]* calcd for C19His03SNa: 347.0718; found: 347.0707.
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Table 3, Entry 5 O35

{bA% 2a (54.0 mg, 0.287 mmol) @ THF (2mL) ¥A#RIZ-78°C (2T DBU (42.9
ul, 0.287 mmol) , AL 7" NEERR A T/ (8) (26.1 pL, 0.287 mmol) ZH1Z.. [A]
IC 3 R L2, ROSRIRIZ INSERE B mL) ZMx 27 venrdk/bs (20mL
x 3) THIH L7, BHE % BoKifE~ 7 3> U A THEEG, ARAIEB L, A
EWEEMET S 2 & CHERYESGT -, 7T vy v ahTara~x N T T 4 —[n-
AFH gL (8: 1) ] ITK VR LAY 9a (4.5mg, 6%) B LMEA
¥ 11a (773 mg, 91%) %157=,

Methyl (E)-3-[(2-Methoxy-2-oxoethyl)thio]-4-phenylpent-3-enoate (11a)

A IR, "H NMR (500 MHz, CDCls) § 2.31 (brt, 3H), 3.30 (brq, 2H), 3.47 (s,
2H), 3.67 (s, 3H), 3.75 (s, 3H), 7.14-7.18 (m, 2H), 7.25-7.29 (m, 1H), 7.30-7.36 (m,
2H); '"H NMR (300 MHz, CD3CN) § 2.26 (brt, 3H), 3.24 (brq, 2H), 3.49 (s, 2H), 3.59 (s,
3H), 3.68 (s, 3H), 7.13-7.20 (m, 2H), 7.25-7.40 (m, 3H); 3C NMR (125 MHz, CDCI3)
0 24.0, 34.3, 39.7, 52.0, 52.4, 122.0, 127.3, 128.5, 142.5, 147.8, 170.3, 171.6; IR (neat)
3020, 2952, 1735, 1436, 1276, 1011 cm™'; HRMS (ESI): m/z [M + Na]" caled for
CisH1804SNa: 317.0824; found: 317.0799. Anal. Calcd for C15H1804S: C, 61.20; H, 6.16.
Found: C, 61.16; H, 6.12%.
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Table 8, Entry 5 @ 58

& 5 (45.0 mg, 0.207 mmol) B LA /LA 7 MEEEE A F /L (8) (18.9 uL,
0.207 mmol) ® THF (1 mL) {A#EIZ 0°C I TRALA VY T e~ 7 1y 7 A (52.4
uL, 0.375 mmol) ZJZ., [ T3 H%‘:F‘ﬁ%ﬁ## L72, DUSTWRIZ IN #EE (3 mL)
Zz 7 avd/vs 20mLx3) THiH L7c, AHEZ KRR~ 7 227 AT
WS, ARAE L, AIRZTRIEIRMET 5 2 & CHARMEZST-, 77 v ab
Fhra~x N7 7 40— [n-~FH o —FigT T 3:2)] ITEVERLUILEYD
12 (53.2 mg, 88%) %457,

4-Hydroxy-N-methoxy-N-methyl-2-(1-phenylethyl)thiophene-3-carboxamide (12)
FEEHERYE; "TH NMR (500 MHz, CDCl3) § 1.61-1.67 (m, 3H), 2.80 (brs, 0.5H), 3.12
(s, 0.5H), 3.24 (brs, 2H), 3.33 (s, 0.5H), 3.44 (brs, 2H), 3.58-3.79 (m, 2.4H), 4.44-4.72
(m, 1H), 6.22 (s, 0.1 H), 7.13-7.38 (m, 5H); 'H NMR (500 MHz, CD30D) & 1.60 (d, J =
7.2 Hz, 3H), 2.89 (brs, 3H), 3.45 (brs, 3H), 4.46 (q, J = 7.2 Hz, 1H), 6.12 (s, 1H), 7.14—
7.35 (m, 5H); *C NMR (125 MHz, CDCl3) § 19.6,22.4, 32.0, 33.2, 39.6, 40.0, 41.9, 58.3,
61.5,98.8, 122.5, 126.5, 127.3, 127.6, 128.3, 128.7, 141.2, 145.2, 151.43, 151.44, 151.6,
151.7, 164.5, 165.0, 188.3, 197.8; 1*C NMR (125 MHz, CD3;0D) § 20.2, 22.7, 34.7, 40.7,
61.2,97.2, 1254, 127.7, 128.4, 129.5, 146.3, 149.6, 153.0; IR (neat) 3188, 2971, 2933,
1632, 1565, 1453, 1383, 1295, 1179, 701 cm™'; HRMS (ESI): m/z [M + Na]* calcd for
Ci15H17NO3SNa: 314.0827; found: 314.0814.

Table 8, Entry 1 3k

b5 5 (21.5 mg, 0.0990 mmol) ¥ KX ONA /LA 7 REERR A T/ (8) (9.01 pL,
0.0990 mmol) @ THF (1 mL) ¥&iEIZ=IRIZT DBU (14.8 uL, 0.0990 mmol) % /Il
Z. [FHRT 3 WefiidE L7c, ROSTIRIC IN HEEE 3 mL) ZNx 27 v o kLA
(20 mL x 3) THith L7z, AHEfE & BoKNiRE~ 7 %> U LA Tlzlith, AAHIH
L., AREBERNET 5 2 & CHAEBMZGT, 77 v aigbhrua~v NT T
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74— n-F Y —FER TV (1: 1) ] I2 X DR LEE P 13 (56.1 mg, 58%)
BLOMEEW9a (8.5mg, #132%) w147~

Methyl (E)-2-{{5-[Methoxy(methyl)amino]-5-oxo-2-phenylpent-2-en-3-yl}thio}acetate
(13)

A iR E; "H NMR (500 MHz, CDCl3) § 2.32 (s, 3H), 3.14 (s, 3H), 3.42 (s, 2H),
3.45 (s, 3H), 3.52 (s, 2H), 3.74 (s, 3H), 7.16-7.20 (m, 2H), 7.22-7.25 (m, 1H), 7.29-7.34
(m, 2H); 3C NMR (125 MHz, CDCl;) & 23.8, 32.3, 34.6, 38.1, 52.3, 61.0, 123.0, 127.1,
127.4, 128.3, 142.9, 147.2, 170.6, 171.9; IR (neat) 2949, 1736, 1663, 1436, 1382, 1276,
1129, 999, 771, 705 cm™'; HRMS (ESI): m/z [M + H]" calcd for CisH22NO4S: 324.1270;
found: 324.1268.

Table 9, Entry 2 32k

Methyl (E)-3-Hydroxy-3-phenyl-5-(1-phenylethylidene)tetrahydrothiophene-2-
carboxylate (14) (mixture of diastereomers)

&% 7 (41.0 mg, 0.178 mmol) ¢ THF (2 mL) & #&iZ 0 °C (2T DBU (26.6
uL, 0.178 mmol) , A /L7 7" REERR A T/ (8) (16.2 uL, 0.178 mmol) ZH1z.. [A]
IRC 3 R Lo, ROSRIRIZ INMERE B mL) ZMNx 27 venrdk/ts (20mL
x 3) THItH L7, A% BKIiEE~ 7 1> U LTS, ARRAIE L, A
TR TS 2 CHAERME ST, 7T vy v ah T asuax NI T T 4 —[n-
X R TFL (6:1)] ICX VR ULILEY 14 (58.8 mg, 97%, dr = 35 :
65) 137, EAHRYE; '"HNMR (500 MHz, CDCl3) § 2.11 (t, J= 1.5 Hz, 1.6H),
2.16 (d, J = 2.0 Hz, 1.4H), 2.87 (brs, 0.5H), 2.95 (d, J = 15.0 Hz, 0.5H), 3.04 (brq, 1H),
3.40 (s, 1.4H), 3.68 (s, 1.6H), 3.89 (dq, J=2.2, 15.0 Hz, 0.5H), 4.30 (d, /= 0.9 Hz, 0.5H),
4.42 (brs, 0.5H), 4.69 (s, 0.5H), 7.10-7.36 (m, 8H), 7.45-7.50 (m, 2H); '*C NMR (125
MHz, CDCl3) & 22.8, 23.2, 44.1, 50.0, 52.3, 52.8, 56.9, 61.0, 82.6, 83.7, 125.1, 126.1,
126.5, 126.6, 126.9, 127.68, 127.71, 127.73, 128.15, 128.23, 128.3, 128.40, 128.43, 128.8,
132.3,132.9,139.2, 141.8, 142.5, 142.8, 171.2, 171.4; HRMS (ESI): m/z [M + Na]" calcd
for C20H2003SNa: 363.1031; found: 363.1000.
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Table 10, Entry 3 @ 55

Methyl 3-Phenyl-5-(1-phenylethyl)thiophene-2-carboxylate (15)

LA 14 (128 mg,0.377mmol) Y7 mu A X2 (4mL) ERIZEIRIZT
TOVER— KT (65.0mg, 0.377 mmol) %A N1z 40°C T 24 REEREE LTz, ROGHE
#iZK B3mL) ZMMxZouadk/is Q0mLx3) THi L7z, A %2 Bk
e~ 73220 NCHRESG  ARAIE L, AIREZTRERNET 2 2 & CHARD 215
lee 77 vvalgbrzux b 777 4— [p-~FH o —FiRTF L (6:1)] I
F VR UEAEW 15 (210 mg, 99%) Z 157z, HEEAMIRYE; 'TH NMR (500 MHz,
CDCl3) 6 1.72 (d, J=7.2 Hz, 3H), 3.71 (s, 3H), 4.32 (q, /= 7.1 Hz, 1H), 6.80 (d, J=0.7
Hz, 1H), 7.21-7.44 (m, 10H); 3C NMR (125 MHz, CDCLs) & 22.8, 41.1, 51.7, 124.4,
127.0, 127.3, 127.7, 127.8, 128.6, 128.7, 129.1, 135.9, 144.7, 148.7, 156.0, 162.4; IR
(neat) 3059, 3026, 2970, 1720, 1694, 1493, 1452, 1250, 1118, 1076, 755, 698 cm;
HRMS (ESI): m/z [M + Na]" caled for C20H1s02SNa: 345.0925; found: 345.0902.

Table 11, Entry 1 @ 5EEx

[4-Hydroxy-2-(1-phenylethyl)thiophen-3-yl](phenyl)methanone (16)

&7 (73.2mg,0.312mmol) , RAb~27 % 7 A (69.0mg,0.375 mmol) . F
FOMYZF AT I (52.4pL,0.375mmol) @ THF (2mL) ¥IRIZERIEIZ TA
VA7 NEEEE A TV (8) (34.1puL,0.375 mmol) &M%, [RVE T 3 BRI ER L=,
POGYATRIZ IN i 3mL) #hizx 7 vuk/b s (20mLx3) THH L, A%
J& % MEAKARER~ 7 % 2 7 N CHLE L ARRA L, AIRABIERME T2 2 & TH
ERMESETl, 77y aliTdaravw NI 57 40— [n-~FH o —EigRT T L

6:1)] I X R LA 16 (56.1 mg, 58%) L OMLEY 14 (26.6 mg, 25%,
dr=0:100) OBEREEAEMESET-, {bEW 16 L{LEW 14 DIRAY (714
mg) (kL b VR —KFnd (16.1 mg) & AW T=MiAKSIGZ & v bEY 14 &1L
EMISIZER LT, 77 v ahhdbhrua~v NI T77 40— [n-~FH o —fE
eI 5: )] BLIODEIE v~ v/ F 7 4 — (PTLC) [Z v rk/Lbb—
Fefg—F L (50:1)] 1T L 0422 L Tba®w 16 (18.9 mg) DoyHrHE
o
REMRYE; 'TH NMR (500 MHz, CDCl3) § 1.49 (d, J=7.1 Hz, 1.7H), 1.67 (d, J= 7.2
Hz, 1.3H), 3.70 (d, J = 19.3 Hz, 0.5H), 3.75 (d, J= 19.3 Hz, 0.6H), 4.23 (q, J= 7.1 Hz,
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0.6H), 4.62 (d, J = 7.2 Hz, 0.5H), 6.34 (s, 0.5H), 6.74—6.79 (m, 1.1H), 7.10-7.17 (m,
1.6H), 7.26-7.30 (m, 1.8H), 7.40-7.48 (m, 2.1H), 7.54-7.62 (m, 2.3H), 7.72-7.76 (m,
0.9H), 8.71 (s, 0.5H); 'H NMR (500 MHz, CD30D) & 1.56 (d, J= 7.2 Hz, 3H), 4.45 (q, J
= 7.2 Hz, 1H), 6.17 (s, 1H), 7.02-7.09 (m, 3H), 7.10-7.15 (m, 2H), 7.36-7.41 (m, 2H),
7.51-7.56 (m, 1H), 7.62-7.67 (m, 2H);!*C NMR (125 MHz, CDCl3) § 19.9, 23.3, 40.2,
40.4, 41.8, 97.6, 124.6, 126.6, 126.9, 127.6, 127.7, 128.37, 128.41, 128.5, 128.6, 128.7,
129.4, 131.4, 132.5, 133.7, 136.9, 139.4, 140.8, 144.6, 156.0, 157.8, 192.3, 193.5, 195.7,
198.8; 3C NMR (125 MHz, CD;0D) 6 23.0, 40.6, 97.6, 125.7, 127.5, 128.3, 129.3, 130.4,
130.7, 134.2, 139.4, 146.1, 153.2, 154.3, 196.0; IR (neat) 3351, 3061, 3027, 2971, 2930,
1657, 1596, 1449, 1320, 1231, 754, 699 cm'; HRMS (ESI): m/z [M + Na]" calcd for
Ci9H1602SNa: 331.0769; found: 331.0744.

Scheme 12 DR

Methyl (E)-2-[(5-Ox0-2,5-diphenylpent-2-en-3-yl)thio]acetate (17)

&7 (41.1mg,0.175mmol) 5L O~ UV =F /17 I > (24.5 uL, 0.175 mmol)
@ THF (2 mL) {8#R12-40 °C 12T AV 7 N EERE A 771 (8) (16.0 puL, 0.175 mmol)
ZNZ. [FHE T 24 KRR L7z, BUSESHRIC IN SRS 3 mL) 2Nz 7 v ek
V2 (20mLx3) THIH L7z, ARE %2 BOKEE~ 7R v U AT, AHA
WL, AIREBIERMES 2 Z & THAERM ST, 77 valTdbruax b7
77 4 —[n-~FHh o —FEE=F L (8: 1) IZ L VRS LIEA 17 (50.6 mg, 85%)
157, BEATIRYE; 'THNMR (500 MHz, CDCls) § 2.35 (brt, 3H), 3.47 (s, 2H), 3.70
(s, 3H), 3.98 (brq, 2H), 7.12—7.16 (m, 2H), 7.20-7.25 (m, 1H), 7.26-7.31 (m, 2H), 7.36—
7.42 (m, 2H), 7.49-7.54 (m, 1H), 7.76-7.81 (m, 2H); '*C NMR (125 MHz, CDCl3) & 23.8,
34.7, 44.7, 52.4, 123.0, 127.2, 127.3, 128.1, 128.5, 128.8, 133.1, 136.6, 142.8, 147.3,
170.6, 197.5; IR (neat) 2949, 1737, 1687, 1596, 1447, 1276, 1210, 1129 cm™'; HRMS
(ESI): m/z [M + Na]" calcd for C20H2003SNa: 363.1031; found: 363.1001.

Methyl (E)-2-[(4-Methyl-1-oxo-1-phenylpent-2-en-3-yl)thio]acetate (18)

&7 (35.6mg,0.152mmol) @ THF (1 mL) IRICRIBIZ T AND 7 MEE
g A FL (8) (13.8uL,0.152mmol) ZMx. [FE T 24 REMHRIE L7, RO
([Z INMERE 3mL) Nz 2 medk/bs (20mLx3) THIH L7z, AHfE % 8K
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Wilg~ 7220 L CHRE  ARUAE L, AIRZBIERNGT 5 2 & THARY &
Bl 77 vvaligbhrux v 77 4— [n-~FH o —figoF /L (6:1)]
2L 0 R LALA Y 18 (28.5mg, 55%) & 157, FEEAHKYE; "HNMR (500 MHz,
CDCl3) 6 1.65 (d, J=7.1 Hz, 3H), 3.56 (d, J = 15.3 Hz, 1H), 3.59 (d, /= 15.3 Hz, 1H),
3.75 (s, 3H), 5.65 (q,J="7.1 Hz, 1H), 6.81 (s, 1H), 7.22-7.26 (m, 1H), 7.28-7.33 (m, 2H),
7.38-7.42 (m, 2H), 7.45-7.51 (m, 2H), 7.53-7.58 (m, 1H), 7.96-8.01 (m, 2H); *C NMR
(125 MHz, CDCl3) 6 19.1, 34.1, 40.8, 52.9, 114.8, 126.9, 128.1, 128.19, 128.25, 128.6,
132.5, 139.5, 142.0, 167.9, 168.9, 187.5; IR (neat) 3023, 1737, 1642, 1549, 1273, 1227,
1178, 756 cm!; HRMS (ESI): m/z [M + Na]* caled for C20H2003SNa: 363.1031; found:
363.10009.
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Table 12, 13. Scheme 15 D5k

T h7 b ReF4 7 = UiFEIRE)-20 O—EIE RE

Methyl (E)-4-Hydroxy-2-(1-phenylethylidene)tetrahydrothiophene-3-carboxylate [(E)-
20a] (mixture of diastereomers, syn/anti = 62 : 38)

{bA% 2a (15.2 mg, 0.0808 mmol) @ DMSO (1 mL) ®IKIZ=IRIZ T 1,4-F
7 v-2,5-Y A= (19)  (12.3 mg, 0.0808 mmol), h VU ZF /LT I (11.3 pL,
0.0808 mmol) ZMNA. [FRHET 1 KFREIFLHE L7z, ROSHIRIZ INHiE2 (3 mL) %
Mz 7 aar/vs (20mLx3) THIH L7c, AHE %2 BKEE~ 71> U AT
%, AHAB L, ARZWIEEMET 52 & CHABME G-, 77y ah 7
Low< hTTT7 4 — [n-~FH o —Fg-FL 21D ] X0 HERULEEY
(E)-20a (MEEJHRME, 21.4 mg, 100%) % 157=,

Methyl (E)-4-Hydroxy-2-[ 1-(4-methoxyphenyl)ethylidene]tetrahydrothiophene-3-
carboxylate [(E)-20b] (mixture of diastereomers, syn/anti = 60 : 40)

IR E ; "TH NMR (500 MHz, CDCl3) § 2.04 (d, J=0.9 Hz, 1.8H), 2.11 (d, J= 0.6
Hz, 1.2H), 2.39 (d, J = 8.6 Hz, 0.4H), 3.05-3.09 (m, 0.4H), 3.14 (d, J = 7.3 Hz, 0.6H),
3.19-3.23 (m, 1.2H), 3.43 (dd, /= 3.8, 11.7 Hz, 0.4H), 3.54-3.56 (m, 3H), 3.67-3.69 (m,
0.4H), 3.74-3.76 (m, 0.6H), 3.80 (s, 3H), 4.53 (quint, J = 6.5 Hz, 0.6H), 4.57-4.62 (m,
0.4H), 6.81-6.89 (m, 2H), 7.01-7.07 (m, 2H); 3*C NMR (125 MHz, CDCls)  23.5, 24.4,
36.9, 39.9, 52.1, 52.2, 53.9, 55.2, 55.3, 58.8, 75.0, 76.1, 113.59, 113.62, 128.62, 128.64,
129.5, 129.8, 130.8, 131.2, 135.28, 135.32, 158.30, 158.33, 171.1, 171.6; HRMS (ESI):
m/z [M + Na]" caled for CisHisO4SNa: 317.0824; found: 317.0800.

Methyl (E)-4-Hydroxy-2-[1-(4-methylphenyl)ethylidene]tetrahydrothiophene-3-
carboxylate [(E)-20c] (mixture of diastereomers, syn/anti = 61 : 39)

IR E ; "TH NMR (500 MHz, CDCls) § 2.04 (d, J=1.0 Hz, 1.8H), 2.12 (d, J= 0.8
Hz, 1.2H), 2.30-2.35 (m, 3.6H), 3.05-3.12 (m, 0.8H), 3.18-3.25 (m, 1.2H), 3.44 (dd, J =
3.8, 11.7 Hz, 0.4H), 3.50-3.55 (m, 3H), 3.66-3.70 (m, 0.4H), 3.75 (dd, J = 1.0, 6.1 Hz,
0.6H), 4.48-4.55 (m, 0.6H), 4.56—4.72 (m, 0.4H), 6.95-7.02 (m, 2H), 7.08-7.15 (m, 2H);
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BC NMR (125 MHz, CDCl3) & 21.1, 23.4, 24.368, 24.370, 36.9, 40.0, 52.1, 52.2, 53.9,
58.8, 75.0, 76.1, 127.36, 127.38, 128.90, 128.94, 129.5, 130.2, 130.9, 131.6, 136.41,
136.44, 139.95, 139.99, 171.0, 171.6; HRMS (ESI): m/z [M + Na]" caled for
Ci15H13s03SNa: 301.0874; found: 301.0849.

Methyl (E)-2-[1-(4-Chlorophenyl)ethylidene]-4-hydroxytetrahydrothiophene-3-
carboxylate [(E)-20d] (mixture of diastereomers, syn/anti = 55 : 45)

IR E ; "TH NMR (500 MHz, CDCls) § 2.04 (d, J=1.1 Hz, 1.7H), 2.11 (d, J= 0.8
Hz, 1.3H), 2.30 (brs, 0.4H), 3.05-3.10 (m, 1H), 3.22 (dd, /= 3.8, 7.5 Hz, 1.2H), 3.46 (dd,
J=3.8, 11.8 Hz, 0.4H), 3.53-3.56 (m, 3H), 3.64-3.67 (m, 0.4H), 3.71-3.74 (m, 0.6H),
4.50-4.58 (m, 0.6H), 4.60-4.65 (m, 0.4H), 7.01-7.08 (m, 2H) , 7.25-7.30 (m, 2H); 1*C
NMR (125 MHz, CDCl3) 6 23.3,24.2,37.0, 40.0, 52.2, 52.3, 53.8, 58.7, 75.0, 76.0, 128 .4,
128.5, 128.8, 128.9, 129.0, 130.2, 130.9, 132.3, 132.59, 132.62, 141.2, 141.3, 170.7,
171.3; HRMS (ESI): m/z [M + Na]" caled for Ci4H;5ClO3SNa: 321.0328; found:
321.0316.

Methyl 2-[3-(4-Chlorophenyl)-4-hydroxy-3-methyldihydrothiophen-2(3 H)-
ylidene]acetate (20°d)  (mixture of diastercomers, syn/anti = 54 : 46)

IR E; "TH NMR (500 MHz, CDCls) § 1.68 (s, 1.5H), 1.85 (s, 1.5H), 2.29-2.32
(m, 0.5H), 2.94 (dd, /= 5.7, 11.3 Hz, 0.5H), 3.04-3.15 (m, 1H), 3.27 (s, 1.5H), 3.32 (dd,
J=4.7,11.4 Hz, 0.5H), 3.37 (s, 1.5H), 3.64-3.69 (m, 0.5H), 4.07-4.14 (m, 0.5H), 4.28—
4.34 (m, 0.5H), 5.91 (s, 0.5H), 6.02 (s, 0.5H), 7.28-7.34 (m, 4H); HRMS (ESI): m/z [M
+ Na]" calcd for C14H15C103SNa: 321.0328; found: 321.0317.

Methyl 2-[4-Hydroxy-3-methyl-3-(4-nitrophenyl)dihydrothiophen-2(3 H)-
ylidene]acetate (20’e, one diastereomer)

WESHINEE S (/7 ra AL A —p-~FH ) s mp 118-120 °C; 'H NMR (500 MHz,
CDCl3) 6 1.73 (s, 3H), 1.98 (brs, 1H), 3.10-3.19 (m, 2H), 3.28 (s, 3H), 4.33-4.39 (m, 1H),
5.94 (s, 1H), 7.45-7.51 (m, 2H), 8.13-8.16 (m, 2H); '3*C NMR (125 MHz, CDCl3) & 14.6,
34.3,50.895, 50.904, 56.4, 84.3, 109.5, 123.5, 126.9, 152.9, 163.4, 168.0; IR (KBr) 3515,
2949, 1720, 1605, 1508, 1351, 1178, 1078 cm™'; HRMS (ESI): m/z [M + Na]" caled for
C14H1sNOsSNa: 332.0569; found: 332.0553.
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Methyl 4-Hydroxy-2-(1-phenylpropylidene)tetrahydrothiophene-3-carboxylate  (20f)
(mixture of diastereomers)

IR E ; '"H NMR (500 MHz, CDCls) § 0.85-1.00 (m, 3H), 2.16 (d, J = 9.8 Hz,
0.4H), 2.25 (d, J = 9.1 Hz, 0.2H), 2.37-2.53 (m, 2H), 2.68 (d, J = 7.6 Hz, 0.5H), 3.06—
3.10 (m, 0.4H), 3.17-3.25 (m, 1.3H), 3.43-3.47 (m, 0.4H), 3.48 (s, 1.5H), 3.51 (s, 0.9H),
3.58-3.61 (m, 0.3H), 3.69 (d, J= 6.1 Hz, 0.5H), 3.77 (s, 0.1H), 3.82 (s, 0.1H), 3.98-4.01
(m, 0.1H), 4.06-4.09 (m, 0.1H), 4.49-4.59 (m, 1H), 4.67-4.73 (m, 0.2H), 7.04—7.10 (m,
2H), 7.20-7.33 (s, 3H); 3C NMR (125 MHz, CDCl3) 8 11.6, 11.7, 12.7, 13.0, 29.3, 29.5,
30.5, 31.6, 36.1, 36.7, 39.8, 40.3, 52.0, 52.1, 52.4, 52.5, 52.7, 53.8, 57.9, 58.8, 74.77,
74.81, 75.4, 75.9, 126.8, 127.2, 128.1, 128.17, 128.19, 128.26, 128.30, 128.4, 128.9,
129.5, 130.8, 131.1, 136.6, 137.6, 137.8, 141.1, 141.38, 141.45, 142.1, 170.8, 171.1,
171.5, 171.6; HRMS (ESI): m/z [M + Na]* calcd for CisHigO3SNa: 301.0874; found:
301.0874.

Methyl 2-(Diphenylmethylene)-4-hydroxytetrahydrothiophene-3-carboxylate  (20g)
(mixture of diastereomers, syn/anti = 68 : 32)

IR E ; "H NMR (500 MHz, CDCls) § 2.32-2.39 (m, 0.6H), 3.02-3.07 (m, 0.7H),
3.14-3.23 (m, 1H), 3.45-3.49 (m, 0.7H), 3.50-3.54 (m, 3H), 3.92-3.94 (m, 0.7H), 3.97—
3.99 (m, 0.3H), 4.61-4.68 (m, 1H), 7.10-7.17 (m, 2H), 7.20-7.27 (m, 2H), 7.28-7.34 (m,
4.6H), 7.35-7.39 (m, 1.4H); *C NMR (125 MHz, CDCls) 6 37.9, 40.6, 52.1, 52.2, 55.3,
59.9,74.7, 75.3, 127.1, 127.29, 127.32, 128.1, 128.2, 128.3, 128.4, 128.8, 129.1, 129.3,
133.4,134.6, 135.4, 136.3, 141.6, 141.77, 141.84, 141.9, 170.7, 171.1; HRMS (ESI): m/z
[M + Na]" calcd for C19H1303SNa: 349.0874; found: 349.0881.

Methyl 2-[4-Hydroxy-3,3-diphenyldihydrothiophen-2(3H)-ylidene]acetate (20°g)
EAPCRAER (7 vkl b —p-~FH%2) ; mp 97-99 °C; 'H NMR (500 MHz,
CDCl) 6 2.22 (brd, 1H), 2.92 (dd, J =4.6, 10.9 Hz, 1H), 2.95 (s, 3H), 2.98 (dd, J = 4.1,
11.0 Hz, 1H), 4.83-4.89 (m, 1H), 6.26 (s, 1H), 7.26-7.35 (m, 4H), 7.35-7.41 (m, 2H) ,
7.44-7.58 (m, 4H); 13C NMR (125 MHz, CDCl3) 6 35.4, 50.7, 67.8, 83.4, 112.6, 127.2,
127.4,127.9,128.3, 129.1, 129.6, 137.4, 138.6, 164.1, 164.5; IR (KBr) 3435, 2948, 1687,
1436, 1294, 1102, 1004, 826, 762, 701 ¢cm™; HRMS (ESI): m/z [M + Na]" caled for
Ci19H1303SNa: 349.0874; found: 349.0873.
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(E)-4-Hydroxy-N-methoxy-N-methyl-2-(1-phenylethylidene)tetrahydrothiophene-3-
carboxamide [(E)-22] (mixture of diastereomers, syn/anti = 69 : 31)

A iR E; "H NMR (500 MHz, CDCls) § 2.06 (d, J = 1.0 Hz, 2H), 2.13, (s, 1H),
2.37(d,J=9.4 Hz, 0.3H), 2.92 (s, 2H), 3.00-3.08 (m, 1.3H), 3.14-3.32 (m, 5.1H), 3.41—
3.48 (m, 0.4H), 3.93 (brs, 0.3H), 4.11-4.18 (m, 0.6H), 4.41-4.48 (m, 0.3H), 4.564.64
(m, 0.7H), 7.08-7.14 (m, 1.8H), 7.16-7.22 (m, 1H), 7.26-7.34 (m, 2.2H); 3*C NMR (125
MHz, CDCL) 6 23.7, 24.4, 32.0, 37.2, 39.8, 49.9, 56.0, 60.9, 75.6, 76.4, 126.6, 127.8,
127.9, 128.2, 128.7, 129.5, 132.3, 133.2, 143.4, 143.5, 171.3, 171.9; HRMS (ESI): m/z
[M + H]" caled for C15H20NOs3S: 294.1164; found: 294.1136.

(E)-[4-Hydroxy-2-(1-phenylethylidene)tetrahydrothiophen-3-yl](phenyl)methanone [(E)-23]
(mixture of diastereomers, syn/anti = 50 : 50)
IR E ; "TH NMR (500 MHz, CDCls) § 2.05 (d, J= 1.0 Hz, 1.5H), 2.16 (d, J= 0.7
Hz, 1.5H), 2.19-2.24 (m, 0.5H), 2.34-2.42 (m, 0.5H), 3.10 (dt, /= 1.3, 11.9 Hz, 0.5H),
3.30(dd, J=5.8, 10.5 Hz, 0.5H), 3.45 (dd, /=7.9, 10.5 Hz, 0.5H), 3.52 (dd, J=3.6, 11.8
Hz, 0.5H), 4.45-4.52 (m, 0.5H), 4.65-4.67 (m, 0.5H), 4.69—4.76 (m, 0.5H), 4.86—4.90 (m,
0.5H), 6.89-6.94 (m, 1H), 6.96-7.04 (m, 2.3H), 7.06-7.11 (m, 1.4H), 7.23-7.35 (m,
2.3H), 7.42-7.51 (m, 2H), 7.58-7.62 (m, 1H); 3C NMR (125 MHz, CDCl;3) § 23.1, 24.2,
37.3,40.3,54.1,61.2,76.1,76.2, 126.6, 126.8, 127.5, 127.6, 127.7, 128.1, 128.17, 128.24,
128.3, 128.4, 128.6, 129.1, 130.2, 132.7, 132.9, 133.2, 133.8, 135.8, 137.7, 143.2, 197.9,
200.0; HRMS (ESI): m/z [M + Na]" calcd for C19H;302SNa: 333.0925; found: 333.0907.
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Table 14 O EEk

23— {BWT F T = 24-26 D— I RTE

L& 20a (51.2mg, 0.194mmol) DY 7 nu A% (2mL) WIRIZEIRIZT
kS VEE—KFN®) (10.0 mg, 0.0581 mmol) % A1 % =R C 24 BRI L=, s
WHICK 3mL) 2z 7 vevkis 30mLx3) T Lz, AHEZ K
Wi~ 7 220 L THE  ARAIB L, AIREZ TR T 5 2 & THARY &
Bice 77 vvaigirsua< NI 7 04— [n-~FH o —Fifg=F L (4:1)]
IZ X DR ULAEY 24a (39.2 mg, 82%) E157-,

Methyl 2-(1-Phenylethyl)thiophene-3-carboxylate (24a)

AR E ; '"H NMR (500 MHz, CDCl3) § 1.70 (d, J = 7.2 Hz, 3H), 3.82 (s, 3H), 5.39
(q,J=7.2Hz, 1H), 7.07 (d, /= 5.4 Hz, 1H), 7.18-7.23 (m, 1H), 7.27-7.35 (m, 4H), 7.38
(d, J=5.4 Hz, 1H); *C NMR (125 MHz, CDCl3) § 23.5, 38.4, 51.4, 122.0, 126.5, 127.1,
127.4, 128.4, 129.1, 145.3, 160.6, 163.7; IR (neat) 3026, 2968, 1711, 1528, 1443, 1253,
1151, 700 cm™'; HRMS (ESI): m/z [M + Na]" calcd for C14H;402SNa, 269.0612; found:
269.0592.

Methyl 2-[ 1-(4-Methoxyphenyl)ethyl]|thiophene-3-carboxylate (24b)

GRS (7 rna kA —p-~FH ) ; mp 49-50 °C; 'H NMR (500 MHz,
CDCl) 6 1.67 (d, J= 7.2 Hz, 3H), 3.78 (s, 3H), 3.83 (s, 3H), 5.33 (q, J = 7.2 Hz, 1H),
6.81-6.86 (m, 2H), 7.05 (d, J= 5.4 Hz, 1H), 7.23-7.27 (m, 2H), 7.37 (d, /= 5.4 Hz, 1H);
BC NMR (125 MHz, CDCl3) & 23.6, 38.2, 51.4, 55.2, 113.7, 121.9, 126.9, 128.4, 129.1,
137.5, 158.6, 161.4, 163.8; IR (KBr) 3114, 2977, 1708, 1509, 1286, 1256, 1181, 1025,
828, 718 cm!'; HRMS (ESI): m/z [M + Na]" calcd for CisH;603SNa: 299.0718; found:
299.0692.

Methyl 2-[ 1-(4-Methylphenyl)ethyl]thiophene-3-carboxylate (24c)

AR E ; "H NMR (500 MHz, CDCl3) § 1.68 (d, J= 7.2 Hz, 3H), 2.31 (s, 3H), 3.82
(s, 3H), 5.35 (q, J = 7.2 Hz, 1H), 7.05 (d, J = 5.4 Hz, 1H), 7.08-7.12 (m, 2H), 7.20-7.24
(m, 2H), 7.37 (d, J = 5.4 Hz, 1H); 3C NMR (125 MHz, CDCls) & 21.0, 23.5, 38.6, 51.4,
121.9, 127.0, 127.3, 129.08, 129.11, 136.0, 142.4, 161.0, 163.8; IR (neat) 2984, 1711,
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1528, 1512, 1443, 1253, 1151, 1089 cm’'; HRMS (ESI): m/z [M + Na]* caled for
Ci15sH1602SNa: 283.0769; found: 283.0769. Anal. Calcd for Ci5H1602S: C, 69.20; H, 6.19.
Found: C, 69.00; H, 6.22%.

Methyl 2-[ 1-(4-Chlorophenyl)ethyl]thiophene-3-carboxylate (24d)

AR E ; "H NMR (500 MHz, CDCl3) § 1.67 (d, J= 7.2 Hz, 3H), 3.81 (s, 3H), 5.36
(g, J= 7.2 Hz, 1H), 7.09 (d, J = 5.4 Hz, 1H), 7.25 (s, 4H), 7.39 (d, J = 5.4 Hz, 1H); 3C
NMR (125 MHz, CDCl3) 6 23.5, 38.3, 51.5, 122.1, 127.3, 128.5, 128.7, 129.2, 132.2,
143.8, 159.7, 163.6; IR (neat) 2946, 1711, 1529, 1492, 1442, 1255, 1152, 1091 cm;
HRMS (ESI): m/z [M + Na]" calcd for C14H;3C102SNa: 303.0222; found: 303.0249. Anal.
Calcd for C14H3ClOS: C, 59.89; H, 4.67. Found: C, 59.89; H, 4.76%.

Methyl 2-(1-Phenylpropyl)thiophene-3-carboxylate (24f)

IR E; '"H NMR (500 MHz, CDCl3) § 0.92 (t, J = 7.3 Hz, 3H), 2.03-2.15 (m,
2H), 3.83 (s, 3H), 5.16 (t, J = 7.8 Hz, 1H), 7.06-7.09 (m, 1H), 7.12-7.22 (m, 1H), 7.26—
7.31 (m, 2H), 7.34-7.39 (m, 3H); *C NMR (125 MHz, CDCl3) é 12.7, 31.1, 46.3, 51.4,
122.1, 126.5,127.5, 128.0, 128.4, 129.0, 143.7, 159.5, 163.9; IR (neat) 3026, 2963, 2873,
1712, 1528, 1443, 1271, 1251 cm’!; HRMS (ESI): m/z [M + Na]* calcd for CisH1s02SNa:
283.0769; found: 283.0786. Anal. Calcd for Ci5sH1602S: C, 69.20; H, 6.19. Found: C,
69.06; H, 6.20%.

Methyl 2-Benzhydrylthiophene-3-carboxylate (24g)

GRS (7 na kA —p-~FH ) ; mp 82-84 °C; 'H NMR (500 MHz,
CDCls) 6 3.73 (s, 3H), 6.63 (s, 1H), 7.10-7.13 (m, 1H), 7.15-7.19 (m, 4H), 7.21-7.25 (m,
2H), 7.27-7.32 (m, 4H), 7.45-7.48 (m, 1H); 3C NMR (125 MHz, CDCI3) & 50.5, 51.4,
123.3,126.7,128.2, 128.3,128.9, 129.3, 143.5, 157.8, 163.4; IR (KBr) 3415, 3025, 1716,
1529, 1268, 1255, 1148, 1009 cm'!; HRMS (ESI): m/z [M + Na]* calcd for Ci19H1s02SNa:
331.0769; found: 331.0783.

N-Methoxy-N-methyl-2-(1-phenylethyl)thiophene-3-carboxamide (25)

AR E ; '"H NMR (500 MHz, CDCl3) § 1.70 (d, J= 7.2 Hz, 3H), 3.13 (s, 3H), 3.28
(s, 3H), 4.85(q,J=7.2 Hz, 1H), 7.04 (d, /=5.2 Hz, 1H), 7.09 (d, /= 5.2 Hz, 1H), 7.14—
7.19 (m, 1H), 7.24-7.32 (m, 4H); *C NMR (125 MHz, CDCl3) & 23.2, 33.4, 38.7, 60.8,
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121.8,126.4,127.2, 127.4, 128.3, 130.6, 145.5, 153.2, 166.1; IR (neat) 2967, 2931, 1641,
1451, 1379, 1350, 1226, 1163 cm'; HRMS (ESI): m/z [M + Na]" caled for
C15H17NO2SNa: 298.0878; found: 298.0858. Anal. Calcd for C;sH17NO:S: C, 65.43; H,
6.22; N, 5.09. Found: C, 65.13; H, 6.24; N, 4.83%.

Phenyl[2-(1-phenylethyl)thiophen-3-ylJmethanone (26)

IR E; "TH NMR (500 MHz, CDCl3) § 1.73 (d, J = 7.2 Hz, 3H), 5.08 (g, J = 7.2
Hz, 1H), 7.06 (d, J=5.3 Hz, 1H), 7.11 (d, J = 5.3 Hz, 1H), 7.14-7.20 (m, 1H), 7.24-7.33
(m, 4H), 7.41-7.46 (m, 2H), 7.52-7.58 (m, 1H), 7.72-7.76 (m, 2H); *C NMR (125 MHz,
CDCl3) 6 23.6, 38.8, 121.9, 126.5, 127.3, 128.2, 128.4, 129.5, 129.7, 132.4, 135.5, 139.2,
145.2, 158.8, 192.2; IR (neat) 3059, 3026, 2968, 1650, 1597, 1512, 1447, 1255, 1175,
699 cm™'; HRMS (ESI): m/z [M + K]" calcd for C19H;60OSK: 331.0559; found: 331.0531.
Anal. Calcd for C19H60S: C, 78.05; H, 5.52. Found: C, 77.76; H, 5.54%.
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Table 15, 16 O EHR

7 7 b FaFA7 = UFFEIRE)-21 O —ixHIE A

L& 2a (17.6 mg, 0.0935mmol) DY 7 mu A% (1mL) WRIZEIRIZT
1,4-CF 7T 2,5-U4—/ (19) (42.7mg,0.281 mmol), kU =F /L7 I (39.2
uL, 0.281 mmol) ZANX. [FHR T2 AMHEEHE L7z, BOSHEIRIZ IN HfFE (3 mL)
Mz 7 aak/vs 20mLx3) Tt L7, AHE 2 Bk~ 7 > 7 AT
WS, ARRAIB L, AIREBITIRMET 2 2 & CHAERMZ S, 77 v a2
R AAEE (ISOLERA ISO-1SV : Biotage) [n-~F4 > —EEfg=F /1 (80:20 —
66:33)] IZL VKR LET O Z ZTEEY(E)-21a (26.7 mg, £ 84%) %
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Methyl (E)-3-[(2,4-Dihydroxytetrahydrothiophen-3-yl)thio]-4-phenylpent-3-enoate [(E)-
21a] (mixture of diastereomers)

IR E ; "TH NMR (500 MHz, CDCl3) § 2.30-2.40 (m, 3H), 3.11-3.16 (m, 0.5H),
3.23-3.26 (m, 3H), 3.38-3.45 (m, 0.5H), 3.48-3.53 (m, 0.5H), 3.65-3.73 (m, 4H), 3.76—
3.83 (m, 0.7H), 3.85-3.90 (m, 0.3H), 3.95-4.05 (m, 0.5H), 4.60—4.70 (m, 1H), 5.38-5.50
(m, 1H), 7.13-7.20 (m, 2H), 7.25-7.30 (m, 1H), 7.31-7.38 (m, 2H); *C NMR (125 MHz,
CDCl) 6 24.6, 24.7, 34.3, 37.8, 39.1, 41.0, 41.3, 41.6, 41.9, 52.2, 52.3, 52.4, 60.4, 61.2,
62.6, 62.9, 74.5, 76.0, 76.1, 78.2, 79.1, 82.2, 83.7, 86.8, 86.9, 121.2, 121.5, 121.7, 121.8,
127.2,127.42,127.44,127.5, 128.53, 128.56, 128.61, 142.35, 142.38, 148.1, 148.6, 149.1,
172.2, 172.5, 172.6, 172.8; HRMS (ESI): m/z [M + Na]* calcd for CisH2004S:Na:
363.0701; found: 363.0672.

Methyl (E)-3-[(2,4-Dihydroxytetrahydrothiophen-3-yl)thio]-4-(4-methoxyphenyl)pent-
3-enoate [(E)-21b] (mixture of diastereomers)

IR E ; "TH NMR (500 MHz, CDCl3) § 2.31-2.37 (m, 3H), 3.11-3.16 (m, 0.5H),
3.22-3.26 (m, 0.5H), 3.38-3.39 (m, 3H), 3.40-3.45 (m, 0.5H), 3.48-3.51 (m, 0.5H),
3.58-3.62 (m, 0.5H), 3.68-3.69 (m, 3H), 3.74-3.78 (m, 1H), 3.79-3.83 (m, 3.5H), 4.60—
4.76 (m, 1H), 5.37-5.50 (m, 1H), 6.82-6.95 (m, 2H), 7.02-7.16 (m, 2H); '3C NMR (125
MHz, CDCL) 6 24.6, 24.7, 34.3, 35.8, 37.7, 39.2, 41.0, 41.4, 41.6, 42.0, 52.25, 52.28,
52.3,52.4,55.3,60.4,61.1,62.6,63.0, 74.5,75.9, 76.0, 78.2, 79.1, 82.2, 83.7,86.9, 111.9,
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113.9, 120.8, 121.2, 128.41, 128.44, 134.52, 148.9, 158.8, 158.9, 172.3, 172.7, HRMS
(ESI): m/z [M + Na]" calcd for C17H2205S:Na: 393.0806; found: 393.0814.

Methyl (E)-3-[(2,4-Dihydroxytetrahydrothiophen-3-yl)thio]-4-(4-methylphenyl)pent-3-
enoate [(E)-21¢] (mixture of diastereomers)

IR E ; "H NMR (500 MHz, CDCls) § 2.30-2.37 (m, 6.4H), 3.12-3.15 (m, 0.6H),
3.12-3.36 (m, 3.4H), 3.41-3.46 (m, 0.4H), 3.49-3.57 (m, 1H), 3.63-3.70 (m, 3.6H),
3.75-3.80 (m, 0.6H), 4.60-4.76 (m, 1H), 5.40-5.50 (m, 1H), 7.01-7.06 (m, 2H), 7.12—
7.20 (m, 2H); 13C NMR (125 MHz, CDCls) 8 21.2, 24.61, 24.66, 24.68, 34.3, 35.8, 37.7,
39.2, 41.1, 42.0, 52.19, 52.24, 52.3, 60.5, 61.2, 62.8, 74.5, 75.9, 78.2, 79.2, 82.2, 83.8,
86.9, 120.9, 121.2, 121.3, 127.0, 127.1, 127.3, 129.21, 129.24, 129.3, 135.7, 137.16,
137.22, 137.3, 139.35, 139.40, 148,5, 149.3, 172.3, 172.6; HRMS (ESI): m/z [M + Na]*
calcd for C17H2204S,:Na: 377.0857; found: 377.0822.

Methyl (E)-4-(4-Chlorophenyl)-3-[(2,4-dihydroxytetrahydrothiophen-3-yl)thio]pent-3-
enoate [(E£)-21d]  (mixture of diastereomers)

IR E ; "TH NMR (500 MHz, CDCl3) § 2.29-2.37 (m, 3H), 3.12-3.18 (m, 0.5H),
3.22-3.38 (m, 3.5H), 3.40-3.44 (m, 0.5H), 3.47-3.50 (m, 0.5H), 3.54-3.61 (m, 0.5H),
3.67-3.70 (m, 3H), 3.74-3.82 (m, 1.5H), 4.60—4.79 (m, 1H), 5.36-5.48 (m, 1H), 7.06—
7.15 (m, 2H), 7.30-7.35 (m, 2H); *C NMR (125 MHz, CDCl3) § 24.48, 24.54, 24.6, 34.2,
35.8,37.6, 37.7, 39.1, 40.8, 41.2, 41.5, 41.8, 51.8, 52.36, 52.38, 52.4, 52.5, 60.3, 61.0,
62.4,62.7,74.5,76.0,76.1,78.2,79.1, 82.1, 83.7,86.8, 121.9, 122.3, 122.5, 122.8, 126.0,
128.63, 128.65, 128.80, 128.85, 133.36, 133.45, 140.65, 140.67, 140.7, 146.6, 147.0,
147.1, 147.6, 172.0, 172.3; HRMS (ESI): m/z [M + Na]* calcd for CisHi9ClO4S,Na:
397.0311; found: 397.0273.

Methyl 3-[(2,4-Dihydroxytetrahydrothiophen-3-yl)thio]-4-phenylhex-3-enoate  (21f)
(mixture of diastereomers)

IR E ; "TH NMR (500 MHz, CDCl3) § 0.86-0.97 (m, 3H), 2.41-2.50 (m, 0.3H),

2.60-2.90 (m, 2.1H), 2.92-2.99 (m, 0.2H), 3.08-3.60 (m, 5.5H), 3.61-3.67 (m, 2.7H),

3.74-3.82 (s, 1.1H), 3.90-3.97 (m, 0.3H), 4.24-4.37 (m, 0.1H), 4.60-4.78 (m, 0.8H),

5.03-5.16 (m, 0.1H), 5.38-5.48 (m, 0.8H), 7.06-7.15 (m, 1.5H), 7.20-7.40 (m, 3.5H);

BCNMR (125 MHz, CDCl3) 8 12.4, 12.5, 12.57, 12.59, 12.7, 14.2, 21.1, 29.3, 29.7, 30.5,
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30.56, 30.63, 34.4, 35.4, 35.7, 36.9, 37.8, 38.3, 39.2, 40.4, 40.7, 40.9, 41.1, 41.4, 41.7,
52.2,52.28,52.33,52.5, 59.9, 60.49, 60.51, 60.7, 61.8, 62.3, 62.7, 63.7, 73.7, 74.5, 74.8,
77.1, 77.3, 78.2, 78.6, 79.1, 81.7, 82.2, 83.0, 83.7, 86.9, 120.4, 120.5, 120.86, 120.90,
121.1, 127.2. 127.3, 127.4, 127.6, 127.7, 127.8, 128.0, 128.3, 128.40, 128.45, 128.5,
128.6, 140.8, 140.88, 140.90, 141.4, 141.5, 152.6, 153.1, 153.7, 154.2, 154.5, 154.7,
154.9,171.4,171.9, 172.1, 172.19, 172.24, 172.3, 172.6, 172.7; HRMS (ESI): m/z [M +
Na]* calcd for Ci17H2204S,Na: 377.0857; found: 377.0829.

Methyl 3-[(2,4-Dihydroxytetrahydrothiophen-3-yl)thio]-4,4-diphenylbut-3-enoate (21g)
(mixture of diastereomers)
IR E ; "H NMR (500 MHz, CDCl3) § 2.57-2.62 (m, 0.3H), 2.65-2.73 (m, 0.4H),
2.94-3.08 (m, 2.5H), 3.11-3.21 (m, 0.4H), 3.31-3.37 (m, 0.7 H), 3.45-3.52 (m, 2.5H),
3.73-3.77 (m, 3H), 4.15-4.18 (m, 0.1H), 4.22-4.34 (m, 1H), 4.42—4.52 (m, 0.1H), 4.63—
4.68 (m, 0.2H), 5.04-5.19 (m, 0.8H), 7.10-7.16 (m, 0.6H), 7.18-7.22 (m, 1.4H), 7.24—
7.38 (m, 8H); 13C NMR (125 MHz, CDCls) & 33.7, 36.9, 38.1, 42.1, 42.7, 42.8, 52.4,
52.58, 52.61, 58.7, 62.2, 63.4, 75.8, 77.4, 78.8, 81.6, 86.0, 124.5, 124.6, 124.8, 127.66,
127.75, 127.8, 127.9, 128.0, 128.1, 128.2, 128.51, 128.55, 128.6, 128.68, 128.72, 129.3,
129.6, 141.4, 141.5, 141.66, 141.67, 141.7, 141.8, 148.2, 149.5, 150.6, 172.2, 173.2,
173.9; HRMS (ESI): m/z [M + Na]" calcd for C21H2204S:Na: 425.0857; found: 425.0842.

(E)-3-[(2,4-Dihydroxytetrahydrothiophen-3-yl)thio]-N-methoxy-N-methyl-4-
phenylpent-3-enamide [(E)-27] (mixture of diastereomers)

AR E ; "H NMR (500 MHz, CDCl3) § 1.81 (s, 0.2H), 1.94-2.07 (m, 0.8H), 2.30—
2.40 (m, 2.5H), 2.77-2.84 (m, 0.1H), 2.93 (s, 0.2H), 2.97-3.03 (m, 0.4H), 3.08-3.51 (m,
9.2H), 3.59-3.62 (m, 0.3H), 3.65 (s, 0.1H), 3.67-3.71 (m, 0.2H), 3.76-3.80 (m, 0.5H),
3.92-4.26 (m, 1.1H), 4.35-4.41 (m, 0.3H), 4.44-4.65 (m, 0.5H), 4.67-4.82 (m, 0.8H),
5.39-5.54 (m, 0.8H), 7.06-7.21 (m, 2H), 7.24-7.38 (m, 3H); *C NMR (125 MHz,
CDCl3) 6 24.4, 24.6, 24.7, 24.8, 32.1, 32.26, 32.33, 32.35, 32.4, 34.6, 35.5, 35.8, 37.3,
37.8,38.5,39.7, 40.1, 40.3, 40.8, 50.0, 60.1, 60.89, 60.94, 61.0, 61.4, 61.7, 62.30, 62.34,
74.7,75.3,75.6,78.3,78.9,79.3, 82.2, 83.9, 86.3,92.2, 121.7, 122.2, 122.3, 122.5, 124.6,
126.6, 127.20, 127.23, 127.3, 127.4, 127.8, 127.9, 128.1, 128.2, 128.4, 128.46, 128.54,
128.8, 132.2, 142.7, 142.8, 142.9, 143.4, 147.1, 147.7, 148.6, 172.3, 172.7, 172.8, 178.5;
HRMS (ESI): m/z [M + Na]" calcd for C17H23N0O4S2Na, 392.0966; found: 392.0956.
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Scheme 16 DR

LA WI(E)-20a (syn/anti=62:38) (340mg, 1.29 mmol) DY 7 unr A% (5
mL) WIRIZEIRIZTA 24—/ (350 mg, 5.15 mmol) | tert-7 F )L 7 = =)L
smanu 7 (658 uL, 2.57 mmol) ZANZ., [FHE T 24 FERIFEE L7z, RO
12K (10mL) ZMz 7 vanmdk/bs (30mLx3) THilH U7z, Ak 2 K
~ TRV NTHEEE AR A L, AR ZBERAE S5 2 & CTHARD 2157,
TIvvallThruv T 74— n-nFH - Fr (19:1)] 1T X
DR LAL AW 3,4-syn-(F)-29a (381 mg, 95%) 1 L OMLEW) 3,4-anti-(E)-29a (240
mg, 98%) 157,

Methyl (3R* 4R* E)-4-[(tert-Butyldiphenylsilyl)oxy]-2-(1-
phenylethylidene)tetrahydrothiophene-3-carboxylate [3,4-syn-(E)-29a]

IR E; "H NMR (500 MHz, CDCls) § 0.99 (s, 9H), 1.94 (s, 3H), 2.76 (dd, J =
6.4, 10.1 Hz, 1H), 3.45 (t, /= 10.1 Hz, 1H), 3.48 (d, /= 7.2 Hz, 1H), 3.63 (s, 3H), 4.39
(ddd, J = 6.5, 7.2, 10.1 Hz, 1H), 6.92-6.97 (m, 2H), 7.21-7.46 (m, 9H), 7.57-7.64 (m,
4H); 3C NMR (125 MHz, CDCl3) 8 18.0, 21.6, 25.6, 34.6, 50.5, 52.7, 75.1, 125.6, 126.4,
126.66, 126.72,127.1, 128.3, 128.95, 128.98, 129.4, 131.6, 132.1, 134.66, 134.68, 141.9,
170.1; IR (neat) 2948, 2894, 2858, 1738, 1428 cm’!; HRMS (ESI): m/z [M + Na]" caled
for C30H3403SSiNa: 525.1896; found: 525.1899.

Methyl (3R*,48* E)-4-[(tert-Butyldiphenylsilyl)oxy]-2-(1-
phenylethylidene)tetrahydrothiophene-3-carboxylate [3,4-anti-(E)-29a]

IR E ; "H NMR (500 MHz, CDCl3) § 1.02 (s, 9H), 2.09 (d, J= 1.2 Hz, 3H), 2.97
(dd, J=4.3, 11.2 Hz, 1H), 3.05 (dd, J = 4.3, 11.2 Hz, 1H), 3.29 (s, 3H), 3.61-3.66 (m,
1H), 4.64 (q,J=4.3 Hz, 1H), 7.06-7.11 (m, 2H), 7.18-7.46 (m, 9H), 7.51-7.55 (m, 2H),
7.59-7.64 (m, 2H); 3C NMR (125 MHz, CDCl3) 6 19.2, 23.8, 26.7,39.1, 51.7, 58.9, 76.8,
78.1, 126.5, 127.70, 127.72, 127.8, 128.1, 129.4, 129.86, 129.87, 132.1, 132.9, 133.5,
135.7, 143.0, 171.2; IR (neat) 2931, 2895, 2857, 1739, 1428 cm™'; HRMS (ESI): m/z [M
+ H]" caled for C30H3503SSi: 503.2076; found: 503.2084. Anal. Calcd for C30H3403SSi:
C, 71.67; H, 6.82. Found: C, 71.38; H, 6.84%.
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Methyl (3R*,4R* F)-4-Hydroxy-2-(1-phenylethylidene)tetrahydrothiophene-3-
carboxylate [3,4-syn-(E)-20a]

LAY 3,4-syn-(E)-29a (377 mg, 0.750 mmol) ¢ THF (3 mL) AHRIZ=IRIZT
FERS (51.5uL,0.900 mmol) ., 7 v{bT b7 n-7F LT =7 A (900 uL, 0.900
mmol) ZANZ. FRT 1 RefIEHR L7, BOSEIRIZK (SmL) 21z 7 mask
V2 (20mLx3) THIH L7z, AE %2 BOKEE~ 7 v U AT, AHA
WL, AIREBIERMES 2 Z & THAERM ST, 77 v aliTdgbruax b7
77 4 — [n-~FH o —figEoT o 2:1)] 12X 0 ER ULEY 3,4-syn-(E)-20a

(185mg, 93%) %157z, HEASHKGES (7 rrRLh—p-~FH% ) ;mp79-80
°C; 'TH NMR (500 MHz, CDCl3) § 2.07 (d, J = 1.2 Hz, 3H), 3.03 (d, J= 7.5 Hz, 1H), 3.24
(s, 1H), 3.25 (d, J = 1.2 Hz, 1H), 3.51 (s, 3H), 3.76 (dd, J= 1.1, 6.0 Hz, 1H), 4.53—4.58
(m, 1H), 7.11-7.14 (m, 2H), 7.22-7.27 (m, 1H), 7.31-7.35 (m, 2H); 3C NMR (125 MHz,
CDCls) & 23.4, 37.0, 52.0, 53.8, 75.0, 126.8, 127.5, 128.2, 130.0, 130.2, 142.8, 171.4; IR
(KBr) 2948, 2895, 1712, 1439, 1360, 1208, 1176 cm™'; HRMS (ESI): m/z [M + Na]* caled
for C14H1603SNa: 287.0718; found: 287.0706. Anal. Calcd for C14H1603S: C, 63.61; H,
6.10. Found: C, 63.45; H, 6.09%.

Methyl (3R*,45* E)-4-Hydroxy-2-(1-phenylethylidene)tetrahydrothiophene-3-
carboxylate [3,4-anti-(E)-20a]

LAY 3,4-anti-(E)-29a (237 mg, 0.471 mmol) ¢ THF (2 mL) I&IKIZ=IRIZ T
FERS (32.4 uL,0.566 mmol) ., 7 vibT T n-TFNT =T A (566 pL, 0.566
mmol) ZNA . [FHE T 12 REEHR L7z, ROSIIRIZAK (SmL) 21z 7 v r ok
v (20mLx3) THIM U7, AREE 2 BKEIRR~ 7k v U A THURER . AHKA
L, ARZWERNT S Z & THERMEST., 77 vvahThra<x T
T 74— [n-~FH o —fiF L (2:1)] 12X 0ER LAY 3,4-anti-(F)-20a

(123 mg, 99%) %/, HEEAHIRYE; 'THNMR (500 MHz, CDCl3) 6 2.13 (s, 3H),
2.54 (brs, 1H), 3,07 (d, J = 11.7 Hz, 1H), 3.43 (dd, J = 3.6, 11.7 Hz, 1H), 3.50 (s, 3H),
3.68 (brs, 1H), 4.58 (brs, 1H), 7.07-7.15 (m, 2H), 7,18-7,40 (m, 3H); 3C NMR (125
MHz, CDCI3) ¢ 24.3, 39.9, 52.1, 58.8, 76.2, 126.8, 127.6, 128.3, 131.4, 131.5, 142.9,
171.1; IR (neat) 2949, 2850, 1727, 1434 cm™'; HRMS (ESI): m/z [M + Na]" caled for
C14H1603SNa: 287.0718; found: 287.0741. Anal. Caled for C14H1603S: C, 63.61; H, 6.10.
Found: C, 63.32; H, 6.25%.
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Scheme 17 DR

Methyl (E)-4-(4-Methoxyphenyl)-3-(thiophen-3-ylthio)pent-3-enoate [(£)-30b]

{LEW(E)-21b (20.6mg, 0.056mmol) DY 7w A% (1mL) AERIC=IRIC
T by VEE—/KF# (23.1mg, 0.134mmol) Z A%, [FET 3 B L=, X
JEEIRIC/AK (1mL) Nz 7 vaak/ s 20mLx3) T L7z, AHE 2 5
KEiEg~ 7 %> 7 N THEEG, ARUAIR L, AIRE LR T2 2 & CHARY
G, 7T v vahThravw NI T 4 —[n-~FHh o —FB=T L 2:1)]
2 X 0L AL B WI(E)-30b (11.9 mg, 64%) A 457, HEAHRYE; 'HNMR (500
MHz, CDCl3) 6 2.33 (s, 3H), 3.15 (s, 2H), 3.58 (s, 3H), 3.80 (s, 3H), 6.84-6.89 (m, 2H),
7.02—7.05 (m, 1H), 7.14-7.18 (m, 2H), 7.24-7.26 (m, 1H), 7.30-7.33 (m, 1H); *C NMR
(125 MHz, CDCl3) § 23.7, 39.5, 51.8, 55.3, 113.8, 123.5, 126.1, 126.2, 128.7, 129.7,
130.7, 135.0, 143.7, 158.7, 171.7; IR (neat) 3102, 2949, 1736, 1606, 1509, 1244, 1172,
1028 cm!'; HRMS (ESI): m/z [M + Na]" caled for C17H;3503S2Na: 357.0595; found:
357.0590.
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