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BHEBANDIEABZRENT VWD, 29 LEFEND, EHIEAT YU RE OB B HOS 0O# f#
PILKZBRE LT, ~T B baWa-t'ar 5§ ZOSEE E LI BRERKISOBRTICET L
(Figure 1 SEHN) .
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BOSOHEITICE D Al EHD ZENTE D, * R RRIIARRE R TR E BT 2 LR <,
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—J7, FEFHDOFTBIIIEE TIZEEIC Corey-Chaykovsky o 27 11 71 S MBS I W BN AR A U
REOGH] “CAFNANVEX Y =7 L AF U R [Corey ik3E: CH,=S(O)Me,] ” 712 &L 5 3 (ZicHE KAl
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1) HEEIZEET D5
Ac: acetyl

Bn: benzyl

Bu: butyl

Et: ethyl

Me: methyl

MOM: methoxymethyl
Ph: phenyl

Pr: propyl

W: electron-withdrawing group

2) P, AEKICET DMK

DMA: N,N-dimethylacetoamide

DMF: N,N-dimethylformamide

DMI: 1,3-dimethylimidazolidinone
DMSO: dimethyl sulfoxide

LDA: lithium diisopropylamide

LHMDS: lithium bis(trimethylsilyl)amide
MOMCI: chloromethyl methyl ether

MS 5A: molecular sieve SA

NaHMDS: sodium bis(trimethylsilyl)amide
NMP: N-methyl pyrrolidone

PCC: pyridium chlorochromate

TFAA: trifluoroacetic acid anhydrite
THEF: tetrahydrofuran

TMSI: trimethylsilyl iodide

3) DD S

EIMS: electron ionization mass spectrometry

EL: electron-luminescence

HIV: human immunodeficiency virus

HMBC: heteronuclear multiple bond correlation
HMQC: heteronuclear multiple quantum correlation
IR: infra red

TLC: thin layer chromatography
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KNI FERA~T aRILEWM 7 ~ V) o ORDVICEBRFE~T vt EWa-r > QH-E T 1 -2-
F ) BRICEE L LB ARG ORE 2 B35 (Scheme 1), ZD7, MitE L7253
MAZEFRGIMEELHT Do-V'r VFER 4 O+ EMIAG TR 2 G BIIANIE 2 21T L T\ LT
BAFRTH D, o-B 1 UHEEITEE L e K P 0FE~T7F RAlE MER 2T A L A-1 (HIV-1) 7
D?T%fﬁ%ﬂ”&5®$%ﬁ@%g SELICIFAMTL 7 babI kvt A (EL) MEPICh
GHINOEETHD, T, HE LY LT 7 P UBEE RN E T2 AREITERA LI
BIDARARELT 4770y 7 LTHHAVWBNRTE L, Y20, FilfiliEoa-v'u  Aoh
R0 DERIEOBRIE, BMERSUNCET 2R A HESE L D0H2 5T, AWIEHES oM
MBI EROBEP S b FRRMRAE 5220072 2 ERWP/HTE D, —FH, RFFLoOmETEE
B ThHDINMICETRIMELEZAT Do-E 0 K 4 137 CTL Y WE T Z558 Diels-Alder K& B AT 72
FELLTHbORTWE, TZD7=®, Boger & Mullican |2 X W ZDOARITEBEICHSZ S TRy, T8
ZDo-' 1 A RKIE & Diels-Alder BOG T Eli Lilly #E12 815 % 2 BUBS R TGREEML &P O BESR
L—HMIbIiSHENTWS, Y% 2T, AETIEL Boger & Mullican DA RIEE AL LT, BKEH
SOGDORRF B BAG T 2 0 2 BHESE Do-Ea RO ARK & Z DR BEIEORICET L,

H
P S W AL CH2 S(O)Me; (, CHQ-S )Me,
L & .
ST 70770 0 o} w
4 2 OH

(W= electron
withdrawing group)

Scheme 1. 7 < U ViFHEROBHELR N L a-E 0 o ~D RE.

EIE FhreTAaxi AFLr~n UBEHEERNLDo-Er VAR E F DG

3-7aAX IR -a-E 1 T OERKTE, 1980 4FfRIZ Boger & Mullican (IZ X VW7 FJ & Fr >
Zv (THF) 1, BBIR7 b 5 LUF ULV A YT L7 2 K (LDA) »HAERTH T ) 77— R
ARFVAF LU~ UfEY AT 62 LD LA L 5] X< MABLROSICE Y 1Ry b T
FERL ST (Scheme2), S & 51T, Merck #:D 7 —F135-7F 11 Lo UREHEK9 & 1Y
BOYFTLANFYRAFILTL TR (LHMDS) MWD Lo-B'm K 13 73, i@ LHMDS %
WD E LA-MMBLEER O A BRALOS RS T O-7 oufb il S h, C-7ioufbafEm L TLr iy
J—VIBEK 14 NSNS 2 EBSHAE L7- (Scheme3), *
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Scheme 3. o-B' 0 U ARIERIGH LIZ L Y VY ) — VB EIRD AR,

F2H BT P RO ) T — R ONLEBRIRVEIZEER 2 WEIR T b oD Da-Er AR

EHR I ERFEZNA  LUFHEEED 3-T L ax s VR = b-a-t'a L 2ET 52 & L L7z (Table
Do REIRT FrThHLI7m FT 7 2 15a OB U8R & OMEERBEIR 7 - 15b-d & HBEWHE
& L, Boger & Mullican ®J57% " 2HEy THF Hitfi L LT LDA 2 M\ 2L 25 44%00 5 84% & Y
TELOXITHALOD, FHEEOMERMo-E a2 K 16a-d 2157~ (entries 1-4), F7-, XIFR7284
R 10, 15e-g (2% L CiE Merck tho iy #2512 L, HE L LT LHMDS V=& 25 39%
B R%DIHET 547, 6 (MlENENFUROEWRIEL H T Da-E 1 (K 16e-h % 157 (entries 5-8),



Table 1. 3RO FEEFIA LT-a-E 2 D& R

(0]
MeO OMe
(0]
o 6 OMe .
S o} ST OMe
L . .
X conditions . K

RN Yo| .00
10 or 15 16

entry substrate conditions product yield (%)*

1 A 44
(@]
15a
(0]
a | A OMe
R Q o R Q 0o
2 15b (n=1, R=OMe) A 16b (n=1, R=OMe) 45
3 15¢ (n=3, R=H) A 16¢ (n=3, R=H) 46
S
4 0 A 72
15d
0
R1\)I\R2
5 15e (R'=Me, R’=Ph) B 16e (R'=Me, R’=Ph) 72
6 15f (R'=Me, R’=Et) B 16f (R'=Me, R’=Et) 39
7 15h (R'=Et, R*=n-Pr) B 16g (R'=Et, R*=n-Pr) 65
8 10 (R'=n-Pr, R*=n-Bu) B 16h (R'=n-Pr, R?=n-Bu) 60

*Tsolated yield.

Condition A: The enolate of the substrate 15a-d was prepared with 1.2 eq. of LDA in THF at —78 °C to —5 °C for
1.75 h. The malonate 6 was added to the reaction mixture at —30 °C and the reaction was performed at rt for
additional 2.75 h.

Condition B: The enolate of the substrate 10 or 15e-h was prepared with 1.0 eq. of LHMDS in THF for 1 h. The
malonate 6 was added to the reaction mixture at 0 °C and the reaction was performed at rt overnight (for 23-32
h).
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1 3B RGIMEEZAT L 5-7 U —b-o-E 1 ERRD Z I E TOREH

Rl

Boger & Mullican 2855 L7-a-E' 0 U ARRICE W TIE, BikZ by, 782 ) 5 — N AR @R
BREL 225720 TRbbB7r h AL TE DakFEE | D LR 0giRs b P, Edh
VAR = VRO MSHCE U7 ATV E L O%s b r PP B HEWE &I DI LFEE LR Do
7z EEE, AIEICRB O THE L OARIEEZFIH L2 5E, NRICEESH L LOOMERL Bl Do-E 1
VIR 16a-h ZETHIENTE, LLans, =/ 77— MERICET 2R IREORED 729
ERO7 AR X 0 b HERESOGDMEME L 72 D 2 E BTSN D IERFRENIR 7 b TOREITEET
Holz,

—J7, BREBSOSHROBRFEED 1 > TH D 3 MICE - RKIIME, STV —1&Eaxa15
a-E' 1 OGO BREIZIEFITR O TV 2, 2007 412 Kim 5 1% Baylis-Hillman SOt D) 17 &~
YUNT == b 18 & OAIIRBEROG & e < = AT IVE T IS T DMK IRIZ LY VAR g
19 & L, TFAA ZH W eBj{k e PCC BBRIZ KLV 3R Y AN EER/TDH 5-7 ) —/b-a-E' 1 UK
21 ~ &2 (Scheme 4A), > —J57, Merck tHIZ% 1 filc TR L7z C-7 v Uk &2 DL LY vy ) —
JVHER 24 OB EFE L7, TRICKLIRNU VLT Fr 22 5T 6 ML _ O EEAT 5
3TN AFTHIVR=ET Yo u U NEONEZ EERE Lz, PEHEOMBIRY TIiE 3L
IZEREIMEREEZ LD 5-T Y —ba-Er U OEENIZ NG 2 HlO®RE Lt Tz,

(A) OAc O

Ph OMe iy  tBuOK
THF 1t, 5 h

ii) NaOH, MeOH TPAA - PCC
+ r, 24 h CH2C|2 | Z>Ph CHQCIZ
—_————
0 il)  HCI aq. EXs Tm12h
o A Ph 669, COOH “8s% o~"o 59%

20

18

(B) EtO OEt
= OH
9 OEt 0O Ph COOEt
o
LHMDS (4eq) pn, I HO
THF o

(0]
72% Ph

22 23 24
(desired product)

Scheme 4. 3 (L |ZE T REMEEEHFT 5 5-7 U —/La-E v > DR



EO2H NN TF N R 5-T7 ) —b-a-Eu VAR ORET

WICEZL, FERAFRELR T b rinb D 56-EHf-a-Er B R AR S Z LT L7z, Boger &
Mullican D FEkEE AV, 3, EFAEEELE L TR ULV F LT b 25a &~ o UEFHEER 6 >
56N TFNIEHTD 5-7 U —/b-o-B' 1 K 26a DERLARFT L7Z (Table 2), ZiE TO®E
\ZHEV THF i & LT LDA &5\ LHMDS Z W= & 24, HEYD 26a ILENZE1L 28%, 32%
CIRNET LMD RD 572 (entries 1, 2), T2 T, MUGRPCHRET DALY /) —VERETDHH
BTELFxF2T7—v—7 54 (MSS5A) ZIRMLT-EZ A, PRI 60%I2F T S vz (entry 3),

Table 2. 5-7 U —/b-g- "1 &R D SE M5

o)
MeO OMe
- OMe (o)
6 0 Ph
©\)OJ\ base, additive | = OMe
Et solvent Et o) o)
rt
25a

entry base additive solvent Time (h) yield (%)"
1 LDA® - THF 22 28
2 LHMDS® - THF 24 32
3 LHMDS® MS 5A THF 21 60
4 NaH* MS 5A THF 21 complex
5 NaH* MS 5A DMSO 22 7t
6 NaH* MS 5A DMSO 22 808

*Isolated yield unless otherwise indicated.

® The enolate was prepared from 25a with LDA at —78 °C to —5 °C.

¢ The enolate was prepared from 25a with LHMDS at 0 °C.

4 The enolate was prepared from 25a with NaH at rt.

¢ Determied by 'H NMR.

© Compounds 27 and 28, which are noncyclized intermediates, were also obtained in 70% and 3% yields,

respectively.
(6] (0]
OMe MeO OMe
OMe OMe
Et” >0 O Et” S0 O
27 28

€ The crude mixture was refluxed with AcOH for 16 h.



el ) BAT 22 R T H D 26a 3 53720 T, Table 2, entry 3 DFME2HWTRU Y U Ep (L
\ZFEx OBEEIELHT DX VT h L 25Sbf ZHHFEME L LTS 7 U —/b-a-E' 1 UK 26b-f DAL %
Bt L7z (Scheme 5), L22L7eh s, HIDo-E 1 UK 26b-f 1% 30%LL FORIED 5 W0IF2< AL
Nighotz,

o)
MeO OMe
6 OMe R o)
R O )
m LHMDS, MS 5A |\ OMe
—_—
Et THF, 21h B~ 070

25b (R = OMe) 26b (R = OMe) : -
25¢ (R = Ph) 26¢ (R = Ph) : -
25d (R = NO,) 26d (R = NO,) : 26%
25e (R =F) 26e (R =F) : 29%
25f (R = CFy) 26f (R = CF) : 23%

Scheme 5. Table 2, entry 3 D% H\ = p @H#-5-7 U —b-a-E 1 A RROBF]

Z T, a-E' 1 K 26b-f ZIHE DOV INFETHEDICIT S HARDIFMEORBEIEALETHD LB X T,
BHD 5-7 Y —b-a-Ba EZBHITIE, XUDOAT o ORCDANTORT v s AL TERKRT S
BNFXELT ) T — MR CTIEPEITT 20BN S 5, 07w, mEmWiEETH2 LHMDS (IR
FOGIZARMETHDH LB Z, BRTFERE LCKELT NIV LAEHWSZ & TR R T ) T —
FERTRICHNEITT 22 L2 Lc, AL AKFLT MU U LACEE LT CITEMERIES
HHZDHDHTH-T- (Table 2, entry 4), AMEA THF 726V A F L ALFRF T R (DMSO) IZ48H
LG T 7 2RI ER Oa-E' 1 2 26a 28 T%DIETH LI, S HICHOERY 2 A LT
& ARG 27 & 28 WARULER 73% TAER L TWD Z EAVHBA L, UG RIE 27 & 28 13
T b v28a v n VEEREIR 6 & OISR DBALBIG LT L 2R o T RBAKIETH D, 4
R b MO AEKTDHINOHRMEOTZ LR Y T 4 —PHEERILKIGICRNE THL 2D TH
HEEBEZOND, SHRHKFNT NY T LAOERINT K0 EFIOHEEEE W CTRS R CEBRALRIG %
RESHELLVIRISELEZLNLD, RUUAA hy 25a DX 9D BRE0RY b o ClikE o Bt ok
2 C-T Y ERE X M EEHIL T L E 9 2 &AL,

a- B 1 BRI B WD TR G BRSO E T < 2 DA b N FETH D, fr < IE 1902 4 Buchner
& Schroder 723 29 D AR S ERAL SIS & 5 5-7 L )b-a-E 1 2 -6-T1 VIR Uk 30 DA &Z#E LT
W% (Scheme 6), * E£7=, o7/ —FI12 X0 EEIESMET TOMEARILEGa- B0 EMARE S
TW5, Pz, HEELZREBLA 27 & 28 (2728 =5:1) ZEERRHFMBUEH S FIC Lz & 2
5, BTORMPOERPHERI NN, EEgrn~ 777 — (TLC) ETREEIK27 £ 28D 2
DDARy hPa-tr Kk 26a DAKR Y h~EIHT D Z E AR TE 7, PHEBZBITLE L L2%,
717 BRERL AT UOILEE 81% T 26a 235% Hv7- (Scheme 7).,



—_— |
COOEt

EtOOC~ "O HOOC™ O O
29 30

Scheme 6. Buchner & Schroder (2 & 5 B ILHE & BRALSINIZ L Da-E 1 &)K.

(0] 0]
OMe MeO OMe O
¥ AcOH Ph
- > A OMe
OMe OMe reflux, 19 h |
81%
B0 O Et~ 0 O B~ 070
27 28 26a

mixture of 27 and 28 (27: 28 =5:1)

Scheme 7. F&fRBEAE & BRALLUE O T F2BR

IO DOREAZIT T, IR T DMSO ' MS 5A fETE T 25a Z#KFE(LT FU DL LAEL 6 LD
MBS R\ C — BB L, 2 Z & 7 < HAE R & Bife b nBGE 92 = & T, 2 B 1
[FlOREHLT 26a 7 80%DINHE TS Z &3 T& 72 (Table 2, entry 6)

HAE NV b UBEEKROERK

ATEIZ CRAFRINET 5-7 U —b-a-B' 1 K% 5 2 5 50 (Table 2,entry 6) % A3 Z &N TX7

DT, KERHRX 72 5-7 V) —/b-a-E' B VBRSO Z R T 52 LIl Lz, £, a-B'r MO
HMHEWE LD D ARZ RO 7 = = VEFREFHERD AR L7 (Scheme 8), N2 €U B L p Il
AMRUE, Tx=ond =bhud gaadu NI AT uAFAEEETLIR VLTV
N 25b-F 1%, 7 = = VEFRETR SR 31 1ok L CHEEA R U LR W T AR VR r ) RE LE
%, NIV AMBLGEE T F AR E ORED TV IS P AL ) BERIGE TR O
(Scheme 8A), /=R TIEICTRUB VB Em L, o I MY 7t v AFVEEFT 5 258, h AR
L7z, —J, BIVR=LVEOFERANZ 7 2=V BT Tkt nWo =7 UV — itz aH 3500
7R UK 3537 1%, BEIOF RY T AAFHAFALTTT YR (NaHMDS) 22 HAEKT 533 0V 7 =
34 LT AT NARE DY T AR U BURIEIOE 1L Y A L7z (Scheme 8B),



(COCly, Pd(PPh3),

(A) N, o  DMF(eat) -~ o Et,Zn N 0
R T ChCl, | T Tbenzene. U~
= enzene
OH L iH Cl| rt,14-20h Et
31 32 25b (R = p-OMe): 99%

25¢ (R= p-Ph): 79%
25d (R = pNO,): 55%
25e (R = pF): 70%
25f (R = p-CFa): 74%
25g (R = m-CFy): 80%
25h (R = 0-CF,): 87%

(B) 20
o NaHMDS | Ar RCOOMe o
a M o o | == a I
OH THF,DMF R
-10°C,35h | P R
33 34 35 (Ar = p-CF3CgHy4-, R = Ph): 64%
36 (Ar = p-CF3CgH4-, R = 2-furanyl): 83%
37 (Ar = 2-thienyl, R = Ph): 70%

Scheme 8. X Ly N AMAKDERK.

FESHEI SMHDOWIT 6L DBEWRILEZHT S 5-7 U —/b-a-E 1 U EA~DIEL A

380 2 HCHENL LI SURSRIEE W fli e XU UV b g 5-7 U —b-a-Ea ARG R ORE T %
Table 3 |Z7°97, Table 2, entry 3 D&M Z W2 A IITERRNEETH > 72 5O BB Ep i
EIHGMEETHD A MR IHE, T=2=VEZ2HT2 26b,¢c, HOLWVITETRGIMETHDL =Mk,
Tntusk, M) TZAFaAFANEEAET D 26d-f & T0%H1% & P BAFRIETHL 2 LN T
7= (entries 1-5), £72,m H WX o (LI Y Zvd v AFNVEEEHT 5 26g, h L ERKATRETH - 7228,
o BHIRTIX 41% & PRIEDIVRIZE EE o572 (entries 6,7), S HIZ 6 (LA Y T a EE, n-7F v
EEEHTDH 260, j LENEII0%, 19%E FINETHDZ LN TE7 (entries 8,9), F72, 6iLilc7 =
SNVERT TN EENWSTT V= VAT D 38-41 OARKICEBWTIE, B7m AR EZ D D
LoRkFa 1 OULNbIERWr bR E WD 72, LHMDS ik L LC, THF 2 s L CE %
Rt 5 2 Lo Lz, FEERIZ, 39 OERESIT 5L NaH/DMSO % Tl 58%, LHMDS/THF % Tl
77% T o7 (entry 11), T2, 6 (2 2-7 7= VIEAT D 40 2R 75%, £, 5-Q-FT=))
KT 54 % 5ST%DOIETHRDL Z ENTET,
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Table 3. J&& it o gt

MeO OMe
0 ;i?;m o)
base, MS 5A A
0 solvent, rt IYLOME
N\Jm i) AcOH,reflux . R™ 00

entry  substrate  Ar R base / solvent product yield (%)"
1 25b p-MeOC¢Hy- Et NaH / DMSO 26b 73
2 25¢ p-PhCeHy- Et NaH / DMSO 26¢ 57
3 25d p-NO,C¢Hy- Et NaH / DMSO 26d 66
4 25e p-FCsHy- Et NaH / DMSO 26e 68
5 25f p-CF3C¢Hy- Et NaH / DMSO 26f 65
6 25¢g m-CF;CgHy- Et NaH / DMSO 26g 77
7 25h 0-CF;CeHy- Et NaH / DMSO 26h 41
8 25i Ph i-Pr NaH / DMSO 26i 90
9 25j Ph n-Bu NaH / DMSO 26j 79
10 18 Ph Ph LHMDS / THF 38 85
11 35 p -CF;CgHy- Ph LHMDS / THF 39 77

NaH / DMSO 58
12 36 p -CF;CgHy- 2-furyl LHMDS / THF 40 75
13 37 2-thienyl Ph LHMDS / THF 41 57
*Tsolated yield.

ARETHE, PR EeA MKV AT LU v UV BUATAVERAWZa-Ye v ElaRA L, FRESE
Do-t'r U MEEaGK Lz, &6, TNETHEME L LTERS Mo, &5 WIEELFRER T b
v, TR T M ALY 5 DakFEE 1 O LR RWEIR 7 B UCBRSNTW R, AP
KRG b TOISH Z T Uiz, WA, WEE, WIAIORE 2175 2 & T b B s 0B 4
YW ) F— FERERH LA FXF U RAF LU~ U BT AF L L ORI S, 0%, R
AT D T &7 AR & BERE POINEGE TG F COMETRLIRIZ E D 2 BERE 1 [ 7 AR
THHDa-E' 1 U 2155 B MiELZ ML LTc, RERIEIZL VA E THREINIZE A SHFELRNS T
570 —N-a-Br U EMER RS ZENTEL, KEHRIZE Y ZROEOBEREBRL)SOIFED =80
D SOGHEBEMAG AN ATREIC 72 5 721 T <, AR EL Mk EOBREME D+ & 720 9 Da-Br K
DERICHFHGT D2 L BHIFESN D,

- 11 -



o=

a-E 0 RSB A T BV 7 1 [3.1.0]0F Y AR~ DB RS A A

a7 aRURITEOREOR WIS ED T O AEA B FEEREETHY, ThETICS
OEBULFHEN Y 7 v T o AbEW &R EIR & Uz A RRIG 2 3R L C & 72, ' B & O FTa i
REICBWTHBREIC T 7 8 7 SUVBOKISHICET 2RO 8L LT, avikh~Yva 2%
A=y 7 a7 ay BV R R AT VORBRKIEORF B IICITb Tl Y, »® REEED
T nFa FHEER TR Y = AT VRIS LIRS A Y RERISHI Y A FILZVER XY =7 4
AF U R 7 [CH=S(O)Me,] 7 % % Corey-Chaykovsky )i 12 L0 Gk S iz, ¥ P X F L2 07k
FY U AAFY RIISRREME AT 5 1 REWRAITH LD, ZOEBEEBROBEICEL VT 4
ET AT~ VB D AFLANNRF Y =T WAF Y RICE D BRERSA R ST, ©
FTROL,3MACEFRGIMEEZATL 7~ UBFEALISH L T2 HEDO YV AF L ALERF Y =7 A
AFY REHAWDZ L T2REMRALN T 7 B _RUZ DRV Y T T2 2 B EET BB ST
% (Scheme 9), KKIGMEIZ~V K1 2B 1 HEHOVAF VALK =T LAFY FIZED
Corey-Chaykovsky SIZ T 7 v 7 /SR 3 BB S I, 2O DIIISSERME T ALETH
DVEDIZ 2 YBHOV AT VALVKEX Y =T LAFY ROT 7 R ABI~ORELE, ThzLike
Licy 7 a7 a U RORRE, TOROROFBEICEIV /a2 [DRNrYy 750 2 25T 5
R RIETH D, REIGIETAFIVANVEF Y = AAF Y K37 n 7 a5 Aul s KEFIO 2
OOEENZHS Z LT, raTaRUEROEREREREOWBMEICEAE L NI/ KSOEITICHE L
TW5, BRICAKRIE % RIRY O FEAR B BAEEFI 3 % Z & T Linderol A'' %> Adunctin B O Kk 4
BREBER SN TR, ZHE CRAKIGEOHEDEILZ ~ V) U BKORICIRE STV,

3 W
m CHo=S(O)Me, (>2 €q.) ( |
0" Yo B S0 N w
1 OH
(W=electron- 2
withdrawing group)
CH2=S(O)M92
Corey-
Chaykovsky
reaction
H W
CH,=S(O)Me = w Z$ W
©?,§I/; 2=5(0)Meq ) — — 0
0o of )=o Ne © 5 Slom
cyclopropane H o o ®( Me
3 ring opening 42 Ci(O)Me2 43 C%(O)Me2 a4

Scheme 9. 7 < U Vi EARD B ¥R G O SSHERE.
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ZIT, EHEREVAFNVANEX Y =0 A AF U REAWIBRERKSOMISFHEIL R E B L,
EFPT7~ U ROLEBEEDO G FEBMEEZPER L 56,787 h Tk R7 <D 1k (6 BBt L O
Blo-t'm U fR) CTORFCET Lz, KICHEX Y, 7~ VFEESROBEERKE TIXAM~R ¥
VERBRISDEITICRE R B2 52 TS ZENELGIHERTE S, bbb 7 /v RA A4
DEENEGLTNDHLEEZLNDTD, NUPUROBEFRIEOPERNRIGICED X ) i b
2% DHBURRFFIZ41 % o

H1HE 56787 b7k Far<l ARTORS & FHFERIIC X D ERRY OREERE

RETOTDOIE & L TERBEL 7 CHEEA D 3-A ¥ BNV AR=)1-56,78-T hT7k Kr s~
Uk (6 BB L OfiBHo-Ea L fK) 452 T 2RO, VAFLAVKF =T AAFY RED
JsZ#iEt L7z (Scheme 10), FFHEICHEV DMSO 1 2.0 Y ED D A F /L ANLKF Y =7 LA AF Y
R EALEY 45a DR ERB T & 25, Bz e B DI 35% TR b7,

o]
_ + HR-EIMS; calcd for C13H1604
~ome w OMe ' 536.1049; found: 236.1042.
| DMSO, rt, 4 h (45a + C.H,)
O,
o0 o 35% « Ferric(Ill) chloride test (+)
- IR (CHCl5): 3028 cm-"
45a 46a 46a'

*Prepared using Me3;S(O)I (2.4 eq.) and NaH (2.0 eq.).
Scheme 10.5,6,7,8-7 h T & Fr 7~V (fRllo-t' o) §5ERDF AR

E o fRREE BT (HREIMS) K0S AR 05+ UL CsHig0s TH Y | 45a LV AF LU H
fr 2 R LI T D EHEETE 7z, Ll £EfPWO 'THNMR LT °C NMR A2~<7 kL
BHETH o772, UHZ OEEREZIT O 2 LXK EECTH - 72 (Figure 2A), — ., AWix
HALES —#GRBRIC THPEZ R L, IRICT 3028 e OWRINZMEIZ2 S, & 512 "THNMR (2T 10 ppm £

WZHWeRnbHE 7T — KRRy 7Ly hOE—7 3B O LD, =/ — W KEBEOFIENR
S nTo, £ T, HHER NMR A~2 MVITAERB O 7 b-r ) —)VEERMEICHRT D EHERIL .
FEBCIC L DWEREZATO Z &I L, AERMEZMGEIT2HMT, =/ —VEOR#ELE LT
ARFTAFIL (MOM) EE2HATLHZ L L Uiz, BRERKISERDZKENLT Y VA, Zan8
VAFLT—F (MOMCl) THUE L& Z A MOM LIk 47a % T5%DINETHD Z LN TE =
(Scheme 11),

-13 -



MOMCI, NaH
OMe THFrt,5h

75%

46a
Scheme 11. "B HZE LS O L pd) OFEIER E O 1= 9 O FFE R,

(B) 0

5.0 4.5 4.0

Figure 2. (A) BREWRISARY 46a & 46a’ D B BIEKIESY D '"HNMR 222 kL (400 MHz

in CDCL) . (B) MOM {4 47a @ '"HNMR Z-2Z kL (400 MHz in CDCl;) .

-14 -



MOM 1tk 47a O NMR JIFE & 1T o7& 24, TAEY 47a O NMR A7 R VIS EASE LG A R
e L, v T AT kL & e o 7= (Figure 2B) , MOM 1L /4 47a @ 'H NMR, C NMR, HMQC,
HMBC T L % % F NMR fi#tr 72 5 MOM bk 47a iz A v e i b B 7 a31.0~F v o #EE2HT 5
IbE<Th D L HE &z (Figure 3), D728, BHRAMSIEOERYITA Y B[E Y7 2[3.1.0]~
FHh-v T aaFt46a & X DOBERMELR 462 DIRGM T D L HEETE I,

2.17 (td, J=

0.8, 7.4 HZ) 3.71 (S)
1.61 (t, J=6.4Hz) 28.1 OMe 509 OMe
5.08 (d J=6.6 Hz)
1.72-1.78 (m) 1635 5.16 (d, J=6.6 Hz)
23.2 2.75 (dd,
1.89-1.95 (m) o4 7211 O ﬁ / 347(5) @) RN -
237 @)
2.44 (t, J=6.8 Hz) )
40.0 R |
: HMBC

13C NMR

Figure 3. MOM b4k 47 D AT K LFERT.

(2, FHRTECE & BB 7RSI E 24T O Tl i b2 B & L, (LAY 46a & 462’ ~D p-7
BEANDNVHEOE AN RE L7 (Scheme 12), 15 5 AV72if i & HERR = F /L -n-~F% o OIR G &
DERELIZE 25, p-7 BERU UMK 48 DHERPE ORI To®, 0 X B EAEE AT 2 5
PEIK 48 13 IR IR, 5S ODMXELEZHTH A0 Y 7 a~%H o ThD ERETE 7= (Figure 4),
INHRREY, 7 h T Frr <) Uk (fEBRMo-E 1 1K) 452 [IZH LY ATV ALARF =7 LA
FU REHANWDZ & Torac-(1R,1’R5S)-A 0 [E Y 7 B [3.1.0]~F V-7 a~FH o Kko s h-= )
—VEZE RIS Y (46a L 46a°) ZNLERINICH 2 BSOS ET T2 2 L B B &
eolz,

NaH, DMF
OMe rt, 22 h

67%

Scheme 12. “H #2848 SE O A ) OREE R TE D 72 80 DO F5ERA L.
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Figure 4. 7535 {K 48 © ORTEP [X.

52 fi B AR O S AL

BIEIICT 5,6,78-7 78 Fu < UK (fERMo-E e LK) 452 E AT LA LR =T A AT
U ROBEEMRISIZ LY, IEFITR B REE 26 T2 A8 B 7 1[3.1.0]~F ¥ K 46a 7355
NHZ xR L, EicaEnsAav iy s ara XU giElL, AvrEREO2=—7 ks
R L v 7 v 7 X OERIZL D EOUSER IR CE | SIS E 2 AIF L O W8 S Bl
DRV, P EBRIC, VR I X ReZ OHRIKTH D Omphalotus olearius 79> 5 BB S D KRWA VP v
S FAE R Y7 n A u /NGO RISTEIZR R T D HUESEEEEZ A L TR Y, LOFERD irofluven
TEERREBRE I fHETH#A TS, P F, vruraXvfEichktsar 74 A—va v 0lf
EAER DT v 7 v [3.1.0]~F 3 AR TAIE I & o CTHERME TH D, TP ArE VY
BRI~ FH ARIIA e 7 u PNl B 7 v 31.0]F UREED N T R
BTHDHEFRD, ZDOLI REEOABBNIIEFICRONTEY, T EBICATAREREEDE T
HD 3TNAXT AR -a-E 0 RN D A T B 7 1 [3.1.01~F Y AR E2 ST D RS OB %
AL, REEL B LI RERFcE T L,

FURFEITIICHZY, ETOAFAAVEF Y =T LAF Y FORBUCKLE 2K, Y 2 F
NWANKFY =g hd—Y REKFLT N U LAOYBELFT L7 (Table 4, entries 1-7), T4 5H 2D
DORIED Y EA entry | OFMETHD P AFAZALKRFY =7 h5d—D 24 48, kFlF U
A 20 YENOEINSED EPNFITEEL TWHE entryd D N AF LA FF Y= 53— K38
M, KFEMT R UL 32 BEZPHODDEMETIEIT BRICETHELE, —FH, AL EORE
FEOWINTPEROL N Z W72 (entries 5-7) o FIFRFHI TERINZHEEIR D A F IV A)VRF Y =7 L A
TV NFEmROICIE 2 Y ETHHD, MR NO 3 YEDOATY RBALETHLZ NN
ST, BEUBHDODTAFNALAR Y =g A AFY ROKLENIE L TE%OE 4 filc TR 5,

VI EOFRER LY, RIERZ entry 4 DORIFICHEE LB AR L7z, W4 DMSO 726 ¥ X F Lk L
A7 K (DMF) IZEELZEZ A, [UE 71%E DMSO CIZIEREE L7272 (entry 8), F7= 1,3-
CAFNAIZYY Y (DMI) , YAFATERT IR (DMA) & WIS FICRIXE T
L7 (entries 9,10), L7>L, THF <0 h/bm 2 & o 7= LB RO ORI 2 O 72 35 B 12T s
LT LI o Tn, AEHEMNEOHESFTIZIZ DMSO, DMF, DMA, DMI *\Wo7=3E7 1 b ok
MPEIR BN METH D,

-16 -



Table 4. “F A& 2SS D A i b

IYOLOMe MesS(O)l, NaH
( | solvent, rt, 4 h
O "0
45a
entry Me;S(O)I (equiv.) NaH (equiv.) solvent yield (%)*
1 2.4 2.0 DMSO 35
2 3.0 2.5 DMSO 44
3 3.6 3.0 DMSO 71
4 3.8 32 DMSO 73
5 42 3.5 DMSO 65
6 4.8 4.0 DMSO 61
7 6.0 5.0 DMSO 27
8 3.8 32 DMF 71
9 3.8 32 DMI 66
10 3.8 32 DMA 57
11 3.8 3.2 THF no reaction
12 3.8 32 toluene no reaction

*Isolated yield of a mixture of keto-enol tautomers.

oI Rl G2 502, 3MICE T RGIMERER L LTHEAL TS 7 b ax v bR = VDO RG~
DEBZONWTIHE L, LAWY 45a DA S XV DIV R=NVEE 7 RS DVR= VD D0 IER

VIONKEXRTANRENEICER LT P T Fu v <l UMK (FEERa- 1 LK) 45¢, d & Scheme 13
DODHETEMR Lz, P AF ALY L= K (TMSD) &AW TEAY 452 D A N F VR =)L 4L
DA FNAZAT, O TV R R 49 & L7212 EDC, DMAP % i\ 2z -7 % ) — Vi 5\
NRUVNAT A= EDOMERIGMIEY T hT e Fu s <l 1K 45¢,d Z1RINER TILH 5 03572, 45b
Fa-BPa kMBI A R AFLUy~a B AFLORDYIZZ b XU AF L ~vra
=T L9 EHWTER LT,

O (0] ROH, EDC-HCI
TMSI, CHCl3 DMAP, CHZCIZ
X OMe ——> A OH
(IfL reflux, 22 h | n,18 h (:(fj\
O "0 o "0
45a 49 45¢ (R=t-Bu): 35%

45d (R Bn): 25%
Scheme 13. o- 1 U AD 3 fr= 2T L ER DM,
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ThrT7e Frs~<U UK ($fEEEfa-Eu 1K) 45b-d 5 L CUAF L ALKRFT =T AAF U FEHN
TEREMR)SZAT 128 25, A MR DIVR=IUE 45a & HE LW FROEICE O T HILER
IFEF L7z (Table 5), = K& IR =LK 45b TIIHETONEDR FICHE E 7208, 7 F¥x b
VIR Z VIR 45¢, U UVFF T VIR =K 45d TIINCER I KRIBIZIR T L7 (enties 2-4), F7z,
YIUNTFR AR =K 45d TIRREEOERICR R 2 B LTz, AES ARSIV TR A
Bo 3 NMEARGMEOTLVaF AR EE LT, L0 EO/NS R BB BEEO/RW &
MEBFELNWEEZ BV, LIERIE 3 BT REIMEREEZ X XU VR VHRICEE L, BE oK
MEITH)Z LI LT,

Table 5. = A7 JLVERNL DA B 5 Midt

o} MesS(O)! (3.8 eq.)
N NaH (3.2 eq.)
_— >
| OR DMSO, rt

o O
entry substrate R time (h) product® yield (%)°
1 45a Me 4 46a 73
2 45b Et 4 46b 59
3 45¢ t-Bu 4 46¢ 43
4 45d Bn 24 46d 34

* Structures were determined by transformation to the corresponding MOM-protected enol derivatives.
® Isolated yield of a mixture of keto-enol tautomers.

03 Hi BSOS O BE R O

IR EAGEWSG D JAF /G A B8 L, WE B2 MA Lz, 2 E CICRB ARG
7= ) UEBKROEMBEEO S EREZHR LEZT P Fuz<=U K Th D 6 BB L O
B~ m RIZKR U TRRET LT E 7203, fkx e BRI & OB a- B r RS0 5,6 MR E L A4 1
T Ha-Er URICH LT O Is & it L7z (Table 6) , 7233, IR IZE A& ZEHLSOG O BEEIE 2 5o L,
REXS TR E (LB AR BG4 VA DIV BRI R LT MOM B8 A 2470, MOM {KiK A~ kLT —
AniTot, £F, ERMMEREEORBERY A XIZOWTHF L7z (entries 1-4), AL 5 BER,
7 B, 8 BIR L OffiBRMla-E' 1 K 45e-g THMIFIZEIT L, ST oA a[E Y7 B[3.1.0]~F 4
Yov a7 VA ] 46e-g DY 62-76% & LI BAF RN TR O, S 61, KEREETHD 12 8
B e OMERMo-t'm » 45h THMIEIT LAY [ 7 B[3.1.0]~F -2 7 o F5F 5] 46h %
HREE DI THD Z E N TE 72, Entryd OFfiERMa-E 0 21K 45h O'FEBRKSTIE, 7~V i
KL AREOSUSEER THEIT T2 2 E CTEKR L EZZ LN Y Rr 7 7 K50 b 19%DILE TH
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BTz, AB ARSI A MBS IC S HIC_U B UBRANE A 572 3 Bilto- B a UK 45i-k T b iEIG
AHEToH o7 (entry 5-7), Rl Y V7 m~T ¥ UG L OffiBRa-E 1 K 45k OIS TR, %f
JET B AR 89% kb WVINETHE LN, T X —NEE2AT Ha-t' 1 4K 451 T A <
FOGITEIT L, B2 0ERMEEcCE A rE Y 7 a~dt i 46l & 2% CTIHEHZ LN TE -

(entry 8), FMRERAEEICEF MR, MR EO~T 0 i1 42567 DR Ala-£ 12 V4K 45m-0 T i
JRARETH D . A R[E Y7 B[3.1.0]~F - V] 46m, A 0[BT 7 a[3.1.0]~FH -7
2~ ]46n, AER[ET 7 a[3.1.0]F VL -F AT o< ] 460 B 44-65%D FREE DILETH L

(entries 9-11), Z D SUMFMEERa- v 1 RO Z 72 b IR Ma- B0 VIR THIGH AR TH 572, 5
fir& 6 PLIZEALENSIRT VXV EHILZ A9 5 IR Aa- 1 K 45p-s b bxbicT oy 7 m
[3.1.0]~F " A 46p-s DX HFFREE DU TH STz,
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Table 6. A& 2SS D FEH — e OB

MesS(O)I (3.8 eq.)

TN NaH (3.2 eq.) H@)LOMe
o OMe “pwso,m an A .
-7 0 LA H
entry substrate product” yield (%)°
o}
n O O
1 45¢ (n=1) 46e (n=1) 75
2 45f (n=3) 46f (n=3) 76
3 45g (n=4) 46g (n=4) 62
4 45h (n=8) 46h (n=8) 43°
o}
| = OMe
gt
5 45i (n=1, R=OMe) 46i (n=1, R=OMe) 62
6 45j (n=2, R=H) 46j (n=2, R=H) 75
7 45k (n=3, R=H) 46k (n=3, R=H) 89
Lot
= OMe
0o
45
o) o) o 9
H,
f07 0N N OMe I / OMe
9 | B0 NN 44
0"vo P
. I\/§OH
m 46m
o}
X I -
i b ©
o}
10 45n (X=0) 46n (X=0) 58
11 450 (X=S) 460 (X=S) 65
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O H, OMe
R1 R1
| ~ OMe T

R2 >0 0 F¥2/:§O|:| °
12 45p (R'=Me, R’=Ph) 46p (R'=Me, R’=Ph) 66
13 45q (R'=Me, R>=Et) 46q (R'=Me, R>=Et) 55
14 45r (R'=Et, R’=n-Pr) 46r (R'=Et, R’=n-Pr) 48
15 45s (R'=n-Pr, R’=n-Bu) 46s (R'=n-Pr, R*=n-Bu) 42

* Structures were determined by transformation to the corresponding MOM-protected enol derivatives.
® Isolated yield of a mixture of keto-enol tautomers.
¢ Product 50 was also obtained in 19% yield.

5 A HT RUSHAE DB 5

%1 POSHRERRIA 2 B & L 7o KRR L

RIS D BRZ 21T 2Lt Lic, £F, BRIV ATAVANEXR Y =T LAF YR

(CD=S(0)(CD;3)y) & MWTEMMAEMSISE AT Z &IZ X D HAKFE T ~ALERZ M L7z (Scheme
14), BIEICHEVWAR LZEARTZL N AFARALARR Y = Aad—2 RO S8 L-EARE (LY 2
FILANEFRY = AAF Y RL 452 OFGEITD, BESHLD 4 S OBEAENEA SN A YD
Y7 B 51 A 4A%DILETH B, & 51T MOM EOHA LT, TARILA 52 21
R 54%THD Z LN TE I, FAFKS2 OFEAKFELRIT 47a & 52 O 'HNMR 2227 ML ORI E
INSEEH Uie, FAZLH 52 0 'H NMR (2T 2.4 ppm %08 2.8 ppm FHED E'— 2 12 THUMEDHA 3
Aoz (Figure 5), E¥ 7 mAFH U MBIED 1 LLT 4 (02 3 SEARBFEASHTND L O L
BICx 5, %70, BRERKGARY T4 SOBAEDEIENHRTE B9, 1AL, 3R 44
WCHEARBENEASNTND LERTE D,
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(81% D)

(83% D)
O (CDy):S(0)l (3.8 eq) MOMGI, NaH 5P
oy NaH (3.2 eq.) OMe THF,rt,5h H.. OMe
e——————————————— —_—
( | DMSO, rt, 4 h 54%
0o 49% 0 ™™g~
0°(82% D)

45a
HR-EIMS; calcd for
C13H12D404 240.1 300,
found: 240.1296.

Scheme 14. FUSHEREREI 2 B ) & U 7c KRR (L SEER.

Figure5.  (A) HE/KFE(LIK 52 ® 'HNMR A< h/L (400 MHz in CDCl;) . (B) MOM 1k{k 47a
'HNMR Z-<Z ks (400 MHz in CDCl;) .
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FO2IH DAFNANEXF =T LAF Y RONEE

F2HIIB T D5 M ELIcT, Y AT ILALR
XY=y AI—T R 38 HE, KFELF NI UL 32
RS RDD, VAFAVALVEXRY =T LAFY R

®
o

~
o

@
o

32 YREE VS T TR BIFRICRTAERY S £
BHNB T EEBLNC LI, Table 4 OFMRAIC
BOWTHBENLA D AFILANLRF Y =7 L AFY z
RO R L AR ONEOMGE T oy b LT R e matyide o)

(Figure 6). Y AFNANKRFY =0 AAFV RES  poure 6.9 AF LA NLKF V=2 K AT Y
HELEHAND ZETIENTHICHE L TVD D o b ko fi.
EITHALMNTHY, —F, 3S5YEL LDV AT LA

WARFY =7 A AF Y ROFEHTIEESNCIRIZE T LTS, LrLAaRD, REETIEY AT
VAR F Y = A AT Y REKOD A F L BAL 2 B R LI A3 Hid 2 L2 b Uk D
TV ATFANAVEXR Y =g L AFY RIZ2YETHTHLIEEZ2BND, EZTEHEHIL, “o-F
oKL 2 YEDOTVAFINANEXRY =0 A AF Y RICL W EBREBRKISOET L2 %RICEbhZ4E
S 1 B EDZATFNVALVKEF ) =T A AFY REHELTND” EWIEERMAL T, L
T, TNEREICERERCAERY 46a FE T TOINL I 3 DI AFILANLKE Y = LA AFY R
Z 72 Corey-Chaykovsky SUS & faatd 2 2 & & LTz,

FBR FIE% Figure 7 12" d, 7, AR LAESAFALALEF Y =T A AF U RO DMSO IRIRICHE
RSSO A R ) 46a % i1 2 IR C 2 WERIEHR L7218, T ORIKIC V2 53 N2 LW & KA L
Too VA S3ITEEEMLUGAERY 46a HAFAE T TIX L HED T AF L ANLVRF Y =T L AFY R
DO EBEMICKIGT D7 a7 a0 b 54 ~E BB S5 2 L ITBEICHER LT % (Scheme 15),

CH»=S(0)Me,
in DMSO

Figure 7. "B SR FAE FICBIT 5 B v 2 53 D Corey-Chaykovsky SOht 0 FBR TIE.

A1)V = 53 @ Corey-Chaykovsky SUG Dt Fe % Table 7 12779, £7, 1 HED Y A F /L AILIR
XV AAFY RERAWCRHRELEZE A7 a7 a K54 11 10% LVELNT, REGO AL
a2 83 FEREN (90%) (R ENTz (entry 1) —J7, 2HED IV AFNANERFY =g LAFY R
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EHOWEBRIZIIEENIZY 7 a7 a /R 54 BELNTZ (entry 2), Z ORERIT EFLOEFEG % i@
KEFTLHHDOTH D,

o CH2:S(O)M62 o
DMSO, rt, 2 h
N
Ph /\)I\Ph quant Ph /<1)J\Ph
53 54

Scheme 15. 77 /L 22> 53 @ Corey-Chaykovsky ).
Table 7. 77/L =1 53 & 46a @ Corey-Chaykovsky S )iis

OMe i) CHo=S(O)Me,
DMSO, it, 2 h o}

0 on -y -
Ph /\)J\Ph

i)

54 recovery of 46a
53
(1.0 eq)
rt,1h
iy 1 NHCI aq.
yield (%)*
entry CH,S(0O)Me; (eq.)
54 recovery of 46a

1 1.0 10° 84
2 2.0 quant. 81

*Tsolated yield.
® Unreacted 53 was recovered in quantitative yield.
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HEI3WE IMTAIXI AR AIEOEEICRT B E

WIZ 3 MEDBEFRBIMEEEL LTOT A aF T AR VO LEMEIZE L THRE L., STEEREO
T, Pa-tr ok 45a O 3T A3 XU IRV EEBRIEIC L VRE La-t'r k55 %
157~ (Scheme 16), a-E 0 K55 1Tk LTI AFILANLKREY = A AF U RE2HNTERERKS
kil 24, BRAERDIZIEGoNT, FEERSRT 205 TH o7, a-B'r K55 (T4 <[
I CERDPSTZZENE, 0- B0 K55 L P AF L RAJLRX Y =7 A AF U KOG EIT L7211,
MENOTHRELTNDEHDEEZ LD,

O
AcOH/H,0/H,S0, MesS(O)l (3.8 eq.)
N OMe (4:2:1) X NaH (3.2 eq.)
| B | —omson decomp.
oo 110 °C, 27 h oo SO, 1t

36%
45a 55

Scheme 16. 3 (L E fio- B0 RICEB T 2 B E B DR

%4 TRSND ROCHEM

VI EOEBREE L O HEE SN D ROSHREZ Scheme 17 12T, 7~ U UBEKICEH T D BRI
JEEFRRIS, ETTHEEHDOVAFARALRF V=T LAFY RIZLDa-Ba K56 D~ A 7V
KR4y T D Corey-Chaykovsky S its & W o7 o 7o S Hifik 57 NVERR L, 2 B EH DY A F /L ALK
XV ZULRAT U RIZED T NN AT Xy 7 a5l &4 L Loy 7 un7 v /U BROBRBRNHEIT L
TR S8 L 72D, 3ALA RFI AR VI (BFROMERE) v 77w U RORAEETFOT Y
BT —L LCHRER S8 ICBIT A REICHFG L TnDEBZLNE, 7o hVBENICED AU R
MR 59 L7220, A4 U REAAB-FAEAFI A NV R = NVIEDBRFICT X v 7 L, ab b= K 60
L6l BERKT D, O, EMOIIVAR= VI 5 BERIEE & ONERREE ST LHL O T 4 R
=336l DANNVN=ZF DY AFILANNKEX Y =T LAY RO afRFE~DT X > 7 & DMSO Dt
BERSHEIT L B 7 a[3.1.0]~F VoK 63 NE—DTT AF L A—THELND, 3 YEHDOI A F L X
NEXFY =T AATFY RiE, WTROOBERHIZEWTR-7 = A7 UEICHRT W7 ho o
il a i ARICHEE S, T hU DA 64 & 65 DNAERSND, 64 & 65 (TSHK TH D IN HCI aq.
WCEDHBMBIC IV B 7P R63 ~LHAETDHEEZLND, AEMEBSISIL2 ¥EOY
AFNVANVKEFXY U LAFY RIZLDa-Er R0 67 v 7 a v hfifiRZ & h 3 2 8 50E 0O R
F-RFREAOIEK LTI LD, B2 7 BB1.0]~F VR E2HEET D K VKIS TH D,
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Hu
COM
SN COMe  CH,=5(0)Me, TGS £~ CH,=5(0O)Me, COZMe
: | ——— |,\
So_.t o 10 St (@] O
57 O)Me,

Corey-Chaykovsy
56 reaction

o HH CO,Me V/\ CO.Me
H \_
- ~ -~ Y H
” 0 OQIH o)
H ©
62

®
CO,Me i Y. COMe H COMe
A/C_FE—S M62 ‘ y
T MeSO) - A = LA e 4
Lj LA

aqueous work-up
after reaction

Scheme 17. o-E' 2 VEREHNIEOHEENICHEE (AT AL ANVKXY =g LA XAF Y RlEKOT 7 b
VNIIRFT/RLTWSD)

AT TIEZ ~ ) UFBEROMEA U REUGHI D A F IV ANVERF Y =0 A AF U OB
DI B RLWICFPHILKREZ BIE L, ~7 nB{bEPo-r UR~O R Z R 2Tz, SUSKREORT
B, o-t R UMRICH LT 3 YEDPAFILANLKRF Y=g AAFY REHWAZ LT, ALY
2 [3.1.0]~F - ARD 7 -1 ) — )V H S BRI G W) & LU B AT 7R IR T 5 2 5 B A HSOG A3
TT2Z WM LTIn, REBERIIEOERPIZZ N E TITIZE A EEHE R W HiBl e T
bV, o, AR 7T aNCBRICHET SEWRISMED OB PEIEE LTHO AT EE
Ao D, 5%, REBEHRRISERR LIEAWIEEWEOT A >, F R 2 RIEE W FlEE
ENG 2 THEMETDOY —L e LTOISARHIR SN S,
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Paviarlile Wil = =3

B3 B

5-7 V) —l-a- B UENGHERA Yt Fa 7 T AR~ B AL

B 57 U —/b-a-tu KO BRI & AR ORISR E

ATE D o- 81 ARDFEEHSOE D BE —RIEDOBRFHIIB N T, 6-=F /13-4 b F T A /LAR=/1-5-
7z =)b-a-E R 2 26a 1SR L CRIESEME FICU AT VALK F Y =20 A AF Y Ra W TEB AL
IR E I T, FORE, BIEIC TR LE 5 MICT AR AVEEZRET Ha-E o K 138 A0, HEgh
VEFD7§V¢%aﬁm@n¢&LTW$3w@Ev&mmmm«%#V%MaﬁmMn%kLW¢
19% T/ 5415 IS HEIT L7 (Scheme 18), *

(e} MesS(O)I (3.8 eq.)
NaH (3.2 eq.)
AN —_—
| OMe ~bMso, rt, 4h
Et (oo}
26a

Scheme 18. 5-7 1 — )b-q-t' 11 > O F IS WU i,

Major kD P& Rt 7 5 4K 66a DFETEIL, '"HNMR 227 R LB W THBEELD 2 >D 7 1 k2
k3 285872 B — 27 BENE 4.06-4.11 ppm & 543 ppm ([ZEIZ S22 & &, HMQC, HMBC,
NOE (2 £ % 2 &It NMR f@#r HHEE Sz, S HIZ,  66a O HfGE GO X MHEEMENT 21T 9 2 & Tk
L7 (Figure 8), —7F, B Y7 a[3.1.0]~F ¥ 1K 67a ® 'H NMR A7 hLIZBWT, BLBEZEN
T LITHIE LR Y, 7 MRICEERMENRRE BV TWe, £72, 67a THHEADHFONTZDT
T O X BREEIRYT D, 3ALA X INAR= VIO ERaD B 7 1 [3.1.0]~F VK TH D
ZEMRETE T (Figure 9), 7 MEDIFIELNARKE WELH & L TIE, 67a DB EBRE 3AIp DK
FLEOMD CH AR FGLTWDLIHDEBEZ BN,

57V —l-a-Er UK 26a HERT DU R 75 UK 66a DL D 77 T L HERE KR OVE OFEK
LS - B RIC R S DGO 1 DL, Y EL DV Ka 7 7 AROREEIEN A STy
D, PO, MRAYE Fu T T o OEEZHIEL, a-t'r UK ST U — VRO @RI R & F)
MU BRAEBICORMICEFTHI L L L,
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: HMBC

Figure8. Yt K177 (K 66a ® 2D NMR fi##T & ORTEP [X].

Figure9. bt 27 m~F%4 (K 67a ® ORTEP [X.

H2ffi Vv Fu 7T o RONR  BRMEGES B LR ERE

57V —-a-Br KbV R T T RSO BERFISORRE E1T 5 <<, FFTETE ke
7T AMEASOIRF ORI O SE L B L LIERERE 21T o 72, 7~ U UKD B BN
X, 2 BOa-E R OFBRERINKIGE RS, AR THLEYE Ka 77 U ENICY A F L AL
REYZULAFY F2YEIZHRTDAF VB2 OMIRAHRTEL 200, 2 9&0 1
DIAFNANEFY =T LAFY FEHWTRIEEDOMRF 21T -7 (Table 8), 24 YED I A F )L
ANEXRY =T AATF Y REHWTEBRAERKCERFI LA, Y8 Rr 77 (K 66a 5% major
e LTULE 40% THE G, 66a & B 7 oAt K 67a DEIFEIL61% ThH -7 (entry 1), Z4L
UEDTVAFAALEFY =g A2XAF Y REAWTHKIGZRFLTH, WThOGAIZENTH Fi
FEDILFR & FIRVET 66a 3G HIND DA Th o7 (entries 2-5), AIEEOHNNIFEYY, —FL 66a DR
PERA ELTWD X2 ICRAZIT b5, ZHIEKICRTICHFET 2RBE O A F L ANEX Y =0
LAFY RO, £ LT 67Ta ONENEIT L TCWAHT-HThHD EEZBND, EBIZ, RERED
HAANZIE CC 66a & 67a DEINEDOIK F MR I Nz,
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Table8. A FILANKF Y= A AF Y ROYEIZEET 285

9 CHo=S(0)Me,
| = OMe W
Et o O

26a 66a 67a
entry CH,=S(0O)Me; (eq.)* yield of 66a (%)° 66a : 67a° total yield (%)
1 2.4 40 66 : 34 61
2 3.0 40 67:33 60
3 3.5 40 69 : 31 58
4 4.0 40 73:27 55
5 5.0 35 70 :30 50
* CH,=S(0O)Me, was prepared from Me;S(O)I with NaH at rt for 30 min.

® Isolated yield.
¢ Determined by isolated yield.

ZIT, VAFNANKRY =7 AAFY R 24 BEICEE LT, WO 21T -7 (Table 9).
A DMSO 7°5 DMA, N-AF/vEr U R (NMP) ICEE L2 & ZANEOIR FARFA 5117z (enties
2,3), 5 C,DMF Z HW =& TIXE TR T L b 00, ERYED R B R 57z (66a: 55%,
66a:67a =82:18, entry 4), L2 L—JC, BUGKFEDIER ITAER) D53 fif 2 51 & Z T 72O IR DK
TZEHFEL DHRTH o7 (entries 5, 6),

Table 9. ¥AREZN R B9 2 Bas

o) CH,=S(0)Me,
(2.4 eq.)
A OMe
| solvent, rt
Et o O
26a 66a 67a

entry  solvent time (h) yield of 66a (%)°  66a : 67a° total yield (%)"
1 DMSO 2 40 66 : 34 61
2 DMA 2 32 76 : 24 42
3 NMP 2 36 80 :20 45
4 DMF 2 45 82:18 55
5 DMF 24 38 83:17 46
6 DMF 72 20 67:33 30
* CH,=S(0O)Me, was prepared from Me;S(O)I with NaH at rt for 30 min.

® Isolated yield.
¢ Determined by isolated yield.
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WIS, WL LCDMF 2 VT H D U H —A A OFBELZFIA LTZ, Tablel, 2 TIIAFEILT MV
UAERWTYAFLVALEXRY =2 LAF Y REFBL TR, HROBICHERT 2 ELE
-BuOK, LHMDS (ZZ 5 L 7= (Table 10, entries 2, 3), -BuOK % HW =S TIIINRITIE T2 DA T
Hotz, —J5, LHMDS ZHWIZHAITHEENZ L2 Rr 7 T2 66a 1 13% LEL TS,
Bt 67a B 39%M5 55 &V 9 major /K & minor (KO WHER N ERE T X 7= (66a: 67a=25:
75)e ZDZEND, KFET NI TLHKRDFT NI DAL F NV R T T U ARICHRE CHD Z
EDRBENTZ, £io, A AL LTHET V2 =T A, HLEE, Bb~Z XU AORML B
FHLENNEROE T2 DB T, Sc(OThH; KT8 Yb(OTH; Z AN * LA ICIZ Bz eE< G oh
727> 1= (entries 4-8),

Table 10. 77 & — A F N RICET B st

(0]
Me3S(0)l (2.4 eq.) \I]\
base (2.4 eq.) @\H@ OMe
additive, DMF, rt OMe ' St o
X _H
Et /\O
26a 67a
entry base additive time (h) yield of 66a (%)"  66a : 672" total yield (%)
1 NaH* - 2 45 82:18 55
2 t-BuOK* - 2 23 92:8 25
3 LHMDS® - 2 13 25:75(39%)" 52
4 NaH* AICI; 2 37 76 : 24 49
5 NaH* ZnCl, 2 34 71:29 48
6 NaH*® MgBr, 24 14 >99: 1 14
7 NaH* Sc(0Tf); 24 decomp.®
8 NaH* Yb(OTf); 24 decomp.®
*Tsolated yield.

® Determined by isolated yield.

¢ CH,=S(0O)Me, was prepared from Me;S(O)I with NaH at rt for 30 min.

d CH,=S(O)Me, was prepared from Me;S(O)I with +-BuOK at rt for 30 min.

¢ CH,=S(0O)Me, was prepared from Me;S(O)I by addition of LHMDS at —40 °C and stirring at rt for 30 min.
"Value in parentheses is the yield of 67a.

& Recovery of 26a was obtained in about 20% yield.
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WIS R EEIZ DWW TR LTz, KINREE 0 °C ICE TR D EINE - BIRMEOmEN L LN
(Table 11, entry 2) ., 972> b, REM FCldb 3 2@ FRHEIR &P e Ka 7 F K 66a 728 51%
DR TH BT (662 : 67a=186: 14) . SUSKFH] OIER TIIINRITHHE T T 2DH TH -7 (entry 3),
E2, bl ﬁ%mﬁ%?iékﬁmﬁf®ﬁTm%péntt@(mmu4ﬂ Table 11, entry 2 @
&MEEVE K77 U RERORMEELE Lz, ¢

Table 11. USRI 25

CH,=S(0O)Me,2 T])\
(2.4 eq.) * "OMe
DMF o
26a
entry temp. time (h) yield of 66a (%)° 66a : 67a° total yield (%)
1 rt 2 45 82:18 55
2 0°C 4 51 86 : 14 59¢
3 0°C 12 49 86 : 14 57
4 -5°C 24 45 94 : 6 48¢
5 -10°C 24 46 >99 : 1 46°
* CH,=S(0O)Me, was prepared from Me;S(O)I with NaH at rt for 30 min.

® Isolated yield.
¢ Determined by isolated yield.
4 Recovery of 26a was obtained in about 3-6% yield.

EIE o-tul KO 5MT Y — L FOBERESRICET AR5

SQNVfV?L®%@%ﬁ,ﬂ%“@ﬁﬁmk%&%@%ﬁi%:kﬁ%ﬁéhé T, R
YU p MICEFBEGMILLE LTA MR UEE, Vo=, FREFRMMERE L C=ul, T
Fak, NI TIAVAaRAFAEEETSH5-T U —l-a-Er MREZEE L LT, BRERKSEZRAD
Z L TEOBBIEZNFIZ OV THRET L7z (Table 12, entries 2-6), BTG TH D A FF U EDEA

IEEHOSE (entry 1) ERIURITIZLEAVEEDLRN ST, Y R 7 7 AROERPERE T
L7z (entry2), F72, 7x=/VHEEALZBIIIEREROGE S IZIERBEBEOKRE L 72572 (entry
3), —J, BYRIMEETHLI= bk, Targdelk R TAFRAFAREIENTEIYE FrY
T K 66d-f DIZITH— DAY E L TH O (entries 4-6), ZNOHRERLD, e ka7 T K%
BIRANCAE DTN BV p (OB L L TEFRGIMEENLEE LWVWEFE XD, KIC, EfREE
Y 7 a AFVEICEE UBEBALE OMRGT 21T 572 (entries 6-8), m {E#L5-7 U —/l-a-E' 1 1K

BREEBSS CIXMEE R S ZIZR U R & oo 7 (entry 7). L L, o EHUA TITHLBRIEORS R
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DESNT (entry 8), T720bH, o BEHUKS-T U —/l-a- B0 KD B HEW)E TIE, IR 60% &
BAFCoho72h, B R 774K 66h 15 16% & DT NLIELNATIZ, BV 7 a~FH 1K 67h 2
44% 15 5D &0 D major R L minor (RO FHEBIR NI Sz, 20D, Y Fu 77 KE55
WIERC B VR o MOBEHREE NI E LS RV EHERI SN D, WEEBRICET 2B REII%OH 5 Hi
I CREHT D,

Table 12. 5 (i 7 U — /L EEIZ 1T 2 EHIL B oM

1
R o) CH,=S(0)Me,2
Re N oM (2.4 eq.)
rRs |l DMF, 0 °C, 4 h
Et” 0" ~0
26a-h 66a-h 67a-h
entry 26 R’ R? R? products yield of 66 (%)° 66 : 67° total yield (%)"°
1 26 H H H 66a, 67a 51 86: 14 59
2 26b OMe H H 66b, 67b 40 69 : 31 58
3 26c Ph H H 66¢, 67¢ 47 89:11 53
4 26d NO, H H 66d, 67d 52 >99: 1 52
5 26e F H H 66¢, 67¢ 40 >99: 1 40
6 26f CF; H H 66f, 671 54 >09: 1 54
7 26g H CF;, H 66g, 67g 51 91:9 56
8 26h H H CF; 66h, 67h 16 27:73 (44%)“1 60
* CH,=S(0O)Me, was prepared from Me;S(O)I with NaH at rt for 30 min.
® Isolated yield.

¢ Determined by isolated yield.
4 Value in parentheses is the yield of 67h.
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AR A BMEORE

AT OEHRIENEOBREFT LY, 5-7 ) —l-a-Eu UERERKISICBWTYE ka7 7 K% H5
WL, SN B VBRI LT p ~DEFREMEEDEANHEE LW ERH LN E R ST, £ 2T,
ZOEREIEIT STV —bo- B r UERS BSOS OREE — M OBRE 2T o T2, 6 LT A Y e eV,
n-7FNH, T = VAT D 5T Y —b-a- B 1 K 261, 38 ICBWTCH RO ISAEITL, ¥
b Fu 77 1K 66i-k 7% major A& LT 60%FREEDIRTH LN, 2R HBHRETTH-T-,

(Table 13, entries 1-3), SNV BUEBRp I N ZAFda AFNE, 6 (I 7 2= VAT Ho-E
2R 39 TOBERAWSINTIB T, Yk Fu 7 T AR~O@BRPET M L7228 (661 : 671=>99: 1),
IR IT 55% & PREEEICR 72 (entry 4), 60LIC2-7 T =NHEHTH5-T U —/b-a-Er 1K 40 T
HRE R S BOSTET L, T 5P K7 Z 4K 66m 7% major (A& L THE LN (entry5), &5
WS 7 == VE TR TF A7 = VBREAT 2 5-7 U —/b-o-B' 1 K 41 TH FERIS SR HELT
LYt Rr 774K 66n 7% major (k& LTHLNE (entry 6), ZDZ D, RKISTIESMLOT Y
—NHEE L THEBFBRSTREVHWD Z ENTE L Z EBNREBEINT,

Table 13. 577 U —/b-a-E 1 > O FEE — A ME DM

CH2=S(O)M62a

(2.4 eq.)
DMF, 0°C,4h
66i-n 67i-n
entry  substrate R R’ products yield of 66 (%)° 66 : 67° total yield (%)
1 26i H i-Pr 66i, 67i 63 82:18 77
2 26j H n-Bu 66j, 67 61 92:8 66
3 38 H Ph 66k, 67k 61 92:8 66
4 39 CF; Ph 661, 671 55 >99:1 55
5 40 CF; 2-furyl 66m, 67m 56 93:7 60
/ S (0]
6 41 - N ome 66n,67n 69 90:10 77
Ph O "0

* CH,=S(0O)Me, was prepared from Me;S(O)I with NaH at rt for 30 min.
® Isolated yield.
¢ Determined by isolated yield.
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W5 HET HEKEERALER & TSN D ROGEEHE

5-7 U —b-a- B 1 RO EREEBSOEZ BT HRTESE 4 #i & RIS SOCHREHEE O 72 D DO BEKH#
T ERR Le, BAFE N AFLAVAEFT Y=y A9 —Y KL LEAKFLY AT L
ANVHRFX Y =T AAF Y F%& DMF Ho-B8r 1K 26a CE LT EZ A, BEAFELLTE Ko7 T K
68 AL 57%I2 THF Bz (Scheme 19), F/AFE(LY L Fu 7 7 4k 68 DEKFELFIL 'H NMR A
X7 NVOFESEN DR Uiz, EAFEL 68 TIXE BRSNS 3 SOBEKFZOFHELZHER LT, *
7=, EAKFEA 68 DO 'HNMR A7 hLind 2.4 ppm & 3.7 ppm D 4 2D A F L LT v ko
WZHXT A —7, ROV5.4 ppm (18D 6a (L DFEFAM 7" 1 F DO — 7 OFEMEDORD PR TE 72
ZEn, Zhb 3 OOENICEARENEAINLTWD EHEE I L. (Figure 10),

(87% D)
o) CD,=S(0)(CD3)*  py,

H D
Ph 2.4 eq) "'0(53% D)
| DMF, 0°C, 4 h Et” 0
57% D

Bt” 070 (89% D)OH O

26a 68
HR-EIMS; calcd for Cy,H15D304 289.1393;
found: 289.1391.

*Prepared using (CD3);S(O)I (2.4 eq.) and NaH (2.4 eq.).
Scheme 19. 5-7 U —/L-a- &' 1 K ZE WS OO B K AR AR AL ZE R

H

Ph
|
M
Et: :o:HI; \n/o ©
OH O
66a

5.5 5.0 4.5 4.0 3.5 3.0 2.5 Ppm

5.5 5.0 4.5 4.0 3.5 3.0 2.5 ppm

Figure10. ¥t K177 1K 66a & H/AKFE(LIK 68 O 'HNMR A~ kL.
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FREOEARFIEAC S ORRR OFE RS Scheme 20 OIS HEE L7z, £7°, AiEOa-t
0 E RS & RIERIS, 5-7 U —/b-a-E 1 K 69 @ Corey-Chaykovsky KISIZ K57 m 7 m s
VR 70 OFERL, FlE K< ZOBRBRIZE D AU RPRE 71 BAERT 2, AV RENLO~A 7L
TIKDOBIKFA~DT H v 7 BNHEIT L, ab b =4 UK 72 L7325, ZOF, 5-7 ) —/l-a-E'1
ROBEREEWSOGTIX, 7V — VOB RO DA B ITIEREL LT /) 7 — Nk 74 & 75
T (pathB), Yk K77 K76 2T 5, —FH. ZOFREIDIZDaINVAS=F DT &
Y7L B ET 7 a[3.1.01~FY MK T3 TER~D path A DOFUSITINHI SN 5, ARIE D FGSSMER 5 i
TV = NEAOBFRGIEEOHENIZ, Sbicxz /) 77— KO RENREZRET D 1-Dal V=%
YOTHE T EMRT S, £, =/ =M N OD T E—AF LTIV TFULALFT LD G
FTRITALFTUBIFELY, ZOXI7%2T ) F7— MBEDOERERET, =/ 77— MO T F >
I\ K DRF-BEFMEATEM, DMSO OifL 7 h-= ) — )VEZERPEIZ LD Uk R 7T K76 234
LINdHLE2LND,

COMe  cH,=5(0)Me,

_

o Corey-Chaykovsy
reaction

69
RE_ 1 COMe
H R
R| <
O\) HH (0] —
S
H S(O)Me,
71 72 73
path B
(R # o-substituent)
HH COZMe HH COZMe

RC ;
g 0O <> (\ N o
o\
®
74 Na 75 76

Scheme 20. 5-7 U —/L-a-E' 0 VBB IS OHEESCHEE (AT VALK =g A AT Y FH
k7o b EKFETRLTWD) .

E, MEMGEELY 5-7 Y —la-Bu kb Ru 77 K% major K L TH 2121,
T/ 7 —FPEIE T4 & T51CBWT, =/ T — ML ET U — VBRI EEICR D MEN D D, —
J, ST U — L o (T ~OBHE AL, - r K 6 (I HRT A B R B DT 5 BEE
E ORI R B ETe T2, = T — NIRRT & 78 ZHEFFT A OB HEEL 725 (Scheme 21), =D
72, FXINZaINNN=F L OT X v 7B, o BHLS5-T ) —l-a-B'u R TIIE Y7
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K 80 28 major (K& L THLNL MBS NBEINTZbDEEZI LD,

® ®
77 78

Scheme 21. 5-(o EHfL-T U —/L)-a- ' 1 NZET D LIRS,

AW TIL, SALT U — VEOEREDNEZFIH Liza-¥ a8 U ENDL U AFIVANLEFT Y =T LA T
U RZHAWS Y a7 T AR~ ERRERIIS OB 21T > 72, AE ARG TIE DMF 1 0 °C
TORJEEMET, SAT V=3 p (BT RIMELEZZEAT D2 LTV Ka 7 T AR~ OZRERN
M EL7, £72, STV — AL LTHEFBRA~TRELHNWD ZENRTELH), HxkY Fu>
7 UHERER LI TE D,
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EHX, WEA Y RRUSH “CATFAAVRXY =L XF U R W~ VFEEROEK
BHSIE DR B BRENICIR T D B EHEEZ PR Lo~ T n B{bEWo-vn AMAE~DREZ1T - 72,

1. FERFRERT R THLIRX OV ZTFAT b RSEEE L 5-7 U —-3-T vax T i
R b-a-E 0 AMROERZBH LT-, TOHE, DMSO | MS5A 777E T, ke L TAKFE LT
U T b m W TATINBOS DT, AR & FElE POINBE RS 2 & T, 2 BB, 1 [
ORI THEINETS-T U —Jb-a-t'u U KEGRT 5 FEEM LT,

2. IRV UERUBUREIICR T D EBEME YR L. 3- A RV ANAR=A-T R T Frsw
Uk (6 BERMEE & OB Mo B r 1K) IR L TYATFAANLARY =0 A AF Y REHN
T B EMDOS 2 BET LT, 15 DN AR OFFE A6 D 2 ot NMR AT K& O X # I AT
N, BREBMKISOERMIZA [y 7 a[3.1.01~F -3 7 a4 00 B2 BRMRE
EWCTH ol REKEBRLIED —MIEZ R LI-FES, 5, 6 MIChi~x RG24 3 2wl
a- R AR S AL E 6 MLl TN E NSk DO EHILEZ H T D MR Mo B r AN SRR T S Y
7 7 [3.1.0] D AR PR s D BAF RN THE LN, SUSHIEMR 2 B 18 U 72 EK R
EFEBRZR ED D, REREBRISITY 7 0 7 a U PR Z R E L, RE-RERHE OB L Ok
D L CHEAT T 2 R /G TH D EHEE L T D,

3. 57U —Jl-a-E 0 RN BITMERM e R 75 KD major A& LT, B 7 [3.1.0]~F Y
YARA minor (R & L TR LN, KM ORE, DMF H10°C OFRMETYE Fr 7 7 KD
RROEREDR W B L2, £, 507 V= pi~DOEFRGIMEEDOEANIZLY P Fr >
T UARASOBRPEITT BT DD, oL ~DOEHLHE A Tl major 1K & minor (AR WAL, BT
2[3.1.0]~F % 24K major (K& L THER LI, REREMKIGIEL 6 (ICEk~ REBREEZ T 5
5-7 U —/b-a-E R SR THESRAI Y B R 7 7 RS major R & L CHIRREE D & PR BAT 72 IR
THELN, 5-7 U —/b-a- 0 ARDEHABIISTIE, ARRICE T 2= 7 — Mk 4
FRIZ ST ) — VEREE L TWDL D LHEL TS,

ARBFFE TR LB M A BBOSIIR B IS B ATRER~T n BAL BN D, 2=—J B EAT S
Lz 525 R/ OSTH D, 5k, RRISHERIREOEMLS, LWISTEmE 2 & OGN
S ORIBIIEH SN D Z 2R 5,
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A

VIR, AFIEICER U CHRALEZRE 2 FR 5 & MR 2 5 0 £ U2t Ep R $- 0 s 27
S8 T ETHEHRICODRI Y E#HOFEZRLEY, MERIRRELIVMEREO AL L THAXTHE,
COEFMNEFZTDHIENTEZOIF0E 2 ITHEDBRR LEEHF L LT ET,

AWIEEHED DICHTe>T, ZRLEEELEIE 2B Y £ LR K2 3o RS 55 17
ANESEGERIIC TR I L £,

”

Prichha, EBRICE L TH~x AHREBE L EEE 2B Y £ LIRS K G555 1
AR BN, A SRR SRR IR ¥ — /N BB BUC R B L £,

LR AFRENOBUEICED T, B < OMEEBIZIH Y £ Lo i R Ry Einllisy
B AR (B ) 7R 3R Bha0) ISR B L £

KWFFREDFEET 24T > TIHE, KFEDOE T Z2Fo TIHE £ LI EER Y 1B #ees 1k
“##(58 Navnath Dnyanoba Yadav 181123 < BGHE L £,

ARWFZEITER L CE R ) 2 THE £ Lo st R Ry S BE 200 BRI DEIR, PTATE AR
HB R RICR S BB L £ 77,

Fo, RFSEOREEMIEEEZITOICHTZY, ZRREH I EZTEE F Ui RT i hE 7oy 8
L2t REACES L, AR 2E, REZBIK, WMIFREAK, K, BRED
I, 8 BN, AR, 720 OISR Ry M RIE R 08 05 2 IR EHB L £,

BRI A7 R OREIZB W THAR RIS 20, Hiihh X ST 217> CTIHE £ L
7o RUERERRL R e[RRI B o & — /NIHRIREREEAN IR < B L £ 7,

HEOIOWE & AE2MEE 20 £ Lo sUEER RS SLRR S o 2 — fik iR,
FRATBh . (Bl mEERR RS AR IEE ¥ —), BMETE T HINEMRRE 5 < B8 L
£,

TR AT > THE £ LI RUER R LRA S o 7 —<F A& B EICR < BHE L £
R
KRESNERRIZ BTV, AR2EBE 250 £ Lo i@l 3R Y by oy Bl —#d% 2o NS
FEBEERL R SR B AR — B IR B L £

RIS, FAEPERIR TR b NCRIR R MRl - IBRE~OEZORR 25X T TSWELL
ML 7 B L £ 97,
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— kA

A A TN E 28 CHIE LRMIIETH 5, 'H NMR & O °C NMR (% JEOL EX-270 (‘H: 270
MHz), JEOL AL-300 (‘H: 300 MHz; C: 75 MHz), Varian INOVA 400NB ('H: 400 MHz; *C: 100 MHz)
spectrometers CHIE L, HEHEIZIE CDCL #HW, {bFY 7 MEIXZT b T AF T T o N FERE
WE L LTHY, £k 7 ME (0.00 ppm) ZEEHELS L Tppm TRL7TE (BSIZLLTFO®EY ;s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, dd = double doublet, ddd = double double
doublet, dt = double triplet, td = triple doublet, tt = triple triplet) , FRIMEZINL A~ |k /L1E Shimadzu FTIR-8400
THIE L, W cm™ TR L7z, B &9 JEOL IMS-GC mate spectrometer (2 CHIE L7-, TTH45Y
#T1 Perkin Elmer Series II CHNS/O Analyzer 2400 CHIE L7z, Hiksh X B EMITIE Rigaku RAXIS
RAPID imaging plate area detector % i\ C, 7' 774 T/ 7 1 A —4—THL L7z Mo-Kaft %
HAWCTHE L/, W7 L7 v~ 7T 7 4 —|ZiF Silica gel 60 (grade 7734, 60-230 mesh, Merck Co., Inc.)
& %\ Silica gel 60N (Kanto Chemical Co., Inc.) il L7z, KL2EXUTHBUR R SOSIZE L TiE, 71—
LARTALTETTAGRER, TV HDHWVITERFHK T TRIGEIT- T,
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5 1 FICBI9 5 EER

% 24 Tablel O EB

Methyl 5,6,7,8,9,10,11,12,13,14-decahydro-2-ox0-2H-cyclododeca[b]pyran-3-carboxylate (16a); o-pyrone
B D — ik BB

16a [ZCERD FIEIZHENARL LTz, " 7 L— A FF 4 L2200 mL ZAF A7 J A 2 CEFEFFAR
T diisopropylamine (0.922 mL, 666 mg, 6.58 mmol) & THF (15 mL) % AL, =78 °C {ZW#HI L 72%%, n-BuLi
(2.69 M in n-hexane, 2.45 mL, 6.59 mmol) Zp->< Vi F L7z, 1543 FT0°C ETHIEL, LDAR
RZ2 T L 7=, LDA &K % 15 (8~78 °C I A L, cyclododecanone (15a, 1.00 g, 5.49 mmol) @ THF (5 mL)
Wik %A D> < VT LTz, RONMREZ-78°C 72 H-5°C £T 1.75 Kefi] 22 THIR L7212, B U-30°C
FTHEIL, dimethyl methoxymethylenemalonate (6, 1.15 g, 6.58 mmol) @ THF (5 mL) &K &M%, =
IRETHIEL, 2.75 R L7z, RUSIKEA 0°CIZWmAIL, | N HEFEKER (60 mL) #/1Z, CHCl
(2T 3 Bl U7z, AHE 2 JoKRiRE T N U » A CRilith, WA BIER £ L, B oo lAeRY
HVUNTNHT LU a~ 7T 7 4 — (n-hexane/AcOEt=2:1) THHEL L, 16a (705 mg, 44%) %
D7 Y X LdhE L TR,
R¢=0.37 (n-hexane/AcOEt = 2:1); mp 81-83 °C (n-hexane); '"H NMR (400 MHz, CDCl3) &: 1.27-1.44 (m, 12H),
1.63-1.70 (m, 2H), 1.81-1.88 (m, 2H), 2.42 (t, 2H, J = 7.2 Hz), 2.61 (t, 2H, J = 7.2 Hz), 3.90 (s, 3H), 8.11 (s,
1H); >C NMR (100 MHz, CDCl;) 8: 22.2, 22.5, 24.0, 24.1, 24.2, 24.8, 25.0, 25.6, 27.4, 27.9, 52.6, 114.4, 116.0,
152.6, 158.4, 164.3, 168.2; IR (KBr): 1771, 1707, 1628, 1549 cm™; LR-EIMS m/z: 292 (M", 100.0), 264 (21.4),
205 (24.8), 55 (41.4), 41 (46.7); HR-EIMS calcd for C7H,404: 292.1675. Found: 292.1680.

Methyl 7-methoxy-2-0x02,5-dihydro-2H-indeno[1,2-b]pyran-3-carboxylate (16b)
16b 1 16a & [RIEED HIEIC THRL LT,

Yield: 45% (755 mg); Re= 0.46 (n-hexane/AcOEt = 3:2); ¥ &Ik Hk5; mp 189-191 °C (AcOEt); 'H NMR
(400 MHz, CDCl;) &: 3.68 (s, 2H), 3.90 (s, 3H), 3.92 (s, 3H), 7.02 (dd, 1H, J=2.0, 8.6 Hz), 7.11 (d, 1H, J=2.0
Hz), 7.72 (d, 1H, J = 8.6 Hz), 8.45 (s, 1H); C NMR (100 MHz, CDCl;) &: 32.9, 52.5, 55.7, 108.2, 110.9, 114.8,
115.6, 122.6, 127.1, 147.2, 148.2, 158.6, 162.7, 165.1, 167.8; IR (CHCls): 1763, 1692, 1612, 1595, 1526 cm™;
LR-EIMS m/z: 272 (M, 100.0), 241 (21.9), 213 (15.6); HR-EIMS caled for C;sH;,Os: 272.0684. Found:
272.0682.

Methyl 2-0x0-2,5,6,7-tetrahydro-2H-benzo[6,7]cyclohepta[1,2-b]pyran-3-carboxylate (16¢c)

16¢ 1% 16a & [RIERDITIEICTEMR LT,
Yield: 42% (700 mg); Ry= 0.33 (n-hexane/AcOEt = 3:1); FE A7 U X A fh; mp 133-134 °C (n-hexane-AcOEt);
'H NMR (400 MHz, CDCl3) §: 2.26-2.36 (m, 4H), 2.66 (t, 2H, J = 6.6 Hz), 3.94 (s, 3H), 7.31 (ddd, 1H, J= 0.8,
1.7, 7.3 Hz), 7.37-7.45 (m, 2H), 7.73 (ddd, 1H, J= 0.8, 1.7, 7.3 Hz), 8.23 (s, 1H); ?C NMR (100 MHz, CDCls)
9:27.3,31.7, 33.6, 52.7, 113.7, 116.2, 126.9, 128.4, 129.6, 131.3, 132.1, 141.2, 153.2, 158.3, 164.0, 164.5; IR
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(CHCly): 1765, 1533 ¢cm™'; LR-EIMS m/z: 270 (M", 92.4), 242 (100.0), 183 (31.7), 155 (26.6); HR-EIMS calcd
for Ci6H1404: 270.0892. Found: 270.0895.

Methyl 2-ox0-2H,SH-thiochromeno[4,3-b]pyran-3-carboxylate (16d)

16d 1% 16a & [AIEED HIEIZTHERR LT,
Yield: 72% (1.20 g); Ry= 0.36 (n-hexane/AcOEt = 2:1); # 7" U X 2 fh; mp 158-159 °C (toluene); 'H NMR
(400 MHz, CDCl5) 8: 3.84 (s, 2H), 3.93 (s, 3H), 7.25-7.29 (m, 1H), 7.34-7.35 (m, 2H), 7.96-7.99 (m, 1H), 8.19
(s, IH); "C NMR (100 MHz, CDCly) §: 27.0, 52.8, 107.7, 114.1, 126.43, 126.44, 126.9, 127.7, 132.2, 136.2,
150.3, 157.0, 159.8, 163.9; IR (CHCly): 1737, 1724, 1705, 1520 cm™'; LR-EIMS m/z: 274 (M", 100.0), 245
(43.5), 187 (71.0); HR-EIMS calcd for C;4H00,S: 274.0300. Found: 274.0296.

Methyl 6-butyl-2-oxo0-5-propyl-2H-pyran-3-carboxylate (16h); Typical procedure for the synthesis of
a-pyrones 16e-h

16h [ZICHRD TFIEICHENE L LTz, 2 7L — A RT A Lz 50 mL it & 27 7 A a2 EHFHR
T 5-nonanone (10, 819 mg, 1mL, 5.76 mmol) & THF (5 mL) A#l, 0°CIZHHAL7-1%, LHMDS (1 M in
THF, 5.7 mL, 5.7 mmol) %3i# T L 72,30 431 dimethyl methoxymethylenemalonate (6, 1.00 g, 6.34 mmol) @
THF (12 mL) @& 2P > < Vi T L, =il & THIM L2, 32 R #E L7z, BUOSI % 0°C lZm Al L,
IN HEER KRR % N Z BOSR D pH % 4 (%8 L C, CHCl; (2T 3 [mlfh U7z, BKRRER S b U 7 A ChL
ik, WIRAZRBIERE L, BoncMERME Y YV ATV T L a~< b T 7 4 —
(n-hexane/AcOEt = 3:1) THELL, 16h (869 mg, 60 %) % HA DY & L T,
R; = 0.39 (n-hexane/AcOEt = 2:1); '"H NMR (400 MHz, CDCls) 8: 0.94 (t, 3H, J = 7.4 Hz), 0.96 (t, 3H, J = 7.4
Hz), 1.33-1.59 (m, 4H), 1.63-1.71 (m, 2H), 2.34 (t, 2H, J = 7.8 Hz), 2.56 (t, 2H, J = 7.8 Hz), 3.90 (s, 3H), 8.09 (s,
1H); °C NMR (100 MHz, CDCl3) 8: 13.6, 13.7, 22.5, 23.4, 29.6, 31.0, 31.0, 52.5, 113.8, 115.5, 153.0, 158.5,
164.4, 168.5; IR (CHCly): 1740, 1553, 1437 cm™'; LR-EIMS m/z: 252 (M", 63.2), 224(51.4), 195(62.6), 181(100),
85(32.3); HR-EIMS calcd for C4H0O4: 252.1362. Found: 252.1361.

Methyl 5-methyl-2-0x0-6-phenyl-2 H-pyran-3-carboxylate (16e)

16e (% 16h & [FIRRD 5 IEIC THM L7z,
Yield: 72% (1.23 g); Ry = 0.26 (n-hexane/AcOEt = 2:1); 7 U X A fh; mp 119-120 °C (diisopropyl ether);
'H NMR (400 MHz, CDCl;) 8: 2.26 (s, 3H), 3.94 (s, 3H), 7.47-7.51 (m, 3H), 7.64-7.66 (m, 2H), 8.22 (s, 1H);
C NMR (100 MHz, CDCl;) §: 16.8, 52.7, 111.4, 114.5, 128.5 (2C), 128.8 (2C), 130.9, 131.6, 154.6, 157.9,
162.7, 164.2; IR (CHCly): 1744, 1709, 1539 cm™'; LR-EIMS m/z: 244 (M, 65.6), 216 (100.0), 185 (41.3), 105
(63.4), 77 (46.4); HR-EIMS calcd for C;4H,04: 244.0735. Found: 244.0739.

Methyl 6-ethyl-5-methyl-2-0x0-2H-pyran-3-carboxylate (16f)

16f 1% 16h & [FED FIEIC THRKR LT,
Yield: 39% (725 mg); Ry = 0.33 (n-hexane/AcOEt = 3:2); # A iHIk4; "H NMR (400 MHz, CDCLy) §: 1.25 (¢,
3H, J = 7.6 Hz), 2.07 (s, 3H), 2.59 (q, 2H, J = 7.6 Hz), 3.90 (s, 3H), 8.08 (s, 1H); °C NMR (100 MHz, CDCl5)
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o: 11.1, 14.7, 25.1, 52.6, 110.2, 113.6, 154.0, 158.6, 164.3, 169.3; IR (CHCl;): 1759, 1736, 1553 em '
LR-EIMS m/z: 196 (M', 22.2), 167 (35.1), 153 (31.0), 57 (100.0); HR-EIMS calcd for C;;H,04: 196.0735.
Found: 196.0737.

Methyl 5-ethyl-2-0x0-6-propyl-2H-pyran-3-carboxylate (16g)

16g 1% 16h & [FEED FIEIC TARKR L=,
Yield: 65% (1.05 g); Ry = 0.40 (n-hexane/AcOEt = 3:1); ¥ EAHKH; '"H NMR (400 MHz, CDCl;) §: 0.98 (t,
3H, J = 7.4 Hz), 1.16 (t, 3H, J = 7.6 Hz), 1.68-1.78 (m, 2H), 2.40 (q, 2H, J = 7.6 Hz), 2.54 (t, 2H, J = 7.6 Hz),
3.91 (s, 3H), 8.13 (s, 1H); °C NMR (100 MHz, CDCl;) &: 13.7, 14.7, 20.9, 22.3, 33.0, 52.6, 114.1, 117.2, 152.6,
158.5, 164.4, 168.0; IR (CHCls): 1759, 1738 cm™'; LR-EIMS m/z: 224 (M", 36.3), 196 (29.4), 181 (49.7), 167
(100.0); HR-EIMS calcd for Cj,H c04: 224.1048. Found: 224.1045.

% 4 i Scheme 8 O EER

1-(4-Fluorophenyl)butan-2-one (25¢); RV v 7V > 7 KIS D — e g

TL—AKRZA4 L7100 mL ZAF A7 Z A2 7 VI R 2-(4-fluorophenyl)acetic acid (1.00
g, 6.49 mmol) % AXL, CH,Cl, (15 mL) (Zi&fi# L, 0°C (2% #1 L 7=, Oxalyl chloride (1.40 g, 0.943 mL, 11.0
mmol)Z Mz, DMF % 5{iz % Z & CRSZMm LT, Z DR, K[UKORELHER LI, 0 °CIlTT
30 43 EHREER L, iR E CTHIR L2 E I 1 RERESE L7 BUER B A2 1T, 15 5 72751 & benzene
(15 mL) Tfi#E L, PA(PPh;), (300 mg, 0.260 mmol) Z /N2 72, 0°C \ZHEAI L7, Bt,Zn (6.12mL, 1.06 M
in n-hexane, 6.49 mmol) # - < Vi F L, =EE THIEL T I15 KEEE Lz, MISERE FE 0 °C 12
WAL=tk ZMz, ©74 b ECHEE L, JEiK% AcOEt T3 [alfhi L7z, AHE % fafn itk T
Were L, MOKEREET MU U A THEE, WIEABEREE L, BoniciAemmE )V D75V 0T A
s a< NJZ 7 4 — (n-hexane/AcOEt = 10:1) TH#L9 5 Z L T 25e (70%, 704 mg) % MADIEKE L
<7,
R¢=0.36 (n-hexane/AcOEt = 10:1); '"H NMR (400 MHz, CDCls) &: 1.04 (t, 3H, J = 7.2 Hz), 2.48 (q, 2H, J = 7.2
Hz), 3.67 (s, 2H), 6.98-7.04 (m, 2H), 7.14-7.19 (m, 2H); >C NMR (100 MHz, CDCl;) &: 7.7, 35.3, 48.7, 115.5
(d, *Jor = 21.2 Hz, 2C), 130.1 (d, “Jor = 3.1 Hz), 130.9 (d, *Jcr = 8.0 Hz, 2C), 161.9 (d, 'Jcr = 244.0 Hz),
208.7; IR (CHCls): 1717, 1510 cm™'; LR-EIMS m/z: 166 (M", 10.3), 109 (38.5), 57 (100.0); HR-EIMS calcd for
C1oH, FO: 166.0794. Found: 166.0790.

1-(4-Methoxyphenyl)butan-2-one™ (25b)

25b (% 25e & [AIRED FIEIC TR LTz,
Yield: 99% (3.18 g); Ry = 0.64 (n-hexane/AcOEt = 2:1); i {A; 'H NMR (270 MHz, CDCl;) &: 1.22 (t, 3H,
J=17.3Hz), 2.46 (q, 2H, J = 7.3 Hz), 3.62 (s, 2H), 3.80 (s, 3H), 6.84-6.89 (m, 2H), 7.10-7.15 (m, 2H).

1-(Biphenyl-4-yl)butan-2-one® (25c¢)
25¢ 1% 25e L RIBRD B TER LT,
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Yield: 79% (831 mg); Ry = 0.33 (n-hexane/AcOEt = 10:1); FH @ [E{A; "H NMR (270 MHz, CDCls) &: 1.06 (t,
3H,J=7.3 Hz), 2.52 (q, 2H, J = 7.3 Hz), 3.74 (s, 2H), 7.22-7.60 (m, 9H).

1-(4-Nitrophenyl)butan-2-one (25d)

25d (3 25e & [RIBRD FIEIZTHRR LTz,
Yield: 55% (584 mg); Ry = 0.34 (n-hexane/AcOEt = 7:2); (4 ~7 U X A mp 47-51 °C (n-hexane); 'H NMR
(400 MHz, CDCL,) &: 1.08 (t, 3H, J= 7.4 Hz), 2.55 (q, 2H, J= 7.4 Hz), 3.83 (s, 2H), 7.37 (br-d, 2H, J = 9.0 Hz),
8.19 (br-d, 2H, J = 9.0 Hz); °C NMR (100 MHz, CDCl3) §: 7.7, 36.0, 48.9, 123.7 (2C), 130.4 (2C), 141.7, 147.0,
206.9; IR (CHCl3): 1716, 1607 cm™'; LR-EIMS m/z: 193 (M, 3.4), 137 (23.6), 57 (100.0); HR-EIMS calcd for
C1oH11NO;: 193.0739. Found: 193.0733.

1-[4-(Trifluoromethyl)phenyl]butan-2-one (25f)

25f 13 25e & FAERD FIEICTHRL LT,
Yield: 74% (787 mg); Ry = 0.62 (n-hexane/AcOEt = 3:1); M4 T E /L7 7 X; 'H NMR (400 MHz, CDCL5) é:
1.06 (t, 3H, J= 7.2 Hz), 2.51 (q, 2H, J= 7.2 Hz), 3.76 (s, 2H), 7.32 (d, 2H, J= 8.0 Hz), 7.59 (d, 2H, J = 8.0 Hz);
C NMR (100 MHz, CDCl3) &: 7.7, 35.7, 49.1, 124.1 (q, 'Jer = 270.6 Hz), 125.5 (q, *Jer = 3.8 Hz, 2C), 129.3
(9, *Jer = 23.3 Hz), 129.8 (2C), 138.3, 207.7; IR (CHCl;): 1714 cm™'; LR-EIMS m/z: 216 (M", 5.0), 159 (52.5),
109 (27.7), 57 (100.0); HR-EIMS calcd for C,;H;F;0: 216.0762. Found: 216.0765.

1-[3-(Trifluoromethyl)phenyl]butan-2-one (25g)

25g (X 25e & RO HIEICTAERK LT,
Yield: 80% (2.53 g); Ry = 0.38 (n-hexane/AcOEt = 10:1); #aifZ{&; 'H NMR (400 MHz, CDCl;) 8: 1.07 (t, 3H,
J=17.2Hz),2.52(q, 2H, J = 7.2 Hz), 3.76 (s, 2H), 7.38-7.40 (m, 3H), 7.53 (br-d, 1H, J = 7.6 Hz); *C NMR (100
MHz, CDCls) §: 7.7, 35.7, 49.0, 123.8 (q, *Jor = 4.2 Hz), 124.0 (q, "Jor = 270.0 Hz), 126.2 (q, *Jcr = 3.8 Hz),
129.0, 130.9 (q, *Jer = 31.9 Hz), 132.9 135.2,207.7; IR (CHCl3): 1715 cm™'; LR-EIMS m/z: 216 (M, 20.7), 159
(100.0), 57 (67.6); HR-EIMS calcd for C,H, F;0: 216.0762. Found: 216.0766.

1-[2-(Trifluoromethyl)phenyl]butan-2-one (25h)
25h (% 25e & [AIRED FIEIC TR LTz,

Yield: 87% (2.75 g); Ry = 0.28 (n-hexane/AcOEt = 10:1); ¥ 1 {4; '"H NMR (400 MHz, CDCl;) &: 1.08 (t,
3H, J = 7.6 Hz), 2.33 (q, 2H, J = 7.6 Hz), 3.90 (s, 2H), 7.28 (d, 1H, J = 7.6 Hz), 7.38 (t, IH, J = 7.6 Hz), 7.51 (dt,
1H, J= 0.8, 7.6 Hz), 7.66 (d, 1H, J = 7.6 Hz); >C NMR (100 MHz, CDCLy) &: 7.7, 35.6, 46.2, 124.3 (q, 'Jcr =
272.4 Hz), 126.1 (q, *Jor = 5.4 Hz), 127.1, 128.7 (q, “Jer = 29.6 Hz), 131.8, 132.8, 132.9 (q, *Jcr = 1.9 Hz),
207.3; IR (CHCls): 1720 em™'; LR-EIMS m/z: 216 (M, 17.6), 159 (100.0), 57 (47.5); HR-EIMS calcd for
C,H, F50: 216.0762. Found: 216.0758.

1-Phenyl-2-[4-(trifluoromethyl)phenyl]ethanone™ (35); 7 T A ¥ o B R BE X Jis D — fi% #a 4 *°
T —LKRIAL7Z100 mL =07 A7 52227 /v3 55K 2-[4-(trifluoromethyl)phenyl]acetic
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acid (200 mg, 0.980 mmol) & methyl benzoate (133 mg, 0.120 mL, 0.980 mmol) % A#l, DMF (3 mL) (Z¥&
fi£ L, —10°C |2 #HI L 7=, NaHMDS (1.1 M in THF, 3.60 mL, 3.96 mmol) % 1 3T Ch->< Vi F L
7o, —10°C (27T 3.5 WEfE#E#E L7z, —10°C THRUSKRIZEIRE LT = v LKIEE Z M %, AcOEt
T3Mh Lz, AELZKTHREL, BEKRMEET U U LA THEREE, BEABERELT, Bbh
AR E T A v~ k27T 7 ¢ — (n-hexane/AcOEt = 10:1) THH#L4 % Z & T 35 (64%, 165 mg)
ZEEAOERLE L TR,

Re= 0.46 (n-hexane/AcOEt = 5:1); '"H NMR (270 MHz, CDCls) : 4.36 (s, 2H), 7.37-7.63 (m, 7H), 8.00-8.04 (m,
2H).

1-(Furan-2-yl)-2-[4-(trifluoromethyl)phenyl]ethanone (36)
36 1435 LB FIEIC TAR LTz,

Yield: 83% (211 mg); Ry = 0.61 (n-hexane/AcOEt = 2:1); (7 U X Ady; mp 120-122 °C (n-hexane); 'H
NMR (400 MHz, CDClLs) &: 4.12 (s, 2H), 6.57 (dd, 1H, J = 1.8, 3.6 Hz), 7.26 (dd, 1H, J = 0.8, 3.6 Hz), 7.43
(br-d, 2H, J = 8.0 Hz), 7.59 (br-d, 2H, J = 8.0 Hz), 7.62 (dd, 1H, J= 0.8, 1.8 Hz); °C NMR (100 MHz, CDCl;)
8:44.9, 112.6, 118.0, 124.1 (q, 'Jor = 262.2 Hz), 125.5 (q, *Jer = 3.8 Hz, 2C), 129.3 (q, Jer = 32.2 Hz), 129.9
(20), 137.9, 146.8, 152.2, 185.6; IR (KBr): 1676 cm '; LR-EIMS m/z: 254 (M, 5.3), 95 (100.0); HR-EIMS
calcd for C13HoF30,: 254.0554. Found: 254.0559.

1-Phenyl-2-(thiophen-2-yl)ethanone (37)

37 1£35 LB FIEIC TAR LTz,
Yield: 70% (1.00 g); Ry = 0.59 (n-hexane/AcOEt = 5:1); ¥4 7 E/L 7 7 A; 'H NMR (400 MHz, CDCl;) &:
4.490 (br-s, 1H), 4.493 (br-s, 1H), 6.93-6.95 (m, 1H), 6.97 (dd, 1H, J = 3.2, 5.0 Hz), 7.23 (dd, 1H, J= 1.6, 5.0
Hz), 7.46-7.50 (m, 2H), 7.58 (tt, IH, J = 1.4, 7.6 Hz), 8.01-8.04 (m, 2H); °C NMR (100 MHz, CDCl;) §: 39.4,
125.1, 126.8, 126.9, 128.6 (2C), 128.7 (2C), 133.4, 135.5, 136.1, 196.0; IR (CHCl5): 1686, 1599 cm™'; LR-EIMS
m/z: 202 (M', 27.8), 105 (100.0), 97 (20.5), 77 (70.9); HR-EIMS caled for Cj,H;¢0,S: 202.0452. Found:
202.0449.

% 3 fi Table 2, entry 6 ® 55k

Methyl 6-ethyl-2-o0xo-5-phenyl-2H-pyran-3-carboxylate (26a); 5-7 U — /L -a-t 2 26a-h & 5K D —fi%
BIE

T —LRIAL7Z100mL Z0F A7 5 22|27 /v3 KK T 1-phenylbutan-2-one (25a, 1.00 mL,
6.68 mmol) & MS 5A (508 mg) & DMSO (20 mL) % A#u7z, SR IZ = T sodium hydride (60% in
mineral oil, 294 mg, 7.35 mmol) Z —XUTMx, 1 KfEIE#E L 72, Dimethyl methoxymethylenemalonate (6,
1.40 g, 8.02 mmol) @ DMSO (10 mL) &R Z =R T, 5 I8 KFEIEIE L7z, KM T, 1N g
IKVEHR 2 N Z SIS D pH % 4 [ZF%E%, BT A4 N ECHRiMT 52 &L TMSSA ZFREL, IEIK% ether
T3 [l Lz, AMEZKTHE L, EEKRMEET U UL THERE, BEEZ2BIEEETL2Z2LT,
MR & ik 227g) & LTHEE, BON7-HAERYEZ AcOH (40 mL) (Z¥EfE L, 16 FERE
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Wi L7z GERIREE: 135°C), WEELZITY, FohicA v vaoMikmas VATV T L7 <
k277 7 4 — (n-hexane/AcOEt =3:1) CHHl9 5 Z & T 26a (80%, 1.38 g) ¥ MM L L THT,
Ri= 0.41 (n-hexane/AcOEt = 2:1); "H NMR (270 MHz, CDCLy) &: 1.26 (1, 3H, J = 7.6 Hz), 2.60 (q, 2H, J = 7.6
Hz), 3.91 (s, 3H), 7.24-7.49 (m, 5H), 8.23 (s, 1H); °C NMR (100 MHz, CDCl5) &: 11.9, 25.5, 52.6, 113.7, 117.9,
128.3, 128.8 (2C), 129.0 (2C), 134.7, 152.6, 158.0, 164.0, 169.9; IR (CHCls): 1761, 1744, 1709, 1541 cm ';
LR-EIMS m/z: 258 (M", 100.0), 197 (79.4), 173 (90.2), 115 (52.3); HR-EIMS calcd for C;sH;404: 258.0892.
Found: 258.0901.

% 5 Table2 OB

Methyl 6-ethyl-5-(4-methoxyphenyl)-2-oxo-2 H-pyran-3-carboxylate (26b)

26b 1 26a & [FIFRD HIEIC THM LT,
Yield: 73% (1.21 g, 2 steps); Ry = 0.24 (n-hexane/AcOEt = 2:1); # @ik #; '"H NMR (400 MHz, CDCl;) &:
1.25 (t, 3H, J = 7.6 Hz), 2.60 (q, 2H, J = 7.6 Hz), 3.85 (s, 3H), 3.90 (s, 3H), 6.95-6.99 (m, 2H), 7.16-7.20 (m,
2H), 8.20 (s, 1H); °C NMR (100 MHz, CDCl5) &: 11.9, 25.5, 52.6, 55.3, 113.6, 114.3 (2C), 117.5, 126.8, 130.0
(20), 152.9, 158.1, 159.6, 164.1, 169.7; IR (CHCLy): 1759, 1740, 1709, 1611, 1541 cm™'; LR-EIMS m/z: 288
(M, 85.5), 256 (35.5), 227 (100.0), 203 (57.1); HR-EIMS calcd for CsH,405: 288.0997. Found: 288.0996.

Methyl 5-(biphenyl-4-yl)-6-ethyl-2-ox0-2 H-pyran-3-carboxylate (26¢)
26¢ (3 26a & [FEROTIEIZTEK LT,

Yield: 57% (920 mg, 2 steps); Ry = 0.37 (n-hexane/AcOEt = 2:1); G IRYE; "TH NMR (400 MHz, CDCl3)
0: 1.29 (t, 3H, J = 7.6 Hz), 2.66 (q, 2H, J = 7.6 Hz), 3.91 (s, 3H), 7.32-7.50 (m, 5H), 7.60-7.69 (m, 4H), 8.27 (s,
1H); °C NMR (100 MHz, CDCl;) &: 12.2, 25.8, 52.9, 114.0, 117.8, 127.3 (2C), 127.9 (2C), 128.0, 129.1 (2C),
129.5 (2C), 133.8, 140.3, 141.5, 152.8, 158.3, 164.3, 170.2; IR (CHCl;): 1761, 1740, 1709, 1541 cm;
LR-EIMS m/z: 334 (M', 91.8), 273 (100.0), 249 (32.5); HR-EIMS calcd for C,H;304: 334.1205. Found:
334.1203.

Methyl 6-ethyl-5-(4-nitrophenyl)-2-oxo-2 H-pyran-3-carboxylate (26d)
26d 1% 26a L [FAREDHIEIZTHERM LT,

Yield: 66% (1.06 g, 2 steps); Ry = 0.29 (n-hexane/AcOEt = 2:1); ¥4 7° U X Afh; mp 132-135 °C
(AcOEt-n-hexane); '"H NMR (400 MHz, CDCls) &: 1.30 (t, 3H, J = 7.4 Hz), 2.61 (q, 2H, J = 7.4 Hz), 3.92 (s,
3H), 7.48 (dt, 2H, J = 2.2, 9.0 Hz), 8.20 (s, 1H), 8.33 (td, 2H, J = 2.2, 9.0 Hz); °C NMR (100 MHz, CDCl;) &:
11.9,25.7,52.8,114.4, 115.9, 124.2 (2C), 129.9 (2C), 141.3, 147.7, 151.2, 157.2, 163.6, 170.4; IR (KBr): 1753,
1709, 1599, 1547, 1524 cm™'; LR-EIMS m/z: 303 (M", 100.0), 275 (84.0), 260 (39.7), 218 (62.4); HR-EIMS
caled for C1sH3sNOg: 303.0743. Found: 303.0741.

Methyl 6-ethyl-5-(4-fluorophenyl)-2-oxo-2H-pyran-3-carboxylate (26e)
26e (3 26a & [FIEROSTIEIZTEK LT,
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Yield: 68% (473 mg, 2 steps); Ry = 0.31 (n-hexane/AcOEt = 3:1); A j:k¥; '"H NMR (400 MHz, CDCl5) &:
1.26 (t, 3H, J = 7.6 Hz), 2.56 (q, 2H, J = 7.6 Hz), 3.91 (s, 3H), 7.12-7.18 (m, 2H), 7.21-7.26 (m, 2H), 8.18 (s,
1H); >C NMR (100 MHz, CDCl;) 8: 11.9, 25.5, 52.7, 113.8, 116.1 (d, *Jcr = 21.6 Hz, 2C), 116.9, 130.6 (d, *Jr
= 8.4 Hz, 2C), 130.7, 152.4, 157.9, 162.6 (d, 'Jcr = 247.4 Hz), 164.0, 170.0; IR (CHCLs): 1763, 1742, 1711,
1541 cm™'; LR-EIMS m/z: 276 (M*, 100.0), 248 (46.7), 233 (42.0), 191 (92.5); HR-EIMS calcd for CysH3FO:
276.0798. Found: 276.0796.

Methyl 6-ethyl-2-0x0-5-[4-(trifluoromethyl)phenyl]-2 H-pyran-3-carboxylate (26f)
26f 1% 26a & [FIFROD HIEIC THMR LT,

Yield: 65% (513 mg, 2 steps); Re = 0.39 (n-hexane/AcOEt = 2:1); ¥4 7 &/ 7 7 A; '"H NMR (400 MHz,
CDCly) &: 1.28 (t, 3H, J = 7.6 Hz), 2.60 (q, 2H, J = 7.6 Hz), 3.92 (s, 3H), 7.41 (dd, 2H, J = 0.6, 8.7 Hz), 7.73 (dd,
2H, J = 0.6, 8.7 Hz), 8.20 (s, 1H); °C NMR (100 MHz, CDCl5) §: 11.9, 25.6, 52.8, 114.2, 116.6, 123.8 (q, 'Jcr
= 270.5 Hz), 126.0 (q, *Jer = 4.0 Hz, 2C), 129.3 (2C), 130.7 (q, *Jor = 32.6 Hz), 138.4, 151.8, 157.6, 163.8,
170.2; IR (CHCly): 1765, 1742, 1713, 1545 cm™'; LR-EIMS m/z: 326 (M, 100.0), 298 (63.3), 283 (49.6), 241
(61.8); HR-EIMS calcd for C¢H;3F304: 326.0766. Found: 326.0769.

Methyl 6-ethyl-2-0x0-5-[3-(trifluoromethyl)phenyl]-2 H-pyran-3-carboxylate (26g)
26g X 26a & [FIEED FIEICTARK LT,

Yield: 77% (1.16 g, 2 steps); Ry = 0.38 (n-hexane/AcOEt = 2:1); # @ik ¥; '"H NMR (400 MHz, CDCl;) &:
1.28 (t, 3H, J=17.6 Hz), 2.59 (q, 2H, J = 7.6 Hz), 3.92 (s, 3H), 7.46-7.49 (m, 1H), 7.53-7.54 (m, 1H), 7.61 (tt, 1H,
J=10.8, 7.6 Hz), 7.68-7.71 (m, 1H), 8.20 (s, 1H); °C NMR (100 MHz, CDCl;) §: 11.9, 25.6, 52.7, 114.2, 116.6,
123.6 (q, 'Jer = 270.9 Hz), 125.3 (q, *Jer = 3.8 Hz), 125.6 (q, *Jer = 3.7 Hz), 129.6, 131.6 (q, *Jcr = 32.3 Hz),
132.2, 135.6, 151.9, 157.6, 163.8, 170.3; IR (CHCLy): 1763, 1747, 1713, 1543 cm™'; LR-EIMS m/z: 326 (M",
100.0), 298 (55.7), 283 (41.1), 241 (54.2); HR-EIMS calcd for C;cH,3F304: 326.0766. Found: 326.0764.

Methyl 6-ethyl-2-0x0-5-[2-(trifluoromethyl)phenyl]-2 H-pyran-3-carboxylate (26h)
26h (% 26a & [FEEDOFIEICCTAKR LT,

Yield: 41% (621 mg, 2 steps); Ry = 0.33 (n-hexane/AcOEt = 2:1); A ji:Ik4; 'H NMR (400 MHz, CDCl;) &:
1.17 (t, 3H, J = 7.6 Hz), 2.25-2.41 (m, 2H), 3.89 (s, 3H), 7.27-7.29 (m, 1H), 7.56-7.66 (m, 2H), 7.80-7.82 (m,
1H), 8.06-8.07 (m, 1H); *C NMR (100 MHz, CDCl3) &: 11.1, 25.9, 52.7, 113.0, 114.6, 123.6 (q, 'Jor = 272.4
Hz), 126.7 (q, *Jor = 5.3 Hz), 129.3, 129.6 (q, *Jor = 29.6 Hz), 132.1, 132.3, 133.0 (q, *Jer = 2.0 Hz), 151.9,
157.8, 163.8, 170.3; IR (CHCl3): 1763, 1747, 1711, 1543 cm™'; LR-EIMS m/z: 326 (M", 100.0), 298 (63.7), 283
(48.1), 241 (32.8), 57 (28.7); HR-EIMS calcd for C sH 3F50,: 326.0766. Found: 326.0761.

Methyl 6-isopropyl-2-oxo-5-phenyl-2H-pyran-3-carboxylate (26i)

26i 1% 26a L RO IR TEHR LT,
Yield: 90% (1.45 g, 2 steps); Ry= 0.31 (n-hexane/AcOEt = 4:1); ¥ AV E; "TH NMR (400 MHz, CDCl3)
0: 1.25 (d, 6H, J = 6.8 Hz), 2.95-3.05 (m, 1H), 3.90 (s, 3H), 7.23-7.27 (m, 2H), 7.39-7.48 (m, 3H), 8.19 (s, 1H);
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13C NMR (100 MHz, CDCL3) 8: 20.2 (2C), 30.6, 52.6, 113.7, 116.9, 128.3, 128.8 (2C), 129.0 (2C), 134.8, 152.7,
158.0, 164.0, 172.8; IR (CHCls): 1763, 1740, 1709, 1526 cm™'; LR-EIMS m/z: 272 (M", 66.4), 229 (100.0), 197
(65.3), 173 (71.1); HR-EIMS caled for C¢H;¢O4: 272.1048. Found: 272.1050.

Methyl 6-butyl-2-0x0-5-phenyl-2 H-pyran-3-carboxylate (26j)
26j 1% 26a & RO HEIZTERKR LT,

Yield: 79% (1.23 g, 2 steps); Ry = 0.26 (n-hexane/AcOEt = 4:1); # @ik ¥; '"H NMR (400 MHz, CDCl;) &:
0.84 (t, 3H, J= 7.4 Hz), 1.24-1.33 (m, 2H), 1.64-1.72 (m, 2H), 2.57 (t, 2H, J = 7.8 Hz), 3.91 (s, 3H), 7.23-7.27
(m, 2H), 7.38-7.47 (m, 3H), 8.21 (s, 1H); °C NMR (100 MHz, CDCl;) &: 13.6, 22.3, 29.6, 31.7, 52.7, 113.6,
118.4, 128.3, 128.9 (2C), 129.0 (2C), 134.8, 152.6, 158.1, 164.1, 169.3; IR (CHCl;): 1763, 1744, 1711, 1526
cm'; LR-EIMS m/z: 286 (M', 100.0), 229 (42.3), 215 (63.3), 197 (59.3), 173 (63.8); HR-EIMS calcd for
Ci7H;304: 286.1205. Found: 286.1207.

Methyl 2-0x0-5,6-diphenyl-2H-pyran-3-carboxylate (38); o.-pyrones 38-41 & 5% D — fix 8 /E

TL—ALRTA L7750 mL A EF AT T 232702 KB T 1,2-diphenylethanone (18, 1.00 g,
5.10 mmol) & MS 5A (500 mg) & THF (5 mL) % A#L7z, 8K % 0°C [ZH A L, LHMDS (5.10 mL, 1.0
M in THF, 5.10 mmol) W ->< Vi FL72%, 0 °C (27T 30 oM#HEAE L7, 0 °C T Dimethyl
methoxymethylenemalonate (6, 977 mg, 5.61 mmol) @ THF (3 mL) &K% I 2, SIRICFIR L 19 RERE#E
Uiz, BOSKZFE 0 °CIlIzmAL, | N ERKEKRZ N A ISR O pH % 4 [Zi%%, BF 4 F BT
JEE S5 2 & TMS SA ZBREL, JEHK % ether T3 [EIfhH L7-, AHEEZ K ToME L, BKEEE) b
U U LTHEE, WEEAZBEEE L, GonclMERWE S VDTSN T L~ NI T T 4 —
(n-hexane/AcOEt = 3:1) CHIL 2 Z & T 38 & RUGHRIA  (1.80 g, 38: KUk A =1.0:1.6) %157,

38 & RUSTREADIRAY (1.44 g,4.04 mmol) % AcOH (30 mL) (ZIAfE L, 24 BEELEE L7- (HRIE
135 °C), WIERE EZITVY, BoNTWHERMZL VI TSN T LI~ NT T T 4 —
(n-hexane/AcOEt = 3:1) THEHL4~2% = L T 38 (85%, 1.06 g, 2 steps) ZFH a7 U X hfh L LT,
R¢=0.39 (n-hexane/AcOEt = 2:1); mp 167-170 °C (THF-n-hexane); 'H NMR (400 MHz, CDCl;) 6: 3.94 (s, 3H),
7.20-7.43 (m, 10H), 8.35 (s, 1H); °C NMR (100 MHz, CDCl;) §: 52.7, 114.2, 117.9, 128.3 (2C), 129.12 (2C),
129.14 (3C), 129.5 (2C), 131.0, 131.1, 135.3, 153.6, 157.4, 162.7, 164.0; IR (KBr): 1786, 1744, 1703, 1541,
1489 cm™'; LR-EIMS m/z: 306 (M", 100.0), 278 (46.1), 105 (29.6); HR-EIMS calcd for C,9H404: 306.0892.
Found: 306.0884.

Methyl 2-0x0-6-phenyl-5-[4-(trifluoromethyl)phenyl]-2 H-pyran-3-carboxylate (39)

39 (% 38 LABROFEIZTHMR L. (R IMBUETKZAT SO YA TNV AT Lo a~ T T T
14— TORRIIT> TR,
Yield: 77% (109 mg, 2 steps); Ry = 0.33 (n-hexane/AcOEt = 3:1); # {4 7 E/L 7 7 A; '"H NMR (400 MHz,
CDCl3) &: 3.95 (s, 3H), 7.28-7.44 (m, 7H), 7.62 (br-d, 2H, J = 8.0 Hz), 8.33 (s, 1H); °C NMR (100 MHz,
CDCl3) 8: 52.9, 114.6, 116.5, 123.8 (q, 'Jer = 270.9 Hz), 126.1 (q, *Jor = 3.6 Hz, 2C), 128.6 (2C), 129.5 (2C),
129.6 (2C), 130.5 (q, *Jer = 32.6 Hz), 130.7, 131.5, 139.1, 152.8, 157.0, 163.5, 163.8; IR (CHCl3): 1763, 1751,
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1713, 1537, 1518 cm™'; LR-EIMS m/z: 374 (M, 87.3), 346 (81.6), 315 (16.2), 259 (17.2), 105 (100.0);
HR-EIMS calcd for C20H13F304I 374.0766. Found: 374.0760.

Methyl 6-(furan-2-yl)-2-0x0-5-[4-(trifluoromethyl)phenyl]-2 H-pyran-3-carboxylate (40)

40 (% 38 L [FEBROFEICTHMR L. (R IMBVETKZAT D HIOV Y W TNV H T Lo a~ 7T T
1 — TORHERIFIT > TR,
Yield: 75% (161 mg, 2 steps); Ry = 0.53 (n-hexane/AcOEt = 2:1); A7 U X Afh; mp 163-166 °C
(n-hexane-AcOEt); 'H NMR (400 MHz, CDCl3) §: 3.92 (s, 3H), 6.50 (dd, 1H, J= 1.6, 3.6 Hz), 6.94 (dd, 1H, J =
0.8, 3.6 Hz), 7.38 (dd, 1H, J= 0.8, 1.6 Hz), 7.46 (br-d, 2H, J = 8.0 Hz), 7.72 (br-d, 2H, J = 8.0 Hz), 8.21 (s, 1H);
C NMR (100 MHz, CDCly) 8: 52.8, 112.8, 113.2, 114.3, 117.8, 123.9 (q, 'Jer = 230.9 Hz), 125.7 (q, *Jer = 3.8
Hz, 2C), 129.7 (2C), 130.7 (q, *Jor = 32.6 Hz), 138.5, 145.5, 146.6, 152.8, 153.1, 156.0, 163.7; IR (CHCl;):
1767, 1753, 1709, 1562, 1529, 1502 cm™'; LR-EIMS m/z: 364 (M", 100.0), 336 (73.4), 95 (84.5); HR-EIMS
caled for CigH 1 F305: 364.0558. Found: 364.0563.

Methyl 2-0x0-6-phenyl-5-(thiophen-2-yl)-2H-pyran-3-carboxylate (41)

41 1% 38 LRBRDOGIEICTEMK LIz (FHRTHIMBLERZAT O MO VBTN T Lou~ N 7T 7
1 — TORHERIFIT > TR,
Yield: 57% (515 mg, 2 steps); Ry = 0.33 (n-hexane/AcOEt = 3:1); ¥ AR K mp 114-116 °C
(n-hexane-AcOEt); 'H NMR (400 MHz, CDCl3) 8: 3.94 (s, 3H), 6.94 (dd, 1H, J= 1.2, 3.6 Hz), 7.01 (dd, 1H, J =
3.6, 5.2 Hz), 7.31-7.35 (m, 3H), 7.42 (tt, 1H, J = 1.2, 7.6 Hz), 7.51-7.54 (m, 2H), 8.37 (s, 1H); >C NMR (100
MHz, CDCly) &: 52.8, 111.4, 114.1, 127.2, 127.7, 128.0, 128.4 (2C), 129.3 (2C), 131.0, 131.4, 136.1, 153.5,
157.0, 163.4, 163.8; IR (CHCLy): 1761, 1744, 1713, 1541, 1526, 1489 cm™'; LR-EIMS m/z: 312 (M, 100.0), 284
(33.1), 105 (68.1), 77 (32.9); HR-EIMS calcd for C;7H;,04S: 312.0456. Found: 312.0453.
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5,6,7,8-Tetrahydro-2-oxo-2H-1-benzopyran-3-carboxylic acid (49)

49 [ICERO FIEICHENAER LTz, ¥ 7L —ART A L7 20 mL it & F A7 7227 v 5%

A4 T MesSil (192 mg, 0.13 mL, 0.961 mmol) % AL, 45a'”'"™ (200 mg, 0.961 mmol) ¢ CHCl; (2 mL) ¥
i 2 N A 7= 4% , 22 AR R L 72, BOSHR Z2 =il £ TmAI L, K (1 mL) Z A 10 5y H#E+E L 72 %, CHCI;
(5mL) & fAFNTF AREEET b U 7 LK (10 mL) 2012 & 512 20 248 #: L7-, CHCl; T 3 [
L, At&IE 2R RBRKET U D DOKEERICTHRi L, AREIC 1N BERKERZINAZ pH % 2 (2
AR LTz, B 2 KE & CHCL IS TRl L, AHEE 2 fafnF Ak )~ b U w7 LK o L, B
KRR~ 73 20 b CHUR, IR 2 ER 52 2 & T 49 (127 mg, 68%) A A7) XLk & LTH
7.
R¢=0.13 (n-hexane/AcOEt = 1:1); mp: 116-118 °C (diethyl ether); "H NMR (270 MHz, CDCl;) : 1.77-1.94 (m,
4H), 2.54-2.59 (m, 2H), 2.67-2.71 (m, 2H), 8.32 (s, 1H), 12.20 (s, 1H); "C NMR (100 MHz, CDCl;) §: 21.0,
21.5,25.3,27.9, 112.1, 115.7, 153.3, 163.1, 165.3, 166.7; IR (KBr): 1747, 1678, 1562 cm™'; LR-EIMS m/z: 194
(M", 83.8), 150 (100), 138 (71.0), 121 (89.5); HR-EIMS calcd for C;oH;¢04: 194.0579. Found: 194.0586.

tert-Butyl 5,6,7,8-tetrahydro-2-oxo-2H-1-benzopyran-3-carboxylate (45c¢)

10mL A7 Z 224D 49 (200 mg, 1.03 mmol) @ CH,Cl, (4 mL) &K% 0 °CIZHAIL, +~BuOH (197
mg, 0.11 ml, 1.13 mmol), DMAP (126 mg, 1.03 mmol), EDC<HCI (217 mg, 1.13 mmol) =% 7=%, =ik
ETHIEL 18 RFEHEEE L7, BURNKIZ AcOEt ZMAMML, 1 N HERKEHK, fafnkikFES F U v
LIKERR, fAFn K THeld Lo, AHRE 2 BOKMIR T N U 7 A TRk, WELZBER E L7, 556
WIS Z ) DTN T L v~ 87T 74— (n-hexane/AcOEt = 3:1) TH#T 25 Z & T 45¢
(91.4 mg, 35%) ZEGADOT Y X hfhE L THT,
Ry = 0.56 (n-hexane/AcOEt = 2:1); mp: 128-129 °C (diethyl ether-n-hexane); '"H NMR (400 MHz, CDCl5) §:
1.56 (s, 9H), 1.72-1.85 (m, 4H), 2.45-2.48 (m, 2H), 2.54-2.58 (m, 2H) 7.86 (s, 1H); °C NMR (100 MHz,
CDCly) &: 21.2, 21.8, 25.2, 27.7, 28.1 (3C), 82.0, 112.4, 115.4, 150.7, 158.5, 162.4, 165.2; IR (CHCl): 1763,
1703, 1631, 1551 cm™; LR-EIMS m/z: 250 (M, 21.6), 194 (100), 150 (89.0), 57 (33.8); HR-EIMS calcd for
Ci4H,504: 250.1205. Found: 250.1205.

Benzyl 5,6,7,8-tetrahydro-2-oxo-2H-1-benzopyran-3-carboxylate (45d)

45d 1% 45¢ & [RIERD HFIEIC THRL LT,
Yield: 25% (18.4 mg); Ry = 0.52 (n-hexane/AcOEt = 2:1); @ ihik¥; '"H NMR (270 MHz, CDCL) é:
1.71-1.87 (m, 4H), 2.43-2.46 (m, 2H), 2.56-2.60 (m, 2H), 5.34 (s, 2H), 7.30-7.46 (m, 5H), 7.99 (s, 1H); °C
NMR (100 MHz, CDCL,) §: 21.2, 21.8, 25.2, 27.9, 67.0, 112.7, 113.8, 128.21 (2C), 128.24, 128.6 (2C), 135.7,
151.9, 158.3, 163.4, 166.2; IR (CHCly): 1759, 1707, 1636, 1553 cm™'; LR-EIMS m/z: 284 (M", 4.0), 178 (32.5),
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150 (90.1), 91 (100.0); HR-EIMS calcd for Ci7H;604: 284.1049. Found: 284.1041.

% 187 Scheme 11 X V% 2 £ Table 4, entry 4 D EEx
R UVEDAFNLNANEIRY=2TLAFY KD 46a-s ~DEREBRG & 47Ta-s ~D A F ¥
VAFNLEDOEA

0 0
o Me3S(0)! (3.8 eq.) H MOMCI, NaH

A ope el (3.2 ed) .. OMe THF 1, 5h H,. OMe

, \ —_ 3 . —_— .

1 | T DMsO, i, ah NN PERVAN

~ 00 Lo R © i w 90
_ \O ‘\ _ ’\\O

45a-s 46a-s 47a-s

Methyl
rac-(1R,1'R,55)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-3-carboxylate
(472); BB LS D — it B AE

EHRFAK T, 20 mL £} % F A7 Z A 2|2 NaH (60% in mineral oil, 61.2 mg, 1.53 mmol) & DMSO (2
mL) & A7z, BEIKIZEIR T trimethylsulfoxonium iodide (403 mg, 1.83 mmol) % —&UZHN %, 30 43
FERTIHRET DL TUATFAANRFY =T LAFY RERB LTz, 2O, RISHKIZEAGOKRE
BN D ADIRIE~EZL LTz, VAT NVANLERXY =7 A AF U FEWRIZET T 45a (100 mg, 0.480
mmol) A%, 4 BFEHEFE L7, KT, IN HERKEIEZ A SOSED pH % 4 ([ZFHE#%, CHCL; T
3 U7z, ABREZ K TUeE L, MOKmRET b U v L TR, WA IERE Lz, GOk
iz BTN H T T a~ N7 T 7 4 — (n-hexane/AcOEt = 3:1) THERFT L5 L T46a D7 k-
T ) —)VHEERMERIESY (82.0 mg, 73%) ZRAREOMIRY & LT,

R¢ = 0.38 (n-hexane/AcOEt = 3:1, Ferric (III) chloride); IR (CHCIl;): 3280, 1744, 1724, 1695, 1659 cm
LR-EIMS m/z: 236 (M", 31.5), 204 (54.6), 176 (44.1), 122 (100.0); HR-EIMS calcd for Cj3H;404: 236.1049.
Found: 236.1042.

T2 UFEEKT, 20mL Bt & 27 F 2 3§10 46a (70.0 mg, 0.296 mmol) @ THF (2 mL) &K%

0°C {ZHHEIL, NaH (60% in mineral oil, 17.8 mg, 0.444 mmol)% 1 %, 0°C (27T 30 yM4H#E L=, ML
K12 MOMCI (33.7 uL, 0.444 mmol) % F L, =R F CHIEL7-%IC S REREE L7-, MG Z 0 °C
(WAL, KREMAT A, AcOEt T 3 [ L7c, AHEZ BRI b U 7 LTk, WEEZ
FERELZ BN ERMES Y W Z VDT M7~ k7T 7 4 — (n-hexane/AcOEt =2:1) THHL
9% Z & T 47a (62.0 mg, 75%) ZHEOOMMRY & LT,
R¢ = 0.28 (n-hexane/AcOEt = 2:1); '"H NMR (400 MHz, CDCl;) 8: 1.61 (t, 2H, J = 6.4 Hz), 1.72-1.78 (m, 2H),
1.89-1.95 (m, 2H), 2.17 (dt, 1H, J= 0.8, 7.4 Hz), 2.37 (ddd, 1H, J= 0.8, 2.8, 17.8 Hz), 2.44 (t, 2H, J = 6.8 Hz),
2.75(dd, 1H,J=2.4,7.2 Hz), 2.82 (dd, 1H, J= 7.6, 17.8 Hz), 3.47 (s, 3H), 3.71 (s, 3H), 5.08 (d, 1H, J = 6.6 Hz),
5.16 (d, 1H, J = 6.6 Hz); °C NMR (100 MHz, CDCl) §: 21.3, 23.2, 23.7, 28.1, 28.5, 35.5, 37.0, 40.0, 50.9, 56.5,
95.5, 107.6, 163.5, 164.2, 209.3; IR (CHCly): 1718, 1614 cm™'; LR-EIMS m/z: 280 (M, 22.5), 203 (100.0), 91
(81.0), 55 (96.1); HR-EIMS calcd for C;5H,0Os: 280.1311. Found: 280.1315.
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Ethyl rac-
(1R,1'R,55)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-2'-one-3-carboxyla
te (47b)

47b X 47a L ARRD HIEIZ THERM LT,
Yield: 59% (46b from 45b), 70% (47b from 46b); R; = 0.34 (n-hexane/AcOEt = 2:1); & AH:IY; '"H NMR
(400 MHz, CDCl3) 6: 1.28 (t, 3H, J= 7.2 Hz), 1.60-1.63 (m, 2H), 1.72-1.78 (m, 2H), 1.89-1.95 (m, 2H), 2.16 (dt,
1H,J=0.9, 7.2 Hz), 2.37 (ddd, 1H, J=1.0, 2.8, 17.8 Hz), 2.44 (t, 2H, J = 6.8 Hz), 2.73 (dd, 1H, J=2.8, 7.2 Hz),
2.82 (dd, 1H, J= 7.2, 18.0 Hz), 3.48 (s, 3H), 4.11-4.23 (m, 2H), 5.07 (d, 1H, J= 6.4 Hz), 5.16 (d, 1H, J= 6.4
Hz); "C NMR (100 MHz, CDCly) §: 14.4, 21.3, 23.2, 23.8, 28.2, 28.5, 35.5, 37.1, 40.0, 56.4, 59.6, 95.5, 108.1,
163.3, 163.9, 209.3; IR (CHCls): 1686, 1620 cm™; LR-EIMS m/z: 294 (M, 3.3), 249 (10.9), 203 (17.4), 122
(18.8), 45 (100.0); HR-EIMS calcd for C;cH»,05: 294.1467. Found: 294.1460.

tert-Butyl
rac-(1R,1'R,55)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-3-carboxylate
47¢)

47c [T 47a L AR D FIEICTHMR LT,
Yield: 43% (46¢ from 45c), 70% (47¢ from 46c); Ry = 0.35 (n-hexane/AcOEt = 2:1); M HRY; '"H NMR
(400 MHz, CDCl;) 6: 1.48 (s, 9H), 1.60-1.65 (m, 2H), 1.73-1.79 (m, 2H), 1.89-1.95 (m, 2H), 2.14 (dt, 1H, J =
0.9, 7.3 Hz), 2.31 (ddd, 1H, J= 0.9, 2.7, 17.8 Hz), 2.43 (dt, 2H, J = 1.2, 6.9 Hz), 2.71 (dd, 1H, J = 2.8, 7.2 Hz),
2.77 (dd, 1H, J = 7.4, 17.8 Hz), 3.47 (s, 3H), 5.05 (d, 1H, J = 6.4 Hz), 5.13 (d, 1H, J = 6.4 Hz); °C NMR
(100 MHz, CDCl;) 6: 21.3, 23.2, 23.8, 28.0, 28.3 (3C), 28.7, 35.4, 37.3, 40.0, 56.4, 79.6, 95.4, 109.7, 162.3,
163.4, 209.5; IR (CHCls): 1686, 1620 cm™; LR-EIMS m/z: 322 (M", 4.8), 266 (16.3), 221 (24.3), 204 (50.7), 57
(25.7), 45 (100.0); HR-EIMS calcd for C;sH,605: 322.1780. Found: 322.1774.

Benzyl
rac-(1R,1'R,5S)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclohexane]-3-carboxylate
“47d)

47d X 47a L ARRD FIEIZ THER LT,
Yield: 34% (46d from 45d), 36% (47d from 46d); R; = 0.50 (n-hexane/AcOEt = 2:1); #EAJHILY; '"H NMR
(400 MHz, CDCl;) 6: 1.61-1.63 (m, 2H), 1.72-1.78 (m, 2H), 1.89-1.95 (m, 2H), 2.17 (dt, 1H, J = 0.8, 7.4 Hz),
2.40 (ddd, 1H, J=0.8, 2.8, 17.6 Hz), 2.43 (t, 2H, J = 7.2 Hz), 2.75 (dd, 1H, J = 2.8, 7.4 Hz), 2.85 (dd, 1H, J =
7.4,17.6 Hz), 3.43 (s, 3H), 5.08 (d, 1H, J = 6.4 Hz), 5.14 (d, 1H, J= 12.8 Hz), 5.18 (d, 1H, J= 6.4 Hz), 5.21 (d,
1H, J = 12.8 Hz), 7.28-7.40 (m, 5H); °C NMR (100 MHz, CDCl3) &: 21.4, 23.2, 23.7, 28.3, 28.4, 35.6, 37.0,
40.0, 56.5, 65.3, 95.5, 107.5, 127.77 (2C), 127.82, 128.4 (2C), 136.6, 163.6, 164.1, 209.3; IR (CHCL;): 1689,
1618 cm™; LR-EIMS m/z: 356 (M, 3.3), 122 (11.7), 91 (100.0); HR-EIMS calcd for C,H,0s: 356.1624.
Found: 356.1618.

-52-



% 3 Table 6 DB

Methyl
rac-(1R,1'R,55)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclopentane]-3-carboxylate
47e)

47e [T 47a L AR D FIEICTHMR LT,
Yield: 75% (46e from 45e), 69% (47e from 46e); Ry = 0.24 (n-hexane/AcOEt = 3:1); Ak Y; '"H NMR
(300 MHz, CDCl;) 8: 1.80-1.84 (m, 2H), 1.92-2.05 (m, 2H), 2.11 (t, 1H, J = 6.8 Hz), 2.39-2.43 (m, 2H), 2.50
(dd, 1H, J=12.7, 17.7 Hz), 2.61 (dd, 1H, J = 2.7, 6.6 Hz), 2.91 (dd, 1H, J = 6.9, 17.7 Hz), 3.47 (s, 3H), 3.70 (s,
3H), 5.03 (d, 1H, J = 6.5 Hz), 5.17 (d, 1H, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) §: 20.5, 23.1, 27.3, 29.4,
36.5, 38.5, 39.3, 50.9, 56.4, 95.4, 106.3, 164.3, 164.6, 216.3; IR (CHCl5): 1717, 1687, 1621 cm™'; LR-EIMS m/z:
266 (M', 3.0), 190 (53.5), 189 (100.0), 108 (59.1), 55 (69.7); HR-EIMS calcd for C;4H;305: 266.1154. Found:
266.1149.

Methyl
rac-(1R,1'R,55)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cycloheptane]-3-carboxylate
(47%)

471 1X 472 L FARRD FIEIZ THER LTz,
Yield: 76% (46f from 45f), 74% (47f from 46f); R; = 0.35 (n-hexane/AcOEt = 4:1); Y, '"H NMR
(300 MHz, CDCl3) &: 1.58-1.75 (m, 8H), 2.12 (t, 1H, J = 6.9 Hz), 2.36 (dd, 1H, J = 2.0, 18.0 Hz), 2.69-2.71 (m,
2H), 2.74 (dd, 1H, J=2.7, 7.1 Hz), 2.83 (dd, 1H, J = 7.3, 18.0 Hz), 3.47 (s, 3H), 3.71 (s, 3H), 5.10 (d, 1H, J =
6.3 Hz), 5.12 (d, 1H, J = 6.3 Hz); C NMR (75 MHz, CDCl;) §: 21.4, 25.1, 27.9, 29.1, 30.9, 31.0, 39.0, 39.4,
44.3, 50.9, 56.4, 95.5, 107.7, 164.2 (2C), 212.5; IR (CHCLy): 1718, 1693, 1633, 1609 cm™'; LR-EIMS m/z: 294
(M7, 11.5), 217 (28.3), 136 (100.0), 55 (80.5); HR-MS calcd for CsH0s: 294.1467. Found: 294.1473.

Methyl
rac-(1R,1'R,55)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclooctane]-3-carboxylate
(47g)

47g 13 47a L [FIBED FIEICTARKR L=,
Yield: 62% (46g from 45g), 77% (47g from 46g); R; = 0.26 (n-hexane/AcOEt = 3:1); i RY; '"H NMR
(300 MHz, CDCl;) &: 1.38-1.44 (m, 2H), 1.49-1.59 (m, 2H), 1.65-1.89 (m, 4H), 1.92-2.04 (m, 2H), 2.13 (t, 1H, J
=7.0 Hz), 2.45 (dd, 1H, J=1.8, 17.8 Hz), 2.63 (dd, 1H, J = 3.9, 8.1 Hz), 2.69-2.74 (m, 1H), 2.79-2.88 (m, 2H),
3.49 (s, 3H), 3.70 (s, 3H), 5.08 (d, 1H, J=6.5 Hz), 5.14 (d, 1H, J=6.5 Hz); °C NMR (75 MHz, CDCl5) §: 19.5,
25.5,26.3,27.8,29.4,29.5,29.8, 36.5, 38.6, 39.7, 50.8, 56.5, 95.5, 107.0, 164.2, 164.5, 214.1; IR (CHCl;): 1717,
1687, 1621 cm™; LR-EIMS m/z: 308 (M", 2.2), 150 (13.2), 45 (100.0); HR-EIMS calcd for C,7H,405: 308.1624.
Found: 308.1628.
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Methyl
rac-(1R,1'R,55)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,1'-cyclododecane]-3-carboxylat
e (47h) and methyl
rac-(3aR,14bS)-3-hydroxy-3a,5,6,7,8,9,10,11,12,13,14,14b-dodecahydro-1H-cyclododeca[b]cyclopenta|d]fu
ran-2-carboxylate (50)

47h and 50 | 47a & RO FIEICTHKR LT,
47h: Yield: 43% (46h from 45h), 77% (47h from 46h); Ry = 0.31 (n-hexane/AcOEt = 2:1); A IKY; 'H
NMR (300 MHz, CDCl3) 6: 1.25-1.38 (m, 14H), 1.66-1.76 (m, 4H), 2.02 (t, 1H, J = 7.0 Hz), 2.43 (dd, 1H, J =
2.2,17.4 Hz), 2.49-2.75 (m, 3H), 2.82 (dd, 1H, J= 7.7, 17.4 Hz), 3.50 (s, 3H), 3.71 (s, 3H), 5.09 (d, 1H, J = 6.6
Hz), 5.22 (d, 1H, J = 6.6 Hz); °C NMR (100 MHz, CDCl3) 8: 21.3, 22.3, 23.1, 23.7, 23.8, 24.2, 24.6, 25.3, 25.9,
26.7,29.0, 32.8, 35.1, 40.8, 50.9, 56.5, 95.6, 106.7, 164.3 (2C), 209.9; IR (CHCl3): 1716, 1614 cm™; LR-EIMS
m/z: 364 (M, 5.3), 206 (30.8), 45 (100.0), 41 (22.5); HR-EIMS calcd for C5;H3,05: 364.2250. Found: 364.2246.
50: Yield: 19% (35.0 mg); Ry = 0.70 (n-hexane/AcOEt = 2:1); & 7 U X A%, mp 99-101 °C
(AcOEt-n-hexane); 'H NMR (300 MHz, CDCl;) 8: 1.23-1.46 (m, 12H), 1.67-1.79 (m, 2H), 1.92-2.04 (m, 3H),
2.18-2.38 (m, 3H), 2.45 (td, 1H, J=1.5, 14.6 Hz), 2.60 (dd, 1H, J = 8.4, 14.6 Hz), 3.50 (t, 1H, J = 8.4 Hz), 3.77 (s,
3H), 5.31 (dd, 1H, J = 1.5, 8.4 Hz), 9.90 (s, 1H); °C NMR (75 MHz, CDCl;) 8: 20.9, 22.0, 22.2, 22.6, 24.2 (2C),
24.4,24.5,24.55,24.63,30.2,42.4, 51.4, 83.7, 101.5, 109.7, 149.9, 169.7, 170.1; IR (CHCL): 1721, 1667, 1627
cm™'; LR-EIMS m/z: 320 (M", 26.9), 288 (37.3), 81 (41.0), 55 (100.0); HR-EIMS calcd for CoHa504: 320.1987.
Found: 320.1981.

Methyl
rac-(1R,55,6R)-5'-methoxy-2-(methoxymethoxy)-1'-0xo0-1',3'-dihydrospiro[bicyclo[3.1.0|hexane-6,2'-inden
]-2-ene-3-carboxylate (47i)

47i 1% 47a L RIBRD FIEICTHRR LTz,
Yield: 62% (46i from 45i), 68% (47i from 46i); {47 /L7 7 A; 'H NMR (300 MHz, CDCls) &: 2.35 (t, 1H,
J=6.6 Hz),2.68 (dd, 1H, J=2.7,17.7 Hz), 2.87 (d, 1H, J = 18.0 Hz), 2.88 (dd, 1H, J=2.7, 6.6 Hz), 2.96 (d, 1H,
J=18.0 Hz), 3.05 (dd, 1H, J = 6.6, 17.9 Hz), 3.45 (s, 3H), 3.74 (s, 3H), 3.88 (s, 3H), 5.05 (d, 1H, J = 6.6 Hz),
5.12 (d, 1H, J = 6.6 Hz), 6.91-6.94 (m, 2H), 7.67-7.70 (m, 1H); °C NMR (75 MHz, CDCl;) §: 27.4, 28.0, 30.2,
35.6, 38.8, 50.9, 55.6, 56.5, 95.6, 105.8, 109.8, 115.1, 124.9, 130.4, 155.4, 164.4, 165.0, 165.5, 201.3; IR
(CHCLy): 1684, 1627, 1600 cm™'; LR-EIMS m/z: 344 (M", 10.4), 299 (18.0), 267 (27.0), 186 (54.9), 45 (100.0);
HR-EIMS calcd for C19H,¢Og: 344.1260. Found: 344.1254.

Methyl
rac-(1R,55,6R)-2-(methoxymethoxy)-1'-0x0-3',4'-dihydro-1'H-spiro[bicyclo[3.1.0]hexane-6,2'-naphthalen]-
2-ene-3-carboxylate (47j)

47j 13 47a L EBED FIEIC CTARR LT,
Yield: 75% (46j from 45j), 47% (47j from 46j); (7 U X Adh; mp 105-106 °C (AcOEt-n-hexane); 'H NMR
(300 MHz, CDCl;) 6: 1.93 (dt, 2H, J = 2.1, 6.6 Hz), 2.38 (dt, 1H, J = 0.9, 6.6 Hz), 2.49 (ddd, 1H, J = 0.9, 6.6,
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24.0 Hz), 2.89-2.97 (m, 4H), 3.46 (s, 3H), 3.74 (s, 3H), 5.09 (d, 1H, J = 6.6 Hz), 5.16 (d, 1H, J = 6.6 Hz),
7.25-7.34 (m, 2H), 7.48 (dt, 1H, J = 1.5, 7.2 Hz), 7.97 (dd, 1H, J = 0.9, 8.1 Hz); °C NMR (75 MHz, CDCl;) &:
20.1, 28.0, 29.0, 29.1, 34.6, 37.6, 51.0, 56.4, 95.6, 107.7, 126.7, 127.2, 128.4, 132.7, 133.4, 143.8, 163.9, 164.2,
196.6; IR (CHCl3): 1686, 1661, 1615 cm™; LR-EIMS m/z: 328 (M", 8.4), 251 (12.0), 170 (37.5), 45 (100.0);
HR-EIMS calcd for C19H,¢O5: 328.1311. Found: 328.1305.

Methyl
rac-(1'R,5'S,6R)-2'-(methoxymethoxy)-5-0x0-5,7,8,9-tetrahydrospiro[benzo[7]annulene-6,6'-bicyclo[3.1.0]
hexan]-2'-ene-3'-carboxylate (47k)

47k X 47a L ARRD FIEIZTHER LT,
Yield: 89% (46k from 45K), 60% (47k from 46K); R; = 0.17 (n-hexane/AcOEt = 3:1); A Y; '"H NMR
(300 MHz, CDCl3) §: 1.61-1.96 (m, 4H), 2.44 (t, 1H, J = 7.2 Hz), 2.56 (dd, 1H, J = 2.7, 18.0 Hz), 2.87-2.98 (m,
4H), 3.48 (s, 3H), 3.71 (s, 3H), 5.15 (d, 1H, J = 6.3 Hz), 5.21 (d, 1H, J = 6.3 Hz), 7.16 (d, 1H, J = 6.9 Hz),
7.27-7.32 (m, 1H), 7.40-7.47 (m, 2H); °C NMR (75 MHz, CDCl3) §: 18.3, 24.5, 30.1, 30.9, 31.5, 36.9, 38.8,
50.9, 56.5, 95.6, 107.3, 126.8, 127.5, 128.6, 132.0, 138.5, 140.0, 164.2, 164.4, 206.9; IR (CHCl;): 1686, 1655,
1615 cm'l; LR-EIMS m/z: 324 (M+, 4.0), 297 (6.4), 45 (100.0); HR-EIMS calcd for C,0H»,05: 342.1467. Found:
342.1461.

Methyl
rac-(1R,55,6R)-2-(methoxymethoxy)-4'-oxodispiro[bicyclo[3.1.0]hexane-6,3'-cyclohexane-1',2""-[1,3]dioxol
an]-2-ene-3-carboxylate (471)

471 1% 47a L RIBRD FIEICTHRR LTz,
Yield: 62% (461 from 451), 77% (471 from 461); Ry = 0.27 (n-hexane/AcOEt = 1:1); (47" ) X A4k mp
117-119 °C (AcOEt-n-hexane); '"H NMR (300 MHz, CDCl;) 8: 1.72 (m, 2H), 2.07 (dd, 1H, J = 1.8, 6.8 Hz),
2.11-2.18 (m, 1H), 2.26 (t, 1H, J = 7.2 Hz), 2.33 (dd, 1H, J = 2.8, 18.0 Hz), 2.58-2.63 (m, 2H), 2.75 (dd, 1H, J =
2.6,7.1 Hz), 2.83 (dd, 1H, J = 7.2, 17.9 Hz), 3.48 (s, 3H), 3.70 (s, 3H), 3.88-3.99 (m, 4H), 5.04 (d, 1H, J = 6.6
Hz), 5.32 (d, 1H, J = 6.4 Hz); °C NMR (75 MHz, CDCl;) §: 27.4, 28.5, 29.6, 32.3, 33.6, 37.1, 38.2, 50.8, 56.5,
64.3, 64.6 (2C), 95.6, 107.7, 163.5, 164.1, 207.5; IR (CHCl3): 1663, 1613 cm™; LR-MS m/z: 338 (M", 12.6), 293
(14.9), 99 (44.6), 45 (100.0); HR-MS calcd for C,7H,,07: 338.1366. Found: 338.1371.

1'-Ethyl 3-methyl rac-(1R,3'R,5S)-2-(methoxymethoxy)-
4'-oxospiro[bicyclo[3.1.0]hex-2-ene-6,3'-piperidine]-1',3-dicarboxylate (47m)
47m [X 47a L FRBED HIEIZTHR LT,

Yield: 44% (46m from 45m), 84% (47m from 46m); Ry = 0.25 (n-hexane/AcOEt = 1:1); & A iik¥; "H NMR
(300 MHz, CDCls) &: 1.26 (t, 3H, J = 7.1 Hz), 2.21 (t, 1H, J = 6.9 Hz), 2.54-2.69 (m, 3H), 2.84-2.92 (m, 2H),
3.45 (s, 3H), 3.56-3.76 (m, 3H), 3.71 (s, 3H), 3.91-3.99 (m, 1H), 4.08-4.23 (m, 2H), 5.01 (d, 1H, J = 6.5 Hz),
5.14 (d, 1H, J = 6.5 Hz); °C NMR (75 MHz, CDCl;) : 14.3, 28.8, 28.9, 35.7, 36.9, 38.7, 38.8, 41.0, 50.9, 56.5,
61.7, 95.5, 128.7, 130.8, 155.2, 163.8, 206.0; IR (CHCl;): 1688, 1617 cm™; LR-EIMS m/z: 353 (M", 2.8), 308
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(100.0), 277 (98.1), 45 (8.4); HR-EIMS calcd for C;7H»307N: 353.1474. Found: 353.1477.

Methyl
rac-(1'R,3R,5'S)-2'-(methoxymethoxy)-4-oxospiro[2H-1-benzopyran-3(4H)-6'-bicyclo[3.1.0]hex-2'-ene]-3'-
carboxylate (47n)

47n (X 47a L ARRO HIEIZTHER LT,
Yield: 58% (46n from 45n), 84% (47n from 46n); G iH4; 'H NMR (300 MHz, CDCly) §: 2.52-2.57 (m,
2H), 2.91-2.99 (m, 2H), 3.45 (s, 3H), 3.74 (s, 3H), 4.33 (s, 2H), 5.09 (d, 1H, J = 6.6 Hz), 5.13 (d, 1H, J = 6.6 Hz),
6.97-7.06 (m, 2H), 7.46-7.51 (m, 1H), 7.88 (d, 1H, J = 7.8 Hz); °C NMR (75 MHz, CDCl;) §: 26.4, 28.6, 32.6,
36.9, 51.0, 56.4, 64.7, 95.7, 107.1, 118.0, 121.4, 121.6, 127.0, 135.9, 161.6, 162.5, 163.9, 190.8; IR (CHCL):
1660, 1614 cm™'; LR-EIMS m/z: 330 (M", 7.2), 253 (7.9), 121 (7.1), 45 (100.0); HR-EIMS calcd for C,3H 3O
330.1103. Found: 330.1097.

Methyl
rac-(1R,58,65)-2-(methoxymethoxy)-4'-oxospiro[bicyclo[3.1.0]hexane-6,3'-thiochroman]-2-ene-3-carboxyl
ate (470)

470 (% 47a L AERD HIEIZ THR LTz,
Yield: 65% (460 from 450), 81% (470 from 460); &Mk, 'H NMR (300 MHz, CDCls) 8: 2.52-2.60 (m,
2H), 2.95-3.16 (m, 2H), 3.11 (t, 2H, J = 18.8 Hz), 3.47 (s, 3H), 3.74 (s, 3H), 5.12 (d, 1H, J= 6.6 Hz), 5.28 (d, 1H,
J = 6.6 Hz), 7.18-7.42 (m, 3H), 8.04 (dd, 1H, J = 1.2, 9.2 Hz); °C NMR (75 MHz, CDCl;) §: 25.3, 29.0, 30.0,
35.0, 38.5, 51.1, 56.6, 96.0, 107.3, 125.5, 128.0, 129.6, 131.7, 133.1, 141.3, 163.5, 164.0, 193.1; IR (CHCl;):
1716, 1693, 1656, 1614 cm™'; LR-EIMS m/z: 346 (M, 4.0), 301 (10.0), 269 (15.4), 45 (100.0); HR-EIMS calcd
for Ci3H;305S: 346.0875. Found: 346.0882.

Methyl rac-(1R,55,6R)-6-benzoyl-2-(methoxymethoxy)-6-methylbicyclo[3.1.0]hex-2-ene-3-carboxylate
(47p)
47p 1% 47a L RO FIEICTAERK LT,

Yield: 66% (46p from 45p), 63% (47p from 46p); Ry = 0.43 (n-hexane/AcOEt = 2:1); ¥ A H:Ik4; "H NMR
(400 MHz, CDCl;) 6: 1.29 (s, 3H), 2.30 (dt, 1H, J=1.2, 7.2 Hz), 2.59 (ddd, 1H, J=1.2, 3.5, 17.6 Hz), 2.87 (dd,
1H,J=3.5,7.2 Hz),2.95 (dd, 1H, J= 7.2, 17.6 Hz), 3.52 (s, 3H), 3.73 (s, 3H), 5.17 (d, 1H, J= 6.6 Hz), 5.31 (d,
1H, J = 6.6 Hz), 7.43-7.49 (m, 2H), 7.53 (tt, 1H, J = 1.4, 7.2 Hz), 7.81-7.83 (m, 2H); *C NMR (100 MHz,
CDClL) 8: 10.3, 25.6, 28.5, 33.5, 33.6, 51.0, 56.5, 95.5, 107.8, 128.4 (2C), 128.5 (2C), 132.2, 137.1, 164.1, 164.4,
201.8; IR (CHCly): 1697, 1674, 1622 cm™; LR-EIMS m/z: 316 (M", 14.1), 271 (18.5), 158 (100.0), 105 (50.4),
45 (33.0); HR-EIMS calcd for C3H;0Os: 316.1310. Found: 316.1312.

Methyl  rac-(1R,5S,6R)-2-(methoxymethoxy)-6-methyl-6-propionylbicyclo[3.1.0]hex-2-ene-3-carboxylate

(47q)
47q 13 47a L RBEDFIEIC TR LT,
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Yield: 55% (46q from 45q), 62% (47q from 46q); R; = 0.39 (n-hexane/AcOEt = 2:1); MEEJHIRY; '"H NMR
(400 MHz, CDCl5) &: 1.05 (t, 3H, J= 7.2 Hz), 1.26 (s, 3H), 2.10 (dt, 1H, J= 0.8, 7.4 Hz), 2.39 (ddd, 1H, J= 0.8,
2.8, 17.6 Hz), 2.66 (q, 2H, J= 7.2 Hz), 2.71 (dd, 1H, J = 2.8, 7.4 Hz), 2.84 (dd, 1H, J= 7.4, 17.6 Hz), 3.46 (s,
3H), 3.71 (s, 3H), 5.04 (d, 1H, J = 6.4 Hz), 5.15 (d, 1H, J = 6.4 Hz); *C NMR (100 MHz, CDCLy) 5: 7.8, 7.9,
28.8, 29.2, 33.5, 33.6, 37.4, 50.9, 56.4, 95.4, 107.6, 164.2, 164.3, 210.4; IR (CHCL;): 1751, 1728, 1697, 1655,
1603 cm'; LR-EIMS m/z: 268 (M, 5.4), 135 (15.1), 110 (35.1), 95 (29.1), 57 (33.1), 45 (100.0); HR-EIMS
caled for C14H,9O5: 268.1310. Found: 268.1313.

Methyl rac-(1R,5S,6R)-2-(methoxymethoxy)-6-ethyl-6-butyrylbicyclo[3.1.0]hex-2-ene-3-carboxylate (47r)
47r [T 47a L FABED FIEICTHMR LT,

Yield: 48% (46r from 45r), 66% (47r from 46r); Ry = 0.50 (n-hexane/AcOEt = 2:1); M HKY; '"H NMR
(400 MHz, CDCl3) 6: 0.92 (t, 3H, J = 7.4 Hz), 0.97 (t, 3H, J = 7.2 Hz), 1.56-1.69 (m, 4H), 2.14 (dt, 1H, J= 0.8,
7.3 Hz), 2.42 (ddd, 1H, J= 0.8, 2.8, 17.9 Hz), 2.66 (q, 2H, J = 7.4 Hz), 2.67 (dd, 1H, J=2.8, 7.3 Hz), 2.84 (dd,
1H, J = 7.3, 17.9 Hz), 3.49 (s, 3H), 3.71 (s, 3H), 5.08 (d, 1H, J = 6.4 Hz), 5.16 (d, 1H, J = 6.4 Hz); °C NMR
(100 MHz, CDCly) &: 12.1, 13.7, 15.1, 17.5, 27.3, 29.0, 35.7, 40.5, 41.1, 50.9, 56.5, 95.5, 107.2, 164.2, 164.3,
209.0; IR (CHCls): 1751, 1730, 1693, 1622 cm™'; LR-EIMS m/z: 296 (M", 6.8), 138 (47.2), 109 (38.9), 71 (32.9),
45 (100.0); HR-EIMS calcd for C1¢H»405: 296.1624. Found: 296.1621.

Methyl rac-(1R,5S,6R)-2-(methoxymethoxy)-6-propyl-6-valeryl bicyclo[3.1.0]hex-2-ene-3-carboxylate (47s)
47s 1X 47a L RIERD HIEIC THRL LT,

Yield: 42% (46s from 45s), 49% (47s from 46s); R; = 0.26 (n-hexane/AcOEt = 4:1); ME(A kY, '"H NMR
(400 MHz, CDCls) 6: 0.91 (t, 3H, J = 7.6 Hz), 0.92 (t, 3H, J = 7.2 Hz), 1.25-1.42 (m, 4H), 1.50-1.62 (m, 4H),
2.12 (dt, 1H,J=0.8, 7.2 Hz), 2.41 (ddd, 1H, J=1.2, 3.0, 18.0 Hz), 2.54 (t, 2H, J= 7.2 Hz), 2.69 (dd, 1H, J=2.8,
7.2 Hz), 2.84 (dd, 1H, J=17.6, 17.6 Hz), 3.49 (s, 3H), 3.72 (s, 3H), 5.08 (d, 1H, J=6.2 Hz), 5.16 (d, 1H, J=6.2
Hz); °C NMR (100 MHz, CDCl3) §: 13.8, 14.6, 21.1, 22.4, 24.4, 26.2, 27.3, 29.1, 35.5, 38.9, 39.6, 51.0, 56.5,
95.5, 107.1, 164.2, 164.3, 209.2; IR (CHCl;): 1693, 1620 cm™; LR-EIMS m/z: 324 (M", 5.2), 166 (23.4), 85
(21.0), 57 (28.1), 45 (100.0); HR-EIMS calcd for CisH»305: 324.1937. Found: 324.1936.

% 18 Scheme 12 DBk

Methyl
rac-(1R,1'R,38,55)-3-(4-bromobenzyl)-2,2’-dioxospiro[bicyclo[3.1.0]hexane-6,1'-cyclohexane]-3-carboxylat
e (48)

BHEFEWRT, 30mL Bif) & F 27 7 2 aH0 46a (200 mg, 0.847 mmol) ¢ DMF (4 mL) & % 0 °C
IZHEIL, NaH (60% in mineral oil, 51 mg, 1.27 mmol) Z/M%, 0 °C T30 yREHEE L=, 0°C T
p-Bromobenzylbromide (254 mg, 1.02 mmol) Z Mz 7-1%, =HRIZFIRL, 22 FEHE# L=, FO0°C I
MEIL, BUSHICAKZMZ, CHCL \ZTHi L7z, AHE & fafn K Tl L7ztk, KA R
VU LTS, WERABERELE, BoNTHERME S VDTN T B Ia< T 57 14—
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(n-hexane/AcOEt = 3:1) TR 5 Z & T 48 (231 mg, 67%)% FEAOEHRAE T & L TH -,

R¢=0.34 (n-hexane/AcOEt = 2:1); mp 121-123 °C (diisopropyl ether); '"H NMR (300 MHz, CDCl5) §: 1.72-1.93
(m, 6H), 2.04-2.07 (m, 1H), 2.31-2.53 (m, 5H), 3.00 (d, 1H, J=13.5 Hz), 3.19 (d, 1H, J=13.5 Hz), 3.76 (s, 3H),
7.02 (d, 2H, J = 8.1 Hz), 7.41 (d, 2H, J = 8.4 Hz); °C NMR (75 MHz, CDCl;) §: 22.9, 23.4, 24.9, 26.9, 31.2,
39.7, 40.1, 40.5, 42.5, 52.7, 65.0, 121.5, 131.55 (2C), 131.62 (2C), 134.4, 169.6, 205.8, 207.4; IR (KBr): 1775,
1734, 1690 cm™'; LR-EIMS m/z: 406 (3.0), 404 (M", 2.9), 203 (19.5), 175 (23.2), 122 (100.0); HR-EIMS calcd
for CyoH,1BrOy: 404.0623. Found: 404.0630; Anal. calcd for C,0H, BrOy: C; 59.27, H; 5.22. Found: C; 59.34, H;

5.25.

48 D X MRAE L 18 1 MR

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group
Z value
Decalc

Foo0
u(MoKa)

Diffractometer

Radiation

Voltage, Current

A. Crystal Data

C,y0H,1BrO,
405.29

colorless, platelet
0.300 X 0.250 X 0.100 mm
triclinic

Primitive

a=  7.1334(8) A
b= 11.084(2) A
c= 12.679Q2) A
o= 65.718(4)°
B= 84.358(3)°
y= 78.742(4)°
V =896.0(2) A3
P-1 (#2)

2

1.502 g/em3
416.00

23.221 cm-!

B. Intensity Measurements
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R-AXIS RAPID
MoKa. (A =0.71075 A)
graphite monochromated

50kV, 100mA



Temperature 23.0°C

Detector Aperture 280 x 256 mm
Data Images 44 exposures
 oscillation Range (x=45.0, $=0.0) 130.0 - 190.0°
Exposure Rate 120.0 sec./©
 oscillation Range (x=45.0, $=180.0) 0.0 - 160.0°
Exposure Rate 120.0 sec./©
Detector Position 127.40 mm
Pixel Size 0.100 mm
20max 54.99

No. of Reflections Measured Total: 8892

Unique: 4068 (Rint = 0.0607)
Corrections Lorentz-polarization
Absorption
(trans. factors: 0.626 - 0.793)
Secondary Extinction

(coefficient: 1.27600e-002)

% 4 i Scheme 14 D BR

Methyl
rac-(1R,55,6R)-2-(methoxymethoxy)-2'-oxospiro[bicyclo[3.1.0]hexane-6,1'-cyclohexan]-2-ene-3-carboxylat
e-1,4,4-d;(52)

52 I tri(methyl-ds)sulfoxonium iodide % I\ T 47a & [ D HFIEIZ TERK LTz,
Yield: 49% (51 from 46a), 49% (52 from 51); Re = 0.29 (n-hexane/AcOEt = 2:1); &A%Y, "H NMR (400
MHz, CDCls) 6: 1.60-1.63 (m, 2H), 1.72-1.78 (m, 2H), 1.89-1.95 (m, 2H), 2.12-2.18 (m, 1H), 2.35-2.43 (m,
0.17H), 2.43 (dt, 2H, J = 0.8, 6.8 Hz), 2.72-2.77 (m, 0.18H), 2.79-2.85 (m, 0.19H), 3.47 (s, 3H), 3.71 (s, 3H),
5.08 (d, 1H, J = 6.4 Hz), 5.16 (d, 1H, J = 6.4 Hz); °C NMR (100 MHz, CDCl5) §: 21.3, 23.1, 23.2, 23.5-23.7
(m), 27.7-28.0 (m), 35.4, 36.8-37.1 (m), 40.0, 50.9, 56.4, 95.5, 107.3-107.6 (m), 163.4-163.6 (m), 164.2, 209.2;
IR (CHCl3): 1686, 1616 cm™; LR-EIMS m/z: 283 (M", 67.0), 239 (47.9), 207 (63.8), 124 (100.0); HR-EIMS
caled for CysH;7D30s: 283.1499. Found: 283.1496.

% 4 fi Scheme 16 D E 5k
5,6,7,8-Tetrahydro-2H-chromen-2-one (55)5 !
30 mL 7 A7 A 2T 45a (500 mg, 2.40 mmol) % A#L, AcOH-H,0-H,SO, (15 mL, 4:2:1) {Z¥#fEL,

27 RFEEW L7, ROSRZ =R ETWAIL, KTHINL7Z1%, CHCL T 3 BIFhH L7z, AEEKT
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Ve L, BOKBREET bV U A CHilgtk, WIZBIERE E Lz, BonclAemkmE v ) B 75 vh 7 A
s ma~ 777 4— (n-hexane/AcOEt = 4:1) THHI4 2% = & T 52 (130 mg, 36%) ZHEADEK L LT
B,

Ry = 0.45 (n-hexane/AcOEt = 2:1); '"H NMR (270 MHz, CDCl;) &: 1.70-1.85 (m, 4H), 2.37-2.42 (m, 2H),
2.50-2.55 (m, 2H), 6.14 (d, 1H, J=9.4 Hz), 7.09 (d, 1H, J = 9.4 Hz).
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5 3 TR 5 EER

% 2 #i Table 11, entry 2 D E Bk

Methyl rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-phenyl-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate
(66a) and methyl rac-(1R,3S,55,6R)-2-0x0-6-phenyl-6-propionylbicyclo[3.1.0]hexane-3-carboxylate (67a);
5-7 U —/v-a-E 80 R RS D — ik B AE

TL—ALRTA L7 20mL Kiff&F R 7T 2227 /0= 35 PHA T NaH (60% in mineral oil, 37.2 mg,
0.929 mmol) & DMF (3 mL) % A#L7z, B8R IC IR T trimethylsulfoxonium iodide (204 mg, 0.929 mmol)
BRI A, 30 HERTRIET D2 ZE TOVAT VALK Y =T LA XAF Y REFM L, O,
BOSHRIE A DIEEIR D D BEEA DRI~ L B LTz, VAT NVANVRXY =0 LXF Y ROEKE 0
°C IZ#H#HIL, 45a (100 mg, 0.480 mmol) @ DMF (2 mL) i&iE%Z W ->< W ilz, 0°C T4 BMHE#E L,
0 °C T IN HEFE/KEHE 2 N2 SOSHE D pH % 4 [ZF0%4%, ether T 3 [FIHhH L7z, AR A K L fafni
MK T Lok, MOKBRERT N U U L TR, WEAZBIERE L., HonclAEmmE s U h
TNHT Ly a~ 87T 7 4 — (n-hexane/AcOEt = 10:1 to 4:1) THE® T2 Z LT, 66a (51%, 57.0 mg)
OO T ) X LEHE LT, 67a(8%, 9.3 mg) OO E L TENENST,
66a: R = 0.73 (n-hexane/AcOEt = 2:1); mp 114-115 °C (n-hexane); 'H NMR (400 MHz, CDCl3) 6: 1.15 (t, 3H,
J=17.6 Hz), 2.35-2.43 (m, 3H), 2.70 (dd, 1H, J=7.8, 14.6 Hz), 3.74 (s, 3H), 4.06-4.11 (m, 1H), 5.43 (dd, 1H, J
=1.2, 9.4 Hz), 7.15-7.25 (m, 3H), 7.30-7.38 (m, 2H), 9.95 (s, 1H); °C NMR (100 MHz, CDCl;) &: 11.7, 20.4,
31.9,43.9,51.4, 84.1, 102.0, 111.4, 125.7, 127.0 (2C), 128.5 (2C), 134.6, 154.4, 169.0, 170.1; IR (KBr): 3267,
1680, 1645 cm™; LR-EIMS m/z: 286 (M, 81.6), 254 (100), 172 (98.3), 57 (57.0). HR-EIMS calcd for C,7H 3Oy
286.1205. Found: 286.1196.
67a: Ry = 0.41 (n-hexane/AcOEt = 2:1); mp 120-122 °C (diisoprpyl ether); 'H NMR (400 MHz, CDCl;) 8: 0.89
(t, 3H, J= 7.0 Hz), 1.83 (t, 1H, J = 8.4 Hz), 2.15-2.32 (m, 3H), 2.90-2.80 (m, 3H), 3.64 (s, 3H), 7.24-7.42 (m,
5H); °C NMR (100 MHz, CDCl5) 8: 7.7, 25.5, 35.5, 35.6, 43.6, 46.8, 52.0, 52.6, 128.7 (2C), 130.8 (3C), 133.4,
169.0, 205.8, 206.5; IR (KBr): 1747, 1724, 1701 cm™'; LR-EIMS m/z: 286 (M, 33.0), 197 (35.4), 172 (100.0),
157 (35.9), 141 (45.2), 129 (43.2), 115 (47.5), 57 (72.5). HR-EIMS calcd for C;7H;504: 286.1205. Found:
286.1201.
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66a O NOESY A7 kL

66a D X B #E 5% G ARAT

A. Crystal Data

Empirical Formula Cy7H 304

Formula Weight 286.33

Crystal Color, Habit colorless, needle

Crystal Dimensions 0.400 X 0.250 X 0.100 mm
Crystal System monoclinic

Lattice Type Primitive

Lattice Parameters a= 19.0458(17) A

b= 4.9570(4) A
c= 16.8190(18) A

o= 90.0000 ©

B= 108.739(2)°

y=90.0000 ©

V = 1503.7(3) A3
Space Group P121/c1(#14)
Z value 4
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Dcalc
Fooo

u(MoKa)

B. Intensity Measurements

Diffractometer

Radiation

Voltage, Current

Temperature

Detector Aperture

Data Images

w oscillation Range (x=45.0, $=0.0)

Exposure Rate

w oscillation Range (x=45.0, $=180.0)

Exposure Rate

Detector Position

Pixel Size

26max

No. of Reflections Measured

Corrections

67a O X #RiAE L8 E MR

A. Crystal Data

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions

Crystal System
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1.265 g/em3
608.00

0.089 cm-!

R-AXIS RAPID

MoKa (A =0.71075 A)
graphite monochromated
50kV, 100mA

23.00C

280 x 256 mm

44 exposures

130.0 - 190.0°

120.0 sec./©

0.0 - 160.0°

120.0 sec./©
127.40 mm

0.100 mm
54.90
Total: 13322
Unique: 3434 (Rjpt = 0.0394)
Lorentz-polarization
Absorption
(trans. factors: 0.615 - 0.991)
Secondary Extinction

(coefficient: 1.27600e-002)

Ci7H,504

286.33

colorless, needle

0.300 X 0.200 X 0.200 mm

monoclinic



Lattice Type

Lattice Parameters

Space Group
Z value
Dcalc

Foo0
u(MoKa)

B. Intensity Measurements

Diffractometer

Radiation

Voltage, Current

Temperature

Detector Aperture

Data Images

w oscillation Range (x=45.0, $=0.0)

Exposure Rate

 oscillation Range (x=45.0, $=180.0)
Exposure Rate
Detector Position

Pixel Size

26max

No. of Reflections Measured

Corrections

Primitive

a= 8.4850(8) A
b= 9.0703(8) A
c= 19.7135(18) A

a= 90.0000 °
B= 94.442(3)°
y=90.0000 ©

V =1512.6(3) A3
P121/n1 (#14)
4

1.265 g/em3
608.00

0.089 cm-!

R-AXIS RAPID

MoKa (A =0.71075 A)
graphite monochromated
50kV, 100mA

23.00C

280 x 256 mm

44 exposures

130.0 - 190.0°

120.0 sec./©

0.0 - 160.0°
120.0 sec./©
127.40 mm

0.100 mm
54.90
Total: 14125
Unique: 3430 (Rjpt = 0.0333)
Lorentz-polarization
Absorption
(trans. factors: 0.797 - 0.982)
Secondary Extinction

(coefficient: 1.27600e-002)



% 3 i Table 12 D EBR

Methyl rac-(3aR,6aS)
-2-ethyl-6-hydroxy-3-(4-methoxyphenyl)-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66b) and
methyl rac-(1R,35,5S,6R)-6-(4-methoxyphenyl)-2-0x0-6-propionylbicyclo[3.1.0]hexane-3-carboxylate (67b)
66b & 67b (T 66a L 67a & [AIEED LI THA LTz,
66b: Yield: 40% (43.9 mg); Ry = 0.47 (n-hexane/AcOEt = 3:1); M@ EHRFEF; mp 99-100 °C (n-hexane); 'H
NMR (400 MHz, CDCl3) &: 1.13 (t, 3H, J = 7.6 Hz), 2.33-2.39 (m, 3H), 2.67 (dd, 1H, J = 7.6, 14.8 Hz), 3.73 (s,
3H), 3.81 (s, 3H), 4.00-4.05 (m, 1H), 5.41 (dd, 1H, J = 1.6, 9.6 Hz), 6.86-6.92 (m, 2H), 7.09-7.14 (m, 2H), 9.94
(s, 1H); "C NMR (100 MHz, CDCl;) 8: 11.7, 20.3, 31.8, 44.1, 51.4, 55.3, 84.0, 102.0, 110.9, 114.0 (2C), 127.0,
128.3 (2C), 153.2, 157.7, 169.2, 170.1; IR (CHCLy): 1732, 1672, 1632, 1609 cm™'; LR-EIMS m/z: 316 (M", 59.7),
284 (100.0), 202 (71.6), 187 (32.0); HR-EIMS calcd for CigH»Os: 316.1310. Found: 316.13009.
67b: Yield: 16% (18.0 mg); Ry = 0.29 (n-hexane/AcOEt = 3:1); kY, '"H NMR (400 MHz, CDCl;) &:
0.89 (t, 3H, J= 7.0 Hz), 1.90 (dt, 1H, J = 0.8, 8.4 Hz), 2.20-2.31 (m, 3H), 2.78-2.86 (m, 3H), 3.65 (s, 3H), 3.83
(s, 3H), 6.85-6.94 (m, 2H), 7.15-7.17 (m, 2H); °C NMR (100 MHz, CDCls) §: 7.7, 25.5, 35.5, 35.6, 43.7, 46.0,
52.1,52.6, 55.3, 115.0 (2C), 125.1, 131.9 (2C), 159.7, 169.1, 206.0, 207.1; IR (CHCly): 1745, 1724, 1699 cm™;
LR-EIMS m/z: 316 (M", 77.1), 284 (56.1), 227 (44.5), 202 (100.0); HR-EIMS calcd for CjgHaOs: 316.1310.
Found: 316.1307.

Methyl rac-(3aR,6a8)
-3-(biphenyl-4-yl)-2-ethyl-6-hydroxy-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66¢) and
methyl rac-(1R,3S5,55,6R)-6-([1,1'-biphenyl]-4-yl)-2-0x0-6-propionylbicyclo[3.1.0]hexane-3-carboxylate
(67¢)

66c & 67c |L 66a & 67a L [AIERD FIEICTHRK LT,
66¢: Yield: 47% (50.7 mg); Ry = 0.51 (n-hexane/AcOEt = 3:1); IR0 7 U X Agh; mp 138-140 °C
(diisopropyl ether); '"H NMR (400 MHz, CDCl3) &: 1.18 (t, 3H, J = 7.6 Hz), 2.41-2.48 (m, 3H), 2.75 (dd, 1H, J =
7.8, 14.8 Hz), 3.73 (s, 3H), 4.09-4.14 (m, 1H), 5.45 (dd, 1H, J= 1.6, 9.2 Hz), 7.24-7.29 (m, 2H), 7.33 (tt, 1H, J =
1.4,7.2 Hz), 7.41-7.47 (m, 2H), 7.55-7.61 (m, 4H), 9.96 (s, 1H); °C NMR (100 MHz, CDCl5) §: 11.7, 20.6, 32.0,
43.8,51.4,84.2,102.1, 111.1, 126.8 (2C), 127.1 (3C), 127.3 (2C), 128.8 (2C), 133.6, 138.3, 140.7, 154.8, 169.0,
170.1; IR (CHCly): 1672, 1634, 1601 cm™'; LR-EIMS m/z: 362 (M", 79.3), 330 (100.0), 248 (70.0); HR-EIMS
caled for Cy3H»,04: 362.1518. Found: 362.1515.
67¢: Yield: 6% (6.3 mg); Ry = 0.35 (n-hexane/AcOEt = 3:1); # @G ii{k4; '"H NMR (400 MHz, CDCls) §: 0.92
(t, 3H, J = 7.2 Hz), 1.96 (t, 1H, J = 8.4 Hz), 2.21-2.39 (m, 3H), 2.83-2.92 (m, 3H), 3.65 (s, 3H), 7.31-7.67 (m,
9H); *C NMR (100 MHz, CDCl3) §: 7.7, 25.5, 35.6, 43.7, 46.5, 52.1, 52.6, 127.0 (3C), 127.8 (2C), 128.9 (3C),
131.2 (2C), 132.3, 139.8, 141.5, 169.0, 205.9, 206.5; IR (CHCl5): 1745, 1724, 1701 cm™'; LR-EIMS m/z: 378
(M", 16.0), 362 (87.3), 330 (44.1), 248 (100.0); HR-EIMS calcd for C,3H,04: 362.1518. Found: 362.1512.
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Methyl
rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-(4-nitrophenyl)-3a,6a-dihydro-4 H-cyclopenta[b]furan-5-carboxylate
(66d)

66d [T 66a L [FIERD HIEIZ THR LT,
Yield: 52% (56.9 mg); Ry = 0.50 (n-hexane/AcOEt = 2:1); ¥ 7" Y X A dh; mp 156-161 °C (AcOEt-n-hexane);
'H NMR (400 MHz, CDCl5) 8: 1.20 (t, 3H, J = 7.6 Hz), 2.34 (td, 1H, J = 1.6, 14.8 Hz), 2.48 (q, 2H, J = 7.6 Hz),
2.80 (ddd, 1H, J= 0.4, 7.4, 14.8 Hz), 3.74 (s, 3H), 4.10-4.15 (m, 1H), 5.51 (dd, 1H, J = 1.6, 8.4 Hz), 7.30-7.31
(m, 2H), 8.17-8.21 (m, 2H), 9.95 (s, 1H); °C NMR (100 MHz, CDCl;) &: 11.3, 21.0, 32.1, 43.4, 51.5, 84.7,
102.2, 110.8, 124.0 (2C), 126.7 (2C), 141.9, 145.0, 159.0, 168.3, 169.8; IR (CHCl;): 1674, 1638, 1593, 1508
cm™; LR-EIMS m/z: 331 (M, 88.9), 299 (100.0), 217 (83.7), 57 (83.7); HR-EIMS calcd for Cj;H;;NOg:
331.1056. Found: 331.1053.

Methyl rac-(3aR,6aS)
-2-ethyl-3-(4-fluorophenyl)-6-hydroxy-3a,6a-dihydro-4 H-cyclopenta[b]furan-5-carboxylate (66¢)

66e % 66a & [FlHED HiEICTHM LT,
Yield: 40% (44.1 mg); Ry = 0.44 (n-hexane/AcOEt = 4:1); AR H; mp 114-115 °C (n-hexane); 'H NMR
(400 MHz, CDCls) &: 1.13 (t, 3H, J = 7.6 Hz), 2.31-2.38 (m, 3H), 2.68 (ddd, 1H, J= 0.4, 8.0, 14.8 Hz), 3.74 (s,
3H), 4.00-4.06 (m, 1H), 5.43 (dd, 1H, J = 1.6, 9.6 Hz), 6.99-7.05 (m, 2H), 7.12-7.17 (m, 2H), 9.94 (s, 1H); °C
NMR (100 MHz, CDCls) §: 11.6, 20.3, 31.8, 44.1, 51.4, 84.1, 101.9, 110.5, 115.4 (d, *Jcr = 21.2 Hz, 2C), 128.6
(d, *Jer=7.2 Hz, 2C), 130.6 (d, *Jor = 3.4 Hz), 154.2, 161.0 (d, 'Jcr = 244.4 Hz), 169.0, 170.0; IR (KBr): 1672,
1634, 1510 cm™; LR-EIMS m/z: 304 (M", 82.2), 272 (100.0), 190 (92.1), 175 (57.9); HR-EIMS calcd for
Ci7H7FO4: 304.1111. Found: 304.1106.

Methyl rac-(3aR,6aS)
-2-ethyl-6-hydroxy-3-[4-(trifluoromethyl)phenyl]-3a,6a-dihydro-4 H-cyclopenta[b]furan-5-carboxylate
(66f)

66f | 66a & [FIFRD HIEIC THM LT,
Yield: 54% (58.7 mg); Ry = 0.59 (n-hexane/AcOEt = 2:1); JR€A 7 U X fh: mp 101-103 °C (n-hexane); 'H
NMR (400 MHz, CDCls) 6: 1.17 (t, 3H, J = 7.6 Hz), 2.34 (td, 1H, J = 1.6, 14.8 Hz), 2.42 (q, 2H, J = 7.6 Hz),
2.74 (dd, 1H, J = 7.8, 14.8 Hz), 3.73 (s, 3H), 4.08-4.13 (m, 1H), 5.47 (dd, 1H, J= 1.6, 9.2 Hz), 7.29 (d, 2H, J =
8.2 Hz), 7.57 (d, 2H, J = 8.2 Hz), 9.95 (s, 1H); C NMR (100 MHz, CDCl;) &: 11.5, 20.6, 31.9, 43.6, 51.5, 84.4,
102.1, 110.7, 124.3 (q, "Jcr=270.1 Hz), 125.4 (q, *Jcr=3.8 Hz, 2C), 126.9 (2C), 127.4 (q, Jc=32.2 Hz), 138.4,
156.6, 168.7, 169.9; IR (KBr): 3136, 1674, 1655, 1634, 1614 cm™; LR-EIMS m/z: 354 (M", 93.6), 322 (100.0),
265 (49.2), 240 (92.0), 225 (52.0), 57 (65.0); HR-EIMS calcd for C gH;7F304: 354.1079. Found: 354.1075.

Methyl
(3aR,6aS)-2-ethyl-6-hydroxy-3-(3-(trifluoromethyl)phenyl)-3a,6a-dihydro-4 H-cyclopenta[b]furan-5S-carbo
xylate (66g) and methyl
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rac-(1R,35,55,6R)-2-0x0-6-propionyl-6-(3-(trifluoromethyl)phenyl)bicyclo[3.1.0]hexane-3-carboxylate
(672)

66g & 67g 1L 66a & 67a & [AlEED FIEIZ THRK LT,
66g: Yield: 51% (54.8 mg); Ry = 0.65 (n-hexane/AcOEt = 2:1); MEEAERRFAS & mp 90-92 °C (n-hexane); 'H
NMR (400 MHz, CDCl3) &: 1.16 (t, 3H, J = 7.6 Hz), 2.33 (td, 1H, J = 1.6, 14.8 Hz), 2.40 (q, 2H, J = 7.6 Hz),
2.73 (dd, 1H, J = 7.6, 14.8 Hz), 3.74 (s, 3H), 4.08-4.13 (m, 1H), 5.47 (dd, 1H, J = 1.6, 9.2 Hz), 7.34-7.44 (m,
4H), 9.95 (s, 1H); °C NMR (100 MHz, CDCls) 8: 11.5, 20.5, 31.8, 43.7, 51.5, 84.4, 102.0, 110.5, 122.3 (q,
*Jer=3.8 Hz), 123.4 (q, *Jer=3.7 Hz), 124.2 (q, 'Jcr=270.9 Hz), 128.9, 130.1, 130.9 (q, Jcr=31.9 Hz), 135.5,
156.0, 168.7, 170.0; IR (KBr): 1672, 1634 cm™; LR-EIMS m/z: 354 (M, 91.4), 322 (100.0), 265 (37.4), 240
(69.5), 225 (30.4), 57 (55.7); HR-EIMS calcd for CgH ;F50,: 354.1079. Found: 354.1082.
67g: Yield: 5% (4.9 mg); Ry = 0.47 (n-hexane/AcOEt = 2:1); H G i{k#; '"H NMR (400 MHz, CDCls) §: 0.92
(t, 3H, J = 7.4 Hz), 1.77 (t, 1H, J = 8.2 Hz), 2.11-2.25 (m, 3H), 2.86-2.94 (m, 3H), 3.66 (s, 3H), 7.47-7.71 (m,
4H); *C NMR (100 MHz, CDCl3) §: 7.7, 25.3, 29.7, 35.6, 35.7, 43.6, 51.9, 52.7, 125.7 (q, *Jcr=4.0 Hz), 127.5
(9 *Jer=3.9 Hz), 120.9 (q, *Jc=40.0 Hz), 129.4 (q, 'Jcr=300.0 Hz), 129.8, 134.2, 134.7, 168.7, 205.1, 211.9;
IR (KBr): 1745, 1726, 1703 cm™; LR-EIMS m/z: 354 (M", 88.3), 325 (37.1), 265 (40.1), 240 (100.0), 57 (58.1);
HR-EIMS calcd for CisH7F304: 354.1079. Found: 354.1083.

Methyl
rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-(2-(trifluoromethyl)phenyl)-3a,6a-dihydro-4 H-cyclopenta[b]furan-5-ca
rboxylate (66h) and methyl
rac-(1R,35,55,6R)-2-0x0-6-propionyl-6-(2-(trifluoromethyl)phenyl)bicyclo[3.1.0]hexane-3-carboxylate
(67h)

66h & 67h (L 66a & 67a & [FIERD LI THRL LT,
66h: Yield: 16% (17.2 mg); Ry=0.65 (n-hexane/AcOEt = 2:1); MEJHIRY; mp 'H NMR (400 MHz, CDCl;) &:
0.99 (t, 3H,J="7.2Hz), 1.99 (q, 2H, J= 7.2 Hz), 2.31 (d, 1H, J=15.2 Hz), 2.50 (dd, 1H, J = 8.4, 14.6 Hz), 3.78
(s, 3H), 3.92 (t, 1H, J= 8.4 Hz), 5.47 (dd, 1H, J= 1.6, 9.2 Hz), 7.12 (br-s, 1H), 7.40 (t, 1H, /= 7.6 Hz), 7.51 (dt,
1H, J = 0.4, 7.6 Hz), 7.70 (d, 1H, J = 8.0 Hz), 9.97 (s, 1H); °C NMR (100 MHz, CDCl5) §: 11.2, 19.9, 30.5,
45.3, 51.5, 85.0, 101.5, 109.1, 124.2 (q, 'Jcr=272.4 Hz), 126.4, 127.3, 131.6, 131.7 (q, *Jcr=39.3 Hz), 133.4,
134.1, 155.4, 169.2, 170.2; IR (CHCl5): 1672, 1632 cm™; LR-EIMS m/z: 354 (M", 100.0), 322 (20.2), 240 (68.2),
225 (30.9); HR-EIMS calcd for CgH17F304: 354.1079. Found: 354.1074.
67h: Yield: 44% (47.8 mg); Ry = 0.48 (n-hexane/AcOEt = 2:1); 7" U X A fh; mp 135-137 °C (diisopropyl
ether): '"H NMR (400 MHz, CDCls) 8: 0.92 (t, 3H, J = 7.2 Hz), 1.98 (dt, 1H, J = 0.8, 8.8 Hz), 2.09-3.00 (m, 3H),
2.56 (dd, 1H, J = 0.4, 6.0 Hz), 2.76-2.88 (m, 1H), 3.26 (t, 1H, J = 6.0 Hz), 3.66 (s, 3H), 7.41-7.63 (m, 3H),
7.79-7.82 (m, 1H); "C NMR (100 MHz, CDCl3) &: 7.7, 24.7, 34.8, 35.3, 44.7, 52.2, 52.7, 101.5, 127.8 (q,
*Jer=4.9 Hz), 128.5 (q, *Jer=4.9 Hz), 129.4, 130.5 (q, 'Jcr=261.4 Hz), 131.0 (q, *Jcr=30.3 Hz), 133.2, 133.3,
168.8, 204.6, 206.1; IR (CHCLy): 1745, 1724, 1709 cm™; LR-EIMS m/z: 354 (M", 52.0), 322 (28.9), 240 (100.0),
57 (34.3); HR-EIMS calcd for CgH;7F304: 354.1079. Found: 354.1073.
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% 48 Table 13 D EER

Methyl rac-(3aR,6aS)
-6-hydroxy-2-isopropyl-3-phenyl-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66i) and methyl
rac-(1R,35,55,6R)-6-isobutyryl-2-0xo0-6-phenylbicyclo[3.1.0]hexane-3-carboxylate (67i)

66i = 67i 1% 66a & 67a L [FERD FIEIC THR LT,
66i: Yield: 63% (69.1 mg); Ry= 0.42 (n-hexane/AcOEt = 4:1); (A7 1 X A mp 125-127 °C (n-hexane); 'H
NMR (400 MHz, CDCL,) &: 1.09 (d, 3H, J = 6.8 Hz), 1.21 (d, 3H, J = 6.8 Hz), 2.34 (td, 1H, J = 1.6, 14.8 Hz),
2.66 (ddd, 1H, J = 0.6, 8.0, 14.8 Hz), 2.82-2.97 (m, 1H), 3.73 (s, 3H), 4.03-4.08 (m, 1H), 5.38 (dd, 1H, J = 1.6,
9.6 Hz), 7.15-7.20 (m, 3H), 7.30-7.36 (m, 2H), 9.93 (s, 1H); °C NMR (100 MHz, CDCl;) §: 19.8, 20.5, 26.1,
31.6,44.1,51.4,83.9,101.8,110.1, 125.7, 127.4 (2C), 128.4 (2C), 134.8, 157.5, 169.2, 170.2; IR (CHCls): 1672,
1632, 1599 cm™; LR-EIMS m/z: 300 (M", 97.7), 268 (100.0), 197 (53.3), 186 (69.7), 171 (94.1); HR-EIMS calcd
for Ci3H»004: 300.1362. Found: 300.1366.
67i: Yield: 14% (15.3 mg); Ry = 0.32 (n-hexane/AcOEt = 4:1); A7 E/L 7 7 A; 'H NMR (270 MHz,
CDCl;) 8: 0.88 (d, 3H, J = 6.8 Hz), 0.91 (d, 3H, J = 6.8 Hz), 1.83 (t, 1H, J = 8.4 Hz), 2.20-2.29 (m, 1H),
2.66-2.89 (m, 4H), 3.65 (s, 3H), 7.29-7.41 (m, 5H); °C NMR (100 MHz, CDCl5) §: 18.7, 19.1, 25.6, 35.6, 37.1,
43.6, 46.5, 52.1, 52.6, 128.7 (2C), 131.0 (3C), 133.2, 169.0, 206.0, 209.9; IR (CHCLly): 1744, 1724, 1693 cm’";
LR-EIMS m/z: 300 (M", 65.7), 257 (44.3), 197 (63.9), 186 (100.0); HR-EIMS calcd for C;gHaO4: 300.1362.
Found: 300.1360.

Methyl rac-(3aR,6aS)-2-butyl-6-hydroxy-3-phenyl-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate
(66j) and methyl rac-(1R,35,55,6R)-2-0x0-6-phenyl -6-valerylbicyclo[3.1.0]hexane-3-carboxylate (67j)

66j & 67j 1L 66a & 67a & FIEED HIEIZCTERK LT,
66j: Yield: 61% (66.4 mg); Ry = 0.62 (n-hexane/AcOEt = 4:1); MEAFHRAESL: mp 83-85 °C (n-hexane); 'H
NMR (400 MHz, CDCl;) &: 0.88 (t, 3H, J = 7.2 Hz), 1.26-1.40 (m, 2H), 1.53-1.61 (m, 2H), 2.35-2.40 (m, 3H),
2.70 (ddd, 1H, J = 0.4, 7.6, 14.8 Hz), 3.73 (s, 3H), 4.05-4.11 (m, 1H), 5.42 (dd, 1H, J = 1.6, 9.2 Hz), 7.15-7.25
(m, 3H), 7.30-7.38 (m, 2H), 9.94 (s, 1H); °C NMR (100 MHz, CDCl;) &: 13.8, 22.5, 26.8,29.2, 31.9, 43.9, 51 4,
84.0, 102.0, 111.9, 125.6, 127.1 (2C), 128.5 (2C), 134.6, 153.5, 169.1, 170.1; IR (CHCls): 1672, 1634, 1599
cm™; LR-EIMS m/z: 314 (M", 75.3), 282 (100.0), 200 (73.0), 157 (69.8); HR-EIMS calcd for C oHyO4:
314.1518. Found: 314.1513.
67j: Yield: 5% (5.5 mg); Ry = 0.24 (n-hexane/AcOEt = 4:1); A HIH; 'TH NMR (400 MHz, CDCls) 8: 0.77
(t, 3H, J = 7.2 Hz), 1.08-1.17 (m, 2H), 1.33-1.43 (m, 2H), 1.83 (dt, 1H, J = 1.2, 8.4 Hz), 2.21-2.28 (m, 3H),
2.79-2.89 (m, 3H), 3.64 (s, 3H), 7.24-7.41 (m, 5H); °C NMR (100 MHz, CDCls) §: 13.7, 22.0, 25.5, 25.6, 35.5,
41.5, 43.6, 47.0, 52.0, 52.6, 128.7 (2C), 130.8 (3C), 133.4, 169.0, 205.9, 206.0; IR (CHCl;): 1744, 1724, 1697
cm™'; LR-EIMS m/z: 314 (M", 53.2), 200 (100.0); HR-EIMS calcd for C,9H,,04: 314.1518. Found: 314.1514.

Methyl rac-(3aR,6aS)-6-hydroxy-2,3-diphenyl -3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate (66k)
and methyl rac-(1R,35,55,6 R)-6-benzoyl-2-0x0-6-phenylbicyclo[3.1.0]hexane-3-carboxylate (67k)
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66k & 67k |% 66a & 67a & [FREED FIEICTHEM LT,

66k: Yield: 61% (66.0 mg); Ry = 0.49 (n-hexane/AcOEt = 4:1); MEEAEHRFAS & mp 121-122 °C (n-hexane); 'H
NMR (400 MHz, CDCl3) §: 2.47 (td, 1H, J = 1.6, 14.8 Hz), 2.73 (ddd, 1H, J = 0.4, 8.0, 14.8 Hz), 3.74 (s, 3H),
4.17-4.22 (m, 1H), 5.56 (dd, 1H, J = 1.6, 9.6 Hz), 7.16-7.31 (m, 8H), 7.40-7.46 (m, 2H), 10.01 (s, IH); °C NMR
(100 MHz, CDCl3) 8: 31.6, 45.8, 51.4, 84.0, 102.2, 113.4, 126.4, 128.0 (2C), 128.16 (2C), 128.18 (2C), 128.5
(20), 128.7, 131.0, 134.4, 149.2, 168.9, 170.0; IR (KBr): 3281, 1676, 1639, 1445 cm™'; LR-EIMS m/z: 334 (M",
100.0), 302 (79.3), 220 (80.4), 105 (50.8); HR-EIMS calcd for CyH;50,: 334.1205. Found: 334.1208.

67k: Yield: 5% (5.0 mg); Ry = 0.26 (n-hexane/AcOEt = 4:1); AT E/NLT 7 Z; 'H NMR (400 MHz,
CDCly) §: 2.14 (dt, 1H, J=0.8, 8.6 Hz), 2.28 (dd, 1H, J = 8.6, 14.0 Hz), 2.85-2.93 (m, 1H), 2.98 (dd, 1H, J=0.8,
6.0 Hz), 3.11 (t, 1H, J = 6.0 Hz), 3.68 (s, 3H), 7.23-7.43 (m, 8H), 7.65-7.68 (m, 2H); C NMR (100 MHz,
CDCly) §: 25.4, 33.1, 41.0, 47.2, 52.6, 52.6, 128.1 (2C), 128.5, 128.8 (2C), 129.3 (2C), 131.0 (2C), 132.3, 132.7,
136.3, 169.1, 196.6, 205.9; IR (CHCls): 1739, 1724, 1672 cm™'; LR-EIMS m/z: 334 (M", 24.8), 220 (52.8), 105
(100.0); HR-EIMS calcd for C,;H504: 334.1205. Found: 334.1208.

Methyl rac-(3aR,6a8)
-6-hydroxy-2-phenyl-3-[4-(trifluoromethyl)phenyl]-3a,6a-dihydro-4H-cyclopenta[b]furan-5-carboxylate
(661)

661 |X 66a L [FlERD HIEIC THA LTz,
Yield: 55% (59.5 mg); Ry = 0.65 (n-hexane/AcOEt = 2:1); HEAEHRAS f; mp 118-120 °C (diisopropyl ether);
'H NMR (400 MHz, CDCl;) §: 2.42 (td, 1H, J = 1.6, 14.8 Hz), 2.78 (dd, 1H, J = 8.0, 14.8 Hz), 3.75 (s, 3H),
4.21-4.26 (m, 1H), 5.60 (dd, 1H, J = 1.6, 9.6 Hz), 7.25-7.35 (m, 5H), 7.40-7.49 (m, 4H), 10.00 (s, IH); °C NMR
(100 MHz, CDCl3) §: 31.7, 45.3, 51.5, 84.5, 102.3, 112.2, 124.2 (q, 'Jer= 270.1 Hz), 125.4 (q, *Jer= 3.8 Hz,
20), 128.0 (2C), 128.2 (q, *Jer= 32.3 Hz), 128.3 (2C), 128.4 (2C), 129.4, 130.6, 138.2, 151.5, 168.6, 169.9; IR
(KBr): 3273, 1680, 1641, 1634, 1614 cm™; LR-EIMS m/z: 402 (M, 73.9), 370 (62.1), 288 (100.0), 105 (68.6);
HR-EIMS calcd for C»,H7F304: 402.1079. Found: 402.1075.

Methyl
rac-(3aR,6a8)-2-(furan-2-yl)-6-hydroxy-3-[4-(trifluoromethyl)phenyl]-3a,6a-dihydro-4 H-cyclopenta[b]fur
an-5-carboxylate (66m) and methyl
rac-(1R,35,55,6R)-6-(furo-2-yl)-2-ox0-6-phenylbicyclo[3.1.0]hexane-3-carboxylate (67m)

66m L 67m (% 66a L 67a L [FIEED FIEIZ THAM LT,
66m: Yield: 56% (33.5 mg); Ry = 0.38 (n-hexane/AcOEt = 5:1); {47 £ /L7 7 Z; '"H NMR (400 MHz,
CDCl;) 8: 2.40 (td, 1H, J = 1.6, 14.0 Hz), 2.76 (ddd, 1H, J = 0.4, 7.6, 14.0 Hz), 3.74 (s, 3H), 4.12-4.24 (m, 1H),
5.60 (dd, 1H, J = 1.6, 9.2 Hz), 6.41 (dd, 1H, J = 1.6, 3.2 Hz), 6.63 (br-d, 1H, J=3.2 Hz), 7.34 (dd, 1H, J= 04,
1.6 Hz), 7.43 (dd, 2H, J = 0.8, 8.8 Hz), 7.57 (dd, 2H, J = 0.8, 8.8 Hz), 9.98 (s, 1H); >C NMR (100 MHz,
CDCls) 8: 31.6, 45.4, 51.5, 84.6, 102.3, 111.2, 111.5, 112.6, 124.1 (q, "Jor = 270.1 Hz), 125.1 (q, *Jcr=3.8 Hz,
20), 128.4 (q, “Jey=32.3 Hz), 128.5 (2C), 137.3, 141.9, 143.1, 145.3, 168.1, 169.7; IR (CHCL3): 1670, 1636,
1614 cm™; LR-EIMS m/z: 392 (M, 60.9), 360 (62.4), 278 (100.0), 95 (35.9); HR-EIMS calcd for CyoH;sF3Os:
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392.0872. Found: 392.0869.
67m: Yield: 4% (2.7 mg); Ry = 0.26 (n-hexane/AcOEt = 3:1); H A k4; '"H NMR (400 MHz, CDCl;) 8: 1.94
(dt, 1H, J = 0.4, 8.4 Hz), 2.27 (dd, 1H, J = 8.4, 14.4 Hz), 2.82-3.10 (m, 2H), 3.17 (t, 1H, J = 6.2 Hz), 3.68 (s, 3H),
6.26 (dd, 1H, J = 0.4, 3.6 Hz), 6.36 (dd, 1H, J = 1.4, 3.6 Hz), 7.51 (dd, 1H, J = 0.8, 1.4 Hz), 7.61 (d, 2H, J = 8.0
Hz), 7.70 (d, 2H, J = 8.0 Hz); *C NMR (100 MHz, CDCl3) §: 25.2, 34.5, 42.5, 45.6, 52.4, 52.8, 112.4, 120.5,
123.6 (q, 'Jcp=270.9 Hz), 126.4 (q, *Jcr=3.8 Hz, 2C), 131.2 (q, “Jcy=32.6 Hz), 131.9 (2C), 136.8, 147.1, 150.8,
168.7, 182.5, 205.2; IR (CHCL3): 1747, 1726, 1651, 1618 cm™'; LR-EIMS m/z: 392 (M*, 39.2), 360 (23.2), 278
(100.0), 95 (83.3); HR-EIMS calcd for CoH,5F30s: 392.0872. Found: 392.0869.

Methyl
rac-(3aR,6aS)-6-hydroxy-2-phenyl-3-(thiophen-2-yl)-3a,6a-dihydro-4 H-cyclopenta[b]|furan-5-carboxylate
(66n) and methyl rac-(1R,35,55,65)-6-benzoyl-2-0x0-6-(thiophen-2-yl)bicyclo[3.1.0]hexane-3-carboxylate
(67n)

66n and 67n (% 66a & 67a & [AEkD FIEIC THM LI,
66n: Yield: 69% (74.8 mg); R; = 0.44 (n-hexane/AcOEt = 5:1); (47 £/ 7 7 A; 'H NMR (400 MHz,
CDCly) 8: 2.71 (td, 1H, J = 1.6, 14.8 Hz), 2.85 (dd, 1H, J = 7.8, 14.8 Hz), 3.77 (s, 3H), 4.04-4.09 (m, 1H), 5.58
(dd, 1H,J=1.6,9.2 Hz), 6.83 (dd, 1H, J=1.2, 3.6 Hz), 6.94 (dd, 1H, J=3.6, 5.4 Hz), 7.13 (dd, 1H, J=1.2,5.4
Hz), 7.28-7.35 (m, 3H), 7.49-7.56 (m, 2H), 9.98 (s, 1H); °C NMR (100 MHz, CDCl) §: 32.5, 46.2, 51.5, 84.6,
102.4, 108.1, 123.8, 124.8, 127.0, 128.2 (2C), 128.5 (2C), 129.3, 130.5, 136.7, 150.2, 168.5, 169,9; IR (CHCls):
1676, 1634, 1601 cm™; LR-EIMS m/z: 340 (M", 70.0), 308 (100.0), 226 (61.3), 105 (73.4); HR-EIMS calcd for
Ci9H1604S: 340.0769. Found: 340.0767.
67n: Yield: 8% (9.1 mg); Ry = 0.35 (n-hexane/AcOEt = 3:1); FEHIAY; 'H NMR (400 MHz, CDCly) §: 2.34
(dt, 1H, J = 0.4, 8.4 Hz), 2.53 (dd, 1H, J = 8.8, 14.0 Hz), 2.92-2.99 (m, 1H), 3.07-3.11 (m, 2H), 3.71 (s, 3H),
6.92 (dd, 1H, J=3.4, 5.2 Hz), 7.09 (dd, 1H, J= 1.2, 3.4 Hz), 7.24 (dd, 1H, J = 1.2, 5.2 Hz), 7.31-7.38 (m, 2H),
7.44-7.49 (d, 1H), 7.75-7.78 (m, 2H); °C NMR (100 MHz, CDCl;) §: 25.8, 34.1, 41.5, 41.8, 52.6, 52.7, 127.4,
127.6, 128.2 (2C), 128.9 (2C), 130.5, 132.7, 135.2, 135.7, 169.1, 195.0, 205.2; IR (CHCL;): 1745, 1724, 1678
cm™; LR-EIMS m/z: 340 (M", 25.8), 308 (27.8), 226 (35.9), 105 (100.0), 77 (25.3); HR-EIMS calcd for
Ci9H1604S: 340.0769. Found: 340.0764.

% 5 Scheme 19 D EE

Methyl
rac-(3aR,6aS)-2-ethyl-6-hydroxy-3-phenyl-3a,6a-dihydro-4 H-cyclopenta[b]furan-5-carboxylate-4,4,6a-d;
(68)

68 |3 tri(methyl-ds)sulfoxonium iodide % I\ T 66a & [FARD FiEIZ TERR L7z,
Yield: 57% (128 mg); Ry = 0.53 (n-hexane/AcOEt = 4:1); M EHIREH; mp 101-102 °C; "H NMR (400 MHz,
CDCl) 8: 1.15 (t, 3H, J = 7.4 Hz), 2.34 (dq, 2.47H, J = 1.4, 7.4 Hz), 2.68 (d, 0,13H, J = 8.0 Hz), 3.72 (s, 3H),
4.07 (s, 1H), 543 (d, 0.11H, J = 9.2 Hz), 7.16-7.21 (m, 3H), 7.30-7.36 (m, 2H), 9.95 (s, 1H); "C NMR
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(100 MHz, CDCl3) §: 11.7, 20.4, 29.7, 43.6, 51.4, 84.1, 101.9, 111.4, 125.7, 127.0 (2C), 128.5 (2C), 134.6, 154.5,
169.1, 170.1; IR (CHCLy): 1670, 1631 em™; LR-EIMS m/z: 289 (M, 84.7), 257 (100.0), 200 (32.7), 173 (75.1);
HR-EIMS calcd for C17H;5D50,S: 289.1393. Found: 289.1391.
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