ANKXY =T LAFY REFAH LIz 7 a7 a8
BLOY 7 07T UBROBBR 28 5 B S

2016 4

HH il






MR AR L NARDHEE

K4 HY it (Toru Tanaka)
FAGRSUEE: ANVARFX YU LAATF Y REFIH L7 a7 XvRBIRy w77 v
PR D BHER 2 1% 2 B RS ZE WS

vraranNrBLOV T a7 H ALEMIEE ORR O @O IISTED T2 O HBEA AL
BWCTHHZRARFEEL 725, YWFRE T, MISRP CTEKRT ST 7 a7 m Uik
AR LT B A OS2 s LT b (Figure 1), ARISIEZ vV B L ido-E R Y
K 1ICHT DA Y REJSH “OAF VA NVEF ) = A AF Y R [CH=S(0)Me,: A F VY
K17 12 & % Corey-Chaykovsky UG Z Ty 7 m 7 a XU iR 2 kL, 2 Y E&H DA FY
RORBEBIZEI D70 7a U ROBRREZZEEE L, ZOROEOBHEICLY /1
NUBADT7 T3 L LAY EEY 7 0[3.1.0]~F Y Kk 4 RTINS TH D, £
oo BWRETIE, 7~V KS KA LIy 7 a7 2 B8k 6 12k L TATFY R&EfE
MAEEDENENEIICT FTE RudRy Y 75 MK 7 25T 5B AR 255 L
TWb, ZOXHRERENG, FHZXATFY REHW T B A ELROG O S EFH LR % B 1Y
ELT, SNUCHNVR =V EEZ AT Ho-E o UK Z ROSHE L LT BRERKGB LD S &
DIREE LTcs 7 v 7T URBEIRITH T 5 B AU OBRICE F LT,

Figure 1 Zi E CTOHFE

H
- RZS A _EWG R - gz M H EWG
;\ e CH,=S(OMe; | / | G CH,=S(O)Me, ! ‘ -R?
" R! o o Cyclopropanation “R! O (o] Skeletal transformation RO H EWG l/ H OH
OH “R1” TO
3 4

1 2
R2= alkyl, aryl R3 R3
R H H
N EWG \— EWG CH,=S(0)Me, O Q EWG
hv o
0 0 [2+2]Photocycloaddition o o Skeletal transformation H OH
5 6 7

1. -7 I N-3-TLaxT IR -a- 0 MRIZKTEAFY REAWTERERK G
(% 1#)

FIREE L 705 57 P h-a- B KOGk ED— T 57 e e kos

5% LT, Wolfbeis &0 7 L7 R A &2 7034 %i‘ ¥§M”WM“ o

lvent, r.t., 22 h

BENTWD, B BH5LAFEEAHTS 2 LT [
OO Do £ 1 ARE R RE TR, Ly St e e
L AREKETIZOHRDOFEE S 2 6 L1 3 TNV 2 ELN Acstone -
ChBHIE. @ 1,3 UHARIMLAMOBIEHIITE ¢ cco.  ome e

5 Cs,CO;4 THF 93%

WEBICROND Z ENMECTH -T2, T2 TEHIZ. B

TRCEVEIGEZ o 5-7 Y l-a-t B ARD Gk Efé% i& A
DRSLHPLET LB 212, 3 (LB TR MERZ o Coe

8b (67%) 8c (46%) 8d (46%) 8e (28%)



Er gk (10=R,R: H, H) OFETEROAHELE LT, ARFIAFLYvB U BYATILI
ERHWEHFERHRESINLTWD, ZOISITEEY 8 (R, R: =0) O X H72 1,3-T IR =
MMEAIZ LIS FIRE & B 2, Foli 72088 - HIEZRFI L, ATV REDOUSHEE & 725 5-
TV b-a-B 1 K 10a 155 22 5k % L U7z (Table 1, entry 5) , ARSRME2EkA 72 1, 3-
CHNR=MMEEMTEIG L2 & 25, 8b-e DL D RfEx DILEWICHEIGETE RIS TH D
ZEDBHIBMNE ST,
WIZ, 5T T —a-ER K10 & DMSO H TR LI AT Y FEDORISERFT LTE 2 A,
Ve R 77 AR 1 EREERIR 12 235G 547z (Figure 2), 12 13 fEix A7 fLTF—2 &
X MR ST OFRE R LV 1-AFAF AT o-1-FF L MR (FTRUEBY) THDHZ
ERbinolz, WIKIEGRGERE LI ZA, BELRMFICL-T, Ye ka7 I8 11 &
FTRUP AR 12 OBIRPER KR E S ZE
tbT5Z LN ER-T, RE LT o
Gefh % O TRE MO B 21T - djj; B (ﬁﬁg: djj\
o
12

72L& A, 5, 6 (\INERIRDERILEZFFD

Figure 2 5-7 v /b-a-Er kL 1 U KOG

HEIZEB W T 1a—c, 1le—f 23 FEE DI

(0]
RCHEBNA, BRO LB BN TIE )ﬁiﬁi} \Tfi%;%we
FEAD R L EMEDT= DA 11d DILHE ;iﬁg;k Y oH
ITIE T L, £72. 3 {j'ﬂ?%j@g[‘@ﬁ@ 11a (68%) 11b (55%)" 11c (41%)
FEFEIC K o TH AR O BRMENZAL C)
THILBRMLE, &bICHEAREA %fiik ﬁjﬁik ;5%;%
F U NE ROV L ERR 7 & R R

11d (16%) 11e (45%) 11f (55%)

75) % A Xﬁm@}im%*ﬁ %?E/:E L f:O * mixture of diastereomers

2. a7 T AREIXT BHEA Y FEAWEERERKE (G2 )
WIFRE TIES 7 v 7 % Figued v n77 kb (Y KOS

YR 6 L ATFY RDOKIG%E

R7
R1H 12 R
WELTND, 22T, £ R2 (Jefp CHa=sOMe, +R3 O ®
D()‘ﬁggf@ﬁ%b\“/ﬁm7 R3 (o) OR DMF 24 h R O H OH R4 HO OH RS

FUEgkOREIcHKE

Hotm, 2afiBTZ AT LT

HOLWE 132N EI T2 A, P Ruy Ry 7T K14 L7 = ) — LK 15
WF B ALz (Figure 3), ARBUSOBIRMEIL, SUSFMAETIIR L, &0 LAREOESBLOFE
RNMEILL > TRELSEMTLEZRAH L, Thbb, XRUBVER ENEERR)D 2a (if
DEBIEPRENIEAIN R =NV ETH DL, €T = /) — /UK 15 OB EHPREDINETE R 72,
ikq2&K%?w%%lﬁﬁ%%%ﬁﬁbé:&Kiof%f7m/*ﬂﬂH5®&ﬁﬁ~
HREEDOINRTE LNz, S5, XRUEBVEREIZOMe A EATH L, BHREONEIC
S TIEFMENRE S BipoTe, 87 OMeﬁ%%ﬂ?ék/tFH/A//77/W14@
HBFEONT, Flo, EKBEBEEREZITOARKIGC ORISR D ELZ 21T o7,



TEBE TS 1vvveessssssssssssnseseessssssssssssssssssssss 4445 R R 1111144044544 1
B 1E 35V IR ar B AR EHETEA U R T BREZEIUES covvvvvvvvvvnnnssssssssssssssssssssssssssssssssssssssssssssssssnns 5
B LHf 3,5-T T VIR /b0 BT AR G TG v eesssseessssssssssss s sssssssssssssss s 5
RS IR Y AR B T e e o el = VD 5
552 TH L 35 TN AR = /b0 B AR ETEDIFRET oo sssessssssssssssssssssssssssssssssssssssssssssssssssnns 7
281 35T MR o-E R RN D T R T T UARSOEFEEIAIE e 10
55 1T BRI EDIAIRIE Lo 10
55 2 T BRI E D IE —EIEORRET oo 14
B BIH SULEIED B R 16
% 2 ¥ 2a,8b-Dihydrobenzo[b]cyclobuta[d]pyran-3-ones EfisEA U K% FHUTZEREZSBSS oo 19
BB LB SUGERIEDRRET oo 19
55 2 Fii BT KD AIIDZEIIEIT OUNT s 21
55 3H1 ARSI OB L 5227~ U VB EOBHAELNTOUN T 22
55 4 Hi 8 NATEHUEAEAN LI AT 2 2a AEEHIAD Y KT T HBE OV N T o 23
D H BUIEIEODBEED oottt 24
AL «oeessseesssneesssoeessssenesssnesssaessssaeesssseeesssaessssaessssaeesssaeessssesssssaessssaeesssseessssesssssanssssaeesssaeesssseesssaessssaeesssaeessseessseesssenessseeessseesssensses 27
T sttt R R AR A R R AR R AR AR RS R AR AR R ARt 28
EXPOIIMENtAl SECTION.......cvvriiiericicie sttt bbbt b bbbt 29
Chapter 1
SEOHION L1ttt bbb s8Rt 29
SEOHION L-2.....eeeeeeeteeteee st es st s s8R 8 88888888881 E SRR 32
SEOHION 2-1...... ettt s s8R 8 8888888888188 33
Chapter 2
SEOHION L..oeeeeteteeeeetsees s s s s s s8R 8 8888883881838 42
SEOHION 2 ..o vteeteteeeeet et s e84 8888888888888 83818188 43
ST 110 1 OO OSSOSO 48
SEOHION 4 ...ttt s 8888888888888 8 818188 50
RETEIEICES ..o veeeeeteereeeeei s ees s s s b8R8t 63

B B B e eeee e eeeeese e eeseeseseseeseeeeseeeeeeseee et eaeesesseeeeesseseeeeeeseeseeeeee e s e e e eeeee s s e et eeeeeseeeeee et A e e e ee e et A ee e e et eeeee et eeeee s e s eee et eneeeteereeenennes 65






=1

il

b

IRBIRTF DI B2 5 — BEROMBRIT I/ ERIRIGKRIZSE I, £ OREED
BHEHI S D K DI, BB RRES A (sp® FETIX 109.5°, sp? fFE Tl 120°) 2vH K& <
NNIfEEfE LD, 20, NERSHEEREER LT, #EAOOTHIZHKTHK
XRTUALE—EZAHF LTINS (Tablel), *

Table 1. /NEBRIKIKFEDONA L OT H TR /LF—

o B A " @

St O () 60 90 108 120
HARR 2255 &
495 19.5 30 15 -10.5
WA D)
BROOT AT R
) 1155 110.5 119 27.2 0
% —(kJ/mol)

IHNO/MEBRRIEKBIIRERODTHAIFLX—E2FLTCND I END, BWKINMEEZH
T 22T, ZOROTHOMBHEEREN 1 & LIERAORKIGEEZRT 2 ERmoTwn
%, 23

BlzIE, E=d 7 a T a N ARG TICBRIERZEZ L, 7 axXu T rReh
2% (Scheme 1), * Z Wi, 77 /XU BOOTHOBIZ T 2L X —NBRE) 1) & 725
TW5, £7-. Cargill BI% 6-4 HEBLAWIT p-TSOH Z1EAT 5 & . A OBEIZ 8 L
THRE A E 52 DSOS RE LTS, ° 20X 4 BEROELOBHE SO
BEEh ) & LTor e, e ESAL & ff O B AT, x OZEREALEMDOERIEL LTH
IR RS LTV B, °

4 2 4 2 4 2 3
5 3 5 3 5 3
—T —T 1
1 heat 1 ~ 1 ‘o
o) (0]
H. l

Scheme 1. /NEBRRILAKFZE DO e 2L F—%F|H U7=BHBR RS



— i B A Y REHWz> 7 m 7 a AT Corey-Chaykovsky (2 K - T S ivrz,
TZORISTHOWLNDHMEA U R AF L ALKRFY =7 A AF U F[Corey I :
CH,=S(O)Me,]" %% D%, k4 70 m TREAIEK L L THWLENTE L, 7 n a3z n
FA ORmOWEISED T2 D G b F L REREETH Y, 7 v a U Aba Wz g
RE LI BRI EZ < G SN T 5, FEOFEEICEW T 3MLICE TR IHELZ A
THI7<V) UFHERLICH L T2 YBDOVATFLANLKRF Y =T LAAFY REfNnhHZ LT
2 RFEWRZFLNT 7 1R B[R T T MR 3 BT D EREREIS A RE LTV 5

(Scheme 2), °

H H

EWG
QU omsom | O L | _owvene (]
o "0 o O (0] H EWG

Corey-Chaykovsky Skeletal transformation
reaction reaction OH

1 2 3
Scheme 2. 7~V ZxtT DHiEA U K& AW BB )G

KEIGE 7~V R 10 1 HEBEEOVATFTALALEXF Y= AAF Y KiZkD
Corey-Chaykovsky It T 7 v 7 a XU R 2 DSBS AL, IRIC2 ¥ EHD U AT LA
WIRF Y =T BMATFY RRT T R, Zhake Loy 7 a7 a /N 6o
BER, TOBROBROFMHEEICL Y > 7 a X H 0NV 7T U1K 3 2T 5 UETH D,
AENEY A FNVANVRF Y =0 A AT Y RV 7 a7 ar i Aufl & RERID 2 SoE %
HHZET, YruTuNrOAREREROMEIZELG L TWD, BHIAKRIGZ RO
FEAE BRI 5 2 & € Adunctin B 2O KM AR ER ST %  (Scheme 3),

10

MeQ CH,=S(0)Me, MeO H CH,=S(0)Me,
moom @fi'wﬁu
e e
MeO (6} 6} MeO (0] (0]
4 5
MeO
H
MeO (6} H
O
7 8 Adunctin B

Scheme 3. v 7 v 7' a /XU HERE RS D KM DA R



(1) 35-UHAB= o B AR L A U Fa O B RS

U, SHFRRTIE, 7~ U KOS EEME 2R L7172 56,7,8-7 F T & Ru s~V Uk
K9 (6 BERMEIE & OMEERE a- ' 1 UHEK) ITKRT DV AF N ANERF Y =T L AFY Rae
T B E B WS LT D (Scheme 4), ' ABUSHR TIZA B R[E Y7 B[3.1.0]~F ¥ ]
EUPHEONT, Fio, S ORDMENHAIEREZ B L, o-B 0 RO 5 AL FER &R
BB A OB ARG EZR]E LT D, PZORMOBEIC, YE Rr7 70k 12 & A
r[EY 7 B[3.L0I~F Y U1K 13 235 DAL, 5O EHILOENI L - T, AR OEIRMEIC
WEND D ZEBWLNIRoTe, TI T, FHIISORLWEICHADOILRZHIE L, 5 AL
WZHNVR= NV ERD -t v MR ZHBICHWE D ATF L ANLEXR Y =T L AFY RED
BRRERSEORFHIET LTZ, T78bb, 35-UH N AR=/bo-t 1 AR LTt sEA Y
REEHSEC, Ye Ra7I7 814 LFT7 B2 15 247, TOFMIZOWTH 1=
Tk 5,

o] H o) Q
2
RS Xvy3 “OMe _ R2 2H OMe
‘ CH,=S(0)Me, ‘ OMe CH,=S(0)Me, our previous work 1 R
- 5

R0 0 H ©
1750
R 1

Corey-Chaykovsky | R1 O [e] Skeletal transformation
9 reaction 10 reaction R': alkyl or Ar
R : alkyl
Y| § o
12 Ar H OMe
our previous work 1 \ o OMe Ar. 5
R : alkyl or Ar R H * H
. OH O R TO
R%: Ar 12 13
o (‘) H O‘ H o
5‘ W CH,=S(0)Me, O\)iw CH,=S(0)Me, This work ( j\—/!? @é
_—
+
Corey-Chaykovsky Skeletal transformation =2
o S reaction 0 o reaction °© H w b
OH
14 15

Scheme 4. > 7 v 7 /N U HIRHKRAZ BT 2 B RS L.

(2) 2a,8b-Dihydrobenzo[b]cyclobuta[d]pyran-3-ones & i A U K% V7o B AR 2 4 S

a7y LERRICOTAT/NERRIEKFEE LT, v /a7 2o R"hsd, YifFR=E
TlX, 7~V R 16 &ALV T 4 CORPDERACAIIEISIC LV G LTy 7 a7 2 4K 17
[ZHRIT DIREEA U R ORI A E# ZS B SE & 355 LT B (Scheme 5), ° BEICA S G & K
SR D HAERAESLEIZFI % Z & T Linderol A D KRR EA RN ER S TS, ¥



\/ MeO

MeO MeO H
e H CH»=(0)SMe,
oL = grewe
CO,Et
MeO o o MeO O H CO,Et
MeO (0) e} OH
16 17 18
MeO MeO
© H © H
| e—  —  —
MeO (6] H MeO O H S~OH
o CH,X
19
20 Linderol A

Scheme 5. v 7 v 7 % U iHEK A& H 3 D KIRM DA %A,

Thbb, WiEA Y N, 7 a7 v XVRBORRbT a7 2 U BEOOT BT RLF
—ZFH L CEBERMGEEITTSE D, £, v 7u 7 X UREFROGRGIETY 7 1
TTURKABPEETEDLZ L BT TICHE L TR B & bSOz BIEL T,
I mT TR L TR Z T Te, Thbb, v ruT7 T AR 24 IThiEA U F2AE
FISET, YERRUARUYTIU0K25 L BT = ) L 26 #1412, ZOFAICOOTH

e N )
2 E TR D,
Our previous work R
R H H
\— EWG CH,=S(0)Me, O Q EWG
EEE—
hv
0" o O H OH
©\/IEWG 22 23
R!
[Oe}

» H N2 Rre This work va LR OH R
— p2 2a CH,=S(O)Me 3
hv o o +
O H OH HO  EWG

24
EWG : Electron-withdrawing group

Scheme6. > 77X U BBIONY 7 07T UBARHAT HEREKS

25 26



H1E
35-U IR = o-Br MR EHETEA U K& W T2 B E BN

H1H 35-FHIAR = -a- B a ARD B RS

KRR FNT T EFEA~T 0 BIb G 7 ~ U ARORDV ICEmHE~T n B EWo-E 1 IR
(QH-v' 7 »-2-F ) ZPUCEE & LIBRAOSOREmEZ BN E T 5, 2072, UG
L 70 35 MBS LA E T Ha—t' 1 LK 29 D14y B EE AT BE 22 A AR I T A 42 %
BATLTWL ECHERAIRTH D, a-B 0 AEEIIEL R RKRY O R0ERTF Rl M
BERET 4 VAL (HIV-1) a7 7 —EES Y 72 EoAmEmmE, SolidakoL 7
FaA IRy 2 (EL) MEH R ICHLEAShAEETH D, £z, LYz LT
R A 2 R & T A ARG T A BIL RSB DA AR E LT 4 v 7T a7 L LT
AWHNTERE, P EDICHART IVERIEL 2-8 ) RUBERNERHICEBRTESHZ
EDD ., AIEBRORBREPFEO I D L@ PR S L CORAMHEITE D, © 2070,
HHREE Do- B 1 RO G DA BIEOBHIL, BHRERIGIZET 22 Hitk s &
D DI DT, PGS TSR B O SR OBLE N D b A AR E 525D L7
LZENHIGETED, —H, AMMROKISEE THD 35 MICEFRLIMEELZ AT Ho-E' R
RO G R I 2 TefgE 7 v — TS Ko TS STV B (Scheme 7), 21 2T, AETIE
Boger H DARKIE 2 2 FME L LT, TR TIVIEMARNRGSEMtZ B L T35V LR=/
-o-E R UROERE T DR BABIEORIEIZET Uiz, R, - B VR =LA 27 OIE
TRV E T DSOS G 2 R LT,

o o) / O 0] O
)%1§ Mesz%;:OMe Ph—Nxz%i:OMe Base of acid )%jiA:EfL
R + or — » ,R X OMe
! OMe OMe \ |
<R o0 3 o) R 000
27 28a 28b 29

Scheme 7. 1,3-V 1 ViR = ) UALEW D 1A IIBER S & 51 & e < PARRSIZ X Da-E 1 R
Bk

% 1IH 35 (CICE WG LR oo-E r OB G EE
(1) =/ 77— MiZEPEks LTRIRT 561

5-7 2 v-a- 81 MERD ANFEG IRFEN D OGRKTFIED—> L LT, Wolfbeis 5D =/
— MEFREAE R 2 IENEE STV A (Scheme 8) , 21 F 3 SCHEREEZN o 1% T, Figure

5



1LOCAEMRER B LTy 44-CAF N 7 anFH o 13-DF L nbiFE Ly L7 ffE
IZRF LT, T JHHR A F LV EER S8 25 29¢ & 29d M5Bz, SV R =15k
(ZBEBE L T=af L DKFEH B S 29d 1F 29¢ (2T *H-NMR D47 2 B vy 7 MEMMERSIC >
T LT N OEERHEE L TS, £, UL T HRIA30 I LT, WL T 2K
A Z2EHTHZ LT, IMOEFWHIMIEDIE/ 2 D o-v 1 2 29 - 29 Z 1572,

7 L7 R 30 (2% LTS T BER A F L 31 7p EOIEME A F L oALA W R ST
EHEE2 L, =/ 99— NERDBELD, ELICEDOKISRICBEZIFRESELHZ LT, o
Ea R 29 TS, REETE, 2B LKIE3 TRAMLETHLHZ L, 13-V I NAR=
JAL A ORE)SEPA BRI EE IZIRON TV D7 EOENH - 7-, & 52, Gorobets D
FETE, VLT HEER30 2 T2 L Ty ARy T2/ T — ME3R AL T
5o B UL, =/ F— MEIZ1,3-PHR =LA ERIR O BT B TR 2 E T HiE
FRETH DY, SUROIE CIIREE The < FURDPHEIT LN Z L2 HE L TW\WD, 20
Bl BIROEETII= 7— FOEMITIEREL L TLENLTE L2013 LT, ko
HETITZENANTE LWL THA D LRI TND,

(o}

NC._W
S w8 e Tow | we Aw
2 2 31 H;0 A
ZNT NH, ey 2 \
H , +'CN
0 HC(OEt); i-ProH o Triton B o oo
DMF DMF M
27a 30 W = CO,Me, CO,t-Bu, SO,Me, COt-Bu 32 29

ey

Scheme 8. — / 5 — hMEZHEAE L TRIET S o-B' 1 U FEIKD A R

S raNo el é?@*

29a (45%) 29b (36%) 29c¢ (18%) 29d (31%)
\\ _Me
M éfi @Eﬁ Q
29e (13%) 29f (20%) 299 (13%) 29h (21%)

Figurel. —/ 7 — MNEZRHT 51— N THKRLTALED



(2)  ®BERHW-ARE

35NN E TRBIIE A AT D -t 1 VFREIR 29 O OO AR & LT Tarhan & #92 X
DN-AFILN-T=2=)LT 2 ) AFUFo~a gy AF L 28a LB-T IR = bLEW 27
R WAL B HAE STV A (Scheme 9.), 2405 DRMTIE, BRIRDB-U LR =1
(LA TGN EITE T, SIROB-U VR = LA ORI TE D Z &N TH
2, ACOH THMEGETT Z LB & T 2k L WRISSRIENRETH D,

Fio Tarhan HIZ LD HETHOWTOD N-ATFAN-T 2= T I ) AF VT o~va U iRy A
F v 28a [T R S LTV R0,

/ O O O (0] 0]
(0] (0] Ph—N OMe AcOH )
LS o 2 e | —
R’ R? OMe reflux 1 CO,Me |
d R'" "OH R ~0” o
27 28a 34 29

Scheme 9. =73 /= AT /L& Wiz a- B0 U FEK DA R

FRROTIETHROIWEZ AR L X 5 LB, BHREPGONR o702, B-Uh
R = IALENTR S 5 KD RNV EEE —fktE 2 A 2 RO ORI E T LT,

H2WE FHL35- VW NAR =g r A RRIEDOKE
(1) USSR EwEL

SALICE WM ZFFD o- B 1 VEFEIROF TREOERIEIX, 1980 1RIZ Boger 512 &
> THE STV 5 (Scheme 10), &/ 47 h o 3512%F LT, #IEETH S LDA Z VT, A
MR AFVTFo~va By AT 28b EEASH, LA-MINRISICRES . BEER)S, S 51
BRALBOGAEITL CT3-A bR U IR =b-a-E 0 36 BN ESND, T/ 7 Fr 35 Dby
(ZEOSPEDE N b R IR E O IUE, K0 BV T SUSOETT L, 35 (LIZE TR
SIMERE AT HHMOa-Ea K29 BN ELND EEZDBNRD,

o 0
T MeO, OMe LDA x“x[aiEfKOMe
/ L n __ ! |
g OMe SN0 o
0
35 28b 36

Scheme 10. a-E° & L FE RO TFE DA %A



Z 2T, FEHDIL 3SMUCETRAIEZAT Da-t'r AMEERDET NVIE & L THiIRD
AR 2Tal A RFUAF VT U~ n Y AT )L 28b &I USSR A i L 7= (Table
2), DMSO IO Y A R 27a @ pKa 1Z 1122 TH Y, v u~Fx¥ /) 3264* ThHhDH, D
7o, LDA X 0 BEMEDEWEEZ AW T HRIET 2D TIERWn e E X, £7 K,CO3 % 1
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8 Cs,CO3 DMF 80
9 Cs,CO; DMSO 83




(2)  FEE Mokt

B LIRSS T2 O AR = b E KIS S 1= & 2 A, 4T 38Rk
A8 29a, 29i, 29j, 291 & SURILA ) 29k & T RLOINLER T3 7= (Figure 2.),
29) A 45D UG IE, REMFTIHZER Lieh oz, Fio. $ROIE 27k 2 F 5 SUOSITE T
HEITTHNA RFI VAT VT o~a VY AT )L 28b HROEIERY & /3B 5 O )3 R
TH OO TR L HEEEZ TR L b, £, BEATE 220 FEENISCEGE
WoHETAK L, ®

AREMTIE, BUROIEE 2Tk THRIGHEIT T H R T, =/ 77— MEZFEAKE L TRH
T 5/ — MY v ERBH D,

o)
MeO OMe
OMe
? c P
KL 28b . |\ o
L /g  Cs,CO3 THF, , A
- overnight
27 29
0
CO,Me /ijfj\[cozwle 07 CO,Me
0 o
29a 93% (45%) 29i 46% 29j 46% (21%)
0 0
. O)J:(Icone /él\/\/\[coznvle
o0 Ph o0 (>§g1k7rﬁ¢ﬁ%@%m

Figure 2. FEE — M O



F2H 35-UHNAR=-g-Bra MRS T Ra T T RSO E R WA

I T LN NI VAR =V B 2 Ffoa-B 1 UK 29 Z2 B I HWT Y A F )L ALk
V=g AATFT Y REOBEEEBRS S DOBFHIET LT,

0 1IE E RS O S Al

(1) Ak ORE SR E

SAAZ VAR = VA Fioa- B K 29a 125t L T30 Y BED U AFILAILEKRE ) =17 AR
FV REHWZEZ A, PHEINZVE a7 7 4K 37a 2B nEY) 38a 23 Bl i

7-(Scheme 11.), ZAL D OREI&EIL, FFEART hLT — 2 36 L O X BfE s & i 12 & 0 e
L7z, BBRIEWZ L2 38a X 1-A F VT AT -1-4F ~ K Th - 7=(Figure 3 and 4),

0
0 0 o " 0
“ 3.0 equiv. OMe N
| OMe  CH,=S(0)Me, | o s B
> IO~
0”0 DMSO, rt, 4 h O H A
44% 44%
29a 37a 38a

Scheme 11. 3,5-F /LR = /b- o - "1 AR DB RIS WL I

Figure 3. 37a ® ORTEP
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Figure 4. 38a @ ORTEP

(2) Y Fu7 7 K% 155 T2 D 5

e R 77 U RETEARME LTEDLEDOLER EITo 72, £T. VAF VALK
XYV AAFY ROFEAND B Y AF L ZLRF Y =7 53— F(MesS(0)1) & k3
{7 R U 7 A (NaH) D X4 8 % kit L 7= (Table 3, entries 1-5), ZiL5H oD H %A 2.4 ¥ &ET >
HAWTKIGRSED Ve FrT7 T 4Rk 37a L O ThREOTF TN B UK 38a Hf5Hiv, JR
Bt 29a N[ENN S 47z (entry 1), & BT, FOGKEHE A IER S 72 MR OBEEITRD bt/ o
7=(entry 2), = Z T, MeS(O)l & NaH OYEAHNM L T\ & 3.5 Y &LLETHEl 29a 235
BIZHR LT, ARG TIHEGR L2 Y EDO AT Y RRMETHDLIN, AW OB-—r h=A 7
IAEEIZRI LT LY 'O ATF Y FREEE LTHEIND IO, RISOEITIZ 3 YED A
FVRPMETHD EHEEIND, RITHEBIZ L DR EHMFTT 272012, VA FILAILIR
X3 K (DMSO) BV AF RN LT 2 K (DMF) IZEELT-E 2 A, FARREDOIERLE /2o
7o(entry 6), VR/EIZ X DB, 60 CTHILT A Z & TEBRMENRKEILEHLT, Pk R
75 NS BB (entry8), LAvL., 80 CETHIETAL VL RurF o k37ans
BIZATF AL I NI 3T B fGFHAL, T TR BRI GO o7z (entry 9), SUSIRE

% 60 ‘CTHEE L., A% DMF, DMSO 7°5 N-2AFrer ) R (NMP) ICEELZEZ A

11



FH AR EE T 37a 0345 B L7223 (entries 10-12), THF & AW R34 < RO ET L2 »

7o(entry 13), LLEDFER IV | entry 11 D&M 2 it & Lz,

Table 3. K& SO Az b

o)
0] ) Oy OMe )
T OMe  CH,=s N
| 2=S(0)Me; | |
OH +
o 0 conditions °H ‘(\)
29a 37a 38a

Entry MeS(O)I  NaH (eq.)  Solvent Temp. Time Yield of 37a Yield of 38a

(eq.) (h) (%)° (%)°
1 24 24 DMSO rt 4 39° Trace
2 24 24 DMSO rt 24 39° Trace
3 3.0 3.0 DMSO 1t 4 44° 44
4 3.5 3.5 DMSO rt 4 45 37
5 4.0 4.0 DMSO rt 4 40 39
6 3.5 3.5 DMF rt 4 43 37
7 3.5 3.5 DMF 0 4 37 43
8 3.5 3.5 DMF 60 4 65 9
9 35 35 DMF 80 4 33+29 (37a°)° 0
10 3.8 3.2 DMF 60 2 65 4
11 3.8 3.2 DMSO 60 2 68 6
12 3.8 3.2 NMP 60 2 51 11
13 3.8 3.2 THF 60 2 0 0
# Isolated yield. e o
® 26% of 29a was recovered. Q oMe

© 6% of 29a was recovered. | oMe
O H

9 4% of 29a was recovered. 372

12
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(2)  EEWIKT DA U KOG
Table 3, entries9 CTHONZTVE Ru 7T K373, HILE LTEH L AT U R4
L7 BU AFIVRANVRX Y = AT 42 MeST(0) 23k Kr 7 7 K 37a & i L,

AF AL ENTZ D L% X B 5 (Scheme 12.), *°

Scheme 12. 't K1 7 F U MED X F AL D ik

FOCHERE B ROSRITIE R U AF LA LERF Y =7 L FF 2 Me;SHO)S 1 Y BAFAET D
CHEFE SN D, DMSO Hi, BB L7t Ru 75 14K 37alckf LT AF Y REEASET-
(Table 4), =R CRIEEZ M=%, RIGEIRE TOMBAL TEW A A NV ARRIZR LTz, 50 C
TIE, A FUALITEST LZe o 7= h3(entry 1), 80 ClZiWTik, MEVL THh b 15 35412 TLC
ERER LT L ZABRICAF AR EITL TR Y | FFEORE & RIZED AR Yy FARLS 8o
TWo7z(entry 2), £7-, 37’ L i C-AF ML ENTALEW DO LR EMER LT, ZDZ &)
D AF AT 3Ta DER LT, 60CLLETERZ 5 Z & bhroTlz,

Table 4. A F ALK G OIRE G,

]

(6]
H OMe

| oH CH,=S(0O)Me; (1.0 equiv.)
O H

37a

Entry  MesS(O)I (eq.) NaH (eq.)  Temp. Yield of 37a’ (%)*

DMSO, Temp., 2 h

1 1.0 1.0 50 0

2 1.0 1.0 80 25

# Isolated yield.
® Mixture of diastereomers.

13



5 2 TH B EHASOS O S E — R O fet

WNCAE RIS D FE — % & i L 7= (Table 5), 3ZOE W5 IMEIEE LT 2T L
29a-ei-k, 77 b 299, 7 X RHE20h ZFFORE AWK, nTH Ve Kr 7 7 U RICH
DR CTE L S N7z, 29¢ & 29d (3@ FRIKREZ R D 72 (BUCHEIBEZRIR) | [A— D&
35 S AT (entries 3 - 4), BUIRTRENZ L ICANVER = VA AT 5 29f TlEve kr o7 J v
RITHE LT, FT Bk 38 DANTE HILZ(entry 8), WiZ, 7 h 299, 7 X K 29h
ERWERHZIZTF TR E ‘/12|§6135<ﬁ%%h?ﬁﬁﬂok(entnes 9-10), b ku 7 I kL FT
RUBUANRDERDOSIG EIT, a-B 2 RO AFILZLRF ) =7 DA F Y RO KIS
BOBNTH L EHEELTWD (RISHEMESR), 3MOEREOTEIZL > T, ZDOMIGHL
EICWEL B2 TWD EBZTUWAH(29% vs 29f vs 299), — 7. SN O EHILD B 70
(29a vs 29j vs 29e), KX 72 TF8O LR o Tz, 29) & 29Kk Z Lhlg L7- & X 2Bk L IR T
WROZENL SN, SFIROEEICE O TIBRRICHE R THER R L ERT-DTH D &
HEH S5 (entries 6 —7), — 7. F 7 _UBARD AR ITIIERO N, VA FILALEF Y =
T AAFY RN F T SR RO ARSI BRI OWERH D, 7

Table 5. FE — %M O

) R)ﬁl\/\/\[w CH,=S(0)Me, (3.2 €q) ) R/UjI\)QEOH .o R)‘j@
R N0 N0 DMSO, 60 °C, 2 h . g” O H Rt \(\)_
29 37 38
Entry 29 Yield of 37 (%)* Yield of 38 (%)*
o) o) Q 1
M o NS G &
| ° 5
1 Ao [ X, on 68 5 6
38a
o o o O
o No LS, or 55° %Y 19°
29i 37i 38i

14



30

4C

60

37d

37c

37d

o]

41°

29

33

28

28

44

48

16

38e

22

24

26

25

53



0 o o Q
9 oo (X Yo 45 38e 0

29g 379

0 o Q
Yy Ao
10 | (:] oH 55 38a 0
SN 0 H
29h 37h

# Isolated yield.
® Mixture of diastereomers.

¢ Carried out at room temperature.

%5 3 H USHEREDE %

PRI DONWTBE T H 2 &L, £, BEARERZIT -7z (Scheme 13,
EHECHE VAR LEEAFEL NI AFAALEFT Y= 03d—V 8 B oL
CD,=S(0)(CD3), & 29a DS ZEATVY, BHARTRILAIFIL L, (bEWEHBE LI Z A, 3 fd
DEKRBDEAINTZTVE Fr 7T 4K 37a-d3 & 4 [HOEKBPEAINTZT TN B
38a-d4 A Z AL 36%, 39% DI T H iz, HAKFE(LIA 37a-d3, 38a-d4 D EAKF(LHEIL 'H
NMR 27 MLV OFESED BRI Uz, BEHAKFE(LK 37a-d3 TiL 5.7 ppm, 2.9 ppm, 2.6 ppm fF
WO —27 0, EKFEAK 38a-d4 Ti 5.7 ppm, 3.6 ppm 7D v°— 7 OFESMED D 8 7 5
i,

0 o) bp 0 (66% D)
OMe D
| X OMe CD2=S(0)(CD3), (4.0 eq) | Y
+
0°N0  DMSO-ds 4 hr, it g% OH /s\gCDs
29a (80% D) (86% D)
37a-d3 36% 38a-d4 39%
HR-EIMS; calcd for HR-EIMS; calcd for
CisH1sD305: 281.1342;  CqoH12D40,S: 228.1122;
found: 281.1344 found: 228.1119

Scheme 13. E/KFE{3EER

I OFERFE KT Table 5, entries 3-4 OfER X 0 #HEE S5 SRS %2 Scheme 14. & 15
IR d, e R 77 KR ELNA5E. ZIE ThOoa-B'a AMRIZBIT 2 EEER S &
FERIZ, 1M EHDOUATFINVANLNKF =T AAT Y NZXDa-E 1 K29 D 4 i ~DIKEE

16



& ZNUTHEK DMSO OBLEENHEIT L, > 7 v a XU iR 39 ANAERKRT 5, 2 YEE DY A
FNANKF =T LAFY RICLDT7 7 M ~ORELZGE&L LI rr T r/Ny
ROBBRKICHEITL, 70 FOBENCL D A4 U FHRRMA 41 Z2#dH LT, 57N 1,430
Mz U%m%&of¢%%wz%$mﬁéo_@ﬁrm(meR%(m@owt GRIR 71X
H HRHE A HEZR 72 D B MDD entries 3-4 TR L7- K DR DR S R CAERY
wh 25, LT, ﬁwTﬁw%@%@%%%@t BAEMPIFRETLZET, =/ T
— bR 43 B BRALSUSAEIT L, DMSO 2B L TVt Fu 7 7 K37 WELR D &
EZzohb,

To form dihydrofuran 37

o) L i w
R)H:IW CH,=S(0)Me, RWS(O)Mez ROYY o proton transfer
R N0 X Cyclopropanation R0 N0 R0/ 0 -———r
H' so)Me,
29 (W = COOMe) 39 40 o
o] O H W
R I\/ W recyclization OH o~ OH
\ N ~S(OMe , =— R O)Me N R
R! o\ OH : 1 i ‘o o
o R o DMSO R’ H
S(O)Me,
41 © L a2 43 i 37

Scheme 14. HE € KA

—F. FTXRBUPERT H5E. LYEEOVATFAANLEFY =L AF Y Rida-E
2R 29 D6 NiAKE L, FHERA WA 45 2T D, £ 2T, EMEb2 T LT 46
NTE2UBHDOP AT NVANEX Y = AATF Y RBNEREE L TERT S, £ LA

U N3 FHEBRALSUS 2 RN 2 23 B IR 49 ~E 28 U, FefR I\ abi i 75 R &2 R o
Wiz = b, TRDOOLLEERT =4 & UTHBEZEW RN b/ ERILL T, 78
»3BEHEZ D,

17



To form 1-methylthiopyran-1-oxide 38

Q
(9 o)
R 4\| W R W isomerization
R0 X0 CH,=S(0)Me, R /8 5 -
—S=0
29 (W = COOMe) 4 /g

Scheme 15. & SO A%

18




%2
2a,8b-Dihydrobenzo[b]cyclobuta[d]pyran-3-ones & FizgA U R & HW =&k
IR

WHFFER T, 7~V R 1L LV AR LTZy 7 a7 % AR 22 O'E RSBSOS 2 s LT
%(Scheme 16), ® v/ u 7T U BIIV I/ u 7 X VBRIV R ROTHERE SO, v ruT
TR G, WA Y REERSEUIY 7 v 7 2 R E FRRICEUS S EIT L, Y
Ra o7 T MR 25 PRGN 5 DT/ E B ZRICE T L,

H Our previous work R
©\/IEWG R\: Qf% CH,=S(0)Me, EWG
- 5 EWG O
0 0 hv

0”0 O H OH
1 22 23
R1
K ge This work H'31 ,R?
Rl—_R? O = e CH,=S(0)Me, O 3 EWG
v O” O O H OH

24
EWG : Electron-withdrawing group

Scheme 16. /a7 X BTV a7 T UEBEOFREHE)N

25

BLH RS OBET
(1) AR OREERE

TEIEIHE S CTLAR L2 242" P IZX L C20 Y BDO VATV ALKF Y =T A AT Y RE
DMF i, iR MER S/ 2A, PRLTWeY e Rr YRy Y 75 25a ZREIAERY &
LT, DO RE S BpD 26a # A & L TH7=(Scheme 17.), 25a O 335 v
7aTHARE DB LTZ 23 E DAY LT —F Mo L 0 E Lz, £72, 25a DT
AHEEIL O A & da i nOe FHEAS b= Z Slc kW cisthTh D = L afE Lz, — 7.
26a DHEEIIBFEANRY AT =2 B LU X SfEmEEET L0 ©7 = — Vi8R TH D
Z L VB L 7= (Figure 5.),

2.0 equiv. Ph OH Ph
CH,=S(0)Me H
coue S22 NN Do (5
DMF, rt, 24 h
O O H OH HO  CO,Me
38% 45%
24a 25a 26a

Scheme 17. > 7 1 75 MR DB RS
19



Ph
5 :5.04 (dd)
CO,Me
0o (@) OH o
5 :5.73 (d)
25a 26a

Figure 5. 25a @ nOe fHEADfiE#T & 26a @ ORTEP
(2) RISSGAEOF#E{E

RICARIED RIS OBET 21T o Te, £ VAFAAVEFY =0 LAF ) FOYE
ZHat L7z (Table 6, entries 1-3), 1.0 U E& AW =3HA. JFEINED . 20 Y&E2HWHE
IZHARTIEREORAD DO Bz, — 5 .3.0 ' TIX MERO M RIFERD bigno oz,
PAFIVANEX Y = AAF Y ROYEIT 2.0 YENREE Lz, RIS, SR ZBRE
L 7-(entries 4-6), DMF 75 DMSO, THF, 7 o 2 %> (CH,Cl,) I[ZEH L= & Z AKIN
R LT ERIBR Loz, & 5IT, MUSRE Z it L7z (entries 7-8), 0 CT
Toleitr. WRITIZFIZED LT, 80 CTITo12mE. MTOAERY & bIFHLIRNoT,
ZhUE, RISHEERREWVIRE CTREE TCH oD EHEL TWD, TNHDORELY
entry 2 \Zn T Seb & i s & LT,

Table 6. S&SSRAFDOAIEAL

Ph
’ Ph OH Ph
6 CH,=S(0)Me, H O coM
O COMe — onditions?, 24 h O 208w O O
o 0 O H OH HO  CO,Me
24a 25a 26a

Entry  CH,=S(O)Me, (eq.)  Solvent Temp.(°C)  Yield of 25a (%)  Yield of 26a (%)"

1 1.0 DMF rt 8 0
2 2.0 DMF rt 38 45
3 3.0 DMF rt 8 31

20



4 2.0 DMSO rt 6 0
5 2.0 THF rt 0 0
6 2.0 CH.CI, rt 0 0
7 2.0 DMF 0 40 44
8 2.0 DMF 80 0 0

a) The reactions were carried out by adding 24a (0.5 mmol) to a solution of CH,=S(O)Me; in solvent

(1 ml). b) Isolated yield.

B2H 1-2-2a- N OBEHILIT KD UL DOFEIREIZ DN T

N BRSO I — kM2 st L7z (Table 7)., 1QZIC 7 ==/ HhAa A L, 2afLlc
TNFNANR=NIEEFGT HEE 24b-d TIEE T = 7 —/L{K 26b-d D535 5 4172 (entries
1-3), 2afilc U A NIEEFETHHEIE, B 7=/ — K26 LIV FrdRu Y75
K 25 H 45 B A7 (entries 5-8), 2a (LD [EHASE DOVEE AR DOFIRMEIC B A H 2 . FFIC,

WBIEDBRNT LN I NVR=VEETIIE 7 = ) — VK 26 OB ELNT-, F7=. 1T
@%Tﬁ&%z‘)‘i N-Bu DL ER 2 ML A FNVIEEZATLHEOE T =/ — /UK 26 DHBFH
7-(entries 9-10), B 7 = / — LK 26] D 4 (LD A F/VILITHKF LT, nOe A7 FLT —X & HL
BL-E 2 A, BT 2 3620 A bR LR =L Hk LA R S 7= (Figure 6), Table 6 @
entry 2 DRI, E7 =/ — k26 LV Ru IRy 7T 4K 25 Ol F G LILTZD
KU, AR 2 (M DOBEHIE G BRINEICH L 520 Z Lbnol,

Table 7. 1-, 2-, 2a-(\7. > & #a HL5h 5

R1

R'" R?
2
R CH,=S(0)Me, H o
& O - ()
R3 DMF, rt, 24 h R3
o ° HO OH O H OH
24 26 © 25
. ) s Yield of 26 Yield of 25
Entry R R R " b
(%)” (%)
1 24b  Ph H Me 26b: 40 25b: N.D.Y
2 24c  Ph H i-Pr 26¢: 66 25¢: N.D.
3 24d Ph H t-Bu 26d: 63 25d: N.D.
4 24e Ph H Adamantyl 26e: 53 25e: N.D.
5 24f  Ph H Ph 26f: 55 25f: 19

21



7 24g Ph H p-Methoxyphenyl  26g: 41 25g: 17

8 24h  p-Methoxyphenyl H Ph 26h: 59 25h: 23
9 24i  n-Bu H OMe 26i: 22 25i: N.D.
10 24j Ph Me OMe 26j: 49 25j: N.D.

a) All the reactions were carried out by adding cyclobutene 24 to a solution of CH,=S(O)Me; (2.0 eq)
in DMF at rt. b) Isolated yield. c) Not detected.

O

HO OH 3 Me
0
26j

Figure 6. 26j > nOe FHE D fiRhir
3 AR OBRIMEICEEE 5257~ VR EOBEBRILICONWT

WIZT =V VBB UL O BRSO B OV TRET L 72 (Table 8), F£7°, &7 5
RS ATFHTHEZR OMe (KD U FLT7 LT e KR | BIEICHE > TR L2 24% 2 A
THR 24T - 7= (entries 1-5), EHIEDONLEIC L > THEEDOBRIRMEN R - 72, T72bb, 8
PZEBLTZGE1EY e Ra oy Yy 75 14K 26 DR BELIL, 56,7 fiTEE 7 =/ —/b
KDOIN, bDHVIERE L TEDLNT, 8 MOBEHILDILET L > TERY OB K X
KEDLSTZZ D OMe DDV IZMe H & TMS FE43E A L TG Z1T > 72 (entries 6-7).
LR G, CREOBEHBETIIE 7 = ) — /K26 28 L CHEX T, TRHDORER LD,
8LIZ OMe XA HALTEKED A, Vb RuaX Y 77 ARPGELND Z LB bioTz,

22



Table 8.

7= VBRO T = = Uk OB R

R! b P
CH,=S(0)Me; R
SOOMe DMF, rt, 24 h .HO H.COOMe TR 0 H COOMe
24 26 25
Entry R R? R R* Yield of 25 (%)*  Yield of 26 (%)*
1 24A OMe H H H 25A: N.D. 26A: 87
2 24B H OMe H H 25B: 48 26B: 17
3 24C H H OMe H 25C: 56 26C: N.D.
4 24D H H H OMe 25D: 70 26D: N.D.
5 24E Me H H H 25E: 36 26E: N.D.
6 24F TMS H H H 25F: 63 26F: N.D.
# Isolated yield.
® Not detected.
FAHE SALICEMEAEA LIALEMIIHTT 5 2a fEHAIEA KT T RBIZ DT

8 iLIZ

B LG T 27 07T AMAKE D IOS D FEE — etk 2 fi5) L 72 (Table 9), OMe

HAEAN LA, 2afLOBEHIENT VXV D IVR VSRR A VI BW T, BT =
J UK 26 I3AERRET, Pk Ra Uy 7T UEEEIK 25 DA% 5% 7= (entries 1-5), E 4l

S5OV O, Uk Rur PRy 75K 25 NARE

ETHo72729

N N SN

DDQ LA TWI Ry 7T K50 & U CHREEL 7, KRIT, 8ALIC Me £X° TMS A48 A
L7etr, 2afOBEHIRIC L O TR TORERETE 7 =/ — /UK 26 7315 5 4L7= (entries 6-17),

23



R2
R1

Table 9. 8 (L DEHIL & 2a [\ D EHILLH R

Lo 2o o] ol tm Q) m
o o’ R* HO OH COOMe
24

Entry R R? R’ Yield of 26 (%)*  Yield of 25 (%)®  Yield of 50 (%)®
1 24Ab  OMe Ph Me N.D. - 50Ab: 50

2 24Ak  OMe Ph  n-Pr  ND. - 50Ak: 45

3 24Ac  OMe Ph  i-Pr N.D. - 50Ac: 48

4 24Ad OMe Ph  tBu  N.D. 25Ad: 48 -

5 24Af  OMe Ph  Ph N.D. - 50Af: 48

6 24Eb  Me Ph  Me 26Eb: 34 25Eb: N.D. -

7 24EK  Me Ph  n-Pr  26Ek:29 25Ek: N.D. -

8 24Ec Me Ph i-Pr 26Ec: 24 25Ec: N.D. -

9 24Ed  Me Ph  tBu  26Ed: 66 25Ed: N.D. -

10 24Ef  Me Ph  Ph 26Ef: 64 25Ef: N.D. .

13 24Fb  TMS Ph  Me 26Fb: 61 25Fb: N.D. -

14 24Fk  TMS Ph  n-Pr  26Fk:48 25Fk: N.D. -

14 24Fc TMS  Ph  i-Pr 26Fc: 49 25Fc: N.D. -

15 24Fd  TMS Ph  tBu  26Fd: 66 25Fd: N.D. -

16 24Ff TMS Ph  Ph 26Ff: 64 25Ff: N.D. -

17 24Fi TMS n-Bu OMe  26Fi: 63 25Fi: N.D. -

# Isolated yield.

® Not detected.

BB H DU DHELE

I, SOSHEREIZOWTELET D Z LI L, EEICHEWERR LIZEAKRFE Y AF 20
RE Y = A S— RAnb I L7 CD,=S(0)(CDs), & 24a DS & 1TV, BA TS &2 Ik
UbEWEHEE L& 2 A, EAREMNEAINTWRNWE T =/ —/L1K 26a & 1 EOEKHR
WEANINTZVE Rr Ry 75 K 252° 78 38%,19% D UL R CTH 5 #17-(Scheme 18), FE/K

FAUIR 25’ D EAKFLFRIT

NMR (23T 5.8 ppm 1D B — 27 OFESE DR 2R Sz,

24

T HNMR 227 MLOFESE BB LT, EHAFEIE 252°D H



OH Ph Ph

CD,=S(0)(CD3), H
- O -
DMF, 24 h, rt

O HO  COOMe O p OH
24a 26a 25a’
38% yield 19% yield
(86%D)

HR-EIMS; calcd for CoqH15DO0,
- 321.1111. Found: 321.1105

Scheme 18. FE/KFE(LFEER

TN OFER XD HEE SN D RIS %A Scheme 19 12779, 7 T & RuXr Vbl 7 o
THE[AE T 2-A O LREEC, B 1 YBHOREA Y FBF 2 FUBOI AR =LKE
EREL, FHRT S, b)) L YEOREA Y KBRS L TERL, 7 a7 7 UBRERHER
EHT, SOICHEMRL, TS 252 5, Route A DEE, C-O AT RO 72
5 DMSO OBBENEE Z 5720, P Fa YRy 750k 2525 L& 20615, —J.
Route B &, =/ — /L il508 C-CfEBTERZE 72285, DMSO OB EZ Y, A
oy rua7asCRNPEEL, HERILTAZETE Y2 ) — K26 2525, ZOK, 7
h-m ) — VEZERMENA L, BAFE SN0 P dERCERINS D, BT ) —
JUED 'H-NMR A7 MV CTHAFELESNEZHSEZRIBTE o Tc b B2 OND, &I
FEHIIZ Route A & B DIEIRMEIZ DUV CILAR) 72 %22 % Scheme 20 (2% L 7=,

R
R R R R
H H H H X
EWG EWG EWG e EWG K EV(VaG
— o — 0 Goceoicn o —> 0
‘ o N;:S(O)(CDS)Z N O CD23S(0)(CDs), 6“9 < Qo
O o) D\/S(O)(CDT))Z D/ D S(O)(CD3), D" S(0)(CDy), D S(0)(CD3),
~r
24 51 52 53 54
R R
H . H
Route A O O EWG Hs0 O O EWG
E—
O D OH O p OH
R EWG
56 25
W=
E— e~ 0 P
o8| 50)CDy),
oD R R
A o OH R
55 Route B i @ EWG O EWG _ Hi0"
L > <\ ~ —_— O —_—
¥2 b oo o D o HO  Ewe
57 58 26

Scheme 19. € KA

FER FOBEBEEN 8-OMe e AT 55 E L ZNLANDLEEORE R LTIz, TDHH, &
FBIHFN 7 a~"FH U B FIE L CWAEEZ AR, 8 frE#ILN S 7 m %
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VEUBR BIE L TV AEEE AR Uiz, RS9 & L <IX 61 Tik, BRRIE 703k
FERLOFEE L TV D IRFR T OWEICIE TE 5720, 63 H L<1L65 DX HIZ C-OfMER
AEfEoT, P Ry 7T MR ZNT 5, BE ., BOOTAHALAELIZCW, 2656
DORIEMER L TR Z 5, —J7, PREMAE 60  L<I1E 62 T, BERIE 17 DIXSUS S HEITH
T 64 HL<IE66 DI C-CHREBTEKZIE-> T, 7 =/ — /WKL %, 8-OMe
DS DE . BRRIR T BRIV TNS 59 T, BBER L7 aaF U v gBoyx
VL DBEFHIREELE LD, EDOX AT A= a VIFARHTH D, TDE
B 72 SO 8 (AR & ONLIRIY 7R RO K D KE W72, 60 225 C-CAEATERAMESE L C
I 5, —F., 80Me KDL E, 7 u~FHh I UEOY T L OMe HEAFERIZE 719
RIFEEELHDT, 61 & 62 ORI THHERF DM E DEWVIC KD KRE LT LT —2T4E
RN EHERIL T\ D, 207D, Ak, BELST 0 61 06 C-O faBkEE> Y K
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Experimental Section

General procedure: All reactions were carried out under a positive atmosphere of argon or N, in dried
glassware unless otherwise noted. Solvent were dried and distilled according to standard protocols.
Materials were obtained from commercial suppliers and used without further purification except when
otherwise noted. All melting points were measured with a Yanaco MP micro-melting point apparatus
and uncorrected. NMR spectra were measured on JEOL EX-270 (*H: 270 MHz), JEOL AL-300 (*H:
300 MHz; ®*C: 75.5 MHz), and Varian INOVA 400NB (*H: 400 MHz; *C: 100 MHz) spectrometers
with tetramethylsilane as the internal standard. Chemical shifts are reported in ppm. IR spectra were
measured with Shimadzu IR-435 and Shimadzu FTIR-8400 spectrophotometer. A JEOL JMS-GC mate
spectrometer was used for low-resolution and high-resolution electron ionizations MS (LR-EIMS and
HR-EIMS). Silica gel 60 (grade 7734, 60-230 mesh, Merck) and Silica gel 60N (Kanto Chemical Co.,
Inc.) for column chromatography and Silica gel 60 Fs, plate (0.5 mm and 1 mm in thickness, Merck)
for preparative TLC were used. X-ray crystal analyses were performed on Rigaku RAXIS RAPID

imaging plate area detector with graphite monochromated Cu-Ka radiation at 23 C.

Chapter 1
Section 1-1

Typical procedure for the synthesis of a-pyrone via the enolate salt intermediate: Method A

o}
NC._W
T A S | ~ o
2 2 31 H.0 w
ol SR — A
HC(OEt), iPrOH - Triton B N0 Yo
o et DﬁF ° DMF
27 30 W = CO,Me, CO,t-Bu, SO,Me, COt-Bu 29

o
0

5-Isopropyl-1,3-dioxocyhexanedione 27b (5.00 g, 32.4 mmol, 1.0 eq.) was added to a mixture of urea (1.95 g,
32.4 mmol, 1.0 eq.) and triethyl orthoformate (7.75 g, 23.8 mmol, 3.0 eq.) in i-PrOH (2.0 ml) and DMF (1.0 ml)
at rt under N, atmosphere. The reaction mixture was stirred at 80 °C for 5 min. Then, the precipitate was formed.
After the mixture was cooled to rt, MeOH (15 ml) was added to the mixture. After being stirred for 30 min, the
precipitate was filtered by suction to yield 30b (5.19 g, 71%) as white solid.

Methyl cyanoacetate 31 (63 pl, 0.714 mmol, 0.8 eq.) and triton B (0.45 ml, 1.07 mmol, 1.2 eq.) was added to a
mixture of 30b (200 mg, 0.892 mmol, 1.0 eq.) in DMF (1 ml) at rt under N, atmosphere. The reaction mixture
was stirred at 80 °C for 2 h. The solution was cooled to rt, and then acidified with 4N HCI aqg. to pH 2~3 under

ice-cooling. The resulting mixture was stirred at rt for 10 min. The organic layer was separated, and the aqueous

29



layer was extracted three times with AcOEt, and the combined organic layers were washed with brine. The
extracts were dried over Na,SOy, filtered, and concentrated under reduced pressure. The residue was purified by

silica gel chromatography (n-hexane/AcOEt = 2:1) to yield 29b (132 mg, 50%).

29b

Methyl 7-isopropyl-2,5-dioxo-5,6,7,8-tetrahydro-2H-chromene-3-carboxylate (29b) (from Method A)
Yellowish oil; *H-NMR (400 MHz, CDCls) §: 0.99 (3H, s), 1.00 (3H, ), 1.72 (1H, hept, J=6.4 Hz), 2.03-2.16
(1H, m), 2.31 (1H, dd, J=13.2, 16.4 Hz), 2.67-2.78 (2H, m), 2.90 (1H, ddd, J=1.2, 4.4, 18.8 Hz), 3.91 (3H, s),
8.65 (1H, s); **C-NMR (300 MHz, CDCl,) 5: 19.3, 19.4, 31.7, 32.3, 39.0, 40.6, 52.8, 113.8, 115.0, 145.3, 156.0,
162.9, 178.4, 193.2; IR (CDCl5): 1776, 1688, 1566, 1393 cm™ ; LR-EIMS m/z: 264 (M", 100), 233 (38.9), 222
(49.4), 168 (60.9), 153 (80.9), 136 (33.6); HRMS calcd for Ci4H160s: 264.0998. Found: 264.0995.

Methyl cyanoacetate 31 (441 ul, 5.00 mmol, 1.05 eq.) and triton B (2.2 m, 5.71 mmol, 1.2 eq.) was added to a
mixture of 30c (1.00 g, 4.76 mmol, 1.0 eq.) in DMF (4 ml) at rt under N, atmosphere. The reaction mixture was
stirred at 80 °C for 2 h. The solution was cooled to rt, and then acidified with 4N HCI aq. to pH 3 under
ice-cooling. The resulting mixture was stirred at rt for 10 min. The organic layer was separated, and the aqueous
layer was extracted three times with AcOEt, and the combined organic layers were washed with brine. The
extracts were dried over Na,SO,, filtered, and concentrated under reduced pressure. The residue was purified by

silica gel chromatography (n-hexane/AcOEt = 3:1) to yield 29c (321 mg, 27%) and 29d (540 mg, 45%).

| N OMe
29¢ o™ ~0
Methyl 6,6-dimethyl-2,5-dioxo-5,6,7,8-tetrahydro-2H-chromene-3-carboxylate (29c) (from Method A) Polar
compound. White solid; mp = 110.0-113.4 °C (i-Pr,0); *H-NMR (300 MHz, CDCl5) d: 1.45 (6H, s), 2.07 (2H,
t, J=6.3 Hz), 2.65 (2H, t, J=6.9 Hz), 3.91 (3H, s), 8.64 (1H, s); **C-NMR (400 MHz, CDCls) §: 25.7, 33.6, 34.9,
36.3,52.8, 112.5, 114.9, 145.8, 156.0, 162.9, 183.5, 193.0; IR (CDClI5): 3028, 1717, 1690, 1560, 1387, 1261
cm™ ; LR-EIMS m/z: 250 (M, 96.0), 218 (31.8), 207 (42.5), 194 (100); HRMS calcd for C;3H,40s: 250.0841.

Found: 250.0839.
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29d

Methyl 8,8-dimethyl-2,5-dioxo-5,6,7,8-tetrahydro-2H-chromene-3-carboxylate (29d) (from Method A) Less
polar compound. White solid; mp = 105.6-117.9 °C (i-Pr,0); *H-NMR (300 MHz, CDCls) §: 1.22 (6H, s), 2.02
(2H, t, J=6.3 Hz), 2.93 (2H, t, J=6.3 Hz), 3.91 (3H, s), 8.67 (1H, s); *C-NMR (400 MHz, CDCl5) J: 24.0, 25.5,
33.3,40.7, 52,8, 112.5, 115.1, 146.3, 156.0, 162.9, 176.8, 197.7; IR (CDCl3): 3028, 1776, 1687, 1566, 1393,
1250 cm't ; LR-EIMS m/z: 250 (M*, 88.2), 194 (100), 164 (37.5), 163 (35.2); HRMS calcd for C13H140s:
250.0841. Found: 250.0844.

(o) o
| N Ot-Bu

29 o™ ~0
tert-Butyl 2,5-dioxo-5,6,7,8-tetrahydro-2H-chromene-3-carboxylate (29e) (from Method A)
White needle crystal; mp = 136.1-139.7 °C (i-Pr,0); *H-NMR (300 MHz, CDCly) J: 1.57 (9H, s), 2.16-2.24
(2H, m), 2.60 (2H, dd, J=6.3, 7.8 Hz), 2.91 (2H, t, J=6.3 Hz), 8.49 (1H, s); *C-NMR (400 MHz, CDCl,) &: 20.1,
28.0, 28.3, 28.5, 36.6, 83.0, 114.1, 116.8, 143.8, 144.1, 156.1, 161.3, 177.8, 193.2; IR (CDCl53): 3028, 2982, 2363,
2341, 1773, 1690, 1564, 1393, 1371, 1271 cm™; LR-EIMS m/z: 264 (M*, 9.3), 209 (47.1), 191 (100), 164 (41.0),

136 (13.5), 57 (43.2); HRMS calcd for C14H;605: 264.0998. Found: 264.1000.

SOZMG
|
20f 0™ ~O

3-(Methylsulfonyl)-7,8-dihydro-2H-chromene-2,5(6H)-dione (29f) (from Method A)

White solid; mp = 186.0-189.8 °C (i-Pr,0); *H-NMR (300 MHz, CDCls) §: 2.17-2.30 (2H, m), 2.64 (2H, t, J=6.3
Hz), 2.98 (2H, t, J=6.3 Hz), 3.25 (3H, s), 8.72 (1H, s); **C-NMR (300 MHz, CDCls) 3: 19.9, 28.5, 36.4, 41.6,
114.0, 125.0, 143.1, 155.9, 181.1, 193.8; IR (CDCls): 1763, 1697, 1555, 1363, 1151 cm™; LR-EIMS m/z: 242
(M7, 100), 214 (54.9), 186 (51.7), 163 (43.0), 151 (69.4); HRMS calcd for C14H100sS: 242.0249. Found:
242.0246.
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1-(7,8-Dihydro-2H-chromene-2,5(6H)-dione-3-yl)-2,2-dimethylpropan-1-one (29g) (from Method A)
Yellowish solid; mp = 145.5-150.7 °C (i-Pr,0); ‘H-NMR (300 MHz, CDCls) §: 1.26 (9H, s), 2.17-2.22 (2H, m),
2.58 (2H, t, J=6.6 Hz), 2.89 (2H, t, J=6.2 Hz), 7.76 (1H, s); *C-NMR (300 MHz, CDCl5) &: 20.1, 26.4, 28.1,
36.4, 45.0, 114.0, 126.9, 137.1, 157.5, 175.0, 193.4, 206.9; IR (CDCls): 1733, 1682 cm™; LR-EIMS m/z: 248
(M", 11.8), 191 (90.5), 164 (100.0); HRMS calcd for C14H;60,: 248.1049. Found: 248.1052.

(o) (o)

h 0~ N0
7,7-Dimethyl-3-(piperidine-1-carbonyl)-7,8-dihydro-2H-chromene-2,5(6H)-dione (29h) (from Method A)
White solid; mp = 131.2-133.7 °C (i-Pr,0); *H-NMR (300 MHz, CDCls) 8: 1.16 (6H, s),1.57-1.63 (2H, m),
1,63-1.71 (4H, m), 2.44 (2H, s), 2.74 (2H, s), 3.29 (2H, t, J=5.6 Hz), 3.68 (2H, t, J=5.6 Hz), 7.94 (1H, s);
B3C-NMR (400 MHz, CDCly) 8: 24.4, 25.4, 26.3, 28.4, 32.8, 41.8, 43.1, 48.4, 50.5, 113.5, 123.1, 138.3, 157.8,

162.8, 173.8, 193.2; IR (CDCly): 2943, 1628, 1479, 1448, 1402, 1265 cm™; LR-EIMS m/z: 311 (M*, 59.0), 246
(62.0), 112 (36.0), 86 (100), 84 (88.9), 55 (21.2); HRMS calcd for C1gHsNO,: 331.1784. Found: 331.1782.

Section 1-2

Typical procedure for the synthesis of a-pyrone: Method B

O
KL \_it GoC0s l TNy ome
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27 29

Dimethyl (methoxymethylidene)malonate 28b (1.66 g, 9.52 mmol, 1.2 eq.) was added to a mixture of
5-methyl-1,3-dioxocyhexanedione 27i (1.00 g, 7.93 mmol, 1.0 eqg.) and Cs,CO; (7.75 g, 23.8 mmol, 3.0 eq.) in
THF (50 ml) at rt under N, atmosphere. After being stirred for 23 hr, the resulting mixture was quenched with
IN HCI ag. to pH 3 under ice-cooling, the reaction mixture was extracted three times with AcOEt. The

combined organic layers were washed with brine, dried over Na,SO,, filtered, and concentrated in vacuo. The

residue was purified by silica gel chromatography (n-hexane/AcOEt = 2:1) to yield 29i (872 mg, 46%).

| N OMe

29i o ~o
Methyl 7-methyl-2,5-dioxo-5,6,7,8-tetrahydro-2H-chromene-3-carboxylate (29i) (from Method B)

Yellowish solid; mp = 116.4-128.1 °C (i-Pr,0); "H-NMR (300 MHz, CDCly) &: 1.21 (3H, d, J=6.4 Hz), 2.31
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(1H, dd, J=11.6, 16.4 Hz), 2.39-2.53 (1H, m), 2.61-2.74 (2H, m), 2.95 (1H, dd, J=4.0, 14.8 Hz), 3.91 (3H, s),
8.65 (1H, s); *C-NMR (300 MHz, CDCls) &: 20.8, 27.9, 36.2, 44.6, 52,8, 113.8, 115.0, 145.3, 156.0, 162.9,
177.9, 192.9; IR (CDCly): 1780, 1719, 1690, 1564, 1394, 1265, 1244 cm™ ; LR-EIMS m/z: 236 (M*, 100), 205
(60.7), 194 (30.4), 166 (65.9), 163 (34.7); HRMS calcd for C1,H1,0s: 236.0685. Found: 236.0687.

o] (0]
(o) N OMe

I
0”0

29j
Methyl 7,7-dimethyl-2,5-dioxo-7,8-dihydro-2H,5H-pyrano[4,3-b]pyran-3-carboxylate (29j) (from Method A
and B) White solid; mp = 140.0-143.6 °C (i-Pr,0); *H-NMR (300 MHz, CDCls) &: 1.58 (6H, s), 3,02 (2H, s),
3.92 (3H, s), 8.65 (1H, s); *C-NMR (400 MHz, CDCI,) ¢: 28.0, 38.5, 53.0, 79.9, 105.5, 115.5, 146.6, 155.4,
161.2, 162.4, 172.6; IR (CDCI;): 1788, 1728, 1572, 1261 cm™ ; LR-EIMS m/z: 252 (M, 85.5), 194 (53.3), 163

(100), 59 (49.9); HRMS calcd for Cy,H;,06: 252.0634. Found: 252.0639.

Chapter 1, section 2

0 Q H w i
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Typical procedure for skeletal transformation reaction with a-pyrone: Trimethylsulfoxonium iodide (140
mg, 0.636 mmol) was added in one portion to a suspension of NaH (60% in mineral oil, 30 mg, 0.750 mmol) in
DMSO (2 ml) under ice-cooling, and the reaction mixture was stirred for 30 min at rt under an Ar atmosphere.
The reaction mixture was further stirred at 60 °C for 5 min. 29a (50 mg, 0.200 mmol) was added and the reaction
mixture was stirred for an additional 2 h at 60 °C. After acidification to pH 4 with 1 N HCI aqg. under ice-cooling,
the reaction mixture was extracted three times with AcOEt. The organic layer was washed with water and brine,
dried over Na,SO4 and evaporated in vacuo. The residue was purified by column chromatography
(n-hexane:AcOEt = 2:1 to AcOETt) to yield 37a (38.0 mg, 68%) and 38a (2.7 mg, 6%). (CCDC No. 1426069 for
37a and 1426070 for 38a)

H OMe

OH
37a

Methyl
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(3aRS,8bSR)-3-hydroxy-6,6-dimethyl-8-0x0-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carbo
xylate (37a)

White solid; mp = 110.0-110.3 °C (i-Pr,0); *H-NMR (300 MHz, CDCl3) &: 1.09 (6H, s), 2.19 (1H, d, J=16.5
Hz), 2.26 (1H, d, J=16.5 Hz), 2.29 (1H, dd, J=2.2, 17.9 Hz), 2.37 (1H, dd, J=1.6, 17.7 Hz), 2.62 (1H, dt, J=15.5,
2.0 Hz), 2.89 (1H, dd, J=8.0, 15.6 Hz), 3.72-3.84 (1H, m), 3.77 (3H, s), 5.63 (1H, dd, J=2.0, 9.0 Hz), 9.95 (1H,
s); ®C-NMR (75 MHz, CDCl;) ¢: 28.2, 28.9, 31.9, 34.0, 37.5, 37.6, 51.0, 51.6, 90.3, 103.6, 115.3, 166.4, 169.8,
175.1, 194.5; IR (CHCI3): 3500-3000 (br), 2935, 1667, 1624, 1443 cm™ ; LR-EIMS m/z: 278 (M*, 16.9), 246
(100), 190 (38.5), 83 (43.6), 55 (51.4); HRMS calcd for CsH150s: 278.1154. Found: 278.1149.

D,
(0]
H OMe

OH
37ad-3
Methyl
(3aRS,8bSR)-3-hydroxy-6,6-dimethyl-8-0x0-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carbo
xylate-1,1,3a-d3 (37a d-3)

White solid; mp = 110.8-112.3 °C (i-Pr,0); *H-NMR (400 MHz, CDCl5) &: 1.09 (6H, s), 2.20 (1H, d, J=16.7
Hz), 2.24 (1H, d, J=16.2 Hz), 2.30 (1H, dd, J=2.0, 17.7 Hz), 2.35 (1H, dd, J=1.4, 17.7 Hz), 2.62 (0.26H, dt,
J=15.5, 2.0 Hz), 2.89 (0.31H, dd, J=8.0, 15.6 Hz), 3.72-3.84 (1H, m), 3.77 (3H, s), 5.63 (0.20H, dd, J=2.0, 9.0
Hz), 9.93 (1H, s); **C-NMR (400 MHz, CDCl5) §: 28.2, 29.0, 34.1, 37.6, 51.1, 51.6, 90.1, 103.6, 115.3, 166.5,
169.9, 175.1, 194.6 IR (CHCI,): 3008, 2960, 1672, 1635 cm™; LR-EIMS m/z: 281(M", 26.2), 249 (100.0);
HRMS calcd for CysH15D505: 281.1342. Found: 281.1344.

H OMe
OMe
3ra’
Methyl
(3aRS,8bSR)-3-methoxy-6,6-dimethyl-8-0x0-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carbo
xylate (37a%)

Yellowish oil; *H-NMR (300 MHz, CDCl5) §: 1.09 (6H,s), 2.19 (1H, d, J=16.3 Hz), 2.25 (1H, d, J=16.4 Hz),
2.27 (1H, dd, J=2.1, 17.9 Hz), 2.33 (1H, dd, J=1.7, 17.7 Hz), 2.68 (1H, dt, J=16.2, 2.1 Hz), 2.93 (1H, dd, J=8.1,
15.9 Hz), 3.71 (3H, s), 3.78 (1H, dt, J=1.8, 9.6 Hz), 4.02 (3H, s), 5.86 (1H, dd, J=1.8, 9.3 Hz); *C-NMR (300
MHz, CDCly) 0: 28.4, 28.9, 34.1, 34.6, 37.2, 37.6,51.1, 51.3, 58.3, 90.1, 108.0, 115.9, 160.5, 165.1, 174.3,
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194.5; IR (CDCl5): 3013, 2959, 1705, 1643, 1400, 1238 cm™; LR-EIMS m/z: 292 (M*, 89.7), 260 (100.0), 245
(52.8), 83 (36.0); HRMS calcd for C16H,005: 292.1311. Found: 292.1315.

H OMe

| OH
37i O H (1:1 diastereomeric mixtures)

Methyl
(3aRS,8bSR)-3-hydroxy-6-methyl-8-o0x0-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carboxyl
ate (37i)

White solid; mp = 116.6-122.1 °C (i-Pr,0); *H-NMR (300 MHz, CDCly) &: 1.10 (1.5H, d, J=6.5 Hz), 2.05-2.22
(0.5H, m), 2.24-2.34 (0.5H, m), 2.37-2.42 (0.5H, m), 2.48-2.56 (1H, m), 2.61 (0.5H, dt, J=9.2, 2.0 Hz), 3.77
(1.5H, s), 5.64 (0.5H, dt, J=9.3, 2.4 Hz), 9.95 (0.5H, s); **C-NMR (400 MHz, CDCl5) 6: 20.9, 21.1, 29.6, 30.0,
31.7,31.8, 32.0, 32.3, 37.71, 37.78, 45.1, 45.4, 51.7, 90.1, 90.2, 103.9, 104.0, 116.4, 116.7, 166.6, 166.7, 170.07,
170.09, 176.04, 176.09, 195.0, 195.1; IR (CHCI5): 3006, 2958, 1674, 1629 cm™ ;: LR-EIMS m/z: 264 (M*, 28.0),
232 (100.0), 176 (30.3); HRMS calcd for C14H1605: 264.0998. Found: 264.1000.

H OMe

OH
37b
Methyl
(3aRS,8bSR)-3-hydroxy-6-isopropyl-8-0x0-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carbox
ylate (37b)

Less polar compound. White solid; mp = 132.3-138.0 °C (i-Pr,0);"H-NMR (300 MHz, CDCls) 6: 0.932 (3H, d,
J=6.8 Hz), 0.934 (3H, d, J=6.7 Hz), 1.63 (1H, hept, J=6.5 Hz) 1.90-2.04 (1H, m), 2.06-2.27 (2H, m), 2.38-2.52
(2H, m), 2.64 (1H, dt, J=15.5, 1.9 Hz), 2.82 (1H, dd, J=7.8, 15.5Hz), 3.74-3.80 (1H, m), 3.77 (3H, s), 5.64 (1H,
dd, J=1.7, 9.1 Hz), 9.94 (1H, s); BC-NMR (300 MHz, CDCl,) 6: 19.5, 19.7, 27.5, 31.5, 31.9, 37.6, 40.9, 41.1,
51.5, 89.9, 103.7, 116.1, 166.3, 169.8, 176.4, 195.2; IR (CHCI;): 3006, 2962, 1674, 1631 cm?; LR-EIMS m/z:
292 (M*, 25.0), 260 (100.0), 204 (23.2); HRMS calcd for CysHy00s: 292.1311. Found: 292.1309.

Polar compound. White solid; mp = 123.8-128.1 °C (i-Pr,0);*H-NMR (300 MHz, CDCl;) d: 0.931 (3H, d,
J=6.8 Hz), 0.934 (3H, d, J=6.7 Hz), 1.62 (1H, hept, J=6.7 Hz), 1.88-2.02 (1H, m), 2.06-2.27 (2H, m), 2.40-2.56
(2H, m), 2.62 (1H, dt, J=15.5, 2.0 Hz), 2.85 (1H, dd, J=7.9, 15.4Hz), 3.72-3.75 (1H, m), 3.74 (3H, s), 5.63 (1H,
dd, J=1.8, 9.1 Hz), 9.97 (1H, s); BC-NMR (300 MHz, CDCly) ¢: 19.6, 19.8, 27.4, 31.9, 32.3, 37.6, 40.9, 51.6,
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90.1, 99.9, 103.7, 116.7, 166.5, 169.9, 176.7, 195.2 IR (CHCl): 3007, 2962, 1674, 1631 cm™; LR-EIMS m/z:
292 (M", 20.6), 260 (100.0), 204 (21.2); HRMS calcd for C;gH20s: 292.1311. Found: 292.1313.

H OMe

37¢c O H

Methyl
(3aRS,8bSR)-3-hydroxy-7,7-dimethyl-8-0x0-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carbo
xylate (37¢)

White solid; mp = 133.0-144.7 °C (i-Pr,0); *H-NMR (300 MHz, CDCl,) 6: 1.22 (3H, s), 1.25 (3H, s), 1.84 (2H,
t, J=6.9 Hz), 2.40 (2H, t, J=6,3 Hz), 2.62 (1H, dt, J=15.3, 1.8 Hz), 2.83 (1H, dd, J=7.8, 15.3 Hz), 3.70-3.81 (1H,
m), 3.78 (3H, s), 5.60 (1H, dd, J=1.8, 9.3 Hz), 9.93 (1H, s); *C-NMR (300 MHz, CDCl5) 6: 24.9, 25.2, 31.9,
32.9, 34.6, 37.0, 38.1, 51.6, 89.5, 103.5, 114.5, 166.6, 170.0, 181.9, 195.1; IR (CDCl;): 1674, 1641, 1618, 1448,
1400, 1344, 1263, 1238, 1192, 1157 cm™; LR-EIMS m/z: 278 (M", 29.0), 247 (18.8), 246 (100.0), 190 (29.8);
HRMS calcd for C15H50s5: 278.1154. Found: 278.1157.

H OMe

OH

37d
Methyl

(3aRS,8bSR)-3-hydroxy-5,5-dimethyl-8-0x0-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carbo
xylate (37d)

Colorless oil; *H-NMR (300 MHz, CDCl3) 6: 1.11 (3H, s), 1.25 (3H, s), 1.85 (2H, t, J=6.3 Hz), 2.48 (2H, dt,
J=1.6, 6.3 Hz), 2.58 (1H, dt, J=15.6, 2.1 Hz), 2.84 (1H, dd, J=7.8, 15.3 Hz), 3.69-3.81 (1H, m), 3.78 (3H, s),
5.62 (1H,dd, J=1.8, 9.0 Hz), 9.95 (1H, s); **C-NMR (400 MHz, CDCl,) d: 21.4, 24.4, 24.5, 32.2, 35.6, 38.0, 40.9,
51.7,103.8, 115.0, 166.5, 170.0, 174.0, 200.2; IR (CDCly): 1674, 1638, 1448, 1400, 1254, 1236, 1192 cm?;
LR-EIMS m/z: 278 (M*, 31.1), 246 (100), 190 (44.5), 162 (18.9); HRMS calcd for C;5H,;50s: 278.1154. Found:
278.1157.

H Ot-Bu

OH
37e O H
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tert-Butyl
(3aRS,8bSR)-3-hydroxy-8-oxo-3a,5,6,7,8,8b-hexahydro-1H-cyclopenta[b]benzofuran-2-carboxylate (37¢)
Yellow solid; mp = 104.8-111.1 °C (i-Pr,0); "H-NMR (300 MHz, CDCls) &: 1.49 (9H, s), 1.98-2.12 (2H, m),
2.35 (2H, dd, J=6.0, 7.2 Hz), 2.48 (2H, tt, J=1.5, 6.6 Hz), 2.57 (1H, dt, J=15.6, 2.1 Hz), 2.80 (1H, dd, J=8.1,
15.9 Hz), 3.27 (1H, tt, J=1.2, 7.8 Hz), 5.61 (1H, dd, J=1.8, 9.0 Hz), 10.1 (1H, s); *C-NMR (400 MHz, CDCl;) 6:
21.7,24.0, 28.3, 32.5, 36.8, 37.5, 82.1, 90.2, 105.5, 117.0, 117.0, 165.6, 169.3, 176.5, 195.6; IR (CDCls): 3007,
2982, 1666, 1628, 1400, 1369cm™; LR-EIMS m/z: 292(M*, 1.1), 236 (23.7), 218 (100), 162 (17.3), 137 (28.6),
57 (21.3); HRMS calcd for CygH50s: 292.1311. Found: 292.1308.
(3aS,6aR)-6-hydroxy-5-(methoxycarbonyl)-2-(2-methylprop-1-en-1-yl)-3a,6a-dihydro-4H-cyclopenta[b]furan-3-

carboxylic acid

37j
5-Methyl hydrogen
(6aRS,3aSR)-3a,6a-dihydro-6-hydoxy-2-(2-methylprop-1-enyl)-4H-cyclopenta[b]furan-3,5-dicarboxylate
@371)

White solid; mp = 196.7-208.5 °C (i-Pr,0); 'H-NMR (400 MHz, CDCl5) §: 1.84 (3H, s), 1.99 (3H,s), 2.43-2.50
(1H, m), 2.72 (1H, dd, J=8.0, 15.2 Hz), 3.60-3.65 (1H, m), 3.63 (3H, s), 5.51 (1H, dd, J=1.2, 9.6 Hz), 6.57 (1H,
s), 10.3 (1H, brs), 12.0 (1H, brs); **C-NMR (400 MHz, CDCls) J: 21.2, 28.0, 34.8, 51.2, 87.3, 101.7, 107.6,
113.7, 146.8, 162.4, 163.5, 166.1, 166.5; IR (CDCl3): 2561, 1639, 1576, 1421, 1313, 1190, 1134 cm™; LR-EIMS
m/z: 280 (M, 79.8), 230 (51.2), 166 (63.6), 149 (55.9), 83 (100.0), 55 (39.2); HRMS calcd for C1,H:06:
280.0947. Found: 280.0943.

0
H OMe

MeO

| OH
37k Me” O H

Dimethyl (6aRS,3aSR)-6-hydroxy-2-methyl-3a,6a-dihydro-4H-cyclopenta[b]furan-3,5-dicarboxylate (37k)
Pink solid; mp = 77.0-83.3 °C (i-Pr,0); *H-NMR (300 MHz, CDCl,) : 2.22 (3H, d, J=1.5 Hz), 2.59 (1H, dt,
J=15.6, 2.1 Hz), 2.83 (1H, dd, J=8.1, 15.6 Hz), 3.73 (3H, s), 3.75-3.85 (1H, m) , 3.79 (3H, s), 5.46 (1H, dd, J
=1.8, 9.6 Hz), 9.91 (1H, s); *C-NMR (500 MHz, CDCl5) ¢: 14.2, 33.6, 40.9, 51.1, 51.7, 86.9, 103.2, 106.4,
166.1, 167.3, 167.9, 170.0; IR (CDCls): 1676, 1643, 1447, 1383, 1261, 1244, 1221, 1192, 1088 cm™; LR-EIMS
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miz: 254 (M*, 37.7), 233 (31.5), 222 (57.4), 191 (30.3), 190 (100), 179 (46.1), 109 (35.9), 43 (38.1); HRMS
calcd for Ci,H1406: 254.0790. Found: 254.0787.

H t-Bu

OH
379 O H

1-((3aRS,8bSR)-3-Hydroxy-1,3a,5,6,7,8b-hexahydro-8-oxo-cyclopenta[b]benzofuran-2-yl)-2,2-dimethylpro
pan-1-one (379)

Yellowish solid; mp = 65.0-68.6 °C (i-Pr,0); 1H NMR (300 MHz, CDCl3) &: 1.18 (9H, s), 2.04 (2H, quin,
J=6.6 Hz), 2.35 (2H, t, J=6.1 Hz), 2.46-2.51 (2H, m), 2.94 (1H, dt, J=13.1, 1.6 Hz), 3.12 (1H, dd, J=1.6, 13.1
Hz), 3.75-3.81 (1H, tt, J=1.6, 7.8 Hz), 5.52 (1H, dd, J=1.1, 9.5 Hz), 14.1 (1H, s); *C-NMR (75 MHz, CDCl,) ¢:
21.5, 23.8, 26.0, 33.7, 36.6, 37.7, 42.5, 88.8, 108.4, 116.5, 176.6, 177.4, 195.4, 206.7; IR (CDCl5): 1619 cm™;
LR-EIMS m/z: 276 (M*, 17.0), 219 (66.6), 163 (38.1), 55 (100.0); HRMS calcd for CigH,004: 276.1361. Found:
276.1367.

(0]
OH
O H
37h

(3aRS,8bSR)-3-Hydroxy-6,6-dimethyl-2-(piperidine-1-carbonyl)-1,3a,5,6,7,8b-hexahydro-8H-cyclopenta[b
]benzofuran-8-one (37h)

White solid; mp = 131.2-133.7°C (i-Pr,0); *H-NMR (400 MHz, CDCls) :1.09 (3H, s), 1.10 (3H, s), 1.53-1.61
(2H, m), 1,63-1.69 (4H, m), 2.19 (1H, d, J=21.5 Hz), 2.26 (1H, d, J = 21,6 Hz), 2.29 (1H, dd, J=2.3, 23.8 Hz),
2.38 (1H, dd, J=1.8, 23.8 Hz), 2.82 (1H, td, J=2.4, 18.8 Hz), 3.11 (1H, dd, J=10.4, 18.8 Hz), 3.56-3.60 (4H, m),
3.75 (1H, tt, J=2.0, 12.8 Hz), 5.61 (1H, dd, J=2.0, 12.4 Hz), 14.1 (1H, s); keto-enol mixture *C-NMR (400 MHz,
CDCly) d: (major) 24.5, 26.3, 28.2, 29.3, 34.2, 36.4, 37.4, 37.8, 45.3, 51.3, 77.3, 89.9, 101.3, 115.3, 169.0, 169.8,
176.0, 195.0 (minor) 24.5, 25.5, 26.6, 28.4, 29.0, 29.3, 34.5, 37.7, 39.0, 43.3, 47.4, 49.5, 51.3, 86.2, 114.2, 166.4,
176.3,194.9, 209.3; IR (CDCly): 2943, 1628, 1479, 1448, 1402, 1265 cm™; LR-EIMS m/z: 331 (M*, 59.0), 246
(62.0), 112 (36.0), 86 (100.0), 84 (88.9), 55 (21.2); HRMS calcd for C1gH,5sNO,: 331.1784. Found: 331.1782.
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2 2. 5-7,8-Dihydro-2,7,7-trimethyl-2-benzothiopyran-5(6H)-one-2-oxide (38a)

White plates; mp = 165.7-167.7 °C (AcOEt); *H-NMR (300 MHz, CDCl3) &: 1.00 (3H, s,), 1.07 (3H, s), 2.30
(1H, d, J=16.7 Hz), 2.37 (1H, d, J=16.7 Hz), 2.53 (1H, d, J=15.9 Hz), 2.65 (1H, d, J=16.4 Hz), 3.48 (3H, s), 5.41
(1H, d, J=4.6 Hz), 5.79 (1H, dd, J=4.6, 9.7 Hz), 8.05 (1H, d, J=9.7 Hz); *C-NMR (75 MHz, CDCl,) §: 27.5,
28.8, 32.9, 45.3, 49.1, 51.2, 86.0, 91.5, 109.3, 134.1, 150.2, 193.0; IR (CHCI5): 2938, 1634, 1543, 1465 cm™;
LR-EIMS m/z: 224 (M*, 97.2), 209 (100), 139 (29.5), 97 (26.7); HRMS calcd for C1,H150,S: 224.0871. Found:
224.0876.

D
N

| 2s-eos

38ad-4
2 A %-7,8-Dihydro-7,7-dimethyl-2-trideuteromethyl-3-deruterobenzothiopyran-5(6H)-one-2-oxide (38a d-4)

White solid; mp = 159.2-160.3 °C (i-Pr,0); *H-NMR (400 MHz, CDCl3) &: 1.00 (3H, s), 1.07 (3H, s), 2.29 (1H,
d, J=16.8 Hz), 2.35 (1H, d, J=16.4 Hz), 2.52 (1H, d, J=16.0 Hz), 2.58 (1H, d, J=16.4 Hz), 3.46 (0.41H, s), 5.41
(1H, s), 5.79 (0.34H, dd, J=4.6, 9.7 Hz), 8.07 (1H, d, J=9.7 Hz); *C-NMR (400 MHz, CDCls) §: 27.5, 28.8, 32.9,
45.3,49.1,51.2, 86.0, 91.5, 109.3, 134.1, 150.2, 193.1; IR (CHCL,): 3010, 2960, 1637, 1552 cm™; LR-EIMS
m/z: 228(M", 39.3), 210 (100.0); HRMS calcd for C,H1,D,0,S: 228.1122. Found: 228.1119.

N
oA
W
38i O (1:1 diastereomeric mixtures)
2 A °-7,8-Dihydro-2,7-dimethyl-2-benzothiopyran-5(6H)-one-2-oxide (38i)

White solid; mp = 141.1-151.0 °C (i-Pr,0); *H-NMR (300 MHz, CDCls) 6: 1.06 (1.5H, d, J=6.5 Hz), 2.08-2.17
(1H, m), 2.22-2.31 (0.5H, m), 2.44-2.74 (2H, m), 3.48 (1.5H, s), 5.40-5.44 (0.5H, m), 5.79 (0.5H, dd, J=4.5, 9.6
Hz), 8.08 (0.5H, d, J=9.7 Hz); *C-NMR (300 MHz, CDCls) ¢: 21.0, 21.3, 29.4, 29.6, 39.5, 40.0, 45.6, 45.9, 48.8,
49.2, 85.5, 85.7, 91.8, 92.1, 109.6, 109.8, 134.3, 134.6, 151.1, 151.2, 193.5, 193.6; IR (CHCI;): 3010, 1635,
1556 cm™ ; LR-EIMS m/z: 210 (M*, 82.1), 195 (100.0), 97 (52.4) ; HRMS calcd for Cy,H140,S: 210.0715.
Found: 210.0717.
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2 2 °-7,8-Dihydro-7-isopropyl-2-methyl-2-benzothiopyran-5(6H)-one-2-oxide (38b)

Less polar compound. White solid; mp = 125.1-133.2 °C (i-Pr,0);*H-NMR (300 MHz, CDCl5) 6: 0.94 (3H, d,
J=6.8 Hz), 0.95 (3H, d, J=6.8 Hz), 1.62 (1H, hept, J=6.6 Hz), 1.82 (1H, m), 2.18 (1H, dd, J=12.8, 16.5 Hz),
2.51-2.69 (3H, m), 3.49 (3H, s), 5.47 (1H, d, J=4.5 Hz), 5.83 (1H, dd, J=4.5, 9.6 Hz), 8.06 (1H, d, J=9.6 Hz);
13C-NMR (300 MHz, CDCl;) 6: 19.3, 19.5, 31.8, 35.7, 40.7, 41.5, 48.8, 85.4, 91.9, 110.1, 134.1, 151.2, 193.8; IR
(CHCI5): 3010, 2962, 1637, 1556 cm™; LR-EIMS m/z: 238 (M, 61.1), 223 (100.0), 97 (49.0); HRMS calcd for
C13H130,S: 238.1027. Found: 238.1022.

Polar compound. White solid; mp = 148.0-151.1 °C (i-Pr,0); *H-NMR (300 MHz, CDCl;) &: 0.93 (3H, d, J=6.7
Hz), 0.94 (3H, d, J=6.7 Hz), 1.59 (1H, hept, J=6.6 Hz), 1.91 (1H, m), 2.18 (1H, dd, J=12.0, 16.7 Hz), 2.51-2.71
(3H, m), 3.48 (3H, s), 5.46 (1H, d, J=4.5 Hz), 5.80 (1H, dd, J=4.5, 9.7 Hz), 8.04 (1H, d, J=9.7 Hz); **C-NMR
(300 MHz, CDCly) 6: 19.4, 19.6, 31.6, 35.3, 40.6, 41.5, 49.2, 85.7, 91.7, 109.9, 134.4, 151.6, 193.6; IR (CHCly):
3012, 2962, 1635, 1556 cm™ ; LR-EIMS m/z: 238 (M*, 65.8), 223 (100.0), 97 (84.5); HRMS calcd for
C13H150,S: 238.1027. Found: 238.1025.

N

Z, S\
1\

38c

2 2 %-7,8-Dihydro-2,6,6-trimethyl-2-benzothiopyran-5(6H)-one-2-oxide (38c)

White solid; mp = 190.8-204.6 °C (i-Pr,0); *H-NMR (300 MHz, CDCly) d: 1.32 (3H, s), 1..35 (3H, s), 1.90 (2H,
t, J=6.6 Hz), 2.43-2.64 (2H, m), 3.50 (3H, s), 5.56 (1H, d, J=4.5 Hz), 5.80 (1H, dd, J=4.5, 9.9 Hz), 8.12 (1H, d,
J=9.6 Hz); *C-NMR (300 MHz, CDCl;) d: 28.7, 29.2, 33.7, 35.4, 36.4, 49.2, 84.1, 90.9, 109.2, 135.3, 159.7,
193.0; IR (CDCly): 1636, 1553, 1329, 1290, 1151 cm™; LR-EIMS m/z: 224 (M", 85.4), 209 (100.0), 193 (9.7),
166 (10.6), 119 (10.9), 111 (50.6) , 97 (12.1), 91 (12.0); HRMS calcd for C;,H;60,S: 224.0871. Found:
224.0869.

38d
2 A °-7,8-Dihydro-2,8,8-trimethyl-2-benzothiopyran-5(6H)-one-2-oxide (38d)

White solid; mp = 122.6-136.1 °C (i-Pr,0); *H-NMR (300 MHz, CDCl,) &: 1.16 (6H, s), 1.85 (2H, dd, J=6.0,
7.2 Hz), 2.63-2.89 (2H, m), 3.48 (3H, s), 5.38 (1H, d, J=4.5 Hz), 5.82 (1H, dd, J=4.5, 9.6 Hz), 8.09 (1H, d, J=9.6
Hz); BC-NMR (300 MHz, CDCly) ¢: 24.8, 25.2, 27.8, 36.1, 40.4, 49.1, 84.5, 92.1, 109.0, 135.3, 150.8, 198.2; IR
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(CDCly): 1636, 1553, 1476, 1302, 1231, 1161, 1144 cm™; LR-EIMS m/z: 224 (M", 89.1), 209 (100.0), 168 (32.9),
105 (61.5), 97 (36.3); HRMS calcd for C1,H;60,S: 224.0871. Found: 224.0873.

38e
2 2 %-7,8-Dihydro-2-methyl-2-benzothiopyran-5(6H)-one-2-oxide (38e)

White plates; mp = 162.1-164.5 °C (AcOEt); *H-NMR (300 MHz, CDCl3) 6: 1.90-2.09 (2H, m), 2.47 (2H, t,
J=6.4 Hz), 2.65-2.83 (2H, m), 3.48 (3H,s), 5.44 (1H, d, J=4.8 Hz), 5.82 (1H, dd, J=4.8, 9.9 Hz), 8.08 (1H, d,
J=9.7 Hz); ®*C-NMR (75 MHz, CDCl,) 6: 22.4, 31.8, 37.8, 48.9, 85.2, 91.9, 110.3, 134.4, 151.5, 193.2; IR
(CHCIs): 3021, 1637, 1554 cm™; LR-EIMS m/z:196 (M", 79.4), 181 (79.3), 97 (100), 77 (34.1); HRMS calcd for
C10H120,S: 196.0558. Found: 196.0554.

38

7,8-dihydro-2,7,7-trimethyl-pyrano[4,3-c]-thiopyran-5(5H)-one-2-oxide (38j)

White solid; mp = 188.5-193.7 °C (i-Pr,0); *H-NMR (400 MHz, CDCl5) &: 1.41 (3H, s), 1.44 (3H, s), 2.76 (2H,
s), 3.53 (3H, s), 5.47 (1H, d, J=4.8 Hz), 5.81 (1H, dd, J=4.8, 9.6 Hz), 8.01 (1H, d, J=9.6 Hz); *C-NMR (300
MHz, CDCly) d: 27.5, 27.6, 41.1, 49.5, 78.5, 86.5, 91.3, 99.1, 136.5, 145.4, 164.8; IR (CDCl3): 3011, 2984, 1682,
1572, 1491, 1298 cm'™’; LR-EIMS m/z: 226 (M*, 74.3), 211 (100.0), 137 (22.1), 105 (26.0), 97 (19.2); HRMS
calcd for C41H1405S: 226.0664. Found: 226.0666.

(o]
MeO N
I - S
Me' ¥
38k o

4-Methoxycarbonyl-3-methyl-1-methyl-1-thiabenzen-1-oxide (38k)

Yellow needle crystal; mp = 109.1-114.7 °C (i-Pr,0); *"H-NMR (300 MHz, CDCls) §: 2.54 (3H, s), 3.47 (3H,s),
3.74 (3H, s), 5.52 (1H, dd, J=0.6, 4.8 Hz), 5.62 (1H, dd, J=4.8, 9.6 Hz), 8.00 (1H, d, J=9.6 Hz); *C-NMR (300
MHz, CDCl;) ¢: 24.7, 49.3, 51.0, 87.2, 90.2, 103.2, 137.4, 149.3, 166.7; IR (CDCl3): 3024, 3013, 1693, 1566,
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1460, 1272, 1258cm™; LR-EIMS m/z: 200 (M*, 81.1), 185 (100), 125 (43.3), 105 (36.2), 59 (31.5); HRMS calcd
for CgH1,04: 200.0507. Found: 200.0505.

Experiments in chapter 2

Chapter 2 section 1

Ph
H

Y
O CO,Me
0" Yo

Methyl (2aRS,8bRS)-3-0x0-1-phenyl-3H-cyclobuta[c]chromene-2a(8bH)-carboxylate (24a)

24a

Pale yellow amorphous; *H-NMR (400 MHz, CDCls) §: 3.82 (3H, s), 4.67 (1H, s), 6.50 (1H, s), 7.10-7.46 (9H,
m), ®*C-NMR (100 MHz, CDCly) §: 47.9, 53.1, 53.7, 117.8, 119.5, 124.9, 125.7, 125.9, 128.7, 129.2, 129.3,
129.6, 131.5, 151.0, 152.7, 165.3, 168.8. IR (CHCI;): 1736 cm™. LR-EIMS m/z: 306 (M*, 24.1), 247 (100.0).
HR-EIMS calcd for C;9H40, : 306.0892. Found : 306.0902.

Ph OH Ph
H
(oome + O
O H OH HO  CO,Me
24a 25a 26a

Typical procedure for skeletal transformation reaction with cyclobutenes 24:

To a suspension of (CH3)3S(O)I (91 mg, 0.41 mmol) in DMF (2 ml), NaH (60% in mineral oil, 16 mg, 0.41
mmol) was added with stirring, and the whole was stirred for 30 min at rt under N, atmosphere. Starting material
24a (70 mg, 0.20 mmol) was added to the reaction mixture, and the stirring was continued at the same
temperature overnight. After completion of the reaction, the mixture was acidified with 10% HCI aq. and
extracted with ethyl acetate. The combined extracts were washed with water and brine, dried over Na,SO,, and
evaporated. The residue was purified by silica gel column chromatography (n-hexane:AcOEt = 3:1) to yield 26a

(30 mg, 45%) and 25a (25 mg, 38%). (CCDC No. 144037 for 26a).

Ph

H
DaYak

25a O H OH
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Methyl (4aRS,9bSR)-4a,9b-Dihydro-4-hydroxy-1-phenyldibenzofuran-3-carboxylate (25a)

Pale yellow powder; mp 169.8 - 171.3 °C (AcOEt). "H-NMR (400 MHz, CDCls) & : 3.84 (3H, s), 5.03 (1H, dd,
J=0.8, 11.8 Hz), 5.73 (1H, d, J=11.9 Hz), 6.58-6.70 (3H, m), 6.92 (1H, d, J=8.1 Hz), 7.07-7.12 (1H, m), 7.31-
7.35 (1H, m), 7.39-7.44 (2H, m), 7.49-7.52 (2H, m), 12.36 (1H, s). “*C-NMR (100 MHz, CDCl;) & : 43.8, 52.2,
80.0, 100.4, 109.7, 115.9, 121.1, 124.8, 126.2, 127.5, 128.0, 128.2, 128.5, 128.7, 139.3, 157.6, 165.5, 170.7. IR
(CHCI,) 1658 cm™. LR-EIMS m/z : 320 (M", 46.8), 289 (23.1), 288 (100.0). HR-EIMS calcd for CyH1s0s4
320.1048. Found : 320.1046. Anal calcd for CyH1604: C ; 74.99, H ; 5.03. Found : C; 74.71, H ; 4.92.

OH Ph
264 HO  CO,Me

Methyl 2,2°-Dihydroxy-5-phenylbiphenyl-3-carboxylate (26a)

Colorless needles; mp 160.5 - 161.5 °C (AcOEt). 'H-NMR (300 MHz, CDCls) & : 4.03 (3H, s), 6.48 (1H, s),
7.02-7.11 (2H, m), 7.32-7.37 (3H, m), 7.42-7.46 (2H, m), 7.57-7.59 (2H, m), 7.81 (1H, d, J=2.4 Hz), 8.16 (1H,
d, J=2.4 Hz), 11.99 (1H, s). ®*C-NMR (75 MHz, CDCl,) & : 52.8, 113.0, 118.3, 121.3, 125.3, 126.8, 127.4, 127.9,
128.0, 128.9, 129.8, 131.2, 133.7, 137.1, 139.4, 153.9, 156.5, 171.1. IR (CHCIs;) : 3331, 3000, 1668, 1599 cm™.
LR-EIMS m/z : 320 (M", 49.1), 288 (100.0), 271 (43.5). HR-EIMS calcd for CyH350,4 : 320.1048. Found :
320.1041. Anal calad for CxHs04: C; 74.99, H ; 5.03, Found: C ; 74.97, H ; 5.31.

Chapter 2 section 2

24b
(2aRS,8bRS)-2a-Acetyl-1-phenyl-2a,8b-dihydro-3H-cyclobuta[c]chromen-3-one (24b)

Pale yellow amorphous; *H-NMR (300 MHz, CDCl5) d: 2.45 (3H, s,) 4.68 (1H, s), 6.55 (1H, s), 7.07-7.47 (9H,
m). BC-NMR (75.5 MHz, CDCly) ¢: 27.8, 46.5, 60.2, 117.7, 119.7, 125.0, 125.7, 126.9, 128.7, 129.2, 129.3,
129.6, 131.4, 150.9, 153.3, 166.0, 202.0. IR (CHCl,): 1733, 1709 cm™. LR-EIMS m/z: 290 (M*, 20.8), 248
(65.5), 247 (100.0). HR-EIMS calcd for C19H1405: 290.0943. Found : 290.0948.
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(2aRS,8bRS)-2a-1sobutyryl-1-phenyl-2a,8b-dihydro-3H-cyclobuta[c]chromen-3-one (24c)

Yellow amorphous; *H-NMR (400 MHz, CDCl3) &: 1.15 (3H, d, J = 7.0 Hz), 1.16 (3H, d, J=7.0 Hz), 3.11 (1H,
hep, J=7.0 Hz), 4.54 (1H, s) 6.57 (1H, s), 7.08-7.46 (9H, m). *C-NMR (100 MHz, CDCl,) &: 18.5, 18.6, 38.3,
47.3, 59.5, 117.8, 119.7, 124.9, 125.7, 127.1, 128.7, 129.3, 129.3, 129.6, 131.5, 151.0, 152.6, 166.3, 208.4. IR
(CHCIy): 1734, 1702 cm™. LR-EIMS m/z: 318 (M", 7.6), 248 (94.6), 247 (100.0). HR-EIMS calcd for CpH150s:
318.1256. Found : 318.1264.

(2aRS,8bRS)-1-Phenyl-2a-pivaloyl-2a,8b-dihydro-3H-cyclobuta[c]chromen-3-one (24d)

Colorless needles (AcOEt), mp 171.5-172.8 °C; *H-NMR (400 MHz, CDCls) 6: 1.22 (9H, s,), 4.47 (1H, s), 6.60
(1H, s,), 7.09-7.50 (9H, m). *C-NMR (100 MHz, CDCl,) 6: 27.7, 44.4, 47.6, 58.8, 117.9, 119.9, 125.0, 125.5,
127.9, 128.5, 129.0, 129.2, 129.3, 131.5, 150.0, 151.1, 166.0, 209.3. IR (CHCIl;): 1732, 1691 cm™. LR-EIMS
m/z: 332 (M", 3.1), 248 (32.9), 247 (33.9), 57 (100.0). HR-EIMS calcd for CyH,0s: 332.1412. Found:
332.1418. Anal calad for CxH,,03: C ; 79.50, H ; 6.06, Found: C ; 79.37, H ; 6.23.

(2aRS,8bRS)-2a-((3RS,5RS, 7RS)-Adamantane-1-carbonyl)-1-phenyl-2a,8b-dihydro-3H-cyclobuta[c]chrom
en-3-one (24e)

Colorless needles (ACOEt), mp 243.6-245.3 °C; 'H-NMR (400 MHz, CDCls) §: 1.58-1.70 (6H, m), 1.90-1.96
(9H, m), 4.47 (1H, s), 6.59 (1H, s), 7.11 (1H, d, J=1.3 Hz), 7.12 (1H, dd, J=1.3, 7.0 Hz), 7.17-7.36 (4H, m),
7.41-7.48 (3H, m). *C-NMR (100 MHz, CDCls) &: 27.9, 36.3, 39.0, 46.9, 47.3, 58.5, 118.0, 120.1, 125.0, 125.6,
128.0, 128.6, 129.0, 129.2, 129.3, 131.6, 150.0, 151.2, 161.2, 208.8. IR (CHCI3): 2891, 1732, 1686 cm™
HR-EIMS calcd for C,gH,603: 410.1882. Found: 4101877. Anal calad for C,3H,603: C ; 81.92, H ; 6.38, Found:
C;81.71,H; 6.45.

Ph

H
24f 0”00
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(2aRS,8bRS)-2a-Benzoyl-1-phenyl-2a,8b-dihydro-3H-cyclobuta[c]chromen-3-one (24f)

Yellow amorphous; *H-NMR (400 MHz, CDCI,) 6: 4.65 (1H, s), 6.71 (1H, s), 7.19-7.56 (12H, m), 7.71-7.74 (2H,
m). BC-NMR (100 MHz, CDCly) o: 47.7, 57.8, 118.2, 119.7, 125.3, 125.7, 127.1, 128.4, 128.6, 129.0, 129.5,
129.5, 129.5, 131.5, 133.7, 134.0, 151.1, 151.3, 165.9, 193.5. IR (CHCl,): 1734, 1676 cm™. LR-EIMS m/z: 352
(M*, 7.0), 247 (23.0), 105 (100). HR-EIMS calcd for Cy4H1503: 352.1099. Found : 352.1107.

Ph OMe
:H 5 )
o~ Y00

(2aRS,8bRS)-2a-(4-Methoxybenzoyl)-1-phenyl-2a,8b-dihydro-3H-cyclobuta[c]chromen-3-one (24g)

24g

Pale yellow amorphous; *H-NMR (400 MHz, CDCls) ¢: 3.81 (3H, s), 4.64 (1H, s), 6.72 (1H, s), 6.85 (2H, ddd, J
= 2.9, 2.1, 4.8 Hz), 7.19-7.24 (2H, m), 7.31-7.38 (4H, m), 7.43-7.50 (3H, m), 7.70 (2H, ddd, J = 2.9, 2.1, 4.8
Hz). ®*C-NMR (100 MHz, CDCl) J: 47.8, 55.5, 57.7, 114.3, 118.1, 119.9, 125.2, 125.7, 126.9, 127.4, 128.6,
129.4, 129.5, 129.5, 130.8, 131.6, 151.1, 151.1, 164.0, 166.1, 191.9. IR (CHCIs): 1736, 1667 cm™. HR-EIMS
calcd for CpsH130,: 382.1205. Found: 382.1200.

MeO

O& Ph
o~ ~o©

(2aRS,8bRS)-2a-Benzoyl-1-(4-methoxyphenyl)-2a,8b-dihydro-3H-cyclobuta[c]chromen-3-one (24h)

24h

Colorless needles (AcOEt/n-hexane), mp 182.0-183.7 °C; *H-NMR (400 MHz, CDCIl5) d: 3.79 (3H, s), 4.61 (1H,
s), 6.57 (1H, s), 6.85-6.88 (2H, m), 7.19-7.55 (9H, m), 7.71-7.74 (2H, m). *C-NMR (100 MHz, CDCl3) 8: 47.7,
55.3,57.7,114.0, 118.2, 119.9, 124.4, 124.6, 125.2, 127.2, 128.4, 129.0, 129.5, 129.5, 133.7, 134.1, 150.8, 151.1,
160.5, 166.2, 193.8. IR (CHCl5): 1732, 1676, 1620, 1598 cm™. LR-EIMS m/z: 382 (M", 32.7), 277 (76.8), 105
(100). HR-EIMS calcd for C,5H10,4: 382.1205. Found: 382.1207, Anal calad for CysH130,4: C ; 78.52, H ; 4.74,
Found: C ; 78.54, H ; 4.90.
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Methyl (2aRS,8bRS)-1-butyl-3-ox0-3H-cyclobuta[c]chromene-2a(8bH)-carboxylate (24i)

Pale yellow oil; *H-NMR (400 MHz, CDCl3) &: 0.86 (3H, t, J=7.3 Hz), 1.24-1.49 (4H, m), 1.98-2.07 (2H, m),
3.79 (3H, s), 4.11 (1H, s), 5.99 (1H, s), 7.90 (1H, dd, J=0.4, 0.7 Hz), 7.15-7.18 (2H, m), 7.27-7.31 (1H, m).
3C-NMR (100 MHz, CDCls) 6: 13.7, 22.2, 27.5, 28.3, 48.8, 52.9, 53.6, 117.5, 119.8, 124.8, 126.7, 127.9, 128.9,
150.3, 158.4, 165.5, 169.1. IR (CHCI3): 1736 cm™. HR-EIMS calcd for Cy7H150,: 286.1205. Found: 286.1203.

Methyl (2aRS,8bSR)-2-methyl-3-oxo-1-phenyl-3H-cyclobuta[c]chromene-2a(8bH)-carboxylate (24j)
Yellow amorphous; *H-NMR (400 MHz, CDCl,) d: 2.16 (3H, d, J=2.2 Hz), 3.81 (3H, s), 4.51 (1H, d, J=2.0 Hz),
7.07-7.14 (2H, m), 7.23-7.31 (2H, m), 7.34-7.41 (5H, m). *C-NMR (100 MHz, CDCl3) &: 12.6, 46.1, 52.9, 55.5,
117.7, 120.1, 124.8, 126.7, 128.5, 128.6, 128.9, 129.2, 132.4, 137.2, 145.0, 150.8, 164.3, 168.6. IR (CHCl5):
1737 cm™. HR-EIMS calcd for CyoH150,: 320.1048. Found: 320.1052.

OH Ph
26b HO COMe

1-(2,2’-Dihydroxy-5-phenyl-biphenyl-3-yl)-ethanone (26b)
Yellow amorphous; "H-NMR (400 MHz, CDCl5) & 2.79 (3H, ), 6.60 (1H, s), 7.04-7.11 (2H, m), 7.32-7.41 (3H,
m), 7.45-7.50 (2H, m), 7.56-7.59 (2H, m), 7.84 (1H, d, J=2.4 Hz), 8.01 (1H, d, J=2.2 Hz), 13.60 (1H,
5).*C-NMR (100 MHz, CDCls) & 27.0, 118.6, 119.9, 121.4, 125.3, 126.9, 127.6, 128.8, 128.9, 129.0, 129.9,
131.2, 133.7, 138.0, 139.5, 154.0, 157.3, 205.6. IR (CHCI;): 1633 cm™. LR-EIMS m/z: 289 (M", 42.5), 286
(48.40), 272 (21.9), 271 (100.0, 215 (32.4). HR-EIMS calcd for CyyH1505: 304.1099. Found: 304.1102.

OH Ph
26¢ HO COi-Pr

1-(2,2’-Dihydroxy-5-phenylbiphenyl-3-yl)-2-methylpropan-1-one (26c)
Pale yellow amorphous; *H-NMR (400 MHz, CDCl;) & 1.33 (6H, d, J=7.0 Hz), 3.78 (1H, hept, J=7.0 Hz),
6.70 (1H, s), 7.03-7.11 (2H, m), 7.31-7.53 (5H, m), 7.54-7.58 (2H, m), 7.82 (1H, d, J=2.2 Hz), 8.06 (1H, d,
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J=2.2 Hz), 13.9 (1H, s). ®*C-NMR (100 MHz, CDCl;) & 19.4, 35.3, 118.2, 118.5, 121.4, 125.4, 126.9, 127.5,
128.1, 129.0, 129.1, 129.8, 131.2, 133.5, 137.8, 139.7, 154.0, 158.0, 211.9. IR (CHCI;): 3333, 2955, 1630, 1593
cm™. LR-EIMS m/z : 332 (M", 35.4), 289 (100.0). HR-EIMS calcd for C,H,0O5: 332.1412. Found: 332.1408.

OH Ph
26d HO COt-Bu

1-(2,2°-Dihydroxy-5-phenylbiphenyl-3-yl)-2,2-dimethylpropan-1-one (26d)

Yellow amorphous; ‘*H-NMR (400 MHz, CDCl5) & 1.56 (9H, s), 6.68 (1H, s), 7.04-7.11 (2H, m), 7.31-7.40
(3H, m), 7.46-7.50 (2H, m), 7.54-7.57 (2H, m), 7.79 (1H, d, J=2.3 Hz), 8.34 (1H, d, J=2.3 Hz). *C-NMR (100
MHz, CDCl;) & : 29.0, 45.0, 117.6, 118.5, 121.4, 125.8, 126.8, 127.5, 129.1, 129.3, 129.5, 129.8, 131.2, 132.4,
137.0, 139.9, 154.1, 158.6, 213.3. IR (CHClIs): 3336, 1621 cm™. LR-EIMS m/z: 346 (M*, 11.0), 289 (100.0), 271
(28.8). HR-EIMS calcd for Cy3H,,05: 346.1569. Found: 346.1566.

OH Ph
26e HO COAd

Adamantan-1-yl (2,2’-dihydroxy-5-phenylbiphenyl-3-yl) ketone (26¢)

Pale yellow amorphous; *H-NMR (400 MHz, CDCly) & 1.74-1.94 (6H, br), 2.06-2.22 (3H, br), 2.27 (6H, d,
J=2.7 Hz), 6.78 (1H, s), 7.03-7.11 (2H, m), 7.24-7.41 (3H, m), 7.47-7.51 (2H, m), 7.56-7.58 (2H, m), 7.78 (1H,
d, J=2.2 Hz), 8.55 (1H, d, J=2.2 Hz). **C-NMR (100 MHz, CDCl;) & 27.8, 28.3, 36.6, 36.6, 40.0, 48.4, 115.3,
118.1, 1185, 121.3, 121.4, 122.8, 125.9, 126.2, 126.7, 126.9, 127.4, 127.6, 128.0, 128.2, 128.9, 129.1, 129.6,
129.7, 131.1, 132.1, 136.8, 138.4, 140.0, 154.1, 158.5, 212.7. IR (CHCI5): 2891, 1686 cm™. LR-EIMS m/z: 424
(M, 6.5), 289 (22.6), 55.1 (100.0). HR-EIMS calcd for CygH,505: 424.2038. Found: 424.2041.

OH Ph
26f HO COPh

(2,2’-Dihydroxy-5-phenylbiphenyl-3-yl) phenyl ketone (26f)
Yellow amorphous; *H-NMR (300 MHz, CDCls) &: 7.05-7.14 (2H, m), 7.33-7.80 (10H, m), 7.77-7.80 (2H, m),
7.87-7.91 (2H, m) 13.3 (1H, s). ®*C-NMR (75 MHz, CDCls) & 118.5, 119.4, 121.4, 125.3, 126.8, 127.5, 128.6,
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128.7, 129.0, 129.4, 129.9, 131.2, 131.7, 132.5, 133.2, 137.4, 137.7, 139.4, 154.1, 158.1, 202.3. IR (CHCI,):
1617m™. LR-EIMS m/z : 366 (M*, 89.0), 348 (79.6), 271 (70.0), 105 (100.0). HR-EIMS calcd for CpsH;30s:
366.1256. Found : 366.1253.

Ph

H
X -eom

25f O H OH

[(4aRS,9bSR)-(4a,9b-Dihydro-4-hydroxy-1-phenyldibenzofuran-3-yl)] phenyl ketone (25f)

Light yellow powder (ACOEt). mp 177.4 — 179.1 °C. *H-NMR (400 MHz, CDCls) & 5.09 (1H, d, J=10.6 Hz),
5.48 (1H, d, J=10.4 Hz), 6.70-6.98 (3H, m), 7.12 (1H, dd, J=0.9, 1.1 Hz), 7.13-7.16 (1H, m), 7.29-7.60 (8H, m),
7.60-7.62 (2H, m). *C-NMR (100 MHz, CDCl;) & 43.9, 81.3, 106.9, 110.1, 119.2, 121.4, 124.5, 125.8, 127.1,
1275, 128.1, 128.3, 128.5, 128.7, 128.8, 128.9, 131.4, 132.1, 133.9, 139.6, 158.5, 181.0, 193.3. IR (CHCly):
1597 cm™. LR-EIMS m/z: 366 (M*, 100.0), 365 (61.9), 348 (41.6), 289 (28.1), 271 (35.7). HR-EIMS calcd for
CasH1g05: 366.1256. Found : 366.1254. Anal calcd for CpsHig05+H,0: C; 78.11, H ; 5.24. Found: C ; 78.29, H ;
5.16.

OH Ph

HO O OMe
269 o

1-(2,2°-Dihydroxy-5-phenyl-biphenyl-3-yl)-(4-methoxy-phenyl)-methanone (26g)

Yellow amorphous; *H-NMR (400 MHz, CDCl;) & 3.92 (3H, s), 6.70 (1H, s), 7.02—-7.14 (4H, m), 7.32-7.45
(5H, m), 7.50-7.53 (2H, m), 7.80-7.84 (2H, m), 7.86 (1H, d, J=2.4 Hz), 7.94 (1H, d, J=2.4 Hz), 13.30 (1H, s).
13C-NMR (100 MHz, CDClI;) & 55.6, 113.9, 118.6, 119.6, 121.4, 125.5, 126.8, 127.4, 128.6, 129.0, 129.8, 129.9,
131.2,131.4,132.1, 133.0, 137.2, 139.5, 154.1, 157.7, 163.4, 200.6. IR (CHCI5;) : 1614 cm™. LR-EIMS m/z : 396
(M", 39.0), 378 (21.3), 288 (67.0), 135 (100.0). HR-EIMS calcd for CysH20, : 396.1361. Found : 396.1364.

25¢ O H OH

(4aRS,9bSR)-[4-Hydroxy-1-(4-methoxyphenyl)-4a,9b-dihydro-dibenzofuran-3-yl)]  phenyl  methanone
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(259)

Yellow amorphous; *H-NMR (400 MHz, CDCI3) & 3.84 (3H, s), 5.05 (1H, d, J=10.4 Hz), 5.47 (1H, d, J=10.4
Hz), 6.67 (1H, s), 6.74 (2H, dd, J=0.9, 5.7 Hz), 6.91 (2H, m), 6.97 (1H, d, J=8.1 Hz), 7.12-7.16 (1H, m), 7.39
(2H, dd, J=2.0, 4.8 Hz), 7.45-7.52 (3H, m), 7.59 (2H, ddd, J=1.3, 1.6, 4.9 Hz). ®*C-NMR (100 MHz, CDCl5)
544.0, 55.3, 81.3, 107.0, 110.0, 114.2, 117.5, 121.4, 124.4, 126.6, 127.0, 128.2, 128.4, 128.6, 128.9, 131.3,
132.1, 134.0, 158.5, 159.1, 180.4, 193.3. IR (CHClI,) : 1603 cm™. LR-EIMS m/z : 396 (M*, 17.0), 378 (9.9), 57
(100.0). HR-EIMS calcd for CpgH,04 : 396.1361. Found : 396.1366.

OMe

o S
26h HO COPHh
[2,2°-Dihydroxy-5-(4-methoxyphenyl)-3-yI] phenyl ketone (26h)

Yellow amorphous; *H-NMR (400 MHz, CDCls) & 3.83 (3H, s), 6.64 (1H, s), 6.93-6.96 (2H, m), 7.08-7.14
(2H, m), 7.35-7.43 (4H, m), 7.54-7.58 (2H, m), 7.63-7.79 (1H, m), 7.82-7.83 (2H, m), 7.84-7.85 (2H, m),
13.30 (1H, s). *C-NMR (100 MHz, CDCls) &: 55.4, 114.4, 118.5, 119.3, 121.4, 125.4, 127.8, 128.6, 128.6, 129.4,
129.9, 131.2, 131.3, 131.9, 132.5, 132.9, 137.4, 137.5, 154.1, 157.6, 159.3, 202.4. IR (CHCly) : 1614 cm™
LR-EIMS m/z : 396 (M", 100.0), 378 (90.0), 363 (25.0), 301 (33.7). HR-EIMS calcd for CysH20, : 396.1361.
Found : 396.1358.

25h
(4aRS,9bSR)-[4a,9b-Dihydro-4-hydroxy-1-(4-methoxyphenyl)dibenzofuran-3-yl] phenyl ketone (25h)

Yellow amorphous; *H-NMR (400 MHz, CDCl3) & 3.84 (3H, s), 5.05 (1H, d, J=10.4 Hz), 5.47 (1H, d, J=10.4
Hz), 6.67 (1H, s), 6.72-6.77 (2H, m), 6.90-6.94 (2H, m), 6.97 (1H, d, J=8.1 Hz), 7.12-7.16 (1H, m), 7.36-7.41
(2H, m), 7.45-7.52 (3H, m), 7.58-7.62 (2H, m). *C-NMR (100 MHz, CDCl;) & 44.0, 55.3, 81.3, 107.0, 110.0,
114.2, 117.5, 121.4, 124.4, 126.6, 127.0, 128.2, 128.4, 128.6, 128.9, 131.3, 132.1, 134.0, 158.5, 159.1, 180.4,
193.3. IR (CHCI;) : 1603 cm™. LR-EIMS m/z : 396 (M*, 17.0), 378 (9.9), 57 (100.0), 129 (18.3), 125 (10.8), 123
(10.6). HR-EIMS calcd for C,gH,004: 396.1361. Found : 396.1366.
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OH n-Bu

26i HO  CO,Me

Methyl 5-Butyl-2,2’-dihydroxybiphenyl-3-carboxylate (26i)

Brown oil; *H-NMR (400 MHz, CDCls) & : 0.93 (3H, t, J=7.3 Hz), 1.35-1.41 (2H, m), 1.56-1.64 (2H, m), 2.59
(2H, t, J=7.7 Hz), 3.99 (3H, s), 6.45-6.90 (1H, br), 7.01-7.08 (2H, m), 7.26-7.34 (2H, m), 7.40 (1H, d, J=2.4
Hz), 7.74 (1H, d, J=2.4 Hz), 11.6-12.2 (1H, br). *C-NMR (100 MHz, CDCl5) & : 13.9, 22.2, 33.6, 34.7, 52.7,
112.3,118.3, 121.2, 125.6, 127.1, 129.1, 129.6, 131.1, 134.8, 138.7, 153.9, 155.1, 171.2. IR (CHCl5): 3346, 1667
cm™. LR-EIMS m/z : 300 (M*, 30.1), 268 (100.0), 251 (29.7), 187 (54.3). HR-EIMS calcd for CygH00.:
300.1361. Found: 300.1361.

OH Ph
SaWal
26j HO COOMe

Methyl 2,2°-Dihydroxy-4-methyl-5-phenylbiphenyl-3-carboxylate (26j)

Yellowish amorphous; *H-NMR (400 MHz, CDCl3) & 2.45 (3H, s), 4.02 (3H, s), 6.76 (1H, s), 6.97-7.01 (1H,
m), 7.05 (1H, dd, J=1.3, 6.4 Hz), 7.25-7.43 (8H, m), 12.4 (1H, s). **C-NMR (100 MHz, CDCls) & : 20.8, 52.8,
1135, 118.2, 121.2, 124.7, 125.5, 127.0, 128.2, 129.5, 129.7, 131.1, 136.5, 138.2, 138.5, 141.2, 153.9, 156.7,
172.9. IR (CHCIy) : 1655 cm™. LR-EIMS m/z : 334 (M", 23.6), 302 (100.0), 285 (47.0). HR-EIMS calcd for
Cy1H150, 1 334.1205. Found : 334.1212.

Chapter 2 section 3

Methyl (2aRS,8bRS)-8-methoxy-3-0x0-1-phenyl-3H-cyclobuta[c]Jchromene-2a(8bH)-carboxylate (24A)

Colorless plates (AcOEt), mp 154.0-155.3 °C; *H-NMR (400 MHz, CDCl;) & 3.81 (3H, s), 3.97 (3H, s), 4.89
(1H, s), 6.51 (1H, s), 6.70 (2H, dd, J=0.9, 3.1 Hz), 7.23 (1H, dd, J=8.4, 8.2 Hz), 7.29-7.33 (3H, m), 7.56 (2H,
ddd, J = 1.6, 3.5, 2.9 Hz). BC-NMR (100 MHz, CDCly) & 43.5, 53.0, 53.5, 55.6, 106.8, 109.1, 110.2, 126.1,
126.2, 128.3, 129.3, 129.6, 131.8, 152.2, 153.9, 156.9, 165.8, 168.9. IR (CHCI;): 1738 cm™. HR-EIMS calcd for
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CaoH160s: 366.0998. Found: 336.0991. Anal calad for C,H160s: C ; 71.44, H ; 4.82, Found: C ; 71.42, H ; 4.79.

24B
Methyl (2aRS,8bRS)-7-methoxy-3-o0xo-1-phenyl-3H-cyclobuta[c]chromene-2a(8bH)-carboxylate (24B)

Pale yellow amorphous; "H-NMR (400 MHz, CDCl,) & 3.79 (3H, s), 3.82 (3H, s), 4.63 (1H, s), 6.49 (1H, s),
6.79 (1H, dd, J=2.9, 6.0 Hz), 6.94 (1H, d, J=2.9 Hz), 7.03 (1H, d, J=9.0 Hz), 7.33-7.39 (3H, m), 7.44-7.48 (2H,
m). *C-NMR (100 MHz, CDCl,) & 48.1, 53.1, 53.4, 55.7, 114.0, 114.4, 118.6, 120.3, 125.8, 126.0, 128.7, 129.6,
131.5, 145.0, 152.6, 156.3, 165.5, 168.8. IR (CHCI5): 1741 cm™ HR-EIMS calcd for CyH160s : 366.0998.
Found : 336.0993.

24C MeO
Methyl (2aRS,8bRS)-6-methoxy-3-oxo-1-phenyl-3H-cyclobuta[c]chromene-2a(8bH)-carboxylate (24C)

Pale yellow amorphous; "H-NMR (400 MHz, CDCls) & 3.77 (3H, s), 3.82 (3H, s), 4.61 (1H, s), 6.48 (1H, s),
6.63 (1H, d, J=2.6 Hz), 6.72 (1H, dd, J=2.6, 5.9 Hz), 7.32-7.38 (1H, m), 7.43-7.45 (2H, m). *C-NMR (100
MHz, CDCl5) & 47.4, 53.1, 53.7, 55.5, 102.9, 111.5, 125.5, 125.7, 128.7, 128.8, 129.6, 129.8, 131.6, 151.9,
153.1, 160.3, 165.5, 168.9. IR (CHCls): 1744 cm™. HR-EIMS calcd for CyH;60s: 366.0998. Found: 336.0993

24D MeO

Methyl (2aRS,8bRS)-5-methoxy-3-o0xo-1-phenyl-3H-cyclobuta[c]chromene-2a(8bH)-carboxylate (24D)

Pale yellow amorphous; "H-NMR (400 MHz, CDCl;) & 3.81 (3H, s), 3.87 (3H, s), 4.66 (1H, s), 6.50 (1H, s),
6.86 (1H, dd, J=1.5, 6.6 Hz), 7.01-7.03 (1H, m), 7.10 (1H, dd, J=8.1, 7.9 Hz), 7.33-7.36 (3H, m), 7.43-7.45 (2H,
m). *C-NMR (100 MHz, CDCl,) &: 48.1, 53.0, 53.6, 56.1, 111.7, 120.4, 120.4, 124.7, 125.8, 126.0, 128.6, 129.6,
131.5, 140.4, 148.0, 152.6, 164.8, 168.8. IR (CHCI;): 1748 cm™. HR-EIMS calcd for C,H;c0s: 366.0998.

Found: 336.0993.
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Methyl (2aRS,8bRS)-3-0x0-1-phenyl-8-(trimethylsilyl)-3H-cyclobuta[c]Jchromene-2a(8bH)-carboxylate
(24F)

Pale yellow amorphous; *H-NMR (400 MHz, CDCl;) & 0.34 (9H, s), 3.82 (3H, s), 4.64 (1H, s), 6.52 (1H, s),
7.15 (1H, dd, J=7.5, 7.3 Hz), 7.32-7.38 (4H, m), 7.45-7.47 (3H, m). *C-NMR (100 MHz, CDCl,) &: -0.85, 48.1,
53.0, 53.7, 118.7, 124.5, 125.8, 126.1, 128.6, 129.4, 129.5, 130.4, 131.6, 134.8, 152.5, 155.7, 165.1, 168.9. IR
(CHCI5): 1743, 1259, 906 cm™. HR-EIMS calcd for Cy,H,,0,Si: 378.1287. Found: 378.1284.

MeO Ph

H
s

26A O H OH

Methyl (4aRS,9bSR)-4a,9b-dihydro-4-hydroxy-9-methoxy-1-phenyldibenzofuran-3-carboxylate (26A).

Pale yellow amorphous. *H-NMR (400 MHz, CDCl,) & : 3.15 (3H, s), 3.81 (3H, s), 4.91 (1H, d, J=10.1 Hz), 5.50
(1H, d, J=10.1 Hz), 6.24 (1H, dd, J=0.5, 7.7 Hz), 6.36 (1H, d, J=1.3 Hz), 6.56 (1H, d, J=7.9 Hz), 7.05 (1H, dt,
J=0.7, 8.1 Hz), 7.22-7.25 (1H, m), 7.28-7.32 (4H, m), 12.3 (1H, s). *C-NMR (100 MHz, CDCl,) & : 44.1, 52.1,
54.5, 80.9, 100.7, 103.0, 104.3, 114.1, 117.6, 126.5, 127.0, 127.5, 129.7, 129.8, 141.5, 156.9, 159.4, 165.2, 170.7.
IR (CHCIs) : 1659, 1604 cm™. LR-EIMS m/z : 350 (M", 43.6), 318 (36.9), 317 (20.7), 237 (100.0). HR-EIMS
calcd for C,;Hq1505 : 350.1154. Found : 350.1149.

MeQ Ph
258 HO OH CO,Me

Methyl 2,2°-dihydroxy-5’-methoxy-5-phenylbiphenyl-3-carboxylate (25B).

Pale yellow amorphous. "H-NMR (400 MHz, CDCls) & : 3.80 (3H, s), 4.04 (3H, s), 6.24 (1H, s), 6.87 (1H, d,
J=2.9 Hz), 6.90-6.94 (1H, m), 7.04 (1H, d, J=8.8 Hz), 7.34-7.38 (1H, m), 7.43-7.47 (2H, m), 7.57—7.59 (2H, m),
7.82 (1H, d, J=2.0 Hz), 8.17 (1H, d, J=2.4 Hz), 12.0 (1H, s). **C-NMR (100 MHz, CDCl3) & : 52.9, 55.8, 113.0,
115.2, 116.0, 119.4, 126.2, 126.8, 127.5, 128.0, 128.1, 128.9, 133.7, 136.9, 139.4, 147.8, 154.1, 156.4, 171.1. IR
(CHCI) : 1669 cm™. LR-EIMS m/z : 350 (M*, 39.1), 318 (100.0), 303 (49.6). HR-EIMS calcd for CH150s :
350.1154. Found : 350.1149.

Ph

MeO H
O CO,Me
26B O H OH
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Methyl (4aRS,9bSR)-4a,9b-dihydro-4-hydroxy-8-methoxy-1-phenyldibenzofuran-3-carboxylate (26B).

Pale yellow amorphous. *H-NMR (400 MHz, CDCl,) & : 3.51 (3H, s), 3.83 (3H, s), 4.99 (1H, dd, J =0.9, 11.7
Hz), 5.69 (1H, d, J=11.7 Hz), 6.18 (1H, dd, J=1.0, 2.7 Hz), 6.59 (1H, d, J=0.7 Hz), 6.62 (1H, ddd, J=0.8, 2.7, 8.8
Hz), 6.81 (1H, d, J=8.8 Hz), 7.29-7.50 (5H, m), 12.4 (1H, s). *C-NMR (100 MHz, CDCls) & : 44.2, 52.1, 55.7,
80.3, 100.3, 109.6, 111.1, 113.2, 116.0, 126.1, 127.5, 127.9, 128.7, 129.0, 139.2, 151.7, 154.4, 165.8, 170.7. IR
(CHCI) : 1659, 1593 cm™ LR-EIMS m/z : 350 (M*, 42.6), 318 (100.0), 303 (38.4). HR-EIMS calcd for
C,1H1g0s5 : 350.1154. Found : 350.1158.

Ph
o S
25C HO OH COyMe

Methyl 2,2°-dihydroxy-4’-methoxy-5-phenylbiphenyl-3-carboxylate (25C).

Brown yellow amorphous. *H-NMR (400 MHz, CDCls) & : 3.83 (3H, s), 4.02 (3H, s), 6.62 - 6.74 (3H, m),
7.33-7.37 (1H, m), 7.42-7.47 (3H, m), 7.56-7.76 (2H, m), 7.77 (1H, d, J=2.2 Hz), 8.12 (1H, d, J=2.0 Hz), 12.0
(1H, s). *C-NMR (100 MHz, CDCIl3) & : 52.9, 55.4, 103.3, 108.0, 112.9, 117.7, 126.8, 127.4, 127.5, 127.8,
128.9, 131.8, 133.7, 136.9, 139.5, 155.1, 156.3, 161.2, 171.1. IR (CHClI5) : 1668, 1614 cm™. LR-EIMS m/z : 350
(M*, 51.0), 318 (100.0), 301 (27.9). HR-EIMS calcd for C,;Hy50s5 : 350.1154. Found : 350.1151.

Ph

25D MeO HO OH CO);Me

Methyl 2,2’-dihydroxy-3’-methoxy-5-phenylbiphenyl-3-carboxylate (25D).

Pale yellow amorphous. *H-NMR (400 MHz, CDCl5) & : 3.94 (3H, s), 4.00 (3H, s), 6.01 (1H, s), 6.91-6.98 (3H,
m), 7.30-7.35 (1H, m), 7.40-7.45 (2H, m), 7.57-7.60 (2H, m), 7.81 (1H, dd, J=0.5, 2.4 Hz), 8.13 (1H, d, J=2.6
Hz), 11.4 (1H, s). *C-NMR (100 MHz, CDCl) & : 52.6, 56.1, 110.5, 112.7, 119.8, 123.4, 123.9, 126.7, 127.1,
127.2,127.7,128.8, 132.2, 136.5, 139.8, 143.3, 147.3,158.1, 171.0. IR (CHCI5) : 1670 cm™. LR-EIMS m/z : 350
(M", 57.0), 318 (100.0), 272 (26.5). HR-EIMS calcd for C,3H450s : 350.1154. Found : 350.1149.

Me Ph
s HO OH CO;Me

Methyl 2,2’-dihydroxy-6’-methyl-5-phenylbiphenyl-3-carboxylate (25E).
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Yellowish oil. "H-NMR(300 MHz, CDCls) & : 2.36 (3H, s), 4.02 (3H, s), 6.37 (1H, ), 6.94 (1H, t, J=7.5 Hz),
7.15 (1H, dd, J=1.7 Hz, 7.5 Hz), 7.20-7.24 (1H, m), 7.34-7.46 (3H, m), 7.55-7.58 (2H, m), 7.80 (1H, d, J=2.4
Hz), 8.15 (1H, d, J=2.4 Hz), 11.9 (1H, s). ®*C-NMR (75 MHz) & : 16.5, 52.9, 112.9, 120.9, 124.9, 126.8, 127.1,
127.4,127.9,128.1, 128.8, 128.9, 131.1, 133.6, 137.2, 139.5, 152.0, 156.6, 171.1. IR (CHCl;) : 3660-3300, 1715,
1634, 1597 cm™. LR-EIMS m/z : 334 (M, 37.8), 302 (100.0), 285 (39.7), 101 (22.0). HR-EIMS calcd for
C,1H150, : 334.1205. Found : 334.1200.

TMS Ph
J5F HO OH COz;Me
Methyl 2,2°-Dihydroxy-5-phenyl-6’-trimethylsilylbiphenyl-3-carboxylate (25F).

White crystals (AcOEt / n-Hexane), mp 118.6 — 121.3 °C. *H-NMR (300 MHz, CDCl,) & : 0.35 (9H, s), 4.03
(3H, s), 6.65 (1H, s), 7.01-7.08 (1H, m), 7.28-7.49 (5H, m), 7.56-7.64 (2H, m), 7.80 (1H, d, J=2.4 Hz), 8.15
(1H, d, J=2.4 Hz), 12.0 (1H, s). *C-NMR (75 MHz, CDCls) & : -0.80, 52.7, 112.8, 121.0, 124.5, 126.7, 127.3,
127.8, 128.2, 128.4, 128.8, 132.5, 133.6, 135.4, 137.2, 139.4, 156.5, 158.5, 171.0. IR (CHCIs) 3650-3300, 1668

cm. LR-EIMS m/z : 392 (M*, 32.4), 360 (23.2), 345 (100.0), 302 (18.7). HR-EIMS calcd for CyH»,0,4Si :
392.1444. Found : 392.1436.

Chapter 2 section 4

General Procedure for Oxidation of dihydrodibenzofurans #: After completion of above reaction, crude
product was oxidized with excess of DDQ in benzene.

To a suspension of (CH3)3S(O)I (82 mg, 0.38 mmol) in DMF (2.0 ml), NaH (60% in mineral oil, 15 mg, 0.38
mmol) was added with stirring, and the whole was stirred for 30 min at rt under N, atmosphere. Starting material
24Ab (60 mg, 0.19 mmol) was added to the reaction mixture, and the stirring was continued at the same
temperature overnight. After completion of the reaction, the mixture was acidified with 10% HCI aq. and
extracted with ethyl acetate. The combined extracts were washed with water and brine, dried over Na,SO,, and
evaporated. The crude product and DDQ (0.30 mg, 1.31 mmol) in benzene (5.0 ml) were stirred at rt for 2 h. The
reaction mixture was concentrated in vacuo, and the residue was purified by silica gel column chromatography

(n-hexane/AcOEt = 3:1) to yield 50Ab (30 mg, 50 %)

Meo PN
e
50Ab O OH
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1-(4-Hydroxy-9-methoxy-1-phenyldibenzofuran-3-yl)-1-ethanone (50Ab).

Yellowish powder (AcOEt / n-hexane), mp 190.2-192.7 °C, *H-NMR (300 MHz, CDCls) & : 2.69 (3H, s), 3.28
(3H, s), 6.59 (1H, d, J=8.1 Hz), 7.25-7.28 (2H, m), 7.39-7.45 (5H, m), 7.54 (1H, s), 12.7 (1H, s). *C-NMR (75
MHz) & : 27.1, 55.0, 104.1, 104.6, 113.1, 116.8, 126.5, 126.7, 126.9, 128.4, 129.2, 129.8, 129.9, 142.4, 143.4,
147.7, 155.6, 159.1, 204.7. IR (CHCIl5) : 3000, 1651, 1614 cm™. LR-EIMS m/z : 332 (M", 100.0), 317 (97.1).
HR-EIMS calcd for CyH1604 : 332.1049. Found : 332.1050.

Meo PP
O COn-Pr
50Ak O OH

1-(4-Hydroxy-9-methoxy-1-phenyldibenzofuran-3-yl)-1-butanone (50Ak).

Yellowish crystals (AcOEt / n-hexane), mp 187.5 — 190.4 °C, 'H-NMR (300 MHz, CDCl;) & : 1.02 (3H, t,
J=7.4 Hz), 1.81 (2H, sext, J=7.3 Hz), 3.02 (2H, t, J=7.3 Hz), 3.27 (3H, s), 6.56 (1H, d, J=8.1 Hz), 7.24 (1H, d,
J=5.5 Hz), 7.38-7.43 (6H, m), 7.56 (1H, s), 12.9 (1H, s). *C-NMR (75 MHz) & : 13.8, 17.9, 40.6, 55.0, 104.0,
104.6, 113.1, 116.5, 125.7, 126.7, 126.8, 128.2, 128.9, 129.8, 129.8, 142.5, 143.5, 147.8, 155.6, 159.0, 207.0. IR
(CHCI3) : 1650, 1613 cm™ LR-EIMS m/z : 360 (M*, 55.0), 317 (100.0). HR-EIMS calcd for Cy3H,0, :
360.1361. Found : 360.1362.

Meo PN
50Ac O OH

1-(4-Hydroxy-9-methoxy-1-phenyldibenzofuran-3-yl)-2-methyl-1-propanone (50Ac).

White crystals (AcOEt / n-hexane), mp 124.1 — 125.9 °C, 'H-NMR (300 MHz, CDCls) & : 1.28 (6H, d, J=7.5
Hz), 3.28 (3H, s), 3.65 (1H, hept, J=6.8 Hz), 6.58 (1H, d, J=8.1 Hz), 6.27 (1H, d, J=7.1 Hz), 7.38-7.44 (6H, m),
7.60 (1H, s), 13.0 (1H, s). *C-NMR (75 MHz) & : 19.4, 35.3, 55.0, 104.0, 104.6, 113.1, 115.3, 125.6, 126.7,
126.8, 128.2, 128.9, 129.8, 142.5, 143.7, 148.4, 155.6, 159.0, 211.1. IR (CHCls) : 1646, 1614 cm™. LR-EIMS
m/z : 360 (M", 31.2), 317 (100.0). HR-EIMS calcd for Cy3Hz,0, : 360.1361. Found : 360.1357.

MeO Ph

H
O O COt-Bu

25Ad O H OH
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1-[(4aRS,
9bSR)-4-hydroxy-9-methoxy-1-phenyl-4a,9b-dihydrodibenzofuran-3-yl]-2,2-dimethyl-1-propanone
(25Ad).

Yellowish oil. *H-NMR (300 MHz, CDCls) & : 1.32 (9H, s), 3.19 (3H, s), 4.87 (1H, d, J=9.5 Hz), 5.33 (1H, d,
J=9.8 Hz), 6.26 (1H, d, J=8.2 Hz), 6.57 (1H, d, J=7.9 Hz), 6.68 (1H, s), 7.05 (1H, t, J=8.1 Hz), 7.23-7.33 (5H,
m), 17.0 (1H, s). ®*C-NMR (75 MHz) & : 27.7, 41.3, 43.1, 54.6, 81.6, 103.2, 104.4, 106.4, 114.3, 120.1, 126.5,
127.0,127.2, 127.7, 129.7, 142.3, 156.9, 159.8, 183.7, 201.2. IR (CHClI5) : 1698, 1596 cm™. LR-EIMS m/z : 376
(M*,9.7), 319 (100.0), 57 (33.1). HR-EIMS calcd for C»4H»,0, : 376.1674. Found : 376.1679.

MeO Ph
)-oom
50Af O OH

(4-Hydroxy-9-methoxy-1-phenyldibenzofuran-3-yl) phenyl ketone (50Af).

Yellowish crystals (AcOEt / n-hexane), mp 177.4-181.1 °C, *H-NMR(300 MHz, CDCl,) & : 3.28 (3H, s), 6.60
(1H, d, J=7.9 Hz), 7.29 (1H, dd, J=0.7, 8.3 Hz), 7.35 (5H, s), 7.41-7.56 (5H, m), 7.73-7.76 (2H, m), 12.6 (1H, s).
BC-NMR (75 MHz) & : 55.0, 104.1, 104.7, 116.3, 126.6, 126.8, 127.3, 127.7, 128.1, 128.4, 129.19, 129.22,
129.5, 129.7, 130.0, 131.9, 138.1, 142.2, 148.5, 155.7, 159.2, 201.6. IR (CHCI,) : 1721, 1641 cm™. LR-EIMS
m/z : 394 (M", 100.0), 317 (30.6). HR-EIMS calcd for CysH150, : 394.1205. Found : 394.1204.

Me Ph
26Ep HO OH COMe
1-(2,2’-Dihydroxy-6’-methyl-5-phenylbiphenyl-3-yl)-ethanone (26Eb)

Yellowish oil. "H-NMR(300 MHz, CDCl5) & : 2.36 (3H, ), 2.77 (3H, ), 6.48 (1H, s), 6.95 (1H, t, J=7.5 Hz),
7.14 (1H, dd, J=1.4, 7.7 Hz), 7.21 (1H, d, J=7.3 Hz), 7.30-7.40 (1H, m), 7.43-7.49 (2H, m), 7.55-7.57 (2H, m),
7.81 (1H, d, J=2.2 Hz), 8.00 (1H, d, J=2.2 Hz), 13.5 (1H, s). *C-NMR (75 MHz, CDCl;) & : 16.5, 26.9, 119.9,
120.9, 124.8, 126.8, 127.2, 127.5, 128.7, 128.8, 129.01, 129.06, 131.1, 133.5, 138.1, 139.5, 152.1, 157.4, 205.5.
IR (CHCI5) : 3650-3300, 1721, 1669 cm™. LR-EIMS m/z : 318 (M, 75.5), 300 (51.8), 285 (100.0). HR-EIMS
calcd for C,;Hq505: 318.1256. Found : 318.1258.
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Me Ph

OaW
26Ek HO OH COn-Pr
1-(2,2’-Dihydroxy-6’-methyl-5-phenylbiphenyl-3-yl)-butan-1-one (26 Ek)
Yellowish crystals (AcOEt / n-hexane), mp 187.5-190.4 °C, *H-NMR(300 MHz, CDCl,) & : 1.06 (3H, t, J=7.3
Hz), 1.85 (2H, sextet, J=7.3 Hz), 2.35 (3H, s), 3.11 (2H, t, J=7.3 Hz), 6.53 (1H, s), 6.94 (1H, t, J=7.5 Hz), 7.14
(1H, dd, J=1.5, 7.7 Hz), 7.20 (1H, d, J=8.0 Hz), 7.33-7.39 (1H, m), 7.42-7.47 (2H, m), 7.53-7.57 (2H, m), 7.80
(1H, d, J=2.2 Hz), 8.01 (1H, d, J=2.2 Hz), 13.7 (1H, s). ®*C-NMR (75 MHz, CDCl;) & : 13.8, 16.5, 17.9, 40.4,
1195, 120.9, 124.9, 126.8, 127.2, 127.5, 128.0, 128.8, 129.0, 129.1, 131.0, 133.4, 137.8, 139.7, 152.1, 157.5,
207.8. IR (CHCI;) : 3650-3300, 1633, 1595 cm™. LR-EIMS m/z : 346 (M*, 58.6), 303 (100.0). HR-EIMS calcd
for Cy3H,,05: 346.1569. Found : 346.1566.

Me Ph

26EC HO OH COi-Pr

1-(2,2°-Dihydroxy-6’-methyl-5-phenylbiphenyl-3-yl)-2-methylpropan-1-one (26Ec)

Yellowish oil. *H-NMR (300 MHz, CDCls) & : 1.32 (6H, d, J=6.8 Hz), 2.36 (3H, s), 3.79 (1H, hept, J=6.8 Hz),
6.54 (1H, s), 6.94 (1H, t, J=7.5 Hz), 7.14 (1H, dd, J=1.3, 7.7 Hz), 7.20-7.24 (1H, m), 7.39-7.57 (5H, m), 7.80
(1H, d, J=2.4 Hz), 8.06 (1H, d, J=2.2 Hz), 13.9 (1H, s). *C-NMR (75 MHz, CDCl5) & : 16.6, 19.4, 35.3, 118.3,
120.9, 125.0, 126.9, 127.3, 127.5, 128.0, 129.0, 129.0, 129.4, 131.1, 133.4, 137.9, 139.7, 152.2, 158.1, 211.9. IR
(CHCI3) : 3650-3300, 1629, 1594 cm™. LR-EIMS m/z : 346 (M*, 27.4), 303 (100.0). HR-EIMS calcd for
Ci3H2,05: 346.1569. Found : 346.1570.

Me Ph
26Ed HO OH COfBu
1-(2,2°-Dihydroxy-6’-methyl-5-phenylbiphenyl-3-yl)-2,2-dimethylpropan-1-one (26Ed)

Yellowish powder (AcOEt/n-Hexane). mp 67.5 — 70.1 °C. *H-NMR (300 MHz, CDCl5) & : 1.55 (9H, s), 2.36
(3H, s), 6.53 (1H, s), 6.94 (1H, t, J=7.5 Hz), 7.14 (1H, dd, J=1.5, 7.7 Hz), 7.22 (1H, dd, J=1.5, 7.3 Hz), 7.20-
7.55 (5H, m), 7.70 (1H, d, J=2.2 Hz), 8.30 (1H, d, J=2.4 Hz), 14.0 (1H, ). ®*C-NMR (75 MHz, CDCl,) & : 16.5,
29.0, 45.0, 117.6, 120.8, 125.3, 126.8, 127.1, 127.4, 128.8, 129.0, 129.1, 129.7, 131.0, 132.3, 137.0, 139.9, 152.2,
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158.7, 213.2. IR (CHCI3) : 3650-3300, 1723, 1620, 1592 cm™. LR-EIMS m/z : 360 (M, 13.6), 303 (100.0).
HR-EIMS calcd for Cy4H»403: 360.1725. Found : 360.1731.

Me Ph
26Ef HO OH COPh
(2,2°-Dihydroxy-6’-methyl-5-phenylbiphenyl-3-yl) phenyl ketone (26Ef)

Yellowish crystals (AcOEt/n-Hexane). mp 76.1 — 78.3 °C. *H-NMR (300 MHz, CDCls) & : 2.38 (3H, s), 6.48
(1H, s), 6.97 (1H, t, J=7.5 Hz), 7.18-7.66 (10H, m), 7.77 (2H, d, J=7.3 Hz), 7.86 (1H, d, J=2.2 Hz), 7.89 (1H, d,
J=2.2 Hz), 13.2 (1H, s). *C-NMR (75 MHz, CDCl;) & : 16.5, 119.4, 121.0, 124.9, 126.8, 127.2, 127.5, 128.6,
128.9, 129.0, 129.0, 129.4, 131.2, 131.6, 132.5, 133.1, 137.5, 137.9, 139.4, 152.2, 158.2, 202.3. IR (CHCI,) :
3650-3300, 1616 cm™. LR-EIMS m/z : 380 (M", 77.5), 362 (100.0), 285 (73.2), 105 (85.5), 77 (57.7). HR-EIMS
calcd for CysH,05: 380.1412. Found : 380.1413.

TMS Ph

26Fb HO OH COMe

1-(2,2°-Dihydroxy-5-phenyl-6°-trimethylsilylbiphenyl-3-yl)ethanone (26Fb)

White powder (AcOEt/n-Hexane). mp 166.5 — 168.1 °C. *H-NMR (300 MHz, CDCls) & : 0.34 (9H, s), 2.74 (3H,
s), 6.74 (1H, s), 7.03 (1H, t, J=7.3 Hz), 7.31-7.55 (7H, m), 7.80 (1H, d, J=2.2 Hz), 7.97 (1H, d, J=2.2 Hz), 13.5
(1H, s). ®*C-NMR (75 MHz, CDCl;) & : -0.80, 26.9, 119.8, 121.1, 124.5, 126.8, 127.5, 128.73, 128.76, 129.0,
129.2, 132.5, 133.6, 135.5, 138.2, 139.5, 157.3, 158.6, 205.5. IR (CHCI;) : 3650-3300, 1594, 1534 cm™.
LR-EIMS m/z : 376 (M", 63.4), 361 (42.7), 343 (100.0), 164 (40.7). HR-EIMS calcd for Cy3H,,04Si : 376.1495.
Found : 376.1490.

TMS Ph
26Fk HO OH COn-Pr

1-(2,2’-Dihydroxy-5-phenyl-6’-trimethylsilanyl-biphenyl-3-yl)butan-1-one (26 FKk)
Yellowish crystal (AcOEt/n-Hexane). mp 169.9 — 172.3 °C. *H-NMR (300 MHz, CDCl;) & : 0.34 (9H, s),
1.06 (3H, t, J=7.3 Hz), 1.84 (2H, sextet, J=7.3 Hz), 3.11 (2H, t, J=7.2 Hz), 6.79 (1H, s), 7.05 (1H, t, J=7.3 Hz),
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7.31-7.39 (2H, m), 7.36-7.57 (5H, m), 7.80 (1H, d, J=2.2 Hz), 8.01 (1H, d, J=2.2 Hz), 13.7 (1H, 5). ®*C-NMR
(75 MHz, CDCly) & : -0.80, 13.8, 18.0, 40.4, 119.5, 121.1, 124.6, 126.9, 127.5, 128.0, 128.7, 129.0, 129.2, 132.5,
1335, 135.4, 138.0, 139.7, 157.4, 158.7, 207.8. IR (CHCIs) : 3650-3300, 1631, 1592 cm™. LR-EIMS m/z : 404
(M, 47.9), 389 (58.5), 345 (87.1), 75 (100.0). HR-EIMS calcd for CsH,50,Si : 404.1808. Found : 404.1809.

TMS Ph
26FC HO OH COi-Pr
1-(2,2°-Dihydroxy-5-phenyl-6°-trimethylsilylbiphenyl-3-yl)-2-methylpropan-1-one (26Fc)

Yellowish crystals (AcOEt/n-Hexane). mp 173.4 — 175.5 °C. "H-NMR (300 MHz, CDCls) & : 0.35 (9H, s), 1.32
(6H, d, J=6.8 Hz), 3.76 (1H, hept, J=6.8 Hz), 6.79 (1H, s), 7.05 (1H, t, J=7.3 Hz), 7.32-7.38 (2H, m), 7.42-7.47
(3H, m), 7.54-7.57 (2H, m), 7.80 (1H, d, J=2.2 Hz), 8,00 (1H, d, J=2.0 Hz), 13.9 (1H, s). *C-NMR (75 MHz,
CDCl,) 6 : -0.80, 19.4, 35.3, 118.3, 121.2, 124.7, 126.9, 127.5, 127.9, 128.8, 129.0, 129.5, 132.5, 133.5, 135.4,
138.0, 139.7, 158.0, 158.7, 211.9. IR (CHCI5) : 3650-3300, 1630, 1593 cm™. LR-EIMS m/z : 404 (M*, 55.3),
389 (21.3), 345 (100.0), 75 (49.2). HR-EIMS calcd for C,5H503Si : 404.1808. Found : 404.1809.

TMS Ph

26Fd HO OH COtBu

1-(2,2°-Dihydroxy-5-phenyl-6°-trimethylsilylbiphenyl-3-yl)-2,2-dimethylpropan-1-one (26Fd)

Yellowish solid (AcOEt/n-Hexane). mp 150.0 — 152.5 °C. *H-NMR (300 MHz, CDCl;) & : 0.35 (9H, s), 1.54
(9H, s), 6.80 (1H, s), 7.05 (1H, t, J=7.3 Hz), 7.32-7.39 (2H, m), 7.43-7.48 (3H, m), 7.52-7.56 (2H, m), 7.77 (1H,
d, J=2.2 Hz), 8.30 (1H, d, J=2.2 Hz), 14.0 (1H, s). *C-NMR (75 MHz, CDCl;) & : -0.80, 28.9, 45.0, 117.5, 121.1,
125.0, 126.7, 127.4, 128.6, 129.0, 129.1, 129.8, 132.3, 132.4, 135.3, 137.2, 139.9, 158.5, 158.6, 213.2. IR
(CHCI3) : 3650-3300, 1620, 1591 cm™. LR-EIMS m/z : 418 (M, 26.5), 361 (53.6), 345 (100.0), 302 (23.0).
HR-EIMS calcd for CygH3903Si : 418.1964. Found : 418.1959.

TMS Ph

26Ff  HO OH COPh

(2,2’-Dihydroxy-5-phenyl-6’-trimethylsilylbiphenyl-3-yl) phenyl ketone (26Ff)
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Yellow powder (AcOEt/n-Hexane). mp 203.0 — 205.0 °C. *H-NMR (300 MHz, CDCl,) & : 0.36 (9H, s), 6.76
(1H, s), 7.06 (1H, t, J=7.4 Hz), 7.29-7.65 (10H, m), 7.78-7.83 (2H, m), 7.86 (1H, d, J=2.4 Hz), 7.88 (1H, d,
J=2.4 Hz), 13.3 (1H, s). ®*C-NMR (75 MHz, CDCls) & : -0.78, 119.3, 121.2, 124.6, 126.8, 127.5, 128.6, 128.8,
129.0, 129.1, 129.4, 131.6, 132.5, 132.5, 133.2, 135.5, 137.5, 138.0, 139.4, 158.0, 158.6, 202.4. IR (CHCIy) :
3650-3300, 1615, 1594 cm™. LR-EIMS m/z : 438 (M*, 40.6), 423 (22.1), 405 (46.7), 105 (100.0). HR-EIMS
calcd for CygH,504Si : 438.1651. Found : 438.1658.

TMS n-Bu

26Fi HO OH CO;Me

5-Butyl-2,2’-dihydroxy-6’-trimethylsilanyl-biphenyl-3-carboxylic acid methylester (26Fi)

Colorless oil. "H-NMR (300 MHz, CDCl;) & : 0.33 (9H, s), 0.92 (3H, t, J=7.3 Hz), 1.35 (2H, sextet, J=7.3 Hz),
1.53-1.61 (2H, m), 2.59 (2H, t, J=7.3 Hz), 3.97 (3H, s), 6.76 (1H, s), 7.03 (1H, t, J=7.3 Hz), 7.27 (1H, dd, J=1.5,
7.7 Hz), 7.37 (1H, d, J=2.2 Hz), 7.43 (1H, dd, J=1.5, 7.0 Hz), 7.71 (1H, d, J=1.8 Hz), 11.8 (1H, 5). **C-NMR (75
MHz, CDCly) & : -0.80, 13.9, 22.2, 33.6, 34.7, 52.6, 112.2, 120.9, 124.8, 127.5, 128.4, 128.9, 132.5, 134.8, 135.2,
138.8, 155.1, 158.5, 171.1. IR (CHCls) : 3650-3300, 1667, 1600 cm™. LR-EIMS m/z : 372 (M*, 21.1), 340 (31.2),
325 (100.0). HR-EIMS calcd for C,H»50,Si : 372.1757. Found : 372.1760.

Chapter 2 section 5
Ph

H
oo

254’ O D OH

Methyl (4aRS,9bSR)- 4a,9b-Dihydro-4-hydroxy-4a-deutero-1-phenyldibenzofuran-3-carboxylate (25a”)
'H-NMR (400 MHz, CDCl3) & : 3.84 (3H, s), 5.03 (1H, s), 5.73 (0.14H, d, J=11.9 Hz), 6.58-6.70 (3H, m), 6.91—
6.93 (1H, m), 7.07-7.12 (1H, m), 7.26-7.35 (1H, m), 7.39-7.44 (2H, m), 7.49-7.52 (2H, m), 12.36 (1H, s).
HR-EIMS calcd for CyoHsD0, : 321.1111. Found : 321.1105.
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Crystal date of 37a

A. Crystal Data

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

Lattice Parameters

Space Group
Z value
Dcalc

FOOO

u(MoKao)

C15H1805

278.30

colorless, platelet
0.300 X 0.250 X 0.150 mm
triclinic

Primitive

a= 7.3443(D) A
b= 8.2997(10) A
c= 11.9167(12) A
a= 95.323(4)0
B= 93.786(2) 0

vy =100.755(3) 0

V =707.97(13) A3
P-1 (#2)

2

1.305 g/cm®

296.00

0.976 cm™

B. Intensity Measurements

Diffractometer

Radiation

\oltage, Current

Temperature

Detector Aperture

Data Images

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

Exposure Rate

61

R-AXIS RAPID

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

23.0°C

460.0 x 256.0 mm

44 exposures

130.0 - 190.0°

60.0 sec./°



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

Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

0.0 - 160.0°

60.0 sec./°

127.40 mm

0.100 mm

54.9°

Total: 6984

Unique: 3207 (Rint = 0.0377)

Lorentz-polarization
Absorption
(trans. factors: 0.386 - 0.985)
Secondary Extinction

(coefficient: 1.74600e-002)

C. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (1>2.00c(1))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

Crystal date of 38a
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Direct Methods (SIR2008)

Full-matrix least-squares on F?

% w (Fo? - Fc?)?

w = 1/ [ 6%(Fo®) + (0.0798 . P)®
+0.0280. P]
where P = (Max(Fo?,0) + 2Fc?)/3

54.9°

All non-hydrogen atoms

3207

242

13.25

0.0465

0.0906

0.1594

1.065

0.004

0.27 ¢/A°

-0.22 ¢/A®



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

Lattice Parameters

Space Group
Z value
Dcalc

FOOO

n(CuKa)

Diffractometer

Radiation

\oltage, Current
Temperature
Detector Aperture

Data Images

o oscillation Range (x=54.0, $=0.0)

Exposure Rate

o oscillation Range (x=54.0, $=90.0)

Exposure Rate

o oscillation Range (x=54.0, $=180.0)

A. Crystal Data

C12H160,S
224.32

colorless, platelet

0.300 X 0.300 X 0.050 mm

monaclinic
Primitive

a= 6.56824(15) A
b= 10.8490(2) A
c= 8.04731(18) A
B= 94.2680(17) 0
V =571.85(2) A®
Pn (#7)

2

1.303 g/cm®

240.00

23.319 cm™

B. Intensity Measurements

R-AXIS RAPID
CuKa (A =1.54187 A)
graphite monochromated
40kV, 100mA
-140.0°C

460.0 x 256.0 mm

30 exposures

80.0 - 260.0°

160.0 sec./°

80.0 - 260.0°

160.0 sec./°

80.0 - 260.0°



Exposure Rate

o oscillation Range (x=54.0, $=270.0)

Exposure Rate

o oscillation Range (x=0.0, $=0.0)
Exposure Rate

Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

Structure Solution
Refinement
Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (1>2.00c(1))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)

Goodness of Fit Indicator

160.0 sec./°

80.0 - 260.0°

160.0 sec./°

80.0 - 260.0°

160.0 sec./°

127.40 mm

0.100 mm

136.5°

Total: 5913

Unique: 1883 (Rint = 0.0956)

Parsons quotients (Flack x parameter): 568

Lorentz-polarization

Absorption

(trans. factors: 0.575 - 0.890)

Secondary Extinction

(coefficient: 2.67000e-003)

C. Structure Solution and Refinement

64

Direct Methods (SIR97)
Full-matrix least-squares on F?
% w (Fo? - Fc?)?
w = 1/ [ s*(Fo®) + (0.1355 . P)®
+0.2132. P]
where P = (Max(Fo?,0) + 2Fc?)/3
136.5°
All non-hydrogen atoms
1883
137
13.74
0.0802
0.0915
0.2173
1.096



Flack parameter (Parsons' quotients = 568)
Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

Crystal date of 26a

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type
Indexing Images
Detector Position
Pixel Size

Lattice Parameters

Space Group
Z value
Dcalc

I:OOO

u(CuKa)

Diffractometer

Radiation

Detector Aperture

1.07(3)
0.000

0.51 e-/A®
-0.41 e-/A°

A. Crystal Data

C20.50H2004.50

338.38

colorless, block

0.30 X 0.10 X 0.10 mm
orthorhombic

Primitive

3 oscillations @ 180.0 seconds
127.40 mm

0.100 mm

a= 33.263(2) A

b= 14.5957(8) A

c= 7.2287(4) A

V =3509.5(3) A®

Pccn (#56)

8

1.281 g/cm?

1432.00

7.367 cm™

B. Intensity Measurements

Rigaku RAXIS-RAPID
CuKa. (A = 1.54187 A)
graphite monochromated

460 mm X 256 mm
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Data Images

o oscillation Range (x=54.0, ¢$=15.0)
Exposure Rate

o oscillation Range (x=54.0, $=90.0)
Exposure Rate

o oscillation Range (x=54.0, $=180.0)
Exposure Rate

o oscillation Range (x=54.0, $=285.0)
Exposure Rate

o oscillation Range (x=10.0, $=60.0)
Exposure Rate

Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

30 exposures

80.0 - 260.0°

70.0 sec./°

80.0 - 260.0°

70.0 sec./°

80.0 - 260.0°

70.0 sec./°

80.0 - 260.0°

70.0 sec./°

80.0 - 260.0°

70.0 sec./°

127.40 mm

0.100 mm

136.3°

Total: 31345

Unique: 3202 (Rint = 0.030)

Lorentz-polarization
Absorption
(trans. factors: 0.708 - 0.929)
Secondary Extinction

(coefficient: 3.51030e+001)

C. Structure Solution and Refinement

Structure Solution

Refinement

Function Minimized

Least Squares Weights

206max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio

Residuals: R1 (1>2.00c(1))
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Direct Methods (SHELX97)
Full-matrix least-squares on F?

» w (Fo - Fc?)?
1/[0.0027F0%+1.0000s(Fo?)]/(4F0?)
136.3°

All non-hydrogen atoms

3202

246

13.02

0.0543



Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

67

0.0699
0.1750
1.003
0.000

0.33 e-/A’
-0.46 e-/A’
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