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F—E Ein
F—H AEHLRR L FORRIZOWNT

FROULFROG S 13tV —2BE ) & L ORI & Z SNAEFERIGTH D, T7ebb,
BRI A 2RI L TR =X —ICE AT EREE~NE FER T Z L afa s L, fib
RO F AT DR = R L F—EAES ORI, BRb, BITAOG7R ERkx b ROGZ ST L
THET 5 Z LT, BERRIEBOF - A R 103K T 5 —EH O Z 3, ' S 612, ity 1
DT HLF =BT ER O &5 (b OB FERE & 72 57217 T2 < a0k - D Akle &
OFSTERE, PR U1 82 BB & OWRLERE b RIFFICH G T 5, ' 20X 2 Z2fibE
WHBIZ B 5 FIZ LV 51 & 2 SN FRISIT, FBIERRRBIZ S D [Fl—4 123 Z 3209 bs
B & 13 B 2 CRISHHES T 5, Hit7efil & LT, previtamin Ds [ LIS T Tl
provitamin D 7 & UNZ lumisterol ~ & Z5#A X 4125 53, BV L7 A954 Tl vitamin D 234259 % (Scheme
Do > FEAEEFRINE, HRIEEY L0 BT 7RI R, Bl ZITOT MG Rk b
B EONCEME RS BT 5 Z L TE L7, RIS T2 W o — iy 7o B 72 b
FROGTITIERR S 5 Z & DR A TR A BT 5 A2 FBTh 2, °

HO HO
HO
hv % A (heat) =\ _
— \
o R
R R

provitamin D previtamin Dg vitamin D3

R = CgHq7 “h
AV
HO

H

lumisterol

Scheme 1. Synthetic mechanism for photochemical and thermal transformations in the vitamin D derivatives.



JeFIE. S FOSEIEFIZ )0 0 72 FPEDFAIIRIN Sy 25T 2720, Ak
HALZEROS TIHEM L S BTV F OB 2 BIRANSIEME LT 2 2 &N TE D, TabbitmxL
F—IL, S AHEH BT DEEDRNWT U — U il3E, HOVTAEE L TH AR 2 R T
&, BRETAMHERAL ) BSOS OBRE & W) D BRI 6 AT HITFET OEINOHEEM N £ - T
W5, !

WAL, FOBRBEROIIE L 70722 SDOERINSH D, 1 oiF, TAF LD H
WEIZRI ST HTET A FROG 2 5 EHE 23] &9 “Grotthuss-Draper DA Gt b2 F
—ER]D) " CThD, UL, WEICHT DR KIETVEHOARE IO CTERLIZLOTHD,
SRIF, DEORIUICEFZRALE LT Tt 1EOS 12 L EOCE T2 L, %ZI“LGCJ:
D1 EDSFHRIET D (IS4 5) | &9 “Stark-Einstein OER CtAb50 % L)) T
%o P ZAUL, ITERIE TH D LRIFFILE T LW ORI L LTOMEE VAT D, 2:“5%71 A
OEERIZHEASHEAITH Y &7 L LT L FHE DB/ EZERZ LT LD TH D, 7272
—MRANT 1T E O E T2 RIN U723 F DRI AOS 2 23 L ITR 5T, a2 BRI L?Z
DFO—EHDHIMEFISER Z T, ZOHEFRISNRIL, ETFIGE (quantumyield) @ & LT
Scheme 2 ORUAZHEVVEDL D,

R LT=5F 03K
WU U 7= e D%k

B o=

Scheme 2. Quantum yields.

F72. 1HONE A=/ —% Scheme3 DFUZ LD HHHO 1D, A 1E Plank L. v 136D
PREL (em™) . c 1ZEZEFOYGEE, MO E (om) THD, 2F V., HEFOZRLF—|T
HOWETRED | JWENEL RDIFEEHOT LT —EFD,

Scheme 3. Light energy.

B TOBTERZSIZEI L, MEERIEE b7 b3 hm R ¥ — X RIS R
FTHY %@ﬁﬁﬁ.iﬁmWﬂ%mnf%é(E@mD ' 100~200 nm LA F ORI 3EES
BREVD, EERIMRIREF O IR ERZ ORI 24 L TSmO FEBICZ 0 E =
*w%~ﬁk¢étm%ﬁm HEE A EZR2, HE5 T 200~400 nm DOUTERIMNR B 5\ T 400~700
nm O IR, FEEROIALFERIMFI ST 5, £72, Z OFIPHOIEEITH 600 kI/mol (200
nm) 72>5H#J 170kJ/mol (700nm) DI RNAF—%2F[LTEY ﬁ%\%®§<®#A%%iﬁw
X—H ZOFPHIZH D, T70H, Scheme 3 DELS HIA LN K 912, HREDOKIZFE 1 >0



HEFDOFF O N T —IKREL 2 D720, EFRISIT L DGR EDLFH N E RS
FIEEZTZENAHETH D,

X
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REFTRNF— 4] — : : : $
A 1000 500 400 300 200 150
(kdmol™)

Figure 1. The range of light wavelength and photon energy.



EUE OLRRIC L ARASBEICER LT ¥ VEMR O AERIZ oW T

JEHRENT &0 JEIRAE & 7o o 7o oy IR, B, di50L, B ERIREOG e SRk A 2 b RS T
2, P HTH MRS T, 5 FORFEDF AN L > T E 7ot F—I2 L,
ZOGTOIEEENHRE Y VAR T & COMECEEF M T ¥ VIEHEFENAERKT
Do 3 ZOBE, MR XX —IIRE U VAL TS O OB XL X —LL LTS
UL B 720,

TV AAEHRE L PRR L 32 T D ANVBINE, THEDOIRFIRGAT T A A VRIS & IR
DB OIEFEPNEZ R U, A A 2 OGS CTIEEEBIAEE 2 oy 8% FTREIC 3 5 B GG Rl
JIETH D, " HTHMEFRIE L EFRIR L7207 AV ROSE, IRIRSF FCTH#EITS 5
ZENRTE, BNFNCRLZERCAEMDOE R DEN 2 HRE R TEDO—DTH D, LI
2, RN KB 7 O AR & BT 2GRN T DA VERIRIZOWT, e S A
WEFITF Gk %,

B e s ARG

Yeona ARSI FESIEOF THE K BRI TR Y, FRHZ, HEH T (Ch) R
FoF Br) 1 X7 VANRISERIGESEL AR v A ER S U TIRSFIHE TV S, Ch
=° Br, DAt 2L —1%, ClI—Cl#54 : 243kJ/mol ™, Br—Br #&4 : 192kJ/mol ™ TH Y Zi
HOTHXNF—IL, TIEH 492 nm, 623 nm OWEF-TR/LX—ITHYT D, T7hbb, CL<
B (ZFIADE QLHOEIEAT) BED, RV —2 HNTHESITRR I 6512808
JEEMERENTZD, REY VAR T I LTI U EER LTV, 2B, b5y
T OMRIIN RN TZ N imax=330nm  (Cl) *, Amax=420nm (Bry) *Zd 5, Jep i
EEOGTIE, 2O XS ena ool A OREY A% R E L, EITHIIG
(Scheme4) <CEHLL (Scheme5) %I L THHURE — a7 UG E BT 5, ¥ E72. Th
SITRIGSHT K> TT P AVEEHNC b T D,

[Photohalogeneation: addition reaction] X=Cl, Br, |

hv
X5 EE— 2X*®

[}
R20=CR2 + Xe —_— Rz?—CRZ
X

[}
RzC_CRZ + X2 —_— ch_?Rz + Xe
X X X

Scheme 4. Photohalogenation: mechanism for addition reaction.



[Photohalogeneation: substitution reaction] X = ClI, Br, |

hv
Xo E—— 2X*®

xe + ReCH ——3 HX + R4 C®

RsC® + Xo —> R;CX + Xe

Scheme 5. Photohalogenation: mechanism for substitution reaction.

Sesa Z U ANEIE & L TTEMICE - & BIASMBILTW D IGED—2IZ, RO
FEINZ LB _Bo~FH 7 u ) K (BHC) OERSR > 2328 5315 (Scheme 6), ZAuE
JHBE T, CLSR &N D = & THET DHANER L, NP oo mEiEaITxd 5 e
7 U HNAIINED T Z & TR SN D, ZORIGIE, BEGRMTOA A2 SIS TIEEH
RATREZR A AL RO R R SOG TH O | DL A LR O R B i b — B
BECERT 5 Z LN TE DI b BEAXIIROENT-HAi CTh o723, BIETIL, BHC O HRBREE
TIZBT 2 EDIR S & NMETFEMEDO BN BEWNTZT TR, Z< DEA TEDOERE LN
HEShTnd,

Cl
I Cl Cl
Cl Cl
Cl
benzene benzenhexachloride
(BHC)

Scheme 6. Photochlorination reaction of benzene.

F o TENRY T T ABHASORZIE Y 7 o~ o 0= ha Ve S 5 (Scheme 7)
b ZuE, HUBRASHETHA v -6 ORIBMAEHIZHN OGN TWAHEITTHY | b= e
DHBAGET B Z L CAUDIERT IV D5 &4 L 78D,



h
NOCI —— » NO® + CI®

Cle R NO® NO
— —
-HCl -HCl

NH H@ NOH
nylon-6 4_4_ C):O B (:/r

Scheme 7. Photo-nitrosation of cyclohexane.

WRFCIES . HHEFRIERIES & FREOBE CIBISRERRS A Z 32 b TR
0. 7 AVBIIRAIE LTRSS T (Bra) <° N-Bromosuccinimide (NBS) 73 L < V5415 (Scheme
8), TEFNTIIHIR - WIE FTHRIATHVIEFRST (Wil - HIETFTTRIE) L0 070
2. ZAL LT ERMEBIERICE N 2D, BRIV D Z LD TE S NBS 72 EOERRFEL
HISLH SN D,

[initiation and propagation]

O O
hv
N—Br N Ne® + Bre®
(0] (@]
O (0]
Bre + ?_IEt —> HBr + .OEt
OEt OEt
O O
HBr + N-Br ——>» Brp + N-H
O O

[photohalogenation and transformation reaction]

0 0 0
.OEt + Br : OEt i OEt
Br - EtBr
OEt OEt o}

Scheme 8. Molecular transformation reaction following bromination reaction using NBS as a brominating

reagent.
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HFE, BB DI m T ALIGRIE, FEBRE TORMBENIE b TEEFRIZE S F Tig/A <
RSN TETZ—FHT, vtz Aot e 7 ALRISICET 28 ETIT L A LR, # 7 &
X vFELsF L) 1T & BET, SRRAEKRE UTHE Lo e 753+ L g L TE
BIICE D BNDREG DD, T — RF U FICREBSNDEHEM & L THRIH S D13 8 A EE=E
DR T TH D, £z, L OFEAFRET R /LF—IL 151 ki/mol TH Y, Z UK 790 nm DYt &
TRV —THE T D, EEED L ORI RITI L% dmax =490 nm™° TH D Z Lnb b,
LITKBENARE DRI TOEDHINHA L, G URT OINERESEDL LN TH D, —
F. RFE— I UEES OB R X IO RFE — a1 T U AEE O TR b /N E < FEIT C(spY)
—1 FEA OFE iR 1L —1349 230~240 kl/mol * (AN 3572, AIHERERE DT RLX
—CHLBEGIZHTY VAEZRI URET OOV LI IR T OHNNEL D, Thbbia vHEl
FOSIZ Z 0 AR LTt s vbnd, 2B S & IONEMER R < Bl L TLE Y 2E D,
T VRSO FEBT—RANCR#ETH 5, 72 & 21X cis-F£ 721 trans-butene |ZxFT 53 VR
CHNDINIGETIE, AT D V-3 ORI ONALFARE L OB AR ENED D TR
W, FOSE ARSI 795 (Scheme 9), *° Z O U-a UFEMII=IE . HAWIINHHEE T
TR LA L7 ek a URNTET S Eonh, Bl RFTH70ITIF42°C T
DERHRE LRI, 78 °C ODIRFBRENLETH L L IE I TV, °

hv
I E—— 21°®
hv | Me
/ - —e s CLLl
Me Me l2 ~ H H H
Me |
cis-2-butene rac
Me v | H
= s == )L
Me Me |
trans-2-butene meso

Scheme 9. Photoiodination reaction.



B PRI VRERRE LT DNV LBRBERA~DISHIZONT

WMIFZERECTIE, I VEOENTSEMEEZFIH L, AMRICIEE 2R aTEE 2 O T8R0T
BOGDBRE AT > T D, O FRC S AFFEEE CLIRNI @Y SNV TIE, ~ 7 RS x LEE
FEFHKH, DA RS L, 7 O LBkt LTI vk o AEE S Z & T
Uk UERRRERD T Ry FERRETER L TS (Scheme 10), ' Ziud, I wHE—I UEMES
DAREY VRZEVALI UHRT OVHNVOKEL ERE, HIWNEY R VEEFHEAD o3 ¥
FIcHi< . KEFE—IUBBEAOFRTY VAZEA L LIRE T O W/ VIEHREO BRI A ) 4
Ftnd LTWD, — KBNS Z D X 5 R IRFE T P A NVFEORIHIC @Sl F DI LT A X LPH
SR LAE TS 7D, B8 R OREEECEROMSEN R SN D, £ I TERIL, AN
EEIRATOHERRER TH LI VKR, HDHWNET VO TS EMEZBRE) /) & 92
Z T, GRRIRICEDS Z L mIGHET P NFEONRAI Z L Uz ImiE Sy 1
OHGEA D ER TE DO TRV EE X, HFEEET LT,

hv ') 0

6o 0 cat. Cal,, O,
R1lJ\/U\R2 ; > R3OJJ\<U\R2
R°OH R' OH
L» Lol —T
S
RRZINIENE

Scheme 10. Oxidation/rearrangement of -ketesters mediated by Cal, under visible light irradiation.

AT, mrikavdE L) LDt E om@EREZFIAL 2 51, 2503 51T
DEREG A RN K DR E — KRR G RSB — R ETEROS A R L, R b O
[CEIRGITHEH D T 7 b B O SRR — SO A k2 Bigs Uiz, " BRI, 27k
I FErE W 7 ARSI L D S OGHIEEREO A & A7 R & o5y 125 A
HEDED LT, HaxRT 7 N BRIBEUE LN LTz DT, LLFRRR 5, ¢



B_E SFRIVBEAHEEZHAWVEZZE®RT 7 b U EHOREESEKRIED
B2 SE

B BFROER

SEERTATIUEEEZGT D y-7F a7 F Ak, ERESORARN 72 E ORI 72 RN 516 &
BT DL DILEWHEBOEK TH D (Figure2), LI=R-> T, -7 F 1T 7 b ATEERGHK
H—77y e LTBE T HbERA RAERIEPRE I N TN D, "™ L L, ERHAERIEDZ I,
Ok, HEAER L ORIEE AOTRES R RS 02 @SBRI T, Gk EimELl E
DRIEAE TS5 270 EOBENRH D, 21 HALDT A TV A T REH X HT2DITIE, ZEFEA K
IZEDAER T A RT3 SRR AR Y 7o <D L, BRETRART ORI MEZ Fetafi 2

CHRTEOBRRBENLEEND, £ 2 TEFIL, BARRP OIS EEOE W Tk E v EE
FIRT 52 LT, 2R y-7TFTr T 7 b UiFaRae —BR CHulIC G 2 2R A Bk
EOBREAT T2, FHIAETIE, ZEM -7 T a7 7 RO RO y- AT 7 hrOXARK
FEZOWTRER T 5,

%t}—ﬂ1 N0y e
o0y NG Me
W p W7

HO
(+)-Harzialactone A Plakolide A Arteannuin B
Anti-tumor Cytotoxic inhibitor Anti-leukemia

Figure 2. Bioactive y-butyrolactone derivatives



F—H SFRRIERSNCE DT 7 b BREEE

ANR AL T V3=V OPFUKEERIRE, = AT EEMZ G T 2 HIRETFHETH Y, 77
MBS B Ra X LR RO FABAKREE SOSIZ LV B T&E 5 (Scheme11), *' Ll
KA & U CIRmitiE7s & oiffea vy, IEGETT 2 78 E Wi B ROCSRIF A B 5726, BRIZKS
LU CANZERREReEZ AT 2 BT TE R0,

0]
Q o H' and/or A
H
rm)kr*w/ - Q
hydroxycarboxylic acid y-butyrolactone

Scheme 11. Traditional intramolecular condensation reaction.

— 05, BRSO TNBKEE IS L DT 7 b BEEEIE L SN0 D, iz
(X Shiina & 1%, A B LI=MEEH CFEBEANR U BREKY) & A, T Esrst: i
TR B DTV D 2 L THRIR~50 CEWVWIHKIRE F T ReXv bR U BOs 1N
KA &SR E FEEL L7 (Scheme 12), ™22 AREJRIE, EIENAMEEED /LA A8, REZAID 7
THWHZHEIT T 5728, BRERMMEOMM L ik L7 EN - GiETH 5,

F3C. : : .CF3
O

O O

[Acidic conditions]

HO OH (1.1 equiv) o O
Y - 9
R O TiCl(OTf), (1-5 mol%) R )n
_ Me3SiCl (3 equiv)
n=13,14,15.16.47 reflux, 80-89% yield
[Basic conditions]
NO, O5N
M M
e O O e o

HOYH\H/OH (1.2 equiv) 0
n > | (l
)n

R O DMAP (2.4 equiv)

r.t., 75-92% vyield
n=13, 14,15, 16, 17

Scheme 12. Shiina macrolactonization.

-10-



F1o, BUKFEE RICLISN D FNBIED 2V E TIZE < HE IV TN D, FlZIE, 1904 4RI
WS I B, y-F 70T y, SRR VARV EEE VS - KENaHCOs,/KRICE T HI— K7 7
K ABKE (Scheme 13) 2% 73 1969 4EIZ Corey HIZ L > TH R AKX 7T 2 v DA~ EIGH
SHTURE, ~a T2 R AICET DMRITERANIEIN Ui, ~a T 7 N ALRRIE, HRik s
LB =y AL AU RE L CEITT 2IEFITIBRZ KSR TH D . FRCBRIRILEMITR LT
SRR RN SOSIEITT 5 Z ENHIE S TWVD, & HISITETIE, REARE D Tfillgt %
WSERFIRME O FIE 238 L WEIRIE SIS T 2 RE A~ m 77 ALK b ESL TV D
(Scheme 14), ¢

0
. I, KI Qlk
Ho \C02H | ~" —> prostaglandins
OMe NaHCO; aq. OMe

iodonium cation intermediate

Scheme 13. lodolactonization: citation from total synthesis of prostaglandins by E. J. Corey.

M
eO S
T
O
O“AT X . N
N = H
(10 mol%) 0)
o NsNH, (50 mol%) Br™ ™
NBS, CHClg/toluene (1:2), -78 °C Ph

97%, 93%ee

Scheme 14. Asymmetric bromolactonization using amino-thiocarbamate catalyst.

—EHDIZLIENC, R UBEEZROA LT 0 O TERERMLICHE S . B ERYSY FINER
RS LT % (Scheme 15), ' BRI, S FRICA L7 4 v E R T 50 R =4k
B L TIRI VHEET IV EERAESED Z LT, Ia— F=U b F A FREEROE R E
B OREEBOSIEIT L, BT 7 b OB EER LT, AERIEIR AL T 4 o ORE
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FHNEHEALDOBRIZ AR B AW BT Pd il 77 R0, Os filifle ** o> & 5 Zpdib 7@kl 2
WD ERLHI S FINBILBORIT T % A X7 U= fR0EFIE L L TR E R~ DS T
shd,

O 0

CO,Me I, (1.5 equiv), DMAP (1.5 equiv)
> H CO,Me
COyMe MeOH (2 mL) éiff
Air, 70 °C, 20 h
malonate derivatives bicyclic lactone
88% vyield.

Scheme 15. Synthesis of bicyclic lactone via I-mediated intramolecular tandem C—C/C—O bond formation.

B L2 HERLSNT b, IR FRBRILEOSIC L 2 T 7 b BRI <t S
TV, 23 2D X 9 R FINISIE. BIEROPE D 722 SR CHENEL AWM &5 5 Z &3
TEDEVIHFENHD—FH T, LROEMLEEZET D77 MU FHERE ST 572012, %k
T M B 2 BT TR AT 2 RNER SV . FWEOZHE b NSRS 2R Al E SR8
THZENEEL, 1€ T, IRMARSEIE T, M OSERM A Tl & L7l 72T 7 b B REED
BIFNEEND,
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BH S TRMN—BMEEINI L 27 7 b BREgE

2 53 FUL L OB AL G T FER O AT 9 0 FRIBUGNE, 0 FRROG TIRE E 72 %
FEZRME L OGO 2 ol 28O —>Th D, E£7o. BRERMIEDBLE IR
TR BUSSME T CORISHER SN D Z & T, AEHEISHHO SR DILRPHIFFTE 5,

F U7 ¢ VIR A TR e L TRESHK ST Y, EERLORIE, AE 8
72 EZOHBIIZIE DI 5, 7o DOARFIHZ BHJIZ, Heck Reaction’ K> Sharpless-Katsuki
Asymmetric Epoxidation™ 72 &' A AU & A 72k %2 7000 TR BT ST & 7o, T4
(TRRT, BRSBTS R TREZR A L 7 o o D B REEA LIS DOBFSE AT AT
TEY, ZNAEFIHA LT 7 F B BEIEOME b < HRiE STV D,

FIZIX, TEFARE A VLT 0 T ORR R B2V, BALEOSEZ R L2 Z 7 R B
REZEILIT, Cu filflt > <0 Fe filfit . Mn 33K 0 72 E & W2 1 BEALIC L DAV AR =L a fL TD
BT VI NARSEE L LT AREIETH Y . C-C/IC-O ez TP T2 2 LN TE DI
W, Rk T 7 N R GEIZ AR FTEE CH D (Scheme 16),

0
jﬁ PN ul YR
+ 2 >
PgO 1 R M = Cu, Mn, Fe, Ag
R o
‘ M n+1 I
Of O‘M
Pgo)\ > Pgo
R R?

Scheme 16. [3+2] type reaction: single electron oxidation process.

F7-, FEEHIC 7 + U Ry 7 22 R L5 7 O NS BIEOHIZE H 1D 5 TE
Y (Scheme17) 7, T EaETIZ 7+ ML Ry 7 2l 215 U= J1 V7R =L B DZhEREg 70 A0 F
VT UANAINEREE LT-, BT 7 b B RRESE LIS ST D (Scheme 18) %,

O h\’ o
X Photoredox cat. o R
Pgo%’ + PRe >
R1
X = halogen R?
PgoJl\g
R1

Scheme 17. [3+2] type reaction: photoredox catalysis.
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1. [Ir]PFg (1 mol%), Hantzsch Ester (2 equiv)

B(C4Fs)s (10 mol%), DMSO (2 mL) , 9
o R3 9 W blue LEDs, Ar atm, 36 h, r.t. R

+ > o)
R1JLR2 /\CO2Et 2. pTSA (1 equiv), air, 24 h, rt. 1
Rz R

PCET Ho_ R2R
1 2 3 -
K N R>Q\CO Et
[IF] cat., hv \,f\%\ )
CO,Et

Scheme 18. Photoinduced intermolecular umpolung addition of carbonyl with o, B-unsaturated esters via ketyl

radical intermediates.

ZDOX T, BEERT U b U ABEARE TG A I BT DAFEIE S < OREEERFZEI SIS X FEAR
BRI THOI T DM, SEHERE L UCRIAT 5 IRFE T VI NAFEDOA BRI IIAR TSR D o mfliZe
B R AEECESRHEOF KT L TD, 2oL 5 2RY & 28 REREEHOKR, +
TX A Z VT Y —Te GRS OB, GRk= A OB T T2 < BRBEAMEKBOBLEND b
BT _REHEEARBETH S, MA T, RO X 5725 D H VDL AR L= BRR)E&ET
X, BRI OSAEIRVEZ HIET 2 2 & bR Tldewn, ¥ %o T, 42T 7 b UiBEik s iR
OB AE LIRS COEMA FEET 57215 T2 <. BURTIINZAEIE b FIRFIC
HIRE FTRE 7 ST O BRS 3 AR ST B,

— T HFRE ClE, HADNEEIRAT HOHAFRER Ch 5 3 vHEE Wi 2
FUOSDBFRE AT > T D, IR, FIEDE & il e 3 U R 2 W VR = U kg & ~T
a7 U —/ BT, oFRMAKFER S v X9y 7Y 7K (Cross Dehydrogenative Coupling
Reaction: CDC Reaction) 275 L Cu\ % (Scheme 19), '™ Ziudk, A= R —IZ LD RHE—
IAURMEDOREY AR E L, v 1 UBT AT IVFHERD A F ENIZ KR T 2 1 VFEDS
HBUDHZET, Bl RRE—RFR G DOIER A R L TS,

hv
A . H><C02Et cat. I, (20 mol%), K3PO4 (1.25 equw)> /@\60025
R H * Eto,c” “CO,Et - R™ g CO,Et
S 2 2 MeCN/H50, air, r.t., 20 h CO,Et
CO,Et
| cat. lp, K3PO, 2 T
- CO,Et .
hv CO,Et 7
0
R™ s

Scheme 19. Intermolecular CDC reaction catalyzed by molecular iodine.
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ZOMRICHESE EHTI R AL DIRET D NEORIHERIGHT D Z LT,
TRy RO AZNT ) —RRROGRIET, 28k727 7 b VBRI G T & 5D Tl
VNEEBZ T, Thhibb, YR VBT AT IVHERE ZATF VA RISEE & LaIka U R
FEF, RERET2 2 T, avHEfbahiz~u VBB AT I)VORFE— I U EMA DY
GaIr LT IRFE T P ANFEDERIT LY | 87225 N, SRS EST L L8 y-—7
077 howT Ry NTHRITE 2O TR0 EVEEEGE 23T (Scheme 20) ,

hv O

Me\T,COgMe l,, base )35(00 y
+ /§ ovie
COzMe Ph Me

Ph
l I2, base
Me_ _CO,Me hv Me . ACO,Me PR
| > éo - —
CO,Me C-I bond clevage CO,Me radical addition/
cyclization

C-centered radical
Scheme 20. Working hypothesis for intermolecular y-butyrolactonization.
ARETIE, v VBT AT IVFHERS DVNIERIN B-7 N AT VHER L 25 L U FiE -

SR BACBUSIC £ 5 T 7 h B EEHAIC OV T BUsSRIF O R b, FEEEAHDE, ©
T AT LABRIEOHIE, 72 b NS SOSHREOREM 2 83 5,
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B aTRIVRLFAENEAVEERRy-TTF 0T 7 b RESRIEDBRRITS
B BEROSHRA DR L A E A ORE

T COICIESIE O b 21T > 72 (Table 1), BRI FIRS URAFE T, ROSHEHE L
T dimethyl 2-methylmalonate (2a) & styrene (1a)Z FV ., ILAOEIEAT 2> & AL &2 SMBIRE2 2
L TLER y-TF T 7 b 3aa DAEATR -T2, Tox DA 7 ) —=0 T OfER, <
REVHED ENT L a2 —)LREIECTdo 2 ‘BuOH A HV\ 5 Z & T, 3aa RO T AT VAR G %
FERITHIRIT 2 = L VT E, 83%MDILRT HINO 3aa 237 (entry 1), Z OB, ik & LT Ca(OH),
WD & dr (cis:trans) = 79:21 DENE T 3aa-cis DMERLICART D Z & AL R T2, —.
DB HIE SOV T B AR A Y ) —= 0 T %{T-> 7=, Ca(OH), &[AEED., 7k U 14 R
WRESAA R LT & 24, Ba(OH), & AV VZBRIT dr (cisitrans) = 67:33 OFIG T 3aa-cis HMEALIZAE
MR LTz (entry 3), BRI, MOT AN Y IHREEEILZE 75501 3aa OULEAE L <K
F LIt cis-P7 AT LA BT 2572585 2 LT TEApoTn, L LEBREN 2
&1Z, NaHCOs, NaxCOs, KyCOs, Cs:COs. KOH, KsPOs7g EDT VA U @iz [AIERODSUG
R LT L A, cis-V T AT VABRIEIME T U 3aa-trans OERITT T OBNMENTED 5
Mz (entry7-12), & HITHiHEE LT NaxCOs 2V, SUSRTUTKEMASURSE S & trans-2 T
AT UATRIRMEN IV A B U, dr(cisitrans)=25:75 OER M, 69% DULFE T 3aa 235 HAL7- (entry
13), cis- 7 AT UATRIRIMEDGRD D= 7 v U LA IR RS Ca(OH),, Ba(OH), % FHV N5 5:0F
(2R L TOKREINT % & GRIRMEI0R U 3aa-trans DMENLIZAS HIVD 2 BB BT 72 572 (entry
14,15), ZHLHORERN D, HEOERR L WNIKOAIEIC L > COLREREZFI T 2 2 L
I L7272, IR ENIRBEFME DR R AR E X cis-2 7 AT VAR fciigc it 4 entry 1,
trans-¥ T AT L A RISl A entry 13 1CRGE LTz, SIFOENCED YT AT LATRR
PER BRI OV i, B IHCRER 35,
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Table 1. Optimization of the Intermolecular Lactonization of Styrene (1a) with Malonate 2a“
0] 0O

12 (1.0 equiv)
e MeYCO2Me pase (1.9 equv = /Oj,ACOzMe (é?COZMe
CO,Me solvent (3 mL) PH "Me pr > Me
2.0 equiv Ar, CFLs, 20 h
1a 2a 3aa-cis 3aa-trans

entry base solvent 3aa (%) dr (cis:trans)’

1 Ca(OH), ‘BuOH 83 79:21

2 Mg(OH), 'BuOH trace -

3 Ba(OH), ‘BuOH 74 67:33

4 Sr(OH), ‘BuOH 33 50:50

5 BaCO:s ‘BuOH trace -

6 SrCO; ‘BuOH trace -

7 NaHCOs ‘BuOH 32 50:50

8 NaCO; ‘BuOH 77 45:55

9 K>CO;s ‘BuOH 53 40:60

10 Cs2CO;s ‘BuOH 49 37:63

11 KOH ‘BuOH 36 33:67

12 K35POs ‘BuOH 26 30:70

13 Na:COs IZEYIEIEED, 69 2575
(2mL/1 mL)
B

14 Ca(OH), uOH/HO 61 40:60
(2mL/1 mL)
’BuOH/H20 .

15 Ba(OH), (2 mL/l ml) 7 29:71

16 Sr(OH), BuOH/H:0 29 42:58
(2mL/1 mL)
B

17 K2CO; uOH/HO 60 26:74
(2mL/1 mL)

S2L 03 :

18 Cs:CO l(];li;)LI%Hr;i) 56 28:72
‘BuOH/H,O

19 KOH 2mL/1 mL) trace -
‘BuOH/H,O

20 K3POs (2 mL/I mL) 41 27:73

?Reaction condition: 1a (2.0 equiv), 2a (0.3 mmol), I> (0.3 mmol), and base (0.3 mmol) in solvent (3 mL) and stirred at
ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h. ® Diasteromeric ratios were
determined by 'H NMR analysis of crude extract.
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B CURIE L7z cis-3 LN trans- 7 A7 U AEINISAFIZ BV T, B AP OMET217 -
7zo Table 2 TIIRA L 7 ¢ VA 1 ITxT 2 B EE MG O/ R a7~ ~TNL, A Z (L, AL
MZIZ T V3V (1b-1e) 3 D W IR T ALIC a7 U Bl A BT 5 AT LS E DOST
L. cis-, trans- T AT VARG & HIZHFEEN S BAFRIER, FREO VT AT L ATER
PecENENRIET ST 7 b 3ba-3ha 23R L7 (Table 2, entry 2-8), L 7>L. methyl-4-
vinylbenzoate (1)l &, cis-27 A7 L AIERIZEIFTIL 64% DR THIND T 7 o 3ia 3 ERL LT
DIz L, trans-2 7 A7 LA BRI TSI TE T HINL AWM ESD Z LIS TE D)o
7= (Table2,entry9), ZAU, GAKFHICBWCZ AT VERERIIIK G HEZ T CLEST-Z &
NREKEEZEZ DD, SHIT, BIEEGNED MeO Fa 925 AF L o & W BT & TG
IHEE A EHEITET 1) ORESIEHET L TWD Z L DEER S U7 (Table 2, entry10) , © & 512,
FTELREN Ul DT VA AT A4 VT 4 U 1k-1m 2BV TS BSOS T
LGt & S HREDOICE, U7 A7 UABRPIETHO T 7 2 3ka-3ma %52 72 (Table 2,
entry 11-13), Hf&IZ. ARSI 1-dodecene (In)D X 5 7efigififi4 L7 4 Vb T, 77 b
3na Z LD D RAFRINERTIR72 (Table 2, entry 14)
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Table 2. Diastereoselective synthesis of lactone 3, from various alkenes using malonate 2a“

cis-selective condition

come_muon (amjm crzon £ &
RQ * > MOMe WOMe
Me”™ “CO;Me trans-selective condl:tion R Me R Me
! 2 fBuoE/Hr\iaoz%Ori S?x? %JILVB 20 h 3-cis 3trans

entry R 3 cis-selective condition trans-selective condition
yield (%) (dr)” yield (%) (dr)”

1 Ph (1a) 3aa 83 (dr=79:21) 69 (dr=25:75)

2 4-Bu-CgHs (1b) 3ba 65 (dr="76:24) 65 (dr=33:67)

3 4-Me-C¢Hs (1c) 3ca 46 (dr=72:28) 61 (dr=33:67)

4 3-Me-CsHs (1d) 3da 64 (dr=69:31) 72 (dr=33:67)

5 2-Me-C¢Hs (1e) 3ea 76 (dr =74:26) 66 (dr=26:74)

6 4-F-CeHa4 (1) 3fa 40 (dr="71:29) 28 (dr=20:80)

7 4-Cl-CsH4 (1g) 3ga 62 (dr="75:25) 60 (dr=29:71)

8 4-Br-CsHa (1h) 3ha 57 (dr="70:30) 75 (dr=26:74)

9 4-MeO,C-CeHs (1i) 3ia 64 (dr=68:32) n.d.

10 4-MeO-CeH4 (1)) 3ja trace trace

11 4-Ph-CsHa4 (1k) 3ka 57 (dr=82:18) 38 (dr=33:67)

12 2-Naph (11) 3la 47 (dr="73:27) 75 (dr=28:72)

13 2-pyridyl (1m) 3ma 51 (dr=38:62) 50 (dr=37:63)

14 CioHz1 (In) 3na 82 (dr=67:33) 50 (dr=33:67)

“ cis-Selective reaction condition: Olefin 1 (2.0 equiv), 2a (0.3 mmol), I> (0.3 mmol), and Ca(OH)2 (0.3 mmol) in ‘BuOH
(3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h; trans-
selective reaction condition: 1a (2.0 equiv), 2a (0.3 mmol), I> (0.3 mmol), and Na2COs (0.3 mmol) in ‘BuOH/H20 (2:1, 3
mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h. “Diasteromeric

ratios (dr = cis:trans) were determined by 'H NMR analysis of crude extract.
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F72. 3ha-frans OEESH X BURSAERTIC L - TEMZMEEWEE 2 E LT (Figure 3),
B, R 3 DIV IITNAT LI NI T T 4=l K VKA DTUT AT VAV —%
SBET D ZENARETH DI, YU BTN T A a~ 87T 7 4—(ZT 3ha O—#Z oL
T trans (INDZZ BEE L THD, B Z1E LT, FHCZ LD ORWGEIR U7 A7 VARSG
W& LTl L TEPERZRD, 7 A7 LA IEHH# O 'THNMR 263k 7=,

Figure 3. Structure of 3ha-trans as determined by single-crystal XRD analysis. Displacement ellipsoids are
scaled to the 50% probability level, and all hydrogen atoms are omitted for clarity.

RIT, Tz DI VAR = VKA 2 (2B 2 BUSHEDFE 21T > 72 (Table3), I1LLUOIZ, vr
FAT AT JVABEARD A T LA R K 2 OEHAFLZE A LT V8 2b-2d & IV, Z OEHILAT
BRI G- 2 5B OV TR L7z, Ph S4B AN L7-HE 2b TIE, cis-BE O trans-7 A
T UAEIRIOSM L DICHREDOIETT 7 h o 3ab 2157= (Table3,entry2), — /5, BnJ&2¢ X°
Phenethyl & 2d ZEA L7 HE & OIS TIIRIET 57 7 k2 3ace, 3ad 3G TIERVIER T
DT, VT AT LAEPRMEIZD TN E L7z (Table3,entry 3,4), 5T, trans-27 A7 LA
BRSO T 2¢ ZHWEBITID T AT LARIRVENTHEE L, T2 by 3ac-cis 2MESE LT
oz, ZAUL, Bn EONARREEIZ L SOV T AT U A BRIWEIC 8 2 KIE LT mTReE
NEZOLND, Fiz, T AT LA~ —DER L7204 triethyl methanetricarboxylate (2e) %
RANTENENDOSETRIGEAT T2, cis-2 7 AT L ARSI TIERGA 2 T8 A
DT 7 b 3ae DME LIRS T203, trans- T AT L A BIRAGSHETHE 31% SRR 72 B A
W E 155 Z £ I3 TE T2 (Table 3, entry 5), fRIT, T AT /VEHE R? R? 22844 LU 7= 3 2f, 2g
ZDWT DU AT o T AES, SR W A VAR = VIVE of 2 FHOTZBR, cis-2 7 AT
L ARSI B THId 57 7 Ry 3af & 35%EARINR2N B35 Z LN TE, T AT
L A BRMEN L dr (cisitrans) =95:5 & IER NI AER A 52 7= (Table 3, entry 6) . FR&/RM 5 trans-
DT AT UABIRBIRIE TS B R E TETIEO AR Z 15012 L EEoTe, = ATV
DF % Ac F & LT HVH 2g & OIS TIEMSRE THRRE DI T 3ag ERM L, 2 OFRFONAE
BRI E BIIK T T BhEHR & 7o 72 (Table3,entry 7), > T, AT /LEHLE R R® O IARE
ELESIO T AT VARFWEICEEE B X2 D, BENPKETIHLA LT 0 00T
RIS B IGT 2 Z E RSN T2,
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Table 3. Diastercoselective synthesis of lactone 3, from styrene 1a with various carbonyls, 2°.

PR

1a

entry

CO,R3
+

R! "R?

substrate 2

(302Me

Me CO,Me
2a

COzMe

Ph”” ~CO,Me
2b

CO,Me

Ph
CO,Me

2c

CO,Me
Ph
S CO,Me

2d

CO,Et
EtO,C”~ “CO,Et
2e
CO,Bu
Me” “CO,Bu
2f

CO,Me

M
Me ©

2g

cis-selective condition

l,, Ca(OH), (1.0 equiv)
'BUOH (3 mL), Ar, CFL, 20 h

trans-selective condition

I, Na,COs3 (1.0 equiv)

lactone 3

0O

o _co,Me
“Me

3aa

0
0 CO,Me
“Ph

Ph

Ph

0 CO,Bu

‘BUOH/H,O (3 mL), Ar, CFL, 20 h

cis-selective
condition
yield(%), (dr)”

83 (dr="79:21)

60 (dr = 62:38)

30 (dr = 86:14)

44 (dr=85:15)

trace

35 (dr = 95:5)

66 (dr = 50:50)

o)
R2 o) R2
R . "R

3-trans

trans-selective
condition
yield(%), (dr)’

69 (dr=25:75)
56 (dr=33:67)
39 (dr=86:14)
66 (dr=15:85)
31%
trace

40 (dr = 38:62)
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“cis-Selective reaction condition: styrene (1a) (2.0 equiv), carbonyl 2 (0.3 mmol), I (0.3 mmol), and Ca(OH)2 (0.3 mmol)
in ‘BuOH (3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h;
trans-selective reaction condition: 1a (2.0 equiv), 2a (0.3 mmol), I2 (0.3 mmol), and Na2COs (0.3 mmol) in ‘BuOH/H20
(2:1, 3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h.

bDiasteromeric ratios (dr = cis:trans) were determined by 'H NMR analysis of crude extract.

BAZNT, AR 7 DA =V DRIEH FEBRTEETH Y | cis-2 7 AT ARG TIE 1.3
g (63%). trans- T AT L ATEIRBIGAETIE 1.7 g (81%) D 3aa DAL A ERL L7= (Scheme 21)

cis-selective condition
I,, Ca(OH), (1.0 equiv) 0]

CO,Me 'BUOH (90 mL), Ar, CFL, 40 h o Q
PR+ K > 7 “OMe
Me”™ "CO,Me trans-selective condition Ph Me
I,, Na,COs3 (1.0 equiv)
1a 2a 'BUOH/H,O (90 mL), Ar, CFL, 40 h 3aa
2.0 equiv 9 mmol
cis-selective 63%,1.3 9
condition cis:trans=71:29
trans-selective 81%,1.79
condition cis:trans=32:68

Scheme 21. Gram-scale reaction.
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BTIE  XHHRSEBRR O ONT RHEAE DR

KOG DREH 2 BEET <L TN ENOSARERAVRIESRF A b &2V <D0 D% FREZER
#1T7o7- (Tabled), IZ U OIZAMIIEOEENZ IR 573D, AIHIEE BRI & 2 O Y L7 45
P Chbfgtret Uiz, AR & LT, cis- trans-2 7 A7 VARG & IS5 T2 h 3aa
DERHARE Il E4172 (Table 4, entry 2,5), & HITHEDLE L 70 CITIEA L 7254 T HIEITD
TNZM ETDHDHTH -7 (Tabled,entry3,6), Z DORERD HASISORHEIZ I AT VAT

D BTEIHIC L 2B L DTN TH D 2 EBWILNICRoT, SBIC, TRENDOYT AT
L AR I OB ST OFE R & I L CH RE RN R ONRN-T2 2 D RSO NIR
BRI AT CIE R F 2 IIKROBBIZ L > THIBIE N T D Z L bRIB S,

Table 4. Investigation into the role of visible light in the reaction.”

cis-selective condition

I,, Ca(OH), (1.0 equiv) e) o
CO,Me ‘BuOH (3 mL), Ar, CFL, 20 h o
PR+ PN > " OMe
Me” "CO,Me trans-selective condition Ph Me
o, N32CO3 (1 .0 GQUiV)
1a 2a ‘BUOH/H,0 (3 mL), Ar, CFL, 20 h 3aa
2.0 equiv 0.3 mmol
entry reaction condition changed reaction condition yield (%) (dr)®
1 under Av 83° (dr=179:21)
2 cis-selective condition under dark 257 (dr=72:28)
3 under dark, 70 °C 359 (dr="71:29)
4 under Av 69° (dr=25:75)
5 trans-selective condition under dark 244 (dr =28:72)
6 under dark, 70 °C 227 (dr = 20:80)

“cis-Selective reaction condition: styrene (1a) (2.0 equiv), carbonyl 2 (0.3 mmol), I (0.3 mmol), and Ca(OH)2 (0.3 mmol)
in ‘BuOH (3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h;
trans-selective reaction condition: 1a (2.0 equiv), 2a (0.3 mmol), I2 (0.3 mmol), and Na2COs (0.3 mmol) in ‘BuOH/H20
(2:1, 3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h. ?
Diasteromeric ratios (dr = cis:trans) were determined by 'H NMR analysis of crude extract. ¢ Isolated yield. ¢ 'H NMR
yield.

PRI, AROEOF R T 2 21T/ o T2, MO, TBEFHEHETH D AF T P ANVFED
Rk 2T 572, dimethyl 2-methylmalonate (2a)D A T i & = 7 3k L7 FVE 2a-1 & v
THiA DFAFFRUGZEET LT (TableS), "' fER L LT, T UFED DWW FHIEOA B
DOTRISHETET, HFEEEL 2a-1 RS 472, ZOFRERN D LAY 2a-1 IIAKISITEB
THFARE LTHIEL TO A ATEEEIMEN E B X 6D, T72bh, AIkIc LD C1 fEA BRI
FISEN LTIZAF T D INAFENER L TR, HDWE, ATF T O NFRER G AT L
la &L D17 ZANAIIEHET L TOZRWATREMED VR S5 (Scheme 22), 100101
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Table 5. Investigation of the formation of methine radical intermediate.”

cis-selective condition

AN+ MeJSZMe I, Ca(OH), (1.0 equiv) o WOM(&
[ "CO:zMe 'BUOH (3 mL), Ar, CFL, 20 h Ph ‘Me
1a 2a-l 3aa

2.0 equiv 0.3 mmol
entry L changed reaction condition 3aa yield (%) (dr)’
1 none under Av no reaction®
2 none under dark no reaction’
3 added under sv no reaction’
4 added under dark no reaction®

?Reaction condition: 1a (2 equiv), 2a-I (0.3 mmol), I> (0.3 mmol), and Ca(OH)2 (0.3 mmol) in ‘BuOH (3 mL) and stirred
at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h.  Diasteromeric ratios (dr =

cis:trans) were determined by 'H NMR analysis of crude extract. ¢ 2a-I was completely recovered.

0O

@)
CO,Me hv CO,Me 1a ,W
Me+ — — *,  OMe
| CO,Me —~ MG*COZMe _»Ph Me
2a-l methine radical species 3aa

Scheme 22. Plausible mechanism of formation of methine radical species.
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ZI T, AFU TV, T b NIAROSIZ G 20 F 2 0 /EHFEIZ OV TIRAE 21T
Y728, RS FICCRInE T2, R E LT, cis- trans-3 7 A7 VARG & 612
3aa OAERIIA BT S 472 (Scheme23,eq.1,2), £72. cis-¥ 7 A7 LA RIS Tl styrene
(1a)H13k D | K phenacyl iodide (4a)73 34%4ERK L (eq. 1), trans-7 AT L AEIRAISAE T
acetophenone (5a) M EA K LTV D Z E PR ST (eq.2), ZAUL, AIFDERREIC K DAL
723 UFT VIV styrene (1a)l2 7 VAL, XU DVT DA VER L HMERL, —HIAFRE & X
T B Z & TEE b DK ERE T, 42’ 72 HONT 5a™ P PERK LTz S HER S D, Z O
5. ARBISZRT 28 PRIEL LTI DUNTE 123 URT DHVHERINS T Vv
LTz, vie-diiodide FlE X1 23384 L CWD AIREMEDNE 2 BIvd, F7o, BERFEHKTICBIT DK
T 2a DKERGIR, & D WITEI 72 & ORIAEBIITE RSN 2T 2 bbb, AF
7 Y JIVEE (Scheme22) ARKDFIREMEITE S . A F 2 T A VESE A A LTz RN Bk
B EIT LT, B DOWIERIGHEE IR WnWEE 2 5,

cis-selective condition O 4
CO,Me l,, Ca(OH); (1.0 equiv) o Q
PR * g )\CO M > 7 “OMe + ph)J\/I 1)
e 2Me  1ByOH (3 mL), 0, CFL,20h  pp, Me
1a 2a 3aa 4a
2.0 equiv 0.3 mmol 16% 34%
trans-selective condition 0 0
)C\OzMe l,, Na,CO3 (1.0 equiv) W )Ol\
A > * OMe + pp (2)
Ph™™X " Me” ~COMe BUOH/H,O (3 mL), O,, CFL, 20 h Ph Me
1a 2a 3aa 5a
2.0 equiv 0.3 mmol 8% 2%
. .0 .OH o
A P S J i
P = ppN > )\/| )\/| > Ph
hv Ph Ph H,0
1a 4a

plausible intermediate “vic-diiodide II”

Scheme 23. Controlled experiments to elucidate the nature of the radical intermediate: reaction under oxygen

atmosphere.
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F 72, styrene (1a)DfOVIZT7 P A)v 27 v 7 & LT l-cyclopropyl-1-phenylethylene % F\V 72 Z
DIAHIRFERORE R A Scheme 24 (R, FIHDGEA 2 R L7206, cis-27 27 L AIER
ISR NT T Vs vy 7 OBIBRAERD) 6a 13 20%& . 6a |2 dimethyl 2-methylmalonate (2a)
25 SN2 BUCREZIEHL L7 ALEW) Ta 13 51% DR TH HALZ (Scheme 24, eq. 1), L L72IKRET
DIIETIL, ALEY 6a 3T 2B BAER LTZ— 7 TIhEW 7Ta 1Z&< A L7e>o 7= (Scheme
24,eq.2), AIFEERRE T, SOSKRHH % 20 RERICIER: L7z & 2 AEEW 6a 135222 HE S, (LG
Yy 7a,8a NEDOETTENTEAK L7z (Scheme24,eq.3) ., trans-3 7 AT L ABEIREOSAETH UG
IRFf] 20 RERIC ISV CL AIEDERE I KON CENENT P T vy 7 FHRE TR o T2 &
Z A, cis-T AT UATERINISA: & RERORE S A 52 7= (Scheme 24,eq.4,5) . LD DI
ARNEIRE FICBWCI ORI OHNNT AN 0y 7 ZRBRSETHD Z LI L, (bE
) 6a N HALEY Ta,8a ~DEHSUENE L TWD Z ENEZBNDS, T7bb, JHEEREEL
BZITRIGRIPTIVETOONANEEL, AV T 4 v BRI T NI S AR 242
& T vie-diiodide F Il #4557 5 Z EAVRIE SV D,
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cis-selective condition CO,Me

I, Ca(OH), (1.0 equw CO,Me CO,Me
* 2 COzMe Me 1)
Ph BUOH (3 mL), Ar

CFL,2h Ph
6a 7a 8a

2.0 equiv. 0.3 mmol 20% 51% trace

cis-selective condition CO,Me

o, Ca(OH)2 1 .0 equw COzMe COzMe
+  2a COzMe Me )
Ph BUOH (3 mL), Ar

dark, 2 h Ph
6a 7a 8a

2.0 equiv. 0.3 mmol 12% n.d. n.d.

cis-selective condition

I, Ca(OH), (1.0 equw CO,Me CO,Me
+ 2a CO2Me Me (3)
Ph BUOH (3 mL), Ar

CFL, 20 h Ph

2.0 equiv. 0.3 mmol n.d. 55% 12%

trans-selective condition

I, Na,CO3 (1.0 equw CO,Me CO,Me
+ 2a COzMe Me 4)
Ph BUOH/H,O (3 mL), Ar
CFL,20 h Ph

6a 7a 8a
2.0 equiv. 0.3 mmol 5% 42% n.d.

trans-selective condition CO,Me

I, Na,CO3 (1.0 equw CO,Me CO,Me
+ 2a Cone Me (5)
Ph BUOH/H,0 (3 mL), Ar

dark, 20 h Ph
6a 7a 8a

2.0 equiv. 0.3 mmol 12% n.d. n.d.

Scheme 24. Controlled experiments to elucidate the nature of the radical intermediate: radical clock reactions.
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S BT, vie-diiodide 7 IN DARK A LAHT DR AR, WERA LT 1 > & LT cis-stilbene (£)-10
F 7213 trans-stilbene (E)-1o % A\ cis-, trans- 7 A7 LA SRPISRIE T CENENSINEI T T2
(Table6), EHHDFMATEH, (2)-10 ZHWTGAIL 4 FREE,  (E)-lo 2 AW -354613 7 BIFLE
DOIRTHICT 5T 7 b 3oa w b2 72, £7o, cis-V 7 A7 UABRIRAEMTIINEA L7 1 >~
2)-10. (E)-lo & HIZAFFHDO YT AT LA ~—30a-4-D AR L, D HHRITHI dr=150:10:20:20
L7po7= (Table 6, entry 1,2), trans-3 7 AT L AT H A L 7 1 L (Z)-10. (E)-1o D
MRICED LS, 3O VT AT LAY —ZFRREO YT AT LA dr=50:30:0:20 T O
(Table 6, entry 3,4), T72bb. EHHDOWNEAL 7 4 2 % AT ST ARE AN RIRAET L7
MoTeZ LD BUNIANRAT A HHWNIT PINEDREAEZRED Z LIRRESND, T
DFERN S ABRIGIEE D b OSLREIRIGAFHCIBN T H RO ERZ KRR LT\ 2 LnE
Z B, ZAUTRR D vie-diiodide i IN DA Z SRFT 5 b D TH D,

Table 6. Lactonization reaction using cis- or trans-stilbene.*”

9O o 9 o
o~\../L 0
‘ oMe [ )7 “OMe
cis-selective condition Ph" Me PR Me
I, Ca(OH), (1.0 equiv) Ph Ph
Ph Me. _CO,Me BuOH (3 mL),Ar, CFL,20h 30a-A 30a-B
Ph e TN >
CO,Me trans-selective condition
10 2a |2, N32CO3 (1 .0 eqUiV)
‘BuOH/H,0 (3 mL), Ar, CFL, 20 h
3o0a-C 3oa-D
. 3o0a diastereomer
entry condition 1o
%) A B C D
1 VA 49 52 9 22 17
cis-selective condition
2 E 70 43 24 21 12
3 VA 41 52 31 0 17
trans-selective condition
4 E 73 53 35 0 18

“ cis-Selective reaction condition: stilbene (10) (2.0 equiv), 2a (0.3 mmol), I (0.3 mmol), and Ca(OH)2 (0.3 mmol) in
‘BuOH (3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h; trans-
selective reaction condition: stilbene (10) (2.0 equiv), 2a (0.3 mmol), I2 (0.3 mmol), and Na2COs (0.3 mmol) in ‘BuOH
/H>0 (2:1, 3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h.

Diasteromeric ratios (dr = cis:trans) were determined by 'H NMR analysis of crude extract.
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BBIC, e = A TFF oRRICE T A EERICHOWTRAS, ¥ a3 v HEFE AL LWNCA L 7 4
VHEDRISTHEL D I — R=U AT A UREE, B CHLAERT 2L TH S, PTabled D
BREHZB W TR T THDLT RN O RISHET LIZFHENS, hF A avRicI 4L
7 4 UISRE TS L EZT . 39— R=0 LA T AR E I U RIS T2 SOGHE R
PRESND, %% 22T, TNENONEREIRINEESEIFIC W T, k3 vFEoRb oIz N-
iodosuccinimide (NIS) < (lutidine).l BFy 72 &'\ KV 1 F A AMED @3 7 3R/ A T Hlg 385k 4
fT-7= (Table7), * FEF & LT, NIS = (lutidine),l ' BFy % A[#GIRES T, 1 4 EHAV-54 13 3aa
DOYRENRKE K FT 5 Z LN cis-, trans- 7 A7 LU AR & & IZHEFZE S 472 (Table 7, entry
1,4,5, 7). —J. NIS & 2 YEITHWELIZEZA, EHELDOFEMTHEWIEET 3aa 2MERK LT

(Table 7, entry 2,6), Z OHF, AIHUEIRE FCIENIS 28 1 4B FfFET 5 Z & T, NG DR
FYVAERTHIRI UFE L Z2ROAERR LIEBET LI B2 bvd, TRa BT 5
fEd L LT NIS % 2 YEIIN LEDE, MEN L 7254 Tl 3aa 13T & A EAERC L 720 (Table 7, entry
3)e TOZENL, ARISIZBWTA VT 4 AII T AT UEOREFINEHEEIZEA L
ZTTELT, I3— F=U LB F A PR ZR T D SO B8 Th 5 L1358 2,

Table 7. Reaction using a cationic iodine source.

cis-selective condition

lodine source (X equiv), Ca(OH), (1.0 equiv) e) o
CO,Me 'BuOH (3 mL), Ar, CFL, 20 h 0
PR+ )\ . i > ", OMe
Me” "CO,Me trans-selective condition Me
lodine source (X equiv), Na,CO5 (1.0 equiv)
1a 2a 'BUOH/H,O (3 mL), Ar, CFL, 20 h 3aa
2.0 equiv 0.3 mmol
entry reaction condition Iodine source (X equiv) yield (%) (dr)®
1 NIS (1 equiv), under 4v 15¢(dr="73:27)
2 NIS (2 equiv), under 4v 86 (dr=63:37)
cis-selective condition
3 NIS (2 equiv), under dark, 70 °C 2¢ (dr=50:50)
4 (lutidine).I"(BF4) (1 equiv), under Av nd.
5 NIS (1 equiv), under 4v 15¢ (dr=28:72)
6 trans-selective condition NIS (2 equiv), under 4v 92¢ (dr=29:71)
7 (lutidine),I"(BF4) (1 equiv), under /v 24¢ (dr = 33:76)

“ cis-Selective reaction condition: styrene (1a) (2.0 equiv), carbonyl 2 (0.3 mmol), lodine source (X mmol), and Ca(OH):
(0.3 mmol) in ‘BuOH (3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs)
for 20 h; trans-selective reaction condition: 1a (2.0 equiv), 2a (0.3 mmol), lodine source (X mmol), and Na>xCOs (0.3
mmol) in ' BuOH/H20 (2:1, 3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps
(CFLs) for 20 h. ® Diasteromeric ratios (dr = cis:trans) were determined by 'H NMR analysis of crude extract. 'H NMR
yield.
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LU EOREI B DI LA I FBE S D USRS % Scheme 25 127797, ARSI R
FREHZ X O RSB E S NA Z &, TN ay 7 ERZI Y I 0ET DN IVOIFIEN RIS S
N2 Emb, AENICE VD TIRIVENREY D RAZRILIVET VIR EETHZ L
TRUGHBIEAET 5, Bk L7233 UHET U UIA LT ¢ ATBRINATING % 2 & T, vie-diiodide
FEI MG 55, vie-diiodide FE IR FICB W TIERICRLE TH L7280, mrikavFEe
TEDA LT 4 ~OWIEHHEATL TS EEZ LD, T IKBIFIE LR cis-2 T AT LA TEIR
AT, vie-diiodide FE IT & dimethyl 2-methylmalonate (2a)73 7 F-[FREZEHLSOGT & 0 FREHA
I AL, e 0 FWNEBALEUSIC LD Z 7 by 3aa DAERRT D, — 7. KBFET D trans-> 7
AT U ABRIREOGA CIEH R I 29K EROGT 2 2 & T, FicIicHiiR IV 24T 25, 20
%, THEAEI &2 WIEHEHA IV O FREMCOSIZ LY . FTED T 7 2 3aa NERT D,

@ initiation step: iodine radical generation

hv

L, <= 2
@ radical addition step: diiodide intermediate generation

|
° I'
Y == phrNv == ph)\/'

v hv
1a | ]
30
|2 2 O'
++I \ o) 0] 5
— —> b5a
I I
P Ph)\/ ™ Pn hv
4a
@ C-C bond forming step/cyclization step
2a | CO,Me . CO,Me
base I o
! Ph CO,M ? Ph CO,M
Me~ 2"° hv Me~ 2"¢
OH COzMe
cycllzatlon OMe
Ph Vo CO2Me Ph “Me
IV 3aa

Scheme 25. Plausible reaction mechanism of the intermolecular y-butyrolactonization.
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FB=IH RISRHEOERIZIBVT AT VABREDELR

AR OERL LY | AKPFEE LW TIET V0 ) HHEEREIETH D Ca(OH, VD Z &
T cis-BVEARDMERLICAR L, 78 ) &EEETH D NayCOs 2 HVy, KEEIMN L7240 Ti
trans-BPERDMESEINTERLT A Z E VB LTV D, D7 AT LAERIRMEE, 4 FBRLES T
RETHEEBEZBNDT=8, Scheme 26 ([ARE I35 2 BHHOBRLENG 2773, — N 11%, T
K I 276 DB TH LR = )UiEEE FO 11— X7 6 OFREEHSE (Shl HDHUVNESN2) 12k
HEALRISTH D, — b 2 1%, FEHER I D3KOREEHL)E E 52T 5 2 & THERRT 5 PR
IV D, Task s Bnb ORI XL DBOETH D, FERIZ, KOTWMEIFZBANTL—
k2 DT LTV DR T D720, EBFEIER I NTK H'0 &2 Wk IR 41T > 72

(Scheme 27) , Hi K2 Ca(OH), 36 L OV Na,CO; D E'H 5 2 HWT & | Rk S 727 27 k2 3aa’
MDY EILL EDORTARKR LT, /2. T AT LAERMEIIEH SO T trans-3aa’ HMENLIC
HELDZERPOLNIIe T2, ZOMALY | KBGET DM FTiI— b 2 BB b
ELTHITT 5 Z EVRIE S LD,

o
AN—OMe
R Route 1
CO,Me 0O

(e 1l Jﬁ/z
_>
., OMe
R COzMe Me

Me R
N\ \9 Route 2 3aa
MeO v’

* Na2CO3
COzMe
Me

HO: 0
MeO v

R

Scheme 26. Plausible cyclization mechanism.
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cis-selective condition 0
CO,Me l,, Ca(OH), (1.0 equiv) 0
N I > 3aa + 18’?\J§/‘( ™)
Me” ~CO,Me  dryBuOH/H,"80 (1 mL) M OMe
Ar, CFL, 20 h Ph ©
1a 2a 3aa’
2.0 equiv 0.3 mmol 98%

cis:trans=38:62
3aa:3aa'=12:88

trans-selective condition o
CO,Me l,, Na,CO3 (1.0 equiv) O
P+ )\ »  3aa + 180 )
Me” “CO,Me  dry™BuOH/H,"0 (1 mL) Mo OMe
Ar, CFL, 20 h Ph
1a 2a 3aa’
2.0 equiv 0.3 mmol quant.

cis:trans=33:67
3aa:3aa'=16:84

Scheme 27. Experiments of the mechanism of cyclization with H,'*O.

ROFER A E 2 AE SN DBURG TOSARERIRMEA Figure 4 (™Y, cis-¥ 7 AT LA
BRRMCRB O TOV— N 1 2B T 2858, £l cis-BYEEREER L T2 5, Ziud, =
AT NFEEAF LU O Ph i (72X EHIEE R) & ONARSCEZRET B 72, BALOBRON IR
ISHEESH NS 72 D VR = VERSE O' D C G, E23 VAR I T4 > OGRS EaE %3k
BT 5720 EE2 N5, 72720, ZiUud Ca(OHy, DHNY T hA TN LD F L— 2
L TWDEWD ZEEFIHEE LTEGR TH D, TROBKRNPFIELRWSEAET, Ca(OH), X°
Ba(OH), 72 E D7 V71 V) HHEEEHIIEZ IOV A DT cis- 7 AT L A RPN EE - &
W) FEBREEFE (Table 1) 205, 2MiDEREIF AL N2 ODTATNFELEFL— FEE/KRL, =R
TLO A R I LT AR FICTFE L TWD DTk v figsh g, % ki
WL OWSLE, T2 50— b 1 2T 2 &8N T NaxCOs 72 EDT IV ) @i s H
WEBRIE cis- 7 AT UATEIRPEIFHEL L 72 (Tablel), DFE Y| cis-7 AT LA BRI L —

M1 ERRHT D Z LA, 7k ) PEGREREZ HOFREA I O 2 DO X7 V)3 2 {4

BHFA XL — N T D2 & THIOTRITHEE XD, — . KREWRE L UTHY
A trans-2 T AT UATEIRIISAETIE. EIb— b 2 120> TRALG D E T T 5 2 E 2 b b,
Figure 4 |IZ7R 9 L 912, AF LoD Ph (F7oiLEHME R) &= AT VEEDOSIIRECE DI 2.
iDL, WIVR=VRTE C'~D b Ru X FOREIENZ LV | trans- BVEIRDMESE U CTHERKR
THEZZOLND,
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Selective formation of cis-isomer

MeO
MeO Me
' Cazgt _01 OMe

Me  ome
s o Qcﬂ /*::>r
|<f)
01 l l 02
9 o 9 o
0 o\
., OMe OMe
Ph Me Ph Me

cis-isomer trans-isomer
major minor

Selective formation of trans-isomer

trans-isomer cis-isomer
major minor

Figure 4. Plausible cyclization mechanism and base effect.

BT S FEERISE LTz,

Vb, AT a v RZONISEEEFIAT 5 2 & TEISED vie-diiodide FE 1T DAERL A Hi72
WCRHL, ~B VBT AT )VEER L RS SEDL 2L TEER -7 F T 7 ha TRy BT
ZOIRNE, IRFIRA LT o VR L OV VAR = LSRRI 3 FTRE
IREARMEFEIMALE A TH Y . FOSITHW D 531Uk = O RITZAN TR A ES 0D, ROGIR
BYNORGRET D LN TE D, EARFIETRET RS, Rl B0 2 v
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5l WIROENGT, HDHWNTKEIEEEE UCTHWD Z 82X Y cis-, trans-V T AT L
A AR ZEIRPNAEV 3T D Z MM TE BT, T 7 R UoARkEE b U CIRMEZ 5N
MEWENEWEE Z D,
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B A PRIVRLFIEERAWE - AR T 7 N ARG RIED BRI

F—EITC ORI, HMBREARORE WESERIER E2 Ay, el o
k72T 7 N U ERRBOLDBRNLEEN TN D, -AE R T 7 FAZOWNTH . oS
& BIZRERD SOGBAFIFSEIIRE ANTAT DI TN DD, ZDOHEDZL ATV AR=VED B ArEl
Ty A REFLEFTHAER TS N TdhD (Scheme28), % —J5, IR =LED
o IZA B RFEFOLERTDHAER T Y M ACEMDOGKEINE, RIZEOHEF DI, P
5l %1%, Scheme?29 (2759 & 9 72 a-methylene lactone % F5E & L 7= azomethine ylide & @ 1,3 R 1
FEBRALSGIZ K BB REE > D335 STV D73, y-butyrolactone @ a \fiZ A T L U FEAEAT 5
FEEOFEAHRPLETH D, * DNAR= VD o MIOCHEERERAZEAT 5 Z LI1E, iy
PO b RN b IEFFICHELRBIN CTH D720, PafL CORFHBRAL R T 7~ AURIGD
BRFEDRD LTV D,

Intramolecular reaction: enantioselective oxidative spirolactonization

OH cat. chiral hypevalent iodine(lll) o)
2 m-CPBA (1.2-1.5 equiv)
HO,C - > O
0 °C, CH,Cl, (O

Intermolecular reaction: metal catalyzed reaction
HO X'\‘ Q cat. RuLn 0 X -
I . HLOMe — 0% ;
HO” Y-~ | 140 °C el

Intermolecular reaction: metal free protocol
R2
o Y coH o
R3 R?
N base, PCRs O

Scheme 28. One-pot synthesis of y-spirolactone by intra- or intermolecular reaction.
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CHj
o ,
(@) R H2C$+\CH2 O —N

R > 5
o) toluene, reflux 0] R
R!

Scheme 29. Intermolecular spirolactonization at the a-position.

Z ZCERIL. B HiTfEH L7z dimethyl 2-methylmalonate (2a)D 1%V 12, Fi7=7askiZAl & L
TR B-7 b = A7 )L methyl 1-indanone-2-carboxylate (9a) % Fi\V 5 Z & C,  [ARED SIS T+
MAE R T 7 M ACSIEDELT L, o fLIC A E RIRFBFLERTHAE 0T 7 kOGNSR
KT, EBTE 20TV EE T2, £ T, Titkete LTRIEID cis-72 HONS trans-3
T AT VAR T T 7 M ARG ORESRF 2 VT, A e 77 N ARG &
AT L72 (Scheme30), fiAe L THMGMTRINIEITL, BBID y-A 2T 7 K 10aa 3 ERK
Lo, E72. ELOLDOFMEBENRDD cis- SR B L TEMT 5 Z ER LT R o T,

cis-selective reaction condition®?:¢

c (lcz)lg)'o(?%uw J/
MeO,C a equw %
Ph/\o + ﬁ@
BuOH (3 mL)
o CFL, Ar, rt, 20 h

1a 9a 10aa-cis 10aa-trans

44% yield, dr = 62:38

trans-selective reaction condition®?:¢

I, (1.0 equiv)
MeO Cm Na,CO; (1.0 equw /[,/a J,/a
/\. + V€L
Ph
BuOH/H,0 ( 3mL) ‘Jg;@ )\m
O CFL, Ar, 1t, 20 h

1a 9a 10aa-cis 10aa-trans

82% vyield, dr = 64:36

“ cis-Selective reaction condition: styrene (1a) (2.0 equiv), 9a (0.3 mmol), I (0.3 mmol), and Ca(OH): (0.3 mmol) in
‘BuOH (3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h; trans-
selective reaction condition: styrene (1a) (2.0 equiv), 9a (0.3 mmol), I (0.3 mmol), and Na2CO; (0.3 mmol) in ‘BuOH
/H20 (2:1, 3 mL) and stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h.

Diasteromeric ratios (dr = cis:trans) were determined by '"H NMR analysis of crude extract. ¢ Isolated yield.

Scheme 30. Preliminary investigation of intermolecular spirolactonization reaction.
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B—IH BERISHMGOBRR & EEE R ORE

TARIRET O/ R & BT, USSR ORBELRF 21T o7z, 3 FIRI UFRFET, BELE LT
methyl 1-indanone-2-carboxylate (9a) & styrene (1a), HEFE(Z Na,COs % VYA 2 ARG U 7= 5544
T, flix OWEEAE A7 J—=7 7= (Table8, entry2-6), AL L TKERAWZEE, EEm
2-propanol (IPA)X° ‘BuOH M EV MR CTHTLD A n 7 7 k2 10aa &5 27= (Table 8, entry 2, 5),
T2, ZOBOTT AT UATERRPEITH dr (cis:itrans) = 2:1 TH T cis- BIEKRAEL U TER LT,
F 72, IED E U 2-propanol (IPA)X° BuOH (ZOW CZEINEIVKZ TSI TG S /72 & 2 A,
AR T 7 b2 10aa [ HEPERT LS DILVRD o 7203, (LA Na BEnZi S ENEEAERT 5
ZLAVHB LY. (Table 8, entry 7, 8), fit-> T, AT 7 k> 10aa DIZAIITK DTSN/ EE T
o EHEESND, FIEEZ BuOH/HO IZEE L, flix OHIEIZONWTORZ U == 7 H T
ST entry 2 D NayCOs DR L 2 D535 B 727 -7 (Table 8, entry 9-16), 7> T, entry
2EFHIAE R T N ALRIGORG#ESME & Ulc, —J5, S35 O WIGEIERIT 45% & 12
FE. dr=50:50 DT AT L AEIRMETHERMDF HAL (Table 8, entry 17) . 43RS v R A V7R
WEAIESOODELT L2y - 722 &2 5  (Table 8, entry 18) . AKUSICIFEILSC T VEBMETH
DT EDNThoT,
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Table 8. Optimization of intermolecular spirolactonization of styrene (la) with methyl 1-indanone-2-

carboxylate (9a).”
' 0
N Meozc§© s (Do _ fm mo;_m
2.0 equiv © Cslg:i/’e::’ (r’:c)) g](l)_)h " o i °
1a 9a 10aa 11a
entry base solvent 10aa (%) dr (cis:trans)’
1 Ca(OH). ‘BuOH 44 62:38
2 Na;CO3 ‘BuOH/H,O 2 mL/I mL) 82 64:36
3 Na;CO3 MeOH/H20 2 mL/I mL) 57 36:64
4 Na;CO3 EtOH/H,O 2mL/1mL) 68 50:50
5 Na;CO3 IPA/H>O (2 mL/1 mL) 81 50:50
6 Na;CO3 DMSO/H,0 2 mL/ImL) 65 66:34
7 Na,COs ‘BuOH 15% 60:40
8 Na;CO3 IPA 13%¢ 69:31
9 Mg(OH), ‘BuOH/H,O 2 mL/I mL) 62 50:50
10 Ca(OH). ‘BuOH/H,O 2 mL/I mL) 66 36:64
11 Ba(OH), ‘BuOH/H,O 2 mL/I mL) 17 50:50
12 NaHCO3 ‘BuOH/H,O 2 mL/I mL) 23 50:50
13 LixCO3 ‘BuOH/H,O 2 mL/I mL) 58 33:67
14 K>CO3 ‘BuOH/H,O 2 mL/I mL) 39 45:55
15 K;3POq4 ‘BuOH/H,O 2 mL/I mL) 18 74:26
16 NaOH ‘BuOH/H,O 2 mL/I mL) 57 38:62
17 - ‘BuOH/H,O 2 mL/l mL)  45¢ 50:50
18 Na,COs BuOH/H,O 2 mL/1mL) nur. -

?Reaction condition: styrene (1a) (2.0 equiv), 9a (0.3 mmol), I> (0.3 mmol), and base (0.3 mmol) in solvent (3 mL) stirred
at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h. ® Diasteromeric ratios (dr =
cis:trans) were determined by 'H NMR analysis of crude extract. ¢ 'H NMR yield. ¢ 57% of 11a was obtained. ¢ 50% of

11a was obtained./ Without iodine.
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e LT maiidetth 2 30, WEEHESHOMELIT o7, 1LUOIC, KA L7 1 11T 5
18 P OfE B & Table 9 (2787, 4-tert-butylstyrene (1b), 4-methyl, 3- methyl 33 X OY 2- methylstyrene
(le-1e)D L 5 72 T VX VEHILZ BT H AT L UAHE OROGTIE, @OIER (75-85%) Txbisd
HAE T T K 10ba-10ea 7355417 (Table 9, entry 2-5), I 52, Na U EHLEH 5 A
F U (A1) & B HEICRIE L, 67-84% DR THTED A ' 7 7 | 10fa-10ha Z 157

(Table 9, entry 6-8) . K&V D, BEHEGMED MeO A FTHATF L M) & 1XdHE Y ISH T
1787, 46% SRR £ 572 (Table9,entry9), F7-. 2-vinylnaphthalene (1) LS RFE] 2 LR
THZET, 2% THRDAE R T 7 2 101a #1572 (Table 9, entry 10), X T, 3-vinylpyridine
(Ip) DX REBFRERREAT LA LT 0 E LIS L, FRREOIER AR 10pa & 157

(Table 9, entry 11), %2, BEIAEA L7 4 > CT&H % 1-dodecene (In) & DT, RN HXF
JETHAER T h10na BEHND 2 ERNoT (Table9, entry 12), 728, 26 —EHOK
JRIZBWTAE R T 7 10 130T IS cis- B A D3 DNTESE U CTAR LT, H&I2, styrene
(1a)Z AN =27F LA — L ORIETEH, AE T T 27 h i 10aa S 80% DR THE bV,

Table 9. Reaction with various olefins 1 using methyl 1-indanone-2-carboxylate (9a).”

I, (1.0 equiv) O O
Na,COj (1.0 equiv) /R /s
M602C O () @) ’
R * >
tBUOH/HzO (3 mL) R\“ R
0
0 0

CFL,Ar, rt,20 h

1 9a 10-cis 10-trans
entry R 10 yield (%) dr (cis:trans)’
1 Ph (1a) 10aa 82 (80)° 64:36 (68:32)
2 4-Bu-CsHs (1b) 10ba &3 57:43
3 4-Me-CeHs (1c) 10ca 85 62:38
4 3-Me-CsHs (1d) 10da 79 57:43
5 2-Me-CsH4 (1e) 10ea 75 52:48
6 4-F-CgHa4 (1) 10fa 67 58:42
7 4-Cl-CsH4 (1g) 10ga 84 68:32
8 4-Br-C¢Hs (1h) 10ha 82 66:34
9 4-MeO-CsH, (1i) 10ia 46 52:48
10¢ 2-Naph (11) 101a 62 57:43
11 3-Pyridyl (1p) 10pa 62 57:43
12 1-Dodecene (1n) 10na 34 43:57

“ Reaction condition: Olefin 1 (2.0 equiv), 9a (0.3 mmol), I2 (0.3 mmol), and Na2COs (0.3 mmol) in ‘BuOH/H20 (2:1, 3
mL) stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h. ® Diasteromeric
ratios (dr = cis:trans) were determined by 'H NMR analysis of crude extract. ¢ The number in parentheses is the result of
the reaction using 6 mmol of styrene (1a) for 48 h. ¢ The reaction was performed for 40 h.
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Table 10 TiX, WALV 7 ¢ » EITZEHA LV 7 ¢ BT 2 H#EIPH %~ 7, a-methylstyrene
(1q)%°. 1,1-diphenylethylene (1r)72 & o MAIZEHIEAFFOZEHA L 7 ¢ o LIZFIBIC UL EST
L, ST HAER T2 i 10qa & 10ra & ZAVENHFFREED S BAF R THL Z &N TE -

(Table 10, entry 1,2), F£7=. B-methylstyrene (1s)D L 9 72 B ALICEHIEE AT HLNEA L 7 4 %
RN 6. @)-1s. (BE)-1s DIRICEAD 63, [FREO V7 27 L AEPFMED SN IR TA Y
277 b2 10sa 34RL L7= (Table 10, entry 3,4), —J5. cis-stilbene (Z-10)33 &2 OF trans-stilbene (E-
lo)Z AW =6, B AL Ph FEDOSIAREEIC LV BIsH&HE O T L7 > 7= (Table 10, entry 5,
6), = 5HIZ, indene(1t) ITSJSHEIZIER T2 Z LIk 0 T 22 AA 077 o 10ta &
91% & B R TS Z LA TE 7= (Table 10, entry 7)
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Table 10. Intermolecular spirolactonization of polysubstituted olefins 1 using methyl 1-indanone-2-

carboxylate (9a).”
I, (1.0 equiv) O
R2 MeO.C Na,CO3 (1.0 equiv) OJ’{.O‘
o i - ’
R! ‘BUOH/H,0 (3 mL) R
O CFL, Ar, 1t, 20 h R2 p3gy
1 9a 10
entry  substrate 1 lactone 10 yield (%), (dr)’
/O O
oA, o,
1 a-methylstyrene (1q) R 0 56 (dr=74:23)
Ph Y, P,
€0 €0
10ga-cis 10qa-trans
0O
oA,
2 1,1-diphenylethylene (1r) Bh 70°
Ph 0o
10ra
@) O
seelose
3 cis-B-methylstyrene (Z-1s - 84 (dr=43:57
p-methylstyrene (Z-1s) phy phe ( )
MeO MeO
10sa-cis 10sa-trans
i /
oA, o,
4 trans-B-methylstyrene (E-1s) . - 99 (dr = 50:50)
MeO I\=/Ieo
10sa-cis 10sa-trans
i /
o, o,
5 cis-stilbene (Z-10) - 21 (dr = 50:50)
Ph* PR %
PhO PhO
100a-cis 100a-trans
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/O /O

O’/’ OJ’

6 trans-stilbene (E-10) - 27 (dr = 65:35)
Ph* P

PhO phO
100a-cis 10o0a-trans

7 indene (1t) 91¢ (dr="73:27)

10ta-cis 10ta-trans

“ Reaction condition: Olefin 1 (2.0 equiv), 9a (0.3 mmol), I2 (0.3 mmol), and Na2COs (0.3 mmol) in ‘BuOH/H20 (2:1, 3
mL) stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h. ® Diasteromeric

ratios (dr = cis:trans) were determined by 1H NMR analysis of crude extract.  The reaction was performed for 40 h.

BIZ, BRIRB-7 b= AT L 9 OFVE I FHFIC OV CHRAS L7z (Table 11), (X U®IZ, methyl
1-indanone-2-carboxylate (9a) D &g EDEHLSE R OFELZ 5728, Fix ODEHILAZEAN LT
Btk B-77 = A7 9b-9d & styrene (1a) & DULNEIT o7, fidkd LT, HEER LOETFIIE
FSUGICRE < BT, Me &, Br &, MeO B2 HT 57 hm AT /L& ORSIMICHEITL
ZNEIE VIR THIET DAY T 7 R 10ab-10ad % 5-% 7= (Table 11,entry 1-3), £72, HH&
B EOEHNIE SRS EE 52T, ANV MIUCBr E2HT 57 hm A7 /19 TH 78% & &
WERTAE R T 7 h 10ae 035517 (Table 11, entry 4), HR5%E4 X (L, 2-carbomethoxy 1-
tetralone (9f) % JHV7ZBR S styrene (1a) & FVBIZSUSSHEIT L, 91%DIERT 6 BEREFEA R T
7 2 10af D3ERC LT (Table 11, entry 5), E£72, JEIEERIK B-7 R AT L 9g9j L DAL R T
7 MALRUE S, BRI T2 2 ERH LN -T2, 5 BB, 6 BEREGEOBRIL -7 =2
7L 9g, 9h TIHRILR, HDHWEIFTEDOAE T T 7 k2 10ah ZERK LR - 7203, 7 BEROERIR
B-7 R AT /L 9i TIX 63%DIFHET 10ai 2155 Z LN TE 7= (Table 11, entry 6-8) , BB &
W2y ARSI ap-AEEf7 b 9 2B E L THWD ZELAHRETH Y RICE TS DN A
077~ 10aj 2155 Z L TE 72 (Table 11, entry 9),
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Table 11. Intermolecular spirolactonization of various cyclic -keto ester 9 using styrene (1a)”

Ph/\ + M602C4¢

(0]
1a 9

entry substrate 9

Me
MEO2C

3

9b

Br
MGOQC

3

9c

OMe
MEO2C

ki

9d
M602C
4
0 Br
9e
5 MEO2C ; :
0]
of
MeO,C
o 99

l, (1.0 equiv) O
Na,COj3 (1.0 equiv)

BuOH/H,0 (3 mL) et
CFL, Ar, rt, 20 h

lactone 10 yield (%), (dr)”

78 (dr = 50:50)

73 (dr = 50:50)

62 (dr = 64:36)

78° (dr = 63:37)

91 (dr=50:50)
Ph 10af
/
o,
359 (dr=67:33)
Ph
© 10ag

-43-



7 MeO,C n.d.
o 9h 10ah
O 9
10ai
MeOZC
9 35 (dr=50:50)
(0]
9j

10aj

? Reaction condition: Styrene (1a) (2.0 equiv), cyclic B-keto ester 9 (0.3 mmol), I> (0.3 mmol), and Na>COs (0.3 mmol) in
‘BuOH/H20 (2:1, 3 mL) stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h.
b Diasteromeric ratios (dr = cis:trans) were determined by 1H NMR analysis of crude extract. ¢ The reaction was performed

for 40 h. ¢ using 2.0 equiv. of Na2CO:s.
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BTIE  XHHRSEBRR O ONT RHEAE DR

KBRS, BRDO53FHIT 7 b ASOR & [FRROERE THEIT T 200D D 728D, Flix DXt
FRAAT -T2, XL OIT, FIHDEOEEIZ MRS 2 720D LIS A1 T -7 (Scheme 31, eq. 1),
FER L LT, ROGERIBCHR ShAE R Z 7 b 10aa [TT & A EEK LR o7, DT L&
B ARSI ARG L0 RES D 2 L DR STz, ETohRalICSIFICRT L, 7L
A & LT galvinoxyl 2 1 YRIRIMLIZE 24, 2H 6 bUEHRE il Sz 2 & bAK
WNZIE T P A NFEAERLD FIREMEDRE 45 (Scheme 31, eq. 2)

Reaction under the light shading

O
I, Na,CO3 (1.0 equiv) ,/[
P + MeO,C > 0™ =2 (1)
‘BUOH/H,0 (3 mL), Ar, 20 h Ph

2.0 equiv o under dark 8
1a 9a 10aa
2%

Reaction with radical scavenger

Galvinoxyl (1.0 equiv) o
|2, N32CO3 (1 .0 eqUiV) J
PR + MeO,C > o !"9 (2)
BuOH/H,O (3 mL), Ar, 20 h
| 0 CFL Ph
2.0 equiv 0]
1a 9a 10aa
13%
dr=24:76

Scheme 31. Control experiments for investigation of radical generation.

RIS THERT D27 P NVFEE IR T 572D, styrene (1a) D> Y 1T 1-cyclopropyl-1-
phenylethylene %27 1)V 7 v 7 & U CIGTEEM L7z (Scheme32,eq.1), MR LT, FU70
V7 7 OBRBRA 12a 23 AHDEIRE FIZRBWN T 71% EBEICAE U, Zhud, Ao kv =
URTVANDREL, SURTIANNT VNI vy 7 ZRRIETLZ E2RRT 5, £,
BB F CORIETIE, A2 T 7 b 10aa DAERLDIH] S0, Z < #&ED 4 b 21K phenacyl
iodide (4a)*' &, (4a) & methyl 1-indanone-2-carboxylate (92)73 7> - L 72 2E58# 13a 53 13% 255K
L7 (Scheme32,eq.2), ZiBIE, 3177 R ALIGIZET 5 Scheme 23 D SEERAE T & [FIkE,
NRUDNT AR & EEERENRG U CTEUTZRVER & B 2 bivd, ! o T, ARIST
BT 7 R ALK & RIERIZ vie-diiodide FE 1T 23R AR & L CTHSEE L T 5 RTREMED /RIS X
N5,
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Radical clock reaction

I, Na,CO3 (1.0 equiv)
+ MeO,C >
Ph BuOH/H,0 (3 mL), Ar, 20 h
O
)

(2.0 equiv
Radical Clock 9a 12a

recovered radical clock

51% under hv 71%
major : minor =78 : 22

92% under dark 15%
major : minor = 80 : 20

Reaction under oxygen atomosphere

I, Na,COs3 (1.0 equiv)
P + MeO,C » 10aa + 13a + 4a (2)
t
BUOH/H,0 (3mL), 05,20h o 3% 29

2.0 equiv ° CFL dr =50 : 50

1a 9a
MeO,C, O”
O ‘% |
Ph O 13a 4a

Scheme 32. Evaluation of radical species.

Fo, GUERTTVINVOMITIEESND TV INFEE LT, VA= D o L EITELDH AT
VI UHNFENZET B D (Scheme 33), I = DT A NFEOARUZ OV TIHRD 2D, 1-
indanone-2-carboxylate (92)?D 71 VAR =)V a{if % = U 3L L 72 HVE 9a-1 T, Table 12 (2R /%
IR R LT, k& LT, AIDES 2033 UROFEICE DL b FOSTa < ETE, HRE
B 9a-l NF & A R STz, F72. Scheme32,eq.2 (21T DT 9a DEA{L)IT—YIAER L
7o T=Z ED, Scheme 33 IZT L 9 R AT 2T UM NFEOIEAEEIIAINN BN THE 2
HRIR Th D L HEET S,
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Table 12. Investigation of the formation of methine radical intermediate.”

I, (1.0 equiv) O
MeO,C Na,COs (1.0 equiv) oL
NS T - /
' 'BUOH/H,0 (3 mL) Ph
o) CFL,Ar, rt, 20 h o
1a 9a-l 10aa
entry L changed reaction condition 3aa yield (%) (dr)’
1 none under Av no reaction®
2 none under dark no reaction®
3 added under Av no reaction®
4 added under dark no reaction®

“Reaction condition: 1a (2 equiv), 9a-I (0.3 mmol), I> (0.3 mmol), and Na2COs (0.3 mmol) in ‘BuOH/H20 (2:1, 3 mL) and
stirred at ambient temperature irradiated with four of compact fluorescent lamps (CFLs) for 20 h. ® Diasteromeric ratios (dr

= cis:trans) were determined by 'H NMR analysis of crude extract. ¢ 9a-I was completely recovered.

COMe ‘ COMe | ANpp, COzMF
| = —— O |—>
o) o) o)

Ph

9a-l methine radical species \Y

Scheme 33 Plausible mechanism of formation of methine radical species.

WAz, ALEY Na BARIRIZIIT 2 HRHATH 503 572, Table 13 [TRTHMFD FAE
277 k2 10aa ~OEHSOG R Lo, AEAW Na 13, WEEZEIN L RWSERAET, Ttz 3
H RS UBET 7228 10aa ~OZEHSISITIE E A EHEIT L7220 o7 (Table 13,entry 1), LU, i
WS TCHlEEMA D & D 4 FFIZ ECBRALBISNE/E LA R T 7 Y 10aa ~ & 2454
Si7z (Table 13, entry 1), S 52, 10aa [ISUSHTIONMAEY) 1la DY T AT L ATRRPEAREF LTZ
FEEMINTEY | LAWY Na IIARSIEDF IR TH 5 ATREMED &V,
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Table 13. Determination of a key intermediate.

0 0
MeO,C, Na,COj3 (X equiv) OJ{ . OJ{ "

HO ’ > e, )

N 'BUOH/H,O (3 mL) - -

o] @) @)
11a 10aa-cis 10aa-trans
dr= 66:34
entry NaxCOs (X equiv) condition 10a (%) dr (cis:trans)
1 none under Av, 3 days 9 67:33
2 1.0 equiv under dark, 4 h, r.t. quant. 66:34

BIZIZ, Bl Pz W TOKRORD U ICEBESEER S 72K B0 & AW RS54 17 -
7~ (Scheme 34), FOfEHE. BO SN AT T 7 Fr 10aa' N EIER TART 5 = L 2 ffEk
L7 $o T, AT 7 o 10aa LAY NNa I L ABYVIS 2 U TERR S A 2 & AR
énéo

o)
I, Na,CO5 (1.0 equiv.) 130J¢/,“
/\ + MeOzC >
Ph 'BUOH/H,'80 (3mL), Ar,20h  py,
o}

O CFL

2.0 equiv
1a 9a 10aa’
94%
cis : trans = 69 : 31
60 :180=14:86

Scheme 34. H,"*O labeling study.
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PLEDOFEBFERZIIC, HTEAE e 77 8 ALRICOBE S D RSHE % Scheme 35 127~
T 7 7 N ACRIS DR & FIREIC (Scheme25) . RIFYERREIC L W I VR T DA Ln
AT DHZ L TRIGHIMGT 5, AR LT3 UHET UL, L7 4 SERINATINT %
& T vic-diiodide FE I 235 5 115, vic-diiodide Fl I [IASU NI IB W T HIEFITARLZE TH H T,
DRI TFRE IO LT 4 L ~OFWRISHEITL TS, Y vie-diiodide E IT 1%, Bk B-7 b
T ATV 9a ERUL LIET 2BV 4L, ZUWAEDOEEERLL TAE R T 27 2 10aa 73
BONOREHIETE 203, ERkFEROFRE L ERE Tt RIS, BILIGIZE
5 FEREETIX, LAV EARPBRIET D Z & TEAEY a 3551, & Reo s LR
ZIVRBADREFNSE T LT, BOAE TS 7 R 10aa BERKRT 5 L E S5,

@ iodine radical generation step

hv
[ ]
—_— 2|

2

@ vic-diiodide intermediate generation step

. I'
P == PN == Ph)\/l

v hv
1a | ]
30
\2 ,O'
@) 0] 9a 13
—> — a
I I
o~ T A
4a
@ intermolecular addition/cyclization step
Ja MeO,C MeO,C
—_—
_>
Ph 0 Ph O
Vv 11a
~‘~\ l cyclization
cyclization .,
N 0
Ph
O
10aa

Scheme 35. Plausible reaction mechanism of the intermolecular spirolactonization.
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Vb, AW CIERRYE L 3 v EBOHEERIC L 0 £ U 2 @G vie-diiodide FE T %, #7212
y-AEB T 7 AR EINHT D, FEUL TG AR BRR LT, 786 vie-diiodide FE 1T
[ZXF L, BB B-7 R ATV EREAIE LTRSS E 5 2 & TR RN, Bb
FOGIHEIT L, 28k72 AR T 7 N UBERE D VR y M oEIERTELND S TRIA YR
T N ARG EBFE Uiz, ARJSIE, vie-diiodide T I 232472 T 7 S U iBEIRARIC T D3k
WOFEEMEREE U CHHCTEL 2 L2 EIELZLDOTH D, ANEEEEZFHT 2T, —90
ERERAMCCESRAIEL WD Z L7 TERIEL D HIXDNNTRMADOEERTFIET y-A
e 77 hOHEROERKEER LT 2 SRR ICET S,
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F=F HSTRIVROMEERIEHREZERIH LI 3 a1/ 77 b
LB DBHFERF ST

B MEOER

A X R AT /UE, ROSHEIC S T MO B REE CHBU LR EE 2R A E O mv e S
Th D, > 5 Z1F Overman rearrangement ** X°> Schmidt glycosylation® |, f I R= 27 /L& g K
& LU TRIAT 2 REM72 5 FEB)E Th D (Scheme36), E7z, BRkA I R AT /MIA I/ 7
7 b b BMETNEIESORMEREICE AFEL, MOVEBNEEEZ T 52 L bbb TS, i
2NV y-A 2T 7 N ERER E 95 Gossylic iminolactone 13T HIV {EPEA k92 E NI HUT
W5 (Figure 5), ©

Overman rearrangement
R3
OH N
'
R1 J\/\ R2

RTS R2
CCI;CN Ha(l)
or R3 A | orPd(ll)
CF4CN o )\\N'H or Au(l)
R" 2~ "R? R'=R2=alkyl, H
trichloroacetimidate R® = CCly, CF3
Schmidt glycosylation
base RO RO
R%o o CCI3CN RSO\&/S BF3-OEt, RO o
_ 0] —  » RO
RO OH RO ,
RO HN}—CCla R'OH RO r
trichloroacetimidate

Scheme 36. Classical reaction using imidate intermediate.
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Figure 5. Gossylic iminolactone (anti-HIV activity).

ZDEIIeA I T 7 ORI ERIEL, SFNICY T e P ReAT oy
T e RY AR, BRI A TSI R & > TE T % Pinner reaction (Scheme 37) ©
DHIHNTEY, BIFETHLAKBG THO LN TW A I TETH S, Lo, PEROK SO
B O S S OISRt A D 7e EIRES R BOSRIE 2 B 5 T EERE S LTS
bivd, £7o, A X/ 77 FAHMEFR, AEERFIIIEOEWMEEM THLHIZHEDL LT, £D
BRSO = S IO m WS BIEO RS IIRIED 720, $E-> T, Z O Pinnerreaction DY
kL7720 9%, fMEPOIRFREITEMRIRA X/ T2 b 2GR FEDRFENRD &
TS,

+ -
. NH,CI
H and/or A
HOWCN > O
cyanohydrin Pinner’s salt
(imidate salt)

Scheme 37. Pinner reaction.
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F—H TIFREZERRLLIEAI/T7 PR

INETITHESNTE A/ 77 bUOEEIEE, 72 RFEEEREFINT2TERE0S
KEEDTND, ® 7 I MEaIE—MRAISHAEDS @ < ZEICIRV A, ZDOEMbBES Th
52 EMBLARERICB O THREEE LTHA STV S, BRI, 2 TRICT LS 07 Ly
7 EORBIRERERZ AT 57 X MEAcx LeRAE © &H o\ a7 kil & 2 EH &
W52 LT, BRI S~ BEHT A, H D WIEREFAUSTEME L, 43 FINE LG ARk
T HERIEDHE I TV D (Scheme 38).,

R.
A
O M"X or X+ o
WLN'R >
H M = Cu, Au, X = halogen X
y-iminolactone
R. .
NH R NH
o ,O)J or O
XM Xz
4 *J

Scheme 38. Metal-mediated cyclization of unsaturated amides.

Fo. 72X NMeA & REFRALKFER TO 3 FERGNT & 2 ZEERR RS BIE BV < D
WD D, O HZIE, 2016 4212 Nishikata 513 Cu(DfEC & % a-bromoamide O 1 - FH(L & ¢
AVT 4 DR TT VNI BALRIEEI LTz, @ v ) F7 DT VR

N AR E R L CU5  (Scheme 39), %

TPMA (10 mol%)

. Cul (10 mol%) NPh
BnBusNBr (20 mol%)
Ph~NJ\K * EWGT ’ > i
H Br iProNH (2.0 equiv) EWG

toluene, 100 °'C

O EWG
Ph

‘ Cul
r aa”\ N°
Single-electron transfer H

Scheme 39. Intermolecular iminolactonization mediated Cu(I) catalyst using a-bromoamides as substrate.

Radical addition/O-annulation
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S HIZ 2019 £4EIT Li HiE, Rh M K 55567 I FEAEO C-H f#aTEE L & REafks &~
1,4-Rh B#EH AIZ LV | benzamide & 1,3-enynes fi] & OFRAVAY > TR BALISZBIFE L. A
2T b OBEA R EER LT D, (Scheme 40) 7 Z X 5 725y 7RI BALRS A
FEB L LTERT 22 & T rNRIS E R L TSR y-A X ) T2 N U aFE Rz R D,
fIZERT 22 ENTESD, L, WTINOmE b NEHHE ATEH LT 572 OICERR
itz S Z &0, 7 X Mo a7 A ZAT 5 72 ETEEREE O PR A ZE L, R
TR D2 BEOSERERRRIA R (Diversity-Oriented Synthesis: DOS) % SEHLT~ 57201213, fi#
R REPEPKRIEL L FHEINTNWD,

Cp*Rh(OAC), (5 mol%) MeON

— R Cu(OAc), (2.2 equiv)
MeO~N + </ > ©
H NaOAc (2.0 equiv) <’ R

1,4-dioxane, 90 ‘C, N5, 12 h

Scheme 40. Oxidative annulation of benzamides and enynes via 1,4-Rhodium migration.
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BIH AYVT=R-=bIVREBERRE LA/ 77 bUARR

AR5y F-RIBISIC X% DOS Blg OFYEZ AT D822 FB & LT, ZRORIE (multi-
component reaction: MCR) % HV % HiEfwn3 2T HivdH, MCR &1, 3 0 FLA EOKISEE 2D
RNy FCRIG ST TAEMDZG LI TH Y | 2 5 FOREZ G ST TSI ELHELD
BRSSO E OEBRILAEM AL Z N TE D, ® FHE, ZOMCR IZXD v/ T2
R DERIEITN S O STV D, @ filZIE 2005 AT Nassiti HIE, ¥/ > LIEHERNEY
JLF 2 To % dimethyl acetylenedicarboxylate (DMAD), = L CA Yo7 = R&EFE L L7z 3 plidyE
#&EUiE  (thee-component reaction: TCR) |2 X AMFEILEIT LT, #iley-Av AT 7 hv
DERAE R LT D (Scheme41), **

CO,Me o O

N=C: + || +

—_——
D =
CO.Me 38 °C, 26 h

Scheme 41. y-spiroiminolactone synthesis by three-component reaction using isocyanide.

Scheme 41 M X 9 72 MCR I&, HE HEH OSISED R SITHRTFE L, 7o, FFED LA DOH L
DEOGZHWD Z E DX TERWVRCIMEICRIT S, —J7, 2017 F2iE= MU L& 2 FEEOTH
NR= UG ZEIEE L U, Zli72 R ETEYEATFE N, KFTOTCR 4 Lz y-Ar A /) F
7 N ARRBOS B EE STV D (Schemed2), ™ ZDOKIGE, ZAkle= K U VFER I VAR =4k
AW EFEAENT D Z LR BOSICRIAT 2 2 LA TE, KP COBRBEFIRA A AL A 2 L8
NIERIETH DD, REEEDEL DA T 7 hUOERITIFZRE LTA VU T =R,
HOWE= NI VEDPVEE TR D,

O]
O sodium dodecyl sulfate RN ‘
(SDS) (15 mol%)
R-C=N + + o
© water reflux O 0o
N o o N
H H

Scheme 42. y-spiroiminolactone synthesis by three-component reaction using nitrile in water.
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AT ROERRITOWT, EiRo & 5 72 TCR %47 LIS BT T A2 60
59, RS CTHLEREE LA W T I VEAIRE L LisA 2 ) T 7 P ARIEORSE
IF720, AT, 2T DRI D INR=NVIEE TS D70 EFatsOBHAMELE 720 5 D3
"5 R OMEAMERD T AU, MCR OARE T HAEESERMEOFEBL L W ) R 2 TEN L ER
TV, U EDOTEEDNS IO E ML) Z BT & U, RIS T, AR DLk
EAEhE LieA 2 ) 77 MU AEIEDBIEPLEEND,

ZFZTEFRIT. AN INE TR LT 7 N AEERISHT 5 2 & T, #Hi2lZ TCR %470
LTeA 2 T P ACRISIEI TS 2 DO TIFRW M E % 2 72 (Scheme43), & 2T, Hfika v
FET, AL 7 4 AR Ly u VR AT IVERERE 7 I VD 2 FAA SOGH]IE L TRV AT
HEINIRET 2 Tl 21170 oo L 2A A X/ T 7 "N ERTHZ L 2RI LTz, BIF
ZDOFENC DN THRIET 5,

CO,Me RS R*N
J\ + olefin I2 CO;Me
R" “COy;Me _>CFL (0) R
R3_—NH2 R2
malonate amine

y-iminolactone

Scheme 43. Three-component y-iminolactonization reaction via bifunctionalization of olefins using molecular

iodine and visible light.
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B SFRIVELTENREHAN A 2 57 F 3 RO BRSO
B—1E BERGEMOBRR L REERREOFHEE

XL DI, RN OF#E R 21T o 7o, RIGEE & LT, B _ED M7 7 M ALRIST
H H 72 dimethyl 2-methylmalonate (2a), styrene (1a) & 352, benzylamine (14a)% 22587 & L TRl
L7ze 2D 3 TR LIRS O RAHE T, A2 /MB35 Z L TTCR 2517251 2
)77 N ARG ARG LTZ (Table 14), 13 U 81 benzylamine (14a)% 2 4 &V, FE 4 DOIALE A
I V== T E 7ol Mk LT IREMRE < . = AT SRS E ORIFISHAE TIZ < W
BuOH Z W RIS y-A 2/ T 7 B 15 53 25% SARINGERZ28 B 15 b7z (Table 14, entry 1), &£
T2 ZDBEDA X 7T 7 b 15 ONARELE X, dr (cis:trans) =20:80 DY T AT L AP T 15-trans
B L THERD LD LMNNI o7, —J7, Bk Ds3F M7 7 R ACSOE S [RIRHSHET L, #l
ERE LT y-7Tr 77 b 3aa DEMBIES SV, FRERN G, OB CIIRICHEST
BTAI T b NSEHIFZEAE/DZ LN TE /2D o7 (Table 14,entry 2-8) , & Z C ‘BuOH %
At L UCHEE L. benzylamine (14a)% 3 Y E THEE L L 2 A, ICENKIEIZM E L 53% DI
BCHHODAI )T b 15 2552 L TE7- (Table 14, entry 9), UL, 3 H&LLED
benzylamine (14a) % HWN T entry 9 DU A LA H5EFRITE B 720 o7 (Table 14, entry 10-13),
INFETOBRGOFT, 77~ 3aa PMEDRPOREVET D Z E0D, BUSRHICFET DKM
AT NS DEREIET S, HDHWNET 7 b 3aa DAEMREERET 2 Z LRI,
% ZCAKIC K D RIS 2S5 728D TR dry BuOH &2 FV 3 AT L% 2T —3—7 2% 100
mg I L7, S HITHEREE LT NaCOs Z VD & IERIFRE < L 77%DINER, dr (cis:trans)
=2575 DT AT VATERRWETA I /T2 b 15 2157 (Table 14,entry 14), F7=. 7T LR/F
— DS THXINT D ER % 63% DR TR Z LN TET,
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Table 14. Optimization of three-component iminolactonization of styrene (1a), malonate 2a and benzylamine

(14a)."

PR+

2.0 equiv
1a

entry
1

10
11
12
13

14

COzMe

Me COzMe

2a
solvent
'BuOH
IPA
MeOH
EtOAc
DMSO
DMF
MeCN
THF
'BuOH
'BuOH
'BuOH
'BuOH
'BuOH
dry ‘BuOH

Bn,

I2 (1.0 equiv) N O

BnNH, (14a) (X equiv)> ‘JoijOzMe #&COZMe
soheni I e ey e
15 3aa

benzylamine (X equiv) 15’ (%) dr (cis:trans)” 3aa
2.0 25 20:80 5
2.0 n.d. - -
2.0 7 trans-isomer 59
2.0 n.d. - trace
2.0 trace - trace
2.0 trace - trace
2.0 15 33:67 9
2.0 n.d. - -
3.0 53 33:67 10
3.5 50 23:77 5
4.0 55 32:68 7
4.5 41 26:74 4
5.0 30 40:60 2
3.0 77(63)¢ 25:75(26:74) 6

? Reaction condition: 2a (0.3 mmol), styrene (1a) (2.0 equiv), I> (0.3 mmol) and benzylamine (14a) (2.0 equiv) in solvent

(3 mL) stirred at ambient temperature irradiated with compact fluorescent lamps (CFLs) for 20 h. * 'H NMR yield ¢

Diastereomeric ratios was determined by "H NMR analysis of crude extract. 3 A Molecular sieves as an additive. ¢ With

Na>COs (50 mol%) as base./Isolated yield. € Number in parentheses is the result of the reaction using 7 mmol of 2a for 24

h.
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BN holtbob & EEEHEMEOFIA 21T o7, 13 THIT, Table 15 1R T & 5 1TFli~4
DF VT 4 A DIUSHEIZ DWW TR L 7o, 7235, Z OfaTd Tlda T 4-methoxy benzylamine (14e)
T IUPRE UTHWE, EF. styrene (1a) & OFULTlE, B 72022 NS trans- 7 A7 L
FEPWETHIST DA X/ T2 br16 3G L. (Table15,entry 1), F72, styrene D7 U —/ LKk
EOEHILE LT, Me 250 Bu R EOT AR NIEE T H AT LU E OIS TIE, Bt
PEEZE O imm SUZBD O P RN IMMICHEST L IR & BAF7R rrans-2 7 AT L ATERET
A/ 77 b 1720 #5272 (Table 15,entry 2-5), F7=, 99VVEREMEEET D/ 07 &
AF L E DOROGTIEHFRRE DR TN T D 2ERW) 22-24 21525 Z & A TE 72 (Table 15, entry
7-9), —J7, E-EE 72 4-methoxystyrene (1i) & OIS TIX, 7317 7 R ALRIES & FBRICIED
ERIIDELNDIZE E -T2 (Table 15, entry 6), F£72, AF LV DN EFTINLHT-d =L
K ECEREEZATO2ZEMA LT 4 o EORIEHITo T2, BE & LT a-methylstyrene (1q) % H
Wb Z A RN KREIERTTDHZ 72K 54%DIETA I )57 > 25 2 5.%7- (Table
15,entry 10), —J7. cis-, trans-p-methylstyrene (Z-1s, E-1s) % AW V2 BRIE, E R, Z (RICIEREN R X
AKX L7223, B-methylstyrene DNIARD AT 5 Z LR FIRRED VT AT U AERIRIMETA
)T N 26 BERT D2 ENH BN/ 572 (Table 15, entry 11, 12)
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Table 15. Reaction with various olefins 1 using dimethyl 2-methylmalonate 2a and 4-methoxybenzylamine
(14e).”

PMB, PMB,
l2 (1.0 equiv), Na;CO; (50 mol%) N N
N )C\O2Me t PMBNH, (14e) (3.0 equiv) _ )Ojfcone ,(t)ijOZMe
Me”” >CO,Me dry BUOH (3 mL), 3 A MS (100 mg) Me R Me
2.0 equiv Ar, CFLs, 20 h
1 2a cis trans
entry R Iminolactone yield (%) dr (cis:trans)’
1 Ph (1a) 16 73 26:74
2 4-Me-CgHs4 (1¢) 17 64 28:72
3 3-Me-CeHs4 (1d) 18 76 26:74
4 2-Me-CgHs (1e) 19 74 2476
5 4-Bu-CgHs (1b) 20 82 26:74
6 4-MeO-C¢Hs4 (11) 21 trace -
7 4-F-Ce¢H,4 (1) 22 68 2773
8 4-Cl-CeH, (1g) 23 44 27:73
9 4-Br-CsHa (1h) 24 52 21:79
10 a-methylstyrene (1q) 25 54 25:75
11 cis-B-methylstyrene (Z-1s) 32 43:57
12 trans-p-methylstyrene (E-1s) 2 44 40:60

“Reaction conditions: I> (0.3 mmol), 3 A molecular sieves (100 mg), Na2CO3 (50 mol %), 4-metoxybenzylamine (14e)
(3.0 equiv), olefin 1 (2.0 equiv), and 2a (0.3 mmol) in dry ‘BuOH (3 mL) stirred at ambient temperature irradiated with a

compact fluorescent lamp (CFL) for 20 h. ® Diastereomeric ratios determined by 'H NMR analysis of the crude extract.

WIZ, TV = VISR O HEIFH OFE R 2 ~3 (Table 2), [E#UE R* 12, Bn ZED X 9 7o
UWVEHAFE A B A U723V 2¢ & ORIGTIE, 30% EARIER T3 240k 27 % 5-Z2 7= (Table 16,
entry 1), E£72, ZOKREO YT A7 LA TRIWMEIL dr (cis:trans)=78:22 & ZIVETD trans- 7 A7
AR &R U, cis-BMRDMEAICAR LTz, ZORIGHEIZOWTIL, BIEOSFMT7 7 hv
{BESG & [RRR DN RS-, £72, FEE 2h D X 9 Z@E#E R 07 L5 /V8RIIC CN K%
BT HEE L ORISTIE, PREDOIGETA I /77 28 %157= (Table 16,entry2), &7
5. B RN Ac HhA H O 2g L OO E A TR, Y 28 NEL BN SN D
HL7ao7- (Table 16,entry3), BEHAFER2ICT VR 2B LT- RV 2i & V2B T, 20% &KX
RCIEHLIMENT-VT AT LAERME (dr>1:20) T 2/ Z 27 b 30 2457 (Table 16, entry
4), HHZRNZ L2, AR T 7 ARG THWEZERIK B-7 F= A7 /L 9a & HARINR R
NORIGSIFHEITL, v-AEEA T2 b 31 21525 Z LN TE 7= (Table 16, entry 5),
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Table 16. Reaction with various carbonyl nucleophiles 2 using styrene 1a and 4-methoxybenzylamine (14¢).”

PMB, PMB,
I, (1.0 equiv), Na,CO3 (50 mol%) N N
R PMBNH, (14e) (3.0 equiv) 0 0
o+ L - 2R 2R
R2">CO;Me  dry ‘BuOH (3 mL), 3AMS (100 mg) RZ R2
2.0 equiv Ar, CFLs, 20 h
1a 2 cis trans
entry substrate 2 iminolactone yield (%), (dr)”
PMB,
N
CO2M€
M
1 Ph \)\CO2Me gﬁ{,coz © 30 (dr = 78:22)
2c Fh bh
27
PMB
N
CO,Me
NC o) CO,M
2 ‘Hf\cone ,é’? ) 2Me 66 (dr=28:72)
\ 2
2h Ph CN
28
CO,Me PMB.
M Me Q
3 e o ’ Me n.d.
o] oh ‘Me
2
g 29
PMB
CO,Me N
4 ~ CO,Me Q7 \pCOMe 20 (dr > 1:20)
9i Ph \
30 L\
Bn,
N
MeOZC—§;© o
5¢ J\/Q@ 29 (dr = 50:50)
0 Ph
9a 0

31

“Reaction conditions: I> (0.3 mmol), 3 A molecular sieves (100 mg), NaxCOs (50 mol %), 4-metoxybenzylamine (14¢)
(3.0 equiv), styrene (1a) (2.0 equiv), and carbonyl nucleophile 2 (0.3 mmol) in dry ‘BuOH (3 mL) stirred at ambient
temperature irradiated with a compact fluorescent lamp (CFL) for 20 h. ? Diastereomeric ratios determined by 'H NMR

analysis of the crude extract. “ Using benzylamine (3.0 equiv).

-61-



BRI, WA ATREZR T X U FH 14 OFIPIZ DWW TIEZ1T -7 (Table 17), benzylamine (14a)D 7
U —/V EOEHILIT, Me 355° Bu 2572 EDO T VX VA F T 5 benzylamine F554A (14b-14d) %
HWz & 2 A, FRREED D BAFRINER TS T 54 2/ T2 b 32-34 % 5% 727 (Table 17, entry
1-3). Ph &% A7 % 4-phenylbenzylamine (14i)i%, HEA~DOEFEIEDIR S D6 BUSITE L < #idfi] &
= (Table 17, entry 7), F£7=, W< DD 7 U EHIE A 4742 benzylamine 7554 (14f-14h)
EDORIRTIE, HWVE - REIMEEZ AT D 4-trifluoromethylbenzylamine (14h) & TURIHK F L CL &
ST=b OO R B TR 35-37 % 5-2 7= (Table 17, entry 4-6) , 5572735 aniline (14f)
1XE DOREESIDOFI S DB RUGTHEST L7~ 7= (Table 17, entry 8), BERZRNZ L1, SARAOICE
& VY 2,2-diphenylethylamine (14k) . <° 2-phenylethylamine (14m) . tert-butylamine (140) . I-
phenylethylamine (14p) & DTl SAAREED B/ XHNT DA X/ 77 b 40,42,44,45 %
ENZIEIFRNERTH7= (Table 17, entry 9, 11, 13-15), FflZ 1-phenylethylamine (14p) Tik, 7&
2 {R® D/L-1-phenylethylamine (D/L-14p). 33 & OF D-F&4:{K D-1-phenylethylamine (D-14p) % S
WHLHER L2 ZA AT 7 b 45OV T AT UARRMIE LS LB X Z dr=4:4:111 &
FFREED YT AT VAL THER L TWA Z ENRH LN/ -T2, ZHuE, KGRFTTrIvng
URICL DB EZ T B LA U Z EAVRBE NG, T BRI, TA T = VEBREAETDHT R
VI REHEOT XTI 14m EORIETH, RIEERNR A X T 7 N ALRIRZEA T
LHIENTEENTNRET DA T2 b 41,43 2455 Z L3 TE 7= (Table 17, entry 10, 12)
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Table 17. Reaction with various amines 14 using dimethyl 2-methylmalonate 2a and styrene (1a).”

PR .

2.0 equiv
1a

entry

12 (1.0 equiv), Na,CO3 (50 mol%)
CO,Me Amine (14) (3.0 equiv)
CO,Me dry BUOH (3 mL), 3 A MS (100 mg)
Ar, CFLs, 20 h
2a
amine 14 iminolactone

4-methylbenzylamine (14b)

2-methylbenzylamine (14c)

4-tert-butylbenzylamine (14d)

4-fluorobenzylamine (14f)

4-chlorobenzylamine (14g)

3

T

R

e

s

N
f>

R'l

cis

COgMe

COZMG

COZMe

CO,Me

CO,Me

R1

N
0]
COzMe - CO2Me

Me

PR Me

trans

yield (%), (dr)’

65 (dr =27:73)

57 (dr=35:75)

73 (dr = 28:72)

64 (dr = 20:80)

69 (dr = 20:80)



10

11

12

4-trifluoromethylbenzylamine
(14h)

4-phenylbenzylamine (14i)

aniline (14j)

2,2-diphenylethylamine (14k)

2-thiophenemethylamine (141)

2-phenylethylamine (14m)

1-butylamine (14n)

-64-

30 (dr = 26:74)

39 (dr = 26:74)

n.d.

68 (dr =23:77)

21 (dr> 1:20)

60 (dr = 24:76)

49 (dr = 24:76)



13

14

15

Me Me

Me
N
tert-butylamine (140) jj’coﬂwe 79 (dr = 34:66)
“Me
Ph
44
D/L-1-phenylethylamine Me 70 (dr = 3739:12:12)
(D/L-14p) ph—
N
jj,cozlvle
“Me
Ph
D-1-phenylethylamine (D-14p) 45 62 (dr=44:34:11:11)

“Reaction conditions: I> (0.3 mmol), 3 A molecular sieves (100 mg), Na2COs (50 mol %), amines (14) (3.0 equiv), styrene

(1a) (2.0 equiv), and 2a (0.3 mmol) in dry ‘BuOH (3 mL) stirred at ambient temperature irradiated with a compact

fluorescent lamp (CFL) for 20 h. ? Diastereomeric ratios determined by 'H NMR analysis of the crude extract.
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BTIE  XHHRSEBRR O ONT RHEAE DR

TCR Z LTz v-A X ) T 7 b ACRISDRISHERERRII D72 W< D ORRERZ 1T o 72

(Table 18), 1% UDIZ, FIESIFITHT LEEERBREEN 222 5 2 & TENENDORENZDONWTE
BT, £, kg URIEGFE T CMSITEEIT LR~ 7- (Table 18, entry 1), X 5IC
W LR CHRIRNMTIT & A EHEITET, 5% E MmO TRWIEETA I/ Z7 b 15 BMEHR
7= (Table 18, entry2), F7=. 7 T A1/U4f#EAl L LT butylated hydroxytoluene: BHT % izl 412 %}
LTI YERMUEES, SOSITERIcit Shd 2 E B BN/ 572 (Table 18, entry 3), =
NWODFERDN D, ABUSOREIZIZI VR ETHENPNHATH DL Z ERREND, IHITTY
1 IARHERI TR SERITIIH ST 2 e G, ISR T T U VHRIERR AR LT 5 AlEE
MNEZBND, £z, DRI TVEONRDIZ NIS (1.0 equiv) &I VHEEE L THWZHA,
AFEYERRET SR TIEA 2/ T 7 b 15 B 56%DIERCTARR L7-—J7 T, A Cli s < SIens
AT L7en o7z (Table 18,entry4,5), % Ziud, RIETOS 1M T 7 N ALKIG & [FEEORERT
HDHZEND, ARGZBWTH I — R=U AN TF A UREOAERITRNEEZZ b,

Table 18. Investigation into the role of molecular iodine and visible light.”

Bn, Bn,
I, (1.0 equiv), Na,CO3 (50 mol%) N N
Ph& . )C\OzMe BnNH; (14a) (3.0 equiv) . /(3,4002'\49 O‘jgcone
Me” ~CO,Me dry ‘BuOH (3 mL), 3 A MS (100 mg) py; ‘Me or ‘Me
2.0 equiv Ar, CFLs, 20 h
1a 2a 15-cis 15-trans
entry changed reaction condition 15 yield (%)’ dr (cis:trans)
1 w/o iodine no reaction -
2 under dark 5 -
3 Added BHT (1.0 equiv) no reaction -
4 NIS (1.0 equiv) instead of iodine under 4v 56 29:71
5 NIS (1.0 equiv) instead of iodine under dark trace -

? Reaction condition: 2a (0.3 mmol), styrene (1a) (2.0 equiv), benzylamine (14a) (3.0 equiv), I> (0.3 mmol), NaxCOs (50
mol%) and 3 A molecular sieves (100 mg) in dry ‘BuOH (3 mL) stirred at ambient temperature irradiated with compact
fluorescent lamps (CFLs) for 20 h. *'H NMR yield ¢ Diastereomeric ratios was determined by 'H NMR analysis of crude

extract.

FENT, RRISIZEIT 57 VRV HRBIROFEIZ DWW TH BT 5729, styrene (1a) D0V
\ZZ YN a7 1-cyclopropyl-1-phenylethylene % V=T o B /Uit FEER 217> 7= (Scheme
44), fEFE LT, AHDERARHCOHRT N7 vy 7 ORBRRIGHEIT L, ¥ hnvray s
DOBIBRIRIC~ 1 VR AT VEFEAR 2a M L7245 7a 2355 54107 (Scheme 44,eq. 1), 2D
DD, RISRPITEBN T FRNEIEIC L 53 UFET IV OIREL | vie-diiodide FE 1T D
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TERRDNEL X TV D RTREMES R S5, ¥ — 7, RSO T7 I UAHIERIII 2 A 6T,
T I DT E LT, T E vie-diiodide FE I &~ & U ET A7 )VEFEIK 2a & OREZE
PSS SSORDE T DBALER P BN T, 7 2 UGBS L TV D ATREMERE 2 B b,

I, (1.0 equiv), Na,CO3(50 mol%)

)C\Ozl\/le BnNH, (14a) (3.0 equiv) _ 'sze
Ph ¥ Me” >CO,Me dry BUOH (3 mL), 3 A MS (100 mg) Ph I\C/IigzMe (1)

Ar, CFL, 20 h
2.0 equiv 0.3 mmol
2a 7a
70% 22% 34%

I, (1.0 equiv), Na,COj3 (50 mol%)

)C\Ozl\/le BnNH, (14a) (3.0 equiv) _ I\/)\/CLOZMe
Ph * Me”>COMe dry'BUOH (3mL), 3AMS (100mg)  p, COMe (2)

Ar, dark, 20 h
2.0 equiv 0.3 mmol
2a 7a
98% 31% n.d.

Scheme 44. Radical clock experiments.

RIZ, AROSOFRRIZET 2FELIT o7, 1ZUHIT, KGR T dimethyl 2-methylmalonate
(2a) & benzylamine (14a)lZ 227 X NMUSISAREH L TA X/ T 7 R L TW D ATREMEICD
WTCIR5 728 (Schemed45). 2a-mono-amide (2a-MA)% dimethyl 2-methylmalonate (2a)D {7 ¥ (2
M, flix OSRMETROGEIT>72 (Table 19), #kE LT, benzylamine (14a) DA RO 595
JREHFE VT, TNEIVRETA 2/ 77 R 15 AR LTz (Table 19, entry 1,2), — 75,
Na,CO; D 0 (258 EED NaOH & IV % LRI 223 Hm) L7z (Table 19, entry3), L2»

L. IO —HORFHIBW TR 15 DVT AT LABRMIT A B LIeno 72, Folpdi
M CIEK dr = 1:3 T trans-BMARZESE U CTARRT 5D Z &X°, Scheme 44 (281757 VLD
2y 7 RIGTT R OB REL RN o FREENS, T/ T I RTAT /L 2a-MA 23X
ISR TH D RTREMEIRV E B 2 B,

I Bn,

0 .

base N\ N

, OJCNHBN
Me.__CO,Me BnNH, (14a) Me NHB Ph)\/l ( 0

\r Ty n______ o — . CO,Me

CO,Me COs,Me Ph M Y

2 2 MeCOz e Ph Me
2a 2a-MA Vil 15

Scheme 45. Plausible mechanism.
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Table 19. Using amide substrate 2a-MA..“

Bn
I, (1.0 equiv), Nay,CO3 (50 mol%) N
Ph& . )C\ONHBn BnNH, (14a) (3.0 equiv) o J&COZMe
Me” “CO,Me  dryBuOH (3mL), 3AMS (100 mg) py, ‘Me
2.0 equiv Ar, CFLs, 20 h
1a 2a-MA 15

entry changed reaction condition 15 yield (%)’ dr (cis:trans)
1 w/0 BnNH; 13 50:50
2 with BnNH, 23 50:50
3 w/0 BnNH,, NaOH (1.0 equiv) instead of Na,CO; 46 50:50

? Reaction condition: 2a-MA (0.3 mmol), styrene (1a) (2.0 equiv), benzylamine (14a) (3.0 equiv), I> (0.3 mmol), NaxCOs
(50 mol%) and 3 A molecular sieves (100 mg) in dry ‘BuOH (3 mL) stirred at ambient temperature irradiated with compact
fluorescent lamps (CFLs) for 20 h. *'H NMR yield ¢ Diastereomeric ratios was determined by 'H NMR analysis of crude

extract.

BB, A2 T7 15 & T 7 by 3aa O BB LR 21T -7 (Scheme46), 1 X
J 727 b 151k L 04 M OFEA VK E 7 247272 A, &2 TOAI /727 h 15
NT 7 R 3aa lICRGICEH SN (Scheme46, FX), —J5, 77 b Baa b A/ F7 b
15 ~OEHNZ VS T TR E 2 A, ZOEBINTHEIT L2 h 7= (Scheme 46, T
), AT, 77 b2 3aa 37 I MESNTZRIZAERY) 3aa-amide D3R STz, W< DO
R OWIRISERHE T TT 7 by 3aa ~DOEBRIL bRABTIN, Evb A/ 77 15135
AUTTEERE ONCEIA ) 3aa-amide 23[EIL S4L72 (Table 20) , 7> TAMIGIZIBWT, 41X/ 77
N 15 DR, MK RZEZ T T 7 b 3aa ([CEBA SNV ATREMEIZRWISRIR S D28, B
LT 7 b 3aa NEREA X ) T 7 RIS ITIFEBIN2NZ ED, T2 b 3aa 3HRIA
R D AREMI RV E B X B,

ACcOH (0.4M)
B”\N THF, heat, 0.n. 0
quant. 0
D7\ _coMe - 7 COMe
‘Me Ph Me
Ph AcOH (0.1M), BnNH, (3 eq.)
15 dry BuOH, r.t., 8 h 3aa
0%

Scheme 46. Inconversion of iminolactone 15 and lactone 3aa.
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Table 20. Transformation for lactone 3aa to iminolactone 15.

BnNH, (14a) (1.0 equiv) Bn,
O additive (1.0 equiv) N 0
;(dfcozlvle dry ‘BuOH (3 mL), 3 A MS (100 mg) 'ﬁolijOzMe &CONHBn
Ph Me Ar, CFLs, 20 h Ph Me Ph Me
3aa 15 3aa-amide

entry additive condition 15 yield (%)* 3aayield (%) 3aa-amide yield (%)*
1 I under Av n.d. 61 -

2 - under Av n.d. 59 -

3 L heat, 60 °C n.d. 70 -

4 - heat, 60 °C n.d. 55 -

5 AcOH under Av n.d. 34 27

6 NH.Cl1 under Av n.d. 24 24

7 oxalic acid under Av n.d. 44 21

8 H;PO4 under Av n.d. 44 21
“'H NMR yield.
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L EOSFERRE R 2B E 2. Scheme 47 (ZARE SIS 2 7~3, RO 77 7 b ALK & [F
BR, AT L0 b E b A2 0 7o IR O RIZI ORI ONVEET AL T 1 b
BIRHNZATINER T 5 Z & C vie-diiodide F II 2 /E5K9 5, ¥ 2 Z TR A T, vie-diiodide F& 1T
& dimethyl 2-methylmalonate (2a) & %71 sRIZEH %ﬁ’%éftlﬂlﬂa'ﬁﬁ: I 34U, ZD%EET %
Z L THET % onium fE VI MERKT 5, Z @ onium FE VI (2%t L benzylamine (14a)23RE%{HIN9
L2ET vy AT b5 ZUAT %, —J5, #8% B 13 dimethyl 2-methylmalonate (2a) D& /
7 X NSRS DHEST L7=%%. vic-dilodide FE IT & 2a-MA & O45 MRz EHY B LA ES T LT
VA /77 b 158 2520 THDH, T ETTHLNIFERIFEIR L MAZEHET L &

1) FVvr vy 7 FRIZLD . IVRZVEISAIE vie-diiodide flE 1T & D53 F- M SUSARANS
ETLDHT L, 2)2a-MA & F LT ¢ RO FRISIN BACRISIIFESITEIT L2 & iz T
20MA NBAEU DA T 7 FoDVT AT UAERMER 2RI LN L, 3) HHw LM
IZBWTC, 2a-MA DNELEIELTIAh o722 L3, BRI THII L T\ 5, - TR
A DERETH D . #3E BITHET L TR, HDWITRIREE & U THEIT L TW D ATREMEN S
Z Hivd,

@ iodine radical generation step

hv
2 _— 21°
@ vic-diiodide intermediate generation step o
M
- . - ' ej)l\NHBn
hv hv .
1a | ] 2a-mono-amide

@ intermolecular three-component addition/cyclization step

Path A
A\ .7 @
base )\OI(OMG BnNH, yOMe
o D
COzMe ‘Jj,éC02Me
'Me -MeOH
Ph o
11 Vi
Bn,
N
J?j,cozlwe
Ph Me
15

Scheme 47. Plausible mechanism for the three-component y-iminolactonization reaction.
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BRI, RIIEDO VT AT LA RPWEIZ DWW T 55 “HO M RIS S E S A+
Figure 6 \Z/R"9, A 2/ 77 MALKISTIEL, 2T 7 DAL HEST9 5 Z LM RE S D T
B, VT AT UARRIMEISER -7 T a T 7 NALKISICHEILT S LB bD, EREEEE
XTELETDHE, AT 7 MAUIETIE—YOKETI LW 22 BiKSE CITbh b 729,
LiE y-7F 1T 7 b AURIGD Scheme 26, /b— k1 Z#¢H L TBRILT 5 LMBESH D, 7277
L. A 277 NALRISTIET B Y &EEFED NaxCOs Z VTV D 7o %@l -7 T a7 7
N AVBURNZIT B cis-¥ 7 A7 VARIRISUSSITE L1382 5, T70bb, HEEDEW) G HifH
K M IR TF AN LD AT VM OF L— MEREN S TEBRILT 2 LRI, 20
Kf, BHEERTHTZAT AL ZAF L@ Ph & (F7IXERE R) & ONHURSEZRET 5729,
J VIR =)V O' ) HEAL U trans-onium FREMADMEESE U CERT S B2 b D, D%k, 72
Y EDKISIFETT AT VARPWEIE LY B2 I\ ed, A X T 7 M ALRISIZET DAY
VL trans-SEHEARINS < AR5 L HEER S LD,

BnNHzl

NBn

0]
ko IR
OMe ~  OMe
Ph Me Ph Me
trans-isomer cis-isomer
major minor

Figure 6. Plausible frans-selective cyclization mechanism.
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Db, ABHE TS & 5 IRa R EFIHT 52 THL T 4 v, R U= ATV
FBERZLTCTIVEDTCR PEITTHZEZRHL, v A /T2 R DI KRy NEEE
% U7z AROGIE, WEOHRGHM A MIE L LW T, A X IVT U=l fn7a sUndett:
TDOS ZEHTHZ LN TE, MAT, TIVEALVT 4 v EFNENEM CTH BRI
AL Z ENTEDA I T 7 M AREITARFEDSNIERE T <. MR THHMED @5
ThbHEERD,
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FBUE

ik, MRSTEOILATEM L A BRSNS & L ARG OB & B s LIFZE 21T
U AL TIEARRCE D ODBE S R, BN RSB AR TS g vk TG
L7, S URITHENEE D/ NSOV RV —C B HIEE U TEAEERE -2 LT,
AURTINNEERT D, FEEHIL. ZOBREEEARERSOE~EIEHT 5 2 & CrEENF]
FEDENT 7 N 8% FA TR R 1L 3 — &2l 225k O HEI S GRS 2 kR
L LTz, T 70bb, A L7 4 VIS LTIk 3 D RFE T, AL SN2 2 & T
BOGHED vie-diiodide VEHEFENERT 5 2 L 2 R L, Z OVEMFE A SEPRIIA S L TOAR =L
WRST I AHE O A DIOSAI LRI ESED Z LT, TS D WVIEERSTETT 7 kALK
JIEDEITT D Z AN LT, #ERE LT, ZEM y7F 77 N & ZONRRIERDIE
DTy AR T Ny AT Nl Bk T 7 N IR O G RITRE) L Rk
M, S DICEREERAINE R b AAin X TR et T AR A L LTz,

1) PRI VREZAVEGTFREIRGICES2ZER v-7F a5 7 N EREOBRFR & SRR
DIEY 53Tz oW T

cis-selective condition o
CO,Me l,, Ca(OH), (1.0 equiv) O
R']% + - (0]
R2" ~CO,Me "2 OMe
2 'BuOH (3 mL), Ar, CFL, 20 h R R
cis-isomer
trans-selective condition 0
CO,Me l,, Na,CO3 (1.0 equiv) O
R’I’% + ' (0] OMe
R? "CO;Me  'BuOH/H,O (3 mL), Ar, CFL, 20 h . “R2

R’I
trans-isomer

2) PRI VREAVWEGTFRIRGIZE D -2 05 7 N ERREDRRSE

l, (1.0 equiv) O O
MeO.,C Na,CO3; (1.0 equiv) O’[’/s“ O’/’/c“
R/\ + 2 » . .
4 -
3 BuOH/H,0 (3 mL) R R
@) @)

CFL, Ar, rt,20 h

cis-isomer trans-isomer
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3) FFRIVREZAVI=EOERRISICE D A X/ T 7 b BRIEOBRZE

R? R?
, 12 (1.0 equiv), Na,CO3 (50 mol%) N N
COzR R*NH, (3.0 equiv) 0 o}
N NI 2 - =CO,R® ~CO,R?
R2 ~CO,Me dry BUOH (3 mL), 3 A MS (100 mg) R R2 RT R2
Ar, CFLs, 20 h
cis-isomer trans-isomer
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P

ARFEZ BATT DICHTZY . RAGTHARES 72 DIHFRE & HHEEZ I D £ L7 AN, I RIERR
AL RERIAE SRR BUEEIITEE ORI R S BGH L LT £

S 4 FREL D R EITOI Y ABZEOHEEZ & ONTRRSCHEICE L TR DS, HIhE
% L & HIT, WICEEZ LA TV & £ LI RFEROCHRB b GERE SRR ibE
WFZEEE 11 H SRR SR S L 4,

AWFFEDOHEEZ 72 0 A 72BN S | HFER 2 THE £ LI BIERICFRIF L GHEE SRl
A BEAERTIEEE 26 FBGERANIC TR G L LT £,

CEE B EEONRIL ISPS RRRINFIEE SN E  (19J15423) IC K AHKEEAZ T HLOTH
0. EMRE OEHEITICIE SR L FIFEd,

Rl

[FIC 7 =78 LCE BISHTRICIA T, BikE S EL, mFeREL, KFRRAEL, X
gy, SMINEMIRICIR G L B E,

F7CFBRICBR U 7). EIRRRTHE & Lo, (IR AL, B WIB0g L, R, 4
AL, ZUeE L, AEME L, R RHE IR B L EIP ST

BRFEAIE OB A2 L OO 2& £ L7, IRRIFR PRSI PG FrplciinBEE At
TR HAFEA S MRS EHH L EFET,

KEFTOMFFEEATRICBN T, %< O ZIE L, X2 TV elZ & £ U RERR ORI
(L RGEE SRR ELELHFIER O, A, BEEOERRIIE RGP L P Ed,

%12, A H F CHIZEIEE 2 — DI T T2 H=Dit, O& ZICFHEO X 2 0BT T, E
MRS T IES TARRRE R, Rh, SAICHE IR L LiF &9

202242 H HiIE  Be
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B_E, FEOERICET HILBHEE

ELIT AR OBKEAEE (BER(ET), £ LI b D2 MWe, v v U A7 )LEkE
K2a,7 2b, 2¢,” 2d,° 2£77 28" | BRIK B-7 B = AT LAHELK 92,5 9b-9e° 7 Of, 91 A LT ¢
B LYK 1172 B KOV 1-cyclopropyl-1-phenylethylene ¥ | XEEHR O FINAIHENVE L LT, H#OGKTIEX
F > = 7§ ERF25ED/22-SP-F Zfi [l L7z, Z DIGE DBz K460 & FREEIZ-OV Tl Figure S1 2%
M MM v~ ~ 797 ¢ — (TLC) 1%, 025mm mifliis U %7 /L7 L— bk (Mercksilica gel
60Fs) ZHWTCER LTz, 7T v ahThra~ 7 T7 0—x BRI U 4470 60N (BRIE.
P 40-50 um) W T To72, BBAL/ZZ o~ 7 F A1, UV 707 254 nm)B LD p-
anisaldehyde % 77 135N KMnO, a2 L W 1T-7-, 'H NMR, C NMR K¢ “F NMR % JEOL
ECA 500 spectrometer (500 MHz for '"H NMR, 125 MHz for "C NMR, 470 MHz for '°F NMR), L
JEOL AL 400 spectrometer (400 MHz for 'H NMR, 100 MHz for *C NMR) CHlli& L 7=, {b5> 7 ME
(6: ppm) 1%, CDCl; H1 Tl MesSi (0.00 ppm) & 5\ NEEEEBEH O EARERIAOWIL ("H NMR: §
=7.26 ppm, "CNMR:§=77.0ppm) %, DMSO-d6 HZF\ N TIXERMEH O EARE R ("HNMR:S
=2.5 ppm, "C NMR: § = 39.5 ppm) % PNEEEME & LT ppm B CEFL L72, 'HNMR DOfb5
7 ME (8: ppm) XL (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, dd =
doublet of doublets, ddd = doublet of doublet of doublet, td = triplet of doublets), #EEEEL (Hz). FH7700
FETHREL LTz, "CNMR OF —# 13, b5 7 ME 3:ppm) TZHKiC L7z, FRIMEINA~Z FL (IR)
A RV Perkin Elmer Spectrum 100 FTIR spectrometer % VN CHIE L, JEHE (em™) THKid
L7z, mfREE B A2Z FL (HRMS) 1%, JEOLIMS-T100TD THITE L. m/z(M+H", FHXFEE)
& UTEHRGL L7, BRI Yanaco Pl RILSHIESEE THIE L7 CRIFIES),
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Figure S1 The wave length and spectral irradiance of fluorescent lamp (ERF25ED/22-SP-F).
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BoE B H HFRIVBLACNREZAWVWZERT 7 N EORESRIEDOBRRE
g

—JIH : Table 1 |ZB59 5 R

—RFEERE  |IR T, N Ly 7 ARERE (16.5ecm % 1.5cm) (2 dimethyl 2-methylmalonate (2a) (43.8
mg, 1.0 equiv, 0.30 mmol), I (76 mg, 1.0 equiv, 0.30 mmol), HEF& (1.0 equiv,0.30 mmol), 35 X O styrene
(1a) (2.0 equiv, 0.60 mmol) % 3 mL OFELH CIRA L, BEMAZ 3 BT 7o, RICAIRZ
TINA L T ATELR LT, Z ORISR Z ST D ONRES T, =R T 20 iR L7z, 55
WIZROSRE W fafn T ik~ b U o LK (10 mL) TY4 L, EnO (10 mL) T3 [aEhiH L
oo fFONTAWE 2 GO TRMEHEUK THE LT-DOb, hitfg~ 732U LT, JERxi{T-
2o ZD%, JEIRE TSR —X —CRIERE L, HiHARYO 'TH NMR LY 3aa D AT
RO 'Hpeak b7 A7 UA AR Uiz, 0%, MIHERM A Y BTN T T v ad
Z L7 v~ 7T 7 4 — (n-hexane/ethyl acetate = 4:1) (2L D IFH LT, Fr2OARKY) 3aa 157,
3aa DLFERIZT T AT VRGO EN DA Uiz, 7235, cis IR, trans (RIX> U B 705
Thouvw NI T 4—ICEORBET 5 ENTETD, ALEMT — X IK52 DT AT LA
~—% 3T TR L TV D,

entry 1: HEJEIZ Ca(OH),, AL ‘BuOH Z WX SERIEICHENW IR S/ & 2 A, 58 mg D
TR & U C 3aa 73 83%DUNE, dr(cisitrans)=79:21 DT A7 VAR THE O NTZ, O
% ocis-V T AT VAEIRNPR)GORaE S & L,

entry 2: HiFZ Mg(OH),, I BuOH % AW SFEBRIEIZHEV SR S/ 72 & 2 A, 3aa |3 &E(R]
”yéj/bf&—o

entry 3: Y2 Ba(OH),, #AHEIZ ‘BuOH % FHW—XERIEIZIEW IR S /T2 & 2 A, 3aa 53 74%D
IR, dr (cis:trans) = 67:33 DY T AT U ATRIME T H LTz,

entry 4: Z St(OH),. ¥5LZ ‘BuOH & HIW— X FERIEICIEN L S ¥ T2 & 2 A, 3aa 23 33%D
IR, dr (cis:trans) = 50:50 DT AT L AR T H L7,

entry 5: HiJkiZ BaCOs, ¥ ‘BuOH Z IV —fREBRIAICIEVWUS SET2 & 24, 3aa [ TR
SN,

entry 6: HiHlZ SrCOs, #AHHEIZ BuOH % FHW—fXEBRIEIIEWEIS SHT2 & 2 A, 3aa [TUERIL
iz,

entry 7: HiHIZ NaHCOs, #IZ ‘BuOH 2 WX FEBRIEICIEWV RIS SH T2 & 2 A, 3aa 73 32% 0D
IR, dr (cis:trans) = 50:50 DT AT U ATRIRME T H L7,
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entry 8: HEFEIZ NaxCOs, AT ‘BuOH & HIWW—MXFERIEICIEN L S BT & 2T A, 3aa 25 T7%D
IR, dr (cis:trans) = 45:55 DY T AT U ATRRWETE BT,

entry 9: Ml Z KoCOs, AT ‘BuOH % FHW—XSEBRIEIZIEWVBUG S /72 & 2 A, 3aa 73 53% DI
. dr (cis:trans) = 40:60 DT AT L AEIRME TR L7z,

entry 10: HEAEIZ Cs,COs. LT ‘BuOH % HIW— MR SFEBRVEIZIEW UG ST & 2 A, 3aa 73 49%D
IR, dr (cis:trans) =37:63 DY T AT L ATRME T H LTz,

entry 11: HiAZ KOH, #4EZ ‘BuOH & FIW—fFEBRIEICHEVWEUS SHET2 & 2 A, 3aa 73 36% DI
3. dr (cis:trans) = 33:67 DV T AT L AERRME TR LTz,

entry 12: HEHZ KsPOs, B BuOH % HIW—MRSEBRIEIZIEWV OGRS B2 & 2 A, 3aa 75 26%D
IR, dr (cis:trans) = 3070 DT AT L ATRIRME T H LT,

entry 13: HEJEIZ NaxCOs. ¥ABEIZ ‘BuOH/H,0 2 mL/1 mL) % AW FEBRIEICE WSO S - 8 &
A, 48mg DHAFERE LT 3aa 23 69%DIGE, dr(cis:trans)=25:75 DV T AT L AFRMETHE S
Nize ZOEM%E trans-> 7 AT U AEIRI SOt & L=,

entry 14: Y532 Ca(OH),, ¥R BuOH/H,O (2 mL/1 mL) % W —fRFEBRIEIHEO S ST &
Z A, 3aa D 61%DUNLE, dr (cis:trans) = 40:60 DT AT L A ERME TR LT,

entry 15: Y332 Ba(OH),, ¥A#EC BuOH/H,0 (2 mL/1 mL) % VW —fRFEBRIEIEW L ST &
Z A, 3aa N T%DYCE, dr (cisitrans) =291 DY T AT U AR TH LIV,

entry 16: Y5 Sr(OH),, A ‘BUOH/H,0 2 mL/1 mL) % AW fRFEBRIEICE WSO S - 8 &
A, 3aad 29%@1&/@\ dr (cis:trans) = 42:58 DT AT LAERMETH ST,

entry 17: #7512 KoCOs. ¥AREIZ 'BuOH/H,0 (2 mL/1 mL) % AW —fRFEBRIEICEW SO S - 8 &
A, 3aa D 60% DU, dr (cis:trans) =26:74 DT AT L AE=PNME TR BTz,

entry 18: HiJE|Z Cs:COs, ¥ATEIZ ‘BuOH/H0 2 mL/1 mL) % AW FEBRIEICRE WSO S - 8 &
A, 3aa D3 56% DU, dr (cis:trans) =28:72 DY T AT L A& PIME T BTz,

entry 19: Hi5Z KOH, IA1(Z ‘BuOH/H0 2 mL/1 mL) % FAW—fREBRIEIZIEWV IR S/ & 2 A,
3aa [IMEENN E 417,

entry 20: (2 KsPOy, 1ATEIZ ‘BuOH/H0 (2 mL/1 mL) % AW fRFEBRIEICEW SO S - 8 &
A, 3aa N 41%DUCE, dr (cis:itrans) =27:73 DY T AT LATERETE LT,

Synthesis of Methyl-2-carboxy-2-methyl-4-phenyl-4-butanolide (3aa).

3aa-cis: TLC (SiO»): Re= 0.56 (n-hexane/ethyl acetate = 4:1); 'H NMR: (500 MHz, CDCL): § 7.43-7.36 (m,
5H), 5.52 (dd, J= 6.9 Hz, 9.1 Hz, 1H), 3.74 (s, 3H), 2.85 (dd, J=9.1 Hz, 13.1 Hz, 1H), 2.56 (dd, /= 6.9 Hz,
13.1 Hz, 1H), 1.65 (s, 3H); "C{'H'NMR: (125 MHz, CDCl;): § 175.3, 170.9, 138.3, 128.7, 125.5, 78.7, 53.0,
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51.4, 42.8, 19.6; HRMS: m/z (DART) calcd for C13H;504" (M+H)" 235.0965, found 235.0961; FTIR (neat):
2955, 1773, 1741, 1452, 1435, 1380, 1329, 1309, 1272, 1217, 1183, 1120, 1099, 1075, 1025, 1000, 951, 760,
700, 600 cm'.

3aa-trans: TLC (SiO2): Re= 0.63 (n-hexane/ethyl acetate = 4:1); m.p.: 74.1-74.8 °C; 'H NMR: (500 MHz,
CDCls): & 7.43-7.34 (m, SH), 5.59 (dd, J= 6.3 Hz, 10.4 Hz, 1H), 3.84 (s, 3H), 3.11 (dd, /= 6.3 Hz, 13.5 Hz,
1H), 2.12 (dd, J = 10.4 Hz, 13.5 Hz, 1H), 1.59 (s, 3H); "C{'H'NMR: (125 MHz, CDCL): § 174.7, 170.6,
138.4, 128.7, 128.6, 125.3, 78.8, 53.2, 51.9, 43.6, 20.8; HRMS: m/z (DART) calcd for Ci3HisOs" (M+H)'
235.0965, found 235.0958; FTIR (neat): 2955, 1776, 1740, 1457, 1380, 1331, 1269, 1211, 1169, 1138, 1103,
1077, 1022, 1000, 939, 760, 699, 589, 565 cm™.
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55—IH : Table 2 |ZB93 5 55

—WRFERIE (cis-2 T AT VAEBRIRNISONSM) - || T, 3 by 7 ARERE (16.5 cm x 1.5 cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol),
Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol), F5 XA L7 1 %41 (2.0 equiv, 0.60 mmol) % ‘BuOH (3 mL)
PCRE L, WAL 3 EITo74%, ROSESRET VA TATER LT, T ORISRz #
JEKT 6 OGS, =R T 20 BFfifiER L7z, 5 OISR EY & fafnF A hile )~ U 7 Lok
B (10 mL) THES L. EpO (10 mL) T3 [EHhH L7z, B AiE 425 8 CAafnaik T
Vel L7zOb | fitle~ 730 LTl TRl 21T > 70, D%, Ik A =/ NR L— 4 — CTlRUIER
FE U7, MRS D 'THNMR L0 3 DAF U H, HDHWEAF L FED Hpeak b U7 A
TUALERH Lz, 0%, MHibARME S VTN T Ty aiTAIavw N ST T 4 —
(n-hexane/ethyl acetate = 4:1) (&L WAEH L T, PO 3 #1572, 3 DILFERITT T AT L
HREMOIENSEH U, 72385, cis K, rans (RIZ> VBTN H T L a~ vNTF 74—k
DTS 2 ENTEIALEY. HDWVIE THNMR, "C NMR (ZL D UT A7 LA~ —55 A
REZMLAMICBE L TiE, B2 DUT AT LA~ —% 0 T — 2 25t L T\ 5,

—EFEBRE (rans-> 7 A7 VARG - R T, 731 Ly 7 ARERE (16.5cm x 1.5cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol),
Na,COs (31.8 mg, 1.0 equiv, 0.30 mmol), LA L7 1 »FH1 (2.0 equiv, 0.60 mmol) % ‘BuOH/H,O
@mL/1mL) T CRA L., BEbSA 3 BUT- 7%, KIessez 7T A TEBRL-, FOK
SR 2 HOICKT 72 B OJEHRES T  S51R.C 20 IefERFR L7z, 15 DAV USRS 2 fafn T A it
U o AKERHE (10 mL) TP L. EbO (10 mL) T3 [mHhH L7, S&bh-aEs 5 e T
FEHKTHES LIcD b, Filg~ 7137 LTS, TRRxTT-7, Mt AR O 'H NMR X
D3DAFUHE, HDHNEAT LD Hpeak b b U7 AT LALERI LT-, Z0%k, filil
MRS Z ) A TNT Ty adiT L7 a~ 87T 7 4 — (n-hexanelethyl acetate = 4:1) (22 Y
LT, FrEOLERNM 3 21572, 3 DALFAIERIZV T AT VRGO ENDRE LT, 72
B cis K, rans IRIIV TN TI T L0~ N7 77 4 —IZX V58T 5 Z LD TETALED.
HHUVNE 'HNMR, "C NMR (C LY 7 AT LA~ =00 TR b EMICB L CiE, &4 DY
T AT VAR — &5 LT — 2 ARl L T 5,

Synthesis of Methyl-2-carboxy-2-methyl-4-(4-tert-butyl-phenyl)-4-butanolide (3ba, entry 2).

4-tert-Butylstyrene (1b) (96 mg, 2.0 equiv., 0.6 mmol) % iV N CT—fxSEERTE (cis- 7 A7 L AR
JRGRIE) ICIEWRIS S To & 2 A, 56.6 mg D HAGERE LT 3ba 23 65%DIEE, dr (cis:trans) =
76:24 DT AT LA ERIMETE HH72, 3ba-cis: TLC (Si02): Re= 0.42 (n-hexane/ethyl acetate = 4:1);
m.p.: 71.9-74.1 °C; 'H NMR: (500 MHz, CDCls): § 7.43 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 5.50
(dd, J=6.9 Hz, 9.2 Hz, 1H), 3.74 (s, 3H), 2.86 (dd, /= 9.2 Hz, 13.2 Hz, 1H), 2.53 (dd, /= 6.9 Hz, 13.2 Hz,
1H), 1.64 (s, 3H), 1.32 (s, 9H); "C{'H}NMR: (125 MHz, CDCl): § 175.4, 171.1, 152.0, 135.2, 125.7, 125.5,
78.8, 53.0, 51.5, 42.8, 34.6, 31.2, 19.5; HRMS: m/z (DART) calcd for Ci7H»04™ (M+H)" 291.1591, found
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291.1582; FTIR (neat): 2958, 2905, 2870, 1774, 1742, 1515, 1460, 1435, 1380, 1363, 1328, 1308, 1182, 1115,
1093, 1017, 893, 869, 835, 793, 722, 695 cm™.

4-tert-Butylstyrene (1b) (96 mg, 2.0 equiv., 0.6 mmol)Z W T—FERIE (rans-> 7 A7 L A 3IREY
FOGERME) IZHEWRIG S /T2 & 2 A, 57 mg OIEEJHLRY) & LT 3ba 7% 65% DI, dr (cis:trans)
=33:67 DT AT LA TS 507, 3ba-trans: TLC (Si0z): Re= 0.45 (n-hexane/ethyl acetate =
4:1); 'H NMR: (500 MHz, CDCL): 8 7.42 (d, J = 8.5 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 5.56 (dd, J= 6.3 Hz,
10.1 Hz, 1H), 3.84 (s, 3H), 3.08 (dd, J = 6.3 Hz, 13.5 Hz, 1H), 2.13 (dd, J=10.1 Hz, 13.5 Hz, 1H), 1.59 (s,
3H), 1.32 (s, 9H); “C{'H}NMR: (125 MHz, CDCL): § 175.0, 170.9, 152.0, 135.4, 125.8, 125.3, 79.0, 533,
52.0, 43.7, 34.6, 31.2, 20.9; HRMS: m/z (DART) calcd for Ci7H2304" (M+H)™ 291.1591, found 291.1586;
FTIR (neat): 3378, 2921, 1726, 1431 cm™.

Synthesis of Methyl-2-carboxy-2-methyl-4-(4-methyl-phenyl)-4-butanolide (3ca, entry 3).
4-Methylstyrene (1¢) (70.8 mg, 2.0 equiv., 0.6 mmol) & FH N T—iXFZRIE (cis-2 7 A7 L A SIRNAIES
G IHEWRUR S BT L 24, 342mg DHEGREIKRE LT 3ca 73 46%DIEE, dr (cis:trans)=72:28
DT T AT LA TR B2, 3ea-cis: TLC (SiO,): Re= 0.33 (n-hexane/ethyl acetate = 4:1); m.p.:
78.6-79.8 °C; 'H NMR: (500 MHz, CDCly): § 7.26 (d, J= 7.5 Hz, 2H), 7.21 (dd, J = 8.0 Hz, 2H), 5.49 (dd, .J
— 6.8 Hz,9.2 Hz, 1H), 3.75 (s, 3H), 2.83 (dd, /= 9.2 Hz, 13.6 Hz, 1H), 2.53 (dd, /= 6.8 Hz, 13.6 Hz, 1H), 2.37
(s, 3H), 1.64 (s, 3H); *C{'H}NMR: (125 MHz, CDC): § 175.4, 171.1, 138.8, 135.3, 129.5, 125.7, 78.8, 53.1,
51.5,42.9, 21.1, 19.6; HRMS: m/z (DART) caled for CiHy70s™ (MA+H)' 249.1121, found 249.1123; FTIR
(neat): 2955, 2924, 1772, 1741, 1518, 1457, 1435, 1381, 1328, 1307, 1218, 1181, 1112, 893, 819, 794, 777,
730, 714, 694 cm’.

4-Methylstyrene (1¢) (70.8 mg, 2.0 equiv., 0.6 mmol) & FV N CT—ix3E8R1E (rans- 7 A7 U AR
JESRE) AZPEWEOR STz & 2 A, 45 mg OEEARRY & LT 3ea 23 61%DIER, dr (cis:trans) =
33:67 DV T AT UATRINME TG 54172, 3ea-trans: TLC (SiO2): Ri=0.36 (n-hexane/ethyl acetate = 4:1);
'H NMR: (500 MHz, CDCL): 8 7.26 (d, J = 8.6 Hz, 2H), 7.22 (d, J = 8.6 Hz, 2H), 5.5 (dd, J = 6.3 Hz, 10.3
Hz, 1H), 3.84 (s, 3H), 3.07 (dd, J = 6.3 Hz, 13.6 Hz, 1H), 2.37 (s, 3H) 2.11 (dd, J = 103 Hz, 13.5 Hz, 1H),
1.59 (s, 3H); "C{'H'NMR: (125 MHz, CDCl;): § 175.0, 170.9, 138.7, 135.5, 129.5, 125.6, 79.0, 53.3, 52.1,
43.8, 21.1, 20.9; HRMS: m/z (DART) calcd for CisH704™ (M+H)" 249.1121, found 249.1113; FTIR (neat):
2985, 2955, 1774, 1738, 1518, 1455, 1435, 1380, 1329, 1315, 1305, 1208, 1168, 1138, 869, 818, 782, 766,
730,701, 672 cm™.

Synthesis of Methyl-2-carboxy-2-methyl-4-(3-methyl-phenyl)-4-butanolide (3da, entry 4).

3-Methylstyrene (1d) (70.8 mg, 2.0 equiv., 0.6 mmol) Z F N CT—xSEERYE (cis- 7 A7 L A SR G
ZME) 1IN RIE ST L 2 A, 48mg DIEATIKRY & LT 3da 75 64% DI, dr (cis:trans)=69:31
DT T AT LA BRI THE L7, 3da-cis: TLC (SiO,): R = 0.29 (n-hexane/ethyl acetate = 4:1); 'H
NMR: (500 MHz, CDCls): 6 7.28 (dd, J= 7.3 Hz, 11.5 Hz, 1H), 7.19-7.15 (m, 3H), 5.48 (dd, /= 6.3 Hz, 9.2
Hz, 1H), 3.75 (s, 3H), 2.83 (dd, J=9.2 Hz, 13.2 Hz, 1H), 2.53 (dd, /= 6.3 Hz, 13.2 Hz, 1H), 2.38 (s, 3H), 1.64
(s, 3H); "C{'H}NMR: (125 MHz, CDCls): § 175.4,171.0, 138.6, 138.3, 129.5, 128.7, 126.2, 122.7, 78.8, 53.0,
51.5, 42.9, 21.3, 19.6; HRMS: m/z (DART) calcd for Ci4sH704" (M+H)" 249.1121, found 249.1130; FTIR
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(neat): 2955, 2924, 1773, 1740, 1491, 1458, 1435, 1381, 1310, 1270, 1222, 1185, 1119, 1102, 1088, 1023, 897,
866, 792,776, 763, 724, 702 cm’.

3-Methylstyrene (1d) (70.8 mg, 2.0 equiv., 0.6 mmol) & FH\ N C—fix5&8RiE  (rans- 7 A7 U AR
JEGAE) IZHEWRUR S ET2 & 24, 53 mg DFAERE LT 3da 25 72%DUE, dr(cis:trans) =33:67
DTT AT LA EPIMETHE BTz, 3da-trans: TLC (SiO»): Re= 0.38 (n-hexane/ethyl acetate = 4:1); m.p.:
58.8-60.2; 'H NMR: (500 MHz, CDCls): § 7.28 (dd, J=7.6 Hz, 10.9 Hz, 1H), 7.17-7.12 (m, 3H), 5.55 (dd, J
— 6.3 Hz, 103 Hz, 1H), 3.84 (s, 3H), 3.08 (dd, J= 6.3 Hz, 13.4 Hz, 1H), 2.37 (s, 3H), 2.11 (dd, J= 103 Hz,
13.4 Hz, 1H), 1.59 (s, 3H); "C{'H}NMR: (125 MHz, CDCL): § 175.0, 1709, 138.7, 138.5, 129.5, 128.8,
126.1, 122.5, 79.0, 53.3, 52.0, 43.8, 21.3, 20.9; HRMS: m/z (DART) calcd for C14H704™ (M+H)" 249.1121,
found 249.1112; FTIR (neat): 2955, 1777, 1740, 1456, 1435, 1381, 1329, 1311, 1269, 1208, 1179, 1137, 1106,
1092, 1024, 895, 852, 790, 781, 759, 723, 701 cm’.

Synthesis of Methyl-2-carboxy-2-methyl-4-(2-methyl-phenyl)-4-butanolide (3ea, entry 5).
2-Methylstyrene (1€) (70.8 mg, 2.0 equiv., 0.6 mmol) & FH N T—iXFZRIE (cis-2 7 A7 L A SINAIUES
) ITEWRIS S HTo & 2 A, 57Tmg DAY & LT 3ea 73 76% DU, dr (cis:trans) = 74:26
DT AT VAR TE S 17z, 3ea-cis: TLC (Si02): Re = 0.29 (n-hexane/ethyl acetate = 4:1); 'H
NMR: (500 MHz, CDCls): 6 7.43 (dd, J= 3.8 Hz, 5.3 Hz, 1H), 7.27-7.25 (m, 2H), 7.19 (dd, /=3.0 Hz, 3.8
Hz, 1H), 5.71 (dd, /= 6.8 Hz, 9.2 Hz, 1H), 3.76 (s, 3H), 2.77 (dd, /= 9.2 Hz, 13.0 Hz, 1H), 2.56 (dd, /= 6.8
Hz, 13.0 Hz, 1H), 2.35 (s, 3H), 1.66 (s, 3H); "C{'H}NMR: (125 MHz, CDCls): § 171.1, 169.7, 136.6, 134.3,
130.8, 128.5, 126.5, 124.8,76.4, 53.1, 51.3,41.7, 19.9, 19.0; HRMS: m/z (DART) calcd for C14H704" (M+H)"
249.1121, found 249.1132; FTIR (neat): 2955, 1773, 1741, 1459, 1435, 1381, 1329, 1310, 1272, 1225, 1193,
1179, 1115, 1092, 1022, 894, 831, 795, 757, 731, 699 cm™.

2-Methylstyrene (1e) (70.8 mg, 2.0 equiv., 0.6 mmol) & FV N C—ix3E8R1E  (rans- 7 A7 U AR
JESRE) AZHEWEOR S T2 & 2 A, 49 mg OEEATRRY & LT 3ea 23 66% DGR, dr (cis:trans) =
26:74 DT AT L AEIWE TR 7z, 3ea-trans: TLC (Si0): Re=0.38 (n-hexane/ethyl acetate = 4:1);
'HNMR: (500 MHz, CDCls): 6 7.39 (dd, J=2.9 Hz, 4.4 Hz, 1H), 7.27-7.24 (m, 2H), 7.18 (dd,J=3.9 Hz, 4.4
Hz, 1H), 5.77 (dd,J= 6.3 Hz, 10.1 Hz, 1H), 3.85 (s, 3H), 3.14 (dd, /= 6.3 Hz, 13.3 Hz, 1H), 2.35 (s, 3H), 2.03
(dd,J=10.1 Hz, 13.3 Hz, 1H), 1.59 (s, 3H); *C{'"H}NMR: (125 MHz, CDCL): § 1 175.0, 170.9, 136.8, 134.5,
130.8, 128.4, 126.6, 124.3,76.8, 53.3,51.9,42.5, 21.0, 19.0; HRMS: m/z (DART) calcd for C14H704" (M+H)"
249.1121, found 249.1113; FTIR (neat): 2955, 1774, 1739, 1493, 1457, 1435, 1381, 1330, 1311, 1269, 1207,
1191, 1168, 1117, 1096, 1020, 865, 833, 757, 728, 686 cm™.

Synthesis of Methyl-2-carboxy-2-methyl-4-(4-fluorophenyl)-4-butanolide (3fa, entry 6).

4-Fluorostyrene (1f) (73.2 mg, 2.0 equiv., 0.6 mmol) & FH N T—iXFRIE (cis-2 7 A7 L A BINAIES
M) 1IN S HTZ & 2 A, 30mg ORI & LT 3fa 75 40%DIEH, dr (cis:trans)=71:29
DIT AT L AP TH H A7z, 3fa-cis: TLC (SiO1): Re=0.28 (n-hexane/ethyl acetate =4:1); '"H NMR:
(500 MHz, CDCl3): 6 7.36 (d, J=8.7 Hz, 2H), 7.10 (d, /= 8.7 Hz, 2H), 5.50 (dd, /= 6.7 Hz, 9.1 Hz, 1H), 3.76
(s, 3H), 2.83 (dd, /= 9.1 Hz, 13.0 Hz, 1H), 2.55 (dd, J = 6.7 Hz, 13.0 Hz, 1H), 1.64 (s, 3H); "C{'H}NMR:
(125 MHz, CDCl): 6 175.2, 170.9, 163.0 (d, J = 274.4 Hz), 134.1, 127.6 (d, /= 8.2 Hz), 115.8 (d, /= 21.3
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Hz), 78.1, 53.2, 51.4, 42.9, 19.6; '°F NMR: (470 MHz, CDCL): § —112.67; HRMS: m/z (DART) calcd for
Ci3H14FO4" (M+H)" 253.0871, found 253.0865; FTIR (neat): 2956, 2850, 1777, 1741, 1608, 1514, 1456, 1435,
1381, 1329, 1271, 1226, 1173, 1158, 1107, 1093, 1022, 870, 837, 797, 786, 733, 687 cm’".

4-Fluorostyrene (1f) (73.2 mg, 2.0 equiv., 0.6 mmol) % AN T IFBRIE  (rrans-> 7 AT L ARIRAIN
JRGRIE) ICIEWRIS S To & 2 A, 21 mg OEAMPRY & LT 3fa 23 28%DIE, dr (cis:trans) =
20:80 DT AT L AEIME TR BTz, 3fa-trans: TLC (SiO,): Re=0.31 (n-hexane/ethyl acetate = 4:1);
'"H NMR: (500 MHz, CDCls): 6 7.34 (d, J= 8.1 Hz, 2H), 7.10 (d, J = 8.1 Hz, 2H), 5.56 (dd, J= 5.9 Hz, 10.3
Hz, 1H), 3.84 (s, 3H), 3.09 (dd, J= 5.9 Hz, 13.2 Hz, 1H), 2.08 (dd, J = 10.3 Hz, 13.2 Hz, 1H), 1.59 (s, 3H);
BC{'H}NMR: (125 MHz, CDCl;): § 174.7,170.7, 162.9 (d, J=274.4 Hz), 134.2, 127.4 (d,J=8.2 Hz), 115.9
(d,J=21.3 Hz), 78.4,53.3, 52.0, 43.8, 20.9; "’F NMR: (470 MHz, CDCl;): § —112.70; HRMS: m/z (DART)
calcd for Ci3HisFO4™ (M+H)"™ 253.0871, found 253.0882; FTIR (neat): 2988, 2957, 1777, 1740, 1608, 1514,
1456, 1435, 1381, 1269, 1227, 1173, 1158, 1107, 1094, 1022, 939, 870, 837, 786, 771, 734, 676 cm’.

Synthesis of Methyl-2-carboxy-2-methyl-4-(4-chlorophenyl)-4-butanolide (3ga, entry 7).
4-Chlorostyrene (1g) (82.8 mg, 2.0 equiv., 0.6 mmol) & FH N T—iXFZRIE (cis-2 7 A7 L A SINAIES
) ITHENIR S /T L 2 A, 50mg DAY & LT 3ga B 62% DR, dr (cis:trans)=75:25
DT AT LA BRI TE L 4L72, 3ga-cis: TLC (SiO,): Re = 0.30 (n-hexane/ethyl acetate = 4:1); 'H
NMR: (500 MHz, CDCL): § 7.38 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.5 Hz, 2H), 5.49 (dd, J = 6.8 Hz, 9.2 Hz,
1H), 3.74 (s, 3H), 2.80 (dd, J = 9.2 Hz, 13.0 Hz, 1H), 2.56 (dd, J = 6.8 Hz, 13.0 Hz, 1H), 1.64 (s, 3H);
BC{'H}NMR: (125 MHz, CDCl): § 175.1, 170.8, 137.0, 134.6, 129.0, 127.0, 77.9, 53.1, 51.3, 42.7, 19.6;
HRMS: m/z (DART) caled for C13HClOs™ (M+H)" 269.0575, found 269.0570; FTIR (neat): 2955, 2851, 1774,
1740, 1494, 1458, 1435, 1417, 1381, 1326, 1312, 1215, 1181, 1121, 1087, 893, 868, 832, 792, 780, 730, 694
cm™,

4-Chlorostyrene (1g) (82.8 mg, 2.0 equiv., 0.6 mmol) % FAV N CT—fEFBRIE (rrans-> 7 AT L ARIRAIN
JEGAE) IHENRS SET L 2 A, 499mg OGRS LT 3ga 28 60%DUE, dr(cis:trans) =29:71
DTT AT UAEPIME T BTz, 3ga-trans: TLC (Si02): Re= 0.36 (n-hexane/ethyl acetate = 4:1); m.p.:
66.6-72.7 °C; "H NMR: (500 MHz, CDCls): 5 7.38 (d, J = 8.6, 2H), 7.29 (d, J = 8.6 Hz, 2H), 5.55 (dd, J= 6.3
Hz, 10.3 Hz, 1H), 3.84 (s, 3H), 3.10 (dd, J= 6.3 Hz, 13.2 Hz, 1H), 2.06 (dd, J= 10.3 Hz, 13.2 Hz, 1H), 1.59
(s, 3H); 3C{'HINMR: (125 MHz, CDCly): § 174.6, 170.7, 137.1, 134.6, 129.1, 126.8, 78.2, 77.3, 76.7, 53.4,
52.0,43.7,20.9; HRMS: m/z (DART) calced for C13H4ClOs" (M+H)" 269.0575, found 269.0570; FTIR (neat):
2955, 2852, 1780, 1741, 1494, 1456, 1435, 1416, 1381, 1329, 1313, 1211, 1169, 1138, 1091, 868, 824, 780,
732, 699, 669 cm.

Synthesis of Methyl-2-carboxy-2-methyl-4-(4-bromophenyl)-4-butanolide (3ha, entry 8).

4-Bromostyrene (1h) (109.2 mg, 2.0 equiv., 0.6 mmol) & VN CT—fxSEERTE (cis- 7 A7 L AR
JRGRIE) IZIEWRIS S T2 & 2 A, 53 mg OREAHRY & LT 3ha 2% 57%DIE, dr (cis:trans) =
70:30 DT AT LA ERIMETE HA72, 3ha-cis: TLC (SiO2): Re= 0.30 (n-hexane/ethyl acetate = 4:1);
'HNMR: (500 MHz, CDCls): 8 7.54 (d, J=8.7 Hz, 2H), 7.25 (d,J=8.7 Hz, 2H), 5.47 (dd, J= 6.8 Hz, 9.1 Hz,
1H), 3.74 (s, 3H), 2.80 (dd, J = 9.2 Hz, 13.0 Hz, 1H), 2.56 (dd, J = 6.8 Hz, 13.0 Hz, 1H), 1.64 (s, 3H);
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BC{'H}NMR: (125 MHz, CDCl): § 175.1, 170.8, 137.5, 132.0, 127.2, 122.7, 77.9, 53.1, 51.3, 42.7, 19.6;
HRMS: m/z (DART) caled for CisHisBrOs" (M+H)"™ 313.0070, found 313.0067; FTIR (neat): 2988, 2954,
1773, 1740, 1490, 1457, 1435, 1414, 1381, 1326, 1311, 1270, 1215, 1180, 1120, 893, 868, 821, 791, 730, 716,
696 cm™.

4-Bromostyrene (1h) (109.2 mg, 2.0 equiv., 0.6 mmol) & HW N CT—XSEERYE (rans-27 AT L AR
FOGERME) IZHEWRIS S /T2 & Z A, 70 mg OIEAFERE LT 3ha 23 75%DIXE, dr (cis:trans) =
26:74 DT AT L AEIWME TR 7z, 3ha-trans: TLC (SiO»): Re=0.28 (n-hexane/ethyl acetate = 4:1);
m.p.: 76.8-80.0 °C; "H NMR: (500 MHz, CDCly): 8 7.54 (d, J= 8.5 Hz,2H), 7.23 (d, J= 8.5 Hz, 2H), 5.54 (4,
J=6.3Hz, 10.2 Hz, 1H), 3.84 (s, 3H), 3.11 (dd, /= 6.3 Hz, 13.2 Hz, 1H), 2.05 (dd, /=102 Hz, 13.2 Hz, 1H),
1.68 (s, 3H): "C{'H}NMR: (125 MHz, CDCL): § 174.6, 170.6, 137.6, 132.1, 127.1, 122.7, 782, 53.3, 51.9,
43.6,20.8; HRMS: m/z (DART) calced for Ci3H14BrOs" (M+H)" 313.0070, found 313.0082; FTIR (neat): 3462,
2954, 1779, 1738, 1491, 1456, 1435, 1411, 1381, 1328, 1312, 1268, 1210, 1168, 1138, 868, 820, 780, 730, 661

em™.

Synthesis of Methyl-2-carboxy-2-methyl-4-(4-methylcarboxyphenyl)-4-butanolide (3ia, entry 9).
4-(Methoxycarbonyl)styrene (1i) (97.2 mg, 2.0 equiv., 0.6 mmol) % W T—#xFERIE (cis-2 7 A7 LA
BRSNS IHEWIGR S T2 & 2 A, 56 mg D AAEIR L LT 3ia 23 57%DUE, dr (cis:trans)
=68:32 DYT AT L AR T B 72, 3ia-cis: TLC (Si0): Ry=0.15 (n-hexane/ethyl acetate = 4:1);
m.p.: 86.1-88.6 °C; 'H NMR: (500 MHz, CDCls): & 8.08 (d, J = 8.2 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 5.58
(dd, J= 6.8 Hz, 8.5 Hz, 1H), 3.93 (s, 3H), 3.72 (s, 3H), 2.82 (dd, J = 8.5 Hz, 13.5 Hz, 1H), 2.61 (dd, /= 6.8
Hz, 13.5 Hz, 1H), 1.65 (s, 3H); “C{'H}NMR: (125 MHz, CDCl;): § 175.0, 170.7, 166.6, 143.5, 130.5, 130.1,
125.3,77.8, 53.1, 52.2, 51.1, 42.6, 19.7; HRMS: m/z (DART) calcd for CisH1706" (M+H)" 293.1020, found
293.1020; FTIR (neat): 2955, 2851, 1776, 1717, 1614, 1579, 1512, 1435, 1381, 1361, 1274, 1180, 1105, 1090,
1018, 893, 858, 837, 812, 795, 764, 723, 706, 684 cm’.

4-(Methoxycarbonyl)styrene (1i) (97.2 mg, 2.0 equiv., 0.6 mmol) % F N C—%SER L (rans- 7 A7 L
RSSO S ST & A, R 3ia 1315 578k~ 7=, 3ia-trans: TLC (SiO):
R¢= 0.18 (n-hexane/ethyl acetate = 4:1); m.p.: 61.2-87.5 °C; 'H NMR: (500 MHz, CDCl): & 8.08 (d, J=8.2
Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 5.63 (dd, /= 6.1Hz, 10.1 Hz, 1H), 3.93 (s, 3H), 3.85 (s, 3H), 3.16 (dd, /=
6.1 Hz, 13.3 Hz, 1H), 2.07 (dd, /= 10.1 Hz, 13.3 Hz, 1H), 1.59 (s, 3H); *C{'"H}NMR: (125 MHz, CDCL): &
174.6, 170.6, 166.6, 143.6, 130.5, 130.2, 125.2, 78.2, 53.4, 52.2, 51.9, 43.6, 20.8; HRMS: m/z (DART) calcd
for CisHi706" (M+H)" 293.1020, found 293.1013; FTIR (neat): 2955, 2851, 1779, 1718, 1614, 1579, 1512,
1435, 1381, 1361, 1276, 1210, 1168, 1138, 1096, 1018, 872, 855, 838, 817, 768, 723, 704, 686, 665 cm™.

Synthesis of Methyl-2-carboxy-2-methyl-4-(4-methoxyphenyl)-4-butanolide (3ja, entry 10).
4-Methoxystyrene (1j) (80.9 mg, 2.0 equiv., 0.6 mmol) % N T—XSEERTE (cis- 7 A7 VAR
JESRME) AZHEWRIG S /T2 & 2 A, IED 3ja LMVELIR)h T,

4-Methoxystyrene (1j) (80.9 mg, 2.0 equiv., 0.6 mmol) Z HWWT—RFERIE (rans-> 7 A7 U A 3T
FOGERME) ITHEWRIG S /T2 & Z A, TRED 3ja LVEL o7,
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Synthesis of Methyl-2-carboxy-2-methyl-4-(4-phenyl-phenyl)-4-butanolide (3ka, entry 11).
4-Vinylbiphenyl (1k) (108.2 mg, 2.0 equiv., 0.6 mmol)Z VN CT—XSERRIE (cis-2 7 AT L AR
JRERAE) IZHEWEUS SE T2 & 2 A, 53mg DEARERE LT 3ka 23 57%DUER, dr (cis:trans) = 82:18
DTT AT LA EPIME T BTz, 3ka-cis: TLC (SiO,): R = 0.34 (n-hexane/ethyl acetate = 4:1); m.p.:
38.8-39.8 °C; '"H NMR: (500 MHz, CDCls): § 7.64-7.58 (m, 4H), 7.48-7.44 (m, 4H), 7.38 (t,J= 6.8 Hz, 1H),
5.56 (dd, J=6.8 Hz, 9.1 Hz, 1H), 3.76 (s, 3H), 2.89 (dd, /=9.1 Hz, 13.0 Hz, 1H), 2.58 (dd, /= 6.8 Hz, 13.0
Hz, 1H), 1.66 (s, 3H); "C{'H}NMR: (125 MHz, CDCl;): § 175.3, 171.0, 141.8, 140.4, 137.3, 128.9, 127.7,
127.5,127.1, 126.1, 78.5, 53.1, 51.5, 42.8, 19.6; HRMS: m/z (DART) calcd for C1oH1904" (M+H)" 311.1278,
found 311.1272; FTIR (neat): 3031, 2990, 2954, 1776, 1741, 1488, 1449, 1381, 1329, 1306, 1270, 1214, 1171,
1115, 1099, 1020, 1007, 939, 869, 842, 765, 738, 698 cm’.

4-Vinylbiphenyl (1k) (108.2 mg, 2.0 equiv., 0.6 mmol) % A CT—EERIE (rrans- 7 A7 L A BT
FOSSEIE) IZHEWRIS S /T2 & 2 A, 34 mg DHEARERE LT 3ka 23 38%DINER, dr (cis:trans) =
33:67 DV T AT U ATRIME TG H 472, 3Kka-trans: TLC (SiO,): Re=0.33 (n-hexane/ethyl acetate = 4:1);
'H NMR: (500 MHz, CDCls): § 7.64-7.58 (m, 4H), 7.48-7.37 (m, 5H), 5.63 (dd, J = 6.3 Hz, 10.1 Hz, 1H),
3.85 (s, 3H), 3.14 (dd, J = 6.3 Hz, 13.0 Hz, 1H), 2.16 (dd, J = 10.1 Hz, 13.0 Hz, 1H), 1.61 (s, 3H);
BC{'H}NMR: (125 MHz, CDCls): § 174.9, 170.8, 141.8, 140.4, 137.4,128.9, 127.8, 127.6,127.1, 126.0, 78.8,
53.3, 52.0, 43.8, 20.9; HRMS: m/z (DART) calcd for CigH1904" (M+H)" 311.1278, found 311.1280; FTIR
(neat): 3031, 2988, 2954, 1776, 1741, 1488, 1450, 1435, 1381, 1329, 1306, 1270, 1213, 1171, 1114, 1099,
1020, 1007, 939, 869, 842, 765, 738, 698 cm’.

Synthesis of Methyl-2-carboxy-2-methyl-4-(2-naphtyl)-4-butanolide (3la, entry 12).

2-Vinylnaphthalene (11) (92.5 mg, 2.0 equiv., 0.6 mmol) & i N CT—fxSEERTE (cis- 7 A7 AR
JEGAE) ITHEWRIRSET- L 24, 40mg DHEARERE LT 3la 75 47%DINER, dr(cis:trans) =73:27
DTT AT UAEPIMETHE BTz, 3la-cis: TLC (SiO2): Ry = 0.24 (n-hexane/ethyl acetate = 4:1); m.p.:
93.8-95.8 °C; '"H NMR: (500 MHz, CDCL): & 7.90 (d, J = 8.6 Hz, 1H), 7.86-7.84 (m, 3H), 7.53-7.51 (m,
2H), 7.46 (dd, J= 1.7 Hz, 8.6 Hz, 1H), 5.68 (dd, /= 6.9 Hz, 9.3 Hz, 1H), 3.73 (s, 3H), 2.94 (dd, /= 9.3 Hz,
13.2 Hz, 1H), 2.62 (dd, J = 6.9 Hz, 13.2 Hz, 1H), 1.68 (s, 3H); "C{'H}NMR: (125 MHz, CDCl;): & 175.4,
171.0,135.6,133.3,133.0, 129.0, 128.1, 127.8, 126.7, 126.6, 124.9, 122.9, 78.8,53.1,51.4,42.8, 19.7, HRMS:
m/z (DART) calcd for C7H;704" (M+H)" 285.1121, found 285.1126; FTIR (neat): 3056, 2987, 2954, 1774,
1740, 1509, 1456, 1435, 1380, 1324, 1306, 1271, 1208, 1188, 1168, 1120, 1101, 1019, 897, 860, 821, 782, 750,
697 cm™.

2-Vinylnaphthalene (11) (92.5 mg, 2.0 equiv., 0.6 mmol) & i\ CT—iEERIE (rrans- 7 A7 L A BT
FOGERME) IZHEWRIS S /T2 & Z A, 64 mg DEA[ERE LT 3la 28 75%DINER, dr (cis:trans) =
28:72 DV T AT L AEIME TR BTz, 3la-trans: TLC (SiO2): Ry= 0.33 (n-hexane/ethyl acetate = 4:1);
m.p.: 58.6-62.5 °C; '"H NMR: (500 MHz, CDCls): § 7.91-7.85 (m, 4H), 7.55-7.51 (m, 2H), 7.42 (d, J=8.2
Hz, 1H), 5.76 (dd,J= 6.4 Hz, 10.2 Hz, 1H), 3.87 (s, 3H), 3.18 (dd, /= 6.4 Hz, 13.8 Hz, 1H), 2.20 (dd, /= 10.2
Hz, 13.8 Hz, 1H), 1.63 (s, 3H); “C{'H}NMR: (125 MHz, CDCl;): § 175.0, 170.9, 135.8, 133.3, 133.1, 129.0,
128.1,127.8, 126.7, 126.6, 124.7,122.7,79.1, 53.3, 52.0, 43.7, 20.9; HRMS: m/z (DART) calcd for Ci7H1704"
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(M+H)"285.1121, found 285.1116; FTIR (neat): 3540, 3056, 2987,2954, 1774, 1738, 1509, 1456, 1435, 1379,
1323, 1306, 1270, 1207, 1187, 1167, 1120, 1100, 1018,897, 860, 821, 782, 749, 696 cm".

Synthesis of Methyl-2-carboxy-2-methyl-4-(2-pyridyl)-4-butanolide (3ma, entry 13).

2-Vinylpyridine (1m) (63 mg, 2.0 equiv., 0.6 mmol) & FH N T—iXFZRIE (cis-2 7 A7 L A SIRNAIES
M) IS ST E 2 A, 36mg DEA[ERE LT 3ma 75 51%DIEE,  dr (cis:trans) = 38:62
DTT AT UARPWETE L2, 3ma-cis: TLC (SiO2): Re = 0.09 (n-hexane/ethyl acetate = 4:1); 'H
NMR: (500 MHz, CDCl): 6 8.58 (d, /=4.3 Hz, 1H), 7.78-7.74 (m, 1H), 7.48 (d, /= 7.7 Hz, 1H), 7.31-7.27
(m, 1H), 5.60 (dd, J= 7.2 Hz, 7.5 Hz, 1H), 3.65 (s, 3H), 3.03 (dd, /= 7.2 Hz, 13.0 Hz, 1H), 2.68 (dd, J= 7.5
Hz, 13.0 Hz, 1H), 1.64 (s, 3H); “C{'H}NMR: (125 MHz, CDCls): § 175.3, 169.6, 158.0, 149.3, 137.0, 123 .2,
120.1, 784, 52.9, 50.6, 40.7, 20.2; HRMS: m/z (DART) caled for CoHisNOs™ (M+H)" 236.0917, found
236.0907. (mixture of diastereomers); FTIR (neat): 2992, 2955, 1774, 1736, 1592, 1573, 1474, 1437, 1380,
1330, 1268, 1208, 1170, 1104, 1090, 1028, 895, 870, 833, 773, 750, 723, 696, 675 cm™ (mixture of
diastereomers).

2-Vinylpyridine (1m) (63 mg, 2.0 equiv., 0.6 mmol) & F\VNC—ix3E8RiE (rans- 7 A7 VAR
JEGAE) IHENRUS SET2 & 2 A, 35mg DA ARERE LT 3ma 28 50%DUE, dr(cis:trans) =37:63
DTT AT UAEPIMETEHE B2, 3ma-trans: TLC (SiO,): Ry=0.09 (n-hexane/ethyl acetate =4:1); m.p.:
58.6-62.5 °C; '"H NMR: (500 MHz, CDCL): § 8.61 (dd, J= 4.3 Hz, 1H), 7.78-7.74 (m, 1H), 7.51 (d, J="7.7
Hz, 1H), 7.31-7.27 (m, 1H), 5.66 (dd, /= 6.8 Hz, 9.7 Hz, 1H), 3.83 (s, 3H), 3.18 (dd, /= 6.8 Hz, 13.5 Hz, 1H),
2.38 (dd, J = 9.7 Hz, 13.5 Hz, 1H), 1.57 (s, 3H); “C{'H}NMR: (125 MHz, CDCL): § 175.0, 170.8, 157.6,
149.6, 137.2,123.5, 120.6, 78.8, 53.2, 51.5, 41.3, 20.7.

Synthesis of Methyl-2-carboxy-2-methyl-4-decyl-4-butanolide (3na, entry 14).

1-Dodecene (1n) (101 mg, 2.0 equiv., 0.6 mmol) % FHVNC—i%ERRIE (cis- 7 AT L ARIRIIRISS
) IENRIS ST & 2 A, 67 mg OEANKY & LT 3na 23 82%DILE,  dr (cis:trans) = 67:33
DYT AT LA EPIME T B2, 3na-cis: TLC (SiOz): Re = 0.26 (n-hexane/ethyl acetate = 10:1); 'H
NMR: (500 MHz, CDCl3): 6 4.53—4.45 (m, 1H), 3.79 (s, 3H), 2.49 (dd, /= 9.2 HZ, 13.0 Hz, 1H), 2.22 (dd, J
= 6.8 Hz, 13.0 Hz, 1H), 1.80-1.27 (m, 18H), 1.54 (s, 3H), 0.88 (t,.J= 6.8 Hz, 3H); "C{'H}NMR: (125 MHz,
CDCl3): 6 175.6,171.4,79.3,53.0,51.2,40.3,35.3,31.8,29.5,29.43,29.37,29.2,25 .21, 22.6, 21.0, 20.0, 14.0;
HRMS: m/z (DART) calcd for C17Hz1 04" (M+H)"299.2217, found 299.2217 (mixture of diastereomers); FTIR
(neat): 2924, 2854, 1775, 1743, 1458, 1435, 1380, 1352, 1272, 1191, 1104, 1014, 948, 908, 722, 693 cm’'
(mixture of diastereomers).

1-Dodecene (1n) (101 mg, 2.0 equiv., 0.6 mmol) % FAWNT—iFEERIE (rans-2 7 A7 U A SEIIRIGSS
) ITHENRISE ST L 2 A, 45 mg DAY & LT 3na 75 50%DIEH, dr (cis:trans) = 33:67
DTT AT UAEPIE T B2, 3na-trans: TLC (SiO»): Ry= 0.38 (n-hexane/ethyl acetate = 10:1); 'H
NMR: (500 MHz, CDCl): 6 4.53—4.45 (m, 1H), 3.78 (s, 3H), 2.78 (dd, /= 9.2 Hz, 13.0 Hz, 1H), 1.80-1.27
(m, 19H), 1.53 (s, 3H), 0.88 (t, /= 6.8 Hz, 3H); "C{'H}NMR: (125 MHz, CDCl;): § 175.2, 171.2, 78.5, 53.1,
51.7,41.4,35.4,31.8,29.5,29.43,29.37,29.2,25.18, 22.6, 21.0, 20.0, 14.0.
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Figure S2 Molecular structure of 3ha (entry 8).

Table S1 Experimental details.

CS

C3
C2

Cb

Cl

Crystal data
Chemical formula CizHi3BrO4
M, 313.14
Crystal system, space group Triclinic, P 1
Temperature (K) 293
a,b,c(A) 8.848 (4), 12.172 (6), 12.759 (6)
o, B,y (%) 103.682 (7), 98.765 (5), 90.185 (7)
V(A% 1318.4 (10)
z 4
Radiation type Mo Ka
i (mm™) 3.12
Crystal size (mm) 0.29 x 0.29 x 0.03
Data collection
Diffractometer Mercury CCD (2x2 bin mode)
Absorption correction Numerical
Thniny Tnax 0.465, 0.766

No. of measured, independent and

observed [/ > 2o(/)] reflections

11070, 6015, 3110

Rint

0.044

(sin O/A)max (A™)

0.650

Refinement

R[F*>20(F?)], wR(F?), S

0.069, 0.176, 1.06
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No. of reflections

6015

No. of parameters

329

H-atom treatment

H-atom parameters constrained

A)max, A>min (e A_3)

0.46,-0.52

Computer programs: SHELXL2014/7 (Sheldrick, 2014).

Table S2 Selected geometric parameters (A, °).

Brl—Cl 1.891 (5) C4—C7 1.490 (7)
Br2—Cl4 1.893 (5) C5—C6 1383 (7)
01—C10 1.356 (6) C7—C8 1.507 (7)
01—C7 1.480 (5) C8—C9 1.537(6)
02—C10 1.193 (5) C9—Cll 1.504 (6)
03—Cl1 1.197 (6) C9—Cl10 1,512 (6)
04—Cl1 1.325 (6) C9—CI2 1.533 (7)
04—C13 1.447 (6) C14—CI19 1.364 (8)
05—C23 1.344 (6) Cl4—CI5 1376 (7)
05—C20 1474 (5) C15—Cl6 1.388 (7)
06—C23 1.200 (5) C16—Cl17 1.388 (7)
07—C24 1.191 (6) C17—CI8 1.386 (7)
08—C24 1.320 (5) C17—C20 1.495 (7)
08—C26 1.444 (6) C18—CI19 1.384 (8)
C1—C6 1365 (7) C20—C21 1.523 (7)
Ccl—C2 1367 (6) C21—C22 1.534 (6)
C2—C3 1368 (7) C22—C24 1.524(7)
C3—C4 1.399 (6) C22—C25 1.524(7)
C4—C5 1395 (7) C22—C23 1.527 (6)
C10—01—C7 109.9 (4) 03—C11—C9 124.9 (5)
C11—04—CI3 118.4 (4) 04—C11—C9 111.9 (4)
C23—05—C20 109.9 3) C19—C14—C15 1214 (5)
C24—08—C26 117.2 (4) C19—C14—Br2 118.9 (4)
C6—C1—C2 121.0 (5) C15—C14—Br2 119.7 (5)
C6—C1—Brl 119.0 (4) C14—CI15—Cl6 118.7 (5)
C2—C1—Brl 120.1 (4) C15—C16—C17 121.3 (5)
Cl—C2—C3 119.7 (4) C18—C17—C16 118.1 (5)
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C2—C3—C4 121.5 (5) C18—C17—C20 119.4 (5)
C5—C4—C3 117.2(5) C16—C17—C20 1224 (5)
C5—C4—C7 119.8 (4) C19—CI8—C17 121.0 (5)
C3—C4—C7 123.0 (4) C14—C19—CI8 119.5 (5)
C6—C5—C4 120.9 (4) 05—C20—C17 108.5 (4)
C1—C6—C5 119.6 (5) 05—C20—C21 103.2 (4)
01—C7—C4 107.6 (4) C17—C20—C21 117.6 (4)
01—C7—C8 1033 3) C20—C21—C22 102.2 (4)
C4—C7—C8 118.1 (4) C24—C22—C25 111.1 @)
C7—C8—C9 101.9 (4) C24—C22—C23 106.3 (4)
C11—C9—C10 107.9 (4) C25—C22—C23 112.3 (4)
C11—C9—CI2 111.0 (4) C24—C22—C21 109.9 (4)
C10—C9—C12 111.8 (4) C25—C22—C21 116.0 (4)
C11—C9—C8 109.3 3) C23—C22—C21 1004 (4)
C10—C9—C8 101.1 (4) 06—C23—05 121.9 (4)
C12—C9—C8 115.1 (4) 06—C23—C22 127.7 (5)
02—C10—0l 1223 (5) 05—C23—C22 110.4 (4)
02—C10—C9 1282 (5) 07—C24—08 124.0 (5)
01—C10—C9 109.5 (4) 07—C24—C22 1252 (5)
03—C11—04 1232 (5) 08—C24—C22 110.7 (4)
C6—C1—C2—C3 3.0(8) C19—C14—C15—CI6 15(7)

Brl—Cl—C2—C3  |-176.9 (4) Br2—Cl14—C15—CI6 1784 (3)
Cl—C2—C3—C4 -0.6(8) C14—C15—C16—C17 0.6 (7)

C2—C3—C4—C5 1.7(8) C15—Cl16—C17—CI8 23(7)

C2—C3—C4—C7 1782 (5) C15—C16—C17—C20 177.5 (4)
C3—C4—C5—C6 1.6(8) C16—C17—C18—CI9 1.9(7)

C7—C4—C5—C6 1783 (5) C20—C17—C18—CI9 -177.9 (4)
C2—C1—C6—C5 3.0(@) C15—Cl14—C19—CI8 -1.8(7)

Brl—Cl—C6—C5  [1769(4) Br2—Cl14—C19—CI8 178.0 (4)
C4—C5—C6—Cl 0.7 (8) C17—C18—C19—Cl4 0.1(7)

Cl0—01—C7—C4  |147.7(4) C23—05—C20—C17 148.0 (4)
C10—01—C7—C8  [22.1(5) C23—05—C20—C21 22.5(5)

C5—C4—C7—O0l1 123.6 (5) C18—C17—C20—05 124.4 (4)
C3—C4—C7—O0l1 -56.3 (6) C16—C17—C20—05 -55.4(6)
C5—C4—C7—C8 1202 (5) C18—C17—C20—C21 -119.1 (5)
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C3—C4—C7—C8 60.0 (6) C16—C17—C20—C21 61.1(6)
01—C7—C8—C9 355 (4) 05—C20—C21—C22 354(5)
C4—C7—C8—C9 -154.0 (4) C17—C20—C21—C22 -154.8 (4)
C7—C8—C9—Cll  |-78.0(4) C20—C21—C22—C24 77.1(5)
C7—C8—C9—Cl0  [35.6(4) C20—C21—C22—C25 155.8 (4)
C7—C8—C9—CI12  |1563(4) C20—C21—C22—C23 34.5 (5)
C7—01—C10—02  |-177.8(5) C20—05—C23—06 177.7 (5)
C7—01—C10—C9  [1.5(5) C20—05—C23—C22 0.3 (6)
Cl1—C9—C10—02  |-89.8(6) C24—C22—C23—06 -90.3 (6)
C12—C9—C10—02 {325(7) C25—C22—C23—06 314 (8)
C8—C9—CI10—02  |1554(5) C21—C22—C23—06 155.3 (6)
C11—C9—C10—01 {91.0(5) C24—C22—C23—05 91.8 (5)
C12—C9—CI10—O1 |-146.7 (4) C25—C22—C23—05 -146.5 (5)
C8—C9—CI10—01  |-23.7(5) C21—C22—C23—05 22.6(5)
C13—04—CI1—03 |-4.8(8) C26—08—C24—07 19(@)
C13—04—CI1—C9 |173.0(4) C26—08—C24—C22 175.7 (4)
C10—C9—C11—03  |-3.7(7) C25—C22—C24—07 -123.5(6)
C12—C9—Cl11—03  |-126.6(6) C23—C22—C24—07 1.1(7)
C8—C9—CI1—03  |1054(6) C21—C22—C24—07 106.8 (6)
C10—C9—Cl1—04 |1785(4) C25—C22—C24—08 59.0 (5)
C12—C9—Cl1—04 [55.6(5) C23—C22—C24—08 -178.6 (4)
C8—C9—Cl1—04  |-724(5) C21—C22—C24—08 -70.8 (5)
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%—1IA : Table 3 (2R3 5 5k

—WRFERIE (cis-2 T AT VAEBRIRNISONSM) - || T, 3 by 7 ARERE (16.5 cm x 1.5 cm)
\Zvu U AT VERER 2 (1.0 equiv, 0.30 mmol), I (76 mg, 1.0 equiv, 0.30 mmol), Ca(OH), (22.2
mg, 1.0 equiv, 0.30 mmol), 33X U\ styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH (3 mL) H CiiE
AL, BRENSE 3 BT 7-14. SR E TV HATERR LT, ORI 28 6T D
B OV T IR T 20 REHE Lo, 15 D Ve ROSIRE M & fafn T A Rile 7 U ¥ 2K (10
mL) THE4 L. ELO (10 mL) T3 [ElH L7z, H o7 AiE 2608 CRafn ik T Lz
DB B~ 7 A2 T LTHSE B EIT 72, £O%, lEiREZ T SR —Z —TRIEREE LT,
AR O THNMR L0 3 DA F U3 HDHWNEAT LB Hpeak b b Y7 AT LAk
EERM Uz, 20tk, M AR E VDTN T Ty a i hsa~w NI T T 04— (n-
hexane/ethyl acetate = 4:1) (2L VR LT, PrEOARM) 3 1537, 3 DILFNRIZIT T AT LA
IRAMONEN G LT, 725, cis I8, rans IRV BTN T L7 a~ N 7T 7 4—I280
SBET D Z LR TETIALEY. HD VT THNMR, PCNMR IZ &Y U7 A7 LA~ —»5050 rThE
AL TR, B2 DOVT AT LA~ —%0 HUET — X 5t L T 5,

—EFEBRE (rans-> 7 A7 VARG - R T, 731 Ly 7 ARERE (16.5cm x 1.5cm)
(2~ u U AT VEFELR 2 (1.0 equiv, 0.30 mmol), 1> (76 mg, 1.0 equiv, 0.30 mmol), Na,COs(31.8 mg,
1.0 equiv, 0.30 mmol), 33 W' styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % BuOH/H,O (2 mL/1 mL)
FCIREG L, WKL 3 BT, RICRERE T VAL T ATER LT, £ ORISR Z &
AT DFCIES T =R T 20 RefdiidE LTz, 15 O NI RONRESE W & fafF A hile 7~ U o LK
% (10 mL) CPEF L, EpO (10 mL) T 3 [t L7z, 15 b7 AiE 2 &8 CRm Rtk T
Vel LTS Bt~ 7R3 0 LCHIE, TR E T o7z, £O%, I8k E =/ SR L— 2 — Tl
F U7, MRS D 'THNMR £V 3 DAF U HE, HDHWEAF L FED Hpeak b U7 A
TUALERH Lz, 0%, MHARME S VTNV T Ty aiThIavw NS T T 4 —
(n-hexane/ethyl acetate = 4:1) (& WG L T, PO 3 21572, 3 DILFERITT T AT L
HREMOIENGEH U, 7285, cis K, rans (RIZ VBTN H T hra~ 757 44—k
D BET S 2 ENTEIALEY). HDWVIE THNMR, "C NMR (ZL D UT A7 LA~ —55I A
REZMEAMICBE L TE, B2 DUT AT LA~ —% 0 THUET — 2 25t L T\ 5,

Synthesis of Methyl-2-carboxy-2-phenyl-4-phenyl-4-butanolide (3ab, entry 2).

2-Phenyl malonate (2b) (62.4 mg, 0.3 mmol) % VN C—fEERYE (cis- 7 AT L A TEIRI SRS
IZHEWRIG S /T2 & 2 A, 53mg DIEATHIRY) & LT 3ab 25 60%DIXEE, dr (cis:trans) = 62:38 D
T AT U AEPWETE Lz, 3ab-cis: TLC (SiO2): Re= 0.48 (n-hexane/ethyl acetate = 4:1); 'H NMR:
(500 MHz, CDCl3): & 7.57-7.34 (m, 10H), 5.27 (dd, /= 5.3 Hz, 10.2 Hz, 1H), 3.74 (s, 3H), 3.24 (dd, /= 10.2
Hz, 13.2 Hz, 1H) 3.09 (dd, J= 5.3 Hz, 13.2 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl;): 6 172.4, 169.6, 137.6,
134.6,129.2,128.9,128.8,128.3,127.2,125.8,78.6,61.2, 53.5, 43.4; HRMS: m/z (DART) calcd for CisH1704"
(M+H)" 297.1121, found 297.1119 (mixture of diastereomers); FTIR (neat): 3063, 3034, 2954, 2924, 2853,
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1775, 1731, 1497,1449, 1434, 1329, 1256, 1220, 1165, 1058, 1026, 1000, 972, 873, 835, 804, 761, 745, 697
cm™ (mixture of diastereomers).

2-Phenyl malonate (2b) (62.4 mg, 0.3 mmol) Z N T FZERIE (rans-2 7 A7 L AR USSR
IZHEWRIG S /T2 & 2 A, 50mg DGR & LT 3ab 725 56%DIXEE,  dr (cis:trans)=33:67 DY
T AT UAEPWETE Lz, 3ab-trans: TLC (SiO,): Re= 0.51 (n-hexane/ethyl acetate = 4:1); 'H NMR:
(500 MHz, CDCls): 6 7.57-7.34 (m, 10H) 5.55 (dd, /= 5.3 Hz, 10.6 Hz, 1H), 3.84 (s, 3H), 3.61 (dd, J=5.3
Hz, 13.0 Hz, 1H), 2.58 (dd, J = 10.6 Hz, 13.0 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl): § 172.0, 169.1,
138.0, 128.9, 128.7, 128.5, 126.9, 125.6, 78.7, 60.4, 53.9, 43.6 (two carbon atoms were overlapped).

Synthesis of Methyl-2-carboxy-2-benzyl-4-phenyl-4-butanolide (3ac, entry 3).

2-Benzyl malonate (2¢) (66.6 mg, 0.3 mmol) % VN C—fEERYE (cis- 7 AT L A TEIRI SRS
IZHEWRIG S /T2 & 2 A, 28 mg OIEEGTRY) & LT 3ae 23 60%DILE,  dr (cis:trans) = 86:14 D
T AT UAEPWETE Lz, 3ac-cis: TLC (Si02): Ry = 0.51 (n-hexane/ethyl acetate = 4:1); 'H NMR:
(500 MHz, CDCls): 6 7.33-7.25 (m, 6H), 7.20-7.17, (m, 2H), 6.96-6.94 (m, 2H), 5.45 (dd, /= 6.3 Hz, 10.1
Hz, 1H), 3.87 (s, 3H), 3.43 (d, /= 13.5 Hz, 2H), 3.34 (d, /= 13.5 Hz, 1H), 2.90 (dd, /= 6.3 Hz, 13.5 Hz, 1H),
2.20 (dd, J=10.1 Hz, 13.5Hz, 1H); “C{'H}NMR: (125 MHz, CDCl;): § 173.8, 169.8, 138.5, 135.4, 130.3,
128.8,128.7,127.5,125.8,79.7,57.8,53.4,39.2, 39.1 (one carbon atom was overlapped); HRMS: m/z (DART)
caled for CioH1904" (M+H)™ 311.1278, found 311.1265; FTIR (neat): 3064, 3032, 2954, 2928, 2853, 1773,
1735, 1497, 1455, 1435, 1334, 1257, 1217, 1197, 1167, 1091, 1063, 1019, 977, 873, 824, 757, 722, 700 cm’.
2-Benzyl malonate (2¢) (66.6 mg, 0.3 mmol) & Fi\ N C—#EFZ8R7%E (rans->> 7 AT L A SR GE:1F)
IZHEWRIG S /T2 & 2 A, 36 mg OIEEGTRY) & LT 3ae 73 39%DILE,  dr (cis:trans) = 86:14 D
T AT VBRI TR LI,

Synthesis of Methyl-2-carboxy-2-benzyl-4-phenyl-4-butanolide (3ad, entry 4).

2-Phenylethyl malonate (2d) (70.8 mg, 0.3 mmol) % FHV N C—f%EERIE (cis-> 7 AT L ARIRIIRISES:
) ITHEWRIS S /T & 2 A, 43 mg OIEERY) & LT 3ad 23 4% DI, dr (cis:trans) = 85:15
DT AT LA BRI TEHE L7, 3ad-cis: TLC (SiO»): R = 0.51 (n-hexane/ethyl acetate = 4:1); 'H
NMR: (500 MHz, CDCl3): § 7.43-7.17 (m, 10H), 5.52 (dd, J=7.3 Hz, 10.5 Hz, 1H), 3.72 (s, 3H), 2.88 (dd, J
= 8.2 Hz, 13.5 Hz, 1H), 2.87-2.69 (m, 3H), 2.41-2.25 (m, 2H); “C{'H}NMR: (125 MHz, CDCl;): § 174.2,
170.2, 140.5, 138.7, 128.9, 128.8, 128.7, 128.6, 128.4, 126.4, 125.5, 78.5, 77.3, 76.7, 55.2, 53.1, 40.3, 35.6,
31.1; HRMS: m/z (DART) caled for CaoH2104" (M+H)" 325.1434, found 325.1433 (mixture of diastereomers);
FTIR (neat): 3029, 2955, 2923, 2852, 1774, 1728, 1497, 1454, 1434, 1329, 1252, 1214, 1162, 1096, 1084,
1052, 1026, 1000, 972, 942, 877, 840, 794, 755, 697 cm™ (mixture of diastereomers).

2-Phenylethyl malonate (2d) (70.8 mg, 0.3 mmol)%Z N CT—fEERTE  (rans-2 7 A7 L ARt
) \THENBUR S/ T2 & 2 A, 64mg OIEATHRY) & LT 3ad 23 66%DILER, dr (cis:trans) = 12:88
DYT AT LA EPIME T B2, 3ad-trans: TLC (SiO,): Re= 0.54 (n-hexane/ethyl acetate = 4:1); 'H
NMR: (500 MHz, CDCl3): § 7.44-7.22 (m, 10H), 5.56 (dd, /= 5.8 Hz, 10.4 Hz, 1H), 3.82 (s, 3H), 3.18 (dd, J
= 5.8 Hz, 13.2 Hz, 1H), 2.71 (dd, J = 10.4 Hz, 13.2 Hz, 1H), 2.63—2.48 (m, 2H), 2.20—2.13 (m, 2H);
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BC{'H}NMR: (125 MHz, CDCls): § 173.7,169.7, 140.3, 138.6, 128.9, 128.8, 128.6, 128.4, 126.4, 125.5,79.3,
56.4,53.3,40.9, 36.4,31.2.

Synthesis of Ethyl-2-dicarboxy-4-phenyl-4-butanolide (3ae, entry 5).

Triethyl methanetricarboxylate (2e) (69.6 mg, 0.3 mmol) % VN T—ix3RiE (cis-2 7 A7 U A3
BOGEIE) (ICHENURSET2 L TA, TED 3ae LMGHNR-T,

Triethyl methanetricarboxylate (2€) (69.6 mg, 0.3 mmol)Z VN T—EERE (rans-27 A7 L A 34R
FORUGE) ICHEWRIR ST & 2 A, 29 mg DAY & LT 3ae 73 31%DICE TH LT,
3ae: TLC (SiO,): Re= 0.48 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCls): § 7.44-7.35 (m, 5H),
5.49 (dd, J= 6.3 Hz, 9.7 Hz, 1H), 4.38 (q,J = 7.2 Hz, 14.0 Hz, 2H), 427 (q, J = 7.3 Hz, 14.5 Hz, 2H), 3.27
(dd,J= 6.3 Hz, 13.5 Hz, 1H), 2.91 (dd,J=9.7 Hz, 13.5 Hz, 1H), 1.36 (t, /= 7.2 Hz, 14.0 Hz, 3H), 1.29 (t, J =
7.3 Hz, 14.5 Hz, 3H); “C{'H}NMR: (125 MHz, CDCL): § 168.1, 165.4,137.5,129.0, 128.9, 125.7,79.1, 63 4,
63.1,39.9, 13.9, 13.8 (two carbon atoms were overlapped); HRMS: m/z (DART) calcd for C16H 506" (M+H)"
307.1176, found 307.1186; FTIR (neat): 2923, 2853, 1788, 1731, 1452, 1368, 1254, 1215, 1193, 1164, 1117,
1092, 1072, 1048, 1020, 999, 860, 763, 698 cm™.

Synthesis of zert-Butyl-2-carboxy-2-methyl-4-phenyl-4butanolide (3af, entry 6).

Di-tert-butyl methylmalonate (2f) (69 mg, 0.3 mmol)Z VN T EERE (cis-2 7 A7 L AR
M) IS ST L 2 A, 29mg O EAA[EEE LT 3af 23 35%DIE, dr(cis:trans)=95:5 D
UT AT VAR TS B AT, 3af-cis: TLC (Si02): Re= 0.61 (n-hexane/ethyl acetate = 4:1); m.p.: 57.5
~58.7 °C; 'H NMR: (500 MHz, CDCLy): 5 7.41-7.33 (m, 5H), 5.56 (dd, J= 6.3 Hz, 10.1 Hz, 1H), 3.04 (dd, J
=63 Hz, 13.5 Hz, 1H), 2.08 (dd, J = 10.1 Hz, 13.5 Hz, 1H), 1.52 (s, 9H), 1.48 (s, 3H); "C{'H}NMR: (125
MHz, CDCls): 6 175.4, 169.4, 138.9, 128.8, 128.6, 125.4, 83.2, 78.9, 52.8, 44.0, 29.6, 27.8, 20.7; HRMS: m/z
(DART) calcd for Ci¢Hx04" (M+H)' 277.1434, found 277.1425; FTIR (neat): 2980, 2936, 1775, 1734, 1498,
1456, 1394, 1369, 1330, 1270, 1259, 1211, 1150, 1101, 1076, 1022, 1001, 940, 893, 845, 760, 698 cm’".
Di-tert-butyl methylmalonate (2f) (69 mg, 0.3 mmol) % FIVNC—ix328RiE (rans- 7 A7 VAR
ISR IZHEW S S T8, RUSITHEIT Lo 7z,

Synthesis of 2-Acetyl-2-methyl-4-phenyl-4-butanolide (3ag, entry 7).

Methyl 2-methylacetoacetate (2g) (39.0 mg, 0.3 mmol) & VN CT—fxSEERTE (cis- 7 A7 AR
JESRR) \ZHEWRIG ST & 2 A, 434 mg OIEEGIRY) & LT 3af 7% 66%DILE,  dr (cis:trans) =
50:50 DT AT L ATRINME TG H47z, 3af-cis: TLC (SiO2): Ry = 0.37 (n-hexane/ethyl acetate = 4:1);
m.p.: 63.3-66.7 °C; "H NMR: (500 MHz, CDCL): & 7.42-7.33 (m, 5H), 5.38 (dd, J = 6.3 Hz, 10.4 Hz, 1H),
332 (dd, J = 6.3 Hz, 13.0 Hz, 1H), 2.38 (s, 3H), 1.95 (dd, J = 104 Hz, 13.0 Hz, 1H), 1.60 (s, 3H);
BC{'H}NMR: (125 MHz, CDCl;): § 203.2, 175.5, 138.8, 128.8,128.7, 125.4,79.2,77.3,76.7,59.2,41.2,25.5,
21.4; HRMS: m/z (DART) caled for CisHuOs™ (M+H)* 219.1016, found 219.1014; FTIR (neat): 2923, 2852,
1767,1710, 1497, 1456, 1359, 1328, 1297, 1284, 1215, 1170, 1097, 1076, 1026, 1000, 930, 847, 763, 699, 660

em™.
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Methyl 2-methylacetoacetate (2g) (39.0 mg, 0.3 mmol)Z W T—FERIE (rans-> 7 A7 L A 3T
FOGERME) (THEWRIS ST & 2 A, 26 mg OIEEHRY) & LT 3af 73 40% DI, dr (cis:trans) =
38:62 DVT AT L ATRINME TG B 47z, 3af-trans: TLC (Si0s): Ry= 0.46 (n-hexane/ethyl acetate = 4:1);
'H NMR: (500 MHz, CDCs):  7.42-7.33 (m, 5H), 5.52 (dd, J = 6.6 Hz, 9.2 Hz, 1H), 2.86 (dd, J=9.2 Hz,
13.5 Hz, 1H), 2.41 (dd, J= 6.6 Hz, 13.5 Hz, 1H), 2.38 (s, 3H), 1.63 (s, 3H); “C{'HINMR: (125 MHz, CDCls):
6203.5,176.1, 138.4, 128.8, 128.7, 125.4, 78.3, 77.3, 76.7, 57.2, 40.2, 25.9, 20.5; HRMS: m/z (DART) calcd
for C13H1405" (M+H)" 219.1016, found 219.1014; FTIR (neat): 2982, 2934, 1762, 1712, 1497, 1458, 1379,
1357, 1327, 1300, 1213, 1178, 1098, 1075, 1026, 1000, 971, 934, 762, 699, 663 cm™.
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%5 —IH : Scheme 21 |29 % 56k

—fIERYE (cis- T AT VARG - IR T, 100 mL O F A7 F A 2T dimethyl 2-
methylmalonate (2a) (1.31 g, 1.0 equiv, 9 mmol), 1,(2.29 g, 1.0 equiv, 9 mmol), Ca(OH), (666 mg, 1.0 equiv,
9 mmol), 3 & ¥ styrene (1a) (1.87 g, 2.0 equiv, 18 mmol) % BuOH (90 mL) FTRA L. #kiiE %
3[EUT Tt SOCEEE TN HATEBR LT, T OMNARE ST N DO T, =ik
T 40 FERIFFR LT, 15 DN RUNEA Y & fafnT- AR - U o KR (100 mL) CHE4F L.
EtO (50 mL) T 3 Bt L7z, B oA %2 S CRMEBEK Tl Lcob, Wik~ 7
R N, TR E T T, F0%, T8ikE =/ SR L —& —CREREZE LT, HAERME Y
HTNT T yalThras NI T77 4—=CK0ERLT, 13 g ® 3aa 7 63%DILE, dr
(cisitrans)=T7129 DY T AT UARPWETHELILZ, ZOREO YT AT L A SR T BB % O
3aa ® 'THNMR L W HEHL7-,

—RXFEERE (rans-2 7 27 VAERRWISOGSENE) - #IE T, 100 mL OF A7 F 2 2T dimethyl 2-
methylmalonate (2a) (1.31 g, 1.0 equiv, 9 mmol), 1>(2.29 g, 1.0 equiv, 9 mmol), Na,COs (954 mg, 1.0 equiv,
9 mmol), 33X ¥ styrene (1a) (1.87 g, 2.0 equiv, 18 mmol) % ‘BuOH/H,O (60 mL/30 mL) F TiEE& L.
HAEDS A 3 [BUT o721, OGRS E TN A U HATER LIZ, £ OISR E 3T DO
MRS T, S8R T 40 IFfEREE L7z, B O NI SOSNRGW & fafnF A iig 7~ ~ U w7 L/KEHK (10 mL)
THeF L, EeO(10mL) T3 [l L7z, o7 GiE 2 5o CRERBEK Clis LD b,

e~ 7 D TR, TR Z T o7, TO%, Teika =/ SR L — 2 — TR % Uiz, HAER
WME VDTN T T altThra< v 7 4 — 2L 0BT 1.7gD 3aa 73 81%DILR,
dr (cis:trans)=32:68 DT AT UATERIRETHE O, ZORED T T AT L ABRME T HBERE %
7 3aa ® 'HNMR LY HEH L7,
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55 TH : Table 4 |CRB93 5 58

—WRFERIE (cis-2 T AT VAEBRIRNISONSM) - || T, 3 by 7 ARERE (16.5 cm x 1.5 cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol),
Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol), 3 T styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH
(G mL) BTRAE L, WKL 3 [BHT-721%, USRS E T VA T ATEBR LT, €O
R AT DD OIS T, 2R T 20 RefEiEEE L7z, B O RONES Y A fafnTF A e Y
U L/KER (10 mL) TPHEF L. EtO (10 mL) T3 [mh L7z, fon/-FAiEs oot g
WK THE LT2DS, file~ 730 L THR, TRl a1T o7, £ D%, kA =/ "R L—4—T
JERE 2 Uz, HRH ARSI & WEMEHEE(TMS) & ) 'H NMR I X IR 5 NI YT A
TUAERT LT,

—EFEBRE (rans-> 7 A7 VARG - R T, 731 Ly 7 ARERE (16.5cm x 1.5cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol),
Na,COs (31.8 mg, 1.0 equiv, 0.30 mmol), 33 J (N styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,O
@mL/1mL) T CRA L., BEbRA 3 EUT- 7%, KIessez 7T HATEBRL-, FDOK
SR 2 HOICKT 72 B OJEHRES T  S51R.C 20 IefERFR L7z, 15 DAV USRS 2 fafn T A it

U o AKERHE (10 mL) TP L. EbO (10 mL) T3 [mHhH L7, S&bh-aEs 5 e T
TR T LD b, Bt~ 7% 7 L THSEE R EITo72, £O%, Eia T/ SR L—~
—CIER £ UTe, MM AR b NEEERE(TMS) & FV TH NMR 12 X 0 IR b ONC Y
T AT VA ERH LT,

entry 1: cis-2 7 27 U AIBIRISUCTIFIZIEWBOR S T2 & 2 A, 3aa 3 83% DR, dr (cis:trans)
=7921 DY T AT UATRRIME TR BT,

entry2: 7L IRANTHEIE L, cis-U 7 A7 UVATERIISISRHCHEW G S B2 & 2 A, 3aa )
25%DINER, dr (cis:trans) = 72:28 DT AT L ASERMETH ST,

entry3: 7L I RA /L THESE L, 70 ‘CIZHME L T cis-¥ 7 A7 L AERESESTHEN R S 1
7o & T AL 3aa D3 35%DUEE, dr (cis:trans) = 7129 DT AT L A &IRME TR O,

entry 4: trans-> 7 AT L ABIRBIBUSSRAFITHENBUS ST & 2T A 3aa 13 69%DULER  dr (cis:trans)
=2575 DY T AT UATRPRIME TR b,

entry 5: 7V RANVTEN L, trans-2 T AT VARG FIEN S S BT L 2 A, 3aa
D3 24%DINER, dr (cis:trans) =28:72 DT AT L AR TE LTz,

entry 6: 7 /LI ARA L THEDE L, 70 °C IR LT trans- 7 AT LA TERBIS SR ZHEN UG S
W= b A, 3aa 8 2%DWER, dr (cisitrans) =20:80 DY T AT L AR TE LI,
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5 TH : Table 5 \CE9d 535

HE DGR (2a-1): NaH (0.56 g, 14 mmol, 60% dispersion in mineral oil)% 50 mL @ n-hexane C 2 [a]{:
TN E?E&E'@%ﬁoko ZD%, TN FHK TR L7 NaH % THF (45 mL) IS8 S8
Too T OREENEIZ THF (10 mL)IZ¥f# S 172 dimethyl 2-methylmalonate (2a) (1.46 g, 10 mmol) Zi#

L7, i % 15 3 fEs#R L7, THF 20 mL)IZfE S W72 1, (3.81 g, 15 mmol)Z i F L. 50 73fH
R LT, ZORNARZIER L, 7—% U —2 /SR — 2 — TR AT 5 Uiz, Z OIS
Z EbO THAIR L., ffnFAhilig ) bV U LKEIK THEg LTz, GO AlE 2 mile~ 7 v
LTHS T8 L, v — & U —2 SR b— 2 — O AR 5 U, Ak a2 U 7w
7T vvahThya~ hJT 7 4 — (n-hexanelethyl acetate=4:1) (2 X D IERL L C, FTEOARY)
3a-1 % 1.05 g DFARY & L THEZ,

2a-1: TLC (SiO:): Re= 0.19 (n-hexane/ethyl acetate = 4:1); "H NMR: (500 MHz, CDCls): § 3.77 (s, 6H), 1.64
(s, 3H); "C{'H}NMR: (125 MHz, CDCl3): § 176.1, 58.9, 52.9, 18.7; HRMS: m/z (DART) calcd for CsH ;105"

(M+H;0)" 290.9729, found 290.9736; FTIR (neat): 2956, 1730, 1435, 1232, 1138, 1096, 991, 879 cm’.

5 TH : Table 5 \CE9d 5 35k

—WRFERIE (cis-2 T AT VAEBRIRNISONSM) - || T, 3 by 7 ARERE (16.5 cm x 1.5 cm)
(Z 2a-I (81.6 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Ca(OH), (22.2 mg, 1.0 equiv,
0.30 mmol), 33 & N styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH (3mL) ' CIEA L. HHEHL
R 3T STt BURERRE T VA 2 I A CEMR LTz, £ ORISR Z ST 72D OISR
SIRT 20 REEHRER LTz, 15O ONES Y & fafno A Hile ) b U o 2K (10 mL) CHEd:
L. ELO(10mL) T3 [Efhi L7z, f07-AiE 250 TRMEEK TR LI-Ob, ki~
T LT, JEREIT o7, T D%, ke T/ R L— 2 —CIIER % Uz, M4
7> B NEREEHERVE (TMS) Z JHV THNMR (2 & W IR 25 LT,

entry 1: L ZWSIIET, AIFDERRE T cis- 7 A7 VABIRIIRSSFICHE VRIS S BT 2A, K
JRIFHEEST L7220 T,

entry 2: L ZIRIIRES, TV IRANVTHEOL LTESIE T, cis-27 AT VABRIBUSSIHIIEN K
JESHTE TA ROSIFHEIT Ligdo 7z,

entry 3: L ZUSIN L, AIHERRE T cis-27 A7 LA BHRI SR IENW SIS S T2 & 2 A, K
AT Lo Te,

entry 4 L ZWIIL, 7/VIBRANTEN LIZRIE T, cis-7 AT LA BREI USSR HE U
é'tj:fk_é: % }i"_; i@ L/chﬁ)OfK—O
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%5 _JH : Scheme 23 |29 % 56k

Scheme 23,eq. 1 : =i T, 731 L v 7 Z5ERE (16.5cm x 1.5cm) T dimethyl 2-methylmalonate (2a)
(43.8 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol),
$ & ¥ styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % BuOH 3 mL) FCIRA L., M % 3[BT
STtk PR Z TR A TEB LTz, £ OSSR A ST D OJERES T Z515 T 20 I#
IR LT, 150N ONEG Y 2 fafnTF A ilE 7 b U o LK (10mL) TH4 L. EtO (10 mL)
T 3 [ L7, GO AE 26O TRIMEEUK T LIz b, it~ 7 r v LT
B IR EAT o7, EO%, il AE =/ R L— 2 — TIRIER % Ui, MR AR~ & PUETEAEY)
B(TMS) % IV TH NMR IZ K D IREZFEH L& 2 A, 3aa 23 16%DICE, 4a 73 34%DILR T
b,

Scheme 23,eq.2 : =i T, 731 L v 7 A5 (16.5cm x 1.5cm) (T dimethyl 2-methylmalonate (2a)
(43.8 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Na,CO; (31.8 mg, 1.0 equiv, 0.30 mmol),
$ & ¥ styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,O 2 mL/l mL) HCiEA L. HAEHIA
3 EUToTt%, USRS EIEE N A TER LIz, TORINARE ST O ONBE T, =ik
T 20 WfHfEHR LTz, B DNIZUOSIRE W 2 fafnTF A w7 b U 7 LK (10 mL) THeid L.
EO (10 mL) T 3 Bt L7z, B oA %2 & CRMBEK Tl Lcob, Wik~ 7
KT LT, JEREIT o7, TO%, IBilkAE T/ R L— 2 —CIRER % U, M A
O NEEERE(TMS) 2 VO TH NMR ICE W CRZ R Lo & 2 A, 3aa 73 8% DIHE, 5a 7% 2%
DR THRL T,
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%5 _JH : Scheme 24 |29 % 56k

Scheme 24,eq. 1 : =L T, 731 L v 7 A5 (16.5cm x 1.5 cm) T dimethyl 2-methylmalonate (2a)
(43.8 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol),
5 L 1-cyclopropyl-1-phenylethylene (86.4 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH (3 mL) H' CIES L.
BHER A 3 BT o724, SOGE ez FER AT A TE#L LT, & DSOS &9 5 O YIRS
T, SR T2 BEE Lz, B ORISR G 2 BT AT b U w7 LOKEHE (10 mL) THE
# L., ELO(10mL) T3 [t L7z, o AtdE 2 6o CTRMEBHEAK TG LIcOb, g
NIRRT NTHER, IRR AT o7, £ 0%, iR Z =/ SR L — 2 —TRIERE Uic, A AR
Wa D NTNT Ty allTZhrsua~v NI 7 4 —IZX VR LIEEZ A, 6a 1Y 20%, Ta D
S1%DILRTHE LI, 8a DAERRNMERR ST,

Scheme 24,eq.2 : =L T, 731 L v 7 A58 (16.5cm x 1.5cm) T dimethyl 2-methylmalonate (2a)
(43.8 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol),
5 L 1-cyclopropyl-1-phenylethylene (86.4 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH (3 mL) H' CIES L.
HEIR A 3 BT 7otk IR & TR AT A TEEL LT, OISR A 7 VR A VT
L. =T 2 RFflfHR L7, BN IZRUNREEW Z T Ahilig )~ U o AKEHE (10 mL) Tk
# L. ELO(10mL) T3 [t L7z, o AtdEZ2 6o CTRMEBHE K TG LIcob, g
YT ALY LTHESE JERE T oo, 0%, IEikE =/ SR L— 2 —TRIER E U, Hhht AR
Wy 5 NEEEHEMYE(TMS) 2 -V 'TH NMR IZ X IR AFEH L2 L 2 A, 6a Y 12% DR TES
i,

Scheme 24,eq.3 : =L T, 731 L v 7 A5 (16.5cm x 1.5cm) T dimethyl 2-methylmalonate (2a)
(43.8 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol),
5 L 1-cyclopropyl-1-phenylethylene (86.4 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH (3 mL) H' CIES L.
HAEDRZ 3 [BUTo721%, SIGE R 2 TR A CEfL LTz, & ORISR Z 8T H B O RS
T, IR T 20 B Uiz, 5 b NIZRONEEW 2 T Az~ U o AKEHE (10mL) THE
# L. ELO(10mL) T3 [t L7z, ol AidE 2z 6o CRMEBHE K TG LIcOb, g
YT ALY LTHESE JERE T oo, 0%, kA =/ SR L— 2 —TRIER % L, HhhtAER
WMELINTNT T allTha~v NI T77 4 —ICLOERLIEE 2 A, Ta D’ 55%DIERT
DAL, 8a A 12%AR LTV D Z & A 'HNMR IZ XV il S 47z,

6a: TLC (SiO»): Re= 0.35 (n-hexane); '"H NMR: (500 MHz, CDCl): § major 7.45-7.31 (m, 5H), 5.84 (t, J =
6.9 Hz, 1H), 4.25 (s, 2H), 3.31 (t,J="7.5 Hz, 2H), 2.82 (dd, /= 6.9 Hz, 7.5 Hz, 2H). minor 7.45-7.31 (m, 3H),
7.10 (d, J= 6.9 Hz, 2H), 5.89 (t, J = 7.5 Hz, 1H), 4.20 (s, 2H), 3.08 (t, /= 6.9 Hz, 2H), 2.50 (g, /= 6.9 Hz,
2H); “C{'H}NMR: (125 MHz, CDCls): § major 139.9, 139.2,130.9, 128.5, 127.9, 126.1, 32.7, 2.8, 1.9. minor
140.9, 137.7, 129.9, 128.5, 128.4, 127.8, 33.0, 13.2, 4.2; HRMS: m/z (DART) calcd for CiiHisl,"™ (M+H)"
398.9101, found 398.9101; FTIR (neat): 1493, 1445, 1425, 1239, 1171, 1151, 1070, 1010, 912, 867, 761, 696

em™.
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7a: TLC (SiO:): Re= 0.10 (n-hexane/ethyl acetate = 20:1); 'H NMR: (500 MHz, CDCl;): & major 7.30-7.11
(m, SH), 5.56 (t, /= 6.9 Hz, 1H), 3.38 (s, 6H), 3.19 (s, 2H), 3.17 (t, /= 6.9 Hz, 2H), 2.78 (q, /= 6.9 Hz, 2H),
1.27 (s, 1H). minor 7.3-7.11 (m, 3H), 7.10 (d, /= 6.9 Hz, 2H), 5.48 (t, /= 6.9 Hz, 1H), 3.73 (s, 6H), 3.07 (t,J
=6.9 Hz, 2H), 3.04 (s, 2H), 2.48 (q,J = 6.9 Hz, 2H), 1.31 (s, 1H); “C{'H}NMR: (125 MHz, CDCL): § major
172.1,142.7,137.9, 132.8, 127.9, 127. 2, 127.1, 53.1, 52.2, 34.9, 33.0, 19.8, 4.4. minor 170.5, 139.1, 138.0,
131.1,128.7,127.9,127.1, 53.1, 52.2,45.8, 44.3, 32.5, 5.4; HRMS: m/z (DART) calcd for C7H»I104" (M+H)"

417.0557, found 417.0553; FTIR (neat): 2951, 1731, 1493, 1434, 1377, 1294, 1241, 1201, 1107, 982, 875, 758,
700 cm™.
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%5 I8 : Table 6 (2R3 5 5k

—WRFERIE (cis-2 T AT VAEBRIRNISONSM) - || T, 3 by 7 ARERE (16.5 cm x 1.5 cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol),
Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol), 33 J O stilbene (10) (108.2 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH
(B mL) HTEA L, BRENKE 3 EHTo7o%, SR ama 7 VI A TEB L2, £ DRIGE
R AT DD OIS T, 2R T 20 RefEiEEE L7z, B O RONES Y A fafnTF A e Y
T LOKERHE (10 mL) CTPEE L. EO (10 mL) T3 [EHhH L=, &5 aiE %2 &bt Chufng
KK T L72D b, Bt~ 7220 N TR, TRz T o7, T 0%, iz =/ SR L—4—T
TERE 2 Ui, HAhHHAERS O 'THNMR LY 30a D b il ie A F 3o Hpeak Een b 27
TUALERH Lz, 0%, MHibARME S VTN T Ty aiTAIavw N ST T 4 —
(n-hexane/ethyl acetate = 4:1) (Z & VIER L T, FrEOERW) 30a 21572, 30a DALFHIL T A
T UVAREHONENDLFEH LTz, 7B, 4 DOV T AT LA~—ZV U B FNAT Lra~ N7
74K NBET D Z N TETALEW. HD VT THNMR, "CNMR 2L U7 A7 LA
< DB FTREZA LA L ClE, &2 OV T AT LA~ —% 0 UEFT —# &t L T
Do

—EFEBRE (rans-> 7 A7 VARG - IR T, 731 Ly 7 ARERE (16.5cm x 1.5cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol),
Na,CO; (31.8 mg, 1.0 equiv, 0.30 mmol), 3 L T! stilbene (10) (108.2 mg, 2.0 equiv, 0.60 mmol) %
BuOH/H,O 2 mL/I mL) FTRA L., BElRZ 3 FITo72%, MISKaE T VI HATES L
2o E DSR2 BTN O ORI T, 205 C 20 Refilfit#R L7, 15 O ONES ) % ffn
FARMLT b U T LIKEE (10mL) TYEF L, EtO (10 mL) T3 [miht L7z, B oAtz
B TRMER/K THSF LIZDOb, it~ 71230 L THE, lBRA T -7z, £ 0%, I8ikZ =
PR L— = ORI E Uiz, MR O 'HNMR £V 30a Db &SR A F 5o 'H
peak LG VT AT VAERM L., £0%, MR EZ S VW TNT T v a1 T LY
-~ k277 7 ¢— (n-hexane/ethyl acetate=4:1) (Z L VR L C. FrE2DARY) 30a 457-, 30a D
LRI T AT VRGO RN DRI LIz, 2236, 4 DOVT AT LA~ =T U 7V
HILI v NI T T 4 —ZE DT D Z N TE LAY, H DL 'H NMR, “C NMR (2
K0T AT VA —BBNTRE AL A L Cld, K42 DV T AT LA~ —& 0 LT
—H ZRe# LT D,

entry 1: cis-stilbene (Z-10)% FV T cis-¥ 7 AT U ASEIRIISIGSAIHEN L SBT72 & 25, 30a
DY 49% DR, dr (4:B:C:D) = 52:9:22:17 DY T AT L AR TE LN,

entry 2: trans-stilbene (E-10) % AN C cis- V7 AT U ARG HEN IR S T2 & Z A, 30a
DX T0%DULER, dr (4:B:C:D)=43:24:21:12 DT T AT L AR TE LT,

-102-



entry 3: cis-stilbene (Z-10) % FAV T trans-> 7 AT L AR SOESAEIEN SR SET= & 2 A, 30a
X 41%DILER, dr (4:B:C:D)=52:31:0:17 DT AT L AR TE LN,

entry 4: trans-stilbene (E-10)% AT trans-3 7 AT L ASEREIBSSAEICHE OIS SET2 2 2 A,
30a 28 T3%DINER, dr (4:B:C:D) =53:35:0:18 DT AT L AR TE LN,

Synthesis of Methyl-2-carboxy-2-methyl-4,3-diphenyl-4-butanolide (30a-A-D).

30a-A: TLC (SiO,): R¢ = 0.60 (n-hexane/ethyl acetate = 4:1); m.p.: 105.3-106.2 °C; 'H NMR: (500 MHz,
CDCls): 6 7.35-6.89 (m, 10H), 5.81 (d, J=9.8 Hz, 1H), 4.37 (d, J = 9.8 Hz, 1H), 3.81 (s, 3H), 1.30 (s, 3H);
BC{'H}NMR: (125 MHz, CDCl;): § 174.3, 170.5, 136.7, 133.1, 128.9, 128.6, 128.3, 126.1, 81.6, 57.1, 56.2,
53.2, 15.7 (three carbon atoms were overlapped); HRMS: m/z (DART) caled for C19H2004" (M+H)" 311.1278,
found 311.1276; FTIR (neat): 3035, 2954, 2920, 2850, 1775, 1741, 1728, 1604, 1585, 1499, 1454, 1435, 1383,
1301, 1277, 1242, 1218, 1187, 1153, 1110, 1077, 1049, 1031, 997, 942, 913, 860, 809, 794, 756, 697, 661 cmn®

1

30a-B: TLC (SiO»): R¢=0.57 (n-hexane/ethyl acetate =4:1); m.p.: 90.1-91.0 °C; '"H NMR: (500 MHz, CDCL;):
0 7.17-6.89 (m, 10H), 5.99 (d, J = 5.6 Hz, 1H), 4.31 (d, J = 5.6 Hz, 1H), 3.90 (s, 3H), 1.21 (s, 3H);
BC{'H}NMR: (125 MHz, CDCls): § 174.9,171.5, 135.4,133.8,129.5, 128.3, 128.0, 127.6,127.3, 125.2, 81.8,
57.5,55.7,53.7, 17.5 (two carbon atoms were overlapped); HRMS: m/z (DART) calcd for C19H2904 (M+H)"
311.1278, found 311.1275; FTIR (neat): 3064, 3034, 2955, 2921, 2850, 1780, 1735, 1605, 1499, 1452, 1434,
1378, 1336, 1248, 1219, 1157, 1129, 1106, 1078, 1035, 1020, 1001, 959, 919, 898, 863, 788, 748, 710, 673

em™.

30a-C: TLC (SiO,): Re= 0.57 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCls): § 7.13-6.85 (m,
10H), 6.03 (d,J= 6.3 Hz, 1H), 3.89 (d, /= 6.3 Hz, 1H), 3.24 (s, 3H), 1.90 (s, 3H); "C{'H}NMR: (125 MHz,
CDCls): 6 174.5,169.2, 135.3, 134.5, 129.3, 128.0, 127.8, 127.5, 127.4, 125.5, 80.5, 58.1, 57.1, 52.1, 21.7.

30a-D: TLC (SiO»): R¢= 0.42 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCls): § 7.39-7.18 (m,
10H), 6.09 (d,J=10.6 Hz, 1H), 3.63 (s, 3H), 3.43 (d, /= 10.6 Hz, 1H), 1.59 (s, 3H); "C{'H!NMR: (125 MHz,
CDCl): 6 174.2, 168.7, 137.1, 133.0, 129.0, 128.6, 128.1, 125.8, 81.6, 61.9, 58.2, 52.6, 19.3 (three carbon
atoms were overlapped); HRMS: m/z (DART) calcd for CioH290s (M+H)" 311.1278, found 311.1282; FTIR
(neat): 2956, 2920, 2850, 1781, 1747, 1719, 1500, 1455, 1379, 1311, 1276, 1251, 1218, 1136, 1110, 1002, 940,
920, 899, 865, 820, 797, 749, 700 cm.
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%5 TH : Table 7 \CE9d % 35k

—WRFERIE (cis-2 T AT VAEBRIRNISONSM) - || T, 3 by 7 ARERE (16.5 cm x 1.5 cm)
\Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), = 7 Z&JF (1.0 equiv, 0.30 mmol),
Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol), 3 T styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH
(G mL) BTRAE L, WKL 3 [BHT-721%, USRS E T VA T ATEBR LT, €O
KA ICAT O ORI T, 2R C 20 ReffifiisR L7, B o INRA WA fafnF A g ) kY
U L/KER (10 mL) TPHEF L. EtO (10 mL) T3 [mh L7z, fon/-FAiEs oot g
WARKTHGS LI=OG, g~ 7320 LT, I8Ra T o7, £0%, il A /SR L—Z—T
JERE 2 Uz, HRH ARSI & WEMEHEE(TMS) & ) 'H NMR I X IR 5 NI YT A
TUAERT LT,

—EFEBRE (rans-> 7 A7 VARG - R T, 731 Ly 7 ARERE (16.5cm x 1.5cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), = 7 Z&JF (1.0 equiv, 0.30 mmol),
Na,COs (31.8 mg, 1.0 equiv, 0.30 mmol), 33 J (N styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,O
@mL/1mL) T CRA L., BEbRA 3 EUT- 7%, KIessez 7T HATEBRL-, FDOK
SR 2 AT 7 & OIS T | 81R. T 20 RefdliiHE LTz, 15 DAV ROGIRG W) % Bafn T A ik 7~

U o AKERHE (10 mL) TP L. EbO (10 mL) T3 [mHhH L7, S&bh-aEs 5 e T
TEHKTHE LT=DOb, R~ 7R3 7 LTI, TERx{To72, D%, I8KE =/ SR L—4
—CIER £ UTe, MM AR b NEEERE(TMS) & FV TH NMR 12 X 0 IR b ONC Y
T AT VA ERH LT,

entry 1: 3 7 3&JFIZ N-iodosuccinimide (67.5 mg, 1.0 equiv, 0.30 mmol) & FH\ > cis-2 7 AT L A5
FOSEAETHENIS ST & 2 A, 3aa D3 15%DIER, dr (cis:trans)=73:27 DT A7 LA 2R
THLIL,

entry 2: = 7 F#JRIZ N-iodosuccinimide (135 mg, 2.0 equiv, 0.60 mmol)%& FH\ > cis-2 7 AT L A5
SOSSRIFZHENG S /T2 & 2 A, 3aa B3 86% DL, dr (cis:trans)=63:37 DY T AT L AERIE
THLIL,

entry 3: 3 7 Z&JFIZ N-iodosuccinimide (135 mg, 2.0 equiv, 0.60 mmol)& FH\ Y, 7 /LI RA /L THEDE L
TT70°C IR LTZRIET, cis-2 7 AT VABREIBISRIHTE WIS SEIZE 24, 3aa 73 2%
DULF,  dr (cis:trans) = 50:50 DT AT U AR TH BT,

entry 4: = 7RI (lutidine),I (BF4) (128.4 mg, 1.0 equiv, 0.30 mmol)%& F\ > cis-2 7 AT L A 5R 1
FOSSMHIENEIS SE T2 & 2 A, 3aa 13FHN7e0 > T2,

entry 5: 3 7 &I N-iodosuccinimide (67.5 mg, 1.0 equiv, 0.30 mmol)% V> trans-27 A7 L A 5R
HIBOSERIICHENRIGE S BT & 2 A, 3aa 23 15% DR, dr (cisitrans) =28:72 DY T AT L A 3R
PETH LT,
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entry 6: = 7 FJRIZ N-iodosuccinimide (135 mg, 2.0 equiv, 0.60 mmol)% V> trans-27 A7 L A 5R
HISOSSRIFICHEN IR ST & 2 A, 3aa 23 %D, dr (cisitrans) =29:71 DY T AT L AHR
METH LN,

entry 7: = v FJFIZ(lutidine).I (BF,) (128.4 mg, 1.0 equiv, 0.30 mmol)% V> trans-27 A7 L A 5&R
HISOGSRIFICHEN IR ST & 2 A, 3aa 23 24% DR, dr (cisitrans) =33:77 DY T AT L AHIR
PETH/ LT,
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%5 _JH : Scheme 27 |9 % 56k

Scheme 27, eq.1 : IR T, /31 L v 7 ARERE (16.5 cm x 1.5 cm) (2 dimethyl 2-methylmalonate (2a)
(43.8 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Ca(OH), (22.2 mg, 1.0 equiv, 0.30 mmol),
$ & ¥ styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % dry ‘BuOH/H,"*0 2 mL/1 mL) FCIRE L, B
iR 3 BTtk NKInRans 7T HATEL LT, Z OSSR E ST 75 OSCH S
T, IR T 20 BefEEEE Uiz, 5 b NIZRONEEW 2 ST Az~ ~ U o AKEHE (10mL) THE
# L., ELO(10mL) T3 [t L7z, o AtdE 2 6o CTRMEBHEAK TG LIcOb, g
YT ALY LTHESE R To7c, 0%, IEikE =/ SR L— 2 —TRIEREE L, Hhht AR
P THNMR LV 3aa’D A F L FEdD Hpeak L b V7 A7 LA &R Lz, ok, Mg
e VATNT T yvaiZhrav T 74— K0T, EElkE LT 98%
DILEE, dr (cis:trans) =38:62 DT AT L ATEIRNM: T 3aa’ 2 157-, F7=, HEFEEE AL 3aa:3a’
=12:88 ThH o7,

—EFEBRE (rans-> 7 AT VARG - IR T, 731 Ly 7 ARERE (16.5cm x 1.5cm)
{Z dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol),
Na,CO; (31.8 mg, 1.0 equiv, 0.30 mmol), F LT styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % dry
BuOH/H,"*O 2 mL/1 mL) HCIEA L., BfENERE 3 T 7%, RIGEeE 7 V3 A T
LTc E ORISR Z ST D ONRRET T, S8IRC 20 FefElis#R L7, 560 RIGIRE Y % fd
T At b U o LKEE (10 mL) T4 L, EO (10 mL) T 3 [ahH L7z, 5L A=
GO TRMEHUK TS L7120 b, it~ 712U L CTHE, IRRE1To7-, £ 0%, 8ik%E
TR L—F—TCREREE LT, HMmHARY O 'H NMR XV 3aa’d A F 3o 'H peak b
VT AT VAERM Ue, 20%, M AERME S ) DTN T Ty ah T hIuvw NTT
74— X BT, SmEMRY E LT dr (cis:trans) = 33:67 DT AT LA BRI CEEMIC
3aa’ 2137, F£7o, EREREAEIT 3aa:3a2’°=16:84 ThH o7,

3aa’-cis: TLC (SiO,): Re= 0.35 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCls): § 7.43-7.36 (m,
5H), 5.52 (dd, J= 6.9 Hz, 9.1 Hz, 1H), 3.74 (s, 3H), 2.85 (dd, /=9.1 Hz, 13.1 Hz, 1H), 2.56 (dd, /= 6.9 Hz,
13.1 Hz, 1H), 1.64 (s, 3H); "C{'H'NMR: (125 MHz, CDCl;): § 175.3, 170.9, 138.3, 128.8, 125.6, 78.7, 53.1,
51.5,42.9, 19.7; HRMS: m/z (GC-MS) calcd for C13H40;'*0" (M) 236.0935, found 236.0924.

3aa’-trans: TLC (SiO2): Ry = 0.41 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCls): § 7.43-7.34
(m, 5H), 5.59 (dd, J= 6.3 Hz, 10.4 Hz, 1H), 3.84 (s, 3H), 3.11 (dd, /= 6.3 Hz, 13.5 Hz, 1H), 2.12 (dd, /= 10.4
Hz, 13.5 Hz, 1H), 1.59 (s, 3H); “C{'H}NMR: (125 MHz, CDCls): § 174.8, 170.8, 138.5, 128.8, 128.7, 125 4,
78.9, 53.3, 52.0, 43.8, 20.9; HRMS: m/z (GC-MS) calcd for Ci3H1405'%0" (M) 236.0935, found 236.0926.
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BE OBESH STFRITVBLAEEERAWE -2 57 b UREARRIEDBIRE
o

%—IH : Table 8 (2R3 5 5k

—RSEERYE IR T, A Ly 7 AFERE (16.5cm x 1.5cm) |2 methyl 1-indanone-2-carboxylate (9a)
(57 mg, 1.0 equiv, 0.30 mmol), I (76 mg, 1.0 equiv, 0.30 mmol), & (1.0 equiv, 0.30 mmol), F L
styrene (1a) (2.0 equiv, 0.60 mmol) % 3 mL DFRIAE TRA L, WK A 3 BT /2%, oG
el T AT ATERL T2, E ORISR 2 3T 5 B OGRS T | S50 C 20 BeffHE L 72,
BN ISNRE Y & faf T AhilE T N U w7 LK (10 mL) THed L. EtO (10 mL) T 3 [alf
L7z, SN AE L SO CRMBHEUK CHE LD b i~ 72 7 LTz, Tz
1Tole, D%, WWikA =/ R L— & —CIlIERE £ Uic, HilHAR O 'HNMR X9 10aa D A
F D Hpeak bbb VT AT VAL ER M LT, 0%k, HhHAERDZ ) 575 v
2T LT v~ h7T 7 ¢ — (n-hexane/ethyl acetate = 4:1) |2 X VR LT, ArZ2DAEW) 10aa &
572, 10aa DALFNRIT DT A7 VAREMOWNEN SR Uiz, 70385, cis (K, rans (RIZ> U 7
TNHTET v NI T 7 4—CR VST 52 LINTEITleD, FADVT AT VAN —%57
TR — 2 ERLE L TV D,

Table 9 (entry 1, gram-scale reaction) : Z={f T, 100 mL >~ A 7 < A =1|Z methyl 1-indanone-2-carboxylate
(9a) (1.14 g, 1.0 equiv, 6 mmol), L (1.52 g, 1.0 equiv, 6 mmol), Na,CO; (636 mg, 1.0 equiv, 3 mmol), ¥
X W' styrene (1a) (1.25 g, 2.0 equiv, 12 mmol) % ‘BuOH/H,O (40 mL/20 mL)H CIRA L. #ifEliE% 3
[BHTo7eth, BIGRaa T N A TER LT, EORIGEIRZ ST 6 O T, =R T
48 FERIFEIR LT, 5 DN SOGIRA Y Z fafn T AR 7 b U w7 SOKERHE (100mL) THE L. EbO
(60mL) T3 [l L7-, Soh-aiEs &b TR K THts L7=ob, Fiit~ 7 12w
LTCHIIE B2 T o 77, F D% Bk A =/ iR L— & — CIE R 2 U=, HhH B % n-hexane
(50mL) & CHCL (10mL) Z AW CHEAEREZITHY Z & T, 1.34g OEAREIRE LT 10aa A3 80%DIY
. dr(cis:trans)=68:32 DV T AT LARIWETH LI, ZORO U T AT U AR T HBERE
H14%0 10aa ® 'HNMR L W EH L7,

entry 1: L2 Ca(OH),. #HEIZ BuOH % FHW—fXEBRIEIHEWEIS SHTZ & 2 A, 36.7 mg DH
FERE LT 10aa 73 44%DINER, dr (cis:trans) = 62:38 DT AT LA SR TR LT,

entry 2: Y2 NayCOs, ¥ ‘BuOH/H,0 (2 mL/1 mL) % FW—fXEBRIEIZIEWV G S/ & 2 A,
69 mg D FAER E LT 10aa 23 82%DUNER,  dr (cis:trans) = 64:36 DY T AT L ATEFNETE LI
7o ZORINEMZ S L,

entry 3: HiJEZ NayCOs, I C MeOH/H,0 (2 mL/1 mL) % FW—fXEBRIEIZIEWV IR S/ & 2 A,
10aa 73 57%DULER, dr (cis:trans) = 36:64 DT AT L AR TE LN,
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entry 4: Y2 Na,COs, IA1Z EtOH/H0 (2 mL/1 mL) & FlW—fEEBRIEICHE WIS SET- 2 2 A,
10aa 73 68% DY, dr (cis:trans) = 50:50 DT A7 L AFIRIMETHE LT,

entry 5: HiJE(Z NayCOs, ¥ATHIZ IPA/H,0 (2 mL/1 mL) & FlW—fREBRIEICHE WIS ST 2 A,
10aa 73 81% DY, dr (cis:trans) = 50:50 DT A7 L AFIRMETH LT,

entry 6: HEFEIZ NaxCOs. ¥ASEIZ DMSO/H0 (2 mL/1 mL) % W FEBRIEICE WSO S - & &
A, 10aa 23 65%DUE,  dr (cis:trans) = 66:34 DT AT L A EIRME T LTz,

entry 7: HEFEIZ NaxCO;s, ¥AEEIZ ‘BuOH (3 mL) & HW—SEBRIEIZIEW OGS 72 & 2 A, 10aa 3
15%DIE, dr (cis:trans) = 60:40 DT A7 LA BRI TH LN, 7o, Nla b 57%DIERTH:
S 4V W

entry 8: Ml Z NaCOs, I IPA (3 mL) & W —fXFEBRIEI WIS SHT- & 2 A, 10aa 73 13%
DU, dr (cis:trans)=69:31 DT AT LAEPRMETHRO N, FTz, a b 5T0%DIERTHRHH
7=

entry 9: Y2 Mg(OH),. ¥ASEIZ 'BuOH/H,0 (2 mL/1 mL) % W FEBRIEICE WSO S - & &
A, 10aa 73 62%DUNEE, dr (cis:trans) = 50:50 DT A7 L AF#IRMETH L,

entry 10: Y532 Ca(OH),, ¥A8EZ ‘BuOH/H0 (2 mL/1 mL) % W FEBRIEI CRE WSO S - & &
4, 10aa 73 66%@W¢\ dr (cis:trans) = 36:64 D7 AT L A EIRME TR LT,

entry 11: #5352 Ba(OH),. ¥ALE(Z ‘BuOH/H0 (2 mL/1 mL) % W FEBRIEI CE WSO S - & &
A, 10aa 23 17%DUEE,  dr (cis:trans) = 50:50 DT AT L A 3ERMETH LTz,

entry 12: &2 NaHCO;, ¥A#EIZ ‘BuOH/H,0 (2 mL/1 mL) % W BRI E WSO S - & &
A, 10aa 73 23%DUNER, dr (cis:trans) = 50:50 DT AT L AZIRMETHE L,

entry 13: Y532 LiCOs, I ‘BuOH/H,0 (2 mL/1 mL) % W —fRFEBRIEI GV SO S - 8 &
A, 10aa 23 58%DUE,  dr (cis:trans) = 33:67 DV T AT LA EIRMETH LTz,

entry 14: Y5 KoCOs. IR '‘BuOH/H,0 (2 mL/1 mL) % FW—fXEBRIEIZIEWV IR S/ & 2 A,
10aa 7% 39%DULH,  dr (cis:trans) = 45:55 DV T AT U AR TH BV,

entry 15: Y5 KsPO4, IR 'BuOH/H,0 (2 mL/1 mL) % FW— X EBRIEIZIEWV IR S/ & 2 A,
10aa 73 18%DUNZR, dr (cis:trans) = 7426 DT AT L ASRIWETE L,

entry 16: HE5Z NaOH, ¥4 ‘BuOH/H,0 (2 mL/1 mL) % FW—fXEBRIEIZIEWV IR S/ & 2 A,
10aa 78 57%DYH, dr (cis:trans) =38:62 DV T AT L AR T BT,

entry 17: HEEZ RIS, ¥R 'BuOH/H,0 (2 mL/1 mL) % W FEBRIEI CE WSO S - & &
A, 10aa 73 45%DIYNEE, dr (cis:trans) = 50:50 DT A7 L ASIRMETH L,
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entry 18: I, Z I HEELZ NayCOs Z I L, #5Z BuOH/H,0 (2 mL/1 mL) Z2 FHV N T —fRS2ERTE
RIS SHT2 8 2 A, SOGTa < HEITET 10aa 135 50 o7,

Synthesis of 5-Phenyl-4,5-dihydro-2H-spiro[furan-3,2'-indene]- 1’,2(3’ H)-dione (10aa).**

10aa-cis (F {A[E/{A): TLC (Si02): Re= 0.24 (n-hexane/ethyl acetate = 4:1); m.p.: 155.1-156.3 °C; '"H NMR:
(500 MHz, CDCL): § 7.84 (d,J=7.7 Hz, 1H), 7.68 (t,J=7.7 Hz, 1H), 7.53 (d,.J=7.7 Hz, 1H), 7.50~7.38 (m,
6H), 5.60 (dd, J = 6.5 Hz, 9.8 Hz, 1H), 3.77 (d, J= 17.0 Hz, 1H), 3.34 (d, J = 17.0 Hz, 1H), 2.98 (dd, /= 9.8
Hz, 13.4 Hz, 1H) 2.63 (dd, J= 6.5 Hz, 13.4 Hz, 1H); “C{'H}NMR: (125 MHz, CDCl;): 6 201.2, 175.7, 152.0,
138.2,135.8, 135.2,128.9, 128.8, 128 4, 126.4, 126.0, 125.0, 79.6, 57.6, 42.3, 39.0; HRMS: m/z (DART) calcd
for Ci1sH;s05" (M+H)" 279.1016, found 279.1010; FTIR (neat): 3036, 2933, 1764, 1709, 1605, 1588, 1498,
1464, 1430, 1325, 1286, 1217, 1164, 1087, 1014, 1000, 968, 928, 893, 796, 758, 720, 699, 676 cm™.
10aa-trans (F5EIHIRY)): TLC (SiO,): Re=0.38 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCl;):
57.81 (d,J =75 Hz, 1H), 7.67 (t, J=7.5 Hz, 1H), 7.52 (d,J = 7.5 Hz, 1H), 7.47-7.37 (m, 6H), 6.08 (dd, J =
6.4 Hz, 9.6 Hz, 1H), 3.84 (d, /= 173 Hz, 1H), 3.09 (d, J = 17.3 Hz, 1H), 3.08 (dd, J= 6.4 Hz, 12.4 Hz, 1H)
2.40 (dd, J = 9.6 Hz, 12.4 Hz, 1H); "C{'H}NMR: (125 MHz, CDCL): 5 201.6, 1748, 153.0, 138.8, 136.0,
134.0,128.8,128.7,128.3,126.4,125.4,125.1,79.2,58.7,42.1, 37.5; HRMS: m/z (DART) calcd for CisH;s05"
(M+H)"279.1016, found 279.1010; FTIR (neat): 2923, 2850, 1759, 1695, 1604, 1463, 1331, 1278, 1217, 1164,
1151, 1087, 1013, 1000, 969, 932, 921, 793, 754, 724, 697, 677 cm’".
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%—IH : Table 9 (2R3 5 5k

—RSEERYS IR, A Ly 7 AFERE (16.5ecm x 1.5cm) |2 methyl 1-indanone-2-carboxylate (9a)
(57 mg, 1.0 equiv, 0.30 mmol), L, (76 mg, 1.0 equiv, 0.30 mmol), NaCOs(31.8 mg, 1.0 equiv, 0.30 mmol),
B L W olefin 1 (2.0 equiv, 0.60 mmol) % ‘BuOH/H,O (2 mL/1 mL)"F CIEA L., Wiili& % 3 [alfT-7
%, OSEIRET VAT ATER LT, ZORISEKZ ST 026 OIS T, 2R T 20 FFfH
B Lie, S oN-RINEE Y ZfafiT A iR N U 7 LKA (10mL) THES L. EbO (10mL)
T 3 [ L7, GO AE 26O TRIMEEUK T LIz b, it~ 7 r v LT
B IR A T o7, FO%, EikE =/ SR L—2 —TRIERZE Lz, it AR 'H NMR X
D10 DAFUHE, HDHNEIAT LD H peak b b U7 AT LA ERM Lz, £0t%,
AR Z L VTN T T v ahT L7 a~ 87T 7 4 — (n-hexanelethyl acetate = 4:1) |Z K
DR LT, FTEOER 10 24572, 10 DALY T 2T VARG ONEN S HH LT,
B cistR rans RV BTN T L a~ N7T 7 4 —IZX VT 5 Z LN TETALEY.
HDHVNE HNMR, BC NMR (280 T AT LA~ —058 e b S IcBI L T, 2Dy
T AT VAR — &5 TULFET — 2 ZREl L T 5,

Synthesis of 5-(4-tert-Butyl-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’H)-dione (10ba,
entry 2).

4-tert-Butylstyrene (1b) (96 mg, 2.0 equiv., 0.6 mmol) Z FW N TR EBRIEIIEN G S T2 L 2 A, 83
mg O FEEAR L LT 10ba 25 83%DULE, dr (cis:trans) = 57:43 DT T A7 L AR TH LI,
10ba-cis (H[E{AK): TLC (SiO,): Rs = 0.30 (n-hexane/ethyl acetate = 4:1); m.p.: 95.6-98.5 °C; 'H NMR:
(500 MHz, CDCL): & 7.85 (d, J= 7.8 Hz, 1H), 7.67 (t, /= 7.8 Hz, 1H), 7.53 (d, J= 7.8 Hz, 1H), 7.47-7.40 (m,
5H), 5.58 (dd, /= 6.2Hz, 10.3Hz, 1H), 3.76 (d, /= 16.6Hz, 1H), 3.34 (d, /= 16.6 Hz, 1H), 3.00 (dd, /=10.3
Hz, 13.3 Hz, 1H) 2.59 (dd, J= 6.2 Hz, 13.3 Hz, 1H) 1.34 (s, 9H); “C{'H}NMR: (125 MHz, CDCl;): § 201.3,
175.8, 152.1, 152.0, 135.8, 135.3, 135.0, 128.3, 126.5, 125.9, 125.7, 125.0, 79.6, 57.7, 42.2, 39.0, 34.6, 31.2;
HRMS: m/z (DART) calcd for CH»O5" (M+H)" 335.1642, found 335.1652; FTIR (neat): 3036, 2933, 1764,
1709, 1605, 1588, 1498, 1464, 1430, 1325, 1286, 1217, 1164, 1087, 1014, 1000, 968, 928, 893, 796, 758, 720,
699, 676 cm™.

10ba-trans (FE A1) TLC (Si02): Re= 0.42 (n-hexane/ethyl acetate = 4:1); 'H NMR: (500 MHz, CDCl;):
§7.81(d,J=7.5Hz, 1H), 7.67 (t, J = 7.5Hz, 1H), 7.51 (d, J = 7.5Hz, 1H), 7.47-7.42 (m, 3H), 7.36-7.33 (m,
2H), 6.06 (dd, /= 6.3 Hz, 9.7 Hz, 1H), 3.85 (d, /= 17.2 Hz, 1H), 3.10 (d, /= 17.2 Hz, 1H), 3.05 (dd, /= 6.3
Hz, 13.1 Hz, 1H), 2.41 (dd,J=9.7 Hz, 13.1 Hz, 1H) 1.34 (s, 9H); *C{'H}NMR: (125 MHz, CDCl;): § 201.8,
174.8, 153.0, 151.8, 135.9, 135.7, 134.0, 128.2, 126.4, 125.7, 125.4, 125.0, 79.2, 58.8, 42.0, 37.5, 34.6, 31.2;
HRMS: m/z (DART) calcd for CHxO5" (M+H)" 335.1642, found 335.1642; FTIR (neat): 2961, 2868, 1767,
1704, 1607, 1590, 1514, 1465, 1424, 1362, 1332, 1282, 1221, 1169, 1153, 1108, 1012, 971, 933, 921, 859, 834,
793, 760, 728, 704, 676 cm.
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Synthesis of 5-(4-Methyl-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1’,2(3’ H)-dione (10ca, entry
3).

4-Methylstyrene (1¢) (70.8 mg, 2.0 equiv., 0.6 mmol)Z W TR FERIEIIEV IS S T2 L 2 A, 74
mg O FEEAR L LT 10ca 235 85%DUE, dr (cisitrans) = 62:38 DT T A7 L AR TH LI,
10ca-cis (A [E{A): TLC (SiO,): Re= 0.24 (n-hexane/ethyl acetate = 4:1); m.p.: 183.7-184.7 °C; '"H NMR:
(500 MHz, CDCL):  7.85 (d, J = 7.4 Hz, 1H), 7.68 (t,J = 7.4 Hz, 1H), 7.53 (d, J = 7.4 Hz, 1H), 7.46 (t, J =
7.4 Hz, 1H), 7.37 (d, J= 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 5.57 (dd, J = 6.4 Hz, 9.8Hz, 1H), 3.76 (d, J =
16.6 Hz, 1H), 3.34 (d,J=16.6 Hz, 1H), 2.98 (dd, /= 9.8 Hz, 13.2 Hz, 1H), 2.59 (dd, /= 6.4 Hz, 13.2 Hz, 1H)
2.38(s, 3H); “C{'H}NMR: (125 MHz, CDCl3): §201.3,175.7,152.0, 138.8, 135.8,135.8, 135.1,129.4, 128 4,
126.4,126.1, 125.0, 79.7, 57.7, 42.3, 39.0, 21.2; HRMS: m/z (DART) calcd for CioHi705" (M+H)" 293.1172,
found 293.1176; FTIR (neat): 2956, 2923, 2855, 1756, 1704, 1605, 1587, 1517, 1464, 1430, 1369, 1326, 1297,
1284, 1213, 1167, 1080, 1013, 967, 926, 909, 894, 822, 790, 757, 732, 679 cm’.

10ca-trans (FE {4 & {K): TLC (SiO»): Re= 0.39 (n-hexane/ethyl acetate = 4:1); m.p.: 102.3-103.9 °C; '"H NMR:
(500 MHz, CDCL):  7.80 (d, J = 7.6 Hz, 1H), 7.67 (t, J = 7.6 Hz, 1H), 7.51 (d,J = 7.6 Hz, 1H), 7.44 (t, J =
7.6 Hz, 1H), 7.30 (d, J = 7.9Hz, 2H), 7.23 (d, J= 7.9 Hz, 2H), 6.04 (dd, J = 6.2 Hz, 9.8 Hz, 1H), 3.84 (d, J =
17.3 Hz, 1H), 3.09 (d,J=17.3 Hz, 1H), 3.04 (dd, /= 6.2 Hz, 13.0 Hz, 1H), 2.39 (dd, /=9.8 Hz, 13.0 Hz, 1H)
2.38(s, 3H); “C{'H}NMR: (125 MHz, CDCl3): §201.7, 174.8,153.0, 138.5,135.9,135.7, 134.1,129.4, 128 2,
126.4,125.5,125.0, 79.3, 58.7, 42.1, 37.5, 21.1; HRMS: m/z (DART) calcd for CioHi705" (M+H)" 293.1172,
found 293.1171; FTIR (neat): 2924, 2855, 1765, 1702, 1607, 1517, 1464, 1426, 1332, 1281, 1220, 1168, 1153,
1012, 970, 932, 818, 758, 732, 676 cm’.

Synthesis of 5-(3-Methyl-phenyl)-4,5-dihydro-2 H-spiro[furan-3,2"-indene]-1',2(3’ H)-dione (10da, entry
4).

3-Methylstyrene (1d) (70.8 mg, 2.0 equiv., 0.6 mmol) Z W T—FERIEITIEV IS S ET2 L 2 A, 69
mg OFEEAFEIR L LT 10da 23 79%DUEE, dr (cis:trans) = 57:43 DT AT L ASRPIETH L,
10da-cis (FE A [E{A): TLC (SiO,): Re= 0.24 (n-hexane/ethyl acetate = 4:1); m.p.: 133.8-134.7 °C; '"H NMR:
(500 MHz, CDCLy): & 7.85 (d, J= 7.8 Hz, 1H), 7.67 (t, J = 7.8 Hz, 1H), 7.53 (d, /= 7.8 Hz, 1H), 7.45 (t, J =
7.8 Hz, 1H), 7.34-7.18 (m, 4H), 5.56 (dd, J = 6.3 Hz, 9.7 Hz, 1H), 3.76 (d,J = 17.1 Hz, 1H), 3.34 (d, /= 17.1
Hz, 1H), 2.97 (dd, J= 9.7 Hz, 13.2 Hz, 1H), 2.60 (dd, J= 6.3 Hz, 13.2 Hz, 1H) 2.40 (s, 3H); “C{'H}NMR:
(125 MHz, CDCls): 6 201.3, 175.7, 152.0, 138.6, 138.2, 135.8, 135.2, 129.6, 128.8, 128.5, 126.8, 126.6, 125.0,
123.1, 79.7, 57.7, 42.4, 39.0, 21.4; HRMS: m/z (DART) calcd for C1oHi705" (M+H)"™ 293.1172, found
293.1169; FTIR (neat): 2923, 2855, 1764, 1706, 1605, 1589, 1490, 1464, 1430, 1361, 1323, 1294, 1214, 1169,
1154, 1083, 1015, 999, 970, 926, 897, 801, 787, 757, 724, 700, 674 cm’".

10da-trans (354 E{K): TLC (SiO»): Re= 0.42 (n-hexane/ethyl acetate = 4:1); m.p.: 123.6-124.6 °C; 'H NMR:
(500 MHz, CDCL): 8 7.81 (d, J=7.5 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.51 (d,J = 7.5 Hz, 1H), 7.44 (t, J =
7.5 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.24-7.16 (m, 3H), 6.04 (dd, J= 6.3 Hz, 9.8 Hz, 1H), 3.84 (d, /= 17.1
Hz, TH), 3.09 (d,/= 17.1 Hz, 1H), 3.06 (dd, J= 63 Hz, 12.8 Hz, 1H), 2.39 (dd, J=9.8 Hz, 12.8 Hz, 1H) 2.39
(s, 3H); PC{'H}NMR: (125 MHz, CDCL): § 201.6, 174.8, 153.0, 138.8, 138.6, 135.9, 134.0, 129.3, 128.7,
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128.2, 1264, 126.1, 125.0, 122.5, 79.3, 58.7, 42.1, 39.1, 19.1; HRMS: m/z (DART) calcd for CioH705"
(M+H)"293.1172, found 293.1172; FTIR (neat): 2924, 2855, 1766, 1703, 1607, 1590, 1464, 1427, 1331, 1281,
1215, 1190, 1173, 1153, 1094, 1017, 999, 973, 954, 922, 896, 818, 788, 762, 728, 700, 677 cm’.

Synthesis of 5-(2-Methyl-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1’,2(3’ H)-dione (10ea, entry
4).

2-Methylstyrene (1e) (70.8 mg, 2.0 equiv., 0.6 mmol)Z W TR FEBRIEIIEVWRISSETZ L 2 A, 66
mg O FEEER L LT 10ea 23 75%DUE, dr (cisitrans) = 52:48 DT A7 L AR TH LI,
10ea-cis (FE 4 [E{A): TLC (SiO»): Re=0.30 (n-hexane/ethyl acetate = 4:1); m.p.: 98.0-98.9 °C; 'H NMR: (500
MHz, CDCLs): §7.83 (d,J="7.5 Hz, 1H), 7.67 (t, J= 7.5 Hz, 1H), 7.57 (d,J=7.5 Hz, 1H), 7.52 (d,J= 7.5 Hz,
1H), 7.44 (t, /= 7.5 Hz, 1H), 7.337.17 (m, 3H), 5.81 (dd, J = 6.3 Hz, 9.7 Hz, 1H), 3.78 (d, /= 17.0 Hz, 1H),
3.35(d,J=17.0 Hz, 1H), 2.90 (dd, J= 9.7 Hz, 13.2 Hz, 1H), 2.64 (dd, J = 6.3 Hz, 13.2 Hz, 1H) 2.38 (s, 3H);
BC{'H}NMR: (125 MHz, CDCl): & 201.2, 175.8, 152.0, 136.3, 135.8, 135.2, 134.4, 130.6, 128.5, 128.3,
126.6, 126.4, 125.4, 125.0, 77.1, 57.7, 41.1, 39.2, 19.1; HRMS: m/z (DART) calcd for CioH;70;5" (M+H)"
293.1172, found 293.1174; FTIR (neat): 2924, 2855, 2342, 2326, 1763, 1706, 1605, 1588, 1493, 1464, 1430,
1363, 1325, 1295, 1215, 1163, 1103, 1081, 1051, 1013, 967, 926, 893, 798, 756, 731, 677 cm’.

10ea-trans (FE ) TLC (Si02): Ri= 0.42 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCl;):
§7.80(d,J=7.7 Hz, 1H), 7.67 (t, J= 7.7 Hz, 1H), 7.51 (d,J= 7.7 Hz, 1H), 7.47-7.42 (m, 2H), 7.29-7.18 (m,
3H), 6.26 (dd, J = 6.4 Hz, 9.5 Hz, 1H), 3.85 (d, J = 17.5 Hz, 1H), 3.10 (dd, J = 6.4 Hz, 13.0 Hz, 1H), 3.08 (d,
J=17.5Hz, 1H), 2.39 (s, 3H), 2.31 (dd, J=9.5 Hz, 13.0 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl;): § 201.7,
174.9,153.0,137.1, 136.0, 134.6, 134.0, 130.8, 128.3, 128.2, 126.5, 126.4, 125.1, 124.3, 58.6, 50.0, 37.7, 19.1
(one carbon atom was overlapped with CDCl;); HRMS: m/z (DART) calcd for CioH705" (M+H)™ 293.1172,
found 293.1165; FTIR (neat): 2925, 2855, 1766, 1703, 1606, 1589, 1493, 1464, 1426, 1361, 1333, 1281, 1223,
1191, 1168, 1152, 1102, 1051, 1014, 972, 931, 920, 890, 835, 815, 779, 755, 731, 678 cm™.

Synthesis of 5-(4-Fluoro-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’ H)-dione (10fa, entry
6).

4-Fluorostyrene (1f) (73.2 mg, 2.0 equiv., 0.6 mmol)Z HW T—RFEBRIEIIEVRIGSETZ L 2 A, 60
mg O FEEAR L LT 10fa 23 67%DUEE, dr (cis:trans) = 58:42 DV T A7 L AR TH LI,
10fa-cis (A [E{A): TLC (SiO»): Re= 0.21 (n-hexane/ethyl acetate = 4:1); m.p.: 168.6-169.6 °C; 'H NMR:
(500 MHz, CDCls): 6 7.80 (d, J=7.5 Hz, 1H), 7.68 (t,J/= 7.5 Hz, 1H), 7.53 (d,J= 7.5 Hz, 1H), 7.49-7.44 (m,
3H), 7.14-7.11 (m, 2H), 5.58 (dd, J= 6.7 Hz, 9.9 Hz, 1H), 3.76 (d, /= 17.0 Hz, 1H), 3.33 (d, /= 17.0 Hz, 1H),
2.94 (dd, J=9.9 Hz, 13.5 Hz, 1H), 2.63 (dd, J = 6.7 Hz, 13.5 Hz, 1H); "C{'H}NMR: (125 MHz, CDCls): &
201.2, 175.5,163.0 (d, J = 257.9 Hz), 152.0, 135.9, 135.0, 134.2, 128.5, 128.1 (d, J= 8.4 Hz), 126.4, 125.0,
115.9 (d,J=22.8 Hz), 78.9, 57.6,42.1, 39.0; "°F NMR: (470 MHz, CDCl;): 8 —112.46; HRMS: m/z (DART)
caled for CisHisFOs™ (M+H)™ 297.0921, found 297.0914; FTIR (neat): 3029, 2971, 2940, 1765, 1712, 1606,
1514, 1465, 1431, 1366, 1326, 1295, 1228, 1170, 1157, 1102, 1014, 970, 927, 895, 838, 798, 759, 734, 677

em™.
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10fa-trans (4 E{K): TLC (SiO2): Ri=0.38 (n-hexane/ethyl acetate = 4:1); m.p.: 134.1-135.0 °C; 'H NMR:
(500 MHz, CDCls): § 7.80 (d, J = 7.6 Hz, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.52 (d,.J = 7.6 Hz, 1H), 7.45 (t, J =
7.6 Hz, 1H), 7.41-7.37 (m, 2H), 7.13-7.09 (m, 2H), 6.06 (dd, J = 6.2 Hz, 9.8 Hz, 1H), 3.84 (d, /= 17.2 Hz,
1H), 3.10 (d, J = 17.2 Hz, 1H), 3.05 (dd, J = 6.2 Hz, 12.9 Hz, 1H), 2.37 (dd, J = 6.2 Hz, 12.9 Hz, 1H);
BC{'H}NMR: (125 MHz, CDCL): § 201.5, 174.5, 162.9 (d, J = 247.1 Hz), 152.9, 136.0, 134.5, 133.9, 128.3,
127.5(d,J=8.4Hz), 126.4,125.1,115.9 (d,J=22.8 Hz), 78.6, 58.7,42.1,37.4; ’F NMR: (470 MHz, CDCL;):
5 —112.76; HRMS: m/z (DART) caled for C1sH1sFOs™ (M+H)" 297.0921, found 297.0919; FTIR (neat): 3029,
2971, 2940, 1765, 1712, 1606, 1514, 1465, 1431, 1366, 1326, 1295, 1228, 1170, 1157, 1102, 1014, 970, 927,
895, 838, 798, 759, 734, 677 cm’.

Synthesis of 5-(4-Chloro-phenyl)-4,5-dihydro-2 H-spiro[furan-3,2’-indene]-1’,2(3’ H)-dione (10ga, entry
7.

4-Chlorostyrene (1g) (82.8 mg, 2.0 equiv., 0.6 mmol)Z HW T—RFERIEIIEVIGSETZE 2 A, 79
mg O FEAR L LT 10ga 75 84%DINEE, dr (cis:trans) = 68:32 DT A7 L AR TH BT,
10ga-cis (F {4 [E/{A): TLC (Si02): Re= 0.18 (n-hexane/ethyl acetate = 4:1); m.p.: 187.8-188.3 °C; 'H NMR:
(500 MHz, CDCls):  7.85 (d, J=7.6 Hz, 1H), 7.69 (t, /= 7.6 Hz, 1H), 7.53 (d, /= 7.6 Hz, 1H), 7.49-7.41 (m,
5H), 5.58 (dd, J = 6.6 Hz, 9.6 Hz, 1H), 3.78 (d, /= 17.0 Hz, 1H), 3.33 (d, /= 17.0 Hz, 1H), 2.93 (dd, J= 9.6
Hz, 13.6 Hz, 1H),2.65 (dd,J= 6.6 Hz, 13.6 Hz, 1H); “C {'H}NMR: (125 MHz, CDCL): § 201.1, 175.4,152.0,
136.9, 135.9, 135.0, 134.8, 129.0, 128.5, 127.4,126.4, 125.1, 78.7,57.5, 42.1, 39.1; HRMS: m/z (DART) calcd
for C1sH14C10;" (M+H)" 313.0626, found 313.0628; FTIR (neat): 2922, 2850, 1770, 1702, 1601, 1585, 1493,
1465, 1427, 1411, 1324, 1296, 1212, 1166, 1088, 1057, 1021, 1012, 973, 962, 928, 909, 897, 846, 836, 822,
810, 795, 759, 731, 681 cm’.

10ga-trans (A E[E{A): TLC (SiO»): Re=0.38 (n-hexane/ethyl acetate = 4:1); m.p.: 132.8-135.3 °C; 'H NMR:
(500 MHz, CDCLy): & 7.80 (d, J= 7.6 Hz, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.52 (d, /= 7.6 Hz, 1H), 7.45 (t, J =
7.6 Hz, 1H), 7.40 (d, J = 8.4 Hz, 2H), 7.35 (d, /= 8.4 Hz, 2H), 6.05 (dd, J= 6.4 Hz, 9.7 Hz, 1H), 3.83 (d, J =
17.4 Hz, 1H), 3.09 (d,.J= 17.4 Hz, 1H), 3.06 (dd,J= 6.4 Hz, 12.8 Hz, 1H), 2.34 (dd, /= 9.7 Hz, 12.8 Hz, 1H);
BC{'H}NMR: (125 MHz, CDCL): & 201.4, 174.5, 152.9, 137.3, 136.0, 134.5, 134.0, 129.0, 128.3, 126.9,
126.4, 125.1, 78.5, 58.6, 42.0, 37.4; HRMS: m/z (DART) calcd for CisHisC105" (M+H)" 313.0626, found
313.0628; FTIR (neat): 2925, 2854, 2349, 1767, 1702, 1606, 1589, 1493, 1465, 1426, 1360, 1331, 1281, 1219,
1167, 1153, 1090, 1011, 971, 933, 921, 854, 820, 794, 758, 733, 719, 708, 681 cm™.

Synthesis of 5-(4-Bromo-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’ H)-dione (10ha, entry
8).

4-Bromostyrene (1h) (109.2 mg, 2.0 equiv., 0.6 mmol) 2 FW N T EBIEIIEVRIG S /T2 & 2 A, 88
mg O FEEAR L LT 10ha 25 82%DULE, dr (cis:trans) = 66:34 DT A7 L AR TH BT,
10ha-cis (A [E{A): TLC (SiO,): Re= 0.18 (n-hexane/ethyl acetate = 4:1); m.p.: 198.0-200.1 °C; 'H NMR:
(500 MHz, CDCL):  7.85 (d, J = 7.6 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H),7.58 (d, J= 8.4 Hz, 2H), 7.54 (d, J =
7.6 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H),7.36 (d, J = 8.4 Hz, 2H), 5.56 (dd, J= 6.5 Hz, 9.5 Hz, 1H), 3.78 (d, J =
17.1 Hz, 1H), 3.33 (d, = 17.1 Hz, 1H), 2.92 (dd,J=9.5 Hz, 13.3 Hz, 1H), 2.65 (dd, J=6.5 Hz, 13.3 Hz, 1H);
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BC{'H}NMR: (125 MHz, CDCL): & 201.0, 175.4, 152.0, 137.4, 135.9, 135.1, 132.0, 128.4, 127.7, 126.4,
125.1, 122.9, 78.7, 57.6, 42.1, 39.0; HRMS: m/z (DART) caled for CigH1sBrOs™ (M+H)" 357.0121, found
357.0114; FTIR (neat): 2923, 2853, 1769, 1703, 1601, 1585, 1488, 1465, 1428, 1406, 1366, 1325, 1297, 1213,
1165, 1094, 1070, 1020, 1009, 961, 929, 910, 896, 846, 835, 820, 795, 758, 730, 680 cm’".

10ha-trans (FE0fE ) TLC (SiO»): Re=0.41 (n-hexane/ethyl acetate =4:1); m.p.: 151.1-151.8 °C; 'H NMR:
(500 MHz, CDCL): § 7.81 (d,J=7.7 Hz, 1H), 7.68 (t, J = 7.7 Hz, 1H), 7.56 (d, J = 8.5 Hz, 2H), 7.52 (d, J =
7.7 Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 7.29 (d, J = 8.5 Hz, 2H), 6.04 (dd, J = 6.3 Hz, 9.8Hz, 1H), 3.83 (d, J=
17.1 Hz, 1H), 3.09 (d, = 17.1 Hz, 1H), 3.07 (dd, /= 6.3 Hz, 12.8 Hz, 1H), 2.34 (dd, J=9.8 Hz, 12.8 Hz, 1H);
BC{'H}NMR: (125 MHz, CDCL): & 201.4, 174.5, 152.9, 137.8, 136.0, 133.9, 132.0, 128.3, 127.1, 126.4,
125.1, 122.6, 78.5, 58.6, 42.0, 37.4; HRMS: m/z (DART) caled for CigH1sBrOs™ (M+H)* 357.0121, found
357.0116; FTIR (neat): 2924, 2853, 1767, 1702, 1606, 1489, 1465, 1426, 1365, 1331, 1281, 1218, 1168, 1153,
1103, 1072, 1009, 972, 933, 921, 818, 792, 759, 733, 707, 680 cm™".

Synthesis of 5-(4-Methoxy-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’H)-dione (10ia,
entry 9).

4-(Methoxycarbonyl)styrene (1i) (97.2 mg, 2.0 equiv., 0.6 mmol) % FV TR FEBRIEIZHEW UGS S H 72
LA, Bmg OAGREERE LT 10ia 23 46%DINEE, dr(cis:trans)=52:48 DT AT L A HEPWET
Boii,

10ia-cis (FEEAHEAR): TLC (SiO2): Re= 0.24 (n-hexane/ethyl acetate = 4:1); m.p.: 192.6-193.0 °C; 'H NMR:
(500 MHz, CDCs): 8 7.85 (d, J= 7.6 Hz, 1H), 7.69 (t, J = 7.6 Hz, 1H), 7.58 (d, J = 8.4 Hz, 2H), 7.54 (d, J =
7.6 Hz, 1H), 747 (t, J=7.6 Hz, 1H), 7.36 (d, 7= 8.4 Hz, 2H), 5.56 (dd, J = 6.5 Hz, 9.5 Hz, 1H), 3.78 (d, J =
17.1 Hz, 1H), 333 (d,/= 17.1 Hz, 1H), 2.92 (dd, /= 9.5 Hz, 13.3 Hz, 1H), 2.65 (dd, J= 6.5 Hz, 13.3 Hz, 1H);
BC{'H}NMR: (125 MHz, CDCL): & 201.4, 175.7, 160.1, 152.0, 135.8, 135.3, 129.9, 128.3, 127.8, 126.4,
125.0, 114.1,79.7, 57.8, 55.3, 42.2, 39.0; HRMS: m/z (DART) calcd for CioH 705" (M+H)" 309.1121, found
309.1125; FTIR (neat): 2931, 2837, 1764, 1706, 1609, 1588, 1512, 1464, 1326, 1290, 1247, 1220, 1167, 1115,
1083, 1031, 1010, 968, 930, 894, 831, 759, 738, 714, 676 cm™.

10ia-trans (FAE{A): TLC (SiO,): Re= 0.27 (n-hexane/ethyl acetate = 4:1); m.p.: 89.5-91.0 °C; 'H NMR:
(500 MHz, CDCL):  7.80 (d, J = 7.6 Hz, 1H), 7.67 (t, J = 7.6 Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.44 (t, J =
7.6 Hz, 1H), 734 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 8.5 Hz, H), 6.04 (dd, J= 6.4 Hz, 9.8 Hz, 1H), 3.85 (d, J =
17.0 Hz, 1H) 3.83 (s, 3H), 3.11 (d, /= 17.0 Hz, 1H), 3.02 (dd, J= 6.4 Hz, 13.1 Hz, 1H), 2.41 (dd, J=9.8 Hz,
13.1 Hz, 1H); “C{'H}NMR: (125 MHz, CDCl;): § 201.7, 174.8, 159.9, 153.0, 135.9, 134.1, 130.6, 128.2,
127.2, 126.4, 125.0, 114.1, 79.3, 58.8, 55.3, 42.0, 37.5; HRMS: m/z (DART) calcd for CioH;704" (M+H)"
309.1121, found 309.1122; FTIR (neat): 2958, 2932, 2839, 1765, 1703, 1608, 1588, 1516, 1464, 1426, 1332,
1282, 1250, 1220, 1170, 1154, 1115, 1030, 1010, 971, 932, 832, 759, 739, 676 cm™.

Synthesis of 5-(2-Naphthyl)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3’ H)-dione (10la, entry 10).
2-Vinylnaphthalene (11) (92.5 mg, 2.0 equiv., 0.6 mmol)Z VT —fESEBRVEIZHE > 40 FFE S S H 72
LA, 6lmg DAMEERE LT 10la 23 62%DINEE, dr(cis:trans)=57:43 DT AT LA HEPWET
HBoii,
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10la-cis (F A [E{A): TLC (SiO2): Re= 0.22 (n-hexane/ethyl acetate = 4:1); m.p.: 199.5-200.4 °C; 'H NMR:
(500 MHz, CDCLs): 5 7.95-7.85 (m, 5H), 7.72-7.46 (m, 6H), 5.7 (dd, J = 6.6 Hz, 10.1 Hz, 1H), 3.82 (d, J =
17.0 Hz), 3.38 (d, J = 17.0 Hz), 3.08 (dd, J = 10.1 Hz, 13.6 Hz, 1H), 2.70 (dd, J = 6.6 Hz, 13.6 Hz, 1H);
BC{'H}NMR: (125 MHz, CDCL): & 201.2, 175.7, 152.0, 135.9, 135.6, 135.3, 134.1, 133.5, 133.1, 128.9,
128.4, 128.1, 127.8, 126.6, 126.4, 125.4, 125.1, 123.3, 79.8, 57.7, 42.3, 39.1; HRMS: m/z (DART) calcd for
CHi705" (M+H)" 329.1172, found 329.1182; FTIR (neat): 3025, 2923, 1752, 1714, 1608, 1508, 1465, 1325,
1291, 1228, 1177, 1078, 1010, 983, 967, 949, 928, 907, 874, 825, 751, 730, 677 cm”.

10la-trans (HE[E{A): TLC (SiO,): Re= 0.30 (n-hexane/ethyl acetate = 4:1); m.p.: 199.5-200.4 °C; 'H NMR:
(500 MHz, CDCl): § 7.92-7.82 (m, 5H), 7.67 (t, /= 7.1 Hz), 7.537.44 (m, SH), 6.24 (dd, J = 6.5 Hz, 9.6 Hz,
1H), 3.86 (d,J= 17.3 Hz), 3.15 (dd, J = 6.5 Hz, 13.0 Hz, 1H), 3.10 (d,J = 17.3 Hz), 2.48 (dd, J= 9.6 Hz, 13.0
Hz, 1H); “C{'H}NMR: (125 MHz, CDCL): § 201.6, 174.8, 153.0, 136.1, 136.0, 134.1, 133.3, 133.2, 129.0,
128.3,128.0, 127.7, 126.7, 126.6, 126.4, 125.1, 124.7,122.9, 79.3, 58.6, 42.1, 37.6; HRMS: m/z (DART) calcd
for C»H705" (M+H)" 329.1172, found 329.1181; FTIR (neat): 3059, 3024, 2971, 1768, 1707, 1607, 1465,
1426, 1366, 1282, 1217, 1169, 1013, 930, 822, 752, 678 cm™.

Synthesis of 5-(3-Pyridil)-4,5-dihydro-2 H-spiro[furan-3,2’-indene]-1',2(3’ H)-dione (10pa, entry 11).
3-Vinylpyridine (1p) (63.1 mg, 2.0 equiv., 0.6 mmol)Z W T—FERIEIIEWV IS S ET2 L 2 A, 52
mg DAREEAR L LT 10pa 28 62% DU, dr (cis:trans) = 57:43 DV T A7 LA R TH LI,
10pa-cis: TLC (SiO): Re = 0.22 (ethyl acetate); m.p.: 146.4-155.4 °C (mixture of diastereomers); 'H NMR:
(500 MHz, CDCl3): & 7.95-7.85 (m, SH), 7.72-7.46 (m, 6H), 5.77 (dd, J= 6.6 Hz, 10.1 Hz, 1H), 3.82 (d, J=
17.0 Hz), 3.38 (d, J = 17.0 Hz), 3.08 (dd, J = 10.1 Hz, 13.6 Hz, 1H), 2.70 (dd, J = 6.6 Hz, 13.6 Hz, 1H);
BC{'H}NMR: (125 MHz, CDCL): § 200.9, 175.2, 153.0, 150.3, 147.6, 136.1, 135.0, 134.3, 133.7, 133.3,
128.4, 126.4, 123.9, 57.4, 41.7, 39.0 (one carbon atom was overlapped with CDCls); HRMS: m/z (DART)
caled for C7HiaNOs™ (M+H)™ 280.0968, found 280.0968 (mixture of diastereomers); FTIR (neat): 3 2923,
2851, 1765, 1703, 1606, 1589, 1477, 1465, 1429, 1372, 1326, 1295, 1281, 1215, 1190, 1163, 1103, 1083, 1015,
971, 934, 894, 814, 758, 727, 751, 712, 678 cm™' (mixture of diastereomers).

10pa-trans: TLC (SiO»): Re= 0.30 (ethyl acetate); '"H NMR: (500 MHz, CDCls): § 8.68-8.64 (m, 2H), 7.95—~
7.36 (m, 6H), 6.13 (dd, /= 6.5 Hz, 9.9 Hz, 1H), 3.85 (d,/=17.2 Hz, 1H), 3.13 (d, /= 17.2 Hz, 1H), 3.11 (dd,
J=6.5Hz,12.8 Hz, 1H), 2.41 (dd,J=9.9 Hz, 12.8 Hz, 1H); *C{'H}NMR: (125 MHz, CDCl;): § 201.3, 174.3,
152.1,150.2, 147.4, 136.2, 134.5, 133.9, 133.8, 133.3, 128.5, 125.1, 123.7, 58.5, 41.8, 37.3 (one carbon atom
was overlapped with CDCI;).

Synthesis of 5-(4-Decyl)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1',2(3’ H)-dione (10na, entry 12).
1-Dodecene (1n) (101 mg, 2.0 equiv., 0.6 mmol) % AW T—fEBRILIIEN G S B2 E 2 A, 35 mg
DOHABERE LT 10na 73 34%DUNER, dr (cis:trans) = 43:57 DY T AT L AE=ME TR LT,
10na-cis (H[E{£K): TLC (SiO»): Rs = 0.46 (n-hexane/ethyl acetate = 4:1); m.p.: 62.5-63.0 °C; 'H NMR:
(500 MHz, CDCL):  7.80 (d, J = 7.4 Hz, 1H), 7.65 (t,J = 7.4 Hz, 1H), 7.48 (d, J = 7.4 Hz, 1H), 7.42 (t, J =
7.4 Hz, 1H), 4.63-4.57 (m, 1H), 3.67 (d, J= 16.8 Hz, 1H), 3.18 (d, /= 16.8 Hz, 1H), 2.58 (dd, J= 8.4 Hz, 12.8
Hz, 1H), 2.34 (dd, J= 6.9 Hz, 12.8 Hz, 1H), 2.03—1.27 (m 18H), 1.64 (t,J= 7.2 Hz, 3H); "C{'H}NMR: (125
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MHz, CDCls): 6 201.6, 175.9, 152.2, 135.7, 135.1, 128.2, 126.3, 124.9, 79.0, 57.4, 39.5, 39.4, 35.4, 31.8, 29.6,
29.5,29.2, 25.4, 22.6, 14.0 (two carbon atoms were overlapped); HRMS: m/z (DART) caled for CooHi105"
(M+H)"343.2268, found 343.2262; FTIR (neat): 2951,2923,2853, 1762, 1710, 1606, 1590, 1465, 1431, 1345,
1329, 1281, 1216, 1174, 1127, 1087, 1007, 947, 926, 899, 795, 758, 733, 665 cm.

10na-trans (HE[E{AK): TLC (SiO,): Re= 0.57 (n-hexane/ethyl acetate = 4:1); m.p.: 67.0-67.5 °C; '"H NMR:
(500 MHz, CDCl3): 6 7.76 (d, J=7.4 Hz, 1H), 7.64 (t, /= 7.4 Hz, 1H), 7.49 (d, /= 7.4 Hz, 1H), 742 (t, J =
7.4 Hz, 1H), 5.05-4.99 (m, 1H), 3.78 (d, /= 17.2 Hz, 1H), 3.06 (d, /= 17.2 Hz, 1H), 2.75 (dd, /= 6.3 Hz, 12.5
Hz, 1H), 2.04 (dd, J=9.7 Hz, 12.5 Hz, 1H), 1.85-1.27 (m 18H), 0.88 (t,J= 7.2 Hz, 3H); "C{'H}NMR: (125
MHz, CDCls): 6 201.8, 175.0, 153.0, 135.8, 134.0, 128.1, 126.3, 124.9, 78.9, 58.5, 39.7, 37.7, 35.7, 31.8, 29.6,
29.5,29.4, 25.4, 22.6, 14.1 (two carbon atoms were overlapped); HRMS: m/z (DART) caled for CooHs105"
(M+H)" 343.2268, found 343.2273; FTIR (neat): 2955,2918, 2849, 1762, 1700, 1607, 1587, 1467, 1422, 1352,
1305, 1282, 1217, 1191, 1182, 1149, 1080, 1026, 991, 945, 922, 906, 841, 764, 720, 708, 662 cm™.
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#5—IH : Table 10 |83 % 58

—RSEERYS IR, A Ly 7 AFERE (16.5ecm x 1.5cm) |2 methyl 1-indanone-2-carboxylate (9a)
(57 mg, 1.0 equiv, 0.30 mmol), L, (76 mg, 1.0 equiv, 0.30 mmol), NaCOs(31.8 mg, 1.0 equiv, 0.30 mmol),
B L W olefin 1 (2.0 equiv, 0.60 mmol) % ‘BuOH/H,O (2 mL/1 mL)"F CIEA L., Wiili& % 3 [alfT-7
%, OSEIRET VAT ATER LT, ZORISEKZ ST 026 OIS T, 2R T 20 FFfH
B Lie, S oN-RINEE Y ZfafiT A iR N U 7 LKA (10mL) THES L. EbO (10mL)
T 3 [ L7, GO AE 26O TRIMEEUK T LIz b, it~ 7 r v LT
B IR A T o7, FO%, EikE =/ SR L—2 —TRIERZE Lz, it AR 'H NMR X
D10 DAFUHE, HDHNEIAT LD H peak b U7 AT LA ERM Lz, £0t%,
AR Z L VTN T T v ahT L7 a~ 87T 7 4 — (n-hexanelethyl acetate = 4:1) |Z K
DR LT, FTEOER 10 24572, 10 DALY T 2T VARG ONEN S HH LT,
B cistR rans RV BTN T L a~ N7T 7 4 —IZX VT 5 Z LN TETALEY.
HDHVNE HNMR, BC NMR (280 T AT LA~ —058 e b S IcBI L T, 2Dy
T AT VAR — &5 LT — 2 ZREl L T 5,

Synthesis of 5-(4,4-Methyl-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’ H)-dione (10qa,
entry 1).

a-Methylstyrene (1q) (70.8 mg, 2.0 equiv., 0.6 mmol)Z W T FERIEITIEV IS S ET2 & 2 A, 49
mg O FEEER L LT 10ca 25 56% DU, dr (cisitrans) = 74:23 DV T A7 VAR TH LI,
10qa-cis (A [E{A): TLC (SiO,): Re= 0.24 (n-hexane/ethyl acetate = 4:1); m.p.: 103.2-104.1 °C; '"H NMR:
(500 MHz, CDCls): 8 7.80 (d, J=7.4 Hz, 1H), 7.67 (t, J=7.4 Hz, 1H), 7.53, (d, /= 7.4 Hz, 1H), 7.47-7.32
(m, 6H), 3.89 (d, /= 16.8 Hz, 1H), 3.35 (d, /= 16.8 Hz, 1H), 3.23 (d, J = 13.4 Hz, 1H), 2.55 (d, /= 13.4 Hz,
1H), 1.85 (s, 3H); "C{'H}NMR: (125 MHz, CDCls): § 201.1, 175.3, 152.3, 144.3, 135.8, 134.8, 128.5, 128.4,
127.8, 126.2, 125.2, 124.2, 85.3, 58.1, 46.9, 41.0, 30.6; HRMS: m/z (DART) calcd for CioH;705" (M+H)"
293.1172, found 293.1167; FTIR (neat): 2978, 2928, 1762, 1710, 1605, 1589, 1497, 1465, 1447, 1381, 1318,
1285, 1224, 1207, 1133, 1088, 1072, 1029, 1005, 948, 930, 869, 802, 762, 729, 700, 673 cm™.

10qa-trans (FE A1) TLC (Si02): Re= 0.41 (n-hexane/ethyl acetate = 4:1); 'H NMR: (500 MHz, CDCl;):
57.81 (d,J=7.4 Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.43-7.33 (m, 7H), 3.34 (d, /= 17.3 Hz, 1H), 3.15 (d, J =
13.2 Hz, 1H), 2.69 (d, J = 17.3 Hz, 1H), 2.64 (d, J = 13.2 Hz, 1H), 1.92 (s, 3H); "C{'H'NMR: (125 MHz,
CDCls): 6 201.6, 175.5, 152.5, 145.1, 135.7, 134.9, 128.8, 128.2, 127.8, 126.2, 125.1, 124.0, 85.5, 58.0, 47.5,
39.9, 30.2; HRMS: m/z (DART) calcd for CioHi705" (M+H)" 293.1172, found 293.1166; FTIR (neat): 2981,
2930, 1763, 1713, 1605, 1590, 1495, 1465, 1446, 1429, 1378, 1316, 1291, 1241, 1212, 1137, 1099, 1074, 1028,
952,934, 897, 797, 766, 716, 702, 673 cm™.

Synthesis of 5-(4,4-Diphenyl)-4,5-dihydro-2 H-spiro[furan-3,2'-indene]-1’,2(3’ H)-dione (10ra, entry 2).
1,1-Diphenylethylene (1r) (108.15 mg, 2.0 equiv., 0.6 mmol)% V> T—%SEERIEITHE » 40 FRFF G S
Hi=E 2 A, Slmg OAMEIRE LT 10ra 23 70% DR TR L2,
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10ra: TLC (SiO»): Re = 0.65 (n-hexane/ethyl acetate = 4:1); m.p.: 227.4-228.0 °C; 'H NMR: (500 MHz,
CDCls): 6 7.75 (d, J= 7.6 Hz, 1H), 7.53 (t, J= 7.6 Hz, 1H), 7.49-7.21 (m, 12H), 3.59 (d, /= 12.9 Hz, 1H),
3.16 (d, J=17.5 Hz, 1H), 3.04 (d, J = 12.9 Hz, 1H), 2.67 (d, J = 17.5 Hz, 1H); "C{'H}NMR: (125 MHz,
CDCls): 6 201.3, 175.3, 152.4, 143.3, 142.9, 135.8, 135.0, 128.8, 128.5, 128.2, 128.1, 128.0, 126.3, 125.6,
125.3, 125.0, 88.2, 57.5, 46.9, 39.5; HRMS: m/z (DART) calcd for CosH1905" (M+H)" 355.1329, found
355.1340; FTIR (neat): 3060, 2925, 1771, 1737, 1710, 1605, 1493, 1465, 1449, 1280, 1221, 1166, 1092, 1027,
983, 928, 898, 799, 749, 720, 703, 676, 664 cm’.

Synthesis of 5-(3-Methyl-4-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’ H)-dione (10sa,

entry 3, 4).

cis-B-Methylstyrene (Z-1s) (70.8 mg, 2.0 equiv., 0.6 mmol) % VN CT—ixFEERIEIZHEV S S BT & 2 A,
74 mg OHARERE LT 10sa 23 84% DU, dr (cis:trans) = 43:57 DY T AT LA TRIWE TR L1

7o

trans-B-Methylstyrene (E-1s) (70.8 mg, 2.0 equiv., 0.6 mmol) % VN T FEBRIEI IV S S 72 & 2

A, 87 mg O EARERE LT 10sa 73 99% DI, dr (cis:trans) = 50:50 DT A7 L A RPFWETH
b,

10sa-cis (F A [E{A): TLC (Si02): Re= 0.31 (n-hexane/ethyl acetate = 4:1); m.p.: 143.0-143.9 °C; '"H NMR:

(500 MHz, CDCL): § 7.85 (d,J = 7.4 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H), 7.55, (d, J = 7.4 Hz, 1H), 7.47-7.39

(m, 6H), 5.01 (d, J=10.3 Hz, 1H), 3.53 (d, /= 17.0 Hz, 1H), 3.40 (d, J = 17.0 Hz, 1H), 3.18 (dg, J= 7.0 Hz,

J=10.3 Hz, 1H), 0.95 (d, J= 7.0 Hz, 3H); “C{'H}NMR: (125 MHz, CDCl;): § 201.4, 175.5, 152.3, 136.4,

135.8,135.7,129.2, 128.7, 128.3, 126.6, 126.5, 124.9, 86.3, 61.3, 46.6, 31.4, 10.2; HRMS: m/z (DART) calcd
for C1oH705" (M+H)" 293.1172, found 293.1182; FTIR (neat): 3036, 2970, 1770, 1711, 1604, 1589, 1496,

1465, 1431, 1384, 1323, 1285, 1224, 1200, 1152, 1099, 1074, 1024, 992, 934, 917, 893, 793, 762, 724, 699
cm™,

10sa-trans (HE[E{AK): TLC (SiO,): Re= 0.41 (n-hexane/ethyl acetate = 4:1); m.p.: 100.6-101.6 °C; 'H NMR:

(500 MHz, CDCL): § 7.79 (d,J = 7.4 Hz, 1H), 7.67 (t, J = 7.4 Hz, 1H), 7.53, (d,J = 7.4 Hz, 1H), 7.47-7.37
(m, 6H), 5.74 (d, J = 10.2 Hz, 1H), 3.89 (d, /= 17.3 Hz, 1H), 3.07 (d, J = 17.3 Hz, 1H), 2.63 (dq, J= 6.7 Hz,
J=10.2 Hz, 1H), 0.99 (d, J = 6.7 Hz, 3H); “C{'H}NMR: (125 MHz, CDCl;): § 200.6, 174.5, 153.3, 137.0,
135.9,135.1,128.9, 128.7, 128.3, 126.3, 124.6, 84.8, 62.5, 50.1, 35.8, 9.5 (one atom was overlapped); HRMS:

m/z (DART) calcd for C1oH705" (M+H)" 293.1172, found 293.1171; FTIR (neat): 3033, 2970, 1769, 1702,
1606, 1589, 1497, 1464, 1427, 1381, 1339, 1274, 1217, 1196, 1152, 1095, 1074, 1028, 990, 934, 916, 901,
887,796,753, 735, 698 cm.

Synthesis of 5-(3-phenyl-4-phenyl)-4,5-dihydro-2H-spiro[furan-3,2’-indene]-1',2(3’ H)-dione (10oa,
entry 5, 6).

cis-Stilbene (Z-10) (108.15 mg, 2.0 equiv., 0.6 mmol)Z W TR FERIEIIEV IS S ET2 L 2 A, 22
mg O FEEERE LT 100a 75 21%DINEE, dr (cis:trans) = 50:50 DT A7 L AR TH BT,
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trans-Stilbene (E-10) (108.15 mg, 2.0 equiv., 0.6 mmol)Z VN T—fREBRIEIIEN G S /T2 & 2 A,
30 mg DAHARERE LT 100a 23 27%DULER,  dr (cis:trans) = 65:35 DY T AT L AERETHE LI
7o

100a-cis (F A [E/{A): TLC (Si02): Re= 0.31 (n-hexane/ethyl acetate = 4:1); m.p.: 194.2-194.9 °C; '"H NMR:
(500 MHz, CDCL): 8 7.82 (d, J= 7.6 Hz, 1H), 7.55 (t, /= 7.6 Hz, 1H), 7.46-7.13 (m, 12H), 5.88 (d, /= 10.8
Hz, 1H), 4.59 (d,J=10.8 Hz, 1H), 3.42 (d,J= 17.2 Hz, 1H), 3.09 (d, J = 17.2 Hz, 1H); "C{'H}NMR: (125
MHz, CDCl): 6 201.1, 174.6, 152.3, 136.8, 135.8, 135.2, 134.0, 129.0, 128.7, 128.5, 128.2, 126.5, 126.3, 124.9,
82.6, 62.8,55.7, 33.3 (two carbon atoms were overlapped); HRMS: m/z (DART) calcd for Co4H;905" (M+H)"
355.1329, found 355.1332; FTIR (neat): 3036, 3017, 1761, 1701, 1604, 1496, 1466, 1454, 1431, 1284, 1213,
1175, 1130, 1104, 1029, 982, 894, 806, 771, 752, 722, 702, 686 cm’.

100a-trans (HE[E{A): TLC (SiO,): Re= 0.44 (n-hexane/ethyl acetate = 4:1); m.p.: 167.0-168.0 °C;'"H NMR:
(500 MHz, CDCL): 8 7.58 (d, J= 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.41-7.13 (m, 12H), 6.56 (d, /= 11.1
Hz, 1H), 3.92 (d, J=17.3 Hz, 1H), 3.75 (d, J= 11.1 Hz, 1H), 3.25 (d, J = 17.3 Hz, 1H); "C{'H}NMR: (125
MHz, CDCl): 6 200.3, 173.6, 152.7,137.0, 135.7, 135.0, 132.0, 129.0, 128.7, 128.6, 128 .4, 128.0, 127.9, 127.8,
126.0, 124.6, 81.9, 64.3, 60.5, 35.3; HRMS: m/z (DART) calcd for CosHisO5" (M+H)" 355.1329, found
355.1321; FTIR (neat): 3066, 3036, 1770, 1701, 1606, 1497, 1466, 1455, 1426, 1267, 1222, 1177, 1154, 1132,
1000, 932, 913, 802, 733, 699 cm’".

Synthesis of 5-(3,4-2H-Indeno)-4,5-dihydro-2H-spiro[furan-3,2'-indene]-1’,2-(3’ H)-dione (10ta, entry 7).
Indene (1t) (69.7 mg, 2.0 equiv., 0.6 mmol)Z H VN T—BEEBRIEIZHEV Y 40 RS SET2 & 2 A, 79
mg OFEEFEIAR L LT 10ta 23 91% DGR, dr (cis:trans) = 7327 DY T AT L ASRPIETH L2,

10ta-cis (FE A [E{A): TLC (SiO»): Re= 0.17 (n-hexane/ethyl acetate = 4:1); m.p.: 204.9-209.5 °C; 'H NMR:
(500 MHz, CDCL): 3 7.81 (d, J= 7.6 Hz, 1H), 7.67 (t, J= 7.6 Hz, 1H), 7.55 (d, /= 7.6 Hz, 1H), 7.52 (d, J =
7.6 Hz, 1H), 7.45 (t,J= 7.6 Hz, 1H), 7.39 (t,J= 7.6 Hz, 1H), 7.34~7.27 (m, 2H), 5.94 (d, /= 6.3 Hz, 1H), 3.83
(d,J=17.0 Hz, 1H), 3.62 (dd,J= 6.3 Hz, 17.2 Hz, 1H), 3.41 (d,J= 17.0 Hz, 1H), 3.33 (td,J= 6.3 Hz, 8.6 Hz,
1H), 2.98 (dd,J=8.6 Hz, 17.2 Hz, 1H); *C {'H}NMR: (125 MHz, CDCL): § 199.9, 175.6, 151.4, 144.3,137.4,
135.8,135.7,130.3, 128.3, 127.2, 126.3, 126.1, 124.9, 124.8, 86.2, 59.7, 50.6, 40.7, 32.1; HRMS: m/z (DART)
caled for CioH505" (M+H)" 291.1016, found 291.1026; FTIR (neat): 2952, 2925, 2855, 1761, 1706, 1606,
1590, 1477, 1464, 1434, 1321, 1285, 1213, 1168, 1150, 1096, 1060, 1020, 981, 963, 949, 920, 895, 793, 751,
741,707, 660 cm™.

10ta-trans (4 E{K): TLC (Si02): Ri=0.29 (n-hexane/ethyl acetate = 4:1); m.p.: 230.3-238.9 °C; 'H NMR:
(500 MHz, CDCL): 3 7.81 (d, J= 7.5 Hz, 1H), 7.68 (t, J= 7.5 Hz, 1H), 7.60 (d, /= 7.5 Hz, 1H), 7.55 (d, J =
7.5 Hz, 1H), 7.47-7.29 (m, 4H), 6.26 (d, /= 6.5 Hz, 1H), 3.69 (d, /= 17.0 Hz, 1H), 3.50 (ddd, J= 6.5 Hz, 7.5
Hz, 9.2 Hz, 1H), 3.29 (d,J= 17.0 Hz, 1H), 3.27 (dd, /= 9.2 Hz, 16.6 Hz, 1H), 3.04 (dd, J= 7.5 Hz, 16.6 Hz,
1H); PC{'H}NMR: (125 MHz, CDCl;): §201.1, 174.2, 153.3, 143.4, 138.4, 135.9, 134.2, 130.3, 128.2, 127.6,
126.8, 126.4, 125.2, 124.9, 86.0, 63.2, 46.8, 34.6, 34.4; HRMS: m/z (DART) calcd for CioH;505" (M+H)"
291.1016, found 291.1022; FTIR (neat): 2924, 2853, 1760, 1707, 1607, 1590, 1465, 1425, 1325, 1279, 1173,
1134, 1082, 1018, 981, 962, 948, 925, 796, 769, 752, 720, 668 cm™.
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w5 —I : Table 11 2B % 325

—fEFERRE =BT, 3 Ly 7 ZRBRE (16.5 cm x 1.5 cm) ([ZBRIR B-7 F= AT L 9 (1.0 equiv,
0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Na,COs (31.8 mg, 1.0 equiv, 0.30 mmol), 33T\ styrene
(1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,O (2 mL/l mL)H CTIRA L. #ksiiE%E 3 [mfT-7-
%, OSESET NI T ATEBR LT, ORISR Z ST D6 OXME T, 21T 20 R
B Uie, B on-RINEE Y Z T Ahife T N U 7 LK (10mL) CTHES L. EtO (10 mL)
T3 [EHhH L7z, BN EHEZ A CRIfRIE K TR Li-0bh, fifg~ 7 1> 7 AT
e, WREIT -T2, TOH%, Bk E T NR L — 2 —CRIEREE Uiz, AR O TH NMR X
D10 DAFUHE, HDHNEIAT LD H peak b U7 AT LA ERM Lz, £0t%,
AR Z L VTN T T v ahT L7 a~ 87T 7 4 — (n-hexanelethyl acetate = 4:1) |Z K
DI L C, FrEOERM 10 24572, 10 DILFERIID T AT VARG OIENHE LTz,
B cistB rans RIZ D BN I T v~ 8757 40— LSBT 5 Z ENTETLEWY.
HDHUNE 'THNMR, BC NMR IZL Y 7 AT LA ~—05BIalge 2 b aic B L Cid, Kx 0y
T AT VA~ =% T — 2 ZFi L T b,

Synthesis of 5-Phenyl-4,5-dihydro-2H-spiro[furan-2,3-dihydro-5-methtyl-indene]-1’,2(3’ H)-dione
(10ab, entry 1).

Methyl 2,3-dihydro-5-methyl-1-oxo-1H-indene-2-carboxylate (9b) (61.3 mg, 1.0 equiv., 0.3 mmol) % H T
—EFEBREI N IR S /T2 & 2 A, 67 mg DHEERE LT 10ab 23 78%DILE,  dr (cis:trans) =
50:50 DY T AT AR TR BT,

10ab-cis (FE A [E{A): TLC (SiO,): Re= 0.23 (n-hexane/ethyl acetate = 4:1); m.p.: 174.5-175.0 °C; '"H NMR:
(500 MHz, CDCl3): 6 7.65 (s, 1H), 7.52-7.39 (m, 7H), 5.59 (dd, /= 6.4 Hz, 10.9 Hz, 1H), 3.72 (d, /= 16.7 Hz,
1H), 3.29 (d, J=16.7 Hz, 1H), 2.98 (dd, /= 10.1 Hz, 13.3 Hz, 1H) 2.62 (dd, /= 6.4 Hz, 13.3 Hz, 1H), 2.43 (s,
3H); "C{'H}NMR: (125 MHz, CDCl;): § 201.2, 175.8, 149.4, 138.5, 138.3, 137.2, 135.4,128.9, 128.8, 126.1,
126.0, 125.0, 79.6, 58.0, 42.4, 38.8, 21.1; HRMS: m/z (DART) caled for Ci9H;705" (M+H)" 293.1172, found
293.1171; FTIR (neat): 3026, 2924, 2863, 1768, 1711, 1616, 1583, 1493, 1453, 1377, 1325, 1300, 1283, 1219,
1166, 1108, 1055, 1032, 1018, 968, 948, 905, 822, 762, 699, 676 cm™.

10ab-trans (4 E{K): TLC (SiO»): Re= 0.33 (n-hexane/ethyl acetate = 4:1); m.p.: 125.8-126.6 °C; 'H NMR:
(500 MHz, CDCl3): 6 7.60 (s, 2H), 7.49 (d, J=7.8 Hz, 1H), 7.43—7.37 (m, 8H), 6.07 (dd, /= 6.4 Hz, 10.1 Hz,
1H), 3.78 (d,J=17.1 Hz, 1H), 3.07 (dd, J= 6.4 Hz, 12.8 Hz, 1H), 3.03 (d, /= 17.1 Hz, 1H) 2.43 (s, 3H), 2.38
(dd,J=10.1 Hz, 12.8 Hz, 1H); “C{'H}NMR: (125 MHz, CDCl;): § 201.7, 174.9, 150.4, 138.9, 138.4, 137.3,
134.2,128.8,128.6, 126.1, 125.5, 124.9,79.2, 59.0, 42.2, 37.2, 21.1; HRMS: m/z (DART) calcd for CioH1705"
(M+H)"293.1172, found 293.1178; FTIR (neat): 3034, 2926, 1769, 1702, 1617, 1584, 1494, 1452, 1429, 1334,
1281, 1218, 1170, 1142, 1112, 1018, 1000, 975, 951, 924, 895, 875, 823, 760, 731, 699, 676 cm™.

Synthesis of 5-Phenyl-4,5-dihydro-2H-spiro[furan-2,3-dihydro-5-bromo-indene]-1’,2(3’ H)-dione (10ac,
entry 2).
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Methyl 2,3-dihydro-5-bromo-1-oxo-1H-indene-2-carboxylate (9¢) (80.7 mg, 1.0 equiv., 0.3 mmol)% H T
—EFBRIEI NI S /T2 & 2 A, 73 mg O EARERE LT 10ac 23 73%DUE,  dr (cis:trans) =
50:50 DY T AT AR TR BT,

10ac-cis (A [E{A): TLC (SiO,): Re= 0.20 (n-hexane/ethyl acetate = 4:1); m.p.: 214.0-215.0 °C; '"H NMR:
(500 MHz, CDCL): 5 7.98 (s, 1H), 7.78 (d, J= 8.0 Hz, 1H), 7.48-7.40 (m, 6H), 5.60 (dd, /= 6.4 Hz, 10.1 Hz,
1H),3.72 (d,J = 17.4 Hz, 1H), 3.28 (d, /= 17.4 Hz, 1H), 2.98 (dd, /= 10.1 Hz, 13.3 Hz, 1H) 2.64 (dd, = 6.4
Hz, 13.3 Hz, 1H); "C{'"H}NMR: (125 MHz, CDCl;): § 199.8, 175.2, 150.5, 138.6, 138.0, 137.0, 129.0, 128.9,
128.0, 127.9, 126.0, 122.7, 79.7, 58.2, 42.1, 38.7; HRMS: m/z (DART) calcd for CisHi4BrO;" (M+H)"
357.0121, found 357.0123; FTIR (neat): 2921, 2851, 1762, 1716, 1598, 1459, 1429, 1371, 1323, 1298, 1259,
1218, 1169, 1117, 1059, 1019, 968, 910, 827, 764, 729, 698, 686 cm™.

10ac-trans (A5 0fE): TLC (SiO»): Re= 0.37 (n-hexane/ethyl acetate = 4:1); m.p.: 149.0-150.0 °C; '"H NMR:
(500 MHz, CDCs): 8 7.93 (s, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.43-7.36 (m, 6H), 6.06 (dd, J= 6.3 Hz, 9.7 Hz,
1H),3.77 (d, /= 17.8 Hz, 1H), 3.08 (dd, J= 6.3 Hz, 13.2 Hz, 1H), 3.03 (d, /= 17.8 Hz, 1H), 2.39 (dd, J=9.7
Hz, 13.2 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl;): § 200.2, 174.2, 151.5, 138.8, 138.7, 135.9, 128.9, 128.8,
127.93, 127.90, 125.5, 122.5, 79.3, 59.2, 42.0, 37.2; HRMS: m/z (DART) caled for CisHiBrOs" (M+H)'
357.0121, found 357.0129; FTIR (neat): 3064, 2935, 1770, 1712,1599, 1498, 1470, 1426, 1333, 1288, 1257,
1218, 1171, 1147, 1116, 1025, 1000, 978, 943, 922, 892, 861, 822, 760, 732, 699, 683 cm™.

Synthesis of 5-Phenyl-4,5-dihydro-2H-spiro[furan-2,3-dihydro-5-methoxy-indene]-1',2(3’ H)-dione
(10ad, entry 3).

Methyl 2,3-dihydro-5-methoxy-1-oxo0-1H-indene-2-carboxylate (9d) (66.1 mg, 1.0 equiv., 0.3 mmol)% V>
TFEBREIENRIS ST & 2 A, 5Tmg DEAERE LT 10ad 23 62%DIE,  dr(cis:trans)
=64:36 DVT AT UAIRIRME TR LIV,

10ad-cis (A [E{A): TLC (SiO,): Re= 0.17 (n-hexane/ethyl acetate = 4:1); m.p.: 157.1-158.0 °C; '"H NMR:
(500 MHz, CDCl3): & 7.49-7.39 (m, 6H), 7.28 (s, 1H), 5.59 (dd, J = 6.3 Hz, 10.0 Hz, 1H), 3.85 (s, 3H), 3.69
(d,J=16.6 Hz, 1H), 3.27 (d, /= 16.6 Hz, 1H), 2.98 (dd, /= 10.0 Hz, 13.2 Hz, 1H) 2.62 (dd, /= 6.3 Hz, 13.2
Hz, 1H); "C{'H}NMR: (125 MHz, CDCls): § 201.1, 175.7, 160.1, 144.9, 138.2, 136.5, 128.9, 128.8, 127.1,
126.0, 125.5, 105.9, 79.6, 58.5, 55.7, 42.4, 38.4; HRMS: m/z (DART) calcd for C1oHi704" (M+H)" 309.1121,
found 309.1130; FTIR (neat): 2929, 2838, 1766, 1708, 1616, 1586, 1493, 1459, 1434, 1309, 1280, 1239, 1219,
1165, 1096, 1025, 1000, 973, 952, 920, 904, 861, 833, 764, 735, 715, 699, 674 cm™,

10ad-trans (A4 E{K): TLC (SiO»): Re= 0.30 (n-hexane/ethyl acetate = 4:1); m.p.: 132.1-133.0 °C; 'H NMR:
(500 MHz, CDCls): 6 7.43-7.37 (m, 6H), 7.27 (m, 1H), 7.21 (s, 1H), 6.07 (dd, /= 6.3 Hz, 9.7 Hz, 1H), 3.85
(s, 3H), 3.74 (d, /= 16.6 Hz, 1H), 3.08 (dd, J= 6.3 Hz, 13.2 Hz, 1H), 3.00 (d, /= 16.6 Hz, 1H), 2.39 (dd, /=
9.7 Hz, 13.2 Hz, 1H); "C{'H}NMR: (125 MHz, CDCL): § 201.6, 174.9, 160.0, 146.0, 138.9, 135.2, 128.8,
128.6, 127.1, 125.6, 125.5, 105.9, 79.2, 59.4, 55.7, 42.1, 37.0; HRMS: m/z (DART) calcd for CioHi704"
(M+H)"309.1121, found 309.1130; FTIR (neat): 2944, 2838, 1769, 1701, 1616, 1586, 1493, 1458, 1433, 1334,
1305, 1278, 1239, 1219, 1197, 1168, 1142, 1097, 1024, 1000, 988, 951, 923, 863, 828, 763, 731, 699, 676 cn®

1
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Synthesis of 5-Phenyl-4,5-dihydro-2H-spiro[furan-2,3-dihydro-6-bromo-indene]-1’,2(3’ H)-dione (10ae,
entry 4).

Methyl 2,3-dihydro-6-bromo-1-oxo-1H-indene-2-carboxylate (9¢) (80.7 mg, 1.0 equiv., 0.3 mmol)% H T
—EFBRIEI NI S /T2 & 2 A, 83 mg DHEAEARE LT 10ae 3 78%DUNE, dr (cis:trans) =
63:37 DT T AT UATRPIE TR BT,

10ae-cis (A [E{A): TLC (SiO,): Re= 0.42 (n-hexane/ethyl acetate = 4:1); m.p.: 183.7-184.0 °C; '"H NMR:
(500 MHz, CDCls): 6 7.85 (d, J=7.7 Hz, 1H), 7.80 (d, /= 7.7 Hz, 1H), 7.49-7.36 (m, 6H), 5.64 (dd, /= 6.3
Hz, 10.1 Hz, 1H), 3.72 (d, /= 17.2 Hz, 1H), 3.27 (d, /= 17.2 Hz, 1H), 2.98 (dd, /= 10.1 Hz, 13.3 Hz, 1H)
2.66 (dd, J = 6.3 Hz, 13.3 Hz, 1H), 2.43 (s, 3H); “C{'H}NMR: (125 MHz, CDCL): § 200.6, 175.2, 151.8,
138.6,138.0, 137.2,130.2, 129.0, 128.9, 126.1, 123.9, 121.9, 79.7, 57.8, 42.3, 40.1; HRMS: m/z (DART) calcd
for C1sH14BrOs™ (M+H)" 357.0121, found 357.0119; FTIR (neat): 2922, 1760, 1713, 1597, 1459, 1330, 1184,
1117, 1055, 1033, 1012, 966, 915, 764, 726, 691 cm’.

10ae-trans (A& {K): TLC (SiO»): Re= 0.48 (n-hexane/ethyl acetate = 4:1); m.p.: 150.2-151.0 °C; '"H NMR:
(500 MHz, CDCls): 6 7.84 (d,J=7.8 Hz, 1H), 7.78 (d, J= 7.8, 1H), 7.44-7.37 (m, 6H), 6.07 (dd, /= 6.3 Hz,
9.7 Hz, 1H), 3.80 (d,J=17.8 Hz, 1H), 3.07 (dd, /= 6.3 Hz, 12.9 Hz, 1H), 3.07 (d, /= 17.8 Hz, 1H), 2.44 (dd,
J=9.7Hz, 12.9 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl;): § 201.0, 174.2, 152.7, 138.7, 138.6, 136.0, 130.0,
128.9, 128.8, 125.5, 123.9, 121.8, 79.4, 58.8, 42.1, 38.5; HRMS: m/z (DART) calcd for CsH4BrO;" (M+H)"
357.0121, found 357.0125; FTIR (neat): 2948, 1771, 1714, 1598, 1457, 1333, 1262, 1218, 1173, 1119, 1056,
1016, 974, 942, 760, 700 cm™.

Synthesis of 5-Phenyl-3’,4,4',5-tetrahydro-1’H,2 H-spiro[furan-3,2"-naphthalene]-1’,2-dione (10af, entry
5).6521

2-Methoxycarbonyl-1-tetralone (9f) (61.2 mg, 1.0 equiv., 0.3 mmol) % U T— i FEBRIEIHEN UG S H
7L Z A, 80 mg OAGAEIRE LT 10af 73 91%DYNER, dr (cis:trans) = 50:50 DT AT L ATER
MTH LN,

10af-cis (ZXEE{A): TLC (SiO»): Re= 0.28 (n-hexane/ethyl acetate = 4:1); m.p.: 130.3-131.2 °C; 'H NMR:
(500 MHz, CDCls): 5 8.08 (d,J= 7.7 Hz, 1H), 7.53 (t, J = 7.4 Hz, 1H), 7.47-7.27 (m, 7H), 5.57 (dd, J = 6.6
Hz, 10.1 Hz, 1H), 3.38 (ddd,J= 4.4 Hz, 10.1 Hz, 16.4 Hz, 1H), 3.16 (dd,J= 10.1 Hz, 13.4 Hz, 1H), 3.01 (ddd,
J=4.4Hz, 5.8 Hz, 13.8 Hz, 1H), 2.69 (ddd, J= 4.8 Hz, 5.8 Hz, 16.4 Hz, 1H), 2.52 (dd, J = 6.4 Hz, 13.4 Hz,
1H), 2.36 (ddd, J= 4.8 Hz, 10.1 Hz, 13.9 Hz, 1H); “"C{'H}NMR: (125 MHz, CDCl;): § 193.3, 174.3, 143.6,
138.5, 134.2, 131.1, 128.81, 128.79, 128.5, 127.1, 126.0, 78.9, 55.9, 40.3, 30.8, 25.4 (one carbon atom was
overlapped); HRMS: m/z (DART) calcd for CioH170;" (M+H)" 293.1172, found 293.1179; FTIR (neat): 3066,
2927,2854,1759,1711, 1675, 1600, 1497, 1454, 1356, 1319, 1291, 1235, 1217, 1156, 1122, 1066, 1026, 1000,
978, 942, 907, 863, 796, 758, 701 cm’".

10af-trans (FEEAJHR): TLC (Si0s): Re=0.37 (n-hexane/ethyl acetate = 4:1); "H NMR: (500 MHz, CDCl;):
58.10 (d,J="7.7 Hz, 1H), 7.55 (dd, J= 7.7 Hz, 7.2 Hz, 1H), 7.43-7.25 (m, 7H), 5.70 (dd, /= 6.1 Hz, 10.2 Hz,
1H), 3.32 (ddd, J=4.4 Hz, 4.8 Hz, 16.9 Hz, 1H), 3.00 (dd, /= 6.3 Hz, 13.0 Hz, 1H), 3.00—2.92 (m, 1H), 2.73
(ddd,J=4.4Hz, 10.2 Hz, 14.0 Hz, 1H),2.26-2.16 (m, 2H); “C{'H}NMR: (125 MHz, CDCl;): § 194.2, 175.2,
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143.5, 138.7, 134.5, 129.8, 128.9, 128.8, 128.6, 128.4, 127.2, 125.4, 78.7, 57.0, 41.9, 31.7, 25.4; HRMS: m/z
(DART) caled for C1oH705" (M+H)™ 293.1172, found 293.1181; FTIR (neat): 3065, 2927, 2852, 1771, 1708,
1671, 1599, 1497, 1455, 1435, 1355, 1333, 1308, 1282, 1229, 1177, 1157, 1112, 1091, 1060, 1025, 997, 980,
936, 904, 854, 801, 761, 733, 700, 659 cm’.

Synthesis of 3-Phenyl-2-oxaspiro[4,4]nonane-1,6-dione (10ag, entry 6).

2-Carbomethoxycyclopentanone (9g) (42.6 mg, 1.0 equiv., 0.3 mmol) % U T— i FEERIEIHEW UL S 1
7l ZA, 24 mg DHGEREIR L LT 10ag 73 35%DULER,  dr (cis:trans) = 67:33 DY T A7 L AER
METH LN,

10ag-cis (&L [EA): TLC (Si02): Re= 0.18 (n-hexane/ethyl acetate = 4:1); m.p.: 155.1-156.3 °C; '"H NMR:
(500 MHz, CDCls): 8 7.41-7.36 (m, 5H), 5.47 (dd, J = 6.6 Hz, 10.1 Hz, 1H), 2.73 (dd, J= 10.1 Hz, 13.1 Hz,
1H) 2.66-2.58 (m, 2H), 2.40 (dd, J = 6.6 Hz, 13.1 Hz, 1H), 2.37-2.33 (m, 2H), 2.14 (dt, /= 6.1 Hz, 12.1 Hz,
1H), 2.03 (dt,J= 6.1 Hz, 12.1 Hz, 1H); "C{'H}NMR: (125 MHz, CDCls): § 213.5, 175.4,138.3, 128.9, 128.8,
125.9,79.6, 57.9, 41.1, 37.6, 34.7, 19.5; HRMS: m/z (DART) calcd for C14H;505" (M+H)" 231.1016, found
231.1021; FTIR (neat): 2970, 1768, 1734, 1496, 1449, 1403, 1366, 1285, 1228, 1216, 1180, 1125, 1079, 1052,
1019, 1000, 949, 918, 846, 817, 763, 700 cm™.

10ag-trans (FEEAESL): TLC (SiO2): Re=0.33 (n-hexane/ethyl acetate = 4:1); m.p.: 122.5-123.4 °C; 'HNMR:
(500 MHz, CDCly): 8 7.42-7.33 (m, 5H), 5.78 (dd, J= 6.4 Hz, 9.6 Hz, 1H), 2.87 (dd, J= 6.4 Hz, 12.8 Hz, 1H),
2.66-2.30 (m, 4H), 2.10 (dd, J = 9.6 Hz, 12.8 Hz, 1H), 1.97 (m, 2H); “"C{'H}NMR: (125 MHz, CDCL): &
214.1, 174.7, 138.9, 128.8, 128.6, 125.4, 79.0, 58.5, 41.5, 37.6, 34.0, 19.8; HRMS: m/z (DART) calcd for
C14H;505" (M+H)" 231.1016, found 231.1013; FTIR (neat): 2984, 2952, 2890, 1767, 1731, 1587, 1496, 1458,
1443, 1401, 1377, 1336, 1317, 1298, 1283, 1215, 1185, 1158, 1107, 1071, 1030, 1018, 1007, 955, 921, 890,
852, 827,766, 721,702 cm’.

Synthesis of 3-Phenyl-2-oxaspiro[4,5]decane-1,6-dione (10ah, entry 7).
2-Carbomethoxycyclohexanone (9h) (46.9 mg, 1.0 equiv., 0.3 mmol) % U T— i FEBRIEIHENO UG S 1
o ZA, BONTHEIT Lieh o Tz,

Synthesis of 3-Phenyl-2-oxaspiro[4,6]Jundecane-1,6-dione (10ai, entry 8).
2-(Methoxycarbonyl)cycloheptanone (9i) (51.1 mg, 1.0 equiv., 0.3 mmol) %z F\ N C— i FEBRIEIZHE i
SHZE A, 9mg OHAREIRE LT 10ai 23 63% DU, dr(cis:trans)=45:55 DT AT L A%
PHETHE LN,

10ai-cis (HE[E{A): TLC (SiO,): Re=0.40 (n-hexane/ethyl acetate = 4:1); m.p.: 79.4-80.0 °C; "H NMR: (500
MHz, CDCly): 8 7.42-7.36 (m, SH), 5.44 (dd, J = 6.8 Hz, 10.1 Hz, TH), 3.15 (t, J = 12.3 Hz, 1H), 3.07 (dd, J
=10.1 Hz, 13.5 Hz, 1H) 2.60 (dd, J= 6.8 Hz, 13.5 Hz, 1H), 2.33-2.16 (m, 3H), 2.08-1.98 (m, 2H), 1.91-1.88
(m, 1H), 1.66-1.44 (m, 2H), 1.29 (q, J = 11.2 Hz, 1H); “C{'HYNMR: (125 MHz, CDCl): § 208.0, 175.5,
138.5, 128.73, 128.71, 125.9, 78.7, 61.4, 41.8, 39.0, 33.2, 30.2, 26.4, 25.5; HRMS: m/z (DART) calcd for
Ci6H1905" (M+H)" 259.1329, found 259.1336; FTIR (neat): 2933, 2860, 1761, 1704, 1498, 1453, 1324, 1275,
1188, 1164, 1117, 1968, 1018, 981, 945, 928, 842, 767, 701, 660 cm’.
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10ai-trans (FAE{A): TLC (SiO,): Re= 0.50 (n-hexane/ethyl acetate = 4:1); m.p.: 92.4-93.0 °C; 'H NMR:
(500 MHz, CDCly): § 7.41-7.32 (m, 5H), 5.57 (dd, J = 6.4 Hz, 10.1 Hz, 1H), 3.19 (dd, J = 6.4 Hz, 133 Hz,
1H), 3.00 (t, J = 12.0 Hz, 1H) 2.55 (ddd, J=2.3 Hz, 7.1 Hz, 9.8 Hz, 1H), 2.48 (dd, /= 10.1 Hz, 13.3 Hz, 1H),
2.01-1.81 (m, 5H), 1.66-1.49 (m, 2H), 1.23 (q,J = 11.2 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl): & 208.3,
174.7, 139.1, 128.7, 128.4, 125.4, 79.6, 42.6, 41.2, 35.2, 30.3, 26.5, 25.3; HRMS: m/z (DART) calcd for
Ci6H1905" (M+H)" 259.1329, found 259.1338; FTIR (neat): 2931, 2859, 1767, 1699, 1497, 1455, 1331, 1298,
1209, 1184, 1163, 1093, 1033, 1021, 996, 966, 944, 933, 899, 885, 851, 812, 763, 699 cm™.

Synthesis of 3-Phenyl-2-oxaspiro[4,4]bicyclopentylidene-1,6-dione (10aj, entry 9).

Methyl 3-cyclopentylidene-2-oxo-cyclopentanecarboxylate (9j) (62.5 mg, 1.0 equiv., 0.3 mmol) %z H\»T—
X FHRIEIIENRIR SET2 & 24 31 mg DEAREERE LT 10aj 25 35%DUE, dr (cis:trans) = 50:50
DT AT LAERMETE LN,

10aj-cis (A [E{A): TLC (SiO»): Re= 0.39 (n-hexane/ethyl acetate = 4:1); m.p.: 125.3-126.2 °C; 'H NMR:
(500 MHz, CDCl3): 8 7.46—7.36 (m, 5H), 5.48 (dd, /= 6.4 Hz, 10.1 Hz, 1H), 2.92-2.82 (m, 3H), 2.87 (dd, J=
10.1 Hz, 13.3 Hz, 1H), 2.66-2.56 (m, 2H), 2.40 (dd, /= 6.4 Hz, 13.3 Hz, 1H), 2.06 (dt, /= 6.8 Hz, 13.1 Hz,
1H), 1.81-1.71 (m, 4H); "C{'H}NMR: (125 MHz, CDCl): § 199.9, 176.0, 164.6, 138.8, 128.9, 128.8, 128.7,
126.4, 126.1, 79.4, 58.9, 41.0, 35.0, 33.3, 32.1, 26.7, 26.3, 25.2; HRMS: m/z (DART) calcd for CioH105"
(M+H)"297.1485, found 297.1497; FTIR (neat): 3066, 2956, 1763, 1702, 1635, 1496, 1451, 1417, 1317, 1283,
1258, 1218, 1161, 1119, 1079, 1037, 1026, 957, 856, 764, 700, 665 cm™.

10aj-trans (FEEAJH): TLC (Si02): Re=0.51 (n-hexane/ethyl acetate = 4:1); "H NMR: (500 MHz, CDCl;):
0 7.41-7.32 (m, SH), 5.85 (dd, /= 6.4 Hz, 9.6 Hz, 1H), 2.92 (dd, /= 6.4 Hz, 12.8 Hz, 1H), 2.83 (m, 2H) 2.60-
2.50 (m, 2H), 2.36 (m, 2H), 2.12 (dd, J = 9.6 Hz, 12.8 Hz, 1H), 1.95-1.88 (m, 1H), 1.81-1.71 (m, 4H);
BC{'H}NMR: (125 MHz, CDCl;): § 200.8, 175.7, 165.2, 139.3, 128.7, 128.4, 126.0, 125.4, 79.2, 59.9, 41.9,
35.0,33.2,30.7,26.8, 26.6, 25.2 (one carbon atom was overlapped); HRMS: m/z (DART) calcd for CioH2105"
(M+H)"297.1485, found 297.1481; FTIR (neat): 2931, 2859, 1767, 1699, 1497, 1455, 1331, 1298, 1209, 1184,
1163, 1093, 1033, 1021, 996, 966, 944, 933, 899, 885, 851, 812, 763, 699 cm™.
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%5 JH : Scheme 31 |24 2% FBr

Scheme31,eq.1 : =R T, /1 L v 7 A5RE (16.5cm x 1.5cm) (2 methyl 1-indanone-2-carboxylate
(9a) (57 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Na,COs (31.8 mg, 1.0 equiv, 0.30
mmol), 35X O styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,O (2 mL/1 mL)" C/E&& L.
MR E 3 [T 7tk SR ME TV AATER LT, ORISR 7V A LTl
Je L. 2R T 20 FefEfHE Lo, & O INES Y 2 T A hile ) b U o 2K (10mL) T
e L, EeO(10mL) T3 [Elhit L7z, &b AiE 2 A bt Tk cig L0, fit
W~ 7 A0 NTHME, TR E1T o7, TO%, lEilkE =/ R L—& —TRIEEE LT, ROSIEE
EAEHEITLTE LT, 2%IF E 10aa 23R L TV D Z L2 'HNMR IZ X W g S iz,

Scheme31,eq.2 : =R T, /1 L v 7 A5llRE (16.5cm x 1.5cm) (2 methyl 1-indanone-2-carboxylate
(9a) (57 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Na,COs (31.8 mg, 1.0 equiv, 0.30
mmol), galvinoxyl (126.5 mg, 1.0 equiv, 0.30 mmol)33 X O styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) %
BuOH/H,O 2 mL/1 mL)F CIRA L., BEliRZ 3 FiTo 7285, MISHRwE TNV HATES L
7oy DRGSR A ST O OJEIRE T, IR C 20 RefiRsk Lz, 50N Y % fafn
FARET N U 7 LOKEHE (10 mL) THed L. ELO (10 mL) T3 [Eifh L7z, G on-fAtéEs
BOETRMEE K TG LIZOL, Fifg~ 72> 7 LT, IBRE1To7, £0%, I8ikA
IR L= —TRIEEE Ulc, BOSIERE < Il S 41, 10aa 23 13% DR, dr (cis:trans) =24:76 O
DT AT UATEFPETAER L TS Z &2 'HNMR I LY R s,
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%5 JH : Scheme 32 |84 % FEBr

Scheme 32, eq.1 (under Av) : =RIE . 731 L v 7 Z3BRE (16.5cm x 1.5cm) (2 methyl 1-indanone-2-
carboxylate (9a) (57 mg, 1.0 equiv, 0.30 mmol), I (76 mg, 1.0 equiv, 0.30 mmol), Na,COs (31.8 mg, 1.0
equiv, 0.30 mmol), I LT 1-cyclopropyl-1-phenylethylene (86.4 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,O
Q2 mL/1 mL)FTEE L, WK% 3 EATo 7%, RSEana TV A A TESR LT, ZDK
SR 2 AT 7 & OIS T | Z8IR. T 20 RefdliiHE LTz, 15 DAV ROGIRG W) % Bafn T A ik 7~

U o 2KERHE (10 mL) TP L. EbO (10 mL) T3 [ L7, &bh-aEs 5T
TEHKTHE LT=DOb, Rt~ 7R3 7 LTI, TERa{To72, 0%, I8KE =/ SR L—4
— O E Ule, MBS E SV BTN T T v aiT hra~ N7 57 4 —2 80 R
Lo & A Ak & LT 98mg D 12a 3 71%, dr (major:minor)=78:22 DAL T H LTz,

Scheme 32, eq.1 (under dark) : iR T, /XA L v 7 ZREE (16.5cm x 1.5 cm) |Z methyl 1-indanone-
2-carboxylate (9a) (57 mg, 1.0 equiv, 0.30 mmol), L (76 mg, 1.0 equiv, 0.30 mmol), Na,CO; (31.8 mg, 1.0
equiv, 0.30 mmol), I LT 1-cyclopropyl-1-phenylethylene (86.4 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,O
Q2 mL/1 mL)FTEEG L, WK% 3 EATo 7%, RISEawa TV A A TESR LT, ZDK
SR 2 AT 7 & OIS T | 81R. T 20 RefdliiHE LTz, 15 DAV ROGIRG W) % Bafn T A ik 7~

U o AKERHE (10 mL) TP L. EbO (10 mL) T3 [mHhH L7, S&bh-aEs 5 e T
TEHKTHE LT=DOb, R~ 7R3 7 LTI, TERx{To72, D%, I8KE =/ SR L—4
— OB E LTz, SOSIERE <l &4, 12a 23 15%DYE, dr (major-minor) = 78:22 DARKLE
THEMRLTVD Z &2 'HNMR IZ XY g sz,

12a (FEEAJHRRY): TLC (SiO,): Re = 0.48 (n-hexane/ethyl acetate = 4:1); 'H NMR: (500 MHz, CDCL): §
major 7.61-6.91 (m, 9H), 5.42 (t, J= 7.3 Hz, 1H), 3.53 (s, 3H), 3.42 (d,J= 17.4 Hz, 1H), 3.26 (d, /= 14.4 Hz,
1H), 3.20-3.10 (m, 1H), 2.95 (d,J= 17.4 Hz, 1H), 2.78 (q,J = 7.3 Hz, 2H); minor 7.61-6.91 (m, 9H), 5.49 ¢,
J=6.9 Hz, 1H), 5.89 (t, J= 7.5 Hz, 1H), 3.65 (d,J= 17.4 Hz, 1H), 3.45 (s, 3H), 3.20-2.99 (m, 2H), 2.88 (d, J
= 14.2 Hz, 1H), 2.42 (q, J = 6.9 Hz, 2H); “C{'H}NMR: (125 MHz, CDCL): § major 202.1, 171.2, 153.0,
142.5, 138.5, 135.1, 135.0, 132.4, 127.8, 127.5, 127.1, 127.0, 126.1, 124.3, 60.1, 52.7, 35.6, 34.4, 32.4, 5.1,
minor 201.5, 170.5, 153.2, 139.2, 138.9, 135.2, 134.8, 130.5, 128.5, 127.9, 127.5, 127.1, 126.3, 124.6, 60.5,
52.6, 44.0, 53.4, 32.3, 5.5; HRMS: m/z (DART) calcd for CooHxIOs" (M+H)"™ 461.0608, found 461.0615
(stereomixture); FTIR (neat): 3022, 2950, 2844, 1740, 1709, 1606, 1589, 1492, 1475, 1464, 1431, 1298, 1273,
1245, 1210, 1175, 1153, 1113, 1094, 1059, 1032, 1017, 969, 912, 879, 860, 826, 808, 751, 730, 700, 668 cm "

(stereomixture).

Scheme32,eq.2 : =R . /1 L v 7 A5lRE (16.5cm x 1.5cm) (2 methyl 1-indanone-2-carboxylate
(9a) (57 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Na,COs (31.8 mg, 1.0 equiv, 0.30
mmol), 335 styrene (1a) (1.25 g, 2.0 equiv, 12 mmol) % ‘BuOH/H,0 (2 mL/l mL)H CIRA L. ik
ik 3 BUT -1tk SOSR a2 BER A A TEB LT, T ORISR Z ST D OISR

IR T 20 REfiEFE Lo, 180N RONEE W A B A hile T U v LOKEHE (10 mL) CHes
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L. EsO(10mL) T 3 it L=, b7 AHE % &b CRRE iUk Coiig Lm0 b, Fiflt~
U Ry NTHR, WA TS T, 0%, Wi T S L— s — TR % L7, KRR
D HNERERE(TMS) 2 IV 'TH NMR IS K W R E R L2 & 25, 10aa 23 60%, dr (cis:trans)
=50:50 DU AT LATRIIETEDILT & L 13a DARA 13%, 4 OIS 26 ST,
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% I8 : Table 12 (2935 F6h

—fEFERRE  RIE T, A Ly 7 ZAFBRE (16.5cm x 1.5cm) 12 9a-1(94.8 mg, 1.0 equiv, 0.30 mmol),
I, (76 mg, 1.0 equiv, 0.30 mmol), Na,COs (31.8 mg, 1.0 equiv, 0.30 mmol), 33 T\ styrene (1a) (1.25g,2.0
equiv, 12mmol) % ‘BuOH/H,O 2 mL/l mL)F TIEA L. W< A 3 BT 7%, RISA i 7T /v
T ATEM L T2, FORIRRZ EICKT O OYEIRE T, IR C 20 FFEHEHE L=, BSoiiz
FOSEE W) 2 fafnF A Riig 7 b U 7 2K (10 mL) THE4 L. EeO (10 mL) C 3 [ElfH L7z,
Bonl-aE %5 b TRMEEIK THE LT-O b, fiifg~ 7 x> 7 LTI, TERZ T 72,
Z D%, WK Z T/ SR L— 2 —CRIER £ Ulc, AR D b PETEEE(TMS) 2 IV 'H
NMR (2 & DR EFH Lz

entry 1: I, ZHAIE T AIHDERES T — R FEBHAIEN UG S T2 & A, SOSIFHET L7gd o7z,

entry 2: I ZURIIHET 7/ A LTI LI T, —MRFERIAIC R0 RIS St & 25, [
T LAt e,

entry 3: I Z%AN L ATBOEIET . —EBAICIENBUR S T2 & A, BURIFET Lo 7,

entry 4: b ZYRINL T /LI A /VTHEOE LIS T, —fRERBREICIEV RIS S/ & 25, BUSIE
HAT L7 o7,
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%5 TH : Table 13 |23 % 58

Table 13, entry 1 : =R T, /31 L > 7 ZFERE (16.5 cm x 1.5 cm) (Z 11a (98.6 mg, 1.0 equiv, 0.318
mmol, dr = 66:34) % ‘BuOH/H,O (2 mL/l mL)H TIRA L, RISHMET NI HATERLT-, £
DA A AT D OIIBET T, SR T 72 B L7, SoN SR A = K L —
Z—TCHIER £ U, MR AER D © NEBEEEM E (TMS) A2 VY TH NMR (2 L0 I 5 ONT
T AT UAERH L2 E 2 A, 10aa 25 9%DULEE,  dr (cis:trans)=67:33 DT AT L A 3R
THERLTWS Z LGRS,

Table 13, entry 2 : =i T, /3 L v 7 ZFERE (16.5 cm x 1.5 cm) | 11a (98.6 mg, 1.0 equiv, 0.318
mmol, dr=66:34) & NaxCOs (33.7 mg, 1.0 equiv, 0.318 mmol) % ‘BuOH/H,0 (2 mL/1 mL):H R4 L.
FOGCE#E T N AL A TEIR LT, TORIGEIREZ T VI RAVTER L, IR T 4 Refifiee
L7, BN ISEEYME = SR v— 2 —CRER £ UTc, MR )~ b NEEEEYE
(TMS)Z VN TH NMR IZ L IR NS T AT LA AEH L= & 24, 10aa DNETEED
\ZFF B, dr (cisitrans) = 66:34 DY T AT U ATRIRMETARL L TV D Z & D3RR ST,

11a % TMS HECHRET HEH (11a-TMS) : =R T, 30 mL OF A7 Z A3 H1(Z 11a (46.6 mg, 1.0
equiv, 0.15 mmol) & triethyl amine (75.9 mg, 5.0 equiv, 0.75 mmol) % 7" /L = > 7 AFRPHSE T CH.Cla (2.0
mL)F T/EE L. trimethylsilyl chloride: TMSCI (19.6 mg, 1.2 equiv, 0.18 mmol) % =£iid Fip-> < D i
L72e EDRUSHHE 2 28R T 3 R L=, O -BUSIRAMIZ HO(5mL) ZH1%. CHCL
(3 mL) T3[EHhH L7, ZORAWELSOE THEET MY ¥ A Crz, i8R L%, =/ WKL
— X —TCRIEEE LT, AR E S VDTN T Ty vahTdrrsa~ NI 77 40— (n-
hexane/ethyl acetate = 5:1) IZ X VIR L7= & Z A, HAMMKY & LT 57 mg @ 11a-TMS 7% 100%D
WRTHE LI,

triethylamine (5 equiv.)

MeOzC,‘ TMSCI (1.2 equiv.) MeOZC,‘
HO . » TMSO /
CH,CI, (2.0 mL), Ar, 3 h

Ph o} Ph o

11a 11a-TMS

11a-TMS CGEAJHRRY): TLC (SiO,): Re= 0.50 (n-hexane/ethyl acetate = 5:1); '"H NMR: (500 MHz, CDCl;):
d major 7.76-7.21 (m, 9H), 4.76 (dd, J= 3.4 Hz, 10.0 Hz, 1H), 3.78 (d, /= 16.9 Hz, 1H), 3.67 (s, 3H), 3.43 (d,
J=169Hz, 1H),2.75 (dd, /= 10.0 Hz, 14.4 Hz, 1H), 2.21 (dd, J=3.4 Hz, 14.4 Hz, 1H), —0.26 (s, 9H); minor
7.76-7.21 (m, 9H), 4.90 (dd, J=3.1 Hz, 10.2 Hz, 1H), 3.77 (d,/=17.6 Hz, 1H), 3.66 (s, 3H), 3.51 (d, /= 17.6
Hz, 1H),2.49 (dd,J=3.1 Hz, 14.5 Hz, 1H),2.27 (dd,J=10.2 Hz, 14.5 Hz, 1H), —0.22 (s, 9H); “C{'H}NMR:
(125 MHz, CDCl3): 6 major 202.2,171.2,153.6, 144.5, 135.3,135.2, 128.2, 127.6, 127.5, 126.5, 126.1, 124.7,
72.9, 60.0, 52.6, 44.1, 36.3, 0.31; minor 201.8, 171.1, 153.6, 144.6, 135.1, 134.9, 128.2, 127.5, 127.4, 126.3,
126.1, 124.9, 59.9, 52.7, 44.8, 36.5, 0.31 (one carbon atom was overlapped); HRMS: m/z (EI) calcd for
CH»04Si™ (M+H)" 383.1673, found 383.1667 (mixture of diastereomers); FTIR (neat): 2923, 2853, 1788,
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1731, 1452, 1368, 1254, 1215, 1193, 1164, 1117, 1092, 1072, 1048, 1020, 999, 860, 763, 698 cm ™' (mixture of

diastereomers).

%5 JH : Scheme 34 |24 % FEBr

TR IR IR T, 1 L 7 ARBRE (16.5cmx 1.5cm) (2 methyl 1-indanone-2-carboxylate
(9a) (57 mg, 1.0 equiv, 0.30 mmol), I, (76 mg, 1.0 equiv, 0.30 mmol), Na,COs (31.8 mg, 1.0 equiv, 0.30
mmol)F & ¥ styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol) % ‘BuOH/H,"*0 (2 mL/1 mL)F TIRA L.
A Z 3 BT 721, RUSEeRE TV H ATERR LT, F ORISR A2 KT D5 DR
S5IF. SR T 20 Refiifiise Uiz, 15O NI RONES W & fafnF A hilie 7 U o LK (10mL) T
e L, ELO(10mL) T3 [l L7z, &b AiE 2 A bt Tk cig L= b, fit
fe~ 73230 TR, IRA T o7z, £ 0%, IR Z =/ SR b— 2 — TR E Uiz, fhhte
D 'THNMR LY 10a2’D A T30 'H peak Lbn b V7 A7 LA AR U, HmHARY)
VRGN TTyaRThruv 777 4—IZLBRLT, AfaEKE LT 785 mg O
1022’7’ 94% DU, dr (cis:trans) = 69:31 DT AT L AR TH LN, £7-. EMEG AL
I 10aa:10aa’= 14:86 CH -7,

10aa’-cis (4 E{K): TLC (SiO,): Re= 0.24 (n-hexane/ethyl acetate = 4:1); m.p.: 158.9-159.7 °C; '"H NMR:
(500 MHz, CDCls): 6 7.85 (d,J=7.6 Hz, 1H), 7.68 (t,J=7.6 Hz, 1H), 7.54 (d, /= 7.6 Hz, 1H), 7.50-7.38 (m,
6H), 5.60 (dd, J= 6.5 Hz, 9.8 Hz, 1H), 3.77 (d, /= 17.0 Hz, 1H), 3.34 (d, /= 17.0 Hz, 1H), 2.98 (dd, J=9.8
Hz, 13.4 Hz, 1H) 2.63 (dd, J= 6.5 Hz, 13.4 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl;): 6 201.2, 175.6, 152.0,
138.2,135.8,135.2,129.0, 128.8, 128.4, 126.5, 126.0, 125.1, 79.6, 57.7, 42.3, 39.0; HRMS: m/z (EI) calcd for
CisHi50,"*0" (M+H)" 281.1058, found 281.1065; FTIR: (neat): 3034, 2939, 1739, 1708, 1605, 1464, 1431,
1325, 1295, 1218, 1165, 1088, 1014, 967, 927, 893, 796, 759, 717, 699, 672 cm .

10aa’-trans: TLC (SiO2): Ry = 0.38 (n-hexane/ethyl acetate = 4:1); 'H NMR: (500 MHz, CDCl;): § 7.81 (d, J
=7.5Hz, 1H), 7.68 (t,J="7.5 Hz, 1H), 7.52 (d, J= 7.5 Hz, 1H), 7.47-7.37 (m, 6H), 6.08 (dd, /= 6.4 Hz, 9.6
Hz, 1H), 3.84 (d, /= 17.3 Hz, 1H), 3.09 (d, /= 17.3 Hz, 1H), 3.08 (dd, /= 6.4 Hz, 12.4 Hz, 1H) 2.40 (dd, J =
9.6 Hz, 12.4 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl): § 201.6, 174.7, 153.0, 138.8, 136.0, 134.0, 128.8,
128.7, 128.3, 126.5, 125.4, 125.0, 79.2, 58.7, 42.1, 37.5; HRMS: m/z (EI) calcd for CisHis0,'*0" (M+H)"
281.1058, found 281.1055; FTIR: (neat): 3035, 2949, 1739, 1704, 1607, 1465, 1427, 1334, 1283, 1218, 1171,
1015, 1000, 972, 934, 756, 724, 699, 674 cm .
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BoE BH HTFRIVEBLTREEZRAWE A2 57 F 3 BREOARRIGDH
FEHFFE

% —IH : Table 14 |Zf94 5 E8

—RFEERE  |IE T, N by 7 ABERE (16.5cm x 1.5 cm) (12 b (76 mg, 1.0 equiv, 0.30 mmol) %
3mL O CIRG LTtk £ OSUNEANKIZ benzylamine (14a) (X equiv), styrene (1a) (62.5 mg,
2.0 equiv, 0.60 mmol), dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol) DJIAZE THAZEA s
MUTe, EORIGE R 3 EEREIR L, ROSEama 7 VT I ATEWR LT, £ ORI
KA ICAT D ORI T, 2R C 20 ReffifiisR L7, B oo INRA W A fafnF A g ) kY
U LKERK (10mL) CHef L, CH.Ch (10 mL) “C 3 [Elfhi L7z, 557 AiiE 2 &8 Chafn
BHOK TS LTZOL, g~ 7130 L THIEE, IBRE T -7z, £ D%, I8KZ =/ SR L— 4 —
THUEREE Uie, AR & NEEEYE (TMS) Z IV TH NMR (2 & 0 204588 15 O
WRRLWNNCYT AT LAKERM, HOWITHMERMZ L VDTN T T v aliThrnm
~ NJ'Z 7 4— (n-hexane/ethyl acetate = 4:1) (Z XV ERIL T, Fr2oARM 15 2457-, 15 D1k
FULRIZ DT AT UVAREMOINENGEE LT, 728, cis K, trans IKIZES L TIZ 'THNMR, "C
NMRZE Y T AT LA~ —00RIRE Ch o 1272, Kx DV T AT LA~ —% cis,trans & 53
FCRIE LTV D,

Table 14 (entry 14, gram-scale reaction) : Z={f T, 100mL D) A7 7 2 2|2 1,(1.7 g, 1.0 equiv, 7.0 mmol),
Na,COs (371 mg, 50 mol%, 3.5 mmol) & 3 A Moleculae sieves (2.3 g) % . dry ‘BuOH (69 mL) H' CiEA&
L72%%. % DSTARRIZ benzylamine (14a) (2.3 mLm 3.0 equiv, 21 mmol), styrene (1a) (1.6 mL, 2.0 equiv,
14 mmol), dimethyl 2-methylmalonate (2a) (1.0 g, 1.0 equiv, 7 mmol)DJEE CREEZ TSI LTz, F DX
i A 3 [BIEREILR LT, RO ez 7TV I HATER LT, & ORISR 238G T 06
OIS T, IR T 24 R Lz, B OV RINES Y 2 BT A Wiig T N U o LK CHE
# L. CHClL (100 mL) C 3 [alfiti L7z, oAl E 5 b TRk Cos Li-nb,
e~ 712D TR, IR A T o 7c, £ 0%, iR Z =/ SR L— 2 —TRIERE Uiz, Mkt
i D BTN AT Ay a~w NI T 7 4 —THRE-LIZEZ A, L4g DR & LT15 28
63%DILH, dr (cis:trans)=26:74 DT T AT UARPFWETHE LLZ, T OKE, BEEER% O 'THNMR
IZED T AT LA RERHB LTS,

entry 1: ¥AHE(Z ‘BuOH % V>, benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol) Z i1 L T —#%ZE5
EIZEWNS S /T2 E 2 AH, 15 23 25%DUNER, dr (cis:trans) = 20:80 D7 AT LA EIRMETH S
iz F7=. 3aa M 5%DIRTHER LT,

entry 2: ¥IEIZ IPA Z fHV), benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol) Z ¥l L T —fk325R1%
ICREWOG SEZ 8 24, ROSITE TS 15 135 b e - 72,
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entry 3: ¥AIEIZ MeOH % HV >, benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol)Z ¥l L C—f% 56k
EIHENIS ST L 2 A, 15 28 T%DUR, trans-isomer DAFF5i7-, £72, 3aa B 59%DIYL
KA LT,

entry 4: IABEIZ EtOAc % V), benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol) Z i1 L T %25
BHENOG ST & 2 A, RONMTE TET 15 134G 5o -7,

entry 5: ¥EC DMSO % V), benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol) Z %l L C—fk 38k
FEIWENS ST & 2 A, MINTETET 15 135 b henoT-,

entry 6: A4 DMF % V>, benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol) % ¥ L T 35RikE
WIS S/ T2 & 2 A, OGTE T 15 I35 6o T2,

entry 7: ¥ABEIZ MeCN % U, benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol) Z i1 L T %25
EIZEWNS S /T2 E 2 A, 15 D3 15%DUNER, dr (cis:trans) = 33:67 DY T AT LAERYETHE D
iz F7=. 3aa M 9%DIRTHER LT,

entry 8: ¥AIEIZ THF % FV >, benzylamine (14a) (64.3 mg, 2.0 equiv, 0.60 mmol) % #sAN L T 35RikE
IZHEWRIG S/ T2 & 2 A, OGTE TS 15 I35 68 - T2,

entry 9: ¥&#(Z 'BuOH % V). benzylamine (14a) (96.4 mg, 3.0 equiv, 0.90 mmol) Z %l L C—fk 38k
EIZEWNS S /T2 E T A, 15 23 53%DUNER, dr (cis:trans) = 33:67 DY T AT LAIEIRMETH D
Nz, £72. 3aa 2 10%DURTAERK LT,

entry 10: 7412 ‘BuOH % FAV >, benzylamine (14a) (112.5 mg, 3.5 equiv, 1.05 mmol) &%l L C—#%3E
BRIEIZHEWROS S /T2 & 2 A 15 23 50%DIEE, dr (cisitrans) = 23:77 DY T AT L AEIRNWETH:
HT-, E7-. 3aa D S%DINETHRR LT,

entry 11: %12 ‘BuOH % JHV >, benzylamine (14a) (128.6 mg, 4.0 equiv, 1.2 mmol) Z #3001 L T %25
EIZENS S /T2 E A, 15 23 55%DUNER, dr (cis:trans) = 32:68 DT AT LA IEIMETH S
iz F7=. 3aa N T%DYIERTHER LT,

entry 12: #4152 ‘BuOH % FV >, benzylamine (14a) (144.7 mg, 4.5 equiv, 1.35 mmol) &%l L C—#%3E
BRIEIZIEWRIS S /T & 2 A, 15 D3 41%DIEE, dr (cisitrans) = 26:74 DY T AT L AR NWETH:
HIT-, E7-. 3aa B A%DINER TR LT,

entry 13: A2 ‘BuOH % H\ >, benzylamine (14a) (160.7 mg, 5.0 equiv, 1.5 mmol) & #shl L C—fi%52
BRIEIZIEWRIS S /T2 & 2 A 15 23 30%DIEE, dr (cisitrans) = 40:60 DY T AT L A E#IRNWETH:
BIvtz, F7z. 3aa 23 2%DIRTHER LTz,

entry 14: 7152 dry ‘BuOH % V>, benzylamine (14a) (96.4 mg, 3.0 equiv, 0.90 mmol), Na,CO; (15.9
mg, 50 mol%, 0.15 mmol), 3 A Moleculae sieves (100 mg) % NI L C—fERIEIIEV UG SE T2 &
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A, AR E LT 68mg D15 % T7%DWER, dr (cis:trans) = 25:75 DT AT L AR T
HEE L7, £72. 3aa 28 6% DR TR LT,

Synthesis of (Z)-5-(Benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (15).

15-cis: TLC (SiO»): Re=0.21 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.39-7.20 (m, 10H), 5.42 (dd, J= 5.9 Hz, 9.6 Hz, 1H), 4.62 (d, /= 15.1 Hz, 1H), 4.52 (d,J=15.1
Hz, 1H), 3.72 (s, 3H), 2.78 (dd, J = 9.6 Hz, 12.8 Hz, 1H), 2.42 (dd, J = 5.9 and 12.8 Hz, 1H) 1.64 (s, 3H);
BC{'H}NMR: (125 MHz, CDCl;): § 172.7,164.0, 140.5, 139.3, 128.6, 128.3, 128.0, 127.3, 126.1, 125.6, 80.4,
52.7,51.8, 50.9, 44.4, 21.4; HRMS: m/z (DART) calcd for Coo)H22NO;™ (M+H)" 324.1594, found 324.1599
(mixture of diastereomers); FTIR (neat): 3030, 2944, 1744, 1704, 1605, 1584, 1528, 1496, 1453, 1434, 1378,
1353, 1328, 1305, 1275, 1215, 1171, 1133, 1104, 1076, 1037, 1016, 1001, 938, 862, 756, 735, 698 cm™
(mixture of diastereomers).

15-trans: '"H NMR: (500 MHz, CDCL3): § 7.39-7.20 (m, 10H), 5.52 (dd, J=5.9 Hz, 10.5 Hz, 1H), 4.60 (t,J =
15.1 Hz, 2H), 3.80 (s, 3H), 2.98 (dd, J = 5.9 Hz, 12.8 Hz, 1H), 1.98 (dd, /= 10.5 Hz, 12.8 Hz, 1H) 1.59 (s,
3H); "C{'H}NMR: (125 MHz, CDCL): § 173.0, 162.8, 140.6, 139.7, 128.6, 128.3, 128.1, 127.4, 126.2, 125 4,
80.2,52.8,51.9,51.1,45.1,22.2.
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#5—IH : Table 15 |23 % F8x

—RFEERE  |IE T, N Ly 7 ARBRE (16.5 em x 1.5 cm) {2 I (76 mg, 1.0 equiv, 0.30 mmol) &
Na,COs (15.9 mg, 50 mol%, 0.15 mmol). 3 A Moleculae sieves (100 mg) % dry ‘BuOH (3 mL)H' CIEA L
7214 & D REIRIZ 4-methoxy benzylamine (14e) (123.5 mg, 3.0 equiv, 0.90 mmol), olefine 1 (2.0 equiv,
0.60 mmol), dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol)DJIEFE THRILA IR L 7=,
ORISR A 3 BN L%, OGRS E 7 V3 A TEER LTz, ORISR Z#0
KT D ORGSR T 20 REfHE Lz, B O RINEG Y Z fufnT A ile T ~ U 7 L/KE
# (10 mL) THEF L. CHCL (10 mL) T3 [EHhH L7z, SO AE 425 CRIfnaik T
Gl LTS Bt~ 7230 LCHIRE, TR E T o7z, £ D%, I8k A =/ SR L— 2 — T+
£ U7z, HiH AR O 'THNMR L0 1626 D AT 3, HDHWNIATF L 3D 'Hpeak 6
TAT VA ERM LT, 20%, M ERMEZ S VTNV T Ty aiThra~ N5 T
+ — (n-hexane/ethyl acetate = 4:1) (Z X VAFR L T, DL 16-26 2157, 16-26 DL TR
ITT AT VARGWONENSH LT, 723, cis 8, rrans RIZBI L TIZ 'THNMR, “C NMR
WL OT AT UA~—0 B RE Ch o Toletd, KA DV T AT LA~—% 3 THLET —#
ZRCH LTV D,

Synthesis of (£)-5-(Benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (16, entry 1).
Styrene (1a) (62.5 mg, 2.0 equiv., 0.6 mmol) % i\ N C—fXSEERIEIZHE VL ST & 2 A, 77 mg O
R & LT 16 23 73%DINER, dr (cis:trans) =26:74 DY T AT L AR TR LT,

16-cis: TLC (SiO): Re= 0.23 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.39-7.20 (m, 7H), 6.58 (d, J = 8.7 Hz, 2H), 5.42 (dd, J = 6.4 Hz, 10.6 Hz, 1H), 4.58 (d, /= 15.5
Hz, 1H), 4.57 (d,J=15.5 Hz, 1H), 3.79 (s, 3H), 3.71 (s, 3H), 2.77 (dd, J= 9.6 Hz, 12.8 Hz, 1H), 2.42 (dd, /=
6.4 Hz, 12.8 Hz, 1H) 1.63 (s, 3H); "C{'H}NMR: (125 MHz, CDCl;): § 172.7, 163.7, 158.1, 139.4, 132.7,
128.9, 128.4, 125.6, 114.1, 80.4, 55.2, 52.7, 51.8, 50.4, 44.4, 21.4 (one carbon atom was overlapped); HRMS:
m/z (DART) caled for Co1H24NO4" (M+H)"354.1700, found 354.1701 (mixture of diastereomers); FTIR (neat):
3032,2937,1742,1703, 1612, 1585, 1512, 1456, 1377, 1353, 1328, 1301, 1282, 1245, 1216, 1172, 1134, 1102,
1077, 1035, 1001, 939, 850, 818, 756, 699 cm™ (mixture of diastereomers).

16-trans: '"H NMR: (500 MHz, CDCls): § 7.39-7.20 (m, 7H), 6.58 (d, J = 8.7 Hz, 2H), 5.52 (dd, J= 5.9 Hz,
10.5 Hz, 1H), 4.53 (t,J=15.5 Hz, 2H), 3.80 (s, 3H), 3.79, (s, 3H), 2.98 (dd, /= 5.9 Hz, 13.2 Hz, 1H), 1.97 (dd,
J=10.5Hz, 13.2 Hz, 1H) 1.58 (s, 3H); C{'H}NMR: (125 MHz, CDCL): § 173.0, 162.7, 158.1, 139.8, 132.7,
128.6, 128.3, 125.5, 113.5, 80.2, 55.2, 52.8, 51.9, 50.6, 45.1, 22.2 (one carbon atom was overlapped).

Synthesis of (2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(p-
methylbenzene) (17, entry 2).

4-Methylstyrene (1¢) (70.8 mg, 2.0 equiv., 0.6 mmol)Z W T— R FERIEIIEV IS S ETZ L 2 A, 70
mg DIEEJHRY) & LT 17 25 64%DILEE, dr (cis:trans) = 28:72 DV T AT L AR TH BT,
17-cis: TLC (SiO): Re= 0.20 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 8 7.26-7.16 (m, 6H), 6.83 (d, /= 8.6 Hz, 2H), 5.37 (dd, /= 6.3 Hz, 9.7 Hz, 1H), 4.54 (d, /=143 Hz,
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1H), 4.43 (d,.J= 14.3 Hz, 1H), 3.78 (s, 3H), 3.72 (s, 3H), 2.76 (dd, J= 9.7 Hz, 12.6 Hz, 1H), 2.38 (dd, J= 6.3
Hz, 12.6 Hz, 1H), 2.35 (s, 3H), 1.62 (s, 3H); *C{'H}NMR: (125 MHz, CDCly): § 172.8, 163.8, 158.0, 138.2,
136.3, 132.7, 129.2, 128.4, 125.7, 113.4, 80.4, 55.1, 52.7, 51.8, 50.3, 44.4, 22.2, 21.3; HRMS: m/z (DART)
calcd for CoHxNO4" (M+H)" 368.1856, found 368.1858 (mixture of diastereomers); FTIR (neat): 2992, 2945,
1744, 1703, 1612, 1585, 1512, 1456, 1301, 1278, 1246, 1222, 1209, 1173, 1134, 1100, 1037, 939, 817, 762,
722 em™ (mixture of diastereomers).

17-trans: "H NMR: (500 MHz, CDCL):  7.26-7.16 (m, 6H), 6.84 (d, J = 8.6 Hz, 2H), 5.48 (dd, J= 6.3 Hz,
10.8 Hz, 1H), 4.54 (d,J = 14.3 Hz, 1H), 4.50 (d, J = 14.3 Hz, 1H), 3.78 (s, 3H), 3.78, (s, 3H), 2.94 (dd, /= 6.3
Hz, 13.1 Hz, 1H), 2.35 (s, 3H), 1.97 (dd, J= 10.8 Hz, 13.1 Hz, 1H), 1.57 (s, 3H); “C{'H}NMR: (125 MHz,
CDCl): 6 173.1, 162.7, 158.0, 138.1, 136.6, 132.8, 129.2, 128.6, 125.6, 113.4, 80.2, 55.1, 52.8, 51.9, 50.5,
45.1,22.2,21.1.

Synthesis of (Z2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(rm-
methylbenzene) (18, entry 3).

3-Methylstyrene (1d) (70.8 mg, 2.0 equiv., 0.6 mmol) Z W T FERIEIIEW IS S ET2 L 2 A, 84
mg OIECEJHRY) & LT 18 75 76%DINEE,  dr (cis:trans) = 26:74 DT AT L AR TH BT,
18-cis: TLC (SiO): Re=0.21 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCl): 8 7.27-7.08 (m, 6H), 6.86—6.82 (m, 2H), 5.37 (dd, /= 6.3 Hz, 9.4 Hz, 1H), 4.54 (d, /= 14.3 Hz, 1H),
4.45 (d,J=14.3 Hz, 1H), 3.78 (s, 3H), 3.72 (s, 3H), 2.75 (dd, /= 9.4 Hz, 13.1 Hz, 1H), 2.39 (dd, /= 6.3 Hz,
13.1 Hz, 1H), 2.35 (s, 3H), 1.62 (s, 3H); "C{'H}NMR: (125 MHz, CDCL): 6 172.7,163.8, 158.0, 139.2, 138.3,
132.7, 129.1, 128.5, 128.4, 126.2, 122.7, 113.4, 80.4, 55.1, 52.7, 51.8, 50.4, 44.4, 22.2, 21.3; HRMS: m/z
(DART) caled for CoHagNOs™ (M+H)™ 368.1856, found 368.1866 (mixture of diastereomers); FTIR (neat):
2995,2936, 1742,1703, 1612, 1585, 1511, 1491, 1456, 1378, 1352, 1325, 1301, 1276, 1245, 1178, 1133, 1104,
1037, 1009, 1000, 942, 893, 848, 818, 787, 757, 701 cm™ (mixture of diastereomers).

18-trans: '"H NMR: (500 MHz, CDCL): § 7.27-7.08 (m, 6H), 6.86-6.82 (m, 2H), 5.48 (dd, /= 6.3 Hz, 10.8
Hz, 1H), 4.55 (d, J= 14.8 Hz, 1H), 4.51 (d, /= 14.8 Hz, 1H), 3.79 (s, 3H), 3.78, (s, 3H), 2.95 (dd, /= 6.3 Hz,
13.1 Hz, 1H), 2.35 (s, 3H), 1.96 (dd, /= 10.8 Hz, 13.1 Hz, 1H), 1.58 (s, 3H); *C{'H}NMR: (125 MHz, CDCl;):
0173.0,162.7,158.0,139.7,138.3, 132.7, 129.0, 128.6, 128.5, 126.1, 122.5, 113.4, 80.3, 55.1, 52.8, 51.8, 50.5,
45.1,22.2,21.3.

Synthesis of (2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(o-
methylbenzene) (19, entry 4).

2-Methylstyrene (1e) (70.8 mg, 2.0 equiv., 0.6 mmol)Z W T—fREBRIEIIEVRIG S BT L 2 A, 81
mg OIECEJHRY) & LT 19 25 7T4%DILEE, dr (cis:trans) = 24:76 DY T AT L AR TH BT,
19-cis: TLC (SiO): Re= 0.23 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.28-7.15 (m, 6H), 6.85 (d, /J=9.1 Hz, 2H), 5.61 (dd, /= 6.4 Hz, 9.6 Hz, 1H), 4.57 (d, /= 14.6 Hz,
1H), 4.47 (d, J= 14.6 Hz, 1H), 3.80 (s, 3H), 3.72 (s, 3H), 2.69 (dd, /= 9.6 Hz, 12.8 Hz, 1H), 2.43 (dd, /= 6.4
Hz, 12.8 Hz, 1H), 2.35 (s, 3H), 1.64 (s, 3H); "C{'H}NMR: (125 MHz, CDCls): § 172.7, 163.8, 158.1, 137.5,
134.3, 132.8, 130.5, 128.4, 128.0, 126.3, 124.9, 113.5, 77.2, 55.2, 52.7, 51.7, 50.4, 43.0, 21.6, 19.0; HRMS:

-135-



m/z (DART) caled for CrHxNO4" (M+H) " 368.1856, found 368.1849 (mixture of diastereomers); FTIR (neat):
2936, 1743,1701, 1612, 1585, 1511, 1458, 1378, 1328, 1301, 1276, 1245, 1191, 1172, 1133, 1118, 1098, 1035,
937, 850, 818, 755, 725, 666 cm™ (mixture of diastereomers).

19-trans: '"H NMR: (500 MHz, CDCls): § 7.28-7.15 (m, 6H), 6.86 (d, J = 9.1 Hz, 2H), 5.72 (dd, J= 5.9 Hz,
10.5 Hz, 1H), 4.57 (d,J=15.0 Hz, 1H), 4.54 (d, /= 15.0 Hz, 1H), 3.80 (s, 3H), 3.80, (s, 3H), 3.01 (dd, /=5.9
Hz, 12.8 Hz, 1H), 2.33 (s, 3H), 1.88 (dd, J= 10.5 Hz, 12.8 Hz, 1H), 1.58 (s, 3H); C{'H}NMR: (125 MHz,
CDCls): 6 173.1, 162.7, 158.1, 137.9, 134.4, 132.8, 130.5, 128.6, 127.9, 126.3, 124.4, 113.5, 78.0, 55.2, 52.9,
51.8,50.6,43.7,22.3, 19.0.

Synthesis of (2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(p-tert-
butylbenzene) (20, entry 5).

4-tert-Butylstyrene (1b) (96 mg, 2.0 equiv., 0.6 mmol) & VN C— X FEERIEIZHEV S S BT & 2 A, 101
mg OIEEJHRY) & LT 20 75 82%DINEE, dr (cis:trans) = 26:74 DV T AT L AR TH BT,
20-cis: TLC (SiO»): Ry=0.26 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.40 (d, /= 8.2 Hz, 2H), 7.03—7.20 (m, 4H), 6.84 (d, /= 8.2 Hz, 2H), 5.39 (dd, /= 5.9 Hz, 10.0 Hz,
1H), 4.54 (d,J=14.6 Hz, 1H), 4.43 (d,J=14.6 Hz, 1H), 3.79 (s, 3H), 3.72 (s, 3H), 2.78 (dd, /= 10.0 Hz, 12.8
Hz, 1H), 2.39 (dd, J= 5.9 Hz, 12.8 Hz, 1H), 1.62 (s, 3H), 1.32 (s, 9H); "C{'H}NMR: (125 MHz, CDCls): &
172.8, 163.8, 158.0, 151.5, 136.2, 132.8, 128.4, 125.6, 125.5, 113.5, 80.4, 55.2, 52.7, 51.9, 50.4, 44.3, 34.5,
31.2, 21.8; HRMS: m/z (DART) calcd for CosHNOs™ (M+H)™ 410.2326, found 410.2329 (mixture of
diastereomers); FTIR (neat): 2957, 1745, 1702, 1612, 1585, 1511, 1459, 1359, 1326, 1301, 1270, 1245, 1223,
1172, 1134, 1118, 1099, 1036, 1018, 940, 865, 832, 818, 757, 705 cm™ (mixture of diastereomers).

20-trans: "H NMR: (500 MHz, CDCL): & 7.40 (d, J = 8.2 Hz, 2H), 7.03-7.20 (m, 4H), 6.85 (d, /= 8.2 Hz,
2H), 5.50 (dd, /= 5.6 Hz, 10.2 Hz, 1H), 4.54 (d, /= 14.6 Hz, 1H), 4.50 (d, /= 14.6 Hz, 1H), 3.79 (s, 3H), 3.79,
(s, 3H), 2.95 (dd, J = 5.6 Hz, 12.8 Hz, 1H), 1.99 (dd, /= 10.2 Hz, 12.8 Hz, 1H), 1.58 (s, 3H), 1.32 (s, 9H);
BC{'H}NMR: (125 MHz, CDCl;): 5 173.1,162.7, 158.0, 151.5, 136.6, 132.8, 128.6, 125.5, 125.4,113.5, 80.2,
55.2,52.8,51.9,50.5,45.0,34.5,31.2,22.2.

Synthesis of (Z)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(p-methoxy-
benzene) (21, entry 6).

4-(Methoxycarbonyl)styrene (1i) (97.2 mg, 2.0 equiv., 0.6 mmol) % FV TR FEBRIEIHEV UGS S H 72
. FTEOARM 21 1TE B>z,

Synthesis of (2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(p-
fluorobenzene) (22, entry 7).

4-Fluorostyrene (1f) (73.2 mg, 2.0 equiv., 0.6 mmol)Z HW T—RFERIEIIEV IS SETZ L 2 A, 76
mg OIEEJHRY) & LT 22 75 68%DINEE, dr (cis:trans) = 27:73 DV T AT L AR TH LI,
22-trans: TLC (SiO,): Re= 0.18 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCl;): § 7.32-7.18 (m,
3H), 7.06 (t,J= 8.6 Hz, 3H), 6.85 (d, J= 8.6 Hz, 2H), 5.50 (dd, /= 5.4 Hz, 10.3 Hz, 1H), 4.52 (t, /= 14.6 Hz,
2H), 3.80 (s, 3H), 3.80, (s, 3H), 2.96 (dd, /= 5.4 Hz, 12.8 Hz, 1H), 1.93 (dd, /= 10.3 Hz, 12.8 Hz, 1H), 1.58
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(s, 3H); "C{'H}NMR: (125 MHz, CDCl): § 172.9, 162.5 (d, J = 246.6 Hz), 162.4, 158.1, 135.5 (d, J = 2.8
Hz), 132.7, 128.6, 127.3 (d,J=7.7 Hz), 115.6 (d, J=22.1 Hz), 113.5, 79.6, 55.2, 52.9, 51.9, 50.6, 45.2, 22.2;
F NMR: (470 MHz, CDCL): § —113.4; HRMS: m/z (DART) calcd for CoiH»FNOs™ (M+H)™ 372.1606,
found 372.1606; FTIR (neat): 2937, 1742, 1704, 1609, 1585, 1511, 1455, 1378, 1353, 1327, 1284, 1245, 1226,
1173, 1158, 1134, 1106, 1093, 1036, 1014, 938, 866, 835, 819, 770, 704, 674 cm’.

Synthesis of (2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(p-
chlorobenzene) (23, entry 8).

4-Chlorostyrene (1g) (82.8 mg, 2.0 equiv., 0.6 mmol)Z HW T—fREBRIEIIEV G S BT L 2 A, 51
mg OIECEJHRY) & LT 23 5 44%DILEE, dr (cis:trans) = 27:73 DV T A7 LA R TH B,
23-cis: TLC (SiO»): Ry=0.18 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCl): 6 7.34 (d, J= 8.2 Hz, 2H), 7.26-7.19 (m, 4H), 6.84 (d, /= 8.2 Hz, 2H), 5.39 (dd, J= 6.4 Hz, 9.6 Hz,
1H), 4.54 (d,J=14.6 Hz, 1H), 4.47 (d, J= 14.6 Hz, 1H), 3.80 (s, 3H), 3.71 (s, 3H), 2.73 (dd, /= 9.6 Hz, 12.8
Hz, 1H), 2.42 (dd, J= 6.4 Hz, 12.8 Hz, 1H), 1.62 (s, 3H); C{'H}NMR: (125 MHz, CDCl;): 5 172.6, 1634,
158.1, 138.0, 134.2, 132.6, 128.6, 128.4, 127.0, 114.3, 79.5, 55.2, 52.8, 51.7, 50.4, 44.3, 21.5; HRMS: m/z
(DART) caled for CoiHa;CINOs™ (M+H)" 388.1310, found 388.1316 (mixture of diastereomers); FTIR (neat):
2944, 1742, 1709, 1612, 1585, 1512, 1494, 1456, 1359, 1274, 1246, 1217, 1173, 1092, 1037, 1014, 939, 820
cm™ (mixture of diastereomers).

23-trans: 'H NMR: (500 MHz, CDCL): & 7.35 (d, J = 8.2 Hz, 2H), 7.26-7.19 (m, 4H), 6.85 (d, /= 8.2 Hz,
2H), 5.49 (dd, J=5.9 Hz, 10.5 Hz, 1H), 4.54 (d, /= 14.6 Hz, 1H), 4.50 (d, /= 14.6 Hz, 1H), 3.80 (s, 3H), 3.79,
(s, 3H), 2.97 (dd, J= 5.9 Hz, 13.2 Hz, 1H), 1.91 (dd, J = 10.5 Hz, 13.2 Hz, 1H), 1.57 (s, 3H); "C{'H}NMR:
(125 MHz, CDCl): 6 172.9, 162.3, 158.1, 138.3, 134.2, 132.6, 128.8, 128.6, 126.9, 113.5, 79.5, 55.2, 52.9,
51.8,50.6,45.1,22.2.

Synthesis of (2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-(p-
bromobenzene) (24, entry 9).

4-Bromostyrene (1h) (109.2 mg, 2.0 equiv., 0.6 mmol) Z Fi\ N T FEBRIEIHEN IS ST L 2 A, 67
mg OIECEJHRY) & LT 24 75 52%DINEE, dr (cis:trans) = 21:79 DT T A7 L AR TH BT,
24-cis: TLC (SiO»): Ry=0.18 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.50 (d, J = 8.2 Hz, 2H), 7.26-7.15 (m, 4H), 6.84 (d, /= 8.2 Hz, 2H), 5.37 (dd, /= 6.4 Hz, 9.6 Hz,
1H), 4.54 (d, /= 14.6 Hz, 1H), 4.45 (d, J= 14.6 Hz, 1H), 3.80 (s, 3H), 3.71 (s, 3H), 2.71 (dd, J=9.6 Hz, 12.8
Hz, 1H), 2.42 (dd, J = 6.4 Hz, 12.8 Hz, 1H), 1.62 (s, 3H); “C{'H}NMR: (125 MHz, CDCls): § 172.6, 163.3,
158.1, 138.5, 132.6, 131.7, 1284, 127.3, 122.2, 113.5, 79.5, 55.2, 52.8, 51.6, 50.4, 42.2, 21.5; HRMS: m/z
(DART) caled for C21H»BrNO4™ (M+H)" 432.0805, found 432.0812 (mixture of diastereomers); FTIR (neat):
2952,1742,1704, 1612, 1585, 1511, 1490, 1456, 1378, 1351, 1325, 1297, 1272, 1245,1212, 1172, 1133, 1107,
1095, 1072, 1036, 1009, 939, 818, 757, 722, 669 cm™ (mixture of diastereomers).

24-trans: "H NMR: (500 MHz, CDCL): & 7.50 (d, J = 8.2 Hz, 2H), 7.26-7.15 (m, 4H), 6.85 (d, J = 8.2 Hz,
2H), 5.47 (dd,J=5.9 Hz, 10.3 Hz, 1H), 4.54 (d, /= 14.6 Hz, 1H), 4.51 (d, J= 14.6 Hz, 1H), 3.80 (s, 3H), 3.79,
(s, 3H), 2.97 (dd, J= 5.9 Hz, 13.2 Hz, 1H), 1.90 (dd, J = 10.3 Hz, 13.2 Hz, 1H), 1.57 (s, 3H); “"C{'H}NMR:
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(125 MHz, CDCL): 6 172.9, 162.2, 158.1, 138.8, 132.6, 131.8, 128.6, 127.2, 122.1, 113.5, 79.5, 55.2, 52.9,
51.8,50.6,45.0,22.2.

Synthesis of (£)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-methyl-2-
benzene (25, entry 10).

a-Methylstyrene (1q) (70.8 mg, 2.0 equiv., 0.6 mmol)Z N T FERIEI eV IS SET2 L 2 A, 59
mg OIEEJHRY) & LT 25 75 54%DILEE, dr (cis:trans) = 25:75 DV T A7 VAR TH BT,
25-trans: TLC (SiO,): Re = 0.23 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500
MHz, CDCls): § 7.35-7.23 (m, 7H), 6.87 (d, /= 6.8 Hz, 2H), 4.65 (d, /= 14.1 Hz, 1H), 4.58 (d, /= 14.1 Hz,
1H), 3.80 (s, 3H), 3.77 (s, 3H), 3.04 (d, /= 12.8 Hz, 1H), 2.40 (d, /= 12.8 Hz, 1H), 1.69 (s, 3H), 1.30 (s, 3H);
BC{'H}NMR: (125 MHz, CDCl;): 5 173.6, 163.4, 158.0, 146.3, 132.8, 128.6, 128.5,127.2, 123.8, 113.5, 85.7,
55.2,52.9, 52.1, 50.6, 49.1, 30.5, 23.1; HRMS: m/z (DART) calcd for CxH2NOs™ (M+H)" 368.1856, found
368.1857 (mixture of diastercomers); FTIR (neat): 2971, 1740, 1727, 1612, 1511, 1439, 1368, 1358, 1229,
1217, 1206, 1092, 901, 771 cm™ (mixture of diastereomers).

Synthesis of (£)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-3-methyl-2-

benzene (26, entry 11, 12).

cis-B-Methylstyrene (Z-1s) (70.8 mg, 2.0 equiv., 0.6 mmol) % VN TR FEERIEIZHEV S S BT & 2 A,
35mg QIR & LT 26 23 32%DINE, dr (major:minor)=57:43 DY T AT L AP THE D

i,

trans-B-Methylstyrene (E-1s) (70.8 mg, 2.0 equiv., 0.6 mmol) % VN T FEBRIEI WV S S 72 & 2

A, 48 mg OIEEIIRY) & LT 26 73 44% DI, dr (major:minor)=60:40 D7 AT L A& T

/o,

26-major: TLC (SiO,): Ry = 0.21 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500

MHz, CDCl3): § 7.41-7.21 (m, 7H), 6.85 (d, /= 8.2 Hz, 2H), 5.10 (d, /= 10.0 Hz, 1H), 4.54 (d, /= 14.6 Hz,

1H), 4.50 (d, J=14.6 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 2.11 (dq, /= 6.8 Hz, 13.7 Hz, 1H), 1.57 (s, 3H), 0.97

(d,J=6.8 Hz, 3H); “C{'H}NMR: (125 MHz, CDCl3): § 171.5,163.9, 158.1, 137.8, 132.8, 128.7, 128.6, 128 4,

126.4,113.4,86.2, 55.6,55.2,52.2,51.8, 50.2, 20.4, 10.4; HRMS: m/z (DART) calcd for C2HoeNOs™ (M+H)"

368.1856, found 368.1864 (mixture of diastereomers); FTIR (neat): 2936, 1741, 1704, 1612, 1585, 1512, 1456,

1381, 1328, 1299, 1245, 1208, 1175, 1145, 1126, 1102, 1075, 1034, 1018, 818, 781, 749, 700 cm™ (mixture of
diastereomers).

26-minor: 'H NMR: (500 MHz, CDCls): & 7.41-7.21 (m, 7H), 6.84 (d, /= 8.2 Hz, 2H), 4.82 (d, /= 10.0 Hz,

1H), 4.54 (d, /= 14.6 Hz, 1H), 4.43 (d, /= 14.6 Hz, 1H), 3.79 (s, 3H), 3.76 (s, 3H), 2.92 (dq, /= 6.8 Hz, 13.7

Hz, 1H), 1.48 (s, 3H), 0.95 (d,J= 6.8 Hz, 3H); "C{'H'NMR: (125 MHz, CDCls): § 172.5, 163.1, 158.1, 138.3,

132.8, 128.6, 126.2, 113.5, 86.5, 55.6, 54.9, 52.7, 50.0, 48.3, 15.8, 9.8.

-138-



#5—IH : Table 16 |83 % 58

—RFEERE  |IE T, N Ly 7 ARBRE (16.5 em x 1.5 cm) {2 I (76 mg, 1.0 equiv, 0.30 mmol) &
Na,COs (15.9 mg, 50 mol%, 0.15 mmol), 3 A Moleculae sieves (100 mg) % dry ‘BuOH (3 mL) H' CiEA&
L72t%. & ORISR 4-methoxy benzylamine (14e) (123.5 mg, 3.0 equiv, 0.90 mmol) & 5 \ &
benzylamine (14a) (96.4 mg, 3.0 equiv, 0.90 mmol), styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol), malonate
2 (1.0 equiv, 0.30 mmol)DIEFE CTHAIE AU LTz, E DRI 3 [RIEFEIR L7, RIS %
TN TATER LT, ZORISEIRZECKT 00 ONCIRST T, 28R T 20 R L7z, 556
WIZROSRE W fafn T ki)™ b U o LK (10 mL) T4 L, CHCl (10 mL) T 3 [alfhi
L7, BN AiE 26O TRIMEEUK T LIz Db, ik~ 7420 L TR, I8 Z1T
ST, D%, W Z TSR L— 2 —CRIER A Uiz, HAIHER#IO 'THNMR K0 27-31 DA F
VI HDVEAF LD Hpeak LS VT AT LALER LZ, 0%, HiiHA Y%
SURTNT Ty adiT AT a~v N T 7 4 — (n-hexane/ethyl acetate =4:1) (2 & D FERLIL T, p
HDOARM) 27-31 21572, 27-31 DILFICRIZT T AT VARG OIENDE LT, 723, cis
&, trans (RIZBA L CIZ 'HNMR, "CNMRZ XY T A7 LA~ —0580IATRE Ch - 772, K4
DIT AT VA —%5F ULF T —# 25t L T\ D,

Synthesis of (Z)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-benzyl-2-benzene (27,
entry 1).

2-Benzyl malonate (2¢) (66.6 mg, 1.0 equiv, 0.30 mmol)Z HW T—fREBRIEIIENIG S ETZ & 2 A,
39 mg DAY & LT 27 23 30%DULER,  dr (cis:trans) = 78:22 DY T AT L AERETHE L
7o

27-cis: TLC (SiO»): Ry = 0.30 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCl3): § 7.31-7.00 (m,
12H), 6.87 (d, /= 8.6 Hz, 2H), 5.41 (dd, J= 5.9 Hz, 10.5 Hz, 1H), 4.61 (d, /= 14.1 Hz, 1H), 4.51 (d, /= 14.1
Hz, 1H), 3.82 (s, 3H), 3.81 (s, 3H), 3.45 (d, /= 13.7 Hz, 1H), 3.29 (d, /= 13.7 Hz, 1H), 2.80 (dd, /= 5.9 Hz,
13.2 Hz, 1H), 2.04 (dd, J = 10.5 Hz, 13.2 Hz, 1H); “"C{'H}NMR: (125 MHz, CDCl;): § 171.9, 161.1, 158.2,
139.8,136.6,132.5,130.2,129.1, 128.5, 128.3, 126.8, 125.8, 113.5, 81.0, 57.1, 55.2,52.9, 50.9, 40.9, 40.5 (one
carbon atom was overlapped); HRMS: m/z (DART) calcd for Co7HasNO4™ (M+H)™430.2013, found 430.2010;
FTIR (neat): 3031, 2952, 2835, 1743, 1701, 1612, 1585, 1512, 1496, 1454, 1333, 1301, 1246, 1216, 1174,
1109, 1090, 1033, 982, 948, 819, 753, 701 cm™.

Synthesis  of  (Z£)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-(1-cyanoethyl)-2-
benzene (28, entry 2).

Dimethyl 2-(2-cyanoethyl)malonate (2h) (55.6 mg, 1.0 equiv, 0.30 mmol) %z F\ N C— i FEBRIEIZIE i
EHT=E A, 78 mg DAY L LT 28 28 66%DINR, dr (cisitrans) = 28:72 DY T AT LA
EHPETHRO N,

28-cis: TLC (SiO»): Ry=0.18 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.41-7.16 (m, 7H), 6.86 (d, J= 8.3 Hz, 2H), 5.45 (dd, J= 6.4 Hz, 8.6 Hz, 1H), 4.54 (d, /= 14.6 Hz,
1H), 4.49 (d, J = 14.6 Hz, 1H), 3.80 (s, 3H), 3.69 (s, 3H), 2.88-2.19 (m, 6H); "C{'H}NMR: (125 MHz,
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CDCls): 6 171.2, 160.4, 158.2, 138.9, 132.3, 129.1, 128.7, 128.5, 125.5, 119.6, 114.2, 80.3, 55.2, 54.1, 53.7,
52.9,42.9,30.3,13.1; HRMS: m/z (DART) caled for Co3HasN>O4" (M+H)" 393.1809, found 393.1814 (mixture
of diastereomers); FTIR (neat): 2953, 2248, 1737, 1701, 1612, 1585, 1512, 1450, 1335, 1301, 1287, 1245,
1220, 1173, 1105, 1082, 1068, 1033, 1001, 942, 849, 818, 757, 700 cm™ (mixture of diastereomers).
28-trans: "H NMR: (500 MHz, CDCLy): § 7.41-7.16 (m, 7H), 6.85 (d, J = 8.3 Hz, 2H), 5.54 (dd, J = 5.9 Hz,
10.5 Hz, 1H), 4.52 (t, J = 14.6 Hz, 2H), 3.84 (s, 3H), 3.80 (s, 3H), 2.98 (dd, /= 5.9 Hz, 13.2 Hz, 1H), 2.88~
2.19 (m, 4H), 2.04 (dd, J= 10.5 Hz, 13.2 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl;): § 171.1, 160.1, 158.2,
139.0, 132.4, 128.8, 128.7, 128.6, 125.4, 119.2, 113.6, 80.6, 55.2, 54.5, 53.2, 50.6, 42.4, 31.3, 13.1.

Synthesis of (Z2)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-acetyl-4-methyl-2-benzene (29, entry 3).
Methyl 2-methylacetoacetate (2g) (39.0 mg, 1.0 equiv, 0.30 mmol) % FV N TR FEBRIEIZHEV UGS S H 72
LA, RUNFEITET 29 I3 b e o T,

Synthesis of  (Z)-5-(p-Methoxy-benzylimino)tetrahydrofuran-4-methyl-ester-4-methylacetylene-2-
benzene (30, entry 4).

Dimethyl 2-propargylmalonate (2i) (51 mg, 1.0 equiv, 0.30 mmol) % FV N T FEBRIEIZHEW UGS S H 72
LA, 23mg OIEAHIRY & LT 30 25 20%DUE, dr (cis:rans) > 1:20 DY T A7 L AE#PFWET
Boii,

30-trans: TLC (SiO,): Re= 0.18 (n-hexane/ethyl acetate = 4:1); '"H NMR: (500 MHz, CDCl;): § 7.40-7.34 (m,
4H), 7.27-7.24 (m, 3H), 6.85 (d, /= 8.6 Hz, 2H), 5.58 (dd, /=5.9 Hz, 10.3 Hz, 1H), 4.58 (d, /= 14.6 Hz, 1H),
4.46 (d, J=14.6 Hz, 1H), 3.82 (s, 3H), 3.79 (s, 3H), 3.02-2.89 (m, 3H), 2.44 (dd, /= 10.3 Hz, 13.2 Hz, 1H),
2.00 (t,J=2.7 Hz, 1H); "C{'H}NMR: (125 MHz, CDCl;): & 171.2, 160.3, 158.1, 139.7, 132.6, 128.6, 128 .4,
1259, 125.7, 1134, 81.1, 80.0, 71.0, 55.2, 55.0, 53.1, 50.6, 41.4, 25.2; HRMS: m/z (DART) calcd for
Ca3HasNO4" (M+H)" 378.1700, found 378.1706; FTIR (neat): 3289, 3036, 2954, 2836, 2248, 1744, 1703, 1612,
1585, 1512, 1457, 1302, 1246, 1221, 1175, 1109, 1060, 1033, 1000, 819, 756, 699 cm’.

Synthesis of (Z)-2-(Benzylimino)-5-phenyl-4,5-dihydro-2H-spiro[furan-3,2'-inden]-1'(3'H)-one (31,
entry 5).°*

methyl 1-indanone-2-carboxylate (9a) (57 mg, 1.0 equiv, 0.30 mmol) % VN T— i FEEBRIEIHEW UG S 1
el ZA, 32mg DHAERIR L LT 31 23 29%DULER, dr (cis:trans) = 50:50 DT AT L A 8RME
TRHNT,

31-cis: "H NMR: (500 MHz, CDCls): 8 7.84 (d, J= 7.8 Hz, 1H), 7.61 (t, /= 7.3 Hz, 1H), 7.51-7.17 (m, 12H),
5.50 (dd, J= 5.4 Hz, 109 Hz, 1H), 4.57 (4, = 15.3 Hz, 1H), 4.50 (d, /= 15.3 Hz, 1H), 3.73 (d, /= 16.9Hz,
1H), 337 (d, J = 169 Hz, 1H), 2.78 (dd, J = 10.9 Hz, 12.8 Hz, 1H), 2.46 (dd, J = 5.4 Hz, 12.8 Hz, 1H);
BC{'H}NMR: (125 MHz, CDCL): & 203.5, 164.6, 152.3, 140.4, 139.0, 135.7, 135.3, 128.7, 128.6, 128.0,
127.9,127.4,126.3,126.0, 124.9, 81.2,57.7,51.0,44.8, 41.1.

31-trans: 'H NMR: (500 MHz, CDCls): § 7.79 (d, J = 7.8 Hz, 1H), 7.63 (t, J = 7.3 Hz, 1H), 7.51-7.17 (m,
12H), 5.98 (dd, J = 5.9 Hz, 10.0 Hz, 1H), 4.62 (d, J= 153 Hz, 1H), 4.53 (d, /= 15.3 Hz, 1H), 3.95 (d,J= 16.9
Hz, 1H), 3.10 (d, /= 169 Hz, 1H), 2.90 (dd, J = 5.9 Hz, 12.8 Hz, 1H), 2.25 (dd, J= 10.0 Hz, 12.8 Hz, 1H);
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BC{'H!NMR: (125 MHz, CDCL): § 204.5, 162.5, 153.3, 140.6, 140.0, 135.5, 134.0, 128.6, 128.2, 128.1,
127.8,127.4,126.4,126.2, 125.5, 124.9, 80.2, 58.0, 51.2, 43.6.

#5—IH : Table 17 |23 % 58

—RFEERE  |IE T, N Ly 7 ARBRE (16.5 em x 1.5 cm) (T L (76 mg, 1.0 equiv, 0.30 mmol) &
Na,COs (15.9 mg, 50 mol%, 0.15 mmol). 3 A Moleculae sieves (100 mg) % dry ‘BuOH (3 mL)H CIEA L
T21%. & DOUNERHIZ amine 14 (3.0 equiv, 0.90 mmol), styrene (1a) (62.5 mg, 2.0 equiv, 0.60 mmol), 2
dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol)DIEF TR A TR LT, < DS
W2 3 MERER L=tk SRR E TV HATER LT, Z ORISR Z ST S DY
MRS, SRIR T 20 MR FR L7, 3 DI SUGIRE M 2 BT Al T~ U 7 LOKERHE (10 mL)
THeF L. CH.CL (10 mL) C 3 [mlfifi L7z, fSoh-ARE % &b CRafn ik cotg Lo
B, Wifg~ 732U LT, IR EIT o7, TO%, KA SR L —Z —CREREE L,
FHAER IO THNMR LV 32-45 DA F 5L HDHWEAT LU Hpeak LbnH V7 A7 LA
ERMH L, 20k, AR E S Y BTNV T Ty ahhTdhra~ NI T7 44— (n-
hexane/ethyl acetate=4:1) (2L VSR L T, FTEOARY) 32-45 157, 32-45 DALFIRIT T T A
T VRGOSR LT, 7238, cis (K, trans I L TIZ 'THNMR, "CNMR (249 ¥
T AT VA=A Ch o T27ed, HAx DT AT VA~—%00F bFET — X Zitdi L
TV,

Synthesis of (Z)-5-(p-Methyl-benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (32,
entry 1).

4-Methylbenzylamine (14b) (109.1 mg, 3.0 equiv., 0.90 mmol) % VN C—fXFRIEITHEV VUL S/ T2 &
Z A, 66 mg DIEAIRY) & LT 32 2% 65%DIH, dr (cis:trans) = 27:73 DT AT L ATERPET
/o,

32-cis: TLC (SiO»): R¢=0.31 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.39-7.09 (m, 9H), 5.41 (dd, J= 5.9 Hz, 9.6 Hz, 1H), 4.58 (d, J = 14.6 Hz, 1H), 4.48 (d, /= 14.6
Hz, 1H), 3.71 (s, 3H), 2.77 (dd, J=9.6 Hz, 12.8 Hz, 1H), 2.41 (dd, /= 5.9 Hz, 12.8 Hz, 1H), 2.32 (s, 3H), 1.63
(s, 3H); C{'H}NMR: (125 MHz, CDCL): § 172.7, 163.7, 139.4, 137.5, 135.6, 128.7, 128.5, 128.3, 127.2,
125.6, 80.3, 52.7,51.7, 50.7, 44.4, 31.1, 21.4; HRMS: m/z (DART) calcd for C21H4NOs™ (M+H)" 338.1751,
found 338.1763 (mixture of diastereomers); FTIR (neat): 2941, 1744, 1705, 1515, 1497, 1455, 1378, 1306,
1272, 1216, 1172, 1103, 1076, 1038, 1001, 939, 848, 800, 755, 699 cm™ (mixture of diastereomers).
32-trans: '"H NMR: (500 MHz, CDCL): § 7.39-7.09 (m, 9H), 5.52 (dd, J= 5.9 Hz, 10.3 Hz, 1H), 4.58 (d, /=
14.6 Hz, 1H), 4.53 (d, /= 14.6 Hz, 1H), 3.80 (s, 3H), 2.97 (dd, /= 5.9 Hz, 13.2 Hz, 1H), 2.32 (s, 3H), 1.97 (dd,
J=10.3 Hz, 13.2 Hz, 1H), 1.58 (s, 3H); *C{'H}NMR: (125 MHz, CDCl;): § 173.0, 162.6, 139.8, 137.5, 135.7,
128.8, 128.6, 128.2, 127.4,125.4, 80.2, 52.8, 51.9, 50.9, 45.1, 22.2, 21.0.
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Synthesis of (Z)-5-(0-Methyl-benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (33,
entry 2).

2-Methylbenzylamine (14¢) (109.1 mg, 3.0 equiv., 0.90 mmol) % VN CT—fXFRIEITHEV VUL S /T2 &

Z A, 58 mg DIEAIRY) & LT 33 23 57%DIH, dr (cis:trans) = 25:75 DT AT L ATERPET
HBoii,

33-cis: TLC (SiO»): Ry=0.34 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCl): 6 7.37-7.12 (m, 9H), 5.41 (dd, J=5.9 Hz, 10.0 Hz, 1H), 4.57 (d, /= 15.5 Hz, 1H), 445 (d, /= 15.5
Hz, 1H), 3.72 (s, 3H), 2.77 (dd, /= 10.0 Hz, 12.8 Hz, 1H), 2.41 (dd, /= 5.9 Hz, 12.8 Hz, 1H), 2.28 (s, 3H),
1.65 (s, 3H); "C{'H}NMR: (125 MHz, CDCl):  172.7,163.6, 139.4, 138.5, 135.7,129.6, 128.6, 128.4,127.2,
126.2,125.6,125.5,80.3,52.7,51.8,49.1,44.5,21.4, 19.1; HRMS: m/z (DART) calcd for C2iH24NOs" (M+H)"
338.1751, found 338.1758 (mixture of diastereomers); FTIR (neat): 2946, 1743, 1706, 1605, 1494, 1458, 1378,
1327,1307,1274,1217, 1172, 1101, 1076, 1034, 1001, 941, 862, 746, 720, 699 cm™ (mixture of diastereomers).
21-trans: '"H NMR: (500 MHz, CDCly): § 7.37-7.12 (m, 9H), 5.51 (dd, J= 5.9 Hz, 10.3 Hz, 1H), 4.56 (d, /=
15.5 Hz, 1H),4.53 (d,J=15.5 Hz, 1H), 3.81 (s, 3H), 2.97 (dd, /= 5.9 Hz, 12.8 Hz, 1H), 2.30 (s, 3H), 1.97 (dd,
J=10.3 Hz, 12.8 Hz, 1H), 1.60 (s, 3H); "C{'H}NMR: (125 MHz, CDCL3): 6 173.1, 162.5, 139.8, 138.6, 135.8,
129.7,128.6,128.3, 1274, 126.3, 125.7, 125.5, 80.3, 52.8,51.9,49.2,45.2,22.3, 19.1.

Synthesis of (Z)-5-(p-tert-Butyl-benzylimino)tetrahydrofuran-4-methyl-ester-4-methyl-2-benzene (34,
entry 3).

4-tert-Butylbenzylamine (14d) (146.9 mg, 3.0 equiv., 0.90 mmol) % FV N T FEBRIEIZHEV S S H 72
LA, 83 mg OIEEATHRY & LT 34 23 57%DULER, dr (cisitrans) = 28:72 DV T AT L A8 NE
THLIL,

34-cis: TLC (SiO»): Ry=0.40 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.39-7.23 (m, 9H), 5.42 (dd, J = 5.9 Hz, 9.6 Hz, 1H), 4.59 (d, J = 15.0 Hz, 1H), 4.50 (d, /= 15.0
Hz, 1H), 3.72 (s, 3H), 2.77 (dd, J=9.6 Hz, 12.8 Hz, 1H), 2.42 (dd, /= 5.9 Hz, 12.8 Hz, 1H), 1.64 (s, 3H), 1.31
(s, 9H); PC{'HINMR: (125 MHz, CDCL): § 172.8 163.7, 148.9, 139.4, 137.5, 128.5, 128.3, 126.9, 125.6,
125.0, 80.3, 52.7, 51.7, 50.6, 44.4, 34.3, 31.4, 21.4; HRMS: m/z (DART) calcd for CosH3NOs" (M+H)"
380.2220, found 380.2226 (mixture of diastereomers); FTIR (neat): 2957, 1744, 1704, 1606, 1514, 1497, 1457,
1434, 1411, 1393, 1378, 1328, 1307, 1270, 1216, 1203, 1171, 1102, 1076, 1038, 1016, 1001, 935, 853, 815,
755,725,699 cm™ (mixture of diastereomers).

34-trans: '"H NMR: (500 MHz, CDCL): § 7.39-7.23 (m, 9H), 5.52 (dd, J= 5.4 Hz, 10.0 Hz, 1H), 4.59 (d, J =
14.6 Hz, 1H), 4.55 (d, /= 14.6 Hz, 1H), 3.80 (s, 3H), 2.98 (dd, /= 5.4 Hz, 12.8 Hz, 1H), 1.96 (dd, /= 10.0 Hz,
12.8 Hz, 1H), 1.59 (s, 3H), 1.31 (s, 9H); "C{'H}NMR: (125 MHz, CDCl;): 6 173.1, 162.6, 149.0, 139.8, 137.6,
128.6, 128.2,127.1, 125.4,125.0, 80.1, 52.8, 51.9, 50.8, 45.2, 34.3, 31.4,22.2.

Synthesis of (Z2)-5-(p-Fluoro-benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (35, entry
4).

-142-



4-Fluorobenzylamine (14f) (112.6 mg, 3.0 equiv., 0.90 mmol) % A T— i EBRIEIENW IS S E2 & 2
A, 65 mg DAY & LT 35 28 64%DINER, dr (cis:trans) = 20:80 DT AT L AR NWETH:
b,

35-cis: TLC (SiO»): Ry=0.28 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 8 7.40-7.25 (m, 7H), 7.01-6.96 (m, 2H), 5.42 (dd, /= 6.4 Hz, 9.6 Hz, 1H), 4.57 (d, J=15.0 Hz, 1H),
447 (d,J=15.0 Hz, 1H), 3.72 (s, 3H), 2.78 (dd, /= 9.6 Hz, 12.8 Hz, 1H), 2.43 (dd, /= 6.4 Hz, 12.8 Hz, 1H),
1.64 (s, 3H); C{'H}NMR: (125 MHz, CDClL): § 172.7, 164.0, 161.5 (d, J = 242.7 Hz), 139.2, 136.2, 128.7
(d,J=17.7Hz), 128.6, 128.4, 125.7, 114.8 (d, J = 21.1 Hz), 80.5, 52.7, 51.8, 50.2, 44.4, 21.4; "°F NMR: (470
MHz, CDCls): 8 —117.0; HRMS: m/z (DART) calcd for CaH2FNOs™ (M+H)™ 342.1500, found 342.1498
(mixture of diastereomers); FTIR (neat): 2952, 1743, 1705, 1603, 1509, 1457, 1434, 1415, 1378, 1328, 1275,
1219, 1172, 1156, 1133, 1105, 1077, 1038, 1015, 1001, 941, 853, 823, 754, 717, 699 cm™ (mixture of
diastereomers).

35-trans: "H NMR: (500 MHz, CDCls): § 7.40~7.25 (m, 7H), 7.01-6.96 (m, 2H), 5.52 (dd, J = 5.4 Hz, 10.3
Hz, 1H), 4.57 (d,J=14.6 Hz, 1H), 4.54 (d, /= 14.6 Hz, 1H), 3.80 (s, 3H), 2.99 (dd, /= 5.4 Hz, 12.8 Hz, 1H),
1.99 (dd, J=10.3 Hz, 12.8 Hz, 1H), 1.59 (s, 3H); “C{'H}NMR: (125 MHz, CDCL): § 173.0, 163.0, 161.5 (d,
J=242.7Hz), 139.6, 136.3, 128.9 (d,/="7.7 Hz), 128.6, 128.3, 125.5, 114.8 (d, /= 21.1 Hz), 80.4, 52.9, 51.9,
50.4,45.1,22.2; YF NMR: (470 MHz, CDCL3): § —117.1.

Synthesis of (£)-5-(p-Chloro-benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (36,
entry 5).

4-Chlorobenzylamine (14g) (127.4 mg, 3.0 equiv., 0.90 mmol) % F\ T SEBRIEIZHE WSO S /72 &
Z A, 74 mg OIEARY) & LT 36 2% 69% DI, dr (cis:trans) = 20:80 DT AT L AJERET
/o,

36-cis: TLC (SiO»): Ry=0.28 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCl): & 7.40-7.24 (m, 9H), 5.42 (dd, J= 5.9 Hz, 9.6 Hz, 1H), 4.57 (d, /= 15.0 Hz, 1H), 4.46 (d, /= 15.0
Hz, 1H), 3.72 (s, 3H), 2.78 (dd, J = 9.6 Hz, 12.8 Hz, 1H), 2.43 (dd, /= 5.9 Hz, 12.8 Hz, 1H), 1.63 (s, 3H);
BC{'H}NMR: (125 MHz, CDCls): § 172.7,164.3,139.2,139.0, 131.8, 128.9, 128.6, 128.4, 128.1, 125.6, 80.6,
52.8,51.8,50.3, 44.3, 21.4; HRMS: m/z (DART) calcd for CoH2CINOs™ (M+H)" 358.1204, found 358.1203
(mixture of diastereomers); FTIR (neat): 2951, 1744, 1705, 1577, 1491, 1457, 1434, 1406, 1378, 1328, 1276,
1216, 1172, 1103, 1039, 1014, 1001, 941, 844, 805, 756, 699 cm™ (mixture of diastereomers).

36-trans: '"H NMR: (500 MHz, CDCls): & 7.40~7.24 (m, 9H), 5.52 (dd, J= 5.9 Hz, 10.3 Hz, 1H), 4.55 (t,J =
15.0 Hz, 2H), 3.80 (s, 3H), 2.98 (dd, /= 5.9 Hz, 12.8 Hz, 1H), 1.99 (dd, J = 10.3 Hz, 12.8 Hz, 1H), 1.59 (s,
3H); "C{'H}NMR: (125 MHz, CDCL;): § 172.9, 163.2,139.5, 139.1, 131.9, 128.8, 128.6, 128.4, 128.2, 125.5,
80.4,52.9,51.9,50.4,45.1,22.2.

Synthesis of (£2)-5-(p-Trifluoromethyl-benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene
(37, entry 6).
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4-Trifluoromethylbenzylamine (14h) (157.6 mg, 3.0 equiv., 0.90 mmol) % F\ T —fSEBRIE I ZIEV Ui =
Bl Z A, 35 mg DAY & LT 37 53 30%DINEE, dr (cisitrans) = 26:74 DT AT L A&k
PHETHE LN,

37-trans: TLC (SiO,): R¢ = 0.34 (n-hexane/ethyl acetate = 4:1); 'H NMR: (500 MHz, CDCls): § 7.56 (d, J =
8.2 Hz, 2H), 7.46 (d, J= 8.2 Hz, 2H), 7.41-7.26 (m, SH), 5.53 (dd, /= 5.9 Hz, 10.5 Hz, 1H), 4.64 (t, /= 15.0
Hz, 2H), 3.81 (s, 3H), 3.00 (dd, J = 5.9 Hz, 12.8 Hz, 1H), 2.00 (dd, J = 10.5 Hz, 12.8 Hz, 1H), 1.61 (s, 3H);
BC{'H}NMR: (125 MHz, CDCL;): § 172.9, 163.5, 144.7,139.4, 128.7, 128 4, 127.6, 125.5, 125.0, 123.0, 80.5,
52.9, 52.0, 50.7, 45.1, 22.2. (one carbon atom was overlapped.); '’F NMR: (470 MHz, CDCls): § —62.1;
HRMS: m/z (DART) calcd for Co1H2FsNOs™ (M+H)"™ 392.1468, found 392.1472; FTIR (neat): 2945, 1746,
1706, 1619, 1497, 1458, 1435, 1417, 1379, 1325, 1280, 1216, 1166, 1120, 1105, 1066, 1040, 1017, 936, 820,
756,726,699 cm'.

Synthesis of (Z£)-5-(p-Phenyl-benzylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (38,
entry 7).

4-Phenylbenzylamine (14i) (164.9 mg, 3.0 equiv., 0.90 mmol) % FIU N CT— R SEBRIEI eV RIS S B2 & 2
A, 47 mg DGR & LT 38 23 39%DINER, dr (cis:trans) = 26:74 DT T AT L AR NETH:
b,

38-cis: TLC (SiO»): Ry=0.28 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCl3): 6 7.60 (d, /= 7.4 Hz, 2H), 7.54 (d, /= 7.4 Hz, 2H), 7.44-7.26 (m, 10H), 5.43 (dd, /= 6.3 Hz, 9.7 Hz,
1H), 4.66 (d,J=15.4 Hz, 1H), 4.57 (d,J=15.4 Hz, 1H), 3.73 (s, 3H), 2.79 (dd, /=9.7 Hz, 13.1 Hz, 1H), 2.43
(dd, J= 6.3 Hz, 13.1 Hz, 1H), 1.65 (s, 3H); “C{'H}NMR: (125 MHz, CDCl): § 172.7, 164.1, 141.1, 139.7,
139.3, 139.1, 128.6, 128.4, 127.7, 126.9, 126.8, 125.6, 80.5, 52.7, 51.8, 50.7, 44.4, 21.4. (two carbon atoms
were overlapped.); HRMS: m/z (DART) calcd for CosHoeNOs™ (M+H)" 400.1907, found 400.1907 (mixture of
diastereomers); FTIR (neat): 3030, 2951, 1743, 1703, 1601, 1564, 1519, 1488, 1454, 1434, 1408, 1378, 1328,
1306, 1274, 1216, 1171, 1102, 1076, 1039, 1017, 1008, 936, 849, 822, 759, 740, 698 cm™ (mixture of
diastereomers).

38-trans: 'H NMR: (500 MHz, CDCL): & 7.60 (d, J = 7.4 Hz, 2H), 7.54 (d, J = 7.4 Hz, 2H), 7.44-7.26 (m,
10H), 5.54 (dd, J= 6.3 Hz, 10.3 Hz, 1H), 4.64 (t,J = 15.4 Hz, 2H), 3.81 (s, 3H), 2.99 (dd, /= 6.3 Hz, 13.1 Hz,
1H), 1.99 (dd, J = 10.3 Hz, 13.1 Hz, 1H), 1.61 (s, 3H); "C{'H}NMR: (125 MHz, CDCL): § 173.0, 162.9,
141.1, 139.8, 139.7, 139.2, 128.6, 128.3, 127.9, 127.0, 126.9, 125.5, 80.3, 52.8, 51.9, 50.9, 45.1, 22.2. (two

carbon atoms were overlapped.).

Synthesis of (Z)-5-(anilino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (39, entry 8).
aniline (14j) (83.8 mg, 3.0 equiv., 0.90 mmol)Z W T—FERIEIIEV IS S ET2 & 2 A, ROSITE
ITET 39 135 oo Tz,

Synthesis of (Z£)-5-(2,2-Diphenyl-ethylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (40,
entry 9).
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2,2-Diphenylethylamine (14Kk) (177.6 mg, 3.0 equiv., 0.90 mmol) % F\ N CT—fRSEERIEI CIEW B S T2
LA, 84 mg DAY & LT 40 25 68%DINZE, dr (cis:trans) = 23:77 D7 A7 L A3 Mk
THLIL,

40-cis: TLC (SiO»): Ry=0.18 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 6 7.44-7.16 (m, 15H), 5.15 (dd, J= 5.9 Hz, 9.6 Hz, 1H), 4.34 (t,J=7.7 Hz, 1H), 4.12-3.95 (m, 2H),
3.51(s,3H),2.62 (dd,J=9.6 Hz, 12.8 Hz, 1H),2.23 (dd,J= 5.9 Hz, 12.8 Hz, 1H), 1.38 (s, 3H); "C{'H}NMR:
(125 MHz, CDCl3): 6 172.5,163.3, 143.4, 143.3,139.3, 128.6, 128.4, 128.3, 128.2, 128.1, 128.0, 126.0, 125.9,
80.2, 52.6, 52.3, 51.9, 51.6, 44.1, 21.2. (one carbon atom was overlapped); HRMS: m/z (DART) calcd for
CoHosNO;™ (M+H)™ 414.2064, found 414.2069 (mixture of diastereomers); FTIR (neat): 3061, 3028, 2935,
1743,1707, 1600, 1534, 1494, 1451, 1434, 1377, 1327, 1306, 1273, 1217, 1172, 1104, 1076, 1051, 1031, 1001,
987,941,913, 852, 754, 743, 726, 698 cm™ (mixture of diastereomers).

40-trans: '"H NMR: (500 MHz, CDCls): § 7.44-7.16 (m, 15H), 5.38 (dd, /= 5.9 Hz, 10.5 Hz, 1H), 4.40 (t,J =
8.2 Hz, 1H), 4.12-3.95 (m, 2H), 3.64 (s, 3H), 2.85 (dd, /= 5.9 Hz, 13.2 Hz, 1H), 1.75 (dd, /= 10.5 Hz, 13.2
Hz, 1H), 1.38 (s, 3H); "C{'H}NMR: (125 MHz, CDCly): § 172.8, 162.0, 143.7, 143.3, 139.7, 128.6, 128.5,
128.4, 128.2, 128.1, 128.0, 126.0, 125.6, 80.2, 52.7, 52.4, 51.9, 51.6, 44.8, 22.3 (one carbon atom was
overlapped).

Synthesis of (£)-5-(2-Thiophene-methylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (41,
entry 10).

2-thiophenemethylamine (141) (101.9 mg, 3.0 equiv., 0.90 mmol) % F\ N CT—fRSEERIEI IEV RO S T2
L2 A, 21 mg OEEEGRRY) & LT a1 23 21%DIEE, dr(cis:trans) > 5:95 DT A7 LA B RET
Boii,

41-trans: TLC (SiO,): Re = 0.21 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500
MHz, CDCl): § 7.40-7.30 (m, 5H), 7.18-7.16 (m, 1H), 6.95-6.90 (m, 2H), 5.54 (dd, /= 5.4 Hz, 10.0 Hz, 1H),
4.82(d,J=15.0 Hz, 1H), 4.71 (d, J=15.0 Hz, 1H), 3.80 (s, 3H), 2.98 (dd, /= 5.4 Hz, 12.8 Hz, 1H), 1.99 (dd,
J=10.0Hz, 12.8 Hz, 1H), 1.59 (s, 3H); "C{'H}NMR: (125 MHz, CDCL): 6 172.8, 163.4, 144.0, 139.5, 128.6,
128.3, 126.4, 125.5, 123.9, 123.7, 80.6, 52.9, 52.0, 46.6, 45.1, 22.1; HRMS: m/z (DART) calcd for
CisH20NO;S™ (M+H)" 330.1158, found 330.1154 (mixture of diastereomers); FTIR (neat): 2995, 2952, 1743,
1704, 1456, 1366, 1322, 1276, 1216, 1134, 1105, 1034, 935, 853, 824, 757, 743, 698 cm™ (mixture of

diastereomers).

Synthesis of (£)-5-(2-Phenyl-ethylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (42, entry
11).

2-Phenylethylamine (14m) (109.1 mg, 3.0 equiv., 0.90 mmol) % FV N C— R FEBRIEIIEVW G S T- & 2
A, 61 mg DAY & LT 42 28 60%DINER, dr (cis:trans) = 24:76 DT T AT L A B WETH:
b,

42-cis: TLC (SiO»): R¢=0.17 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCl): 6 7.40-7.14 (m, 10H), 5.23 (dd, J= 5.9 Hz, 10.0 Hz, 1H), 3.72 (s, 3H), 3.71-3.56 (m, 2H), 2.69 (dd,
J=10.0 Hz, 12.8 Hz, 1H), 2.37 (dd,J=5.9 Hz, 12.8 Hz, 1H), 1.53 (s, 3H); "C{'H}NMR: (125 MHz, CDCl;):
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0 172.7,163.3, 140.6, 139.4, 128.7, 128.3, 128.2, 128.0, 125.7, 125.4, 80.1, 52.7, 51.6, 49.0, 44 .2, 36.8, 21.5;
HRMS: m/z (DART) calcd for CoiHasNO;™ (M+H)"™ 338.1751, found 338.1756 (mixture of diastereomers);
FTIR (neat): 3028, 2941, 1743, 1705, 1603, 1496, 1454, 1378, 1274, 1216, 1172, 1103, 1077, 1027, 1001, 940,
854,753,727, 699 cm™ (mixture of diastereomers).

42-trans: "HNMR: (500 MHz, CDCls): 8 7.40~7.14 (m, 10H), 5.40 (dd, /= 5.9 Hz, 10.3 Hz, 1H), 3.79 (s, 3H),
3.71-3.56 (m, 2H), 2.93 (dd, J = 5.9 Hz, 132 Hz, 1H), 1.85 (dd, J = 10.3 Hz, 13.2 Hz, 1H), 1.53 (s, 3H);
BC{'H}NMR: (125 MHz, CDCL): § 173.0, 162.2, 140.6, 139.9, 129.0, 128.6, 128.0, 125.8, 125.6, 125.4, 80.0,
52.9,51.7,49.2,45.1, 36.9, 22.3.

Synthesis of (Z2)-5-(1-Butylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (43, entry 12).
1-Butylamine (14n) (65.8 mg, 3.0 equiv., 0.90 mmol)Z W TR FEBRIEIIEVW IS S ET2 L 2 A, 42
mg OIEEJHRY) & LT 43 5 49%DILEE, dr (cis:trans) = 24:76 DV T AT L AR TH LI,
43-cis: TLC (SiO»): Ry=0.34 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCl): 6 7.41-7.33 (m, 5H), 5.37 (dd, /= 5.9 Hz, 9.6 Hz, 1H), 3.72 (s, 3H), 3.41-3.25 (m, 2H), 2.76 (dd, J =
9.6 Hz, 12.8 Hz, 1H), 2.38 (dd, /= 5.9 Hz, 12.8 Hz, 1H), 1.64-1.50 (m, 2H), 1.59 (s, 3H), 1.37-1.30 (m, 2H),
0.94-0.89 (m, 3H); "C{'H}NMR: (125 MHz, CDCL): § 172.9, 162.6, 139.6, 128.6, 128.3, 125.7, 80.0, 52.7,
51.6,47.2,44.4,32.5,21.4,204, 13.9; HRMS: m/z (DART) calcd for Ci7H4NOs" (M+H)" 290.1751, found
290.1750 (mixture of diastereomers); FTIR (neat): 2955, 2933, 2871, 1744, 1707, 1497, 1457, 1377, 1275,
1215, 1173,1098, 1077, 1030, 1001, 937, 755, 699 cm™ (mixture of diastereomers).

43-trans: '"H NMR: (500 MHz, CDCL): § 7.41-7.33 (m, 5H), 5.46 (dd, J= 5.9 Hz, 9.6 Hz, 1H), 3.80 (s, 3H),
3.41-3.25 (m, 2H), 2.96 (dd, /= 5.9 Hz, 13.2 Hz, 1H), 1.93 (dd, /= 9.6 Hz, 13.2 Hz, 1H), 1.64-1.50 (m, 2H),
1.55 (s, 3H), 1.37-1.30 (m, 2H), 0.94-0.89 (m, 3H); “C{'H}NMR: (125 MHz, CDCL): § 173.1, 161.6, 140.0,
128.6, 128.2,125.4,79.8, 52.8,51.6,47.3,45.1, 32.6, 22.3, 20.5, 13.9.

Synthesis of (Z2)-5-(1-Butylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (44, entry 13).
tert-Butylamine (140) (65.8 mg, 3.0 equiv., 0.90 mmol)Z VT —fREBRIEIZIEN G S /T2 & 2 A,
68 mg DAY & LT 44 23 19%DULR, dr (cis:trans) = 34:66 DY T AT L AERETHE LI
7o

44-cis: TLC (SiO»): R¢=0.53 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500 MHz,
CDCls): 8 7.41-7.31 (m, SH), 5.36 (dd, /= 5.9 Hz, 10.0 Hz, 1H), 3.69 (s, 3H), 2.64 (dd, /= 10.0 Hz, 12.8 Hz,
1H), 2.32 (dd,J=5.9 Hz, 12.8 Hz, 1H), 1.49 (s, 3H), 1.26 (s, 9H); "C{'H}NMR: (125 MHz, CDCL): § 173.2,
159.3, 140.2, 128.5, 128.1, 125.5, 80.2, 77.2, 53.4, 52.6, 44.1, 29.7, 21.4; HRMS: m/z (DART) calcd for
C17H24NO5;™ (M+H)" 290.1751, found 290.1747 (mixture of diastereomers); FTIR (neat): 2952, 2874, 1744,
1709, 1497, 1457, 1434, 1377, 1360, 1305, 1271, 1239, 1219, 1169, 1122, 1093, 1073, 1042, 1022, 1001, 977,
947,912, 878, 858, 751, 732, 699 cm™ (mixture of diastereomers).

44-trans: '"H NMR: (500 MHz, CDCL): § 7.41-7.31 (m, 5H), 5.44 (dd, J= 5.4 Hz, 10.5 Hz, 1H), 3.78 (s, 3H),
2.85 (dd, J = 5.4 Hz, 13.2 Hz, 1H), 1.85 (dd, J = 10.5 Hz, 13.2 Hz, 1H), 1.54 (s, 3H), 1.29 (s, 9H);
BC{'H}NMR: (125 MHz, CDCls): § 173.7, 158.4, 140.6, 128.6, 128.0, 125.4,79.9,77.2,53.4,52.5,45.2,29.7,
22.5.
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Synthesis of (Z2)-5-(1-Butylimino)tetrahydrofuran-4-methylester-4-methyl-2-benzene (45, entry 14, 15).

DL-1-Phenylethylamine (DL-14p) (109.1 mg, 3.0 equiv., 0.90 mmol) % I\ C—f%SEERIEI ZHE W IG S
7oL 2 A 71 mg OGRS & LT 45 23 70%DULER, dr=37:39:12:12 DT AT L AR T
HBoii,

D-1-Phenylethylamine (D-14p) (109.1 mg, 3.0 equiv., 0.90 mmol) % F\ N CT—fRSEERIEI CIEW B S T2
&2 A, 63 mg DEGTRIRYIE LT 45 28 62%DILER, dr =44:34:11:11 O T AT L AR TS5
b,

45-A major: TLC (SiO): Re= 0.40 (n-hexane/ethyl acetate = 4:1) (mixture of diastereomers); 'H NMR: (500
MHz, CDClz): 8 7.40-7.08 (m, 10H), 5.42 (dd, J = 5.9 Hz, 10.0 Hz, 1H), 4.94 (q, J = 6.8 Hz, 1H), 3.73, (s,
3H),2.96 (dd, J=5.9 Hz, 12.8 Hz, 1H), 1.97 (dd, /= 10.0 Hz, 12.8 Hz, 1H), 1.60 (s, 3H), 1.47 (d, /= 6.8 Hz,
3H); "C{'H}NMR: (125 MHz, CDCL): § 173.1, 161.0, 146.1, 140.1, 128.6, 128.1, 127.9, 126.4, 126.3, 125 4,
80.0, 55.1, 52.6, 51.7, 45.0, 24.2, 22.4; HRMS: m/z (DART) calcd for C21H4NOs™ (M+H)" 338.1751, found
338.1751 (mixture of diastereomers); FTIR (neat): 3062, 3030, 2973, 1744, 1703, 1603, 1493, 1452, 1377,
1326, 1307, 1271, 1213, 1172, 1118, 1089, 1074, 1025, 1001, 946, 912, 860, 756, 730, 699 cm™ (mixture of
diastereomers).

45-B major: '"H NMR: (500 MHz, CDCl;): § 7.40-7.08 (m, 10H), 5.47 (dd, J= 5.4 Hz, 10.0 Hz, 1H), 4.99 (q,
J=6.8 Hz, 1H), 3.82, (s, 3H), 2.89 (dd, /= 5.4 Hz, 12.8 Hz, 1H), 1.85 (dd, /= 10.0 Hz, 12.8 Hz, 1H), 1.56 (s,
3H), 1.43 (d, J = 6.8 H, 3H); "C{'H}NMR: (125 MHz, CDCL): & 173.3, 161.1, 146.8, 140.0, 128.5, 128.2,
127.9,126.3, 126.1, 125.3, 80.0, 55.6, 52.8, 51.8, 45.5, 24.4, 22.0.

45-C minor: "H NMR: (500 MHz, CDCls): § 7.40~7.08 (m, 10H), 5.38 (dd, J = 6.4 Hz, 9.6 Hz, 1H), 4.93 (q,
J=6.8 Hz, 1H), 3.67, (s, 3H), 2.78 (dd, J=9.6 Hz, 12.8 Hz, 1H), 2.38 (dd, /= 6.4 Hz, 12.8 Hz, 1H), 1.57 (s,
3H), 1.42 (d, J = 6.8 Hz, 3H); “C{'H}NMR: (125 MHz, CDCl;): § 173.1, 161.8, 146.3, 139.6, 128.6, 128.5,
128.0, 126.3, 126.1, 125.4, 80.0, 55.3, 52.7, 51.6, 44.3, 24.4, 21.3.

45-D minor: 'H NMR: (500 MHz, CDCls): § 7.40-7.08 (m, 10H), 5.32 (dd, J= 5.9 Hz, 9.6 Hz, 1H), 4.88 (q,
J=6.8 Hz, 1H), 3.73, (s, 3H), 2.64 (dd, /= 9.6 Hz, 12.3 Hz, 1H), 2.38 (dd, /= 5.9 Hz, 12.3 Hz, 1H), 1.63 (s,
3H), 1.41 (d, J = 6.8 Hz, 3H); “C{'H}NMR: (125 MHz, CDCl;): § 172.7, 162.2, 146.4, 139.7, 128.5, 128.3,
128.0, 126.1, 126.0, 125.6, 80.2, 55.3, 52.5, 51.6, 44.5, 24.3, 21 4.
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%5 TH : Table 18 |23 % F8x

—WRFEERE  |IE T, N Ly 7 ARBRE (16.5em x 1.5cm) (23 7R (1.0 equiv, 0.30 mmol) &
Na,COs (15.9 mg, 50 mol%, 0.15 mmol), 3 A Moleculae sieves (100 mg) % dry ‘BuOH (3 mL) H' CiEA&
L72%%. & DRI IZ benzylamine (14a) (96.4 mg, 3.0 equiv, 0.90 mmol), styrene (1a) (62.5 mg, 2.0
equiv, 0.60 mmol), dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30 mmol)DJAZ CiRIE 2 SN
LTco ZOROSEK A 3 BIERMA LT, ROCRwEZ 7 )V T A TEM LTz, ORISR
ZHOEIT O ORRRST T | ZEIE T 20 FFERER L7z, SO RINEE Y Z T A s N U o
LIKEAIR (10 mL) P4 L. CHoCL (10 mL) T3 [EHhit L=, B on-FiE 2408 CRfie
WARKTHS LIZOG, ifg~ 7320 L Tigl, I8 T o7, £0%, il A /SR L—Z—T
IR U=, MU AR ) & NEBEHEYVE (TMS) 2 IV 'TH NMR I X D IR BN YT A
T LA ERE LT,

entry 1: L Z I, —REBRIEITIEN UG SE72 & 2 ARINFETET 15 130G 6o T,

entry 2: 7 /L IARANLTHEOE L, —MRIFRIEIIEVSIL ST & ZARISITIEE A EEITET 15
3 5% DR TR DI E -7,

entry 3: 7 1 /UHHEAI & L C 2,6-di-tert-butyl-p-cresol: BHT (66.1 mg, 1.0 equiv, 0.30 mmol) % #sA11 L
T FRIEIENIS S BT & 2 A, ONTETE T 15 135 6o Tz,

entry 4: L, ®f%#> ¥ |Z N-iodosuccinimide (67.5 mg, 1.0 equiv, 0.3 mmol) % = 7 H#Ji L L THY, ik
FERIEHENBUS SHETZE 2 A, 1578 56%DULER, dr (cis:trans) = 29:71 DT AT L AR T
ARk LT,

entry 5: I, Of%4> Y |Z N-iodosuccinimide (67.5 mg, 1.0 equiv, 0.3 mmol) % 3 73&J & L CTHY, Tb
SRAVTEDE U T ERIEIIE OIS S H 2 & 2 A, KONTETET 15 1356 o7,
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%5 _JH : Scheme 44 |29 % 56

Scheme 44,eq. 1 : =i T, /XA L v 7 ZAERE (16.5cm x 1.5 cm) (Z I (76 mg, 1.0 equiv, 0.30 mmol)
& NayCOs (15.9 mg, 50 mol%, 0.15 mmol), 3 A Moleculae sieves (100 mg) % dry ‘BuOH (3 mL) &
B L%, £ ORISEHWIZ benzylamine (14a) (96.4 mg, 3.0 equiv, 0.90 mmol), 1-cyclopropyl-1-
phenylethylene (86.4 mg, 2.0 equiv, 0.60 mmol), dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30
mmol) DJEFE TRIEAZ N LT, ORISR Z 3 [FIHAENAR Lo, SR asad 7 V=TT AT
B LT, EDORISHEIRZ BT 6 O T, =EIR T 20 ReffliHE L7z, 1557 RONES
ZRIFIF AL T N Y U LK (10mL) THEE L, CHCL (10 mL) T3 [mEHHH L7, H&bh
AE 250 CTRMEEK TG LT-Ob, filg~ 7330 LTl JEla T -7, £ D14,
iR Z =R L —2 —TCRIERE Lz, AR EZ S VTN T Ty ahTnra~v M7
774 IR VKRS 5 & 34%DIGET Ta MBI,

Scheme 44,eq.2 : =i, /XA L v 7 ZARERE (16.5cm x 1.5 cm) (Z I (76 mg, 1.0 equiv, 0.30 mmol)
& NayCOs (15.9 mg, 50 mol%, 0.15 mmol), 3 A Moleculae sieves (100 mg) % dry ‘BuOH (3 mL) 1 &
B L%, £ ORISEHWIZ benzylamine (14a) (96.4 mg, 3.0 equiv, 0.90 mmol), 1-cyclopropyl-1-
phenylethylene (86.4 mg, 2.0 equiv, 0.60 mmol), dimethyl 2-methylmalonate (2a) (43.8 mg, 1.0 equiv, 0.30
mmol) DJEFE TRIEAZ N LT, ORISR E 3 FIHAENAR Lo, RS Rasa 7 V=2 TTAT
B L CT VAR A VI LTtk =8I C 20 Refiask Lz, 15 07 SR E Y & fafn T A it
i) b U o LKERIE (10 mL) TPe# L. CH,CL (10 mL) T3 [mifiH L7z, Soni-atEsEb
W THRIMEHE K TG LIcOb, Wilfg~ 7> 7 LTl I8RA T o7, £ 0%, I8k AZ =/ SR
L— & —TRIEEE LTz, BOSIEIZE A EEITET, 7Ta LR -T2, —J . l-cyclopropyl-1-
phenylethylene % 98% DI CTlalY & 17z,
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%5 TH : Table 19 |23 % 58

—RFERRE  |IE T, N Ly 7 ARBRE (16.5 em x 1.5 cm) {2 I (76 mg, 1.0 equiv, 0.30 mmol) &
Na,COs (15.9 mg, 50 mol%, 0.15 mmol). 3 A Moleculae sieves (100 mg) % dry ‘BuOH (3 mL) H' CIEA&
L72%%. & DRI IZ benzylamine (14a) (96.4 mg, 3.0 equiv, 0.90 mmol), styrene (1a) (62.5 mg, 2.0
equiv, 0.60 mmol), Methyl 2-methyl-3-oxo0-3-[(phenylmethyl)amino |propanoate (2a-MA) (66.4 mg, 1.0 equiv,
0.30 mmol) DNEFE TEASEZ U L7z, Z DN A 3 BIHGRAR L7 1%, SROnBama 7 /VvA 97
ATEB LT, TORISEHEZ SO 6 OJERET T, IR T 20 Rl L7, SN 7pOsiR
BT AR b U v LK (10mL) THE L. CHCL (10 mL) T3 [EHiH L7Z, 55
N ATHEE 2 & oY TR EHK THf L72D b, Filg~ 732 7 LA THIE, Rz 772, 0
%, TR & =/ NN L — 2 —CllER & Uz, AR ) & NEEEYE (TMS) 2 IV THNMR (2 &
D FTEE DR 15 DIERR BNC YT AT LA AR L,

entry 1: benzylamine % ¥RNIMET —fRSFEBRIEIZHEV SR S /T2 & 2 A 15 08 50%DUR, dr (cis:trans)
=50:50 DY T AT LUATRPRIE TR BT,

entry 2: benzylamine Z 51 L, —MEEBRIEIZHEWVEIL S T2 & 2 A, 15 23 23%DUEE, dr (cis:trans)
=50:50 DY T AT LUATRPRUE TR BT,

entry 3: benzylamine Z ¥R, ik & LT Na,CO; D14 ¥ (Z NaOH (12 mg, 1.0 equiv, 0.30 mmol)
AV, —REBRIEICIEWEIS S BT & 2 A 15 28 46%DINER, dr (cisitrans) = 50:50 DY T AT L
FEPETE LN,

%5 _JH : Scheme 46 |29 % 55k

Scheme 46, 15—3aa : i T, /31 L v 7 A3RERE (16.5 cm x 1.5 cm) |Z iminolactone 15 (38.8 mg,
1.0 equiv, 0.12 mmol)Z THF (1 mL) FCIRA L7-#%. £ DORISEHIZ AcCOH (04 M)ZIRIML, —it
B LT DN OSBRI 2 T SR L — 2 — CIRUER 2 L, HAERM D NS
EEEVE(TMS)Z W THNMR IC K WINEREZFH L2 & 2 A, IZXEEMIC 3aa ICEH S LT,

Scheme 46, 3aa—15 : =R, /31 L v 7 ZAGERE (16.5 cm x 1.5 cm) (T lactone 3aa (70.3 mg, 1.0
equiv, 0.30 mmol)% dry BuOH 3 mL) H GG L7214, Z DISNANRIZ AcOH (0.1 M) & benzylamine
(14a) (96.4 mg, 3.0 equiv, 0.90 mmol) Z¥RINL . =R T 8 KEfifEH: L7z, B OISR DA
R 2 = SR L — 2 — PR & U, FZER ) O PNEREEER B (TMS) 2 VY TH NMR 12XV
IWREBRH L2 Z A, RONMTIEEAEEITET, 15135607 o7,
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%5 TH : Table 20 (283 % 58

—fEFERRE =BT, S Ly 7 2R (16.5cm x 1.5cm) | lactone 3aa (70.3 mg, 1.0 equiv, 0.30
mmol) & 3 A Moleculae sieves (100 mg) % dry BuOH (3mL) T CIRA L7-1%. T DSUSIANEIC additive
(1.0 equiv, 0.30 mmol) & benzylamine (14a) (32.1 mg, 1.0 equiv, 0.30 mmol) Z ¥ L. AT 5 DF]
BOEHRES T, =0T 20 BFHEHE LT, 55N RUSNREM OB 2 =/ R L — 2 — TlE R
F U1z, MR HNEEUEYE (TMS) & IV TH NMR (2 L 0 IRA R Lz,

entry 1: additive & LT L, (76.2 mg, 1.0 equiv, 0.30 mmol) Z#sI1 L, —ixFEBRIEIZHEV IS S BT2 & 2
A, 151355007 3aa 23 61%[AI X7z,

entry 2: additive Z IS, —FEBRIEIHENBUS SETZE 2A, 15131556407 3aa 75 59%[EIY
SN,

entry 3: additive & L C I, (76.2 mg, 1.0 equiv, 0.30 mmol)Z ¥R L. 60 °C {ZHEA L 7= 5o e 328k
EIHENIR S8 2 A, 151355107 3aa 53 70%[A1 X 417=,

entry 4: additive Z NI, 60 °C ML L 7S5 F—MFERIEICIEN IR S BT & 2 A, 151345
5307 3aa Y 55%[EIN X7z,

entry 5: additive & LC AcOH (18 mg, 1.0 equiv, 0.30 mmol)Z ¥ L, —fxSEERIEIZHEVEIEL S/ 7
&2 A 15135 5T 3aa 73 34%[RI S 41, 3aa-amide 73 27%4EK L7,

entry 6: additive & L"C NH4C1(16.1 mg, 1.0 equiv, 0.30 mmol)Z #SHI L, —fXSEERIEIZHEWV L S/ 7
LA, 151355107 3aa 73 24%[0IIX 41, 3aa-amide 73 24%4K L7=,

entry 7: additive & L C oxalic acid (27 mg, 1.0 equiv, 0.30 mmol)Z ¥ L. —MRFEBRIEIZHEV s &1
7L 2 A, 151355107 3aa 1 4%[EIX S 41, 3aa-amide 75 21%42K L7z,

entry 8: additive & L C H3PO4 (29.4 mg, 1.0 equiv, 0.30 mmol) ¥ L, — M SEERIEIZHEW UG S/ 72
LA, 151355107 3aa 73 44%[0I <41, 3aa-amide 73 21%45K L72,
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