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Abbreviations

Ac

ag.

Ar

Bn

bp.

br

Bu

Bz

°C

ca.

cat.
c-Hex
cm
conc.
4-DMAP
DMF
DMPU
DMSO

Equiv.

Et

EPR
ESR
EWG
FAB-MS

hv

Hex
HMPA
HOMO
HPLC

min

acetyl

agueous

aryl

benzyl

boiling point

broadened (spectral)

butyl

benzoyl

degree Celsius

circa

catalytic amount

cyclohexyl

centimeter(s)

concentrated

4-(N,N’ -dimethylamino)pyridine
N,N’ -dimethylformamide

N,N’ -dimethylpropyleneurea
dimethylsulfoxide

enantiomeric excess

equivalent

ethyl

electron paramagnetic resonance
electron spin resonance
electron withdrawing group
fast aom  bonbardment
spectrometry

Fourier transform

gram(s)

hour(s)

photo-irradiation

hexyl

hexamethyl phosphoramide
highest occupied molecular orbital
high-performance liquid
chromatography

hertz

IS0

infrared spectrometry

coupling constant (in NMR)

kilo

liter(s)

lowest unoccupied molecular orbital
micro

meter(s), milli, multiplet (spectral)
moles per liter

methyl

minute(s)

mass

MM?2
mol
mp.

NMR
nOe
PM3
ppm

quant.
quint

sext

TBAF
TBDMS
tert
temp.
T
THF
™S

TLC

tr
uv
Uv-VvIS

VS

Molecular Mechanics 2
mole(s)

melting point

nano

normal

nuclear magnetic resonance
nuclear Overhauser effect
phenyl

Parametric Method 3

parts per million (in NMR)
propyl

quartet (spectral)
guantitative

quintet (spectral)

alkyl

room temperature
second(s), singlet (spectral)
saturated

saturated calomel electrode
septet (spectral)

sextet (spectral)

silyl group

stannyl group

triplet (spectral)

tertiary
tetrabutylammonium fluoride
tert-butyldimethylsilyl
tertiary

temperature

triflate

tetrahydrofuran
trimethylsilyl, tetramethylsilane (in
NMR)

thin layer chromatography
retention time (in chromatography)
ultraviolet
ultraviolet-visible

volt(s)

versus
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EFROG Z AT S5 T, K45 LB LTI N5,

AR ER S —BORASIE TR, O L TR LY —2 525 2 LIk ]G
EHEITS YD, ZOBS TS TR X — (Bl X—) 1L, FHoWdE, [Alis, K
THNF—L LTINS, RORAEHHIEORBEAOEIcHNbND, ZORE, e
DR ER SIS HEITT 5, BEVWHIRIETZ RV —2 5252 LD, D T2EEE
PEELTLEW, BICARLEREEZFF O Ik LTIFIHT 2 2 LiETcE Ry, &6
12, B R EEEEMETH L b RETH D,

—J7, JiE RESORVEEE” THY | SRR E O RE WEISEALIZ S L TH AR F
Bl igd, HOSTHEH, DL TRV —2 525 2 LIk Osz T s
Do ZOBX, BFMEFLTANFT— Oz F—) [T, EFemOT R F =R~ L)
HEEs (BEBSED) ZLICXVBRINSH, TORREFRIREIREZ EKT 5, 16> T,
FIIRBE TRIS DN EIT T 2 BUS ST B BRSO EIT T 5 TRetE D H %, £ 95 L
HEFNNF TSSO ON DA F L F— L) bREICRE AR LD THE, &bIT,
AHALED TIAFHET D EREDZ ITTOEREAFAOWIEEZ AL T, £DDH
FEBREDHZMESED ZENFETH DL, BRRANZFAX—2WINT D720, 5+
EREEE LT 5 Z L3 BWICARERME LR OO FIF L TOEMT 5 Z &87]
RETH D, £z, HFFHIZENT R F—RENORISHEITT 52 LhE, 4BROLX O
BHDDPPTALEM DGR EITHRA S, BRFECKDICRLEREBIBRISH D X D12
PO PNPRIEE 25 Z &b, o, SMBORME GRE - 72 L) ITRFETLZ LR
SHBOREATD ZENHRETH D,

PLED X DT, ORI E L TE T R XF—Th D NI SUSHIE & v 9 S CRIED A
CHDGEDRHD DD, AN RWVENTZFIREZG L TEBY ., AEEROTIEE LTI S
ICHENIR RS E E 2D, 2T, BEIZZONKISICHER L, FEA RIS ORREEZITE
) EEZ T,

HEJEIE, HLSPHLHOLN TS TH DY, HEWINT S Z LI XD EREhEIRRE &
TRo Tl ., RV vy 7 e A% —[X (Jablonski diagram) T/ S35k & 7R iR iR
BCEREHRIREE (S) ~& RS (Figurel) 4

VA7 BT d B 2%, 500 nm DY & [E U R L — (~250 kImol) & 1%D 45 1125 2 5 7= 912 1. 9 6000 °C
HOBNUILL 725,
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2)IC VR 3) ISC—

/
/
v=3 ~
V=
Vel hv
v=0 S 0

Figure 1 Jablonski diagram

— I EHIEOE - FEIREE (S) DIRBIERIN 0 DIRETH D S° L7425 £ TOERH
FVX—H (vibration relaxation: VR) &, ZUICHK LT D 3 DD RIEIWBIEN H D,

1) #6 (hve) ORHIZ X0 FEIREEDIRENEN S v OFIEFNRETH D S & 72
D, VRIZX VBV RHERIRRE L 72 D,

2) SO0 ' ~DRI— AL EERM THAZFE (interna conversion: IC) D%, VR
(2R D BRHRRRE & 72 D,

3) SO B ZHIEDOE I IRIEORENHEN AS v OIRIETH D T ~DOFRMIZHE (B
72D A L EERTOARZE, intersystem crossing: 1ISC) O, VRIZXK Y T, TDO
BN HRIREE & 72 B, £ LTHBE (hvp) ORISR, ISCIZE D S9~EBAT L TEL
HEHRREE & 72 5,

ISR LA EDIREE (S, T1 72 E) THEUSHET L, ZDORIEIZE G L TW D56
WE (o,m,n) EREAMIE (6,n) ZHVWTEFEBRENEHRSIND (o0 2 )
ZORE, BFAEOREEIZE > C—EIELE ZHEANH Y, R ZHIERED 23— HIA
KL bREHEMTHD,

ANKR= LB, AV 7 ¢ U, BEFRIEAEIE, — BSOSV DY OkER
ona 7 AT Fk ) T o7 E) O 2R OJCOFEBPNIZIR K A A L (Table
1) | BEICEEEL SELZENRAETH DL, 07D, ZNHDONEFRIS & K < i
FENTNDS,
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Table 1 Various absorption wavelength of organic molecules.

Substrate

max (NM)

Type of transition

1,3,5-hexatriene

A
acetone {
[

methylvinylketone

acetophenone {

ca. 150
188
271
253
263
274
213
320
240
278
319

TC—)TC*
n—ooc
nom
T
TC—>TC*
TC—>TC*
TC—>TC*
nom
TC—)TC*
TC—>TC*

\

n—mn

RO E K OB

@) hv
R)LR' 3
KFG| &P ERIS
R
AL OGE L O IIER L RO
hv
I+ >
AV OGS FS K OUEAL S
\=\ hv .
T WEE WSS
X
< "
+ Y »
B BEIG
hv D" + A
D + A > or
D + A




KIS EFIA LR E K E~DIEABHESh g (1 —4) 8

a) [2+2FMBRALSOS ORI - [2+2( BSOS 2R L72ARFEHI & L T longifolene X°

sativene DA H 5 (1) %4

R h OR /(/(
\% -
C@Q > CQQ M, (+)-longifolene
O
o o .
N

(+)-sativene

b) A ZAMBRALEUS « N BB & DA Z A INBR{EEUES (meta photocycloaddition)
ZFIH L7z o-cedrene DAREHIIL. KIS OA AR LTS (2) &

2 $/0Me 2 steps

(£)-a-cedrene
OMe 2

OMe
/

C) E&MA%AK HISEEEAMEEMDOERIZHAEHATHY . XA =1
K FES| & k& SO & 5 BRI %2 F) L 7= dodecahedrane & il A3 ¥ S
Twé(ﬁS)%

db=dd— @ -

dodecahedrane
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d) RSB DL« BASDO B2 UT-38 12 P 22% T isocomene 735 H 4315 D
WZxF L, K[2+21 s E AWSD Z & T 7 BefE 34%, e A Z sk o= Hws Z & T
5 B[ 34% T isocomene 23 H M THE Y . USRS OEMENTRETH S (4) e

_ CHO OH
OSiMe; )

a = a:& — D\

22% yield in 12 steps

&, =l

34% yield in 7 steps

Br _—
-8

34% yield in 5 steps

hv
)

(4)

hv
)

F7-. RIS EFIHT 5 &9 AT, DNA GIFESSC DNA O 7 /L3 AL E R & v o 7=
EHA~DISHRL, 74 h a3 v 75 7B nsEMB~DISHARET NS (X5, 6) .

O
o 0 hy 0
- . N NH O O (5)
PH Ph P S ¢ AL /KT/L
Ph N” NN Ph
N NA

TBDMS NH;
o
OTBDMS
CN
NCNC CN
420 nm NC CN
CN _ 7 cN (6)
A or 436 nm N\_//
S S S S

" T hruy st lid, BB MNRRDBINA Y R LE RO 2 D O(LEROM AL ZE L
THWMBIZEBNT, PR ED T ODOBWREPNICE > THEbINDBE (T4 Fr7urIXL) ZEZITHT
ThH D,
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DX ITHIONTIAEEREL LTERAR LD THY . T OBFITH LA ETIE
ORI E LTHFICEETH D, T2 TEHIT, UFITERE 2007 7 —FI2 X288
YRS DRSS ICE Y #Hie = Ll L7 (Schemel) .

[Well Known Substrate] hv

+ e [New Type of Photochemical Substrate
[ Functionalization]

Y

New Type of Photochemical Reaction

4

hv

[New Material

| Photochemical Features

Scheme 1

1) BERONSGHEICERERZEAT L 2 LI 0 LW SO B 285 L, Bk /s
TS & a9 %,

2) FHMEZ 5 & UTHRAOLRIS T 5, ZOGEFRME 2 O 72042k,
BHLOEIR E 722D 1203 . WO WEOIALFRIFHEIZIER L, EDO X5 s a @IS 5
MEE L WX D,

F9. MBS Y AT A& RAWZBISREL LT, xRSO P TEEIL, IR =
NEDFERIEZOWTHEER LTz, AR VEITEBLAEY T i b — RIS T 5 B RER
THY, :@ﬁ»f:wﬁ%ﬂ%Lk%ﬁﬁiﬁ@f%%f%ékwiéoﬁwﬁ:w%ﬁ

1MOO0ET & 1 HOnE 2RO EF R (n) EORERSH, 3HEBEOWINH %
HT 5., ZDH5H201% i”“ﬁ’*ﬁﬁfﬂji et = b [ <P g IN 150 nm {3 (n—>n B) & 190 nm £+ (o
EB) D, £ LT3HFHOWILEIE, 270-300 nm DI ERICH 5, =D 3FH DK
INEIZ AN R =V EOIEEHE TH Hr BLE~D n BT O SNT-ER (non EBR) [2H
KLTEBY, TOEDENRELIEFITNSRLDTHD (emax <30) o LOLARBS, —
RIS AW NI EIT 200 nm LA ETH S Z Enn, BVR = Vo b iT i
2D non BRAEAWERIETH D,

T VR = VB O W FSIEIEF N IRFICHIZE S L TE Y S LUFISR Lz 4 SORSERITK
BT HZENTED,

1) o-BAEIE

2)  HOFRKFESIEHRERIS
3) I TPKEG E R E RS
4)  [2+2 IR EEOS
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1)1 IR = VO TORRNETT L TE T U ANAERT D K)ETH Y | Norrish

typel Rt e LTaBN DY, —fRICKHEPPERIRY b B W TER S, BIKT b o

ZIXEBIZa) HMCOWCED2HLWE T I AR, b) R, ) BMEEIS &M
’éﬁ‘f% (Scheme?2) .

O

recombination ¢
T

n

a) second a-cleavage e o
)
o o r

¢ § } / b) internal
a-cleavage ; ; : C

dlspropotlonatlon ),U:

c) rearrangement oo ROH
> @O > O

n n

Scheme 2

2) 1. FhED ARV EIC L AT A a—AR0T 2 b DN FRIAKES X & RIETH
DR TR a— L EDRISICEY EF a—an, TI L EDOKSICE VB ILERGELN D,
Ko7 v EORBITE BRI CEITLTEY . IV A 4otk CRISRETT 5
(7. 8),

o OH hv | oH OH 5 HO OHPh
+ + E—— h—'—'— 7
Ph)J\Ph Ph)\Ph Ph)O\Ph Ph)O\Ph PhPh @
- - hv <o = e - O )
>C=0 + _CHNH— »| C-O “CHNH—|—> >C-OH * ;C—H— (8)

3) 1%, 2) OHTFRMTH Y B Brioy-hr (L5471 DKEG X E G & Fics &
%6 7 7 AT —va URISIE, Norrishtypell (e LTEbNLM ZoBRe, 5lxik
PIVDHKFEE AT 6 BEREBREZR TRICHEIT LT <. 2071 Oy-RLOKZ NG| &
KNIV, FNAZREKRERIETELTZET VhLiE, a) Ak, b) BILRE
7ol EE T (Scheme 3) . ZOBRILKISIZCE AV 7 a7 # 7 — )VAERRITRRC Yang K& &
N Y OFBRD D> TWD OIS TIIEROM L4 BEROGHKIEL LTEET
b5, FloiT, y-PLLSDIKFEZE B & RO TERALBOL N EIT T A 008 HE s (X9, 1
0) . BHEND X IITAh->TWNDY®, HFNKRES & HEERSIEI VR =V EOHALFED



HCHRHICEER N E VR D,

a) /OQ +
H h Ph
Y hv ®
O g
R R \
b) a HO
Ph
Scheme 3
[ ]
Q hv OH R OH
R R R
O 0
J Jﬁrph hv (O @Ph <( 0
C - *OH - ~OH (10
O™\ O™\ o— "Ph

4) 1. BhEI VR = E LT 0 BT K D[242] S TH Y | Paternd-Buchi ik &
LCHILND S TH DY, ZORUCHREIIH RN 2 6 D TiE722 <, Scheme 4 1R L2 & 9
RET VAN ERTEITT D, 612, ZORISTIIEASOS LITRR D | WNVR=VRFET
372 VR = NBEFEDRE FINTIRDEE S 72, BUL & I3R e o7 (H0) A sk
Z 9 (photochemica switch) . ZOKIGTH LN AT EX U bDT a7 L ) —)LHE
R, BSOS TIHEAROEELWMEEMTHY | XX GlEL L THEETH D,

O  hv(non)
R R

R" R

) =

@)
R4:LW
R R

Scheme 4

LLED E I NVAR =V EONISTAERER EAHATHY . IR = VT TR
ROEEREFRREE VR D, FHCHNVR= VAL T 0 B A S LTz o,B-REFT S LR
=IULE DI TAE 2 I RSB B 0 Y| HRERETH DL ANV R= VIR LT v

ELTCONIMEE A DERESOLE LT ) VARG A L TWD, £ DRER %
1) R AP

1) KFEBI & SOS®  TFRICBWT AR =V E D NG TR LTy-h Tk FHES|
SHREENEIT LSS, v — A EwWpEesns (X11, 12), zovx)



/rh‘l

H1E

— VISR & 0 AAERMALCA V7 ¢ v & OFINBRALRIE D ETT 5 & il
SNTWD, £, FFHTOKAF SRS OSbMESNLTND

h *or B
/ELO v> /i\OH ﬂ» ﬁo (11)
R R R
OH

2) [2+2FHMBALIOE® © UIRR D 7 A FEEHEARC, BIk= /) v ZB W T R—2 1
O BB EESN TS (K13, 14), F.RIkR= /31T 00 ED[2+42]
FEMBALSRIC W TR, B~ OFH 9o SUSHERE M Ic oW CREMA R 23 72 &

ncTtngd (X15)
?\/\>:{K/\ (13)

and/or

0 h
Ph/\)']\/\ —V> y):¢::
% @

(15)

5*9% " 4.

3) ?&ﬂﬁif Btk ATk U CTHE A O BV EOGE A HE ST (N1 6 —1
8) 2, iz 6 BT/ Ik 5 B LSIE, "lumiketone rearrangement” & I
h\XTU4Fﬁ%T®ﬁEﬁ@ﬁ@ﬁéﬂT%5(ﬁ19\20)““0

2
)& . — RIU Rl_RB//COOR (16)
0
_— @ —_ —_— @( (17)
R
R R R R R




(18)

(19)

(20)

ZDIENMTH T VT — 7 EXREANZ XA T 2 v ED—EBFBEI L7 &bl
L TnaA,

PLEZRT T2 L 912, IIVR = AL E oA EaFn 77 )V 7R = WALE W) O S SO 3 FE 5 12 Bl R
<\ 73/1/2%‘:/1/2'%75’%% L72#BDEROG OB ITE 72 b D TH D, £ THAR=/L
AW &0 oo, B- AT VAR = LA L CERERZE AT 5 2 LI X0 DS
DEREEITH) Z L 2E 2, KBIERPA L 7 4 VEEALEZH LWISHEE (1,2) I2o0nWTo
MBS % fast LTz,

o B-FELFI T VAR = AL AN KER R 2N L2 (1) 1%, BaylisHillman KJ&I2 XY
RHITHEATEETH D, HIVR =NV X DK Do b DOKFEG| & 3 E BUSHAETT
HZ RS, SN E T UV ORISIEIE BB,

T Baylis-Hillman reaction

X

10
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o, B-RESFN A NAR=AEEMTH VT ¢ 2B AN LTCHE (2) 1E, Norrishtypell KIS X
5LJI/~W@$&#%ﬁéh NY = OBETFERAIEOETRHR SN D, ZDK
JSITEBOKIEZ —FIITB 2 T2 THY . ZEREO KL% #HEEH (tandem,
domino) #2795 &) M THBBKIENKIETH D,

) M\ Norrish type Il OH | photo-isomerization QH electrocyclization oH
S e—_— = N -~ | S . z |
R R R R

2

TR = AL B ERREAZ B A LAY ORISE LTI, 73 2 7 v LT 45
FEA LTALEWITH T DHBIEDRE SN TWD, ZORICITEHESEEomEm T 2 /&
RT NI NTF AR INR= VIR EFBEIZEZ L, y- uu%;j) B OKFZED| XX ST
v EBmEERLTHNS (H21, 22) B

O O O O )
,C LR hv o+ CH,R
PWﬂ\HLO(C Hy)i— — mr%ngo—CH —N ?
R R . CH2R2 RlRl ( Z)n CH2R2
21
R CH.R? (21)
PHO N—\
- 5 (CHZ)n
ROrO—’
O
n=24
— O

PLERLIZE DI, BBRICHNVR = NMMEEMICEREZEATLHZ L IR =
@&Ti%ﬁf%@wﬁm#@ TTHZENWEINTEBY ., af-REMD VR = AL EY
DB HEFEE A IS < HBE IS OBR B S 5,

11



1=

— 5., ERIGERETT M E L LTERIX, Ny 7 I RAFZ—TF7—1 2 (Ce) IZ1E

HL7, 79—V BIET T 774 b, XA YEL FCRSKERBZERTHY . REOKRT

B EINT-HDTOHhTENWZ D, 19 8 542 Kroto, Curl, Smalley (Z X 0 37 3 7= Ceo

1%, 19 9 04T Krétschmer O A RIEAS T L CLAK™S, Z O THEEINCHIZEN 72 S
TWBES, 2O REEIZOWTIU TO L IcE v bNn5 (Table2) 7,

Table 2 Property of Cg.

nF=E 720.66

NFEE PE=+@ER(,), BEE ~ 7A
6-6iEIR THC-CH#EE 1.391A
5-6#EIE TOC-CHES 1.455A

= > 700 °C

3C NMRRRS KL 8 = 143.27 ppm (CgDy)

TROMRURRA RS ML 527.1, 570.3, 1182.4, 1428.5 cm™!
AIRENZRT L 211, 227, 256, 328, 390, 403, 492, 540, 568,
590, 598, 620 nm

AF e RToOwIL 7.61 +0.02 eV
EBFHMA 2.65 +0.02 eV
EITEAL -0.98, -1.37, -1.87, -2.35, -2.85, -3.26 \VV vs Fc/Fc*

Coo [ FECIE N KT D BRI 72 2 EVEIC R L CUABZFERIZITEE T H U Coo KT E~DE
R ZHME SN TWVD, TNDHIFUTOXIIIIHET L ENTE D,

1) MRS
a) KIEHI L DU - Grignard EER Y F 7 KFIE L OHIIRIS A S TS (R
2 3) AHIRISIC £ 0 AR LTs Coo 7 = A1, FFHE JAUF AL O BB (1,2-
fr) ORFELEOBEMPKRE P | ZOM@ETOT R R ALIRIRINETT 5,

C60 + LiBUt _— >

12



Yaraxd

H1E

b) SUBNEDOK PR T raxT T Ul EOMINKEERYOE S RAIES,
R LT Coo T UHNARILEDH 7V v 70 LB BAVKE P 70 B3RS ShuTu
%5 (K24, 25),

C60 + ° OBut (24)

C60 + C2F5| or CZFSiO-O\n/CzFS
O

c) Y FuN Mt g e AT AR BNy a AR
WEINTWD, ZORIIDWTIZE AFIHEIZ OW T HAFES N TE Y, ATHEZR
8 DDONLE FMARD 5 b 7 FEADAL & MR D AN HER S TWD (26) .

CO,Et

CO.Et [ NaH

7 isomers

d) RETFH L ORUE? : |EBIEZH D bODO, FEFICHRIETHD (K2 7)

H-Ar
Ceo > Ceo(H-Ar), (27)
AlCI,

2) B ES
a) [2+1%: IRV Y L OMIBLRISAEES TS (K2 8)

(28)

13
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b) [242] ¥ RUY A U FRFEBFEERALT 4 (TEFLY) L OMINBERIG
DHE SN TWD, BT A T v & D242 S ERMIE., & HITKOMEE & UGS L
TEDHDOEBICAER R AT L7 2 RERREA~NEERT LI ENRTE S (2 9,
3 O) 35d,f .

cw + ) ——— ﬁg; i @9)

AR | N
e | RO

T H,O

Me hy ﬁas Ve (30)
+ > O’é"l]
NEt, L e

v Oz
— -
9 Me j.& o

—Q - . __ Me
K8 | =

Ceo

c) [243] ¥ DTV AZ LR NI AF LU ALY (TMM) 7 L L ORISR #E ST
Wh, VT AL EDRIETIHE, AINISHELT LTtk BRI L - TG TR
NH7e 57 Coihfk (fulleroid”, methanofullerene) 234:p%3 % (X3 1) .

ﬂi
(=
N

fulleroid

(31)

methanofullerene

i 75— Lokt L OB TRIERTETENED S22 “HBET 7 —1 07 % fulleroid & 5 2,
14
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d) [2+4]%°% : Kk % 72 Dids-Alder SUSRHE SN TN D, TOE Celd Pk LT
TR, Bly=sfkEeELTERTS (X3 2) .

ZDIENIT BICEUE Bt H ARG P, BBEEE L ORISR ERHE S TWD,
—J7. XEHWTZ Co DEREIAITHREFNI D720 E DD, FEFITEBRZEN |

Coo |3 EES — ATHLAEII I R 22 I & A LT 0™ (Table2) | Z D7 R U5
(LR 7S DU TR 2 7R BB 2 B JE R 7 STV %2, CoolX NN %521 F 5 & —
HIRAED Coo ('Coo) 720 . THRMICHKMLA (ISC) & Z¥ 2 & TEHIKAED Co
(’Ceo) BfFDND, Z 0D *Coold—HIHIEF (TOp) ZBFMITERT 2 Z LAHE ST
5%, Fiz, Coo DTN F—F M %L Ut Coo DIALFEMIER I DV T2 22 FIEIC K Y
BRER 72 STV 2™, ZORER. LLTF O X 9 2 b B 2 ST b (Scheme
5 . 'Ceo DHEMIIHFITHNZ LS K TIZBT D Coo DSURITEI *Coo 03B G- LT
AT D,

hv ISC

Ceo - 'Cg > %Ceo
Ereq VS SCE =-0.42V 15~ 1.3ns ®~1.0 (vt = 50-100 ps)
Es = ca. 46 kcal/mol Et = ca. 38 kcal/mol

Ejeq VS SCE = 1.14 V

Scheme 5

Z DIALFHIEE 2R LT Ceo ~DIALFHIE REEAL 24T 9 BSIT, EH 1L Coo DB ILE
(AN ELERBEIC LR TRIBICHAR LTV 2 L IZHEH Lz, Z OEICENIL, Foote HIC k&
DHRESNTZHLDOTHY | WHIFZFNZBLEMPBEMOFE~ D7 I HIZ LD 3Coo D1
FREOWEEISOREICL VRO TND M, T, Co &Fix OILE LI k5L
HFTO—EBITBHRICHERINTNAS, ZoZ Lnn, EEREICB VT Cyp & DOKEIG
BT LARWEISAITYH, AT 52 L1080 Cot “VEHbEN”  GRICEMMABEKR
L) RIGEEITSEL ZENAHETHS L EZ 5N~ (Schemeb) |

hv L Intersystem Crossing .
Ceo > “Ceo > “Ceqo
Ereq Vs SCE =-0.42 V EredVs SCE~1.14 V
% Nu Nu
Y
?
Scheme 6
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LEDZ it EFITHHMWE CTHD Coo Z HWTZHINIT LD, RFE —IRBEADAE

RICHES BRI L., W 2 b Fr R F BRIt (carbo-functionalization) (22

WTHRETTA2Z LI LT, BT A0 LT U B IR RREAR, &IV s
2 FIN T AN 3 L OB LB lZ DWW T - 72,

Si Nucleophile

hv Sn Nucleophile

7\

\/
w
@)
3
Y

FW2ETIE, 7Nha— LEREZEANLZap- M A NLVE=MILEMTH D
Baylis-Hillman 22kt 2 SR IC W TR L= fE Bic > TiliRs (8 3) ., 2o
BE RN ST R BB RS HSES DSOS IS DWW TRET L2/ R IO W T HibE Tk~
50

H o

OH
=1 == O O
[ ] B
OH (34
o1,

HABTETIE, CoZ WIS E LT, UL« ZXRKEAI & O ISIZHOWTHE L
TRERICOWTHRS (K35) . £/, TORSEECONTHRE LRI W THR
7,

OSi

hv
C60 + OR > Ceo'adduct (35)

/\/SH
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FORETIL, Ceo & ¥V & DS FIZHIT % DielsAlder FUGZELY &1F, £ D RUGHE
HEIZOWTHE LI RIZHOWTR~S (K3 6) .

(36)

F5 6 FETIX, AWFIEDORCR AL L7z,

Pk, 177—=1v28BXQap-Rafh iR = AbEW OB OBRMIE) & BT
HAMFGEL, EL DB RISHERNI LN TWD B IR =V, FifimEchr 77—
(Coo) (ZHKIF DI DWTHRFT L, A OFBDERIL 2 R E LR 2R~ DT
H D,

VL FARRIZE DR R A 4 F\ 20T TR D,
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% 2% BaylisHillman 454 D YEROG « Bl bk 58 # 2S Bas i

2—1 I

feam Cib X7z X 912, AR = VERITERILED IR S —EICHFTE L, AEEKIZHEW

TR CEERERETHD, FOHINAR=VEONALFRIZEEN I LI IChT-> T, &
SMMBFHICHIZES N TE L 209 b, o - AR VR = MEAWIT AL SIS B
THANRENIEL AL T (W) 20D BREEOKISHE 2 AR S, FERICHEENZ,
Z Do, BT VIR = AL AT S HIALFER R EM 2 2 LI k0, Fe e b
JERRNEND EMFF LT, &2 TEHIT, ap-REEFI VR = ALk 5 E 7 b
FAERGTE & LT BaylisHillman BUSZEY &1 5 Z & 12 L7z, BaylisHillman st ido,B-1~fid
MANKR= G ET VT v RICX D RE - IRFEMBEERIETH Y . o,B-REFI T LR
=LA OREE R R LI FEF Dol Rr X AF LA B TE AT 5 Z LA
AHETH D (Schemel) 3, ZORISICE Y, 7L a— LN &2 R0, B- 81 B LR =LAk
BMDEDI AR TH D,

0 0 Baylis-Hillman reaction O OH

Scheme 1

HNR= NI E TV a— v E OISR, VR = VR X Qo,B-AREafn i VR = v kA
MONIETH LS HONTIED 1D TH D, KEEIEDa-NDOIKFE Z ik S iviz VR
ZOVENT DA NVEINIE &R T E R D BT a— LD ERSCo,B-REAFI I LR = UALA W)
T BRI S TS (K1, 2) 4

0 OH hv OH OH HO OH
+ > + — A R
Nﬂmr WiR N%%r R7&R ArR €y
a
o)
R
* HO—CH, hv . .
R’ n
= OH
(1°,29) R @
0 o)

hv
+ YH >
(Y = OMe etc.) Y
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CORNEB LI RIS THY . WL LTHOL LR TS T b a— b KEEF
T Z L THITT B, EEDRFT BT TN FFRICR AL E WD BN =V EE BT
VML WAL FAIEEZR” BREEZE AL T\ 5, fit> T, Z® Baylis-Hillman £k
(Scheme 1, A) DYEALZFRIZEENILL T O 805 BRZE S | FB SIS0 EI T 5 alREME & koD
TWbEWz 5 (Scheme2)

Bl HELSIEHREII<WEBLNS (B-ALo) EHERKFEE (OFEO
e & [FRRID) Bl &< ZENTATRETH D22

B, KB ERERISICEI VAL TV MFA L T o o HEL TS T
DT IVNTIHINELTEDIIITIRDES »?

IS, RN T NN 2OFETHZ N EDL 7 (1N, o1
MWE&D) AR ER 3T 00?2

o OH 2 OH OH
' » » 7
Riﬂﬁ? R%W%?
Scheme 2

2B, BN DKBBEINIGE LTR-T /7 FAZBWTC, —EFBEIXIGZ T X
JELHESNTWD, LLIOHA., —HI7UhAF o xtzikBd 57 0KEBED &
DHEITLRoT W EEZ 5B

O NR, hv O INR, ~H*  OH NR,

»

Ph/u\) ph).\) > ph).\).

Aal%EE NV S Baylis-Hillman Z4£5k#) (Scheme 1, A) T, sl& s E#Hifrsh s
KFFT VAT a—DT VNAKHE (Hp) (Scheme 2) TH Y. CHpff&IX5HD 5N T
WHEEZLNDLDOD, TOBALENMIZT I 2D EEL ZOREOT I VOO L
T HYE L COBBNIHIR TE 20, o T, KFESI &K E UG BAEBHEITT 2 O BRZE
AN

DR LEEE SN RO DL AEDORICB W TR OKRE ZHE SN RESNATND S, Lirl, — i
SACFHNITIEF I DD NS TH B,

o ] HO HO
; NG
510 0 (Eio
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2 — 2 [Baylis-Hillman A DAL FRIZEE) — 1,4- 2 T )V IR = AL G~ DB K 22 i
i1 T, Baylis-Hillman £ DWW T O IERISIZ DWW TR L, F ORI S -5
BRSSO SOSHEREIZ DWW TELET D,

2—3 77 VBRAEMADRER] TiE, 2 -2 CRWESNIEBEMREIGEZFRIA LT
7 VBRARE R LRI OV TR 5,
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2 — 2 Baylis-Hillman &£ Db F12EE)  —1,4-2 1 VR = VLG~ D FFEBES

2 —2—1 Baylis-Hillman ¥ o Y &

AFNE=NT BN AT LT E REVELNS BaylisHillman £ (1a) & v
TS ZBF L %, UGS L Uit B D OKFEI Rk ERISZ I Z S0 X
INTRFEREGIR L 22 DGR B2 v, ERE (001 M) THEEARSITIS OLRKN %2
1To700 ZORBRERDITIFE AL ERD NPT BN E LI 14T VR = LB

(2a) MHPENE 3% TR LN (KX3) .

O OH hv o
Ph benzene
6h O
la 2a
53%

F T, ZOBKEHREISOEMEAEZ TS -0 c DT LT b RE X Do, B- R
T IVIR = ALE D HFREL L 72 Baylis-Hillman Ik L ORRSZBat Lz, R4
Tablel (2”7,

O OH hv _ 0 , 0O 0
R!)YKRZ benzene RMR * RMRZ
1 2 3

Table 1 Photoreaction of Baylis-Hillman compounds ( 1).

Entry Substrate 1 R? R? Time (h) Yield of 2 (%)? Yield of 3 (%)
1 la Me Ph 6 53 0
2 1b p-MeOPh 41 (43) 0
3 1c p-MePh 55 (57) 0
4 1d p-ClPh 66 (82) 0
5 le p-CF3Ph 34 (41) 0
6 1f p-NO,Ph trace 0
7 19 Ph Ph 53 trace
8 1h Me 4 62 8
9 1i Et 2 50 26
10 1] MeO  Ph decomp.

@Value in parenthesis is based on recovery of 1.

95 AT L AT CHARY D) "HNMR T, 2a LIEFITOT DO — 7 BERENEDHThoT-,
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FOtZ, TLC ETHEERERLRT 20, TOEOEAPHERINRL 0D I L& BRI
%%%ﬁibko%®@% FE A EDRIZEBWTEIERM 11X & A L7 EREBEISD
WATT 5 2 LR SN, B L U CTE Tt 50 (entries 2,3) B X OVE TS|
7 (entry5) DEHL L 74k~ 7‘£7’)~—/I/ﬁé'?° MeECEt L W o /=T L VA WD Z &
NTED T ENbaoTz, KR 112V Ti. Norrish type | SR A = LIS DAL EICKE
DIFAEL TV AIZHEED BT, Nornshtypell)iﬁﬁﬂﬂ?l%@%ﬁk%i RSN ZeooT= (K
4) o £, ANR= VI EOBEBILN Ph BEOBRIC, AL T 4 U LERM AR T2
LlZE-oTHEBND EEZLND 13-V VA= VLAY (3) MRS (entries7,8 and
9) (X5) ., laBLV1hicx LT 14 HAR = ALEWER OB FIRORPE 21T - 1=
LIABEKZEOLTHST,

H
Q Norrish type Il OH e @
P OH B > P TOH
0O OH

=hr7x=/L (PANOy) RZHTLHHE (Uf) Ro,p-FAafI=27/1 (1)) ZHWHE
Wi, 14N = ke (2) 1XIFEAEE LN o7 (entries6and 10) , = DJFRA
E L THDRIRINI I NVAR =NV EFHE L TN Z ERFEIT LD, TAT LD LR
JLHEIE 200-240 nm (2 n—n BRI ENFEE L. @EASIT NS THHOWE TIE= AT /LD
TNV =)V EEETHE T DIIIAT S Th L B2 b5, £72 PANO &I, EH B A7 330
nm AFTICRINEE LTEY &7 O AR= LD n—r ik E Th 5 310-330 nm & JE
FWAZITUVMLEICRIN Z G925 2 £ 1278 D, 512, PANO DWW A8 ema 1 125 &, S b
R NVHEOBRIARHTHH~30 LV b RERETH D, ZD, SEKEI T Uf 1 THL
R=LHD n—n TiE7Ze < PANO, O A BhRENICHIE ST L E, £ OFE RS2 i
WCEL IpombDEEZLND,

H
hay = 310-330 nm OH QQ
Emax=21 O MeO Ph
< Apax = 330 nm f

€max — 125 Kmax = 200'240 nm
1f 1

W BIERRDITIZE A CHERENRVICHEDL L, INENEERD S EEM LTV AR, ZOHEBIZHONT
I, BIEDO L Z AR TH D, ZOFRKEEHT L7280, CDs OISR L7225, *H NMR 0B ARk
MO —7NETHY., BIEWTIZE AL EHERIN N7,
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LL B3R ~7= X5 (2, Baylis-Hillman 425 O S IREHT K > CTHIBLO IR BB B2 SOS A3 T
L. L4V HNR=ULERDFOND Z &2 RNTE LTz, LAY ANV R= AL EMOEIE
L BTSN TEYS, 27T VBT I VR, Eo— LR EOAKICHAESNT

Bk D CEERMEAM TH B,
R(er

R = Cm \gg

2 —2—2 'BEREHORRE L O oS

2—2— 1IZBWTHIHBKREBRNSZ LW LD THD, BN EDOME THA
ST IPZONWTORAIFRELNR o7, £Z T, AL 7 4 v RICEBEZEAN LT
BIZOWTHER L G ERaTT 22 oLz AV 7 4 v RICEBEAZEATSH Z & T,
FUT 4 UEMER L TV DORBLEEBIL L, EOMBEICA VT 4 ORBVEANIILD DD
HOMNMZRD LB T,

I ™ w
H (6)
benzene Ph

-
~
\/
@)

h 7h
4a )
20%
H Ph > H
)Tk benzene P ()
Ph 4h O
4b 5
31%
O OH h 0
g e P Y
P =
benzene
Et 6h Et O
6 7

20% (26% based on recovery of 6)

EfFL L L CPhiE (4a,4b) BLOEtH (6) OIS EEZAKR L. XIS EITo T2, %
DOFERIEIT E L RRRICER AR AR - L2 14 VR = bE5 (5, 7) 35617 (K6 .
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7. 8) ML L LRSS, AL T g v BICEES R VA SITRARY | FETERVE
KRR BT,

EH SN D HHZEBROKRUIZONTIE, BUFO X 9 ZBIRREWVEER 21572, 77, 4a & 4b
R AR (5) &5 27, (o T, REBERIGIZE VT 4a & 4b TIEHILHEDO, S0
W2 PUTSOSIEE OKIRIE &L DN = VBRI SR REZ R THET LTV D LB X
e (K6, 7). £, AT 4 v EOBRIEORIIC LY AW EIT 5 BE#RE DN
ENFERY [ TR LTI 2 DOFREBROREDFAEST D 2 L nbiproiz (6, 8) .

HAA) USEE T ORI NR=NVIEOBAIIA LT 4 > EOERENEAsRD (X6)

O OH 0 3
2 2
LT - iy

=& o}
BAB) RGHEETO I NR= N IEDa-NITH LT ¢ v LOBEBIENEA SIS (X7, 8)
O OH 0
R R? > RMRZ
RS R® O

I, & BICAEHEIRSE ORISR BT 5 720100 < SO BB EAT > 72

FI. ARBREBRSUE D TS 0 T RIS E R T 5 1o DR TR E T T2, X
JSIE L & 1d Z AW T T2 72, T ORER, By TIICHEITT 5 2 LI X 01565 46 (2d,
2i) OIAPWHERIIL. 3 TICEIT T2 LI EOND EEZ LD AR (2k-n)
[T THNMR B2 B SN2 -T2 (K9) o ZDZ D, AEREWSGI 551N
BT RISTEITLTWD Z ERHLNE 2o T,

V HEEIZOWTIE, TH NMR OSCERE M & ollilz, BT AT E Ko7 e hrOF by PARIEICENT,
Bz g 5 AF b LA T LT a b O =7 B D 2 En bR LTz,

Flo, GOV THHBIEEREFT L2, & LTE ZORMLDSHEER S, 1,42 B0V R = UL EWIT iR
e o Tz,

O OH hy
H Ph — > E, Zisomerization
benzene
Et 6h
6!
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Q oH O OH hv 0 <9
. Et
)m ' PH)YEI benzene ] ’ PM ©)
o ah el 0
1d 1i 2d 2i
1 : 1 45% 28%
o 0
+ PNEI + 1i
3i
13% 53%

e} o 0 Cl -
Et t
PM )J\/\n/ Pw
o} o} o) C o
2k 2| 2m 2n

O, KEBRENINVERZNVEENEZBLL TS Z D, KBREERH#ET DI LITLY
ELICHMANEOND LD EEZ BN, &2 CKEEIEZR#E L2 S HE 3 2 Y66
EHRT A2 LUz, Ri#EELE LT TBDMS BB LN Me a2 v, EbicALr 7 4 vk
ICERAFE A E N LT RE IOV THRFET LTz,

O

H t
0O OSIMGZBU hv 5 OSiMezBut TBAF _ 0 h
PP H
PW benzene (Quant) p (10)
Ph 5h Ph 0]
8a 9a (single isomer) 5
29% (48% based on recovery of 8a)
O
O OMe hv b OMe
Ph)kf (11)
benzene
Ph 6h Ph
8a' 9a’
59% (diastereomer ratio 69 : 31)
0O OMe hv 0 O OMe OMe
OMe + ~ + & Ph 12
H)K(kph benzene  H Ph\Ph H o MH\ (12)
Ph 4h Ph P
8b 10 11 12
12% 6% 62%
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\V)
il

Et benzene Et

6 h
13a 14a 15a

25% 26%
o V| HCI / MeOH (quant.)

Py

O OMe h O OMe
A%
P”ﬁ\[% _ Phjtrﬁ\fOMe . ij\f% (13)
E

Et O
7
O OMe
H Ph benzene \ Ph o+ (—2/ ¥ H
Et 6h Et Et ¢]
16 17 18 7
30% 11% 9%

ZORER, KA TR LUIZERERE T HRICEE DA, V7 1 v LOEWRIL) Ph
H (8a,8a) ICBW\W T 7o 08 (9a,9a) OARN. AL 7 12 FOBHIEN Bt i
(16) IZBW\WTiEve Fue7 70 (17) BIXOZEORA X ) —WKTHDH 7T 8 (18)
AR SZ R10, 11, 14) . /o, #EAB ORLUIEERERE T 5 SUSEE O
H. AL T v EOBHEN Ph ik (8b) . Bt (13a) WFIZBWTRy- Rl LR =L
L& & D HEoE 2 H I 2108 (10, 14a) WELNTL A2 Enbhotz (K1 2,
13) ., ZhbDbEWIR#ELTH S TBDMS S Me 44092 & THIRT 2 1,420
IWRZIALE~E BRI ND Z G 9—WT )V R—/VKkh—5, 14da—= /) —/LT=—7 )L
D ME—=T7) | KEBREBSSEDO PRI OWTHEI MR EZ 525D THD EWVWR D,
ZIZIT. Ve R I U (A7) oW TIE, Y7 a7 a8 Scheme 3 108 LA A
BTERLEZLDLEEZLNDYE, o TZOFERIL, 8a, 82 & 1613/ n 7 /N ERE
WO BRI AR TERERNEZ > TVWE Z LM T 580 W2 5, (F7-.
v aTa R BRARICB T T L a— LOR#ERIC LY UT AT LAY — ISR RS
iz, )

1 o hv 1 ome 0 OMe ~ OMe ’ OMe
H Y Ph— H)‘\?\Ph—ﬂ"&?\Ph — H{?\Ph—’ \Qph
Et Et Et Et Et
16 17

Scheme 3

Vorma T ua UL Y RR T T VEASOEBOREEMEIZ OV T, Reissig bIiZks ThigmShnTng
12
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o=

DFV | KREBEHSICEBWTHRIOR LEEEBERIZ O TE BT XL 972 2 &0
Lot

FERA) FUSHEBE RO D NVR = VDo A L 7 v FoBEHRIE N EA SN D
—By-REIFI T VR = A E AR LTS S TR R

BAB) RUSHEETO I NVR = VOB A L T 4 v EOBEHBRIENEAS D
—v 7 a U BRNAER LSS P RIE

EHlz, 6, TTORULEKEBIE L LR LVERKFIENTHARNE W) FERA2EET
5He By- AR VR = AL ARy 7 0 T a R U RITEEO PR N LE LN TV D &
ZZ2 oD, LLEDZ L Z2¥H3 4 L Schemed TRENDHBMEN RWZ X5,

2
R R
R® OP i
(@) OP TThsm
2
R')K(kR2 hv ] P°H RMR
the same intermediate > or
P=H
3
hv R R
R R? P°H
3 \/ it o
R 0
OP
RI)K?\RZ
R3
Scheme 4

By-REEFIH LR = fba & v 7 nra v RIInThb, 2 -1 TH/FLEL I I
INIEE DB ANLDKRFZEN G EIRKDPNRTTHB LN, L LRDBL, ZO5EHENIDHK
FIXTVIWKETHY, DOKBIEIZEIY EHIZZD CHEERTHDO LTS EEZ LI
BV 2 2 T OKEL XX BBRICHT MR AEG S -0, mAHEE AW RALEZED
WEEITTY, ZOREE, AR (1N : kalko = 2.4, 25718 : kalkp = 1.8) 23FERE

BRI T RO P A H R AR LA R KBEO SN MO T U LkFED C-H KA D 2 7T
MATRAE=NTED SN TWD Z EMNRENT (Figurel) =,

H
Mew <—— 16.2 kcal/mol
16.0 kcal/mol > i

Figure 1 C-H two center energy (MOPAC Ver. 5, MNDO-PM3).
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SA, ABREBSINB N TR ALOKF D5 & HhE DARIEOHIRBFFIZBIL L T D Z
L3 phrotz (Schemeb) Y,

O OSiMe,BU! O OSiMe,BU! O OSiMe,BU!
H H D
Ph Ph Ph
- ~ J
ki/kp = DIH = 2.4 ky/kp=H/D=1.8
OSiMe,Bu! Q OSiMe,Bu!
Sailites
Ph Ph
H
Scheme 5

LEOFEN NG, LT O X 5 2 G CAREREBEISNEITL TS EE 26N
(Scheme6) .

O

1 1,4 H-abstraction OH OH QH QH
R —> R 2OH R’).\(.kRZ -~ R)D/\R'
R® R °
A B
o ©OH HO YoH
, patha
R R R
R3 R3
C
| path b
Y
0 Y
HO
R
R O R
R3

(R,R) = (RL, R or (R RY
Schem 6

W DKRFEE DAL LRI OBA S &AM DN E B LDMNE VD T &b SRR 2 A 2 72 0
RG22 2560 fFESNnn, EERZ LA C:i’o“fﬁ»ﬂ?:/l/%@[}mu% CHRFEIZ DIbE =Y
FHIER SN e holc, ZOBDO HEE L TCIIEHET OKR ENEZBND,

; t
@ OSBMezBU hy  osiMe,But
P L _ Ph)g?\D
% b
Ph Ph
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FITUNVRNVENEZZ T, 2O VR = VEEZ D 14N TOKEG| E &
NIGRAE T T 2 LIk 0 SR ETUhL (A) BERT S, Z L TA OLIBREERTH
HBICBWTCTUHLRILEREAELAF LY 7a7aX)—)L (C) "MEoNnb, KEekk
FREL TOROVEE, C T Heon ’E‘WK fﬁ%ﬁf%t* L. 14V HAR= U bE W
EHz5b0lEZz N, R#ESATND 21t BZOB (path @) 23 Y By
BRI H LR = AL S, B Lo (path b) i))t\_ DLy m T r SRR S LT X
DEEZEXBID,

Z DRI B W TIIYSARA DIREETOD 7 U H IV OFERHEIT L TH ARERETIZAR V.
FEETIXZE D L5 BRAFDITESN TR, ZOZ LT TO X DT 5 Z & 23 FHE
Th b,

CORGHEET, ABXUBIZYE FeXxv P U AF LU A X2 (OH)-TMM) THD &
W25, TMM [3FE Kekulé BLD 73 Th D . Z OfEIEICE L THEBROFHEIZ L Dk~ 72iF5E
MIRENTVESFTHDHY,

H H

; . Y ¢

TMM

ZOTMM ERIEROIEED &7 VIV BBE 5 G TH 5 Feist = A7 /v O RIEALIUEIC
}Sb\f\ %@}im$%%*%7j)u7:@i 5 L:$&%éﬂfb\5lﬁ vrna>r H/\/f/.ﬂ@ﬁfﬁﬁll i) .
DT IANMEAVLT 4 L ERBLTTYUNT VIV E LTIHEL, b9 DT Vhn
ZZOT INTPANDHDL DFEICK L CEAZT 28IEICFET S (Scheme7,D) . £ L
TT VT OHANORENEER L, F 2R TRENERT D EENTND

CO,Me MeOQQC MeQQC CO,Me
- = N ~
COMe CO,Me CO,Me COMe
Feist's ester D E
Scheme 7

Vil = o I IR LANLTOKRFE|EHREINI LD 77 m /\O\/I;%O)éﬁkb\toh\fﬁipxgosta%ﬂiiOT%{E&%
ENnTN5D

O OPh

a

hv @)
- )\70%
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ZOMEA RS RICHETT 5 L  Scheme8 IR L2k HIc W AkRFEREAICEYV A XD g
BOGNAR LB, BOEELZRA L CHEENERMT D, ZDOF%E.. Scheme6 ® A @
RGN OREA N ER LI ARG o nenolztE2x 65,

R3
J Bond formation

Scheme 8

Fl OB AR, 10, 1 1 TRONEYT AT LAY —HOENZONTH
BT A ENARETH D, BN 77/ SUE (93 938 L NEFDO~ A F— Rk
9a';) DOAEXELEIX HNMR O X v 7V > 7N cisElE (7-13Hz) 73 trans i (4-9 Hz)
IZHEE L T REWVWE W) —RZRMEA NSO L ) IcHiE D (Figure2) |

J=48Hz J=48Hz J=2.4Hz
P z [ . . P z A P z [
OSiMe,Bu ‘ONe e
o /4 0] A O/ \(4
PH "He"3=33Hz P "He"3=33Hz PH J=6.7Hz
J=10.6 Hz J=10.8 Hz J=59Hz
9a 9a’ 9a’;

Figure 2 Coupling constants of cyclopropane product.

ZIT, oEEB ERTEANERT L EEZD L, BANEKRT S WLENERD)
MEE LCE, ATFICR L2 (I & 1) 2MF7ET 5 (Scheme 9) , Z OfE&EICIHVTK
FRILDOIRFEIL i m\V TBDMS DA PhlkE ONIRKEN K E WD | # R THEA N E
% L. TBDMSO & Ph 52 trans Bl E DO EM O AN E LN TEZEEZLND, —H,
RN EE LS RV Me EOLEA 1 288D Z L L REL 72 (2 D72 MeO %& & Ph L3 cis
BEOCAERMLELNTETCLEI» D, VT AT LA ~— (99 /9ai=69:31) MEFL
EHDLEEZXDLILNTED K
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il

path a / \path b

P /,,'. R \\OH Ph/, . “\\\
Ph,, wOH Ph,, «OH
9a, 9a' — Ph\%/H - — H\#H — 9a'i
H OR Ph Ph OR
L [ 1 _
Scheme 9

VLB ~72 5 512, Scheme 6 (27 L 7o RS IC K 0 AV AR ZEHA TGS 2 AUIC B U 7
REeBHICHAT L LN TE D,

2—2—3 ‘BEHEXOEIIZONT

2 — 2 — 2 ITBWTAEEEWEUR D SUSEREIZ OV CREM R IR ET 21T o 72y, £ DR
L7 4 v EOBEBILC L > THEREBROEXNEIT 5 &0 ) BIREOERNE O X
6. 8) , TOREE LT, BEREOGEIICLDIEEREZ ONTZ, £ T, BEHEN
Me B LN cHex D DIZHOWTH IS ZE G L7z, fidf% Table2 127,

O OMe o O OMe 0
PWJ\E) hv”Pﬁl\rﬁ\fOMe4-PwJ\f% +PHJK\Y/OMG
R R R R

13 14 15

Table 2 Effect of the substituent on the olefin.

Entry Substrate R  Yield of 14 (%) Yield of 15 (%) Yield of cyclopropane (%)

1 13b Me 20 31 —
(69 . 31)2

2 13a Et 25 26 —
(56 ; 44)2

3 13c c-Hex 17 28 —
(28 . 72)2

4 8a’ Ph — — 59% (9a' )

8Value in parenthesis is ratio in crude determined by IH NMR analysis.
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ZORER, Ph L RIS SV (A vaue -AGY (Ph) = 2.9 kea/mol, -AG® (c-Hex) = 2.15
kcal/mol) c-Hex J&I23B W\ T H Me J60 Bt D6 L AR OB AL EZ T Z E R 5
Il olz, 2O EnE, BREBOKEXIIS A RRFIC L > TIREDZDOTIE AR EFH
RRFAZ LS THEEINTNDHEZEZX BV, LFOXIIZHBATHZ LN TE 5, Scheme 6
DBIZBWT, RERDEHLIZRE C L CUIHIBLTRBY, MAMIZED LMRIED,
MG NEDBHEHEORTNDEEZDHZENTES (Scheme 100 . LT, RROEMEL -
IRFE CLEWDEMEFTDIREN CLEMAETHILICEVE ReF I AF Lo rnrn
/X —) (Scheme6: C) NG5 TL b, T/VFNHITEFHG5M:, PhRIXEFWREIMETH
D, C EOEMIT RREMHIEICL T8 (Ph) & 13 (R 7/L%/1) TEHEH Scheme 10
DEHITERY | FREBRO R 5HEAE SBEPICHHT 5 Z E B FIEETH 5,

C|)H ?H OH OH
/C2 \\:'C3\ /CZ\ = '
Rsb Y saR RT3 R
Cl® A
Sa 1\R3 R
(a, b) = (+1 _) or (_1 +)
OH OH OH OH OH OH OH OH
~ \./ - S > \./ - —
Ph%s + 5- Ph Ph% + S - Ph
(J @
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Table 3 Photoreaction of methyl ether (19).

. a . . 0 b
Entry Substrate R? R? Time (h) Yield (%) Combined yield (%)

20 21 20 +21
1° 19a  Me Ph 6 34 — 34 (52)
2d 19b p-MeOPh 1 — 29 (85) 29
34 19¢ p-MePh 6 24 17 41 (64)
4¢ 19 p-CF3Ph 6 29 — 29
5 19h Ph Me 1.5 30 (54) — 30

8 Value in parenthesis is based on recovery of 19.

bvalue in parenthesis refers to the combined value with the further transfromed 1,4-dicarbonyl compound (2)
€ 1,4-Dicarbonyl compound (2) was also obtained (2a, 18%; 2c, 23%).

420 was mainly observed in crude *H NMR analysis.

€ Cyclopropane compound (23) was obtained in 33% yield.
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Table 4 Photochemical in situ furan formation of methyl ethers (19).

Entry  Substrate R! R? Yield of 21 (%)
1 19a Me Ph 72
2 19b p-MeOPh 54
3 19c p-MePh 87
4 19d p-CIPh 52
5 19h Ph Me 55

FNTHERILSETRERT7 7 V&R (21) L LTERMZGS Z LT, FECARIC X
DHRREMAD T ENFARETH Y | KEREMREIEH T 7 VBREME VO BLANL AT
b ENbrol,
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Experimental Section.

General:

Melting points (mp.) and boiling points (bp.) were uncorrected. *H NMR and *C NMR
spectra were measured on a Varian EM390 (90 MHz), a Varian GEMINI 300 (300 MHz) and a JEOL
GSX-500 (500 MHz) spectrometers. Chemical shifts (8) of '"H NMR were expressed in parts per
million downfield from tetramethylsilane as an internal standard (6 = 0) or CHCI3 within a solvent (6 =
7.26) or CgHDs within asolvent (6 = 7.16). Multiplicities are indicated as br (broadened), s (singlet),
d (doublet), t (triplet), g (quartet), quint (quintet), sext (sextet), sept (septet), m (multiplet), and
coupling constants (J) are reported (Hz). Chemical shifts (8) of *C NMR were expressed in parts per
million in CDCl3 as an internal standard (6 = 77.1) or CgDg as an internal standard (6 = 128.0).

IR spectra were measured on a JASCO FT/IR-5000 spectrometer.

M ass spectra were measured on a JEOL JMS-AX505H or a JEOL JMS-700.

Optical rotations were measured on a JASCO DIP-370.

The light source used for low-pressure mercury lamp was a Ushio ULO-6DQ (6 W) and the
irradiation was performed through a quartz jacket. The light source used for high-pressure mercury
lamp was a Riko UVL-100P (100 W) and the irradiation was performed through a Pyrex vessel.

Liquid chromatographic analysis (LC) were conducted on a Shimadzu LC-6A instrument
equipped with model SPD 6A spectrometers as an ultra violet light. Peak area were calculated by a
Shimadzu C-R6A as an automatic integrator.

Analytical thin layer chromatography (TLC) were performed on a glass plates pre-coated with
silica gel (Merck Kieselgel 60 Fus4, layer thickness 0.25 mm). Visualization was accomplished by
UV light (254 nm) and anisaldehyde, KMnQO,4, and phosphomolybdic acid. The silice gel for
chromatography were performed on a Silica Gel 60 (70-230 mesh) and a Silica Gel 60N (100-210 [Om)
for neutral condition purchased from Kanto Chemical Co., Inc.

Molecular sieves (MS 4A, activated powder) was purchased from Aldrich Chemical Co., Inc.

All experiments were carried out under nitrogen or argon atmosphere otherwise noted.

Tetrahydrofuran (THF) and diethylether (Et,O) were distilled from sodium benzophenone
ketyl immediately prior to use. Dichloromethane (CH,Cl,), hexane, and acetonitrile (CH3CN) were
freshly distilled over CaH,. Chloroform and ethyl acetate were purchased from Kanto Chemical Co.,
Inc. Benzene and toluene were distilled from sodium benzophenone ketyl under argon atmosphere.
Diethyleher (dehydrate), dichloromethane (dehydrate), hexane (dehydrate) and toluene (dehydrate)
purchased from Kanto Chemical Co., Inc. were also used.
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Experimental Section for Chapter 2.

Prepar ation of Photoreaction Substrates.

3-(Hydroxyphenylmethyl)-3-buten-2-one (1a).
O OH

To a solution of methyl vinyl ketone (0.25 mL, 3.0 mmol) and benzaldehyde (0.3 mL, 3.0
mmol) in THF (3 mL) was added DABCO (36.5 mg, 0.33 mmol) and stirred for 10 days at room
temperature. The reaction mixture was poured into sat. NH4Cl solution and extracted with ethyl
acetate. The organic layer was washed with brine, then dried over MgSO,. The solution was
filtered and concentrated under reduced pressure. The residue was purified by silicagel
chromatography (hexane / ethyl acetate = 8 : 1) to give 3-(hydroxyphenylmethyl)-3-buten-2-one in
41% yield.

'H NMR (300 MHz, CDCl5) 8 2.33 (s, 3H), 3.15 (d, J = 5.1 Hz, 1H), 5.61 (d, J = 5.1 Hz, 1H), 5.98 (s,
1H), 6.19 (s, 1H), 7.26-7.35 (m, 5H).

3C NMR (75 MHz, CDCls) § 26.5, 72.9, 126.7, 126.9, 127.8, 128.6, 141.7, 150.2, 200.6.

IR (neat) 3374, 3034, 1676, 1630, 1493, 1369, 1321, 1193, 1127, 1027, 975, 841, 764, 700 cm™.

3-[Hydr oxy(p-methoxyphenyl)methyl]-3-buten-2-one (1b).

O OH

To a mixture of methyl vinyl ketone (0.41 mL, 4.9 mmol) and p-methoxybenzal dehyde (1.71
mL, 14 mmol) was added DABCO (61 mg, 0.54 mmol) and stirred for 3 days at room temperature.
The reaction mixture was poured into sat. NH4Cl solution and extracted with ethyl acetate. The
organic layer was washed with brine, then dried over MgSO,. The solution was filtered and
concentrated under reduced pressure.  The residue was purified by silica-gel chromatography (hexane
| ethyl acetate = 8 : 1) to give 3-[hydroxy(p-methoxyphenyl)methyl]-3-buten-2-one in 23% yield.
'H NMR (300 MHz, CDCls) & 2.32 (s, 3H), 3.07 (br, 1H), 3.78 (s, 3H), 5.56 (br, 1H), 5.99 (s, 1H),

6.17 (s, 1H), 6.86 (dm, J = 8.8 Hz, 2H), 7.26 (dm, J = 8.8 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 26.6, 55.3, 72.3, 113.8, 126.2, 127.9, 133.8, 150.3, 159.2, 200.3.
IR (neat) 3388, 2914, 1669, 1611, 1589, 1514, 1425, 1369, 1249, 1176, 1035, 975, 833, 797 cm'™.

3-[Hydroxy(p-methylphenyl)methyl]-3-buten-2-one (1c).
OH

ro
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The titled compound was prepared for 9 days in 15% yield according to the procedure as
described for 3-(hydroxyphenylmethyl)-3-buten-2-one in neat condition and directly purified by
silica-gel chromatography.

'H NMR (300 MHz, CDCls) & 2.31 (s, 3H), 2.32 (s, 3H), 3.10 (t(br), J = 5.0 Hz, 1H), 5.57 (d(br), J =
5.0 Hz, 1H), 5.99 (d, J = 0.9 Hz, 1H), 6.17 (s, 1H), 7.13 (d, J = 8.1 Hz, 2H), 7.23 (d, J = 8.1 Hz,
2H).

3C NMR (75 MHz, CDCl3) § 21.1, 26.5, 72.6, 126.4, 126.5, 129.1, 137.4, 138.7, 150.2, 200.3.

IR (neat) 3378, 3006, 1676, 1367, 1180, 1114, 1040, 875, 822 cm™.

3-[(p-Chlor ophenyl)hydr oxymethyl]-3-buten-2-one (1d).
O OH

Cl
The titled compound was prepared for 8 days in 86% yield according to the procedure as
described for 3-(hydroxyphenylmethyl)-3-buten-2-one in 5 N THF solution.
'H NMR (300 MHz, CDCl3) & 2.32 (s, 3H), 3.26 (d, J = 5.0 Hz, 1H), 5.57 (d, J = 5.0 Hz, 1H), 5.98 (s,
1H), 6.19 (s, 1H), 7.37 (s, 4H).
3C NMR (75 MHz, CDCls) § 26.5, 72.2, 126.9, 128.0, 128.6, 133.5, 140.2, 149.7, 200.3.
IR (neat) 3414, 3016, 2904, 1676, 1630, 1597, 1491, 1408, 1367, 1311, 1193, 1127, 1093, 1042, 1015,
975, 830, 723 cm™.

3-[(p-Trifluoromethylphenyl)hydr oxymethyl]-3-buten-2-one (1€).
0

OH

The titled compound was prepared for 1 week in 27% yield according to the procedure as
described for 3-(hydroxyphenylmethyl)-3-buten-2-one in neat condition and directly purified by
silica-gel chromatography.

'H NMR (300 MHz, CDCl3) & 2.35 (s, 3H), 3.37 (br, 1H), 5.64 (d(br), J = 5.1 Hz, 1H), 6.01 (d, J = 0.9
Hz, 1H), 6.23 (s, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H).

3C NMR (75 MHz, CDCls) § 26.2, 71.8, 124.1 (q, Jo.r = 270.5 Hz), 125.2 (q, Je.co.r = 3.7 Hz), 126.8,
127.0, 129.6 (g, Jc.cr = 31.5 HZz), 145.9, 149.6, 200.0.

IR (neat) 3312, 1676, 1622, 1419, 1369, 1325, 1166, 1125, 1069, 959, 837 cm'™.

3

3-[Hydroxy(p-nitr ophenyl)methyl]-3-buten-2-one (1f).
OH

@]
)ﬁ)\@\’\loz

The titled compound was prepared for 10 days in 87% yield according to the procedure as
described for 3-(hydroxyphenylmethyl)-3-buten-2-one in 0.7 N THF solution.
47



o=

'H NMR (300 MHz, CDCl5) & 2.33 (s, 3H), 3.48 (br, 1H), 5.66 (d, J = 5.4 Hz, 1H), 6.05 (s, 1H), 6.25
(s, 1H), 7.52 (dm, J = 8.4 Hz, 2H), 8.14 (dm, J = 9.0 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 26.3, 72.0, 123.6, 127.3 (thresh high), 127.7, 147.3, 149.1, 200.1.

IR (neat) 3396, 3314, 2926, 1669, 1630, 1607, 1520, 1350, 1191, 1110, 1048, 975, 857, 828, 754, 702
cm™.

mp. 76.5-78 °C.

1-Pheyl-2-propen-1-ol.
OH

<R

To asolution of benzaldehyde (0.85 mL, 8.4 mmol) in THF (9 mL) was added 1M solution of
vinyl magnesium bromide in THF (10 mL) at -78 °C. After stirring for 10 min at that temperature,
the reaction mixture was warmed up to O °C and stirred for 1 h. Then the reaction mixture was
poured into sat. NH4Cl solution and extracted with ethyl acetate. The organic layer was washed with
brine, then dried over MgSO.. The solution was filtered and concentrated under reduced pressure.
The residue was purified by silica-gel chromatography (hexane / ethyl acetate = 15 : 1) to give
1-phenyl-2-propen-1-ol in 78% yield.

'H NMR (300 MHz, CDCls) & 2.20 (br, 1H), 5.16 (br, 1H), 5.18 (d, J = 9.9 Hz, 1H), 5.32 (d, J = 17.1
Hz, 1H), 6.03 (ddd, J = 6.0, 9.9, 17.1 Hz, 1H), 7.23-7.37 (m, 5H).

3C NMR (75 MHz, CDCl3) § 75.3, 115.2, 126.5, 127.9, 128.7, 140.4, 142.8.

IR (neat) 3340, 3032, 1493, 1454, 1408, 1249, 1197, 1116, 1025, 990, 928, 835, 762, 700 cm™.

1-Phenylpropenone.
0

<h

To a solution of 1-phenyl-2-propen-1-ol (0.406 g, 3.0 mmol) in benzene (3 mL) was added

DDQ (0.750 g, 3.3 mmol) at room temperature and stirred for 1 day. The solution was filtered and

concentrated under reduced pressure. The residue was purified by flash silica-gel chromatography

(hexane/ ethyl acetate = 20 : 1) to give 1-phenylpropenone in 80% yield.

'H NMR (300 MHz, CDCl3) 8 5.93 (dd, J = 1.5, 10.5 Hz, 1H), 6.44 (dd, J = 1.5, 17.4 Hz, 1H), 7.16
(dd, J=10.5, 17.4 Hz, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.58 (t, J = 7.5 Hz, 1H), 7.95 (d, J = 7.2 Hz,
2H).

3C NMR (75 MHz, CDCl3) § 128.8, 128.9, 130.3, 132.6, 133.2, 137.5, 191.4.

IR (neat) 1673, 1609, 1450, 1406, 1234, 994, 727, 690 cm™.
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2-(Hydr oxyphenylmethyl)-1-phenylpr openon(e) (192).H
The titled compound was prepared for 1 day in 17% yield according to the procedure as
described for 3-(hydroxyphenylmethyl)-3-buten-2-one.
'H NMR (300 MHz, CDCls) & 3.51 (br, 1H), 5.76 (s, 1H), 5.77 (br, 1H), 6.06 (s, 1H), 7.24-7.54 (m,
8H), 7.68 (dm, J = 8.1 Hz, 2H).
3C NMR (75 MHz, CDCl3) ¢ 74.0, 126.59, 126.64, 127.9, 128.4, 128.6, 129.7, 132.8, 137.4, 141.5,
149.1, 198.4.
IR (neat) 3358, 3032, 2898, 1647, 1599, 1578, 1493, 1450, 1400, 1325, 1172, 1048, 843, 741, 700, 658

cm,

2-(1-Hydr oxyethyl)-1-phenylpropenone (1h).
O OH

o

The titled compound was prepared for 2 days in 62% yield according to the procedure as
described for 3-[hydroxy(p-methoxyphenyl)methyl]-3-buten-2-one.

'H NMR (300 MHz, CDCl5) 8 1.45 (d, J = 6.9 Hz, 3H), 2.88 (d, J = 5.7 Hz, 1H), 4.82 (quint, J = 6.2
Hz, 1H), 5.70 (s, 1H), 6.10 (s, 1H), 7.45 (tm, J = 7.5 Hz, 2H), 7.57 (tm, J = 7.2 Hz, 1H), 7.76 (dm,
J=8.1Hz, 2H).

3C NMR (75 MHz, CDCls) § 22.1, 68.0, 125.1, 128.4, 129.6, 132.8, 137.6, 150.4, 198.8.

IR (neat) 3248, 2976, 1624, 1599, 1578, 1450, 1296, 1176, 1110, 1042, 978, 830, 739, 700 cm™.

2-(1-Hydroxypropyl)-1-phenylpropenone (1i).
O OH

SARd

The titled compound was prepared for 3 days in 55% yield according to the procedure as
described for 3-[hydroxy(p-methoxyphenyl)methyl]-3-buten-2-one.

'H NMR (300 MHz, CDCl3) & 1.01 (t, J = 7.8 Hz, 3H), 1.67-1.82 (m, 2H), 2.81 (d, J = 6.9 Hz, 1H),
453 (g, J=6.9 Hz, 1H), 5.72 (s, 1H), 6.08 (s, 1H), 7.46 (tm, J = 8.4 Hz, 2H), 7.58 (tm, J = 7.2 Hz,
1H), 7.78 (dm, J = 8.4 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 10.1, 29.1, 74.0, 126.2, 128.5, 129.8, 132.9, 137.7, 149.4, 199.0.

IR (neat) 3414, 2972, 2938, 1655, 1599, 1578, 1450, 1325, 1176, 1116, 1054, 977, 745, 700 cm™.
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Methyl 2-(Hydroxyphenylmethyl)propenoate (1j).
OH

0
M eo)HH\@

To a solution of ytterbium (ll) trifluoroacetate (62 mg, 0.10 mmol) and
(9-1,1'-bi-2-naphthol (57.6 mg, 0.20 mmol) in CH3CN (0.4 mL) was added benzaldehyde (0.23 mL,
2.3 mmol), methyl acrylate (0.4 mL, 4.4 mmol) and DABCO (0.229 g, 2.0 mmol). After stirring for 8
days, the reaction mixture was poured into sat. NH4Cl solution and extracted with ethyl acetate. The
organic layer was washed with brine, then dried over MgSO,. The solution was filtered and
concentrated under reduced pressure.  The residue was purified by silica-gel chromatography (hexane
/ ethyl acetate = 15 : 1) to give methyl 2-(hydroxyphenylmethyl) propenoate in 94% yield.

'H NMR (300 MHz, CDCl3) & 3.07 (d, J = 5.9 Hz, 1H), 3.72 (s, 3H), 5.56 (d, J = 5.9 Hz, 1H), 5.84 (s,
1H), 6.34 (s, 1H), 7.25-7.40 (m, 5H).

3C NMR (75 MHz, CDCls) § 52.0, 73.3, 126.3, 126.7, 128.0, 128.6, 141.4, 142.1, 167.0.

IR (neat) 3344, 3043, 2956, 1700, 1632, 1493, 1441, 1274, 1197, 1149, 1027, 959, 915, 839, 820, 764,
700 cm™.

Ethyl 2-Benzylidene-3-oxo-3-phenylpropenoate.
0

0
Ph

To a solution of ethyl benzoylacetate (1.74 mL, 10.0 mmol) and benzaldehyde (1.2 mL, 11.8
mmol) in THF (10 mL) was added a few drops of piperidineat 0 °C. After stirring for 1 day at room
temperature, the reaction mixture was poured into sat. NH,4Cl solution and extracted with ethyl acetate.
The organic layer was washed with brine and dried over MgSO,. The mixture was filtered and
concentrated under reduced pressure.  The residue was purified by silica-gel chromatography (hexane
[ ethyl acetate = 25 : 1) to give ethyl 2-benzylidene-3-oxo-3-phenylpropenoate in 86% yield.

'H NMR (300 MHz, CDCl3) & 1.17 (t, J = 7.2 Hz, 3H), 4.22 (g, J = 7.2 Hz, 2H), 7.21-7.58 (m, 9H),
7.94 (m, 1H), 7.96 (s, 1H).

3C NMR (75 MHz, CDCls) & 14.1, 61.6, 128.8, 129.2, 130.3, 130.4, 131.4, 132.9, 133.9, 136.3, 142.6,
165.1, 195.7.

IR (neat) 3064, 2984, 1700, 1669, 1624, 1599, 1497, 1450, 1369, 1232, 1197, 1093, 1017, 951, 882,
849, 814, 760, 690 cm'™.

mp. 94-96 °C.

2-Benzylidene-1-phenyl-1,3-pr opanediol.

The procedure for described as ethyl 2-benzylidene-3-oxo-3-phenyl propenoate was proceeded.
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Without further purification, the concentrated mixture was resolved with toluene (0.3 N) and cooled at

-78 °C. 1.5 M toluene solution of DIBAL (5 equiv. molar) was added to the solution. After stirring for

2 h at that temperature, the reaction mixture was poured into 1 N HCI solution and extracted with ethyl

acetate. The organic layer was washed with brine and dried over MgSO,4.  The mixture was filtered

and concentrated under reduced pressure. The residue was purified by silica-gel chromatography

(hexane / ethyl acetate = 3 : 1) to give 2-benzylidene-1-phenyl-1,3-propanediol in 74% yield.

'H NMR (300 MHz, CDCl3) & 2.88 (br, 1H), 3.77 (d, J = 5.5 Hz, 1H), 4.00 (dd, J = 4.5, 12.8 Hz, 1H),
4.27 (dd, J=4.2,12.8 Hz, 1H), 5.88 (d, J= 5.5 Hz, 1H), 6.75 (s, 1H), 7.22-7.34 (m, 10H).

3C NMR (75 MHz, CDCl3) & 65.2, 71.5, 125.7, 127.3, 127.5, 127.7, 128.37, 128.43, 128.5, 128.6,
128.8, 129.0, 131.0, 136.2, 140.5, 142.2.

IR (neat) 3282, 3062, 2930, 1493, 1450, 1325, 1257, 1195, 1147, 1025, 922, 880, 754, 700 cm™.

2-Benzylidene-1,3,3-Trideuterio-1-phenyl-1,3-pr opanediol.
OH OH
D
D
D |l
Ph
Well crushed CeCl3+7H,O was dried in vacuo at 150-170 °C for 5 h with vigorous stirring and
argon was purged to that vessel at that temperature. The dried CeCl; was cooled at 0 °C and added
dy THF (10 mL). After dtirring for 15 min a room temperature, ethyl
2-benzylidene-3-oxo-3-phenylpropenoate (0.840 g, 3.0 mmol) was added to that suspension and stirred
for 30 min. To that mixture was added lithium aluminum deuteride (98 atom % D) (96.7 mg, 2.3
mmol). After stirring for 15 min, the reaction mixture was poured into 1 N HCI and extracted with
ethyl acetate. The organic layer was washed with brine and dried over MgSO,4. The mixture was
filtered and concentrated under reduced pressure. The residue was purified by silicagel
chromatography (hexane / ethyl acetate = 5 : 1) to give

2-benzylidene-1,3,3-trideuterio-1-phenyl-1,3-propanediol in 54% yield.

2-[(tert-Butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenol.
OH OSiMe,Bu!

Ph

To a mixture of 1,3-diphenyl-2-hydroxymethylpropenol (1.308 g, 54 mmol) and
tert-butyldimethylsilyl chloride (0.815 g, 5.4 mmoal) in CH,Cl, (10 mL) was added triethylamine (1.5
mL, 10.8 mmol) at 0 °C. After stirring for 2 h, the reaction mixture was poured into sat. NaHCO;3
solution and extracted with ethyl acetate. The organic layer was washed with brine and dried over
NaSO,. The mixture was filtered and concentrated under reduced pressure. The residue was
purified by silicagel chromatography (hexane / ethyl acetate = 15 : 1) to give

2-[(tert-butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenol in 80% yield.
'H NMR (300 MHz, CDCl3) & -0.10 (s, 3H), -0.14 (s, 3H), 0.91 (s, 9H), 3.81 (d, J = 7.9 Hz, 1H), 4.01
(d, J=12.1 Hz, 1H), 4.27 (d, J = 12.1 Hz, 1H), 5.79 (d, J = 7.9 Hz, 1H), 6.69 (s, 1H), 7.15-7.34
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(m, 10H).

3C NMR (75 MHz, CDCl3) 6 -5.6, 18.2, 25.9, 66.5, 71.5, 125.7, 126.3, 126.9, 127.4, 128.2, 128.5,
128.9, 129.0, 130.0, 136.4, 140.0, 142.9.

IR (neat) 3340, 2958, 2932, 1647, 1473, 1450, 1257, 1149, 1048, 835, 777, 700 cm™.

2-[(tert-Butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenone (8a).
O  OSiMe,Bu

Ph
To a solution of 1,3-diphenyl-2-[(tert-butyldimethylsilyl)oxymethyl]propenol (0.776 g, 2.2
mmol) in CHxCl, (5 mL) was added MnO, (total 3.687 g, 42 mmol) and stirred for 4 days. The
reaction mixture was filtered through a pad of Celite and florisil and concentrated under reduced
pressure. The residue was purified by silica-gel chromatography (hexane / ethyl acetate = 50 : 1) to
give 2-[(tert-butyldimethylsilyl)oxymethyl]-1,3-diphenyl propenone in 92% yield.
'H NMR (300 MHz, CDCls) & 0.06 (s, 6H), 0.86 (s, 9H), 4.54 (d, J = 1.5 Hz, 2H), 6.96 (t, J = 1.5 Hz,
1H), 7.07-7.74 (m, 8H), 7.87 (dm, J = 7.2 Hz, 2H).
3C NMR (75 MHz, CDCls) § -5.4, 18.3, 25.9, 65.9, 127.8, 128.3, 128.4, 128.9, 129.2, 129.6, 133.3,
135.4, 136.4, 140.6, 200.0.
IR (neat) 3064, 2958, 1661, 1599, 1473, 1450, 1390, 1255, 1234, 1139, 1083, 1009, 951, 839, 779, 696
cm™.,
mp. 55-57 °C.

2-[(tert-Butyldimethylsilyl)oxydideuteriomethyl]-1,3-diphenylpropenone.
O  OSiMe,Bu!
D
D
|
Ph
The titled compound was prepared in 45% yield (two steps) according to the procedure as

described for 2-[(tert-butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenol (for silylation) and
2-[(tert-butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenone  (for MnO, oxidation) from
2-benzylidene-1,3,3-trideuterio-1-phenyl-1,3-propanediol.

2-Benzoyl-1-deuterio-3-phenylpropenal.
O O

SR
Ph

To amixture of 4-methylmorpholine N-oxide (0.424 g, 3.62 mmol) and MS 4A (0.598 g) well
pumped up was added CH,Cl, (3 mL) and stirred for 20 min. To that suspension was added a
solution of 2-benzylidene-1,3,3-trideuterio-1-phenyl-1,3-propanediol (0.259 g, 1.06 mmol) in CH,Cl,
(3 mL) and tetrapropylammonium perruthenate (TPAP) (83.9 mg, 0.24 mmol) at 0 °C. After stirring
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for 6 h, the reaction mixture was filtered through a pad of Celite and florisil. The filtrate was
absorbed with silica-gel and concentrated under reduced pressure. The residue was purified by
silicagel  chromatography (hexane / ethyl acetate = 8 : 1) to give
2-benzoyl-1-deuterio-3-phenylpropenal in 36% yield.

2-[(tert-Butyldimethylsilyl)oxydeuteriomethyl]-1,3-diphenylpropenone.
O  OSiMe,Bu
D
| H
Ph
The titled compound was prepared in 58% (three steps) according to the procedure as
described for 2-benzylidene-1-phenyl-1,3-propanediol (for DIBAL reduction),
2-[ (tert-butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenol (for silylation) and
2-[(tert-butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenone  (for MnO, oxidation) from
2-benzoyl-1-deuterio-3-phenylpropenal .

2-Hydroxymethyl-1,3-diphenylpropenone (4a).

To a solution of 2-[(tert-butyldimethylsilyl)oxymethyl]-1,3-diphenylpropenone (0.498 g, 1.4

mmol) in THF (5 mL) was added 1 N THF solution of TBAF (3 mL) at 0 °C. After stirring for 2 h,

the reaction mixture was poured into water and extracted with ethyl acetate. The organic layer was

washed with brine and dried over MgSO,. The mixture was filtered and concentrated under reduced
pressure. The residue was purified by silica-gel chromatography (hexane / ethyl acetate = 3 : 1) to
give 2-hydroxymethyl-1,3-diphenylpropenone in 64% yield.

'H NMR (300 MHz, CDCl3) & 2.42 (br, 1H), 453 (d, J = 1.4 Hz, 2H), 7.03 (t, J = 1.4 Hz, 1H),
7.07-7.15 (m, 10H), 7.28 (tm, J = 7.8 Hz, 2H), 7.42 (tm, J = 7.5 Hz, 1H), 7.85 (dm, J = 6.9 Hz,
2H).

3C NMR (75 MHz, CDCls) & 66.2, 128.2, 128.3, 128.5, 129.0, 129.5, 132.0, 133.5, 135.0, 136.0,
139.7, 200.2.

IR (neat) 3260, 3064, 2926, 1653, 1597, 1580, 1450, 1381, 1236, 1178, 1075, 1027, 696 cm™.

mp. 59-63 °C.

2-(Hydroxyphenylmethyl)-3-phenylpropenal (4b).
OH O

I H
Ph
The titled compound was prepared for 6 days in 36% yield according to the procedure as
described for 2-[(tert-butyldimethylsilyl)oxymethyl]-1,3-diphenyl propenone.
'H NMR (300 MHz, CDCl5) & 4.10 (d, J = 11.2 Hz, 1H), 5.92 (d, J = 11.2 Hz, 1H), 7.29-7.42 (m, 10H),
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7.56 (s, 1H), 9.64 (s, 1H).

3C NMR (75 MHz, CDCls) § 70.4, 126.0, 127.7, 128.7, 129.0, 129.6, 130.5, 133.7, 141.4, 1417,
151.9, 196.7.

IR (neat) 3414, 3064, 1671, 1624, 1493, 1450, 1406, 1257, 1201, 1170, 1027, 901, 760, 739 cm™.

2-Hydroxymethyl-1-phenyl-2-pentenal.

Knoevenagel reaction was proceeded with ethyl benzoylacetate and benzaldehyde according
to the procedure as described for ethyl 2-ethylidene-3-oxo-3-phenylpropionate at room temperature
(videinfra). Without further purification, the concentrated mixture was resolved with toluene (0.3 N)
and cooled at -78 °C. 1.5 M toluene solution of DIBAL (3.3 equiv. molar) was added to the solution.
After stirring for 2 h at that temperature, the reaction mixture was poured into 1 N HCI solution and
extracted with ethyl acetate. The organic layer was washed with brine and dried over MgSO.. The
mixture was filtered and concentrated under reduced pressure. The residue was purified by silica-gel
chromatography (hexane / ethyl acetate = 3 : 1) to give 2-hydroxymethyl-1-phenyl-2-pentenol in 23%
yield.

'H NMR (300 MHz, CDCls) 6 1.06 (t, J = 7.5 Hz, 3H), 2.24 (ddq, J = 7.4, 14.8, 7.5 Hz, 1H), 2.31 (ddq,
J=17.4,148, 7.5 Hz, 1H), 2.20-2.40 (m, 1H), 3.38 (d(br), J = 5.0 Hz, 1H), 3.94 (dd(br), J = 4.1,
11.9 Hz, 1H), 4.19 (dd(br), J = 3.5, 11.9 Hz, 1H), 5.63 (t, J = 7.4 Hz, 1H), 5.82 (d(br), J = 5.0 Hz,
1H), 7.21-7.40 (m, 5H).

3C NMR (75 MHz, CDCls) § 14.0, 22.1, 66.1, 71.8, 125.7, 127.3, 128.6, 134.1, 138.0, 143.0.

IR (neat) 3250, 2966, 1719, 1636, 1603, 1493, 1452, 1245, 1178, 1017, 876, 735, 700 cm'™.

2-Hydroxymethyl-1-phenyl-2-penten-1-one (6).

To a solution of 2-hydroxymethyl-1-phenyl-2-pentenol (0.238 g, 1.2 mmol) in benzene (5

mL) was added DDQ (0.272 g, 1.2 mmol) at room temperature. After stirring for 1 day, the reaction

mixture was directly purified by silica-gel chromatography (hexane / ethyl acetate = 5 : 1) to give

2-hydroxymethyl-1-phenyl-2-penten-1-one in 54% yield and 2-(hydroxyphenylmethyl)-2-penten-1-al
in 11% yield.

'H NMR (300 MHz, CDCl3) 6 0.92 (t, J = 7.5 Hz, 3H), 1.90 (dq, J = 7.7, 7.5 Hz, 2H), 4.36 (d(br), J =
45 Hz, 2H), 6.01 (t, J=7.7 Hz, 1H), 7.48 (t, J = 7.4 Hz, 2H), 7.59 (t, J = 7.0 Hz, 1H), 7.92 (d, J
=7.0 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 13.5, 23.2, 65.8, 128.9, 129.4, 133.7, 137.3, 138.6, 151.0, 200.0.

IR (neat) 3308, 2970, 1647, 1599, 1580, 1452, 1383, 1319, 1241, 1174, 1100, 1019, 739, 708 cm’™.
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2-(Hydr oxyphenylmethyl)-2-penten-1-al (6').

Et

'H NMR (300 MHz, CDCls)  1.14 (t, J = 7.5 Hz, 3H), 2.44 (ddg, J = 7.4, 15.0, 7.5 Hz, 1H), 2.52 (ddq,
J=17.4,150, 7.5Hz, 1H), 3.95-4.21 (br, 1H), 5.70 (br, 1H), 6.62 (t, J = 7.4 Hz, 1H), 7.25-7.35 (m,
5H), 9.40 (s, 1H).

3C NMR (75 MHz, CDCl3) § 12.8, 22.6, 70.1, 125.7, 127.6, 128.6, 142.4, 142.5, 158.9, 196.6.

IR (neat) 3422, 2974, 1669, 1640, 1493, 1452, 1313, 1243, 1199, 1100, 1046, 891, 735, 700 cm™.

regioisomer.

'H NMR (300 MHz, CDCl3) 8 10.12 (s, 1H) (at adehyde proton).

2-M ethoxymethyl-1,3-diphenylpropenone (8a’).

The titled compound was prepared for 1 day in 82% yield according to the procedure as
described for 2-methoxymethyl-1-phenyl-2-buten-1-one (vide infra).
'H NMR (300 MHz, CDCl3) & 3.41 (s, 3H), 4.33 (s, 2H), 7.00 (s, 1H), 7.08-7.16 (m, 10H), 7.29 (tm, J
=7.8Hz, 2H), 7.42 (tm, J = 6.6 Hz, 1H), 7.87 (dm, J= 7.5 Hz, 2H).
3C NMR (75 MHz, CDCls) § 58.7, 75.5, 128.1, 128.3, 128.5, 128.9, 129.5, 132.0, 133.4, 135.0, 136.1,
137.9, 199.3.
IR (neat) 2928, 1661, 1599, 1582, 1450, 1363, 1234, 1195, 1178, 1098, 963, 758, 739, 716 cm™.

2-Hydr oxymethyl-1-methoxy-1,3-diphenyl-2-pr opene.
OMe OH

Ph

To a solution of 2-hydroxymethyl-1-phenyl-2-pentenol (0.533 g, 2.22 mmoal) in CH.Cl, (4
mL) was added tert-butyldimethylsilyl chloride (0.332 g, 2.20 mmol). The reaction mixture was
cooled at 0 °C and added triethylamine (0.44 mL, 3.16 mmol) at that temperature. After stirring at
room temperature overnight, the reaction mixture was poured into water and extracted with ethyl
acetate. The organic layer was washed with brine and dried over MgSO,. The mixture was filtered
and concentrated under reduced pressure. The residue was dissolved in Et;O (10 mL) and added
AQg0 (7.957 g, 34.3 mmol) and methyl iodide (5 mL, 80.3 mmol). After stirring for 10 days under
dark condition, the reaction mixture was filtered through a pad of Celite and florisil. The filtrate was
concentrated under reduced pressure and dissolved in THF (3 mL). To a solution of TBAF (ca. 2
mmol) in THF (4 mL) was added dropwise to that solution at -30 °C and gradually warmed up to O °C.
After stirring for 2 h, the reaction mixture was absorbed with silicagel. The suspension was
concentrated under reduced pressure and the residue was purified by silica-gel chromatography
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(hexane / ethyl acetate = 12 : 1) to give 2-hydroxymethyl-1-methoxy-1,3-diphenyl-2-propene in 23%

yield.

'H NMR (300 MHz, CDCls) & 2.50 (br, 1H), 3.32 (s, 3H), 4.00 (dd, J = 1.2, 13.8 Hz, 1H), 4.28 (dd, J
= 1.2, 13.8 Hz, 1H), 5.38 (s, 1H), 6.97 (s, 1H), 7.24-7.37 (m, 10H).

13C NMR (75 MHz, CDCls) & 56.7, 63.4, 80.2, 126.1, 127.2, 127.4, 128.4 (thresh high), 128.6, 130.6,
136.7, 139.7, 139.8.

IR (neat) 3316, 2932, 1493, 1450, 1189, 1156, 1091, 1077, 1031, 922, 754, 735, 700 cm™.

2-(M ethoxyphenylmethyl)-3-phenylpropenal (8b).
OMe O

a%
Ph

To asolution of oxalyl chloride (0.09 mL, 1.03 mmol) in CH2Cl; (1 mL) was added dropwise
to DMSO (0.075 mL, 1.06 mmol) at -78 °C. After stirring for 10 min at that temperature, to the
reaction mixture was added dropwise to a solution of
2-hydroxymethyl-1-methoxy-1,3-diphenyl-2-propene (0.131 g, 0.515 mmol) in CHClI, (1.5 mL) and
stirred for 10 min at that temperature. To the reaction mixture was slowly added triethylamine (0.4
mL, 2.8 mmol) at that temperature. After stirring for 15 min, the reaction mixture was gradually
warmed up to room temperature.  After stirring for 30 min at room temperature, the reaction mixture
was poured into water and extracted with Et,O. The organic layer was filtered and concentrated
under reduced pressure. The residue was purified by silica-gel chromatography (hexane / ethyl
acetate = 15 : 1) to give 2-(methoxyphenylmethyl)-3-phenylpropenal in 71% yield.

'H NMR (300 MHz, CDCl3) & 3.34 (s, 3H), 5.67 (s, 1H), 7.23-7.58 (m, 10H), 7.63 (s, 1H), 9.69 (s,
1H).

3C NMR (75 MHz, CDCl3) § 57.2, 77.3, 126.5, 127.6, 128.4 (thresh high), 128.5, 130.2, 130.8, 133.7,
139.4, 150.6.

IR (neat) 3032, 2826, 1684, 1618, 1493, 1452, 1332, 1141, 1096, 913, 758, 741, 698 cm™.

2-M ethoxymethyl-1-phenyl-2-penten-1-one (13a).
0

The titled compounds was prepared for 2 days in 94% vyield according to the procedure as
described for 2-methoxymethyl-1-phenyl-2-buten-1-one (vide infra).

'H NMR (300 MHz, CDCl3) 8 0.92 (t, J = 7.5 Hz, 3H), 1.91 (quint, J = 7.5 Hz, 2H), 3.33 (s, 3H), 4.16
(d, J=1.0Hz, 2H), 5.97 (tt, = 1.0, 7.5 Hz, 1H), 7.47 (tm, J = 7.6 Hz, 2H), 7.57 (tm, J = 7.4 Hz,
1H), 7.94 (dm, J = 8.0 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 13.5, 23.0, 58.3, 74.9, 128.7, 129.4, 133.4, 136.8, 137.2, 137.7, 199.0.

IR (neat) 2970, 1667, 1599, 1452, 1377, 1319, 1238, 1174, 1116, 1093, 963, 799 cm’™.

regioisomer.

56



o=

'H NMR (300 MHz, CDCls) & 1.08 (t, J = 7.7 Hz, 3H), 2.41 (quint, J = 7.7 Hz, 2H), 3.39 (s, 3H), 4.33
(s, 2H), 6.44 (t, J = 7.7 Hz, 1H), 7.43 (tm, J = 7.2 Hz, 2H), 7.52 (tm, J = 6.9 Hz, 1H), 7.72 (dm, J
= 7.2 Hz, 2H).

13C NMR (75 MHz, CDCl3) & 13.5, 22.5, 58.6, 66.3, 128.2, 129.6, 131.9, 136.9, 138.3, 151.1, 197.8.

2-(M ethoxyphenylmethyl)-2-penten-1-al (16).
OMe O

Et

To a solution of 2-hydroxymethyl-1-phenyl-2-pentenol (0.312g, 1.6 mmol) and
tert-butyldimethylsilyl chloride (0.241g, 1.6 mmol) in CH,Cl, (6 mL) was added triethylamine (0.35
mL, 2.5 mmol) at 0 °C and then warmed up to room temperature. After stirring for 1 day, the
reaction mixture was poured into sat. NH4Cl solution and extracted with ethyl acetate. The organic
layer was washed with brine and dried over MgSO,. The mixture was filtered and concentrated
under reduced pressure. The residue was roughly purified by silica-gel chromatography (hexane /
ethyl acetate = 30 : 1) to give the product (0.459 g). The obtained product was dissolved in Et,O (8
mL), then AgO (4.75 g, 20 mmol) and methyl iodide (4 mL, 65 mmol) was added to that solution.
After stirring for 10 days, the reaction mixture was filtered through a pad of Celite and florisil and
concentrated under reduced pressure. The residue was roughly purified by silica-gel chromatography
(hexane / ethyl acetate = 70 : 1) to give the product (0.240 g). The obtained product was dissolved in
THF (1 mL) and cooled at -35 °C. To that solution was added dropwise 1 N THF solution of TBAF
(83 mL) at that temperature and gradually warmed up to room temperature.  After stirring for total 3 h,
to the reaction mixture was absorbed with silica-gel (ca. 3 g) and that suspension mixture was
concentrated under reduced pressure. The residue was roughly purified by silica-gel chromatography
(hexane / ethyl acetate = 20 : 1) to give the product (0.149 g). The obtained product was treated with
Swern oxidation asfollows: To asolution of oxyalyl chloride (0.07 mL, 0.8 mmol) in CH,Cl, (1 mL)
was cooled at -78 °C. To the solution was added dropwise to a solution of DMSO (0.1 mL, 1.4
mmol) in CH.Cl, (1 mL) at that temperature. After stirring for 20 min, to the mixture was added
dropwise to a solution of the obtained product in CH,Cl, (2 mL) at that temperature. After stirring
for 15 min, to the mixture was slowly added triethylamine (0.51 mL, 3.7 mmol) at that temperature.
After stirring for 30 min at that temperature, the reaction mixture was warmed up to room temperature.
After stirring for more 30 min at room temperature, the reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was washed with brine and dried over MgSO.. The
mixture was filtered and concentrated under reduced pressure. The residue was purified by silica-gel
chromatography (hexane / ethyl acetate = 30 : 1) to give 2-(methoxyphenylmethyl)-2-penten-1-al in
40% yield in four steps and also to give 2-(methoxymethyl)-1-phenyl-2-penten-1-one in 14% yield.

'H NMR (300 MHz, CDCl3) 8 1.02, (t, J = 7.5 Hz, 3H), 2.46 (sept, J = 7.8 Hz, 1H), 2.62 (sept, J = 7.8
Hz, 1H), 3.36 (s, 3H), 5.47 (s, 1H), 6.59 (t, J = 7.2 Hz, 1H), 7.20-7.36 (m, 5H), 9.44 (s, 1H).

3C NMR (75 MHz, CDCl3) § 12.9, 22.9, 57.2, 77.0, 126.0, 127.2, 128.3, 140.7, 141.9, 160.1, 194.2.

IR (neat) 3032, 2974, 1686, 1642, 1493, 1454, 1197, 1100, 1031, 737, 700 cm™.
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regioisomer.
'H NMR (300 MHz, CDCl3) § 6.77 (t, J = 8.3 Hz, 1H) (at olefin part).

Ethyl 2-Ethylidene-3-oxo-3-phenylpropionate.
0O 0

Knoevenagel reaction was carried out as follows. A mixture of ethyl benzoylacetate (0.65 mL,

3.8 mmol) and freshly-prepared acetaldehyde (0.248 g, 5.6 mmol) was cooled at -5 °C. To the

mixture was added a solution of piperidine (0.011 g, 0.11 mmol) in CH3CN (1.25 mL) and stirred for

12 h at that temperature. The reaction mixture was poured into water including few drops of acetic

acid, and extracted with ethyl acetate. The organic layer was washed with brine and dried over

MgSO,. The mixture was filtered and concentrated under reduced pressure. The residue was

purified by silica-gel chromatography (hexane / ethyl acetate = 30 : 1) to give ethyl

2-ethylidene-3-oxo-3-phenylpropionate in 77% yield.

'H NMR (300 MHz, CDCls) 8 1.13 (t, J = 7.1 Hz, 3H), 1.80 (d, J = 7.3 Hz, 3H), 4.16 (g, J = 7.1 Hz,
2H), 7.26 (q, J = 7.3 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.89 (d, J = 7.1 Hz,
2H).

BC NMR (75 MHz, CDCl3) ¢ 14.2, 15.6, 61.2, 128.7, 129.0, 133.6, 134.8, 136.7, 143.4, 164.3, 194.3.

IR (neat) 2986, 1723, 1676, 1599, 1450, 1352, 1234, 1135, 1062, 1019, 911, 716, 690 cm'™.

2-Hydroxymethyl-1-phenyl-2-buten-1-one.
O OH

SAT

To a solution of diisopropylamine (0.218 mL, 1.6 mmol) in THF (1 mL) at 0 °C was added
1.69 M hexane solution of n-butyllithium (0.89 mL, 1.5 mmol), and stirred for 5 min.  To the solution
was added DMPU (1.2 mL) and stirred for 10 min at that temperature. Then the mixture was cooled
a -78 °C and dtirred for additional 15 min. To the mixture was added a solution of ethyl
2-ethylidene-3-oxo-3-phenyl-propionate (0.329 g, 1.5 mmol) in THF (1 mL) and stirred at that
temperature. After stirring for 15 min, a solution of tert-butyldimethylsilyl chloride (0.226 g, 1.5
mmol) in THF (1 mL) was added to the mixture and warmed up to room temperature.  After stirring
for 30 min, the reaction mixture was poured into a solution of hexane (20 mL) and water (7 mL). The
organic layer was washed with brine, then dried over NaSO,. The mixture was filtered and the
concentrated under reduced pressure. The residue was dissolved in Et;O (5 mL). To the solution was
added lithium aluminium hydride until silylated product was disappeared, and added Na,SO,* 10H,0
and MgSO,. The reaction mixture was filtered through a pad of Celite and florisil and concentrated
under reduced pressure. The residue was dissolved in THF (5 mL) and cooled at -40 °C. To a
solution was added 1 N THF solution of TBAF (2 mL) at that temperature. After stirring for few
minutes, the reaction mixture was poured into water and extracted with ethyl acetate. The organic
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layer was washed with brine and dried over MgSO,. The mixture was filtered and concentrated

under reduced pressure. The residue was purified by silica-gel chromatography (hexane / ethyl

acetate = 3 : 1) to give 2-hydroxymethyl-1-phenyl-2-buten-1-one in 26% yield.

'H NMR (300 MHz, CDCl3) § 1.98 (d, J = 7.1 Hz, 3H), 2.91 (br, 1H), 4.52 (d, J = 4.9 Hz, 2H), 6.54 (q,
J=7.1Hz 1H), 7.43 (tm, J = 7.4 Hz, 2H), 7.53 (tm, J = 7.1 Hz, 1H), 7.65 (dm, J = 6.8 Hz, 2H).

BC NMR (75 MHz, CDCl3) ¢ 14.5, 57.7, 128.4, 129.5, 132.1, 138.1, 140.3, 144.5, 199.9.

IR (neat) 3326, 3064, 2888, 1634, 1599, 1578, 1448, 1386, 1160, 1073, 1013, 795, 702 cm™.

2-M ethoxymethyl-1-phenyl-2-buten-1-one (13a).
O OMe

.

To a solution of 2-hydroxymethyl-1-phenyl-2-buten-1-one (70 mg, 0.4 mmol) was added

Ag0 (0.70 g, 3.0 mmol) and methyl iodide (0.28 mL, 4.5 mmol) at room temperature. After stirring
for 2 days at that temperature, the reaction mixture was filtered through a pad of Celite and florisil and
concentrated under reduced pressure.  The residue was purified by silica-gel chromatography (hexane
| ethyl acetate = 3 : 1) to give 2-methoxymethyl-1-phenyl-2-buten-1-one in 73% yield.
'H NMR (300 MHz, CDCl5) 8 1.99 (d, J = 7.1 Hz, 3H), 3.39 (s, 3H), 4.34 (s, 2H), 6.57 (q, J = 7.1 Hz,

1H), 7.41 (tm, J = 7.8 Hz, 2H), 7.51 (tm, J = 7.3 Hz, 1H), 7.69 (dm, J = 6.9 Hz, 2H).
3C NMR (75 MHz, CDCl3) & 14.7, 58.6, 66.0, 128.3, 129.6, 132.0, 138.4, 138.6, 145.1, 197.8.
IR (neat) 2928, 1653, 1599, 1448, 1386, 1272, 1193, 1102, 1021, 959, 915, 793, 704 cm™.

2-(Cyclohexylmethylidene)-1-phenyl-1,3-propanediol.
OH OH

|
©)\E<1:-H ex

The titled compound was prepared in 45% yield according to the procedure as described for
2-benzylidene-1-phenyl-1,3-propanediol.

'H NMR (300 MHz, CDCl3) & 1.05-1.20 (m, 6H), 1.52-1.91 (m, 4H), 2.21 (m, 2H), 3.50 (br, 1H), 3.88
(d(br), J = 12.3 Hz, 1H), 4.15 (d(br), J = 12.3 Hz, 1H), 5.46 (d, J = 9.6 Hz, 1H), 5.81 (br, 1H),
7.22-7.39 (m, 5H).

3C NMR (75 MHz, CDCl3) & 25.77, 25.82, 25.9, 33.1, 33.4, 36.8, 66.1, 72.0, 125.6, 127.1, 128.4,
136.4, 138.3, 142.9.

IR (neat) 3292, 2926, 2854, 1450, 1325, 1241, 1176, 1112, 1081, 1025, 901, 737, 700 cm'™.

2-[(tert-Butyldimethylsilyl)oxymethyl]-3-cyclohexyl-1-phenylpropenone.
O  OSiMe,Bu

c-Hex
The titled compound was prepared in 67% yield (two steps) according to the procedure as
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described for 2-benzylidene-1-phenyl-1,3-propanediol (for silylation) and

2-hydroxymethyl-1-phenyl-2-penten-1-one (for DDQ oxidation).

'H NMR (300 MHz, CDCls) & -0.27 (s, 6H), 0.80 (s, 9H), 0.96-1.11 (m, 6H), 1.50-1.59 (m, 4H), 1.88
(m, 1H), 4.35 (d, J = 1.2 Hz, 2H), 5.71 (dt, J = 10.5, 1.2 Hz, 1H), 7.44 (tm, J = 7.2 Hz, 2H), 7.52
(tm, J= 7.8 Hz, 1H), 7.94 (dm, J = 8.4 Hz, 2H).

BC NMR (75 MHz, CDCl3) 6 -5.4, 18.3, 25.4, 25.8, 32.7, 38.2, 65.5, 128.4, 129.4, 133.1, 137.4, 137.9,
138.0, 152.0, 199.6.

IR (neat) 2932, 2858, 1669, 1601, 1473, 1464, 1450, 1390, 1363, 1315, 1257, 1222, 1174, 1118, 1075,
1007, 948, 837, 777, 712 cm'™,

3-Cyclohexyl-2-hydr oxymethyl-1-phenylpropenone.
OH

(0]
SR
c-Hex

The titled compound was prepared in 89% yield according to the procedure as described for

2-hydroxymethyl-1,3-diphenylpropenone.

'H NMR (300 MHz, CDCl3) & 1.00-1.60 (m, 10H), 1.88 (m, 1H), 4.33 (d, J = 1.2 Hz, 2H), 5.80 (d, J =
10.2 Hz, 1H), 7.47 (tm, J = 7.5 Hz, 2H), 7.50 (tm, J = 7.5 Hz, 1H), 7.92 (dm, J = 6.9 Hz, 2H).

3¢ NMR (75 MHz, CDCl3) 6 25.9, 25.7, 32.4, 32.5, 38.4, 65.7, 128.7, 129.3, 133.5, 137.6, 1404,
199.8.

IR (neat) 3278, 2928, 1647, 1599, 1450, 1381, 1313, 1226, 1176, 1100, 1027, 948, 901, 739, 714, 690,
659 cm™.

3-Cyclohexyl-2-methoxymethyl-1-phenylpropenone (13c).
O OMe

I
<j)‘\I:j:-H ex

The titled compound was prepared in 81% yield according to the procedure as described for
2-methoxymethyl-1-phenyl-2-buten-1-one.

'H NMR (300 MHz, CDCl5) & 1.05 (m, 6H), 1.58 (m, 4H), 1.93 (m, 1H), 3.31 (s, 3H), 4.12 (d, J = 1.2
Hz, 2H), 5.77 (dt, J=10.8, 1.2 Hz, 1H), 7.46 (tm, J= 7.2 Hz, 2H), 7.57 (tm, J = 7.8 Hz, 1H), 7.93
(dm, J= 7.2 Hz, 2H).

3C NMR (75 MHz, CDCls) & 25.3, 25.7, 32.6, 38.4, 58.3, 75.0, 128.6, 129.3, 133.3, 135.5, 137.6,
140.7, 198.9.

IR (neat) 2928, 2854, 1667, 1599, 1450, 1313, 1255, 1224, 1174, 1093, 977, 948, 899, 739, 716, 690

cm,

3-[(p-Chlor ophenyl)methoxymethyl]-3-buten-2-one (19d).
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To a solution of 3-[(p-chlorophenyl)hydroxymethyl]-3-buten-2-one (0.169 g, 0.8 mmol) in
Et,O (2 mL) was added Ag,O (1.84 g, 7.9 mmol) and methyl iodide (1.5 mL, 24 mmol) at room
temperature. After stirring for 1 week at that temperature, the reaction mixture was filtered through a
pad of Celite and florisil and concentrated under reduced pressure. The residue was purified by
silicazgel  chromatography (hexane / ethyl acetate = 15 : 1) to give
3-[(p-chlorophenyl)methoxymethyl]-3-buten-2-one in 75% yield.
'H NMR (300 MHz, CDCl3) § 2.29 (s, 3H), 3.28 (s, 3H), 6.15 (s, 1H), 6.18 (s, 1H), 7.28 (s, 4H).
3C NMR (75 MHz, CDCl3) § 26.3, 57.0, 79.1, 125.1, 128.5, 128.8, 133.5, 138.7, 149.2, 198.4.
IR (neat) 2936, 2826, 1680, 1491, 1408, 1371, 1284, 1199, 1093, 1017, 951, 851, 828 cm'™.

3-(Methoxyphenylmethyl)-3-buten-2-one (19a).
O OMe

The titled compound was prepared for 1 week in 74% yield according to the procedure as
described for 3-[(p-chlorophenyl)methoxymethyl]-3-buten-2-one.
'H NMR (300 MHz, CDCls3) & 2.28 (s, 3H), 3.29 (s, 3H), 5.24 (s, 1H), 6.11 (d, J = 0.6 Hz, 1H), 6.17 (s,
1H), 7.22-7.36 (m, 5H).
BC NMR (75 MHz, CDCl3) ¢ 26.4, 57.0, 79.7, 124.9, 127.4, 127.5, 128.3, 140.0, 149.5, 198.5.
IR (neat) 2990, 2826, 1680, 1456, 1394, 1371, 1286, 1261, 1199, 1096, 971, 949, 756, 700 cm™.

3-[M ethoxy(p-methoxyphenyl)methyl]-3-buten-2-one (19b).
O OMe

)Y\@\O -

The titled compound was prepared for 2 days in 78% yield according to the procedure as
described for 3-[(p-chlorophenyl)methoxymethyl]-3-buten-2-one.
'H NMR (300 MHz, CDCl3) & 2.28 (s, 3H), 3.27 (s, 3H), 3.79 (s, 3H), 5.18 (s, 1H), 6.12 (br, 1H), 6.15
(s, 1H), 6.85 (d, J=9.0 Hz, 2H), 7.25 (d, J = 9.0 Hz, 2H).
BCNMR (75 MHz, CDCl3) ¢ 26.4, 55.2, 56.8, 79.4, 113.7, 124.4, 128.7, 131.9, 149.6, 159.2, 198.6.
IR (neat) 2938, 1682, 1611, 1514, 1458, 1371, 1303, 1249, 1176, 1094, 1036, 951, 833, 629 cm™.

3-[M ethoxy(p-methylphenyl)methyl]-3-buten-2-one (19c).
O OMe

T

The titled compound was prepared for 1 week in 84% yield according to the procedure as
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described for 3-[(p-chlorophenyl)methoxymethyl]-3-buten-2-one.

'H NMR (300 MHz, CDCls) § 2.27 (s, 3H), 2.32 (s, 3H), 3.28 (s, 3H), 5.20 (s, 1H), 6.11 (d, J = 1.2 Hz,
1H), 6.15 (s, 1H), 7.12 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.2 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 21.2, 26.4, 56.9, 79.6, 124.6, 127.3, 129.0, 136.9, 137.4, 149.6, 198.5.

IR (neat) 2928, 1682, 1437, 1369, 1286, 1094, 949, 822, 791 cm’™.

3-[(p-Trifluoromethylphenyl)methoxymethyl]-3-buten-2-one (19¢).
O OMe

CF3
The titled compound was prepared for 8 days in 60% yield according to the procedure as
described for 3-[(p-chlorophenyl)methoxymethyl]-3-buten-2-one.
'H NMR (300 MHz, CDCl3) 6 2.29 (s, 3H), 3.30 (s, 3H), 5.29 (s, 1H), 6.19 (d, J = 1.2 Hz, 1H), 6.22 (s,
1H), 7.48 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H).
3C NMR (75 MHz, CDCl3) & 26.1, 57.1, 79.1, 124.2 (q, Jc.r = 270.6 HZ), 125.3 (q, Jc.cor = 3.6 H2),
125.6, 127.6, 129.9 (g, Jc.cr = 31.5 Hz), 144.4, 148.9, 198.3.
IR (neat) 2942, 1682, 1419, 1371, 1325, 1166, 1125, 1067, 1019, 955, 837 cm'™.

2-(M ethoxyethyl)-1-phenylpropenone (19h).

The titled compound was prepared for 2 days in 66% yield according to the procedure as
described for 3-[(p-chlorophenyl)methoxymethyl]-3-buten-2-one.
'H NMR (300 MHz, CDCl3) 8 1.35 (d, J = 5.7 Hz, 3H), 3.37 (s, 3H), 4.44 (q, J = 5.7 Hz, 1H), 5.71 (s,
1H), 6.07 (s, 1H), 7.45 (tm, J = 7.5 Hz, 2H), 7.56 (tm, J = 7.5 Hz, 1H), 7.78 (dm, J = 6.9 Hz, 2H).
BC NMR (75 MHz, CDCl3) 6 21.1, 56.9, 75.6, 124.1, 128.3, 129.6, 132.5, 137.7, 149.5, 197.5.
IR (neat) 2988, 2934, 2828, 1655, 1599, 1450, 1373, 1357, 1290, 1174, 1120, 1075, 977, 760, 737, 698

cm.
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General Procedurefor Photoreaction.

A solution of 3-(hydroxyphenylmethyl)-3-buten-2-one (0.0265 g, 0.15 mmol) in deaerated
benzene (15 mL) was irradiated with high-pressure mercury lamp for 6 h. Then the solution was
concentrated under reduced pressure, and purified by silica-gel chromatography (otherwise noted).

0O
O)J\/\’O‘/
IH NMR (300 MHz, CDCls) 8 2.26 (s, 3H), 2.89 (t, J = 6.2 Hz, 2H), 3.28 (t, J = 6.2 Hz, 2H), 7.46 ( tm,
J=7.5Hz, 2H), 7.57 (tm, J = 7.5 Hz, 1H), 8.00 (tm, J = 7.2 Hz, 2H).

C NMR (75 MHz, CDCls) & 30.1, 32.4, 37.1, 128.2, 128.7, 133.3, 136.8, 198.8, 207.6.
IR (neat) 2916, 1717, 1686, 1599, 1450, 1400, 1363, 1245, 1214, 1164, 1002, 963, 746, 690 cm™.

1-Phenyl-1,4-pentanedione (2a).

2-Methyl-1-phenyl-1,3-butanedione (3h).

<an

'H NMR (300 MHz, CDCl3) § 1.46 (d, J = 6.9 Hz, 3H), 2.16 (s, 3H), 4.49 (g, J = 6.9 Hz, 1H), 7.49 (tm,
J=8.1Hz, 2H), 7.61 (tm, J = 6.9 Hz, 1H), 7.98 (dm, J = 7.2 Hz, 2H).

1-(p-Methoxyphenyl)-1,4-pentanedione (2c).

(@)
O
Meo/©)‘\/\n/

'H NMR (300 MHz, CDCl3) & 2.26 (s, 3H), 2.86 (t, J = 6.3 Hz, 2H), 3.24 (t, J = 6.3 Hz, 2H), 3.87 (s,
3H), 6.97 (d, J = 9.3 Hz, 2H), 7.96 (d, J = 9.3 Hz, 2H).

3C NMR (75 MHz, CDCls) 8 30.2, 32.1, 37.2, 55.5, 113.8, 129.8, 130.4, 163.6, 197.1, 207.6.

IR (neat) 2918, 2844, 1717, 1676, 1603, 1576, 1514, 1421, 1361, 1313, 1247, 1216, 1172, 1114, 1031,
996, 965, 835, 768 cm’™.

1-(p-Chlorophenyl)-1,4-pentanedione (2d).
O
C/Q)‘\/\(ﬂ)/
'H NMR (300 MHz, CDCl3) & 2.26 (s, 3H), 2.89 (t, J = 6.4 Hz, 2H), 3.24 (t, J = 6.4 Hz, 2H), 7.44 (dm,
J=8,4Hz, 2H), 7.92 (dm, J = 8.4 Hz, 2H).
3C NMR (75 MHz, CDCl3) § 30.1, 32.4, 37.1, 129.0, 129.5, 135.0, 139.7, 197.4, 207.2.

IR (neat) 1711, 1673, 1593, 1410, 1284, 1214, 1106, 1094, 1048, 1011, 849, 830, 750 cm'™.
mp. 69-71 °C
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1-(p-Nitrophenyl)-1,4-pentanedione (2f).

%

O,N
'H NMR (300 MHz, CDCl3) § 2.27 (s, 3H), 2.94 (t, J = 5.4 Hz, 2H), 3.29 (t, J
= 8.7 Hz, 2H), 8.32 (d, J = 8.7 Hz, 2H).

5.4 Hz, 2H), 8.13 (d, J

1-(p-Trifluoromethylphenyl)-1,4-pentanedione (2€).
0

:

F3C
'H NMR (300 MHz, CDCls) § 2.27 (s, 3H), 2.92 (t, J = 6.0 Hz, 2H), 3.28 (t, J
= 8.1 Hz, 2H), 8.09 (d, J = 8.1 Hz, 2H).
13C NMR (75 MHz, CDCl3) & 30.1, 32.7, 37.0, 123.7 (q, Jo = 271.7 Hz), 125.7 (4, Jo.co-r = 3.6 Hz),
128.4, 134.5 (0, Jo.co.r = 32.7 Hz), 139.4, 197.7, 208.9.
IR (nest) 1711, 1684, 1408, 1328, 1172, 1133, 1110, 1069, 859, 845 cm™.

6.0 Hz, 2H), 7.73 (d, J

1-(p-Methylphenyl)-1,4-pentanedione (2c).

3}

'H NMR (300 MHz, CDCls) & 2.25 (s, 3H), 2.40 (s, 3H), 2.87 (t, J = 6.2 Hz, 2H), 3.25 (t, J = 6.2 Hz,
2H), 7.25 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H).

13C NMR (75 MHz, CDCls) § 21.7, 30.2, 32.4, 37.2, 128.2, 129.3, 134.3, 144.0, 198.2, 207.5.

IR (nest) 2922, 1717, 1684, 1408, 1359, 1245, 1209, 1183, 1164, 1002, 818 cm™.

1,4-Diphenyl-1,4-butanedione (29g).

O

7

'H NMR (300 MHz, CDCl3) & 3.47 (s, 4H), 7.48 (tm, J = 7.5 Hz, 4H), 7.58 (tm, J = 7.5 Hz, 2H), 8.04
(dm, J = 6.9 Hz, 4H).

3C NMR (75 MHz, CDCl3) § 32.6, 128.3, 128.7, 133.3, 136.9, 198.9.

IR (neat) 2910, 1680, 1595, 1448, 1398, 1375, 1354, 1226, 1181, 1067, 990, 775, 737, 694 cm'™,

mp. 142-144 °C.



1-Phenyl-1,4-hexanedione (2i).
0

SARS

'H NMR (300 MHz, CDCl3) & 1.10 (t, J = 7.2 Hz, 3H), 2.57 (g, J = 7.2 Hz, 2H), 2.86 (t, J = 6.6 Hz,
2H), 3.30 (t, J = 6.6 Hz, 2H), 7.46 (t(br), J = 8.1 Hz, 2H), 7.57 (t(br), J = 7.2 Hz, 1H), 7.99 (d(br),
J=7.5Hz, 2H).

3C NMR (75 MHz, CDCl3) § 7.9, 32.5, 35.9, 36.2, 128.1, 128.6, 133.2, 136.8, 198.9, 210.2.

IR (neat) 2978, 2914, 1717, 1686, 1599, 1582, 1450, 1404, 1539, 1236, 1212, 1181, 1154, 1116, 1027,
992, 750, 690 cm™.

2-M ethyl-1-phenyl-1,3-pentanedione (3i).

SR

'H NMR (300 MHz, CDCl3) & 1.02 (t, J = 7.2 Hz, 3H), 1.45 (d, J = 6.9 Hz, 3H), 2.41 (dg, J = 18.3, 7.2
Hz, 1H), 2.56 (dg, J = 18.3, 6.0 Hz, 1H), 4.51 (q, J = 6.9 Hz, 1H), 7.49 (tm, J = 7.2 Hz, 2H), 7.60
(tm, J = 6.9 Hz, 1H), 7.97 (dm, J = 8.1 Hz, 2H).

IR (neat) 2982, 2929, 1717, 1676, 1599, 1450, 1377, 1330, 1212, 1106, 971, 688 cm™.

2,4-Diphenyl-4-butanon-1-al (5).

O

'H NMR (300 MHz, CDCl5) 8 3.23 (dd, J = 4.9, 18.0 Hz, 1H), 3.95 (dd, J = 8.5, 18.0 Hz, 1H), 4.46
(dd, J = 4.9, 8.5 Hz, 1H), 7.26-7.59 (m, 8H), 7.98 (dm, J = 7.2 Hz, 2H), 9.81 (s, 1H).

3C NMR (75 MHz, CDCl3) § 39.5, 53.8, 128.0, 128.2, 128.5, 128.7, 129.2, 129.4, 133.4, 135.5, 197.4,
199.1.

IR (neat) 3064, 2926, 2828, 1723, 1684, 1601, 1582, 1495, 1452, 1361, 1245, 1209, 1104, 1077, 1031,
990, 876, 752, 700 cm™.

3-Ethyl-4-phenyl-4-butanon-1-al (7).

Et O

'H NMR (300 MHz, CDCl3) 8 0.90 (t, J = 7.2 Hz, 3H), 1.57 (m, 1H), 1.78 (m, 1H), 2.66 (dd, J = 4.5,
18.4, 1H), 3.17 (dd, J = 9.0, 18.4 Hz, 1H), 3.91 (m, 1H), 7,48 (tm, J = 6.9 Hz, 2H), 7.56 (tm, J =
6.9 Hz, 1H), 7.98 (dm, J = 6.9 Hz, 2H), 9.81 (s, 1H).

3C NMR (75 MHz, CDCls) § 11.5, 25.5, 41.5, 45.0, 128.5, 128.8, 133.2, 136.6, 200.6, 202.4.

IR (neat) 2970, 1723, 1682, 1599, 1450, 1386, 1249, 1224, 1199, 975, 698 cm™.
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1-[(tert-Butyldimethylsilyl)oxy]-2-benzoyl-3-phenylcyclopr opane (9a).
0

")VOSi Me Bu'
P

Ph

'H NMR (300 MHz, CDCl3) § 0.17 (s, 6H), 0.93 (s, 9H), 3.10 (dd, J = 4.8, 10.6 Hz, 1H), 3.26 (dd, J =
3.3, 10.6 Hz, 1H), 4.63 (dd, J = 3.3, 4.8 Hz, 1H), 7.10-7.30 (m, 5H), 7.42 (tm, J = 7.8 Hz, 2H),
7.52 (tm, J = 6.9 Hz, 1H), 7.91 (dm, J = 7.2 Hz, 2H).

13C NMR (75 MHz, CDCls) & -4.8, 18.1, 25.9, 36.3 (Jo.n = 162.6 Hz), 39.5 (Joy = 158.9 Hz), 59.4
(Jon = 182.0 Hz), 126.9, 128.0, 128.2, 128.6, 129.1, 132.7, 134.6, 138.5, 195.0.

IR (nest) 2958, 2862, 1669, 1450, 1433, 1361, 1257, 1226, 1180, 1133, 959, 837, 781, 725 cm™.

FAB-MS m/z = 353 [M+H]*, 295 [M-C,Hg]".

2-Benzoyl-1-methoxy-3-phenylcyclopropane (9d).
0

oM
PNJV ©

Ph

'H NMR (300 MHz, CDCl3) & 3.18 (dd, J = 4.8, 10.5 Hz, 1H), 3.29 (dd, J = 3.3, 10.8 Hz, 1H), 3.49 (s,
3H), 4.47 (dd, J = 3.3, 4.8 Hz, 1H), 7.20 (m, 5H), 7.44 (tm, J = 7.5 Hz, 2H), 7.53 (tm, J = 7.5 Hz,
1H), 7.93 (dm, J = 7.2 Hz, 2H).

3C NMR (75 MHz, CDCl3) & 34.2 (Jc.tt = 161.3 Hz), 37.9 (Jon = 159.0 Hz), 58.4, 66.4 (Jc.y = 183.2
Hz), 127.1, 128.6, 129.2, 132.9, 134.2, 138.2, 194.8.

IR (neat) 3030, 2936, 1669, 1624, 1580, 1497, 1450, 1419, 1361, 1205, 1120, 1006, 928, 760, 727, 696,
652 cm™.

diastereomer (9d;).

'H NMR (300 MHz, CDCl3) § 3.03 (dd, J = 5.9, 6.7 Hz, 1H), 3.24 (dd, J = 2.4, 5.9 Hz, 1H), 4.02 (dd,
J=24,6.7 Hz, 1H) (at cyclopropane part).

2,4-Diphenyl-4-methoxy-3-buten-1-al (10).
0

H \Ph

Ph OMe
This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCls) & 3.78 (s, 3H), 4.30 (dd, J = 2.0, 9.9 Hz, 1H), 5.08 (d, J = 9.9 Hz, 1H),
7.19-7.40 (m, 10H), 9.62 (d, J = 2.0 Hz, 1H).
IR (neat) 2936, 1723, 1694, 1603, 1493, 1452, 1375, 1265, 1203, 1075, 1031, 760, 700 cm™.
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3-M ethoxy-3-phenyl-2-phenylmethylpropenal (11).
OMe Q

P N H

Ph
This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl3) & 3.50 (s, 3H), 3.75 (s, 2H), 6.95-7.51 (m, 10H), 9.21 (s, 1H).
regioisomer.
'H NMR (300 MHz, CDCls) & 3.40 (s, 3H), 3.51 (s, 3H), 6.95-7.51 (m, 10H), 10.41 (s, 1H).
IR (neat) 3030, 2948, 1655, 1615, 1595, 1493, 1454, 1313, 1197, 1123, 1075, 982, 886, 781, 725, 700

cm,

1,3-Diphenyl-1-methoxypropen (12).
OMe

N/{)\Ph
P

This compound was purified by neutral silica-gel chromatography.

'H NMR (300 MHz, CDCl3) & 3.43 (d, J = 7.5 Hz, 2H), 3.63 (s, 3H), 4.92 (t, J = 7.5 Hz, 1H),
7.19-7.40 (m, 10H).

3C NMR (75 MHz, CDCl3) & 35.5, 55.2, 98.6, 126.0, 126.2, 128.17, 128.21, 128.5, 128.7, 136.2,
142.3, 156.5.

regioisomer (minor).

'H NMR (300 MHz, CDCl3) & 3.57 (s, 3H), 3.63 (d, J = 7.5 Hz, 2H), 5.47 (t, J = 7.7 Hz, 1H),
7.19-7.40 (m, 10H).

IR (neat) 3062, 2938, 1653, 1603, 1495, 1454, 1375, 1228, 1203, 1123, 1075, 1031, 772, 733 cm’™.

2-Ethyl-4-methoxy-1-phenyl-3-buten-1-one (14a).
0

. OMe
Et

This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl3) 8 0.93 (t, J = 7.4 Hz, 3H), 1.59 (ddq, J = 7.9, 13.5, 7.4 Hz, 1H), 1.90,
(ddg, J = 6.5, 13.5, 7.4 Hz, 1H), 3.51 (s, 3H), 3.80 (ddd, J = 6.5, 7.9, 9.5 Hz, 1H), 4.79 (dd, J =
9.5, 12.8 Hz, 1H), 6.45 (d, J = 12.8 Hz, 1H), 7.46 (tm, J = 7.6 Hz, 2H), 7.56 (tm, J = 7.4 Hz, 1H),
7.97 (dm, J = 8.3 Hz, 2H).
3C NMR (75 MHz, CDCl3) § 11.8, 26.4, 47.9, 55.9, 101.8, 128.5, 127.8, 132.9, 136.9, 149.3, 202.0.
IR (neat) 2932, 1684, 1653, 1599, 1450, 1263, 1214, 1160, 1104, 1004, 942, 843, 797, 794 cm™.
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3-M ethoxy-1-phenyl-2-propylpropenone (15a).

This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl3) 8 0.94 (t, J = 7.4 Hz, 3H), 1.49 (sext, J = 7.4 Hz, 2H), 2.41 (t, J = 7.4 Hz,
2H), 3.78 (s, 3H), 6.87 (s, 1H), 7.34-7.56 (m, 5H).
BCNMR (75 MHz, CDCl3) ¢ 14.1, 21.7, 25.6, 61.5, 122.3, 128.1, 128.7, 130.7, 140.3, 154.2, 196.9.
IR (neat) 2934, 1624, 1578, 1448, 1323, 1241, 1143, 990, 942, 797, 721, 700, 658 cm™.

2,3-Dihydr o0-3-ethyl-2-methoxy-2-phenylfuran (17).
Me
Et
This compound was purified by neutral silica-gel chromatography.

'H NMR (300 MHz, CDCls) 6 0.94 (t, J = 7.5 Hz, 3H), 1.58 (ddg, J = 9.9, 14.8, 7.5 Hz, 1H), 1.83 (ddq,
J=5.4,75,14.8 Hz, 1H), 2.76 (m, 1H), 3.18 (s, 3H), 5.08 (t, J = 2.7 Hz, 1H), 6.48 (t, J = 2.7 Hz,
1H), 7.29-7.49 (m, 5H).

3C NMR (75 MHz, CDCl3) § 13.0, 20.7, 51.0, 56.5, 104.6, 111.5, 121.6, 125.9, 128.0, 128.5, 142.8.

IR (neat) 2968, 1624, 1450, 1296, 1220, 1154, 1064, 1031, 953, 895, 760, 702 cm™.

P
pt
Et
'H NMR (300 MHz, CDCls) § 1.26 (t, J = 7.5 Hz, 3H), 2.71 (g, J = 7.5 Hz, 2H), 6.40 (d, J = 1.9 Hz,
1H), 7.27 (tm, J = 7.5 Hz, 1H), 7.39 (d, J = 1.9 Hz, 1H), 7. 41 (tm, J = 7.8 Hz, 2H), 7.61 (dm, J =
7.2 Hz, 2H).

IR (neat) 2970, 1607, 1512, 1489, 1162, 1067, 890, 766, 692 cm'™.

3-Ethyl-2-phenylfuran (18).

4-M ethoxy-2-methyl-1-phenyl-3-buten-1-one (14b).
0

O)J\‘/\/O Me

This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl3) & 1.32 (d, J = 6.7 Hz, 3H), 3.50 (s, 3H), 4.06 (dg, J = 9.0, 6.7 Hz, 1H),
4.87 (dd, J= 9.0, 12.9 Hz, 1H), 6.47 (d, J = 12.9 Hz, 1H), 7.46 (tm, J = 8.2 Hz, 2H), 7.56 (tm, J =
7.7 Hz, 1H), 7.98 (dm, J = 7.1 Hz, 2H).
3C NMR (75 MHz, CDCl5) § 18.9, 40.3, 55.9, 103.5, 128.7, 128.8, 133.1, 136.4, 149.0, 202.3.
IR (neat) 2970, 2934, 1686, 1651, 1626, 1450, 1373, 1328, 1259, 1220, 1162, 1102, 973, 938, 795, 708

cm,

68



2-Ethyl-3-methoxy-1-phenylpropenone (15b).
O OMe

SR
This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl3) & 1.06 (t, J = 7.4 Hz, 3H), 2.44 (q, J = 7.4 Hz, 2H), 3.79 (s, 3H), 6.85 (s,
1H), 7.41 (t, J = 7.8 Hz, 2H), 7.48 (t, J = 6.3 Hz, 1H), 7.55 (d, J = 5.9 Hz, 2H).

C NMR (75 MHz, CDCls) § 13.2, 29.8, 61.6, 123.8, 128.1, 128.7, 130.7, 140.3, 163.9, 196.7.
IR (neat) 2928, 1734, 1624, 1448, 1383, 1325, 1243, 1143, 1073, 988, 868, 725, 698, 656 cm™.

2-Cyclohexyl-4-M ethoxy-1-phenyl-3-buten-1-one (14c).

@]
. OMe
Cy

This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl5) & 0.80-1.86 (m, 11H), 3.51 (s, 3H), 3.66 (dd, J = 8.4, 10.0 Hz, 1H), 4.76
(dd, J = 10.0, 12.9 Hz, 1H), 6.38 (d, J = 12.9 Hz, 1H), 7.45 (tm, J = 6.9 Hz, 2H), 7.55 (tm, J= 7.5
Hz, 1H), 7.95 (dm, J = 7.2 Hz, 2H).
3C NMR (75 MHz, CDCls) 8 26.3, 26.5, 30.3, 32.1, 40.4, 55.9, 100.8, 128.4, 128.6, 132.9, 137.6,
149.2, 202.6.
IR (neat) 2928, 2856, 1682, 1653, 1450, 1286, 1226, 1203, 1156, 1108, 938, 835, 714, 688 cm™.

2-(Cyclohexylmethyl)-3-methoxy-1-phenylpropenone (15c).
O OMe

¢
Cy
This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl3) § 0.98-1.71 (m, 11H), 2.35 (d, J = 7.2 Hz, 2H), 3.76 (s, 3H), 6.89 (s, 1H),
7.40-7.57 (m, 5H).
3¢ NMR (75 MHz, CDCl3) 6 26.4, 26.7, 31.0, 33.4, 37.1, 61.5, 121.1, 128.2, 128.8, 130.7, 140.3,

164.3, 197.0.
IR (neat) 2926, 2854, 1626, 1448, 1319, 1243, 1143, 990 cm™.

General Procedurefor Photoreaction of Methyl Ether.

A solution of 3-(methoxyphenylmethyl)-3-buten-2-one (0.0294 g, 0.15 mmol) in deaerated
benzene (15 mL) was irradiated with high-pressure mercury lamp for 6 h. Then the solution was
concentrated under reduced pressure, and purified by silica-gel chromatography (otherwise noted).
When the aromatization proceeds after irradiation, to the reaction mixture was added TMSOTf (0.03
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mL, 0.16 mmol) and triethylamine (0.03 mL, 0.22 mmol) and filtered through a pad of Celite and
florisil.  After evaporation, the residue was purified by silica-gel chromatography.

2,3-Dihydr o0-2-methoxy-5-methyl-2-phenylfuran (20a).

OMe
0

This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCl3) & 1.94 (m, 3H), 2.75 (dquint, J = 16.2, 2.4 Hz, 1H), 2.93 (dquint, J = 16.2,
2.1 Hz, 1H), 3.20 (s, 3H), 4.64 (m, 1H), 7.30-7.40 (m, 3H), 7.48 (dm, J = 6.6 Hz, 2H).
BC NMR (75 MHz, CDCl3) 6 13.8, 44.9, 50.5, 94.7, 111.5, 125.9, 128.0, 128.4, 141.8, 153.1.
IR (neat) 3066, 1684, 1450, 1278, 1251, 1189, 1168, 1122, 1046, 982, 930, 864, 764, 700 cm’™.

\@/Ph

'H NMR (300 MHz, CDCl3) § 2.37 (s, 3H), 6.05 (m, 1H), 6.53 (d, J = 3.0 Hz, 1H), 7.21 (tm, J = 7.2
Hz, 1H), 7.35 (tm, J = 7.5 Hz, 2H), 7.62 (dm, J = 6.9 Hz, 2H).
13C NMR (75 MHz, CDCls) 5 13.8, 105.9, 107.7, 123.4, 126.8, 128.6, 131.3, 152.0, 152.3.

5-Methyl-2-phenylfuran (21a).

5-M ethoxy-5-phenyl-4-penten-2-one (22a).
0

)‘\r,r\(OMe
Ph
This compound was purified by neutral silica-gel chromatography.

'H NMR (300 MHz, CDCls) & 2.10 (s, 3H), 3.18 (d, J = 7.3 Hz, 2H), 3.71 (s, 3H), 4.89 (t, J = 7.3 Hz,

1H), 7.26-7.50 (m, 5H).
3C NMR (75 MHz, CDCl3) § 29.5, 42.6, 55.3, 91.5, 126.5, 128.3, 128.6, 135.9, 158.0, 207.5.
IR (neat) 2942, 1717, 1653, 1448, 1359, 1241, 1162, 1125, 1077, 1029, 772, 702 cm’™.
regioisomer (minor).
'H NMR (300 MHz, CDCl3) & 2.22 (s, 3H), 3.40 (d J = 7.2 Hz, 2H), 3.51 (s, 3H), 5.40 (t, J = 7.2 Hz,

2H), 7.26-7.50 (m, 5H).

2,3-Dihydr 0-2-methoxy-2-(p-methoxyphenyl)-5-methylfuran (20b).
e) Me

\
OMe
'H NMR (300 MHz, CDCl3) 6 1.94 (br, 3H), 2.74 (dquint, J = 16.3, 2.4 Hz, 1H), 2.91 (dquint, J = 16.3,
2.4 Hz, 1H), 3.19 (s, 3H), 3.81 (s, 3H), 4.64 (br, 1H), 6.89 (d, J = 8.9 Hz, 2H), 7,39 (d, J = 8.9 Hz,
2H).
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2-(p-M ethoxyphenyl)-5-methylfuran (21b).
OMe

%

O
W
'H NMR (300 MHz, CDCl3) § 2.36 (s, 3H), 3.83 (s, 3H), 6.02 (dg, J = 3.1, 1.2 Hz, 1H), 6.39 (d(br), J
= 3.1 Hz, 1H), 6.90 (d, J = 9.1 Hz, 2H), 7.56 (d, J = 9.1 Hz, 2H).
13C NMR (75 MHz, CDCls) 5 13.8, 55.4, 104.3, 107.5, 114.1, 124.5, 124.8, 151.3, 152.4, 158.7.
IR (nest) 2924, 1622, 1582, 1557, 1502, 1464, 1441, 1294, 1251, 1176, 1023, 832, 781, 600 cm™.

2,3-Dihydr o-2-methoxy-5-methyl-2-(p-methylphenyl)furan (20c).
OMe

g

This compound was purified by neutral silica-gel column chromatography.
'H NMR (300 MHz, CDCl3) & 1.94 (m, 3H), 2.35 (s, 3H), 2.74 (dquint, J = 16.2, 2.4 Hz, 1H), 2.92
(dquint, J = 16.2, 2.1 Hz, 1H), 3.19 (s, 3H), 4.63 (m, 1H), 7.17 (d, J = 8.0 Hz, 2H), 7.36 (d, J =
8.0 Hz, 2H).
BCNMR (75 MHz, CDCl3) 6 13.8, 21.2, 45.0, 50.4, 94.7, 111.3, 125.8, 129.0, 137.6, 138.8, 153.0.

2-(p-Methylphenyl)-5-methylfuran (21c).

i

\ /

'H NMR (300 MHz, CDCl3) & 2.35 (s, 3H), 2.36 (s, 3H), 6.03 (d, J = 3.3 Hz, 1H), 6.47 (d, J = 3.3 Hz,
1H), 7.16 (d, J = 7.9 Hz, 2H), 7.52 (d, J = 7.9 Hz, 2H).

13C NMR (75 MHz, CDCls) 5 13.8, 21.3, 105.1, 107.6, 123.4, 128.6, 129.3, 136.6, 151.6, 152.6.

IR (nest) 2926, 1555, 1499, 1437, 1261, 1065, 1023, 959, 920, 818, 779 cm™.

2,3-Dihydr 0-2-(p-chlor ophenyl)-2-methoxy-5-methylfuran (20d).
e) Me

\
Cl
'H NMR (800 MHz, CsDg) & 1.70 (dt, J = 1.2, 2.3 Hz, 3H), 2.56 (dquint, J = 16.2, 2.3 Hz, 1H), 2.92
(dquint, J=16.2, 2.3 Hz, 1H), 3.08 (s, 3H), 4.40 (m, 1H) (detectable).



2-(p-Chlor ophenyl)-5-methylfuran (21d).

Cl
\@/Q/
\ /

'H NMR (300 MHz, CDCl3) § 2.36 (s, 3H), 6.05 (m, 1H), 6.52 (d, J = 3.3 Hz, 1H), 7.32 (dm, J = 8.7
Hz, 2H), 7.55 (dm, J = 8.7 Hz, 2H).
13C NMR (75 MHz, CDCls) 5 13.8, 106.4, 107.9, 124.6, 128.9, 129.8, 132.3, 151.3, 152.4.

5-(p-Chlor ophenyl)-5-methoxy-4-penten-2-one (22d).
0 Cl
I LT
OMe
This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCls) & 2.12 (s, 3H), 3.16 (d, J = 7.7 Hz, 2H), 3.70 (s, 3H), 4.90 (t, J = 7.7 Hz,

1H), 7.27 (dm, J = 8.9 Hz, 2H), 7.35 (dm, J = 8.9 Hz, 2H).
IR (nest) 2906, 1717, 1491, 1375, 1359, 1160, 1125, 1093, 1015, 839 cm™.

2,3-Dihydr o-2-(p-trifluor omethylphenyl)-2-methoxy-5-methylfuran (20e).

OMe
U,
CF

This compound was purified by neutral silica-gel chromatography.
'H NMR (300 MHz, CDCls) & 1.96 (td, J = 2.4, 1.2 Hz, 3H), 2.72 (dquint, J = 16.4, 2.4 Hz, 1H), 2.95
(dquint, J = 16.4, 2.4 Hz, 1H), 3.20 (s, 3H), 4.66 (br, 1H), 7.59 (d, J = 8.7 Hz, 2H), 7.64 (d, J =
8.7 Hz, 2H).
3C NMR (75 MHz, CDCls) & 13.7, 44.7, 50.5, 94.7, 110.5, 124.22 (q, Jor = 270.6 Hz), 125.4 (q,
Je-co-F = 3.6 HZ), 126.4, 130.3 (4, Jc-c-F = 31.6 Hz), 145.8, 153.2.
IR (neat) 2928, 1686, 1624, 1410, 1328, 1280, 1168, 1127, 1069, 1049, 988, 928, 843 cm'™.

3

2-Acetyl-3-(p-trifluoromethylphenyl)-1-methoxycyclopr opane (23).
0
OMe

CF3
'H NMR (300 MHz, CDCl3) & 1.53 (dd, J = 5.7, 9.2 Hz, 1H), 2.03 (dd, J = 5.7, 6.9 Hz, 1H), 2.12 (s,
3H), 2.75 (dd, J = 6.9, 9.2 Hz, 1H), 3.15 (s, 3H), 7.47 (d, J = 8.3 Hz, 2H), 7.59 (d, J = 8.3 Hz,
2H).
3C NMR (75 MHz, CDCl3) 8 18.0 (t, Jon = 162.5 Hz), 31.6, 38.7 (d, Jo.y = 162.6 HZ), 55.0, 72.3,
124.1 (g, Jor = 270.6 Hz), 125.2 (9, Je.c2F = 3.7 Hz) , 129.3, 130.3 (q, Jo.cr = 31.5 Hz), 138.4,
202.5.
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IR (neat) 2942, 1705, 1414, 1379, 1325, 1168, 1127, 1067, 1017, 839 cm'™.

2,3-Dihydr 0-2-methoxy-2-methyl-5-phenylfuran (20h).

PI‘L\©<O Me

This compound was purified by florisil chromatography.
'H NMR (300 MHz, CDCl3) & 1.65 (s, 3H), 2.77 (dd, J = 2.7, 17.5 Hz, 1H), 2.87 (dd, J = 2.7, 17.5,
1H), 3.33 (s, 3H), 5.33 (t, J = 2.7 Hz, 1H), 7.28-7.33 (m, 3H), 7.59 (dm, J = 6.3 Hz, 2H).
3C NMR (75 MHz, CDCl3) § 25.3, 40.7, 49.6, 94.5, 110.2, 125.1, 128.1, 128.3, 128.4, 128.6, 130.8.
IR (neat) 2940, 1719, 1688, 1450, 1381, 1317, 1278, 1222, 1065, 1044, 1023, 843, 770, 717 cm™.

Quantum Yield Determination.

A standard actinometer of valerophenone (®acetophenone = 0.33 at 313 nm') was used for the
guantum yield determination of the photochemical carbon skeletal rearrangement of 1a and 1h. The
monochromatized light of A = 313 nm was obtained from a Shimadzu SP-200 with a Shimadzu
Monochromator Grating 2700 GroovessMM. The amount of acetophenone formed by the
photoreaction of 0.05 M benzene solution of valerophenone for 15 min was measured by using
2-phenyl-propan-2-ol as an internal standard with LC (hexane / ethyl acetate = 10 : 1, flow rate = 1.0
mL/min, detected at 254 nm; tr = 4.8 (valerophenone), tr = 8.3 (acetophenone), tr = 21.4
(2-phenyl-propan-2-ol): relative intensity; valerophenone : acetophenone : 2-phenyl-propan-2-ol =
740 : 6.94 : 1). Thus, the light intensity of this monochromatized light of A = 313 nm was
determined as 2.3 x 10® [einstein s']. Next, 0.05 M benzene solution of la and 1lh with
2-phenyl-propan-2-ol were irradiated for 15 min as the same condition as that of valerophenone,
respectively. The amount of 2a formed by the photoreaction was measured with LC (hexane / ethyl
acetate = 3 : 1, flow rate = 1.0 mL/min, detected at 254 nm; tgr = 13.4 (1a), tg = 13.1 (1h), tr = 11.4
(2a), tr = 7.4 (2-phenyl-propan-2-0l): relative intensity; 1a : 1h : 2a : 2-phenyl-propan-2-ol = 2.21 :
4248 : 6.62 : 1). The relative absorption coefficients at 313 nm were estimated as follows by using
the relative intensity of LC at 313 nm; valerophenone: 1a:1h =1:1.63:0.66. Thus, the quantum
yields of 1a and 1le were calculated to be ca. 0.1, as (the amount of 2a [mol]) x (relative absorption
coefficients at 313 nm) / (2.3 x 10°® [einstein s%] x (15 x 60) [g]). The quantum yields were the
averages of three measurements.

1 Lewis, F. D.; Hilliard, T. A. J. Am. Chem. Soc. 1972, 94, 3852.
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)K#:: -78 °C )<#::
= Q
—. \

ikarugamycin

V)= VZHLTCA LT 4 o EEALTHEZ NI = ) — L3 51201F, LTFIORLTZ2
SO (A, B) B"EZHILD (Scheme?2)

O OH OH O
=00 O

8 D

A' A C D
O OH OH
=0 Q

] »

B' B

Scheme 2

ZOHH, BOHEWE (B) X, AL 7 4 U HEREANGINL L TWAH 2D, LI
Kﬁﬁf%é&%i%ﬂéo*ﬁ\A@ﬁ%%E(A)ix%i ZRTHY | ALFINTLE
Thobe&EXDLND, 2T, A LEORNG I EZZE L TA OEEZFAH LTSIz oW
THETHZ Eic LT,

BABRREUSZAT OB, ML RDDIF WIS TH L LWV I RTH D, BEFERIOLUE

TIEZ L DRICBWTEREAN AR E L TELNTWAS, Z ORI S % BB~ & 1
TSR EE LT, BERIZNZ D 2 LI LA EFEBRIEAFE S T0D (K4) 4

lats
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FEEDRETT 5% (Scheme 2: A’) Tl A O IZ W TERERICERILSIE B HETT L7854,
BONLBREEITERRS = —v (C) Thd, ZOVx ) — VI THNCHE RN E
LT/ UK (D) &0, BFERINCKISEHARKNEEITSE L2 LN TE D L
ﬁéhéﬂ%ﬁB@ﬁ&%)I/waﬁ;:@i5&%%%Ak§<:kﬁKﬂ%?%é%

(238 Y TR b 2 W Te G, FERERET 2B 65,

ZIEW S FBCEWIE, — IR VBRFBEERICH T BN L > TER IS,
ZO%A ., BhimtEo M8 (omp BlmtE) 2° o EHIL A A ESRICE AT 5 Z &3 L <,
AT DHNEFZ TRUCHSEMEZET DGANE, EE T, SIRMEAY O A
RS0, BRAEBAEMWET EF LR =8LEE (cyclotrimerization) 72 Sl kB
B URBERAEPHRES A TWS (X5, 6) .

@]
1 2
R \)JrJ\/R condensation 3 i
@]

R5
R4
R SR

e

) \

4 N\

EEHDPKETT A EFEBRIRONTIE, BEmPECEANEFOREIT 2 < ARG ERIEEM D
BRELVES EHIF IS, FEERIC, Danheiser 12 X Y Y Wolff 507 2 #8 7~ B & 1 Be
WRISZFIR L= 2B T « ) — VOARIENRE SN TVWAS X512 H1T#F DK s % F]

M LT hyelazole D& pxE1T>Tn5 (7) .

o) 0 O
N, hvand?2 Me
O T —
N Me—=—OMe N ~N OMe
t-BuO,C t-BuO,C t-BuOZCI
§ | O OMe O | OMe (7)
— L. | — QL
t-BuO,C O t-BuO,C OH
OMe
— .0
N Me
H Ph
hyellazole
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% (& W5 B A% 1T hyellazole 0 17> neocarzinostatin chromophore X° pancratistatin 72 £ &

STERIHTIZHEL AL HEETH D, TOD, GRINBLEND b ZEEIE ERILE
MOERIEDBRFIZTHEETH D,

OH
H ~_OH

f NHOH

OH O
pancratistatin

H O
kgc—NJg%Sr oMa
CH,
", o
Me

neocarzinostatin chromophore

gilvocarcin M

AREOET, V7 4 Oz i7HR (NUBUVR, Bn—VBReLY) L4258, AW
(TT7 b=ARA » F=VFHER L 720 | #kx REZEROZEIFEBFLEM BRI EY
BEA~DIEHbAEEEZDND,

b, AROSZEHT 5 EUTOL 91275 (Scheme3d) .

o NN Norrish type Il OH| photo-isomerization OH
r’,\\ e I(IA\W rz"\ AN
L | Se_- \v,l =
O
tautomerization ~
o OH f
electrocyclization Se-
r
L ] OH
T~ [O] ~.
r
.

Scheme 3

1) ANR=VEEONEEIZ X % Norrishtype 1 i O HEFT

2) @-NV=roHMEICL DALV T 4 DR

3) (B)-F VU =D C X 5 EFBRIRERIS

4) V) —=Ninbx ) ~ORBERMEACE T ITBEANZ LD 7 =/ — Ak
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OF D, ARG EEIT S5 72 DIIIFHIICIE SO E DR DN LETH D,
i‘éﬁﬁi\ﬂiﬁ%&{iﬁ\o{ﬂﬂ#ciﬁfiE)/EZEODJ'E%%%?“E) CENARETHY, —EICH A D
ERREZIEMALT A2 ENTE 2D LML OREEWZ D, D=0, Fitd k9 724e<
BSHED 572 o - B RERL DB 59~ 5 25 BRSOt & — 2812 0 E##0) (tandem, domino) %1247

ITENTEDLLEZDND, 29 LIEHEBOREDNZ WD &9 G TH ARG T E
ez 5,

3— 2 TBRALROREE | Tlx, 5k ~75% 5% 2512 Norrish type | (OS2 # CERIE DS ESITT
B Bt R DREFENZOW TR LT R A IR R 5,

3— 3 ME#EB IPE#ERICONWTOMRET] Tk, 3— 2 THLNERERZD &IC
DD EHILCE L RA~DISH 2 E LI R A2l 5,
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3—2 BRILARDHEE
3—2—1 =)—)1Lx—F UKD E

Scheme3 Tin LT B RG ZIT O ICHT-0 . TR MELE 2 5B BRIz
WTHRRT L7z, B E LT, kv I e 7 AT o L0 RESICHEIRE R 1 2 H
Wiz, TOFRBFIZRN) = ) — o2, PhIEiC KD HERBRDBODE 720, DR =/L k&
%%tﬁé@_gﬁétﬁ(ﬁfmﬁﬂ>%%wfﬁgmbviy%%ﬁﬁézkﬁﬂ%
boHEWfFIND, ETERIAKSERFT 2720, 1 22U rxz /) —Lxz—7 L TH
Vxr (2) i L7, UV-VISHIEOREER, mE/KEATIZ TR 32 Z & 257 HE7R 315 nm
(MR R DB S Tz, BRI @RI I O 21T o 72 & 2 A, BRALSUG I TH
T, AL T 4 CORMIENHER SN ODHTH-T2 (A8) |

O LIN(TMS), OSiMe,Bu' 0OSiMe,Bu'
t-BuMe,SiCl hv (high-pressure)
Hﬁﬁk——————» Hfﬁ ‘rJ%B @®)
P THF P Z n-pentane = 4
1 -78 °C 2 5h
Amax = 315 nm
(E/Z2=1.6:1) (E/z=1.2:1)

%JIV@%&%E%%%LTV CHEDL LT, BALRSDEI T Lo T, DTk
B W TPABRICHZE S ¢Zc (s-(:|s, Z, scis) FLENE SN WTOIZBRL S EIT L
7267%0 mEEZBNT,

- — G — e O

tZt cZt

Scheme 4

Havinga &3, B\ FERIKICRISIZIBWT 25-(ICEEZEAT L2 LITLY cZcBlE L
BOLd < b EME LTS (Scheme 4) M0, & 2 T25MIcBMELZEA LT ) —/L
T—7v Q) ML, HRISEHRFTTHZ LicLe (K9) .

FETIT R BEDOFERZ TV 228, BhERRE D BT W T2 D% O EZ iz b7 <, ZD=d ik
ERAEDREE 2 9% & STV 5% (NEER principle: Non-Equilibration of Excited Rotamers) %,
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OSiMe,Bu' OSiMe,Bu'
~ hv (low-pressure) .
> )
n-hexane
3 20 h
Amax = 253 nm
(single isomer) (E/lz=1:1

3D UV-VISHITEDFER., 253 nm ([ZRI D HERR S iz, IREKERATIC X DK 21T -5 7=
FER PREAMC L BRILKIIE SN T 2 DA L FRRICA L 7 ¢ O RMEAL R S D D I
ThHo7,

3—2—2 T R7VHEE AN X DR G

Y = AN S e VX — TR BOS IRV ST, AV T g v O BV
DAHIPHELIT LTz, 2O END, RET ) T ERBHICE - THELRD NI =) —L
D RATELE 2 B LIC M E R E CHEE T UL, BILKEPEITTHEE 27, £ZT, b
Vx /) —NDOx ) — /LD EZ ZEET 5 HEE LT, =/ —1O0FHKEREEIZED
B E OB EL 2R A D Z LI L,

/ hydrogen bonding

o Q| _isomerizaton  o"*x cyolization o

- —_—>
| |

—
»

FOFEDIT, KEMBEFEZ L) DEREL LT AT AEEFEATALZ LiIC LT F
7oL RUPVEBABATS I LT, ISR LS I AR VEORRIC b S ET

THLIC, =/ K8 QB XD 126 L TONRRISbE L7=2s, RUSHAHEIT L d L < & [2+2 41k
RGBT LT LEV, BB biRITMR I 2o T-,

Q hv (high-pressure) 0 q
ﬂ n-hexane
P

Ph Ph
1 84 %
0 hv (high-pressure)
N > No Reaction
n-pentane
4

i 0 wmCHRARTL I, TATFAEIIAR= ALY QEREOR TR S AT-H, HAR=LIELY
H T AT VEAEAN LT R EE AR CORBHICB W CRINE M5 ENaREL ZE2 b5,
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WTRY U ARRSES 2 ENARELE 25 L E X7, SOICBE., WHEE~O B
NEE X . FEBRMSE WIS E LD EEZ 55 (Schemes) V12

H H M
0 hy o || isomerization o™ cyclization o}
) w
0~ X 0~ X Z
L H.
aromatization o) P
Scheme 5

ZIT, ZATNVERENRUBUBREAT HIEE (5a) iR L. mE/KEUT 2 VO
INEAT o Te, TORER, TLC ETIEEZIET DAERMMNHER S, T O 2 HEE L%
T2 T o2 2 A Miff eIk h AR (X1 0,A)  (FED= ) —/U{R) TiX
L BALROGS A EIT L TE Ik BEAbNL T 72 L AkiE (6a) THDHZ L
ootz K10) .

o o _ o o OH O
hv (high-pressure) 0]
OEt > OEt > OO OEt (10
benzene
18 h
5a A

17 %

TR 2R NSRS KV BRAEN SN EIT T 5 Z ERMER SN H 00, 0T EED
% —ZE AT > TN D TN ZE DRI SR N HIERNL D TH 72, & Z TILERD A
FaEOIL, xR EIT) Z I LT,

VoEERIZ, Ullman 512 X - T 2-benzyl-3-benzoylchromones (253 2 YR IZ 3 TERAL S OHEIT S8 A S
‘(l/\%) 120

O O O OH O OH
hv _ hv
L0 = QL0 - QUCC
(@] o (@]
Ph Ph Ph
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FT. IOV TR LT, £ ORISR % 6 it & [ E L TRt L7z, fH% Table
LITRT,

O O OH O
hv (high-pressure)
OEt > i"; OEt
solvent
6 h
5a 6a

Table 1 Solvent effect of phtochemical
naphthalene formation.

Solvent Yield of 6a® (%)
benzene 21 (38)
CH5CN 23 (46)
Et,0 14 (39)
n-hexane 9 (10)
MeOH decompose

2Value in parenthesis is based on recovery of 5a.

ZOFEFR, XUBY, TE =M ABIOZ—TMIZEBWT, LIEE ERBEEDIERT
T 7LV ALK (6a) BT, FTo. ~FHUROAY = EEEEE LTHWESA, L
WOTRDER ST, FRIZ, A X 7 — A EHOWESAILIE T 72 L ABiR (6a) 1348<ED
Nighotz, T, DFNKBREENAY ) — ik oTHES TR LEY, RV oD
BLENRILICE S 2 ol B Z BN D, S OIZHBRENZ LIC_UB U2 EE L L
THETL7ZRER, N1 0IR L2 I8 DGAE LD b EWIENE LN, O b,
FOLSFREI O EICFE D F7 2 L Abik (6a) OXIGHMEIZ/ D Z ERfEE I 5,

IR A2 5 Z LIZ K DNEOUEEITERL SN o T2, IR EINZ % Z &1z
EDIHEOR FIZOWTHREFTL Z i Lz, AlE LT, HFonzigbik K10, A)
DELSE CTHIT LT 72 L AR TH o722 &6, BLREEZHT5HDIZHONTH
L7 K11) .

O O OH O
hv (high-pressure)
OEt > OO OEt (11)
additive
benzene
5a 6 h 6a

Additive Yield of 6a (%)
I, 5% (11% based on recovery of 5a)
O, 12%

DDQ E, Z isomerization
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ZORER  NTNOGEICHINEOR EIZ RO 2072 FFIZD D Q& AW A2,
TV T 4 L DRMACNHER SN DA TH - 72",

Fx OEMBEEB 2272 b OO &N SR\ LIXERK TE otz £ 2T,
ZEWTFRARA~OFHZO S L, BHREZEANL THRILERNE LN D0 EMRT D 2
ElZ LT, ZOEANLEE LTCE, BILUNCEBERELZ 525 EZ2x 005407 4 U
~OEANERETTT D Z LI LT Fx OEHILEE L OERNLE O/L B O A ik & iR I T il 5
LITFIZR LT 5 ODME (Bb-f) 28T 252 LN T, ERIOLKSERE LY, Hric,
Bb X 5d (I OWTITIBRALBE OB A % /) —BIC L DT 7 X LU BE IR T& . & BT 5 I
DNWTIEZED T 7 H L U BRALE D SHIRVPIFFCE 5, ERAZLUTICRT (X1 2-16),

O O h OH O OH O
A%
OEt — > OEt . O[‘ OEt (1)
benzene
OMe 6h OMe
5b 5b 7b
3% 20%
o O OH O
hv
OEt —mM — OEt
benzene OO 13)
6 h
5c 6C
12%
O O
hv
OMe ——mM— No Reaction (14
benzene
OMe ~6h
5d

U Z OB, BIAERITHERE SR o To, 2O Z EIE B LA DD QD VAR = VB DNEIZE R S 4.
ANR= NV EOHEIZ LY ZHIEREL 2D, ZOZX VX —RNEHEOA LT ¢ BB L TEREM(LDZ D1
TLEl= B 265,

Y Bb-f LIAAOEHILE LT, BLBROBBERIGA IR SN D e F VR T VX LT A ) — LB
RWIEND 7 2=V SICTETFNLVEOGRERBRTZN, BN LRMITKD- T,

o O

@ﬁ*m

X X = Cl, SR, Ph, Ac
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o O OH O

hv
benzene
5e 6e
6h 18% (34%)"
18 h 18% (26%)"
0O O OH O Q
hv HO OEt
OEt — » OO OEt , P (16)
benzene Q \
12 h o)
5f 7f 8
18% (23%)" 5% (6%)"

* Value in parenthesis is based on recovery of starting material.

ZOFRER, 5d ZFRVTT R TORICEBWTERILRISOEITHMEE S, LN LARDB G,
RLNEVIRIFEN DO Th Tz, HEREWNZ LIz ¥ ) —bic L b7 % L oL
FENTZ 5 ITBWVT MeO D - 28R (Th) RS (K1 2) W, 7=, 5F i
F T XV UBRAERIC X DEEIIT D LIRS NI B BD B IERITE < 12 BE o B IR
FHEBWTH ST L TR oTz, ZDOZENE, T 7% L U BOARD AR
FTOFERTIEZRNW ERbho = £ 7= Norrishtype ll KIS TR BN D BT VWL R%
HIZIRA L TWEBEBE LIS THAZ LIZLVEONTEBZX NS 8 PMERD LRI
= (R16) ™ ZoZLlE, YHHIHLIZIZEE IO ANLDT ) — L ~DEHIPEL 720

EDDORIZBNTS 6a D L ) RBILEBELNTW D AREESH 5, LA LWTROHRAL T L C Lid#Ek
DARY bBRHY, TNHTRTUTOWVWTHERT D Z LITEBERARETHY, BLRAR Y FOLOERIC
LEDTWD,

Vit 1 0B LU Tablel DBNWTERM TH D F 7% L ALK (6a) MG HnOEEBL 52 Tnbh 2 L
DEMEIN TN, T T, EFITHL T 72 L AUERDEBIZOW TR L7720, b+ 742 Lk
& (6a) % 10 mol%Nx 7=tk CoIGEHE Lz (K1 7)

O O OH O
hv
@%oa "OEt (17)
10 mol% of 6a
benzene
5a 6 h 6a
9%

ZOFEE, BHNT 6l % TH Y BAHNTHML TR EIEEAEEL LR >T2, T 7 X LTI
VT x ) O EEIEREAZEET AMENS DL ENMONTEY B 7% LAk b AR IS DT &2 BRE
95 AREMEDS R X7z,

X BIZOWNWTIL., BHEHERLAr AT U i B To ChER SN,
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ZEERBTHHEDOTHDLENVZD, TLT, ZOETUHANRTFHERKGEZEZ L TL
F O T R TCOIMIBWTERME N -T2 D EE X HiLD (Schemeb) o

Norrish typell OH |
—> o ~~ > cyclization
O~ OR O~ OR
\\02 Ho S
A\
other reaction Ob

Scheme 6

5d Z WS ITITRURIFE R o7, ZOBEBIZOWTIIUTFTO LI ITEZXDHZ
EMTED, 5dEHWEGA, BonTL =/ —/KITRIIL A (Scheme?) @D L 5 7o
EThHDH, ZITHL 7 4 UPHRMLER T2 LT, BILICHETT 2R E &2 D
(patha) ., L22L, HEAEDLY OREEL FBETH D (pahb) . ZOEERIZLVELNS
T, = —F ABBEOI IABTRIE T ) — L L DKE-ERICL > TRESH DM =
D7=, path alZ X 2B Z B, fRkE LT pah b ZR THWEEI2Z AL TL
ESINE:SN fﬁ&ﬂﬁ}iﬂ}#ﬁﬁﬁ ENholbnlEZ NS,

OH
5d — *Y” OMe . Q%om ©)t(k
a
O~ OMe OMe path a

(isomerization)

A
path b l J
(single bond rotation)
cyclization
O
X tautomerization 54
O~ OMe
Scheme 7

X SHEIC L AKRBREAREREFDZ XL F—2HWT L Bohm, Klebe HI2 L VL TFTO L S IcHfESn T 5 1

H _H
o~ H H @)
Cd Cd |
H E a H )I\o/
{ ) Paa—d N
-17.0 kd/mol -21.3 kJ/mol -25.7 kJ/mol -29.0 kJ/mol -20.9 kJ/mol

Figure 1 Calculated hydrogen-bond lengths [A]
and interaction energies (ab intio calculation).
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3—3 [E#fILE LOERE SOV TORES

3 — 2ICB W TEBIGEEI NS R TSP EIT T2 Z L2 W E Lz, L,
FDXORBRERERTA-DICR B rBBET ATV L W) A 2 DOERERL A E A
L7, £2C, INBEBEROIRIZONVTHFTHZ &IT LT,

FT. RXUBURERLS LTALEY (9 IOV TN 21T 72, TOREE, KIGiEe<
EIT Loz (K1 8) o 72, 101250V TOXIETHERALIKIZMER SN o 7o, 1t
> T, REBALKISIZH L TR BVRIIMATH Y . FHZEO w2 b = 2R LT
HILENBETHDHEEZBNDY,

O O hv
OEt ——————» No Reaction (18)
benzene
or
9 n-hexane
O O o O hv
P oet + P OEt —— > No Cyclized Product (19)
benzene
10
66 : 34

DEIL, ZATNANEDOGHRIZOWNTHREFTZITo72, T, AT AKITKBHAIT L
L) —NEOEZEENEBME L TEALEN, 22 TRHEFESIEICHLER L THRE
EITHOZEIC LTz, 2F 0, BIWBIREOANYFFTX 2LEY (1) . BLUOKEREARE
BoLnHHFETE LAY (12,13) 24K L, HEEIT-o7 (K20—-22) .

@)
CN hv
| > No Cyclized Product (20)
benzene
11
o) o/@/ hy
©*E< 9 > No Cyclized Product (21)
benzene (E, Z isomerization)
12

o .

| »  No Cyclized Product (22)
benzene (E, Z isomerization)

XAROE L 10 1ZE DAY DL TONREIITZATEL T, M T ORKER L LTORCP U
MUETHD E VD MRERBT AR TIEH D L OO HE T AR TIE2,
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ZORER, WTHOLAIZE W CTHBRILIEIIMER SN/ o T2,
Fo Balcxt LT3 —2 -1 TRl RbFHICT ) — Vo —F VE AR ST E
(14) IZoWTH NI EIT-7- (2 3) . TR, KEMENTX fib\f:&’)ﬁﬁ%ﬂjﬁ
SIS T Loz, 202 ik, BFMIC Y =) — L EERSED L0 HERISIC
AR SEDLHN, BILICKH L THEDTHLAZ L E2REBTHEDENZ S,

t-BuMe,SiO O hy

OEt » E,Z isomerization (23)
7 benzene

14

PLEDZ G ARBEALSINMIIIR B U BRE D AT IVENHRATHD Z ERNbho T,

ZTIZ T, ZO2o0FREEHWTHOEHBMIEAA~DIGHEZ S 2, LLTO 2 SOEHE
(15,16) IZoWTHEfL7z (24, 25) ,

(24)
benzene

keto enoI
keto / enol
a:X=H,R=Et 57 : 43 E / Z isomerization
b: X=0OMe, R =Me 22:78 decompose
c: X=SMe, R = Me enol only tautomerization
(keto / enol = 45 : 55)
d: X=CIl,R=Me enol only E / Z isomerization and

tautomerization

15125V TIE, T TIC MU =/ — U REERFE L TWA Z & 28 'H NMR (in CDCla)43#ric
Ko TR INTEY . BILICOEITHAMRFF SN, L, BTG T, 17
4 DML AL BN R I NDDOHTH-T2 (K24) ,

0O O hy o0
OEt - Xr” OEt > No Reaction (25)

benzene
(+ CH3COOH)

16

16 IOV T bR 21T > 7208, B LROSITEIT LAy » 72, 16 IC oW TiE=— /) — /LR
DELNRT T A0, FERZHRINL TOXRKIS S L2, BALSITET LA
-7 (X25) ,
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2B OWEIT, Myers (2 X ¥ neocarzinostatin chromophore ™77 b —/LE4y DERLE S L
T, BRGSO EFIR LIRSS i, #5132 OEE A % 7 —/L NEt 47
T PEARST 2 VBRI L > THRIIESE TV D L2 6)

hv (mediun-pressure) Me
Me OH O (quartz immersion well)
NN oMe NEt3 OO (20)
cl MeOH MeO OH
MeO 1h
(53-63%) 0~ OMe
OO OCHjg
a

neocarzinostatin chromopho re
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BENEETLE, HfIDIELHATT,

ZOR=VIZEM N HRIE Vo T WMIDTEDIC T ARTRLE R TEONIZOTLE I N2 bo LMICHEARLORHDTLE DI, EEBRASEICALNEZOTTNLRERICIOX—VIZAM LA THEHEE

2725 THOARTT N EETHLRANBTFAILET, 72L& ZBHEHEONTEONE S &L BRBFFAILET,
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3—4 E£&¥

ARETIE, ap-FREMA VR =G ORI RIS TH DT 7 — VAERRISZMA L
Tz, ZBEERUE &% D A BRIRESOSIT DWW Tt Lz,

FORER, = ) — VKB EEFA L B = OREGE O EEIZ K- TBRIL)GE
WITSHEDLZENAREL D 2R WE LT, F72. ZONBRICINIFINMEIH D H DD
EHILZEA L CHLET T ELH LN LT,

O O OH O OH O
hv (high-pressure)
- O™ OO
R R benzene Rl RL
RS R2 R°R?

2, BTELE B ST AT VD L9 RAKEREEHE & B WS IHRED I 7 % el
zt%@%ﬂﬁﬂf%é;kéﬁgbLLKO%LT\A/%/ﬁ#FUiyﬁﬁm—%%
HoTWD Z ENABLEISIZR L THETH DL Z & e TR L,

0 H ,H
Q)Af hv (Norrish type I1) ©/ﬁ/\) hv' (isomerization)
0" X

hv" (cyclization) 0”0

BIEETOL ZAETEREOLHBHAHAEOD, =0 X 5 78I DY s 2 8k 2 F
L7 Y S DR REVEIC O W CREE D L E 2 TV 5,
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Experimental Section for Chapter 3.

Preparation of Triene Compounds.

(1E,4E)-1-Phenyl-1,4-hexadiene-3-one (1).
0

S

To a solution of cinnamoy! chloride (1.679 g, 10.0 mmol) in CH,Cl, (30 mL) at -78 °C was
added 1 M CH,ClI, solution of SnCl; (10 mL, 10 mmol) and stirred for 5 min at that temperature.
Then allyltrimethylsilane (1.6 mL, 10.1 mmol) was added to the mixture and stirred for 30 min at that
temperature. Then the reaction mixture was poured into 5% NaHCO; solution (30 mL) and extracted
with ethyl acetate. The organic layer was washed with 5% NaHCO; solution and brine. Then the
organic layer was stirred with NaxSO, and triethylamine (2.1 mL, 15 mmol) overnight. The mixture
was filtered and concentrated under reduced pressure. The residue was purified by silica-gel
chromatography (hexane / ethyl acetate = 30 : 1) to give (1E,4E)-1-phenyl-1,4-hexadiene-3-one in
87% yield.

'H NMR (300 MHz, CDCl3) & 1.98 (dd, J = 1.6, 6.8 Hz, 3H), 6.48 (dq, J = 1.6, 15.6 Hz, 1H), 6.97 (d,
J=16.0Hz, 1H), 7.03 (dqg, J = 15.6, 6.8 Hz, 1H), 7.37-7.42 (m, 3H), 7.56-7.60 (m, 2H), 7.65 (d, J
= 16.0 Hz, 1H).

3C NMR (75 MHz, CDCl5) § 18.4, 124.9, 128.4, 129.0, 130.5, 131.0, 135.0, 143.2, 143.5, 189.4.

IR (neat) 3030, 2942, 1663, 1632, 1450, 1338, 1294, 1199, 1135, 1083, 978, 752, 629 cm'™.

(1E)-3-[(tert-Butyldimethylsilyl)oxy]-1-phenyl-1,3,5-hexatriene (2).
OSiMe,Bu!

Pl =z

1 M THF solution of lithium bis(trimethylsilyl)amide (6 mL, 6 mmol) was added in THF (3
mL) and cooled at 0 °C. To the solution was added DMPU (5.0 mL) and cooled at -78 °C. Then a
solution of (1E, 4E)-1-phenyl-1,4-hexadiene-3-one (0.691 g, 4.0 mmol) in THF (4 mL) was added
dropwise to the mixture and stirred for 30 min at that temperature. To the mixture was added a
solution of tert-butyldimethysilyl chloride (0.919 g, 6.1 mmol) in THF (4 mL) and the mixture was
gradually warmed up to room temperature. After stirring for additional 50 min, the reaction mixture
was poured into a solution of hexane (60 mL) and ice water (25 mL). The organic layer was washed
with brine, then dried over Na,SO,. After evaporation under reduced pressure, the residue was
purified by silica-gel chromatography (hexane / ethyl acetate = 60 : 1 and triethylamine as an additive)
to give (1E)-3-[(tert-butyldimethylsilyl)oxy]-2,5-dimethyl-1,3,5-hexatriene in 68% yield (E/ Z=1.6:
1, at 3 position).
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(3E) : 'H NMR (300 MHz, CDCl3) & 0.22 (s, 6H), 1.07 (s, 9H), 4.97 (dd, J = 1.8, 6.8 Hz, 1H), 5.10
(dd, J=1,8, 14.8 Hz, 1H), 5.65 (d, J = 11.2 Hz, 1H), 6.64-6.78 (m, 1H), 6.93 (d, J = 15.6 Hz, 1H),
7.09 (d, J = 15.6 Hz, 1H), 7.20-7.47 (m, 5H).

(32) : *H NMR (300 MHz, CDCls) 8 0.17 (s, 6H), 1.07 (s, 9H), 5.00 (dd, J = 1.2, 10.2 Hz, 1H), 5.16
(dd, J=1.2,17.2 Hz, 1H), 5.83 (d, J = 11.0 Hz, 1H), 6.58 (d, J = 15.7 Hz, 1H), 6.64-6.78 (m, 1H),
6.78 (d, J = 15.7 Hz, 1H), 7.20-7.47 (m, 5H).

UV-VIS (O, hexane) 315.0, 239.5 nm (E / Z mixture).

3-Hydroxy-2,5-dimethyl-1,4-hexadiene.
OH

&

A solution of 2-bromopropene (9.3 mL, 105 mmol) in THF (50 mL) and 1,2-dibromoethane
(1.8 mL) was added dropwise to a suspension of an activated magnesium (3.04 g, 125 mmol) in THF
(30 mL), and stirred for 1h.  To the solution was added a solution of 3-methly-2-butena (9.6 mL, 99
mmol) in THF (10 mL) while cooling down that solution. After stirring for 1 h at room temperature,
the reaction mixture was poured into sat. NH4Cl solution and extracted with ethyl acetate. The
organic layer was washed with brine, then dried over MgSO,. The solution was filtered and
concentrated under reduced pressure at room temperature. The residue was distilled under reduced
pressure (46 °C / 4 mmHg) to give 3-hydroxy-2,5-dimethyl-1,4-hexadiene in 80% yield.
'H NMR (800 MHz, CDCls) & 1.72-1.73 (m, 3H), 1.73 (d, J = 1.4 Hz, 3H), 1.75 (d, J = 1.4 Hz, 3H),

4.83 (d, J=8.8 Hz, 1H), 4.81-4.83 (m, 1H), 5.01-5.03 (m, 1H), 5.19 (dsept, J = 8.8, 1.4 Hz, 1H).

3C NMR (75 MHz, CDCl3) § 18.1, 18.3, 25.7, 72.2, 109.5, 126.1, 135.8, 147.5.
IR (neat) 3306, 3078, 2976, 1655, 1450, 1377, 1050, 1013, 897 cm'™.

2,5-Dimethyl-1,4-hexadiene-3-one (4).
0

g

To a suspension of MnO; (27.56 g, 317 mmoal) in CH,Cl, (19 mL) was added a solution of
3-hydroxy-2,5-dimethyl-1,4-hexadiene (2.52 g, 20 mmol) in CH,Cl, (11 mL), then stirred for 6 days.
The reaction mixture was filtered through a pad of Celite and Florisil and the filtrate was concentrated.
The residue was distilled under reduced pressure (77 °C / 31 mmHg) to give
2,5-dimethyl-1,4-hexadiene-3-one in 57% yield.

'H NMR (300 MHz, CDCls) § 1.91 (br, 3H), 1.93 (br, 3H), 2.11 (br, 3H), 5.69 (br, 1H), 5.89 (br, 1H),
6.47 (br, 1H).

3C NMR (75 MHz, CDCl3) § 17.7, 20.7, 27.7, 120.7, 123.5, 146.5, 154.8, 193.7.

IR (neat) 2980, 1661, 1622, 1448, 1379, 1301, 1110, 1048, 932, 853 cm™.
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3-[(tert-Butyldimethylsilyl)oxy]-2,5-dimethyl-1,3,5-hexatriene (3).
OSiMe,Bu!

=z

The titled compound was prepared in 88% yield (single isomer) according to the procedure as

described for (1E)-3-[(tert-butyldimethylsilyl)oxy]-2,5-dimethyl-1,3,5-hexatriene.

'H NMR (300 MHz, CDCl3) & 0.06 (s, 6H), 0.97 (s, 9H), 1.89 (br, 6H), 4.96 (m, 2H), 5.16 (m, 1H),
5.29 (br, 1H), 5.39 (br, 1H).

3C NMR (75 MHz, CDCl5) § -3.3, 18.5, 20.5, 23.8, 26.2, 112.3, 114.0, 115.4, 139.7, 141.4, 150.7.

IR (neat) 2960, 2934, 1603, 1475, 1350, 1257, 1122, 959, 893, 841, 781 cm™.

UV-VIS (Amax, hexane) 253.5, 210.0 nm.

regioisomer.

'H NMR (300 MHz, CDCl3) & 0.15 (s, 6H), 0.93 (s, 9H), 1.81 (br, 3H), 1.88 (br, 3H), 4.75 (m, 1H),
4.79 (m, 1H), 5.05 (m, 2H), 5.46 (br, 1H).

Ethyl 3-[(tert-Butyldimethylsilyl)oxy]-2-ethenyl-3-phenylpr openoate (14).
t-BuMeySi0O O

OEt
A
To a solution of diisopropylamine (0.22 mL, 1.6 mmol) in THF (1 mL) at 0 °C was added

1.69 M hexane solution of n-butyllithium (0.89 mL, 1.5 mmol), and stirred for 5min.  To the solution

was added DMPU (1.2 mL) and stirred for 10 min at that temperature. Then the mixture was cooled

a -78 °C and tirred for additional 15 min. To the mixture was added a solution of ethyl

2-ethylidene-3-oxo-3-phenylpropionate (vide infra) (0.329 g, 1.5 mmol) in THF (1 mL) and stirred at

that temperature.  After stirring for 15 min, a solution of tert-butyldimetylsilyl chloride (0.226 g, 1.5

mmol) in THF (1 mL) was added to the mixture and warmed up to room temperature.  After stirring

for 30 min, the reaction mixture was poured into a solution of hexane (20 mL) and water (7 mL). The
organic layer was washed with brine, then dried over NaxSO,. After evaporation under reduced
pressure, the residue was purified by flash chromatography on silica gel (hexane / ethyl acetate = 60 :

1 and triethylamine as an additive) to give ethyl

3-[(tert-butyldimethylsilyl)oxy]-2-ethenyl-3-phenyl propenoate in 50% yield.

'H NMR (300 MHz, CDCl3) & -0.15 (s, 6H), 0.84 (t, J = 7.2 Hz, 3H), 0.94 (s, 9H), 3.91 (g, J = 7.2 Hz,
2H), 5.15 (dd, J = 1.4, 17.8 Hz, 1H), 5.34 (dd, J = 1.4, 17.8 Hz, 1H), 6.84 (dd, J = 11.2, 17.8 Hz,
1H), 7.30-7.38 (m, 5H).

3C NMR (75 MHz, CDCl3) & -4.2, 13.5, 18.3, 25.7, 60.5, 114.0, 118.1, 128.1, 128.3, 129.1, 129.7,
138.4, 154.8, 168.7.

regioisomer.

'H NMR (300 MHz, CDCl3) & 4.89 (dd, J = 1.1, 11.1 Hz, 1H), 5.02 (dd, J = 1.1, 17.6 Hz, 1H), 6.21
(dd, J=11.0, 17.6 Hz, 1H) (at vinyl proton).
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Preparation of Ester Substituted Compounds.

Ethyl 2-Ethylidene-3-oxo-3-phenylpropionate (5a).
O O

The Knoevenagel reaction was proceeded as follows: A mixture of ethyl benzoylacetate (0.65

mL, 3.8 mmol) and freshly-prepared acetaldehyde (0.248 g, 5.6 mmol) was cooled at -5 °C. To the

mixture was added a solution of piperidine (0.011 g, 0.11 mmol) in acetonitrile (1.25 mL) and stirred

for 12 h at that temperature. The reaction mixture was poured into water including few drops of
acetic acid, and extracted with ethyl acetate. The organic layer was washed with brine and dried over

MgSO,. The mixture was filtered and concentrated under reduced pressure. The residue was

purified by silica-gel chromatography (hexane / ethyl acetate = 30 : 1) to give ethyl

2-ethylidene-3-oxo-3-phenylpropionate in 77% yield.

'H NMR (300 MHz, CDCl5) 8 1.13 (t, J = 7.1 Hz, 3H), 1.80 (d, J = 7.3 Hz, 3H), 4.16 (q, J = 7.1 Hz,
2H), 7.26 (g, J = 7.3 Hz, 1H), 7.47 (t, J =7.7 Hz, 2H), 7.59 (t, J =7.4 Hz, 1H), 7.89 (d, J =7.1 Hz,
2H).

BC NMR (75 MHz, CDCl3) ¢ 14.2, 15.6, 61.2, 128.7, 129.0, 133.6, 134.8, 136.7, 143.4, 164.3, 194.3.

IR (neat) 2986, 1723, 1676, 1599, 1450, 1352, 1234, 1135, 1062, 1019, 911, 716, 690 cm'™.

Ethyl 2-(2-M ethoxyethylidene)-3-oxo-3-phenylpropionate (5b).
O O
OFEt

OMe
The titled compound was prepared in 87% yield according to the procedure as described for
ethyl 2-ethylidene-3-oxo-3-phenylpropionate.  The reaction was performed within Na,SO, because of
using methoxyacetal dehyde solution.

'H NMR (300 MHz, CDCl3) & 1.15 (t, J = 7.1 Hz, 3H), 3.21 (s, 3H), 4.07 (d, J = 5.3 Hz, 2H), 4.18 (q,
J=7.1Hz 2H), 7.21 (t, J = 5.3 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.59 (t, J = 7.3 Hz, 1H), 7.88 (d,
J=7.0Hz, 2H).

3C NMR (75 MHz, CDCl3) & 13.8, 58.8, 61.4, 69.3, 128.8, 129.0, 133.7, 134.3, 136.9, 144.3, 164.3,
193.8.

IR (neat) 2988, 1717, 1676, 1599, 1452, 1371, 1236, 1127, 1044, 1013, 692 cm™.
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Ethyl 2-Propylidene-3-oxo-3-phenylpropionate (5c).
0O O

OEt

The titled compound was prepared in 78% yield according to the procedure as described for

ethyl 2-ethylidene-3-oxo-3-phenylpropionate.

'H NMR (300 MHz, CDCls) & 1.04 (t, J = 7.5 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H), 2.13 (dg, J = 7.8, 7.5
Hz, 2H), 4.16 (q, J = 7.1 Hz, 2H), 7.16 (t, J = 7.8 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H), 7.60 (t, J =
7.4 Hz, 1H), 7.90 (d, J = 7.1 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 12.8, 13.9, 23.0, 61.1, 128.9, 129.2, 133.4, 133.8, 137.0, 149.7, 164.8,
194.8.

IR (neat) 2980, 1723, 1676, 1644, 1452, 1369, 1236, 1147, 1067, 717, 690 cm'™.

Methyl 3-M ethoxy-2-butenoate.
MeQ O

MOMe

A mixture of methyl acetoacetate (5.40 mL, 50.0 mmol) and trimethyl orthoformate (11.0 mL,
100 mmol) was cooled at 0 °C, and added conc. H,SO, (1.0 mL). Then the mixture was warmed up
to 70 °C. After stirring for 3 h at that temperature, the mixture was filtered through K,COs, and
concentrated under reduced pressure. The residue was distilled under reduced pressure (60 °C / 11
mmHg) to give methyl 3-methoxy-2-butenoate in 89% yield.
'H NMR (300 MHz, CDCls) & 2.30 (s, 3H), 3.63 (s, 3H), 3.68 (s, 3H), 5.03 (s, 1H).
3C NMR (75 MHz, CDCl5) § 18.8, 50.7, 55.4, 90.5, 168.6, 173.5.
IR (neat) 2954, 1715, 1634, 1441, 1396, 1350, 1280, 1147, 1054, 928, 820 cm™.

Methyl 2-(1-M ethoxyethylidene)-3-oxo-3-phenylpropionate (5d).
0O 0

OMe

To asolution of diisopropylamine (0.42 mL, 3.0 mmol) in THF (2 mL) at 0 °C was added 1.6
M hexane solution of n-butyllithium (1.9 mL, 3.0 mmol), and stirred for 30 min. Then the mixture
was cooled at -78 °C. After stirring for 1 h, to the mixture was added a solution of methyl
3-methoxy-2-butenate (0.313 g, 2.4 mmol) in THF (4 mL) , and stirred for 30 min at that temperature.
Then to the mixture was added benzoyl chloride (0.24 mL, 2.1 mmol) and stirred for 15 min. The
reaction mixture was poured into a solution of hexane (20 mL) and ice water (10 mL) and extracted
with ethyl acetate. The organic layer was washed with brine and dried over MgSO,. The mixture
was filtered and concentrated under reduced pressure. The residue was purified by silica-gel
chromatography  (hexane /  ethyl acetate = 8 1) to give methyl
2-(1-methoxyethylidene)-3-oxo-3-phenylpropionate in 71% yield.
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'H NMR (300 MHz, CDCl3) § 2.59 (s, 3H), 3.59 (s, 3H), 3.65 (S, 3H), 7.45 (t, J = 7.4 Hz, 2H), 7.56 (t,
J=7.8Hz, 1H), 7.92 (d, J = 7.2 Hz, 2H).

13C NMR (75 MHz, CDCl3) & 14.1, 51.5, 55.4, 111.2, 128.7, 129.2, 133.3, 137.6, 166.4, 171.0, 194.5.

IR (neat) 2996, 2954, 1711, 1671, 1620, 1435, 1397, 1299, 1112, 903, 851, 806, 704 cm™.

Methyl 2-(1-M ethylethylidene)-3-oxo-3-phenylpropionate (5€).
0O 0

OMe

The titled compound was prepared in 29% yield according to the procedure as described for
methyl 2-(1-methoxyethylidene)-3-oxo-3-phenylpropionate.
'H NMR (300 MHz, CDCl3) & 1.79 (s, 3H), 2.33 (s, 3H), 3.60 (s, 3H), 7.47 (t, J = 7.2 Hz, 2H), 7.58 (t,
J=7.3Hz, 1H), 7.92 (d, J= 7.0 Hz, 2H).
3C NMR (75 MHz, CDCl3) § 22.1, 24.1, 51.6, 128.3, 128.9, 129.2, 133.7, 137.0, 155.1, 165.3, 195.8.
IR (neat) 2994, 2954, 1717, 1676, 1636, 1437, 1317, 1220, 1085, 864, 808, 702 cm™.

Ethyl (2-M ethylpr opylidene)-3-oxo-3-phenylpropionate (5f).
O O

Okt

The titled compound was prepared in 90% yield according to the procedure as described for
ethyl 2-ethylidene-3-oxo-3-phenylpropionate.

'H NMR (300 MHz, CDCl5) 8 1.01 (d, J = 6.6 Hz, 6H), 1.12 (t, J = 7.2 Hz, 3H), 2.40 (dsept, J = 10.9,
6.6 Hz, 1H), 4.15 (g, J = 7.2 Hz, 2H), 6.96 (d, J = 10.9 Hz, 1H), 7.47 (t, J = 7.5 Hz, 2H), 7.59 (t, J
=7.0Hz, 1H), 7.90 (d, J = 7.1 Hz, 2H).

3C NMR (75 MHz, CDCl3) 6 13.9, 21.7, 29.1, 61.1, 128.8, 129.2, 131.6, 133.8, 137.0, 154.1, 165.0,
194.7.

IR (neat) 2970, 1725, 1676, 1644, 1450, 1367, 1323, 1236, 1180, 1154, 1069, 1019, 930, 725 cm’™.

Ethyl 3-Hydroxy-4-methyl-2-(1-methylethenyl)-4-pentenoate.
OH O

Okt

To asolution of ethyl 3,3-dimethylacrylate (0.28 mL, 2.0 mmol) in CH,Cl, (8 mL) was added
dropwise to 1 M CH.Cl; solution of dibutylboron triflate (2.2 mL) at -30 °C. After stirring for 15
min at that temperature, the reaction mixture was cooled at -78 °C and added dropwise to
diisopropylethylamine (0.38 mL, 2.2 mmol). After stirring for 1 h at that temperature, the reaction
mixture was warmed up to -50 ~ -30 °C. After stirring for 1 h between -40 ~ -30 °C, to the reaction
mixture was added methacrolein (0.9 mL, 11 mmol) and stirred for 2 h at that temperature. The
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reaction mixture was poured into ag. phosphate buffer (pH = 7.4) and extracted with Et;O. The

organic layer was washed with brine and dried over N&SO,;. The mixture was filtered and

concentrated under reduced pressure. The residue was purified by neutral silica-gel chromatography

(hexane / ethyl acetate = 15 : 1) to give ethyl 3-hydroxy-4-methyl-2-(1-methylethenyl)-4-pentenoate in

31% yield (diastereomer ratio = 8 : 2).

'H NMR (300 MHz, CDCl3) § 1.26 (t, J = 7.0 Hz, 3H), 1.74 (br, 3H), 1.75 (br, 3H), 2.86 (d(br), J =
4.8 Hz, 1H), 3.28 (d, J = 8,5 Hz, 1H), 4.18 (q, J = 7.0 Hz, 2H), 4.48 (dd, J = 4.8, 8.5 Hz, 1H),
4.90 (br, 1H), 4.93 (br, 2H), 4.97 (br, 1H).

3C NMR (75 MHz, CDCls) § 14.2, 17.3, 20.9, 57.2, 61.0, 75.6, 114.0, 115.7, 139.8, 144.3, 173.1.

IR (neat) 3388, 2982, 1717, 1547, 1452, 1375, 1305, 1224, 1166, 1025, 901 cm™.

diastereomer.

'H NMR (300 MHz, CDCls3) 8 3.05 (d, J = 8.4 Hz, 1H) (detectable).

Ethyl 4-M ethyl-2-(1-methylethylidene)-3-oxo-4-pentenoate (9).

o O

To a solution of oxalyl chloride (0.065 mL, 0.75 mmol) in CH.Cl, (1 mL) was added
dropwise to DM SO (0.09 mL, 1.27 mmol) at -78 °C.  After stirring for 10 min at that temperature, to
the  reaction mixture  was  added dropwise  to a  solution of ethyl
3-hydroxy-4-methyl-2-(1-methylethenyl)-4-pentenoate (96.5 mg, 0.487 mmoal) in CH,Cl, (2 mL) and
stirred for 10 min at that temperature. To the reaction mixture was slowly added triethylamine (0.4
mL, 2.8 mmol) at that temperature. After stirring for 15 min, the reaction mixture was gradually
warmed up to room temperature.  After stirring for 30 min at room temperature, the reaction mixture
was poured into water and extracted with Et,O. The organic layer was filtered and concentrated
under reduced pressure. The residue was purified by silica-gel chromatography (hexane / ethyl
acetate = 15 : 1) to give ethyl 4-methyl-2-(1-methylethenyl)-3-oxo-4-pentenoate in 72% yield.

'H NMR (300 MHz, CDCl3) & 1.17 (t, J = 7.0 Hz, 3H), 1.76 (s, 3H), 1.92 (br, 3H), 2.20 (s, 3H), 4.10
(9, J=7.0Hz, 2H), 5.81 (br, 2H).

3C NMR (75 MHz, CDCls) § 14.0, 16.8, 22.0, 23.9, 60.4, 127.1, 129.3, 145.1, 153.6, 164.7, 197.5.

IR (neat) 2984, 1723, 1671, 1636, 1448, 1373, 1263, 1222, 1096, 1027 cm’™.

Ethyl 3-Hydroxy-2-(1-methylethenyl)-4-phenylbutylate.
OH O

P
OEt

The titled compound was prepared in 37% yield (single isomer) according to the procedure

as described for ethyl 3-hydroxy-4-methyl-2-(1-methylethenyl)-4-pentenoate.
'H NMR (300 MHz, CDCl3) & 1.26 (t, J = 7.2 Hz, 3H), 1.82 (s, 3H), 2.61 (dd, J = 8.7, 13.7 Hz, 1H),
2.71 (d, J = 4.8 Hz, 1H), 2.88 (dd, J = 3.6, 13.7 Hz, 1H), 3.12 (d, J = 8.4 Hz, 1H), 4.10-4.27 (m,
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3H), 5.02 (br, 2H), 7.20-7.33 (m, 5H).
13C NMR (75 MHz, CDCl3) & 14.2, 21.3, 40.7, 59.1, 61.0, 72.1, 116.0, 126.6, 128.5, 129.5, 138.4,
140.2, 173.0.
IR (neat) 3448, 2982, 2930, 1717, 1647, 1497, 1456, 1373, 1325, 1267, 1081, 1031, 903, 752 cm™.

Ethyl 2-(1-Methylethylidene)-3-oxo-4-phenylbutylate.
0

0

The titled compound was prepared in 40% yield according to the procedure as described for
ethyl 4-methyl-2-(1-methylethylidene)-3-oxo-4-pentenoate.
'H NMR (300 MHz, CDCls) § 1.29 (t, J = 7.3 Hz, 3H), 1.76 (s, 3H), 2.10 (s, 3H), 3.86 (s, 2H), 4.21 (q,
J=7.3Hz, 2H), 7.18-7.34 (m, 5H).
3C NMR (75 MHz, CDCl3) 6 14.2, 22.7, 23.7, 50.1, 60.8, 127.1, 128.5, 129.8, 131.4, 133.8, 154.6,
165.2, 200.8.
IR (neat) 2984, 1696, 1634, 1497, 1456, 1373, 1270, 1224, 1093, 1027, 716 cm™.

Ethyl 2-(1-Methylethylidene)-3-oxo-4-phenyl-4-pentenoate (10).

0O O
PWOB
To a suspension of paraformaldehyde (81.6 mg) and N-methylanilinium trifluoroacetate

(0166 g, 222 mmol) in THF (2 mL) was added a solution of ethyl
3-0x0-2-(1-methylethylidene)-4-phenylbutylate (0.112 g, 0.45 mmol) in THF (2 mL) and refluxed for
9 h. The reaction mixture was poured into water and filtered through a pad of Celite. The filtrate
was extracted with ethyl acetate. The organic layer was washed with brine and dried over MgSOs.
The organic layer was filtered and concentrated under reduced pressure. The residue was purified
by slicagel chromatography (hexane / ethyl acetate = 40 : 1) to give ethyl
2-(1-methylethylidene)-3-oxo-4-phenyl-4-pentenoate and ethyl
2-(1-methylethylidene)-3-oxo-4-phenylbutylate (starting material) in 37% and 19% vyield,
respectively. (They couldn’t be separated.)
'H NMR (300 MHz, CDCl3) 8 1.19 (t, J = 6.9 Hz, 3H), 1.92 (s, 3H), 2.27 (s, 3H), 4.15 (g, J = 6.9 Hz,

2H), 6.03 (s, 1H), 6.08 (s, 1H), 7.18-7.40 (m, 5H).
3C NMR (75 MHz, CDCl3) § 14.1, 22.4, 24.0, 60.6, 126.7, 128.2, 128.4, 128.6, 130.0, 136.5, 149.4,

155.2, 164.9, 196.1.
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Preparation of Other Compounds.

2-Ethylidene-3-oxo-3-phenylpropionitrile (11).

©)L[fN

To a suspension of potassium tert-butoxide (0.114 g, 1.0 mmol) in THF (1 mL) was added a
solution of benzoylacetonitrile (0.145 g, 1.0 mmol) in THF (1 mL) at -78 °C, and added a solution of
freshly distilled acetaldehyde (0.063 g, 1.5 mmol) in THF (1 mL) at that temperature. After stirring
for 30 min, the reaction mixture was poured into sat. NH4Cl solution and extracted with ethyl acetate.
The combined organic layer was washed with brine, and dried over MgSO,.  After evaporation under
reduced pressure, the residue was purified by silica-gel chromatography (hexane / ethyl acetate =8 : 1)
to give 2-ethylidene-3-oxo-3-phenylpropionitrile in 15% yield. (It will be better used the neutral
silica-gel, because the product seems to be decomposed in silica-gel).

'H NMR (300 MHz, CDCl5) § 2.32 (d, J = 7.1 Hz, 3H), 7.50 (t, J = 9.5 Hz, 2 H), 7.53 (q, J = 7.1 Hz,
1H), 7.62 (t, J = 7.1 Hz, 1H), 7.82 (d, J = 6.9 Hz, 2H).

BC NMR (75 MHz, CDCl3) 6 18.2, 114.9, 118.4, 128.9, 129.4, 133.7, 135.7, 159.5, 188.1.

IR (neat) 2968, 2208, 1661, 1601, 1448, 1263, 1019, 870, 795 cm™.

3-Hydroxymethyl-3-methyloxetane.

X
HO

A 100-mL two necked flask was equipped with reflux condenser and charged
trimethylolethane (12.02 g, 100 mmol) and diethylcarbonate (12.5 mL, 103 mmol) and two pieces of
KOH (ca. 0.2 g) and ethanol (1 mL). The mixture was heated up to 110 °C for 20 min with stirring.
The reaction mixture was cooled down to room temperature and removed the ethanol by distillation
under atmospheric pressure (bath temp. 60-140 °C). The viscous solution was removed to 50-mL
round-bottomed flask and roughly distilled under reduced pressure (110-130 °C / 50 mmHg, bath temp.
up to 250 °C). This crude product was again distilled under reduced pressure (116-120 °C / 4
mmHg) to give 3-hydroxymethyl-3-methyloxetane in 50% yield.

'H NMR (300 MHz, CDCl3) & 1.26 (s, 3H), 2.97 (t, J = 5.4 Hz, 1H), 3.63 (d, J = 5.4 Hz, 2H), 4.35 (d,
J=5.7Hz, 2H), 4.49 (d, J = 5.7 Hz, 2H).

3C NMR (75 MHz, CDCl3) & 20.6, 40.7, 67.7, 79.7.

IR (neat) 3288, 2966, 2878, 1649, 1458, 1386, 1149, 1048, 969, 832 cm™.

Benzoylacetate Ester of 3-Hydr oxymethyl-3-methyloxetane.

A solution of 3-hydroxymethyl-3-methyloxetane (0.310 g, 3.0 mmol), 4-DMAP (0.183 g, 1.5
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mmol) and ethyl benzoylacetate (1.55 mL, 9.0 mmol) in toluene (9 mL) was refluxed for 3h. To the
reaction mixture was added sat. NH4Cl solution at 0 °C and extracted with ethyl acetate. The
combined organic layer was washed with brine, and dried over MgSO,. After evaporation under
reduced pressure, the residue was purified by silica-gel chromatography (hexane/ ethyl acetate =8 : 1)
to give titled compound in quantitative yield and recovered ethyl benzoylacetate quantitatively.

'H NMR (300 MHz, CDCls) & 1.29 (s, 3H), 4.06 (s, 2H), 4.26 (s, 2H), 4.33 (d, J = 6.2 Hz, 2H), 4.46 (d,

J=6.2Hz, 2H), 7.49 (tm, J = 7.8 Hz, 2H), 7.61 (tm, J = 7.5 Hz, 1H), 7.94 (dm, J = 7.2 Hz, 2H).

3C NMR (75 MHz, CDCls) § 21.0, 39.0, 45.8, 69.6, 79.4, 128.5, 129.0, 134.0, 136.0, 167.7, 192.4.

enol form.
OH O
S ¢
)

'H NMR (300 MHz, CDCl3) & 2.04 (s, 3H), 4.30 (s, 2H), 4.42 (d, J = 6.2 Hz, 2H), 4.58 (d, J = 6.2 Hz,
2H), 5.74 (s, 1H), 7.43-7.81 (m, 5H), 12.47 (s, 1H).

IR (neat) (keto-enol mixture) 2968, 2876, 1736, 1686, 1618, 1580, 1495, 1452, 1415, 1379, 1265,
1189, 1151, 1081, 984, 835, 758, 725, 690 cm™.

2-Ethylidene-3-oxo-3-phenylpropionate Ester of 3-Hydroxymethyl-3-methyloxetane

0O O
X
I O

The Knoevenagel reaction was proceeded according to the procedure as described for ethyl
2-ethylidene-3-oxo-3-phenylpropionate (about 1.5 molar scale). The reaction mixture was purified
by slicagel chromatography (hexane / ethyl acetate = 5 : 1) to give the mixture of
2-ehylidene-3-oxo-3-phenylpropionate ester of 3-hydroxymethyl-3-methyloxetane and benzoylacetate
ester of 3-methyl-3-hydroxymethyloxetane (starting material) in 73 and 14% yield, respectively.

'H NMR (300 MHz, CDCl3) & 1.07 (s, 3H), 1.86 (d, J = 7.5 Hz, 3H), 4.15 (d, J = 6.1 Hz, 2H), 4.18 (s,
2H), 4.21 (d, J = 6.1 Hz, 2H), 7.33 (g, J = 7.5 Hz, 1H), 7.44-7.96 (m, 5H).

2-(4-Methyl-2,6,7-trioxabicyclo[2.2.2] octanyl)-1-phenyl-2-buten-1-one (12).

oy
I
To a solution of mixture product obtained according to the procedure as described for
2-ehylidene-3-oxo-3-phenylpropionate ester of 3-hydroxymethyl-3-methyloxetane (0.170 g, ca. 0.5
mmol of 2-ehylidene-3-oxo-3-phenylpropionate ester of 3-hydroxymethyl-3-methyloxetane
containing) in CH.Cl, (1 mL) was added boron trifluoride diethyl etherate (0.025 mL, 0.2 mmol) at

-15 °C and then gradually warmed up to 0 °C.  After stirring for 9 h at that temperature, triethylamine
(0.1 mL, 0.7 mmol) was added to the reaction mixture. The reaction mixture was diluted with Et,O
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and filtered through a pad of Celite and Florisil, then concentrated under reduced pressure. The

residue was purified by slicagel chromatography (hexane / ethyl acetate = 8 : 1) to give

2-(4-methyl-2,6,7-trioxabicyclo[ 2.2.2] octanyl)-1-phenyl-2-buten-1-one in 27% yield.

'H NMR (300 MHz, CDCl3) 8 0.79 (s, 3H), 1.52 (d, J = 7.0 Hz, 3H), 3.93 (s, 6H), 6.40 (g, J = 7.0 Hz,
1H), 7.44 (tm, J = 7.8 Hz, 2H), 7.55 (tm, J = 7.2 Hz, 1H), 8.02 (dm, J = 7.2 Hz, 2H).

3C NMR (75 MHz, CDCls) & 14.3, 14.5, 30.4, 73.1, 106.5, 128.5, 129.9, 230.0, 133.3, 137.3, 137.9,
196.2.

IR (neat) 2936, 2882, 1676, 1597, 1580, 1452, 1398, 1361, 1313, 1234, 1143, 1064, 1011, 984, 888,
851, 785, 719, 690 cm™.

2-Bromo-1-phenylbutanone.
0

o

To asolution of butylophenone (2.9 mL, 20.0 mmol) in CHCI3 (20 mL) and ethyl acetate (20

mL) was warmed up to 75-80 °C. To the reaction mixture was added CuBr, (8.95 g, 40.0 mmol) in

small portions (each portion was allowed to disappear the green color). After adding all CuBr», the

reaction mixture was heated for more 2 h.  Then the reaction mixture was cooled at room temperature
and filtered with afilter paper. The filtrate was washed with water, 5% NaHCO; solution and brine.

The organic layer was dried over N&xSO,.  The mixture was filtered and concentrated under reduced

pressure. The residue was distilled under reduced pressure (83-86 °C/ <3 mmHg) to give

2-bromo-1-phenylbutanone in 83% yield.

'H NMR (300 MHz, CDCl3) & 1.09 (t, J = 7.2 Hz, 3H), 2.14 (sept, J = 7.2 Hz, 1H), 2.25 (sept, J = 7.2
Hz, 1H), 5.07 (dd, J = 6.3, 7.5 Hz, 1H), 7.49 (tm, J = 8.1 Hz, 2H), 7.60 (tm, J = 7.5 Hz, 1H), 8.02
(dm, J=6.9 Hz, 2H).

3C NMR (75 MHz, CDCl3) § 12.2, 27.0, 49.1, 128.8, 128.9, 133.7, 134.6, 193.3.

IR (neat) 2976, 1686, 1599, 1450, 1367, 1296, 1272, 1226, 1106, 1004, 899, 801, 704, 687 cm™.

2-Hydr oxy-1-phenylbutanone.
0

o

To a solution of 2-bromo-1-phenylbutanone (1.21 g, 5.3 mmol) in DMF (5.3 mL) was added
potassium iodide (1.07 g, 6.45 mmol), water (0.4 mL) and KOH (0.341 g, 6.1 mmol). After stirring
for 1 h, the reaction mixture was poured into ag. phosphate buffer (pH = 7.4) and extracted with ethyl
acetate. The organic layer was washed with brine and dried over MgSO,. The mixture was filtered
and concentrated under reduced pressure. The residue was purified by silica-gel chromatography
(hexane/ ethyl acetate = 15 : 1) to give 2-hydroxy-1-phenylbutanone in 60% yield.

'H NMR (300 MHz, CDCl3) & 0.94 (t, J = 7.8 Hz, 3H), 1.62 (sept, J = 7.2 Hz, 1H), 1.96 (ddd, J = 4.2,
7.8, 14.1 Hz, 1H), 3.71 (d, J = 6.3 Hz, 1H), 5.06 (dt, J = 3.6, 6.9 Hz, 1H), 7.50 (tm, J = 7.2 Hz,
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2H), 7.62 (tm, J = 6.9 Hz, 1H), 7.92 (dm, J = 6.9 Hz, 2H).
3C NMR (75 MHz, CDCl5) & 8.9, 28.9, 74.0, 128.6, 128.9, 133.9, 134.0, 202.2.
IR (neat) 3456, 2972, 2938, 1684, 1599, 1452, 1408, 1307, 1247, 1133, 1075, 1056, 977, 965, 764, 698

cm,

1-Phenyl-1,2-butanedione.
0

o

The titled compound was prepared in 75% yield according to the procedure as described for
ethyl 4-methyl-2-(1-methylethylidene)-3-oxo-4-pentenoate.
'H NMR (300 MHz, CDCl3) & 1.18 (t, J = 7.2 Hz, 3H), 2.89 (g, J = 7.2 Hz, 2H), 7.47 (tm, J = 8.1 Hz,
2H), 7.61 (tm, J = 7.2 Hz, 1H), 7.96 (dm, J = 7.2 Hz, 2H).
3C NMR (75 MHz, CDCl5) § 6.8, 32.1, 128.8, 130.1, 132.0, 134.6, 192.6, 203.8.
IR (neat) 2984, 1715, 1673, 1599, 1452, 1270, 1122, 878, 692 cm™.

2-Acetoxy-1-phenyl-2-buten-1-one (13).
0

I

The mixture of 1-phenyl-1,2-butanedione (69.2 mg, 0.42 mmol), acetic anhydride (1 mL, 10.6
mmol), sodium acetate (0.044 g, 0.53 mmol) and hydroquinone (few crystals) was refluxed for 3 h.
The reaction mixture was poured into sat. sodium acetate solution and brine, and extracted with Et,O.
The organic layer was washed with brine and dried over N&SO,. The mixture was filtered and
concentrated under reduced pressure.  The residue was purified by silica-gel chromatography (hexane
[ ethyl acetate = 20 : 1) to give 2-acetoxy-1-phenyl-2-buten-1-one in 78% yield.
'H NMR (300 MHz, CDCl5) § 1.85 (d, J = 6.9 Hz, 3H), 2.27 (s, 3H), 6.24 (g, J = 6.9 Hz, 1H), 7.43 (tm,
J=7.5Hz 2H), 7.54 (tm, J=7.5Hz, 1H), 7.75 (dm, J = 6.9 Hz, 2H).
3C NMR (75 MHz, CDCl3) § 11.8, 20.3, 128.3, 128.5, 129.2, 130.0, 137.0, 146.8, 168.7, 189.7.
IR (neat) 3062, 1760, 1663, 1448, 1373, 1328, 1276, 1209, 1162, 1021, 944, 708 cm’™.
regioisomer.
'H NMR (300 MHz, CDCl3) & 1.75 (d, J = 7.7 Hz, 3H), 2.04 (s, 3H), 5.99 (g, J = 7.7 Hz, 1H)
(detectable).
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(4E)-Ethyl 3-Oxo-5-phenyl-4-pentenoate (15a).
O O

MO Et

The titled compound was prepared in 15% vyield (keto / enol = 57 : 43) according to the

procedure as described for methyl 2-(1-methoxyethylidene)-3-oxo-3-phenylpropionate.

'H NMR (300 MHz, CDCl3) & 1.28 (t, J = 7.2 Hz, 3H), 3.69 (s, 2H), 4.22 (q, J = 7.2 Hz, 2H), 6.81 (d,
J=16.3 Hz, 1H), 7.32-7.55 (m, 5H), 7.60 (d, J = 16.3 Hz, 1H).

enol form.

'H NMR (300 MHz, CDCl3) 8 1.31 (t, J = 6.9 Hz, 3H), 4.24 (g, J = 6.9 Hz, 2H), 5.17 (s, 1H), 6.44 (dd,
J=1.2,15.9 Hz, 1H), 7.32-7.55 (m, 6H), 11.99 (d, J = 1.2 Hz, 1H).

3C NMR (75 MHz, CDCls: keto-enol mixture) & 14.2, 14.4, 47.7, 60.3, 61.5, 92.0, 122.0, 125.3, 127.6,
128.9, 129.1, 129.4, 131.0, 134.2, 135.6, 136.8, 144.7, 167.4, 169.3, 172.9, 192.0.

IR (neat: keto-enol mixture) 2364, 1742, 1653, 1450, 1419, 1238, 1149, 1038, 971, 801, 754 cm™.

(42)-keto form.

'H NMR (300 MHz, CDCl3) & 3.47 (s, 2H), 6.24 (d, J = 12.4 Hz, 1H), 6.95 (d, J = 12.4 Hz, 1H)
(detectable).

(42)-enol form.

'H NMR (300 MHz, CDCl3) § 5.12 (s, 1H), 5.89 (d, J = 12.7 Hz, 1H), 6.78 (d, J = 12.7 Hz, 1H), 12.01
(s, 1H) (detectable).

(4E)-M ethyl 3-Hydr oxy-2-methoxy-5-phenyl-4-pentenoate.
OH O

x OMe

OMe

The titled compound was prepared in 77% yield (diastereomer ratio = 57 : 43) according to

the procedure as described for methyl 2-(1-methoxyethylidene)-3-oxo-3-phenylpropionate.

'H NMR (300 MHz, CDCl5) & 2.66 (t(br), J = 6.0 Hz, 1H), 3.49 (s, 3H), 3.76 (s, 3H), 3.96 (d, J = 4.5
Hz, 1H), 4.60 (dd(br), J = 5.1, 6.0 Hz, 1H), 6.24 (dd, J = 6.7, 15.9 Hz, 1H), 6.66 (d(br), J = 15.9
Hz, 1H), 7.21-7.40 (m, 5H).

3C NMR (75 MHz, CDCls) § 52.2, 59.1, 73.0, 83.9, 126.7, 127.9, 128.6, 132.7, 136.4, 170.6.

diastereomer.

'H NMR (300 MHz, CDCl5) & 2.71 (t(br), J = 6.3 Hz, 1H), 3.49 (s, 3H), 3.76 (s, 3H), 3.83 (d, J = 4.8
Hz, 1H), 4.53 (dd(br), J = 5.1, 6.3 Hz, 1H), 6.23 (dd, J = 6.7, 16.2 Hz, 1H), 6.68 (d(br), J = 16.2
Hz, 1H), 7.21-7.40 (m, 5H).

3C NMR (75 MHz, CDCls) § 52.1, 59.1, 73.4, 84.0, 126.7, 128.0, 128.6, 132.8, 136.5, 170.8.

IR (neat: isomer mixture) 3376, 2956, 1746, 1495, 1452, 1274, 1205, 1122, 1015, 971, 752, 694 cm™,

104



(4E)-M ethyl 3-Hydr oxy-2-methoxy-5-phenyl-2,4-pentadienoate (15b).
OH O

NN OMe

OMe

To asolution of (E)-methyl 3-hydroxy-2-methoxy-5-phenyl-4-pentenoate (0.166 g, 0.7 mmol)
in benzene (5 mL) was added DDQ (0.213 g, 0.9 mmol). After stirring overnight, the reaction
mixture was directly purified by silica-gel chromatography (hexane / ethyl acetate = 10 : 1) to give
(4E)-methy! 3-hydroxy-2-methoxy-5-phenyl-2,4-pentadienoate in 66% (keto / enol = 22 : 78).

'H NMR (300 MHz, CDCl3) & 3.66 (s, 3H), 3.88 (s, 3H), 7.07 (dd, J = 1.5, 15.9 Hz, 1H), 7.25-7.61 (m,
5H), 7.80 (d, J = 15.9 Hz, 1H), 10.91 (d, J = 1.5 Hz, 1H).

keto-form.

'H NMR (300 MHz, CDCl3) & 3.52 (s, 3H), 3.80 (s, 3H), 4.52 (s, 1H), 7.10 (d, J = 16.2 Hz, 1H),
7.25-7.61 (m, 6H).

3C NMR (75 MHz, CDCls: keto-enol mixture) & 52.0, 52.8, 58.5, 62.5, 86.4, 116.7, 120.4, 126.4,
127.7,128.8, 129.0, 129.3, 131.2, 134.2, 135.9, 136.5, 145.8, 160.4, 167.6, 170.3, 192.1.

IR (neat: keto-enol mixture) 1756, 1694, 1653, 1630, 1591, 1446, 1373, 1270, 1205, 1151, 1040, 996,
973, 785, 754, 692 cm'™,

(4E)-M ethyl 3-Hydr oxy-2-methylthio-5-phenyl-4-pentenoate.
OH O

x OMe

SMe

The titled compound was prepared in 84% (diastereomer ratio = 66 : 34) according to the

procedure as described for methyl 2-(1-methoxyethylidene)-3-oxo-3-phenylpropionate.

'H NMR (300 MHz, CDCl5) & 2.19 (s, 3H), 2.85 (br, 1H), 3.35 (d, J = 7.8 Hz, 1H), 3.79 (s, 3H), 4.65
(q(br), J = 6.5 Hz, 1H), 6.32 (dd, J = 6.0, 15.9 Hz, 1H), 6.72 (d(br), J = 15.9 Hz, 1H), 7.23-7.42
(m, 5H).

BC NMR (75 MHz, CDCl3) ¢ 14.7, 52.5, 52.9, 72.3, 126.7, 128.0, 128.1, 128.7, 132.6, 136.3, 171.9.

IR (neat) 3336, 3002, 2954, 1717, 1601, 1495, 1437, 1270, 1195, 1158, 1110, 1064, 1019, 967, 843,
754, 694 cm'™.

diastereomer.

'H NMR (300 MHz, CDCl5) 8 2.22 (s, 3H), 3.07 (d, J = 2.4 Hz, 1H), 3.31 (d, J = 7.8 Hz, 1H), 3.73 (s,
3H), 4.58 (tm, J = 7.4 Hz, 1H), 6.21 (dd, J = 6.3, 15.9 Hz, 1H), 6.72 (d(br), J = 15.9 Hz, 1H),
7.23-7.42 (m, 5H).
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(4E)-M ethyl 3-Hydroxy-2-methylthio-5-phenyl-2,4-pentadienoate (15c).
OH O

NN OMe

SMe

The titled compound was prepared in 84% (enol only) according to the procedure as
described for (4E)-methyl 3-hydroxy-2-methoxy-5-phenyl-2,4-pentadienoate.
'H NMR (300 MHz, CDCl3) & 2.20 (s, 3H), 3.89 (s, 3H), 7.30-7.41 (m, 3H), 7.55 (d, J = 15.7 Hz, 1H),
7.56-7.59 (m, 2H), 7.77 (dd, J = 1.6, 15.9 Hz, 1H), 13.29 (d, J= 1.6 Hz, 1H).
3C NMR (75 MHz, CDCl3) § 20.1, 52.7, 97.2, 119.9, 128.0, 128.9, 129.7, 135.6, 139.4, 173.6, 173.7.
IR (neat) 1626, 1545, 1435, 1350, 1267, 1238, 1021, 969, 864, 754 cm’™.
keto-form.
'H NMR (300 MHz, CDCls) & 2.16 (s, 3H), 3.79 (s, 3H), 4.33 (s, 1H), 7.05 (d, J = 15.9 Hz, 1H), 7.75
(d, J=15.9 Hz, 1H) (detectable).

(4E)-M ethyl 2-Chlor o-3-hydr oxy-5-phenyl-4-pentenoate.
OH O

x OMe

Cl

The titled compound was prepared in 38% (diastereomer ratio = 61 : 39) according to the
procedure as described for methyl 2-(1-methoxyethylidene)-3-oxo-3-phenylpropionate.
'H NMR (300 MHz, CDCl5) & 2.87 (br, 1H), 3.82 (s, 3H), 4.35 (d, J = 6.9 Hz, 1H), 4.70 (m, 1H), 6.25
(dd, J=6.3, 16.0 Hz, 1H), 6.75 (d, J = 16.0 Hz, 1H), 7.28-7.39 (m, 5H).
3C NMR (75 MHz, CDCl3) & 53.2, 59.4, 73.3, 125.8, 126.8, 128.3, 128.7, 134.0, 135.9, 168.9.
diastereomer.
'H NMR (300 MHz, CDCl5) & 2.83 (br, 1H), 3.80 (s, 3H), 4.42 (d, J = 4.8 Hz, 1H), 4.78 (m, 1H), 6.21
(dd, J= 6.3, 15.9 Hz, 1H), 6.74 (d, J = 15.9 Hz, 1H), 7.28-7.39 (m, 5H).
3C NMR (75 MHz, CDCl3) & 53.3, 61.6, 73.6, 125.8, 126.8, 128.4, 128.7, 133.9, 136.0, 168.9.
IR (neat) 3366, 3030, 2958, 1748, 1495, 1290, 1199, 1172, 1015, 969, 748, 692 cm™.

(4E)-M ethyl 2-Chlor o-3-hydr oxy-5-phenyl-2,4-pentadienoate (15d).
OH O

NN OMe

Cl

The titled compound was prepared in 37% (enol only) according to the procedure as
described for (4E)-methyl 3-hydroxy-2-methoxy-5-phenyl-2,4-pentadienoate.
'H NMR (300 MHz, CDCl3) & 3.88 (s, 3H), 7.21 (dd, J = 1.5, 15.9 Hz, 1H), 7.35-7.40 (m, 3H), 7.54
(d, J=15.9 Hz, 1H), 7.54-7.57 (m, 2H), 12.26 (d, J = 1.5 Hz, 1H).
3C NMR (75 MHz, CDCl5) § 53.0, 97.6, 118.0, 128.1, 128.9, 130.0, 135.3, 140.0, 165.6, 170.2.
IR (neat) 2956, 1632, 1580, 1560, 1446, 1357, 1255, 1058, 1021, 965, 797, 756, 690 cm™.
(4E)-keto form.
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'H NMR (300 MHz, CDCl5) & 3.85 (s, 3H), 5.04 (s, 2H), 7.04 (d, J = 15.9 Hz, 1H), 7.80 (d, J = 15.9
Hz, 1H) (detectable).

(42)-enol form.

'H NMR (300 MHz, CDCl3) & 3.88 (s, 3H), 6.54 (d, J = 12.6 Hz, 1H), 6.92 (d, J = 12.6 Hz, 1H),
12.10 (s, 1H) (detectable).

(42)-keto form.

'H NMR (300 MHz, CDCl5) & 3.83 (s, 3H), 4.91 (s, 2H), 6.56 (d, J = 12.6 Hz, 1H), 7.07 (d, J = 12.6
Hz, 1H) (detectable).

Ethyl 3-Hydroxy-4-methyl-2-phenyl-4-pentenoate.
OH O

Ph

The titled compound was prepared in 59% (diastereomer ratio = 90 : 10) according to the

procedure as described for ethyl 3-hydroxy-4-methyl-2-(1-methylethenyl)-4-pentenoate.

'H NMR (300 MHz, CDCl3) § 1.21 (t, J = 7.2 Hz, 3H), 1.65 (d, J = 1.2 Hz, 3H), 2.84 (br, 1H), 3.77 (d,
J=9.1Hz, 1H), 4.12 (dg, J=11.0, 7.2 Hz, 1H), 4.21 (dg, J = 11.0, 7.2 Hz, 1H), 4.65 (dd, J = 4.5,
9.1 Hz, 1H), 4.74 (quint, J = 1.2 Hz, 1H), 4.78 (br, 1H), 7.26-7.35 (m, 5H).

3C NMR (75 MHz, CDCl3) & 14.1, 17.7, 56.2, 61.2, 78.0, 114.5, 127.6, 128.5, 128.6, 135.8, 143.9,
173.4.

IR (neat) 3444, 2984, 1734, 1456, 1373, 1344, 1307, 1282, 1228, 1164, 1096, 1031, 903, 735 cm’™.

diastereomer.

'H NMR (300 MHz, CDCls) & 3.77, (d, J = 8.3 Hz, 1H), 4.68 (d(br), J = 8.3 Hz, 1H), 4.91 (m, 1H),
4.99 (br, 1H) (detectable).

Ethyl 4-M ethyl-3-ox0-2-phenyl-4-pentenoate (16).
O O

Ph

To a solution of ethyl 3-hydroxy-4-methyl-2-phenyl-4-pentenoate (0.126 g, 0.54 mmoal) in
benzene (0.3 mL) was added DDQ (0.150 g, 0.66 mmol) and refluxed for 1 day. The reaction
mixture was directly purified by silica-gel chromatography (hexane / ethyl acetate = 20 : 1) to give
ethyl 4-methyl-3-oxo-2-phenyl-4-pentenoate in 22% yield.

'H NMR (300 MHz, CDCl3) & 1.25 (t, J = 7.2 Hz, 3H), 1.89 (m, 3H), 4.20 (g, J = 7.2 Hz, 2H), 5.35 (s,
1H), 5.82 (g, J= 1.5 Hz, 1H), 6.01 (br, 1H), 7.30-7.36 (m, 5H).

13C NMR (75 MHz, CDCls) § 14.1, 18.0, 59.7, 61.7, 126.4, 128.0, 128.8, 129.5, 133.4, 143.6, 168.9,
194.8.

IR (neat) 2984, 1748, 1680, 1456, 1371, 1330, 1282, 1197, 1156, 1075, 1029, 942, 698 cm’™.
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General Procedure for the Photor eaction.

A solution of (1E,4E)-1-phenyl-1,4-hexadiene-3-one (37 mg, 0.21 mmol) in hexane (15 mL)
was irradiated with high-pressure mercury lamp for 5 h.  Then the solution was concentrated under
reduced pressure, and purified by silica-gel chromatography.

1,2-Biq(2Z,2' Z)-1-oxo-2-butenyl]-3,4-diphenylcyclobutane.
0 0
“

P Ph
'H NMR (300 MHz, CDCl3) § 2.17 (dd, J = 2.0, 7.5 Hz, 6H), 3.64 (s, 4H), 6.04 (dg, J = 11.2, 2.0 Hz,
2H), 6.24 (dg, J = 11.2, 7.5 Hz, 2H), 7.21-7.70 (m, 10H).
13C NMR (75 MHz, CDCls) § 16.5, 47.2, 52.0, 126.2, 127.2, 128.2, 128.6, 141.5, 145.4, 199.5.
IR (neat) 3030, 2924, 1684, 1437, 1172, 1075, 971, 698 cm™,

1,2-Biq[(2E,2’ Z)-1-ox0-2-butenyl]-3,4-diphenylcyclobutane.
0 0

N ZS

P Ph
'H NMR (300 MHz, CDCl3) & 1.79 (dd, J = 1.6, 6.9 Hz, 3H), 2.17 (dd, J = 1.7, 7.3 Hz, 3H), 3.64-3.86
(m, 4H), 5.99 (dg, J = 11.3, 1.7 Hz, 1H), 6.09 (dg, J = 15.8, 1.6 Hz, 1H), 6.22 (dg, J = 11.3, 7.3
Hz, 1H), 6.73 (dg, J = 15.8, 6.9 Hz, 1H), 7.21-7.34 (m, 10H).
13C NMR (75 MHz, CDCl3) & 16.7, 18.7, 47.1, 47.5, 48.5, 52.0, 126.3, 127.0, 127.17, 127.23, 128.3,
128.6, 128.9, 130.8, 141.4, 141.5, 145.1, 145.3, 198.3, 199.5.
IR (nest) 3030, 1686, 1663, 1618, 1441, 1286, 1172, 1131, 971, 750, 700 cm™.

1,2-Biq[(2E,2' E)-1-ox0-2-butenyl]-3,4-diphenylcyclobutane.
0 0

P Ph
'H NMR (300 MHz, CDCls) & 1.78 (dd, J = 1.7, 6.8 Hz, 6H), 3.71 (dd, J = 3.5, 5.7 Hz, 2H), 3.88 (dd,
J=35,5.7 Hz, 2H), 6.06 (dg, J = 15.9, 1.7 Hz, 2H), 6.71 (dg, J = 15.9, 6.8 Hz, 2H), 7.13-7.35 (m,
10H).
13C NMR (75 MHz, CDCl5) § 18.7, 47.4, 48.6, 127.1, 127.3, 128.6, 130.9, 141.4, 145.3, 198.4.
IR (neat) 3032, 2928, 1661, 1630, 1495, 1448, 1284, 1212, 971, 748, 700 cm™.
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General Procedurefor the Photo-Cyclization.

A solution of ethyl 2-ethylidene-3-oxo-3-phenylpropionate (44.1 mg, 0.20 mmol) in deaerated
benzene (20 mL) was irradiated with high-pressure mercury lamp for 6 h. Then the solution was
concentrated under reduced pressure, and purified by silica-gel chromatography or preparative thin
layer chromatography (layer thickness 1 mm).

Ethyl 1-Hydroxy-2-naphthoate (6a).
OH O

'H NMR (300 MHz, CDCl3) § 1.46 (t, J = 7.1 Hz, 3H), 4.46 (g, J = 7.1 Hz, 2H), 7.28 (d, J = 9.0 Hz,
1H), 7.52 (ddd, J = 1.3, 6.9, 8.3 Hz, 1H), 7.60 (ddd, J = 1.4, 6.9, 8.2 Hz, 1H), 7.76 (d, J = 7.4 Hz,
1H), 7.79 (d, J = 9.0 Hz, 1H), 8.41 (dd, J = 1.4, 8.3 Hz, 1H), 12.07 (s, 1H).

13C NMR (75 MHz, CDCl3) § 14.5, 61.5, 105.8, 118.5, 123.8, 124.3, 124.8, 125.7, 127.4, 129.3, 137.1,
160.9, 171.0.

IR (neat) 2964, 1661, 1636, 1580, 1464, 1400, 1375, 1334, 1257, 1156, 1093, 1021, 797, 772 cmi™.

Ethyl 3,4-Dihydr o-4-methoxy-2-naphthoate (7b).
OH O

9o

OMe
H NMR (300 MHz, CDCl3) 6 1.35 (t, J= 7.1 Hz, 3H), 2.74 (dd, J = 5.0, 16.5 Hz, 1H), 2.93 (dd, J =
5.5,16.5 Hz, 1H), 3.32 (s, 3H), 4.25-4.32 (m, 3H), 7.39-7.97 (m, 5H), 12.48 (br, 1H).
3C NMR (75 MHz, CDCl3) 6 14.4, 26.9, 56.3, 60.8, 75.4, 94.4, 124.9, 127.7, 128.6, 128.9, 130.4,
137.2,164.0, 172.8.
IR (neat) 2856, 1736, 1656, 1649, 1458, 1402, 1274, 1197, 1085, 1027 cm™.

Ethyl 1-Hydroxy-4-methyl-2-naphthoate (6c).
OH O

oy

'H NMR (300 MHz, CDCl3) & 1.46 (t, J = 7.1 Hz, 3H), 2,58 (s, 3H), 4.46 (g, J = 7.1 Hz, 2H),
7.52-7.57 (m, 1H), 7.61 (br, 1H), 7.64-7.69 (m, 1H), 7.91 (d, J = 8.5, 1H), 8.46 (d, J = 8.3 Hz,
1H), 11.91 (s, 1H).

13C NMR (75 MHz, CDCl3) § 14.3, 18.7, 61.4, 105.3, 124.0, 124.2, 124.5, 124.6, 125.6, 129.4, 131.0,
136.6, 159.9, 171.3.

IR (nest) 3510, 2970, 1653, 1448, 1375, 1338, 1247, 1162, 1094, 1025, 801, 772 cmi™.
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Methyl 1-Hydroxy-3-methyl-2-naphthoate (6€).
OH O

'H NMR (300 MHz, CDCl3) & 2.64 (s, 3H), 4.01 (s, 3H), 7.10 (s, 1H), 7.44 (ddd, J = 1.3, 6.8, 8.3 Hz,
1H), 7.56 (ddd, J = 1.2, 6.8, 8.1 Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 8.36 (d, J = 8.3 Hz, 1H), 12.74
(s, 1H).

3C NMR (75 MHz, CDCls) & 24.7, 52.3, 106.3, 120.7, 123.6, 124.0, 125.0, 126.4, 129.6, 134.9, 136.1,
162.5, 173.1.

IR (neat) 3490, 2968, 1649, 1404, 1352, 1330, 1274, 1156, 1064, 820, 772 cm™.

Ethyl 3,4-Diydr0-4,4-dimethyl-2-naphthoate (7f).
OH O

oy

'H NMR (300 MHz, CDCl5) & 1.29 (s, 6H), 1.36 (t, J = 7.1 Hz, 3H), 2.48 (s, 2H), 4.29 (g, J = 7.1 Hz,
2H), 7.26-7.44 (m, 3H), 7.84 (dd, J = 1.1, 7.7 Hz, 1H), 12.43 (s, 1H).

3C NMR (75 MHz, CDCl3) 8 14.3, 28.5, 33.7, 35.6, 60.6, 95.7, 124.1, 124.9, 126.4, 128.0, 131.3,
134.5, 164.6, 173.3.

IR (neat) 2966, 1742, 1647, 1622, 1570, 1448, 1402, 1379, 1323, 1263, 1220, 1170, 1135, 1079, 1027,
804, 758 cm™.

Oxygen Adduct (8).

H OEt

o N

\
@]

P

'H NMR (300 MHz, CDCl3) & 1.01 (t, J = 7.1 Hz, 3H), 1.40 (s, 3H), 1.62 (s, 3H), 3.94 (br, 1H), 3.96
(dg, J = 7.1, 10.8 Hz, 1H), 4.08 (dg, J = 7.1, 10.8 Hz, 1H), 7.17 (s, 1H), 7.35-7.37 (m, 3H),
7.55-7.58 (m, 2H).

3C NMR (75 MHz, CDCls) & 13.7, 23.6, 24.2, 61.0, 78.3, 98.0, 126.8, 128.3, 129.4, 131.4, 136.8,
145.3, 164.5.

IR (neat) 3432, 2984, 1715, 1659, 1454, 1371, 1276, 1245, 1197, 1176, 1135, 1062, 1021, 944, 915,
758, 698 cm'™.
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FATE T T7—LrONEFERRFEE RS () — NS

4—1 ZL®HIZ

197 O4EICKIBICL Y ZOFEDFREMES RSN, 1 9 8 54FEIZ Kroto, Curl, Smalley
CEVERENEZRY I I AZ—TF—L 1 (Cy) 1T BHLWRES TRAZ—Th
%, FOHES HHEWE)S 1 9 9 04EIC Kratschmer DA RRIEAHEST L CLURS, Z OU4E T
FHNHFREDN R SND K 9IS oTz, ZOH v —R—/LkE W) T 2 19
9 14T Coo DA A 2 T DB D XAEEATIC L W D2 & 2o 72 BRIEIE D725, Ceo
R BICIEDN o 72 R A2 A L TR Y . BAOME 42 RT (Tablel) >,

Table 1 Property of Cg.

NFE 720.66
DTS tIEE k(L) BEE ~ 7A

6-6HEIR T C-CHES 1.391A
5-6#EIETODC-CHES 1.455A

13C NMRRARS L

8 = 143.27 ppm (CgDg)

FRIRURART B L 527.1,570.3, 1182.4, 1428.5 cm™*

AIREN AR L 211, 227, 256, 328, 390, 403, 492, 540, 568,
590, 598, 620 nm

ZEEIRILE— 1.56 + 0.03 eV (8.60 + 0.14 kJ/mol)

AT LR To v IL 7.61+0.02 eV

BFHON 2.65 + 0.02 eV

BB -0.98, -1.37, -1.87, -2.35, -2.85, -3.26 V vs Fc/Fc*

fEFEOBLEND RS &, Coold 60 XA BT HREWV I RERBEHRIAREETHICHED
ST IAMBISOETRES TH Y ALFMIITEERELTED AL 7 0L T
DHEEZBALTNS, 2O L3, ColT=RNAX—L~ULDIEW 3 SOHEIER L7 1L UM
O (RIRZE#LE) & 5 SOMIRL7ZHOMO GRmf HiuE) 23MFEL TV D &9 41l
EHEORENDL L INN I ZENTE LS, TAbELUMODMET 5 KE CREAFIRT
CHNEIZ L DEIBOG, Y=k E LCO DidsAlder [)in, 7 =A 2 ORI E) HiiE
560 EEZ B, EREEICZED XS REIEOFINIHHERS S5 (Figurel) ',
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CGOXn

CeoHze C r
D o
Li X, H H

t-BuO (X=F,Cl,Br) v
NH; Lewis acid
T A /

ArH

R
> Cok
RMgX H
X or
RLi
A\IH Ye ¥CN2
Y
Ceo(NHR3), * N R
Ce60'n C60><N — CgoX
R R R

Figure 1 Reactivity of Cg,

— . HEFR MBI HOW T, Ceo IZEA TITRT X 9 2B F I BBIRWVRH S 2B/ 35
(Scheme 1) &,

- BRI 72 UV-VIS I 2 A3 5

S EEMO—EIERRE (Cyp) L HBMESMmO ZHIERE (CCo) 2HT S

- SHIURBIIEBRIC L VAES ICELS N, —EHEEBREERAET D

- SHIBURBBORISTEMITEERE LY bR L, EF2HEE L TORISERHER

95
hv 1 Intersystem Crossin 3
Ceo - Ceo Y 9, 3ce
Ereq Vs SCE = -0.42 V (Short life-time) EreqVs SCE~1.14 V
Nu
or %0, Q
i Nu’
V4 Al
[Cgo-Nul" hvg hvp 1(') Can + 3Q
or (Fluorescence) (Phosphorescence) 2 60
[Ceo-NUu]*
Scheme 1

DX TSR LT AL R FhE R BE 2 I L T, Ceo DR FE — IR FEHE S DERIT
KOS EREE, 30z UXIRFERERL (carbo-functiondization) %1795 Z & A TE T
B2 Coo b BIRARIEZB LGS LB 26D, L LR D, FEEDN Ceo DIALFEHIR
FRERAMUICEF LR R T, a2 W Ceo ~DALFHERTOBITLL IR B AL D]
CT E o (K1 —4) B ZomiciE Wilson, Schulster & DD K 512, Cep DA
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4=
72 DPSUEHIE bRFHOEIC LD TR T L - TS ZET STV 2B b5 5
(:Et2) o

Cox, D. M. and Smith, A. B. 1l (1992)

hv (medium-pressure)

C
60 0,

(1)

Wilson, S. R. and Schuster, D. I. (1993)

o) hv (high-pressure
and 308 nm)

Akasaka, T.; Ando, W. (1993)

hv (>330 nm)
CSO »

+Rﬁ&m2 ©)

Foote, C. S. (1993)

Me

hv (>530 nm)
Ceo + | | >

(4)

/N‘
Et" Et

Z ZTCERIL, CoDIALFRMEE D H b, FROERFIC I v E o5 “TEHEL S Ceo”
T2 H ZHIEIRAED Co DIEISLEMMNEREIZHLR T KT ) ZLIcERH L, £
JERBEIZ B W CHEUSTEME 2 7R S 72 W USHNT ) LT, BRI TIZHIT 5 Ceo DRFEERE
LIEIZOWTIHRETT 5 Z &T LTz,

Coo D'EHEFALIZL, MR AR 72 R D A2 70 & THEREMEA BRSO RIS~ D Coo OFIH 22 &
D RS HBRELS BEEARA LD L VWZD , LT, TR LE L 9 72 CoifiEfkns, D
NAGIWHEMERCH I V— 7 a7 7 —BIEEE A AT 5 2 L B3NS S, Ceo DEREHILD &
PP R L TE TV AT,

R = (CH2)2NHC(O)(CH2)2COOH
HIV Protease Inhibitor DNA-cleaving Activity
EtQ

0
N=(CHp)sSiE

Fulleropyrrolidine-functionalized silica
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4—2 ICoaBlT U RKETHEADF LT 4 FE DT UG Tlk, — ke 1K E
DA DWW THE L7z RIC oW TIh R 5,

4-=3 77 INTRs—E D Co DIALFHIKR HREHAL — Coo ~D T AT )1
BRIEEA) TE 77y U AT 2= E OISOV TG LIz RIS D0 Tl
T DOLISHEIC OV TELET 5,

4—4 T7 UV NAZX%E WD Co DIALFIIRFERERA —Ceo DT U MEEUR] Tl 4
— 3THIEMRE D LT, CoDT U IMALBIRIZ DWW TR L2 RIZ DN Tk R 5,
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4—2 CeorBlo ikt rfirnt L7 4 HEDT KR

FPRANC, Ceo & — R AL LTHWONDTEA DAL T ¢ v Dx st
WTHRFT L2, ok e LTI U SHER @ E S FEA2 OA L 7 ¢ 2 A il &
(~20 4 &) AV, ISP EITT 20 OMRBEIT T2, KISDEED Ce DI TR EIC
< 15~20mM & L, &EKREUT 2 AW THRE 10 RRRDERS 217> 70, F7o, BUSIzD
WTHIFHECREILZ (X5—-10) ,

Ceo  + )\)OH hvt;ruz:?c > No Cgg-adduct 5)
= hvor200°C -\, c,p-adduct 6)
PH toluene
_~_Ph hiszzgzoc > No Cgp-adduct @)
é dez\e/r(;;ezé) ?o:l?en;' No Cgo-adduct 9)

hv OOH
> 10
toluene

FOFRER. BAB LU NTNOFIEIIBWTY Cyp & DT UG ERDITIZE A EHERE
NRIno 122 Z DR, B-E R AW ERISICE W T Halc ik S =% Tidae < £k
WIRNE DD, BEENFIET DL Ceolc LV AL —BHHEBEL O U KIS ERM THHE

VARRZER T p —T A X T T U AR U B AN U SRS S, F RO A L,
FRIUUENL OO VRIS ERE S TS B

Wu, S. (1994)

Con + /\/@/OMe 200-220 °C
60 R —
7 38%

Komatsu, K. (1994)
t-Bu

OSiMe; _ 180°C _
26%

C60 +
z -Bu
Miles, W. H. (1996)

% 50%
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LA Ry PR S (K1 0)

Ceo + ~_OAC + Pd(PPhy), — » | AN | _Nvorrefux no copadduct  (11)
Pd Ce0
benzene
Sml, / THF
Y
PAN
= v, No Cgo-adduct  (12)
: Ceo
Sm benzene / THF

O, O-T U ART VT AL D Ph-= U OSHERE L7eas, B b bicm U s
IS Lot (K11) .

O-7 U NWNRTG g BRI T A MO T, T INANRT I AR LT Sml, ZERH &
HZEICEY FT AR RIS EITOBEER ST, T UAT =4 EDORIEDD
WTHRE L, L L, 2OHECLESRDLMNETE< G o7 (K1 2),

U Z0D%%, Coll XV AER L —EHEBE L OV KISIZ W T H k= Orfanopoulos 12 & - T ST 5

13
o
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4—3 oY NTReE—LEFAWD Cep D bFMRE B RERAL
—Cgo ~D T AT )VEHERIE A

4—3—1 Copb&rr T ULTEHE—ILEDKIG

4 — 2 DFERNG, b RN UK TH LA LT 4 2 TlE Coo & DIIMRIE S 78
W ERNbhote, TORKRIZ, L7 4 U TIHEEOHOMO D LUK Bt 588
DELEHSTIERNWED EEZ LN, T2 T, F7rvIAT7tEZ—1 (LLFTKS A LI
1) ZRUSHEORD TEv “mufk” L LTHWA Z oLz (K1 3) ™8, Zo “=r %
I8 DT T A LIV EONDERMIE Co LICT VAR T T75—L 0T B E—
FERBY o T, FOZ AT IR U NIEEZ BRIV ICHER D EREMREL Coll AT
ZEbLAREERD EHIFEND, T, mATANEERTH T T — L UFERIT4 — 1 Tk
RIZ LD ZERES I E~DICHPWRTE, GBS LTHEH TS S, £ 2 THEBEIIK
ISERETT S 2 i L,

Osi hv
Cep + <X ——
OR

Mg~ F LVHEROK S A (1a) 5613 & LRI R (20 H&) v, X8 Uik (1.3
mM) H EEAKSUTIC TR 21T o7, ZOREER, TLC RIZ Co LV b RED/NE 72
HOLFEOTDHAR Y FOFER ST (R =0.36 (hexane / ethyl acetate=10:1)) , F7=. X
AR DAY Coo DETHDHIENLHRBE LR ColNGLTEEEZX BN, £ T,
VUGN AT A~ NT T T 4 =L VERLTEE 2 A Co EIC= AT IVERERZ AT
L577—bvrrkZ—1 (2a) 172 (X14) .

"KSAZZURE LTHOW R RIEE LT, AFRRICERE L TO RIS L Y AR =)L — = UK
MDHEINTND, TORE, YU AVERGFANIC LBE L T U Lo —TF UKL LTT L R— LA n
BondZ L, E5IZiF abinitio y FHLERFE e SIZESWT, A FRBEI A ("dlatropic ene’) Kk & L
THELTWS

O Si\o BINOL-Ti Complex L'nTi “O"Si/o 0Si O
+ > L)
R)LH 44\5R- R)*VJ\SR' R4>V)kSR

~96% ee

Lewis acid activation
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SiMe
Ceo + Zéj i hv >

OFEt benzene

la
(20 equiv.)

71%
(100% based on recovery of C ¢q)

TATNAEREATSHZ E1E, IRTI1738 em™ IZIN 3 & 5 Z &, BC NMR I8\ T 170.83
PPMIZE =27 08D Z L N OMER LTz, FAB ~ 2 A7 FMLVHIEDOFER, BEEOK S A
FFEL TWEIZ B DL TH LT LEMIT, Coo R EITHFRT XA 7 VEA 1 DI2IHEA I
t%/ﬁmmT%ot(wbﬂwqmmn . £72. HNMRIZEWT Co L7 u b iz
FHE72 6.79 ppm IZ B — 7 R SN2 Z L b O NTE /AT LA AL To
T2 U EETIERS R13) . e b vfbESnebDTh L Z e ibhoiz (K1 4)
ZOHBEINERIT 71% TH Y | B L7z Ceo £ VR T2 & i L7z Coo 13D < BAfbINERIT
100% T -7, ZOILnb, ANRIGIZ & > TE /I (2a) 23FEF IR ERD
RINKRTELND Z EHZHLMNI Lz, £72 2O, BFETICB W TIT < #IT LA
o7,

Ceo \ 25X T DA 1,2-, 1,4-8B X OV L6 TONMBERMEERZE 2 B 5 (Figure 2) ,
AKERIZE0BELNET7I—L T E— RME, 2D BCNMRIZEBWT Ce HRD E— 27 73
28 AR S NIREZBET 5 & 0T ORBITHE L, ZOZ b CriFtEEZETLH
DThHDHZEnbhole, CoRFMEZ AT HALERMEERIT L2-A TOMIMEDOALATHDH,
512 UV-VIS A7 kU8 T 1,2 RIS REEIT) 72 430 nm A3 ORI SRR S i- = &
S0 RIGIT & VA SN L2k (2a) TH D LIRE LT,

1,2-adduct 1,4-adduct 1,6-adduct R = CH2COOEL
C, symmetry
2a

Figure 2 Possible structures of fulleren-adduct.
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Z 2T, KSA&TEAZEZTANADNRIS 2 Gt Lz, fit R4 Table2 (2737,

R, Si hv

R, OR; benzene

Table 2 Photo-induced carbon-carbon bond formation of C g, with ketene silyl acetals.

Entry KSA Equiv. ;rr'TTne) Yield of mono-adduct 2 (%)
OSiMe,
1 OEL 20 90 71 (100)
la
2 10 30 44 (100)
SiMe,But
63 (100
3 OEt 10 120 ( )
la'
fDSiMeg,
7 (51
4 OMe 10 90 37 (51)
(E)-1b
OSiMe;
5 OMe 10 90 36 (58)
(2)-1b
>:€Sil\/le3
6 OMe 10 30 16 (24)
1c
7 10 10 26 (60)
8 3 60 31 (50)
>:<osnv|e2|3ut
9 OMe 10 30 40 (80)
1c'
10 10 60 39 (68)

aValue in parenthesis is based on recovery of Cgp,

ZOFER HR=F LHEDOK SAICB TV Y VA&V TBDMS A (1a) &5 &
FOSERITELS 725 b 0D@E < 720y TMS 3 (la) &[RRI B2 IR CE / IR %215
7= (entry 3) , O&IZ, KSADAF L7 4 v EIZ MeEEZEH AL DIZOWTHEE1T-
Too T DOREHR Me DN EA S D IZTEN AT IALE TOMAREFE N RE S 25126 BHL 57,
TLCLETDCouDIHEDELSWAN la<lb<lc DIETHELS 7Z2o72, LLARMNEL, £ /N
KORRIFTZEN 1T 1la>1b > 1Ic DJETIEK T L7z (entries2,4,5and6) . £7-. b X
O 1lc # HWEROGRDERIZIZ, TL C ETE/AMAMEL Y & FHIZERAB IOR UK &
ZHNDH ARy FOHERENT (R = ca. 0.1; cf. Ri(2b) = 0.37, Ri(2c) = 0.39 (hexane / ethyl
acetate=10:1)) . ZDO ARy bBE FIRIZR U TE SIS HREITTHZ 12k
BoNZbOTHD 7 HIE, KR ZEREHTEIET 5 2 & TE /RO IR A E
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THHLDOEEX LN, Z 2 T lellxt UTRIGKHZ 30575 10~ L FEff S Bio e 2 A,
FAIIMEDOIER T 26% & ) E L, TARIE D s LIRS 24%70° 5 60%~ & FRRERIIC M F L7
(entries6vs7) .

UbDZ &Enn, 1c ZAWT2GEIZIEE 2 RIS R L TE SIS AT LT L E
I LMot ZORER \m&uwékjs@ﬁﬂﬁmﬁﬂmw EHETTHDTH
D, BIFEDOT LCOREZEMTIERE VR D, TI T, LIl OWVWTIZED Y EH A X
DIZHEE LTHORIEHEITT 25D EFEZ 040, R U AAIMERD AR Z B < 72912 1c O &5
Z 10 YED 3YEICHDS LTS EI T T2, TOME., T/ MHIMEOIERD 31% & FHT
TiEbsrnmEL (entry 8) » 7o, FFR=F VHRKOKS ATHERLATZLSIC, ¥ U b
#%& TBDMS L5 Z L TRIGHEDRIIA BND EBE X BLNTZDO T ICIZOWTHRE L7,
ZORER, THEBEV T AAIMEOIEEN 40%E S HiZm EL7E (entry9) .

4—3—2 CgDIAbFH = 2T VIR FZE HERAL D KSR

RISE. S FIZB W THIO THEITT 57280 Coo MIEMRE L L THE LTS LEX
BND, I T, CooDBIFRENAITH 2HE C2IFSHET (15E) RIsxiTolkzd
ZA FISHNELLESNTZ, 202 b, KRG Co MBS LTWS Z &M
ﬂk&otoOiD\%m®%ﬁT%5Fﬁﬁ@u®ﬁkjwﬂﬁﬁﬁﬁiﬁbfﬁﬁfk
HEEBEZBND, £Z T, £FKSADOLEN & T L COEEE e & CTHER S VT ARRSIC
D RISMEE e 53 L- (Figure3)

?&Me3 OSiMes, : OSiMej
< <

OEt OMe OMe
la 1b 1c
reference E°,, vs SCE
_psiMe OSIEly; ; OSiMe
OEt OMe OMe
1.28V 1.05V 0.90V

Figure 3 Reactivity and oxidation potoential of KSAs.

ZOFER., la b 1b, 1c ~ERINMTIIT D USMER R T 5126, KS ADER{LE
REORHAT 5 Z LA SN E 20 | BLEAL & RUSHEDORICHEIRRN H 5 Z & DR &
Nize ZOZENG, BALEMNNETE DV U VREA TIIMERET LR 25D LT
I, VU AREAIOBICEMIIIASETORENFET b0 B2 bz, =2
T, Fig—F /VHROKS A (la) LV bBLEMOEW T U L REARZ W TEDRE A
BHoMNMZTHZ Eic L,
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C + hv
> P benzene Vo Cep-adduct  reference E°,, vs SCE
>20 iv. i _
equiv >120 min OSiMe,
H t
QSiMezBu —ber?zvene > No Cgy-adduct P 132V
10 equiv. 120 min OSiMe;
Bu' 1.34V
hv
' » No Cgp-adduct
ASIMe T zene _~_SiMe; 150V
10 equiv. 60 min

ZORER, la L 0 bBRLEM OGS Y ILRER TIIW T O5E I bAIIOSITET L
otz TOZEND RRISZIEE D2 U VREEAIOBACEAIIS L CRMEAFE L T
B, BALEMMAB L Z 1.3V vsSCE LLED T U LREEANT 6 LTIk 3Coo ~ DA NN A3 1
ITLRWZ ERH BN ERoT,

LLED X D IZARBUEN U VREAIOBBLEMIZ LY “HIH” ShTnbZ b, KK
JEI I L GERMF/E L TR Y (K S AW *Ceo~ 07 1 E) (Single Electron Transfer:
SET) #ZRTHEITLTWVWDH LD EEZZ BN, £ 2 CRIRKRFEEMERITKE L, A
SIS O RO FE 2 JE LTz 2 & | BLEBAL L IRCBEMN E DRSS —E 1T BE)
BRSO OGS & DRAVE A2 BEE L 7=,

£ ABUSDORISHEIZ DWW TTLLTIZZET 2 2 SO FETHE L TV 72Tz,

1) 3Ceo & K S ADEefE
2)  F AR DA Rl

1) 1%, Ceo ITHF A 72 triplet-triplet (T-T) WL T 5 740 nm O WL I8 B A H17E L
U NKEHZMAZD Z LI LD 2 OBEEEORIM (DF D 2 U LRBHNC XD *Ceo DI
RKOER) OV U IVREFIREICT2EE VRO L TETH L, TOREMKIZAT 51
AT R D,

Ka =kt + Kq [SI] (15)

(Ka : *Coo DIEE R EH, k1 *Ceo H & DVH IR E 4L
Ke: 20 FIHRHEES, [S]: ¥ U IVREATREE)
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2) 1. CeofFIRIZESRE 72 434 nm O EDOHEKEZRIET 5 Z LI > TE IR E K
D, ZOETIEO T Y IVRBEANZ T DIREZIL LV RO DL FHIETH DL, TOERIZA1
6 I RT LI D,

Ol = D, 1+ (Koo [STY)] (16)
((D . %%”ﬂ’ﬁ\ . KEE%%%”XX\ Kobs( = kobs TT) . {%%Eiﬁ
( T8 33 B 7B 2 x3Ceo D F i (7 = 32 ps)Y) )

B, WTROBEIZEBWTH—RICT b= U DK 5 2R EC TRIE SN DR
LA B L ETCENMZ AW TR 21T 55 G B, X BTl =rJ vz Hn
THIE L TW=7EnTz,

FNZENOREDFER, W & HIZ KO ERBEFR1E S (Figured) | TR KA
EREROD ZENTE T,

20

0 1 2 3 4 5 0 0.5 1.0 15
[Si], 10* M [SiTt, 10* M
Figure 4 (a) Plot of k4 vs [Si] for the quenching of 3C60 by 1c' in deaerated PhCN at
298 K. (b) Plot of & vs [Si]™* for photoaddition of 1c' in deaerated PhCN at 298 K.

—J7. KS ADBLEN (E%) & 3Coo DBILEN (Eer) &5, —EFBEINE X DS
DEEERE LN FIORT HFEICLVER L,

B RBISICB T 5EM LA LY — (AG) 122V TiE, Rehm & Weller (21 Y
WEENTWARL 7, X1 8FANWTHELTE B2,

AG” = (AG% / 2) + [(AG’%)? + (AG7 )% 2 (17)
AG 4 = F(E%yx - E%ed) (18)
(AG%: BV BENDHDHH T R/ ¥ —Z1k,
AG’y : intrinsic barrier, F: Faraday &%%)

VOSERE T O FMIEE OREIRBEIC b AT S D, Z D7, 3T Foote 512 & 0 A STV A1 & (ca. 40
us) TiE7Ze <, FWENIEE CTHIE LE L72fE R 2 vz,
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F7 AGIEEFBBIONEREER (ka) &1 9DXD 2BRICH D,

AG” = 2.3RT log [Z(ke™ - Kaifr )] (19)
(Z: EZEHEAE = 1x 10" ML st Ky o PEBOEE =20x 10°M st

UbEX17, 18, 19Z2H\W5HZ & CRLENNEBILENME DD ke ZHETHZENT
&5, WIER LURHERIRZ Table 313 d, 7288, ZOEROK S ADB{LENF L Ot intrinsic
barrier IZOW TR LIC L 2 WEOMH P % BITEBENMIZ OV TIL Foote HIZ LY #iFSh
T 5 3Ceo DB TLENL (1.14V vsSCE) ¥ % v /-,

Table 3 Free energy change AG°, and rate constants kg for photoinduced electron
transfer from KSAs to 3Cg,, observed quenching constants K, rate constants kg, and

limiting quantum yields ®@,, and triplet quenching rate constants k, in the photoaddition
of KSAs to Cgqin PhCN at 298 K.

KSA AG Oeta Kobs kobsb kq ketC @
kcal mol™ Vi M1s?t M1st M1lgt
SiMe,Bu!
OEt 3.2 8.1x10 25x10° — 1.3x10° 0.14
la'
__OSiMe;
>_§Me -5.5 70x10° 2.2x10% 40x10® 3.7x10® 0.26
1c
__PSiMe,Bu
>_§Me 55 6.7x10° 21x10® 37x10° 37x10° 0.9
1c'

2 Obtained from the E%; values of KSAs and E%¢q values of 3Cgq by using equation 18.
b Obtained from the Kobs Values (= kopst) @and lifetime of the triplet state of 3C60 (t1=32 ps).
¢ Evaluated by using equations 18 and 19. The AG°0 values of the electron transfer are taken from ref 20.

ZORER, DFROBEIC LR (kg koo £ FHEAE (ka) & BF LA —H—L72oT
B, %Coo DK S AL DWRE, & HICIEE / MIMAERSIES B BEIC LD b0
ThdIeImanl, £7o. KSAILKID2HEEOEITEFENEIZT L C_ L THIMEIL 724
REFRRIZ, Ic>1la &> TED |, KO —E T BEEH THEITL TWD Z LB LN E
Trol-,
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PLEDOFERNG . LT O X 9 72 —BFBENRHE O KSR CACATINBOS N HEITL TV D &
EZz bbb (Scheme2) .

Scheme 2

FP. Ceo N ERWIL L THERICEM OB KR LT 3Ceo ERT 5, =D 3Ceo loxt L THRMLE
MO (DFEVEFEHZRTV) KSANDL B BE (SET) NIV, CoT7 VT
NT =2 EKSATOANITFA L EDTOHINAF % (A) 7D, DI, CoT Y
ANT =F 2 ERKSATIHNITFAUNPEET DT LI BEA A FfElk (B) %
T, 7u hAbERD ZLITL D Co & DMERNELNTE 2D LEZ HRDHE,

Va R URICOWTIRBIEE TOLE ZARHATH S, LonL, W27 a hEREZLND, FTX
JNBEEPREFIRBETHD Z ENBREPICHMEICE TN TV A KROAREERZET D, LrL, DO %
BRI BEFAESETHIGEITOTH Co EIZ D TEHARAS HBAEAINTWS Z BRI (KX20) ,

8 6.41 (detected)

] A7 lV
S|Me3 \ H
Ceo + >=8 + D,O (+H,0+HOD) ——— (20)
OMe
3 equiv. 53.59
62.01 (detected)

(detected)

(RH)
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F7o, NMR EBRICEVKSAD C-v U UBE~O R MR EINZZ s 2 1) . ZoRM(bL
72KSA (DFEDVZXTI) Dafro7 e by a b JRERDAREMENREZEZ BN D,
0 3.90 5 3.98
OSiMe,Bu  hy o | o)
Ceo + _— ' + t- -
OET CeDs )J\o/\ t BuMGZSI\)]\O/\ (22)
2 equiv. T
56 1.65
cf.

VIR BABRGE L RIREIIC A HIC X0 RO RISICOWTHE R R Siz, LA LRB L, RIGSMIER I

EORH D 2,

Me
OSiMe3 hv @]
C60 + + Hzo (10 eq) > R
OMe toluene
5°C 7 N
R=Me :80%
R=H : 59 %
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4—4 TIVNLVAZXEZHWA Cso @ﬁ%’ﬂﬁiﬁ@ﬁ%ﬁﬁ%%’ﬂﬁ —Ceo D7 ) /I/’ﬂﬁ}im
4—4—1 Cep&T UNLAREDRN

4 — 3Tl Coll a2 2 LiC L viBTEMIE AL, BLEND 1.3V vs SCE LA
TV IRER E OISR HEITT L2 EEW NI LT, TOBET I AT 2N
5E. T OBICEMDEOHIC (L5V vSSCE) | Ceo DA INSUGIFHETT Le o7z,
F T BLEBMN L VRN EEZ SN DT VL AR LA B E W T Ce DT U MEEISIZ
DUWTHRET LT,

KSALDRIGSEFRERIZT VLAX (3a) ZitbfE (5 H&) Hv, N2 Uik (1.3mM)
o EEKERATIC TR 21T o 72, FORER. KISEEOEBITIK S ADEA & FEEIZ R E
EIZEL LT D0, TLCETIHAERYS LWAKR Yy MIMR TE o7z, L LR
5. BOSHEHE D GDOEAL DAMBUS BT Lz & B2 bhviz, £ 2T, BOSTAHR Z I L
Coo FNAETHLTE =P U A ZANTHAET L Z L TRRICEALTHLT YV A X%
BREL. HNMRBIEZTT o7, ZOFRER, Coo DT 1 b AN ERESG > 7 kN L —
iR (627 ppm) AR, Scheme 31T L= L 9 IC AR Y Coo~D T U AALKIEAS
EITLTWDZERM DML oo, LLANRD, DR_U DA% NEHEREE LTHAVT H
NMR ORMED B ZDILEE BRI Lz & 2 A, 3% & PASM KA - 72V

56

21 () 56,64 (ddt, 3=10.1,

17.0, 7.2 Hz)
n hv
C60 + /\/8nBu 3 >
3 benzene H<—5§5.58 (ddt, J = 1.5,
5ea- 10.1, 1.0 Hz)
quiv. -
5 3.92 6 5.67 (dq, J =17.0,
(dm,J =7.2 Hz) 1.5 Hz)
4a
3%
+ CF3CO5H (5 equiv.) 13%

Scheme 3

T MEROM L2 L0, ARSHAEBBAETETL TN Z L, SLIKRHEDL
N7 VALERK S ADRE L RIS T B hALENT b DO Th 72 L2 BE L, B
DRPERIR L 70 b ARO#EG AT b Y 7 A a A R CIRISEAT - 72, € OFE &,
@ 0 IR oMb EwER Sz (Scheme 3) , 2T, MUNEH-C#E 2o~ B2 TARET

W ORD N ERNEERE L L THWE FIEIC L AR TIREREN R W E AR SN, LirL, BlEE LT
HPLC ZHWVWTIRZRD THZ T ERE RET RNV ERMER SN, 1o T, KiwticBW\W Ty~
DL ANEERE L L THOLZ HNMRBIEIC L DR A2 RIZ#ERT D,
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U EROSIZOWTRRFT L7z (Tabled)

hv
additive
3a benzene

Table 4 Additive effect of photo-allylation of C ¢,.2

Entry Equiv. of 3a Additive (equiv.) Yield of 4a” (%)

1 5 — 3

2 CF3CO5H (1) 13

3 20 CF4CO,H (1) 16

4 20°

5 CF3CO,H (5) 22

6 CF3SO3H (1) 16

7 CH;CO,H (1)

8 SnCl, (1) 4

9 TMSOTf (1) 4

2 Irradiated for 18 h.
b Determined by IH NMR analysis with dibenzyl as an internal standard.
¢ Irradiated for 36h.

ZORER, KGR 2R < 3725, IO EEZ T 2 & TIEHEOLEN A H il (entries
3vs4,3vsh) . FEOFEHEICOWTIZT LU AT v RERE LA ABRDOTE FTITHOWTRET LT,
ZOREF, FUTZNUAREHEC R 7 Ada A Z ALK UEEE VST “RNT L AT
Rig” &AW EEICIEEO R XGRSz (entries2-6) . — 7, “BBNT LU AT v R
fe” oA AfpE HWTZHEITIE, BBERN L S22 RIT & A SRR SN0 >
7 (entries7-9) , U LEDOZ LD, pBRORER2T 0 AN D Z EIZLY —ETE
BSOS DEHE S D Z E b ho Tz,
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DX, A DT VNV AXERNT Coo DIT U MERISIZ DWW TR LTz, fEd% Table
512~ 7,

Table 5 Reaction of various allylstannane and C ;.2

. Equiv. of
Entr Allylstannane (equiv. ialdP (o
y y (equiv.) CF,CO,H Product Yield® (%)
SnBuU"
3a
SnPh
2 Z>2T8 0 (00) 1 0
3a'
n
3b
4 1 36
5 5 23
6 ) 1 14
~_-SnBU"
3c
SnBuU",
s T 7 (20) 1 0
3d A
9 ) 8
10 4d 25°¢
11 0 25¢
12 1) 1 18

8 rradiated for 18 h.
b Determined by IH NMR analysis with dibenzyl as an internal standard.
¢ Irradiated for 9 h.

F9. AXEOEHIEDO n-Buikiz Ph LB T2 2 A, ZOEE IO ONUNNE
SHEATL o7z (entry2) , £ZTHOEIZ, SBUICHEE L TT U EBIC DWW THEA A X
THF LT, ZTOfEHR, KSADOHZELFRBRICA L7 v EIZ Me B2 EATHZ LITLDY
ZOROERER LTz, 2F 0, 3b ZHNSZ L2k 3a kv b7 UKD ) |
L (entrieslvs4) . 3d ZHW=HGAITIZZEONERZE L L THINE 18%TT U ALIRD
BondZ Enbnotz (entry 12) , #Fl23d 12OV TR, TUNLAXDOYEZIMMZHZ L
RFSKRFHZ L 56 2 & TIRIZEEN A LN TWDH Z Evh (entries9vs10and 12)
KS ADKED 1c ORGE L RRICKIGHENE T ELT-OICH R OIS EIT LI D EE X
SND, LLAans, EAMIMEEEZ NS LD 'H NMR ETIHHERENTE ST,
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IRAE I3 B AIMAER DA ORRIC L D2 b0 B2 6D, Fi2 3c ZHVZHE, K
JINEIE DB DEALITHER SN D DD, Co DTV /MEIRITHERR S o7 (entry 7)

S HITHIRENZ 212, 3b BRO 3d 2B W TIwEAIAFEL TR THIER IS T U v
BRI, W ZWREMATLED LEDINRMETLTLED ZEBbhol
(entries3,4and5) .

Fo. TV NVAXZEBT DAIALEIC DN TS IEFITHIRER O RA GO, DF Y 1d
EZRNTT VUL EIT 9 B, o &y-0L & W o AL O T & - T 2 T O & R )8
FAETDICHEDLT, a-fL TRE LIEERBOA P FFoTE - (Schemed) , 2D &5
R - ERIRIEE T U V2 X% AW B BER O T U LRSS B Tl ST
B2, KRS —BFBEHTHEITL TS Z L 2 RRT AR E VR 5,

SnBu"y ———— »
a~addition

Scheme 4

4—4—2 CeoDT VMG B

4—4—1TBRRTLHE, KT VRIS K S ADSGE &[RRI —E F B8 it
ITLTWDbDEEZX b, £Z2TC, SEEZHET S22 EICED ., ZOZEHEITO N
THEET D Z L2 Lz, ISEEICSOW T, KS ADEA L RO TiEE AW TR
FIZHE L TV Te, RONEREE LTE, XY = MY VERPICTREZ NS E71
HIE L TW2l2nWe, f5R% Table6 1ZR~7,

Y 3d Z W RUSICBN T T b=k U X SO 'HNMR ECEBICERES L O v —7 R
iz, 7. WHHD HPLC 2 W TR R 2895 & Ceo (tr = 12.8) 23 LE /K (tr = 8.8) 73
BT 2L LB, (r=68ICERDZE—7 4T, LT ZERRINTND, LNLAERL, &&
R LI DT IZOWTORIEITITZ TR,
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Table 6 Free energy change of electron transfer and rate constants.

AGO Kk a Kk b k.C
0 et obs q et
Entry  Allylstananne  E°,, vs SCE weal molt M-Ls L Ml Mg
SnBU"
1 /\ga 3 1.06 V -1.8 5.0x107 7.8x107 4.5x107
n
> 44\,5n5u3 1.16 V 0.5 5.1x10° 8.7x10%° 9.1 x10°
3b
SnBu",
3 = 0.89 V -5.8 8 9 9
\T”?; 98x108 1.0x10° 1.7x 10

a Determined by dependence of the quantum yields for the photoreaction of C gq by allylic stannanes and
lifetime of 3Cg.

b Determined from dependence of triplet quenching of C gg by allylic stannanes.

€ Use equation of 15, 16, 17 and 19. E%¢q (1.14 V vs SCE) was used as the reduction potential of 3C60.

ZDOREFR K S ADYE & FIERIZFERE TH 5 kops 3 L ke & 7 U VA XD ER{LENL & 3Ceo
DIRTLEM EDOFEHEZIND ke 23, WTNOHEBIRIER UA—F—Epote, 2O &0
OARNT VLRSS K S ADKIG & FlkE, —EBFBEM THEITL TWH Z LR LhE 72
STre LU S, BEMFEE CTORIE TIEERORING X 5 BOGEE ~DOZ L ITERN < h
oty BT, IGHES 3d>3a>3b Lo TEVEENE-MER (3d>3b>3a) &
B HbbDThote, LLRBRGL, ZOMBIZOWTIU TNTO L) ICHHAT L2 & TE
HEZEZOND, TbL, WEMEE CTIIINEELE U TlRMEEDO XY = M) va i
WTWNDDIZXF LT, EENHAN T DRI IEBIEREO R B o Th b, EFBEINIG
IIABRMR I B W T L VT LT K 25720, ZOREDFEIZL > TEFBEIORRICHE
MWELTZLDEEZBND, ETRBEOTIGIRIZON T, IR L S IZBERNT 5
LIRS TRUB D L D IR TR, SO NH KT 5 B2 o5
D, XY = MU VDI RS TIXE O RIT VWb D LW R D,

PLEDOFER NS, KSADLEA ERBRICLLTO X 9 7 — B BB H O SRS TR T
VAL EITL TS EE 2 HiDd (Schemeb)
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Scheme 5

FP. Coo DN ERWRIN L TEICENMDOEI K LT 3Ceo AT D, T D 3Cep IOk L THRLE
NDOBENT UV ZAZXNG—FBAFBE) (SET) BDEIZD, Co 7 PVHNT =4 T VNV AX
TN ANTFHF DT IINAFTURE (A) Lied, DN, Co 7V INT =F TV
WARTPHNIT A BEETDH I EICK 0 BEA Ak (B) 28T, v hik
INDHZEIZEY Co L DMENELNTE b bDEZZLND, TZT, TUILART
FH LTI HMIEBNT C-SNFEANBE L CT U U NFENRERT S L0 H13°< Ceo
EDC-CHREEMAER L2720, @V a-BIRIMER B LIzt D LB 2 5D,

4—4—3 Cgpl~DEREHKDOEA

PLERA_R7Z= L2, TIAVAXEZANDZ LIZE 5T Coo D7 UL IG ZETEE D Z
EMARETHDH Z EEHALNIC LN, 29 LT VLRI ZFIH U AR EICIERE L
TWEZEEHRO-E R D Coo ~DFINBISICEI LTS (K22) . +742bb, 295 L7
FHEICE T4 -2 TR VRIS TR LI b O L RIRRO A Z 15D Z E N AIEETH
HZEHERETEEBZ TS, £z, 29 LETENB-EX DL ) BRNFIEERA VT
A RD Cog E~DEBEADENRFBELRDEZZTND,
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SnBu";

3e
(5 equiv.)

Ceo

hv

toluene
9h

(44% by HPLC)

S

132

[a]?®5

4e
15% isolated yield

225° (c 0.1, CHCly)

(22)
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4—5 F&o

ARETIE. Co DRI LVFHEIND - LIC k> TRITEMOEE KR LT Co NELD L
IZEB L, R FIEIZ LD Co DEREFALICOW THET 21T o 72,

FP. BILEMOBRNT T Y LTS —L (KSA) EERAWTRIGEIT, Z1%K
(AT MBS Co BB GFOND Z L ZALMI LT, £, v U ARBHIORL
BALAMEUNE L 3Cop & DRUSHEN B < . BRALENLDS 1.3V vs SCE AT IS A G N s D B E
PFET DI EERWIZL,

Sil\/l63 hV
Ceo + >
OEt

E®,, vs SCE=1.28V

OSiMe; hv

P
E%,vs SCE=1.32V

> No Cgo-adduct

I HIZ, BEMFFEEOH NIV ARKKIGOIGHEEZRITE L, ZILDNEB{LEN L EITTE
MPOEETAHZENTE L ~EBEFBIONGHE & LIW—EE2 R &b, ANAINK
N—ELBE) (SET) REHTEITLTWAZ EEZHLMNI LT,

ZLTKSALDKIEDHRAZIIZ . T I NVARXEZHNTIET U ALK IIAZ DWW THRE L,
Ceo L~DT VIALBOSIZEFI LTz, ZOEE, “BRNT Lo ATy REE” i+ 5 2 &Ik
D BPRIRWVELDS L AL, R B D X9 2R IR A A Sk U CRR O WIS B 50 72 5
ENBHDH EER LT,
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hv
Ceo * A~SnBU'; >
benzene

+ CF3CO5H (5 equiv.)

Flo. —EFBERH TRIGDETT S Z &b, EFICEWIAEERNY (o-1ZR %) T
MBS TS 5 2 &2 BT LT,

SnBu"y ———— 5
o.-addition

EHEOREDBRIT, LTICRTHEA R LFR7R 7 59— L o OEBRENRE Sz %°, -
DL, 2O R FRIRBEREIN 7 T — L UFHERERICH L THEHATHS
ZEtrERLTWA,

wudl, F. (1995)
Ph(_(CH,)sCOOMe MeOOC(CH,)a _Ph

Tomioka, H. (1995)

Ceo + gjj?h__lm_, ﬁg%;Hil

Cheng, C. -H. (1996)

Ceo+ RNMe,

Orfanopoulous, M. (1997)
R

oM

e
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Experimental Section for Chapter 4.

Preparation of Silyl Nucleophiles.

1-Ethoxy-1-[(trimethylsilyl)oxy]ethene (1a).
SiMes
OEt
To a solution of diisopropylamine (2.22 g, 22 mmol) in THF (20 mL) was added 1.6 M
hexane solution of n-butyllithium (13.8 mL, 22 mmol) a 0 °C and stirred for 20 min at that
temperature. Then to the mixture was added ethyl acetate (1.95 mL, 20 mmol) at -78 °C. After
stirring for 30 min, to the mixture was added trimethylsilyl chloride (3.0 mL, 24 mmol) at that
temperature. After stirring for additional 30 min, the mixture was warmed up to room temperature.
After stirring for 1 h, the reaction mixture was poured into a solution of hexane (80 mL) and water (40
mL). The organic layer was washed with brine and dried over MgSO,. After evaporation under
reduced pressure, the residue was distilled under reduced pressure (50 °C / 75 mmHg) to give
1-ethoxy-1-[(trimethylsilyl)oxy]ethene in 70% yield (C-S / O-S =75: 25).
'H NMR (300 MHz, CDCl3)  0.22 (s, 9H), 1.30 (t, J = 7.0 Hz, 3H), 3.05 (d, J = 2.5 Hz, 1H), 3.20 (d,
J=25Hz 1H), 3.75(q, J = 7.0 Hz, 2H).
3C NMR (75 M Hz, CDCl3) § 0.0, 14.3, 60.2, 63.4, 161.0.

1-[(tert-Butyldimethylsilyl)oxy]-1-ethoxyethene (1a’).
OSiMe,Bu!

OEt

To a solution of diisopropylamine (1.47 mL, 10.5 mmol) in THF (25 mL) was added 1.71 M
hexane solution of n-butyllithium (6.1 mL, 10.4 mmol) and DMPU (5.0 mL) at 0 °C and stirred for 20
min at that temperature. Then to the mixture was added ethyl acetate (0.98 mL, 10.0 mmol) at -78 °C.
After stirring for 30 min, to the mixture was added a solution of tert-butyldimethylsilyl chloride (1.50
g, 10.0 mmol) in THF (2 mL) at that temperature. After stirring for additional 30 min, the mixture
was warmed up to room temperature.  After stirring for 1 h, the reaction mixture was poured into a
solution of hexane (80 mL) and water (40 mL). The organic layer was washed with brine and dried
over MgSO,. After evaporation under reduced pressure, the residue was distilled under reduced
pressure (60-63 °C / 10 mmHg) to give 1-[(tert-butyldimethylsilyl)oxy]-1-ethoxyethene in 89% yield.
'H NMR (300 MHz, CDCls) § 0.17 (s, 6H), 0.92 (s, 9H), 1.29 (t, J = 7.1 Hz, 3H), 3.05 (d, J = 2.4 Hz,

1H), 3.21 (d, J= 2.4 Hz, 1H), 3.74 (q, J = 7.1 Hz, 2H).

3C NMR (75 MHz, CDCl3) & -4.6, 14.3, 18.1, 25.6, 60.4, 63.4, 161.5.
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(E)-1-M ethoxy-1-[(trimethylsilyl)oxy]-1-pr opene (1b).
/=(35i|v|e3
OMe
The titled compound was prepared in 34% yield (E/ Z = 85 : 15) according to the procedure
as described for 1-ethoxy-1-[(trimethylsilyl)oxy]ethene.
'H NMR (300 MHz, CDCl5) 8 0.24 (s, 9H), 1.53 (d, J = 7.4 Hz, 3H), 3.54 (s, 3H), 3.68 (q, J = 7.4 Hz,
1H).
3C NMR (75 MHz, CDCl) § -0.3, 9.3, 54.8, 78.9, 154.1.
bp. 70 °C/ 55 mmHg.

(2)-1-Methoxy-1-[(trimethylsilyl)oxy]-1-propene (1b).
SiMes
OMe

To a solution of diisopropylamine (10.8 mL, 77 mmol) in THF (50 mL) was added 1.55 M
hexane solution of n-butyllithium (49.5 mL, 77 mmol) at 0 °C under an argon atmosphere. After
stirring for 30 min, to the solution was addded HMPA (12 mL) and then cooled at -78 °C. To the
solution was added a solution of methyl propionate (6.5 mL, 70 mmol) in THF (10 mL) over 10 min
period. After stirring for 2 h at that temperature, to the mixture was added trimethylsilyl chloride
(10.2 mL, 80 mmol) at -78 °C.  After stirring for 30 min at that temperature, the mixture was warmed
up to room temperature.  Then the reaction mixture was poured into a solution of ice water (200 mL)
and hexane (100 mL). The organic layer was washed with brine and dried over NaSO,.  After
filtration and evaporation, the residue was distilled under reduced pressure (68-69 °C / 70 mmHg) to
give (2)-1-methoxy-1-[ (trimethylsilyl)oxy]-1-propenein 35% yield (E/ Z=5: 95).
'H NMR (90 MHz, CDCl3) & 0.19 (s, 9H), 1.50 (d, J = 6.9 Hz, 3H), 3.48 (s, 3H), 3.52 (q, J = 6.9 Hz,

1H).

3C NMR (22.5 MHz, CDCl3) § 0.2, 9.5, 54.6, 70.6, 157.1.

2-M ethyl-1-methyoxy-1-[(trimethylsilyl)oxy]-1-pr opene (1c).
>=(35iMe3
OMe
The titled compound was prepared in 58% yield according to the procedure as described for
1-ethoxy-1-[(trimethylsilyl)oxy]ethene.
'H NMR (300 MHz, CDCl3) § 0.17 (s, 9H), 1.48 (s, 3H), 1.53 (s, 3H), 3.46 (s, 3H).

3C NMR (75 MHz, CDCl3) § -0.1, 16.0, 16.7, 56.5, 90.9, 149.5.
bp. 45 °C/ 12 mmHg.

1-[(tert-Butyldimethylsilyl)oxy]-1-methoxy-2-methyl-1-propene (1c’).

: f)Si Me,Bu'
OMe

The titled compound was prepared in 77% yield according to the procedure as described for
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1-[(tert-butyldimethylsilyl)oxy]-1-ethoxyethene.

'H NMR (300 MHz, CDCl3) § 0.17 (s, 9H), 1.48 (s, 3H), 1.53 (s, 3H), 3.46 (s, 3H).
3C NMR (75 MHz, CDCl3) § -0.1, 16.0, 16.7, 56.5, 90.9, 149.5.

bp. 52 °C/ 2 mmHg.

1-[(Trimethylsilyl)oxy]-1-phenylethene.
OSiMe3
P

The titled compound was prepared in 95% yield according to the procedure as described for
1-ethoxy-1-[(trimethylsilyl)oxy]ethene.
'H NMR (300 MHz, CDCls) & 0.27 (s, 9H), 4.43 (d, J = 1.7 Hz, 1H), 4.91 (d, J = 1.7 Hz, 1H),

7.27-7.35 (m, 3H), 7.58-7.61 (m, 2H).

3C NMR (75 MHz, CDCl5) § 0.0, 91.2, 125.4, 128.2, 137.7, 155.9.
bp. 58-61 °C/ 1.5 mmHg.

2-[(tert-Butyldimethylsilyl)oxy]pr opene.
OSiMe,Bu!

To a solution of tert-butyldimethylsilyl trifluoromethanesulfonate (8.3 mL, 36 mmol) and
triethylamine (4.2 mL, 30 mmol) in CH,Cl, (30 mL) was added acetone (2.2 mL, 30 mmol) at 0 °C.
After stirring for 1 h, the reaction mixture was poured into a solution of hexane (80 mL) and water (40
mL). The organic layer was washed with brine and dried over MgSO,. After evaporation under
reduced pressure, the residue was distilled under reduced pressure (70 °C / 30 mmHg) to give
2-[(tert-butyldimethylsilyl)oxy]propene in 85% yield.

'H NMR (300 MHz, CDCl5) & 0.15 (s, 6H), 0.92 (s, 9H), 1.77 (s, 3H), 4.04 (s, 2H).
3C NMR (75 MHz, CDCl5) § -4.6, 18.1, 22.8, 25.7, 91.3, 156.3.

Preparation of Stannyl Nucleophiles.

Methallyltri-n-butylstannane (3b).

)\/SHBUng

A solution of 3-chloro-2-methylpropene (2,8 mL, 10.3 mmol) in THF (15 mL) was added
dropwise to an activated magnesium (0.317 g, 13 mmol), and added a piece of iodide. A solution of
tri-n-butyltin chloride (2,8 mL, 10.3 mmol) in THF (9 mL) was added dropwise to the solution at 0 °C
with sonication. After sonicating for 1 h at that temperature, the reaction mixture was poured into
water and extracted with Et;O. The organic layer was washed with brine, then dried over Na;SO,,
The solution was filtered and evaporated under reduced pressure at room temperature. The residue
was distilled under reduced pressure (100-105 °C / <2 mmHg) to give methallyltri-n-butylstannane in
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94% yield.

'H NMR (300 MHz, CDCl3) & 0.90 (m, 15H), 1.31 (m, 6H), 1.49 (m, 6H), 1.70 (m, 3H), 1.78 (s, 2H),
4.43 (m, 1H), 4,47 (br, 1H).

3C NMR (75 MHz, CDCls) § 9.6, 13.9, 20.9, 25.3, 27.9, 29.3, 105.7, 146.2.

IR(neat) 2960, 2928, 1630, 1460, 1377, 1278, 1098, 1073, 961, 861 cm'™.

Crotyltri-n-butylstannane (3c).
N A~_-SnBu'3

To a solution of diisopropylamine (1.68 mL, 12 mmol) in THF (20 mL) was added 1.65 M
hexane solution of n-butyllithium (7.6 mL, 12.5 mmol) at 0 °C. After stirring for 1 h, to the solution
was added tri-n-butyltin hydride (2.7 mL, 10 mmol) and stirred for 40 min. To the reaction mixture
was added freshly distilled 1-chlorobut-2-ene (1.2 mL, 12.3 mmol) at that temperature.  After stirring
for 1 h, the reaction mixture was poured into water and extracted with Et;O. The organic layer was
washed with brine and dried over N&xSO,. The solution was filtered and evaporated under reduced
pressure at room temperature. The residue was distilled under reduced pressure (93-105 °C / <2
mmHg) to give crotyltri-n-butylstannane in 91% yield (predominantly trans).
'H NMR (300 MHz, CDCls) & 0.82-0.92 (m, 15H), 1.26-1.69 (m, 17H), 5.12-5.17 (m, 1H), 5.48-5.60

(m, 1H).

3C NMR (75 MHz, CDCl3) 6 9.2, 9.4, 13.8, 17.9, 27.4, 29.2, 120.0, 130.2.

Prenyltri-n-butylstannane (3d).

Y\/SHBUn3

The titled compound was prepared in 89% yield according to the procedure as described for
methal lyltri-n-butylstannane.
'H NMR (300 MHz, CDCl3) & 0.95 (m, 15H), 1.36 (m, 6H), 1.57 (m, 6H), 1.64 (s, 3H), 1.75 (s, 3H),
1.80 (d, J = 8.8 Hz, 2H), 5.46 (tm, J = 8.8 Hz, 1H).
3C NMR (75 MHz, CDCl3) § 9.9, 11.3, 14.1, 17.8, 25.9, 28.0, 29.8, 123.4, 125.3.
IR(neat) 2962, 2926, 1458, 1377, 1342, 1261, 1120, 1975, 1021, 847, 801, 704 cm™.

General Procedurefor the Thermal Reaction
A solution of Cgp (5 mg, 0.007 mmol) and alylbenzene (0.019 mL, 0.14 mmoal) in toluene (5

mL) was sealed with a pressure resist reactor. The solution was heated at 200 °C for 2 days. The
sol ution was concentrated under reduced pressure, and analyzed with *H and **C NMR.
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Procedurefor the Reaction of n-Allylpalladium-Smli, and Ceo.

To a solution of alylacetate (4.8 mg, 0.041 mmol) in THF (0.7 mL) was added
tetrakis(triphenylphosphine)palladium(0) (15.6 mg, 0.013 mmol) and stirred for 30 min. To the
mixture was added 0.1N THF solution of Sml; (0.35 mL, 0.35 mmol), then the mixture was transferred
to a solution of Cg (9.7 mg, 0.013 mmol) in benzene (10 mL). The mixture was irradiated with
high-pressure mercury lamp for 3 h. The reaction mixture was poured into sat. NH4Cl solution and
filtered through a pad of Celite and Florisil. The filtrate was extracted with benzene and dried over
NaxSO,. After evaporation under reduced pressure, the residue was analyzed with *H and *C NMR.

General Procedurefor the Photoreaction: Ethyl 1,2-Dihydro[60]fuller ene-1-acetate (2a).

To a solution of Cg (14.5 mg, 0.020 mmol) in deaerated benzene (15 mL) was added
1-ethoxy-1-[(trimethylsilyl)oxy]ethene (63 mg, 0.39 mmol), and irradiated with high-pressure mercury
lamp for 90 min. After evaporation under reduced pressure, the residue was separated by silica-gel
chromatography (hexane, then hexane / ethyl acetate = 10 : 1) to give ethyl
1,2-dihydro[60]fullerene-1-acetate in 71% yield and recovered Cq.

'H NMR (800 MHz, CDCl3) & 1.53 (t, J = 7.0 Hz, 3H, CO,CH,CHa), 4.46 (s, 2H, Ceo-CH2COE),
4.57 (9, J= 7.0 Hz, 2H, CO,CH,CH3), 6.79 (s, 1H, Cgo-H).

3C NMR (125 MHz, CDCls3) & 170.83 (CO), 154.31 (2C), 153.64 (2C), 147.74, 147.48, 147.15 (2C),
146.59 (2C), 146.54 (2C), 146.39 (2C), 146.35 (2C), 146.03 (2C), 145.89 (2C), 145.74 (2C),
145.61 (2C), 145.54 (4C), 144.97 (2C), 144.70 (2C), 143.40 (2C), 142.75 (2C), 142.71 (2C),
142.41 (2C), 142.25 (2C), 142.12 (2C), 141.86 (2C), 141.78 (4C), 140.39 (2C), 140.30 (2C),
136.85 (2C), 136.55 (2C), 65.94, 61.39, 59.46 (OCH,), 49.79 (CH,CO), 14.65 (CH3).

IR (CCly) 2964, 2930, 2860, 1738, 1462, 1255, 1102, 1038, 527 cm™.

UV-VIS (Amax, hexane) 431, 327, 249, 215 nm.

FAB-MSm/z = 809 ((M+H]"), 808 ([M]"), 807 ([M-H]"), 721 ([M-C4H-05]"), 720 ([M-C4HgO2] ).

Methyl 1,2-Dihydro[60]fuller ene-1-(2-pr opionate) (2b).

'H NMR (300 MHz, CDCls) § 2.40 (d, J = 7.2 Hz, 3H, Ceo-CH(M€&)CO,Me), 4.07 (s, 3H, COMe),
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4.43 (g, J=7.2 Hz, 1H, Ce-CH(Me)CO.Me), 6.94 (s, 1H, Ceo-H).
IR (CCl4) 2962, 2930, 2860, 1738, 1460, 1263, 1197, 1125, 1077 cm'™.
UV-VIS (Amex, hexane) 569, 328, 253, 216 nm.
FAB-MSm/z = 809 ([M+H]"), 808 ([M]"), 721 ([M-C4H-0,]"), 720 ([M-C4HgO2] ).

Methyl 1,2-Dihydro[60]fullerene-1-(2'-isobutyr ate) (2c).

IH NMR (300 MHz, CDCls) § 2.31 (s, 6H, Cer-C(M€),CO,Me), 4.10 (s, 3H, COMe), 6.69 (s, 1H,
Ceo-H).
IR (CCly) 2964, 2932, 2860, 1734, 1433, 1263 cmt.

General Procedurefor the Photo-allylation: 1,2-Dihydro[60]fuller ene-1-(prop-2-ene) (4a).

To a solution of Cg (10.0 mg, 0.014 mmol) in deaerated benzene (10 mL) was added
alyltri-n-butylstannane (0.086 mL, 0.27 mmol) and 1 M benzene solution of trifluoroacetic acid, and
irradiated with high-pressure mercury lamp for 18 h.  After evaporation under reduced pressure, the
residue was washed with CH3CN to give crude 1,2-dihydro[60]fullerene-1-(prop-2-ene). The yield
of product was determined by the 'H NMR analysis with adding dibenzyl (0.6 mg, 0.003 mmol) as an
internal standard. The purified product could be obtained as follows: The crude procudt was dissolve
with CS; (2 mL) and purified by silica-gel chromatography (hexane only) checking the eluent with
HPLC.

'H NMR (300 MHz, CsD¢/CS,) & 3.91 (dm, J = 7.2 Hz, 2H, Cs-CH,-CH), 5.58 (ddt, J = 1.7, 10.1, 0.9
Hz, 1H, CH=CH,), 5.67 (dg, J = 17.0, 1.5 Hz, 1H, CH=CHy), 6.27 (s, 1H, Ces-H), 6.65 (ddt, J =
10.1, 17.0, 7.2 Hz, 1H, CH,-CH=CHy,).

HPL C (Crest-Pak C18S, UV detector 350 nm, hexane/ i-PrOH =1: 1, flow rate 0.5 mL/min) tg = 9.2.
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1,2-Dihydr o[ 60]fuller ene-(2-methyl-pr op-2-ene) (4b).

'H NMR (300 MHz, CsDe/CS,) & 2.23 (br, 3H), 3.96 (s, 2H), 5.37 (m, 1H), 5.47 (br, 1H), 6.47 (s, 1H).

13C NMR (125 MHz, CsDe/CS; with Cr(acac)s as relaxation agent) & 156.36 (2C), 154.30 (2C), 147.75
(1C), 147.59 (1C), 147.32 (2C), 146.73 (2C), 146.70 (2C), 146.56 (3C), 146.50 (2C), 146.11 (2C),
145.79 (1C), 145.77 (3C), 145.72 (3C), 145.05 (2C), 144.91 (2C), 143.63 (2C), 142.94 (4C),
14251 (CH,-C(Me)=CHy), 142.38 (2C), 142.33 (2C), 142.20 (2C), 142.01 (2C), 141.98 (3C),
141.71 (2C), 140.61 (2C), 140.49 (2C), 136.50 (2C), 135.96 (2C), 118.64 (C(Me)=CH,), 58.93,
64.77, 55.43 (Cgo-CH>-C(Me)), 24.97 (CH2-C(Me)=CHy).

HPL C (Crest-Pak C18S, UV detector 350 nm, hexane/ i-PrOH = 1: 1, flow rate 0.5 mL/min) tg = 8.9.

1,2-Dihydr o[ 60]fuller ene-1-(3-methyl-but-2-ene) (4d).

'H NMR (300 MHz, CsD¢/CS;) & 1.98 (s, 6H, CH=CMe,), 3.99 (dm, J = 7.2 Hz, 2H, Cs-CH,-CH),
6.18 (tm, J=7.2 Hz, 1H, CH,-CH=CMe,), 6.25 (s, 1H, Cgo-H).

13C NMR (75 MHz, CsDe/CS; with Cr(acac)s as relaxation agent) § 156.22 (2C), 154.311 (2C), 147.78,
147.65, 147.37 (2C), 147.78, 147.65, 147.37 (2C), 146.77 (2C), 146.74 (2C), 146.66 (2C), 146.60
(2C), 146.55 (2C), 146.42, 146.18 (2C), 145.08 (2C), 144.98 (2C), 143.64 (2C), 143.34 (2C),
142.96 (3C), 142.58 (2C), 142.41 (2C), 142.34 (2C), 142.02 (2C), 140.67, 140.63 (2C), 140.56
(2C), 138.33 (2C), 136.78 (2C), 136.31 (2C), 127.86 (CH=CMe,), 119.74 (CH=CMe,), 65.39,
59.37, 45.57 (Ceo-CHy), 26.55, 18.96.

HPL C (Crest-Pak C18S, UV detector 350 nm, hexane/ i-PrOH =1: 1, flow rate 0.5 mL/min) tg = 8.8.

a-Pinene Adduct of Cg (4€).

'H NMR (300 MHz, CsD¢/CS;) § 1.11 (s, 3H), 1.35 (s, 3H), 1.67 (d, J = 8.4 Hz, 1H), 2.21 (m, 1H),
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2.44-2.61 (m, 3H), 2.66 (tm, J = 5.7 Hz, 1H), 3.91 (d, J = 13.3 Hz, 1H), 4.04 (d, J = 13.3 Hz, 1H),
6.07 (s, 1H), 6.58 (s, 1H).

13C NMR (125 MHz, C¢Dg/CS, with Cr(acac)s as relaxation agent) & 156.96, 156.32, 154.61, 154.21,
147.69, 147.56, 147.45, 147.34, 146.73, 146.70 (br), 146.64 (br), 146.53, 146.51, 146.49, 146.47,
146.42, 146.33, 146.13, 146.09, 145.76 (br), 145.74 (br), 145.70, 145.07, 144.98, 144.94, 144.89,
144.73, 143.61, 142.89, 142.58, 142.53, 142.36, 142.31, 142.29, 142.27, 142.25, 141.97, 141.94,
141.91, 140.57, 140.53, 137.61, 136.80, 136.49, 136.25, 135.70, 125.38, 58.79, 55.55, 48.06,
41.08, 38.45, 33.21, 32.68, 30.39, 26.78, 21.97.

[a]?®5 = -225 (¢ 0.1, CHCl3)

HPLC (Crest-Pak C18S, UV detector 350 nm, hexane/ i-PrOH = 3: 1, flow rate 0.5 mL/min) tg = 5.6.

a-Pinene Peroxide.
OOH

'H NMR (300 MHz, CDCl3) § 0.86 (s, 3H), 1.31 (s, 3H), 2.10-2.15 (br, 1H), 2.22-2.32 (m, 4H), 2.43
(dt, J= 8.6, 5.6 Hz, 1H), 4.35 (d, J = 12.1 Hz, 1H), 4.41 (d, J = 12.1 Hz, 1H), 5.65 (br, 1H).

13C NMR (75 MHz, CDCls) § 21.3, 26.3, 31.6, 31.8, 38.2, 40.8, 43.8, 80.4, 124.0, 143.2.

IR (CHCl3) 2930, 1431, 1367, 1332, 961, 909 cm™.

Laser Flash Photolysis.

Typically, a solution containing Ceo in PhCN (3.0 x 10° M) was irradiated with a laser flash
at room temperature. A flash at 355 nm were obtained by the third-harmonic oscillation from a
Nd:YAG laser (Quantel Model Brilliant). The single laser flash has a diameter of 0.5 cm, 5 ns
duration, 30 mJ pulse™ measured by a pyroelectric power meter (Gentec ED-500). The probe beam
was obtained from a 450 W Xe-lamp (Osram, XBO-450) which was operated by a large current
pulse-power supply. The probe beam was passed through an iris with a diameter of 0.2 cm, and sent
into the sample solution with perpendicular intersection of the laser beam. The probe beam is
focused to a computer controlled monochrometer (CVI Laser, Digikrom-240) by two lenses and four
mirrors. The output of monochrometer is monitored by a PMT (photo-multiplier tube; Hamamatsu
Photonix, R1417 or R2497). Thesignal from the PMT isrecorded on atransient digitizer (Tektronix,
7912AD with plug-ins, 7A19 and 7B92A). Tota system control is carried out with a microcomputer
(Sharp, X-98000) which is connected to all measurement components with a GP-IB interface. To
avoid pyrolysis of sample solution by the probe beam, a suitable cut-off filter was used. At large
concentrations of 3Cg, the decay of the transient triplet-triplet absorption obeyed the second-order
kinetics due to the triplet-triplet annihilation. At lower concentrations of *Cg, however, the decay
rates followed the first-order kinetics, from which the decay rate constants were determined.
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For the quenching experiments of 3Cg by KSAs, the irradiation laser wavelength of Cg was
355 nm which excites Cgy Selectively. The solution was deoxygenated by argon purging for 10 min
prior to the measurements. Relative intensities of triplet-triplet absorption spectrum at maxima (740
nm) were measured for PhCN solutions containing Ceo (3.0 X 10° M) with ketene silyl acetals at
various concentrations (1.0 x 10* - 2.7 x 10° M).  There was no change in the shape but there was a
change in the lifetime of the T-T absorption spectrum by the addition of ketene silyl acetals. The
Stern-Volmer relationship was obtained for the triplet decay rate constants (kq) in the absence and
presence of KSAs, and the concentrations of KSAs [Si]. The quenching rate constants ky were
determined from the slope of a linear plot of kg vs [Si]. All measurements were performed at
Fukuzkumi laboratory in Osaka university.

Quantum Yield Determinations.

A standard actinometer (potassium ferrioxalate) ' was used for the quantum yield
determination of the photoreaction of Cg or its adduct by ketene silyl acetals.  Square quartz cuvettes
(10 mm i.d.) which contained a deaerated PhCN solution (3.0 cm®) of Ceo (3.0 x 10 M) with ketene
silyl acetals at various concentrations (1 x 10 - 5.8 x10% M) were irradiated with monochromatized
light of A = 340 nm from a Shimadzu RF-5000 fluorescence spectrophotometer. Under the
conditions of actinometry experiments, the actinometer, Cg, absorbed essentially all the incident light
of A =340 nm. Thelight intensity of monochromatized light of A = 340 nm was determined as 6.91 x
10° einstein s* with the dlit width of 10 nm. The photochemical reaction was monitored using a
Hewlett Packard 8452A Diode-Array spectrophotometer. The quantum yields were determined from
the increase in absorbance due to the Cgo adducts at 434 nm (emax = 2.29 x 10% and 1.96 x 10° M™* cm™
for 2c and 2a, respectively). In order to avoid the contribution of light absorption of the products,
only the initial rates were determined for determination of the quantum yields. All measurements
were performed at Fukuzumi laboratory in Osaka university.

1 (a) Hatchard, C. G.; Parker, C. A. Proc. R. Soc. London, Ser. A 1956, 235, 518. (b) Calvert, J.
C.; Pitts, J. N. Photochemistry; John & Wiley: New Y ork, 1966, p 783.
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FHOFE T T L rOIETFRIREERERL (D) —(INBRAERUE

5—1 LIz

4— 1T E 91T, ColI=RNF—HEDRWL UMO Z A4 %72 % Dids-Alder X
JRIZBNW TV E LTTIERLS BV R E LTEaC ZEDRHLN TS, Coa Bl =
R E L THWE DidsAlder SOt & Ceo DALFRISTEDFE B SN2 M4 L 0 Ftnszze i<
Wi, T a2 T N Tvy 7T U E OB DidsAlder SN
Shizt, LasL., Ce & @ DidsAlder AL ST retro-Diels-Alder sz - LTLE
DT, BRI AART bV X ONX BAEEIENTIC L DRI R DR S e o7z,
ZZ T, Rubin I X0 —fbRFEZNEESE 5 Z & T retro-Diels-Alder sz B &,
Diels-Alder NN ZZE I HEE S, W1 TE DMK OREENRH SN E o723 20D
R, 6 BERL 6 BROMER LA Cofnik (6-6 fik LToftngk) <bsdZ i
R anz K1) .

ZHLARE, BIEE THEA 2 V= U UGHI & Ceo & @ Diels-Alder SSE S Tns (K
2—5) 3

Mullen, K. (1993)

B KI, [18]crown-6 [ D ]
0

Nishimura, J. (1993)

3)
Eguchi, S. (1995)

AN
C6O +

S” NRCOR'

(4)

Eguchi, S. (1996)
OSiMe,But
Ceo * N

2
OSiMe,But
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BT, BRREAZAT HU LD Dids-Alder MniE, LTI RT X9 2BReE LSz
CeoihiEhka AT 5 ETEBERFEL - TWVD,

1) BERERRIEOEAY  MEFEELAT 2V REORIRIZ LY Co~EERERESE
EEAL, SHICZNERBNY & LIEEREIBEANRTETH D,

OSiMe; ﬁas‘ 0o
o j o ggg’o‘ o NHR

- a Ve
Qoo

a-Amino Acid Derivatives

2) BFHEREOEAS  HSFHNTEMBIIZEZ LI 5 Coib BIEARDEE, BE1it5
HEAEATLHFELELTHOWLATWS,

3) {RELL LTCOFMA: AN THD & ZFH L TRISEORH#ERL L L THW,
SO E DOFIFEH 2 FTEE Td 5,
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4) BEPER B 7= O BB FTRE 2R B REISE AT« Coo DIRMRM:Z 6] | &8 % 728 Dbk
BREAEDEA L X HICFDOEREDOMBESSNIRE ST\ 5,

Highly soluble derivatives

reflux
> Cgo
MeOO C—=—COOMe
TsOH

Z DL 9z, DidsAlder SiiE Coo DRFEBHEIMCICEWTCIEFICEE 2 TFETHD &V
2%, Lo, MEFER R TIRICE D VAR E Coo & DUNMIOWTIE, ZOMEH] 2372
v,

B AFETEETNRNE LT L 912, Co lTBRL BN DIRWEILH & —&E B EV R CAHNROG
HETIEDLZ LD AEETH S, DidsAlder IR IZHV T Danishefsky's ¥ 7 EETFEHE
T ARV, R TICBNWT Co ED—BTFBHZEILIDZbDLEZLN
Bo TORER, JEIREHNZ X D Coo DOffif#E 72 Dids-Alder SO FEERRT DI ENTEDLD
TRV EE 2T,

Z OB, 5% Dids-Alder ARG AR & B2 E 22 L0 H S HIEFIC
BLIRZR N, 27 Dids-Alder SUGIZ B TlE[nden2d W CHRIGH B RINCHEI T T H & 2 6
N5, Lo, SR T D Csp & @ Dids-Alder () LTI, 7% 7 Th Hndaen2y (2n
RN Coo DT D [mds 24 158 U 1H72) BOKIERL, —E T BHE) (SET) IZX2HENTIX
PRWNUSOTREME S &5 (Figure 1) 8, TR, AL L TRAR L ARM % 5 2 5 ATREN:
MY . Diels-Alder SO G & B 12 B L CBLERTE N,
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[r4s + n25] (concerted)

/N _ A

[4, + ©25] (concerted)

“ hv

|

"
B
&
ii]

SET

_/ N\ SET _4EX__»_<EN_ . Cj

Figure 1 Variations of Diels-Alder reaction s.

F 2T, BUSHEOEWY = T % Danishefsky’'s P00 7o RTEHUHHE D CepD
Diels-Alder SUGSMZ DWW THIRIZITH> Z 212 L7z (Scheme 1) . %52, Danishefsky’'s ¥ (%
BEC I ) — V=T VEEG LT oY I AT EZ— LD =u—7 L8 E 2 b,
FATEDOH LD A FICHB T 2 IS OWTHEBREWEE TH L L\ i b,

R | OSi
MeO /7 [\ R | Danishefsky's Diene

XR Anthracenes

Scheme 1

5— 2 [Danishefsky's = L DL Tl B (trans £ %F cis 100 230
N5 X DI LANLICEHIE 2 49 % Danishefsky’'s ¥ = 2 & W TG L 72 fE R DWW T~
50

5—3 7 IR VEEDOKIG] Tk, XE T2 T DM ERIIZ OV T DR
FLE . RIRKRFAEEMIEE T S I T2 BSOS O SUSHEIE I T 2R 2k~ 5,

5—4 [EMESIE~DIGH] TxlE, KRigsLH D Ceo DIEIhs % [EAR i~ & BB L 7=
FERIZHOWTIRR D,
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5— 2 Danishefsky’'s > & D&
5—2—1 BIGEZTDOIET

5— 1 Tik~_7= X 52 DidsAlder SSIZIX 3 >OISEANE 2 515 (Figure 1)
Danishefsky’s ¥ (R=H; Scheme 1) D#\#)7 Dids-Alder SUSIZ DWW TIE T TICHE N H
s M OB EAWSGA NSO LRI O TOREREF D Z LIxTE R,
Z T, 2402 Me A2 H L, SR DOHLE S 4172 Danishefsky’'s = (R=Me; Scheme 1)
ZRAWTRISZRFT 252 &2 L, KISKRMIZK S AT VL AXDgGE & FEERIZ
Danishefsky’'s V=2 (1) ZifElE (54 &) Mz, XUBUEKk (L3mM) J, &EKERT
TR 21T o 72, ORERIGIEIR DN T HLNITHRBE~EZ{L L, T L C EIZ Ceo
DISMZ AR v SR S 7= (Re = 0.8 (hexane / ethyl acetate=4:1)) ., ZDO AR > M Ceo
LV R (1) Lo DidsAlder (A TH DT UK (2) THDEZZ LN, EERD
W DERYEBBET 2 FIIRARECTH -T2, TZ TV IUNEEIA LT Rk 3) L
TEOWEERTIRD Z L1 Lz, By U bz oW TR et L2k HR. SiO, / NEtz 5% & W
IR M TORENNI S U MEBHEIT L, 2 >OEEIRE Lz (R(3a) = 0.6,
Ri(3b) = 0.4 (hexane/ ethyl acetate=4: 1)) , LNLIDERMIL, NEt; ZHIN L7 R 4
AW BANH T A< v 757 —ckb, S 2EnTER (K6) |

X 0SiMe; hv
CGO + )
1h
OMe benzene
1
(5 equiv.)
SiO, / NEtg
—_—

(6)

3a (R; = 0.6) 18%
3b (R;= 0.4) 14%

HNMR 23HFI L 0 W7 & 612 MeO ik > T\ A Z L 2R L. BB Th D kb %%
RRAET D Z EMAREMRBIECTHDL Z EnbhoT-, T T OISR EEITH Z &
IZL720 £79. BCNMRIZBWTHIT & $1T Ceo lTHIRT % sp? [RE DN 30 ALL BB S v,
EHIC CellHRT D LEEZLND PIREN 2 AT HBM S 7~ (3a: 70.26, 67.10 ppm;

P 2o ARy ho—J (3b) 1E, SO /NEt; LW 5 & Th - Y & TlEH D, i) (3a) ~& Bk
FEITZENTLC BRI, LML, HEEE CIZET AERICHARS & 20 BT 518 . B
2 U AL ET DSR2 FEBR AR L2 BB b TWb & &2 b D,
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3b:70.25,67.16 ppm) ., Z O ENnD, 3aB L3 ITE/HIMETH D Z L3R ST,
F72. UV-VIS A7 R UZEWT L2-(HINMRIZ RS 72 430 nm A3 ORI DS e S a2 Z
LD, A E THE SN TV DidsAlder KBS & [RERDAITINLE, SF Y 6-6 gk L TOff
IETHDE Lz, LT, EHSRUAHEABREICOOTIE, 'HNMRIZBWTAF 7o
N D7) 7, EBIEFEE{ELADTa O nOefllEICLIVIETDHZ LICLTZ, BD
NI Ty 7Y 7 ERE L nOe JIEDFERZLL T2 (Figure2)

18% nOe

5.2% nOe

3a 3b

Figure 2 Observed nOe and coupling constants.

ZORER, B ITBWNWTINLE 4N D AT 7 u b I nOe MMl ST~ (+8.9%) . =
DX D72 n0e B SN DT20ITIT 6 BEP MM AZ L LR TR RLARNWI &R D, £2
TR E TR EDLLREZENEMDT=DIZ, PM3FHEZHNTEOZ XL —%
RHBHZ LT LTz, ZORER, RN TLRETH D &\ 9 FHEREENE L " (Figure
3 o FINLE 2MDMDT TV T EBMN 1LAHZ E T X TV —T X T IIVOBHRIC
HHZLERTHDOTHSTZ LA EDZ &5 3b DL Figure 3127~ L 7= 3b(boat) TH b |
LA-N.OFERELE L cis T D ERE LTz, —H., 3alZ oW TIERERBN 6 v 7 7 ek
BLOnOeIEMNHITZDOWEZ I ET DITITESL o7, LLARNL, SEH LT
% 1AM OARRELEIZ DWW T nOe MIEDHK R L V¥ Lz, 7745, 4D AF T o
k& MeO ZE DT nOe WELHI S 4L (+5.2%) . X B2 42D Me 22BN T 4-LdD A F
Tu R ENTDHIEICEDEAD nOe 28 MeO K& ETHIl Sz (-(24%) . 2O b,
LA OFHXECE L trans TH D EIRE LTz, £72. 2-fD Me FEIZ>W\WTlid, PM3EHEIC
BWT LV RETHHHE (Figure3, 3a) Thod L LT,

" Ceo & O Didls-Alder fAIAIZ OV T, 24U E T XAHEEMFNTIC L 0 HEERIRE STV D b O~ THIRT
b5 2, F£i-, nOeflETHUEANTHERL TVWIMELHD % ZDZ LMD Cep & @ DidsAlder G IZ
F0EOND6 BERIZ, MAZLLE L THERTOIIENRYTHL B OND, FEEE, AKISIZEBIT S
Diels-Alder fHIIED W D DFEIEIZDOWVWT MM2EHR L7 & 2 A TR TUTBWTHIHEDA RO TZE Th o7,
I DRERREOEEICB VT, HCrCrH O ALY AF T a b Eoh v 7Y v 7 ERE Karplus AIlLC
FVEHELE, TOME, UTOX 51270 3anFRnEEFEFRE J=27Hz) & —%L7-.
3a  :57.58° — J=216Hz 38 :184.77° — J=-02Hz
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AH¢ = 705.93054 kcal/mol AH; = 706.00724 kcal/mol
3a 3a’

AH¢ = 706.15010 kcal/mol AH; = 713.29361 kcal/mol
3b (boat) 3b (chair)

Figure 3 PM3 analysis of dimethyl Danishefsky's diene adduct.

D EZEW 72 Dids-Alder SUSIZOWTHRETT o Z LIl Le, 14MICEBREL AT LV
> L Ce & O Dids-Alder (IMAIZBMICRLEETHD EWVIMENRHLZ N6 R 1L D
BRI LT H M SEIRIC TRIGEIT ) 2 &I LT, RSS2 eI & [FREIC LT
BEITIC CRUG ZAT o Tt e, JERUL 13872 D Do < D & ISR R~ &L LTz,
FElZ L L ARED IR AT S TofE R, USROS (Bal/3b=8:2) G s L
DHNMRSHTICE VBN E 25T,

TN Ko TRISHMBES N TWD Z ER I PR RO T, BB LUtz hEnizsn
TROGHF T 2 2 28 2 THRENR DN O D 02 s 35 Z LIC L, iRz Table 11T,
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Ceo + MeO—7 \

1
(5 equiv.)

Table 1 Reaction of dimethyl Danishefsky's diene ( 1) and Cgj.

Entry Condition Time Yield of 3a 2(%) Yield of 3b #(%)
1 hv, rt 10 min 10 (28) —

2 30 min 18 (27) —

3 1h 18 (24) 14 (18)
4 3h 17 (19) 16 (19)
5 6h 11° 14
6 dark, rt 1lh 13 (27) 3 (6)
7 3h 24 (34) 22 (31)
8 6h 36 (46) 33 (43)
9 hv, -30 °C° 9h 20 (26) 14 (18)
10 dark, -30 °C°® >9 h No Reaction

@ Vvalue in parenthesis is based on recovery of Cgg.
b Ceo Was completely consumed.
¢ Use toluene as solvent (2.8 mM).

T ORERBOCHRFF AN E OB (1 RFELAN) Tk, JEIC X VK Dids-Alder SUGSAMEE S
TVB LMot (entries2 3vs6) o LidL7ansh, REFHDLSETT 5 LR T
LTLED Z bbb eV, —Ji BFNCB W T RIS S5 2 & TR 1 L
7= (entries6-8) .

A DiesAlder SIS EDIAZ L > THEITT D2 & 2R T 272D, IRIRIZB N TDOK
JGERRETT D2 2 LTz, ZORE, -30 CIlZBWTHFAT CIZ&L G L oloxt L,
BRI LIV ERDNEOND Z ERHLMNE 2572 (entries9vs10)

VIbEDZ L6, HALSRIICAK Dies-Alder BUGSMEE SN D Z L b o Tz,

ARBOS ORI (entriesland 6) TH LT AL, 2 - L HICFE T 3an T4

V Ceo 12 6 BBREZH T HILAMITH O TRRBEIC L 0 HEENZELT 246173 Rubin HIZ L W HESHTWNS B




W5
R4 Cd o7~ (entriesland 6) , 1/ L7 Danisefsky’'s = (1) I3 trans KT 0 ™, KK
AR T IZB W TRIGRFRIN T O RMEBIIERS S /e o7z, HE- T 3aldtlic L 74
m(ﬁﬁ§m#@ﬁﬁéﬂéﬁ%%%m(SET)T@ﬁL&w@D%%ﬂT_ﬁVO:
D Z TN, BBURICEBWTI—EF BB TETL TVWD Z L 2R LTV LR EVR
—Ji. HBUSIZOW T EORE RS TIEHZERICEIT L TV O —E FBER T
@ﬁ LTS D05 Z LILTE 720,

5—2—2 KICHESHEORIE — &)
WIS HRAI N — BB EZH LT 5720, FA4ELREOFECLY —F

BB O SOCHRE 2 MRGEET S Z &I LT, ROGHEZR EORIEIE, 5 4 F & [FRIZRIOR
FREEATFEE I L THIE L TWe 2wz, #RZ LI NIZRT (Figured)

Kops = 2.5 x 102 M1
| Kops=7.9x10°M st
@, =0.075

E%,=1.32V vs SCE
ket = 9.6 x 106 M1 571

1 1 1 1 1

[1], 102 M

Figure 4 Relation of quantum yield (®) and concentration [1]
of dimethyl Danishefsky's diene (1).

ZORER, FHIE (Kops) & — BT BENIS DR (Ke) 23 KW —E &R L, K Dids-Alder
OGN —EBFBEEH THEITL TWA Z ENRHL N oTe, ZDZ ED ., A Dids-Alder

SOENRRA FICB W T H U TIORT L) 2B FBERA OO TEIT L TWVWD & E
z 65 (Scheme?2) .
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Scheme 2

JERNEE SN TEITERMOIEKR L1z 3Coo b L < 1% Ceo HIRICH L T Danishefsky’'s 2= > (1)
No—ETBE) (SET) IV, Co7 YV HNT =42 L Danishefsky's x> 7 1L
AFFUxE (A) &b, ZOTVANRELEREET DI LI X0 BMEA Aok (B) &
b, TITALT 4 EOIBIZE Y IMLORBENRAINVRITF AL L7210 Co LD IR
T = LT HRONCHEA TS Z LIk > TDidsAlder fHIAR G bbb D EEZBND,
VE DS, HFRNICBWTESICHEG BRI T A & T =4 RAEL D120
Tu b AEEREIT IR oV I AVELBBEL ot b D EEXBND, TORIG
HREICHEZ1E, LA O SR E521X Danishefsky’s 30 o D S il & 45 = & 72 < ARk

Mo nsd 2 Lilihd,

LML S, 1 DOER{LENIZ 132V VSSCE Th Y, FH 4= TRE LZHE (ca 1.3V vs
SCE) kY b@EWEER->TND, 2F 0, RUBLEMER>TE M7=/ v HEOVY
LT ) — )L —F )L (4) IMIIEE G2 72> -0 L I3t BN fE R L 72 o7 2 O
DIEIZOWTIE, UFDXEHICEZ L LN TES, 4—3—2 TRLEEYIC, —&
BESGORISHEEIL, —BETBIICET HEMEHEZ R LY — (AG) ICXVikE-T
W5, ZOAGIF LB TIBFRIC L D= 2 L ¥ —2k (AG%) & intrinsic barrier (AGY,) 12 X
D zons (K7, 8) 5,
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AG” = (AG% / 2) + [(AG%)? + (AG7o)?] Y2 (7)
AG 4 = F(E%y - E%e) (8)

ZITAEARIFERUBMLEME AT D 2 EDLACKICOWTIRIFIER —DEE 2 5,
FIT, EDHDAG N 1 E ATRAEDZ LD EEZ BN D, intrinsic barrier &%, [E B8
A DT R F—[EEE (AG% = 0 DA DIEMLHBHT RLEX—) | THYH® ZOENK
FWVNEEAGHREL ) —BIBEIENETLIZS D, £I T, AG ZHIEL T
WA, PAEY 4 DAG 11X 3.7 kea/mol & 1 DAG, (= 2.7 keal/mol) L0 & k&
RIETH D Z Enbooiz, intrindc barier (ZFOfEEZ 4 5 L7126 ONFESY| =R —

(reorganization energy) & FFETH DL Z ENBY, AG G BREWVFEDF AL TP h N L
ST L FITHEELENIZET =X NVFT—DNREVWEFRXD, 2FD, 4DIEH ) LITHAT
BEEINC T F AL TP LRI WD, 4 OBA BT BEINE S8 < 3Ceo & DA
SOSHET Lot D EE X B D,

MeO /7 \

1
OSiMe;

E%y = 1.32 V vs SCE [AG°O =27 kcaI/moI]

P E%, = 1.32 V vs SCE [ AG’ = 3.7 kcal/mol ]
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5—3 Trhr7tryEEORIR

5—1TilRR7=L912, 7> b T UIT Co D DielsAlder SR H S L7224 910 H IS
NIRENTWDL VT URIGEITH D, 2 E TEEB LUV L % Dids-Alder SGEAHAE S
TW5, R TICBWTIZE PRICE D KISHEICS T oMmEN T, EPRA
BRI SHD XD RPEEREET D Z LR ENTHAEE, L LAans, ERIGTH
AR DOHEEIZOW T OFEMARFLR I, ETT 2 h T E Coo & DHIEDAERK
MINZOWTHERR T2 Z LI LTz, RISIIRA LR B UREF, 7 Tk ad 158N
Z R EKSATIC TR B 21T o 72, FOSIAR & 14t HNMR Z2HIE L2 L 2 A, LTFITR
L7 L9 720 O ORFE e v — 7 g sz (K9) .

8.4|14 ppm
\/

H
hv
Cn* —

benzene
1 equiv.

Chemical shifts were observed in CDCI 5.

452ppm DB =737V h T DHENRIFTHZ LICL-THR[ONDLIIENH, T
YR UVRIED ZEARTH D EHEE LT, —J7. 5.79,6.10 ppm D B — 7 &R T AR T E
5D DidsAlder FISOHAE PICHESNTE/ BLOEAIE L RE LT, 202
END. R TICBWTHESUR L RO AR BRI D Z L dbnoie, Fl2ZD7T
v F St & Ce® DielsAlder SSIEIETT - RIECIIEIT L2 o7- 2 b . KT LYK
TRAMEE S D = & Ao 72We

ZDOT Yy hT7EUHE Ce & @ DidsAlder SSIZDOWTIL, BRI SIS DUV TR
ECHICRFI SN T2, fbicks e, BREEOT V NI EHERWS Z & CHFT
IZBWNWTH Ceo & DFIINIEHETTT D Z E DR SNV TN D, Z DR, BLEEENZ L 1T Ceo
EDCT (chargetransfer) A7 MANEIHISND Z EZBH LML TWD (Figureb) . £

VB AMIMADREEIZ SN T, B E51EZ 0 BCNMR HHCB W T SN D B —27 05X 9 0 & 5 72
BT h TR DE LTS Y, EENEGLLOLH ELEFRLLOTH D,
Y Goldshleger 512 LV, Co DA EFHET 24k (3500 nm) 12 & A RICOWTHE S TWL R ® &
FEHIT K DIBERITIHW TISIEDOEITHHER STV,
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5

To, Fax DT v T E OMIEE O DORELERN & LW ERRBIFFR (log Kes VS
Eo) 2R L. SBICEOHEE N BT BENEEZ AV HAOME (logke vSE) & FEH
IZEW—FERLTWDHZ ED (Figure6) . 7 F 7B UHAE Coo & DAFING D RS
HELTCCTEERERTCEBHUTHEITL TS Z EEH LML TS (Scheme3) ,

Absorbance

Wavelength, nm

Figure 5 CT spectra of Cgy complexes with various donors:
2-methylnaphthalene (5.2 x 101 M), hexamethylbenzene (7.5
x 102 M), p-dimethoxybenzene (7.2 x 107! M), anthracene (7.4
x 102 M), N,N-dimethylaniline (4.9 x 10" M).

Slope for electron transfer: -16.9
Observed slope: -17.6

‘\ 0
i 7
L

= - JD

200

1 | 1

log (k
obs

E%., vs SCE, V

Figure 6 Plot of k s vs E, °, of anthracenes for the
Diels-Alder reaction of anthracenes with C g, at 298 K.

159



160




Rl
1
il

5—4 [BEAEMESIGE~DIGH

Coo lT MM 72 AL A LA A HIABE S e D IAfRIE D TIRWZ E XN H R TE
D2 —fIT Coo DERERAGICIZT R EOWBA NI L S b, F D78 AR Z TR0,
TARDLBLEM TORIE?IE, Cob 8K aMRICBWTARRTEREERD Z LR s D, &£
B EE D ORFZEIR IS/ BIZ K D EAHTO Ceo~D Reformatsky S GAI DN RS Ceo
D Bt EREHE S,

ZOXIRBEND, 5—3TRLET Y FIE UL O DidsAlder KU BEFRYER S~
DISTA, RBFFERICHELRE L W BIHC L v Rt s n =2, RO, BESTLek 2 v T &
CIBEERDLETECo b (AFN) TUohokvLD1 @ 1IEBEAWIIK LT, BEIKIERHOE
PHIANTZ EEAKEUTIZ E ORI T2 &) FIETIT o7z, TORER, 7o b7V 2H
WEEAIZIE, BT KON T T oSS IC b A E 5 22 0olckt LT, AFL
T TR ERAWESEEICITOERE FIZB W T Cyp & @ Dids-Alder SIS H#IT9 252 & %
HELTWA (K10) , ZOAFALTL FTEL & D DiesAlder KL, AT TILHEST
LI EmnD, KBEHCZ > TRIGHEITL TN D Z ERHLMNE > TN D,

Me g
5.66 ppm— > H 5.58 ppm—=H

Me
hv
o+ OO0 o :
solid state
H 9h
1 equiv.

Chemical shifts were observed in CgDg/CS».
* % Yield was determined by IH NMR analysis using triptycene as an internal standard.

S HIZHBREN Lo, ZOBEMEMSMIBWTIEATF LT v s T80 _BIEOERITIE
EAETER ST, AREFSEIS DN LV BN S A2 R LTV 5D,

WAFLT U R T E CoDR P U TIZE T 5 DielsAlder UG TiE, JHREIZ X > TEED 2 F L3
RO E—2 7 'H NMR LRGBS, SHICAFAT v kT H DR ERBH LT CTH#EO 2 71 Ik
KOE -7 BHER SN, TDId, REFEEREL L VI BLEDDITBRN TR, WRF TO DidsAlder
BT DWW TIEW & LTz,
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F7o. BHHITIK S AL DIGITOWTHIERB A TONIGEZRFTLTED, KSAEDKX
JZRF LTS ZOBEMEKIGNEITH Y . W2 AW WRIEES O 7 7 — L iR
BT ERERVELZ LRV LTVS (FH11) %

OSiMej3

C60+/:< hv » »
OMe  solvent-free 1) pump up
excess 2) column chromatograhy

90% recovery
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5—4 F&¥

ARETIL Coo DERESALIE L LTS VBN TV S DielsAlder SUSIZOWTHER L, b
FRI T 36 L UBARUS TORUSHERE D6 D Mt 21T > 72,

F. LANICEMEEZ A L, SAOHE S 7 Danishefsky’'s 2 (1) (2% L TR
F ORI T TORISZMET L, B - ST RIZ BT H IO trans /& (3a) 23 EA AW
LLTHRLNDZEEZRWE LT,

i

X OSiMez  hvordark SiO, / NEt,
Ceo + > > <

OMe
1

ZDOZEMNDS, BURICBWTK SASRT VLA RXDEE L FRIC —EBE CHEfT L
TWDHZ AR LT, EHIBMIGICE W TIIASEHE O L v —E - BE T L ¢
WHZEEHLMNT LT, & BT, ISHIORRLEN DS Coo & DAL LTS 5 BIfE (1.3
V vsSCE) ¥Tid D#AI2IX, intrinsic barrier (AGY) # BAZFEMIC I 5 2 & TRISHELT
THMNENERHRTEDZ EERLT,

Meo—7 \ E%,, = 1.32 V vs SCE

1 AGq = 2.7 kcal/mol
» Cggadduct
Ceo —
OSiMe, No Cgo-adduct
P E%,,=1.32V vs SCE
4 AGq’ = 3.7 kcal/mol
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SFEIC, T R TRVEEDISICOWTHRA L, KB T b EUE & FEEO I 2
BOEND T EEFR U, F. BRI RIS OB SV TR 257 &
M. ZOREC THEKE R L —ETRBHORETHS - NP LR T,

A A

C
60 ¥ O 3z > [ Ceo OO \
R

CT

S HIZ, HEFEMFENEMICBNTHOANTH L Z L amd & & bil, Wkt z %
TOMRZPLI LT,

Me
e+ (D ——
solid state
9h
1 equiv.
dark No Reaction
hv 30% 19%

LLED X 9c, —MICHEICHEITL TWD EE 2 5TV 5 Cep® DidsAlder Ktz
BWTH BB E W FTLWKINERE RWE L 20622 a8 A2 62 LT,
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Experimental Section for Chapter 5.

Prepar ation of Danishefsky’s Diene.

(E)-1-M etoxy-2-methyl-1-penten-3-one.

O
MeO—/>_<—

A 1-L, three necked, round-bottomed flask equipped with a mechanica stirrer, calcium
sulfate drying tube, and 100-mL dropping funnel was charged with benzene (280 mL), 55% NaH
dispersion (13.3 g, 305 mmol) and MeOH (0.3 mL, 7.4 mmol). The flask was immersed in an ice
bath and the dropping funnel is charged with a mixture of 3-pentanone (31.9 mL, 300 mmol) and ethyl
formate (24.1 mL, 300 mmol). The mixture was added dropwise to the cooled, stirred suspension
over 1.5 h. During the addition, there was a visible evolution of gas, the mixture darkness, and a
paste-like precipitate forms.  After stirring for 1 h at room temperature, the reaction mixture was then
diluted with Et;O. The suspension was filtered and washed with Et,O to give crude sodium salt of
1-hydroxy-2-methyl-1-penten-3-one. Then, the solution of sodium salt obtained as above in water
(225 mL) was acidified to pH = 5 by dropwise addition of conc. HCI. The resultant two-phase
mixture was separated and extracted with Et,O. The combined organic layer was dried over NapSO,
and evaporated under reduced pressure to give crude 1-hydroxy-2-methyl-1-penten-3-one. To a
solution of 1-hydroxy-2-methyl-1-penten-3-one in benzene (150 mL) was added a 60 : 40 mixture of
benzene / MeOH (75 mL) and p-tolutenesulfonic acid monohydrate (140 mg, 0.74 mmol). The
dropping funnel was charged with a 60 : 40 benzene / MeOH (75 mL). The stirred solution was
warmed up to a gentle reflux at which time the solution began to darken to light brown color. The
distillation temperature rose to 59 °C (the boiling point of the benzene / MeOH azeotrope) and
stabilized. The distillate volume was monitored throughout the course of the reaction. When 40 mL
of distillate has collected, the reaction vessel was replenished with 40 mL of fresh benzene / MeOH
mixture. This cycle was repeated until starting material was consumed. At this time any residual
benzene / MeOH mixture in the dropping funnel was discarded and the funnel was charged with
benzene (75 mL). The reaction volume is maintained by the addition of benzene as the boiling point
of the distillate resin to 79 °C. In this way, a total of 120 mL of benzene was distilled out of the
reaction mixture as the reaction was driven to completion.  The reaction mixture was alowed to cool
to room temperature and quenched by the addition of ag. NaHCO; solution. Then the resultant
two-phase mixture was separated and extracted with Et;O. The conbined organic layer was dried
over N&SO, and distilled under reduced pressure (62 °C / 6 mmHg) to give
(E)-1-methoxy-2-methyl-1-penten-3-one in 63% yield.

'H NMR (300 MHz, CDCl3) § 1.09 (t, J = 7.4 Hz, 3H), 1.7 (d, J = 1.2 Hz, 3H), 2.52 (g, J = 7.4 Hz,
2H), 3.85 (s, 3H), 7.23 (q, J= 1.2 Hz, 1H).
3C NMR (75 MHz, CDCl3) & 8.4, 9.0, 30.5, 61.3, 117.0, 159.3, 200.9.
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(1E, 3Z2)-1-M ethoxy-2-methyl-3-[(trimethylsilyl)oxy]-penta-1,3-diene (1).

: SSI Meg
MeO 7 \

To a solution of (E)-1-methoxy-2-methyl-1-penten-3-one (6.4 g, 499 mmol) and
triethylamine (17 mL, 122 mmol) in Et,O (30 mL) was added trimethylsilyl trifluoromethanesulfonate
(9.69 mL, 49.9 mmol) at 0 °C. After stirring for 3h, the reaction mixture was separated to the organic
layer. The organic layer was poured into sat. NaHCO;3; solution and extracted with Et,O. The
combined organic layer was washed with brine and dried over N&oSO,.  The solution was filtered and
distilled under reduced pressure (65 °C / 6 mmHg) to give (1E,
32)-1-methoxy-2-methyl-3-[ (trimethylsilyl)oxy]-penta-1,3-diene in 84% yield.

'H NMR (300 MHz, CDCl3) & 0.20 (s. 9H), 1.64 (d, J = 6.9 Hz, 3H), 1.66 (d, J = 1.3 Hz, 3H), 3.63 (s,
3H), 4.73 (g, J = 6.9 Hz, 1H), 6.32 (g, J = 1.3 Hz, 1H).
3C NMR (75 MHz, CDCl3) § 0.5, 10.2, 11.5, 60.0, 101.8, 112.9, 145.6, 150.0.

General Procedurefor Dids-Alder Reaction.

To a solution of Cg (10 mg, 0.139 mmol) in deaerated benzene (10 mL) was added (1E,
32)-1-methoxy-2-methyl-3-[ (trimethylsilyl)oxy]-penta-1,3-diene  (13.7 mg, 0.683 mmol), and
irradiated with high-pressure mercury lamp or stirred in dark condition. Checking the TLC, the
reaction mixture was poured into a suspension of silica-gel (ca. 3 g) in hexane (20 mL) and ethyl
acetate (5 mL) with triethylamine (2 mL). After stirring for 30-50 min, the reaction mixture was
concentrated under reduced pressure. The residue was separated by silica-gel chromatography
(hexane, then hexane / ethyl acetate = 40 : 1 - 5: 1 and triethylamine as an additive ) to give the
desilylated Diels-Alder adducts.

Danishefsky’s Diene-adduct (3a).

'H NMR (300 MHz, CeDg) & 1.57 (d, J = 7.2 Hz, 3H), 1.89 (d, J = 6.6 Hz, 3H), 3.43 (s, 3H), 3.68 (dg,
J=27,7.2 Hz, 1H), 4.62 (d, J = 2.7 Hz, 1H), 5.12 (g, J = 6.6 Hz, 1H).

13C NMR (75 MHz, CeDg) § 209.41 (C=0), 155.73, 155.23, 155.13, 154.78, 147.97, 147.92, 147.74,
147.11, 146.92, 146.84, 146.66, 146.61, 146.53, 145.85, 145.80 (br), 147.72 (br), 145.69, 145.30,
144.96, 144.90, 143.63, 143.05, 143.00, 142,58, 142.42, 142.26 (br), 142.21, 142.03, 141.95,
141.92, 141.81, 141.72, 141.69 (br), 140.75, 140.61, 139.35, 139.27, 138.30, 136.79, 136.48,
135.33, 134.74, 92.40 (Ce-C-OMe), 70.26, 67.10, 62.94 (OMe), 50.18 (Ceo-C(Me)-C=0), 47.71
(O=C-C(Me)-C(OMe)), 13.80, 13.48.
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UV-VIS (Amax, CHCI3) 701, 433, 370 nm.
Danishefsky’s Diene-adduct (3b).

'H NMR (300 MHz, CsD¢/CS,) & 1.61 (d, J = 6.9 Hz, 3H), 1.74 (d, J = 6.9 Hz, 3H), 3.41 (dg, J = 11.4,
6.9 Hz, 1H), 3.66 (s, 3H), 4.20 (g, J = 6.9 Hz, 1H), 4.92 (d, J = 11.4 Hz, 1H).

(in CsDe) 5 1.55 (d, J = 6.9 Hz, 3H), 1.77 (d, J = 6.9 Hz, 3H), 3.36 (s, 3H), 3.50 (dg, J = 11.4, 6.9 Hz,
1H), 3.73 (q, J = 6.9 Hz, 1H), 4.54 (d, J = 11.4 Hz, 1H).

13C NMR (75 MHz, CsD¢/CS;) & 207.49 (C=0), 154.58, 153.83, 152.46, 152.02, 148.90, 147.91,
147.77, 147.56, 146.86, 146.83, 146.80, 146.75, 146.70, 146.57 (br), 146.51, 146.47, 146.43,
146.13, 146.10, 145.79 (thresh high), 145.75 (br), 145.68, 145.62, 145.57, 145.03, 144.87, 144.84,
144.71, 143.37, 143.00, 143.04, 142.98, 142.67, 142,56 (br), 142.48, 142.03, 141.96, 141.80,
141.75 (br), 141.16, 140.10, 139.52, 139.31, 136.11, 136.06, 134.94, 134.70, 86.91 (Ceo-C-OMe),
70.25, 67.16, 63.08 (OMe), 50.89 (Ceo-C(Me)-C=0), 49.03 (O=C-C(Me)-C(OMe)), 14.94, 13.84.

UV-VIS (hmax, CHCl3) 696, 431, 381 nm.

Procedurefor Solid State Reaction: M ethylanthracene-adduct.

A well ground mixture of Cgp and 9-methylanthracene (1 : 1) was exposed to high-pressure
mercury lamp through Pyrex vessel by using cooling jacket to keep the reaction temperature at 28 °C
and ground each 1 hfor 9 h.  The reaction mixture was then dissolved in CsDe/CS, and the yields of
mono- and bis-adducts were determined by *H NMR analysis using triptycene as an internal standard.
'H NMR (300 MHz, CsD/CS,) 5 2.69 (s, 3H), 5.66 (s, 1H), 6.96 (dm, J = 6.9 Hz, 2H), 7.03 (dm, J =

6.9 Hz, 2H), 7.35 (m, 2H), 7.58 (m, 2H).

C NMR (75 MHz, C,D/CS, with Cr(acac), as relaxation agent) 5 156.62 (2C), 154.22 (2C), 147.78
(1C), 147.67 (1C), 147.11 (2C), 146.73 (2C), 147.65 (1C), 146.41 (2C), 146.36 (2C), 145.58
(6C), 145.42 (2C), 144.92 (2C), 144.81 (2C), 143.45 (2C), 143.21 (2C), 142.87 (3C), 142.40
(3C), 142.32 (2C), 142.20 (2C), 141.91 (2C), 141.67 (2C), 141.51 (3C), 140.31 (2C), 139.13
(2C), 137.58 (2C), 137.35 (2C), 137.09 (2C), 129.26, 128.53, 127.52, 127.45, 125.87, 123.54,
76.25 (Coo-5p°), 73.86 (Ceo-5p°), 58.89, 51.68, 17.92.
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Calculation.

The structure were fully optimized by
PM3 calculation (Mopac version 6.10 ran on a
Tektronix CAChe® CAChe MOPAC version 94

molecular modeling workstation).

Danishefsky’s Diene-Adduct (3a).

Final Heat of Formation = 705.93054 kcal

CARTESIAN COORDINATES

NO. ATOM

QOWO~NOOUITA WNPE

NPNDNNNMNNNNNRPERPRPEPRPRPERPRPRPRPRRERE
O~NOOUOIT PR WNRPOOONOOOITPA, WN P

O00000000000000000000000000O0

X
0.0000
1.4570
2.1485
1.4186
0.0349
-0.6927
1.9076
3.3227
2.1454
-0.6926
-1.8735
-0.4504
0.0007
1.4567
-0.4488
1.9127
3.0273
3.3108
0.7203
3.7133
3.7498
-1.8757
-2.3020
3.0269
-1.5714
0.7288
-2.7565
-1.5730

Y
0.0000
0.0000
1.1995
2.4616
2.4604
1.1985
-1.1038
1.3583
3.3967
3.3968
1.3557
-1.1042
4.2804
4.2788
4.5332
4.5337
-0.9532
2.7159
4.6924
2.9587
0.3121
2.7148
0.3061
-1.4765
-0.9551
-1.7857
0.5608
-1.4791

0.0000
0.0000
0.0000
0.0040
0.0067
0.0027
0.8385
0.8486
0.8542
0.8554
0.8431
0.8378
1.6637
1.6706
3.0252
3.0270
1.6388
1.3803
3.8728
2.6847
1.6449
1.3672
1.6376
2.9994
1.6353
1.3569
2.9984
2.9954
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ITIIITIIIIIIOOOOOIIOIZOOOOO0OO0O00000000000000000000O00O00O0O0OOOO0O

0.7284
3.0211
-2.3096
4.1870
-2.3060
-0.4524
1.9061
1.4538
3.7506
4.1631
3.7488
-0.0045
-0.7015
0.0252
-1.8814
-1.5799
3.3219
-2.7603
-2.3078
3.3157
3.2802
1.9813
2.1408
1.4106
-1.8808
-0.6953
2.1288
-1.5717
0.7322
1.4557
-0.4373
0.0112
2.1929
4.4328
22734
1.3145
3.6739
3.3059
4.0983
5.7094
3.4631
4.6903
1.3554
5.8035
3.8781
2.7843
45217
6.1185
6.4853
5.5341
1.5079
0.3167
1.5900

-2.2819
3.9074
2.9580
0.5715

-0.5428

-2.1244

-2.1218

-1.8590

-0.5323
1.8612
2.1352

-1.8667

-0.9796

-0.0357

-0.2997
3.8933
1.0866
1.8529
2.1082

-0.2717
3.5937
3.7573

-0.9591

-0.0193
1.0615
1.2213
1.2433
3.3671
4.2092
2.4340
3.5135
24144
4.7124
4.4987
6.0640
4.5846
5.1743
3.2476
5.5618
4.3491
4.3057
4.2892
6.9430
4.1212
6.2196
5.1665
4.8156
3.3309
5.0376
45737
7.0171
6.6614
7.8967

5

2.6492
3.5286
2.6584
3.0116
3.8376
3.4896
3.4915
4.8526
3.8421
3.5202
4.8786
4.8517
5.6529
6.4933
5.1328
3.5058
5.6477
3.4956
4.8571
5.1313
5.0120
5.9177
5.6483
6.4867
5.6529
6.4869
6.4930
4.8557
5.1524
6.4965
5.6399
6.4734
7.1352
5.5164
6.6802
7.8199
9.1313
8.2392
5.3986
4.7032
7.9035
7.0044
7.2782
7.4598
8.8633
9.7754
9.7297
4.7627
5.0634
3.6418
8.3621
7.0691
6.7986



Danishefsky’s Diene-Adduct (3a’).

Final Heat of Formation = 706.00724 kcal

CARTESIAN COORDINATES

NO. ATOM

QOWO~NOOUITA WNPE

www"ﬁwwwwl\bl\)l\)I\)I\JI\)I\)I\)I\JI\)HI—‘I—‘HHI—‘I—‘I—‘HI—‘
~N O O WNPFPOOONOODUTRRWNRPOOONOOOGD,WNPE

O000000000000000000000000000000000000

X
0.0000
1.4569
2.1482
1.4181
0.0342
-0.6933
1.9071
3.3224
2.1446
-0.6940
-1.8746
-0.4506
-0.0009
1.4551
-0.4508
1.9106
3.0265
3.3101
0.7179
3.7107
3.7488
-1.8771
-2.3026
3.0260
-1.5721
0.7284
-2.7577
-1.5741
0.7275
3.0192
-2.3116
4.1855
-2.3071
-0.4536
1.9049
1.4521
3.7490

Y
0.0000
0.0000
1.1997
24617
2.4601
1.1981
-1.1036
1.3593
3.3975
3.3968
1.3553
-1.1040
4.2805
4.2795
4.5332
4.5348
-0.9524
27174
4.6921
2.9601
0.3131
2.7145
0.3060
-1.4756
-0.9552
-1.7855
0.5610
-1.4787
-2.2816
3.9097
2.9581
0.5730
-0.5421
-2.1238
-2.1207
-1.8579
-0.5307

0.0000
0.0000
0.0000
0.0029
0.0056
0.0016
0.8390
0.8486
0.8527
0.8533
0.8413
0.8378
1.6617
1.6688
3.0230
3.0253
1.6395
1.3796
3.8707
2.6846
1.6453
1.3652
1.6365
3.0002
1.6346
1.3574
2.9969
2.9949
2.6497
3.5280
2.6562
3.0120
3.8366
3.4897
3.4923
4.8532
3.8427
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38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

ITIIITIIIIIITOOOOOIIOIZOOOOOOOO0OO0O00000000000000O000O000

4.1607
3.7449
-0.0062
-0.7035
0.0226
-1.8832
-1.5819
3.3171
-2.7623
-2.3100
3.3132
3.2752
1.9806
2.1383
1.4079
-1.8826
-0.6976
2.1253
-1.5738
0.7300
1.4539
-0.4396
0.0090
2.1682
4.4260
2.1128
1.3028
3.2976
3.7282
4.0930
5.7070
3.4764
4.6587
1.5221
5.7216
3.0797
4.2007
2.4691
6.1116
6.4823
5.5390
2.0374
0.4596
1.6347

1.8629
2.1366
-1.8655
-0.9783
-0.0339
-0.2987
3.8934
1.0885
1.8533
2.1089
-0.2701
3.5945
3.7632
-0.9573
-0.0170
1.0629
1.2231
1.2461
3.3675
4.2074
2.4384
3.5137
2.4165
4.7448
4.4912
6.0804
4.5802
3.4668
5.4944
5.5563
4.3571
4.5309
4.2264
7.0151
3.8439
24813
3.3677
3.7218
3.3359
5.0319
4.6108
7.0763
6.8017
7.9547

5

3.5201
4.8778
4.8518
5.6526
6.4931
5.1320
3.5035
5.6464
3.4937
4.8553
5.1315
5.0117
5.9225
5.6486
6.4862
5.6515
6.4862
6.4929
4.8534
5.1495
6.4994
5.6379
6.4736
7.1235
5.5266
6.6075
7.8178
8.9847
8.4299
5.4303
4.7196
7.9143
7.0081
7.4728
7.4530
8.5492
9.6015
9.6596
4.7539
5.1053
3.6637
8.4391
7.6402
6.9259



Danishefsky’s Diene-Adduct (3b(boat)).

Final Heat of Formation = 706.15010 kcal

CARTESIAN COORDINATES

NO. ATOM

QOWoO~NOUITWNPE

wwwgwwwwl\)I\)l\JI\JNI\)I\JI\)I\)I\)I—‘I—‘HI—‘I—‘HHI—‘I—‘I—‘
~N O O1 WNPFPOOONOODOUPR,WNRPOOONOOOOR,WNPE

O00000000000000000000000000000000000O0

X
0.0000
1.4570
2.1484
1.4180
0.0342
-0.6933
1.9068
3.3228
2.1440
-0.6945
-1.8766
-0.4515
-0.0015
1.4540
-0.4514
1.9081
3.0247
3.3105
0.7163
3.7065
3.7484
-1.8783
-2.3027
3.0237
-1.5725
0.7272
-2.7596
-1.5758
0.7258
3.0166
-2.3127
4.1853
-2.3095
-0.4562
1.9026
1.4490
3.7469

Y
0.0000
0.0000
1.1996
2.4616
2.4597
1.1980
-1.1040
1.3584
3.3974
3.3961
1.3552
-1.1047
4.2781
4.2778
45317
4.5337
-0.9523
2.7170
4.6926
2.9562
0.3125
2.7143
0.3061
-1.4759
-0.9552
-1.7866
0.5603
-1.4792
-2.2802
3.9065
2.9570
0.5713
-0.5428
-2.1254
-2.1210
-1.8583
-0.5312

0.0000
0.0000
0.0000
0.0037
0.0067
0.0017
0.8388
0.8483
0.8542
0.8536
0.8387
0.8366
1.6636
1.6702
3.0244
3.0272
1.6412
1.3793
3.8742
2.6859
1.6463
1.3640
1.6351
3.0017
1.6335
1.3566
2.9949
2.9936
2.6499
3.5283
2.6552
3.0134
3.8349
3.4892
3.4934
4.8543
3.8446

172

38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

ITIIITIIIIIITOOOOOIIOIZIOOOOOOOO0O00000000000000O00O00OO0

4.1601
3.7450
-0.0093
-0.7056
0.0188
-1.8858
-1.5836
3.3087
-2.7646
-2.3138
3.3090
3.2710
1.9723
2.1343
1.4040
-1.8859
-0.7024
21214
-1.5773
0.7268
1.4494
-0.4431
0.0044
2.2610
4.4156
1.1417
24954
3.8197
3.2289
4.0334
5.6774
3.4753
4.6737
0.4472
5.7350
4.0846
2.9743
4.6701
6.4393
5.4758
6.1132
0.0561
1.0710
-0.3764

1.8610
2.1348
-1.8682
-0.9783
-0.0354
-0.2996
3.8924
1.0893
1.8521
21071
-0.2699
3.5894
3.7599
-0.9569
-0.0167
1.0614
1.2209
1.2475
3.3658
4.2104
2.4402
3.5101
2.4138
4.8000
4.4888
4.9106
5.7787
5.4169
3.4037
5.5467
4.4392
4.3677
4.1401
6.1282
3.7266
6.3781
5.5966
5.0947
5.1193
4.7398
3.4307
6.3114
6.9737
5.9861

5

3.5212
4.8790
4.8525
5.6511
6.4946
5.1304
3.5030
5.6459
3.4924
4.8545
5.1327
5.0086
5.9271
5.6497
6.4881
5.6510
6.4880
6.4988
4.8522
5.1552
6.5073
5.6358
6.4731
7.0608
5.5372
7.9383
6.5586
8.9570
8.4232
5.5257
4.6971
7.9116
6.9990
7.8523
7.4145
8.4964
9.6344
9.5721
5.0995
3.6596
4.6706
6.8442
8.1667
8.5566



Danishefsky’s Diene-Adduct (3b(chair)).

Final Heat of Formation = 713.29361 kcal

CARTESIAN COORDINATES

NO. ATOM

QOWoO~NOUITWNBE

WWWNDNNDNNNMNNNNNREPRPRPRPRPRPRPRPEPRPERPERRE
NPOOONOODUIRARWNPOOONOODUOGDMWNPE

O000000000000000000000000000000O0

X
0.0000
1.4569
2.1482
1.4185
0.0346
-0.6928
1.9068
3.3221
2.1449
-0.6932
-1.8739
-0.4508
-0.0003
1.4558
-0.4491
1.9107
3.0266
3.3094
0.7204
3.7085
3.7484
-1.8763
-2.3033
3.0253
-1.5721
0.7279
-2.7573
-1.5739
0.7274
3.0140
-2.3094
4.1829

Y
0.0000
0.0000
1.1997
2.4620
2.4605
1.1985
-1.1040
1.3589
3.3977
3.3971
1.3554
-1.1040
4.2820
4.2808
4.5342
4.5353
-0.9539
2.7168
4.6921
2.9594
0.3120
2.7149
0.3059
-1.4771
-0.9551
-1.7858
0.5606
-1.4792
-2.2826
3.9061
2.9576
0.5716

0.0000
0.0000
0.0000
0.0025
0.0053
0.0019
0.8388
0.8490
0.8523
0.8533
0.8416
0.8377
1.6609
1.6673
3.0227
3.0240
1.6389
1.3805
3.8704
2.6861
1.6451
1.3649
1.6362
2.9997
1.6349
1.3573
2.9972
2.9948
2.6495
3.5302
2.6563
3.0122
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33
34
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

ITIITIIIIIITIOOOOOIIOIZOOOOOO0OO0O00000000000000000000O00O0O00OO0

-2.3064
-0.4536
1.9046
1.4519
3.7474
4.1531
3.7322
-0.0060
-0.7020
0.0249
-1.8810
-1.5795
3.3152
-2.7605
-2.3069
3.3119
3.2881
1.9886
2.1380
1.4099
-1.8784
-0.6924
2.1297
-1.5690
0.7375
1.4652
-0.4317
0.0185
2.1094
4.5580
1.2616
1.7908
3.6135
3.9359
4.8869
5.7357
3.5387
4.3393
0.2769
4.7833
3.1637
3.0913
4.6571
5.4768
6.5849
6.0898
-0.4302
0.7141
-0.2311

-0.5425
-2.1248
-2.1218
-1.8593
-0.5326
1.8608
2.1330
-1.8674
-0.9801
-0.0365
-0.2994
3.8932
1.0850
1.8529
2.1082
-0.2727
3.6002
3.7748
-0.9590
-0.0173
1.0622
1.2214
1.2458
3.3652
4.2042
2.4420
3.5072
24114
4.8451
4.4346
4.4599
5.8320
5.9433
4.0025
4.9528
3.5837
4.9999
5.4912
5.4013
6.6151
6.9206
5.5306
6.1199
2.9578
4.2176
2.9144
5.5729
6.3555
4.9199

5

3.8369
3.4896
3.4924
4.8536
3.8428
3.5201
4.8767
4.8518
5.6536
6.4942
5.1319
3.5029
5.6492
3.4938
4.8548
5.1320
5.0185
5.9400
5.6501
6.4890
5.6507
6.4841
6.5015
4.8517
5.1476
6.5049
5.6319
6.4671
7.0892
5.3843
8.1733
6.6623
8.8236
7.9518
4.4448
5.8535
7.6365
6.4505
8.5166
6.3380
8.6000
9.6968
9.1148
6.7193
6.1431
5.0568
7.6960
8.8358
9.3561
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F6E fhEim

HSOSTBSS TG L NRWMEEOE I BRI TE 5 2 2006 FHDERIE D BR%E
L. T LWABEREIS OB & L CIEFICEETH S, ARUF5EIX. £ 95 LIEFBDERIED
FZHE L, b BRI AERISEE TO DL WV R=bamEgimE<chsr 77—
v (Ceo) IZEBL., TOFBNISORBEZHREI LI D TH D,

LU, RO Z BT 5,

%1 HEam Tk, EIRRISICOWTOBMEOMIE 2 BT 2 & & B IS DA R
A FPEIC OV TR~z D& 1) BEMONEISHEEE Th 5 v = bW & 5 redkib
LT, HDWNE2) Coo & W OFMEIZIER L TIBDCSONZBR L X 9 & T D ARMEDE SR
& AR AR AT,

7 2 T [Baylis-Hillman AR O CRUS « FrRRSEEAREHASOR] T, B LVOEROG Y E
ELTCap-Rafi VAR = LGV Da-fLiZk Ru ¥ XA FLEEE A L7~ Baylis-Hillman
AR DI EIZ DWW TR 7=, 9, Baylis-Hillman A OYEISIZ LV 1,4-2 LR =
IMEEDRFFOND V) B LWRSEEREBSSZ ] 52N Lz,

hv
Rl
AL N O\

O

Baylis-Hillman reaction

J 8

F7o. KEBEZRHET D Z & TRy-REIF O VAR = UL Aoy 7 uFa XU, Ve R
07T UVBRNERT DI EER LTz, TDOZ END, AEREREISEIE B LR = Vi
£D 1AM TORFESIEHEIEE VIO TH OV 72 WKISIZ LV ERT S, Y Fef
TRUAFL ALY ((OH)-TMM) HEELZRETHEITL TWH Z 26T LT,
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R
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Y
OH OP
RO R I)KV\RZ \ /°R?
R3 R3
R3
(OH)»-TMM

X
0 3
2
l)K//IR\/ > Rl)k/R%‘/R
)
[ B,y-Unsaturated carbonyl compound ] [1,4-Dicarbonyl compound]

OIABREEBSONN T 7 VREEERIELE LTHOAHATHLIZ 2 RWE LT,

O OMe hv

—_—) 1 2
R;)H‘/kRz R \@’R

% 3% [Norrishtype ll )OS 2 TEH L7 EFERPOLROE) T, o,p-AEafn i vk = v ks
MO L DY ) — VAERIZE R LUEFBRIOCSOSICHI L 7ois i d)b\“CJimto
F9. MOBEBTBRIRIESIERITHES b U = — L ROFRIZONW TR Rz, X0, £H
AR BOSEATV, V7 0 COBRMEERMEE 25 2 L2 Lz, ZoRE %ﬁ#ﬂ%ﬂ“é
e, BIRSMEDOZ AT NVILEZEANL, KB EEZHAT 52 & THREBEIZZEED
JERORS R HEIT L, ZEBAFRILAMIEONDG I EEH LT LT,

of of
@/\f hv (Norrish typell) ©/f hv' (isomerization)
N
O X

H H.

O 0
hv" (cycllzatlon) (aromatization) | «
: O‘ -
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6=
HAm [ 77— O FRRFBERERL (1) — IS T, Ceo DIALFHIAIN

BOSIZHES S IRFBEHERALIC OV TR ATz, £, 7 v U7 d —b & OHRIGIC L
D77 =L T e = MPRRFBRIRTRELNDS Z L2 LN LT,

SiMe
CGO + 3 hV
OFEt benzene
(20 equiv.)

71%
(100% based on recovery of C 4g)

DT, ¥ U VIIEHI OBRLTENL & FUGPEIZ RUVARBIBISR 2 72 L BLREALZS 1.3V vs
Ck Y. ERES - ETFBERE L LR ORIE YL BV —EE R L e b, ARG
N—BRBENCHEIT L TWAZ 2L LT,

FxDOT7 VL ARIZONT S FERICHRTT L. Coo~DT U ALK ST T 5 Z & 28 5
I L7, ZOE, —EBBEV COCHEITT 5720, @ oL E IR TR S v
HTZELHLMNMZ LT,

SnBu"y ———
o-~addition
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6=

FHE 77— L O bFENREEREL (1) —F(NERILRIS) T, Ce @ Diels-Alder
KISIZEH L. ZONKISICOWTERE L RIcHOW TR, 3. DidsAlder Ki5D
IOSHEE & L CHEN L —B1BEEO 2 SO RMEEMEICOW TR R72, DWNWT, 1407
WL 2 U, SUADHIE Sz Danishefsky's Voo 2 7o —7 L4 A KT, B - eSS
AT ZRIGFRN T T L TN Z E A BNz L,

~(

X OSiMe;  hvordark SiO,/ NEt,
Ceo * > >

SET

OMe
(1E, 32)

ZTOZ D, A DidsAlder ST B BEI THET LTS Effim L, ERUSIZDW
THRIGHEICESW T —E BB TETL TV 2 L2HLMNIT L, SHIT, TU b
7t R E O DielsAlder SOSIZIBWTE « WSS R — DA 2 H5-2 TWDHZ &R L,
Coo &7 ¥ F T HHEDC TEKRLZIET B BB T DidsAlder FUSDHEITL TS Z
LWL LT,

SET

A AN y.

o (S e OO | =
R “R

[ CT complex ]
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6=

BT, Ceo DEAHE L OFEIRBER TO ST DWW T, BEFIGSIZBWTEH Z DK

JSBRD CTHITH Y . IEEEZ AW WREBRAMO 7 7 — L UFERER T e 2 L7020
BhrZLER LT,

Me
hv
o + OO0 =2
solid state
1 equiv.

SiMe;
Coo + /=gj __hv
@]

Me solvent-free

excess

Pk 75— 1w L0 B-REFI ) VAR = AL S OFHOLRIE OBRIIZE) &MY 2
ARGENE, FHARERISOBIEE S LT 1) WO 2 BT 5, 2) #iLv
W NS DOFERRET D, LWH) 2007 7 —FE#R L, THUTHEWEERICH I
F 5 DDA RIREER AR ET 5 LD TH Y, SHhIEx DRENIETE 5.
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