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Ac,0
Bn
BOM
t-Bu
DA
DABCO
DIPEA
DMAP
DMF
2,4-DMPM
EtsN
EtOAC
LA

LG

Me
MEM
MOM
4-MPM
NMM
NQM
PPTS
QM
TBAF
TBS
TES

Tf

TFA
TFAA
THF
THP
TMS
TTMSS

acetic acid anhydride

benzyl

benzyloxymethyl

tert-butyl

Diels-Alder reaction
1,4-diazabicyclo[2.2.2]octane
N,N-diisopropylethylamine
N,N-dimethyl-4-aminopyridine
dimethyl formamide
2,4-dimethoxyphenylmethyl
triethylamine

ethyl acetate

Lewis acid

leaving group

methyl
methoxyethoxymethyl
methoxymethyl
4-methoxyphenylmethyl
N-methylmorpholine N-oxide
naphthoquinone methide
pyridinium para-toluenesulfonate
quinone methide
tetra-n-butylammonium fluoride
tert-butyldimethylsilyl
triethylsilyl
trifluoromethanesulfonyl
trifluoroacetic acid
trifluoroacetic acid anhydride
tetrahydrofuran
2-tetrahydropyranyl
triethylsilyl
tris(trimethylsilyl)silyl
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RUYPAL T TUMBERGITREEIND 14-THRF-14-U R F 77X L0 1y a®
VAFNIEEFFO B (D)L, VA ABRIFIE TRV UL R — RSB DL E B AICER L T
m%@%7h%//f%hm@w¢ﬁmms)wﬁém@ FEHENL(4 MO T LV EE N E R L 7=
HENOIX, MRSk (FeCl) il K v 4 (LRI —BAFERE & 23BN BHZL L C(path @), ortho-
NQM EPFa'ﬂ{ZIK(A)ﬁ>$EJZTE>O ZHICETEERT L— & RIERE L Lo Friedel-Crafts St % 3
T 5L, BFEERSCAT 0RO L4 RKEMMBIGSAET L TET U —L 2 ¥ VRPN EIETE LR
2o ETENQM IR Y 7T 004 T U BRI L T, RBRWOIEARFKE LTHbND
ZERAERBICAHE)NERT L Z A2 R Uiz, 107 & 40T ORBENIZ Y v v A F LA
WA 5 L., ortho-7¢ & ONT para-NQM ZJIEV#EH L CT(path ¢), 2 43+ D7 L —r NEA I L5 Bl
RIRWGENETTHZ E LN LG BLU6 OERK), 4 M EELKRT, KN 71040
FERE(TFAA) & 7 L — U SRR 735 & LR FE — RS OBINPBIA 2 E Z v | para-NQM
I RAR(B) 23 AR L 7= (path b), 7235, para-NQM (B)IZ 7 L — » KEZHFE D 1,6-H8e A4 4uiX. ortho-
NQM (A) Z#& 1 L7=AE) S 1T EMAIE N R D87 U — /L A X SEA) 2 IR AE T E 5,

Scheme 1-1
R1

Qe
—

Diels-Alder (path a)

reaction

l osi

R1
4

1
1
OSi

1,4-epoxy-

cat. FeCly

C4-cleavage
(R = alkyl, silyl)

(path b)

TFAA
(+ Ar-H)

C1-cleavage

1,4-dihydronaphthalene (R'=H)

(path c)
cat. FeClz | (R

ortho-NQM

= CH,0Si)

benzofuran

|

and para-NQM




14-TRF-14-D FuF 72 L U EITAA ARERAEEIC 1,4-T 38R BN 5 L)
WHBFLLTT T = EFEINLT2D, ZERREERD T 7 2 L BE GRS 2720 DRI
BRIRE L CTHATH D, L, EXNHARNUT A L 7T 4255 Diels—Alder & Tl Effa
DR 2 D 14-TRF 14V RaF 7 Z LU nNEfT 5, E6I1C 14T REFHO
RGO S RS T, B—0F 7 h—AHEKEEL Z LIIR#ETH L, FHIT, 14T
R¥L-14-Vb Rt 7 XH V/@ﬁji@%uﬁfl ABXRAN) T Y —VEEAZEANT S L FeCls
itz X D R U OBEE, 1 01O T '8 X — )V OBiBEE £ 5 BELDEIT L 40 I v-1-7
7%~w%ﬁ$%#é*k%%ﬁbk@mmmLa FEBR L5 AL HUVNT T ALICkEA 2B &
L CIHERFME L2 B ()OS AT, B OB WMo IR R 72 EIT X 0 T4 v ]
R C 2T 4-FR/VIV-1-F7 b=V @)DMELMCHE LN, ZORISIEER T CETT 5729
LAl CEMEDR FeCls 2 filit & U= @) 7 & LS ofEMma Ak LTEHATH S,

Scheme 1-2
R' CHO
electron-donating effect
—_—
favor R2
8 OH
t. FeCl
|+ O cat. FeCly
— Diels-Alder
rxn.
R'" OH
(R?= OMe etc) —K > OO
2
steric repulsion R’ R
D CHO
070 .

B RESSEINA USRI oL — b ORI RIS TR DM/ Exflie L 35720, #—7 v b
N EDRELSARTE ETEETHD, LOLT AT B ROGEIZIEIIGERE < . IBRT v
T REFEFERT VT & ROMTORRERIESARIZRNECHD, FHE, VUL E)T7T—k
(SiOTf)4 ﬁ?ﬁ*%?»rtFQ%EJV/‘%%kﬁmé@ékb)v U LR E) N E
T 52 AN L, FRIEE IS ERT L— U REEERIGSE D & RNUUNALICHES
LTWATODIEHEOEWE Y U= ?A4%T/¢%%ﬁ%ﬁwdb%%jﬁ*%ﬁﬁaﬁﬂ ITL, "Xk

pyridinium salt (F)

-2-

Scheme 1-3
[ 2 —
N Rt Sj3\+ OTf | ArHor .
_CHO SiOTf Ar N aIIyITMS )\ )\/\
Ar 0°c U
R1 —
9
pyridinium salt (E)
» —
N= g Sjo\ OTf | Ar-Hor
CHO i * allylTMS
alkyl” “MO—SOT Lokl N Hye»( SM )
0°C | recovered
10 RN



K —o U o—7 (1)K L7 (Scheme 1-3), ZORIGSTIET ULy 7 UGB REM E LT
FEHTX 202 DA/, —JH. KT V7 e R0 5 bEELIO YY) =7 AEFE) AR T D0
RIS OHEITIZFED HALT, KB L0 FURFAS E &N B S iz, 2 O SOGERME % F)
AT UE, BIRET V7 e RQO)EAFE FICHFEFBRET VT & RO ZIERITLFEM TE D,

TERTATE RO LIZv Y v ) T — M) ZREME LizmL7 v R— VRIS IZEB W

TH, HEERT VT B RO)EIEMET VT & RA0)D SN SIREN RIS E T 5 2 L2 R LT
(Scheme 1-4), H&ERET AT & RO)MHLFHB L ZFHEE E (2> V> ) T — FA3)NKREEEH L 7=
7T RHEEE, BEYY D=0 AEQGICEBRINDD, G BT VT Ror ) o=
U LT D T OIEMEIME S 2L EROSITEIT L722Vy, T EKLESTIE, g-vaex T T
b NFEAEU)DBEICEETHE LN, Lo UEFRE G, XY AF AT AT =R, b AT
NV T Y RbAWNIT U ARE BT AT L EORER L IR EL ST 5, 201D G
DYV V= NSO LD T AT Y R, TV UL EGENCET LT, HEET
LT e RERIEICHKTH U N, ULz ) T — N2 U TRERED 4 iy n—2ICiEae LcE
(15) % T iRy N THRKRT D2 ENTE I,

Scheme 1-4
N Sio
= CHO
. N™ Rt Ar
iy -CHO! | _CHO _Siott 14
Y ' ' 0°C Nucleophile Sio OSi
10 ' 9 —————— =
' 2
g pyridinium salt (E) pyridinium salt (G) Ar R

recovered 15; R? = N3, CN, allyl

HEBERT VT E ROORE L7782 — L (16)2E L LEEGAICH, oY) =7 Afd
FMERMH)BAERT 2, FREHIZ, 7L—27 07y, YU T— R EERIELTH
R REZFENEA X5 (Scheme 1-5; 17,18 B3 LN 19 D ERK), 7 X —/WET VT & ROMRHERL
ELTHIHEND D, ZORISTIIMRE TRZRD Z L R EHEEREALI TE 57D T v
Ta) I —IIERTWS, SBITEIET VTt RQOEAE T 7 & & —/L(16) D & AL HEA T %
LI, TR /VERFSREMBEANEELE LTAMNTH D,

Scheme 1-5
[ oS/ RO RO
N R RO "5t / or Ar'-H )\
L 07N sioTf N allyitms _ Ar® AT Art Tallyl
LHO L AT NNy —— 47 18
alkyl PAr” 0" 0°C RI"N\= RO
10 i 16 L _cHo
g pyridinium salt (H) Ar 19

recovered

S S TR 5 MREORISIIREIE O bR Mg AR I & L e R
(LF7 5 LAEORR) &, THEBET AT E FERE D 0= 0 LT 7Rk B
J\Jir\lj\l D2 ODT —< I KA LTL)‘FK%&#_RT%
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B—H MEOER
BT F7 b ¥ UAF FRBEOTR

X UATF RQMIUEI N AR =V =X Y AF L U A FFo v 7 m kU m U ETE MR
ISR TH D, N VAL RBEE(LG) & Ff2 7 = / — VEF R A E ML 940X QM ICZE 3 5
72 AHEA R EIA L L TR A & T B (Figure 2-1-1), D312 (7 [EH#A 7 =/ — L2651 ortho-
QM 3, AQLEH T = / — LB id para-QM R FNENAEKRT 5,

Figure 2-1-1

OH LG

- 64

ortho-QM para-QM
LG = leaving group

LTAT, 77 h—AnBE/MLE QM HiZT 7 %/ A F F(NQMs) & MEEIL, 7B EIR
FHENEOBFIC L 0 k2 RIRFBEE DGR FRE L 72508, NQMs DAV A=kl =%y A F 1L
VIROBHNEIZ LV BRI DT X A T BFLET B (Figure 2-1-2),

3
PGt
1 (@] 20

1-carbonyl- 2-carbonyl- 2-carbonyl- 1-carbonyl-
2-methylene type 1-methylene type 3-methylene type  4-methylene type

Figure 2-1-2

6-Hydroxy-2H-naphtho[1,8-bc]furan-2-one Z I EW'E & L7 EMTEREZ RS T 7 FAFH I OE
FEAFFE DN S 40T (Scheme 2-1-1), 91 Z 07 k4% 43 1% retro-Diels—Alder )i C 1-4
JVIRZ)L-2- A F L UTRINQM IR S 5 038, FEE TN D 72 T2 80 Rt i) CT— ik D & 5 BUIG
AR RD BN D,

Scheme 2-1-1
Bn-NH; (1 equiv.) retro Diels-Alder
HO O Ar-CHO (2 equiv.) reactlon
CH,Cly, reflux > toluene reflux

1-_D)2-F 7 = )VFFEENS XY N T — VOB A BRE ) & LT 2- LR =L
A-AFVLVUHONQM ZFRELL . AF LRV —T AR EOBFEERA LT 0 L D[4+
BTSN & B 7 v~ B R RRIED B S 41TV 5 (Scheme 2-1-2), ©




Scheme 2-1-2

Ar R!
OH R (2 equiv.) . 1)
neat, 150 °C OO
R

in sealed tube
1= OEt, Ph

Flo.vr=y e lBENLT =) UERBESE S L 2- VAR =1-1- A F L B NQM TR D
TN SN TWS, T AR L72 NQM ISk U CBBE L 727 = U o N EEBRENL CREAIN LT
PHER I~ Va7 7 U ¥ D AR % (Scheme 2-1-3),

Scheme 2-1-3

PV02
(2 equiv.) R
—>
reflux O
/
OH H2N
R1

NQM DA Rk z gL 5 7 /L 2 — L O FEREE S A STV 5 (Scheme 2-1-4), B 372 6 | (1,4-
dihydroxy-2-naphthyl)methyl & CEE#E SN 72T L 3 — IR LT A X J — Ve E+ 5 & 1-0 1
R=L-2-2AF L UHINQM 23R U, BLERGERE A SR B < #ATT 2,

Scheme 2-1-4
OH o) 0
hv
OR (300-350 nm) Me
b nm). —— +
MeOH +
HO-R HO-R
OH OH o)

I HlT, (3—hydroxy—2—naphthyl)methyl ELTNa—VORVMRESLIZRDZENAHINTND
(010 R FEVVERLT D 2- VAR = L-3- A F L LD NQM 17K & e h 2 B LT 3-hydroxy-
2-naphthalenemethanol (ZZ5#t X #1% (Scheme 2-1-5),

Scheme 2-1-5

hv
OR (300-350 nm) H,O OH
_— + HO-Rl——>» + HO-R
oH  CHsCN/H,0 o OH

JERRHHZ K5 NQM DI IF/K RSB CHEIT T 2 72D, AWiEE e 2 R E &V v —%
i D720 DR 7 N7 A4 7= a VR E LTRSS LT %, M Scheme 2-1-6 (27734
BT, BELTENQM BN Fua v o2 dov= 12—V ERIUMMLTF 7 hr o~ 8
~NEEH I, REBEEEEEZ R ST 2 ERHLNIIENTVND



Scheme 2-1-6

NHBoc
OH
ﬁo CO,Me m‘\\NHBoc
OH
CO,M
hv MeO _ O 2he
(300 nm) -
O OMe

o
B oG
., o
(@] /NHB(;C J/ \©\j02|\/|e
o~ o “’NHBoc

LT NQM %%

i

=

NA ) —=NDT7 x ) — K EEI AV ML TEMAL U7 BB K 0
£ L. DNA ZEHEHEE DRI FI A S 41Ty 5 (Scheme 2-1-7), 12

U, OO OGS
o Iy O DNA_ OH
OH OH > OH +
X = NR,, NMegl
X X DNA

IS O NQM FHEAEDOHF T, 0-NQM (1-H /LR = /b-2- A F L LA 38R AR C X U, [4
+21BRALAT MBS X 0 R B e U IS TE M 2 73 K884 rubioncolin B3 B1 o RpEE T 2 %
ML A OAREE L CTHMTh 5 (Scheme 2-1-8), £7-. 7 L — 2 KEEFEA ortho-NQM D a,f-
AEAFN T VAR = VAL )E LT LA 27U, dx 2 B iEE 2 D 2-_ 0 U L-1-F 7 | — LA
DOET V=LA X AENERT D, B X512, para-NQM (1- 4 /LR =)b-4- 2 F L U HR)OHE 1T,
T L— 2 RERN 1L,6-M UL 40Dl T b= A RBIOET Y — v A 2 AN ERRT S &
2NN, T c b 0EKER v b O ERIRIC AT 2 T EITEETH - T,

Scheme 2-1-7

Scheme 2-1-8

o O 1,4-addition [4+2]-cyclization
with arene with dienophile
- —_—
O §
ortho-NQM

OH
5-lipoygenase inhibitor

antitumor activity
(rubioncolin B)

(e} OCGH13 OMe
1,6-addition

COF==—00

—_—

para-NQM O \
N

\

CsHy1
inhibitor of potassium interaction with CB1
ion channel cannabinoid recepter



AIETR LI L 912, NQMs [T EMTEMELZ S BT U — /L X & L IEOE E R B 72 & OB T
BRARL L CHETHY, TNFNDOY T ZA THVED ST HEMEOBBENMS EENTWVWAD,

BIR SRMIERIN U ONWALRR —BRRRE S TEM L 2RI LR A L

RFE RS ITEXBMEEOEICLIDESIRY BH Y | RE-—WBHEEEOUIME Z—7 > b
& LT BB DA STV D, FRIC R DAL E# LB R R 26T b L T4
CHDRUONAT A RN DIV T DA AL R E TR T2 O IR E — R G RADET LS,

PRiTHER P O E E L CTAFBICE S ERIL %M L& 505 R TH D, AE D E T,
IaAR TV TR EICA SN RT VT AT T F 7 E O AL RERE R D
LR E L CHER ST s, B2 Fi7- = flidfi bk (FeCly) o R Ab 8k (FeBra) X 22l CHEMEM
KL A AfgE LTRSS, FEEDFTET D90 CIE, 838211 AR L Uickkx e %
B LT\ 5n, 2

2 WA FER ZFOBRIR = — T VDB A 1T, FeCls il c R P NAL D R 3 — B FE G A MBI
LTCT YV RERT VIV EORBFEAZEANT H 2 LA TX H(Scheme 2-1-9), P F7-7 4% 5%
T 7 M UFERG RIS L, XU UNAALTERRNIR GG T TIRFEMED D WITERMEERELEATE 5,

Scheme 2-1-9

A
FeCl; (10 mol%)
o TMS-R' (1.1 equiv.) R’
CH,Cly, it OH
fors (" ~CO.H
o
o

Ar” TR! R' = Nj, allyl

FeCls fifit 2 N 7= X2 DAL DIEMALIZ, NP RRELORRELEE L THRH IS
(Scheme 2-1-10), 1 &7 #-& 72 4-methoxyphenylmethyl (4-MPM)ZE<> 2,4-dimethoxyphenylmethyl (2,4-
DMPM)AE CIRF#E SN 72T /v 2 — uE, FeClsfillit 23 364772 L ERFH TR ICHREIN D, Z D
ARG S I, BRAREE CIEMEAL ST DAL Z B B & O (8 5 \WIEBLEE L 72) 4-MPM X0 2,4-
DMPM A5 REZBUEE 2 B G HEAKIZ & 0 #1795, 2,4-DMPM THRE S V72 JEE T, 2,4-DMPM
HOEEERDEENETH LT ORGITBREI N TEMO T v a— LV (DRER) 2 HEECE 5,

Scheme 2-1-10
(MeO)

= FeCls (10 mol?
L owe, Fetatom, o
r-° N n CH,Cl,, rt

insoluble compound

=

7 %

U IL(S)E, A TFL(Me)FeZ L TR UBn)IEIFKIEORERL L LTRSS TVD A, Z
NOREL L S U CEBEERELSHT L2 Z L IXR#ETH D, L, B H D0 =k
YUNT =D YIS, AT I(Me)BH DT UL(Bn)PR#ERIL, FeCls il N CEEEE
REJEAL T & % (Scheme 2-1-11), o281 Z D i, WiLRFERZ IZHLBERE D SV VE REIR IS A A 5 22 Be b
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DIRAFERCTEDLAT vy a ) I—|IEBNEHELLTAEATH®D, LnL, F—Hk X on
T v a— NN T v 3 — L OPRGEIRIT A ROSE T, BREFSERIRI 2 RS EZ 7R,

Scheme 2-1-11

FeCl; or FeBrj (5 mol%)
nucleophile (1.1 equiv.) )\

R (CH,Cl),, 1t Ar

OR'

= Si, Me, Bn

R']
R2 = Ny, CN, allyl, aryl, —==—Ph

R A LT T UFHERD Diels-Alder S TR SIS 14-=HRF 14—V K F 7L
VHEUL, N UALITER LT ARG IR R - RS DA TASICHA L T h— LR
R~ AW SN D, WBEANICERILZ FF-7200, T 70 b 1AL 4 LICKER - & L7 g %
JoA AR E ORI TIEMAL LT-35A . 14-ZR X MOBRIAA%, Wy +He R Ry
7 N EFFPET LT 7 b= AGFEERBERT D, ZD72, AT A R A R T
T 5 Z LN T H B (Scheme 2-1-12), )

Scheme 2-1-12

H
Diels-Alder 1
< reaction LA
oD S - OO |~
= f fast H
H LA—=0 H [LA]'O OH

LA = Lewis acid unstable

—F. 1A-TRF 14T Rut 72 LU EOBIHEMNIC A FLESLT c = VR Yo B %
BAT D&, BTF A FREENLE S TREZFEOE AN FTHE & 72 % (Scheme 2-1-13), B34 R 1
AFNINT Y ReREMRE T2 &2 VBIRIIAIINBUS S EIT L, cis-2-7 ¥ F-12-Yk Fr-
1-77 b= NFEENELND, £, TUIARIAFAT TR RN AF AT Y AT T = RO

AlTiE, BT 5 1,2-U Ra-1-F77 b= LFBERD 5 OB 72 KD HETT L, ZTJJM%éU\
L 2->7 2 F7FVAARICEIND, 7B IO ORIGE FeCls Zfiffit & U T H T 503,
fil e - A AU R A L35 2 ERB B E o TN D,

Scheme 2-1-13

R‘]
TMSN;3; (4 equiv.) R
N3
R? "OH
R’ R
" cat LA allylTMS (2-4 equiv.)= R3 |
CHCI3 or CH,Cl,,
R? -40to 0 °C [LA]—0" R2 R2
R‘I
R = alkyl, phenyl
R2 = alky TMSCN (4 equiv) _ g OO
CN
R2



FEBRERENEE LT U — AR ) 7 L— T, EELOEREHKE L TEERIET TR
<. B OIEIC L DRRARESICTFHENEE L R T 720, AHEERZ & OEFHRE o 3
AEEELE LCORAENS, 14-TRF-14-P FuF 7% LBy FeClhfiliifife T7 L—3k
B & OGS/ 5 & BRBAZUE Friedel-Crafts SOt & K2 H#fE L CH 7 X2 Ly &7 L— U A L
72T U — ViEER AR R < T 5 (Scheme 2-1-14), B X' 7 5 R0/ v R—)L, Er—/L
HOWTITF AT =2 ED~T a7 L= b ARICRIG LT 7 2 L —~T a7 b— R
T U — ViBERE ST E D, Friedel-Crafts [SIZ L5 (~7 v) FEBE AL, BEFEW N D72
K7 haxa )/ I —|TENZRERMASSTH 5,

Scheme 2-1-14

R
FeCI3
(5 mol%)
R —|R
CHZClz, rt

~ R’ R! R!
R2
3
R' = alkyl, phenyl, silyl R OO O OO S OO
R2 \ NR R2 \ / R2

R? = alkyl

14-TRFT-14-U8 a7 % U BAOKBIAMIZ T VX E va U A F UV ZE A LT
B TIE, FeCls filifiis 2 SOWRIFFH CIHLEREBIREZ N L, 26T R T E 0 BHZR 7 M H
M S, v X A FOVILOENL -7 & L RO EL . m S O R EE L TH#EIT L,

WS % R ortho-NQM HRIA N =R B < AT 5 2 & sl & 4w 5 (Scheme 2-1-15), B
ZOFMRIEZTINTG T i EDTx ) T 4 )b E[A+2 RIS S D 7o D | TG E D R
ELTAMRYE R 7 MET UVHEA~CFEIND,

Scheme 2-1-15

— R'

R R’
R~ SiR5
FeCls (5 mol%) \(‘iEV/)
— e _ =
m CH,Cly, rt u > O‘ :
OSi ©
L ortho-NQM |

B IR 1ATRFV-14-Pe FuF 72 L UEORBICET A EA

AIETHIR_7Z L HIC, _RUP A v b7 F U FFEKRD Diels-Alder S TESICHHELEN S 1,4-
THRF 14Tk RaF 7% UUREIR, BB IGE T 5 L 142 RI UEBHARE L, hF 4o
MEREZRTH 7 b=V~ B I N D, B350 2oL ikie @itk o 7% L D
ARRAEEMA L LTHHATH D, Ll 14-TRXV-14-U Rut 72 Lo 0FERE BICERERE
BN SV IR PRI EEE Tl =R O BIR T NTARAE L TR R 2 0 T PR TE AL S
DT DT 7 M —/VFHERN AR T 5 (Scheme 2-1-16),



Scheme 2-1-16

R' OH

R" OH
L
D
H* R? R2
or
R2 R1

— 12

RZ
OH

R1
SALIZ A FNIEEE N U T IER RIS IR, SR TN T AVUEE ST A T V-1-F 7 F— ik
Pa DD, =R T O BHET AN L HIE C & 37 LB BMER ORE W DM B i D (Scheme 2-1-17),
BT [FEARIZ 6 (2 A F IR Z G & LG, (EBEMEREASYNERT 5, B 26 o BERR
AW, FRERR S TIIRBICOTE R WD, EERERIEORENEEN D,

R2
L OH _

8

Scheme 2-1-17

OH
conc. HCI
— >
MeOH, reflux
Me Me OH Me
30% (6/1 mixture)
OH
e, 0
—_— >
Me MeOH, reflux Me Me

OH
63% (4/1 mixture)

SMNBIRTAIZNY ZrAd e A MFUENER LT 14-THRX-14-V8 Rt 7x L o2k
B & LT BB ST MU TZnFda X NS T N VRN ES AR S 1L 5 (Scheme
2+w%BMH:@ﬁm?i—ﬁ@ﬁ%ﬁ@%éﬁ%ﬁ%@%%wﬁ\%Wﬁﬁﬁﬁ 7RI
HTHD,

Scheme 2-1-18
Om conc. HCI
MeOH reflux

CF3;0 CF;0 OH CF3;0
93% (1/8 mixture)

/“ conc. HCl /“
FACO MeOH reflux FACO F co
82% (1/5 mixture)

FER EOBEBIL R 2RI LB m O fl#E 238 A X 4Ty 5 (Scheme 2-1-19), 1“5 (72 2
RV EENEA SN D ENLEFRNIEREN L THF A hiRE 2 e b d 5720, HBREE T

-10 -



INEMEHETAUE 5- A R T-1-07 b — /LN RIIC 90% L EDIRTART 5, [FIFRIZ 6- 2 k%
UIREIE & U THBRMUNTIERIZET L, 7-A FF-1-F77 b= DHB"FLND,

Scheme 2-1-19
OMe B QOMe

7 OMe
5 +
H+
. —
L OH | OH
_ . -
H E—
E—
6 heat 5
MeO MeO MeO

OH

K& 72 @M 7 b= VEOERKAIEMA L LT 14-ZARF-14-Uk Kat 7 X2 L R ER S
TWDER, FEA E UTIERFRR A L IERFR T T U FEO Diels-Alder i % Fia L 7= B D
u% ﬁfi2L<\2@ﬁ@L$iﬁ%V¢¢VtPm%7&vyﬁ$%¢66mmeLmLW]

B EBESM T TG LTH, 14-TAR S VEOBR G L2 2 iTml# <3, BN
%@4@@%7%~»@@ MrEoNnD,

Scheme 2-1-20

R1
R? R? R?
R1
R Diels-Alder
|+O

reaction
heat

FERFRAR YA b 7T U FHD Diels—Alder SUZHE < fRFE — B IS A OBIRLISIT L 5 ZiEH#
f7%—w®Aﬁﬁm%$’%ﬁiéﬂfwéﬁ[W&MWZLmkH% WFEFE DT 7 h—L

BYNERT D, Lo T, K 0EBRMEDEWT 7 b —/LERIEDBIZR A 25 TH 5 (Scheme
sz%

R' = Me, Ph, Br, NO,
R? = Bn, t-Bu, Ph, Br, CO,Et

Scheme 2-1-21
OMe OH

E R? Diels-Alder
|+O<j/ reaction OMe OH
—
Me heat OMe OH
OMe R'=Bn, Br
Oﬁﬂ ) OO ) OO .

OMe OH

-11 -



EBTHEH TR UAFFOBRBER L EREREL

T L— 2 ZREEHE L5 Friedel-Crafts [iE, 7V = ¢ — Vil X L~ VSR PO A e
JESREZFEZ E 3 A ROG & e U TR D7, 7 hAaxma /) I —|ZEN FFREANETH
%o WM B FIOR LIEFEDOY R AR E X, LA ed v AT VEEEA LT 1,4-THR -
1,4-Ue RatF 72 L o2 E L LT, 2l CEMEMR FeCls filt il 72 & DL A ARz X % 1,4-
TARF VORI Z E 5 @\ S NQMs FHRNEDBRR 2 Hig Lo, 7o, MERRICHRHE L7-
NQMs ~D 7T L — > KEZFRIC K 5 Friedel—Crafts )i 2 #54x L | ortho-NQM ~® 1,4-fF I & para-
NOQM ~® 16-fIINMBNZ LD 2 O ET U —L A X AEOERARIE~L B L, &5
VT ) 7 4L & ortho-NQM & D[4+ 2B LA & 5 ZERERRICEM O A RIEZ B L, A
FBEANL DO F 2T v %3 A FOVILAE N LT HE DA 121 ortho-36 X U para-NQM % & H 3% &
TIVEREIMEIG R EITT A 2 2 R LT,

B—H ANDITT IR AFRENLEET V=X Z BRSO R

MOIZ, To—rZRERE LTV —L A X CHRRICEBIT 5 Ei/LV A A% A L7 (Table
2-2-1), 1-[(tert-butyldimethylsiloxy)methyl]-4-methyl-1,4-epoxy-1,4-dihydronaphthalene (1la) % & & L T,
24D 135- MU A RFIURUCBUHET, V7 un A X SRR TLA AR A RN L, xS
T5 2-_UUN-F T = BIOET Y — )L A X L (a)DOIERE LB L=, T OLUSE Scheme 2-
1-15 (278 L724K1Z ortho-NQM(A) 23R L7214 o - R EAFIRE GBIC 7 L— V SREZFEDS 1,4-362% 410
L CH#EITT %, 5 mol%d =AflifE e (AuCls)PHE Lk (FeCls) & W 2 & | 30 43 EANIZJRERSTE 2 L
THRW) 2a DXNZE 78% & 81%D I T b #v7- (entries Land 2), —fili L.k (FeBrs) % fififit &
LCHRUSITHETT L 2a 28 67%IL R CTA Rk L 7= (entry 3), it L #ESn(ZnCl)e = Aitifb 7 v 2 =
A (AICIs), BFs-Et;0, TMSOTS 72 & & fififif & U TEEEES 2 28, IR O T DR T 235588 B 417z (entries
4-7), AuUCls & FeCls R DR ME 27~ L7223, Z2ffi7e FeCls 2 Eiafihit & U CTER L 7=,

Table 2-2-1
OMe
e Me MeO/©\OMe Me
catalyst (5 mol%) (2 equiv.) MeO OMe
) e =
1a “OTBS © OH , ~ OMe
0-NQM (A)
entry catalyst time (h) yield (%)
1 FeCls 0.5 78
2 AuCls 0.5 81
3 FeBrs; 0.5 67
4 ZnCl, 2 60
5 AICIs 0.5 68
6 BF;-Et,O 0.5 69
7 TMSOTf 0.5 74

-12 -



AT FeCla i iEIC 1 2 BRSO R 2 Mt LTz (Table 2-2-2), Y7 mrAX IRz Ty 7 mnm
T XTI, IRBE T E L= (entries 1vs. 2)73, Z k)L AR T h=hU /L, = haxX
VIR EOWEEF TR, HIOET U —L A X L (2a)DILRPME T L7z (entries 4-6), £7-. =—7 /L
FHOT FT7 Fr 7T URCIERISNERBBAFIT U, 30 REESEH: LT 6 586 LR h o 7= (entry
7o T, V7 Z o 135-M) A RFIR_RUBUDORINEZLZ 2 Y8 D 4 BYEITHESS LK
L2 2 VO HEEITER(88%) T 2a 257 B U7 (entry 3).

Table 2-2-2
OMe
Me Me Meo/©\OMe Me
FeCls (5 mol%) (2 equiv.) MeO OMe
Ow solvent, rt :
1a “OTBS © OH 5y OMe
0-NQM (A)
entry solvent time (h) yield (%)
1 CHCl; 0.5 78
2 (CH:CI): 0.5 81
3 (CH:CI): 0.5 88
4 CHClI; 0.25 68
5 CH3:CN 0.25 24
6 CH3NO; 0.5 58
7 THF 30 33

[a] 4 equiv. of 1,3,5-trimethoxybenzene were used.
THF = tetrahydrofuran.

B ANELFTEEX)UAFRERIGT BT L—rREBOIER

3FEHED 1 7> 5 EEAREEAIIZ ortho-NQM FIRIMANS AR L, kx4 727 L— U REERE & 5 2 & T
- V1T T M VR DR B < 15 HAL72(Scheme 2-2-1 and Table 2-2-3), 4 fiZiZ A F /LK
ZROFEE (1a)2r B A U D ortho-NQM HEIRIZ 1,3-F A hF I _By | 7=V —)b 1-A ¥
TRV BIN2-A MR FT TR LR LAMINSED L PRENDENERTHICTL2E7 Y
— L A B UHER(2b-20) B AERL L7z (entries 1-4), N-7 = =)L A ¥ R— LR T AT = 72 ED
BERECAD L RERE L CTHEHAFRET, =ik N3 2 30 2 CRIGD5EM L7z (entries 5 and 6: 2f
and2g DERR), Flo, XUV T T AT U HDLIWVEAT L UOHEITIE, AL T 4 BT
J 7 4vE LTER LT, ortho-NQM & D[4+2]BALAH NS % £ 5 e/ KB (b A %) (3a-3¢) 13 B
I 72 3R T S 40 7= (entries 7-9), 051 4 (LI EREFEEWAAR S /e b U =F Lo U (TES)H A E A L
BB, 1,35- MY XA RF U ARUBUAFIEFRNGT HET U —/L A X 2 (2ha)iZIL=E 75% T4
eIz (entry 10), Z DORUE T, TES A —HiEE L 72 B4 49)(2hb: Scheme 2-2-1) 3 ifgad S v/,
FeCls DR VIZ L D b A AFRMEDE VY FeBrs Zfififif & 32 & . TES EANHE L 7= 2hb 723 66% T4
R L7= (Scheme 2-2-1), ¥ VLT L — O EMIZ A ORI K & K735, 1b & N-7 =

-13-



SRR, 6 BIONTAICA MR UHEAZEA LB ()& 1,35-FU A hFo_uP b
DFUETIE, B Vv Lize T U—/L 2 & 2 (2iand 2j) 28— DR & LT B 4L7= (entries 11 and
13), 728, 1b &Y' T T U ORIGIE, TES M2 ORFF L7 E FBRALMIBISANEIT LT 3d DARK
D3FRE ATz (entry 12),

Table 2-2-3
R R
R2 O " FeCly (5 mol%) | R> O‘ Ar-H(gre%IEir\]/?)ph"e
- - s > product
R2 (CH2C|)2, rt R2
) o}
OTBS o-NQM (A)
substrate (1) Ar-H or
entry product (2 or 3)
R! R? dienophile
OMe
1 Me H (1a) ©/
OMe
OMe
2 Me H (1a) @
3l Me H (1a)
OMe
4l Me H (1a)
OMe
/
5 Me H (1a) N

-14 -
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Blel

gib]

10

11

1201

13

Me

Me

Me

Me

TES

TES

TES

TES

H (1a)

H (1a)

H (1a)

H (1a)

H (Lb)

H (Lb)

H (1b)

OMe (1c)

.

Q

&

3

OMe

-

MeO

T
D'\Z AN

Q

®)
<
o

-

MeO

OMe

OMe

3¢ 77%
TES
l lMeO ! OMe
OH OMe
2ha: 75%

H
MeO l !Meo ! OMe
MeO

OH OMe

2j: 63%

[a] 2 equiv. of arene were used. [b] For 2 h.

-15-



Scheme 2-2-1

OMe
(4 equiv.)
TES MeO OMe H
FeBr; (5 mol%) MeO OMe
O"] (CHoCl)y, rt, 1 h OO O
OH OMe

OTBS

1b 2hb: 66%

W= RIFTRF)UAFRENLEET U —A R ¥ U ARKEDETEL

ANLIZT NFNVEERCT Y VENEA SN EE &7 L— SRR & OIS TIE, 20 U L-1-F
7 N IVERERDNE DD D, AN IER T e BRSBTS E L U2 HE (20) TlE, 40 UL
A-F 7 b VBB AR LT, £ 2 CEBRROBRRLIET U — A A Z o DOEMIEE LTORH
Z HIE LTRSS 24 U7 (Table 2-2-4), #EMIEE STE TR 2528, ZHT para-NQM Hr il fA %
T LS TH D,

4 ALHEEHR(20Q) 12K LT 4 Y&ED 1,35-F U A FF I _RUBUAFET FeCls Z il & LTY 7
nuxTX  oHTRINT S E, BILEY(4a) ) FHREE DULR TA L L7z (entry 1), AuCl;<° BF3-Et,0
OFERIZ L0 ROSHED M E LT RAFZ2INEET 4da 35 b7z (enties 2and 3), 7 L A7 v RIETH
5 MU ZVFaFRTRFA)Z N LT & 2 A, il E ClRiZ & A ERISDHEIT LR o T, 1 Y&

Table 2-2-4
OMe
OH
H Moo (4 equiv.)owIe OO Q
Ow reagent (X mol%)= OMe O‘
(CH,Cl),, rt O
20a 4a
OTBS MeO OMe p-NQM (B)
entry reagent X time (h) yield (%)
1 FeCls 5 0.5 37
2 AuCls; 5 0.5 61
3 BFs-Et.O 5 0.5 80
4 TFA 5 24 Trace
5 TFA 100 2 78
6 TFAA 100 2 quant.®
7 TFA 40 24 710
8 TFAA 40 24 65(¢l
9 Ac,0 100 24 no reaction
[a] 37% of 1-(triflioroacetyl)-2,4,6-trimethoxybenzene (21) based on the usage of TFAA was obtained as a
byproduct. [b] 29% of 20a was recovered. [c] 15% of 20a was recovered. OMe COCF,
TFAA = trifluoroacetic acid, TFA = trifluoroacetic anhydride
MeO OMe

21

-16 -



FAWTZ & 24 da 7Y 78% DI =R T L 7= (entries 4 and 5), & 512, K~ VU 7 /L4 1 iR (TFAA)
Z1MERNT 5 &, BUGIT 1R Tkl LERMIZ 4a 2155 2 LITAE) Lz (entry 6), TFAA %
W+ 2&135-F U A RFINBUDOT VUBIKQLBEIELTZZ EB TFAA LT L—2 D
Friedel-Crafts )L MEITT 2 & & B, HNT MU 7L A B FEREDMR 2 124 L CRTE DR A3 %)
BRAETLEZLOEEZEZ TS, F/-, TFA X TFAA ZHE 2% LT 40 mol% E THET 5 &
BOGTE 24 REEFEEE L C 6 ST UMK T L 7= (entries 7 and 8), TFAA O fXio U (2 MK FERE(AC20)
2 LT RO IE A < AT E 58RI R 2 [EIN S 7u7z (entry 9),

BUE NRSFT ) U AFRERET BT L— U RERBOER

4 N HEEHIR(Q0) 2 HE & U Chkx 727 b —V SREEHE & O K % fREt L 72 (Table 2-2-5), 20a & 1-
ARFTFTH L EDRIGETIE, 42 P 0-1-F 7 b — /L FBER(4b) A3 R T 5 U7z (entry 1),
2-A NFTFTHZ VL OEEITIE, BRIOET U —/L A X 2 (4c) D3RR EE DULER TH R L 7= (entry 2),
2B, TFAA OfUH D ICfiffl&E D BFs-ELO Z W TH 4 NRIBREDINRTHE LN, ~TaT L
—VTHDOIN-T 2= A F=L EDRIETH A ¥ R—/UHIIERE) I E BRI S 7 (entry
3), 6 BXOTHLZZ v AB v T ) » TRUG S ECEBRATRE/ BE B A LT AE(20b)i%, 7V
—JL A K (4e)E B2UDINHETH- 2 7=(entry4), — 5, RV T TR F AT = U OEAITIE
FOGHEHMEE 720 HIIMII/ O oT,

Table 2-2-5
Ar-H (4 equiv.) 0
TFAA (1 equiv.) R
” (CH,Cl)y, 1t :Q R O‘
OTBS p-NQM (B)
entry R Ar-H product (4)

OH
1 H (20a) O
OMe O

4b: 74% (2 h)

OH

l l OMe

2 H (20a) OMe OO

4c: 36% (2 h)
[30% (2.5 h)]@

-17 -



3 H (20a) <\/© O

4d: quant. (3 h)
OH

Br
9O
Br OMe
4 Br (20b)
MeO OMe O
MeO OMe

4e: 52% (3 h)

[a] BFs-Et,0 (5 mol%) was used instead of TFAA.

BHE =MEREE8RD D5V t Y 7 n B Ol R

MK N Y 7 VA v FER A Rl & U 72 SOSIE, ortho-NQM Z %325 4 LiC A F /LS TBS A%
B L7- AV (laand 1b)I2 i T& 5, ARIEATIX FeCls & Ofitsh = % bl kst L 7= (Scheme 2-2-
2), &AFNRQ)ZEEE LT, 1,35- P A RFIRUBUON-T == U RV ERIET D
&, 5mol%® FeClz filtlit L 0 TFAA % 1 Y &R LB EMOET U —/L X Z 2 2a DILEHENK
FEITHZENHSLNE o7 (egs 1 and 2), LU la &X' 7 T 2D FeCly Az (£ T O T
1% 3a 23 74%4E 5 L7223, TRFAA(L 4 &) DA ICITROE T O F 88 Hiv7-(eq. 3, 62%), [F
BRIZ b & N-7 = =LA ¥ R—= A DET S TRFAA(L 248D 5 2l gh ZI3K < (eq. 4). FEE &k
B OMAE DI LIBIRDBLETH D,

-18 -



Scheme 2-2-2

>>: 2
<
©

(4 equiv.)

<
©

MeO OMe Me
reagent MeO OMe
> eq.1
(CHJCI),, 1t
OH OMe
1a ~OTBS 2a

FeCl3 (5 mol%); 88% (0.5 h; Table 2-2-2, entry 9)
TFAA (1 equiv.); 90% (2 h)

(/D (4 equiv.)
Me /N Me /Ph
Ph reagent N
I eq.2
(CH,Cl),, 1t Q
H
1a "OTBS © 2f
FeCl3z (5 mol%); 64% (0.5 h; Table 2-2-3, entry 5)
TFAA (1 equiv.); quant. (2 h)
(/D (4 equiv.)
Me o) H

reagent

(CH.CI),, rt

O,
= O eq.3

FeCl3 (5 mol%); 74% (0.5 h; Table 2-2-3, entry 6)
TFAA (1 equiv.); 62% (3 h)

<
O
(@]
In

w
[

1a ~OTBS

g

(4 equiv.)
TES ! H /Ph
Ph reagent N
I eq.4
(CH,Cl)y, rt Q
H
1b  "OTBS °© 2i

FeCl3z (5 mol%); 72% (0.5 h; Table 2-2-3, entry 11)
TFAA (1 equiv.); 54% (0.5 h)

ANE MR RSHIE

1Y R F AT LA TARE VA4V FrF TS L ORIEIORRERIRT., 4 (Lo
HI\Z X BIp D I NR AT A iR E B E L CHEIT9 5 (Scheme 2-2-3), 4 (LIZEHLIE(R = Me
or Si)Z A L7-HE (1) Tl FeClafiifins 2 SDOeHEF T- & HEFREBIRELZ AT 5720 1,4-=
TR U EAL LESRIRAIZBIZE L CH AR A F A IR D) ERKT 5, VT i a2 A
FOVREN 2 (OCERAT L (P RIA 105 WD ARL), FEL LT 22 m %o A FL-1-F7 h—L ik
()24 X5, & 512 FeCls A HETT 2 o a3 SO BIBEC L 0 o-NQM H B A (A) A3 4 ik
L. 7 L=V RGO LAY T ) 7 1 1 & DA+ 20BHERINC & 0 | SHIET 2 2-20 21-1-
TT7 R AREFRMERICEMRI G OND, £, XUV TTU AT U HDWVIEATF LT o-
NOM HFMAICK LTy 7 g & LT E BRAAIMEZ 5 2 72230 N-7 = =/b A & F—)LiT &
D REMENE N2 af-REAFI DNV = ~O VATIEOSPEE LT, BT U =LA Z NG
NlebDEERL TS,

(BN
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Scheme 2-2-3

/\OTBS/NQM&

“FeCly
OTBS
., ,, OTBS
lll.l!i!! C
cl— Fe“‘ OTBS
’\
cl OTBS

AN IEE R (200) DAL, TFAA & 7 L— 1 & @ Friedel—Crafts Ui £ 2 B HFERD T v uAlk
DEITLT21 & & BIZTRFA DA T 5, TRFA 232848 14-= R 5 U 25 b L TR L, R
A F & HER(IVor V)V T D, EDOBRE MR NR T F A (B LT, KO RERE
SRR T F A (VPR SE IR AR LT, 1,2-8 KU Ry 7 MVIDAR)., HE(L(VID A4
)L &bz e R OB LY p-NOMB)IZAE# SN D, Z @ p-NQM (27 L— L KEEFEN
1.6 IS LT, HHID 4-_0 D -1-F7 h—AFOET ) —L 2 & BN EHN 5,

Scheme 2-2-4

20a

OTBS MeO
CF43CO, HO. H o

2
L)) OO — O‘

IV HO V (favor) CFsCO, vu
oTBS QoTBS o OTBS  p- NQM
OO H
vi

OTBS

H
Ow TFAA /fjioocF3

FEE 200 X AFLNELZEORBEO _ERE(L

14-TARF-14-Vk RaF 74 L U BREEIAN O LA E 400y ¥ AFNEEZEAT D L&
0-3 LN p-NQMs ZHifaIICARH LT, 207+ DO7 L — KRR —FIEA SN2 5 MG o Tz
(Table 2-2-6), 1,4-Bis(((tert-butyldimethylsilyl)oxy)methyl)-1,4-epoxy-1,4-dihydronaphthalene (22a) % 3£ &
ELTy7mmxs 5 mol%d FeCls di/F T, 4 H&ED 1,35-F Y A FF o _UB U LIRMNT 2
EROSIE 30 3 THERM L, 7T L—r D 2 S FEASINTCT 7 b —/VREEIR(5a)DY 65%D IR TR
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L7=(entry 1), FeClsfiliifizfX 2 T TFAA ZHW\ 5 & | SUSEERTIZD UIER S 305 DR O D e
BENTZ(T2%), 1-A FFTF T XL RON-T = =LA > F— )L OAHIA(Bb and 5¢) & B AT 7RI R T
A g % (entries 2 and 3), 22a & X2 Y 7 T U EKIRT S & ortho-NQM & D[4+ 2]8R{k AN & para-
NQM & D 1,6-3eBeAHINSG S — 2 ST L C 2B AR B L 6 4(62) 13153 H L7z (entry 4). 6 (iZlC
A b U EEDS S L 72 IER AL (220) TIRALESRIRAOIC T L— VA S, F 7 b VR
(5d) & R BB W(6b) 3 A A% L 7= (entries 5 and 6), [5657]

Table 2-2-6
TBSO
] Ar-H or dienophile (4 equiv.)
R FeCls (5 mol%)
Ow » product
R2 (CHzC')z, rt, 0.5h
22
OTBS
substrate (22) Ar-H or
entry ) . product (5 or 6)
R? R? dienophile
OMe
1 H H (22a)
MeO OMe

5a: 65% (77%)!

MeO l
2 H H (22a) O oMe
Lo COQ
OH

5b: 84%
Ph,
N
|
( OO O
3 H H (22a) 9
Ph <~ N=Ph
OH
5¢c: 68%

4 H H (22a) (?/@

6a: 54%
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OMe

5 H OMe (22b) /@\
MeO OMe

6 H OMe (22b) (/j@
(o]

OMe

6b: 21%

[a] TFAA (1 equiv.) was used instead of FeCls and the reaction was performed for 2 h.

XU AFNIEE 2 0RO 14-TARFL-14-U 8 R 7 X L (22a)0 BREF L OHEE K
JtEAE 2 Scheme 2-2-5 (27", S5 22a (3% FeCla fillfitic X A ERPHZML . v & A FVILDER(T -
7 H LU BRDEFL AT 1,4-bis(siloxymethyl)-1-naphthol (23)IC S 5, o1 3 VLD iffE
(ZEEV ortho-NQM (VD23 R L, 7 L — 2 K 0 1 4-FIHEQR-R > P b-1-F 7 b — /W) A S
., FHEY X VIEOREEZ 2235 para-NQM (D23 L. Z4Us 7 L—2 28 1,6-3 44000
9% /1— M(patha) &, iz para-NQM (X)IZEH L X5 /0— b (path )3 E 2 Hiv b,

Scheme 2-2-5

TBSO

O@ OTBS OTBS

22a

OTBS (Path a) ArH
- —oo”
OTBS Ar

OH Ar o Ar

OO o NQM (VI p-NQM (IX) OO
— _
Ar

23 OH OTBS 6 OH Ar
Ar-H
—>
(pathb

OTBS OH OTBS
p- NQM (X) o- NQM (X1

LB, 1-va% v AF)-14-2RFU-14-U R+ 7 X LD 4 (AGEENLERLILE DO HAIZ &
% . ortho-d %\ E para-NQM DAL EERIRAIFREL & Z FuThi  THETT 9~ 5 2 BB RE S L % B #S
Uiz, SIE FEBETREE L, 22TV A A X VEHEEV S TDH I ENTE D, Y7
VI T 4V EDRIGT, BHEICHEER LT 2BRERBRI AW E —FITEETX 5720, EWiEtE
WP R DA RA~DIEBP IS5,

-22.-



BEH TRV OBBERRLE L-ZBHT T b A HEKDOER
B E)T7TRF—NEHBREELFERT DB R

B THRANZL I, 14TRFT-14-U RaF 7 X LU dbEx REREXD T T F—L
HOBRAERA L LTHATX 5, 48/ 3 0-1-F 7 b —/LE(8and 8) I EMIEHEME AR O v L
T4 T7uy 7 E LTHHATHY, B¥ TR & — L BRI ER LT 14-=RF%2-14-Dk
RuF7 %L 240r24) 0 5, BEMBEAFAE T 1,4-TR ORI & 7 & X — L O Rife i % Higt <
FIUXAERLTE D & 2 7-(Scheme 2-3-1), LU, FEXHe_ A &7 T v EfAGDET
Diels—Alder 212 X 2 BUEH24 or 24°) AR TlE. 24 & 5 W L 24 Z LB RIS AR T 5 Z & 1EIN
Hchy, [0 Bt CRAAT D L 8 L ONERMEDREYNEOND L THEND,

Scheme 2-3-1

: R
Dlels-AIder 24 . . OH
S reaction R Lewis acid 8
| + O _ . —> ST LR > +1
R2 low regioselectivity ‘ w unknown R OH
O
y 0

N
S
o)
0
py)
N
(o]
(@]
T
)

24 WL 24 FFERO BRSBTS I T ETH > 7o, 47 87— &g
AL 14-TRF-14-U Rut 74X L)% 8 & U CRECRR LIk R, 4-81 2 1-1-
F7 b=/ (8a) B LA SR B < ARk D Z L IXNEETH D &I L7 (Table 2-3-1), 3 72b by
Zmm AL H 5 mol%d FeCls X FeBrs f7(E T, 24a @ 14-T R F AOBRZITIT L A EE#ITET
(entries 1 and 3), FeCls OJEMEALEIZ BBy LT RU AF AT U vr vl RTMSCHZIINT 5 & %
JRDMEHE L 72 o 7z (entry 2), 50 mol%® FeBrs 3 4UiX 8a 7% 36% TIHH AL 5728, SUREIRNBE R
FOS DR 24a 73 44%[BIY S du7z(entry 4), FeBrs & 1 Y &I ET 5 & MUGTFER L. 8a 2% 93%
DERTH LN (entry 5), 7L AT v REETH D TFA OIS FOMEEIZITE ST, BB
AT S 7= (entry 6), 24a D 1,4-TRF UEIOBZGHIL 2@V EX NN, LV EERE =
W1 VAR T F A R AR S VA T IANZER DA L, fi< 1,2-8 RU R 7 & BFEFLD
%, KOS5 LT X —ANBE#E SN T 8a NEKT D,
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Table 2-3-1

H OH
acid
Ow CH,Clp, 0°C g OO
242 oo Nome e HO 8a CHO
LA: Lewis acid
LA-O H o THZO
|
Sals
MeO OMe MeO OMe
Xil X1
entry acid yield (%)
1 FeCls (5 mol%) trace
2l FeCls (5 mol%) complex mixture
3 FeBrs (5 mol%) trace
4 FeBrs (50 mol%) 36% (6 h)®!
5 FeBrs (100 mol%) 93% (6 h)
6 TFA (200 mol%) no reaction

[a] With TMSCI (1 equiv.). [b] 44% of 24a was recovered.

B RO [T b AT ROBIRMARK & BRESLAFL) THatR L, 14-=8K
¥4V Rt 7 X U UM OBHIET, 142K % VREREZICAERT D 0 T4 0 g
DEEMICKRE L FEHT 5, WIS BHENICT B F— /L E AFLVENER L 1-7F —/L-4-2F
N-14-TR T -14-U Ru) 7 % L (25a and 25b) & JRE & U C Skt il f BR BR LSS & vt L
7=(Scheme 2-3-2), ¥ 7 1 A % i FeCls (5 mol%)777E F 25a & 25b DB B SOG I T/ 2 HET T

Scheme 2-3-2
Me Me
4
FeCls (5 mol%)
- eq.1
4 CH,Cl,, 0°C, 1h
MeO OMe OH
26: 82%
Me Me
FeCl3 (5 mol%)
9 - () =
CH,Cl,, 0°C, 1 h
o o OH
25b \__/ 26: 78%
Me Me
MeO,C FeCly (5 mol%) ~ Me02C
L eq.3
MeO,C CHyClp, 0°C, 18h  MeO,C
oo OH
27\ 28: 87%
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L. 7 & —)VENL DO RiEfE% £E - T 4-7/1/%/1/%7 h—/LEREAR(26) 23K L7 (egs. 1 and 2), F
7o HRBREFTRWVMEEY 27 2 E L LI2GA IS b ERRIC T £ 4 — A3 it L <7 = /) —
FHEIR(28) 78 87% DI T 5 4172 (eq. 3).

F9°. FeCls fill il N HE 25a D 14-TARFTEE T X — D 2 SDOfEFER T & HEREBIK
REZTERR LT 4 NIRFE —BFEMEE ONMBEBRINBAENEZ D . AR DT A PRURXIVA AT
% (Scheme 2-3-3), #EV T, 7B X — /LN EENEE L T XV LR T 5 R0 (patha), & L <134
X UOPEERXV)ERETT &2 — LV E EET 288 (path b)iZ LV | A b= 2T Lk
(XVI) (= ’ﬂﬁ&éﬂé BiZIo, KOAFIZ LD F 7 b= Q8) AT D EEZ TS, IF 4 i
RZFIET 572010, KSZRRIZT UL R AFAL T RUAFALVUALTIR, 7=y —
VRS 7 LA f@ﬂz&@%{zﬁﬂuwmi KT DA —OF b nieholz, LiehoThH
F A RO FF A IS TR | FONMTREIZEA TS D EEZTVD,

Scheme 2-3-3

1 25a

MeO OMe Me
Hzo ‘L‘
(I
XVII o oM
Cl
Me

Me

-~

21 "OMe
Cl ¢ \'
Me

OO = 1
OMe

XIv o
Cl— Fe o} T OMe
c’ Me ,Fe "OMe
Cl ‘CI
O‘ (path b)
.

CI—/FIe-_-O OMe
S ove XV

B AR IN-1-F 7 AV A RS DB

FijTE Table 2-3-1 & Scheme 2-3-2 X 0 | 1AL T & X — L E#a L7 FEIZRBUW T, 4 ()N
DEEIL4-HRNVIN-1-F 7 b—ANELND D DODBGEEE N ES A A TFNVEERE L35 &,
T2 VEOBBEZ > TH 7 b= ADRHRELBFGOND Z LR LNERoT, £ T, 14
EANIHFICT B =N EAN L REMNERAND Z & T, 14-TRF U OBREIES T X —
NOMEEE & 5 R I7DT & & — /)L ORiRFE S BRIEABANC DR B < EITL T 4K I0-1-F7 b
—DAERT D & % T2 (Scheme 2-3-4), FEERIZKUS LTofER, A F AT X2 — V% 2 R0k
B (Ta)DBEIT, FeCla il Z AT D 8a A 47% DR TH b T-(eq.4), £7-. AR ¥ —/L
23 2 O L 72 7b 1%, FeCls (5mol%)-TMSCI (1 equiv.)®® ZfHA & HE =544 T, 8alZTEMIZE
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B S T2 (eq.5), B ABMRT & & — KTD)DARITEBETH B 720, B ALY AT LT ¥ 4 — Lk
R (Ta) % BE & L CRUSRVRIL & AT LTz,

Scheme 2-3-4

[\

MeO.__OMe CHO o0 ©° CHO
FeCl3 (5 mol%)

) eI QU O
-_ = —_—
CH,Cl,, 0°C CH,Cl,, 0°C

24 h 16 h
OH H
MeO OMe O (0] ©
7a 8a:47% 7 \ 8a: quant.
(eq. 4) (eq.5)

EAVANF T ®Y —V(Ta)e Y7 mr A X H 0 °C Chkx REBAMEAFTE T 24 RS LT
e L= & = A, HVE 7a okt LT FeCly 2 20 mol%fii 3% & . 5mol% DA & bhili L TR )
= L7 (Table 2-3-2, entries 1 vs. 2), FeBrs &R E < HEHE L. 20 mol% D INT 8a 23R 70% T 6
L7z (entry 5), TMSCI Z & HIZIRIN L T SUSIFROEALITZE SO H i/ dy> 7z (entries3and 6), = 5
2R U AF AU RY 75— FTMSOTH). BFsELO & %\ i B(CsFs)s 2 B THRAN LT & ILR
Zm _E L7Zedyo 7= (entries 7-9), F 7= TFA X° TFAA D& 1L, 8a 2ME & A EARL L7227~ -> 7= (entries
10 and 11),

Table 2-3-2
MeO.__OMe
catalyst (X mol%) FHO
additive (1 equiv.)
O@ CH,Cl,, 0°C, 24 h g
MeO~ “OMe oH
7a 8a
entry catalyst X (mol%) additive yield (%)
1 FeCls 5 — 47
2 FeCls 20 — 61
3 FeCls 5 TMSCI 42
4 FeBrs 5 — 49
5 FeBrs 20 — 70
6 FeBrs 5 TMSCI 42
7 TMSOTf 5 — 19
8 BFs-Et,0 5 — 11
9 B(CsFs)3 5 — 0
10 TFA 5 — trace
11 TFAA 5 — 0
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WZIE ERT Y VEREEEABRN

4-75 )V I V-1-F 7 N VARG D — Wkt b D AL A NI D 71T, FERTFRe 1L4-BE AT &
H =) -14-TRF-14-P 8 Ra )7 2 L o gFaIRT) O M E E I YE 2 15 U 72 (Table 2-3-3), 6 fi£lZ
BALHEGEORN A R VAN E S U7 R (TR FE — RS OB T A2 a2IcH#E S T
T 7 b — VR (80) N E EMIZ S S 41 7=(Scheme 2-3-5 and entry 1), 5- 4 k¥ ARTd) b E—DF 7
N — VR EAR AN A S AT A, BCRIZHREE CTH 0 REISEDFENTd) S 35%I[RIL E 417 (entry
2), 6-7 1 1 iK(7e)< 5- A FILIR(TF). 6- 2 F/UR(Tg) % FE & L T HALEIEIRAERBR A ST L, &
IS 5T 7 B —/1(8e-80) BMEUL K 72 3 B Ak L 7= (entries 3-5), 7235, ZNENDORUGNIIIT 5 £l
RIS I XN RAT LT 72D I IR @ o 7o filif 5 % Table 2-3-3 (277 L7z,

Table 2-3-3
MeO OMe
R R' CHO
) —ee—, LI
R2 CH2C|2, 0°C VRZ
7 MeO” “OMe g OH
entry substrate (7) catalyst product (8)
MeO OMe
CHO
. Ow FeCls (5 mol%) and
MeO TMSCI (1 equiv.) MeO L,
MeO OMe
7c 8c: quant. (6 h)
MeO OMe MeO CHO
MeO
) O"l FeCls (5 mol%) and OO
TMSCI (1 equiv.) Ohc
o Meo™ OMe 8d: 42% (3 h)l
(recovered 29d: 35%)
MeO OMe CHO
3 O" FeCls (10 mol%) and C
c TMSCI (1 equiv.) OH
, MeQ™ OMe 8e: 23% (20 h)
e
(recovered 29e: 50%)
MeO OMe Me CHO Me OH
Me
o selive
4 FeBrsz (10 mol%) OH CHO
7f“"e° OMe 8f: 20% 8£7: 2% (20 h)

(recovered 29f: 68%)

-27-



MeO OMe
Ve O" FeBrs (5 mol%) Me

MeO™ “OMe 89: 22% (20 h)
(recovered 29g: 49%)

[a] Isolated after acetylation, because the reaction mixture was contaminated with inseparable byproducts.

299

Scheme 2-3-5

MeO OMe
FeCl; (5 mol%)

O@ TMSCI (1 equiv.)
-
0,
MeO CH,Cl,, 0°C

7c MeO” “OMe

Pl b, i CHEMEARY Y FeCls X° FeBrs Zfilllft & 4%, 72 & — LAl 14- TR ¥ -14-2 8 R
B 7 H LD 1A-TRE VR L T X — L OBt R L O S EHT T b — VRS RO
REHFE LT, FERITR 14- B AT X —/L-14-TRX-14-U RaF 7 & L U HITHER Lo E#h
FENRDMER LT LA4-m R ¥ VIRMLEEIRICIHEA T 2, /i 17 F% 2 2 F ROBERD
AR L BERREALAIZE L OFE T BRI UL IR FE R FEE A TR LA AR LT, SRR

BEHRANDT 7 F—VHERMAICART 2 FRE L THZITH D,
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B=E FHEETNVTE FERYY V=0 AEICHT 2{LFBREREEE
AR IGHE

B MREOER
F—IE v U= sERREEOREDZE

TR —NETE =X, ENENT VT B RET R UOREREE L TEEA LSRRI &
TS, ZAVD OBRGEIIRRVESN: T CH#ITT 5720, BBICARLERBERREN T 256120
B 72 OB SR OHIEIN VA TH D, iz, TR F— N e X —VIFBER TAX Y = A hF
I PRRICER ST, ZHUCAKRBOE L TIRE S D03, 7 & —/WZHRT 24 %Y =T A
AT UHFRERIT 2 5O T NV F NI TLEN SN TN D T2 DES L& % (Figure 3-1-1), 37¢b
H, X NVERRELEEET X — L RINICE AL B(BRGE) T 5 2 LR TH 5, 61

Figure 3-1-1

.
H ROXOR

acetals

RO><OR H

ketals

+OR
S

oxsonium cation intermediates

b B — WA T 7 R 5 — VBRI IR 5 7R 1 S T H#E SN TV5, B8 7a 7 —1
2kt UL SRR R Lo T ) DU HEKR L S UL R 75— RSIOTHZERLTE Y =7 A
WA Z T 5 & . SHRRICIRA A - 72 #— A BIRE U U= & AR S e
i, T A — ITEOE LTz ) = AR RIS SN T T AT Rk
Wt B, 2 ORISR T T T 5 A TR T h B,

Scheme 3-1-1
(3
| JR
N/ (3 equiv.) .
7 RO OR' N TESOTF (2 equiv.) \ oTf /RO
\RZO#\MJ\OW ’ CH,Cl. 0 °C GR deprotection RZO cHo
R ‘n 2Cl, R 'n
ketal acetal ketal aldehyde

CU Vo MEARET D T X — L OB S T, TN D S U AR & [
179" % (Scheme 3-1-2). ZORIGaHEE LT, A7 ¢ I =D F—LHEEMZm9 scyphostatin
DGR S e,
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Scheme 3-1-2

| _ (6 equiv.)

Me N Me
TESOTf (4 equiv.) steps o
x OTBS > . oTBS ———> . O
z TESO" = —_— > HO™ :

HO™:  oMe CH,Cl,, 0°C

then H,0 CHO Me Me Me Me \‘/\OH
OMe Me P = NH

3
scyphostatin o

Y Yoy AERRRIIEE L e ) U E OIS TERT D, TOKSEIIE Y YR E
DEHIICKREZEIND, T FIZIT, UYL 2-8a) v 240F VU REEY VURE
FRIRFIELEDB AR ZENT WD & KIS T L@ B L TIK i 4 < 17 L
(Figure 3-1-2, 7£), L22L 26-0F 0= 2,46-2 0 V0 & ORI THERT 2 FEEIZ. 2 B8L006
KED A FIVEED SRR DT O ZZEMEDME T LT, AKORBEKEEZ1T 5 < 72 0 WL NTIK3fif
S5 (Figure 3-1-2, ),

Figure 3-1-2
)O\R; ) OR' [ Me
2 -
R NTX H,O R)\ltl X, OTf H,0
~ M _ —>— CHO | — > 0
Me” 6 Me =
Me™ 6 Me
(or H) (or H) . (or H)
stable reactive

Y Vo AEEERIET V3 — v E RS U TCRE T B X — V& T S (Scheme 3-1-3), M-
hbb7EZ—/L, TESOTf & 246-2 ) P UMBERENAE Y D= AEICE L T /La—
IVETIT UL, FEAx RIBET X — A DNINERRLIGELND,

Scheme 3-1-3

Me

X

| (3 equiv.)
~

Me” N Me OR? Me
j)\RZ ™, TESOTF (2 equiv.) R)\,ﬂ X, OTf | R°OH (1.5 equiv.) JO\RZ
R'”oR? CH,Cly, 0°C - R'” "OR?

Me Me

ZDORINTIRRT v a— Ve EOBEFEREFEOMIC, MERBEEOCERREELEHATE S
(Scheme 3-1-4), *72Scheme 3-1-1 12/ L7 7 & % — /L ORRER S &[RRI, 72—V HFFT7 &
H— RPN REEFE DB AN ARETH D,
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Scheme 3-1-4

Me
[\ N [\
% o | _ (3 equiv.) o o
Me N Me allylOH, PhSLi or NaN3
TESOTf (2 equiv.) (3 equiv.)
o} CH,Cl,, 0°C O~ "oteS
L

R = Qallyl, SPh, N3

B V= AR, RFEREE T b B AR (R~ ) & 2R B < SO L O
F 5T —F LFHEERN AT 5 (Scheme 3-1-5), 7374

Scheme 3-1-5
Me

| N .
_ (3 equiv.)
OR? Me

_ Me N Me
OR? ™ TESOTf (2 equiv.) R/I\l:rl X, OTf | ReCuli (3 equiv.) OR?

J\ORZ' CH,Cl,, 0°C | _ R1J\R
22 Me Me

R1

SUNETFUTRERE =L, ZF I A VT = RHANIVT =R 246 LF LT LT
B RPOFRESND VY Y= AR & ST 5 (Scheme 3-1-6), 1) M HMESE T CHEFTS 5
72, BYESME T CARZER B F(T) T —F L0 Y A V(B4 F 5, U A (Si)=—F /b
Il EE D e RFIRFEEEHMETE D, B, MU AF LT Y LT T = R(TMSCN)D

e, 2,2-bipyridyl 2SI SN A Y =0 AFHREPIRBELS KIS LT T /v KU Vi
ERBIER S FHND,

Scheme 3-1-6
OMe O OMe O
RO RO
OR3 n
R!' R2
osi D
1
Me RUAN or? ©/
X . R2 Me
M | N7 (i,lequw') OMe Me CN
e e
OMe  TESOTf (2 equiv.)  [RO AN Moy e
RO ( GQUlv.)= n N AN OTf ROWN
n OMe CHQC|2,OOC then LIBH4)

R =Tr, Bz, Si
TNSCN
(using 2,2"-bipyridyl) K/O

qu

EHIT, A FFTAFILMOMEE, 871 X Rk hF v A F/L(MEM)EE, 8 R DLty
AFL(BOMEE, '8 7 F T & Ru BT =/L(THP)H®8 70 U7 )L a— )L ORFEILS, A — VO
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BRR AT L RGBS QP oY) =0 MMETRRRICEBR SN D ZEPHLNICSTEY
FER 72 ARGETE D 2 WITSREFEE AL L LTI SN TV D, B R, v =0 AEPHIE
DRRRFOSMEIZER LT, 722 —VRATT AT b RERE L LEEGEIC B RO TR
NERT 2D TIERVNEE R T2, SHITHARE ) V=7 MEHRIROKE O 7 2 56 12 i
LT, IHE TITHlORWE R ISR HEE A SOS~DORHZ B L LT, F=5 %
LIREDWFZEIZETF LTz,

BTIE FEHRET VT E RICH$ 5 Friedel-Crafts K

B O EITCHR LIZERIS, LA ARRMRIER Friedel—Crafts SOSIZ T80 7 L — v R 2 B g
AT BN, fiETT haxa ) I —ENFFRGANETH L, VA ARG T I
FET VT & NIk LT Friedel-Crafts )b % i L7256, 13 FHO 7 L— 8 ARG THERT
HR A Fa— VBB RDOKIEIEN . 2 DOBEFR TIEHEILI NI D ALICHEEG LTS T
OREEEN LS, 2 DFHOT L—r BREASH TR 7 U —/b A X o~ L JEH S L5 (Scheme 3-
1-7), 5871

Scheme 3-1-7
Ar'-H ;
Lewis acid OH Ar'-H il
/CHO - - /]\
Ar Ar Ar’ e Ar Ar’
over-substitution
minor major

FALT V2 =7 L(AIBra)F1E F O Friedel-Crafts i Tl il EDO Y POz L v 71—
VR OWMEIS S & & 2R ITIH TE 223, MU T U — A X CRIAEDFERERHIAATRE TH
D BPUE & IEROUENE F 4D (Scheme 3-1-8), B8

Scheme 3-1-8
Ar'-H
pyridine((0.2 e)q.) OH At
AlBr; (1 eq.
A"/CHO Ar)\Ar1 * Ar)\Ar1
CH,Cl,, 0 °C
42-58% 13-21%

YUV HART T E RADA Y R—VEEROMINA NG E T A AR — LT L
A RO RRHFFED A STV 5 (Scheme 3-1-9), BIAICKL MEFEREL EVETIIH D8, K
Pl E R AICES T U CHUIEEE M 2 A 7 5 KXW olivacine <° calothrixin B M & H A % &I =T
BRTE 5,
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Scheme 3-1-9

R2 Me
R1OZC—(/j©/ O | SN
N
OH CO,R! N Z
Me

H .
(1 equiv.)

N CHO N

22T AICl3 (1.1 equiv. 22T =
| | —»3( quiv,) { NH Steps olivacine
S 7 Rl - 7

NN CH,Cl,0°Ctort NN

R2

calothrixin B

AlBrs fiblit) Friedel-Crafts KT & Bbx RISTIET L7 b K LT L— 2 REHORE GBI 138
5 S 4L, (2)-carbinoxamine DA ALIC & i S 4172 (Scheme 3-1-10), BT UL, 2-8°U P AR
VT ROBEDHEVIERIENFBLT 508, 3- 50T 4-E U DU ANRT LT & RN AT
LT FEORIETIE MY 7 Y — b A ¥ L ORIVl TE 20,

c o~ Ve
(2 equiv.) cl (10 equiv.) al
X . X . X
| AlBr; (1 equiv.) | AlBr; (0.2 equiv.) |
/ ~ —_——> ~
N CHO 0°Cto130°C N 0°Cto130°C N

OH o
" NMe,
(x)-carbinoxamine

Scheme 3-1-10

B TEINTATE RRLFELE-U L) F— b2 HWEHLUT IV F—VREG

TV R /VROSIE A VIR = WAL E W TR — RSB 2T 2 BRI TR s 5, B &2
SET L R— VRIS OB PRy — LD 1oL LT, YU AT ) F— haeRERETA1LT7 L F—L
FOSMHI S TNS, 59 UL, 7 RTATFTE Rpb#FflEns v ULz ) 55— k% REEHE
EFB L TR AR SUSTEIER T AT E e R, BRIIBIAT ¥ OBIRSH
DFRT 5, LER->TYINT ) T— b2 15 TOHEALE -8 Red o7 L7 e REFERDE
REY 722 BRI LR 8 < & % (Scheme 3-1-11), [100-102

Scheme 3-1-11

SiO

- CHO
— x> X
/ dehydration
CHO Lewis acid OH

e T _ .
R R)\/CHO Sio maor
) excess. / OH

minor

CHO

over-addition R A

BISSOMEZ BB E LT, NV Zmravxm)/) T — MR LA RS EAERm L 7 L
R — VSN S U CTu A (Scheme 3-1-12), B30T W) s Y Lxm ) 7 — R T AT B R
MU T2%, AR 2 /KERER S O U JVEML 2 SREZHCER U CHRAbM A AU il L. RBRZ7 mot
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R U HRUAICE R S D T2 O SRERE OB 2N Z2ME ©& 5, AH ) — /L THRUFEL Txrbiad
HIOAFNLNT B H—VIZERR L TS

Scheme 3-1-12

OSiCl; Cl,
R /SI\
OH OMe (@) O
cat. Lewis base
R 78°C R R
then MeOH

chlorohydorine intermediate

TERNTATE RPOFEE LYY VT ) T — N EOBEEEERSIZHA LcE i, 7 v
R— VAR THDLAX Y AN AFEROT VT & REAL 5 TN E R U5 L e
WZERAL LT Y — R EHE S TE AL S 415 (Scheme 3-1-13), 181 LsL, EEO@EY)efi#Elce R
XA HEAT LMEN S DD HE I Z Ly,

Scheme 3-1-13

OTMS
3 T™MS
OH R J OH OH O . O._OH
CHO cat. TiCl, M/\LH /\Q;[
Y D ————— e B — W
z z 2 R3
RO R2 -78 to -40 °C RO R2 RS2 R

OH
oxocarbenium cation

RV R A(RY AT U )T U E(TTMSS) N E#L L2 U v ) T — haERIEME LTz
B X TTILT b RORIRERRIENRE STV 5 (Scheme 3-1-14), 1071181 7)1 k— LA Fi iy
DT LT RET I TTMSS 237 P16 S L 2 7. S 7o SRk R I P A S L 5 2 (i
B )V —Lm— T LTI syn BRI ISR TT 5.

Scheme 3-1-14

OTTMSS

sz ™S
 HNTE OTTMSS I/TMS
CHO ca ™t CHO 3{/ N1
17 R’
R 78°C ,
R2 TTMSS = tris(trimethylsilyl)silyl

TV —=nTal) )= VEAEES RS LR T T e REBREIEOT R T LT E R
DRETIVR—IVEIGTIE. T T LTFe RE7rl) ) —UftEn S S D =) 3 vk
FEE 720 SRERI T L R— VUG 3179 5 (Scheme 3-1-15), AN CTARKT 5 7 /L R— LA

Scheme 3-1-15

OH

Ar
D*Ar
N
H

Me
(10 mol%) o
CHO  CHiCHO (5 equiv.) OH CHecHo @ O NaBH, (5 equiv.) ~ SH OH
e AcHo——— \ NI |——— =
DMF, 4 °C R R OH MeOH R

Ar = 3,5-(CF3)CGH3
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BTG 27 8 P T ATE RESUG L TERRANI T X — /WA S D T2 ORI BUS 1T
AT L7gvy, B kAR U FF R VA TELL T, A —AFEERLHAEL TWD,

Rh/dippf ity 7 v F— &S TiE. U 7 U LR L— k& sRigfE & L CfE 4 % (Scheme 3-1-
16, eq. 1), M8 K Y7 Y LR L— & Rh filEIC A L 7 ¢ O B Z PN H AR Y L
T = I NEEINTT VT & RISREAMINT 2, ZORAR L — MEBALO SRR EIZ I 0 @Rt
MBS ENEI SN D720, KT D & 1551 OREREDIN LT T v R —/ VR IR 23 IRA I 15
b5 b, Rh MEAFE T T U AT v a— VOIS 2 ) —/WZREEL T, 747 e FED7T
IV R— VOB EITT 5 (eq. 2).

Scheme 3-1-16
o),

(2 equiv.)
{Rh(cod)Cl}, (1.25 mol%) o B(OR'),

CHO dippf (2.5 mol%) H,O OH
- CHO| 2, CHO 1
R1/ 1,4-dioxan, rt R1J\( R1J\( (€a. 1)
2

R R2

R%, ~_ OH
(2 equiv.)
{Rh(cgd)CI}z (1.25 mol%) OH
cHO dippf (2.5 mol%) N CHO
R 14-dioxan, it R' (eq.2)

R2

BB WAF AR+ imidodiphosphorimidates (IDPi) &2 fiifi: - LT, 7 FT7/LF b Rk
FEIND VI VT ) T — N RERE L L7zm b7 b R —/VEOGH3EERK S 4172 (Scheme 3-1-17),, 19
JEWEET VT e REFHFHET VT E ROELLERE L LA TH, @I D@ LRI
TV R = VA IS IS EATT %o SRAZFE O I SO T AREE & 2 U VRO NAR I THIE SN TV 5
72, TMS 72 EO NS I v U VA FEO 7 7 — NG T e,

Scheme 3-1-17

R !
cHo , OS/_IDPIO515mol%)  OSi O OO
) / CHClj, -60 °C RN CHO C ® e
Si=TES, TBS O/\NH l\f/\o OO
SO
IDPi

TR NTAT e RERWAET )V R— VRO RBHERIL, 2 FNICEREERA S e e X
VHRT VT REROTEDELT T ay 7 L L TOARBALFERINE L & < . Scheme 3-1-12
5 3-1-17 |8 LT SEBR R e S HEE S C& 72, L L, WO G bIRIRS 2 LB &5
%78 ERABLE DFRRENE D, B REEEIRA UG IHT LA BV — N OB SO TR O 4
Ma7R EZFREE T D72, X —7 >y My Fa BB AT 2 L CEETH L8, 12024 KSMED
BWEERT VT e RERRIFET VT & RO TRIGERMEZ BB S -5 pIERTh o7,
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BEH FERT VT b FEIRH Friedel-Crafts i

B ISR X 91T, Friedel-Crafts [OSIET b AT a s I =B EBRIEAILET
b2, FEHET AT e L LA ARRBIL 7 L — o SRS A RS Tl BRI
OB NEETH Y | BIWEOFH VRN RN X Fa— L ARIEOBENZEN TN S
(Scheme 3-2-1,[a]), E# L. HEHET LT b RO SIOTE & U DU EAMIGT D &, KBNS
U VRS E Y D= MR RIRE)SVERT 5 & PR L7 (Scheme 3-2-1, [b]). A E okt
L T Friedel-Crafts SOGEITTIUX, BV PV BROBBEAZEWRB 57 L— U8 18 AS I,
N FR— Ly U Lm =T () BERT DX TH D, B 1LI1E, N At Fr—L11)D
U IRHEIKCH A0 2 3 THOT L— B8 ARIHI S, MU T U —L 2 2 (117 DFIA: % (8]
BWCTE D, ZOEY Y=y MEREEEN LIV X R — Vi ROBIRINERICE T D 1E%
(SRR 2 SERE TS BORGME 2 B RA L 72,

Scheme 3-2-1
[a] General Friedel-Crafts reaction of aromatic aldehydes
1 1
Ar'-H Q OH Ar'-H Ar‘l
Lewis acid Y Lewis acid
CHO > e -
Ar” Ar” DAr! Ar/l\ Ar’
9 11" (minor) 11" (major)
[b] Working hypothesis
for the selective synthesis of benzhydrol derivatives
Protecting group
X
| Fr o .
N S)’i oTf Sio
. + 1
5 -CHO _SiOTf AN At )\Ar 1
9 E / 1
R

Leaving group

B RISFMOREL

RURXT VT b RQa)ZHE & LT, TMSOTE 7€ F B U ¥ VBB R S AT T I & /et
L7-(Table 3-2-1), Y7 mmrAX H 0°C T, 9a IZX LT 3 ¥EOLY VUFEKE 2 Y&D
TMSOTf Z IER N Z T 30 i, 2 48D 1,35- Y A FF I _UB U2 LT 1 FRER#ER L
THORISORMZ MR LTz, BV P UFEERE M2 720 E T b— 2 OWmFEI IS & iz b
U7 U LA & (U7a) N EIE IR L7 (entry 1), 7235 TMSOTF Zfilit 81738 U T & FIK
JNEPNH T E 2o T2(entry2), BV NN-UAF LT I/ EY VU (DMAP)H DWW 2-E 2 )
UAELE T T HAO Friedel-Crafts )i i3 A < EEFTET, AKQEREL IR BN & 4172 (entries 3-5),
LML 26-0FVr246-2) P fnd & BRIOR U X Fr—/LikiE{K(11aa) 2 FRE O
IR THER L= (entries6and 7), £7-2-7 ==L DU ZRMNT 5 EARIRR NS 1laa (TE# X
7223, 117a HEIA Liz(entry 8), 772 b, BV UV UED 2 H L X 6 (\iDOEHKEED Friedel-Crafts
BRI R & < B9 25 Z L AURB E N7z, 2,2-bipyridyl OFUSTHBY &5 RIS i bR B < i
17 L. 11aa 7N ELEEIY =R 78% T4 & 417z (entry 9), 2,4°-bipyridyl D35 A 135 RN 52 4212 [BI & A7z (entry
10).
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Table 3-2-1

OMe
G o
N~ (3 equiv.) TMSO  ~p | MeO OMe
_CHO TMSOTf (2 equiv.) . Ph)\,jl N (2 equiv.) . TMSj‘\ . )AL
Ph CH,Cl,, 0 °C, 30 min. U/i) 1h Ph” SAr  Ph” Ar
9a R 11aa 11"a
Ar = 2,4,6-(MeO)3CgH
entry pyridine yield (%)@
derivative 9a 1laa 117a
1 — 0 0 94
201 — 39 0 50
3 pyridine 77 0 0
4 DMAP 85 0 0
5 2-picoline 84 0 0
6 2,6-lutidine 47 46 0
7 2,4,6-collidine 51 34 0
8 2-phenylpyridine 58 15 15
9 2,2’-bipyridyl 171 78(c
10 2,4°-bipyridyl 95 0

[a] The yield was determined by *H NMR using 1,2-methylenedioxybenzene as the internal standard.
[b] 0.2 equiv. of TMSOTT were used. [c] Isolated yield. DMAP = N,N-dimethylaminopyridne

TMSOTf & 2,2°-bipyridyl Z FE (2% LT 2 B L3 BEIRINT S & 1laa RNEHFRIETH LN
72753 (Table 3-2-2, entry 1), B % 4312 5 LIRS KIEIZAL T L7 (entry 2), TMSOTE OIRINE%
2,2°-bipyridyl & [ U2~@RIZ 925 & BIISIXHIE T =77 117”a 235842 L 7= (entries 3 and 4),

Table 3-2-2
OMe
T™MSO - /©\
TMSOTF (X equiv.) )\Jr OTf | MeO OMe
CHo _ 22-bipyridyl (Y equiv.) | Ph” "N (2equiv)  ™MSO . )AL
Ph” CH,Cl, 0°C, 30 min. | Ny ~ Th TP A PR A
9%a | 11aa 11"a
=
Ar = 2,4,6-(MeO);CcH,
t X (equiv.) Y (equiv.) yield (36)"
entry equiv. equiv.
9a 1laa 117a
1 2 3 17101 780l 0
2 1 15 90 10 0
3 2 2 13 0 67
4 3 2 0 59 35

[a] The yield was determined by *H NMR using 1,2-methylenedioxybenzene as the internal standard.
[b] Isolated yield.
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WIZ Y U NBID VA AR OB F % R L 7= (Table 3-2-3), 2,2°-bipyridyl 377 F TMSOTE Ofti v
IZ TESOTF =° TBSOTf ZiRINT % & SUSENRNBBE S i1, milE TR e F e —/LiFiEk(11ab;
Si = TES and 1lac; Si = TBS)23& H 417 (entries 1 vs. 2 and 3), /LA AN FLEZAIIRLV Y TMSCI <°
TMSBr T3t Y =0 AEHFIRITIIER ST, BRTIEH LS8 135-FU A FF "B ok
AT INBOG & 4T L 727> 7= (entries 4 and 5), TESOTf & %\ X TBSOTf ¥ L TSI L 7=V
V= MRS OREZERE A 3 4y TE IR LT 5 & TESOTE L ¥ & TBSOTF &
TZBRIC_ > e R e — ViRER(11a) DA HWZ E R B L 7r o7z (entries 6 vs. 7), B U =
v LR Z ST U7- Friedel-Crafts SO, > U v E 2,2°-bipyridyl ORI 72 & CThliE S
TWLHHDETHELTND,

Table 3-2-3
OMe
o -
2,2"-bipyridyl (3 equiv.) 1+ OTf IMeO OMe _
cHo _ Lewisacid (2 equiv.) Ph NI N (2equiv.) S;i . )Ai
Ph CH,Cl,, 0 °C, 30 min. Nay NF time P Ar PR Ar
%a P Si= TMS;11aa  11"a
TES; 11ab
TBS; 11ac
Ar = 2,4,6-(MeO)3CgH,
entry Lewis acid time (h) yield (%)™
%9a 1lla 117a
1 TMSOTf 1 17 1laa: 78 0
2 TESOTf 1 0 1lab: 92 0
3 TBSOTf 1 0 1lac: 91 0
4 TMSCI 1 83l 0 0
5 TMSBr 1 85kl 0 0
6 TESOTf 3 min 2401 11ab: 70 0
7 TBSOTf 3 min gtl 11ac: 9001 0

[a] Isolated yield. [b] The yield was determined by *H NMR using 1,2-methylenedioxybenzene as the internal
standard.

ZZETOMRHT, BMEAZEMBMICHRNL YY) Vo u AR R EZ RN THHER L T 503,
R ZXTFE ROa), 1,35-F VU A ¥ _P o d KO 2,2 -bipyridyl DIEAE#GIZ, TESOTE %
EERMLTHR A Re— L8 Rlab) N EIETH LD Z & L 5 )L 72 5 7= (Scheme
3-2-2),

Scheme 3-2-2
OMe

/@\ TESO OMe
MeO OMe (2 equiv.)
Ph

Ph/CHO 2,2'-bipyridyl (3 equiv.)
9a CH20|2, 0°C MeO OMe
then TESOTf (2 equiv.) 11ab, 91%
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BTH HHERTNTE FLT L— SRR O AR

AETCIFIAEEAMEORTHER A2 £ & oi=(Table 3-2-4), 1,35-F U A hF I _RUEBUE2T L—2
KL LT, FEBROAMICA PR UEL= ek, el Joelk 7oA =27
VIR ERk 2 IR EREE N ERL L X X T VT B ROb-99) E G S D & HINOR U X R —/L
VUL —T L(11b-119) UK B < 15 B vz (entries 1-6), F£72. 4 (i/KEEREEA TBS 07 EF /L
TIRFE LR XT VT & REFERON and 911X, T 5 OIRFERLZHERF L7 Ao s i
1T L7=(entries7and 8), 3 H DML 2 ZIZ A PFVIHMNEHL L 72X X7 VT & RiFEK(9) and 9K)
RNL-FTFATATE RO, T 50 At Ko —/(11j-11) A3 &I R T 5 71U 7= (entries
9-11), [FIERIT, 1,3-T A xR B bR E L TOMEHNAIEET, 9b, 9¢ HDH\\ME 9d 7 H
11m. 11n, 110 NHEEEN D @SR TH R S 7z (entries 12-14), 1-A hF v F7 X L OHBA L H
A D Friedel-Crafts SOLHEIT L, 9b & OIS TIINU Ak Rr—/L v U L —7 L (11p) A 32% T
A A% L 7= (entry 15),

Table 3-2-4
Ar?-H (2 equiv.) TESO
Ar1,CHO 2,2'-bipyridyl (3 equiv.) _ 1 ,
9 CH,Cl,, 0°C Ar A
then TESOTF (2 equiv.) "
entry substrate (9) Ar?-H product (11)
cHO OMe TESO
R MeO i OMe II il OMe
1 9b, R = OMe 11b, 95% (0.5 h)
2 9¢c, R = NO; 11c, 71% (24 h)
3 9d, R=Cl 11d, 84% (24 h)
4 9, R = Br 11e, 93% (2 h)
5 9f, R = Ph 11f, 90% (2 h)
6 99, R =COt-Bu 11g, 68% (24 h)
7 9h, R=0TBS 11h, 65% (6 h)
8 9i, R = OAC 11i, 90% (1 h)
TESO
Meo\©/CHO MeO
; T ‘
OMe
oi
) 11j, 86% (24 h)
oo TESO
10 OMe “OM&}
9k
11k, 87% (2 h)
O TESO  OMe
: oL
OMe
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120
130
14

15

al

/©/CHO
R

9a,R=H
9b, R = OMe
9d,R=Cl

/©/CHO
MeO

9b

OMe

OMe

OMe

111, 70% (2 h)
TESO OMe

R II il OMe

11m, 81% (24 h)
11n, 45% (24 h)
110, 45% (24 h)

TESO ‘
MeO I I OMe

11p, 32% (24 h)

[a] 10 equiv. of arene were used.

BT=TH TINANVTUERERE Ul 0FEEw#E AN

FEWET VT B R9). SIOTE & 2,2°-bipyridyl 225 L7- ) =7 At EIETT VL Z v
& HMBIZHURT 5 (Table 3-2-5), K& 4 (IZEFHGIESCEF RO FEEZFF oMk 2 I X7 v
7 & F(9a-9f,9h,9iand Im)» LG 6N 5 B ) D=0 AEHREIET UL b U AF AT o ERIEL
TR B ARET VLT L a— LikE R (12a-12f, 12h, 12i and 12m) 28 B if 72003 CAE R L 7= (entries

19), NURAFNLR-AFATINTT Y NUAFATY L1377 a_XZ T =2 L TTY

RV ZFNT T NL4- A X RUXT LT ROb) & BAFIZS LT 12n, 120, 12bb 23\ 34

b BAF 72U =R T b du7z (entry 10-12),

Table 3-2-5
allylsilane (2 equiv.)
. CHO 2,2"bipyridyl (3 equiv.)  oroduct
CH,Cly, 0°C
then TMSOTS (2 equiv.)
entry substrate allylsilane product
cHo TMSO
o s ~
R R

1 9a,R=H 12a, 89% (24 h)
2 9b, R =OMe 12ba, 82% (24 h)
3 9c, R =NO; 12c, 78% (24 h)
4 9d,R=ClI 12d, 98% (24 h)
5 9¢, R=Br 12e, 65% (24 h)
6 9f, R=Ph 12f, 63% (24 h)
7 9h, R=0TBS 12h, 72% (24 h)
8 9i, R=0Ac 12i, 53% (24 h)
9 9m, R = CO;Me 12m, 89% (24 h)
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TMSO Me

CHO
o
10 MeO }\/TMS

MeO
9b
12n, 99% (3 h)
CHO TMSO
: =
MeO @/ o D
9b
120, 74% (3 h)
CHO TESO
oy ~
128 MeO _~_TES
MeO
9b

12bb, 98% (24 h)

[a] TESOTf was used instead of TMSOTH.

BIWE JEET VT REFEFIET VT B FE O KIS EIRERST

IS T LT R4 b OB AL, T L2 R0T U S T L ORI S E T
WL B JEEFAS AN S 4172 (Scheme 3-2-3, eq. 1), EMAfE 7 /L7 & R(10aor 100)2 51X B ) = A
SR (F) D AT % AU RIE R REUS IS X 5 BUSHEIZIE < | KIREE CIRIAIE T L7 b R AL
T5, —Ji. 7 F(29aand 29b)iF B Y Y= AMICIIER SR, 2R ORISHEEFIA T
. FERET VT b RRIRRREEEAN TR L 2D, T720b, FEBET VT B FOb) & IE
7 V7 R(10a)0 1%t 1IRAWIC 2,2°-bipyridyl, TESOTf & 1,35-h U A hF R %IER
TIN5 &, 9b ISR SREZFEAN B A ST 11b AR 95% CTHARL T 2 & [AIIFIC 10a 13 5UEF &
LTl S 472 (eq. 2, top)e 7 UV R U AF T o THIENIETY V7 & F(10a)fF F 5 EHFBET v
7 & ROb)DSEIRAT LG L, 12n 2% 95% Cf5F HaL7=(eq. 2, bottom), & H1Z, [Al—4r F-INIZ &R
TAFE RERRIIET VT e RASHEET 5 HE00) TIX. BRI T L7 B NEBML R Lo £
FET VT b RENLOBMEFEM S - Ry A R — sk kT 52 LN Tx7
(6q. 3) W= FPICHEIRT LT & K& P AFEOIE Or Th, 135-bU A b ~vbr
INBEBEET LT b RIORIRANCESS LT 1r DE—0ERm L LTEbNT-(eq. 4), 728, 7~
LA~ DREERIER S Y Vx ) 5 — b~ £ ORIBUSIZBI S Lz o1,
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Scheme 3-2-3

OMe
or /\/TMS
MeO OMe
(2 equiv.)
aliphatic aldehyde 2,2'-bipyridyl (3 equiv.) .
or N > no reaction (eq. 1)
ketone CH,Clp, 0°C (SM was recovered)

then SiOTf (2 equiv.)

aliphatic aldehyde or ketone
CHO (0]

_CHO O/ b j\Ph

! n-CoHig

Aromatic aldehyde-selective nucleophilic addition of arene and aIIyIs:Iane

TESO
Ar = 1,3,5-(MeO)3C6H2
CHO
Ar-H (2 equiv.)
— 11b, 95% (30 min.)
MeO ) . 84% of 10a was recovered.
9b SiOTf (4 equiv.)
2,2"-bipyridyl (6 equiv.) TMSO Me
+
_CHO CH.Cly, 0°C, 30 min. M (eq. 2)
n-CoHqg”™
10a (2 equiv.)
12n 95% (3 h)
86% of 10a was recovered.
TESO
Ar-H (2 equiv.)
2,2"-bipyridyl (6 equiv.)
(eq. 3)
CHO 9q then TESOTf (4 equiv.) CHO 11q,86% (1 h)
TESO

CHO
Ar-H (2 equiv.)
2,2"-bipyridyl (6 equiv. )
(eq. 4)
or then TESOTf 4 equiv.) 11r, 76% (24 h)
(0]

FBHIE XUV IN—T IVRBRERDOERRESHIK )G

B B B IR LIEARICE R VTR T D WF285E Tk, XU DU EHL L7258 ks
BN =k v & Y FeCls iAFAE TASIZHBEL CTTMSNs, 7 ULy T D WNET L—
ZOREAM L LIm@BHNENET T2 2 L 2HE LTS, B8 o oISEIGHLTE Y V=
U LR LR T 5 RBEFEAKSTHONLE I ind i z—7 LORREE
RERE A & Wit L 7= (Scheme 3-2-4), 4-E R X A F AR XT )T K9s)&HE L LT
2,2’-bipyridyl & TESOTf F/EF 1,35-h U A hF IRV U EIRINT D&, BEET VT B RIER
BIZT L= DAL T, 5§k &5 R DAL DO KERFEDN ) AR S b EW(11s) 3
IR CARK LTz, 3% FeCla il 1 > R— /L TR 2 L. I FINOFE ko U Ea2E27R
DT ERLE M I IEDOLNA U R Y VIIREMNICER T, 3 FAD R 5 F5HFERN
BAINTE NI T Y= A B0 87T% TEMI NI, LT N U T U —/L A K U FHEIR(E0a)
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IHEREMER B O AR ER & L CTHHTH D, 52T TMSN; % KEEFE & L7-554 . FeCls filt 1) B HE
IS X0 KT B 2T 2 F(30b)23 86% DR TR LT, 95 & T VLT T VDK
JETRLNDHRET VAT NN a—(128)DOHETEH, H XL TMS =— 7 V&R LI- &
FH MRV TMS m—7 VO AP BEEL S LTEix, 7Y MEBSIER < #{TL72(30c &
J)s

Scheme 3-2-4
O NH
¥
Ar = 2,4,6-(Me0)3;CgH, indole (3 equiv.)
TESO FeCls (9 mol %) Ar
Ar-H (2 equiv.) A CH,Cl,, rt
2,2"-bipyridyl (6 equiv.) OTES
CH,Cl,, 0 °C 30a, 87% (2 h)
then TESOTT (4 equiv.) OTES TMSN; (1.1 equiv.) N3
1s,87% (2h) | oo (5 mol %)
CHO [gram scale] 3 ) Ar
CH,Cly, rt
OTES
OH 9s 30b, 86% (1 h)
A~ TMS . TMSO N
Z (2 equiv.) TMSN; (1.1 equiv.) 3
2,2-bipyridy! (6 equiv.) allyl| FeCls (5 mol %) allyl
CH,Cl,, 0°C CH,Cly, 1t
then TMSOT( (4 equiv.) OTMS OTMS
12s, 87% (24 h) 30c, 73% (2 h)
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BEE O FBRETNAVT E FERAAEILT VY R—V s

WS TR LIRS, HERET LT B R E SIOTE 38 X O 2,2°-bipyridyl 72542895 °
U Y=g MEE)DISHERE L, 7T L= T7 Uy T VKRR & RS OGT 5, Lo LB
TATE RO IN D B =0 AEFRERF) CIIREBHREPETT 52 el Bk
NEIL SN D (=23 % 5IUHE, Scheme3-2-3), 26D U =17 Atk A DR H 72 U
PEZFI LT, TR FTATE RO L= U ) 5 — M) &skigfE & Lzmil 7L F—
IVESICHRER LTz, H/EET AT e RICkd 5 13 2R L LS T, At 7v5 e R
Fm FFO T2 ORISR N 72 & ORISGOMHENIIREE CH 5 (5 =% F—H % T, Scheme 3-1-
11), LN LEFET LT E ROMOLFE LYY D=y AEFRERE)ICT U LT ) 77— F(A3)H
REZES U CAERT DB V7 e RiE, RISERPICEREICAET 2 8 O UFFEAR E SIoT 2
HEY =0 AEGIIESICEBEIN D IETTH 5, IBIHET VT & RIZE-S< I G T,
13 72 EOREREOKEIZK L TARIEETH S7280, WIS HEITT 5 Z &2 < KLBET g-vm
X UTT b RIFERLA)ICEBR SN D b D LB X 55 (Scheme 3-3-1),

Scheme 3-3-1
X
R ~
Sio - Sio Si0 Si0 -
N OTf OTf )
SiOTf P 213 * H,0 OSi
A~ CHO AL VY, N| N _>) Ar)\)\N X |— )\/CHO
_ | P Ar
9 E G 14

R R

B RISHRMOREL

FFTMS =/ — L —F 1 (13a)Z R & L7ZmIUT7T v R— /AR BIT 2 80 OV iFEko
B Z Mt Liz(Table 3-3-1), Y7 2R A X 1 0°C T4-A FF I R_UXT LT FOb) & T &
U CHEZ M AT 2 480 TMSOT Z i1 %, 30 /0% 13a(2 Y &) Z I L72fER. B -+
o X7 ATE F4ba)lZg b, REaf7T L7 b R@lba) s EAERM L LTHELILE S DD
W TdHh-o7=(entry 1), TMSOTF L 23 YU EDOE Y Y DMAP H DWW 2-E 2 &L T
b SO THEST L7 Do 7= b3 (entries 2-4), 2,6-LF TR0 2,4,6-21 V) ¥ Tl 14ba BZEILZE I 57%%
F OV 45%DINETE SN~ (entries5and 6), S HIZ 2-7 = =/LE Y 20X 2,2 -bipyridyl 2 V5 &
FOSZhENZE L <M LT, 1dba 23 EINE T S 7z (entries 7 and 8), L 2> L 2,4-bipyridyl <°% =
W7 I HOERITIR, BROT IV R —/VOS1T4 < #1T L 722> 7= (entries 9-13),
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Table 3-3-1

TMSO
TMSOTF (2 equiv.) / 13a OoTMS
CHO__ base(Bequiv) _ _(2equiv) _ CHO x_CHO
/©/ CH,Cl,, 0°C oh /@/l\/ . /@/\/
MeO 30 min. then H,O MeO MeO
9 14ba 31ba
yield (%)%
entry base
9b 14ba 31ba
1 — 6 0 48
2 pyridine 98 0 0
3 DMAP 99 0 0
4 2-picoline 97 1 0
5 2,6-lutidine 40 57 0
6 2,4,6-collidine 46 45 0
7 2-phenylpyridine 2 94 0
8 2,2’-bipyridyl 4 98 (90)® 0
9 2,4’-bipyridyl 90 0 0
10 EtsN 96 0 0
11 DIPEA 85 0 0
12 DABCO 95 0 0
13 NMM 89 0 0

[a] The yield was determined by *H NMR using 1,2-methylenedioxybenzene as an internal standard.
[b] Isolated yield.

EtsN = triethylamine, DIPEA = N,N-diisopropylethylamine, DABCO = 1,4-diazabicyclo[2.2.2]octane,
NMM = N-methylmorpholine N-oxide.

2,2°-bipyridyl fF1E T, ¥ U ILRA AfEZ TSI L7220 & ROSIE 4 < #17 L 72\ (Table 3-3-2, entry
1), TMSOTf % 2 &, 2,2’-bipyridyl 2 3 M &EWRMNT 5 & HHYD 14ba 23 HEEIER 90% TH H i1
23(entry 2), FAFEDREIT,EV 14ba DYLFILK T L 7= (entries 3 and 4), TMSOTf (21X 2 T TMSCI,
TMSBr & % WNE TMSI 2RI L T8 OSIEa < #1T L 72V (entries 5-7), ¥, U=/ 77—k
13a DIRINEZ 2 BE)ND 1 BEIZT 5 & RISERITRIEIRT LT, 12 B #E L TH IS5
T 40% D JFEH9b) 2357 A L 7= (entries 2 vs 8),
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Table 3-3-2

TMSO

Lewis acid (X equiv.) / 13a OTMS
CHO 2.2-bipyridyl (Y equiv) (2 equiv.) CHO x_-CHO
/©/ CH,Clp, 0°C 2h + /@A/
MeO 30 min. then H,O MeO MeO
9b 14ba 31ba

yield (%)%

entry  Lewis acid X Y
9b 1l4ba 31ba

1 — — 3 95 0 0

2 TMSOTf 2 3 4 96 (90)®1 0

3 TMSOTf 1 15 22 70 0

4 TMSOTf 0.2 0.3 82 12 0

5 TMSCI 2 3 78 0 0

6 TMSBr 2 3 86 0 0

7 TMSI 2 3 89 0 0

8l TMSOTf 2 3 400} 5701 0

[a] The yield was determined by *H NMR using 1,2-methylenedioxybenzene as an internal standard.

[b] Isolated yield.

[c] 1 equiv. of 13a was used and reaction was carried out for 12 h.

CORIGEHITIEDTDOEEEE LTIy 7 am A X 0% LT Y (Table 3-3-3, entry 1), &
runx B by BB FIL, PF Lo —F )0 HME THE T CIE, 14ba DOIURMME
T URCBF2NFAF L 7= (entries 2-6), 7eds, 7 & b=~ U LH CIIRUS I EBHEIZHETT L 72 (entries 5-7),
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Table 3-3-3

TMSO
TMSOTf (2 equiv.) / 13a OTMS
CHO 2:2-bipyridyl B equiv.) (2 equiv.) CHO x_-CHO
/©/ solvent, 0 °C - 2h o + /@A/
MeO 30 min. then H,O MeO MeO
9b 14ba 31ba
yield (%)%
entry solvent
9b 1l4ba 31ba
1 CH:ClI2 0 96 (90)[! 0
2 (CH2CI): 23 77 0
3 toluene 18 77 0
4 EtOAC 8 69 0
5 Et,0 27 52 0
6 THF 34 51 0
7 CHsCN 9 8 0

[a] The yield was determined by *H NMR using 1,2-methylenedioxybenzene as an internal standard.
[b] Isolated yield.
EtOAcC = ethyl acetate, Et,O = diethyl ether.

BT RHRT VTR FEFBRRT VT e FORISERME:

W H O O HTRLETL—oRRT U AY T AR E LIRS SRR, T —
L(10a)°T 7 B ~F LT VT B R(10b)72 EOEMIET VT v R HWIRY Y 7 = 7 2 (29b) %
HEELEGAIZIE. T2 M T AT e ROLRR LV U v ) T — N(13a) DRSS 38T
I IFEF EL S 4172 (Scheme 3-3-2,eq. 1), 723, 7 N7 =/ )IIxIST AU LT ) T —

M9 STz, ZORIGEEFIAT 2 & lBET VT & RIEE T BT VT & RER
NSRS AN AREL 2D b D EE X, 4-A FF XU XT LT b K(9b) & T 45—/ (10a) D
1 %5 1IRA W % 2,2-bipyridyl & TMSOTF 77 F TMS = / —/L=—F /1(13a) TALFL§ 5 & | 9b &R
B LT L R—=/VSAHESIT L B-2 a2 7 L7 b R 14ba 30 97% C& b v, JEE T V7
b R 10a (FFEEHENY =7z (eq. 2), T DALFEIRMEIT, TMS X D EEn v U L2 RD TES =/
Z— hF(13b)X° TBS =/ 77— 1(13c) Z#REM L L THRERIZHEI L, ZNENRIET D - ek
7 VT B F(14bb and 14bc) 3N ERIC S D7z (egqs 3and 4), S B2, [l FNICHEEET VT
b REFEMIRT V7 & R AET 2B (9g) Tl VIR T V7 & RELARZR 5 2 L7 < &K
TIVT e REALD BB IS LTe T v R—= AR (149a) & 62% DILEE TH % T & 72(eq. 5).
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Scheme 3-3-2

TMSO
TMSOTT (2 equiv.) / 13a
aliphatic aldehyde 2,2"-bipyridyl (3 equiv.) (2 equiv.)
or S — » No reaction (eq.1)
ketone CH,Cl,, 0 °C, 30 min. 2h
then H,O
 aliphatic aldehyde or ketone '
CHO CHO O 0} TMSO '
X Je A
Ph Me Ph Ph Ph
; 10a 10b 29a 29b 29a'; 75% H
+ (95% recovered) _ (95% recovered) (25% recovered) (90%recovered) ;
Chemoselective mukaiyama aldol reaction
TMSO
) TMSO
CHO TMSOT( (4 equiv.) / 13a
H CHO  2.2-bipyridyl (6 equiv.) (2 equiv,) _
+ n-CoHsg” — (eq.2)
99 CH,Cl,, 0 °C, 30 min.
MeO th H o MeO
9b 10a en Mz 14ba, 97%
95% of 10a was recovered.
TESO
. TESO
TESOTTf (4 equiv.) / 13b
CHO CHo 2.2-bipyridyl (6 equiv.) (2 equiv. )
+ n-CoHyg” — (eq.3)
CH,Cl,, 0 °C, 30 min.
MeO then H O MeO
9b 10a 2 14bb, 90%
87% of 10a was recovered.
TBSO
TBSO
TBSOTTf (4 equiv.) / 13c
CHO CHo 2.2-bipyridyl (6 equiv.) (2 equiv.)
+ n-CgH1g/ . > > (eq4)
CH,Cl,, 0 °C, 30 min.
MeO th H 0
9b 10a en 14bc, 93%
97% of 10a was recovered.
CHO  TMSOTf (4 equiv.) / 13a CHO
2,2'-bipyridyl (6 equiv.) (2 equiv.)
> (eq.5)
CH,Cl,, 0 °C, 30 min. 4n
then H,O

cHO 14qa, 62%

B=IH

FISHZNTOE Y Y=o AETRMEOABIIEY 7 oo A% T 1HNMR ZHIE L TH B,
\Z L7=(Figure 3-3-1), Chart A |[ZHE D 4- 2 FF T XU X7 LT RO MHNMR A7 KL THD |
TATE RO T ke —7(9.87 ppm) B FFEIThH 5, F7=, Chart B 1T 2,2’-bipyridyl &
TMSOTf DIEAH D *tHNMR A~X7 KL THh 5, 2,2°-bipyridyl & TMSOTf OFIIC LY 7 o7 e K
DE—ZFHEKLL.NO-TE X — D71 v —27(7.70 ppm) 3 #i£2 X i7-(Chart C), ZiLiZ TMS
T/ 77— hML3a)EMATH, 9b LT /v R— /LK (14ba, Chart F)O T LT & RO7'm b B—7

LB ENT T AT VARG TH L THEUA G D N,O-T7 & & — /LIZFHER 72 B — 7 75 6.56
ppm & 6.84 ppm (2B X 4172 (Chart D), & HIC/KTUELT 5 LA 14a DT LT B ROE—7 R
9.76 ppm (ZFEH1 9~ 5 (Chart E),

HNMR (2 LB Y Y= v AT EEROREERR
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Figure 3-3-1
Chart A: 'H NMR of 4-methoxybenzaldehyde (9b)

9.87 ppm (aldehyde) CHO
/ o
J MeO ﬂ

9b JJL
J .

Chart B: *H NMR of crude mixture of 2,2’-bipyridyl and TMSOTf

4
o
N +  TMSOTf
(0.225 mmol)  (0.15 mmol) j
1

Chart C: 'H NMR of crude product before work up

TMSO

TMSOTf (2 equiv.)
2,2'-bipyridyl (3 equiv.)

9b
CD,Cly, 0°C, 30 min

7.70 ppm (N,O-acetal, brs)
I

Chart D: *H NMR of crude product before work up (after addition of 13a)

OTMS  [tMsO  OTMS

TMSOTF (2 equiv.) / 13a Ar)\/)\+

2,2"-bipyridyl (3 equiv.) (2 equiv.) H N\ /

9b

CD,Cly, 0 °C, 30 min

N= "oTf

G \/i

6.56, 6.84 ppm
(N,O-actal)

Chart E: *H NMR of crude product after aqueous work up of Chart

9.76 ppm (aldehyde)
g I w
\ | n

Chart F: *H NMR of an isolated product (14ba)
OTMS
CHO

14ba
MeO I M
| J
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.9 9.7 9.5 9.3 9.1 8.9 8.7 85 8.3 8.1 79 7.7 75 73 71 6.9 6.7 6.5 6.3 6.1 5.9 5.7 5.5 53
X : parts per Million : 1H

51
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9b. 2,2’-bipyridyl 3 £ T TMSOTF DIRAIRIFIC 13a ZERIN4 5 L AT 2 SO H AR D BC NMR
AR MVERET S &L BB 9 ICHKT AT LT B RiRED E— 2 (190.6 ppm) I LHEiR S 9,
N,O-7& & —/L Dt —7 5 2 A(89.8 and 89.1 ppm)@iiHl] = #17 (Figure 3-3-2, Chart G), = OISR
ZIKALEES 5 & I HNMR OFE R & R N,O-7 & Z — /L B — 7 135 L, 7V R — LR (14ba)
DT LT RE—27 PR S 7= (ChartH, 201.6 ppm)., 7233, £ D =7 A HEHA(G)D N,O-7
X —)UZHkT 57 m b B —7(6.56 and 6.84 ppm; Chart D) & 7 —7R > & — 7 (89.8 and 89.1 ppm;
Chart G) I 1 BIfE72 HMQC AHRIASZR & 7= (Figure 3-3-4),

Figure 3-3-2

Chart G: 3C NMR of crude product before work up (after addition of 13a)

OTMS  [tMsO  OTMS
. = + /=
TMSOTF (2 equiv.) 13a

2,2bipyridyl (3 equiv.) (2 equiv.) | A" H N 7
9 . -
CD,Cly, 0 °C, 30 min N= "¢
G \ /

89.8, 89.1 ppm (N,O-a¢tal)

|

nnnnnnnn

il

Chart H: **C NMR of crude product| after work up of Chart G

201.6 ppm (aldehyde)

-

; ; ; ; ; T T ; ; T ; T T T T T T T T T T
[210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.9
: parts per Million : 13C
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Figure 3-3-3

/©/CHO
MeO 9b

13C NMR (125 MHz, CD:Cly): 6 190.6, 164.7, 131.8, 130.1, 114.3, 55.7.

MeO

OTMS
CHO

14ba

13C NMR (125 MHz, CD:Cly): 6 201.6, 159.4, 136.1, 127.3, 114.0, 70.2, 55.5, 54.1, -0.1.

Figure 3-3-4
<]
g
|
2
231
S
<] 6.84 ppm 6.56 ppm
TMSO
Ar
=3
s
(0]
G ©
H
o
©
m :
A A
| AAN A 7t 17 1
o
3V
0]
©
9 e}
2 K=}
E ©
3 %
23] -
£9 =
g
> T T T T T T
6.9 6.8 6.7 6.6 6.5 6.4 0 0.02 0.04 0.06 0.08 0.1
X : parts per Million : 1H fabundance
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Il T V7 & KTl 5T 71—/ (10a; Figure 3-3-5, Chart 1)ix TMSOTf & 2,2>-bipyridyl |2 T
T2 vy AEFRIKRE)NCESE IS (Chart)), ZHix 10a D7 LT e R7a ko e—7
(9.72 ppm)723{HL LT, 6.72ppm (2 N,O-T ¥ X — D7 m b E—7 BEHISND Z LB 5 H
ThD, LNLZORIGNKRIZ 18a Z iR L TH O NO-T & — /=27 13% O F £kFFS L7 (Chart
K), &OITKLEES S &0 5B 10a RO T VT & FE—27(9.72 ppm)AEITES LD 2 & bR &
U7z (Chart L),

Figure 3-3-5
Chart I: *H NMR of decanal (10a)

9.72 ppm (aldehyde) n-CgH1g/CHO
g - A_Jt_J_A
Ai il 1 M

Chart J: *H NMR of crude product before work up

TMSO

TMSOTf (2 equiv.)
2,2'-bipyridyl (3 equiv.)
10a -
CD,Cly, 0 °C, 30 min

6.72 ppm (N,O-actal)

1 | N

Chart K: *H NMR of crude product before work up (after addition of 13a)

TMSO

TMSO )
TMSOTF (2 equiv.) Z 13a TMSO
2,2'-bipyridyl (3 equiv.) (2 equiv.) CHO

10a —— n_CgHw)\/
CD,Cly, 0 °C, 30 min 3h not obtained

OTMS

Z 13a

A
n | | W MA )

Chart L: *H NMR of crude product after work up of Chard K

9.72 ppm (aldehyde)

J/wML uuﬂmlA_MJ

T T T T T T
6.0 5.0 4.0 3.0 20 10

: parts per Million : 1H
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HNMR FEBRO#EF % £ & 8 5 (Scheme 3-3-3), TMSOTf TiEM b S = K& T VT v K LB
7 7 ' Rix, 2,2-bipyridyl OREAHINZ 52T THEHRAE and F)ICZE# S5, ElFT Y L=
/7 —hF18a ERIGEL T T AT VARG THLHE Y V=7 AEHFRUIRG) AR L., S 5
KOGFRIZ LY p->ax o7 T Rdba)lcE# s b, FA F X 13a &EIST 5 2 &id <,
AAFRIZ LY 10a BEITLIND, N VUIMIRBIIHE G LT Y D=0 AL, X2 P VALIZHE
B LARWERREFIZHEES L TOWAHE L L TEWBBHEZ R tE 265, RBE—H
Table 3-3-1 [Z/R L7RIC, B U U U BRERIR T fH O SRR E D SRR & OSUGHEIC K& < 2
D03, EOFEAILIA LT/ - TV,

Scheme 3-3-3
B ] TMSO  OTMS
L —
TMSOTf Ar N
CHO  22-bipyridyl H '\ /|Ho0 T™MSO
— = — = )\/CHO
9.87 ppm CD,Cl,, 0°C N=( o1 Ar
MeO 9.76 ppm
e \ 7/ 14ba
6.56, 6.84 ppm
(diastereo mixture)
Ar = 2,4,6-(MeQ)3;CgH, G
TMSO
TMSO
A 13 L _crHo
TMSOTf ——%—>| n-CoHig
_CHO 2,2"-bipyridyl _
n-CgHyqg —_— not obtained
10a 9.72 ppm CDQC|2, o°C

H,O
——» 10a was recovered.

WE FEHERTALTE REPU AT 5— NORIGIZBIT 38 A

TENTATE Rpbfflsis v v ) T — M13a) & RiEFE & Lizmil 7 v R— V&SI,
K& I BHEBET VT B RO T& % (Table 3-3-4), X X7 /LT b ROBEEFER 4 (IS ERE
BEFL2NEHA L 7= HE (9, 9d-9f, ) S5 - a3 7 /LF b NikiE{K(14aa, 14da-14fa, 14ta)
IR AR LTz, £72 A KB EZ R DR U L EE TR L 7= 25 (9u and 9h) & W T
b, BRESND Z &7 T = VRO ST L 72 (14uaand 14ha DA RK), = b e oo 7 /%
BN LB RERTERET VT E RQcand V)X, ®Gd 2 - ax 707 b RifiEk(14ca
and 14va)|Z TR DULRTEM I L7z, FHEER IS LIX2 (LI A MR ENER LN T
VT e REE9) and 9K) B RIBRICEUE Uy BROSTEILE RBEED BN EIZ L 5582 3 L A 2T 720
ZEMHIB M E o7z (14)a and 14ka D), S HIT, FEET LT B RFFEROWRT 7 T
T AV R AR ERELREEFRERRT LT b FOx-92)b. @iILER T LAY (14wa-142)
B ST,

-53-



Table 3-3-4

TMSO
TMSOTTf (2 equiv.) / 13a OTMS
A NCHO 2,2"-bipyridyl (3 equiv.) - (2 equiv.) - CHO
' CH,Cl,, 0 °C, 30 min. then H,0  Ar AT
9 (n=0,1) 14
oTMS OTMS oTMS
CHO MeO CHO CHO
R OMe
R = H; 14aa, 92% (2.5 h) BnO; 14ua, 97% (4.5h) 14ja, 93% (2 h) 14ka, 99% (2 h)
Cl; 14da, 89% (2 h) TBSO; 14ha, 91% (4.5 h) OTMS
Br; 14ea, 95% (3 h) NO,; 14ca, 68% (8 h) CHO
Ph; 14fa, 99% (2h) CN: 14va, 45% (24 h) N
PhM ; 14ta, quant. (3.5 h) MeO

14wa, 99% (2 h)

OTMS OTMS OTMS
<oj)\/CHO @A/CHO Qj)\/CHO QYCHO
\ | \ | y | 3 |

/
14xa, quant. 2 h)  14ya, quant. (2 h) TMS 14za, 83% (2 h)@l \ substrate 9z

[a] The reaction was performed using 2,2’-bipyridyl (6 equiv.) and TMSOTTf (4 equiv.).
Bn = benzyl

GWNT, IBEIRT VT e Rbil L= U v ) 5 — h(13) D3 F #iPH A 545 L 7= (Table 3-3-5),
ZOMEHT4-A RFIR_RUXT AT R ROb)ZEEE LT, WINT52 Vv 8 75—k &REEFR
DYINE ) T—=FDOVINVEER—OLOE L TE Lz, ZORE, TES F&X° TBS JENE#
L7z2 U= /55— 13b and 13c) T, 75 f-2 a7 /5 b RE#EK(14bb and 14bc) A3
FINFEN % L NIBUDINR TR LT, 7 a~F I AT AT E RbFfflanss iz /
7 — NA3d)D B IEERIRAE R (14bd) BN EEINCH D TZ, S BT, BALICHEA IeEBEE N EA S

Table 3-3-5
CHO SiOTf (2 equiv.)
2,2"-bipyridyl (3 equiv.) silyl enolate (2 equiv.)
» product (14)
CH,Cl,, 0 °C, 30 min. then HyO
OTBS
= TMS; 14ba, 96% (2 h) | Z
osi TES; 14bb, 97% (3 h)! 13d
/ 13a-c TBS; 14bc, 98% (6 h)l 14bd, quant. (5 h)9
oTBS R (2)-Me; 14be, 92%, anti:syn = 98:2 (2 h) OTMS

(2)-n-CgH47; 14bf, 87%, anti:syn = 87:13 (2 h)ll X oHo
(2)-Ph; 14bg, 85%, anti:syn = 80:20 (24 h) MeO Me Me
-Ph: ' 689 i =15: [c]
oTBS (E)-Ph; 14bg’, 68%, anti:syn = 15:85 (24 h) 14bj, 71%, dr = 50:50 (2 h)E!
<R"«A) > (2)-Bn; 14bh, 74%, anti:syn = 88:12 (2.5 h)l9 Me
P
13e-13i (2)-OBn; 14bi, 33%, anti:syn = 83:17 (24 h)l&d <Me/\)\/OTMS>
13j

[a] TMSOTT was used. [b] TESOTf was used. [c] TBSOTf was used. [d] 59% of 9b was recovered.
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7T ) T— hA3e-13) 2 L 72 3& i, T b a-Ef-p-u T 7T b B E
(14be-14bi) B EUMERTHER LTc, VT AT LAERRMEZSGET 2 LEITH L6 DD, (2)-> ) v=x )
F— F BT anti (K23, (E)- U v/ T— RinDIE syn (RBMESE L CART D 2 & LIS D0
7-(14bg & 14bg’DLL#R), X512, Y= Mov Y vx ) T— M3 KR L LI-5HE az)m;
IXRAFICHEIT L, 6->a % v f-REFT LT & RUAb))Z IR T1% THKT 5 Z LN TE T,

REB, o-BH-p- X T T B RIFEERONAEEIL, A Y7 r e ) T oR#E L BT RO
NMR OfEFR M HIRE L7 (Scheme 3-3-6), 12 4726 -7 = =/L-B-2BXTTNATE ROTUT
AT L AIRA(14bg/14bg’, antisyn = 66:34) 2 /K FE kAR 7 FEF MU 7 A(NaBHs) TiEoL LT, %fIsd
57 v a—(32 and 32°) % T NZEH 50% & 25% DI R THEERERL L 7=, T, 7 v{bT hF-
n-7F /N7 o E=17 L(TBAF)T TBS & TifR# L (33 or 33D EAK). 1,3-UA—Lfiiax A V71
YT UREL TEEY 34 & 3O(HWIZY T AT LA~—)2 Ak LTz, L&Y 34(H 5 i 34°)
D " ODARFIRFE EDKFEI T (Hax and Heg) D A B FEA TSR ) & nOe B8E 2 & L (S RALE &

RE LT,

Scheme 3-3-6
MeO OMe
Madie e e
O (0] (2 equiv.) HO oH
: PPTS (10 mol%) :
Ph CH.Cl,, rt, 2 h Ph
MeO
34, 95% 33, 92%
ax ax — 1(;) 9 Hz . (2 eqUiv.)
e THF, 1t, 1 h
r = 4-(MeO)CgH
( o TBSO OH
Ph
CHO | NaBH, (5 equiv.) 32, 50%
Ph 5 > +
MeOH, 0°C, 3 h
Me® TBSO OH
14bg/14bg' mixture
(anti:syn = 66:34)
Ph
MeO
32', 25%
MeO><OMe TBAF (2 equiv.)
Me_ Me Me” “Me THF, rt, 1h
O (o) (2 equiv.) HO oH
He Me_ PPTS (10 mol%)
Ph CH.Cly, rt, 4 h L
MeO
34' 95% ——
) 0
Jax, eq = 3.4 Hz
strong nOe

TBAF = tetra-n-butylammonium fluoride, PPTS = pyridinium para-toluenesulfonate.
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BHE ARSEREHY URY MESRSG

FEBET VT RO Y V=g MEHRREZRE T2 L7T LV = AVRISIZEBWT, A e L
TRETDIEMET VT B KE 2,2 -bipyridyl 22D S Y =7 AEHRRIEG)IZV U L=
J 77— A3 EUGTHZ LR, KT ZUFTHE p-vux 7T b RaBER 14ba A AL
T 5, ZOFRKRG)ITH LT, 13a £ 0 REMENEWREE SOSTUE, KRB HRSE 25T 5
LR IERIROG~E BT E 2 & B 2 70, FERIS, TRIERG)2 AR L 7o B Tl KREZFE T H
% TMSCN, TMSN; &5\ L7 U LA | ‘/ﬁ;@ixwv%@%bwé &L xRT D 13-V A — VB ER
(15a-15¢) 28 B 4T 72 I3 T B 417 (Scheme 3-3-7), £72, w1/ = MU L& REME & L2 RS Tl
Knoevenagel SIS 23EST LT, AET VLT b3 — LiEERASA) D T7%DULE THERK LTz, &K
7T B K(Ob), TMSOTFIZHkd 5 U LE, TMS =/ T — h(13a) & RERIEKD 4 )13 A& L
THEY., BECERERMESNZARWAS)Z TV Ry P TERTE %, 2B, 13-4 — L E DLk
Bl & ZBEEN L A4 O SCHRIE & O L TIRGE L7z, 12

Scheme 3-3-7

TMSO TMSO  OTMS
TMSOTTf (2 equiv.) / 13a

. nucleophile
2.2-bipyridyl (3 equiv) _ (2 equiv) )\/k e
~CHO > M» product (15)
Ar op  CH:2Cl 0°C, 30 min.

Ar = 2,4,6-(Me0)3CGH2

TMSO  OTMS TMSO  OTMS TMSO  OH TMSO
= = CN
Ar/\)\CN Ar/\)\N3 /\)\allyl Ar)\/\/
15a, 86% 15b, 42% 15¢, 94% CN
dr = 60:40 (28 h) dr = 67:33 (24 h) dr = 64:36 (6 h) 15d, 77% (12 h)
(TmscN ) (TMSN; ) (aly-Bpin ) (NC_cN)

[a] 2 equiv. of allyl-Bpin was used.

ANE MR RSHIE

Y U=y AMERRRERE TS, HFEET VT b RERWEIL T L RV S O HEE RO
% LU IZ7R$(Scheme 3-3-8, top), A&7 /L7 b R(9). SIOTE 3 X O 2,2°-bipyridyl 2> S5TER S5
WAHREERE)NCKT LT Y v= ) T — MBS T HERET, —H g-vmx 77 b RLA)ITE
WMENTE Y V= AT RIEG) AL U 58K (path a) & . /LRI F 4 o PREXIDR 2,2
bipyridyl :ﬁ%éhéﬁﬁﬁ“ﬁﬂ(path byREx b, 2B, FEET VT E RITRA T AT LT
T2 —(16a) & FE & L7-A1C ., Scheme 3-3-7 & [RIBRIC 4 A4y 1E 45 S 251 79 5 (Scheme 3-
3-8, bottom), 7 m o A ¥ /EP 0 °C T TMSOTf & 2,2’-bipyridyl (2L 0 vV = AENAER LT
#%. TES T / 7 — 1 (14b) & TMSCN ZiEfse L CHRINT 5 & TMS RSN/ 7 / & KU ViFElR
GBE)NHE DA E LTE LN, TES =—T7 @) I Bl &N/ oT=, BRI F A
>R XVIBE R 35 path b Tix, TES =/ 77— F(13b)ICHKET 5 TES FEVE A S N7 fEy
@E)RHEOLNDITT THDH, Lind> T, path a Z#RH T 5 KRR R S vz, HEKRT
T B REHRIENIL T L R— VG T, g-ra X 77 e RAA)IXEHFM PR E L TAERT
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%o LML, ZOETIERNICHAFTT 5 SIOTE & 2,2°-bipyridyl OERH CRIEEIZ SSPEIMENE Y
Voo AMEFRRRGICER I DD, U T ) T — A3 DiEEISH NN ERE SN D,

Scheme 3-3-8
Proposed mechanism .
SioTt S),O SiO Si0  OSi
Ar/CHO 2,2"-bipyridyl Z 13 cHO
9 then H,O | Ar 14 Ar 15 Nu

SiOTf

2,2'-bipyridyl Nﬁzo / )
i yl [patha]  gio nucleophile

SiO OSi -
/K/CHO SioTt | orf
N X 13 2,2 -bipyridyl  Ar N| A
7
Z 6
[path b] XVIII
TESO
OMe TMSOTT (4 equiv.) / 13b  TMSCN OMe OTMS OMe OTES
)\ 2,2"-bipyridyl (6 equiv.) (2 equiv.) (5 equiv.) z =
Ph” OMe . —»———»———> Ph CN Ph CN
16a CHZClz, 0 °C, 30 min. 2h 24h 35,81%, dr =60:40 | 35"; not obtained

BEE I uXTTATFE RORVIANY Y LT—FT L OERELEKG

FHEBET VT B RERPmLT LV R—AVRIS TR LI g->r %2707 b FH(14ba and 15a)
(T, RV R n R NS H 0T, IR F I B L [FRR I SRR A SR &
FOGRe281 12 K 2 B RIS WA A ATRE C & 5 (Scheme 3-3-9), 14ba DX LAY 1 3 3 BT FeBrs %D
FeCls fitiit Toh=R B < IHMEAL 41, TMSNs°7 UL b U A F Lo T o % sREGHE & L?‘:%Tﬁ&}iﬁf\ z
0. 7Y REB6a)R°T U LH(36b) 7N BAFRIGR TEAIN D, 15a #HE & L7oHaITid. A%W
Aﬁﬁéh%ﬁTMSi~7w%y7/%%%%btii\m/yw&vm%vﬁmﬁ%TyF
A HA T & 72(36C DAR).

Scheme 3-3-9

TMSN3; (1.1 equiv.)
FeBrz (10 mol%)
OTMS CH,Cly, rt, 30 min.
36a, 88%
allylITMS (1.5 equiv.) allyl
MeO FeCls (5 mol%)
14ba (gram scale; 97%) >
(CH2C|)2 rt, 1h

36b, 69%
TMSO  OTMS  TMSN; (1.1 equiv.) _3 OTMS
FeBrz (10 mol%)
CH,Cly, rt, 30 min.
15a (dr = 60:40) 36¢, 79%
(dr = 63:37)
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BUE JEVRT AT e FRETT &5 —VBREICHEIT T 5 REBE ARG

R IPTE O RO 2 BIRIZHETT S T, EREEME D ER L GRT 272 DIZFIH S5 03,
O7 R - WPRFEIZ 1 © BSOS TREDOEENNCREE - I R 2 BEFEMDSRETH D, LTeh - T,
MRS D 2 &7 ARERZEHERALH T AT, AT v 7 =a )/ I —|TEN T RERA
DHEwRE LTEEND, B0 7 72— 37 LT b ROREFEEZIZ - R#EE S LTHA
ENDM., R L ORISHENENTZO T AT b RBNILET 5 &7 & — IR A 7 sREE TR DB A
TREECTH D, FEE F—H FHHTRAREX O, TEX—, SIOTf 25N E Y Uik
EPORREN LY = MERREMH) T2 2R & RT3, T L—rRT Uy J
Y. TERMNTATE RICHETHV Y L) T — R ERERE LoRERITERETHD, IHIT,
FomE E B _HTHLNE LRI, BIET VT e RICHRT D8 Y =0 LM f1fH
RITTEMEDME  SREEAMTMBORITHEIT Le v, £ 2C, IBET V7 b R T 7 & & — L& 72
KIZHE A1L(Scheme 3-4-1) OB A B L. ST 78 7 AT 8 RO LZv U v ) T — |
ZOREAL L U CRUGRI 2 I RET LT,

Scheme 3-4-1
X OSi
R B . RO RO
: O—_~‘ | N/ RO OTf Ar'-H or / )\ )\/\
CHO : i )\J' ™S Ar Ar' Ar X
alkyl” EAr)\O"‘% Ar r\@ O 17 18
10 | 16 A RO
recovered H R Ar CHO
19

B SSBOREL

RURXT VT RUAFLTBH =/ (16a) % HE L LT, /WA RO % fEt L7z (Table 3-4-
1), UrmuAX L H00C T, 3%ED 2.2 -bipyridyl & 2 &0 TMSOTF % ¥shll L T 30 23 L
7o, TMS =/ 77— F(13a)ZMA TS biZ 2 KRRk Tr = F35 L, BIIOT L R—
IV IA(19a) N EIR T Bz (entry 1), Z Dl 2,2 -bipyridyl Z 700 L 72\ & BHEC T L
(entry 2), TMSOTF 23U & JFURFS (E BRI [RIIN S 4172 (entry 3), TMSOTF & 2,2 -bipyridyl O H &
EENTNLYELE 15 YRS LTH BMOKISITER < #1T L-(entry4), UL, filfit &
(TMSOTf : 0.2 24 &, 2,2’-bipyridyl : 0.3 24 &) TIIIEsEfE 7, 46%DJFUEN AT L 7= (entry 5),
Z ORGSR 2 1A AF2IX TMSOTF 23 L T30 . TMSCI X TMSBr Tl 19a 134 < AERET
JFUEFA AU & 417= (entries 6 and 7),
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Table 3-4-1

TMSO

Lewis acid (X equiv.) Me)o\+ oTf / 13a
OMe 2,2-bipyridyl (Y equiv.) | Ph N XYY (2equiv.) MeO
Ph” NOMe  CH,Cl, 0°C,30min. | N A A 2h CHO o -CHO
16a | then H,0 19a 9a
¥z
. yield (%)
entry Lewis acid X Y
16a 19a %9a

1 TMSOTf 3 0 95 0
2 TMSOTf — complex mixture
3 — — 3 quant. 0 0
4 TMSOTf 15 6 94 0
5 TMSOTf 0.2 0.3 46 39 2
6 TMSCI 15 87 0 0
7 TMSBr 1 15 84 0 0

[a] The yield was determined by *H NMR using 1,2-methylenedioxybenzene as an internal standard.

WIZE Y ¥ U FRERDN R 2 it Liz(Table 3-4-2), YU P FEEARD 2 L& 6 MOEHIENE
ECThHY, WMEHROLEY U (entry 1)°2-E 2 U U(entry 2) TlE 13a & ST 5 2 & ida < KL
LT X — Lz 9amnERk L7, 2,6-LF Y (entry3)R° 2-7 = =/L & U ¥ (entry 4) CiZ H
BID B-A FFTTIVT E R(19a)7s BAFRIERTH B LA, 2,2°-bipyridyl O5GEITR BAIHRR <
19a 734 U 7= (entry 6),

Table 3-4-2
R @ TMSO
2 (1.5 equiv.) MeO o / 134
OMe TMSOTf (1 equiv.) Ph N[ (2equiv.) MeO
Ph” NOMe  CH,Clp, 0°C, 30 min. L 2h CHO | pCHO
16a R then H,0 19a %a
o o yield (%)%
entry Pyridine derivative
16a 19a %9a
1 pyridine 30 0 62
2 2-picoline 38 5 32
3 2,6-lutidine 11 80 4
4 2-phenylpyridine 32 67 trace
5 2,2’-bipyridyl 6 94 0

[a] Yield was determined by *H NMR using 1,2-methylenedioxybenzene as an internal standard.

LU HEE Ik % 774 (Scheme 3-4-2), X X7 L7 b R A F /LT & % —/L(16a)lZ TMSOTS

TFAET. A M VIHEOBEEA£E S 2,2’ -bipyridyl OREAHINC LY

v Y= 0 AR ERMH)ICE

axnsd, FEEENCKTTD TMS =/ 77— FA3a)DREEHSIGNZ LY f-A FFT T T K
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(19a) M3 4% L C TMSOTF & 2,2°-bipyridyl 23FE9 %, 19a O FNIZIZHT 72727 VT & RINAT
L7294 LT TMSOTE & 2,2°-bipyridyl 23EH L CElemiz e’ ) = A HRH) IS S
N, FEEEIAEVET VT e RICHET 5720, Bl Tl27=£RIC 13a OB Ik &
Ay MKGRTHULERD 19a G55,

Scheme 3-4-2
TMSO
TMSOTf
)O\Me 2,2 bipyridyl / 13a )Oie/CHo
Ph OMe 0 OC then HZO Ph
16a
TMSOTf
2,2"-bipyridyl
MeO TMSO OMe
CHO
Ph
19a
+
TMSOTf
2,2'-bipyridyl

20 V=g AEFRAMHand)IZEY 7 v A X U EREBEE L2 NMR EBRIC L Y 204
B MRS S 4u7= (Figure 3-4-1), Chart M [ZAE 16a D 'HNMR A< ML Th b, 16a DT X —)L
AF 7 m k78 5.35 ppm (B SN D, Chart N2, 16a & TMSOTF 5 & 08 2,2 -bipyridyl DiEE
WD *H NMR A7 hLE72RT, 16a D 00— T X — N AF o7 a koo —7(5.35 ppm)ik
L, NO—T7 & —/MZE M7 7 a ko B — 27 8 7.59 ppm (IZBLHl S 7=, Z DIRBIEIRIZ Y
YNz ) T—h13a WML C2BERMIMIG Lic bk ATV R—VEliER(P 7 A7 L ARAY; 19a)
OTINTE ROTr hrrv—27 38l g, 6.82ppm & 7.00 ppm 2, N,O— 7 & &% —/LIZHKF
L7 0 b =7 R3S 7= (Chart O), 7238, 9.71ppm O 7' a o B —27 X 1Ba i L7=7 &
N7V T e ROE—2 Thb, HEHEE 2K TREET 5 & ChartP (2777 THNMR A7 K LA
Boi, 747 RE—27(9.72 ppm, dd)IZHBEHER L7 19a o — 7 L —FK LT,
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Figure 3-4-1
Chart M: *H NMR of benzaldehyde dimetylacetal (16a)

OMe

©)\0Me
16a 5.35 ppm (O, O-acetal)

MM L A

Chart N: *H NMR of crude product before work up

TMSOTTf (2 equiv.)
2,2"-bipyridyl (3 equiv.)

16a ——MM >
CD,Cly, 0 °C, 30 min

7.59 ppm (N,O-acetal, brs)

n AL iR

Chart O: *H NMR of crude product before work up (after addition of 13a)

OTMS | MeO  OTMS
TMSOTf (2 equiv.) < 13a oh ”:l =
2,2'-bipyridyl (3 equiv.) (2 equiv.) H \ /
16a
CD,Cl,, 0 °C, 30 min N=( "o
H N\ /
6.82, 7.00 ppm

(N,O-actal)

9.71 ppm (acetaldehyde) ( ?
QK—JL/M\/NJML\_A | m_ﬂ_JUM—_

Chart P: 'H NMR of crude product after aqueous work up of Chart

9.72 ppm

(aldehyde of product)
S
i I O | |

X : parts per Million : 1H

OMe

CHO
Ph

19a,

'H NMR (500 MHz, CD.Cl,): § 9.72 (dd, 1H, J = 2.3, 1.8 Hz), 7.31—7.21 (m, SH), 4.62 (dd, 1H, J = 8.5, 4.0
Hz), 3.32 (s, 3H), 2.91 (ddd, 1H, J = 16.5, 8.5, 2.3 Hz), 2.64 (ddd, 1H, J = 16.5, 4.0, 1.8 Hz).

BTIE TRXZ—ILOFEAME

WITKE# 727 & 2 —)VH(16) &2 FIVWC, TMS = / 7 — hA3a) 2 skEZfE & L7=miu7 v R— V6
DFE — N Z G L7z (Table 3-4-3), BEBR 4 (LICEFHEGMED A R N EWR L2 A ERT
T 24— L(16b) DAL, T D 4-A FF - A X TT AT B RBERA90) Y 71%D IR TH
Hiviz(entry 1), 4NAIZEFRKSIMEO = h e P 27 NV EZE A L2 E/E (16¢ and 16d)7> 513 19¢
& 19d 2N E 'R L7z (entries2and 3), B HEIEEHAN AR Z) 70 i a0 RF N E L L 72 FLE (16e and

-61-



16f) 1. [RIERIC 19e & 19f (@R TEHL X 7= (entries 4 and 5), 70 T-PICHATFT DRICARLZER
TBS =— T /L b iR SN D Z L7, MILT v R— VUGS ER I HET 795 (entry 6. 199 D&
), F72. HFEERLEO3IH LIL2A0IT A b U A &2 HYE (16h and 161)1%, BT E IS
WEBINDZLRLAMETD p-A MU T LT B RHEARA9N and 19012 EEMICEH Sz
(entries 7 and 8), Z DTV R— UIEJSIE, A V7 a~r a2/ E T5RET X2 —(16))°T
HF—IVICHFKT L ATF LT X — V(16K b H TE 528, ISHERE TR, Bficid 24
IR A 22 L 72 (entries 9 and 10, 19j and 19k DEK), 7235, 4-A XX ZXT LT R HR L
EHERT X —16l)E TES =/ T — FA3b)D e bHEFT L, s d D g-7raxs 7Tt

REEER90) 75 BAF 2RI THA R L 72 (entry 11),

Table 3-4-3
R'O
o " TMSOTTf (2 equiv.) silyl enolate
« 2,2"-bipyridyl (3 equiv.) R (2 equiv.)
./ > product (19)
O CH,Cl,, 0°C, 30 min. AN
acetal (16)
=
entry acetal silyl enolate product
OMe OMe
OTMS CHO
OMe _
R R
10 16b, R = OMe 13a 19b, 71% (2 h)
2 16¢, R =NO; 13a 19c¢, quant. (2 h)
3 16d, R = CO;Me 13a 19d, quant. (6 h)
4 16e, R=ClI 13a 19e, 90% (1 h)
5 16f, R =Br 13a 19f, 88% (2 h)
6l 16g, R =0TBS 13a 199, 84% (6 h)
OMe OMe
CHO
OMe
70 d\ 13a @ﬁv
OMe OMe
16h 19h, quant. (2 h)
OMe OMe
MeO MeO CHO
OMe
; 08 " ™
16i 19i, quant. (2 h)
o] 0]
CHO
9 OMe 13a
16j 19j, 84% (24 h)
OMe OMe
CHO
10 n-CgHig” "OMe 13a n-CgHyg

16k
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0/> TESO_~,

o OTES CHO
1101 Z
MeO MeO

13b
16l 191, 53% (24 h)

[a] 1 equiv. of TMSOTTf and 1.5 equiv. of 2,2’-bipyridyl were used. [b] TESOTT was used instead of TMSOTT.

B=IH SRR

FHEBET B —AnbfR Le ) Py AETHET, ETEERT LT I AT T L
Bt LT U v —T LB R (17 and 18) & A% C & % (Table 3-4- 4) 16m X 16n 72 FOHERT &
2 — I LT 1,35-F U A MF X8 &2RIERM & LTz Friedel-Crafts i Clk, xfid 5>
Ak Fa— /7 ¥/ —7 )L (17aand 170) B3R L 7= (entries1and 2), 4 7 = > 2/ E 57
A= (160) I bEHTE H(entry 3), S HIZ, TIUAT T VHLRERE LTRISTHZ & AR
tH U(entries 4-6), 7 & & — /L OEBEEHSSZ IS 2 A 2958 TE 1,

Table 3-4-4
Sio -
T~"0 0 on
o SiOTf (2 equiv.) )\+ nucleophile
/> 2,2"-bipyridyl (3 equw) Ar N7 (2 equiv.)
N | —— product (17 or 18)
CH,Cl,, 0 °C, 30 min. N Z time
acetal (16) H |
Pz
entry acetal nucleophile product
O OMe MeO  OMe
o s o ens!
R MeO OMe R MeO OMe
10 16m,R=H 17a, 90% (1 h)
20l 16n, R = CO;Me 17b, 43% (2 h)

TESO\/\O OMe

O
s L) :
30l \ | \_
MeO OMe
160

17¢c, 63% (6 h)

0/> TMSO_~
41b] Ph/LO A~ TMS Ph)\/\

16m 18a, 83% (24 h)

TMSO.
~"0 Me
Me

b
5t T™S Ph

18b, 99% (3 h)
O/> TMSO\/\O Me

(0]
(¢]] cl

16p 18c, 96% (24 h)
[a] TESOTf was used. [b] TMSOTf was used.
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BWUIE FERT B Z—NVEEMIRERT VT e FORISERE:

BT V7 e RESRO B ) =0 AEFIEIZSOSMEIME S | HERASREEDIR N ) r )
—VE—F ) T L= HDEWNET VA T o b OREREERR S ITE TS, K TR
BERSENN &5 (5 =5 8 BUE), $72bb, BUKRT VT e RIEET., 74T b Re{ki#
L7272 — &R E RESL AW C© & % (Scheme 3-4-3), HEGEHERT £ X —/L(16m)E 5 47
—/L(10a)D 1 %F 1 IRAWIZ, 2,2-bipyridyl & SiOTf Z % T L72% 135-F U A hF o _o+¥
RTUVINNYAFIAY T UE2EMNTDHE, 7TRF—AM)ICHNKT 5 E D 2= Ak
R SREZFE A KR EST L CHR DV U b —7 L (17a and 18b)3ERE L. SR T L7 & R
(L0a) I T EHEI Z417z(egs. Land 2), >V /b /T — MA3a)ZREFE L LIS TH ., [FIERIC p- A
F¥ T 7T B R(19a)53 95% DU THARL L, RS 10a 73 92%[EIL E 4172 (eq. 3), 7235 10a
DDV ITL 7 BAFUAT AT E RAOD)AIAE LT, HEET & 7 — V@RI L7 L R—
JVIOSDIELT L7z (eq. 4),

Scheme 3-4-3
OMe

TESO
. /©\ ~"0  oMe
TESOTTf (4 equiv.) MeO OMe

o o ) .
+ _CHO 2.2-bipyridyl (6 equiv.) _ (2 equiv.) _ Ph
n-CgHig 5 —> - (eq.1)
Ph”” O CH,Cl,, 0 °C, 30 min.
MeO OMe

16m 10a 17a, 94% (1 h)
88% of 10a was recovered.
Me
o TMSOTF (4 equiv.) )\/.T'V'S ™SO~y
/k + _CHO 2,2-bipyridyl (6 equiv.) (2 equiv.) €
o n-CgHyg > > )\A (eq.2)
Ph CH,Cl,, 0 °C, 30 min. Ph ’
16m 10a 18b, 99% (3 h)
89% of 10a was recovered.
OTMS
TMSOTF (4 equiv.) ~Z 13a
OMe * o CoH _CHO 2,2-bipyridyl (6 equiv.) (2 equiv.) oMe
n- - - CHO
Ph”” “OMe oe CH,Cl,, 0 °C, 30 min. Ph (€q.3)
16a 10a 19a, 95% (2 h)
92% of 10a was recovered.
OTMS
TMSOTf (4 equiv.) Z 13a

+

).iMB CHO 5 5 pipyridyl (6 equiv.) (2 equiv.) )oze/
> > CHO
Ph” “OMe CH,Cl,, 0 °C, 30 min. Ph (eq.4)

19a, 95% (2 h)
16a 10b 92% of 10b was recovered.

LR =% = ZHiTiX, 77t REREE L LT SIOTE & 2,2-bipyridyl 2> H4ERKT 5 Y
Vo= u MMEFRREORIGHEEIHL, TL—T7 U AY T YUV ) T— N RV
RESRIEFE ASOGEBAR Uiz, AERT 28 ) U=y AEPREORE SO ZEZ BT 5
& T IERINEECH T HFEFBET VT v RERRIIET V7 v R CeBE7e b PR 4 3k L 7o,
WL HREM S T CTHEIT L, AW B AR, S 51T, Friedel-Crafts Sl L DX Xk

-64 -



Fe—LDOEKe, 7 7T Reoiflans v vz ) 7 — hOmL7T v R—/VRT,
ZIETHEE 72> CW SRR ORI IO sE 22 I ks Lz, =512, FHUE I, Bl
BT T v RIEFETICHEITT 5 7 & ¥ — ViR 22 SR FRE ARG b 3R L. Jefl o 7e\v VE RE LS

Rz R R — AR G TERE & L CHESL LT,

- 65 -



BUE Fim

PRI ITRE & TS ARV B O A B T 1) | IR a ST R B A R B < S
7 AL L AT

BT, A AREIT K B D DR BRI AL & S5l & U737 L e B M 4
BT L. SREOBEBIZ A P 5 BT RE LT 7 X LV BEO BRI L | BEKT AT L I hE
F5 Y U= LI B LIRS A S 2 % L, BUF. 857 R B
Do

1. BB 14-TRF-14-Vt Fut 74 L o OBEMERRILN 1,4-TRFEBROEZIC &L
TR R L, miEME ortho-B X WM para-7 7 b %/ > A F F(NQM)H [ D3R AR Sl vk
ZHEST L=, & 512 NQMs FRIC T L— v & sRiEfE & L 7= Friedel-Crafts & & Eii4 2 =
&ETHFEMITHERRET Y =/ A Z HD R E AR L7z, £72 ortho-NQM [L¥ = /
T4 v E[AH2IRIEAIN L T, ZEAERBMEMD AR T D L2 /A LT,

2. 14-TRF 14 FaF7XZL oD 1 BXRANIIT L —VIRBEAT S L L THE
PEDMEN EMMEMIAEE T, 10T 07 & 2 —/LORBBEZ RO R0 B IEFL AT L 4-80 3
JV-1-F 7 b= VENERT D Z L 2O Lz, ZOSITEL RERES 2 HoF7 2 L
VIHEAROREMBR S T OARKIEE LTUSHTE 5,

3. 7Tt R, SIOTf BLORY DUBEARNLART HE Y = AEFREORE M 2K
HEL, 7L—ro7 VYT 2R E LT ERISBIRIPE AR S EZHESL LT, ZORIET
WIREMIE T VT v RHAFFBEEFIET VT & RORIMEFERM SN 5D,

4. TERITATE RPOMBE LY v ) T — 2R E Lzmil7 v F—/VEOSIZB
T, HFEET VT RENERT V7 & FRICRERERENEE T L2 Lz AL, &6
CE ) Y=y AMEHHEEOBOSIEZ B L T, SEICERE L SNIEEATRSLGRAFOY
YAy MERIEE L THENL LT,

5. JEMIEET VT b RIAETIC, 78 2 — VRIRENTHELT T 2 S REFE A OS2 B%E LTz, 2D
ST B Z— e BT D 2 LR ERERELAMT DO AT v T ma ) I —ITENRT
WD, JeBlO e WA 2B BRI 2R T ROE T d 0 BTG AL — b O BITh BT ORI 23
WrFEn s,

- 66 -



LLEDWFFERAITZLL T OFHERE Sl L7z,

(1) Biarylmethane and Fused Heterocyclic Arene Synthesis via in Situ Generated o- and/or p-
Naphthoquinone Methides

Y. Sawama, T. Kawajiri, S. Asai, N, Yasukawa, Y. Shishido, Y. Monguchi, and H. Sajiki

J. Org. Chem., 2015, 80, 5556—5565.

(2) Aromatic aldehyde-selective aldol addition with aldehyde-derived silyl enol ethers
T. Kawajiri, R. Ohta, H. Fujioka, H. Sajiki and Y. Sawama
Chem. Commun., 2018, 54, 374—-377.
(3) Acetal Elimination Reaction Accompanied with Regioselective Ring Opening of 1,4-Bisacetal-1,4-epoxy-
1,4-dihydronaphthalenes
Y. Sawama, T. Kawajiri, Y. Yamamoto, Y. Shishido, R. Goto and H. Sajiki
Heterocycles 2019, 99, 126-133.
(4) Chemoselective Nucleophilic Functionalizations of Aromatic Aldehydes and Acetals via Pyridinium Salt
Intermediates
T. Kawajiri, M. Kato, H. Nakata, R. Goto, S. Aibara, R. Ohta, H. Fujioka, H. Sajiki and Y. Sawama

J. Org. Chem., 2019, 847, 3853—3870. (selected as The Supplementary Cover Art)

-67 -



PR

AWFFEDBATIE NS AT SHERRICER LT, RIRRRE 72 0 THRE L THHEZ Y £ L7 IR 5
BERZRIFAC L IGE R AT EIGARGA R BIRICIRE R D E 2R L ET,

AWFIEDOHEREIZ & 72 W A4S 72 B S | R OV &2 TH & £ U725 — MR b 250 B
(T I RARBLR PRI L A RT A S LA FE 2. HEZR) P ARt BRI SV T2 L £

RBFGE DHEREN B 7= 0 AT 720 5 . DR N ABIAR 2 T X % L 7= e B SRR AL ki
HESE B (LR PRI MR TR < R T LT

RIITEDHEHEN 3o 7= 0 A7 72 B 25 ARl N AR 4 T & 2 U 7 I B R ke A (L2 il
FESEAR LIRSS (L3R BT TE < G e L

AWFFEOHEEIZ DTV FHERFH PR E 2| T TS, AR E, A2 EE
F L7l BEER R PRSP IGR R LA e RE T S5 RICIRE#H VT LET,

ARWFFEOHEMEIZ B 7= 0 AR REHB S . EEER I NN 2 TH & £ L72 RIRKRY: pEZEA LA FeiT
IR SLE B IR BV T2 LR

MR 2 H 7= 0 WL OEFEEN NIl F R 2 THX £ L2 KE A7 U 7 ZA0F5EFT Ryan A.
Shenvi IR B2 L E T,

JSPS DCL - IffiZc B (17J08551) & LC. AR 29 4EEEA B 3 LERIOBIJERAT & A TE % O KL 2 15
o T2 ARSI IR (RS- L E T,

FEERICER U TR, B E 2 W 272 & £ U7zl B3ER R A 3 b S GRS L 2 FE 2R DA IR
W2 L E T,

KBS WIFEERRE D B TERIIEZ —DICkeT TZ 6 NZDid, —EICKEDO XA DBNT TT,
D& VSN LET,
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IHNMR B X BCNMR A7 /L% JEOLJINM ECA-500 (500 MHz for *H NMR, 125 MHz for 13C NMR)
& %X ECS-400 (400 MHz for 'H NMR, 100 MHz for 3C NMR), ECZ-400S (400 MHz for *H NMR, 100
MHz for 3C NMR), AL-400 (400 MHz for *H NMR, 100 MHz for 13C NMR) spectrometer CHll & L7z, {b5
7 MEGWET b7 AF LT 2 (*H NMR: § = 0.00 ppm for tetramethylsilane) & 2 \ M BEIABEH O EAR
AR DU (*H NMR: § = 7.26 ppm, 13C NMR: § = 77.0 ppm for CDClz; H NMR: § = 3.30 ppm, 3C NMR: &
=49.0 ppm for CDs0D; *H NMR: § = 5.32 ppm, *C NMR: & = 53.5 ppm for CD,Cl;; *H NMR: 8= 1.94 ppm, 1*C
NMR: 3 = 1.32 ppm for CDsCN)Z NEEEHE & L T ppm BAL THKFL L7z, TLC 43#71X Silica Gel 60 Fzss plates
(Merck, Art 5715) 2 L7z, U BTN T b~ 7T 7 4 —HH U B4 113 Silica Gel 60 N (B4
FALTERRA S 1 63-210 pm, BRIR, HPE) 248 L 72, M fiFRE~ A A7 /L(HRMS)! Shimadzu hybrid
LCMS-IT-TOF (LCMS-IT-TOF) &% 7213 JEOL JMS-T100TD Accu TOF TLC THIE L7z, RAWSE AT |
JV(IR)I& Bruker Alpha FT-IR ALPHA spectrometer Tl L7z, sl SANSYO #H8d g S E 2 E SMP-
300 CHIE L7z, JtFE4r#ri% J Science labo IM11 THIE L 7=,

KRR L7z H 7 A8 BT 110°C A4 — 7 > CINEGEIRBE I LTz, TR CORIGIERE, 33K
FRHZREHR D R WRY | HHRG AR 2 Z LR <M Lz, £72, T TORUSITFHIREHE D 22 R
V. THAITUERK T CITolz, BREMEEMOREICIL, Wi STV D ERD THNMR A2 f L%
LTz,

B, XPTROMEEEZEM L7,
s = singlet, d = doublet, dd = doublet of doublet, ddd = doublet of doublet of doublet, t = triplet, q = quartet, m =
multiplet, brs = broad singlet.
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R BRAMBERVERPR R 2 0 O mIKERERME T 7 X L D B RS

5 - EEARUCEET 5 FEBR

1-tert-Butyldimethylsiloxymethyl-4-methyl-1,4-epoxy-1,4-dihydronaphthalene  (1a) ¥ X O 1,4-bis(tert-
butyldimethylsilyloxymethyl)-1,4-dihydro-1,4-epoxynaphthalene (22a)i% SCHRB % 2 & (2L F O HETARK L
77

TNAIEMR T, 77 U E R (tert-butyldimethyl ((5-methylfuran-2-yl)methoxy)silane or 2,5-bis(((tert-
butyldimethylsilyl)oxy)methyl)furan, 2 mmol) 7 k7 & Ko 7 Z > (10 mL)IEHKRIZ, 7> b T =LV EE(2
mmol)®7 k7 & K17 F (10 mLAIR & g Y 7 122 mmol)d7 7 & Kue 77 (10 mL)iE
¥ r=a2—7Thdo< Y L F L7z, 95°C T2 RefMBNRWiH, BORAIRZ =IRIZIHAI L, K30
mL)Z Nz, Y=F e —7 /(30 mL x 3) T L7-, AHE 2 i /kE T Y 7 LKET(20 mL)
Y, BOKARERT b U U A CRIRRTEE U, I8 Z R E L, MAERMEZ S D W TNV T A7 8
<~ NI T T —(~FY BTV = 10/1) TR L, 1a (1.04 mmol, 51%) & % v ME 22a (1.28 mmol,
64%) % 157,

1-tert-Butyldimethylsiloxymethyl-4-methyl-1,4-epoxy-1,4-dihydronaphthalene (1a)

'H NMR (400 MHz, CDCl3): 6 7.28—7.24 (m, 1H), 7.14—7.10 (m, 1H), 6.99—6.94 (m, 3H), 6.76 (d, 1H, J =5.6
Hz), 4.43 (d, 1H, J = 11.0 Hz), 4.26 (d, 1H, J = 11.0 Hz), 1.89 (s, 3H), 0.95 (s, 9H), 0.15 (s, 6H).

A 00 TH NMR 723 SCIRERS & — 2 LIRE L7z,

1,4-Bis(tert-butyldimethylsilyloxymethyl)-1,4-dihydro-1,4-epoxynaphthalene (22a)

'H NMR (400 MHz, CDCls): 6 7.27—7.22 (m, 2H), 6.98—6.93 (m, 4H), 4.43 (d, 1H, J = 11.0 Hz), 4.28 (d, 1H, J
=11.0 Hz), 0.94 (s, 18H), 0.14 (s, 12H).

AR D H NMR 73 SCRRERS & — B LIRGE L7z,

5-tert-Butyldimethylsiloxymethyl-2-triethylsilylfuran D&%

step 1 step 2 step 3

TES TE TBS-CI
é POCI; \ NaBH4 |m|dazole
o —_—
= DMF MeOH
95°C, 24 h OHC rt,2h 0°C,12h

Step 1: 7 /L= EPHA T 0°C ¢, 2-triethylsilylfuran (10.0 mmol)?D ¥ A F/L7R/L A7 2 R(30 mL)I&EIFIC
HifE A A A U JL(POCls, 10.8 mmol) Z-{ii F . BOUREAHE Z 95 °C I L 7z, 5 Rpfi#tiRie, =i E Tm
AL, 4 BUEKRERT Y ¥ LKEIR(25 mL) &2 RN LTz, ZO%AKE . FEiE=5/1(30 mL) Chit,
7K(30 mL) THEH, HEAKREET Y U A THzLIEm L, KA BEE L Uiz, MAERMEZ U 7
ThIaw NTTT7 4 —(~F Y UEHBET L = 10[1)THER L= & 2 A, 5-formyl-2-triethylsilylfuran %
59% (1.25 g, 5.92 mmol) T4537=,

MR, IR (ATR) cmt: 2956, 2877, 1683, 1560, 1461, 1106, 1019, 805, 760; *H NMR (400 MHz, CDCls): §
9.69 (s, 1H), 7.22 (d, 1H, J = 3.6 Hz), 6.76 (d, 1H, J = 3.6 Hz), 1.00 (t, 9H, J = 7.2 Hz), 0.83 (g, 6H, J = 7.2 Hz);
13C {*H} NMR (100 MHz, CDCls): 6 178.0, 167.1, 156.4, 122.5, 120.5, 7.2, 2.9; ESI-HRMS m/z: 233.0963
(IM+Na]*); Calcd for C11H180,SiNa: 233.0968.
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Step2: 7L ZRBHAF 0°C T, 5-formyl-2-triethylsilylfuran (5.75 mmol)? 2 % / — (5 mL)IAHRIZ K F&
AT FETF N U 7 A(NaBH4, 6.91mmol) Z AN L7z, ROSTEIR & 28R T 12 IR, A% 7 — V&
JER L, BOSFREIZ /K0 mL) 2 i 2 CHEfR = F /L (20 mL x 2) THiH L7=, AiE 2 BoKaifg>- U o
LCHZEAR R U, JEREWIER E Lz, MAEBRME S YV DTN TG hra~x 8T T 7 4 —(~FH ol
Hefs— /L = 10/1) TR L 7= & = A, 5-hydroxymethyl-2-triethylsilylfuran % 93% (1.13 g, 5.32 mmol) T4
77

MY, IR (ATR) cm: 3310, 2954, 2876, 1459, 1415, 1238, 1180, 1012, 792, 723; *H NMR (400 MHz,
CDCl): § 6.58 (d, 1H, J = 3.6 Hz), 6.27 (d, 1H, J = 3.6 Hz,), 4.63 (d, 2H, J = 5.6 Hz), 1.72 (t, 1H, J = 5.6 Hz), 0.98
(t, 9H, J = 8.0 Hz), 0.76 (q, 6H, J = 8.0 Hz): 3C {*H} NMR (100 MHz, CDCls):  158.7, 158.1, 121.5, 107.5, 57.8,
7.3, 3.2; ESI-HRMS m/z: 211.1163 ([M-H]); Calcd for C11H1905Si: 211.1160.

Step 3: 7 /L2 FHA T 0°C T, 5-hydroxymethyl-2-triethylsilylfuran (5.36 mmol)?D 2 XA F- /LR L AT
R0 mLAHKIZ A S &> —/1(8.10 mmol)?D > A F LR/ LT I R(6 mLAHK ZiE T L7=, 21T 304y
B . SOSIATZ 0°C (2 AL, tert-butyldimethylchlorosilane (TBSCI, 8.09 mmol) D #E 7k 32 X F )Lk )L
L7 I RG mLERZMA TEIRT 19 Fefifie Lz, £ OB KICERICEFRIEKRFET N 0 LKE
oML Z A, ¥TF /L —7 (30 mL) THuH L7z, AHE 2 MOKERER T~ kU & L THZEREZIEE L.
IR Z TR E LT, HAERMES Y BTNV T L7 a~ 87T 7 4 —(~F Y UIFBETT /L =45/1)T
LU 7= & Z A, 5-tert-butyldimethylsiloxymethyl-2-triethylsilylfuran % 90% (1.57 g, 4.81 mmol) T#7-,
AR, IR (ATR) cmt: 2954, 1462, 1254, 1080, 834, 720; *H NMR (400 MHz, CDCl3): § 6.55 (d, 1H, J =
3.2Hz), 6.21 (d, 1H, J = 3.2Hz), 4.67 (s, 2H), 0.98 (t, 9H, J = 8.4Hz), 0.90 (s, 9H), 0.78—0.72 (m, 6H), 0.07 (s,
6H); 1°C {IH} NMR (100 MHz, CDCls): § 158.5, 157.8, 121.3, 107.1, 58.4, 25.8, 18.4, 7.3, 3.2, -5.2; ESI-HRMS
m/z: 349.1981 ([M+Na]*); Calcd for C17H3402Si>Na: 349.1990.

1-tert-Butyldimethylsiloxymethyl-4-triethylsilyl-1,4-epoxy-1,4-dihydronaphthalene (1b) D&%

7L RPHARCT ., b-tert-butyldimethylsiloxymethyl-2-triethylsilylfuran (0.52 mmol)®>7 F 7 & Fr 7 Z >
(10 mL)&IKIZ, 7> b T =/EE0.79 mmol) D7 F T & Ku 7 (10 mL)EK & HifliEA >~ 7 2 /1 (1.50
mmol)»7 F Tk Fr 7710 mL)EEEZF v =2—7 Th-< Y & F LIz, 95°C T 2 KefElin#uE
Ttk BOSIIRZ ERICHAIL, KEOmL)ZMAx, Y=Fz—71@0mLx3) Tl L7z, AE%
FAFNEREEAKSE T N U U LOKEEHR (20 mL) THed, HOKEREET b U o A CRIBEREIEE L, IEIK A RERE E L
oo AWM EZS VAT NAT AT~ N7 T 7 4 —(~FH UIEE=T L = 30/1) THRE L. 1tert-
butyldimethylsiloxymethyl-4-triethylsilyl-1,4-epoxy-1,4-dihydronaphthalene (1b)% 57 % (119 mg, 0.30 mmol) T
7=,

AR, IR (ATR) cmt: 2953, 1462, 1253, 1097, 1006, 835, 752; *H NMR (500 MHz, CDCls): § 7.26 (dd, 1H,
J=6.0,2.0 Hz), 7.15 (dd, 1H, J = 6.0, 2.0 Hz), 6.97—6.89 (m, 4H), 4.45 (d, 1H, J = 10.5 Hz), 4.27 (d, 1H, J=10.5
Hz), 1.04 (t, 9H, J =8.0 Hz), 0.93 (s, 9H), 0.84 (q, 6H, J = 8.0 Hz), 0.13 (s, 6H); *C {*"H} NMR (125 MHz, CDCl3):8
154.7, 151.2, 147.6, 142.6, 124.2, 124.1, 120.1, 119.8, 93.1, 85.9, 61.8, 25.8, 18.3, 7.6, 2.6, -5.3; ESI-HRMS m/z:
425.2312 ([M+Na]*); Calcd for C23sH3s02Si2Na: 425.2303.

1-tert-Butyldimethylsiloxymethy-6,7-dimethoxy-1-4-triethylsilyl-1,4-epoxy-1,4-dihydronaphtha-lene (1c) @
B
=

73 RS —78°C T, 5-tert-butyldimethylsiloxymethyl-2-triethylsilylfuran (3.98 mmol) & 1,2-dibromo-
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4,5-dimethoxybenzene (1.99 mmol)®>7 k7 & K17 Z (10 mL)AHKRIZ, 2.6 M n-BuLi ~F ¥ 15K (2.6
mmol) Z i N L7z, 24 REf##% ., S|l TRISIIRICK@AS mL) 2z, Y=F/L>=—7 /(30 mLx 3)T
A, ORI RHK (20 mL) TUe Lo, AR 2 BRIl 7~ b U » A CHOBRRIEE L, iRzt &L
oo MARMZ Y DTN T L~ 87T 7 4 —(~FH UIFE=F /L = 15/1) TR LI L Z A,
1-tert-butyldimethylsiloxymethyl-6,7-dimethoxy-4-triethylsilyl-1,4-epoxy-1,4-dihydronaphthalene  (1c) % 5%
(47mg, 0.10 mmol) CTH& 7=,

AR, IR (ATR) cm™: 2952, 1463, 1324, 1247, 1209, 1119, 1096, 834, 777, 730, 691; *H NMR (400 MHz,
CDCls): 4 7.04 (s, 1H), 6.98 (d, 1H, J = 5.6 Hz), 6.95 (d, 1H, J = 5.6 Hz), 6.85 (s, 1H), 4.40 (d, 1H, J = 11.2 Hz),
4.27 (d, 1H, J = 11.2 Hz), 3.83 (s, 3H), 3.82 (s, 3H), 1.05 (t, 9H, J = 8.0 Hz), 0.94 (s, 9H), 0.84 (q, 6H, J = 8.0 Hz),
0.14 (s, 6H); 3C {*H} NMR (100 MHz, CDCls): 5 148.0, 147.3, 145.3, 145.0, 144.3, 143.0, 107.4, 106.7, 93.2,
86.2, 62.0, 56.8, 56.2, 25.8, 18.2, 7.6, 2.6, -5.4; ESI-HRMS m/z: 461.2550 ([M-H]); Calcd for CysHa104Si2:
461.2549.

1-tert-Butyldimethylsiloxymethyl-1,4-epoxy-1,4-dihydronaphthalene (20a) D& 5%

7 V3BT 2-tert-butyldimethylsiloxymethylfuran (4.99 mmol) 7 k7 & K 7 (20 mL)IAHRIZ .
7 b T =LER(7.66 mmol) DT kT b Ru 7T (5 mL)IAH & FAEER Y 7 2 /1(10.9 mmol)dT kTt
FrZ7Z76mL)EkEx v =2—7 Tho< D LT L7z, 95°C T 5 IRFMIMNEVET R, BSR4 2%
WAL, AK@OmL)EMZ, YoF Lo —T/1(B0mLx3)Thith L7z, A % fafikfkHE T~
T LKW (20 mL) THEv, HEOKGEEE T N U U A TR L, IBRZBIEE E Lo, AR E Y
BTN T AT~ NI T T 4 —(~FH U EERET T L = 30/1) THE L., 1ltert-
butyldimethylsiloxymethyl-1,4-epoxy-1,4-dihydronaphthalene (20a) % 43% (0.62 g, 2.16 mmol) T457=,
MR, IR (ATR) cm™: 2928, 2856, 1254, 1137, 1006, 978, 947, 835, 777, 755; *H NMR (500 MHz, CDCls):
6 7.28—7.26 (m, 1H), 7.22—7.21 (m, 1H), 7.03 (dd, 1H, J=6.0, 1.5 Hz), 6.97—6.95 (m, 3H), 5.69 (d, 1H,J=1.5
Hz), 4.46 (d, 1H, J = 11.0 Hz), 4.31 (d, 1H, J = 11.0 Hz), 0.95 (s, 9H), 0.16 (s, 6H); 3C {*H} NMR (125 MHz,
CD30D): 6 152.4, 150.4, 145.5, 144.1, 126.2, 126.2, 121.2, 121.2, 94.8, 83.7, 62.7, 26.7, 19.5, -4.9; ESI-HRMS
m/z: 287.1474 ([M-H]); Calcd for C17H230,Si: 287.1473.

1-tert-Butyldimethylsiloxymethyl-6,7-dibromo-1,4-epoxy-1,4-dinydronaphthalene (20b) D&1;

7L RS —78°C T, 2-tert-butyldimethylsiloxymethylfuran (3.67 mmol) & 1,2,4,5-tetrabromobenzene
(245mmol)d»7 7 & Ku 7 Z (30 mLIAHRIZ, 2.6 M n-BuLi ~ ¥ A% (3.10 mmol) &% F L7z, 24
REFIRRERIL . S|IR FLOSAIRIZ/AKEBO mL) &2z, Y=F /o —7 /(30 mL x 3) T, fafnfik(20
mL) THeif L7z, A2 EKAEE T ~ U U A CraRGIEm L, IR ZRIERE Lc, AR EZ Y
HNTNT T LT a<x NI T T 4 —(~FVUIFBTF L =200) THRELEZE Z A, Ltert-
Butyldimethylsiloxymethyl-6,7-dibromo-1,4-epoxy-1,4-dihydronaphthalene (20b) % 35% (397 mg, 0.86 mmol) T
372,

EEOJHIRY; IR (ATR) cml: 2928, 1255, 1099, 834, 776, 576; 'H NMR (400 MHz, CDCls): § 7.51 (s, 1H), 7.43
(s, 1H), 7.00 (dd, 1H, J = 5.4, 2.0 Hz), 6.92 (d, 1H, J = 5.4 Hz), 5.63 (d, 1H, J = 2.0 Hz), 4.37 (d, 1H, J = 11.6 Hz),
4.27 (d, 1H, J = 11.6 Hz), 0.94 (s, 9H), 0.15 (s, 6H); *C {*H} NMR (100 MHz, CDCls): 6 151.7, 150.7, 143.6,
142.8, 125.5, 125.1, 120.6, 120.4, 92.5, 81.6, 61.1, 25.8, 18.3, -5.4; ESI-HRMS m/z: 466.9648 ([M+Na]*); Calcd
for C17H220,SiBr,Na: 466.9648.
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1,4-Di-tert-Butyldimethylsiloxymethyl-6-methoxy-1,4-epoxy-1,4-dihydronaphthalene (22b) D&%

TN TR T 78 °C T, 2,5-di-tert-butyldimethylsiloxymethylfuran (3.89 mmol) & 3,4-dibromoanisole
(2.05mmol)> 7 F Tt K7 7 (10 mLARIZ, 2.6 M n-BuLi ~3F ¥ > ¥&i%(2.60 mmol) & i F L7, 24
RpI B, SR FROSEIRIZAK(20 mL) &Nz, Y= F/Lo—7/1(20 mL x 3) T, fafnfiK(20
mL) TYEF L7, A8 2 ToRmiiE T N U © A CRIBRGIERE LU, I8 A2 BIERE £ Lc, HAeERYZ
NTNI T NI T 7 4 —(~FH UIFFB=TF v = 301) THE L E Z A, 14ditert-
butyldimethylsiloxymethyl-6-methoxy-1,4-epoxy-1,4-dihydronaphthalene (22b)% 17% (159 mg, 0.34 mmol) T#5
7

MR, IR (ATR) cm: 2928, 2856, 1464, 1254, 1206, 1097, 1005, 832, 775; 1H NMR (400 MHz, CDCls): §
7.11 (d, 1H, J = 8.0 Hz), 6.97 (d, 1H, J = 5.2 Hz), 6.94 (d, 1H, J = 5.2 Hz), 6.93 (d, 1H, J = 2.4 Hz), 6.41 (dd, 1H,
J=8.0,2.4 Hz), 4.41—4.37 (m, 2H), 4.27—4.23 (m, 2H), 3.76 (s, 3H), 0.94 (s, 9H), 0.93 (s, 9H), 0.14 (s, 6H), 0.13
(s, 6H); °C {*H} NMR (100 MHz, CDCls): 6 157.3, 153.2, 144.3, 143.1, 142.7, 119.6, 108.8, 107.3, 92.1, 91.9,
61.7, 61.7, 55.5, 25.9, 18.3, -5.3, -5.4; ESI-HRMS m/z: 485.2523 ([M+Na]*); Calcd for C25H1,04Si>Na: 485.2514.

5 —IH : Table 2-2-1 (C R84 % FB

— R EBRYE TV RHR FEIRTHEE (1a,0.2mmol) & 1,35- kU Ak F X (0.4 mmol) D 4K
Yruanr A X (1 mL)ERIZARE0.01 mmol)Z Nz 7=, LA FIC AT REE SR L2, K@ mL)Z Iz T
vruan Az mLx2) Tt Lo, AHEZ BOKEER T R U o A CHRRBIEE L, IBIREZRBIEREL
Teo MAEBMZ LV ATNADT LT 0= NT T 7 4 —(~F VR TV =10/1) TR U ICE 2 R H
L7,

entry 1: FeCls Z fili i & U CT—SEBRIEICHEV 30 /9t LTz & 2 A, 2a 73 78%15 HbiT-,
entry 2: AuCls Zfilti & U C— X SEBRIEICHEV 30 o LTz & 2 A, 2a 73 81% 1% H 7=,
entry 3: FeBrs Z filtfif & U C— i EBRIEIZHEV 30 3 LTz & 2 A, 2a 28 67%15F b7,
entry 4: ZnCly Z il it & U T FEZBRIEICHEV 2 FRROS L7z & 2 A, 2a 7Y 60% 15 H T,
entry 5: AICIs Z it & U C— R EBIEICHE 30 s Lz & 2 A, 2a )8 68%1F bz,
entry 6: BFs-Et,O Z il & U T EBRIEITHEN 30 0SS Lo & 24, 2a 728 69% TG 57,
entry 7: TMSOTf % filtit & U C—fEBRIEICHEN 30 0t L2 & 2 A, 2a 2 74%45 BTz,

4-Methyl-2-[(2°,4°,6’-trimethoxyphenyl)methyl]naphthalen-1-ol (2a)

64 [F (A M.p. 122—127 °C; IR (ATR) cmt: 3397, 2932, 2838, 1591, 1204, 1111, 944, 757; *H NMR (400 MHz,
CDCly): & 8.27—8.25 (m, 1H), 7.84—7.82 (m, 1H), 7.77 (s, 1H), 7.43—7.40 (m, 2H), 7.39 (s, 1H), 6.17 (s, 2H),
3.96 (s, 2H), 3.95 (s, 6H), 3.77 (s, 3H), 2.58 (5, 3H); 1*C {H} NMR (125 MHz, CDCls):5 159.7, 157.7, 147.9, 132.2,
130.3,125.2,125.1,124.7, 124.3, 123.7, 122.6, 119.5, 109.5, 91.1, 55.9, 55.3, 23.4, 18.8; ESI-HRMS m/z: 361.1424
(IM+Na]*); Calcd for C21H2204Na: 361.1410.

Table 2-2-2 |24 % £

— R FEBRYE - TV U RA FRIE THEE (1a, 02mmol) & 1,35- kU A R F T XF (0.4 mmol) A Kk &
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7RV mL)IZ PR L, FeCls (0.00mmol)& Il 2 7=, LA FIZ/R 9 IREEIEEE L7, KRGmL)EMZ Ty
AKX @RmLx2) T Lo, AiE %2 8RS b U o A CRoEgIEE L, IEEE Lz, AR
WME VTN I T Ay~ NI T T 4 —(~F Y R TV = 10/1) TR LR Z B H Lz,

entryl: 7 mno AR o AEREE U T—REBRIEIZIEN 30 oIS L7 & 2 A, 2a 73 78% 1% Hiliz,
entry2: ¥/ mu X U AREREEE U C—RERIEIZIEN 30 o LT & 2 A, 2a 8 81%fF Hili,

entry 3: /o= X oAEEF 135-F Y A MR ARUB A YEMHL T30 N LIzE 2 A,
2a 7N 88%fF H Tz,

entry 4: 7 v a iRV A EEELE U C—EEBRIEIZHEWV 15 UG LTz & 2 A, 2a 3 68%15F BTz,
entry5: 7 h=bF U LAEE L U T—REBRIEIZEN 15 0RUS LT & 2 A, 2a 3 24%1% bz,
entry6: = b A X VAL U C—MEEBIEIZHEV 15 Ui LTz & 2 A, 2a 73 58%15 H a7,

entry 5: 7 b Tt R 77 a2 E U T—REBRIEIZHE 30 RS Lz & 2 A, 2a 2 33%15 b
776

5 I : Table 2-2-3 (C R34 % FB

— MR FEBRE - TV T RPHA FERIRTHAE (L, 0.2 mmol) & 7 L —2(0.8 mmol) DK Y s mr A & (1
mML)AWRIZ, FeCls (0.01mmol)Z M x 7=, BUSH T#., K@mL)ZMx T 7 ma A& (2mLx 2) THiH
L7c, A2 KRR R U 7 A CHBRBIOE L, BIERE Lic, AR Z SV BTNV T L7 1
<~ h7TT7 4 —THRL, FTEOET U —L 25 (2)d 2 WITERREAMERILEW(3) 2157,

2-[(2’,4’-Dimethoxyphenyl)methyl]-4-methylnaphthalen-1-ol (entry 1, 2b)

la (56.6 mg, 0.19 mmol) % J&'& 2, FeCls (1.6 mg, 0.01 mmol) Zfifit & L T 1,3-V A hF £ (0.8
mmol)% 30 IS SHlz, YU BTN T AT a~w NI T T 4 —(~F Y UIEBTT L =10/1) TR L
72& 2%, 2b(40.8 mg, 0.13 mmol)% 71 % T/~

MR, IR (ATR) ecmt: 3383, 2937, 1613, 1582, 1506, 1207, 1148, 1029, 760; *H NMR (400 MHz, CDCls):
5 8.28—8.26 (m, 1H), 7.85—7.83 (m, 1H), 7.45—7.43 (m, 2H), 7.34 (s, 1H), 7.25 (t, J = 8.0 Hz, 1H), 7.17 (s, 1H),
6.48—6.46 (m, 2H), 3.97 (s, 3H), 3.95 (s, 2H), 3.76 (s, 3H), 2.57 (s, 3H); 13C {*H} NMR (100 MHz, CDCls): &
159.6, 156.2, 147.5, 132.4, 130.7, 128.9, 125.8, 125.5, 125.4, 124.7, 123.8, 122.7, 121.1, 119.7, 105.5, 98.9, 55.9,
55.4, 30.3, 18.7; ESI-HRMS m/z: 331.1294 ([M+Na]*); Calcd for CyoH2003Na: 331.1305.

2-[(4’-Methoxyphenyl)methyl]-4-methylnaphthalen-1-ol (entry 2, 2c)

l1a (57.8 mg, 0.19 mmol) % £ (2, FeClz (1.6 mg, 0.01 mmol) Z il & LT A b & 2> 2(0.8 mmol) %
0 WIS HETZ, YIATNHET A aw NI T T 4 —(~FH UIEEBRT TV = 15/1) THER L L Z
4. 2¢(28.9 mg, 0.10 mmol) % 55% C4537=,

IRETHIRY; IR (ATR) cm™: 3501, 2926, 1510, 1387, 1245, 1033, 759; *H NMR (400 MHz, CDCls): § 8.15—8.12
(m, 1H), 7.93—7.91 (m, 1H), 7.52—7.45 (m, 2H), 7.17 (d, 2H, J = 8.8 Hz), 7.12 (s, 1H), 6.84 (d, 2H, J = 8.8 Hz),
4.99 (s, 1H), 4.07 (s, 2H), 3.78 (s, 3H), 2.61 (s, 3H);13C {*H} NMR (100 MHz, CDCls): 5 158.4, 147.5, 132.5, 131.2,
129.5, 129.3, 126.4, 125.5, 125.1, 125.0, 124.1, 121.7, 119.6, 114.3, 55.3, 36.0, 18.7; ESI-HRMS m/z: 277.1237
(IM-HT); Calcd for C19H170,: 277.1234.
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2-[(1’-Methoxynaphthalen-4°-yl)methyl]-4-methylnaphthalen-1-ol (entry 3, 2d)

1a (62.0 mg, 0.20 mmol) % FE (2, FeCls (1.6 mg, 0.01 mmol) % filfit & L T 1- X b % 7 & L /(0.4 mmol)
30 I EETe, YIUATNAT LI NI T T 4 —(~F T UIERET TV = 10/1) TR L &
Z 4. 2d(61.8 mg, 0.17 mmol) % 83% C7-,

IRETHRY; IR (ATR) cml: 3480, 2932, 1583, 1461, 1386, 1268, 1089, 906, 756; 'H NMR (400 MHz, CDCls): §
8.33—8.30 (m, 1H), 8.16—8.13 (m, 1H), 8.01—7.99 (m, 1H), 7.91—7.89 (m, 1H), 7.50—7.43 (m, 4H), 7.11 (d,
1H, J = 8.0 Hz), 7.08 (s, 1H), 6.64 (d, 1H, J = 8.0 Hz), 5.22 (s, 1H), 4.42 (s, 2H), 3.93 (s, 3H), 2.56 (s, 3H); 13C
{*H} NMR (100 MHz, CDCls):  154.9, 147.7, 132.8, 132.5, 129.2, 126.8, 126.4, 126.4,126.2, 126.0, 125.5, 125.3,
125.1, 125.0, 124.1, 123.6, 122.7, 121.8, 118.6, 103.3, 55.4, 33.7, 18.8,;ESI-HRMS m/z: 351.1365 ([M+Na]*);
Calcd for Ca3H2002Na: 351.1356.

2-[(2’-Methoxynaphthalen-1°-yl)methyl]-4-methylnaphthalen-1-ol (entry 4, 2e)

1a (31.2 mg, 0.10 mmol) % £ 1, FeCls (0.8 mg, 0.005 mmol) Z fififf: & LT 2- % k¥ 7 % L (0.4 mmol)
Z 30 L EETe, YUATNANBI T AT a~ NI T T 4 —(~F Y UEERT TV = 10/1) TR LT &
Z 4. 2e(18.6 mg, 0.05 mmol) % 47% CH537=,

AR, IR (ATR) cmt: 3352, 2938, 1579, 1512, 1465, 1386, 1247, 1079, 807, 760; *H NMR (400 MHz,
CDCl3): & 8.36 (d, 1H, J = 8.8 Hz), 8.26—8.24 (m, 1H), 7.83—7.76 (m, 4H), 7.56 (dt, 1H, J = 7.2, 1.6 Hz),
7.44—7.39 (m, 3H), 7.36 (t, 1H, J = 7.2 Hz), 7.32 (d, 1H, J = 8.8 Hz), 4.50 (s, 2H), 4.14 (s, 3H), 2.56 (s, 3H); 13C
{*H} NMR (100 MHz, CDCls): 6 152.6, 148.4, 133.1, 132.3, 130.0, 129.4, 128.8, 128.7, 126.8, 125.4, 125.3, 124.6,
123.9,123.8, 123.8, 123.7, 122.6, 121.3, 118.4, 112.9, 57.1, 26.2, 18.8; ESI-HRMS m/z: 327.1377 ([M-H]); Calcd
for Ca3H1902: 327.1391.

3-[(1’-Hydroxy-4’-methylnaphthalen-2’-yl)methyl]-N-phenylindole (entry 5, 2f)

1a(59.7 mg, 0.19 mmol) & A& (2, FeCls (1.5 mg, 0.01 mmol) & fillit & L C N-7 = =/L 1 > K —,1(0.8 mmol)
30 ST, YIUATNAT AT NI T T 4 —(~F T UIEBET TV = 10/1) TR L &
Z %, 2f(44.1 mg, 0.12 mmol) % 64% C17=,

HEAMRY; IR (ATR) cm™: 3469, 3063, 1596, 1499, 1455, 1218, 907, 734, 696; 'H NMR (400 MHz, CDCls): &
8.17 (dd, 1H, J = 7.6, 2.0 Hz), 7.91 (dd, 1H, J = 7.6, 2.0 Hz), 7.62 (d, 1H, J = 8.0 Hz), 7.54 (d, 1H, J = 8.0 Hz),
7.49—7.38 (m, 6H), 7.27—7.20 (m, 3H), 7.14 (t, 1H, J = 8.0 Hz), 7.04 (s, 1H), 5.42 (s, 1H), 4.24 (s, 2H), 2.61 (s,
3H); 3C {*H} NMR (100 MHz, CDCls): § 147.9, 139.4, 136.6, 132.5, 129.5, 129.2, 128.5, 126.3, 126.3, 125.5,
125.2, 124.9, 124.1, 124.0, 123.0, 121.9, 120.3, 119.5, 118.4, 114.4, 110.7, 27.2, 18.8; ESI-HRMS m/z: 386.1511
([M+Na]*); Calcd for CosH21NONa: 386.1515.

2-[(1’-Hydroxy-4’-methylnaphthalen-2’-yl)methyl]-benzo[b]thiophene (entry 6, 2g)

la (61.4 mg, 0.20 mmol) % JLE 2, FeCls (1.6 mg, 0.01 mmol) Z filffk & L T2 ' F 47 = (0.4 mmol) &
30 WIS EET, YUBTFNDT AT~ T T T 4 —(~F Y UEERTT L = 20[1) TR LZE 2
4. 29 (21.5 mg, 0.07 mmol) % 34% CH7-,

IRETHIR; IR (ATR) cm™: 3494, 3066, 1580, 1425, 1385, 1201, 906, 753, 725; *H NMR (500 MHz, CDCls): §
8.15 (dd, 1H, J = 7.5, 2.0 Hz), 7.93 (dd, 1H, J= 7.5, 2.0 Hz), 7.86—7.84 (m, 1H), 7.81—7.79 (m, 1H), 7.51 (dt, 1H,
J=7.0,2.0 Hz), 7.49 (dt, 1H, J = 7.0, 2.0 Hz), 7.38—7.34 (m, 2H), 7.15 (s, 1H), 6.98 (s, 1H), 5.15 (s, 1H), 4.27 (s,
2H), 2.59 (s, 3H); 13C {*H} NMR (125 MHz, CDCls): 5 147.5, 140.9, 138.5, 133.9, 132.6, 129.0, 126.7, 125.7,
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125.1, 125.0, 124.6, 124.2, 124.2, 123.1, 122.9, 121.9, 121.6, 117.6, 30.2, 18.8; ESI-HRMS m/z: 303.0852 ([M-
HJ"); Calcd for CoH150S: 303.0849.

BHRMERILE W (entry 7, 3a)

la (57.2 mg, 0.19 mmol) % JLE (2, FeCls (1.5 mg, 0.01 mmol) % fift & L T~ 7 (0.8 mmol) % 30 43
FinS¥le, YUATNITLhra~x T 77 4 —(~FH UfigRTTF v =20/1) TR L-EZA, 3a
(40.4 mg, 0.14 mmol) % 63% C15%7-,

AR, M.p.116-117°C; IR (ATR) cmt: 2891, 1596, 1509, 1417, 1241, 1178, 1148, 1096, 1013, 743; *H NMR
(400 MHz, CDCls): & 8.14—8.12 (m, 1H), 7.86—7.83 (m, 1H), 7.58 (d, 1H, J = 6.8 Hz), 7.43 (t, 1H, J = 3.8 H2),
7.40 (t, 1H, J = 3.8 Hz), 7.12 (dt, 1H, J = 7.8, 1.2 Hz), 7.09 (s, 1H), 6.86 (t, 1H, J = 7.6 Hz), 6.66 (d, 1H, J = 8.0
Hz), 5.92 (d, 1H, J = 7.6 Hz), 5.42—5.39 (m, 1H), 3.29 (dd, 1H, J = 15.6, 4.2 Hz), 3.23 (dd, 1H, J = 15.6, 4.2 Hz),
2.57 (s, 3H); 3C {*H} NMR (100 MHz, CDCls): 6 160.7, 148.5, 132.3, 130.9, 127.8, 127.5, 126.3, 126.1, 125.9,
125.4, 125.1, 124.0, 121.7, 120.9, 117.6, 109.9, 82.8, 79.3, 29.1, 18.8; ESI-HRMS m/z: 287.1081([M-H]); Calcd
for C2oH150,: 287.1078.

BERMEERLE W (entry 8, 3b)

1a (60.8 mg, 0.20 mmol) % JLE |2, FeCls (1.6 mg, 0.01 mmol) Z fif: & LT > 7 >(0.8 mmol) & 30 4y )i
SH, YIVBTFNBI T AT a~ NI T T 4 —(~FH IR TV =30/) TR LA, 3b(5l4
mg, 0.18 mmol) % 90% T1&7-,

HEIHRY; IR (ATR) cm™: 2931, 1582, 1417, 1107, 755, 730; *H NMR (400 MHz, CDCl3): & 8.27—8.25 (m,
1H), 7.86—7.83 (m, 1H), 7.59—7.58 (m, 1H), 7.44—7.42 (m, 2H), 7.23—7.21 (m, 3H), 6.97 (s, 1H), 5.64 (d, J =
6.4 Hz, 1H), 3.14—3.00 (m, 3H), 2.85—2.80 (m, 1H), 2.66—2.60 (m, 1H), 2.55 (s, 3H);3C {*H} NMR (100 MHz,
CDCls): 5 148.4, 143.0, 142.5, 132.1, 128.6, 127.9, 126.8, 125.7, 125.5, 125.2, 125.2, 125.1, 124.8, 123.9, 122.0,
115.9, 81.4, 37.7, 37.1, 27.8, 18.7; ESI-HRMS m/z: 285.1276 ([M-H]"); Calcd for C2:H170: 285.1285.

3,4-Dihydro-6-methyl-2-phenyl-2H-naphtho[1,2-b]pyran (entry 9, 3c)

1a (60.9 mg, 0.20 mmol) % £Z 2, FeClz (1.6 mg, 0.01 mmol) Z il & LT A F L (0.8 mmol) % 2 FFfH
ISSHT. VTN I T L u~x N TT T 4 —(~F Y UIEEBRT T L = 15/1)THRLZEZ A, 3
(38.8 mg, 0.16 mmol) % 77% CH37-,

R Y; IR (ATR) cm™: 2924, 1580, 1416, 1386, 1107, 756, 696; *H NMR (400 MHz, CDCl3): § 8.28 (d, 1H,
J=6.8Hz), 7.89 (d, 1H, J = 8.4 Hz), 7.51—7.45 (m, 4H), 7.42—7.38 (m, 2H), 7.33 (t, 1H, J = 7.2 Hz), 7.01 (s,
1H), 5.21 (dd, 1H, J = 9.6, 2.4 Hz), 3.10—3.02 (m, 1H), 2.84—2.78 (m, 1H), 2.59 (s, 3H), 2.35—2.28 (m, 1H),
2.20—2.10 (m, 1H); C {*H} NMR (100 MHz, CDCls): § 148.2, 142.1, 132.1, 128.4, 127.9, 127.6, 125.8, 125.5,
125.5, 125.4, 124.9, 123.9, 122.0, 114.9, 77.5, 30.1, 24.9, 18.6; ESI-HRMS m/z: 273.1286 ([M-H]); Calcd for
CooH170: 273.1285.

4-Triethylsilyl-2-[(2°,4°,6°-trimethoxyphenyl)methyl]-naphthalen-1-ol (entry 10, 2ha)

1b (58.3 mg, 0.14 mmol) % J&Z (2, FeCls (1.2 mg, 0.007 mmol) & fiffit & LT 1,35-h U X hF B
(0.8mmol)% 30 3 EWTe. YU BTN T LI a~x NI T T 4 —(~F 0 VIFBRT TV =20/1) Tk
#7224, 2ha(46.1 mg, 0.11 mmol) % 75% T4/,

62 5 {4 M.p. 119—121 °C; IR (ATR) cmt: 3387, 2943, 1593, 1327, 1142, 1104, 758, 723; *H NMR (400 MHz,
CDCly): & 8.29—8.27 (m, 1H), 8.00 (s, 1H), 7.94—7.92 (m, 1H), 7.78 (s, 1H), 7.39—7.36 (m, 2H), 6.17 (s, 2H),
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3.99 (s, 2H), 3.94 (s, 6H), 3.78 (s, 3H), 0.98 (s, 15H); 13C {*H} NMR (100 MHz, CDCl5): & 159.8, 157.8, 151.0,
139.3,137.7,127.3,125.3,125.0, 124.1, 124.0, 122.9, 119.1, 109.4, 91.1,55.9, 55.4, 23.8, 7.8, 4.7, 0.0; ESI-HRMS
m/z: 461.2126 ([M+Na]*); Calcd for C26H3404SiNa: 461.2119.

3-[(1’-Hydroxynaphthalen-2’-yl)methyl]-N-phenylindol (entry 11, 2i)

1b (81.0 mg, 0.20 mmol) % J&'Z |2, FeCls (1.6 mg, 0.01 mmol) % fififi: & L C N-7 = =LA > K—/1(0.8 mmol)
Z 30 UL EETe. YUATNANBI T AT a~ NI T T 4 —(~F Y UIEERT TV = 10/1) TR LT &
Z A, 2i(69.2mg, 0.15 mmol) & 72% C7=,

IREJRY; IR (ATR) cm™: 3052, 2292, 1657, 1594, 1499, 1455, 1329, 906, 727; *H NMR (400 MHz, CDCls): &
8.16—8.13 (m, 1H), 8.04—8.02 (m, 1H), 7.75—7.70 (m, 2H), 7.56 (t, 2H, J = 7.2 Hz), 7.53—7.46 (m, 5H),
7.37—7.33 (m, 1H), 7.28 (s, 1H), 7.23 (dt, 1H, J = 8.0, 1.2 Hz), 7.16 (dt, 1H, J = 8.0, 1.2 Hz), 6.73 (s, 1H), 4.11 (s,
2H); C {*H} NMR (100 MHz, CDCls): & 185.4, 185.3, 150.2, 136.2, 139.5, 135.3, 133.7, 133.6, 132.3, 132.2,
129.6, 128.4, 127.2, 126.6, 126.4, 126.1, 124.2, 122.8, 120.4, 119.1, 111.6, 110.8, 25.2; ESI-HRMS m/z: 348.1392
(IM-HT"); Calcd for CasH1gNO: 348.1394.

BRMERILE W (entry 12, 3d)

1b (61.2 mg, 0.15 mmol) % A& 12, FeCls (1.3 mg, 0.007 mmol) Z filifi: & L CX> > 7 5 (0.8 mmol) % 2 B
MG S®Te., Y UATNADT LT~ T T 7 4 —(~FH VIEETT L = 20) THERBLZEZ A,
3d (8.3 mg, 0.02 mmol) % 14% CT15§7=,

HEIRRY; IR (ATR) cm™: 2952, 1599, 1478, 1240, 978, 728; *H NMR (400 MHz, CDCl3): & 8.19—8.16 (m,
1H), 7.98—7.94 (m, 1H), 7.60 (dd, 1H, J = 7.2, 1.6 Hz), 7.42—7.36 (m, 3H), 7.17 (dt, 1H, J = 7.5, 1.4 Hz), 6.90
(dt, 1H, J = 7.5, 1.4 Hz), 6.70 (d, 1H, J = 8.4 Hz), 5.88 (d, 1H, J = 7.2 Hz), 5.40—5.36 (m, 1H), 3.34 (dd, 1H, J =
15.6, 4.2 Hz), 3.27 (dd, 1H, J = 15.6, 4.2 Hz), 0.96—0.94 (m, 15H); 3C {*H} NMR (100 MHz, CDCls): & 160.6,
151.3, 137.7, 135.8, 131.0, 127.9, 127.6, 126.3, 126.2, 125.8, 125.3, 124.8, 122.0, 121.0, 116.2, 110.1, 82.5, 78.9,
28.9, 7.7, 4.5; ESI-HRMS m/z: 387.1783 ([M-H]"); Calcd for C2sH2s0-Si: 387.1786.

6,7-Dimethoxy-2-[(2’,4°,6’-trimethoxyphenyl)methyl]-naphthalen-1-ol (entry 13, 2j)

1c (47.0mg, 0.10 mmol) % FEE 12, FeCls (0.8 mg, 0.005 mmol) Z fillit & LT 1,35-h U A F %X F (0.8
mmol)& 30 Ut ST, YU NTNI T A a~w NI T T 4 —(~FYUFBETT L = 5/1) TR L
72& A, 2j(24.1 mg, 0.06 mmol) % 63% CTH7=,

FEY; IR (ATR) cm:3381, 2940, 2836, 1609, 1953, 1510, 1487, 1456, 1253, 1230, 1156, 1111, 728; H
NMR (400 MHz, CDCls): 6 7.89 (s,1H), 7.51 (s, 1H), 7.42 (d, 1H, J = 8.0 Hz), 7.15 (d, 1H, J = 8.0 Hz), 7.01 (s,
1H), 6.16 (s, 2H), 4.00 (s, 3H), 3.96 (s, 2H), 3.95 (s, 3H), 3.94 (s, 6H), 3.76 (s, 3H); °C {*H} NMR (125 MHz,
CDCls): 6 159.7, 157.7, 149.0, 148.7, 148.5, 129.2, 128.3, 120.0, 118.8, 117.5, 109.5, 105.8, 101.1, 91.1, 55.9, 55.8,
55.7, 55.4, 23.5; ESI-HRMS m/z: 407.1456 ([M+Na]*); Calcd for C22H2406Na: 407.1465.

Scheme 2-2-1 (2 B89 2 FEBr

T3 UFEEK FEIRTREE (b, 0.2 mmol) & 1,35-F U A R (0.8 mmol) DMK 7 m T
2 (1 mL)ERRIZ, FeBrs (3.0 mg, 0.01 mmol)Z iz 7=, 3 K%, K@ mL)EZMx Ty XA ¥ (2
mLx2) THIH L7z, AHE 2 KGR N Y U A CRE Al L, BIERE L, MAERMZT Y 7
NATETa~< T T 7 4 —(~FY UEHRTF L =5/1)THEEL L. 2hb (42.7 mg, 0.13 mmol) % 66% C15
72
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2-[(2°,4°,6°- Trimethoxyphenyl)methyl]-naphthalen-1-ol (2hb)

M4 [E fA; M.p. 122—126 °C; IR (ATR) cm: 3377, 2940, 1591, 1452, 1142, 1110, 944, 781; *H NMR (400 MHz,
CDCls): 6 8.24—8.21 (m, 1H), 7.94 (s, 1H), 7.70—7.69 (m, 1H), 7.55 (d, 1H, J = 8.4 Hz), 7.40—7.35 (m, 2H),
7.30 (d, 1H, J = 8.4 Hz), 6.16 (s, 2H), 3.99 (s, 2H), 3.93 (s, 6H), 3.76 (s, 3H); *C {*H} NMR (100 MHz, CDCl3):
6 159.9, 157.9, 149.7, 133.6, 130.1, 127.2, 125.4, 125.2, 124.7, 122.3, 120.1, 119.0, 109.5, 91.3, 56.1, 55.5,
23.7;ESI-HRMS m/z: 347.1256 ([M+Na]*); Calcd for CaoH2004Na: 347.1254.

% —IA : Table 2-2-4 |ZB84 % FEh

—WRFEBRIE - TV T U RBEA FERIE THE (208, 0.2 mmol) & 1,35- h U A R F X (0.8 mmol) D I
K7 vnm A& (1 mL)ERIArIEE0.01-0.20 mmol) 2 Nz 7=, LA FIZ/R TSR L2, K@ mL) %
Mz Ty r7mm A2 2mLx2)THIH L7z, AE 2 HEKMEE T MY U LA Cilgiam L, BIEEEL
Too WMAEBMZ VDTN T LI 0~ N7 T 7 4 —(~F W Vg T /L = 5/1) TR LIS 2 5B H
L7z,

entry 1: FeCls (5 mol%) % fitfi & U C—fxSEERIEICIEV 30 /3 s LTz & 2 A, 4a 7S 3T%15 T,
entry 2: AuCls (5 mol%) % fil it & | C— i SEBRIEICHEN 30 /ot Lo & 2 A, da s 61%15 bl
entry 3: BF3-Et;O (5 mol%) % fiftf & U T — B FERIEICIEV 30 0SS LTz & 2 A, da 1’ 80%fE Haviz,

entry 4: TFA (5 mol%) % filtfi & U C— R SEBRIEICHEV 24 RIS LTz & 2 A, da i3 AR TR [EIIY
Sy W

entry 5: TFA (100 mol%) Z filt i & U C—fXSEBRIEIHEV 2 G LTz & 2 A, da 23 78% 1% H il

entry 6: TFAA (100 mol%) % filtfi & U C— M EBIEICHE 2 RefISUL Lz & 2 A, da DEEMIZE LN
T2o ETALEY 21 28 TFAA (% LT 37%4R8 L 72,

entry 7: TFA (40 mol%) % fillit & U CT—AxFEBRIEITIE WV 24 RIS L2 & 2 A, da B T1% G 6Tz, £
72 29% D JFUBF AN B S ATz,

entry 8: TFAA (40 mol%) Z- fili i & U C— i S2BRIEITHE 24 FE S LT & 2 A, 4a 78 65% 1% Hive, %
72 15% D JFRF A AN & 4v7z,

entry 9: MEZKEERE (Ac20; 100 mol%) % fili it & U C— % FEBRIEITHE 24 FEEISOG LT & 2 A, da 13ARk
HPHREFAENY S Tz,

4-[(2°,4°,6°-Trimethoxyphenyl)methyl]-naphthalen-1-ol (4a)

68 [E (R, M.p. 126—129 °C; IR (ATR) cm*: 3374, 1590, 1200, 1144, 1116, 812, 761; 'H NMR (400 MHz,
CDCls): 6 8.27 (d, 1H, J=8.2 Hz), 8.19 (d, 1H, J= 8.2 Hz), 7.58—7.54 (m, 1H), 7.51—7.47 (m, 1H), 6.73 (d, 1H,
J=7.6 Hz), 6.63 (d, 1H, J = 7.6 Hz), 6.21 (s, 2H), 4.96 (s, 1H), 4.29 (s, 2H), 3.85 (s, 3H), 3.72 (s, 6H); °C {*H}
NMR (125 MHz, CDCls): 6 159.8, 159.3, 149.5, 133.2, 129.5, 126.0, 124.6, 124.5, 123.9, 123.8, 122.0, 108.8, 108.2,
90.7,55.7, 55.3, 24.7; ESI-HRMS m/z: 347.1245 ([M+Na]*); Calcd for CaoH2004Na: 347.1254.

#5PUIH : Table 2-2-5 (29 % EBr
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— R FEBRYE - TV URA T, A (20: 0.2 mmol) DK Y 7 v 2 L ((CHLCl)2, 1 mMLEIRIC, B
HAEE4(0.8 mmol) & #EK kU 7 /L v FEER(TFAA, 0.2 mmol: FYE 2% L€ 1 Y% 8) & 1% C =R Tt
L7z, BUBKETH, K@mL)ZEMZ, Y7 ra XX (2 mux3) Tl Lz, Fi%E 2 BT Y o
LCRAEEZIEE U, IR AT L Lic, AR EZ VDTSN T A a~ 7T 7 0 —CRERL,
FTEDOET U—)L AKX (8) &%=,

4-[(1’-Methoxynaphthalen-4’-yl)methyl]-naphthalen-1-ol (entry 1, 4b)

20a (60.9 mg, 0.21 mmol)Z FE 2, MK kU 7 /LA & FERE(28 uL, 0.20 mmol) & filf: & LT 1-24 F 5
742 L 08mmol)Z AN L C 2 KIS ST, U BTN BT LT a~ N7 T T 4 —(~F VI
TF)L =51)THR L= & Z A, 4b (48.9 mg, 0.16 mmol) % 74% CTH7=,

A [H R, M.p. 126—129 °C; IR (ATR) cm™: 3519, 1585, 1463, 1381, 1267, 1242, 1091, 757; *H NMR (400 MHz,
CDCls): 6 8.35—8.32 (m, 1H), 8.27—38.24 (m, 1H), 8.00—7.94 (m, 2H), 7.52—7.46 (m, 4H), 6.96 (d, 1H, J=7.8
Hz), 6.85 (d, 1H, J = 7.8 Hz), 6.67—6.64 (m, 2H), 4.69 (s, 2H), 3.95 (s, 3H); 13C {*H} NMR (100 MHz, CDCls): &
154.3,150.2, 133.2, 133.0, 128.8, 128.2, 126.8, 126.8, 126.5, 125.9, 125.0, 124.9, 124.7, 124.0, 123.8, 122.5, 122.2,
108.2, 103.5,55.4, 34.8; ESI-HRMS m/z: 337.1188 ([M+Na]*); Calcd for C22H1s02Na: 337.1199.

4-[(2°-Methoxynaphthalen-1’-yl)methyl]-naphthalen-1-ol (entr 2, 4c)

20a (55.1 mg, 0.19 mmol) & JEE 2, fEK b U 7 LA o FERE(27 pL, 0.19 mmol) Z filfit & LC 2-2 k¥
74X L 08mmol) I L C 2B RIS ST, U B FVh T AT a~ T T 7 4 —(~FV
TF )L =10/1) THR L7 & Z A, 4c(22.1 mg, 0.07 mmol) % 36% C1&7-,

A4 [E (K, M.p. 145—148 °C; IR (ATR) cm*: 3380, 2926, 1586, 1511, 1384, 1250, 1089, 743; *"H NMR (400 MHz,
CDCl3): 68.35(d, 1H, J=8.6 Hz), 8.25 (d, 1H, J=8.6 Hz), 7.86 (d, 1H, J= 8.8 Hz), 7.84—7.82 (m, 1H), 7.69—7.64
(m, 2H), 7.56 (t, 1H, J = 7.6 Hz), 7.38 (d, 1H, J = 8.8 Hz), 7.34—7.29 (m, 2H), 6.47 (d, 1H, J = 7.6 Hz), 6.41 (d,
1H, J = 7.6 Hz), 5.00 (s, 1H), 4.81 (s, 2H), 3.89 (s, 3H); 13C {*H} NMR (100 MHz, CDCl5): § 155.3, 149.7, 133.8,
133.1, 129.3, 128.6, 128.4, 128.3, 126.4, 124.9, 124.6, 124.4,124.4, 124.0, 123.4, 123.4,122.3, 120.8, 113.7, 108.2,
56.8, 27.0; ESI-HRMS m/z: 337.1195 ([M+Na]*); Calcd for C,2H1502Na: 337.1199.

3-[(1’-Hydroxynaphthalen-4-yl)methyl]-N-phenylindol (entry 3, 4d)

20a (56.7 mg, 0.19 mmol) % J/E |2, MK bV 7 /L4 v FERR(28 uL, 0.20 mmol) Z filtlit & LT N-7 = =LA
¥ R—1(0.8mmol)Z M L C WM ST, Y UDTFNAT LI a~ NI T 7 4 —(~FY 1%
TF/L =10/1)THR L= & Z A, 4d(78.8 mg, 0.19 mmol) % & &HINZ57-,

IRETHIRY: IR (ATR) cm™: 3508, 3046, 1499, 1455, 905, 728; *H NMR (500 MHz, CDCls): & 8.23—8.22 (m,
1H), 8.06—8.05 (m, 1H), 7.68 (d, 1H, J = 7.0 Hz), 7.57 (d, 1H, J = 8.0 Hz), 7.47—7.45 (m, 2H), 7.41—7.35 (m,
4H), 7.25—7.20 (m, 3H), 7.17 (t, 1H, J = 7.0 Hz), 6.81 (s, 1H), 6.69 (d, 1H, J = 7.5 Hz), 5.27 (s, 1H), 4.49 (s, 2H);
13C {*H} NMR (125 MHz, CDCls): § 150.3, 139.7, 136.0, 133.1, 129.4, ,129.4, 128.9, 128.7, 126.4, 126.4, 126.0,
124.9, 124.7, 124.4, 124.0, 122.5, 122.1, 119.9, 119.4, 116.8, 110.5, 108.1, 28.4; ESI-HRMS m/z: 372.1360
(IM+Na]*); Calcd for CasH19NONa: 372.1359.

6,7-Dibromo-4-[(2°,4°,6’-trimethoxyphenyl)methyl]-naphthalen-1-ol (entry 4, 4e)

20b (83.3mg, 0.19 mmol)Z HE (2, MK ~ U 7 /LA o fEl#(28 pL, 0.20 mmol) Z filifit & LT 1,35- U A |
XN EB(0.8 mmol)ZRINL T2 KIS S/, U BTN T hra~w NTTT 4 —(~FHr
IHEfiE—F /)L =2/[1) TR L7 & Z A, 4e (45.0 mg, 0.10 mmol) % 52% T157-.
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HARY; IR (ATR) cm™: 3396, 2937, 2837, 1596, 1454, 1416, 1203, 1148, 1118, 812, 732; 'H NMR (400 MHz,
CDCly): & 8.67 (s, 1H), 8.46 (s, 1H), 6.97 (d, 1H, J = 8.0 Hz), 6.63 (d, 1H, J = 8.0 Hz), 6.17 (s, 2H), 5.09 (s, 1H),
4.18 (s, 2H), 3.82 (s, 3H), 3.77 (s, 6H); 13C {*H} NMR (100 MHz, CDCls); 5 160.0, 159.0, 148.7, 133.1, 129.5,
129.5,127.1, 126.8, 124.5, 122.5, 120.6, 109.4, 108.6, 90.7, 55.7, 55.3, 25.0; ESI-HRMS m/z: 502.9457 ([M+Na]*);
Calcd for C20H1804Br2Na: 502.9464.

5 1LTE : Scheme 2-2-2 (2R84 % EBR

— W FEERYE - TV UER FRIETHEE (aor 1b, 0.2 mmol) & 7 L— (0.8 mmol) DK T 7 mm A Z
(1 mL)#RIZ TFAA (0.20 mmol) 2 Nz 7=, LA FISR TSI L 72, K@ mL)Z Mz T 7 mm A
X (2 mLx2) CHiH L7z, AHE 2 MK b Y o A CHEZ AR L, BIER E Lz, AR >~
VBTN T R a~ NTT 7 4 —(~FH UIEE=T /L =5/1) THR LR ZR M L,

eq.l: —fXEBRIEICHEV, la, 1,35-F U A FF I NP b TFAA & 2 RERIEUG L7z & 2 A, 2a MR
90% CTfF b7,

eq.2: —MREBRIEICHEV, la. N-7 = =/LA » R—L & TFAA % 2 B[S L= & 2 A, 2f NEEMIC
HSoni,

e0.3: —RFEBRIEIZHEV, la, XY T T L TFAA & 3HFREIRUG LT & 2 A, 3a 3K 62% TH LN
776

eq.d: —FEEBRIEICHEV, 1b, N-7 ==L A > R—)L & TFAA % 30 0fUis L7z & 2 A, 2i MUK 54% T
o,

#-CIE - Table 2-2-6 1234 % F8

— W FEBRYE « TV I FEIAR FEIR T 22, 0.2 mmol) & 7 L— (0.8 mmol)DEEK Y 7 mm A & (1
mL)A#ZIZ FeCls (0.01 mmol) & Il 2 7=, 30 @R L7=%., K@mL)ZMxTyr/ra A X 2mLx2)7T
i U7e, AigE 2 oKaiEE T bV o A TR A L, BIER L Lic, MAERME ) BTNV H T A
ra~ hIT7 4 — TR LUIREREH LT,

2,4-Bis[(2°,4°,6°-trimethoxyphenyl)methyl]-naphthalen-1-ol (entry 1, 5a)

22a (83.6 mg, 0.19 mmol) % A& |2, FeCls (1.6 mg, 0.01 mmol) % filtfit & L T 1,3,5-trimethoxybenzene (0.8
mmol) Z 7N L C— M EBREICEN 30 oIS L, YU BTN T AT a~< 87T T ¢ —(~F % UIEE
TF )L =5/1)THR L7 & Z A, 5a(62.4mg, 0.13 mmol) % 65% C157=.

44 [H (R M.p. 117—118 °C; IR (ATR) cm™:3486, 2937, 1623, 1584, 1513, 1421, 1387, 1269, 1091, 904, 726; 'H
NMR (500 MHz, CDCls): 6 8.25 (d, 1H, J = 7.8 Hz), 8.14 (d, 1H, J = 7.8 Hz), 7.74 (s, 1H), 7.45 (t, 1H, J = 7.0 Hz),
7.41 (t, 1H, J="7.0 Hz), 6.94 (s, 1H), 6.25 (s, 2H), 6.08, (s, 1H), 4.26 (s, 3H), 3.88 (s, 3H), 3.83 (s, 2H), 3.76—3.74
(m, 9H), 3.70 (s, 6H); 13C {"H} NMR (100 MHz, CDCls): 5 159.7, 159.5, 157.7, 147.7, 132.0, 127.8, 127.6, 125.2,
124.9,124.0, 123.3, 122.6, 119.4, 109.7, 109.4, 90.9, 90.7, 90.6, 55.8, 55.7, 55.6, 55.4, 24.6, 23.5; ESI-HRMS m/z:
527.2037 ([M+Na]*); Calcd for C3H3207Na: 527.2040.

2,4-Bis[(1’-methoxynaphthalen-4’-yl)methyl]-naphthalen-1-ol (entry 2, 5b)
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22a (43.2 mg, 0.10 mmol) % & (2, FeCls (0.8 mg, 0.005 mmol) Z fiifit & LT 1-A h¥ T F7 X L (0.4
mmol)Z I L T 30 IS S8, YU B TNHT LI ua~ N7 T T 4 —(~FH IHETF L = 5/1)
TH#LL7= & Z A, 5b(40.7 mg, 0.08 mmol) % 84% C4537=,

HAJIRY; IR (ATR) cm™: 2394, 1584, 1461, 1387, 1267, 1090, 760; 'H NMR (500 MHz, CDCl3): § 8.31 (d, 1H,
J=8.0 Hz), 8.27 (d, 1H, J = 8.0 Hz), 8.19 (d, 1H, J = 9.0 Hz), 7.93 (t, 2H, J = 7.0 Hz), 7.83 (d, 1H, J = 7.0 Hz),
7.49—7.41 (m, 5H), 7.39 (t, 1H, J = 8.0 Hz), 7.09 (d, 1H, J = 8.0 Hz), 6.92—6.91 (m, 2H), 6.61 (d, 2H, J = 8.0 Hz),
5.29 (s, 1H), 4.67 (s, 2H), 4.32 (s, 2H), 3.94 (s, 6H); °C {*H} NMR (125 MHz, CDCls): § 154.9, 154.2, 148.4,
132.8,132.7,132.2,130.1, 128.6, 128.2, 126.7, 126.4, 126.2, 126.1, 125.8, 125.8, 125.2, 125.0, 124.9, 124.9, 124.0,
124.0, 123.7, 123.7, 122.6, 122.5, 122.0, 118.6, 103.3, 103.1, 55.4, 55.4, 34.7, 34.2; ESI-HRMS m/z: 507.1930
([M+Na]*); Calcd for C3sH2803Na: 507.1931.

2,4-Bis[(3’-N-phenylindlyl)methyl]-naphthalen-1-ol (entry 3, 5c)

22a (32.3 mg, 0.07 mmol) % £Z (2. FeClz (0.6 mg, 0.004 mmol) & fififi: L LT N-7 ==L A > K—/1(0.4
mmol)Z WML T30 &8, Y UAFNAT I a~ T T 7 4 —(~F W Ui F L =15/1)
TR L 7= & Z A, 5c (26.5 mg, 0.05 mmol) % 68% T457-.

FARY; IR (ATR) cm: 3481, 3051, 1596, 1498, 1455, 906, 730; *H NMR (400 MHz, CDCls): & 8.20—8.18
(m, 1H), 8.07—8.04 (m, 1H), 7.69 (d, 1H, J = 7.6 Hz), 7.57—7.51 (m, 3H), 7.43—7.34 (m, 11H), 7.28—7.17 (m,
4H), 7.13 (dt, 1H, J = 4.4, 1.2 Hz), 7.08—7.05 (m, 2H), 6.84 (s, 1H), 5.49 (s, 1H), 4.53 (s, 2H), 4.25 (s, 2H); 13C
{*H} NMR (100 MHz, CDCls): 6 148.5, 139.8, 139.4, 136.6, 136.1, 132.2, 129.6, 129.5, 129.4, 128.9, 128.5, 128.4,
126.4,126.3,126.0, 125.9, 125.7, 125.4, 124.9, 124.3,124.1, 124.0, 123.0, 122.5, 122.0, 120.3, 120.0, 119.5, 119.4,
118.5, 117.0, 114.4, 110.7, 110.5, 28.4, 27.3; ESI-HRMS m/z: 577.2246 ([M+Na]*); Calcd for CaoH3N2ONa:
577.2250.

2,4-Bis[(2’,4°,6’-trimethoxyphenyl)methyl]-7-methoxy-naphthalen-1-ol (entry 4, 5d)

22b (46.7 mg, 0.10 mmol) % F£& (2, FeCls (0.8 mg, 0.005 mmol) Z filft & LT 1,35-F U A hF R B
(0.4 mmol)Z ¥R LT 30 BIG S ¥z, YUBFNAT LI 0~ NI T T 4 —(~FH BT FL =
5/1) TR L 7= & = A, 5d(38.4 mg, 0.07 mmol) % 72% C157-,

HEAMKY; IR (ATR) cm™: 3411, 2936, 1590, 1418, 1207, 1108, 1034, 799; 'H NMR (400 MHz, CDCls):  8.06
(d, 1H, J =9.2 Hz), 7.68 (s, 1H), 7.56 (d, 1H, J = 2.6 Hz), 7.11 (dd, 1H, J = 9.2, 2.6 Hz), 6.83 (s, 1H), 6.24 (s, 2H),
6.09 (s, 2H), 4.23 (s, 2H), 3.93 (s, 3H), 3.87 (s, 3H), 3.82 (s, 2H), 3.76 (s, 6H), 3.74 (s, 3H), 3.70 (s, 6H); 13C {'H}
NMR (125 MHz, CDCls): 6 159.6, 159.5, 159.5, 157.7, 156.6, 146.8, 127.8,127.5,126.1, 125.6, 125.1, 120.1, 117.3,
109.8, 109.6, 100.9, 90.9, 90.7, 55.8, 55.7,55.5, 55.4, 55.3, 24.6, 23.6; ESI-HRMS m/z: 557.2138 ([M+Na]*); Calcd
for C31H340gNa: 557.2146.

ERWERILEY (entry 5, 6a)

22a (41.2 mg, 0.10 mmol) %z JLE 12, FeCls (0.8 mg, 0.005 mmol) Z filifk & L CX> > 7 F (0.4 mmol) % ¥
MLUT30 e EEz. YUV AT Lra~ NI T 7 4 —(~FHUEERTF /L = 16/1) TR L
7=& 2 A, 6a(19.8 mg, 0.05 mmol) % 54% T157=.

AR, IR (ATR) cm™: 3065, 2925, 1600, 1511, 1478, 1388, 1241, 1106, 750; *H NMR (500 MHz, CDCls):
58.16 (d, 1H, J = 7.5 Hz), 7.89 (d, 1H, J = 7.5 Hz), 7.60 (d, 1H, J = 7.5 Hz), 7.43—7.37 (m, 4H), 7.21—7.18 (m,
2H), 7.17—7.13 (m, 2H), 6.88 (t, 1H, J = 7.5 Hz), 6.69 (d, 1H, J = 9.0 Hz), 6.19 (s, 1H), 5.94 (d, 1H, J = 7.5 H2),
5.43—5.39 (m, 1H), 4.48 (d, J = 16.5 Hz, 1H), 4.39 (d, J = 16.5 Hz, 1H), 3.30 (dd, 1H, J = 15.8, 4.0 Hz), 3.25 (dd,
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1H, J = 15.8, 4.0 Hz), 3C {'H} NMR (125 MHz, CDCl5): 5 160.6, 157.8, 154.7, 149.5, 131.7, 131.0, 128.8, 128.4,
126.5, 126.3, 126.2, 126.0, 125.9, 125.3, 123.8, 123.3, 122.4, 121.9, 121.0, 120.3 117.4, 110.9, 110.0, 103.6, 82.5,
79.2, 32.0, 29.0; ESI-HRMS m/z: 403.1330 ([M-H]"); Calcd for CogHi903: 403.1340.

BRMERILEW (entry 6, 6b)

22b (26.7 mg, 0.06 mmol) % £Z (2. FeCls (0.8 mg, 0.005 mmol) Z filff & LT 1,35- kU X hF B
(0.8 MMOl)ZHEIN LT 30 RIS ST, S UBFABT AT~ F T 5T 4 —(~FH T F L =
10/1) THRL L 7= & Z A, 6b (6.4 mg, 0.01 mmol)% 21% C157-.

MR IR (ATR) cmrl: 2930, 1601, 1454, 1254, 1222, 751; 'H NMR (400 MHz, CDCls) 5: 7.80 (d, 1H, J =
9.2 Hz), 7.59 (d, 1H, J = 8.4 Hz), 7.45 (d, 1H, J = 2.8 Hz), 7.40 (dt, 2H, J = 5.6, 1.2 Hz), 7.21—7.13 (m, 3H),
7.06—7.03 (m, 2H), 6.88 (dt, 1H, J = 7.2, 1.2 Hz), 6.69 (d, 1H, J = 8.0 Hz), 6.17 (s, 1H), 5.93 (d, J = 7.6 Hz, 1H),
5.42—5.39 (m, 1H), 4.43 (d, J = 16.4 Hz, 1H), 4.35 (d, J = 17.2 Hz, 1H), 3.92 (s, 3H), 3.29 (dd, J = 15.6, 4.0 Hz,
1H), 3.23 (dd, J = 15.6, 4.0 Hz, 1H); 3C {*"H} NMR (100 MHz, CDCls) : 160.7, 157.9, 157.4, 154.8, 148.6, 131.1,
128.8,127.3,127.3,126.7, 126.1, 126.0, 125.6, 123.9, 123.3, 122.4, 121.0, 120.3, 118.4, 118.3, 110.9, 110.1, 103.6,
100.3, 82.7, 79.4, 55.3, 32.1, 29.2; ESI-HRMS m/z: 457.1414 ([M+Na]*); Calcd for CH2204Na: 457.1410.
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5= AEARUCEET D £k
7

=N 2R PAN
7 UHEIEDERL
first step HO second step third step MeO
OMe
cHO CH(OMe); (2.2 eq.)
I, (6 mol%) = PDC (1.2eq.) _ = TBATB (2 mol%) =
scrose o) o) 77 e o
DMF, 150 °C X CH,Cly, rt X MeOH, rt =,
10 min. CHO 24h CHO 24h OMe

MeO

Step 10033, 7L T RIS T, A2 v —A(159, 45 mmol) DMK 2 A F /LR AT 2 K(DMF, 50 mL)A#R
(23 7 #(350 mg, 2.7 mmol) DK D A F LRV AT 2 K1 mL)AH % 170 °C T F L7z, 10 /e
LT 0°C TKREOML)E M X 72, FO%AES ., Bilg—=7/1(50 mL x 10) THit L. MoK -
U0 L THRZIEE L, ISR ABIERE Ulc, MAERMZ L VBTN T o ax 87T 7 4 —(~FH
VIEEE =T L = Y1) THR L7 & Z A, 5-(hydroxymethyl)furan-2-carbaldehyde (5.1 g, 41 mmol)% 90% C

&7,

5-(Hydroxymethyl)furan-2-carbaldehyde

'H NMR (500 MHz, CDCls): 8 9.58 (s, 1H), 7.21 (d, 1H, J = 3.4 Hz), 6.51 (d, 1H, J = 3.4 Hz), 4.72 (d, 2H, J = 5.7
Hz), 2.57 (brs, 1H).

AR D HNMR A7 R L3 SCEMERS & — URE L7z,

Step 2; 7 /v GRS T, 5-(hydroxymethyl)furan-2-carbaldehyde (5.0 g, 40 mmol) DK 7 mm 2 & >
(CHCl,, 100 mL)AIRIC 7 1 AR Y 22 =17 1 (PDC, 16 g, 44 mmol) & & 5 A (16 g)& EIEL T2 7=,
24 IRHIHHRZ . BT A P2 AW TIEE L, IBIRABIERE L, AR Z SV BTNV T7 L7 v~ b
TT 74— (~F T UIEE TV = 1) TR L7 & 2 A, furan-2,5-dicarbaldehyde (4.36 g, 35 mmol) %
88 % C1F7z,

Furan-2,5-dicarbaldehyde
'H NMR (500 MHz, CDCls): & 9.86 (s, 2H), 7.34 (s, 2H).
AR D *H NMR A7 kL3 SCRERERSST & — B LIRDE L7,

Step3; 7 /L3RBT, furan-2,5-dicarbaldehyde (1.0 g, 8.7 mmol)® £ % 7 —/ L (MeOH, 20 mL){&Fik (2 4
JV RXEE R U A F /(2 mL, 19.2 mmol) & tetrabutylammonium tribromide (TBATB; 90 mg, 0.17 mmol) % == i
TN Z 7z, 6 WL, fafnmREe/kET N v LKRQOML)EZ X 72, T O%AEE% ., Biit—F /L
(20 MLx3) THEH L. MEoKHRER T~ U » L TN L, IBRZBIERE R L, AR E ) D7
BT a<w NTTT 4 —(~FH TV N =F 7 2 = 100/10/1) TR L7 & 2 A, 2,5-
bis(dimethoxymethyl)furan (1.68 g, 7.8 mmol) % 89 % CT15%7=,

2,5-Bis(dimethoxymethyl)furan

MR, IR (ATR) cmt: 2937, 2831, 1444, 1356, 1190, 1102, 1051, 1017; *H NMR (500 MHz, CDCls): § 6.40
(s, 2H), 5.42 (s, 2H), 3.34 (s, 12H); 13C {*H} NMR (125 MHz, CDCl5): & 150.8, 108.9, 97.8, 52.8; ESI-HRMS m/z:
239.0878 ([M+Na]*); Calcd for C1oH160sNa: 239.0890.

N PA L HTERE DB R

Step1; 7 /L= RS 0°C C, 2-bromophenol #E /A£G mmol)DEKT 7 & Ka 77 2 (THF, 20 mL)
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WHRIZ b U =F L7 I (BN, 1 mL, 7.5 mmol)is L O L N U XA F /1 F /(TMSCI, 1 mL, 7.5 mmol) %
Mz 7z, 3 RSP ENEM AT L L, BonEEx 7 4 MNER L, BIREZHIERE L,
3 B 417z 2-bromophenyl trimethylsilyl ether F5EMAITFERAET . £OF EROLUSIZEEM L7z,

Step2; 7 /LA RPN —78°C T, LR FEETH LT silyl ether FEADOEEKT T Fur J
(THF, 20 mML)¥ARIZ 2.6 Mn-BuLi ~ 4 > 7A#%(3.75mL, 6 mmol) & F L7, 1 Ff#RERE . SOSIEIRIC
Hfb Y AFI T (TMSCL 1 mL, 7.5 mmol) Zifi & L. & HIZ 3 RFfEfe#E L7z, £ D% IZAD
FERIERAKFET - U D LKEE(A0 mL)Z A 7o, AHEE 2~ 3 (10 mLx3) THltH L, #KGifgT U v
L CHZER IR U, JERE LR E Lz, MAERME S YV DTN T hra~x NI T 7 4 —(~FH ol
R =F L7 2> =100/1) THELL . 2 trimethyl(2-((trimethylsilyl)oxy)phenyl)silane &% E 1A % 157-,

4-Chloro-2-(trimethylsilyl)phenol

'H NMR (500 MHz, CDCls): § 7.27—7.26 (m, 1H), 7.16 (dd, 1H, J = 8.3, 2.9 Hz), 6.60 (d, 1H, J = 8.3 Hz) 0.30 (s,
9H).

AR D HNMR A7 R L3 SCEMERST & — LRE LTz,

Trimethyl(3-methyl-2-((trimethylsilyl)oxy)phenyl)silane

R, IR (ATR) cmL: 2954, 1449, 1403, 1254, 1222, 1190, 1148; *H NMR (500 MHz, CDCls): § 7.24 (dd,
1H,J =75, 1.5 Hz), 7.14 (dd, 1H, J = 6.9, 1.5 Hz), 6.90 (dd, 1H, J = 7.5, 6.9 Hz), 2.25 (s, 3H), 0.30 (s, 9H), 0.29
(s, 9H); 13C {*H} NMR (125 MHz, CDCls): 5 158.9, 133.2, 132.8, 130.2, 127.0, 121.3, 19.3, 1.9, -0.1; ESI-HRMS
m/z: 275.1288 ([M+Na]*); Calcd for C13H240Si>Na: 275.1258.

Trimethyl(5-methyl-2-((trimethylsilyl)oxy)phenyl)silane

IR ; IR (ATR) cmt: 2956, 1474, 1386, 1275, 1235, 1140, 1079; *H NMR (500 MHz, CDCl3): § 7.16 (s,
1H), 7.04 (d, 1H, J = 8.0 Hz), 6.67 (d, 1H, J = 8.0 Hz), 2.28 (s, 3H), 0.32 (s, 9H), 0.26 (s, 9H); 3C {*H} NMR (125
MHz, CDCls): 4 158.1, 135.8, 130.9, 129.6, 129.4, 116.2, 20.6, 0.6, -0.9; ESI-HRMS m/z: 253.1430 ([M+H]");
Calcd for C13H240Si,: 253.1438.

Trimethyl(2-((trimethylsilyl)oxy)phenyl)silane Z5E & (7a, 7¢ I8 L ' 7d)DEHR

T UFEBEAR. 2,5-bis(dimethoxymethyl)furan (252.5 mg, 1.0 mmol)® 7 & k= K U /L (15 mL)AEHEIZ
trimethyl(2-((trimethylsilyl)oxy)phenyl)silan #%53&{4(324.3 mg, 1.5 mmol) & 1.0 M TBAF in THF %% (2 mL,
2.0mmol) & NNz 7=, Zili T 24 KFE@ % RISIKIZ/AK @ mL) 200 2., BEEE = /L (10 mLx3) THiH L 7=,
AHE & BKAEEE T R U U A CHzRGIEE L, IRIRZ TR E Lic, MAERMEZ S D BTSN 7 K78
~ T T T 4 —(~FHEEB T = 31) TR E L, 1,4-bis(dimethoxymethyl)-1,4-epoxy-1,4-
dihydronaphthalene &% 54 (7) % 157-.,

1,4-Bis(dimethoxymethyl)-1,4-epoxy-1,4-dihydronaphthalene (7a)

2-(Trimethylsilyl)phenyl trifluoromethanesulfonate (1.68 g, 7.8 mmol) Z L& (ZfEfH L=, U BNV T LY
n~ 7T 7 4 —(~F Y UEET L = 31) TR L L 24, 1,4-bis(dimethoxymethyl)-1,4-dihydro-
1,4-epoxynaphthalene (1a: 1.85 g, 6.3 mmol)% 81 % CT1%7=,

IR, IR (ATR) cml: 2936, 2832, 1447, 1383, 1288, 1191, 1141, 1104, 1065, 1034; *H NMR (500 MHz,
CDCls): § 7.33 (dd, 1H, J = 5.2, 3.0 Hz), 7.01 (s, 2H), 6.96 (dd, 2H, J = 5.2, 3.0 Hz), 5.01 (5, 2H), 3.63 (s, 6H), 3.62
(s, 6H); 1*C {*H} NMR (125 MHz, CDCls): 6 149.1, 142.9, 124.9, 120.6, 103.3, 93.1, 56.5, 56.2; ESI-HRMS m/z:
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315.1175 ([M+Na]*); Calcd for C16H200sNa: 315.1203.

1,4-Bis(dimethoxymethyl)-6-methoxy-1,4-epoxy-1,4-dihydronaphthalene (7c)
4-Methoxy-2-(trimethylsilyl)phenyl trifluoromethanesulfonate (492.6 mg, 1.5 mmol) # JXE 2 L 7=, >~ U &
FNHTETa< 8T T 7 4 —(~FV UEERTT L =31) TR L= L Z A, 1,4-bis(dimethoxymethyl)-
6-methoxy-1,4-dihydro-1,4-epoxynaphthalene (7c: 23.8 mg, 0.45 mmol) % 30% C157-,

sEAHIRY; IR (ATR) cm™: 2939, 2833, 1598, 1465, 1382, 1346, 1272, 1207, 1190, 1107, 1068, 1038, 1025; *H
NMR (500 MHz, CDCls): 4 7.20 (d, 1H, J = 8.0 Hz), 7.01—6.96 (m, 3H), 6.42 (d, 1H, J = 8.0 Hz), 4.99 (s, 1H),
4.97 (s, 1H), 3.76 (s, 3H), 3.62 (s, 6H), 3.61 (s, 6H); 3C {*H} NMR (125 MHz, CDCls): 6 157.3, 151.1, 143.3,
142.2, 140.7, 120.7, 109.9, 107.3, 103.3, 103.2, 92.9, 92.9, 56.6, 56.5, 56.2, 56.2, 55.5; ESI-HRMS m/z: 345.1298
(IM+Na]*); Calcd for C17H2206Na: 345.1309.

1,4-Bis(dimethoxymethyl)-5-methoxy-1,4-epoxy-1,4-dihydronaphthalene (7d)
2-Methoxy-6-(trimethylsilyl)phenyl trifluoromethanesulfonate (1.82 g, 5.56 mmol) = J&& & L CTEH L7z, ~V
BTN T ax T T 7 4 —(~NFV B TF L =3 THERLEZEZ A, 14-
bis(dimethoxymethyl)-5-methoxy-1,4-dihydro-1,4-epoxynaphthalene (7d: 207.9 mg, 0.65 mmol) % 16% CT157=,
MR IR (ATR) cml: 2936, 2834, 1607, 1477, 1441, 1381, 1355, 1287, 1260, 1231, 1192, 1103, 1078, 1036;
IH NMR (500 MHz, CDCls): & 7.01—6.99 (m, 3H), 6.95 (t, 1H, J = 7.5 Hz), 6.59 (d, 1H, J = 8.5 Hz), 5.58 (s, 1H),
4.97 (s, 1H), 3.81 (s, 3H), 3.62 (s, 3H), 3.59 (s, 3H), 3.56 (s, 3H), 3.55 (s, 3H); 13C {!H} NMR (125 MHz, CDCls):
6 152.7,151.8, 143.1, 142.3, 135.6, 127.1, 114.1, 110.2, 103.3, 99.9, 94.3, 93.5, 56.5, 56.2, 55.6, 55.5, 54.2; ESI-
HRMS m/z: 345.1306 ([M+Na]*); Calcd for C17H2206Na: 345.1309.

6-Chloro-1,4-bis(dimethoxymethyl)-1,4-epoxy-1,4-dihydronaphthalene (7€) D& %137

TN UFRER T, 2,5-bis(dimethoxymethyl)furan (233.5 mg, 1.5 mmol) D #E/K 7= k= k U /L (4 mL)IEWE
|2, 4-chloro-2-(trimethylsilyl)phenol (162.3 mg, 0.9 mmol)is X OVRE& o ™ 4 (Cs.COs: 450 mg, 1.4 mmol),
nonafluorobutanesulfonyl fluoride (NfF: 243 pL, 1.4 mmol), 18-crown-6 (132 mg, 0.1 mmol) % #sJ1 L T 65 °C
TR U7z, 20 RifElfR . DOSIRIZERRIIRER KB T b U w7 AKEE (10 mL) & 1 2., FEiE =T /1(10 mLx3)
THIE L7e, A2 8RR ) U LA TCHEBEEZ A L, AIREBIERE L., AR E U 7
NAThra~ T T 7 4—(~F W I v = 5/1) THEBL L, 6-chloro-1,4-bis(dimethoxymethyl)-
1,4-dihydro-1,4-epoxynaphthalene (1e; 83.3 mg, 0.27 mmol) % 28% C157-,

MR, IR (ATR) ecm™: 2935, 2834, 1442, 1380, 1287, 1191, 1108, 1072, 1033; *H NMR (500 MHz, CDCl3):
§7.31(d, 1H, J= 1.7 Hz), 7.23 (d, 1H, J = 7.8 Hz), 7.00 (d, 1H, J = 5.7 Hz), 6.98 (d, 1H, J = 5.7 Hz), 6.94 (dd, 1H,
J=78, 1.7 Hz), 4.96 (s, 1H), 4.95 (s, 1H), 3.63 (5, 3H), 3.61 (s, 3H); 1*C {*H} NMR (125 MHz, CDCls): 5 151.4,
147.7,143.2,142.7, 130.8, 124.6, 121.7, 121.4, 103.2, 93.1, 93.0, 56.8, 56.7, 56.4, 56.3; ESI-HRMS m/z: 349.0806
([M+Na]*); Calcd for C16H190sCINa: 349.0813.

2-6. 1,4-Bis(dimethoxymethyl)-1,4-dihydro-1,4-epoxynaphthalene (7f or 7g) D& k136

T IUEA T, 2,5-bis(dimethoxymethyl)furan (252.5 mg, 1.0 mmol)D /K7 N Z & K7 Z (3 mL)
W R W2 . trimethyl(2-((trimethylsilyl)oxy)phenyl)silane 3% & {& (3243 mg, 1.5 mmol) B Xk O
nonafluorobutanesulfonyl fluoride (NfF: 263 pL, 1.5 mmol), tetrabutylammonium triphenyldifluorisilicate (TBAT:
809.8 mg, 1.5 mmol)Z ¥R L C 60 °C T L7, 24 BRi#. MG AE ) 78y RCHEE L, 18
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WREWTEHE LT AR E ) BV h T A7 a~ N7T 7 ¢ — TR L 1,4-bis(dimethoxymethyl)-
1,4-dihydro-1,4-epoxynaphthalene 3% &K (7f & 7g) & 157-,

1,4-Bis(dimethoxymethyl)-5-methyl-1,4-epoxy-1,4-dihydronaphthalene (7f)
5-Methyl-2-((trimethylsilyl)oxy)phenyl)trimethylsilane (252.5 mg, 1.0 mmol) & JLE (2 H L7z, > U Bk
Thruavw NI TT7 4 —(~FH VI TV =5/1) TR L7 & Z A, 1,4-bis(dimethoxymethyl)-5-
methoxy-1,4-dihydro-1,4-epoxynaphthalene (7f: 115.8 mg, 0.38 mmol) % 38% C157-,

IR, IR (ATR) cm™: 2934, 2832, 1470, 1378, 1285, 1192, 1158, 1081; *H NMR (500 MHz, CDCls): § 7.17
(d, 1H,J=7.2 Hz), 6.97 (d, 1H, J = 12.6 Hz), 6.98 (d, 1H, J = 12.6 Hz), 6.86 (dd, 1H, J =7.5, 7.2 Hz), 6.75 (d, 1H,
J =7.5Hz),5.18 (s, 1H), 4.99 (s, 1H), 3.63 (s, 3H), 3.60 (s, 3H), 3.57 (s, 6H), 2.36 (s, 3H); °C {*H} NMR (125
MHz, CDCls): 8 149.4, 146.9, 143.1, 142.6, 131.0, 128.2, 125.0, 118.0, 103.3, 102.2, 95.0, 92.7, 56.3, 56.2, 55.7,
55.6, 19.5; ESI-HRMS m/z: 329.1362 ([M+Na]*); Calcd for C17H20sNa: 329.1359.

1,4-Bis(dimethoxymethyl)-6-methyl-1,4-epoxy-1,4-dihydronaphthalene (7g)
6-Methyl-2-((trimethylsilyl)oxy)phenyl)trimethylsilane (252.3 mg, 1.0 mmol) & FEE (2 H L7z, > U B 7k
Fhraw NI T T 4 — (KXY UIEFEE T L= 41)THEEL L 72 & 2 A, 1,4-bis(dimethoxymethyl)-6-
methoxy-1,4-dihydro-1,4-epoxynaphthalene (7g: 130.4 mg, 0.43 mmol) % 43% C4#37-,

MR, IR (ATR) cml: 2934, 2832, 1447, 1381, 1356, 1289, 1192, 1107, 1076, 1034; *H NMR (500 MHz,
CDCls): § 7.20 (d, 1H, J = 7.5 Hz), 7.17 (s, 1H), 6.99 (d, 1H, J = 12.6 Hz), 6.98 (d, 1H, J = 12.6 Hz), 6.76 (d, 1H,
J=7.5Hz), 4.99 (s, 2H), 3.64 (s, 3H), 3.62 (s, 3H), 3.62 (s, 3H), 3.60 (s, 3H), 2.29 (s, 3H); 3C {'H} NMR (125
MHz, CDCls): 6 149.3, 146.2, 143.2, 142.7, 134.7, 125.0, 121.8, 120.2, 103.4, 103.3, 93.0, 56.6, 56.4, 56.3, 56.2,
21.3; ESI-HRMS m/z: 329.1354 ([M+Na]*); Calcd for C17H2,0sNa: 329.1359.

Dimethyl-1-(1,3-dioxolan-2-yl)-4-methyl-7-oxabicyclo[2.2.1]hepta-2,5-diene-2,3-dicarboxylate (27) D& k%

TN FRER T, 2-(5-methylfuran-2-yl)-1,3-dioxolane (470.0 mg, 3.0 mmol) D /K kL= (2 mL)IFIKIZ
dimethyl but-2-ynedioate (0.6 mL, 4.5 mmol) % 1 X 7=, 130°C T 24 RE#E#%  BOSIR 2 WITEE 5 LT,
MARMEZ VTN I T hra~ N TT 7 4 —(~FH UEETF /L =2/1) TRE L, dimethyl-1-(1,3-
dioxolan-2-yl)-4-methyl-7-oxabicyclo[2.2.1]hepta-2,5-diene-2,3-dicarboxylate (27; 799.4 mg, 2.7 mmol) % 90% T
5.

HEAMKY; IR (ATR) cm™: 2955, 1713, 1633, 1435, 1306, 1242, 1138, 1095, 1038; *H NMR (500 MHz, CDCls):
87.11 (d, 1H,J =5.2 Hz), 7.00 (d, 1H, J =5.2 Hz), 5.74 (s, 1H), 4.12—4.05 (m, 2H), 4.00—3.94 (m ,2H), 3.80 (s,
3H), 3.78 (s, 3H), 1.84 (s, 3H); 13C {*H} NMR (125 MHz, CDCl3): & 164.2, 163.8, 154.0, 152.9, 147.4, 142.9, 100.0,
95.8,93.1, 65.9, 65.9, 52.3, 52.2, 15.4; ESI-HRMS m/z: 319.0815 ([M+Na]*); Calcd for C14H1607Na: 319.0788.

B—IE : Table 2-3-1 12 B3 % F8

— R FEBRYE - 7L U FEFHR TSR THRE (24a, 0.2 mmol) DEEK T 7 A K (1 mL) IR fil i
(0.01—0.40 mmol) & iz 7=, LA PR THEIBIR L72%, K@mL)ZMx Ty r/rue A X 2mLx2)T
i U7z, AR 2 BOKREE T R U U A CRzipglieim L, WIER E LT, BoniEikaE 7 m kL
DTSR LT, 1,1,2,2-tetrachloroethane Z WEIEHEYE & L CIRIN L. HNMR ORS8N HINE A
BH L,

entry 1: FeCls (0.01 mmol) Z fil it & U T —#xFBRIEICHEV 24 BRSO L= & 2 A, 8a ldfs SR
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[FY & 47z,

entry 2: FeClz (0.01 mmol) % fitfit & L C TMSCI (0.2 mmol) Z i L, — X FEBRIEIZHE S 24 RS Sis L 7=
L2 A, 8alIfF DT RS ITEMEITEIT LT,

entry 3: FeBrs (0.01 mmol) Z filtf & U CT— M FEBRIEIIE 24 REEISUG LT72 & 2 A, 8a ldfG H AL T B
EN S A7z,

entry 4: FeBrs (0.1 mmol) % fiftfi & U C— BRI ICIEV 6 RIS L2 & 2 A, 8a 728 36% 1% b7,
entry 5: FeBrs (0.2 mmol) Z it & U C—fRFEBRIEICHEV 6 BERIRUS L2 & 25, 8a 7% 9B% 15 HiLiz,

entry 6: TFA (0.4 mmol) Z filt i & U C— i FEBRIEIHEN 24 RIS LTz & 2 A, 8aldfs b avd ikl A3 Al
wEni,

Scheme 2-3-2 (B9 % £

— R FEBRYE 7L 2 RPHA T IR T AV (254, 25b and 27, 0.2 mmol) DK Y 7w A 2 (I mL)ERIRIC
FeCls (0.01 mmol)Z hn 2.7z, LA FIZ/RTRERSHE L72t2, K@mL)ZEMx Ty 7uea A X 2mLx2)7T
i U7z, AHE 2 SoKiER T N U 7 A CHERZIEE L, WIER E Lz, HAERMEZ Y D7V T A
s~ 777 4 —THE L. 4-methyl-1-naphthol (26)& 5\ NI 7 = / — LVFFEK(28) & 157,

eq. 1: 25a #HE & L T EBRIEITEW LIFRISLE L7 & 2 A, 26 23 82% TR b7z,
eq. 2:25b ZFEE & L TR FEBRIEITHEND LIS Lz & 2 A, 26 23 78% TH H LTz,
eq. 3:27 ZHH & U CT—MERIEICEN I8 FFHBUGS LT & 2 A, 28 3 871% TR L AL,

4-Methylnaphthalen-1-ol (26)

'H NMR (500 MHz, CD30D): § 8.22 (d, 1H, J = 8.6 Hz), 7.95 (d, 1H, J = 8.0 Hz), 7.57—7.50 (m, 2H), 7.14 (d,
1H, J=7.5Hz), 6.73 (d, 1H, J = 8.0 Hz), 5.20 (brs, 1H), 2.62 (s, 3H).

AR D *H NMR A7 kL3 SCERAERSE & — B LIRDE L7,

Dimethyl 3-hydroxy-6-methylphthalate (28)

IH NMR (500 MHz, CD3s0D): § 10.76 (s, 1H), 7.29 (d, 1H, J = 8.6 Hz), 6.96 (d, 1H, J = 8.6 Hz), 3.91 (s, 3H), 3.89
(s, 3H), 2.21 (s, 3H).

AR O TH NMR A7 L3 SRS & — B LIAE LTz,

% " TA : Scheme 2-3-4 |ZBHT 2 5B

— iR EBRYE TV RHR TEIRTHEE (7, 0.1 mmol) DK Y 7 ma A A (1 mL)IEIRIZ FeCls (0.005
mmol) & N 2 7=, UL FIC R IEREIE L72%., K@mL)EMZ TP 7o A& mx2) TH Lz, A
W 2 JEKAREE T N U O A CREERZIER U, BIERE Lc, MAEBMEZ S Y A TN T Lra< N7 5
7 4 —TCr58L L, 4-hydroxy-1-naphthaldehyde (8a) % 157=,

eq. 4 7a ZHE & LT RERIEICHEV 24 BERESUS Lz & 2 A, 8a 2 4T% T bz,

eq. 5: TMSCI (0.2 mmol)fF7E F 7b Z&/H & U C—EBRIEICHE WV 24 ISR Lo & 2 A, 8a BNEEM)
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WZEHNT,

4-Hydroxy-1-naphthaldehyde (8a)

'H NMR (500 MHz, CD30D): 6 10.10 (s, 1H), 9.27 (d, 1H, J = 8.3 Hz), 8.36 (d, 1H, J = 8.0 Hz), 7.95 (d, 1H, J =
8.0 Hz), 7.69 (t, 1H, J = 7.5 Hz), 7.57 (t, 1H, J = 7.5 Hz), 6.99 (d, 1H, J = 8.3 Hz).

AR O THNMR A7 LS SCERAEIO & — S UIRLE LTz,

Table 2-3-2 | B9 % £k

— W FEBRYE - TV T U RPHA T RIE THE (7a, 0.1 mmol) DMK Y 7 vr A A (1 mL)VETR I il (0.005-
0.020 mmol)Z N % 7=, LA FIZARTREEIEEE Lo, K@ mL)Z I Ty 7 mu A& (2 mLx2) THitt L
Too FHEMEZHOKRREET U U LA THRE AL, BIERE L, BONTRELZEH Y na RV AT
i L7-1%. 1,1,2,2-tetrachloroethane %z PNIFEEYE & L CHIN L, THNMR OFE 358 ) S IR Z R H L
77

entry 1: FeCls (0.005 mmol) % fi it & U C—Mx FEERIEIZHE 24 IS L7z & 2 A, 8a 28 4T% DR T
bz,

entry 2: FeClz (0.020 mmol) Z fil it & U C iR EBRIEIZHE 24 RIS L2 & 2 A, 8a 28 61%DILR TH
bl

entry 3: FeClz (0.005 mmol) % fififi & L C TMSCI (0.01 mmol) & ¥ L., —f%SEBRIEICHEV 24 BSOS L
72L& A, 8aM R2%BDINRTH LT,

entry 4: FeBrs (0.005 mmol) Z fiftfi & U CT— M EEBRIEIZHE 24 IeRIEOG LTz & 2 A, 8a 73 49%DIHE T
bz,

entry 5: FeCls (0.020 mmol) % fiftfi: & U C— M SEBRIEICIEV 24 RS L2 & 2 A, 8a 73 T0% DU T
i,

entry 6: FeBrz (0.005 mmol) Z filii: & L C TMSCI (0.01 mmol) & RN L., —fxFEERIEIZHEV 24 BSOS L
=& 2 A, 8al d2%DINRTEHGNT-,

entry 7: TMSOTT (0.005 mmol) - fift i & U C— M FEBRIEITHE 24 FFEISS LT & 2 A, 8a 28 19% DI
TR LT,

entry 8: BF3-Et,0 (0.005 mmol) & it & U C—MFEBRIEIZIEV 24 E[EI SO L2 & 2 A, 8a 23 11% D I
THLNT,

entry 9: B(CeFs)s (0.005 mmol) % filt i & U C—fxFBRIEITHEV 24 FE S LT & 2 A, 8aldfF biv T
BEA AN S 4172,

entry 10: TFA (0.005 mmol) Z filt 4 & U T — M FEBRIEIZIEV 24 RFEIEUGR L2 & 2 A, 8a ldfG H AL T kA
FUX S 47,

entry 11: TFAA (0.005 mmol) Z fiftfit & U C— M FEBRIEIZHE 24 FERISUG L2 & 2 A, 8a ldfs Havd ikt
DAY S FL7z,
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5 =18 : Table 2-3-3 |2 394" % B

—MRERRE T FEHEA FRIETEEE, 01 mmol) DK Y 7 mr XX (1 mL)EE IR fil gt
(0.005—0.020 mmol) & fN 2.7z, LA FIZRT RIS L7212, K@mL)ZMx Ty 7 anm X4 2 (2mL x 2)
THI Uz, AHEE 2 KGR MU O AT Al L, BIERE L, MAERMEL VBTV nZ
Lrruw N5 7 4 —THRL, 45KV 0-1-F7 b —/LiEEREG) & 157,

4-Hydroxy-6-methoxy-1-naphthaldehyde (entry 1, 8c)
1,4-Bis(dimethoxymethyl)-6-methoxy-1,4-dihydro-1,4-epoxynaphthalene (7c: 6.0 mg, 0.02 mmol) % J&E & L T
FeCls (0.16 mg, 0.001 mmol) & TMSCI (2.5 pL, 0.02 mmol) Z i L C— % & B HE - T 6 FEfl e L7
& Z A, 4-hydroxy-6-methoxy-1-naphthaldehyde (8c: 4.7 mg, 0.02 mmol) 23 & &EAIIZHF H LT,

RAEER; M. p. 159.0—161.0 °C; IR (ATR) cm™: 3175, 2957, 2925, 2853, 1675, 1652, 1625, 1567, 1520, 1491,
1464, 1436, 1395, 1364, 1293, 1261, 1224, 1208, 1182, 1150, 1111, 1067, 1031; *H NMR (500 MHz, CD3sCN): §
10.08 (s, 1H), 9.18 (d, 1H, J = 9.0 Hz), 7.78 (d, 1H, J = 7.5 Hz), 7.59 (d, 1H, J = 2.5 Hz), 7.34 (dd, 1H, J = 9.0, 2.5
Hz), 7.13 (d, 1H, J = 7.5 Hz), 3.92 (s, 3H); 13C {*H} NMR (125 MHz, CDCls): & 193.3, 158.9, 158.6, 138.7, 128.2,
127.2,126.9, 125.3, 122.2, 108.9, 101.9, 55.9; ESI-HRMS m/z: 201.0553 ([M-H]"); Calcd for C12H1003: 201.0557.

4-Hydroxy-8-methoxy-1-naphthaldehyde (entry 2, 8d)
1,4-Bis(dimethoxymethyl)-5-methoxy-1,4-dihydro-1,4-epoxynaphthalene (7d: 14.6 mg, 0.05 mmol) % J£& & L T
FeCl3 (0.4 mg, 0.0025 mmol) & TMSCI (6.3 pL, 0.05 mmol) Z ¥ L C—fR & Bt - T 3 Bt i L7
#%. 7EF T D L 4-acetyloxy-8-methoxy-1-naphthaldehyde (8d; 4.6 mg, 0.02 mmol)A3 42% T 5 7=,
HAMEK; M. p. 122.0—124.2 °C; IR (ATR) cm™: 3351, 2496,1638, 1561, 1542, 1354, 1327, 1262, 1222, 1179,
1084, 1049; 'H NMR (500 MHz, CDsOD): & 11.00 (s, 1H), 7.97 (d, 1H, J = 8.6 Hz), 7.94 (d, 1H, J = 7.5 Hz), 7.43
(t, 1H, J = 7.5 Hz), 7.15 (d, 1H, J = 7.5 Hz), 6.89 (d, 1H, J = 8.6 Hz), 4.02 (s, 3H)); 1*C {tH} NMR (125 MHz,
CD30D): & 196.2, 160.7,157.7, 130.9, 127.7, 127.3, 126.6, 126.4, 116.9, 109.2, 109.0, 56.1; ESI-HRMS m/z:
225.0546 ([M+Na]*); Calcd for C12H100sNa: 225.0522.

6-Chloro-4-hydroxy-1-naphthaldehyde (entry 3, 8e)
6-Chloro-1,4-bis(dimethoxymethyl)-1,4-dihydro-1,4-epoxynaphthalene (7e: 82.0 mg, 0.25 mmol) % J&&E & L T
FeCl3 (4.0 mg, 0.025 mmol) & TMSCI (27 pL, 0.25 mmol) & #ii L T A RiEICHE - C 24 B RS 5
& . 6-chloro-4-hydroxy-1-naphthaldehyde (8e: 12.0 mg, 0.06 mmol)2s 23% D ULHE T H 7=,

M4 [E A M. p. 63.1—64.7 °C; IR (ATR) cmt: 3089, 2924, 1652, 1562, 1505, 1464, 1389, 1354, 1324, 1210, 1157,
1055; 'H NMR (500 MHz, CDs0D): & 9.95 (s, 1H), 9.16 (d, 1H, J = 9.2 Hz), 8.17 (d, 1H, J = 2.3 Hz), 7.84 (d, 1H,
J=8.0 Hz), 7.52 (dd, 1H, J = 9.2, 2.3 Hz), 6.90 (d, 1H, J = 8.0 Hz); 3C {*H} NMR (125 MHz, CDs0D): 5 193.8,
160.9, 142.1, 132.9, 131.9, 130.8, 127.9, 127.3, 124.9, 123.0, 109.2; ESI-HRMS m/z: 207.0235 ([M+H]*); Calcd
for C11H70,Cl: 207.0207.

4-Hydroxy-8-methyl-1-naphthaldehyde (entry 4, 8f)
1,4-Bis(dimethoxymethyl)-5-methyl-1,4-dihydro-1,4-epoxynaphthalene (1f: 31.8 mg, 0.10 mmol) % F& & L T
FeBrs (3.0 mg, 0.01 mmol) % filtift & U CT— & IEICE > T 24 RIS % & 4-hydroxy-8-methyl-1-
naphthaldehyde (2fa and 2fb: 4.1 mg, 0.02 mmol) 23 #&1X 28 22% (major/minor = 92/8) T H 4172,

M [E (R, M. p. 78.1—78.9 °C; IR (ATR) cm™: 3353, 2500, 1640, 1563, 1515, 1450, 1421, 1324, 1217, 1101; *H
NMR (500 MHz, CDs0OD): major: & 10.53 (s, 1H), 8.23 (d, 1H, J = 8.0 Hz), 7.96 (d, 1H, J = 8.0 Hz), 7.48 (d, 1H,
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J =7.5Hz), 7.40 (dd, 1H, J = 8.0, 7.5 Hz), 6.87 (d, 1H, J = 8.0 Hz), 2.71 (s, 3H); minor: & 10.02 (s, 1H), 9.15 (d,
1H, J=8.0 Hz), 7.82 (d, 1H, J = 8.0 Hz), 7.44 (overrupped on the peaks of major isomer, 1H), 7.26 (d, 1H,J=7.5
Hz), 6.89 (d, 1H, J = 8.0 Hz), 2.91 (s, 3H); 3C {*H} NMR (125 MHz, CD30D) of major isomer: § 193.7, 161.6,
135.0, 134.9, 134.1, 133.0, 128.7, 127.4, 126.2, 122.6, 107.8, 26.2; ESI-HRMS m/z: 209.0576 ([M+Na]*); Calcd
for C1oH1002Na: 209.0573.

4-Hydroxy-6-methyl-1-naphthaldehyde (entry 5, 89g)
1,4-Bis(dimethoxymethyl)-6-methyl-1,4-dihydro-1,4-epoxynaphthalene (1g: 30.8 mg, 0.10 mmol) % J£E & LT
FeBrs (1.5 mg, 0.005 mmol) % filtfi & U C—f & RiEICiE - T 24 UGS 5 &, 4-hydroxy-6-methyl-1-
naphthaldehyde (8g: 4.2 mg, 0.02 mmol)7} 22% D ULE T B 7=,

4 [F A M. p. 80.0—81.5 °C; IR (ATR) cm*: 3346, 2497, 1650, 1563, 1517, 1397, 1256, 1218, 1060; *H NMR
(500 MHz, CDs0D): § 10.00 (s, 1H), 9.10 (d, 1H, J = 8.6 Hz), 8.07 (s, 1H), 7.81 (d, 1H, J = 7.8 Hz), 7.48 (d, 1H, J
= 8.6 Hz), 6.89 (d, 1H, J = 7.8 Hz), 2.49 (s, 3H): 3C {'H} NMR (125 MHz, CDs0D): 5 194.1, 161.7, 141.3, 136.8,
132.4, 132.6, 126.5, 125.7, 124.9, 122.9, 108.4, 21.8; ESI-HRMS m/z: 187.0768 ([IM+H]*); Calcd for C12H1003:
187.0754.
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4-(tert-Butyldimethylsilyloxy)benzaldehyde (9h) D&%

7 v RHAT 4-hydroxybenzaldehyde (2.40 g, 19.6 mmol)?® DMF (30 mL)#%#Z(Z imidazole (2.0 g, 29.3
mmol) & TBSCI (4.5 g, 29.8 mmol)% 0°C THIx 7=, 22 BRI TR L7, NUGTATR Z fofn iR ik /K 35
T R U T LKEEREROML) T = F L, ~F 0 IR T /L (411,20 mL x 3) THuH L7z, AHE % Mtk
Wil b U o A CHRGIEE L, R EBERE L, AW E S VSN T hou~ T T 7 4
—(~F YRR F L = 15/1) TRELL . 9h (51%) %157,

IH NMR (500 MHz, CDCls): & 9.89 (s, 1H), 7.79 (d, 2H, J = 8.6 Hz), 6.94 (d, 2H, J = 8.6 Hz), 1.00 (s, 9H), 0.25
(s, 6H).

AR D HNMR A7 kLS SCERERAT & — 2 L [RE LTz,

4-Formylphenyl acetate (9i) D&%

7V 3RHACT 4-hydroxybenzaldehyde (610.6 mg, 5 mmol) D &' U <7 2 (5 mL)EIRIZ BEKEERE(2.0 g, 29.3
mmol) & DMAP (30.5 mg, 0.25 mmol) % iR THl X 72, 20 REf18#: L7212, ROSERAZ KGmL)Tr =
FL, YZFx—7/0(10mLx3) Thl U7z, AHEE 4 fa fbi s KB HK (40 mL) CTHef#%. A KA
B hY U ATHEBELCABL, AREBIEEE L, HAERWEZ L VISV AT A~ NI T 7 ¢
—(F Y U TV = 3/1) TRERLL . 9i (450.2 mg, 2.49 mmol, 49% yield) % 15 7=,

IH NMR (500 MHz, CDCl3): § 9.99 (s, 1H), 7.92 (d, J = 8.0 Hz, 2H), 7.28 (d, 2H, J = 8.0 Hz), 2.34 (s, 3H).
AR D TH NMR A7 kLS SCEkERA & — 8 LIRE LT,

tert-Butyl-4-formylbenzoate (99) D& Rk

7V 3EHACT 4-formylbenzoic acid (1.0 g, 6.7 mmol)® t-BuOH (20 mL)#& % (2 (Boc).0 (1754.3 mg, 8.0
mmol) & DMAP (491.1 mg, 4.0 mmol) % =i TN 2 7=, 24 Wi L7-1% . RO Z7KE0mL) Tr =
FL, Y=FAxz—7/130mL x 3)Thlt L7z, AtfE 28K MY U LA THBERABL, A%
WERE L, MAERMES VXNV T L a<x 87T 7 4 —(~F VUl F 1 =5/1) TR L.
9g (51%) & 157=,

IH NMR (400 MHz, CDCl3): § 10.10 (s, 1H), 8.13 (d, 2H, J = 7.6 Hz), 7.93 (d, 2H, J = 7.6 Hz), 1.62 (s, 9H).
AR D THNMR 27 R L 3SR & — K LIRDE LT,

4-(3-Oxopropyl)benzaldehyde (99) DAL

Step 1. 7 /L= > FRPHAT 4-bromobenzaldehyde (9e: 1.85 g, 10.0 mmol)D > A F /LR /L AT X K(50 mL)#%
#Z\Z acrylic aldehyde (0.8 mL, 12.0 mmol) & tetrabutyl-anmonium chloride (5.6 mL, 20.6 mmol), NaHCOs3 (1.26
g, 15.0 mmol), Pd(OAc). (22.4 mg, 0.10 mmol) % /il % 7=. 80 °C T 40 Rf#E#E L7, ISR 2 =IRIC
RLTEZA hXy N ClEE L7, J8KZEEE =T /130 mL x3) Tl LT NapSOs THZMEZ I L, 8
WaWWERE Lle, MAEBMEZ S VTN T LT~ T T 7 —(~F Y UIEBE=F /L = 3/1)TH
# 1. (E)-4-(3-oxoprop-1-en-1-yl)benzaldehyde (861 mg, 5.4 mmol) % 54% C157=,

IH NMR (500 MHz, CDCls): § 10.06 (s, 1H), 9.77 (d, 1H, J = 7.5 Hz), 7.95 (d, 2H, J = 8.3 Hz), 7.73 (d, 2H, J =
8.3 Hz), 7.53 (d, 1H, J = 16.0 Hz), 6.81 (dd, 1H, J = 16.0, 7.5 Hz).
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R D IHNMR 227 kL SCERMER L —F URIE L=,

Step 201451 : Kk FF AR T (E)-4-(3-0xoprop-1-en-1-yl)benzaldehyde (32.0 mg, 0.2 mmol) D A % /7 —/ L (1 mL)I&
%12 Pd/C(Ph2S) (2.1 mg, 0.002 mmol) % 0°C THll x 7=, 3 Wil #h U 721  RUSIA# 2 7 « /v % —(Millipore,
Millex-LH, 0.20 mm) Cliith L T A BV br& | ISR AL £ Uiz, MAERME > UV 5N T T N7
0~ 777 —(~F Y TV =5/1) TR L, 4-(3,3-dimethoxypropyl)benzaldehyde % 157-, %
D% 4-(3,3-dimethoxypropyl)benzaldehyde (24.9 mg) %z =i CT7 & b= K U/1(0.5 mL) & 1 HEHBRRE KK
A mL)ORERBET TR L, 42 W%, SOSRRZ Y 7 nu A 2 (10 mL x 2) Tl L THE &
Na SO, THZBRZ TR L | Ik % J8E R4 2= L T 4-(3-oxopropyl)benzaldehyde (9q) 7 49% DI (16.7 mg, 0.10
mmol) THE L7,

IH NMR (500 MHz, CDCls); § 9.98 (s, 1H), 9.84 (s, 1H), 7.82 (d, 2H, J = 8.0 Hz), 7.37 (d, 2H, J = 8.0 Hz), 3.04 (t,
2H, J = 7.5 Hz), 2.85 (t, 2H, J = 7.5 H2).

AR O THNMR A7 R LS SRR & — S UIRE LTz,

4’-Acetyl-(1,1’-biphenyl)-4-carbaldehyde (9r) DA 147

4-Bromobenzaldehyde (0.93 g, 5 mmol) % /K (10 mL) & 2-propanol(10 mL) @ Ht %5 i (2 I i L T 4-
acetylphenylboronic acid (0.90 g, 5.5 mmol), 10% Pd/HP20 (26.5 mg, 0.025 mmol, 0.5 mol%) & NazPO4-12H,0
(6.659, 17.5mmol) & N 2 7=, SGIRHE % =88 T 30 RERIR L7=tk, BT 4 Mgl L T2 BRE LT,
AcOEt (30 mL x3) THltH L THHIEE % NaSOs THZMZIEIE L, KA WER = Lz, HARMZ Y
NTNTT LT a~x NTTT 4 —(~FH IR F L = 51) TR L, 4-acetyl-(1,1°-biphenyl)-4-
carbaldehyde (9r: 1.11 g, 4.95 mmol, 99%) % 157=,

Colorless solid; *H NMR (400 MHz, CDCls): § 10.09 (s, 1H), 8.08 (d, 2H, J = 8.4 Hz), 8.00 (d, 2H, J = 8.4 Hz),
7.80 (d, 2H, J = 8.4 Hz), 7.74 (d, 2H, J = 8.4 Hz), 2.66 (s, 3H).

AR D TH NMR 27 S L3 SCHRIE R8T & — K LIRE LT,

4-(hydroxymethyl)benzaldehyde (9s) D&%

Terephthalaldehyde (1.28 g, 9.5 mmol)% THF (20 mL) & EtOH (15 mL)H:R I % L T NaBH4 (85 mg, 2.4
mmol)Z 0°C THI X 7z, =i T 24 RefEfHE L 7ot WA IR £ Ulc, MAERME > U D7V L
ra~< b7 7 4 —(~FH UEEBEET L = U1 THRE L, 9s (873 mg, 6.4 mmol, 67% yield) % 157z,

!H NMR (400 MHz, CDCly): 6 10.09 (s, 1H), 7.88 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 4.81 (d, 2H).
AR D TH NMR A7 kLS SCERER & — 8 LIRE L7,

5 —IH : Table 3-2-1 |Z B4 % £k

—ESEEBRYE - TV RS 0°C TRUXT LT B K(9a, 0.15 mmol) DMK 7 ma A & 2(0.75 mL)
VAR I HE 35(0.45 mmol) & TMSOTf (0.3 mmol) & N % 7=, SGIER 2 30 o fiete. 1,35-F U A hF o
B (03mmol)Z Nz 1B#R L7z, 1IREfETE, BafRIE/KET MY U LKEEKRGEmML)Z Iz, 7 rr A
2 (15 mLx2) CHli L7z, MEKEREET b Y O A CHIEEZ AR LT, AIREBIERE E L, 4k L7 1laa,
117a B L ORKIED 9a DINFEE 1,2-AF Lo VFF B 20 L) FNIEE LT, H NMR OfE5r
TR BRI LT,

entry 1: B U U UK ARG BEBRIEICEVRIS L7 & 2 A, 117a 2 4% LT,
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entry 2: BV YU FHEKZ RIIETIC TMSOTS (0.03mmol)#sin L C—M¥ EBRIEICHEW IS L= & = A,
117a 78 50%/E A% L. 9a 73 39%][alIX X 4v7-,

entry3: BV UL T—MREBRIEIZENIS LT & 2 A, 9a i’ TT%[E S 7z,
entry 4: DMAP Z il L C— M FEBRIEICIENEUG LTz & 2 A, 9a 25 85%I[EIIN S 4172,
entry 5: 2-E'=2 U 2RI L T— M EBRIEICIEW IS LTz & 2 A, 9a 78 84%[aIL S 47z,

entry 6: 2,6-/LF 2 AN L TR FEBRIEICIENSUS LTz & 2 A, 11laa 25 46%4RK L. 9a 7% 46%[E1IY
SNz,

entry 7:2,4,6-2 U U RN L T—MEBRIEICIEW G LTz & 2 A, 11aa 23 34%4:5% L. 9a 23 51%[R[IY
S,

entry 8: 2-7 = = /LB U DU H RN LT EBRIEICIE VG L2 & 2 A, 11aa 73 15%, 117a 23 15%/E
L. 9a 7 58%][alIY <417~

entry 9: 2,2-bipyridyl Z L CT—REBRIEICHENWIS LT EZ A, BT L~ NI T T 14—
(Hex/EtOAC = 10/1) THBL L. 11aa 2% 78%. 9a 2’ 17% T 5Lz,

entry 10: 2,4°-bipyridyl % M L CT—EBRIEIZHEWVIS LT & 2 A, 9a 28 95%[ali S fu7,

Trimethyl(phenyl(2,4,6-trimethoxyphenyl)methoxy)silane (11aa)

AR Y; IR (ATR) cm™: 2956, 2838, 1591, 1492, 1455, 1417, 1333, 1223, 1203, 1149, 1118, 1084, 1055; *H
NMR (500 MHz, CDCls): 4 7.34 (d, 2H, J=7.8 Hz), 7.23 (t, 2H, J = 7.8 Hz), 7.13 (t, 1H, J = 7.8 Hz), 6.42 (s, 1H),
6.11 (s, 2H), 3.80 (s, 3H), 3.67 (s, 6H), 0.05 (s, 9H); 3C {*H} NMR (125 MHz, CDCls): 5 160.7, 159.4, 145.5,
127.3, 1255, 125.4, 113.6, 91.3, 66.5, 55.8, 55.2, -0.0; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C19H2604SiNa
369.1493; Found 369.1506.

Table 3-2-2 | B9 % £

—EESEEBRYE TV RS T 0°C TRUXT LT B R(9a, 0.15 mmol) DMK 7 ma A & 2(0.75 mL)
FIRIT 2,2°-bipyridyl & TMSOTf Z N x 7-, RUGEHKZ 30 /o fii#Rtz, 1,35-F U A FF I ~E(0.3
mmol) Z 1 2 54k U 7o, LI AR iR KSE T R U o ZKIEIRGEmL) E N, > 7 aa A # (15 mLx2)
THI U7, SEKRREET Y U A CHIEE Al LTz, AIREBERE L, Ak L7 1laa, 117a 38 LU
BOGD 9a DU Z 1,2-AF L P F T _R B (20 ul) 2 NEE E LT, tHNMR OFEREE B R H
L7,

entry 1: TMSOTT (0.3 mmol) & 2,2’-bipyridyl (0.45 mmol) %z i F§ L C— i FEBRIEIZHEV IR LTz & 2 A,
11aa 73 78%. 9a 7% 17%Hifk X7,

entry 2: TMSOTf (0.15 mmol) & 2,2°-bipyridyl (0.225 mmol) Z i i L CT— X EBRIEIZHEW IS LTZ & 2 A,
117a 78 10%/E A% L. 9a 73 90%[alIX X 4u7-,

entry 3: TMSOTf (0.3 mmol) & 2,2°-bipyridyl (0.3 mmol) Z i ] U C—EBIEICIEVIG L2 2 A, 117a
23 67%4ERK L. 9a 23 13%[EIL 7z,
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entry 4: TMSOTf (0.45 mmol) & 2,2°-bipyridyl (0.3 mmol) % i L T EERIEICHEVW S LT & 2 A,
1laa 7% 59%Ek% L. 117a 78 35%4 % L 7=,

Table 3-2-3 |C B4 % FB

—ESEBRYE - TV RS T 0°C TRUXT LT B K(9a, 0.15 mmol) DMK 7 ma A & (075 mL)
TR 2,2°-bipyridyl (0.45 mmol) & /LA AE(0.3 mmol)Z Nz 7=, BUGERR % 30 ot #Re%. 1,35-h U £
R R (0.3mmol) 2 N A B L7, 1IFRI#E ., BafiREE/KET U U LKEKGmML) Mz, ¥
ryuan AL (15mLx2) THIM L7z, KRR MY O ATt Al Lz, AIREIEREE L, EL
7= 11aa (& 5\ 1lab, 11ac), 117a 38 LOKRKIED 9a DYLHFEE 1,2- A F L > VA F X B (20 ub) &
WEEE LT, 'HNMR ORI ME LN HHE M LT,

entry 1: TMSOTF 2 ] L C— MR FEBRIEIZIEWS LT & 2 A, 11aa 73 78%. 9a 73 17%HiffE S v/,
entry 2: TESOTF Z i/ L T—MXFEBRIEIZIEVWEIL LTz & 2 A, 1lab 75 Q2% HEE S L7z,

entry 3: TBSOTf Z i/ L T—MxFEBRIEITIENIS LT & 2 A, 1lac 28 1% HLEE S fu7z,

entry 4: TMSCI Z i ] L T— i FEBRIEIIENEULE LTz & 2 A, 9a 7% 83%[EIIL S 4172,

entry 5: TMSBr Z i ] L T— X FEBRIEIZHEVEUS L7 & 2 A, 9a 23 85%[HIIY S 717,

entry 6: TESOTf Z i ] L T— M FEBIEITWEV 3 MBS L7 & 2 A, 1lab 23 70%ER L. 9a 7% 24%]H]
i,

entry 7: TBSOTF & L CT—fixFEERIEICHEV 3 oS LTz & 2 A, 1lac 25 90%4ERK L. 9a 73 8%[R[IY
=iz,

Triethyl(phenyl(2,4,6-trimethoxyphenyl)methoxy)silane (11ab)

AR, IR (ATR) cmt: 2952, 2875, 2837, 1591, 1492, 1455, 1333, 1223, 1202, 1149, 1118, 1084; *H NMR
(400 MHz, CDCls): 5 7.36 (d, 2H, J = 7.4 Hz), 7.22 (t, 2H, J = 7.4 Hz), 7.11 (t, 1H, J = 7.4 Hz), 6.42 (s, 1H), 6.09
(s, 2H), 3.79 (s, 3H), 3.67 (s, 6H), 0.87 (t, 9H, J = 8.0 Hz), 0.54 (g, 6H, J = 8.0 Hz); 13C {*H} NMR (125 MHz,
CDCls): 6 160.6, 159.4, 146.0, 127.2, 125.4, 125.3, 114.4, 91.4, 66.4, 55.8, 55.2, 6.8, 4.7; HRMS (ESI-TOF) m/z:
[M+Na]* Calcd for C22H3,04SiNa 411.1962; Found 411.1982.

tert-Butyldimethyl(phenyl(2,4,6-trimethoxyphenyl)methoxy)silane (11ac)

IR, M. p. 63.1—64.7 °C; IR (ATR) cm™: 2954, 2929, 2854, 1590, 1492, 1457, 1334, 1223, 1202, 1184,
1150, 1118, 1085; *H NMR (400 MHz, CDCls): 6 7.37 (d, 2H, J = 7.4 Hz), 7.22 (t, 2H, J = 7.4 Hz), 7.11 (t, 1H, J
= 7.4 Hz), 6.41 (s, 1H), 6.08 (s, 2H), 3.79 (s, 3H), 3.69 (s, 6H), 0.90 (s, 9H), 0.03 (s, 3H), -0.19 (s, 3H); 3C {*H}
NMR (100 MHz, CDCls): § 160.6, 159.3, 146.0, 127.2, 125.4, 125.3, 114.4, 91.2, 66.6, 55.7, 55.2, 25.9, 18.3, -5.1,
-5.2; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C22H3204SiNa 411.1962; Found 411.1980.

Scheme 3-2-2 (2 B9 2 FEBr

TN FERELAT 0°C TRUXT /T B F(9a, 0.15 mmol) DMK 7 b A% (0.75 mL)EKIZ 2,2
bipyridyl (0.45 mmol), 1,3,5- kU A k%X (0.3 mmol), TESOTF (0.3 mmol) & NEK NN % 7=, BRI
% 1 IFEIR#R R BN ERIEK T R U 7 DKESIRGEmL) 2z, 27 mu X 2 (15 mLx2) Thitt L7,
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HOKEREET NV U A THIEE A LT, AIREBIEREL, AW E ) W SN T L~ T
T 4 —(~F Y UIERR TV = 10/1) TR L, 11ab 2R 91% CTHF=,

B UH : Table 3-2-3 |23 % FBk

—RXSERRYE 7T U RBHARUE 0°C TRV X7 LT B RIFER(9, 0.15 mmol) DKy 7 m i A & (0.75
mL)RIR T 2,2°-bipyridyl (0.45 mmol), 7 L — (0.3 mmol), TESOTf (0.3 mmol) & IEV NNz 7=, SSIa %
DU R IRERIR R . faFREEKRFE T B U U 2KEEEGEmL)Z Nz, 7 ma A & (15 mLx2) T
L7, MoKFREET N U 7 A CHUGLIER Lz, MIREBERE L, MAERME VDTV T8 a~
NPT 7 4 —THRIL, XXt Fe—/LiFEk1l) a5,

Triethyl((4-methoxyphenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (entry 1, 11b)

4-Methoxybenzaldehyde (9b: 21.1 mg, 0.15 mmol), 2,2’-bipyridyl (72.6 mg, 0.45 mmol), 1,35-F U X F ¥
~ 2 (52.1 mg, 0.31 mmol)F L O TESOTF (73 L, 0.31 mmol) Z i i L CT— MR FEBRIEICHEV 30 40 i L
7= & Z A . triethyl((4-methoxyphenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (11b)72% 96% ™ X =(59.6 mg, 0.14
mmol) T 57z,

IR Y); IR (ATR) cmt: 2951, 2874, 1589, 1508, 1457, 1415, 1298, 1223, 1203, 1149, 1037; *H NMR (400
MHz, CDCls): & 7.28 (d, 2H, J = 8.8 Hz), 6.77 (d, 2H, J = 8.8 Hz), 6.38 (s, 1H), 6.09 (s, 2H), 3.79 (s, 3H), 3.76 (5,
3H), 3.69 (s, 3H), 0.87 (t, 9H, J = 8.0 Hz), 0.53 (q, 6H, J = 8.0 Hz); 2*C {*H} NMR (100 MHz, CDCl3): & 160.5,
159.3,157.5, 138.1, 126.5, 114.5, 112.7, 91.4, 66.2, 55.8, 55.2, 6.8, 4.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C23H3405SiNa 441.2068; Found 441.2061.

Triethyl((4-nitrophenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (entry 2, 11c)

4-Nitorobenzaldehyde (9c: 22.4 mg, 0.15 mmol), 2,2’-bipyridyl (69.3 mg, 0.44 mmol), 1,35-h U A FF X
¥ 2(49.8 mg, 0.30 mmol)F L O TESOTF (67 uL, 0.30 mmol) & f# il L T —#x3ZBRIEICHE S 24 BRI RS L=
& 2 A triethyl((4-nitrophenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (11c) 7% 71% ® I 38 (46.1 mg, 0.11
mmol) TH b A7z,

AR, IR (ATR) cm™: 2953, 2875, 2839, 1593, 1517, 1458, 1416, 1343, 1224, 1204, 1151, 1121, 1056; *H
NMR (400 MHz, CDCls): 6 8.09 (d, 2H, J = 8.2 Hz), 7.52 (d, 2H, J = 8.2 Hz), 6.44 (s, 1H), 6.08 (s, 2H), 3.80 (s,
3H), 3.68 (s, 6H), 0.87 (t, 9H, J = 8.0 Hz), 0.54 (q, 6H, J = 8.0 Hz); 13C {*H} NMR (100 MHz, CDCls): § 161.3,
159.2,154.4,146.0, 126.2, 122.6, 112.9,91.1, 66.1, 55.6, 55.3, 6.7, 4.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C22H31NOgSiNa 456.1813; Found 456.1813.

((4-Chlorophenyl)(2,4,6-trimethoxyphenyl)methoxy)triethylsilane (entry 3, 11d)

4-Chlorobenzaldehyde (9d: 22.3 mg, 0.16 mmol). 2,2 -bipyridyl (74.5 mg, 0.48 mmol), 1,3,5-F U A FF
> ¥ (53.5 mg, 0.32 mmol) 3 L O TESOTF (72 L, 0.32 mmol) Z 5 F L T —#x EBRIEITHEV 24 BRI BUE L
7= & Z A, ((4-chlorophenyl)(2,4,6-trimethoxyphenyl)methoxy)triethylsilane (11d)75 84% ™ #(56.6 mg, 0.13
mmol) THE L7,

MR, IR (ATR) cm™: 2952, 2874, 2837, 1591, 1488, 1457, 1415, 1335, 1223, 1150, 1116, 1055; *H NMR
(500 MHz, CDCls): 6 7.30 (d, 2H, J = 8.0 Hz), 7.18 (d, 2H, J = 8.0 Hz), 6.36 (s, 1H), 6.08 (s, 2H), 3.79 (s, 3H),
3.68 (s, 6H), 0.86 (t, 9H, J="7.5 Hz), 0.57—0.48 (m, 6H); 1*C {*H} NMR (125 MHz, CDCl3): 5 160.8, 159.2, 144.6,
130.8, 127.2, 126.9, 113.7, 91.1, 65.9, 55.7, 55.2, 6.8, 4.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C2H3104SiCINa 445.1572; Found 445.1577.
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((4-Bromophenyl)(2,4,6-trimethoxyphenyl)methoxy)triethylsilane (entry 4, 11e)

4-Bromobenzaldehyde (9e: 27.8 mg, 0.15 mmol), 2,2’-bipyridyl (71.8 mg, 0.45 mmol), 1,3,5-trimethoxybenzene
(52.2 mg, 0.30 mmol)$ L U TESOTT (68 pL, 0.30 mmol) Z fifi i L CT—A%FZBRIEICHEV 2 RFRISUG L7z & 2
4. ((4-bromophenyl)(2,4,6-trimethoxyphenyl)methoxy)triethylsilane (11e:)7%% 93% ™I 3%(56.1 mg, 0.14 mmol)
THELNT,

R, IR (ATR) cmt: 2952, 2874, 1590, 1483, 1455, 1416, 1223, 1203, 1150, 1119, 1055, 1007; *H NMR
(500 MHz, CDCls): § 7.34 (d, 2H, J = 8.6 Hz), 7.25 (d, 2H, J = 8.6 Hz), 6.35 (s, 1H), 6.08 (s, 2H), 3.79 (s, 3H),
3.68 (s, 6H), 0.87 (t, 9H, J = 8.0 Hz), 0.57—0.49 (m, 6H); 2*C {*H} NMR (125 MHz, CDCls): 5 160.8, 159.2, 145.2,
130.1, 127.3, 119.0, 113.6, 91.1, 65.9, 55.7, 55.2, 6.7, 4.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C22H3104SiBrNa 489.1067; Found 489.1060.

([1,1'-Biphenyl]-4-yl(2,4,6-trimethoxyphenyl)methoxy)triethylsilane (entry 5, 11f)

4-Phenylbenzaldehyde (9f: 36.6 mg, 0.20 mmol), 2,2’-bipyridyl (94.0 mg, 0.60 mmol), 1,3,5-trimethoxybenzene
(67.8 mg, 0.40 mmol)Fs X UY TESOTT (90 pL, 0.40 mmol) Z 1 fl L C— R FEBRIEICHEV 2 BFEIR S L= & 2
4. ([1,1'-biphenyl]-4-yl(2,4,6-trimethoxyphenyl)methoxy)triethylsilane (11f)7% 90% @ ¥ 2 (83.5 mg, 0.18 mmol)
TH LT,

MY, IR (ATR) cm: 2953, 2874, 1591, 1487, 1456, 1224, 1204, 1151, 1120, 1056, 1006; *H NMR (500
MHz, CDCls): 4 7.59—7.57 (m, 2H), 7.48—7.39 (m, 6H), 7.29 (t, 1H, J = 7.5 Hz), 6.47 (s, 1H), 6.11 (s, 2H), 3.81
(s, 3H), 3.70 (s, 6H), 0.89 (t, 9H, J = 7.5 Hz), 0.60—0.52 (m, 6H); C {*H} NMR (125 MHz, CDCls): § 160.7,
159.4, 145.1, 141.5, 138.2, 128.6, 127.0, 126.7, 126.0, 125.9, 114.1, 91.3, 66.3, 55.8, 55.2, 6.8, 4.7; HRMS (ESI-
TOF) m/z: [M+Na]* Calcd for C2sH3s04SiNa 487.2275; Found 487.2302.

tert-Butyl 4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)benzoate (entry 6, 49)

tert-Butyl 4-formylbenzoate (99: 30.8 mg, 0.15 mmol), 2,2’-bipyridyl (69.8 mg, 0.45 mmol), 1,35-F U A K5
X (50.1 mg, 0.30 mmol) s KUY TESOTF (67 pL, 0.30 mmol) % i i L CT— % SEBRIEIZHEV 24 FERT K
i L7z & 2 A, tert-butyl 4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)benzoate (11g)7% 68% U 2
(49.8 mg, 0.10 mmol) T# 5 17z,

AR, IR (ATR) cm: 2954, 2875, 1708, 1592, 1456, 1414, 1366, 1287, 1224, 1203, 1151, 1056; *H NMR
(400 MHz, CDCls): & 7.86 (d, 2H, J = 8.4 Hz), 7.41 (d, 2H, J = 8.4 Hz), 6.72 (s, 1H), 6.07 (s, 2H), 3.79 (s, 3H),
3.67 (s, 6H), 1.57 (s, 9H), 0.87 (t, 9H, J = 8.0 Hz), 0.54 (q, J = 8.0 Hz, 6H); 13C {*H} NMR (100 MHz, CDCls): §
166.2,160.9, 159.3, 151.3, 129.2, 128.4, 125.2, 113.9, 91.3, 80.3, 66.3, 55.7,55.2, 28.2, 6.7, 4.7, HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for C27H006SiNa 511.2486; Found 511.2468.

tert-Butyldimethyl(4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)phenoxy)silane (entry 7, 11h)
4-((tert-Butyldimethylsilyl)oxy)benzaldehyde (9h: 36.6 mg, 0.15 mmol), 2,2’-bipyridyl (72.6 mg, 0.47 mmol),
1,35-F U A FF X ¥ (52.1 mg, 0.31 mmol)F & OY TESOTT (70 pL, 0.31 mmol) z fif F L C—fi%xFZBRiks
i w6 BF M O M L 7= & 2 A | tert-butyldimethyl(4-(((triethylsilyl)oxy)(2,4,6-
trimethoxyphenyl)methyl)phenoxy)silane (11h)7% 65% ™Y #(50.5 mg, 0.98 mmol) T 5 4172,

MR, IR (ATR) cmt: 2953, 2875, 1603, 1505, 1460, 1415, 1250, 1203, 1119, 1056; *H NMR (400 MHz,
CDCls): 8 7.20 (d, 2H, J = 8.4 Hz), 6.69 (d, 2H, J = 8.4 Hz), 6.36 (s, 1H), 6.08 (s, 2H), 3.79 (s, 3H), 3.66 (s, 6H),
0.69 (s, 9H), 0.86 (t, 9H, J = 7.6 Hz), 0.53 (g, 6H, J = 7.6 Hz), 0.15 (s, 6H); 3C {*H} NMR (100 MHz, CDCls): &
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160.6, 159.4, 153.3, 138.7, 126.4, 118.8, 114.5, 91.3, 66.2, 55.7, 55.2, 25.7, 18.2, 6.8, 4.7, -4.4; HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for C2sH4s05SioNa 541.2776; Found 541.2755.

4-(((Triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)phenyl acetate (entry 8, 11i)

4-Acetyloxybenzaldehyde (9i: 24.6 mg, 0.15 mmol), 2,2’-bipyridyl (71.0 mg, 0.45 mmol), 1,3,5-F U A FF%
~ 2 (50.5 mg, 0.30 mmol)3s & O TESOTF (68 pL, 0.30 mmol) Z fifi L C—#%FZBRIEICHE Y 1 FEE S
L7=& Z A, 4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)phenyl acetate (11i)%% 90%? X #(63.3 mg,
0.14 mmol) T& H 7,

IR, IR (ATR) cml: 2953, 2875, 1753, 1591, 1504, 1457, 1417, 1368, 1203, 1151, 1119, 1056, 1008; *H
NMR (400 MHz, CDCls): 6 7.36 (d, 2H, J = 8.4 Hz), 6.93 (d, 2H, J = 8.4 Hz), 6.40 (s, 1H), 6.08 (s, 2H), 3.79 (s,
3H), 3.67 (s, 6H), 2.25 (s, 3H), 0.86 (t, 9H, J = 8.0 Hz), 0.58—0.49 (m, 6H); 13C {*H} NMR (100 MHz, CDCl5): 5
169.6, 160.8, 159.3, 148.5, 143.6, 126.4, 120.1, 114.0, 91.3, 66.1, 55.7, 55.2, 21.4, 6.7, 4.7; HRMS (ESI-TOF) m/z:
[M+Na]* Calcd for C24H3406SiNa 469.2017; Found 469.2016.

Triethyl((3-methoxyphenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (entry 9, 11j)

3-Methoxybenzaldehyde (9j: 20.7 mg, 0.15 mmol), 2,2’-bipyridyl (71.2 mg, 0.45 mmol), 1,3,5-~ U A FF X
> ¥ >-(51.1 mg, 0.30 mmol)33 & O TESOTH (69 pL, 0.30 mmol) &1t I L T —f¥ SEBRIEIZHEV 30 43 KOs L7z
& 2 A, triethyl((3-methoxyphenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (11j)7% 86% @ IX#(53.9 mg, 0.13
mmol) T L7,

R, IR (ATR) cmt: 2951, 2874, 2835, 1588, 1455, 1415, 1278, 1222, 1203, 1147, 1117, 1042; *H NMR
(500 MHz, CDCls): 8 7.12 (t, 1H, J = 8.0 Hz), 7.06 (s, 1H), 6.87 (d, 1H, J = 8.0 Hz), 6.67 (d, 1H, J = 8.0 Hz), 6.39
(s, 1H), 6.08 (s, 2H), 3.79 (s, 3H), 3.78 (s, 3H), 3.67 (s, 6H), 0.87 (t, 9H, J = 7.5 Hz), 0.58—0.50 (m, 6H); 3C {*H}
NMR (125 MHz, CDCls): 6 160.6, 159.3, 158.9, 147.1, 128.1, 117.9, 114.1, 111.4, 110.7, 91.2, 66.2, 55.8, 55.2,
55.1, 6.8, 4.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C23H3405SiNa 441.2068; Found 441.2089.

Triethyl((2-methoxyphenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (entry 10, 11k)

2-Methoxybenzaldehyde (9k: 21.7 mg, 0.16 mmol), 2,2’-bipyridyl (74.5 mg, 0.48 mmol), 1,3,5-trimethoxybenzene
(53.5 mg, 0.32 mmol)F X Y TESOTT (72 pL, 0.32 mmol) Z 1 fl L C— R FEBRIEICHEV 2 BFEIR S Lz & &
4, triethyl((2-methoxyphenyl)(2,4,6-trimethoxyphenyl)methoxy)silane (11k)7% 87% ? ¥ 2 (54.6 mg, 0.12 mmol)
THRLT,

AR Y; IR (ATR) cmt: 2951, 2874, 2835, 1590, 1458, 1238, 1224, 1149, 1120, 1048; *H NMR (400 MHz,
CDCl3): 6 7.82(d, 1H,J=7.6 Hz), 7.11 (t, 1H, J= 7.6 Hz), 6.94 (t, 1H, J = 7.6 Hz), 6.71 (d, 1H, J = 7.6 Hz), 6.51
(s, 1H), 6.06 (s, 2H), 3.77 (s, 3H), 3.67 (s, 6H), 3.59 (s, 3H), 0.86 (t, 9H, J = 8.0 Hz), 0.54 (q, 6H, J = 8.0 Hz); °C
{*H} NMR (100 MHz, CDCls): & 160.2, 159.3, 155.9, 133.9, 128.6, 126.5, 119.5, 114.4, 110.3, 91.6, 62.9, 55.9,
55.6, 55.1, 6.8, 4.8; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C23sH3405SiNa 441.2068; Found 441.2066.

Triethyl(naphthalen-1-yl(2,4,6-trimethoxyphenyl)methoxy)silane (entry 11, 111)

1-Naphthylaldehyde (91: 23.2 mg, 0.15 mmol), 2,2’-bipyridyl (69.8 mg, 0.45 mmol), 1,3,5-F U A FF I~
£ 2(50.1 mg, 0.30 mmol)F K X TESOTF (67 pL, 0.30 mmol) Z i L T EBREITHE 2 BRI SOG LT
& Z A triethyl(naphthalen-1-yl(2,4,6-trimethoxyphenyl)methoxy)silane (111) 3 70% o ¥ 3£ (46.0 mg, 0.11
mmol) T3 b A7z,
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M iR, IR (ATR) cm™: 2952, 2874, 2836, 1589, 1456, 1415, 1333, 1223, 1203, 1185, 1149, 1059; *H NMR
(500 MHz, CDCls): & 8.13 (d, 1H, J = 7.0 Hz), 7.95 (d, 1H, J = 8.0 Hz), 7.78 (d, 1H, J = 7.5 Hz), 7.68 (d, 1H, J =
8.0 Hz), 7.50 (t, 1H, J= 8.0 Hz), 7.33—7.29 (m, 2H), 6.36 (s, 1H), 6.08 (s, 2H), 3.73 (s, 3H), 3.67 (s, 6H), 0.88 (t,
9H, J = 7.5 Hz), 0.58 (q, 6H, J = 7.5 Hz); 1*C {*H} NMR (125 MHz, CDCl5): § 160.6, 159.2, 140.7, 133.2, 130.3,
128.4, 126.2, 125.1, 125.0, 124.8, 124.3, 123.6, 113.8, 91.4, 64.7, 55.6, 55.0, 6.8, 4.7; HRMS (ESI-TOF) m/z:
[M+Na]* Calcd for Co6H340.SiNa 461.2119; Found 461.2136.

((2,4-Dimethoxyphenyl)(phenyl)methoxy)triethylsilane (entry 12, 11m)

Benzaldehyde (9a: 15.8 mg, 0.15 mmol), 2,2’-bipyridyl (71.0 mg, 0.45 mmol), 1,3-dimethoxybenzene (195 L,
1.5 mmol)+3 L O TESOTF (68 pL, 0.30 mmol) Z i i L C— % FEBRIEICHEN 24 RIS L2 & 2 A, ((24-
dimethoxyphenyl)(phenyl)methoxy)triethylsilane (11m)73s 81% @ ¥ 3(30.5 mg, 0.12 mmol) T& 5 417z,
IR, IR (ATR) ecmt: 2953, 2875, 1611, 1589, 1504, 1455, 1415, 1284, 1255, 1206, 1155, 1118, 1081, 1060,
1039, 1004; *H NMR (500 MHz, CDCls): & 7.39—7.37 (m, 3H), 7.26—7.23 (m, 2H), 7.16 (t, 1H, J = 7.5 Hz), 6.46
(dd, 1H, J = 8.3, 2.9 Hz), 6.39 (d, 1H, J = 2.9 Hz), 6.14 (s, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 0.87 (t, 9H, J = 8.0 Hz),
0.55 (g, 6H, J = 8.0 Hz); °C {*H} NMR (125 MHz, CDCls): § 159.7, 156.6, 145.6, 128.0, 127.8, 126.6, 126.4,
126.2,104.4,97.9, 69.2, 55.3, 6.8, 4.8; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C21H3003SiNa 381.1856; Found
381.1864.

((2,4-Dimethoxyphenyl)(4-methoxyphenyl)methoxy)triethylsilane (entry 13, 11n)

4-Methoxybenzaldehyde (9b: 23.6 mg, 0.173 mmol), 2,2’-bipyridyl (81.1 mg, 0.52 mmol), 1,3-dimethoxybenzene
(227 yL, 1.7 mmol)3s L Y TESOTS (78 uL, 0.35 mmol) Z i F L C— M FEBRIEICHE 24 FRfEISUG L7z & 2
. ((2,4-dimethoxyphenyl)(phenyl)methoxy)triethylsilane (11n)7% 45% @I 3(34.0 mg, 0.08 mmol) TH 5 11
77

R, IR (ATR) ecmt: 2953, 2875, 2837, 1590, 1483, 1456, 1416, 1366, 1223, 1203, 1150, 1007; *H NMR
(400 MHz, CDCls): 4 7.39 (d, 1H, J = 8.6 Hz), 7.27 (d, 2H, J = 8.6 Hz), 6.78 (d, 2H, J = 8.6 Hz), 6.46 (d, 1H, J =
8.6 Hz), 6.37 (s, 1H), 6.07 (s, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 3.75 (s, 3H), 0.86 (t, 9H, J = 8.0 Hz), 0.54 (q, 6H, J =
8.0 Hz); 3C {*H} NMR (100 MHz, CDCl3): 6 159.7, 158.2, 156.5, 138.0, 127.7, 127.4, 126.9, 113.2, 104.4, 98.0,
68.9, 55.3, 55.2, 6.8, 4.8; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C2H3,04Si 389.2143; Found 389.2171.

((4-Chlorophenyl)(2,4-dimethoxyphenyl)methoxy)triethylsilane (entry 14, 110)

4-Chlorobenzaldehyde (9d: 21.0 mg, 0.15 mmol). 2,2’-bipyridyl (70.0 mg, 0.45 mmol). 1,3-dimethoxybenzene
(195 pL, 1.5 mmol)& L X TESOTF (68 pL, 0.30 mmol) Z 1 L T EBRIE IRV 24 BRIEG LTZ & 2
4. ((4-chlorophenyl)(2,4-dimethoxyphenyl)methoxy)triethylsilane (110)7%° 45%®™ X %:(16.2 mg, 0.07 mmol) T
Boii,

AR Y; IR (ATR) ecmt: 2954, 2875, 1611, 1589, 1504, 1488, 1462, 1414, 1299, 1255, 1206, 1156, 1118, 1067,
1038, 1012; 'H NMR (500 MHz, CDCls): § 7.36 (d, 1H, J = 8.0 Hz), 7.31 (d, 2H, J = 8.6 Hz), 7.21 (d, 2H, J = 8.6
Hz), 6.46 (dd, 1H, J = 8.0, 2.9 Hz), 6.39 (d, 1H, J = 2.9 Hz), 6.08 (s, 1H), 3.78 (s, 3H), 3.78 (s, 3H), 0.86 (t, 9H, J
= 8.0 Hz), 0.55 (q, 6H, J = 8.0 Hz); 13C {*H} NMR (125 MHz, CDCls): § 159.9, 156.5, 144.3, 132.0, 127.9, 127.7,
127.5, 126.1, 104.4, 98.0, 68.7, 55.3, 6.7, 4.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for Cz1H200:SiCINa
415.1467; Found 415.1467.

Triethyl((4-methoxynaphthalen-1-yl)(4-methoxyphenyl)methoxy)silane (entry 15, 11p)
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4-Methoxybenzaldehyde (9b: 19.5 mg, 0.14 mmol), 2,2’-bipyridyl (67.0 mg, 0.43 mmol), 1-methoxynaphthalene
(41.5 pg, 0.30 mmol)Fs & T TESOTF (65 pL, 0.29 mmol) Z £ A L CT— M FEBRIEIZAE 24 RIS LTz & 2
4. triethyl((4-methoxynaphthalen-1-yl)(4-methoxyphenyl)methoxy)silane (11p)7% 32% ™ ¥ %:(19.6 mg, 0.05
mmol) TH& & 47z,

MR, IR (ATR) cmt: 2953, 2874, 1584, 1509, 1461, 1391, 1301, 1240, 1171, 1158, 1093, 1069, 1033,
1005; 'H NMR (500 MHz, CDCls): & 8.27—8.25 (m, 1H), 7.98 (dd, 1H, J = 7.7, 1.7 Hz), 7.64 (d, 1H, J = 8.0 Hz),
7.41—7.35 (m, 2H), 7.27 (d, 2H, J = 8.0 Hz), 6.82 (d, 1H, J = 8.0 Hz), 6.77 (d, 2H, J = 8.0 Hz), 6.27 (s, 1H), 4.02
(s, 3H), 3.74 (s, 3H), 0.86 (t, 9H, J = 8.0 Hz), 0.62—0.50 (m, 6H); 3C {*H} NMR (100 MHz, CDCls): § 158.3,
155.0, 137.3, 132.2, 131.3, 127.7, 126.0, 125.9, 125.0, 124.6, 124.5, 122.3, 113.4, 102.3, 74.4,55.4, 55.2, 6.8, 4.9;
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for CzsH3203SiNa 431.2013; Found 431.2038.

%5 =TH : Table 3-2-3 (ZB94 2% EB

— MR FEBRIE - 7L A FRPHRT 0°C TR XTIV B REFER(9,0.15mmol) D> 7 mr A Z (075 mL)
VAW 2,2>-bipyridyl (0.45 mmol), 7 U /L-iF 2(0.3 mmol), SiOTF (0.3 mmol) Z VN 2 7=, S %
PUFIR TR R . fafnREEKE T N Y O AKERGEmL)Z M2, ¥ 7 v r A4 (15 mLx2) THi
L7c, HEARRREET FY U LT AB LT, AIREBIEEEL, MAEBMEZ S Y DTN T L7~
NT T 4 —THRL, mET VAT ILa—LiFER012)E ST,

Trimethyl((1-phenylbut-3-en-1-yl)oxy)silane (entry 1, 12a)

Benzaldehyde (9a: 109.2 mg, 1.0 mmol), 2,2’-bipyridyl (438.3 mg, 3.0 mmol), allyltrimethylsilane (298 pL, 2.0
mmol) 3 L T TMSOTF (438 L, 2.0 mmol) Z i H L T—ix FEBRIEIZHE W 24 RIS LT & 2 A,
trimethyl((1-phenylbut-3-en-1-yl)oxy)silane (12a)7%% 89% X =:(201.3 mg, 0.89 mmol) T3+ H 417,
IR, IR (ATR) ecm™: 3077, 3029, 2957, 1641, 1493, 1453, 1363, 1306, 1250, 1198, 1086, 1067, 1011; *H
NMR (500 MHz, CDCls): & 7.33—7.30 (m, 4H), 7.25—7.22 (m, 1H), 5.81—5.73 (m, 1H), 5.05—5.00 (m, 2H),
4.66 (dd, 1H, J = 5.2, 2.3 Hz), 2.51—2.49 (m, 1H), 2.43—2.37 (m, 1H), 0.04 (s, 9H); 2°C {*H} NMR (125 MHz,
CDCls): 6 144.8, 135.3, 128.0, 127.0, 125.9, 116.8, 74.8, 45.1, 0.1; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C13H200SiNa 243.1176; Found 243.1203.

((1-(4-Methoxyphenyl)but-3-en-1-yl)oxy)trimethylsilane (entry 2, 12ba)

4-Methoxybenzaldehyde (9b: 20.0 mg, 0.15 mmol), 2,2’-bipyridyl (68.9 mg, 0.44 mmol), allyltrimethylsilane (47
L, 0.30 mmol)3s L Y TMSOTS (53 pL, 0.30 mmol) Z {5 ] L C— M EBRIEIZIEW 24 ISR LTz & 2 A,
((1-(4-methoxyphenyl)but-3-en-1-yl)oxy)trimethylsilane (12ba)7s 82% ™1 =%(30.1 mg, 0.12 mmol) T3 & #1172,
AR, IR (ATR) cmt: 2933, 2905, 2834, 1640, 1510, 1462, 1350, 1299, 1171, 1104, 1071, 1033; *H NMR
(400 MHz, CDCls): 6 7.23 (d, 2H, J = 8.8 Hz), 6.85 (d, 2H, J = 8.8 Hz), 5.81—5.70 (m, 1H), 5.05—5.00 (m, 2H),
4.62 (t, 1H, J = 7.2 Hz), 3.80 (s, 3H), 2.51—2.44 (m, 1H), 2.42—2.35 (m, 1H), 0.04 (s, 9H); 3C {*H} NMR (100
MHz, CDCls): 6 158.6, 137.0, 135.4, 127.1, 116.7, 113.4, 74.5, 55.2, 45.1, 0.1; HRMS (ESI-TOF) m/z: [M+Na]*
Calcd for C14H220,SiNa 273.1281; Found 273.1307.

Trimethyl((1-(4-nitrophenyl)but-3-en-1-yl)oxy)silane (entry 3, 12c)

4-Nitrobenzaldehyde (9c: 22.7 mg, 0.15 mmol), 2.,2’-bipyridyl (72.1 mg, 0.45 mmol), allyltrimethylsilane (49 pL,
0.30 mmol)# L T8 TMSOTS (55 pL, 0.30 mmol) Z il L T— iR FEBRIEITHEVY 24 FFFUS LTz & 2 A,
trimethyl((1-(4-nitrophenyl)but-3-en-1-yl)oxy)silane (12¢)7% 78% M #(31.3 mg, 0.12 mmol) TH b7,
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IR, IR (ATR) cmrl: 3078, 2957, 1641, 1606, 1520, 1433, 1345, 1316, 1293, 1251, 1195, 1085, 1012; H
NMR (500 MHz, CDCls):  8.18 (d, 2H, J = 8.5 Hz), 7.48 (d, 2H, J = 8.5 Hz), 5.76—5.69 (m, 1H), 5.05—5.00 (m,
2H), 4.79 (t, 1H, J = 6.5 Hz), 2.49—2.39 (m, 2H), 0.07 (s, 9H); °C {*H} NMR (125 MHz, CDCls): § 152.3, 147.0,
133.9, 126.6,123.5, 117.9, 73.8, 44.8, 0.0; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C1sH1oNO3Si 266.1207; Found
266.1223.

((1-(4-Chlorophenyl)but-3-en-1-yl)oxy)trimethylsilane (entry 4, 12d)

4-Chlorobenzaldehyde (9d: 23.9 mg, 0.15 mmol), 2,2’-bipyridyl (72.0 mg, 0.45 mmol), allyltrimethylsilane (49
uL, 0.30 mmol)3s & Y TMSOTH (55 pL, 0.30 mmol) Z i FH L C— M FEBRIEIZIEW 24 IR G LTz & 2 A,
((1-(4-chlorophenyl)but-3-en-1-yl)oxy)trimethylsilane (12d)2% 98% ™ I3 (42.5 mg, 0.15 mmol) T 5 4u7z,
R, IR (ATR) cmrt: 2933, 2905, 2834, 1640, 1510, 1462, 1350, 1299, 1171, 1104, 1071, 1033; *H NMR
(500 MHz, CDCls): § 7.28 (d, 2H, J = 8.5 Hz), 7.23 (d, 2H, J = 8.5 Hz), 5.76—5.70 (m, 1H), 5.03—5.00 (m, 2H),
4.64 (dd, 1H, J = 5.2, 2.3 Hz), 2.45—2.41 (m, 1H), 2.38—2.34 (m, 1H), 0.04 (s, 9H); 2*C {*H} NMR (125 MHz,
CDCls): 6 143.4, 134.8, 132.6, 128.2, 127.2, 117.2, 74.1, 45.0, 0.1; HRMS (ESI-TOF) m/z: [M+H]* Calcd for
C13H190SiCl 255.0966; Found 255.0957.

((2-(4-Bromophenyl)but-3-en-1-yl)oxy)trimethylsilane (entry 5, 12¢)

4-Bromobenzaldehyde (9e: 37.2 mg, 0.20 mmol, 2,2’-bipyridyl (93.8 mg, 0.60 mmol). allyltrimethylsilane 64 pL,
0.40 mmol)F3 &2 T TMSOTT (73 pL, 0.40 mmol) & ff I L C— i SEBRIEICHE WV 24 I L2 & 2 A, ((1-
(4-chlorophenyl)but-3-en-1-yl)oxy)trimethylsilane (12e)7% 65% @ ¥ %(38.8 mg, 0.82 mmol) T H 7z,
R IR (ATR) cmt: 2956, 1641, 1592, 1487, 1404, 1251, 1072, 1009; *H NMR (500 MHz, CDCls): § 7.43
(d, 2H, 3 =8.0 Hz), 7.18 (d, 2H, J = 8.0 Hz), 5.77—5.69 (m, 1H), 5.04—5.00 (m, 2H), 4.62 (dd, 1H,J=7.2,5.2
Hz), 2.46—2.40 (m, 1H), 2.38—2.33 (m, 1H), 0.04 (s, 9H); 3C {*H} NMR (125 MHz, CDCls): 5 143.9, 134.7,
131.2, 127.6, 120.7, 117.2, 74.1, 45.0, 0.1; Anal. Calcd for C13H190SiBr: C, 52.17; H, 6.40; N, 0.00. Found: C,
51.95; H, 6.39; N, 0.00.

((1-([1,1'-Biphenyl]-4-yl)but-3-en-1-yl)oxy)trimethylsilane (entry 6, 12f)

4-Phenylbenzaldehyde (9f: 36.6 mg, 0.20 mmol). 2,2’-bipyridyl (93.5 mg, 0.60 mmol). allyltrimethylsilane (64
uL, 0.40 mmol)3s L Y TMSOTT (73 pL, 0.40 mmol) Z i L C— M EBRIEIZIE W 24 BRI G LTz & 2 A,
((1-(4-chlorophenyl)but-3-en-1-yl)oxy)trimethylsilane (12f) 7 63% ™Y (37.2 mg, 0.80 mmol) THF 547,
M, IR (ATR) cm: 2956, 1486, 1250, 1077, 1007; *H NMR (500 MHz, CDCls): § 7.61 (d, 2H, J = 8.0
Hz), 7.56 (d, 2H, J = 8.0 Hz), 7.44 (dd, 2H, J = 8.0, 7.5 Hz), 7.39 (d, 2H, J = 8.0 Hz), 7.34 (t, 1H, J = 7.5 Hz),
5.85—5.77 (m, 1H), 5.09—5.03 (m, 2H), 4.73 (dd, 1H, J= 7.5, 5.7 Hz), 2.55—2.49 (m, 1H), 2.48—2.42 (m, 1H),
0.08 (s, 9H); 3C {*H} NMR (125 MHz, CDCls): & 143.9, 141.0, 139.8, 135.2, 128.7, 127.1, 127.0, 126.8, 126.3,
116.9, 74.6, 45.1, 0.2; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C19H2:0SiNa 319.1489; Found 319.1492.

tert-Butyldimethyl(4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)phenoxy)silane (entry 7, 12h)
4-((tert-Butyldimethylsilyl)oxy)benzaldehyde (9h: 35.5 mg, 0.15 mmol), 2,2’-bipyridyl (70.4 mg, 0.45 mmol),
allyltrimethylsilane (48 pL, 0.30 mmol)3s & OY TMSOTF (55 uL, 0.30 mmol) % i i L C— R FEBRIEIZHEV 24
RIS LTz & 2 A, tert-butyldimethyl(4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)phenoxy)silane (12h) 2% 78%®
¥ #(40.0 mg, 0.12 mmol) T/& H 7=,
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MR, IR (ATR) el 2957, 2859, 1608, 1509, 1473, 1252, 1082; 'H NMR (500 MHz, CDCla): § 7.14 (d,
2H, J=8.5Hz), 6.78 (d, 2H, J = 8.5 Hz), 5.77—5.71 (m, 1H), 5.03—5.00 (m, 2H), 4.60—4.58 (m, 1H), 2.49—2.44
(m, 1H), 2.39—2.35 (m, 1H), 0.98 (s, 9H), 0.18 (s, 6H), 0.04 (s, 9H); °C {H} NMR (125 MHz, CDCls): 5 154.6,
137.6, 135.5, 127.0, 119.6, 116.6, 74.6, 45.0, 25.7, 0.1, -4.4; HRMS (ESI-TOF) m/z; [M+Na]* Calcd for
C19H340Si,Na 373.1990; Found 373.1983.

4-(1-((Trimethylsilyl)oxy)but-3-en-1-yl)phenyl acetate (entry 8, 12i)

4-Acetoxybenzaldehyde (9i: 24.6 mg, 0.15 mmol), ,2’-bipyridyl (72.0 mg, 0.45 mmol), allyltrimethylsilane (48
uL, 0.30 mmol)3s & Y TMSOTH (55 pL, 0.30 mmol) Z i FH L C— M FEBRIEIZIEW 24 IR G LTz & 2 A,
4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)phenyl acetate (12i)75 53% I 2 (24.0 mg, 0.08 mmol) THF 5417,
SR, IR (ATR) cm: 2957, 1770, 1506, 1369, 1251, 1198, 1083, 1012; *H NMR (500 MHz, CDCls): § 7.31
(d, 2H, J = 8.6 Hz), 7.03 (d 2H, J = 8.6 Hz), 5.80—5.71 (m, 1H), 5.05—5.01 (m, 2H), 4.68—4.65 (m, 1H),
2.48—2.42 (m, 1H), 2.41—2.35 (m, 1H), 2.29 (s, 3H), 0.04 (s, 9H); 13C {*H} NMR (125 MHz, CDCls): & 169.5,
149.5, 142.4, 135.1, 126.8, 121.0, 117.0, 74.3, 45.1, 21.2, 0.1; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C1sH2203SiNa 301.1230; Found 301.1231.

Methyl 4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)benzoate (entry 9, 12m)

Methyl 4-formylbenzoate (9m: 24.7 mg, 0.15 mmol), 2,2’-bipyridyl (70.4 mg, 0.45 mmol), allyltrimethylsilane
(48 pL, 0.30 mmol)3s & Y TMSOTT (55 pL, 0.30 mmol) Z i F L CT— B SEBRIEIZHEV 24 IR RUG LTz & 2
4. methyl 4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)benzoate (12m) 73 89% DI =(37.0 mg, 0.12 mmol) T H 41
77

IR, IR (ATR) ecmL: 2954, 1723, 1611, 1435, 1275, 1251, 1175, 1084, 1018; *H NMR (500 MHz, CDCls):
87.99(d, 2H,J=8.0 Hz), 7.38 (d, 2H, J = 8.0 Hz), 5.77—5.70 (m, 1H), 5.03—5.00 (m, 2H), 4.72 (dd, 1H, J = 6.3,
6.3 Hz), 3.91 (s, 3H), 2.49—2.37 (m, 2H), 0.04 (s, 9H); °C {*H} NMR (125 MHz, CDCls): & 167.0, 150.1, 134.6,
129.5, 128.9, 125.8, 117.3, 74.4, 52.0, 44.9, 0.1; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for CisH2203SiNa
301.1230; Found 301.1240.

((1-(4-Methoxyphenyl)-3-methylbut-3-en-1-yl)oxy)trimethylsilane (entry 10, 12n)

4-Methoxybenzaldehyde (9b: 21.0 mg, 0.15 mmol) ., 2,2’-bipyridyl (71.0 mg, 0.45 mmol) ., trimethyl(2-
methylallyl)silane (56 pL, 0.30 mmol)33 & OY TMSOTF (55 pL, 0.30 mmol) % 5 ] L T —fx EBRIEISHEV 24 I
ISR LTz & 2 A, ((1-(4-methoxyphenyl)-3-methylbut-3-en-1-yl)oxy)trimethylsilane (12n) 23 99% ? IY 3% (40.4
mg, 0.15 mmol) T3 54172,

A IRY; IR (ATR) em™: 2955, 1723, 1613, 1511, 1246, 1172, 1082; *H NMR (500 MHz, CDCls): § 7.22 (d,
2H, J = 8.5 Hz), 6.84 (d, 2H, J = 8.5 Hz), 4.76 (s, 1H), 4.72 (dd, 1H, J = 8.0, 5.0 Hz), 4.67 (s, 1H), 3.80 (s, 3H),
2.44 (dd, 1H, J = 13.0, 6.5 Hz), 2.29 (dd, 1H, J = 13.0, 6.5 Hz), 1.71 (s, 3H), 0.08 (s, 9H); *C {*H} NMR (125
MHz, CDCls): & 158.6, 142.7, 137.3, 127.1, 113.1, 112.8, 73.8, 55.2, 49.0, 23.1, 0.1; HRMS (ESI-TOF) m/z:
[M+Na]* Calcd for C15H240,SiNa 287.1438; Found 287.1459.

(Cyclopenta-1,3-dien-1-yl(4-methoxyphenyl)methoxy)trimethylsilane (entry 11, 120)
4-Methoxybenzaldehyde (9b: 20.2 mg, 0.15 mmol), 2,2’-bipyridyl (70.0 mg, 0.45 mmol), cyclopenta-2,4-dien-1-
yltrimethylsilane (49 pL, 0.30 mmol)$ L U TMSOTF (55 L, 0.30 mmol) & i ] L C—f¥ EBRIEIZHEV 24 B
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i L7z & Z A, (cyclopenta-1,3-dien-1-yl(4-methoxyphenyl)methoxy)trimethylsilane (120)7% 74% DX =&
(30.4 mg, 0.12 mmol) T 5 7=,

MR, IR (ATR) ecm™: 2955, 1611, 1510, 1463, 1442, 1363, 1301, 1245, 1170, 1149, 1059, 1036, 1011; H
NMR (500 MHz, CDCls): § 7.24 (d, 2H, J = 8.6 Hz), 6.84 (d, 2H, J = 8.6 Hz), 6.39 (dd, 1H, J = 5.5, 1.7 Hz), 6.32
(dd, 1H, J = 5.5, 1.7 Hz), 6.28 (s, 1H), 5.57 (s, 1H), 3.80 (s, 3H), 2.85 (t, 1H, J = 1.7 Hz), 0.08 (s, 9H); 13C {'H}
NMR (125 MHz, CDCls): 8 158.5, 152.2, 136.6, 132.6, 131.6, 128.0, 127.3, 113.4, 73.0, 55.2, 40.1, 0.1; HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C1H2,0,Si 275.1462; Found 275.1439.

((1-(4-Methoxyphenyl)but-3-en-1-yl)oxy)triethylsilane (entry 12, 12bb)

4-Methoxybenzaldehyde (9b: 20.1 mg, 0.15 mmol), 2,2’-bipyridyl (70.1 mg, 0.45 mmol). allyltriethylsilane (68
uL, 0.30 mmol)$3 & O TESOTS (69 pL, 0.30 mmol) % f# i L C— R SEERIEICIE 24 FEEROL LT & 2 A,
((1-(4-methoxyphenyl)but-3-en-1-yl)oxy)triethylsilane (12bb)7% 98% M ¥ 2 (46.1 mg, 0.15 mmol) TH 547,
IR, IR (ATR) ecmt: 2953, 2909, 2875, 1612, 1511, 1459, 1301, 1244, 1171, 1077, 1038, 1004; *H NMR
(500 MHz, CDCls): 8 7.22 (d, 2H, J = 8.6 Hz), 6.84 (d, 2H, J = 8.6 Hz), 5.79—5.71 (m, 1H), 5.02—4.98 (m, 2H),
4.63 (t, 1H, J = 7.2 Hz), 3.80 (s, 3H), 2.50—2.44 (m, 1H), 2.39—2.34 (m, 1H), 0.87 (t, 9H, J = 8.0 Hz), 0.55—0.47
(m, 6H); 3C {*H} NMR (125 MHz, CDCls): § 158.6, 137.3, 135.3, 127.0, 116.7, 113.3, 74.4, 55.2, 45.4, 6.8, 4.8;
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C17H2s0,SiNa 315.1736; Found 315.1751.

#5PUTE : Scheme 3-2-3 (2B % B

—fRFEBRIE - T RS T 0°C TIRIET VT B R HUWIEHEEBK 7 b (10 or 29, 0.15 mmol) D >
Zanra AKX (0.75 mL)EEHZIZ 2,2°-bipyridyl (0.45 mmol) 1,35-F VU A hF o XU LIET UK
AF L7 (0.3 mmol), SiOTF (0.3 mmol) & AN % 7=, SOGUEIR 2 LA TSR3 R AR % . iRz
KFEF DU T LAKREG ML) Z Mz, P27 oo A& A5 mL x 2) Tt Lz, BKREET U 7 AT
et Ai LTz, AIREMIEEE L, AR LERKSOFEEONEE 12-2F L IFF 8 (20
pL)Z R L LT, *H NMR OFERE BRI LT,

eq.1: 7 #7F—/(10a,0.15mmol), 1,35-F U A K F X /(70.1 mg, 0.3 mmol) I3 L O TESOTH (69 L,
0.30 mmol) Zfifi F L C— M SEBRIEICIE WV LRFFISG LTz & 2 A, 10a 23 89%[RI S 4172,

7 751 —/1(10a, 0.15 mmol), 7 U /L kU XF /L F (68 uL, 0.30 mmol)s LY TMSOTT (44 L, 0.30
mmol) Z i L CT—fREBRIEICHE 24 BRI UG Lz & 2 A, 10a A3 90%[alI X 47z,

v a~F LR T LT B R(10b, 0.15 mmol), 1,3,5- kU A hF € 2-(70.1 mg, 0.3 mmol)is &
N TESOTT (69 L, 0.30 mmol) % fi F L CT— M FEBRIEICHE 24 FEEIRUG L7z & 2 A, 10b 7% 90%[RI E 4
776

7 aAsFYAVART VT B R(10b, 0.15 mmol), 7 UL kU AF LT (68 L, 0.3 mmol)Fs LT
TMSOTf (44 pL, 0.30 mmol) A ffi H L T SEERIEIZHEV 24 FEHIRUG L7 & 2 A, 10b 23 94%[a1IL E 41
72

7 7= /(29,015 mmol), 1,35-k YU A FF X (70.1 mg, 0.3 mmol)Fs & TN TESOTT (69 pL,
0.30 mmol) Z fifi i L CT— % SEBRIEIZHEV 24 RER S L2 & 2 A, 29a 3 87%[RIIN S 47z,
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N7 = /7 (29b, 0.15 mmol), 1,35-F U A hF ¥ (70.1 mg, 0.3 mmol)Fs L T8 TESOTF (69 L,
0.30 mmol) & fifi H L CT— X SEBRIEITHEV 24 FEF S LT & 2 A, 29b 73 87%[EL & 47z,

eq. 2 : 4-A FF XU X7 /L7 k& F(9b, 0.15 mmol) & 7 777 —/1(10a, 0.15 mmol), 1,35-F U A FF X
> ¥ >(70.1 mg, 0.3 mmol)+ L O TESOTF (140 pL, 0.60 mmol) Z {3 F L C— M EBRIEIZREV 1 BRI SUE L
72& 2 A, 11b 78 95% DIV TH: H v, 10a 73 84%IHIIN S A7z,

4-2 N XU X7 VT B R(9b, 0.15 mmol) & 7 77—/ (10a, 0.15 mmol), kU A F/L(2-AF LT U L)
7 (80 L, 0.30 mmol)F L T TMSOTH (88 L, 0.60 mmol) A f# il L T —MxFEBRIEIZHEV 3 IR SOt L7z
&2 A, 12n 5 9B5% DI THEH v, 10a 73 86%[HIIN S 417z,

eq. 3 : 4-(3-Oxopropyl)benzaldehyde (99, 0.13 mmol), 1,35- kU * kF X £ (48.2 mg, 0.26 mmol)Is X
Y TESOTf (118 pL, 0.26 mmol) % ffE H L C — X EBRIE eV 1 KRG L7 & 2 A, 3-(4-
(((Triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)phenyl)propanal (119)7% 86% X =(49.6 mg, 0.11 mmol)
THRtS T,

eq. 4 : 4'-Acetyl-[1,1"-biphenyl]-4-carbaldehyde (9r, 0.15 mmol), 1,35- VU A FF X € (51.1 mg, 0.3
mmol)3 L O TESOTF (135 pL, 0.60 mmol) & fifi fil L T —#xZEERIEICHE 24 BEIBUS L& 2 A, 1-(4-
(((Triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)-[1,1'-biphenyl]-4-yl)ethanone (11r)7% 76% @ ¥ 3 (55.2 mg,
0.11 mmol) THEE X 7=,

3-(4-(((Triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)phenyl)propanal (11q)

IR, IR (ATR) cmt: 2952, 2874, 1723, 1590, 1455, 1437, 1415, 1224, 1203, 1171, 1149, 1118, 1055,
1004; *H NMR (500 MHz, CDCls): 6 9.80 (t, 1H, J = 1.7 Hz), 7.30 (d, 2H, J = 7.9 Hz), 7.05 (d, 2H, J = 7.9 Hz),
6.40 (s, 1H) 6.10 (s, 2H), 3.80 (s, 3H), 3.69 (s, 6H), 2.91 (t, 2H, J = 8.0 Hz), 2.74 (dt, 2H, J = 8.0, 1.7 Hz), 0.87 (t,
9H, J=8.0 Hz), 0.58—0.50 (m, 6H); *°C {*H} NMR (125 MHz, CDCls): § 202.1, 160.6, 159.3, 143.9, 137.1, 127.1,
125.7,114.1, 91.3, 66.3, 55.8, 55.2, 45.3, 27.8, 6.8, 4.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C2sH30sSiNa
467.2224; Found 467.2241.

1-(4'-(((Triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)-[1,1'-biphenyl]-4-yl)ethanone (11r)

AR, IR (ATR) cm™: 2954, 2875, 1679, 1602, 1493, 1456, 1417, 1359, 1267, 1224, 1203, 1150, 1116; H
NMR (500 MHz, CDCls): 6 7.99 (d, 2H, J = 8.5 Hz), 7.67 (d, 2H, J =8.5 Hz), 7.52 (d, 2H, J = 8.5 Hz), 7.47 (d, 2H,
J =8.5Hz), 6.47 (s, 1H), 6.11 (s, 2H), 3.80 (s, 3H), 3.71 (s, 6H), 2.62 (s, 3H), 0.89 (t, 9H, J = 8.0 Hz), 0.59—0.53
(m, 6H); 13C {*H} NMR (125 MHz, CDCls): 6 197.8, 160.7, 159.3, 146.4, 146.1, 136.8, 135.3, 128.8, 126.9, 126.1,
126.1, 113.9, 91.3, 66.2, 55.8, 55.2, 26.6, 6.8, 4.7; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C3oH3sOsSiNa
529.2381; Found 529.2392.

B FLIA : Scheme 3-2-4 |ZBHT 2 3B

—MFEERE A TV UFRBEK T 0°C TR XTIVT B RFFEMR9s, 0.15 mmol)d 7 mr X % (0.75
mL)AEHRIZ 2,2°-bipyridyl (0.9 mmol), 1,3,5-F U X ¥ X B HH0NET UL Z (0.3 mmol), SiOTF
(0.6 mmol) Z NIEWK AN 2 7=, SOGERIE 2 LA ISR IR . fafniRER7K T B U 7 L KEEHR (5 mL) Z 0
R, Yrunu X H 15 mLx2) ThHI L7z, HEAKWEET U UL TR A L, AIRZRIERE L,
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HAERD 2 VTN T Ara~ 7T 7 4 —CTRE-L, $I5T 5V U bz —T V&K (1Ls or 125)
5T,

— R FEBRIE B =|IR F Y L= —F L(4sor5s:0.15mmol) D ¥ 7 1 1 A X 1(0.75 mL)YARIZ TMSN; (0.165
mmol)& % M A > K—/1(0.45 mmol) & FeCls (0.015 mmol) & iz 72, BOANR 2 DL (29 I i8R
FFREEAKET MU 7 LKEEGEmMLZ M, Y7 aa X4 A5mLx2) T L7z, BEKREEET R U
LCHIEEE Al LTz, AIREBIERE E L, MAEBME VDTSN T LI a~ N7 T 7 4 — TR L,
H4(30) & 1572,

Triethyl((4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)benzyl)oxy)silane (115s)
4-(Hydroxymethyl)benzaldehyde (9s: 1.00 g, 7.3 mmol) . 2,2’-bipyridyl (6.8 g, 41.8 mmol) ., 1,3,5-
trimethoxybenzene (2.5 g, 14.6 mmol)3s & O TESOTT (6.6 mL, 29.2 mmol) % i F L CT—#%xFBriE A [ZHE-> T
& LTe & Z A, triethyl((4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)benzyl)oxy)silane (11s)75 87%
DI (3.4 g, 6.4 mmol) THE LT,

MR, IR (ATR) emt: 2952, 2875, 1591, 1456, 1415, 1224, 1204, 1151, 1120, 1057, 1004; *H NMR (500
MHz, CDCls): & 7.32 (d, 2H, J = 8.0 Hz), 7.19 (d, 2H, J = 8.0 Hz), 6.40 (s, 1H), 6.08 (s, 2H), 4.68 (s, 2H), 3.79 (s,
3H), 3.67 (s, 6H), 0.95 (t, 9H, J = 8.0 Hz), 0.87 (t, 9H, J = 8.0 Hz), 0.62 (g, 6H, J = 8.0 Hz), 0.57—0.50 (m, 6H);
13C {*H} NMR (125 MHz, CDCls): § 160.6, 159.3, 144.8, 138.2, 125.4, 125.3, 114.4, 91.2, 66.3, 64.9, 55.7, 55.2,
6.8, 6.8, 4.6, 4.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C29H4s05Si2Na 555.2933; Found 555.2939.

Trimethyl((4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)benzyl)oxy)silane (12s)

4-(Hydroxymethykl)benzaldehyde (9s: 20.4 mg, 0.15 mmol) . 2,2’-bipyridyl (140.9 mg, 0.90 mmol) |
allyltrimethylsilane (48 uL, 0.30 mmol)35 & OY TMSOTf (110 pL, 0.60 mmol) Z{# F L T —f 58k 1E A 29
STRIG LTz E Z A, trimethyl((4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)benzyl)oxy)silane (12s)7° 87% DL =E
(29.9 mg, 0.13 mmol) T/ 5 7=,

AR ; IR (ATR) ecmt: 2957, 2900, 1419, 1374, 1250, 1210, 1081, 1016; *H NMR (500 MHz, CDCl3): §
7.27—7.26 (m, 4H), 5.80—5.71 (m, 1H), 5.04—4.99 (m, 2H), 4.68 (s, 2H), 4.66 (dd, 1H, J = 10.0, 5.2 Hz),
2.49—2.43 (m, 1H), 2.40—2.35 (m, 1H), 0.15 (s, 9H), 0.03 (s, 9H); 13C {*H} NMR (125 MHz, CDCls): & 143.8,
139.6, 135.3, 126.4, 125.8, 116.8, 74.7, 64.5, 45.1, 0.1, -0.4; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C17H3002Si2Na 345.1677; Found 345.1670.

3-((4-(((Triethylsilyl)oxy)methyl)phenyl)(2,4,6-trimethoxyphenyl)methyl)-1H-indole (30a)
Triethyl((4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)benzyl)oxy)silane (11s: 82.7 mg, 0.16 mmol).
FeCls (2.1 mg, 0.013 mmol)33 L % > K —/1(54.5 mg, 0.47 mmol) Z i Fl L T —fk EBRE B (120t - TR
L72& 2 A, 3-((4-(((Triethylsilyl)oxy)methyl)phenyl)(2,4,6-trimethoxyphenyl)methyl)-1H-indole (30a)7s 87%
DI (69.2 mg, 0.13 mmol) TH L 7=,

HEAIRY; IR (ATR) cm: 3418, 2954, 2875, 1604, 1510, 1492, 1456, 1416, 1337, 1220, 1204, 1149, 1115, 1092,
1010; H NMR (500 MHz, CDCls): & 7.89 (brs, 1H), 7.34 (d, 1H, J = 8.2 Hz), 7.31 (d, 1H, J = 8.2 Hz), 7.20 (d, 2H,
J=8.0 Hz), 7.15—7.10 (m, 3H), 6.98 (t, 1H, J = 8.2 Hz), 6.86 (d, 1H, J = 1.7 Hz), 6.26 (s, 1H), 6.15 (s, 2H), 4.68
(s, 2H), 3.79 (s, 3H), 3.58 (s, 6H), 0.95 (t, 9H, J = 8.0 Hz), 0.61 (q, 6H, J = 8.0 Hz); *C {*H} NMR (125 MHz,
CDCls): 6 159.7, 159.0, 143.4, 137.7, 136.1, 128.4, 125.6, 123.6, 121.3, 119.8, 118.9, 114.3, 110.7,91.7, 64.9, 55.8,
55.2, 36.1, 6.8, 4.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for Cs1H3sNO4SiNa 540.2541; Found 540.2536.
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((4-(Azido(2,4,6-trimethoxyphenyl)methyl)benzyl)oxy)triethylsilane (30b)
Triethyl((4-(((triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)benzyl)oxy)silane (11s: 79.9 mg, 0.15 mmol).
FeCls (1.4 mg, 0.0075 mmol)$ L T TMSN3 (22 pL, 0.165 mmol) % i L C—f% 528 1E B (2t > TG L7
& Z A, ((4-(azido(2,4,6-trimethoxyphenyl)methyl)benzyl)oxy)triethylsilane (30b)7% 86% @ UX#:(57.2 mg, 0.13
mmol) TH& & 47z,

R, IR (ATR) cmrl: 2954, 2875, 2095, 1590, 1456, 1416, 1335, 1224, 1204, 1150, 1118; 'H NMR (500
MHz, CDCls): § 7.26 (d, 2H, J = 8.8 Hz), 7.24 (d, 2H, J = 8.8 Hz), 6.30 (s, 1H), 6.14 (s, 2H), 4.70 (s, 2H), 3.81 (s,
3H), 3.71 (s, 6H), 0.96 (t, 9H, J = 8.0 Hz), 0.63 (q, 6H, J = 8.0 Hz); *C {*H} NMR (125 MHz, CDCls): 5 161.4,
159.4,139.5, 138.8, 126.4, 125.8, 107.8, 90.9, 64.5,58.2,55.7, 6.7, 4.4; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C23H33N304SiNa 466.2133; Found 466.2127.

((4-(1-Azidobut-3-en-1-yl)benzyl)oxy)trimethylsilane (30c)
Trimethyl((4-(1-((trimethylsilyl)oxy)but-3-en-1-yl)benzyl)oxy)silane (12s: 48.8 mg, 0.15 mmol), FeCls (1.4 mg,
0.0075 mmol)F3 & Y TMSN3 (22 pL, 0.30 mmol) Z il L T— M FEBRIE B It > TN LTz & 2 A, ((4-(1-
azidobut-3-en-1-yl)benzyl)oxy)trimethylsilane (30¢)7% 73% @ X 3(30.0 mg, 0.11 mmol) TH+ & 7z,

HEC IR IR (ATR) cm: 2957, 2094, 1642, 1513, 1422, 1377, 1250,1086, 1019; 'H NMR (400 MHz, CDCly):
87.35(d, 2H, J=8.0 Hz), 7.28 (d, 2H, J = 8.0 Hz), 5.78—5.69 (m, 1H), 5.14—35.08 (m, 2H), 4.70 (s, 2H), 4.49 (dd,
1H,J=7.2,7.2 Hz), 2.61—2.55 (m, 1H), 2.54—2.48 (m, 1H), 0.16 (s, 9H); *C {*H} NMR (125 MHz, CDCls): &
141.1, 137.9, 133.7, 126.9, 126.9, 118.2, 65.6, 64.2, 40.5, -0.4; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C14H21N30OSiNa 298.1346; Found 298.1358.
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5= AEARUCEET D £k

Triethyl(vinyloxy)silane (13b)D & k&

T2 EAS T 0°C T 2.6 M n-BuLi ~F % ¥R (15 mL, 39.0 mmol)Z 7 T & Kr 7 F /(25 mL)iC
N Z 7z, BOGVERTR % 5218 C 5 WRefi] ¥k L 72 %%, TESCI (5.0 mL, 30.0 mmol) % 0°C Gy F L CT=RIRIZRE L 24
REFIREPE U 7o, TABEZ 0 ER 25 L T LN -FREIZ 0 °C T/K (B0 mL) &Nz Ty =F /Lbt—7 /1(20 mL
x 3)THAH L7z, AHEfE A BOKERER T N U » A CRogthidm U7, IBIREZRIERE L L, MARYEZ >
HTNITETa~x NTTT f—(~FHh /N =F 7 I =100/1) TR L, triethyl(vinyloxy)silane
(13b) 73 51%DULF(2.41 g, 15.2 mmol) T/ 5 7=,

IH NMR (500 MHz, CDCls); § 6.45 (dd, 1H, J = 13.1, 5.9 Hz), 4.44 (d, 1H, J = 13.1 Hz), 4.11 (d, 1H, J = 5.9 Hz),
0.98 (t, 9H, J = 8.0 Hz), 0.68 (q, 6H, J = 8.0 Hz).

RO HNMR A7 kL3 SCERERSO & — 2 U [RE L 7=,

tert-Butyldimethyl(vinyloxy)silane (13¢c) D& 5%

TV GERT 0°C T 2.6 M n-BuLi ~3F ¥ k(15 mL, 39.0 mmol) 27 T & Fr 7 F (25 mL)IiZ
Mz Tre BOGTARR % =R C 5 BE#HEE L7217, TBSCI (4.5 g, 30.0 mmol)% 0 °C T F L CEIRIZE L 24
REFEIRREE U 7o, TABEZ R 2 L T O N -FREIC 0 °C T/K (B0 mL) &2z TY=F /Lt—7 /1(20 mL
x 3)CHuM L7z, ftfE 4 MoKmiiE T b Y o A CHREZIEE Lz, IBIREZBIERE L, HARmE Y
BTN H T~ T T T 4 —(~FH IV F AT I =1001) THR L, tert-
butyldimethyl(vinyloxy)silane (13c)/} 16%? Y% (772 mg, 4.88 mmol) T 5 172,

IH NMR (500 MHz, CDClg); & 6.43 (dd, 1H, J = 13.5, 5.7 Hz), 4.44 (d, 1H, J = 13.5 Hz), 4.11 (d, 1H, J = 5.7 Hz),
0.92 (s, 9H), 0.15 (s, 6H).

AR D THNMR A7 kLS SCIRERSY & — LRE LT,

tert-Butyl(cyclohexylidenemethoxy)dimethylsilane (13d) D& 5%

T EBEA T 0°C T TBSOTF (0.7 mL, 3.0 mmol) ® ¥ 7 1 1 A X (10 mL) I& i (2
cyclohexanecarbaldehyde (365 pL, 3.0 mmol) & kU =F /L7 2 >(0.7 mL, 9.0 mmol)®> ¥ 7 o 1 2 & >/(5 mL)
WR 2 T L7z, =R T2 R Loz, Wil2RERE L, AR Z S Y BTN T L7 m~ b
77 7 4 —(~F ¥ o/ bV = F LT 2 = 1001) T K R L . tert-
butyl(cyclohexylidenemethoxy)dimethylsilane (13d)7% 61% @4 3(415.3 mg, 1.83 mmol) CT& 5 17z,

IH NMR (500 MHz, CDCls): § 6.02 (s, 1H), 2.18 (t, 2H, J = 5.7 Hz), 1.93 (t, 2H, J = 5.7 Hz), 1.52—1.50 (m, 2H),
1.49—1.45 (m, 4H), 0.92 (s, 9H), 0.12 (s, 6H).

AR O TH NMR A7 L3 SRS & — B LIAE LTz,

(2)-tert-Butyldimethyl(prop-1-en-1-yloxy)silane (13e) D&k

732 FEFA T 0°C T TBSOTF(0.7mL, 3.0mmol)d 7 1 X & (10 mL)¥EIE 2 propionaldehyde (210
uL, 3.0 mmol) & U =F /L7 2 2(0.7 mL, 9.0 mmol)D T 7 mu A X (5 mL)EIE AR F Lz, =R T2
RFRITREE L7, W2 RIERE E L, MARMEZ S VDTN DT L a~ 8T T 7 4 —(~FH /Y
TFILT I = 100/1) THHEL L. (2)-tert-butyldimethyl(prop-1-en-1-yloxy)silane (13e)73 29% MY =& (149.1
mg, 0.86 mmol) T 5417,
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IH NMR (500 MHz, CDCl5): 6 6.19 (dq, 1H, J = 6.0, 1.7 Hz), 4.50 (dg, 1H, J = 6.9, 6.0 Hz), 1.57 (dd, 3H, J = 6.9,
1.7 Hz), 0.93 (s, 9H), 0.13 (s, 6H).
R D IHNMR 2227 kLS SCERERS3 & —F LUEIE L=,

(Z2)-tert-Butyl(dec-1-en-1-yloxy)dimethylsilane (13f) D&k

7T UFEMA T 0°C T TBSOTF (0.7 mL, 3.0 mmol) D ¥ 7 1 A % 2 (10 mL)¥ARIZ decanal (564 pL, 3.0
mmol) & U =F /L7 2 (0.7 mL, 9.0 mmol)D Y7 ma A X (6 mLEIKZR F Lz, =R T 2 RefiE
PRU72t%, WA BIERE L, HAERMEZ S YV ATV T 8o a~< 8757 4 —(~FHh o/ b)) =F
7 =20/1) TR L, (2)-tert-butyl(dec-1-en-1-yloxy)dimethylsilane (13f)7% 78% @I #(629.0 mg, 2.30
mmol) TH& & 47z,

MR, IR (ATR) cmt: 2956, 2925, 2855, 1655, 1463, 1400, 1362, 1255, 1133, 1092, 1005; *H NMR (500
MHz, CDCls): § 6.17 (dt, 1H, J = 6.0, 1.7 Hz), 4.44 (dt, 1H, J = 7.5, 6.0 Hz), 2.09—2.05 (m, 2H), 1.31—1.27 (m,
12H), 0.92 (s, 9H), 0.88 (t, 3H), 0.12 (s, 6H); 13C {*H} NMR (125 MHz, CDCI3): 5 138.3, 110.9, 31.9, 29.7, 29.5,
29.4,29.3, 25.6, 23.6, 22.7,18.3, 14.1, -5.4.

tert-Butyldimethyl(styryloxy)silane (13g and 13g’)D & k%

7T FEMA T 0°C T TBSOTF(0.7mL, 3.0mmol) ¥ 7 &t 1 A & (10 mL)IA#R (2 2-phenylacetaldehyde
(690 pL, 3.0 mmol) & F U =F /L7 2 (0.7 mL, 9.0 mmol)D Y7 m v A X (5 mL)AK ZH F Lz, =&
T 2 FFMBFR L2t2, WIEAREE E L, MAEBIZ S VDTN T LI a~ NI T T 4 —(~F
U xZF 7 I =100/1) THEL L, (2)-tert-butyldimethyl(styryloxy)silane (13g: 570.0 mg, 2.43 mmol, 41%)
& (E)-tert-butyldimethyl(styryloxy)silane (13g’: 118.4 mg, 0.51 mmol, 8%) 345 5 #17=,

(2)-tert-Butyldimethyl(styryloxy)silane (13g)

'H NMR (500 MHz, CDCls): 6 7.63 (d, 2H, J = 8.0 Hz), 7.29 (dd, 2H, J = 8.0, 7.5 Hz), 7.14 (t, 1H, J = 7.5 Hz),
6.43 (d, 1H, J = 6.3 Hz), 5.31 (d, 1H, J = 6.3 Hz), 0.99 (s, 9H), 0.23 (s, 6H).

AR D *H NMR A7 kL3 SCERERS & — B LIRDE L7,

(E)-tert-Butyldimethyl(styryloxy)silane (13g”)

IH NMR (500 MHz, CDCly): § 7.25—7.22 (m, 4H), 7.15—7.12 (m, 1H), 7.01 (d, 1H, J = 12.0 Hz), 6.04 (d, 1H, J
=12.0 Hz), 0.96 (s, 9H), 0.22 (s, 6H).

AR O TH NMR A7 b L3 SRS & — B LAE L7z,

(2)-tert-Butyldimethyl((3-phenylprop-1-en-1-yl)oxy)silane (13h) DAk

T2 FFAT 0°C T TBSOTF (0.7 mL, 3.0 mmol)d Y7 1 u X & (10 mL)#A#IZ 3-phenylpropanal
(396 pL, 3.0 mmol) & b U =F /L7 2 (0.7 mL, 9.0 mmol)DY 7 A % (5 mL)EIK ZiE F Lz, =RiE
T 2 R R Lo, WIEAIEREE L, AR Z SV TN AT Lo u< N7 T 7 4 —(~F ¥/
Fefig—F L/ hY = F L7 I > =100/2/1) THs %L L . (2)-tert-butyldimethyl((3-phenylprop-1-en-1-
yl)oxy)silane (13h)7% 34%® I =(253.5 mg, 1.0 mmol) T H 7z,

'H NMR (500 MHz, CDClg): 6 7.29—7.26 (m, 2H), 7.23—7.22 (m, 2H), 7.19—7.16 (m, 1H), 6.31 (d, 1H, J = 6.0
Hz), 4.67 (dt, 1H, J = 6.9, 6.0 Hz), 3.45 (d, 2H, J = 6.9 Hz), 0.95 (s, 9H), 0.16 (s, 6H).

AR O TH NMR A7 b L3 SCHRAERS & — B UIRE LTz,
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(2)-((2-(Benzyloxy)vinyl)oxy)(tert-butyl)dimethylsilane (13i) D& k%

T UFEHA T 0°C T TBSOTE (0.7 mL, 3.0 mmol) ® ¥ 7 11 A X > (10 mL) A 2 2-
(benzyloxy)acetaldehyde (425 pL, 3.0 mmol) & ~ U =F /L7 < >(0.7 mL, 9.0 mmol) D> 7 v & X & /(5 mL)
W20 Lz, IR T2 RpMftH L7ctk, WA IERE L, AR EZ S Y W TNV T L7 v~ b
777 4 —(~FH IRV F AT I =100/1) THE L. (2)-((2-(benzyloxy)vinyl)oxy)(tert-
butyl)dimethylsilane (13i)7% 51%J{{=£(406.0 mg, 1.54 mmol) T & 17,

IR, IR (ATR) cmt: 2954, 2929, 2857, 1665, 1471, 1462, 1396, 1361, 1297, 1253, 1124, 1006; *H NMR
(500 MHz, CDCls): § 7.37—7.33 (m, 4H), 7.31—7.28 (m, 1H), 5.52 (d, 1H, J = 3.4 Hz), 5.41 (d, 1H, J = 3.4 Hz),
4.81 (s, 2H), 0.94 (s, 9H), 0.15 (s, 6H); 13C {*H} NMR (125 MHz, CDCls): & 137.7, 130.6, 128.3, 127.7, 127.4,
123.6, 73.7, 25.7, 18.5, -5.3.

#5—1IH : Table 3-3-1 |ZB 4 % FElk

— R EBRYE - 7L AT 0°C T 4-methoxybenzaldehyde (9b, 0.15 mmol) ¥ 7 11 A 4 2-(0.75mL)
TR Z Y5 £5(0.45 mmol) & TMSOTT (0.3 mmol) & I 2 72, BOGIRIR % 30 Zofifktt, VU v= /) 7 — (134,
0.3mmol) & N X #8#k L7, 2 KEfff%, fafniRBekFET MY ¥ 2KERGEmML)Z Mz, 7rr A% (15
mLx2) T U7z, BEKAREET b U & A CHAERZIEE Uiz, IEIRAZBIER L L, £k L7- 14ba, 3lba 35
FORKIED 9b DILERE 12-AF Lo VA F_o B (20 pL) 2= & LT, H NMR OFE4 8 E H
MHREH LT,

entry 1. U ¥ U FHERZ RN T — MR IEBIEICHEVWEIS LTz & 2 A, 30ba 23 48%Em L. 9b 2% 6%
Y 47,

entry2: 'V UL T—REBRIEIZEVNEIS LT & 2 A, 9b 28 98%HIL S iz,
entry 3: DMAP Z il L C—Mx FEBREICIENEUG LTz & 2 A, 9b 28 99%[EUN = 7z,

entry 4: 2-v° 2 U AR L T FEBRIEIZHEVWEUS L7 & 2 A, 14ba 73 1% L, 9b 73 97%[HIX =
iz,

entry 5: 2,6-/LF ¥ 2N L TR FEBRIEITIENSUL L7z & 2 A, 14ba 73 57%4 5 L. 9b 2% 40%[E1IY
S,

entry 6: 2,4,6-2 U U ZIIN L C—MREBRIBIZENS L2 & 2 A, 14ba 23 45%ERK L. 9b 23 46%]H]
=7,

entry 7: 2-7 = =)L E U DU BRI L T ESEBRIEICHE WS LT & 2T A, 14ba 7% 90%, 9b 23 2%[H]IY
ST,

entry 8: 2,2-bipyridyl Z i1 L T— K FERIEIZWENRIS L TAH T L7 v~ 7T 7 4 —(Hex/EtOAC =
10/) THR L= & Z A, 14ba 7’ 90%HEE S 7,

entry 9: 2,4°-bipyridyl Z ¥ L T—SEBRIEIZIE VWIS L2 & 2 A, 9b 2% 90%[HIUY < 17z,

entry 10: Et;N Z {001 L C— i FEBRIEICHEV G LT & 2 A, 9b 73 96%[E1IX S u7-,
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entry 11: DIPEA Z %1 L C— MR FEBRIEIZIENEULS LTz & 2 A, 9b 78 85%[ElIL S 47z,
entry 12: DABCO Z /il L T—REBRIEITEVEIS LT & 2 A, 9b 28 95%[RIL STz,
entry 13: NMM Z#5I1 L C— MR FEBRIEICIENSUG LTz & 2 A, 9b 28 89%[EU 7,

3-(4-Methoxyphenyl)-3-((trimethylsilyl)oxy)propanal (14ba)

R, IR (ATR) cmt: 2957, 2836, 1724, 1612, 1586, 1512, 1463, 1360, 1301, 1247, 1172, 1089, 1033; *H
NMR (500 MHz, CDCls): 8 9.76 (dd, 1H, J = 2.3, 2.3 Hz), 7.25 (d, 2H, J = 8.9 Hz), 6.87 (d, 2H, J = 8.9 Hz), 5.17
(dd, 1H, J = 8.6, 4.0 Hz), 3.80 (s, 3H), 2.86 (ddd, 1H, J = 15.9, 8.6, 2.3 Hz), 2.61 (ddd, 1H, J = 15.9, 4.0, 2.3 Hz),
0.02 (s, 9H); *C NMR (125 MHz, CDCls): 4 201.6, 159.0, 135.7, 126.9, 113.8, 69.9, 55.2, 53.8, 0.0; ESI-HRMS
m/z: 275.1074 ([M+Na]*); Calcd for C13H2003SiNa: 275.1074.

Table 3-3-2 | B9 % £k

— R EBRYE - 7L AT 0°C T 4-methoxybenzaldehyde (9b, 0.15 mmol) ¥ 7 11 A 4 2-(0.75mL)
FHRIZ 2,2-bipyridyl & TMSOTF 2N % 7, PG A 30 ni#etz, Vv /7 F— 1 (13a,0.3mmol) %
Iz R Uiz, 2 RfitE, BafnmRIeKFE T B Y U 20KERGE ML) Z M, ¥ 7 mr A% (15 mLx2) Tl
H U7, HEKERERE T N U U A ClzEZIEm L7z, IEIRABIER £ L, AR L7z 14ba, 31ba 36 L USRS
D9 DINHEE 12-AF L VA F_UB (20 ub)ZWEEE LT, 1H NMR OFEHE NS EH L
77

entry 1: 2,2°-bipyridyl (0.45 mmol) Z £ ] L T—fxEBRIEITHEVSOR LTz & 2 A, 9b 23 95%EIN S v7z,

entry 2: TMSOTf (0.3 mmol) & 2,2°-bipyridyl (0.45 mmol)z & L TR EEBRIEIZHENKIGLTH T L7 1
~ NI T T 4 — (XY R F L =10/1) TRRLL 72 & Z A, 14ba 73 90%HLEE < 7=,

entry 3: TMSOTf (0.15 mmol) & 2.2’-bipyridyl (0.225 mmol) z i ] L CT—#xEBRIEIZEV S L2 & 2 A,
14ba 73 70%=/% L. 9b A% 22%[EY X 417,

entry 4: TMSOTf (0.03 mmol) & 2.2’-bipyridyl (0.045 mmol) % i il L T —#xEBRIEICIEV G L2 & 2 A,
14ba 7% 12%4 5% L. 9b 23 82 [RIIN =i 7=,

entry 5: TMSCI (0.3 mmol) Z i i} L T— M FEBRIEIZIEWL LTz & 2 A, 9b 28 78%[EIN S dv7-,
entry 6: TMSBr (0.3 mmol) i ] L T—fxFEBRIEIZHEVEUS L7 & 2 A, 9b 75 86%[FII S 47z,
entry 7: TMSI (0.3 mmol) Z i f L T EBIEIZEW S L7z & 2 A, 9b 23 89%[RIL 47,

entry 8: TMSOTf (0.3 mmol) & 2,2’-bipyridyl (0.45 mmol) % i L T 13a (0.15 mmol)imin L, —fRSEERIAIC
WIS LT T Lo v~v N7 T 7 4 —(~F Y UEiETTF /L =10/1) TR L 72 & 2 A 14ba 28 57%.
9b 7% 400%HLEE S 7z,

Table 3-3-3 |24 % £

— % FEBRYE « TV U EPHAT 0°C T 4-methoxybenzaldehyde (9b, 0.15 mmol) & A HEEA15(0.75 mL) IZ IA iR
L. 2,2’-bipyridyl (0.45 mmol) & TMSOTf (0.3 mmol) & N % 7=, SRR % 30 b, v U=/ 77—
(13a,0.3mmol) & I x 4k U7z, 2 Refilfe, fafniRig/AKkET U U LKEEKGEmML)Z M, 7 e A
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& (15 mLx2) THlH L7z, MEKRERET N Y O A TRz L7z, IERZHERE A L, AR L7z 14ba,
31ba B L ORLKIED 9b DULHEE 12-A F L v VA F X (20 L) ZNEE L LT, H NMR OFE%y
SREE RN DR LT,

entry 1: 7 mnm A X AT ERIEIENVIS LT T L7 v~ N7 T 7 4 —(~F IR T
b =10/1) TR L7- & Z A, 14ba 73 90%HLEfE < 7=,

entry2: ¥/ nnx X TR EBRIEICIEV G LTz & 2 A, 14ba 28 T7%4A% L, 9b 23 23%[A1U S 1
776

entry 3: ML U C—REBRIEICEVS L2 & 2 A, 14ba 23 T7%4ERL L. 9b 7% 18%[alIN X7z,
entry 4: FERR = F L C— R RBRIEICHEVWSIS LTz & 2 A, 14ba 78 69%E L, 9b A% 8%[AlIX S 7=,

entry5: YT F T —T LT RERIEICENEIL LTz & 2 A, 1dba 7 52%4E L, 9b 23 27%[EIN S
N,

entry6: 7 F 7t Fr 7T U T—REBRIEICIEV IS Lz & 2 A, 14ba 73 51%ER% L. 9b 7% 34%[E1IY
ST,

entry 7. 7 = N U AR T REBRIEICEDSILE LT & 2 A, 14ba 28 8%AERL L. 9b 2% 9%[a[N X
776

5 " IH : Scheme 3-3-2 |29 % £

—ESEBRYE - TV REA T 0°C TIRIEET VT & R DUV FERE S - (10 or 29, 0.15 mmol) D ¥
7 A% (0.75 mLEAHRIZ 2,2 -bipyridyl (0.45 mmol) & TMSOTf (0.3 mmol) & Nz 7=, SUSEARR % 30 4
%, v U > T — (138, 03mmol) Z AN 2 ¥R U7z, 2 RFf#fE ., fafniRie /K3 b U o SOKEHK (S
mL)Z A, 7 mwe A% (15mLx2) Thltt U7z, BEKREET ~ U 7 A CHZERETRE L7z, I8iHK 2 BT
BMEL, EPOINHEE 12-2AF Lo VA _"oB 20 pl)ZWNEE L LT, TH NMR OFE5 R )
SRM L,

eq. 1 : Decanal(10a, 0.15 mmol) & fii Hl L T—fxSEBRIEIZHEV 2 RFE UG L2 & 2 A, 10a 23 95%[EIX = 41
77

Cyclohexanecarbaldehyde (10b, 0.15 mmol) z fifi FH L C— M FEERIEIZIEV 2 REfEI SO L7z & 2 A, 10b 725 95%
Y S 47,

Acetophenone (29a, 0.15 mmol) Z fii ] L T—fxSEERIEIZHEV 2 RS L7 & 2 A, 29%a 28 T5%4 R L |
29a 75 25%[ElY STz,

Benzophenone (29b, 0.15 mmol) Z 8 /] L T—#x FEBRIEIZIEW 2 IFISUR L7z & 2 A, 29b 75 90%[ENY S 4
72

eq. 2 : 4-Methoxybenzaldehyde (9b, 0.15 mmol) & decanal (10a, 0.15 mmol)DiIEAW 2 L, 13a ¥R L
TR FEBRIEITHE N 2 BEISUG L7z & 2 A, 14ba 28 97% DU T H v, 10a A3 95%I[EI S 7z,
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eq. 3 : 4-Methoxybenzaldehyde (9b, 0.15 mmol) & decanal (10a, 0.15 mmol)DIEE# 2 L. 13b Z¥shL
T MEEBRIEICHE 2 R BOG L7 & 24, 14bb 728 90% DR T H AL, 10a A3 87%[ENL S 417,

eq. 4 : 4-Methoxybenzaldehyde (9b, 0.15 mmol) & decanal (10a, 0.15 mmol)DIEEM ZfEH L. 13c ZHs L
TR EBRIEICHEV 2 BRI SUS LT2 & 2 A, 14be 28 93% DN =R THF S 41, 10a A% 97%[alIX S 7z,

eq. 5 : 4-(3-Oxopropyl)benzaldehyde (99, 0.10 mmol) % fi Ff§ L T — ¥ EBRIEIZHEW 4 RIS L2 & 2 A,
3-(4-(((Triethylsilyl)oxy)(2,4,6-trimethoxyphenyl)methyl)phenyl)propanal (14qa)7s 62% ¥ 3 (17.3 mg, 0.06
mmol) THLEfE X7z,

3-(4-(3-Oxopropyl)phenyl)-3-((trimethylsilyl)oxy)propanal (14qga)

SR, IR (ATR) eml: 2957, 2923, 2850, 1721, 1513, 1048, 1359, 1251, 1091; *H NMR (500 MHz, CDCls):
59.82 (s, 1H), 9.76 (dd, 1H, J = 1.7 Hz), 7.26 (d, 2H, J = 7.5 Hz), 7.16 (d, 2H, J = 7.5 Hz), 5.19 (dd, 1H, J = 8.0,
4.0 Hz), 2.95 (t, 2H, J = 7.5 Hz), 2.85 (ddd, 1H, J = 16.0, 8.0, 1.7 Hz), 2.78 (t, 2H, J = 7.5 Hz), 2.61 (ddd, 1H, J =
16.0, 4.0, 1.7 Hz), 0.03 (s, 9H); °C {*H} NMR (125 MHz, CDCls): 5 201.5, 201.3, 141.7, 139.7, 128.4, 125.9, 70.0,
53.7,45.2, 27.7, 0.0; ESI-HRMS m/z: 301.1247 ([M+Na]*); Calcd for C1sH2203SiNa: 301.1230.

% —TA : Figure 3-3-1 |CB89 2 EB

7L F R T 0°C T NMR T = — 7 H1d 2,2 -bipyridyl (17.6 mg, 0.113 mmol) & 4-methoxybenzaldehyde
(9b, 9 pL, 0.075 mmol)DE 7 m 1 A & >(0.75 mL){EHRIZ, TMSOTS (28 uL, 0.15 mmol)Z iz, 30 571%
IH NMR % #|E L7=(Chart C), #lliE. >V /v / Z— (134, 22 pL, 0.15 mmol) & /N %2 T, 4 B2 H
NMR % JIE L7-(ChartD), & HIZfafifkig/kFET b U w7 2KERQA ML) ZMx CRIGEEIE L, EY 7
nu AKX UREIZKEMZ T L72% 'H NMR Z#)E L 7= (Chart E),

Figure 3-3-2 |C B89 2 B

7L IEEA T 0°C T NMR T = — 7 H1d 2,2-bipyridyl (17.6 mg, 0.113 mmol) & 4-methoxybenzaldehyde
(9b, 9 pL, 0.075 mmol)DE Y 7 m 1 A 2 1(0.75 mL){EHRIZ, TMSOTS (28 uL, 0.15 mmol)Z il %, 30 /71%
x5 — (134, 22 pL, 0.15 mmol) Z i 2. T, 4 FERi#12 18C NMR ZIE L7=(Chart G), & 5Ifil
TR FE T R U 7 LKEEIKQ mL)Z M2 TRIGEEIE L, BEY 7 e A% UBICKE M2 Tl L7
% 8C NMR % | %E L 7= (Chart H),

Figure 3-3-3 |CBH9 2 B

THFEEAT 0°C T, NMR T =— 7 H1d 2,2-bipyridyl (17.6 mg, 0.113 mmol) & decanal (10a, 10 pL,
0.075mmol)DE Y 7 r A Z 2(0.75 mL)IAHRIZ. TMSOTf (28 uL, 0.15mmol)Z N %, 30 43#% HNMR %
HE L7=(Chartd), HIEH% T U=/ F— (138,22 L, 0.15mmol)Z iz T, 3 KEf# (2 ITHNMR Z &
L72(Chart K), & & IZffifkigE/AKET U U L2KEEKQA mL)Z N CTRISZFEIEL, Y 7re A ¥
JE K% N % THlH L 72%% 'H NMR % 7€ L 7=(Chart L),

H#PUIHE : Table 3-3-4 [ZB93 % B

—WRFEBRYE TV UFBATR 0°C THEKRT VT B R(9, 0.15 mmol)d Y7 v r A & (0.75 mL)IAEIK
\Z 2,2°-bipyridyl (0.45 mmol) & TMSOTf (0.3 mmol) &Il % 7=, RUSEIK A 30 /ofi#Rtz, ~ V= 7 —Fh
(13a, 0.3 mmol) Z I X ¥R L7z, LU R4 HFE SR . fafnRigksET U ¥ LOKEHR(G mL)Z2 N Z .
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Urun AL A5mLx2) Thi U7z, BEKRREE T b U v A CTHIREIEE L, IBIRERERE L, A
S E B FNT T A a~ N7 T T 0 —THREL, B4 EET,

3-Phenyl-3-((trimethylsilyl)oxy)propanal (14aa)

Benzaldehyde (9a: 15.9 mg, 0.15 mmol) 2 — X L BRIE I WE WK IS L 7= & 2 A 3-phenyl-3-
((trimethylsilyl)oxy)propanal (14aa)7’s 92% MY =:(30.6 mg, 0.14 mmol) THH 7=,

IR, IR (ATR) cmt: 2957, 1724, 1454, 1400, 1362, 1251, 1216, 1095, 1064, 1029; *H NMR (500 MHz,
CDCl): § 9.78 (dd, 1H, J = 2.3, 1.7 Hz), 7.34—7.32 (m, 4H), 7.28—7.26 (m, 1H), 5.22 (dd, 1H, J = 8.6, 4.0 Hz),
2.87 (ddd, 1H, J = 16.0, 8.6, 2.3 Hz), 2.63 (ddd, 1H, J = 16.0, 4.0, 1.7 Hz), 0.03 (s, 9H); 13C {*H} NMR (125 MHz,
CDCl3): 6 201.4, 143.6, 128.5, 127.6, 125.6, 70.2, 53.8, -0.0; ESI-HRMS m/z: 245.0953 ([M+Na]*); Calcd for
C12H1802SiNa: 245.0968.

3-(4-Chlorophenyl)-3-((trimethylsilyl)oxy)propanal (14da)

4-Chloro benzaldehyde (9d: 21.0 g, 0.15 mmol) Z — % FEBRIEIZHEV S L7z & 2 A, 3-(4-chlorophenyl)-3-
((trimethylsilyl)oxy)propanal (14da)73 89% MY = (34.1 mg, 0.13 mmol) THF 5 417z,

MR, IR (ATR) cmt: 2957, 1725, 1490, 1407, 1252, 1088, 1014; *H NMR (500 MHz, CDCls): § 9.76 (dd,
1H, J = 2.3, 2.0 Hz), 7.31 (d, 2H, J = 8.6 Hz), 7.27 (d, 2H, J = 8.6 Hz), 5.20 (dd, 1H, J = 8.6, 4.0 Hz), 2.84 (ddd,
1H, J = 16.0, 8.6, 2.3 Hz), 2.61 (ddd, 1H, J = 16.0, 4.0, 2.0 Hz), 0.04 (s, 9H); 1°C {*H} NMR (125 MHz, CDCls): 5
200.8, 142.3, 133.2, 128.7, 127.0, 69.5, 53.7, -0.0; ESI-HRMS m/z: 279.0578 ([M+Na]*); Calcd for
C12H170,SiCINa: 279.0579.

3-(4-Bromophenyl)-3-((trimethylsilyl)oxy)propanal (14ea)

4-Bromobenzaldehyde (9e: 27.7 mg, 0.15 mmol) % —fx FEERIEIZHEW IS LTz & 2 A, 3-(4-bromophenyl)-3-
((trimethylsilyl)oxy)propanal (14ea)7s 95% DI #(43.0 mg, 0.14 mmol) T 5 47z,

AR, IR (ATR) cmt: 2957, 2723, 1724, 1592, 1486, 1403, 1347, 1298, 1250, 1089; *H NMR (500 MHz,
CDCls): 5 9.75 (dd, 1H, J = 2.3, 1.7 Hz), 7.46 (d, 2H, J = 8.0 Hz), 7.22 (d, 2H, J = 8.0 Hz), 5.18 (dd, 1H, J = 8.7,
4.0 Hz), 2.84 (ddd, 1H, J = 16.5, 8.7, 2.3 Hz), 2.60 (ddd, 1H, J = 16.5, 4.0, 1.7 Hz), 0.04 (s, 9H); 13C {*H} NMR
(125 MHz, CDClg): 6 200.7, 142.8, 131.6, 127.3, 121.3, 69.5, 53.7, -0.0; ESI-HRMS m/z: 323.0091 ([M+Na]*);
Calcd for C12H170,SiBrNa: 323.0073.

3-([1,1°-Biphenyl]-4-yl)-3-((trimethylsilyl)oxy)propanal (14fa)

4-Phenylbenzaldehyde (9f: 27.3 mg, 0.15 mmol) Z — X EERIEIZHEV S LTz & 2 A 3+([1,1°-biphenyl]-4-yl)-
3-((trimethylsilyl)oxy)propanal (14fa)7} 99% I3 (44.1 mg, 0.15 mmol) T S 7=,

MR IR (ATR) cmt: 2957, 1725, 1487, 1405, 1353, 1251, 1092, 1031; *H NMR (500 MHz, CDCls): 6 9.81
(brs, 1H), 7.60—7.57 (m, 4H), 7.46—7.40 (m, 4H), 7.35 (t, 1H, J = 7.5 Hz), 5.28 (dd, 1H, J = 8.6, 4.0 Hz), 2.91
(dd, 1H, J = 16.0, 8.6, 2.3 Hz), 2.68 (dd, 1H, J = 16.0, 4.0), 0.07 (s, 9H); 13C {!H} NMR (125 MHz, CDCls): 5
201.3,142.7,140.7, 140.5, 128.8, 127.3, 127.2,127.0, 126.1, 70.0, 53.8, 0.1; ESI-HRMS m/z: 321.1281 ([M+Na]*);
Calcd for C1gH220,SiNa: 321.1281.

(E)-3-(4-Styrylphenyl)-3-((trimethylsilyl)oxy)propanal (14ta)
(E)-4-Styrylbenzaldehyde (9t: 31.2 mg, 0.15 mmol) % — fix EBRIEIZE WIS L7z & 2 A (E)-3-(4-
- /H

styrylphenyl)-3-((trimethylsilyl)oxy)propanal (14ta)7s & #4(49.2 mg, 0.15 mmol)IZ15 H 7=,
AL [E (; Mp: 74.5—75.5 °C; IR (ATR) cm™: 3027, 2956, 2723, 1723, 1597, 1510, 1449, 1415, 1358, 1301, 1251,
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1216, 1115, 1090, 1029; *H NMR (500 MHz, CDCls): § 9.79 (dd, 1H, J=2.3, 1.7 Hz), 7.52—7.49 (m, 4H), 7.36 (t,
2H, J = 8.0 Hz), 7.33 (d, 1H, J = 8.0 Hz), 7.27 (t, 1H, J = 7.5 Hz), 7.14—7.07 (m, 2H), 5.23 (dd, 1H, J = 8.6, 4.0
Hz), 2.89 (ddd, 1H, J = 16.0, 8.6, 2.3 Hz), 2.64 (ddd, 1H, J = 16.0, 4.0, 1.7 Hz), 0.05 (s, 9H); 13C {H} NMR (125
MHz, CDCls): & 201.2, 143.0, 137.2, 136.7, 128.8, 128.7, 127.7, 126.6, 126.5, 126.0, 70.0, 53.7, 0.0; ESI-HRMS
m/z: 347.1440 ([M+Na]*); Calcd for CaoH240,SiNa: 347.1438.

3-(4-Benzyloxyphenyl)-3-((trimethylsilyl)oxy)propanal (14ua)

4-Benzyloxybenzaldehyde (9u: 31.8 mg, 0.15 mmol) # — R EBRIEIWCHE WK IS Lz & 2 A, 3-(4-
benzyloxyphenyl)-3-((trimethylsilyl)oxy)propanal (14ua)7> 97% DX 2. (47.8 mg, 0.14 mmol) T 54172,

I £, [F {4; Mp: 56.0—56.9 °C; IR (ATR) cmt: 2956, 1724, 1610, 1585, 1510, 1455, 1383, 1300, 1249, 1172, 1090,
1025; 'H NMR (500 MHz, CDCls): 6 9.76 (dd, 1H, J = 2.3, 2.3 Hz), 7.44 (d, 2H, J=7.5Hz), 7.39 (t, 2H, J =75
Hz), 7.33 (t, 1H, J = 7.5 Hz), 7.26 (d, 2H, J = 8.8 Hz), 6.95 (d, 2H, J = 8.8 Hz), 5.17 (dd, 1H, J = 8.6, 4.0 Hz), 5.05
(s, 2H), 2.86 (ddd, 1H, J = 16.0, 8.6, 2.3 Hz), 2.61 (ddd, 1H, J = 16.0, 4.0, 2.3 Hz), 0.03 (s, 9H); 1°C {H} NMR
(125 MHz, CDCls): 6 201.5, 158.3, 136.9, 136.0, 128.6, 128.0, 127.5, 126.9, 114.7, 70.0, 69.9, 53.8, 0.0; ESI-HRMS
m/z: 351.1377 ([M+Na]™*); Calcd for C19H2403SiNa: 351.1387.

3-(4-((tert-Butyldimethylsilyl)oxy)phenyl)-3-((trimethylsilyl)oxy)propanal (14ha)
4-((tert-Butyldimethylsilyl)oxy)benzaldehyde (9h: 35.4 mg, 0.15 mmol) & —fx EBRIEICEV L LIz & Z A,
3-(4-((tert-butyldimethylsilyl)oxy)phenyl)-3-((trimethylsilyl)oxy)propanal (14ha)7s 91% @ I =% (48.1 mg, 0.14
mmol) T L7,

IR, IR (ATR) cmt:2956, 2931, 2859, 1726, 1608, 1509, 1472, 1362, 1251, 1167, 1089, 1030, 1000; *H
NMR (500 MHz, CDCls): & 9.76 (dd, 1H, J = 2.6, 1.7 Hz), 7.18 (d, 2H, J = 8.3 Hz), 6.79 (d, 2H, J = 8.3 Hz), 5.15
(dd, 1H, J = 8.6, 4.0 Hz), 2.85 (ddd, 1H, J = 16.0, 8.6, 2.6 Hz), 2.60 (ddd, 1H, J = 16.0, 4.0, 1.7 Hz), 0.98 (s, 9H),
0.19 (s, 6H), 0.01 (s, 9H); *C {*H} NMR (125 MHz, CDCls): § 201.6, 155.1, 136.3, 126.9, 120.0, 70.0, 53.7, 25.6,
18.2, 0.0, -4.4; ESI-HRMS m/z: 375.1790 ([M+Na]*); Calcd for C1sH3203Si>Na: 375.1782.

3-(4-Nitorophenyl)-3-((trimethylsilyl)oxy)propanal (14ca)

4-Nitorobenzaldehyde (9c: 30.2 mg, 0.15 mmol) % — % EBRIEICHEWV IS LTz & 2 A, 3-(4-nitorophenyl)-3-
((trimethylsilyl)oxy)propanal (14ca)7’ 68% MUY 3 (34.2 mg, 0.10 mmol) TH5 5 17z,

HAIRY; IR (ATR) cm™:2957, 2837, 2725, 1724, 1606, 1520, 1400, 1346, 1294, 1252, 1215, 1094, 1031, 1014;
IH NMR (500 MHz, CDCls): § 9.77 (dd, 1H, J = 2.0, 1.5 Hz), 8.21 (d, 2H, J = 8.6 Hz), 7.53 (d, 2H, J = 8.6 Hz),
5.34 (dd, 1H, J = 8.3, 4.0 Hz), 2.89 (ddd, 1H, J = 16.6, 8.3, 2.0 Hz), 2.66 (ddd, 1H, J = 16.6, 4.0, 1.5 Hz), 0.06 (s,
9H); 3C {*H} NMR (125 MHz, CDCls): 6 199.7, 151.2, 147.4, 126.4, 123.8, 69.1, 53.5, -0.1; ESI-HRMS m/z:
268.1003 ([M+H]*); Calcd for C12H1sNO,Si: 268.1000.

3-(4-Cyanophenyl)-3-((trimethylsilyl)oxy)propanal (14va)

4-cyanobenzaldehyde (9v: 19.7 mg, 0.15 mmol) % — % EEEIZIE WS LTz & 2 A 3-(4-nitorophenyl)-3-
((trimethylsilyl)oxy)propanal (14va)ns 45% DI 3%(16.9 mg, 0.07 mmol) TH& S 7,

IR IR (ATR) cmt: 2958, 2228, 1723, 1609, 1409, 1362, 1305, 1252, 1202, 1092; *H NMR (500 MHz,
CDCls): 6 9.75 (brs, 1H), 7.63 (d, 2H, J = 8.6 Hz), 7.46 (d, 2H, J = 8.6 Hz), 5.27 (dd, 1H, J = 8.0, 4.0 Hz), 2.86
(ddd, 1H, J = 16.6, 8.0, 1.7 Hz), 2.63 (ddd, 1H, J = 16.6, 4.0, 1.2 Hz), 0.04 (s, 9H); 13C {*H} NMR (125 MHz,
CDCl3): 6 199.9, 149.1, 132.4, 126.3, 118.6, 111.4, 69.3, 53.4, -0.1; ESI-HRMS m/z: 248.1128 ([M+H]*); Calcd for
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C13H18N025i2 248.1101.

3-(3-Methoxyphenyl)-3-((trimethylsilyl)oxy)propanal (14ja)

3-Methoxybenzaldehyde (9j: 18 pL, 0.15 mmol) & —fx EBRIEIZIEVW IS LT & 2 A 3-(3-methoxyphenyl)-3-
((trimethylsilyl)oxy)propanal (14ja)7% 93% ™ X3 (37.4 mg, 0.14 mmol) T 5 17z,

IR, IR (ATR) cm: 2957, 2836, 1726, 1602, 1587, 1487, 1456, 1437, 1355, 1318, 1286, 1251, 1154, 1101,
1045; 'H NMR (500 MHz, CDCls): § 9.77 (dd, 1H, J = 2.3, 1.7 Hz), 7.25, (t, 1H, J = 8.0 Hz), 6.91—6.89 (m, 2H),
6.82—6.79 (m, 1H), 5.20 (dd, 1H, J = 8.6, 4.0 Hz), 3.81 (s, 3H), 2.86 (ddd, 1H, J = 16.0, 8.6, 2.3 Hz), 2.62 (ddd,
1H, J = 16.0, 4.0, 1.7 Hz), 0.05 (s, 9H); °C {*H} NMR (125 MHz, CDCls): 6 201.3, 159.7, 145.3, 129.5, 117.9,
112.9, 111.2, 70.1, 55.2, 53.7, -0.0; ESI-HRMS m/z: 275.1068 ([M+Na]*); Calcd for C13H2003SiNa: 275.1074.

3-(2-Methoxyphenyl)-3-((trimethylsilyl)oxy)propanal (14ka)

2-Methoxybenzaldehyde (9k: 18 pL, 0.15 mmol) % —#xFEBRIEIZIEV UL L7z & 2 A, 3-(2-methoxyphenyl)-
3-((trimethylsilyl)oxy)propanal (14ka)”} 99% X% (41.0 mg, 0.15 mmol) TH& S 7=,

MR, IR (ATR) cml: 2957, 1725, 1601, 1489, 1464, 1439, 1283, 1239, 1120, 1084, 1028; 'H NMR (500
MHz, CDCl3): 5 9.78 (dd, 1H, J = 2.0, 2.0 Hz), 7.49 (dd, 1H, J = 7.5, 1.7 Hz), 7.24 (dt, 1H, J = 7.5, 1.7 Hz), 6.98
(t, 1H, J = 7.5 Hz), 6.84 (d, 1H, J = 7.5 Hz), 5.57 (dd, 1H, J = 7.2, 4.8 Hz), 3.83 (s, 3H), 2.73—2.66 (m, 2H), 0.06
(s, 9H); 3C {*H} NMR (125 MHz, CDCls): & 202.2, 155.0, 131.7, 128.3, 126.4, 120.6, 109.9, 64.5, 55.1, 51.8, -
0.1; ESI-HRMS m/z: 275.1070 ([M+Na]*); Calcd for C1sH2003SiNa; 275.1074.

(E)-5-(4-Methoxyphenyl)-3-((triethylsilyl)oxy)pent-4-enal (14wa)

(E)-3-(4-Methoxyphenyl)acrylaldehyde (9w: 25.9 mg, 0.15 mmol) Z — R FEZBRIEIIE VUL L= & 2 A, (E)-5-
(4-methoxyphenyl)-3-((triethylsilyl)oxy)pent-4-enal (14wa)7s 99% D UL (44.1 mg, 0.15 mmol) T H 7z,
HAIRY; IR (ATR) cm™: 2956, 2837, 1724, 1607, 1577, 1511, 1464, 1302, 1247, 1175, 1121, 1106, 1067, 1033;
IH NMR (500 MHz, CDCls): § 9.80 (dd, 1H, J = 2.3, 2.3 Hz), 7.31 (d, 2H, J = 8.6 Hz), 6.86 (d, 2H, J = 8.6 Hz),
6.51 (d, 1H, J = 16.0 Hz), 6.06 (dd, 1H, J = 16.0, 6.6 Hz), 4.83—4.80 (m, 1H), 3.81 (s, 3H), 2.73 (ddd, 1H, J = 15.9,
7.6, 2.3 Hz), 2.59 (ddd, 1H, J = 15.9, 4.6, 2.3 Hz), 0.14 (s, 9H); 13C {!H} NMR (125 MHz, CDCls): & 201.4, 159.4,
129.7, 129.1, 129.0, 127.7, 114.0, 69.2, 55.3, 51.7, 0.3; ESI-HRMS m/z: 301.1232 ([M+Na]*); Calcd for
Ci15H2205SiNa: 301.1230.

3-(Furan-2-yl)-3-((trimethylsilyl)oxy)propanal (14xa)

Furan-2-carbaldehyde (9x: 15 pL, 0.15 mmol) Z — ¥ EFRVEIZHE WIS L7 & 2 A 3-(furan-2-yl)-3-
((trimethylsilyl)oxy)propanal (14xa)7* i #4(38.4 mg, 0.15 mmol)IZ 5 H 417z,

MR, IR (ATR) cm™: 2958, 1725, 1504, 1400, 1344, 1251, 1148, 1076, 1007; *H NMR (500 MHz, CDCl3):
§9.83 (dd, 1H, J = 2.0, 2.0 Hz), 7.37 (t, 1H, J = 1.7 Hz), 6.33—6.32 (m, 1H), 6.22 (d, 1H, J = 3.4 Hz), 5.24 (dd,
1H, J = 7.8, 4.8 Hz), 2.98 (ddd, 1H, J = 16.5, 7.8, 2.0 Hz), 2.79 (ddd, 1H, J = 16.5, 4.8, 2.0 Hz), 0.07 (s, 9H); 1°C
{*H} NMR (125 MHz, CDCls): 4 200.6, 155.0, 142.1, 110.2, 106.6, 63.5, 49.8, -0.2; ESI-HRMS m/z: 235.0753
([M+Na]*); Calcd for C10H1603SiNa: 235.0761.

3-(Thiophen-2-yl)-3-((trimethylsilyl)oxy)propanal (14ya)
Thiophen-2-carbaldehyde (9y: 33.6 mg, 0.30 mmol) % —fx FERVEIZHEV UG L7z & 2 A, 3-(thiophen-2-yl)-3-
- 7H

((trimethylsilyl)oxy)propanal (14ya)7’ & & (71.2 mg, 0.30 mmol)IZ45 H L7z,
HAJIRY; IR (ATR) cmL: 2957, 1724, 1439, 1370, 1321, 1251, 1176, 1088; *H NMR (500 MHz, CDCls): 6 9.78
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(dd, 1H, J = 2.3, 1.7 Hz), 7.23 (dd, 1H, J = 4.9, 1.7 Hz), 6.95—6.92 (m, 2H), 5.49 (dd, 1H, J = 8.0, 4.6 Hz), 2.98
(ddd, 1H, J = 16.0, 8.0, 2.3 Hz), 2.77 (ddd, 1H, 16.0, 4.6, 1.7 Hz), 0.08 (s, 9H); 23C {"H} NMR (125 MHz, CDCly):
& 200.6, 1479, 126.6, 124.6, 123.3, 66.2, 53.8, -0.1; ESI-HRMS m/z: 251.0531 ([M+Na]*); Calcd for
C10H1602SiSNa: 251.0532.

3-(1-(Trimethylsilyl)-1H-indol-3-yl)-3-((trimethylsilyl)oxy)propanal (14za)

1H-Indole-3-carbaldehyde (9z: 21.8 mg, 0.15 mmol) Z — % EERIEICIE VIS LTz & 2 A 3-(1-(trimethylsilyl)-
1H-indol-3-yl)-3-((trimethylsilyl)oxy)propanal (14za)7* 83% DI 3(41.7 mg, 0.13 mmol) T 5 47z,
HAIRY; IR (ATR) cmL: 2957, 1724, 1555, 1452, 1304, 1304, 1251, 1164, 1145, 1131, 1066 ; *H NMR (500
MHz, CDCls): 5 9.84 (dd, 1H, J = 2.6, 2.3 Hz), 7.69 (d, 1H, J = 7.5 Hz), 7.49 (d, 1H, J = 8.6 Hz), 7.22 (dt, 1H, J =
75, 1.2 Hz), 7.16 (s, 1H), 7.10 (s, 1H), 5.89 (dd, 1H, J = 8.0, 4.3 Hz), 3.07 (ddd, 1H, J = 16.0, 8.0, 2.6 Hz), 2.86
(ddd, 1H, 16.0, 4.3, 2.3 Hz), 0.56 (s, 9H), 0.06 (s, 9H); 13C {'H} NMR (125 MHz, CDCls): § 202.1, 140.9, 128.7,
127.0, 121.7, 120.6, 119.7, 119.5, 113.1, 64.8, 52.4, 0.1, -0.1; ESI-HRMS m/z: 356.1472 ([M+Na]*); Calcd for
C17H27NO,SizNa: 356.1473.

Table 3-3-5 |2 B3 % EE

— R EBRE . T2 FPBHA T 0°C T 4-methoxybenzaldehdyde(9b, 0.15mmol)?D 7 & w2 % 2-(0.75 mL)
IR 2,2°-bipyridyl (0.45 mmol) & TMSOTf (0.3 mmol) & Il % 7=, BUGNER % 30 Zofifptgt, v Uz /)
— (13, 0.3 mmol) Z N Z 8k L7z, LA IR 3 REfEfERte . fafnfekE T U o LOKEHE(5 mL) 2
A, Vrnmnr A% (15 mLx2) THi Lz, BEKEEEET R U U A CrEREZIRE Lo, IRIRARIEREEL,
WA Z ) BTN T L a~ NTT77 0 —CRE-L, B4 EST,

3-(4-Methoxyphenyl)-3-((triethylsilyl)oxy)propanal (14bb)

Triethyl(vinyloxy)silane (13b: 55 pL, 0.30 mmol) & — % FZERVE ICHE VY 3 FEIIS LT & 2 A, 3-(4-
methoxyphenyl)-3-((triethylsilyl)oxy)propanal (14bb)73% 97% DX =(44.1 mg, 0.15 mmol) T H 417,
MR, IR (ATR) cm™: 2954, 2910, 2876, 2836, 1725, 1612, 1512, 1460, 1414, 1359, 1302, 1247, 1173, 1090,
1035, 1004; *H NMR (500 MHz, CDCl3): § 9.77 (dd, 1H, J = 2.3, 2.3 Hz), 7.26 (d, 2H, J = 8.6 Hz), 6.86 (d, 2H, J
= 8.6 Hz), 5.17 (dd, 1H, J = 8.0, 4.5 Hz), 3.80 (s, 3H), 2.84 (ddd, 1H, J = 15.7, 8.0, 2.3 Hz), 2.61 (ddd, 1H, 15.7,
4.5,2.3 Hz), 0.86 (t, 9H, J = 8.0 Hz), 0.55—0.46 (m, 6H); 3C {H} NMR (125 MHz, CDCls): § 201.7, 159.0, 136.0,
126.9, 113.7, 70.1, 55.2, 54.0, 6.9, 4.7; ESI-HRMS m/z: 317.1544 ([M+Na]*); Calcd for C16H2603SiNa: 317.1543.

3-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)propanal (14bc)

tert-Butyldimethyl(vinyloxy)silane (13c: 50 pL, 0.30 mmol) % —f&SEERIEIZHEV 6 BERI S L7z & 2 A, 3-
((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)propanal (14bc)7s 98% D I #:(46.1 mg, 0.15 mmol) T 5 i1
7=

MR, IR (ATR) ecm: 2955, 2930, 2856, 1725, 1612, 1512, 1463, 1301, 1248, 1173, 1088, 1035, 1004; H
NMR (500 MHz, CDCls): § 9.78 (dd, 1H, J = 2.9, 1.7 Hz), 7.25 (d, 2H, J = 9.0 Hz), 6.87 (d, 2H, J = 9.0 Hz), 5.16
(dd, 1H, J = 8.3, 4.3 Hz), 3.80 (s, 3H), 2.83 (ddd, 1H, J = 15.6, 8.3, 2.9 Hz), 2.60 (ddd, 1H, 15.6, 4.3, 1.7 Hz), 0.85
(s, 9H), 0.03 (s, 3H), -0.16 (s, 3H); 3C {'H} NMR (125 MHz, CDCl3): § 201.8, 159.1, 136.0, 127.0, 113.9, 70.5,
55.3,54.2,25.8, 18.2, -4.5, -5.1; ESI-HRMS m/z: 317.1544 ([M+Na]*); Calcd for C16H2603SiNa: 317.1543.

1-(((tert-Butyldimethylsilyl)oxy)(4-methoxyphenyl)methyl)cyclohexanecarbaldehyde (14bd)

- 115 -



tert-Butyl(cyclohexylidenemethoxy)dimethylsilane (13d: 70 pL, 0.30 mmol) Z —#% SEBR 126V 5 BRI SOG L
7= & Z A, 1-(((tert-butyldimethylsilyl)oxy)(4-methoxyphenyl)methyl)cyclohexanecarbaldehyde (14bd) 7 & &
19(56.0 mg, 0.15 mmol)IZ15 5 7=,

R, IR (ATR) cmrt: 2930, 2855, 1720, 1612, 1512, 1463, 1248, 1174, 1077, 1064, 1037; 'H NMR (500
MHz, CDCls):  9.67 (s, 1H), 7.09 (d, 2H, J = 8.6 Hz), 6.82 (d, 2H, J = 8.6 Hz), 4.50 (s, 1H), 3.80 (s, 3H), 2.14 (d,
1H,J=12.0 Hz), 1.90 (d, 1H, J=12.0 Hz), 1.61—1.54 (m, 3H), 1.27—1.08 (m, 4H), 1.05—0.98 (m, 1H), 0.87 (s,
9H), -0.01 (s, 3H), -0.35 (s, 3H); 1*C {*H} NMR (125 MHz, CDCls): 6 208.6, 159.0, 132.5, 128.8, 112.9, 80.7, 55.1,
55.0, 29.2, 27.4, 25.8, 25.7, 22.8, 22.4, 18.1, -4.6, -5.5; ESI-HRMS m/z: 385.2159 ([M+Na]*); Calcd for
C21H3403SiNa: 385.2169.

3-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-methylpropanal (14be)
(2)-tert-Butyldimethyl(prop-1-en-1-yloxy)silane (13e: 52 pL, 0.30 mmol) %z —#% ZERIEIZHE WS LT & 2 A,
3-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-methylpropanal ¥ 7 A2 7 L A {&& ¥ (14be) /3 92% D
IV . (42.5 mg, 0.14 mmol) T& 5172,

I R antissyn = 92:8; IR (ATR) cml: 2955, 2930, 2857, 1725, 1612, 1512, 1462, 1302, 1248, 1173, 1067,
1035, 1006; *H NMR of diastereo mixture (500 MHz, CDCls): § 9.80 (d, 0.92H, J = 2.9 Hz), 9.74 (brs, 0.08H), 7.21
(d, 2H, J=8.3 Hz), 6.86 (d, 2H, J = 8.3 Hz), 5.07 (d, 0.08H, J = 5.0 Hz), 4.71 (d, 0.92H, J = 8.0 Hz), 3.81 (s, 2.76H),
3.80 (s, 0.24H), 2.69—2.63 (m, 0.92H), 2.60—2.54 (m, 0.08H), 1.03 (d, 0.24H, J = 6.9 Hz), 0.87 (d, 2.76H, J = 6.3
Hz), 0.85 (s, 0.72H), 0.84 (s, 8.28H), 0.02 (s, 0.24H), 0.00 (s, 2.76H), -0.18 (s, 0.24H), -0.26 (s, 3H); 2°C {'H} NMR
of anti isomer (125 MHz, CDCls): 6 204.8, 159.1, 134.4, 127.8, 113.6, 76.4, 55.2, 54.7, 25.7, 18.0, 11.0, -4.5, -5.2;
ESI-HRMS m/z: 331.1707 ([M+Na]*); Calcd for C17H2503SiNa: 331.1700.

((tert-Butyldimethylsilyl)oxy)(4-methoxyphenyl)methyl)decanal (14bf)
(2)-tert-Butyl(dec-1-en-1-yloxy)dimethylsilane (13f: 81 L, 0.30 mmol) & —fx EBRIEICE VIR LIz & 2 A,
((tert-butyldimethylsilyl)oxy)(4-methoxyphenyl)methyl)decanal @ > 7 A 7 L ARG (14bf) 13 87% D ULH
(53.3 mg, 0.13 mmol) T S 17z,

M iR, antiisyn = 87:13; IR (ATR) cm™: 2927, 2855, 1726, 1612, 1512, 1463, 1248, 1173, 1070, 1036; 'H
NMR of diasetereo mixture (500 MHz, CDCls): 4 9.69 (d, 0.87H, J = 4.0 Hz), 9.66 (d, 0.13H, J = 2.9Hz), 7.20 (d,
2H,J=9.1 Hz), 6.86 (d, 2H, J = 9.1 Hz), 4.94 (d, 0.13H, J = 5.2 HZz), 4.76 (d, 0.87H, J = 8.0 Hz), 3.81 (s, 2.61H),
3.80 (s, 0.39H), 2.54—2.50 (m, 1H), 1.53—1.45 (m, 1H), 1.26—1.16 (m, 16H), 0.83 (s, 9H), 0.10 (s, 0.39H), -0.01
(s, 2.61H), -0.20 (s, 0.39H), -0.28 (s, 2.61H); 3C {*H} NMR of anti isomer (125 MHz, CDCls): § 204.7, 159.1,
134.5,127.9,113.6, 75.4, 60.6, 55.2, 31.8, 29.5, 29.2, 29.1, 26.9, 26.2, 25.7, 22.6, 18.0, 14.1, -4.5, -5.2; ESI-HRMS
m/z: 429.2799 ([M+Na]*); Calcd for C24H4203SiNa: 429.2795.

3-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropanal (14bg)
(2)-tert-Butyldimethyl(styryloxy)silane (13g: 81 pL, 0.30 mmol) & —f& EERIEIZE WS L& 2 A, 3-
((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropanal @ ¥ 7 A7 L A1&5 %) (14bg) A 85% D
¥ #(47.0 mg, 0.12 mmol) TH 5 172,

£ iR, antizsyn = 80:20; IR (ATR) cm: 2954, 2929, 2856, 1725, 1612, 1511, 1463, 1302, 1247, 1173, 1073,
1034, 1005; *H NMR of diastereo mixture (500 MHz, CDClz): 6 9.98 (d, 0.8H, J = 3.4 Hz), 9.80 (d, 0.2H, J=1.7
Hz), 7.32—7.28 (m, 0.6H), 7.22—7.16 (m, 2.4H), 7.04—6.98 (m, 4H), 6.75 (d, 0.4H, J = 8.6 Hz), 6.69 (d, 1.6H, J
= 8.6 Hz), 5.31 (d, 0.2H, J = 5.7 Hz), 5.21 (d, 0.8H, J = 8.6 Hz), 3.83 (dd, 0.8H, J = 8.6, 3.4 Hz), 3.77 (s, 0.6H),
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3.73 (s, 2.4H), 3.69 (dd, 0.2H, J = 5.7, 1.7 Hz), 0.85 (s, 7.2H), 0.75 (s, 1.8H), -0.02 (s, 2.4H), -0.14 (s, 0.6H), -0.26
(s, 2.4H), -0.31 (s, 0.6H); 3C {*H} NMR of anti isomer (125 MHz, CDCls): & 200.4, 158.8, 133.8, 130.6, 129.4,
128.5,127.8, 127.4,113.2, 76.1, 67.7,55.1, 25.7, 18.1, -4.5, -5.3; ESI-HRMS m/z: 393.1880 ([M+Na]*); Calcd for
C22H3003SiNa: 393.1856.

3-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropanal (14bg’)
(E)-tert-Butyldimethyl(styryloxy)silane (13g: 81 pL, 0.30 mmol) Z — % EBIEICHEVWKIG LTz L 2 A, 3-
((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropanal @ 7 27 L A IEE¥)(14bg’) )% 68% D
IV 2(38.0 mg, 0.11 mmol) & 5172,

I g7 R ; antizsyn = 15:85; IR (ATR) cmrl: 2929, 2856, 1722, 1612, 1511, 1463, 1302, 1246, 1173, 1082, 1034,
1005; *H NMR of diastereo mixture (500 MHz, CDCls): 6 9.98 (d, 0.15H, J = 3.4 Hz), 9.81 (d, 0.85H, J = 2.3 Hz),
7.32—7.28 (m, 2H), 7.21—7.19 (m, 0.3H), 7.17—7.14 (m, 1.7H), 7.03 (d, 1.7H, J = 8.5 Hz), 7.00 (d, 0.3H, J = 9.2
Hz), 6.76 (d, 1.7H, J = 8.6 Hz), 6.69 (d, 0.3H, J = 8.6 Hz), 5.31 (d, 0.85H, J = 5.7 Hz), 5.21 (d, 0.15H, J = 8.6 H2),
3.83 (dd, 0.15H, J = 8.6, 3.4 Hz), 3.7 (s, 2.55H), 3.73 (s, 0.45H), 3.70 (dd, 0.85H, J = 5.7, 1.7 Hz), 0.86 (s, 1.35H),
0.75 (s, 7.65H), -0.02 (s, 0.45H), -0.14 (s, 2.55H), -0.25 (s, 0.45H), -0.31 (s, 2.55H); 13C {'H} NMR of syn isomer
(125 MHz, CDClg): 6 201.0, 158.8, 134.5, 133.7, 130.6, 128.1, 127.8, 127.4, 113.2, 74.8, 67.5, 55.1, 25.6, 17.9, -
4.7, -5.6; ESI-HRMS m/z: 393.1857 ([M+Na]*); Calcd for C22H30O3SiNa: 393.1856.

2-Benzyl-3-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)propanal (14bh)
(2)-tert-Butyldimethyl((3-phenylprop-1-en-1-yl)oxy)silane (13h: 74 pL, 0.30 mmol) & —f% FEZERIEIZREV G L
7= & Z A, 2-benzyl-3-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)propanal @ ¥ 7 A 7 L A& & W)
(14bh) 73 74% DX (42.6 mg, 0.11 mmol) T3 H 472,

£ iR, antizsyn = 88:12; IR (ATR) cmt: 2954, 2930, 2857, 1726, 1612, 1511, 1463, 1303, 1248, 1173, 1063,
1035, 1005; *H NMR of diastereo mixture (500 MHz, CDCls): & 9.78 (d, 0.88H, J = 3.2 Hz), 9.69 (d, 0.12H, J =
2.3 Hz), 7.27—7.21 (m, 4H), 7.15 (t, 0.88H, J = 7.2Hz), 7.09 (t, 0.12H, J = 8.0Hz), 7.04 (d, 2H, J = 6.9 Hz), 6.88
(d, 2H, J =8.6 Hz), 5.02 (d, 0.12H, J = 5.2 Hz), 4.86 (d, 0.88H, J = 6.9 Hz), 3.82 (s, 2.64H), 3.81 (s, 0.36H),
3.09—3.04 (m, 0.12H), 3.02—2.98 (m, 0.88H), 2.91 (dd, 0.88H, J = 13.8, 9.7 Hz), 2.81 (dd, 0.12H, J = 13.8, 4.0
Hz), 2.58 (dd, 1H, J = 13.9, 4.0 Hz), 2.48 (dd, 1H, J = 13.8, 6.3 Hz), 0.91 (s, 1.08H), 0.86 (s, 8.02H), 0.08 (s, 0.36H),
0.02 (s, 2.64H), -0.18 (s, 0.34H), -0.25 (s, 2.64H); 3C {*H} NMR of anti isomer (125 MHz, CDCls): § 204.1, 159.2,
138.8, 134.3, 128.8, 128.4, 127.8, 126.2, 113.7, 75.3, 61.7, 55.2, 32.4, 25.7, 18.1, -4.4, -5.2; ESI-HRMS m/z:
407.2017 ([M+Na]*); Calcd for C23H3205SiNa: 407.2013.

2-(Benzyloxy)-3-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)propanal (14bi)
(2)-((2-(benzyloxy)vinyl)oxy)(tert-butyl)dimethylsilane (13i: 80 pL, 0.30 mmol) % —#% SEERVEIZHEV i L7
& Z A, 2-(benzyloxy)-3-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)propanal @7 27 L A 1&E&W
(14bi)73 33% DY 3#(20.1 mg, 0.05 mmol) T H 47,

£ iR, antizsyn = 83:17; IR (ATR) cm™: 2954, 2929, 2856, 1735, 1612, 1512, 1463, 1249, 1173, 1084, 1035,
1006; 'H NMR of diastereo mixture (500 MHz, CDCls): § 9.68 (d, 1H, J = 2.3 Hz), 9.60 (d, 1H, J = 1.7 Hz),
7.30—7.23 (m, 6H), 7.21—7.19 (m, 0.34H), 7.11—7.09 (m, 1.66H), 6.86 (d, 2H, J = 8.6 Hz), 4.96 (d, 0.17H, J =
5.2 Hz), 4.89 (d, 0.83H, J = 6.3 Hz), 4.57 (d, 0.17H, J = 12.6 Hz), 4.56 (d, 0.83H, J = 12.0 Hz), 4.46 (d, 0.17H, J =
12.6 Hz), 4.39 (d, 0.83H, J = 12.0 Hz), 3.82 (s, 2.49H), 3.81 (s, 0.51H), 3.79 (dd, 1H, J = 6.3, 2.3 Hz), 0.86 (s,
1.53H), 0.85 (s, 7.47H), 0.02 (s, 2.49H), -0.01 (s, 0.51H), -0.13 (s, 0.51H), -0.18 (s, 2.49H); 1°C {*H} NMR of anti
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isomer (125 MHz, CDCls): § 201.6, 159.2, 137.2, 133.0, 128.3, 128.1, 128.0, 127.8, 113.5, 87.2, 74.8, 72.7, 55.2,
25.7, 18.1, -4.6, -5.2; ESI-HRMS m/z: 423.1965 ([M+Na]*); Calcd for CosH3,04SiNa: 423.1962.

(E)-5-(4-Methoxyphenyl)-2,4-dimethyl-5-((trimethylsilyl)oxy)pent-2-enal (14bj)
Trimethyl(((1E,3E)-2-methylpenta-1,3-dien-1-yl)oxy)silane (13j: 65 pL, 0.30 mmol) % — % FEERIEIZHEV UL L
7= & Z A, (E)-5-(4-methoxyphenyl)-2,4-dimethyl-5-((trimethylsilyl)oxy)pent-2-enal @ > 7 A7 L ARG
(14bj) 2’ 71% DU (32.8 mg, 0.11 mmol) T S 7=,

M4 LA, antitsyn = 45:55; IR (ATR) cm: 2958, 2836, 1686, 1642, 1612, 1586, 1511, 1457, 1364, 1302, 1248,
1173, 1072, 1033; 'H NMR of diastereo mixture (500 MHz, CDCls): § 9.39 (s, 0.45H), 9.30 (s, 0.55H), 7.16—7.14
(m, 2H), 6.82 (d, 1.1H, J = 8.6 Hz), 6.81 (d, 0.9H, J = 8.6 Hz), 6.42 (dd, 0.45H, J = 9.7, 1.2 Hz), 6.26 (dd, 0.55H, J
=10.3,1.2 Hz), 4.53 (d, 0.45H, J = 5.7 Hz), 4.49 (d, 0.55H, J= 6.3 Hz), 3.79 (s, 1.35H), 3.79 (s, 1.65H), 2.98—2.87
(m, 1H), 1.57 (d, 1.65H, J = 1.2 Hz), 1.55 (d, 1.35H, J = 1.2 Hz), 1.07 (d, 1.65H, J = 6.3 Hz), 0.99 (d, 1.35H, J =
6.3 Hz), 0.01 (s, 4.95H), -0.01 (s, 4.05H); *C {*H} NMR of diastereo mixture (125 MHz, CDCls): § 195.6, 195.5,
158.8, 157.0, 156.7, 139.5, 138.8, 135.3, 134.9, 127.5, 127.4, 113.3, 113.3, 78.1, 77.4,55.2, 42.4, 42.4, 16.7, 15.4,
9.3, 9.3, 0.0; ESI-HRMS m/z: 329.1540 ([M+Na]*); Calcd for C17H2603SiNa: 329.1543.

Scheme 3-3-6 (B9 % £

Step 1: 3-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropanal (14bg/14bg’, 7 A7 L A&
E%9:120.0 mg, 0.30 mmol) D A ¥ /7 — (3 mL)AEHRIZ /K FEbA 7T b Y o A(56.7 mg, 1.5 mmol) Z hil .
Too RUSERWR & 3 REMIHEFE L 7ok, fafnRIg/AKIEzT MY U LKEERGEmML) 2L, 7 rr A% (15mL
x 2)CHut U7z, A2 BEARNEEE T R Y U ATz L ClRitz, IRREZERE L, HAeERDE Y
BTN T A Ta~w NT T T 4 —(~FH UIFEB=F L = 101) THE L. (2R,3R)-3-((tert-
butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropan-1-ol (32; 56.0 mg, 0.15 mmol, I = 50%) &
(2R,3S)-3-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropan-1-ol (32’; 27.4 mg, 0.07 mmol, X
3 25%) & 137,

(2R,3R)-3-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropan-1-ol (32)

AR, IR (ATR) cm: 3441, 2953, 2929, 2856, 1612, 1510, 1463, 1361, 1302, 1246, 1172, 1065, 1033,
1004; *H NMR (500 MHz, CDCl3): 6 7.21—7.13 (m, 3H), 7.03—6.99 (m, 4H), 6.71 (d, 2H, J = 9.2 Hz), 4.86 (d,
1H, J = 8.0 Hz), 4.17 (dd, 1H, J = 10.9, 6.9 Hz), 3.93—3.91 (m, 1H), 3.74 (s, 3H), 3.11—3.07 (m, 1H), 2.95 (brs,
1H), 0.90 (s, 9H), -0.04 (s, 3H), -0.28 (s, 3H); 3C {*H} NMR (125 MHz, CDCls): § 158.6, 139.7, 135.1, 128.6,
128.2,127.7,126.6,113.1, 80.2, 65.3, 56.5, 55.0, 25.8, 18.0, -4.6, -5.3; ESI-HRMS m/z: 395.2031 ([M+Na]*); Calcd
for C22H3203SiNa: 395.2013.

(2R,3S)-3-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-2-phenylpropan-1-ol (32%)

MR, IR (ATR) ecm™: 3433, 2953, 2928, 2855, 1611, 1510, 1462, 1360, 1302, 1245, 1172, 1111, 1081, 1033,
1004; *H NMR (500 MHz, CDCls): § 7.26—7.20 (m, 3H), 7.06 (dd, 2H, J = 7.7, 1.7 Hz), 6.99 (d, 2H, J = 8.6 Hz),
6.76 (d, 2H, J = 8.6 Hz), 4.90 (d, 1H, J = 5.7 Hz), 3.87 (dd, 1H, J = 10.6, 6.9 Hz), 3.78 (s, 3H), 3.76 (dd, 1H, J =
10.6, 6.9 Hz), 3.12 (dt, 1H, J = 6.9, 5.7 Hz), 1.95 (brs, 1H), 0.79 (s, 9H), -0.11 (s, 3H), -0.28 (s, 3H); 13C {*H} NMR
(125 MHz, CDCls): 6 158.7,139.1, 134.3, 129.3, 128.0, 127.9, 126.8, 113.0, 76.9, 63.7, 56.3, 55.1, 25.7, 18.0, -4.8,
-5.5; ESI-HRMS m/z: 395.2019 ([M+Na]*); Calcd for C2H3203SiNa: 395.2013.
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Step2: =R . {LHEW 32(56.0mg, 0.15mmol)>7 F 7 & K77 /(L5 mL)EKIZ 1LOMTBAF 7 7
b e 77 /(300 pL, 0.3 mmol)isik A Nz 7o, 1 WfIfHE L 7o, fufni by & =7 LZKEHR(3 mL)
Nz, W F/L(5mLx3)Thiut L7z, A2 HEAKREET Y O ATzl L TR, I8k 2 T
WMEL, MAEBMEZ L VATV AT Lru~ 8T T T 4 —(~FH IR T/ = V1) THE L,
(1R,2R)-1-(4-methoxyphenyl)-2-phenylpropane-1,3-diol (33)7% 92% MY #(33.1 mg, 0.13 mmol) T 5 17=,
[RERDFF{ET, 32’ (27.4 mg, 0.07 mmol) % FLE & L CT(1S,2R)-1-(4-methoxyphenyl)-2-phenylpropane-1,3-diol
(33°) 3 95% D YUY F(17.2 mg, 0.07 mmol) T H 417z,

(1R,2R)-1-(4-Methoxyphenyl)-2-phenylpropane-1,3-diol (33)

IR, IR (ATR) cmt: 3345, 2903, 1611, 1511, 1453, 1303, 1245, 1175, 1062, 1031; *H NMR (500 MHz,
CDCl3): 6 7.18—7.11 (m, 3H), 7.04 (d, 2H, J = 8.6 Hz), 6.97 (d, 2H, J = 6.9 Hz), 6.71 (d, 2H, J = 8.6 Hz), 4.95 (d,
1H, J=9.1 Hz), 4.16 (dd, 1H, J = 10.9, 8.0 Hz), 3.91 (brd, 1H, J = 8.6 Hz), 3.72 (s, 3H), 3.35 (brs, 2H), 3.11 (ddd,
1H, J = 9.1, 8.6, 4.6 Hz); 3C {*H} NMR (125 MHz, CDCls): 5 158.8, 139.2, 134.9, 128.4, 128.3, 127.7, 126.7,
113.4,79.3, 66.6, 55.1, 54.7; ESI-HRMS m/z: 281.1157 ([M+Na]*); Calcd for C16H1s03Na: 281.1148.

(1S,2R)-1-(4-Methoxyphenyl)-2-phenylpropane-1,3-diol (33°)

R, IR (ATR) ecmL: 3371, 2931, 1611, 1511, 1453, 1302, 1244, 1175, 1030; *H NMR (500 MHz, CDCls):
87.34(dd, 2H,J=1.5, 6.9 Hz), 7.29—7.27 (m, 1H), 7.23 (d, 2H, J = 6.9 Hz), 7.19 (d, 2H, J = 8.6 Hz), 6.85 (d, 2H,
J=8.6 Hz),4.96 (d, 1H, J=7.2 Hz), 3.80 (s, 3H), 3.75—3.73 (m, 2H), 3.14 (dt, 1H, J = 7.2 6.9 Hz), 2.18 (brs, 1H),
1.64 (brs, 1H); 3C {*H} NMR (125 MHz, CDCl3): § 159.2, 138.7, 133.9, 129.0, 128.7, 127.8, 127.3, 113.7, 75.4,
64.1, 55.7, 55.2; ESI-HRMS m/z: 281.1157 ([M+Na]*); Calcd for C16H1s03Na: 281.1148.

Step 3: =iE T, /LA 33 (33.1 mg, 0.13 mmol)dD Y7 mr A X (1.5 mL)IARRIZ. 2,2-dimethoxypropane
(37 uL, 0.3 mmol) & PPTS (3.8 mg, 0.013 mmol) & i % 7=, [GIRIR 2 2 REREEE U 7-t%. fafiixEE/KIET
FU T AKEIEGEML) AN A, Y7 am X Z o EmLx2) T Uz, AiE %2 8K R U v LT
LTI, R AEREE L, AR EZ Y BTN T L ua~ NI T T 4 —(~F Y IR
TRV ZF T I =20/4/1) THELL . (4R,5R)-4-(4-methoxyphenyl)-2,2-dimethyl-5-phenyl-1,3-dioxane
(34) 7% 95% DY #:(36.9 mg, 0.12 mmol) TH& 5 vz,

[RIEE D J715C, 337 (17.2 mg, 0.07 mmol) % JL& & L T (4S,5R)-4-(4-methoxyphenyl)-2,2-dimethyl-5-phenyl-1,3-
dioxane (34°)%% 95% X 3:(19.8 mg, 0.07 mmol) T# 5 117~

(4R,5R)-4-(4-Methoxyphenyl)-2,2-dimethyl-5-phenyl-1,3-dioxane (34)

AR, IR (ATR) cm™: 2992, 1613, 1513, 1454, 1379, 1293, 1246, 1225, 1195, 1160, 1102, 1027; *H NMR
(500 MHz, CDCls): & 7.23—7.19 (m, 2H), 7.18—7.15 (m, 1H), 7.09 (d, 2H, J = 8.6 Hz), 7.04 (d, 2H, J = 8.6 Hz),
6.72 (d, 2H, J = 8.6 Hz), 4.99 (d, 1H, J = 10.9 Hz), 4.22 (dd, 1H, J = 11.5, 11.5 Hz), 3.98 (dd, 1H, J = 11.5, 5.2 HZ),
3.72 (s, 3H), 3.07 (ddd, 1H, J = 11.5, 10.9, 5.2 Hz), 1.72 (s, 3H), 1.58 (s, 3H); 3C {*H} NMR (125 MHz, CDCls):
8 159.0, 138.0, 132.2, 128.4,128.2,126.9, 113.4,98.8, 76.5, 65.4, 55.1,49.1, 29.8, 19.3; ESI-HRMS m/z: 321.1462
([M+Na]*); Calcd for C19H2203Na: 321.1461.

(4S,5R)-4-(4-Methoxyphenyl)-2,2-dimethyl-5-phenyl-1,3-dioxane (34”)

R, IR (ATR) cmt: 2991, 1613, 1513, 1453, 1380, 1302, 1246, 1195, 1161, 1098, 1034, 1019; *H NMR
(500 MHz, CDCls): & 7.28—7.26 (m, 2H), 7.13—7.11 (m, 3H), 6.93 (d, 2H, J = 8.6 Hz), 6.66 (d, 2H, J = 8.6 Hz),
5.38 (d, 1H, J=3.4 Hz), 4.57 (dd, 1H, J = 11.8, 3.4 Hz), 4.10 (dd, 1H, J = 11.8, 1.2 Hz), 3.71 (s, 3H), 2.78 (dd, 1H,
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J=3.4,3.4Hz), 1.67 (s, 3H), 1.66 (s, 3H); *C {*H} NMR (125 MHz, CDCls): § 158.3, 139.9, 132.5, 129.9, 127.5,
127.1, 126.1, 113.0, 99.4, 73.2, 65.3, 55.1, 45.6, 29.7, 18.9; ESI-HRMS m/z: 321.1465 ([M+Na]*); Calcd for
C19H2203Na; 321.1461.

5 FIE : Scheme 3-3-7 IZB94 % EB

—ESEEBRYE - 7L RBACT 0°C T 4-methoxybenzaldehyde (9b, 0.15 mmol)> ¥ 7 & A & 2-(0.75mL)
PRI 2,2°-bipyridyl (71.9 mg, 0.45 mmol) & TMSOTT (55 pL, 0.30 mmol) % Al 2. T 30 7ok L7z, D%
BOGSTAIRIZ 0 °C ~C trimethyl(vinyloxy)silane (13a: 0.30 mmol) Z ¥shn L —C 2 REf#FE Uiz, S BITsREERE
(0.75mmol) Z N 2. T 24 I #R L7, BafRBEKET MY U LKEEGEmML)Z Nz, r7ra 24w
(5mL x 2)THI L7z, MEAKAEEET bV & A CHIBZIEW Lo, IBRZEREE L, MAeERMZS Y 7
NATEhra~w N7T77 4 —THELT, BWMAS)ZET,

4-(4-Methoxyphenyl)-2,4-bis((trimethylsilyl)oxy)butanenitrile (15a)

TMSCN (95 pL, 0.75 mmol) Z i ] L T— iR S2BRIEICHEV 28 eI L. S U B SN T Ao v~ v T3
T4 —(~F Y IEEB T = 101) THB L L Z A, 4-(4-methoxyphenyl)-2,4-
bis((trimethylsilyl)oxy)butanenitrile (15a)72°% 86% ™I 3 (46.6 mg, 0.13 mmol) CT1§ 5 417-,

IR antizsyn = 55:45; IR (ATR) cm: 2957, 1612, 1512, 1249, 1173, 1095, 1037; *H NMR of diastereo
mixture (500 MHz, CDCls): § 7.22 (d, 2H, J = 8.6 Hz), 6.87 (d, 2H, J = 8.6 Hz), 4.81 (dd, 0.6H, J = 9.2, 4.0 Hz),
4.73 (dd, 0.4H, J = 10.0, 3.2 Hz), 4.61 (dd, 0.4H, J = 9.7, 3.4 Hz), 4.52 (dd, 0.6H, J = 8.6, 5.7 Hz), 3.81 (s, 3H),
2.20—2.11 (m, 1H), 2.06—2.00 (m, 1H), 0.25 (s, 3.6H), 0.20 (s, 5.4H), 0.02 (s, 5.4H), -0.04 (s, 3.6H); 13C {'H}
NMR of diastereo mixture (125 MHz, CDCl3): 6 159.2, 159.1, 135.5, 135.5, 127.3, 127.1, 120.3, 120.0, 113.8, 113.7,
70.5, 69.8, 59.4, 58.1, 55.2, 76.8, 46.5, 0.2, 0.0, -0.1, -0.3; ESI-HRMS m/z: 374.1572 ([M+Na]*); Calcd for
C17H20NOsSizNa: 374.1578.

4-Azido-6-(4-methoxyphenyl)-2,2,8,8-tetramethyl-3,7-dioxa-2,8-disilanonane (15b)

TMSN3 (99 pL, 0.75 mmol) Z i F L CT— M FEBRIEIZIEW 24 FEUGE L, S U BTN AT Lra~< N7 5
74— (~F Y UIEERE TV = 10/1) TR L7 & 2 A, 4-azido-6-(4-methoxyphenyl)-2,2,8,8-tetramethyl-
3,7-dioxa-2,8-disilanonane (15b)7%% 52% @I = T(23.0 mg, 0.08 mmol) T 5 #1172,

MR, antizsyn = 67:33; IR (ATR) cmt: 2957, 2103, 1612, 1512, 1302, 1248, 1172, 1083, 1037; *H NMR of
diastereo mixture (500 MHz, CDCls): 8 7.21 (d, 2H, J = 8.6 Hz), 6.87—6.83 (m, 2H), 4.84 (dd, 0.67H, J = 8.0, 4.6
Hz), 4.78 (dd, 0.33H, J = 8.0, 4.0 Hz), 4.72—4.69 (m, 1H), 3.81 (s, 0.99H), 3.80 (s, 2.01H), 2.12 (ddd, 0.33H, J =
13.5, 9.2, 4.0 Hz), 2.05 (ddd, 0.67H, J = 13.5, 9.2, 4.6 Hz), 1.93—1.87 (m, 1H), 0.21 (s, 2.97H), 0.18 (s, 7.03H),
0.01 (s, 7.03H), -0.03 (s, 2.97H); *C {*H} NMR of diastereo mixture (125 MHz, CDCls): § 159.0, 158.8, 136.3,
136.3, 127.3, 127.0, 113.6, 113.6, 84.5, 84.0, 71.1, 71.0, 55.2, 47.8, 47.5, 0.2, 0.0, -0.0, -0.1; ESI-HRMS m/z:
391.1724 ([M+H]*); Calcd for C16H20N303Siz: 391.1718.

1-(4-Methoxyphenyl)-1-((trimethylsilyl)oxy)hex-5-en-3-ol (15c¢)

AllylBpin (50 pL, 0.30 mmol) Z f ] L T— i FEBRIEIZWEV 6 efIRUS L, S U TN AT v~ N7 T
T4 —(~F Y UEER TV = 10/) THRL L 7= & 2 A, 1-(4-methoxyphenyl)-1-((trimethylsilyl)oxy)hex-5-
en-3-ol (15¢) 2% 94% DY #:(40.0 mg, 0.14 mmol) T H 7=,

HECA R, antisyn = 64:36; IR (ATR) cm™’: 3439, 2954, 2909, 2836, 1640, 1612, 1586, 1511, 1463, 1441, 1366,
1301, 1247, 1173, 1068; *H NMR of diastereo mixture (500 MHz, CDCls): 6 7.23 (d, 2H, J = 8.6 Hz), 7.22 (d, 2H,
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J =8.6 Hz), 5.87—5.74 (m, 1H), 5.09—5.06 (m, 2H), 5.02 (dd, 0.64H, J = 4.0, 2.9 Hz), 4.83 (dd, 0.36H, J = 9.7,
4.0 Hz), 3.88—3.77 (m, 1H), 3.80 (s, 3H), 3.02 (d, 0.64H, J = 2.9 Hz), 2.28—2.16 (m, 2H), 1.88—1.69 (m, 2H),
1.62—1.59 (m, 2H), 0.05 (s, 5.76H), -0.01 (s, 3.24H); 13C {*H} NMR of diastereo mixture (125 MHz, CDClz): §
158.6, 136.4, 134.9, 134.7, 127.3, 126.8, 117.5, 117.4, 113.6, 113.5, 72.4, 67.5, 55.2, 46.0, 45.7, 42.1, 0.1, -0.1;
ESI-HRMS m/z: 317.1533 ([M+Na]*); Calcd for C16H2603Si: 317.1543.

2-(3-(4-Methoxyphenyl)-3-((trimethylsilyl)oxy)propylidene)malononitrile (15d)

Malononitorile (56.1 mg, 0.75 mmol)Z i F L C—MxFZBRIEICIEV 24 FER RS L, S U BT NI T KT m
~h T T 74— (~FV B F L =51)THERLEZE Z A, 2-(3-(4-methoxyphenyl)-3-
((trimethylsilyl)oxy)propylidene)malononitrile (15d)73 77% ™I =(33.8 mg, 0.12 mmol) T3+ H 417,
HEAMRY; IR (ATR) cm: 2957, 2238, 1611, 1586, 1512, 1464, 1442, 1363, 1302, 1248, 1173, 1083, 1034; 'H
NMR (500 MHz, CDCl3):  7.33 (t, 1H, J = 8.0 Hz), 7.20 (d, 2H, J = 8.6 Hz), 6.88 (d, 2H, J = 8.6 Hz), 4.87 (t, 1H,
J = 5.4 Hz), 3.82 (s, 3H), 2.94—2.91 (m, 2H), 0.05 (s, 9H); 3C {'H} NMR (125 MHz, CDCls): & 166.3, 159.4,
134.2, 126.6, 114.0, 112.1, 110.6, 91.1, 72.0, 55.3, 43.5, -0.1; ESI-HRMS m/z: 323.1183 ([M+Na]*); Calcd for
C16H20N20,SiNa: 323.1186.

5 /5TH : Scheme 3-3-8 IZBH1 5 EBh

T2 FEA T 0 °C T benzaldehyde dimethyl acetal (16a: 22.8 mL, 0.15 mmol)?> > 7 v 1 £ % -(0.75
mL)¥ERIZ 2,2°-bipyridyl (71.9 mg, 0.45 mmol) & TMSOTT (55 pL, 0.30 mmol) % il x. C 30 o L=, =D
# BUSERIRIZ 0°C T trimethyl(vinyloxy)silane (13a: 0.30 mmol) Z %N L C 2 IR L 7=, & 512 TMSCN
(96 uL, 0.75 mmol) & i 2. 7=, 24 KR L7, fafniREEKFE T N U U7 LKERGEmL)Z Nz, 7=
A% (5mLx2) THIH L7z, MEAKRRERT b U © A CHRETEE L-, IBIREZREREE L, HARY %
SIUNTNT T AT a~v T T T 4 —(~F Y VBT L = 101) TR L7 L 2 A, 4-methoxy-4-
phenyl-2-((trimethylsilyl)oxy)butanenitrile (35)7°% 81% ™ I #(32.0 mg, 0.13 mmol) T15§ b 47z,

g4 R, antizsyn = 60:40; IR (ATR) cm™: 2960, 2825, 1494, 1455, 1359, 1255, 1182, 1109, 1067, 1034, 1016;
'H NMR of diastereo mixture (500 MHz, CDCls): § 7.39—7.36 (m, 2H), 7.32—7.28 (m, 3H), 4.73 (dd, 0.4H, J =
10.0, 4.0 Hz), 4.62 (dd, 0.6H, J = 8.6, 6.3 Hz), 4.35 (dd, 0.6H, J = 9.7, 4.6 Hz), 4.24 (dd, 0.4H, J = 9.7, 3.4 H2),
3.21 (s, 1.8H), 3.17 (s, 1.2H), 2.29—2.23 (m, 0.6H), 2.17—2.02 (m, 1.4H), 0.26 (s, 3.6H), 0.23 (s, 5.4); 13C {*H}
NMR of diastereo mixture (125 MHz, CDCls): 6 140.45, 140.2, 128.7, 128.2, 128. 1, 126.6, 126.5, 120.3, 119.9,
79.7, 78.0, 59.4, 57.8, 56.7, 56.5, 44.6, 44.4, -0.3, -0.5; ESI-HRMS m/z: 286.1239 ([M+Na]*); Calcd for
C14H21NO,SiNa: 286.1234.

#5518 : Scheme 3-3-9 (ZFA4 % FEr

— R EBRE  |IR TV L= —7 1(14ba or 15a: 0.15 mmol)D ¥ 7 1 X Z (0.75 mL)EIKIZ TMSN3
(0.165 mmol)& % \ X allyltrimethylsilane(0.225 mmol) & #&fili#(0.015 mmol) Z Il % 7=, FOGER % LT IS
AT RIS . BRI FE T R U T AKIRIEG mL)E N, Y7 an A X (15 mLx2) THi L7z,
KBRS bV U LA CHIREIGE Lo, IBREBEREL, AL VI TN T hou~ T
74 —THRE L., BME6)Z5T,

3-Azido-3-(4-methoxyphenyl)propanal (36a)
14ba % FE & LT TMSN; (15 pL, 0.11 mmol)35 X OF FeBrs (2.6 mg, 10 mol%) % fii i L C— % FBR1EICHE
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VW30 0B L= & 2 A, 3-azido-3-(4-methoxyphenyl)propanal (36a)7°% 88% Y 3#:(18.3 mg, 0.9 mmol) T
b7z,

M iR, IR (ATR) cml: 2936, 2838, 2095, 1722, 1670, 1603, 1513, 1463, 1306, 1249, 1177, 1128, 1031; H
NMR (500 MHz, CDCls): § 9.75 (brs, 1H), 7.26 (d, 2H, J = 8.9 Hz), 6.92 (d, 2H, J = 8.9 Hz), 5.02 (dd, 1H, J = 8.6,
5.2 Hz), 3.81 (s, 3H), 2.96 (ddd, 1H, J = 18.1, 8.6, 1.7 Hz), 2.78 (dd, 1H, J = 18.1, 5.2 Hz); 3C {H} NMR (125
MHz, CDCls):  198.9, 159.8, 130.0, 128.1, 114.3, 59.6, 55.3, 49.5; ESI-HRMS m/z: 206.0924 ([M+H]*); Calcd for
C10H11N307: 206.0924.

3-(4-Methoxyphenyl)hex-5-enal (36b)

14ba % H'E & L C allyltrimethylsilane (48 pL, 0.30 mmol)F & OY(1.6 mg, 5 mol%) % f# f L C—f% Bk
PEWN 1RO L2 & 2 A, 3-(4-methoxyphenyl)hex-5-enal (36b)7% 69% Y= (28.2 mg, 0.10 mmol) T &
iz,

IR, IR (ATR) em™: 2911, 2836, 1721, 1639, 1611, 1512, 1464, 1442, 1417, 1301, 1247, 1179, 1107, 1034;
1H NMR (500 MHz, CDCls): § 9.66 (brs, 1H), 7.11 (d, 2H, J = 8.6 Hz), 6.84 (d, 2H, J = 8.6 Hz), 5.70—5.61 (m,
1H), 5.03—4.99 (m, 2H), 3.78 (s, 3H), 3.28—3.22 (m, 1H), 2.75 (ddd, 1H, J = 16.6, 6.3, 1.7 Hz), 2.68 (ddd, 1H, J
~ 16.6, 8.3, 1.7 Hz), 2.42—2.32 (m, 2H); 2C {*H} NMR (125 MHz, CDCl3): § 202.0, 158.2, 135.8, 135.3, 128.3,
117.1, 114.0, 55.2, 49.5, 41.1, 39.0; ESI-HRMS m/z: 227.1041 ([M+Na]*); Calcd for C13H1602Na: 227.1043.

4-Azido-4-(4-methoxyphenyl)-2-((trimethylsilyl)oxy)butanenitrile (36c¢)

15a % 8 & LC TMSN3 (22 pL, 0.165 mmol)3s X O FeBrs (4.4 mg, 10 mol%) z fifi F L C— % FZBRiEICHE
VN30 s L= & 2 A, 4-azido-4-(4-methoxyphenyl)-2-((trimethylsilyl)oxy)butanenitrile (36¢) 23 79% @ I 2
(37.1 mg, 0.12 mmol) T 5 7=,

M iR, antizsyn = 63:37; IR (ATR) cm: 2959, 2097, 1612, 1513, 1464, 1305, 1251, 1177, 1109, 1032; H
NMR of diastereo mixture (500 MHz, CDCla): § 7.26—7.22 (m, 2H), 6.95—6.92 (m, 2H), 4.64—4.58 (m, 1.63H),
4.38 (dd, 0.37H, J= 6.9, 6.9 Hz), 3.83 (s, 3H), 2.33—2.27 (m, 0.37H), 2.16—2.10 (m, 1.63H), 0.27 (s, 5.67H), 0.19
(s, 3.33H); 13C {*H} NMR of diastereo mixture (125 MHz, CDCls): & 160.0, 159.9, 129.9, 129.3, 128.4, 128.2,
119.6, 119.4, 114.5, 114.4, 61.4, 60.8, 59.0, 58.1, 55.3, 42.3, 42.1, -0.4, -0.5; ESI-HRMS m/z: 327.1248 ([M+Na]");
Calcd for C14H20N402SiNa: 327.1248.
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1-(Dimethoxymethyl)-4-methoxybenzene (16b) DA hk

4-Methoxybenzaldehyde (0.6 mL, 5 mmol) & A /L k¥ kU 2 F/1(0.6 mL, 5.5 mmol)®d 2 % / —/L(5 mL)#%&
R, 78I T7FATrE=U A RY 7 X F(TBATB : 24.1 mg, 0.05 mmol) % Il 2 C=EIR ML LT,
20 W%, BROSRICEIFIREEKFE T R U © SKEHR(10 mL) &Nz, FElE—F/1(25 mLx2) THiH L7,
AE 2 KR T N U U A THEEZR AW L, AIREBIEREE L, MAEBRMZ L VTNV T 571
~ NI T T 4 —(~FH BB T = TI) TR L2 & 2 A, 1-(dimethoxymethyl)-4-methoxybenzene
(16b) 7% 46% DI (415 mg, 2.3 mmol) T3 5 7=,

IH NMR (500 MHz, CDCl5): § 7.37—7.36 (m, 2H), 6.91—6.89 (m, 2H), 5.35 (s, 1H), 3.81 (s, 3H), 3.31 (s, 6H).
AR D TH NMR A7 VS SCEREDST & — B LIRE LTz,

4-1-(Dimethoxymethyl)-4-nitrobenzene (16¢) D&k

4-Nitrobenzaldehyde (756 mg, 5 mmol) & AL ke kU X F /(0.6 mL, 5.5 mmol)D £ % / — /(5 mL)IFIK
T hITFAT =T A RY 7 a2 R(TBATB:24.1mg, 0.05 mmol) Z Al 2. TSR FHiH L7z, 3 FF
F‘Wﬁ BRI BafniREEAKFE T b U o 2OKEEK (10 mL) &0z, HElE—=F/1(25 mLx2) CHiH L7, A%
J& & HEOKEREE T R U U A THUESR A1 L, AIRZRIERE L, MAERMZ S Y BTN T M7 m~ b
TT7 74— (T U= TF L = 2) TR L7 & 2 A, 4-1-(dimethoxymethyl)-4-nitrobenzene (16)73
98% MUY (971 mg, 4.9 mmol) T 5417z,
IH NMR (400 MHz, CDCl5): 5 8.23 (d, 2H, J = 11.0 Hz), 7.64 (d, 2H, J = 11.0 Hz), 5.48 (s, 1H), 3.34 (s, 6H).
AR D HNMR A7 kLSBT & — 3 UTRE LTz,

Methy! 4-(dimethoxymethyl)benzoate (16d) DA

Methyl 4-formylbenzoate (821 mg, 5 mmol) & /v k F#& ~ U A F/1(0.6 mL, 5.5 mmol)? A % / — (5 mL)

WRIC, TR 7FAT =L MY 713 R(TBATB : 24.1 mg, 0.05 mmol) & il 2. C==ii FH#E L7z,
1.5 REfi#L . RO BRI FE T N U 7 LOKEER(A0mL) 2N %, ¥ = F /Lo —7 /1(25 mLx2) Thiith
L7c, ARgfE 2 MKmEET MU U LA THERA AW L, AIREZBIEREE LT, HAERMEZ Y BTV h

LArvwa~ b N7 4 —(~FHUIBEBTFT L =7)THRELEEZ A, methyl 4

(dimethoxymethyl)benzoate (16d)7% 78% DX 3£ (818 mg, 3.9 mmol) T H 7=,

IH NMR (500 MHz, CDCls): 5 8.04 (d, 2H, J = 8.5 Hz), 7.53 (d, 2H, J = 8.5 Hz), 5.44 (s, 1H), 3.92 (s, 3H), 3.33

(s, 6H).

AR O TH NMR A7 b L3 SRS & — B LAE LTz,

1-Chloro-4-(dimethoxymethyl)benzene (16e) D&%

4-Chlorobenzaldehyde (422 mg, 3 mmol) & /v k[ ~ U A F /(0.4 mL, 3.3 mmol)®D X % / —/1(3 mL)#%
W, 7 hI77FNLT =L MY 713 R(TBATB : 14.5 mg, 0.03 mmol) z il 2 TR P L7z,
1 Rt . BOCIRIC TR ER KSR T B U w7 A /KIIR(A0 mL) &2 Iz, FERR—F /L (25 mLx2) CHitH L7-, A&
g A KRR M) U A THIREAB L, AIREBIEREE L, MAeERMEZ )V DTN T L7 a~
N7 T 4 —(~F Y IR TV = 5/1) TR L 7= & Z A, 1-chloro-4-(dimethoxymethyl)benzene (16¢€)
MY 929%(516 mg, 2.8 mmol) T& S 7=,
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IH NMR (500 MHz, CDCls): 6 7.39 (d, 2H, J = 8.5 Hz), 7.34 (d, 2H, J = 8.5 Hz), 5.37 (s, 1H), 3.31 (s, 6H).
R D IHNMR 227 LA SCERMELST E —F UEIE LT,

1-Bromo-4-(dimethoxymethyl)benzene (16f) D& Ak

4-Bromobenzaldehyde (555 mg, 3 mmol) & /L F 2 kU A F/1(0.4 mL, 3.3 mmol)D A % 7 — /(3 mL)#%&
R, 7 87 T7FATrE=U A RY 7 X F(TBATB : 14.5 mg, 0.03 mmol) % iz TR ML LT,
1 BE . SO ERIIRIR /K FE T b U o 2OKERIKA0O ML) Z i %, FEfg=F /L (25 mLx2) THitH L7=, A
g 2 KmiEE T N ) U A TR A L, AIREBIERE LT, MAERMEZ L VDTNV T L7 v~
7T T 4 — (T UIER TV = 51) TR L 72 & 2 A, 1-bromo-4-(dimethoxymethyl)benzene (16f)
DI 98%(683 mg, 2.95 mmol) T 5 7=,

IH NMR (500 MHz, CDCls): § 7.50 (d, 2H, J = 8.8 Hz), 7.33 (d, 2H, J = 8.8 H2), 5.36 (s, 1H), 3.31 (s, 6H).
AR D HNMR A7 R L SCEMERST & — 3 LIRE LTz,

tert-Butyl(4-(dimethoxymethyl)phenoxy)dimethylsilane (16g) D&%

4-Hydroxybenzaldehyde (305 mg, 2.5 mmol)?® DMF(1 mL){a#kIZ A I %~ —/1(681 mg, 10 mmol) & TBSCI
(754 mg, 5mmol) & N 2. T, =i M L7-, 20 Rtk . BOSIIZK@AOmL) &z, ~F % v [HER =T
Jb o= 41 FEE TR L72(25 mLx2), AHEE 2 HEKMiEE T ~ U U A TR A, AIRZBIEEE LT,
WA E VATV T LI a~ NTT 7 4 —(~FH VR F L =5) TR L, Soh7iK
RKEANREER R U 2 F1(0.3mL, 275 mmol)D A % / —/LQREMLAKIZ, T N T TF LT E=T A
NU 7w I R(TBATB : 12.1 mg, 0.025 mmol) Z il 2 CEIR FHEE L7z, 16 Refilth. BSOS IZ Bafn Rz K
FF MY T LKA mL)Z Iz, Y7 ar A& (25 mLx2) Tl L7z, AHE %2 BoKEiE - ~Y o
LTCHREHZR AWML, AIREBIEEEL T, MAEBMEZ S VI TNV T~ N7 T 7 4 —(~FH ]
Fefe—F /L = 7)) TR L7- L 2 A, tert-butyl(4-(dimethoxymethyl)phenoxy)dimethylsilane (169)7% 11%
¥ %(80.5 mg, 0.285 mmol) T/& 5 7=,

IH NMR (500 MHz, CDCls): & 7.30 (d, 2H, J = 8.5 Hz), 6.83 (d, 2H, J = 8.5 Hz), 5.33 (s, 1H), 3.31 (s, 6H), 0.98
(s, 9H), 0.19 (s, 6H).

AR O TH NMR A7 b L3 SCHRAERST & — B UAE L7z,

1-(Dimethoxymethyl)-2-methoxybenzene (16h) D Ahk

2-Methoxybenzaldehyde (0.4 mL, 3 mmol) & #/L FE2 kU X F/1(0.4 mL, 3.3 mmol)®D X % / —/L(3 mL)¥%
Wiz, T I TFAT =L Y 72 R(TBATB : 14.5 mg, 0.03 mmol) % iz TR FE#H L7,
1 FRERfe . BOMRIC AR IREE /K TFET N U w7 AKEEIRA0 mL) 2 N %, FERR—F /L (25 mLx2) THitH L7=, &
Pl 2 KRS T M) U A TR Al L, AIREBIERE LT, MAERMEZ L YV DTNV T L7 a~
N7 T 4 —(~F Y UIEERT TV =5/1) TR L7 & Z A, 1-(dimethoxymethyl)-2-methoxybenzene (16h)
23E B (687 mg, 3 mmol)iZf5 BT,

'H NMR (500 MHz, CDClg): 8 7.52 (dd, 1H, J=7.5, 2.0 Hz), 7.32—7.29 (m, 1H), 6.97 (t, 1H, J = 7.5 Hz), 6.90 (d,
1H, J = 8.0 Hz), 5.68 (s, 1H), 3.85 (s, 3H), 3.36 (s, 6H).

AR D HNMR 227 R L SCEERSYT & — K UIRE LTz,

1-(Dimethoxymethyl)-3-methoxybenzene (16i) D& Ak
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3-Methoxybenzaldehyde (0.4 mL, 3 mmol) & /L g kU X F/1(0.4 mL, 3.3 mmol)®D A % / —/L(3 mL)#&
R, 7 87 T7FAT =AY 7 F(TBATB : 14.5 mg, 0.03 mmol) % il % TR P LT,
1 REf % . RO ICBRFNEREE /K SE T R U U AOKIEIR(A0 mL) 2 N %, BEEE—F /L (25 mLx2) CHiti L7z, A
g 2 KmiEE T N ) U A TR A L, AIREBIERE LT, MAERMEZ L VDTNV I T L7 a~
N7 T 4—(~F Y UIERT T L =5/1) TR L7 & 2 A, 1-(dimethoxymethyl)-3-methoxybenzene (16i)
3E B (668 mg, 3 mmol) (2 ST,

IH NMR (500 MHz, CDCls): & 7.28 (t, 1H, J = 7.8 Hz), 7.04—7.01 (m, 2H), 6.87 (dd, 1H, J = 7.8, 2.3 Hz), 5.36 (s,
1H), 3.82 (s, 3H), 3.34 (s, 6H).

AR D HNMR A7 R LS SCEREIRSD & — 3 LTRE LTz,

1-Methoxyisochroman (16j) D& A&

DDQ (1.34 g, 6.0 mmol)?®> > 7 v X & /(50 mLJ{EHRIZ A &/ —/1(280 L, 6.0 mmol) & isochroman (650
L, 5.0 mmol)Z N A 72, FUSTAR 2 S8R C 24 RRfAjfER L7o k. BaMERIR/KFE T b U w7 LOKEEHE(50 mL)
EMAZTETA MTRIB L, 7 m8a X220 60mLx2) Tt L7-#%, A8 % 8ok KU 7 AT
e A L, AIREBMEREE Lz, MABMEZ S VDTN DT Lrua~x T T 7 4 —(~FY IR
TFI =7/1,3% FUZFLT I)THRL7- L Z A, 1-methoxyisochroman (16j)7% 80% DX (668 mg,
3 mmol) T 57z,

IH NMR (500 MHz, CDCl): § 7.25—7.23 (m, 3H), 7.16—7.12 (m, 1H), 5.46 (s, 1H), 4.13 (dt, 1H, J = 11.0, 3.5
Hz), 3.93—3.89 (m, 1H), 3.55 (s, 3H), 3.08—2.97 (m, 1H), 2.63 (dd, 1H, J = 15.5, 1.8 H2).

AR D HNMR A7 R LS SCEEIRST & — 3 URE LTz,

1,1-Dimethoxydecane (16k) D&%

Decanal (0.78 g, 5 mmol)?> £ % / —/1(0.8 mL)i&#k(Z ., BEfE T 27 (112 mg, 0.5 mmol) Z A 2 TR T
PBEFR U7, 48 Ipf 74 SOSRIC IR ERFE/KFE T R U U LKA mL) 2 Il 2, ¥ = F/L—7 /1 (20 mLx2)
THIH L7, AHE A HKEE T MY U A CHZ A L, AIREBIERE LTz, HAERMES Y 5
NATETa~ T T T 4 —(~FH UIEETT L =10/1) THERL 7= &£ Z A, 1,1-dimethoxydecane (16K)
73 82% D UL Z(0.83 g, 4.1 mmol) T H A7z,

IH NMR (500 MHz, CDCls): 5 4.35 (t, 1H, J = 6.0 Hz), 3.31 (s, 6H), 1.60—1.55 (m, 2H), 1.30—1.27 (m, 14H),
0.88 (t, 3H, J = 6.0 H2).

AR O TH NMR A7 b L3 SCRRAEDT & — B LA E L7z,

2-(4-Methoxyphenyl)-1,3-dioxolane (161)D&kk

4-Methoxybenzaldehyde (1.36 g, 10 mmol) & /L k¥ b U =5 /(1.8 mL, 11 mmol)d—=F L 7' Y 22— /)1
(2.2 mL, 40 mmol)¥&Ai#% (2, TBATB (48.2 mg, 0.10 mmol) % Il %2 TR T L=, 9 Bk, SUGNRICAD
FREEAKFET U U LKEKA mL)Z Iz, Y=F e —7 /120 mL x 2) THiH L7z, AFEE %2 KRR
fer R U LATHEEEZAB L, AIREBIERE Lic, MAEBMZS VTN ATLou<x NI T 74—
(~F Y UER T F L =5/1) TR L7 & Z A, 2-(4-methoxyphenyl)-1,3-dioxolane (161)73 52% DI = (0.94
g, 52.1 mmol) TE L7z,

'H NMR (400 MHz, CDCls); 6 7.41 (d, 2H, J = 8.4 Hz), 6.91 (d, 2H, J = 8.4 Hz), 5.76 (s, 1H), 4.15—4.12 (m, 2H),
4.04—4.00 (m, 2H), 3.81 (s, 3H).
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A TH NMR 75 SCRRERSY & — £ LRE L7z,
Methyl 4-(1,3-dioxolan-2-yl)benzoate (16n) D& Ak

Methyl 4-formylbenzoate (985 mg, 6 mmol) & 4 /L k & ~ U =F /(1 mL, 6.6 mmol) D> =F L > 7' J =2 —)L
(2.2 mL, 40 mmol)¥A#Z 2. TBATB (48.2 mg, 0.10 mmol) & Nz TSR FHIFR L7z, 48 FRfiith. SRz am
FERERAKZE T BV o 2KSEA mL) 2Nz, Y=Fro—7 /020 mL x 2) THit L=, AHE %2 Sk
e R U LATHEEEAE L, AIREZBIERE L, MAERMZS VTN AT Hou<x NI T 74—
(Y UIEEEE =T L = 5/1) TR L7- & 2 A, methyl 4-(1,3-dioxolan-2-yl)benzoate (16n)7% 48% DI
(599 mg, 2.9 mmol) TH&E B 7=,

IH NMR (400 MHz, CDCls): § 8.06 (d, 2H, J = 8.4 Hz), 7.56 (d, 2H, J = 8.4 Hz), 5.86 (s, 1H), 4.15—4.10 (m, 2H),
4.09—4.04 (m, 2H), 3.92 (s, 3H).

AR D HNMR A7 R L SCEMEIST & — 3 LRE LTz,

2-(Thiophen-2-yl)-1,3-dioxolane (160) D& B

Thiophene-2-carbaldehyde (673 mg, 6 mmol) & 4/ k¥ ~ U =F/1(1 mL, 6.6 mmol)>—=F L > 7 J 21—
J1(2.2 mL, 40 mmol)¥A#k1Z. TBATB (48.2 mg, 0.10 mmol) Z 1z TR FHEE L=, 24 BRI, OGRS
IR FET B U U AKBRA mL)Z Nz, Y=F Lz —T /(20 mL x 2) THiH L7z, Aig)E %2 K
s N U U ATHIRE A L, ARERBIEREE L, AR E S VBTN AT A a~w NI T 7 ¢
—(~F Y U T L = 5/1) TR L7 & 2 A, 2-(thiophen-2-yl)-1,3-dioxolane (160)2°% 36%7 I (337
mg, 2.2 mmol) T 5 7=,

IH NMR (400 MHz, CDCls): § 7.36 (d, 1H, J = 5.0 Hz), 7.17 (d, 1H, J = 3.7 Hz), 7.00 (dd, 1H, J = 5.0, 3.7 H2),
6.13 (s, 1H), 4.18—4.10 (m, 2H), 4.07—3.99 (m, 2H).

AR D HNMR A7 R LS SCEEIRST & — 3 LTRE LTz,

2-(4-Chlorophenyl)-1,3-dioxolane (16p) DA%

4-Chlorobenzaldehyde (422 mg, 3 mmol) & AL s ¥/ ~ U =F /L (1 mL, 6.6 mmol)O—=F L > /Y a2 —/L
(2.2 mL, 40 mmol)#&i#% (2, TBATB (48.2 mg, 0.10 mmol) & Il 2 TR F i L7z, 24 B§ftL. SOGIRICER
FRREEKSET B U 0 DOKEIR(A mL) 2 A, Y= Fm—7 /020 mL x 2) Thi L7z, AHE 2 MoK
e R U LATHEEEAB L, AIREZBIERE L., MAERMZS VTN AT Lou<x NI T 74—
(~F YU IEEBE=T L = 511) TR L7 & = A, 2-(4-chlorophenyl)-1,3-dioxolane (16p)/% 80% 7 UL (443
mg, 2.4 mmol) TH L7,

IH NMR (400 MHz, CDCls): § 7.42 (d, 2H, J = 8.2 Hz), 7.35 (d, 2H, J = 8.2 Hz), 5.79 (s, 1H), 4.14—4.08 (m, 2H),
4.08—4.02 (m, 2H).

AR O TH NMR A7 L3 SRS & — B LIAE LTz,

55—IH : Table 3-4-1 (2R3 % Ehk

— % 3ZBRiE « Benzaldehyde dimethyl acetal (16a, 24.0 mg, 0.15 mmol)?» > 7 11 11 A % 2-(0.75 mL)IRIE 2.,
2,2-bipyridyl &b A A@EENZ, 7R, 0°C THEE L, 30 0%, U=/ F— (134,
44 pL, 0.3 mmol) & N 2 Be#k L7z, 2 Bpffik, BafiEKE T MU U LKEHEG mL) 2z, Y7 ma X
4 (15 mLx2) T U7z, BOKAREET N U 7 A CHub i Uiz, I8k 2 IE” £ L, A L7z 193, 9a
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BLOEE 162 DINERE 12-AF LU VA F TR B (20 pb)ZEE L LT, TH NMR OFE 4558 e
SREM L,

entry 1: 2,2"-bipyridyl (70.3 mg, 0.45 mmol) & TMSOTf (54 pL, 0.3 mmol) Z i L T, —#xFEBRIEIZHEV K
JiaL7= & Z AL 19a(0.14 mmol, 95%) A3 15 5 7=,

entry 2: TMSOTT (54 pL, 0.3 mmol) 2/ L T, —MXEBRIEITIEVSUL Lo & 2T A FURTBEHEIZHETT L
72

entry 3: 2,2-bipyridyl (70.3 mg, 0.45 mmol) Z {1} L T, —fxEBIEICHEWIS LTz & Z A, 16a(0.15 mmol,
quant.) 23 B S ALz,

entry 4: 2,2"-bipyridyl (35.1 mg, 0.225 mmol) & TMSOTf (28 pL, 0.15 mmol) Z i F L T, —fEBRIEICHEWN
Bt L= & Z A, 16a(0.009 mmol, 6%) & 19a (0.141 mmol, 94%) 2315 & 4172,

entry 5: 2,2"-bipyridyl (7.0 mg, 0.045 mmol) & TMSOTf (5 uL, 0.03 mmol) Z i L T, —#xFEERIEITHEV K
s L7=& Z A, 16a(0.069 mmol, 46%) & 19a (0.0585 mmol, 39%). 9a (0.003 mmol, 2%) 7235 5 7=,

entry 6: 2,2"-bipyridyl (35.1 mg, 0.225 mmol) & TMSCI (19 L, 0.15 mmol)Zff Fl L T, —fREBRIEITREV K
Jia L7z & Z A, 16a(0.1305 mmol, 87%) 23 [EIUY X 417=,

entry 7: 2,2"-bipyridyl (35.1 mg, 0.225 mmol) & TMSBr (20 pL, 0.15 mmol)Zf# f L T, —fREBRIEICHEV K
I L7z & Z A, 16a (0.126 mmol, 84%) A3 Al X7,

3-Methoxy-3-phenylpropanal (19a)

IH NMR (500 MHz, CDCls); § 9.80 (dd, 1H, J = 2.3, 1.8 Hz), 7.39—7.30 (m, 5H), 4.69 (dd, 1H, J = 8.5, 4.0 Hz),
3.23 (s, 3H), 2.91 (ddd, 1H, J = 16.5, 8.5, 2.3 Hz), 2.64 (ddd, 1H, J = 16.5, 4.0, 1.8 Hz).

AR O TH NMR A7 b L3 SCRRAERS & — B LIAE L7z,

Table 3-2-2 |2 B9 % EEh

—WRFEBRYE XU XT LT e RYAF LT & X —/1(16a, 24.0 mg, 0.15 mmol) DY 7 1 A # (0.75 mL)
R, B Y Y F5EK(0.225 mmol) & TMSOTF (28 L, 0.15 mmol) & iz, 7 /L2 S F 0°C T
PR L7, 300, >V b ) T — h(13a,44 uL, 0.3 mmol) Z iz CHEHR L7=, 2 Wit fufniRme/k 5
F R U T AKEEGEmMLE A, Y7 un A X A5 mLx2) Tl Lz, SKEERT N Y O A THEEL A
L7z, AREBIEREEL, LTz 193, 9a L OYGE 168 DINEAZ 1,2- A F L I FF £ /(20
plL) & AEE & LT, THNMR OFE N B FH LT,

entry 1: ©°U 272-(18 pL, 0.225 mmol)Z i/ L T, —MEBRIEICIEVWIS LTz & Z A, 16a (0.045 mmol,
30%) & 9a (0.093 mmol, 62%) 7235 5 7=,

entry 2: 2-t° =1 J 2(22 pL, 0.225 mmol) Zffi ] L T, — M FEBEIZWEWSUG L7z & 2 A, 16a (0.057 mmol,
38%) & 19a (0.0075 mmol, 5%) & 9a (0.048 mmol, 32%) 7345 5417z,

entry 3: 2,6-/LF 2 /(26 L, 0.225 mmol) Zffi H L T, —XFEBRIBICEVWIG L7z & 2 A, 16a (0.0165
mmol, 11%) & 19a (0.12 mmol, 80%) & 9a (0.006 mmol, 4%)73 5 HiL7z,
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entry 4: 2-7 = =/L U /(32 L, 0.225 mmol) Z il L T, —ixFEBEICHEWRIS LIz Z A, 16a
(0.048 mmol, 32%) & 19a (0.1005 mmol, 67%) & 16a (0.001 mmol, trace) 3 #F & 417z,

entry 4: 2,2"-bipyridyl (35.1 mg, 0.225 mmol)Zffi f L C, —#xFEBRIEIEWIG L= & Z A, 16a (0.009
mmol, 6%) & 19a (0.141 mmol, 94%)»3 %5 H 417,

Scheme 3-4-2 (B9 % 5

TN FEHRA T 0°C T, NMR F = — 7 H1® 2,2-bipyridyl (17.6 mg, 0.113 mmol) & X X7 /LT & R
AFNT H—(11 L, 0.075 mmol)DE Y 7 1 a A Z 1(0.75 mLIATRIZ, TMSOTF (14 pL, 0.075 mmol)
ZIN %, 30 2t *HNMR % #I7E L7z (ChartN), JlE% > U v= /7 Z— k(134,44 uL, 0.3 mmol) Z /i % T,
2 IRfE#£ 12 'H NMR ZIE L 72(Chart O), & HICfafnREE/KFET b Y o L/KEEK (L mL) % 1z TG %
EIEL, Y Zun XX UREITKEMATHE L7 *H NMR %7 L 7= (Chart P),

W5 I : Table 3-4-3 |24 % EB

— W FEBRYE « T Z —/1(16, 0.15 mmol) DT 7 1 m A & (0.75 mL)IARRIZ, 2,2'-bipyridyl (35.1 mg, 0.225
mmol) & TMSOTf (28 uL, 0.15mmol) & iz, 7/ T P& T 0°C THiHR L7z, 30 0%, v V=) F
— (134, 44 pL, 0.3 mmol) & M HEFR L7z, BB T, SRR AKFE T b U o 2KEEKRG mL) 2N %,
vruana A& A5 mLx2) Tl L7z, AHE %2 BOKEEET N Y © ATk, A L7o, AIREITEE &
L. HERME L VAV T Ara~ 7T 7 4 — TR LT,

3-Methoxy-3-(4-methoxyphenyl)propanal (entry 1, 19b)

1-(Dimethoxymethyl)-4-methoxybenzene (16b: 54.7 mg, 0.30 mmol), 2.2’-bipyridyl (70.3 mg, 0.45 mmol)¥ X
Y TMSOTf (54 pL, 0.30 mmol) Z i J§ L T—fxFEERIEICTEV 2 RS L7z & 2 A, 3-methoxy-3-(4-
methoxyphenyl)propanal (19b)7% 71% MY 2 ((E)-3-(4-methoxyphenyl)acrylaldehyde & 2,2’-bipyridyl DEE
¥y, ¥eE = 40.6 mg) T LT,

AR IR (ATR) cm: 2935, 2904, 2837, 2731, 1722, 1671, 1601, 1572, 1511, 1462, 1443, 1425, 1393, 1353,
1300, 1247, 1174, 1126, 1101, 1070, 1029; *H NMR (500 MHz, CDCls3): 6 9.78 (dd, 1H, J = 2.5, 1.5 Hz), 7.25 (d,
2H, J = 8.5 Hz), 6.91 (d, 2H, J = 8.5 Hz), 4.64 (dd, 1H, J = 8.8, 4.5 Hz,), 3.81 (s, 3H), 3.20 (s, 3H), 2.90 (ddd, 1H,
J =16.5, 8.8, 2.5 Hz), 2.63 (ddd, 1H, J = 16.5, 4.5, 1.5 Hz); 3C {*H} NMR (125 MHz, CDCls): & 200.8, 159.4,
132.2, 127.8, 114.0, 78.1, 56.4, 55.3, 51.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C11H1403Na 217.0835;
Found 217.0849.

3-Methoxy-3-(4-nitrophenyl)propanal (entry 2, 19c)

1-(Dimethoxymethyl)-4-nitrobenzene (16¢: 29.6 mg, 0.15 mmol), 2,2’-bipyridyl (70.2 mg, 0.45 mmol)3 L T
TMSOTf (54 pL, 0.30 mmol) Z 8 L T —#x FEBRIEICHEV 2 RIS LTz & 2 A 3-methoxy-3-(4-
nitrophenyl)propanal (19¢)/3 & &:1J(2,2°-bipyridyl & DiEA; #EE 93.0 mg)lZf&F b s,

AR, M.p. 64-70 °C; IR (ATR) cm™: 3079, 2934, 2828, 2730, 1722, 1682, 1601, 1519, 1455, 1396, 1344,
1293, 1228, 1180, 1104, 1071, 1052, 1013; *H NMR (500 MHz, CDCls): § 9.79 (dd, 1H, J = 1.8, 1.0 Hz), 8.25 (d,
2H, J = 8.8 Hz), 7.53 (d, 2H, J = 8.8 Hz), 4.83 (dd, 1H, J = 8.5, 4.5 Hz), 3.28 (s, 3H), 2.95 (ddd, 1H, J = 17.5, 8.5,
1.8 Hz), 2.67 (ddd, 1H, J = 17.5, 4.5, 1.0 Hz); 3C {*H} NMR (125 MHz, CDCls): & 199.1, 148.1, 147.7, 127.3,
124.0, 77.6, 57.2, 51.3; HRMS (ESI-TOF) m/z: [M+H-OCHgs]* Calcd for CgHgNO3 179.0577; Found 179.0575.
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Methyl 4-(1-methoxy-3-oxopropyl)benzoate (entry 3, 19d)

Methyl 4-(dimethoxymethyl)benzoate (16d: 31.5 mg, 0.15 mmol), 2.,2’-bipyridyl (35.1 mg, 0.225 mmol)¥ L O°
TMSOTf (28 pL, 0.15 mmol) Z {55 FH L T— M FEBRIEIZIEV 6 IRFEISUL L7z & 2 A methyl 4-(1-methoxy-3-
oxopropyl)benzoate (19d)73 & £:1(92.5 mg, 0.15 mmol)iZf5F B a7z,

HAE R, M.p. 51—56 °C; IR (ATR) cm: 2925, 2850, 2731, 1719, 1161, 1578, 1436, 1414, 1348, 1278, 1177,
1103; 'H NMR (500 MHz, CDCl5): § 9.79 (s, 1H), 8.05 (d, 2H, J = 8.3 Hz), 7.41 (d, 2H, J = 8.3 Hz), 4.76 (dd, 1H,
J=9.0, 4.3 Hz), 3.92 (s, 3H), 3.25 (s, 3H), 2.94—2.88 (m, 1H), 2.66—2.62 (m, 1H); 2°C {*H} NMR (125 MHz,
CDCls): 6 200.0, 166.8, 145.7, 130.2, 130, 126.5, 78.2, 57.1, 52.2, 51.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C12H1404Na 245.0784; Found 245.0792.

3-(4-Chlorophenyl)-3-methoxypropanal (entry 4, 19e)

1-(Dimethoxymethyl)-4-methoxybenzene (16e: 28.0 mg, 0.15 mmol). 2,2’-bipyridyl (35.1 mg, 0.225 mmol)¥ X
N TMSOTf (28 uL, 0.15 mmol) Z i I U C— M SEBRIEIC eV 1 REIROG L2 & 2 A, 3-(4-Chlorophenyl)-3-
methoxypropanal (19e)7% 90% DY 2 (25.2 mg, 0.14 mmol) TH 5417,

MY IR (ATR) cmel: 2828, 2253, 1724, 1491, 1408, 1091, 1015; *H NMR (500 MHz, CDCls): § 9.78 (dd,
1H, J=2.0, 1.8 Hz), 7.35 (d, 2H, J = 8.8 Hz), 7.27 (d, 2H, J = 8.8 Hz), 4.68 (dd, 1H, J = 8.8, 4.5 Hz), 3.22 (s, 3H),
2.89 (ddd, 1H, J = 16.5, 8.8, 2.0 Hz), 2.62 (ddd, 1H, J = 16.5, 4.5, 1.8 Hz); 13C {*H} NMR (125 MHz, CDCls): &
200.1, 139.0, 133.9, 128.9, 127.9, 77.9, 56.8, 51.5; ESI-HRMS m/z: 221.0322 ([M+Na]*); Calcd for C1oH110.CINa :
221.0340.

3-(4-Bromophenyl)-3-methoxypropanal (entry 5, 19f)

1-(Dimethoxymethyl)-4-methoxybenzene (16f: 34.7 mg, 0.15 mmol), 2,2’-bipyridyl (70.3 mg, 0.45 mmol)35 L Of
TMSOTf (54 pL, 0.30 mmol) & L T EBRIEICHE 2 BEfRE L7z & 2 A, 3-(4-bromophenyl)-3-
methoxypropanal (19f) 7% 88% ® ¢ =:(32.1 mg, 0.14 mmol) T1& 417z,

AR Y); Mip. 145—149; IR (ATR) cm™: 2988, 2932, 2896, 2824, 2725, 1724, 1591, 1486, 1404, 1344, 1297,
1228, 1180, 1102, 1071, 1010; *H NMR (500 MHz, CDCl3): 6 9.78 (dd, 1H, J = 2.0, 1.8 Hz), 7.51 (d, 2H, J = 8.5
Hz), 7.21 (d, 2H, J = 8.5 Hz), 4.66 (dd, 1H, J = 9.0 Hz, 4.0 Hz), 3.22 (s, 3H), 2.89 (ddd, 1H, J = 16.5, 9.0, 2.0 Hz),
2.62 (ddd, 1H, J=16.5, 4.0, 1.8 Hz); 3C {*H} NMR (125 MHz, CDCls): § 200.0, 139.5, 131.9, 128.2, 122.0, 77.9,
56.8, 51.5; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C19H1102BrNa 264.9835; Found 264.9858.

3-(4-((tert-Butyldimethylsilyl)oxy)phenyl)-3-methoxypropanal (entry 6, 199)
1-(Dimethoxymethyl)-4-methoxybenzene (16g: 42.4 mg, 0.15 mmol), 2,2’-bipyridyl (35.1 mg, 0.225 mmol)¥ X
Y TMSOTf (28 pL, 0.15 mmol) Z i L T — M EBRIEIZEV 6 RIS LTz & 2 A, 3-(4-((tert-
Butyldimethylsilyl)oxy)phenyl)-3-methoxypropanal (19g)7% 84% ¥ #(36.9 mg, 0.13 mmol) T3 5417,
FEAJRY; IR (ATR) cm™: 2930, 2858, 1725, 1607, 1509, 1471, 1391, 1362, 1255, 1168, 1100, 1071, 1010; *H
NMR (500 MHz, CDCls): 8 9.78 (dd, 1H, J = 2.5, 2.0 Hz), 7.18 (d, 2H, J = 9.0 Hz), 6.83 (d, 2H, J = 9.0 Hz), 4.62
(dd, 1H, J=8.5, 4.5 Hz), 3.20 (s, 3H), 2.89 (ddd, 1H, J = 16.5, 8.5, 2.5 Hz), 2.62 (ddd, 1H, J = 16.5, 4.5, 2.0 Hz),
0.98 (s, 9H), 0.20 (s, 6H); °C {*H} NMR (125 MHz, CDCls): § 200.9, 132.8, 127.7, 120.2, 99.9, 78.2, 56.4, 51.6,
25.6, 18.2, -4.4; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C16H2603SiNa 317.1543; Found 317.1551.

3-Methoxy-3-(2-methoxyphenyl)propanal (entry 7, 19h)
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1-(Dimethoxymethyl)-2-methoxybenzene (16h: 27.3 mg, 0.15 mmol), 2.2’-bipyridyl (35.1 mg, 0.225 mmol)¥5 &
O TMSOTf (28 uL, 0.15 mmol) & i F L C— M FBRikICie vy 2 REfE L= & 2 A, 3-methoxy-3-(2-
methoxyphenyl)propanal (19h)73 & &#(32.0 mg, 0.15 mmol)iZ 15 H 417z,

HAOJIRY; IR (ATR) cm™: 2936, 2827, 2725, 1722, 1601, 1589, 1489, 1462, 1438, 1398, 1355, 1283, 1238, 1181,
1161, 1100, 1066, 1048, 1026; 'H NMR (500 MHz, CDCls): § 9.81 (dd, 1H, J = 3.0, 2.0 Hz), 7.38 (dd, 1H, J = 7.5,
2.0 Hz), 7.30—7.26 (m, 1H), 7.01 (t, 1H, J = 7.5 Hz), 6.89 (d, 1H, J = 8.0 Hz), 5.12 (dd, 1H, J = 8.5, 4.0 Hz), 3.83
(s, 3H), 3.30 (s, 3H), 2.74 (ddd, 1H, J = 16.0, 8.5, 3.0 Hz), 2.68 (ddd, 1H, J = 16.0, 4.0, 2.0 Hz); 2°C {*H} NMR
(125 MHz, CDCl3): 6 201.5, 156.5, 128.7, 128.3, 126.3, 120.8, 110.3, 72.9, 57.1, 55.2, 50.1; HRMS (ESI-TOF) m/z:
[M+Na]* Calcd for C11H1403sNa 217.0835; Found 217.0839.

3-Methoxy-3-(3-methoxyphenyl)propanal (entry 8, 19i)

1-(Dimethoxymethyl)-4-methoxybenzene (16i: 27.3 mg, 0.15 mmol), 2,2’-bipyridyl (70.3 mg, 0.45 mmol)¥ L O
TMSOTF (55 pL, 0.30 mmol) Z i i L C— M FEBRIEICHEV 2 BEEISL L7z & 2 A 3-methoxy-3-(3-
methoxyphenyl)propanal (19i)7% & &#J(29.7 mg, 0.15 mmol)(Z45 &5 172,

IR, IR (ATR) ecmt: 2937, 2826, 2727, 1722, 1600, 1586, 1487, 1455, 1434, 1398, 1346, 1316, 1286, 1262,
1181, 1154, 1104, 1066, 1040; *H NMR (500 MHz, CDCls): 6 9.79 (dd, 1H, J = 2.5, 1.5 Hz), 7.29 (t, 1H, J =85
Hz), 6.91—6.88 (m, 2H), 6.86—6.84 (m, 1H), 4.67 (dd, 1H, J = 9.0, 4.0 Hz), 3.82 (s, 3H), 3.25 (s, 3H), 2.89 (ddd,
1H, J=16.0, 9.0, 2.5 Hz), 2.64 (ddd, 1H, J = 16.0, 4.0, 1.5 Hz); 23C {*H} NMR (125 MHz, CDCls): 5 200.6, 160.0,
142.1,129.8, 118.8, 113.5, 111.8, 78.5, 56.8, 55.2, 51.6; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C16H2603SiNa
317.1543; Found 317.1551.

2-(Isochroman-1-yl)acetaldehyde (entry 9, 19j)

1-Methoxyisochroman (16j: 24.6 mg, 0.15 mmol), 2.2’-bipyridyl (70.4 mg, 0.45 mmol)33 & T TMSOTT (55 pL,
0.30 mmol) Z i ] L CT— i EBRIEITHE 24 IFfH s L7z & 2 A 2-(isochroman-1-yl)acetaldehyde (19j)7%
84% DY (22.2 mg, 0.12 mmol) T 5417z,

AR, IR (ATR) cmt: 2928, 2853, 1721, 1492, 1453, 1426, 1376, 1340, 1281, 1246, 1192, 1160, 1105,
1036; *H NMR (500 MHz, CDCls): 6 9.81 (dd, 1H, J = 2.9, 2.3 Hz), 7.22—7.18 (m, 2H), 7.16—7.13 (m, 1H),
7.05—7.02 (m, 1H), 5.30 (dd, 1H, J = 6.6, 5.2 Hz), 4.18—4.14 (m, 1H), 3.84—3.79 (m, 1H), 3.07—3.01 (m, 1H),
2.95—2.86 (m, 2H), 2.71 (dt, 1H, J = 16.6, 2.9 Hz); 3C {*H} NMR (125 MHz, CDCl3): § 201.4, 136.3, 133.9,
129.2,126.8,126.5,124.4,71.7,63.8, 49.4, 28.8; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C11H1202Na 199.0730;
Found 199.0746.

3-Methoxydodecanal (entry 10, 19K)

1,1-Dimethoxydecane (16k: 30.3 mg, 0.15 mmol). 2,2’-bipyridyl (70.3 mg, 0.45 mmol)33 JX TX TMSOTT (54 pL,
0.30 mmol) % f# f L C— M FEBRIEITHE 24 FERFSGR L7= & 2 A, 3-methoxydodecanal (19K) 73 53% MDY=
(17.2 mg, 0.08 mmol) T/& 5 7=,

MR, IR (ATR) ecm™: 2991, 2926, 2855, 2724, 1725, 1614, 1587, 1514, 1495, 1463, 1380, 1302, 1248, 1197,
1163, 1100, 1036, 1019; 'H NMR (500 MHz, CDCls): & 9.81 (dd, 1H, J = 3.0, 2.0 Hz), 3.73—3.68 (m, 1H), 3.35
(s, 3H), 2.60 (ddd, 1H, J = 16.3, 7.5, 3.0 Hz), 2.52 (ddd, 1H, J = 16.3, 5.0, 2.0Hz), 1.61—1.59 (m, 1H), 1.52—1.47
(m, 1H), 1.35—1.23 (m, 14H), 0.88 (t, 3H, J = 7.0 Hz); 13C {*H} NMR (125 MHz, CDCls): § 201.8, 76.3, 56.8,
48.0, 33.8, 31.9, 29.6, 29.5, 29.5, 29.3, 25.0, 22.7, 14.1; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C13H260>
237.1825; Found 237.1823.
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3-(4-Methoxyphenyl)-3-(2-((triethylsilyl)oxy)ethoxy)propanal (entry 11, 19I)
2-(4-Methoxyphenyl)-1,3-dioxolane (16l: 27.0 mg, 0.15 mmol), 2,2’-bipyridyl (70.3 mg, 0.45 mmol) ¥ X T}
TESOTTf (68 pL, 0.30 mmol) A fifi fl L CT—xF2EREEITHEV 24 REH S L2 & 2 A 3-(4-methoxyphenyl)-3-
(2-((triethylsilyl)oxy)ethoxy)propanal (191)7% 84% ™ X #(42.8 mg, 0.13 mmol) THF 5417z,

MR, IR (ATR) cm™: 2954, 2911, 2875, 2836, 2729, 1726, 1612, 1586, 1512, 1460, 1414, 1351, 1297, 1249,
1174, 1096, 1035, 1016; *H NMR (500 MHz, CDCls): 6 9.79 (dd, 1H, J = 2.5, 1.5 Hz), 7.26 (d, 2H, J = 8.5 Hz),
6.89 (d, 2H, J = 8.5 Hz), 4.82 (dd, 1H, J=9.0, 4.5 Hz), 3.81 (s, 3H), 3.72—3.70 (m, 1H), 3.42—3.36 (m, 2H), 2.90
(ddd, 1H, J = 16.5, 9.0, 1.5 Hz), 2.61 (ddd, 1H, J = 16.5, 4.5, 2.5 Hz,), 0.94 (t, 9H, J = 8.0 Hz), 0.59 (g, 6H, J = 8.0
Hz); 3C {*H} NMR (125 MHz, CDCls3): § 201.1, 159.4, 132.7, 127.8, 114.0, 76.9, 70.0, 62.2, 55.3, 51.7, 6.7, 4.3.
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C1sH3004SiNa 361.1806; Found 361.1819.

45 —IH : Table 3-4-4 |29 % EBR

—WRFEBRIE © T & —/1(16, 0.15 mmol)D T 7 mu A X (0.75 mL)IEIRIZ, 2,2-bipyridyl (77.0 mg, 0.45
mmol) & TMSOTf (55 uL, 0.3 mmol) & Nz, 7 /L2 KPS T 0°C TR L=, 3045#%. 1,35-F U A |k
XL RV UHDHWEIT VL RU AF LT 0.3 mmol) N2 B4R U=, SO T4, fafniRigk
F U T AKEEIEGEML) EI A, Y7 aa A X (15 mLx2) Tt Lz, AHE & BKERE T U 7 AT
Wil A L7z, AREMTEEEL, HAERWEZ S VDXV AT K a~ N7 T7 4 —THRRLTZ,

Triethyl(2-(phenyl(2,4,6-trimethoxyphenyl)methoxy)ethoxy)silane (entry 1, 17a)

2-Phenyl-1,3-dioxolane (16m: 22.8 mg, 0.15 mmol), 1,3,5-trimethoxybenzene (51.1 mg, 0.30 mmol) ¥ &L T}
TESOTf (69 pL, 0.30 mmol) % ff ] L CT— i SEERIEICHE WV L RFRISGR L= & 2 A, triethyl(2-(phenyl(2,4,6-
trimethoxyphenyl)methoxy)ethoxy)silane (17a)7% 90% X 2 (58.9 mg, 0.14 mmol) TH53 5417z,

R, IR (ATR) cmt: 2955, 2876, 1592, 1493, 1457, 1417, 1326, 1225, 1204, 1150, 1120, 1088, 1006; H
NMR (400 MHz, CDCls): 6 7.37 (d, 2H, J=7.3 Hz), 7.24 (t, 2H, J = 7.3 Hz), 7.14 (t, 1H, J = 7.3 Hz), 6.12 (s, 2H),
6.10 (s, 1H), 3.87—3.76 (m, 2H), 3.80 (s, 3H), 3.68 (s, 6H), 3.65—3.52 (m, 2H), 0.94 (t, 9H, J = 7.8 Hz), 0.59 (q,
6H, J = 7.8 Hz); 3C {*H} NMR (100 MHz, CDCls): 5 161.0, 159.9, 143.3, 127.3, 126.0, 125.8, 110.9, 91.3, 74.1,
70.1, 62.1, 55.8, 55.2, 6.7, 4.4; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C4H3s0sSiNa 455.2224; Found
455.2229.

Methyl 4-((2-((triethylsilyl)oxy)ethoxy)(2,4,6-trimethoxyphenyl)methyl)benzoate (entry 2, 17b)

Methyl 4-(1,3-dioxolan-2-yl)benzoate (16n: 42.3 mg, 0.2 mmol), 1,3,5-trimethoxybenzene (67.2 mg, 0.40 mmol)
¥ LT TESOTS (90 pL, 0.40 mmol) & fifi F L CT—Mx FEBRIEIZHEVY 2 FEFBUG L7z & 2 A, methyl 4-((2-
((triethylsilyl)oxy)ethoxy)(2,4,6-trimethoxyphenyl)methyl)benzoate (17b)7% 43% D UL 3(42.2 mg, 0.09 mmol) T
Bohi,

HEAJIRY; IR (ATR) cmt: 2952, 2876, 1721, 1607, 1457, 1435, 1417, 1276, 1225, 1205, 1151, 1119, 1039,
1018; *H NMR (400 MHz, CDCls): 5 7.91 (d, 2H, J = 8.4 Hz), 7.43 (d, 2H, J = 8.4 Hz), 6.12 (s, 1H), 6.10 (s, 2H),
3.85—3.77 (m, 2H), 3.80 (s, 3H), 3.66 (s, 6H), 3.64—3.54 (m, 2H), 0.94 (t, 9H, J = 7.8 Hz), 0.59 (q, 6H, J = 7.8
Hz); *C {*H} NMR (100 MHz, CDCls): & 167.4, 161.2, 159.8, 149.3, 128.7, 127.5, 125.8, 110.1, 91.1, 73.6, 70.1,
62.1, 55.8, 55.3, 51.9, 6.7, 4.4; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for CzH3307SiNa 513.2309; Found
513.2279.

Triethyl(2-(thiophen-2-yl(2,4,6-trimethoxyphenyl)methoxy)ethoxy)silane (entry 3, 17¢)
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2-(Thiophen-2-yl)-1,3-dioxolane (160, 31.8 mg, 0.20 mmol), 1,3,5-trimethoxybenzene (67.2 mg, 0.40 mmol)is X
TN TESOTT (90 pL, 0.40 mmol) Z i A L C— M FEBIEIZHE 6 IRFfRI S Lo & 2 A, triethyl(2-(thiophen-2-
yl(2,4,6-trimethoxyphenyl)methoxy)ethoxy)silane (17¢)%% 63% UL = (55.2 mg, 0.13 mmol) TH S i1z,
AR, IR (ATR) cmt: 2952, 2911, 2875, 1604, 1590, 1456, 1417, 1225, 1204, 1148, 1119, 1087, 1039,
1014; *H NMR (400 MHz, CDCls): 6 7.14 (dd, 1H, J = 5.0, 1.4 Hz), 6.86 (dd, 1H, J=5.0, 3.7 Hz), 6.82—6.81 (m,
1H), 6.29 (s, 1H), 6.13 (s, 2H), 3.84—3.72 (m, 2H), 3.81 (s, 3H), 3.75 (s, 6H), 3.66—3.50 (m, 2H), 0.93 (t, 9H, J =
8.0 Hz), 0.58 (q, 6H, J = 8.0 Hz); °C {*H} NMR (100 MHz, CDCls): 5 161.1, 159.8, 146.8, 125.8, 123.9, 123.7,
109.7, 91.1, 71.7, 69.8, 62.0, 55.8, 55.3, 6.7, 4.3; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C;2H3405SiSNa
461.1788; Found 461.1800.

Trimethyl(2-((1-phenylbut-3-en-1-yl)oxy)ethoxy)silane (entry 4, 18a)

2-Phenyl-1,3-dioxolane (16m: 22.5 mg, 0.15 mmol), allyltrimethylsilane (48 pL, 0.30 mmol)33 & O* TMSOTT (55
uL, 0.30 mmol) % Fl L C— i FEBRIEICHE 24 BERILIS L7z & 2 A, trimethyl(2-((1-phenylbut-3-en-1-
yl)oxy)ethoxy)silane (18a)7%° 83% ™ I #(32.9 mg, 0.13 mmol) T H 47z,

MR IR (ATR) cml: 2956, 2866, 1642, 1493, 1453, 1250, 1097; *H NMR (500 MHz, CDCls): § 7.35—7.25
(m, 5H), 5.81—5.73 (m, 1H), 5.05—4.98 (m, 2H), 4.31 (t, 1H, J = 6.9 Hz), 3.71—3.69 (m, 2H), 3.43—3.34 (m,
2H), 2.62—2.57 (m, 1H), 2.43—2.38 (m, 1H), 0.11 (s, 9H); 13C {*H} NMR (125 MHz, CDCls): § 142.0, 134.9,
128.3, 127.5, 126.8, 116.8, 82.3, 69.9, 62.0, 12.6, -0.4; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C15H240,SiNa
287.1438; Found 287.1446.

Trimethyl(2-((3-methyl-1-phenylbut-3-en-1-yl)oxy)ethoxy)silane (entry 5, 18b)

2-Phenyl-1,3-dioxolane (16m: 22.8 mg, 0.15 mmol). trimethyl(2-methylallyl)silane (52 pL, 0.30 mmol)¥ X T}
TMSOTF (55 pL, 0.30 mmol) Z I L C— R EBRIEITHEN 3BFHISUE L7 & 2 A, trimethyl(2-((3-methyl-1-
phenylbut-3-en-1-yl)oxy)ethoxy)silane (18b)7% 99% MY = (41.3 mg, 0.15 mmol) T H 417z,

AR, IR (ATR) cm™: 2956, 2866, 1453, 1250, 1135, 1094, 1057, 1027; *H NMR (500 MHz, CDCls): §
7.35—7.25 (m, 5H), 4.75 (s, 1H), 4.69 (s, 1H), 4.44 (dd, 1H, J = 8.0, 5.7 Hz), 3.72—3.65 (m, 2H), 3.42—3.33 (m,
2H), 2.58 (dd, 1H, J = 14.0, 8.0 Hz), 2.31 (dd, 1H, J = 14.0, 5.7 Hz), 1.73 (5, 3H), 0.10 (s, 9H). 13C {*H} NMR (125
MHz, CDCls) 6: 142.5, 142.4, 128.2, 127.5,126.7, 112.6, 81.4, 69.9, 62.0, 46.5, 23.0, -0.5. HRMS (ESI-TOF) m/z:
[M+Na]* Calcd for C16H260,SiNa 301.1594; Found 301.1582.

(2-((2-(4-Chlorophenyl)-3-methylbut-3-en-1-yl)oxy)ethoxy)trimethylsilane (entry 6, 18c)
2-(4-Chlorophenyl)-1,3-dioxolane (16p: 27.8 mg, 0.15 mmol), trimethyl(2-methylallyl)silane (52 pL, 0.30 mmol)
B L OV TMSOTS (55 pL, 0.30 mmol) A fifi H L C—fXSEERIEIZHEV 6 FE G L7z & 2 A, trimethyl(2-((3-
methyl-1-phenylbut-3-en-1-yl)oxy)ethoxy)silane (18¢)7% 96% ™ I3 (44.9 mg, 0.15 mmol) THEHH 7=,
AR Y; IR (ATR) cmt: 2956, 2866, 1489, 1410, 1374, 1250, 1135, 1088, 1062, 1014; *H NMR (500 MHz,
CDCly): 6 7.30 (d, 2H, J = 8.5 Hz), 7.23 (d, 2H, J = 8.5 Hz), 4.75—4.74 (m, 1H), 4.65—4.64 (m, 1H), 4.43—4.40
(m, 1H), 3.70—3.67 (m, 2H), 3.37—3.34 (m, 2H), 2.55 (dd, 1H, J = 14.2, 7.8 Hz), 2.27 (dd, 1H, J = 14.2, 6.0 Hz),
1.71 (s, 3H), 0.11 (s, 9H). 3C {*H} NMR (125 MHz, CDCls) &: 142.0, 140.9, 133.1, 128.4, 128.1, 112.9, 80.8, 70.0,
61.9, 46.4, 22.9, -0.5. HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C16H250,SiNa 335.1215; Found 335.1205.

HIUIA : Scheme 3-4-3 |ZFH4 A FEBR

— W FEBRYE - T RIS T 0°C THEE T & ¥ —/L(16mor 16a, 0.15 mmol) & fIENE T /L5 & K(10a
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or 10b, 0.15 mmol)®» > 7 v 1 A & -(0.75 mL)¥E#K I 2,2 -bipyridyl (0.45 mmol) & SiOTf (0.3 mmol) % /N %
Too  BUSEHEZ 30 3% . SKEZFE(0.3 mmol) 2 I 2 i U7z, BOSHHE 2 L N ISR T IR #R R . Al
FREEAKZET U &7 2KEIKGEmML)EMNZ, Y7 ma A %2 A5mLx2) THitl L7, EARREET R U oA
THER A1 LTc, AIREBIERE L, AR LIERKISDFEEIOINRZ 1,2-2AF L o A F "B
(20 pL)ZANEE L LT, H NMR OFEFREE S LTz,

eqg. 1 : 2-Phenyl-1,3-dioxolane (16m, 0.15 mmol) & decanal (10a, 0.15 mmol), 1,35- kU A hF <X 2-(0.3
mmol) % {# L CT—fSEERIEICHEV 1 RIS L2 & 2 A, 17a 28 94%4ERE L. 10a 73 88%[aIIY X u7-,

eq. 2 : 2-Phenyl-1,3-dioxolane (16m, 0.15 mmol) & decanal (10a, 0.15 mmol), trimethyl(2-methylallyl)silane (0.3
mmol) & ffi F L CT— i SEBRIEICHEV 3 RFISUG L7 & 2 A, 18b 73 99%ZER% L, 10a A% 89%IRIIL S 417z,

eq. 3 : benzaldehyde dimethylacetal (16m, 0.15 mmol) & decanal (10a, 0.15 mmol), 13a (0.3 mmol) % fEH L T
— I SEBRIEICHEWV 2 IFREISUS L7 & 2 A, 19a 23 95%4E A L, 10a 2% 92%IRN X 417z,

eq.4 : benzaldehyde dimethylacetal (16a, 0.15 mmol) & cyclohexanecarbaldehyde (10b, 0.15 mmol), . 13a (0.3
mmol) Z ffi F L CT— i SEBRIEICHE 2 RO L7z & 2 A, 19a 28 95%4:A% L, 10b 73 92%IRIIY S 47z,
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