E
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HNRAFF o Lid, EBWMEATOHREA AT L ORHETHS, TTH, TULREDN sp? RAHIE
ML TEXTZODFERE—DODZED 2p #IEEZ L O H AR VAR D F 4 OFELIFIEFITE L,
1901 4E1Z Norris' & Kehrmann 520 70— 7R Z R ZHMAIC, BERSHO RY 7= A % ) —)L
DR CIRRE ARIRICE LT 2 2 L0, b b 7 ==X 7 2 = b7 v I =0 A0
LA XTS5 LR E2 52D 2 EaME LinZ LITehE D, TD%, 1902 4272 V) Baeyer
I, ZNOHEADFEREN M) 7 2=V AFADF A OERICEZ2bDTHLZ LB L, Z0H
1% % halochromy(i& i %& ) & 4 £+ 1} 72 (Scheme 0-1)°,

Scheme 0-1.

+
(CeH5)3C—X (CeH5)3C  + X

—F. 7= VI KD REAHED IR NT VXV F A ORELIL, 1922 412 Meerwein 73 T X
IR T 1 D 2 ~D Wagner BE0ZLICEBW T, TIAF D F A UAFED AR ZIEB LIZONBED T
b5, T7bH, Meerwein IE, 17205 2 ~OENL D FHER O EOIFBER SbCls. AICl;, SbCly 72 & D
T — MEREEAR LT\ Lewis BB AR WD EBIICHRL 705 Z L &2 R L. 2 OIS I F 4 %

DR EZREE L2 b DO Th D LRE L= (Scheme 0-2)*,

Scheme 0-2.
C— | P — A — 45
. t—v Cl 7
1 2

AT, ZENETER DILTCWERR O X > TEITT 2B L TR 552 THY . Syl

OGS E1 UGS EOHIKR L LTHLNTWDIREND F A DihE Y TH 5 (Scheme 0-3),
Scheme 0-3. Y
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L)L, ZORBITUYEERENT, EBRICT VXD T4 0 OFENEBRNITHE O D
D&, Olah 3 1970 (2 SbFe < SbaF 11 72 & DREEVEDIR KT =A% v 5@fgh T7 L% 10
FAL DALY MEICES L, SHICENERME LTHEELIZZ L2k D’ £, 2hii3iE
A CHEZ . Olah Xk D B F 4 FE % Carbocation(H /LR B FA ) L 41T, FNRE TIEATF
A UMEIRFAL A ORFR & LT IUPAC TRH LTV DS,

b BRI T VAR T F A DAEREREE IR, (1) SN BRI £ D ARG DO RBERE, BET (2)
AEAFFE AR T 2 RETANE) DM, D 2 212531 Hivsd(Scheme 0-4), &6 5 DA S AERKT
DHNRAFA AL, WO T =4 L OFEAEAERIC LD ZEEZZ T TWD, @E O
WP CIIEMOEWALZERMFETHY . HHICHE L TRERTES T2 5,

Scheme 0-4.

(1) Rq_ R™ + L (electronegativity : L>R)

(2) >/ETTE+-————+ >+GE (G=C, N, O, efc.)

HNVKRAF A DRIGREEIE, KREL 220 KBITE S, FHlX. WVRITFAUDNERT D EE

IZRERNOREZESS T 7 b > ORBERHEITT 5 6 O(Scheme 0-5-A), 725 1%, AR L= LVR
NFH PN INEZ L T HEEEEZESE, TOBRTREARELERIETLHHDOTHD
(Scheme 0-5-B),

Scheme 0-5.

A B

1) Nucleophilic Substitution

R+ Nu —— R-Nu | //i§<?
| +
i | 4) Addition

2) Elimination
— /
R+ >—< - \%

3) Rearrangement

+
M+ B —— ™ + BH
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IS ZODKISRRIEIE, AL TIERNERWEERIED 12 Th Y | FRTHTE ORISR
1%, SN UGS E1 i & L CREMICAFZE S LT D (Scheme 0-3), F£7-%FH O ISKRIEIZ OV T
T % W92 S 1. Wagner-Meerwein #5(i2'<° Pinacol #5078, RV =V BYL /e ¥ O BRSO, 4L
T4 DATFAUEFITHISH LTV 5 (Scheme 0-6),

Scheme 0-6.

Wagner-Meerwein Rearrangement

Polyene Cyclization R

pos

COXIETNFRNANTDNRDF A AT Bex ROEDRNZERTREL LTHOEATNDN, £h
H & & BT 5 2 LT E OFRMET TIETREHE LV, Ll SEIZR~<72 XL 512 Olah 1%, @it
PETREZME DRV Y SO, X2 SOLCIF 72 E OEEESe, e CTh 2~ ¥ 7 |(FSO3H+ SbFs) 72 & & Fv
LIETTNARANDTFAPEOT 0 M OBEEZIH L, ARE T TTva—aeonn 7 AbT L%
WINBAERT DB IVRTF A D HNMR R0 IR 227 F L ORIEICHZh L TV % (Scheme 0-7)"°, %
oy ZOHEC X VE =R T TRIE RINRIF A OBINC LRI L, Z ORI L EA A
VR EMEN TV D,

OH\\i\\ ///// [>/
/ \

a. FSO3H SbFs b: SbFs/SOz C: HF/SbF5/SO2
5
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HIVKR B F A OREET., WOk T =4 N X ARSI F A U IRBICHEHERE ST 5 B
U D EHIE DR £1-, ST EROETREEARY TOTERERITLLTFD 5212 K5
/C‘% 50

A HEIEHEIC LD LEEL

AT N F N F A DLEMEL, B <H R <EBEROIATIE LT o720, Bk LR

TNF A ANTAERT D L EISEH B KO RO VR F A ~FEME{d 5 (Scheme 0-7), Z D% E
MYDNARL 2R D DHER S, BT AV RBISHEE LT AV EOBIEDRTH D, BEIZK LI,

FAHLOZED 2p B L BHET S C—H A O EMES FIESHE/FERN LT, AR F A
@ AT 25RO Z L Th H(Figure 0-1), TOMEDERWIE, ATFNLEN oL HEREL, =F

b, TREMIRDIZONT/IhEL 2D, DO, HERBIROT VXNV TF AL TE T F VI T4

UL EETH D,
Figure 0-1.
B ]+
+
H///
&—H
2
H
X L i
CHs (CHa)C'
B 7 U—NHEOIEHRIC KDL EN
HFFUVIRBIIRCBUVBRBR EOFEERNMES LTS E. TOINVRIT A AIFEFEERELEO nET

I XD IERERR GERLENMZR) TRERLE(EZ T D, TDID, KT 3 DDHEFRMHE
GLIERNITV = AFADFEY (LN, NUT U= ATV AL LT OHE N FALDF A
vETBH) OELIE, BIRTOHOREICHFIETEDINAITF AT, KT H NI TV =LA E ) —
RN A DRFICERTE D, o, TOMEIX, I F A RFEDspHIRARIE T P HikEE
EHLTWDLDICHR L, 3ODOFFRITBA DAL MIKFEDONAREE 2R T 5 7-01c7 17
BNZKIBBER LN TV D, LnL, ZOREOR LN TIEZOLERITLDNA T, FER LICET

HEEPEERIEE & O & SICZER D F A 3~ B S Tu 5 (Figure 0-2)',
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Figure 0-2.
NHMe

N cr
+
MezN NM62

methyl violet

C ~TuRric szl

ERLOMBRIIREINDI~AT R, RERFELD QEIWICRERTETHLD, ZOHFHIE
MRIC K> THRET D2 ONVRAF A NIAZENT D EBEZOND, Ll @FIEA~T vifodk
EERICE DL FEDIREZ LEDDTD, ~Tulf 1O a-BIVRIF A NIRELEND, 2
DEEANRIT, ~T v 7O TRICERIE (7 X BH)RBER (T v ax v B)DBaIcKkE <,

TR X > 2B iGN R D F A &£ Z L2 T& 5 (Figure 0-3),

Figure0-3
X) X - O, NR
)\ - )K

Flo, AT T TRERSNI A T A L, Sv1 BUS O PRACTE 72 REFA & L TERIK

JET LI LIV STV % (Scheme 0-8)'2,
Scheme 0-8.

R'OH

o) o
Romzx Rom OR

RO °

+
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Eschenmoser Salt
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D B G L DL El

AF A LN E G FRNOPRMRE S TAEICAFET D n, . o, L3 dE T, AFA o9
DRFEDZED 2p BB EMHAERAT 52 L TROREE B T=ZHT, ZOMFEIL, BEELEEFED 15
LLTHION, 3ODREHRBND D,
i) JR#FE—IRFE _HEAOBE

JIVRNVR D TR NV AF VR b ALEM DT & FFALBISIZBNT, P AAF 8
& n BT OMXBLED anti D6 T DT & b X ARG D BEE L, n B3 720 D2 10"
53 < 72 % (Scheme 0-9-(1)), —J5. MIXIELE D syn DGA. ZOHE T n BT 2320 b DI~ 10°
T % (Scheme 0-9-(3))"%,

Scheme 0-9.

OTs —
K TsO + AcOH R
anti Ab \I II - + (1 )
/ k = N 7 ‘
OAc

L OTs - + w OAC
N -TsO AcOH
s
k=1 I |
TsO.) TsO ; AcOH <i:I]
sy A& - Sl (3)
28 k=10 I |
INHLDORERIV, BN AL VIEORMBEEICEELZ 52X TWAZERHLNTHY

WZAEBMOBIEL Y T A oL b nBFPHEFERHLTWD Z R0, T72bb, (H)AD
Ba. T A OSRILEIZ LD X DI PR VEOS R ER L 20 2 Q)R
By NUATFVENBBE L TER LA F A BT VAR L 72 %I2 7 & bR AN EITT 5
e LREOAEEIR R ON D, £z, Mo ZRALEWEZ A OTZREOIRICB N TS, nEFIZX

% ROREE D L R S b, (Figure 0-4)'2,

Figure 0-4.
_OTs OTe _oTs

k = 5X10° - k =1.9X10° k=11
4 / 7
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iy v7ur7rneLEoihi

vruZuab A, YT R VEE UCUIRERBED VR F A RENDRR DY . £
DORFIT 7 = = VIS 5, 2Ry 7 a7 v get hF 4 RLOYmmNy 7 ar ek
% 2 %4534 5 SLIKED EE (bisected conformation) & & 2 AT, V7 1 X u R B O gt b A
(HOMO) A B2 1 F 4 b D220 2p Wil LM EAEH LT VLB ITHFET 5720 Th D, — 5.
ZOEJENS 90° 7 v u eV ElEL L 72 854 (perpendicular conformation)iZ X, = ® & 9 72k

EOMBERPN NS R VBET D F AU Ea2LEbT % 2 L 1T TE 22V (Figure 0-5)',

Figure 0-5.
H
bisected conformation perpendicular conformation

iii) ~T 1R A ORI

HILHE T2 b ONT i3, FrICAR RS 2R d, fliE. 77U 3 LU ERISIZER
WTHEE RO 2 (T v F VIR EOT UV RIRELZ G A L2556 GEM L S 7ok BRI,
TRO XS RG22 5, 2070, TAa—LTERRICBHBELTR-Z/ ) as Fehx

% (Figure 0-6)",

Figure 0-6. _ _
RO RO
RO\ RO 0" RO 0 , RO\ 4
RO~ O Lewis acid | RO N <, RO /R\ ROH RO- QO ..
RM X B —— - n O RO —
OAc O\fo 07 OAc
iz SIS=RVN B ‘,




E FHHERMIC XL D 2ENl
(@An+2)H D n B2 b OHERR P E LR R Y = %, —RICHABIE L & 2720 LEICR D, Zh
XA FAUEOBE LFRET, @n+d)n B RO LDIT—EFE TR £5 &, HFEBMEZETLRER

LA 72 % (Scheme 0-10)°,

Scheme 0-10.
DDQ, HCIO . Ph Phcio,
<A>———;——L ClOoy >opn PDQHCO. - o
AcOH ! AcOH
' Ph PH

IED X SIZ, BNRAF A DREITIT, BT DkAx REHRIEODENEH N TND, £DT7
B, HIVRIF AL 2 EHT D06 TR, WD B O/ S EOE N T F A > b OB
RES R D, LIz >T, BF A POAHEOHELEWREZ 5 £ EFHT X, IARTFA
BT DRISRADNR A F A ZRBA T IR KSBHfFFETE 5, £ 2 CERIL, FRILER)
FLELT ) ~TrEFORBEHE BXO Q) 7V —NEORBEHRICEAL, TOHRICEST
BEMS T TINR A FF o BEERT DM EITH 2 LT Lle, £T~T v iR 2 I H
L7epOsz BA%E L kIic T U — LV o3RS 20 R 2 F T U 72 SOSHI ORI & G R SUS~D IS &2 1T - 72,
PLTFIZENZEN ORI ETER LIc RIS OB 2 280 . R OEIZ OV TR~ %,

(1) ~7 v DI R

AT R BICBREIR (7 2 E)CmER (T a2 x NI O~T i1 X0 b IEZhRIC
LD DF AL DREAENDIRL , ZTND D a-HARIF A 34 RSO TR E L TR S
TWb, TOAF AU FEOAEMBRRKIE, (1) ~Taf1fa LinkE LICh 2 BB %2 | #2 720%
PEALAIOTEAE F OB S % b d(Scheme 0-11)7L, (2) =F IR ) —)L=—FT LR Y ~T

PR OB LT N VR RE A & RS S5 B DO(Scheme 0-12)D, 2 DIZKBITE 5,
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FFHIE T, ~T RO REFIH LIoER/ESED 15T, &HICERT 5 ~7 v ilrolt

W EAL % O T Te A FA BT RIR & 720 | SR ZRREF 2 5 2 L7 EBBUS T A D,

Scheme 0-11.
OSiM93 o)

[Wwéi:5Me BFYOE, gy [\i>\w/ﬂ\Ph

N
| |
COzMe 92% COzMe

e — o

| |
CO,Me CO,Me

FLBEBETIE, ~TrEFCEBINTZA LT 0 VEBREFHEISL THLWEGZA L,
AT RO RE Z T T F A P ERT D, ZONTFH U FEE LT DEROREFHI L D
FgiE, REFEEZMET OO EERISTH Y, ARKETHHEBEICHY GRS, ZOEKRLE
NFF T, EOEFEROT NVFNMALKIER EDREFHE L THHINDZ EbHDD, <D

AlE. RS IERC D K THIK R L TH VR = AR D0, AR UT= I F 4 o FEAS it
T =F v L ROG L THM LA MIC AR E LD,

Scheme 0-12.

SR e e Sy S
0 *m)K\ o 5 of)%\

OTMS MX /TMS X OM O/TMS _TMSX OH O
PhCHO + _TMSX

4?L\Ph /l\v/ﬂ\ /i\v/ﬁ\ Ph/i\v/ﬂ\Ph
PLED X5 I, BHRET(T I 7 )b 5 EEERE (7 A 2% L) O BRI X - TREL SR

TN F A A RIS 5 RISE, BlbOEE L THAKSFHERL TS,

L ZAT, WiEREIE, BBERFLRABETRKOEBEFREEZS > TRV, FLAE R L DG
IR SN D, Loy UFEBIL, BdEE T & KRR T 0 3p-2p MO n FHEEMIE, BRFEFT & &
JZF D 2p-2p MWD FEAEFIZH AT D 0MT/NSWe b fid R (7 /4 3 0 F A H) O i 2 i3 i
FRF(TNVax ) OHREED b/AI 0, ZHUE A MR VELDLWVIIATFATFAEE b OLEE

i O W FR B TE 0 & Ll % L A & 7T d % (Table 0-1)"8,
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Table 0-1.
RX

RX
(0] Km (0]
<\ H + H,O —> <\ H + Hz0"
OH o
(0] Kp 0]
RX@—< + H,0 Rx@% + HO"
OH on

RX H CH30 CH3S
Km/Kp 1 25 1.87

Thebb, ZEEFEBOBMEEIIFER EOBEREORE-CME CEILT 5, FriCE 1k 50 E
N TRLR AV MLIZ 8 25 BTGB R OB TRRILENME T L, — 5 A Z AL H 2561213,

LIRS RN IC G 2 DR BT/ NSV, DD, A X EHRZEERE L ST BRSO
DI EHER LTz & & NTEBRLEFBROBME DK FRN/RKE WV E DI & BEHILO LB R % 5% 1)
TWDHZ LD, NIMBDLWIIAZUCT L ax VR EIIT A AT A EE b OREEFR O
fEEEERZNET D &, NI T AT FEE L OLRRBFEHBDOIZONT NV ax v iErbob 0K
DB DR RIS, ZOFRELY, TAFIAFAIEDIEINT L aFx kL0 b mg)R
DINSWZ ERbDIND,

LinL. TAFAFAEOLENREFM LRI Z @G sn. iz, 770 9F 47k
2= LR =)V AT 4 R AW T [4+21 IR AL RS R 1,3- BUR - H IS 72 £ 53 & % (Scheme

0-13)",
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Scheme 0-13.

/

S BF3-OFEt,

O/ = AN
s 55%
s
THF
e
0 s 88%
_Ph
)N . e th(JOTf)S @
Ph 75% N~ Ph
H

/N
»w O

C

0
.t _Ph toluene Ph—N"—~SPh
PR™ N+ ~gpn
0 81%

Ph
Flo, FEODOMEETHE =N AT 4 KT T IOF AT X =V ZH o, B-AREaFlh v

= AL B & D2+ 2B RS % #H LT % (Scheme 0-14)%,

Scheme 0-14.
i 0 SMe chiral catalyst o 9 COMe
o) NJ\/ACOZMe o 06! okN <>
0

- SMe - MeS~ “SMe
i o SEt chiral catalyst Q0 9 COMe
o) Nk/ﬂcozlvle + = ; o)ka<>
- Me o1 " Me” “sMe

ZZTERIL, TAFATFAEOWEHRIER L, I T o OF AT =2 H0SH L
FISOBFEE B Lz, 778bb, 77 VFF 782 =N, o, B-RaFIAI VA= bEWMED
FOSTCRA2MMBICILEME 52D Z B> TnWh, LorL, TATE RRT X — /L% KE
FIE)E LTS SEIE, BALBISIZEITEFTICTT VR VTF F D a (AT T VR B F 4 vk
Do TOAFH L% ZDERROIISOREFAI & THUT, REAINU) & OSSED Z L THR

fE G &K T & 5 & & % 7= (Scheme 0-15),

Scheme 0-15.
B A B - A B
+ N ,SR < SR
<j> + A/gﬁ/SR ——————*'<:j/\ma, <:j>><;n!
SR SR SR
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=113
E

DFEN, TV TFET XNV ERANDZET, FOF LT 4 VENLITREFHIB L OSKREARID
MEZEG L TN SELZ N TE, R L T3ROS EFERTELEEZ2T-, ZOK
ISDFEIZOWNWT, H—E TS, RIS, DARDF AL ZRISTEERTIE AR KISH & LTHIH

THZELICHKREZ LS, Bl FA ORI E GRRSS~DIEH Z1T > 72,

() 7V — L E D IR

T U — VOISR LSRR R S S OB AT CEEIRS NI A NVR I T A L, BIRTH
FICHHTE2b0OMREL, M T2V AF U TALF L EAF, ) FADF 4L LIER)TE S
HHEHDD—DThb, ORI FADFALOEOITF., N Fth e R, HER EICK~
IREHIL A OBEARNBEIC AR, Bt S, X7 =4 OENWTEOZEESCHEN R D L
MHENTWD, TOEMIET, $HETD RV T V=L RAZ )= Z b Y T U =)L A Z 2

SRBITART D Z LN TE 5H(Scheme 0-16),

Scheme 0-16.
Ar HX or aq. HX AgX Ar
Ar—)—OH - 9 Ar——Y
Ar Ac,0 Ar
Y =Br, Cl

triarylmethylium ion salt
(trityl salt)
X= BF4, PFG, C|O4, B(CBF5)4, efc

L L, ST 27 va—inb b FAMEEKRT 256, BOKENE-C R IR R 72 & R
Al WD 720, AROBRICHWIZ R ENFRFICIRVIAEN D AR H D, ZDT0, Mk
MU FNBF A 2ARTDEEE. InT D a F AR A2 B S8, KL TERT S
TEPRROND,

MU FEIIROSEAE LT LT LTRSS TWS, FlxiX, Yk FeFEFBRILEMIZ Y T

WAEERSED & ZNNBLAE LCTl&  BUKFE SN ERILEWE 52 5. (scheme 0-17)%,

Scheme 0-17.
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k=114

o SRV TT Y ARI VLR EOBBERT L UERIE, Y FABERISLTE RY
RROT L ax s REBI &I, KT 5 b F 4 L S IC 2 X 5 (Scheme 0-18)%, & B #)IC

LML R ROT L adk sy FREELG RPN DEBOT T RNE A DNDH, FEMITAHTH

Do
Scheme 0-18.
MeO //Fe(CO)s Tr'PFg MeO |/\/ﬁFe(CO)3
| 95% L
CP(OC)Mo__ TPFs  CP(OCLMo _ PFe
Et0" 0 Ohc 99% g o\ OAc

5, PUFAEITZLewisiBE L THIEH L. 70 K=K< Michael £, 77U 222 b

LSS ORI & 72 % (Scheme 0-19)%,
Scheme 0-19.

Michael addition
_ ¢ TBSO )
OSiMe, Bu cat. Tr'ClO, | I

0
S 81% S

syn/anti < 5/95

Aldol reaction

OSiMe3 . (e} OSIMe3
| cat. Tr'CIO4 |
X + PhCHO Ph
7%
synlanti = 64/36
Glycosidation
BnO BnO
OAc cat. Tr'ClO,
o] + SiMe; : - O—_w"™F
7 97% ‘
BnO OBn BnO OBn

Ubo Xz, MY FABRTERBISORAE LT LZLITAVWLR TS, Ll AEILEY
DERBRAERE L WRREZET THWDITHEr006 T, Ly M) FAROERRITIEICHEEFER LO

BT OMENCR SN TR Y, T LWEISHEZ &5 b U FAEDOERUITIARIRA TH 2,

FITEHRIT, LW MY FAEE LT TFHOEFITEWVLE T 7 Z LD 1,8 M) 2oD k

VFNATFA AL TSN T A ARGt Lic, ZOMXDOTHFAAMEMIINET
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BRRENTZZ LT HFHNOEFITITVNLEIZ 2 OO F A HPLRETE SN TWAHD, B
DR FIHFAANIRWKIGERIFF CTE D E 2T, AN 2O00OF AL FLEbLHOUN
FAALEWIE. TRObLO%E Olah HPNEEA A 44 T TAM LTV (Figure 0-6),

Figure 0-6.

Me Me
" Me Me
UL, ERICEE CLEICHBECX A F A U HITIERFICHD RS, NIFAIFA U NRET =

EATRIESNIZER (R T V= AF VT L) ALEMDBEBIL D720 T, T 6 BRIEH & LT

R S =513 £ 72720 (Figure 0-7),

Figure 0-7.
4-M9006 H4+
C6H4-4 OMe
2 BF,
+ +
CGH4-4-OMe C6H4-4-NM62

AL TIE, BEA (BT V= 2F VU L) \LEMORIRLE 2Nz WD RIEDORERIZOWT,

HoRE, R, FNE TS,
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J. Chem. Soc. 1959, 2773.

23 (a) Pearson, A. J.; Zettler, M. W. J. J. Am. Chem. Soc. 1989, 111, 3908. (b) Rubio, A.; Liebskind, L. S. J. Am.
Chem. Soc., 1993, 115, 891.

24 (a) Mukaiyama, T.; Tamura, M.; Kobayashi, S. Chem. Lett. 1986, 1017. (b) Kobayashi, S.; Murakami, M.;
Mukaiyama, T. Chem. Lett. 1985, 1535. (c) Mukaiyama, T.; Kobayashi, S.; Shoda, S. Chem. Lett. 1984, 1529.
(d) Kobayashi, S.; Murakami, M.; Mukaiyama, T. Chem. Lett. 1985, 953.

2 Prakash, G. K. S.; Rawdah, T. N.; Olah, G. A. Angew. Chem. Int. Ed. Engl. 1983, 22, 390 and references
cited therein.
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F—' TTUUTAT 'Y E R T RS

Bof WS
Frif Tl ~7z &9 IS OGN RIT RIS MBRIEF ORIV b i/~ S0,

DI, E=VALT 4 RROTFT U UTAT Y — Vi EORMER N ER LA LT 0 VHEIT,
TFIRT ) NI =T NI EDOERF MBI NER L7247 0 R ASKRE AN
T D RIGPEDME LS Kig EIC X KGR SZFIZ< v, LinL, Lewis fg7e & 2 1E M LAl & LCTH
WD BFASRCEN R NS DSA, MR 0N ER LA L7 ¢ VIR, [2+2]. [4+2FNBRE OGS 1,3

— BHGEF A IEIG 72 EDBALIE DR NPT ) 7 4 b LTEHS 72, Atz =y P& LTHRIME

ATV 5 (Scheme 1-1,1-2) ',

Scheme 1-1.

X X
A~ w S BF3:OEt, _ /J\T
OAT/\/\KTE;} o | —— §;&<2

L

S THF S
/

[;LD+ :g> £;¥>
88%

0]

Pr.SIO . SMe  MeAI(OAr),
OMe

MeS
(0] 67%

.CO,SiPrs

55%



Scheme 1-2.

SPh
-Ph
)N . gy AL YDOTH
Ph 75% N~ “Ph
H
o SN-PD toluene Ph\N”O SPh
| + ZsPh
@) 81% PH
PhS
MeOQC% LIC|O4
CO,Me | _~8pPh MeO,C._|
— r CO,Me

— 5 Fx O RECHLRERFNER LA L 7 0 VEEHVARIGERE L TS, Thbb,
o, B-REEFHNVR=UUbLEMIZRI L, T TV F AT X —NARE= VAT 4 R, T asOrF )L
AT 4 RIgEDF VT ¢ VD Lewis BRIMEAFLE T C2+2IMBRAL IS Z2 =232 2 Z 37 (Scheme

1-3-a), 2

Scheme 1-3-a.

)k SMe chiral catalyst Q0 9 COMe
0 JK/ACOZMG + :< - OJKNJK<>
— SMe o0% L/ Mes™ “sMe
ji SEt chiral catalyst 0 9 COMe
o k/\cone = - OXN&?
e Me o1 L Me” “sMe
i 0 N O O COMe
- chiral catalys =
o) MCOZMe + Bu—=SMe ; OJ\NJ&@BU
\ / 92% \ / Vi
MeS
Ph/Ph
hiral catalyst PhVO]}OH +  TiCl(O'Pr)
chiral catalyst : i r
5 Md o, _oH TR
Ph Ph

PLERARZZBALES IR, BICET T o PF AT X == VAL T ¢ RBRE AN LT
N NTFFIED BALCTREBEST D Z L TalfliZHVRADF A NEL, KIZ, LT 4V ORBEH
BIZLS>TELEDTNOT =F N ZO DT H A EIGT D2 ETREMET D, TDH, X

JERMFIZ X o TIHBUERDO A F A LB T 7 2 ie EORIKISAHEIT L, BRALAERY & IE R <



-z 720545 S & 5 (Scheme 1-3-b),

Scheme 1-3-b.
O O . O O CO,Me
SMe TiCly(O'Pr),
OJWJ\/\mMe+ = - OJW
\ / SMe 100% \ / ‘
MeS SMe

R FRER LA VT ¢ VEHER WS T, 20 &5 REBERIEEM Z 52 20Ok & LT
I UOFAT A =M M) TAF affiRE N = FAL T U EREED LA LT 4 LR
LIV TFAT v E—ABELNDIERT T v OF AT v H— VDA LT 4 AT ORE T &
BOS. PUFABDFANTELE B R &HE 2B T 2 RKEA ORISR ERET D

(Scheme 1-4) 3,

Scheme 1-4.
s pr CF3CO,H, Et;SiH CS "Pr
(= 3/
o)
S Ph
s D —— (10
s T 78%
o)
OTMS
@ _ PhyCBF, N@ fBuo& O Ph Sj
M 82% Ph™ X 78 77% tBUOW\S
BF,

F7o. B2 AT 0 REHAWEFRBROKGTIX, Lewis BB IEMELAIE T 57 0T RED AL

R - U 77 3% 5 (Scheme 1-5)%,



Scheme 1-5.

OBn SnCl Qe
4
. A{
I SPh 82% OH SPh
(syn/anti = 4/96)
Et;SiO g, i
B TiCly Bu
+ PhCHO
e 86% ~ eh
SMe (syn/anti = 99/1) SMe OH

Ll ZHBHERILEME G52 2GS TIE, BIRMEEWE/RLIED XL 5 A L7 4 LD
W€ N ZIUTKEFF D D WITRBAZBATEDRINTIZEAERLS, FT v I9FFTEZ—L
RE= NV ALT 4 RRE2=y FELTRIASRTW Y, 22 CTEFT. BIRMEEW 255 ]G
EHBERRILEME G LIS EMAEDLEDL I LT, MERFAEBE LA LT 4 2O D8 LW
JREHETCE DB, Thbb, AL 7 4 VEPRETHENCRELBELEBRICATLLZT =4
VHEAVT 4 DI TF A AL E UG LW KO AZHIE L, & TN D B B 7o 22 sREEAI(NU) & s
NI F A L L SRR SUE L. RETFHBLOA L7 ¢ B REAIO =5y 03 B8 Tl

fi LT AbEMNR T Ry hTHETE 5 X 91272 5 (Scheme 1-6),
Scheme 1-6.

1 ,R1 R1
R E i) Nu™

Y
E* + ZJ\KSR RZ%SR —+> 2 _SR
i R
R R3 ii) ﬁ 3Nu

R3

FLT7 4 HELTE= AV ANT ¢ REBER UGS CSREFAI L BOS U TAERKRT D0 F 4 i
—ODTNVNFXNTFFEONROHLTLRENIND, ENIIR L, FT o oFFT7 =R
G, B LT TF A UL, oD T VX NTF A TLEN SIS (Figure 1-1), £ 2T, Vs 4L
T4 ELTUE, BFAVFEOLEENE =LAV T 4 REDEEWEEZOND YTV OF 4T %

A=)V ST LIT LT,



Figure 1-1.
SR
+
X SR
+

E

SR
E+ + /\( . //SR
SR i+
SR

TTUVTET X VOEMIET, EICRKRES) AV 7 g4k, (2) Tk, () B e b
ML T A ENTEDS, AL 7 ¢ kI & B 515 TIE, Peterson 4 L 7 ¢ > {t.. Horner-Emmons

AL 7 4 b, Wittig 4L 7 ¢ AERRFERTH 5 (Scheme 1-7),

Scheme 1-7.

RS
)—SiMe
RS

RS
)—PO(OR), - 1 .
RS R RS R

RS
)—PPhgx  ——
RS

X7, TAXRNMMUIZE D HEZ, OFFT AT ANLD S-TILXR NS F A AR EEOTST =

FNTHKET DT T AT EDEN S LT 5 (Scheme 1-8),

Scheme 1-8.
RS R’ RS R’
: base - <
2 2
s R S R
1
RX RS R
RS R?
HS R base s R
2 2 - /7 2 T
s R S R

IHIZ, BT e hACEDEKRTIE, ANV N ATAERBTL L0V T AT X — L ERE
95 k7R EMRVEI B LTV D (Scheme 1-9),



Scheme 1-9.

1 1
RS R Lewis acid base RS R
RS > >
RS R? RS R?

RS R’ @ ) Q RS R’
base N S-S N‘
RS R? RS R?
T FF T RV E AW RSO O, FTE T Y — L EaREFAFE L

TR, RICE =TT AT RERBEFAL L TRV ERIZ OV Tl 2,

! (a) Denmark, S. E.; Sternberg, J. A. J. Am. Chem. Soc. 1986, 108, 8277. (b) Yamamoto, M.; Suenaga, T.;
Suzuki, K.; Naruchi, K.; Yamada, K. Heterocyclese, 1987, 755. (c) Mauoka, K.; Imoto, H.; Saito, S.;
Yamamoto, H. Synlett, 1993, 197. (d) Srisiri, W.; Padias, A. B.; Hall, H. K. Jr. J. Org. Chem. 1993, 58, 4185.
(e) Kobayashi, S.; Ishitani, H.; Nagayama, S. Synthesis, 1995, 1195. (f) Nunno, L. D.; Acilimati, A.
Tetrahedron 1993, 49, 10965.

? Narasaka, K.; Hayashi, Y.; Shimadzu, H.; Niihata, S. J. Am. Chem. Soc. 1992, 114, 8869 and references
therin.

3 (a) Hashimoto, Y.; Mukaiyama, T. Chem. Lett. 1986, 755. (b) Hashimoto, Y.; Mukaiyama, T. Chem. Lett.
1987, 1691 and references therin. (c) Carey, F. A.; Neergaard, J. R. J. Org. Chem. 1971, 36, 2731.

4 (a) Takayanagi, M.; Umamori, N.; Tanino, K.; Kuwajima, 1. J. Am. Chem. Soc. 1993, 115, 12635. (b) Mikami,
K.; Sakuda, S. J. Chem. Soc., Chem. Commun. 1993, 710.

> (a) Seebach, D.; Kolb, M.; Grébel, B. T. Chem. Ber. 1973, 106, 2277. (b) Mikolajeczyk, M.; Grzjeszczak, S.;
Zatorski, A.; Mlotkowska, B. Tetrahedron Lett. 1976, 273. (c) Lemal, D. M.; Manitt, E. M. Tetrahedron Lett.
1964, 245. (d) Kolb, M. Synthesis, 1990, 171 and references therin.



A

W T UFAT X E WD 3R G

i

—8i TV FAT =N EHWDET X — 0D O 3 A E R R

Al

%

E:Dg

TRk iz, EHEOLOMEETIE, r7 oV F 478X =B a,f-Rigfh LR =11t
B LR LT D 2 RHLTWE", 22T, EHTa, B-FEFIH VR = U LAEPICD
LREFHNE LT, [2+2]8 D WX A+ MBALBUS I Z S22 N0 EEZX BN DT X — L 2@
rT T AT ' — VDR E DT (Scheme 1-1), MLEUHANRUXT LT E RUAF LT &
Z—=NN) e T o TFAT L= 2a (ML T Z RS, IREBAKFET Y U LIKEEIK T
JSEAFIET D&, B-A MFTTFAT AT A INPREDOINKRTHE LN, ZORKERY, rT7 o VF
FT7 v H— 2a 8 Lewis BEDFAE R TT B X —/L 1 ITREKBEL TWAHZ ERNbnD ., S6ITARK
L7eF AT 270 313, PlE 4a b 503 4b OUREE TRILRNITHTE L. AV BSOS IERFIZ N 2

TeKIC K o TIKRGIRSNTER LT EEZ BN D,

Scheme 1-1.
OMe . SEt TiCl, OMe SEt ™ Toe
PY ¥ | Ph/L\ “SEt Ph “SEt
Ph™ “OMe SEt -23°C,2h
solvent
1 2a 4b
1:2a:TiCly=1:1.2:1 OMe O

H20 toluene :61%

CH,Cl, :39%

Ph SEt
3

Z 2T, ZOHHK 4 12RO VI REA & RO S UL, da D TF A U RFBIREAINDNEA S

niAbEmnfEons &2z, LhrL, 78X —N1 L7570 VF 4784 —)L 2a ([T ¥

VEERASETHRIE A ZERSE, ZIICHBEOATF LI FULEZRINLIZE Z A, BUSRITIE

WICEMEIZ 2 B ET D B-A MFv VT AT X —/L ba #HEET 5 2 L IXTE 7220 > 72(Scheme

1-2),
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Scheme 1-2.
OMe A\(SEt Ticl, OMe SEt ¢ OMe DEL,
+ > N ~
oM SEt ~23°C, 2h Ph)\rkSEt Ph*ﬁ SEt
1 2a toluene 4a 4b
_ _ _ OMe SEt
1:2a:TiCly:MeLi=1:1.2:1:5 MeLi o \<g/lEet
-23°Ctort,2h
5a trace

Z 2T, ZOMBEEMRT 5720103, BRSO RBEAORRPLETH D &F %, FHaii
LI A VT AL 2[BEABD AT LY F U AN LHRE L@k AR A5 2 b
T, RETAL, r7 o0 IFF 78X = REAIO SRONERE LT B-A XL VFATEY— L
5a % AT 72RO TR O anti IR TH 7~ (Entries 5-7)°, £7-. I Ub#E A F LU F 7 A5
LU = ARSI S Y DA L AF LY F UL OHB LAY U v ARA Tk, BN E
THLYUFAT X —/ Ba lTINEKE L E LN - - (Entries 2,4), 7235, ERT DRI 4 02 E Nk
ZE[E LT, Table 1-1 LARE DO RSIE, KNS LOEEMEDOIRWRNY 75 — T =F v &% 7 =4

LB RUAFALIA R 75— M (MesSIOTHZIEMALAI & LTV, -78 CTRIGZ1T- T,

Table 1-1.
OMe A\(SEt Me3SiOTf Nucleophile M(JO EtS\/\SEt
Ph” OMe SE _78°C, 2h [ * } _78°C, 1h Ph Y Me
1 2a toluene 5a
Entry Nucleophile Yield /% (syn/anti)

1 MelLi Complex mix.
2 CeMej trace
3 MeMgBr 32
4 Me,Culi 41 (34/66)
5 Me,Cu(CN)Li, 72 (21/79)
62 Me,Cu(CN)Liy 74 (23/77)
7 Me,Cu(CN)Li,P 71 (26/74)

0.5 h in the first step, Pslow addition over 1 h
1:2a: Me3SiOTf : Nucleophile=1:1.2:1:1.2
18



Fom B

WA, TEE 4125 LA FAVIELUANAOREEDOEANZR AL A, VF VLT EFY FRvRm
BT AT NDT ) F—h T hrOx ) T—baUSELEEIT, ZREIET D 3 plsrAEkE
L 724 04& 5b,c,d % B A4f 723 C57-(Table 1-2), Z D X 912, HHEMEDGE < 2D BUGHED @V R

B e NGB I ST 24 IME 8 DINRELSFo s Z L2 R LT,

Table 1-2.
MeO
OMe . SEt Me,SiOTF Nucleophile BtS SEt
¥ {4} ~ Ph “Nu
Ph OMe SEt -78°C,0.5h -78°C,1h
1 2a toluene 5 (syn/anti)
1:2a: Me3SiOTf: Nucleophile=1:1.2:1:1.2
Nucleophile Product Nucleophile Product
MeOEtS SEt MeOEtS SEt
Ph——Li Ph/l\7/><\§§§\ NaCH(COOEt),  pp, \\T/COzEt
AN
Ph CO,Et
5b 81% (syn/anti = 39/61) 5¢c 83% (syn/anti = 32/68)
. MeO O
OLi EtS, SEt 5d 78%
A Ph Ph (diastereomer ratio = 12/16/32/40)

Ph

19



L A
22 TRIT, BHSREAICR A TRIBE KU K& ORISERAT: L =5, KELEA(X ¥ v b

—/L 5e NINKRE L ELND Z & % R L7=(Table 1-3, Entry 5),

Table 1-3.
MeO
OMe _~._SEt Me,SiOTf [ Nucleophile EtS SEt
. 4 }
Ph™ “OMe SEt _78°C, 0.5 h _78°C, 1h Ph H
1 2a toluene 5e (syn/anti)

Entry Nucleophile 5d /% (syn/anti)

1 NaBH, Complex mix.
2 NaBH3;CN Complex mix.
3 L-selectride 48 (35/65)
4 LiAI(OtBu)3H No Reaction
5 Red-Al 85 (33/67)

1:2a: MesSiOTf : Nucleophile=1:1.2:1:1.2

UbED X, FEBRT XY —NV1ZRETHE LI T o OFAT Y =AW D 3 ks
FOSZERHT 2 ENRTE, ZORIGE B ZHACTZ AT AR bz ) F— e 0D Z LT,
Fex RERREEZ OOV T AT X —NNRN 1 OO T VT FT X —)LinD one-pot THKTE 5 2
RN LT,

Z TS, AROGDEE — xR D=, IBBEO 7 &% —/v 6 & HWW T FERD 3 s
DWW TR L7=(Table 1-4), KA L C~vu VBB AT VDT ) TF— hEEDR, TH—L
1 LRBRDOGUCTRIEE T2 2 A, THICK LEUSIXIEE A SHETET, < OFEREIR S
72(Entry 1), & Z CRIGERHZBERS LR, WitE2 hr=r by r7un 2 2 x5 &R
JSHENBIICH L, SISt VF AT L= T BREFRETELND Z ERH LR -T2
(Entries 1,2), F£7=. 1.5 FE/LED MesSIOTF Z W TG ZRATZN, T EWERLHEDHZ LT
o =(Entry 3), L22L, ~B VBT AT A0OF b U U LK EORIGER A 1R 25 2 BRI
HEET Z ETERH L, 7T v VF AT B H— VISR E AL RERIDRES LA T % 68%

DR TS = L12Th L 7-(Entry 4),
20



Table 1-4.
. MeOEtS SEt
oM SEt
M ° A\( Me;SiOTf NaCH(CO,Et), N COLEt
Ph OMe SEt -78 °C -78¢c,1h
Conditions CO,Et
6 2a 7

Entry  Conditions 7 /%(syn/anti)

1 14 h, toluene trace?
2 6 h, CH,Cl, 58 (38/62)
3P 6 h, CH,Cl, 51 (38/62)

4 6 h, CH,Cl, 68° (38/62)

3recover of 6 : 83%, "Me;SiOTf (1.5 molar
amt.), °2 h in the second step

6 :2a: Me3SiOTf: Naenolate=1:12:1:1.2

Uk, T2 —=nN%ZRETFAHAIET 5T OF A7 X = E W 3 8RS IZ DUV TR~
Teo RBORIE, 5T PF ATV —APKRETHNKELE L TEL 20 F 4 > PREDER % 723K
BAIE IS L, $IhT 20 F 47 '8 F — D RBIFRIE)D one-pot TEKTE LI 2B LT L
Teo ETBMIROT ¥ Z—NERETHETLHE, P2 ORDVIZVImr X Z o 2EEEE L
THWD LT o OFE T E—NDOT X — MRS 5 SEE NSRBI L35 2 L 250
WZLllee 770 PFAT R =N 2O OARFIEL, REAORBZNRA LT TIEEDO T Y
FATEHZ—INNOL IR B-A N TUTFT AT X —/LH one-pot THKTX D72, 7TEH—/Lh
LOF LWREHMRELEE LTH/FCTE L, TITRICINLDOMAEIEN L, TAT b RERET
FlELTHWL T OF AT | Z =D 3T ERE RIS IOV THRE Liz, & Oz RE Tk

5,
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| |

B STV FATREY—AVERGD T AT E RO DO 3 RSy RS

RIEICIX, 7R X — N ERBETHE L THWZ S T OF 4T X — O 3 plsy il KRz 2\ T

WRA_To, 2 ZTAREITIE, AIHEIOMEEZEZIZLT, 77Tk RERETFAIE LTHWS ST U F 4
T H =D 3T ERE IO TIRAND, HWAT AT RIE3-7 =17 et d 7T R
(8a)& L. =pisr H OREEANCIE, Ao i THWIZRIEZAID W CThe b BISUG 230 72 72 > 72 Red-Al
IEATZ, £ T, TEZ=AVEZPNNEGE L AEROEM T T 3 mERUSE AT R, B
T 5 3 PR S IE T B X — v O%E X0 bR THEIT L7 (Scheme 1-3), KUGME IE# ., HLARR
MEBRTRET L TELLZVINNTFVENSL MY ATFA Y VEEZREL, ST 5HB-8 Fe
FUUFAT B —/v 9aa NEGRINETH LN, ZOVF AT X —/L9aa DT T AT L AR
PR, BLREWNZ ST 82— A B WG E EI3W T, syn KEEBRLTHE2 25 Z ERH LN

- 7= (synlanti = 61/39)°,

Scheme 1-3.
, MeOEtS SEt
OMe SEt
A)\ N /\r Me3S|OTf NaCH(COZEt)z o COZEt
Ph OMe SEt -78°C,6h -78°C,2h
CH,Cl COREL
6 2a 7
6:2a: MeySiOTf: Naenolate=1:1.2:1:1.2 68% (synlanti = 38/62)
, Me3SIOEtS  SEt
O N SEt MesSiOTf Red-Al \/
P Ph H
Ph H SEt -78°C,05h -78°C,1h
CH,CI
8a 2a 2v2
8a:2a:MesSiOTf: Red-Al=1:1.2:12:1.2 H,0* HOEtS\/SEt
Ph “H
9aa

78% (synlanti = 61/39)

ZITCIORRENPYEET HZLIZHEBL, TATE REE DT 70 VF AT —V
D 3 FHTEREOGE L0 FEMICREFT 5 2 & L Lz, #10IC, Bk 72 Lewis it % AW CTZNZN DK
JGAELE L8 2 A, Lewis BEOFEIEIC L » TV T AT LA~ —0DLERL D syn/ anti=73,27 i~ 5
syn/anti=23,/77 £ CTEALT D Z ERHLNI o7, TOMEME, EIZhYV AFAL UL RY 7

— F(MesSIOTH) 2 EDANVKR UV EER DR T =4 % O Lewis FEDOHAIZIE, syn (KA EE & 720
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B A
(Entries 1-3). —Ji. =7 kAU RV =F L= — T LEEIR(BF;- OEL)C =i b7 /v I = 7 A (AICI,)
72 EDOREMEDOH HRET =4 v & O Lewis R TIL, anti (KMEET 25 2 & 23 & )T 72 - 72 (Entries
5-7). F#lZ. MesSIOTf Z W7o & &id, B E T L5V F A7 X —/L 9aa 78 78% (syn/anti = 61/39)

TH B, £72BF;-OEt Tk, ¥ F A7 &F —/L9aa s 75% (synlanti = 23/77)TH L LT,

Table 1-5.
o] SEt Lewis acid Red-Al HOEtS\/SEt
Ph/A\V/M\H ' //Qig;t ~78°C,05h  -78°C,1h " "
8a 2a CHCl, 9aa
Entry Lewis acid _ 9aa /% (syn/anti)
1 HOS0,C4Fg 42 (66/34)
2 HOTf 50 (73/27)
3 Me;SiOTf 78 (61/39)
4 TiCl, 73 (54/46)
5 SnCly 45 (32/68)
6 BF3-OEt, 75 (23/77)
7 AICl, 36 (26/74)
@workup by acidic conditions
8a:2a:lewisacid:Red-Al=1:12:1.2:1.2
Z Z TIRIZ, MesSIOTf & BF3- OEt, ® > DiEMALAII W GBRICER LR, 77 o F A7

S — L DR R - BB LD SOS O SEARRIRPELPIRIZ G- 2 2 B & i~ /- (Table 1-6), 77 TF
AT HZ = 2 OWFEFEF LOBEBENR, A TF V20 LT F IV 2a DA WELTT AT L AR
PPEIZEIZIZEA E Do Teiy, 4 Y 7 r ik 2c OEATX. MesSIOTf, BF3-OEt, & HIZHM#D
ICRIZALF L= (Entries 1-3), B F T oV F AT X - 2e 07 ==V FF T X —/L2d D
Baizix, HODIEMECHIOREEIC L 67 syn K3MESE L TH b7z (Entries 4,5), ZiLHDfEFR K
V. ZNENDOSARFMERZ BRI D 72D ORIERMFITIRO L D127 5, T80 5, (1) MesSiOTf
EIEVEALALE LERIR T oo F 4T X —2e ZHWD & syn (K& L ThH X2, £72(2) BF;-OEt,
EIEMALERIE LY 2 F AT o VF AT v X — v 2a WD & anti (k&8 L CH % 5 (Entries 2,5),

SHIT, PUSIREZ-T8 CTHhH-94 CETFIT D L EZNENDOREREN M L L, MesSIOTF 2 % &
23



- =3

[ i ]

9ae 7% 74% (syn/anti = 76/24). % 7= BFs-OEt, IV 5 & 9aa 73 74% (synlanti = 18/82) T/ b5 = &

3B B 93T 78 > 72 (Entries 6,7),

Table 1-6.
Me3SiOTf or
0] SR BF3.OFEt, Red-Al
PhA)kH ' /\S/R 78°C,05h  —78°C. 1h PhW
8a ) CH,Cl,

9a /% (synl/anti)
Entry R MesSiOT®  BF3-OEt,
1 Me (b) 65 (61/39) 78 (20/80)
2 Et (a) 78 (61/39) 75 (23/77)
3P Et (a) — 74 (18/82)
4 iPr (c) 59 (66/34) 61 (31/69)
5 Ph (d) 18 (94/6) 23 (74/26)
6 «(CHy),- (€) 77 (73127) 76 (70/30)

7° «(CHyp),- (6) 74 (76/24) —

aworkup by acidic conditions, b_94 °C

8a:2:Lewisacid: Red-Al=1:12:1.2:1.2

HO RS SR
\/

9a

ZDOLEIIT, HWD Lewis BBOXS T =4 L OFEESC 7 U F AT v X — /L OREIR - EOE A

DFEFAI K > TERD O SLAREIRVEDN BT 5B 13, syn 1K anti K E 3BT 2 BRI R

LEBRENRR DD EEZTVD,

(1) syn (koS4 LCAERT 254

syn KDL RMIL. MesSIOTE 72 & D ALK VIR DXt 7 =3 v % & OiEMALA 2 AW T2 85 A

LTHRLN, BT T o OF AT X =L LTERIRD 2 2V & S ICEOMHEMPBRLS 25, Z

. EHAEFI O T = o DREEDIERN N 75— N T =F > ThHIED, T IF 4T84

—VIRT VT e RIZREKE L THEL DA NVR I FF AL ETEHACRI O T =4 S EET 5

T EMTEP, BUREBIRESZRE L TRIST 572 T 5 (Figure 1-3s),
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Figure 1-3s.
Me3
SSi
o) OTf
H_ 1 M
© Me3SiO sﬁ
A N +
RH RJ\IAS
S S
)

(2) anti (RMESE L CTHERT 256

anti IROAERWIIE, BF3-OEL X° AICl; 72 E DX T = v i 7 Ak A F - OIS EFID & =12
BRELTHELN, I TFATrT o VF AT EE— 2a AW EEICEOEBNELS 78D, 2
DERMETIE. HODTEMACR O T =F o BDREN 2 b O, T o IF AT —AVBT LT
RICREHEE L CTHE L D IR D FF A HNAIE LRI O 7 =4 VS EAER T2 2 & 03 ATREIC 72
b, TDIh, 6 BREBINE LR, ryT v OF AT I —ADA LT 4 v EOAF AR T

MU T AALZEE LIORBEE TROSHEIT L, anti ADMERE L TR O D £ 9127k D,
Figure 1-3a.

H F

//L:SEt | F,BO  SEt
oo — M

MeR™ /07 R™ ™ "SEt
“‘F g
SEt

H anti
6 BREBRRER

Flo, BROF T o OF AT = 2e R T LN T == VO T o UF AT S —L 2d
., anti iR %152 R CRISEIT > et R OGN Y TEE & 22 Wi o SEARZER M (syn) T
R HIEF BTV % (Table 1-4, Entries 5,6), ZiUd s 7 U F 47 X — L Ok g R LEHILO
SARBEFIZ LY TEEAERIOX T =4 LR LT VAR B F A NP AEER TTE R WD EE

Z T4 (Figure 1-4),
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Figure 1-4.

6 BB EBIRE X:?
H
s
— A

H Me
-
W WY
~s S

WIZ, syn IREBH L CTH 2 550 (MesSIOTF+HERIR 7 7 o UF 4T & X —/L 2e) THEX IR T VT &
REMWTer 7 o P FF7 |8 2 — D 3 ot ) n 217 - 7z(Table 1-7s), 7235, LT Z D&% M
WIZRIS & “syn BIRAIRRIE “L IS, TORE, 4 Y T ELT LT E ROXV AT LT &
A58 RIS T 20 F AT 82—/ 903, ZHE 4L synlanti =79/21, syn/anti =81/19 DER T

% 5 7= (Table 1-7s, Entries 4,5),
Table 1-7s.

fo [ |

S Me;SiOTf Red-Al  Hz0" S_ S
TH

Lo ) o 7

R™ H S 5h,CH)Cl, -78°C,1h
8 2e 9
Entry R Temp. /°C 9 /% (syn/anti)
1 PhCH,CH, (a) _78 77 (73/27)
2 PhCH,CH, (a) ~94 74 (76/24)
3 'Pr (b) -78 58 (73/27)
4 Pr (b) ~94 47 (79/21)
5 Ph (c) —94 74 (81/19)

8:2e:Lewisacid: Red-Al=1:12:1.2:1.2
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B 5B

F7o. anti REMEH L TH 2 5% (BFOEt+ V= F V7 o U F AT X —/L 2a) THiEx 2T
NT B REHAWT 3 aEE KRN E 1T > 7 (Table 1-7a), 728, LLFZOFMEEZH W= ME%E “anti
BIN 22O EFES, £9, BF3:OEL 27 /7 & K8a lZxf LT 24 fFELEHWEEZ A, UF
F7 ' & —/ 9aa OWHENE ET5Z Lnbio7-(Entries 1-3), £ T, ZOENLTA Y Ta
NTNTE RN AT AT FICHT UG EIT 2728 TA0 BRAFRIGER TS 245K 9 234%
bz, IHIC, HBONTAMAIE 9 OFIRIEIL, Y 7o LT LTk K, RUXT AT R RBZER

Z ¥ synlanti =27/73. synlanti =23/77 ORI T anti (K& B35 Z L 38 52272 - 7=(Table 1-7a,

Entries 4,5),

Table 1-7a.
BF..OF HO EtS\/SEt
i . /\(SEt 3*OEt, Red-Al < )WAH
R™ H SEt 0.5h,CH,Cl, -78°C,1h
8 2a 9
Entry R Temp. /°C 9 /% (synl/anti)
1 PhCH,CH, (a) -78 75 (23/77)
2 PhCH,CH;, (a) -94 74 (18/82)
3%  PhCH,CH, (a) -94 81 (18/82)
42 'Pr (b) -94 70 (27/73)
52 Ph (c) -94 61 (23/77)

#BF5+OEt, (2.4 molar amt.)
8:2a:lLewisacid:Red-Al=1:12:12:12

ZD X HIZ, {EHEILHI(MesSIOTf or BF3-OEt) & 77 v U F 47 & ¥ —/1(2e or 2a) & filAG b7
TTUVTFET R E—NAD IITERIED, BONPDOT AT RICHLTHEATELZ L2056
M LTz, EZTRIC, RETHIE LTE)-7 A KT N7 v K& AV MesSIOTF & AV T £ 9" syn %
RO S EIToT2E 2 A, Table 1-7-s \Z/R L7707 B REITRR O SREIETRE KT L

synlanti =65/35 & 72 > 7=, (Scheme 1-11),
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Scheme 1-11.

O /\(S Me;SiOTf Red-Al H30" S s
+ > N7
thH SJ -78°C,05h  -78°C,1h PhW\H
CH,CI
8d 2e 272 9de
73% (syn/anti = 65/35)

8d : 2e : Me3SiOTf: Red-Al=1:12:1.2:1.2
7. BF3 Ot & FH\\ % anti BRI R EAETE)S- 7 A KT AT E REORISERAEE 25, BIY

EFTLVFAT S =L 9da ZINRELGLHZ LITTE R0, Ll EMLHI % BF;- OEt, 7

b MesSIOTFIZK 25 Z & C, 9da @ anti (K& L TH 25 Z L I2Y) L7=(Scheme 1-12),

Scheme 1-12.
0] SEt Lewis acid - H.O* HO
w . /x( Red-Al 3 EtS\ /\SEt
Ph™ X H SEt _78°C,05h -78°C,1h Ph™ X H
CH,CI
8d 2a 2z 9da

BF3°OEt; : 17% (syn/anti = 34/66)
Me;SiOTf : 80% (syn/anti = 24/76)

8d:2a:Lewisacid:Red-Al=1:12:1.2:1.2

RRLBOGS TIX, Lewis i & LT MegSIiOTF &2 FV T4 728 Scheme 1-11 (2R L 72 S & [RlBR i
RUED LB HIFE SN DA, EEITZN &3 D anti (K73 synlanti = 24/76 O CTHEE L TH
LTz, ZHUB(E)-T A KT NT v Rae HWTZGE ORISIZIW T, SRR IRMEOFEM 72 38 B 1X
EFH L TIEARV, L, [ UEHEAI(Me;SIOTHZ FIV T b F200 & 5 725850 o wids 73 96 51
LW, FT7 o PF AT v E =N O LEBILS SRR ORI R E B e KIFL T
WD EMBEZBID,

ZDO X 5T Red-Al ZREZANE T DTV F AT BY =D 3R ERERETIX, EHERA] & 7
TUUTFAT XY —VORER T EEBELEAZ RS LT, BT LT B RS syn (KB X anti {ko
R 9 ThEhz BiF @ E L IR THWMT 5 Z LTl LIz, €2 T BFs-OEt, Z 1% anti
RN LT 5 )OGS TCL Red-Al Db D IZ~va VR AT VD) b o A ZREAIE LCTH
WIAEE D IS % 1T - 72 (Scheme 1-13), LA &% 3 Al omBiE SOG ISR HEIT L7223, AR
WIEE B M 8T 7 F AL LT (o 2 o F A — L (EtSH)ASEE L 7= Reafn S 7 ko 10 & LT HE

T& 7,
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Scheme 1-13.
0] SEt BF3-OEt, NaCH(CO,Me),
A)k * /\( Ph
Ph H SEt -94°C,0.5h -94°C,1h
CH-CI
8a 2a 22

8a:2a:lLewisacid:Nu=1:12:12:1.2

—_—

Ph

HOEtS SEt
CO,Me

CO,Me
11

O
CO,M
/\/E SEt

10 75%
(syn/anti = 18/82)

W, TT o OFATHE—=NDA VT 4 AL EERLO 2f & 5T 29 2V, SEARFRMERD

ERR L 720N 3 R4y SR 21T - 72 (Table 1-8), ZDOfEHR, P=F Al F v OF 4724 — 2f & H

WHLED BRI T T AT XY=L 2g EHWEE ZITIERBNZ ERALNNI -T2, T

I BIRO T T AT =29 WD Z E T, IARI T A UHFRIRA2 ~D T VT A

TR Z = OMIMBIH SN EBEZTNWD, £, HEEEHE LTIE MesSIOTF X° BF3- OEt;

AMWD L0 ST 7 e el T2 b BWIERTHIST 5V F 47 & % —/1 9ag 03155

i,

Table 1-8.

o} SR Lewis acid OM SR
Pth ' :<SR -78°C,0.5h { PhMSR
8a ) CH,Cl, 12

Red-Al
-78°C,1h Ph
9 /%
Entry Lewisacid R=Et(f) R=-(CH,)s (9)
1 MesSiOTf 57 69
2 BF3-OEt 54 76
3 TiCl, 64 79
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GRS
Uk, 7AWFe RERETFAIE LTHWD YT v OF 47 8 &2 —L D 3 458k OSSOV Tk~
Too AFITIL, Red-Al Z3KEZAIE LTHW, EHALRIRS S 7 o U F 47 & F — L OhiE R LE UL
EAEACRET D 2 L CUEKT S B-E X UF AT X —L 9 OlNAREMEKRENENEESL
IR D e O DG FREE R LTz, ARG THOND B-t RaXx o UFA7 v & —nid, —RIZE
FRBAEEEE SN TWDH T AT e REORET )V R—R L EMifbEMTH D, ZDTDrT o VF
FTHE—NERNDIAFET, FLVWB-Et Fuxi T AT FEMEADEKEL LTHTH D,
F72. Red-Al DRV IZvm VBT AT AOF MY U LEZREHE L THWESGE S (ST 544

PAIEE/RRYALSE /NG DI NS AoV g BNty g U NSVl N B

30



5

% Mahwald, R. Chem. Rev. 1999, 99, 1095.
" Kabalka, G. W.; Wu, Z.; Ju, Y. J. Organometallic Chem. 2003, 680, 12.
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FHFE ER (MIT V= 2AF VL) ALEMORAIRE X OBILEIE~DIEH]

o
e
I

%g

FFim Chid XD MU FAMIE, BRTOLEICWADINARITF AL ED1IOTHY | UG
RAE LTHBAERICHWOEN TS, TNETIZEZL O RN FAEOFEERDERL SN TN DA,
ZNUHITEIC N FAEONT =4 RO HFR FOBEBRLELET LIZLDIZROND, FEEEST =

(R L Tl BHZICHIT &5 BFHLLIAMT PFg. ClO4. SbClg. B(CeFs)s 72 ENERE S, £
EHRFREZEBRLIELOLE LTI, NIMIICA MR UES S U EEZEALLL NI T Y — L AT
WERT L a— VR T I VEORERR L E LTRSS TS,

ZAUSK LT, 1997 FEEA DX, MY FABEOERBERICFEZMATZHFEARL LT, E7==10D
220 N U FABF A UM ELDOEA (MU T U= AFY L) (LT, E7=2=LThF
FUEMER) 1 EER LT, SHICZOET 2= A VAT A1, 2 00BN KSEREZ T2
EERE LS B BTz AV DT A AR SRV T ATRELTHE, 2000 F Al
INETIMN 1 BFRTLINET VAN ERY ZOH%TT VAT LE RS L 9,9,10,10-7 hF
7rx=-910-Y ReT7=2F U hLr 21 ZR5Z2ETHD, EHE T, T TARKLEYE R
Tz R 21T, TI=ULT VNIV (4-BrCeHs)sN'SbCls™ % 2 (5 E NV EIEHESE D L, 20 k
U7 V=N AFN— K IT V=LA AFAFEERBIEN, ET7 2= AP HFA 1 ZHETLHI LT
& % (Scheme 2-1),

Scheme 2-1.

Ar
}Ar

( » E >
Ar
u Ar / \
(O 2 /b\”
2 (4-BrCgH,)3N"*SbClg" <§;

Ar+

_ Ar — a Ar_ O*OMG
2BF, or2 SbClg

1 b :Ar = é@NMez

FEEORIEE N FAE T & FUF AT Spl RFERLOBEERKIZL S 1,1,1,2,2,2-
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e
NFY T w =S U ERL AT, DI HD R FATOHABE S SO Y FLTY

N DFFELRR BN LIAb &% 2315 515 (Scheme 2-2),

Scheme 2-2.
Ph Ph Ph Ph — Ph
e O~
Ph-7 <-Ph 2 . Ph
B Ph / Ph/L\Ph i \—=/ pp

BT 2=V U F A OESAEFEZEINI. VA7) v IRV EZ A Y =2 X AR T,
1aC1b 12T 2 2EB DR THEN 1 DO E L TCHEIESN. P FaryxF ML 2av2b iz
x4 2 2B OB 1 SO & L TERI S 41TV % (Scheme 2-3),

Scheme 2-3.

26 Ar Ar

Ar
N,
0 O p N o

2 e b :Ar= %—@NMeg
Ar E/V vs Fc/Fc*
2
1a 1b 2a 2b
Ered -0.25 -0.88 Eox +0.98 +0.28

Flo. FERLICRARIEEOBMELZ A LA E 7 2=V U B TF A 3 DHEITIE, 250
NF A POLOBITEMPENENRLRDID, A7V v IRV E A M) —IZ1ETFHDOEN 2
SBHlEN DKL, Ye a7 =t b 4 OBILEIZ2EFE TN 10O E LTSS
(Scheme 2-4),

Scheme 2-4.

Ar! N _
%A,A 2 BF, 2 . Ar! =§@0Me

Al AP
N/ ;
/ \ Ar1fz Z Ar2 Ar2 — g@—NMeZ
Ar 2e

a2 E/V vs Fe/Fc” @—NMez
3 4 _
3a  3b 4a  4b AF-[::I: j::j
T

Ered -0.36 -0.22 Eox +0.37 +0.30 ~

e

-0.91  -0.65
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SHIT, ZOERHRE T ==V AF A 3 OIRTTIEFRITI T D AT HREINEOE A7 FLBE S

NTHY ., SRV FABFAUEAICHET S 2 SOWIHEA, BITHEICBNT 1 DT oMk

THIENHERINTWD, ZORERLY, 7 2=V TF A INELINTE R 7o) b
LA ICRDLBOSIE, BTV PRR RS S L Sh T,

FEROPHFAABHLUNMCE, M) FADF A UENE T T FOER RGBS NV

FAHACEWE LA (VT V=L F UL (LEMT R EREGRIIL. ZOERILFHZFEEE

T 5 HFZEAHE D 50 TV % (Scheme 2-5)°,
Scheme 2-5.

'T\r Ar\ ;Ar

Ar *@ 2e Ar Ar A X
() = O Pl
Oty e O & 12

Ar2BF, b:X

=0
E/V vs Fc/Fc* =S
5 6
S5a 5b 6a 6b
Ered +0.03 -0.06 Eox +0.81 +0.44
2 BF,

+
Ar Ar -0.81 V vs Fc/Fc Ar Ar

- 2e
Ar Ar \ Ar \ 7 Ar

0.0 T 0 O Ar=§@NMez

7 +0.01 V vs Fc/Fc* 8

ZORIBRGTRNOEHIZ2 2D N FADTF AL E OV DT HALEWHR, EICERE T 2
BrEZITRY | BERTHEEMERINLOIWE L., PO TF T ALEMDBBAHE LT %
HEOZ L ERLTWVD, LL, YUFATALEBERRILH L L TR LS IERZEHmE 2 72 <,
ZOERFRE L TRD 2OBEZ b5, F—IiF, TNE TICEBRILFNZEENFTAIOLNTNWDL Y
NFAANEDRTH, FHRE L ATAT I ) ER OB FEEEZ L OZERLDOTHY, £
o EHE L THAT 2 72OIIZB bR R Y 722 & ThbH, BT, E7x2=1HoHNEIE
FTITFNERDO Y T F ACEM OGS, MEERIZ LY 2 2O 0 F A LB A WICHEEN I ALE I

FHELIDZET. ENEFNDOHF AL HFLOMWENBEDO N FAEEEDLL R D2 ETHD,
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W

ORI B REFRE A TERIT, FERLEIA M VESVUATFAT IV A OB L%
HL7eT, DO T 2= AT AL L 2000 F AU HLRITVNLEICEE SNEZH LAWY T
FrEAER L, ENEOSRAL FRCEBMEA S L CRIAT S 2 & 28kl Lz, Bk, F7 421
YDISNUC MY FIAAF AN E O TF A AEEMEL T, T 7 F I hF A LIRS &5

L. ENaiBbAlE LR 2 2 L 25 27 (Figure 2-2),

Figure 2-2.
Nu =< 2x
~Ph Ph 2e Ph Ph
N 7/
A e ™
X = 2e ‘O
9 10

ZOFTFACHFAL 9L, 200N FALHLRT 77X LV UVRTHRGEENTEY, 7 =L
RETF 7 F L THME SN THIER TR A T A ALEW 356 LIXR R D, 2072, 22500 F
FrH LA 7 2= LTRGBS NTE DO XD bV IEICEESNTEY . 2B FXITRo7BRIC A
F A L OREE ERSEN TG ITEITT 2 LW TE 5, £o. TIFATDTF AL QDI FF
YHNE, ATFF L RELEOFENRKIBICL S THEEDO N FAUEI Y ANZERSNDTZD, D5y
BILEING R FRIUICE 7 2= VR ETERBEINTZ VDT A ALED L0 LB 2385
T&5, IBIZ, BTHOEHELIEALEIZ2 OO N FADTFF MRS D20, FNEhOhF
AL DONRER N R E R T=A OB F A OIS D REBEE P Z 0 #<
Do FDIZD, T=ALFEEFTTTFATANFAL I ERKIESVTIGE. T =4 ORI EITEE
LCOHFHANCAM~DBELFBHNLZY . OO F A AW NBREAlE LTE< L s h 5,

Flo, FITFATHTA L EBLHE L THWAKISOR#EE LT, EKMTHLT ST 7T
210 OLEMENRFET SN D, HlxiE, DDQRT I =7 LT VW L ((4-BrCeHa)sN *SbCls)°, #A 5 7-
fili = 7 FALAW(BX) 72 & OGHERLFNT, SUSOEIT L LIV D D~T i1 % b o o ARk
WMIWNAERT D, 2K L, T 7 FAT BT A 91 K DELEILTIX, RILKFEDOTEF 7710
WHLERW) & 72 D (Table 2-1), =07, YA F AN X DAL TIEL, KAERRD D G R IFET

BT, ZEAEBDBERR,
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Table 2-1.

Br

Oxi. form B SbClg [:::[igo
Cl CN : //I \OH

OH ')
Cl CN
Red. form /O
‘. [

ZORICFITFATHTF AL QIZIE, BHEDORN) FAED L WVIEE T = = 08T 7 F LTS
SNV NTFHAEDNTIRVRISER IR TE 2, 22T, E_BETIEZ OV F A U FOAIR
EENEFEALA E L THWEKISEDFERIZ DWW TR 5,

¥, AWFERT, 2004 412720 Gabbai KU LA TF 7 X LU TCRIEENT-FT T FA I I F A

> 11a,b-BF, D& LD HAE S 47z (Scheme 2-6),

Scheme 2-6.
HO OH
Ar-_ | Ar
aq. HBF
Ar/ <Ar d 4 -
OO (CF5C0),0
1 11a-BF 4 Ar = Ph 194%

11b-BF, Ar = 4-MeOCgH, :79%

ZOFETIEH, EA(MNIT V= RAZ =) 05T 7 F AP hF 4 1a,b-BF, 2 A9 25 B
W27 kT 7 Ad vk vERKER(aq. HBF)Z WS 720, BikH & L CEEEED N U 7V 4 o FEER K
Wathi o WENH D, T 9 LIZBEEEAZMEH L725E . Whany @ < xRN U V7R R AN RIA
e LTHEL DD, TN E VAT A ACEMOFERN O ERICIY R Z &3 TR Th

B, FITEFIT. EASMTOIT T A ALEMOEEE B L=,
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! (a) Dubowchik, G. M.; Radia, S. Tetrahedron Lett. 1997, 38, 5257. (b) Lapidot, Y.; Groot, N.; Weiss, M.;
Peled, R.; Wolman, Y. Biochim. Biophys. Acta 1967, 138, 241.

2 Suzuki, T.; Nishida, J.; Tsuji, T. Angew. Chem. Int. Ed. Engl. 1997, 36, 1329.

3 Suzuki, T.; Nishida, J.; Tsuji, T. Chem. Commun. 1998, 2193.

4 (a) Suzuki, T.; Yamamoto, R.; Higuchi, H.; Hirota, E.; Ohkita, M.; Tsuji, T. J. Chem. Soc., Perkin Trans. 2,
2002, 193. and references therein. (b) Higuchi, H.; Ohta, E.; Kawai, H.; Fujiwara, K.; Tsuji, T.; Suzuki, T. J.
Org. Chem. 2003, 68, 6605.

> (a)
6

8 Wang, H.; Webster, C. E.; Perez, L. M.; Hall, M. B.; Gabbai, F. P. J. Am. Chem. Soc. 2004, 126, 8189 and
references therein.
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B A (MUT VU= AF U T L) {LEHDOERK

Fram T2 X5 MU FABOERET, T2 P TV = A2 ) — Ve ST 5T
e, T AL MY T U =V AFOVCHIERAER S D HED 2 0038 5, Lo LETED
FIETIE, ANRITF A UPAERT DEKPEAET D720, KERISELRST WA FF AbEMm %
BT 27DOFRMELE LTTES 2, —HFREOHETIE, FE L R28A(~m s AL Y7 U —

AT IV DERPEE L, F7F NN BT A ALEWMO KEES I ITM#E S 720 (Scheme 2-7),

Scheme 2-7.
2X
pn HO OH Phy . , Ph
Ph Ph
Ph Ph y opx ——— & OO + | 2H,0
12 13

Ph Cl Cl Ph
i i Ph Ph
’? : Ph Ph "™

F T KRG T IO KREART— NV TCF T FAHF A AW EERTAT-HIC, A — 12
MO 11T OKNBBLEEL 7-—=—7 /L 12a ZRiERIA L L TERAL, ZO=—7/b 12a |3, VA4 —/L
12 POERZBICHFETE, TNV VERIZER S22 2T Yvaxh o ofiEs 072

MOEFTFNIATFAAZITEBLTE D LE X HiLDH(Scheme 2-8),

Scheme 2-8.
ph? Mpy Ph._O_ _Ph Ph. 2% ph
ph>> <: Ph™ ph TMSX  p, “Ph
— — + TMS,0
el e L
12 12a 13

T—7 /v 12a (. FFTHRD 1,8—Y 7/ F 7% L2 (15)7 5 Sandmeyer [T 1,8— Y7 1 &
FT7ELA6)EAKLY, RICZDOPTuEF T HZ L AT FANFULAREASE, DU F UL
ZLTth, Ry 7= ) VEERASE YA —A12 L Uiz, 2OV —/V12 1%, HEEERT 2 2 L7
SHAEBRMOEEY 7an A2 om )70 afiilE TS 2 EHKAEZD, REICAZ ) —

NERNTHEo—T v 12a D¥fEmE LTI L7z, Zofimae AL T, =—7 /L 12a Z ff#E o
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BEoE OE M

IR THERT D2 Z LTI Lz, £z, AHFRE LA PRV EZ b REICEALTX, MY 7Aas

HBEEEORD DI p- b AR eV FROBETHN LT 52—T /v 12b 157

(Scheme 2-9),

Scheme 2-9.
NH2 NH» Br Br i) "BuLi (2.2 eq.)
OO i) NaNO,, H,SO,4 rt, 2 h, Et,0O
ii) CuBr “ ii) Ph,CO or
.5 16 (4-MeO,4HgC),CO (2.5 eq.)
20% reflux, 2 h
PP QHpy 20 mol% Ph._O_ _Ph
Ph™ “Ph CF3CO,H MeOH (excess) Ph” Ph
OO t, 10 h, CH,Cl, tih OO
12 - 12a
80% from 16
4-MeO—4H60bO O\ECGH4-4-0Me 20 mol% 4-MeO-4HgC.__O___CgH4-4-OMe
4-Meo-4Hec/\ ‘\CGH4_4_OM6 TsOH. H,O MeOH (excess) 4-MeO-4HeC/ \C6H4-4-0Me
= ‘\ rt, 10 h, CH,Cl, i, 1h ‘\
\ _ _
17 12b

50% from 16

FITFNAIHF A AEYOERIL. HEoN-=—F L 12a, 12b (2x%f L. W FEE L L RN Y

AFNL TN LU BEREBR N AF AL YLD ML IR A2 EH &8 TR 7 7= (Table

2-2, Scheme 2-10)), Y7t A Z =0 bV 7 EOEBEP TIISITE< #wITEFIc, FEox

—7 )V 12a O HN[EIL S 7= (Entries 1,2), £ 2T, £ T D27 F AV D F A ALEMORBEF T

DEEMNZ @D DUEND D &E 2 EREECHOREMEORNA~F T 1A r-2-7r/N ) —)L

(HFIP)' 2 B OGS 2 T 272 & 2 A, BUGNRIR DS A IR BTG D> B 1R 2 (IR ROEIRICE L Lz, =0

AR 2 T LI TR 2 TR E L, ol e Y7 nn Ay byaF o —

TNATHHETHZLICLD,

HHE T T 7F NI BT A4 13-Cl0s 2w IR THL Z LN TE

(Entry 3), E7AEEDOFHEICE Y FERLICA Mo Ex b oF 7F LU HF 4 Me0-13-ClO, & &

% L 7= (Entry 4),
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Table 2-2.
Ar_ _O_ _Ar TMSCIO, (3.0 eq. 2 Clo,
SN 4b( qg.) Ar/+ +\Ar
Ar Ar in toluene A Ar
e R TEN
12a:Ar=Ph 13-CIO, : Ar = Ph

12b : Ar = 4-MeOCgH, MeO-13-ClO, : Ar = 4-MeOCgH,

Entry 12 Solvent Yield /%

1 12a CHyCl,  no reaction
2 12a Toluene  no reaction
3 12a HFIP? 94
4 12b HFIP? 76

3(CF3),CHOH, "See below (Scheme 2-10.).
Scheme 2-10.
TMSCI + AgCIO,4 = TMSCIO, + AgCl

rt, 0.5 h
toluene

SHIC, WEREBE N ATFALIADOROVICEIAFATI VR T7T—REA0nD L FED

FMETFTTHIZFATHTA LD NY 7Fda X2 ARV 13-0Tf % & IR T 72 (Scheme

2-11),

Scheme 2-11. B
Ph.__O.__Ph Ph 2+Tf? ~Ph
Ph” Ph TMSOTf (5.0 eq.) Ph™ “Ph

= N N

| rt,5d |

NS = =

12a 13-0OTf 99%

BONTETTFNANTHTF AL 1A3-ClOs1E, 7 F=F UL/ VZFLT—FT L EMEMEIT

ETETOHRRZED Z LI L, X B ERT 217 5 2 & TYVF A AL W OIS & S

THIENTE L, ZORE, BF A PLEOERN 3MATHL Z Lnbny, BcHEsnT

WBFTFNL T F A 11b-BFE D F F 4 MO FEEE(3.09 A )Tt~ BTHENL TWD Z LR bdo

Too Filo, BF AL OREEIR, £C11-C1-C10 = 125.985°, £ C24-C9-C10 = 125.584°, T

4 C11-C1-C10-C9 = 8.422°, C24-C9-C10-C1 =-20.781°Th 5 Z L B LT o 7,
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BoE B
IHIT, 200 FFUHLNRE T 2= VD 220 CRIESINTEE T ==V U BT FALEMOE
AT, RICAR LT 7 TNV AT A ACA W3 LB Z T 5 2 & & Lic, STRRBEM 0 J5
ETY TRV A8)NLY T uEE 7 2= 19 AR L. EBICTFILY F LTV Y F41k
Licte, Ny 7=/ OGS E YA =/ 20a AR LTc, 20 20a (THEEERT S Z L
ZEMESETCOAFAUHIBMAD = —T L 21allFE LTz, Zox—TF /v 21a b, b & FAEROF
ETODTF AL O ERBT-N, BHRETHIDTHALEMIEIGELNT, RbVIZT—FHDH
T4 LSy 1IN T Friedel-Crafts )it L72E / B T4 2 22a 235 5 172 (Scheme 2-12),

Scheme 2-12.

Ph.__Ph

Br <
Br T OH
@i i) "BuLi (2.2 eq.)
2 —_—
i) Ph,CO (2.5 eq.
Br O )PRCO(25ea) | O
Br >

Ph Ph
18 19 - 20a

Ph_ Ph
=

20 mol% th Ph N
CF3CO,H MeOH (excess) < TMSCIO, (3.0 eq.) @ 7N\

rt, 10 h rt, 1h ~ /< =

CH,Cl, pn Ph co; Pl

21a 22a (NMR analysis)
73% from 19

I T, ZTDX 751N Friedel-Crafts Jin(21a—22a)= #2572, 7 ==L D 6,6'(\LIiT
FAREELOET 2= L UHF AW E BT 5 2 810 Lin, m-AF L4 BER(23)7> & STHREE
MPOFETHE LY AT L2412, 7=2=V T FULEEHNSEIA—L 20b 28K L1Z, =
D 20b |, HEEAERT DL LR EOEEMAEFEH I T=—7 /1 21b |27 L 7-(Scheme 2-13),
B 2= VYA TF AL 22b-ClO4 1%, RO HEICLI Y =T 21b nb Y7 mm A X L L

THWTER LT,
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Scheme 2-13. - -
- : COOH 5 steps O COMe  bili (5.0 eq)
MeZOC O
23 24
20 mol% O Fih Ph
CF;CO,H MeOH (excess) < TMSCIO4 (3.0 eq.)
- @]
rt, 10 h rt, 1h 4
CH,Cl, O phPh

21b 22b-ClO, 97%
93% from 24

bk B2 (MU TV =ARAF VUL fLEMDERIZONWTERTe, 77X LD 18 (L MY
FNAF A E DT 7 F NP HF A 13-Cl0,, MeO-13-ClO,, 13-OTf (I, HFIP H=—5 /1
12a,12b |23 U MEFIZEA SETAK L, & BIZY BT 42 13-ClO4 D X G S AT o fk >
O, TOWEEZHONZTDHIENTEL, /o, E7 2=V CEBIN T T7TFALT I TF A

22b-ClOs b [FERDFIETEM LTz, RETIEIND VB F A ORBANT T 2 MOSHE 2 BF T 5,
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10 Jona, H.; Mandai, H.; Chavasiri, W.; Takeuchi, K.; Mukaiyama, T. Bull. Chem. Soc. Jpn. 2002, 75, 291.
12 Leroux, F.; Schlosser, M. Angew. Chem. Int. Ed. 2002, 41, 4272.

13- Kanoh, S.; Muramoto, H.; Kobayashi, N.; Motoi, M.; Suda, H. Bull. Chem. Soc. Jpn. 1987, 60,
3659.
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ER N
FoE EA(NIT UV —=AAF IV MMeEMEH D= T — SO S v 7 v TS
BOETCHAR LT 7 F AT HF AL 13-ClO, DEEEH & L TCORRNRT =24 L L O RS % e
BITDH1H, TP LI T— e DRI ERART, =/ 77— MRBICHWDERIZIX
WEECHNTFA L ORISEIMHNT D720, @@ FHRAFALTT TV RERALE, Thbb, 7o
A7 /231K LT e RT3 0l FULATYRFIALITT Y RE-78CTIEHEEY
FUrLrT ) T—bERBL, FEETToF 7=/ 2L 05 ELVEDF 7FASDF A
13-ClIO, Z I L=, ZOFHE, ANV F AL DI HO 40% B3 T8+ 77 25 L LTHLN,
EBICT ) F— b DIy TV U T EEMTH D 1,4-24 b 24 IERTE ", £7-, BIERD L L
T, BEIXEEHLNTIIROWR T 7TFAIHT A UALEME =) 77— FBfEE LTe 27a HH VT
27b % HEFR L7-(Scheme 2-14), 728, U HF A AbEMIE. 250 M) FAAF AU EE O

O, 147 T2EFERIEAIE LTHL,

Scheme 2-14.
0 LiN(SiMe3), (1.2 eq.)

Ph)K/ -78°C, 2 h, THF

23 y
ph. 2104 p,

o+
Ph Ph
13-ClO,4 Ph Ph
" % i go

Ph Ph

Ph Ph 24 ca. >14%
23:13-ClO4=1:0.5

25 40%
based on 13-ClO,4

OK

Ph/&’ﬁ

INERBEDORIEZ B FABEZRNTITI> &, P hr 24 Zea<BGontico 7 —rD MY

F ALK 26 O EG L, ZOMITERO 7 F 23 & L CEIL X i7z(Scheme 2-15),

42



?“di
1
H
[1]
=

Scheme 2-15.
Ph;C*CIO,
LiN(SiMes), (1.2 eq.) O o o)
(0] (1.2eq.)
Ph _78°C, 2 h, THF 1
23 24 not detected 26 ca. 30%

INGORREID, FT7FATHF AL A3-ClO4 TEFED Y FAB L TR =/ T — Mot
LEALFNC /2D Z EDHLMNC R ST, T TIOTHTFAUALEMOBRILEIE LTCOEREZ, =/
7 — bOBRAL S > 7V 7 R VTR LT,

T )T — O I F A OREHEEREEDOEIZOWTHRZE A, V7 b 24 ORI, HV
TWEOR BT A LD F LT M) DAY TAZRLIZONTHEL, BV TLDEE 60%
T LN (Table 3-2), BHIZYZFAT—FLEN LT hTE Rr 770 RLWiERs 5%, £7-
FTIFNYAF AL 13-ClOs % h 2 23 IZx L THEEALEHNTH, EROZ(KITIT LA LR D>

72 (Entries 3-5),

Table 2-3. ph 2 CI04 pp
+ o+
Ph Ph
= ‘ N
MN(SIM 1.2 T 0
0 (SI e3)2( . eq) 13_c|04 Ph
F>h)V ~78°C,2h 78°C, 1 h " o
23 24

Entry M Solvent 24 /%(dlimeso) 27a or 27b

- Ph Ph
1 Li THF <30 — Ph>ﬁ\ Ph
o =
_Ph

2  Na  THF 57 (81/19) 18 %—1\ or
Ph Ph”| | “Ph x
3 K THF 60 (71/29) 12 OO o
/\(
4 K Et,0 50 (66/34) 16 0
5 K THF 60 (70/30) 14 27a 27b

23:13-Cl04=1:0.65,%23:13-ClO4=1: 1

WiC, BRI TRED BVERE 52X A Y Y AT ) T— M, W OnD& BRI A ER S8 T
T 5 N OEREBREIT, FO%T TFADHF A 13-C104 17 L 5 il & 3 7~ (Table 2-4),

FixDG&EBEEZHRM LN, DV AT ) T— e HWEGAEORRERE EEDLD LD o1z
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(Entries 0-4), L/2L, Bkt U A ZAEH S ETGEITIE, 51%DIERTY 7 F 24 MG Hz
(Entry 5),
Table 2-4. Ph 2+C|9:1 Ph
Ph”| |"Ph

ool

o) THF Additive 13-CIO, |

L+ KN(SiMeg), - - - o th
Ph -78°C,2h -78°C,05h -78°C,1h

(0]

23 24

Entry Additive (eq.) 24 /%(dllmeso) 27a or 27b

0 — 60 (71/29 12 Ph Ph
"'"'"""""""""""""( """ )' ____________ Ph>‘—‘<Ph

1 ZnCl, (0.5) trace 45 o o = | N

2 MgBr, (0.5) 30 (72/25) 29 Phph | [ph O S

3 Cp,TiCl, (05) <19 (77/23) 30 Ph

4 Me,SiCl, (0.5) 24 (70/30) 6 ©

27a 27b
5 CsBr (1.0) 51 (71/29) 12

23 :base : 13-Cl0, = 1:1.2:0.65
ZORERLY, FTFAVITFALUABCIONI LD ) T — FOBL T v TV TE T
SRT /) T — F TSI EIEGEICHBARWNERTEITT 22 26N L, £, A A/
T ERMEFHHLE L F A AEMEER S TN, U7 by 24 ZIERLSHLZ LT T

7252 72(Scheme 2-16),

Scheme 1-16.
OSn”Bu3 H Ph
/&wf + Ph + 27aor27b
Ph -78 °C 1h o)
13-ClO, 24 trace 27%

enolate : 13-ClO4 =1 :0.65

F7o. MO T B F A ALE Y Me0-13-Cl0,, 13-0OTf, 22b-CI0, A HEEE(LF % F\ C [RIEE DO ER L)
7y v T E AT (Table 2-5), BEER EICA M¥ AL OFT7F LU HF 4 Me0-13-ClO,
ERALAIE L2556, T 7F AV F A2 13-Cl0y & W2 56 L RIREOILRTY 7 h 24 15

DT, TR L, T =4 N ) 7T — NI olaF 7F T F A4 13-0Tf Tik, THIC
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—hEe BT AMAEMDOB THERPEZ D720, U7 by 24 ZICREB S HEECTE 2o 72,
EHIT, TI=U AT UAL (4-BrCeHa)sN *SbClg %> DDQ % HWN =841 & % < DRI B 03 ik

L. V7 b 24 ZINRELS BRI T,

Table 2-5.
. @)
o} KN(SiMe3), Oxidant Ph
Ph/ﬂ\v// -78°C, 2 h, THF -78°C, 1h o o
23 24
2ClO4
2ClO, - ~ Ph Ph
Ph_, +4 Ph  4-MeOCgHy4 2+C'?4 CgHs-4-OMe  Ph 2+Tf+o Ph  ph* *~ph
Ph” Ph  4-MeOCgHy4 “CgH4-4-OMe  Ph”|  |"Ph
onnt | " o0 AT OO
AN =
13-ClO, MeO-13-ClO, 13-OTf 22b-Cl10,
24 /% .
(dimeso)| 84 (71/29) 60 (70/30) 39 (69/31)  Complex mix.
Oxidant (4-BrCgH4)sN*"SbClg DDQ
24 /% <20% (72/28)? Complex mix.
(dlifmeso)

23 : base : oxidant=1:1.1:0.65, %23 : base : oxidant=1:1.1:1.3

INDLDRERIY, F7ZLUTRBINTZ I TFAALEW 13 RINETIZHALN TV DA
FRALA L 1X R DA L O Z E R LT IR o 12,

WL, =) F— OB v 7Y o 7 OERLDNEON EE2 B L, BMANZ OV TR A fRE L
7=(Table 2-6), 72¥. EORISFHEMHEICBNTHIFEOZ 3 10%RERIL S 572, Table 2-6
NGV by 24 OILHRE HERIUR L B HRIGRO @0 TR, 7R UROEINAE R LS EA,
BIAERINTIEE A AR L e oy, P4 b 24 OHBEIR, ZEHaI R 2 e ) < FER 15
HiL7en o 7= (Entries 2-5), — . HMPA 2RI L7256, BIARIIEETZART 208, U7 ho 24

DHPEINRR [ LD 2 L3 h o 72(Entry 7),
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?“di
i

Table 2-6. y
Ph.2 ClO4 pp
Ph Ph

oo
0 THF Additive 13-ClO,
)v + KN(SiMej3), Ph Ph
Ph -78°C,2h -78°C,05h -78°C,1h o

23 24
Entry Additive (eq.) 24 /% (dlimeso) Conv. yield/%® 27a or 27b
1 — 61 (70/30) 68 12
2 TMEDA(5) 56(6832) no s
3 MeoN"™>""NMe,(2) 50 (69/31) 68 3
4  (MeyNCH,CH,),NMe (2) 63 (68/32) 77 trace
5 'ProNEt (2) 61 (71/29) 73 13
6 HMPA (5) 69 (63/37) 78 8
7° HMPA (5) 65 (65/35) 80 9

8determined by GC analysis, b23 : base : 13-ClO4=1:1.1: 0.6
23 :base : 13-ClO4,=1:1.1:0.65

i

[1]

JEEF S EIZEIN S LD R R, 2T7a & 50T 2Tb AR T ZERICEN AL, T RGO ) Z

— FBEIET B, T T — FRAER LI 14-F 4 ke b T a bR &R TERT 270 25

DO RHREMENFE 2 B D (Figure 2-3),

Figure 2-3.
Ph Ph
_ Ph”| “Ph
Ph_2 ClO4 pp 0 X
OK /+ + Ph or ‘
1) N N Ph Ph Ph Ph™ ~ph Pz
( Ph OO \ )th
13-ClO, o
HCIO, 27a 27b
o [ S
2 + Ph — + A Ph
@ Ph&w Ph% Ph Ph O(K
(@]
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ER N

U EOfERERFE 2, 77 TN AT AL 13-ClO 2 HNTA Y TTFrTx /) 28 HHWNIT &

F7x 3oLz T — N OBbG 23 7 7-(Scheme 2-16), L22L, =/ 7 — FDE

IETHELDTVANEOREEN T o AT 2 /) o ObOEIERRY | Hx REINIGER 7208
v N TR EINRRLSED 2 IR TE RN T,

Scheme 2-16. _
Ph 2 ClO4ppy

+
Ph Ph
@) O
_ THF 13- CIO4 o
Ph + KN(SiMe3), 5 5 + Ph)&< =
-78°C,2h -78°C,1h Ph

9 o
28 28 : base : 13-ClO4 = 1: 1.2 : 0.65 29 19”’ 30 32%

0 . THF 13-ClO,
)k + KN(SiMej3), > Complex mix.
Ph -78°C,2h  -78°C,1h

31

28 : base : 13-Cl04=1:1.2:0.65

PLE A TR T 7FASHF A 13-ClO, W T-= ) 5 — sDfgbih » 7Y v 712k % 1,4-
N UDERRIZOWTIR R, FTF TN F A 13-ClOs 1k, LSS EESZE T MU
AL ) T — FORBHEZIZEAEZTT, RbVIC2FBFBRILAIE LB T T—

NOWALHI T ) T R B SED Z ERH NI o T,
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Sofes — St Paran Vrim

s TR

BER EA(RYT YA AT Y YDA E D NN-DTAFAT = OBl
7TV
E I

HEBRFLNEZES S LT U — V3, ARMESEL LTRSS, S RAARILEwOF

BICELSBEENLIHEED 1 D THIO IR ET ) —AERIEDFENRD ST\ 5D FEx

y

RERRENEASNI- T U —d, T D B AR L2l R RS R 2 T v 7Y
7 EEERT D HENMETHY . pOBEBERFEDO 1 OTHD,

7 U — VAR ORENLISE, 3 7T U — VIR E O K % /FH S EiE#9% Ullmann
[ & Td 5 (Scheme 3-1)%, Z O, I b7 U —VEOBRTIMARRED v 7V 7 THY, 37
FOF NV MUZEEEN & 2 GG ICREE OB CTIERMES 2D 03, JRW—ME %2 H T 56 ik
Thb, £, MMOBETHRED v 7Y 7 E LTI, =y rtEmae vz b 7 vdn X 2w

ZRUEET ) — LD SRE S 853,

Scheme 3-1.
AN
Cu (4.7 eq.)
2 BER
| N CO,Et 110 °C EtO,C N N CO,Et
Boc 65% Boc Boc
NiCly(PPhs),
(10 mol%)

Zn (1.7 eq.)
2 MeOZC—*/ N oTf MeOzC%<>%%<\>COZMe
— 99% —

— . B R T v T LI A ET U — L OARRECIE. bR AE VT 2-F 7 h—
DAy 7Y TR T # v EERLAlE L CTHWE Girignard BRE DO » 7V v F e EORUGHI

#1F 51 % (Scheme 3-2)%,
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Scheme 3-2.

COsMe
2 COMe  (cycl, (2.0 eq.) l OH
ST R L
002Me

- OMe TiCl —
2@ - /\</\/>
~ 58% —

TNBRED TV TR L, TESRT DT LR = v r AR E T, e kT
—NETV—NEREFEOI Ay 7Y I L DIEMET Y —VOEMIELELY G STV D
TV — V&R E L TiX, Grignard AREECH MR U ERIEK, AR IR EE AW FIR %0

(Scheme 3-3),
Scheme 3-3.

. Cl
NiCl, (5 mol%)
BrMg
86%

NiCl,(dppf)

(05 mol%) “
@ + HO)2B O
quant.

| O
pd

Pd,(dba)s (1.5 mol%

)
P(t-Bu)s (6 mol%) @_@
MeO
94% — \_/

+ (n-Bu)sSn

@

\
=

Pd(PPhs), (10 mol%)

s
wos ) m e

DX ICEBeRER L ARG RRIEL MRS DE AW TdHE KO ET U — L DG RIE

X, BBIcl < i SN Tnwbd, TO—FT, PTLAXALT I EEZ 587V —VLOAEMILH £

2L e, AHEHREL I v T V—LORT DT LERERWC I a2y T o TRNT Y
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B HH
DABERIC LD AV AFAT R ) RBAERC B U DBRTRED v Y TR ERRENTH D
(Scheme 3-4)’,

Scheme 3-4.

Pd(PPhs), (10 mol%) _
NC@I + cm{ywe2 MezN%m
78%
Me, Pd/C, Zn, CO, Me, Me
R g
/ 85% Me Me

Me —

EZATERRDONN-UAFAT =V SN TARIETRHEEG LT 448-D AT LT I ) BT = =L
T RV EMRESEIT, EERERS R KBE, 2R EOFEME L L TOMRENH D
MWD ET V= AEOPTHIEREZED TV OIAERILAEM TH D, TOEMIEZ, EXD X5 7%
N AT U=V DRTEHI S » 7Y v 7 (Scheme 3-4)721F T2 <, NN-Y 7 ==Lt KT nb
DRV RN LT & v 2R LAl E L THWE NN-U T VX7 =Y Ok~ 7Y
v 77 8ivd % (Scheme 3-5)%,

Scheme 3-5.

Q conc. HCI
Br. HN-NH Br HM@—@NHZ
75% —/ =
Et, TiCl, Et, Et
2 O aGads
Et Et

Et conv. yield 92%
(excess)

FRZT7 =0 COBEE T » 7 ) U 72 KX UV DA, Bk E B < Scheme 3-4
DI/XT T MRS S DR UV AR TFIETH S, LR (Scheme 3-5)LIAMZFEH Y

TR T HAL TR,
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R
ZOEIT, ET V= AOR TR TP OFHAMERALNICR > TWHIZHE b bT T =
VoD TV TR DRV OERIETYRY, 22 TEEIL, B _ETER LY DT A
MeEWET =) VIHER SR T =) OB v ) I REITT D LB X T Teb b,
BB SEHTIE, SRR LY AT ) T — MK LT T F A A F A 13-ClO, % AE
MET, =/ 7= DORALHID v 7 ) U TROSHPATA D Z L 2l ~Teis . ZORE T » 7 ) v T
J8ET T — hTIERLS T =V VHEICERT A2 ET, T2V OBy T I LN

VDR EMG LT, TONU UV UEEBIGIZOWT, KEITTEEMAE RS,
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B O NN-UTAXRALT =0 COBIZ L DN UV B

MO HTF A AMNCEMZ L > TT =V BB ESND Z L ZMHEND DT, FTTFAITTF A
13-ClO4 (2%t L 2.6 (5 E/NVED NNN-=F LT =V 2 32 ZER L A, VT4 ALEWIX
BILSNTT BT 77026 Llpofe, ZHUSx L. NN-=F T =0 3218, NIALEEDFES
L=y oYy 33 ICHREDINE TER S 7=(Scheme 3-6), F7=., R UKGZ@EHED MU F L
EHWT T2 A, R vr3313amond. RbVIC NI FABEET =T 32 3G L
724-FUFAT =0 v 34 BDEEMICHE LN,

Scheme 3-6.

13-CIO,
Et, \ Et, Et
Et _78°C, 1h \ Et Et

32 CH,Cl, Ph Ph
Ph Ph 33
42% based on 13-ClO,
32:13-Cl0,=2.6: 1 OO
25

97% based on 13-ClO,

Et, Ph3C*CIO, Et,
/N@ N@CP%

/

Et ~78°C, 1h Et

32 CH,Cl, 34 quant.

32 :cation=1:1.2

ZOEIT NN-PZFAT =Y e TF A ACEW L DS TIZ, T 7 F VT F 4 13-Cl0O,
EENFAAEWD N FABROM THERSIEEDER S D Z ERbhrolz, S HITTFTFv
CHF AU A3CI0y ZH WG TIE, 7=V YOI v 7 ) v I REIT L2 Enh, LR
DFTFNTHFALABClIOC L DT =V Ol v 7Y 7 e Lz,

MO, 7=V DBk > 7Y o T OEE RO LS ICE R T, T7bb, NN-UZF L7 =
VDr@2N T 7 FNTHF A ABCIO N Lo Tk SN TF AT VANV A LR RIZEDT Y
ANAFF L ATRBOEDT =V B2 BREBELTCTPINATF A BWAERT D, ZDTI0

NHFF L BICRMIGDT =1 32083 UTERT D L7 = iitE Elgth 32a AR LoD
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EEL N
TUNNFECRAERRL, TR ELIC1TEFBILINAI=ULED 2T 5, 20OA I=U L
DICRKEDT =V 3203 HE L THER LU 3B R GoNnD, £l2, #FFT7VHVB
M1IEFBILENTAI=ULEEZEL . ZOHBRTTY =1 32 LRUSL TR PP 33 AT
LHEELEZOND, EHODGALISEF TEKRT 27 =V iR EE 32a 12, T4 1k
EWC X DB EZ TE#HWZ LR T TE, Zhat Scheme 3-12 IRV TR U0V O PR E

L7 o JRIR & & % 7= (Figure 3-1),

Figure 3-1.
Ph.2Cl04_pp
+ o+
Ph Ph
= ‘ ~N
|| 13-cio,
Et Et, Et
Et p:\ on  Et Et

Et H
N
Et T

Clo, 32a

ZITWIZ, KISZRRICH LN EOEEAZRML TBTIEZOMENRRTELHEEZ, N xF
NT I aEMx TRISER LN, XU P 33 OWHFEITK T Lz (Entry 1), 24Uk, NV =F L7
RUEFTTFATHTFAUABCIONN L LT EEZ LI, L EEWERTHD 26-T(t-7F

NEY P 35 W TRKRO IS 2R ATZ(Entry 2), LAL, ZOHBALHEMLT IV %
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H
[1]
1
H
-

WERL ML EIETERNoT,

Table 3-1.
Ph.2Cl04_ph
+ +
Ph Ph
Et Et Et
5 \N@ + Base 13-C|04 \N / \ N/
/ / \
Et 178°C,1h Et — Et
32 CH,Cl, 33

Entry Base 33 /%

0 — 42
1 NEts 30 =
35: m
2 35 46 By SN~ By

32:Base:13-Cl0;=1:2:0.5

WIT, RV 33 OLEEZTRDT2DIT, BEEL7Z~ PP 3313 L 0.5 fFELEDT 7
FNTHFH L A3CI0 ZER &L 2 A, UhTHUALEWITHESLNCT v F 7T 25 ([T
SN FTFNT AT A A3-ClO4 1IN PV 33 LT D 2 & BT 72 - 72 (Scheme 3-7),
ZOFEFR LI Scheme 3-6 [IZHB TR PP 33 DIERNHRREIZE EF o TR, AL
Te_XTy 33 VBT AMEDNRIET D LK A TFAAMEMNEE SN TH
HZEMbhrole, B, T7FATHTFAL13-ClOy &N 33D LTI S b b,

BOREmBREOEERR SNz, ZOHBIEIAHTH 2,

Scheme 3-7.

Ph.2Cl04_pp
pr]" "[“pn
=
N Ph Ph
Et, 7\ Ft 13-ClO, Ph]  [ph
N— o N . 33 + N
Et Et ~78°C,1h 80% PP
33 CH,Cl, base on 33
25

33:13-Cl0,=1:05
4 97% base on 13-ClO,

RV VKN 2B EZ T AERT LA, Tt X > 2 FhaiEELnsd, TD-dH, ¥
HFFAMNEM L DR DD Db 2 DT DI2iE., B b#% O mEE S BRILRTORE L D b
AN b HE AR BRITREWEE X2, T70bb, FHERLE, IR U U0 20X 6 (I B

Zbob0ThHNIRE, BEREOVAKEEDORE T PHEEZ L VSR, TOMR TV 74
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IR L S < 72 5 & & % 7= (Figure 3-2),

Figure 3-2.
A A
Et\ Et Et\ Et
ases
Et Et Et Et
A A
H Oxidation UOxidation
H H A}ZA\
. Et /Et . Et /Et
/ N % L
Et — Et Et < — Et
H H A}ZA

B

FIZT, EOT=U 2L L T35V AFNALT=V " 36a 2P, YZ7ouaAH H-78CT 0.6
BENLNEDFT TFNAI T AL 13-Cl0y 2 EHSHETLLEZ A, THILIZ LB BINE TR UV
37a %= 1%7=(Table 3-2), F 7= ISR ZFE 2 IRt L7z fb R, -7T8 C T E T - B A ICIIEEEMIC
NV 3Ta 35 B Lz (Entry 1),

Table 3-2. _
Ph_2Cl04_pp

+o
Ph”| Ph

Et, 13-Cl0, Et

. Et
5 aser
Et 1 h, CH,Cl, Et

Et

36a

37a
Entry Temp. 37a/%

1 -78°C 98
2 0°C 92
3 rt 91

36a:13-ClO4=1:06
OGO ETF T F A D F A 13-ClOg I L > TT7 =1 > 36a s 1 & 1Bk S 1.
6a DT UINAT ALY AWERT D, TOTVHINATAY AZBBIEENTRWT =1 36a 2
REBET DL, Iy TV TIREMDT IV AT A BBRERT D, ZOT VANV T A B H
DR L TT ANV CHRAER L ZDHTH O 1 EFIBLEIA I =T AED BERT 5,

REIZZOA I =0 LM D »odERMRABEES 2 B L T 50UV 37Ta BiEbhd
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W A
(Figure 3-3), £z, 7V WA F AL BnoOHWEIL, BRYHTFAUMEMIL LB TY(I=
VAME L0 Z D 20 T OMBERBES —EIHBEL TRV 3Ta il S OB LS
26D, EHHDOHE S GER TAERT 2ERREIL, O =V 36a°~ U 3Ta 7R
SITHiR S BRI & L TRAITFE > TV D, LROFOSHEMBIE. RISE~D X 520 FHuER
BERWEMEIZESS DO TH S,

Figure 3-3. -
Ph 2 Cl0s_pp

ph | ph
1Y 10,

\ \
2 N N \ /N
Et \\< pn  Et Et

Ph
36a Ph | Ph

OO 25 HCIO,
.
2 HCIO,
4

HCIO,

TROL EHOLPHREL TVWDEITCNN-DAFAT =) DT ANTTTF A FInbZ YV
NFA 2 G ~DOISIE, EMEL=F /L F =% 1.31 kcal/mol &<, 7GR EEBARDOTFLF
—7273-0.35 kcal/mol & 720 | ARSI LV IR 3L —L D, Zhic L, TV AT T
FYFDOREN TV 7 TOAI=y 2 HEZAU DS TIL, 42.43 keal/mol O 7 CHEIH &
W R — b 72 % (Figure 3-4), AU, RIZ A CTHEVIS Tl 5 DITKE L., 53 128 245

RS THA L ERLTNDY, LERST, FT7FATHF AL 13-ClO4 12 L DRy UV v ARk X
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Jofs — S

[ A ]
it FER L7 X 912 A B—>C—D—37a » 5\ T A>B—E—37a DRI THEITT S LE XT3,

Figure 3-4.
activation energy

Me, 7N\ . Me, 1.31 kcal/mol Me, — H — Me

O] WO St

Me — Me Me —/ = o
G

F
-58833.80 kcal/mol -58834.15 kcal/mol
Me ot Me\ — /H — Me
Me Me H Me
F H
-58667.38 kcal/mol -58624.95 kcal/mol

WIZ, [FARED R DV B RBOR Z i DRt Al 2 W Tl 2 7= (Table 3-3), 77 F LTI FH
13-Cl04,OTf DG, KT =A L OFHEIC IO T HNE TH UV 3Ta BREIRTH LN, *
7o, BE7 =AU T4y 22b-ClOy TiE, 7=V v L OFATERSCELZT 1 EO =T VIO Bk
ENEITT 5700, XYy 3Ta ZINRBLBLIEETERN2T, TI=ULAT PN
((4-BrCsH4)sN""'SbClg")° <> DDQ® #{kAll & L CHWWEEA S, BHRF 1 Lo F VRO &2
HITT D720, XUV VUENERRLS G RboT, —FH, FI7TFATDTFAALEHTHLHEFER L
IZA FF U E% H D Me0-13-ClO, Tk, B LI DME T L7 7o OIT SO EE AN E < 72 V) | [\ USUS AT

TIHEEIRHR D XUV 3Ta DRI E TE D LD TiEE o7,
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Table 3-3.
, Et\N Oxidant Et\Ni /. _ N/Et
Et’ _78°C, 1h, g v/ V7 g
36a CH,Cl, 27a
Oxidant 37 /% Oxidant 37 /1%
2X _
:Z:/+ * \ig 13-ClO,4 98 Ph fo)}Ph
Ph—J \"Ph _
OO 13-OTf 93 Q O complex mix.

2ClOg 22b-ClO,
4-MeOCgHy ., , CgHs-4-OMe

4MeOCeH; | [ CoHya-OMe 57° (4-BrCgH4)sN*'SbClg™ <50
g ‘ DDQ 0

13b

236a : 33%, "36a : Oxidant=1:1.2
36a: Oxidant=1:0.6

INOHDO/RREID T T7FANTHF AL 13-ClO4 1T NN-T=F L7 =Y  36a DL >~ 7Y
TICANTHDLZ ENPHLMNCRoTe, £Z T, T7F NI HF A 13-ClO,s Z LAl & L THW,
s T mEEE b OMKL R NN-TF AT =0 VOB v ) IR DR Y
B &R T (Table 3-4), HHEER FI23,5-0 7 nun e 3-7 uEENEAS T =Y > 36b,c DI
B, T8 CTIIRSHENELS 220 WERLS B ERD Z LIXTERnole, Ll BUSRES
FERICTDHZ ETENENRIET DN TP 3Tb,e & BAFRIGRTHEL Z LIk LTz, £7-. 3-
AFNT =V v 36d OEE, KSTKIRTHEITLIZb 0D, ALz 37d &7 =1 - 36d

WIS LT =8k 38 NV EBGONDTD, ANET O PV OIRITIPRETH 7,
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Table 3-4. -
Ph.2 Cl0s_pp

+
Ph” Ph

Et. 13-ClO, Et, FEt
NS W )
Et =|= _78°C, 1h, Et =|= | Et

R
36 R CH,Cl, 37 R
Entry 36 37 1%
Me
Et
1 N 36a 98
Et
Me

5 Br 86
"""""""" B~ 38
6° ,N@ 36d 55
Et
Me

aTemp. : rt, ®38 : 29%, 36 : 13-ClO, = 1: 0.6

COEITNN-TZFAT =) VEOIS TR, ERROEEIZE N TRIGT 20 PV BAF7R
WETHOND, WRIZIE-VAFAT =V v OERFF EEHFEODRICONWTTHNI L A, BHR
JA 1 Eo@EEEEN = F LI 36a 721 Tl < A FLEL 36e 07 U VAL 36F, XU UL 36g DEAICD
ENENEIET 5y OO NILRE B ST (Table 3-4), —F. ZREFICTEFAEARLEDT
VIVROBEBIEPEASINTZ DX, FITFAT T A 13-ClO I L A b4 T TSR

23 B = 417= (Entries 5-9),
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Table 3-5.

Ph.2C104_pp
Ph"] |"Ph
R 13-ClO, R —
2 N N \ /
R -78°C, 1 h, R /
36 CH,CI, 37
Entry 36 Temp. 37/%  Entry 36 Temp.  37/%
Et .
1 \NQ 36a _78°C 08 5 rt  no reaction
Et
6 R=Me 36i rt no reaction
Me
2 MéN 36e -78°C 95 7 6j t no reaction
Ally 8 R=Me 36k rt no reaction
3 N Vet n 81
Ally =
Bn 9 N@ 36l rt no reaction
4 N-{ ) 36g -78°C 77 {
Bn —

36:13-ClO4=1:0.6

B, FTFATHT AL 13-ClOs Z W T e kv AR 038 DL %

Bl d 770 o 7 LT L

Scheme 3-8.

MezN

NMe2

38

Ph 2104 pn

13-ClO,

MezN

NMe2

-78 °C, 1 h,

CH,Cl,
38:13-ClO, = 1

60

:0.6

3977% ! l

Me2N

TN NN

KIS DA 2 7V 7K 39 A BAF 72 = TR L 7Z(Scheme 3-8),

NMez



EEL N

ZDOEIT, NN-PTAFAT =) VLT T FADHF 4 13-ClOs ZEA S8 L7 =0 D
RIMNTH TV TBRET L, TR VUV 37T NEETHEOR 2 RE L, %
7oy TORIGTIE, 7=V ORI LUNOEFNTRES Loy 70 7iRIZE{ A 6T, "I
BIWRBISTH L Z EBH LN o T, T OMERIMEIL, BREF EOBEBRENSIREE L 72
D, ANV MITORIGZEZDVIZKS LD TH D,

F ORI E NI EBREEZ 2T =) Ui xIE, ANV ML ETH ) T LT bEY
WO D EBE X 4-70ET =1 2 36miZ Scheme 3-8 & RO EMTH 7 F /T 1 F 4 13-ClO,
ZVEH &7 (Scheme 3-9), ZDOfER, THINIK LA MIRA XML TOH v 7Y > T HERMIT 2L
Bond, Rbic7 e En8BEL CT =0 CORINRERD TV 7 LIz PYr 33 R

Bonz, 2B, ZOHEWRKIGOFME Z % HIZ L2 OsDOBRFEICOWTIRE TR 5,

Scheme 3-9.
Ph.2C104_pn

Ph”| rh
Et, 13-CIO Et Et
Et — -78 °C, 3 h, Et/ \Et
36m CH,Cly 33 40%
36m :13-ClO = 1:0.6

WIZ, NN-CT ALV T =) PN bEMDO > 7)o 7 LT, T=Y—IDFT7F NI hF
F13-ClO I LB v 7V v T HRBTEN B EDOT =Y — NV EHWNTE I v 7Y 7 ARRY) 41
RHF A ACEMNBILENELNATEF 7T 25 1T Bbnkhol-, ZOEIY . F

TFNTHF A 13-Cl04 DB ) TIET =V — V& ERL TE 722 L3 5T 72 - 72(Scheme

3-10),
Scheme 3-15. -

Ph.2C104_pp

Ph”| “Ph
=
NS
13-CIO Ph/ \Ph

rt, 10 h, [
40 NS
41 not detected 25 not detected
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Yix:

o
Rl

CEL N S

b, RETIEZ, EA(RI TV =ARFIVOIMEEWIZED NN-UT X ALT =Y OB
By TV TITONTIHR Tz, AKEISE, 7=V CONNTARERERRNICEST DD, 7=
MHEDR ARG E LTRHATE S, £72, 4-70E-NN-VTF L7 =1 @B6m)DT 7
U 7Tk, BIREWAERY DGO, £ 2 CTIRETIL, ZORISOFEME Ziva I L7z UGB

FRIZOWTIRRB,
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’ Michida, T.; Osawa, E.; Yamaoka, Y. Chem. Pharm. Bull. 2000, 48, 1378.
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FE

FHUTE EA (R T V= AF VT L) fLERERANTZYT ) =V m=T LOHRE LAV =

7 LHEA R~ D i B
F—H WS

EFIIE ST BW T FFMAEEDITLE D NN-TILIEAT =Y bRV AR
2 OW TR R=, ZFOFZEETR, NIy axskir b H>7 =) 36m ([T T FALIhF A
13-ClO; Z{EAEE D L. AN MIRRAZNETH 7Y 7 LI2b DL GE6nTIc, RNIfinT

2SS BEE LTRSS LA pkd 33 235 D 2 & & AL L7 (Scheme 4-1),
Scheme 4-1. B
Ph 2 Cl04_pn
+ o+
Ph Ph

Et, 13-CIO Et Et
Et — -78 °C, 3 h, Et/ \Et
36m CH,Cly 33 40%
36m: 13-ClO, = 1: 0.6

EREBUG OFAE O FEMILIA & 3TV, AP OREED S LT O b O3MHEE S 4% (Figure 4-1),
Tbb, £T4-TunET7=VU2 36m BT T FILIAF AL A3-ClOg I L > TRib ST Vv h
FA ADBNELD, TIDLTPHEICRES LT BORHEEL CT7 ==L T P hv B BNEL, 7=
ZNVTUHINB E4-T T2 DTN TE ABKIGTDH I ETA I =0 L C R
T D BRI A I =T LENORFA T Br)BRHBEL TRy 33 B3G5 LB 2 7 (Figure

4-1),
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Figure 4-1. _
Ph.2Cl04_pn

+ o+
Ph"|" |"Ph

Et, 13-ClO, Et, Et
W aser
Et Et Et

o+ /
e
Et’ co, ©
Et,
e
Et

ZZTERL, T2V ORI EREORBEZHD Lkoh v 7Y U TROSIZAER L, B—plisy
DREHN v 7Y o 7 TERL 2 HO~T oy 7Y U 7ICRAT 22 EmWTEE, F7FAY
NFALAZCIOy ZHWTFH LW a Ay TV IR T2 5B 20, Thbb, 7=V Ot
THRT DT VAN TFAUNENBHTRED TV 7T LRNE D RIEEERIRL . 2 ZI2oM
NS T VA NREEER S EET =) O TBEBBREDOBEEZ L) ~T ah v 7Y v 78
M CcE 2, BlIZE, VNI TFALF T2 ) XTI ANMAQ)RINT DD THILE, &
WCT—HAI=ULMEGHEKRL, 20T =0 v ONRIAEBREN DT A L LTHBEST 5 Z &
T, 7=V YONRIMICT = ) FVEPNEANINTALEY, TR0 T ) — LT —FT VNG TE

% &% z 1= (Figure 4-2),
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Figure 4-2.
ArOH
l Oxidant

+ ArO .
13-ClO, R
N%i :%OAr

)\ %‘ Y*Clo,
<> ArO R OAr
e
R <y
G

Clo, cio,

Ph 20'04 Ph

BB, T ) XN TIHME, T — VIS LR BRI L N T U A2 E DR LA
PER S TR 2008 — BB THY . AR LT OH AT, BRTIEFEICKRED 7Y 7T

%2 & BTV 5 (Scheme 4-2)°%,

Scheme 4-2.
VCl,
CCly, rt —
34%
PbO,
o e
CH3CO5H, rt
70%

L., 2972/ —NVOBbickr 7 /) T hNORMIcYF T FIhF A
13-ClO, # WD Z E N TEIE, REERT VN ERLEHRT 20 EN /< 720 | Figure 4-2

R LTEBILORNE T I F A AbEM T TE 52 Ll b,
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FUE

—J. TV = =T L, R LI LIEE ENHETH LN, Bl £ TEOAKITIEH
(BB R N L, £ EIERTHMY A 5 2 5SS - 725, #il21E, Ullmann S
RESINDHMATT V=NV —T VOERIEIL, 7=/ I Fena b7 V=& vy 7Y
YT ISELOIT, BV DU EOET RO THEE A F S TRFAMBVER T 2 L ER H

- 7= (Scheme 4-3)°,
Scheme 4-3.

cat. CuCl
NaO ONa Br pyridine, reflux o 5

61%
UL, Filll7e 0 9588 ECTOERKISOL RSB S RMESISICE Y, T ) —Lx—

TNDE K HBANR R R T THEIT T2 K oo, BIRIE. FHEERELTOEBRKISE LT,
Tz )= EEFRGIMEERIL L O T AT U =T, KB Y U LDIFE T TV A 7 v A B

T 5 & BSOS AELIHETTT D (Scheme 4-4),

Scheme 4-4.

Cl \@\ Q/CN K,COs/Microwave Cl \@\ @/CN
+
OH F S min o

93%

BRI AZFIHTOOSGAB EINTEY ., $llRH 50T T U0 MEEW R & L THW
HBILTWD, BIEDOKISTIER, U e MY A v A Z U Z)VR g7 &2 it e UCRIH L

Tos T )= HHE v AT V=D T TR B D (Scheme 4-5) 8

Cul (2 mol%)

Scheme 4-5.
@\ N,N-dimethylglycinesHCI (7.5 mol%) @ @
+
oH | 90 °C, 16 h
86%

(CuOTf)-PhH (5 mol%)
(I CsCO3, EtOAC (5 mol%) C{
+
OH | 110 °C, 12-26 h o)

87%

/

\
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FE
Fo. T U L BER A MG DY D FESA A o HEIET CRISEIT ) b D, T U — AR T —

R EHINEZ VSRS & Bix 2R FENBAA STV 5 (Scheme 4-6)°,

Scheme 4-6.
@ /@\ Cul (5 mol%), K,CO4 @ @\
+
“SOH Br 140 °C, ultrasound, 2 h “ 0
97%
@ QCN Cul (10 mol%), 'BuONa @ J@/CN
+
OH | 110 °C, bmil, 30 h o X
99%
bmil : 1-n-butyl-3-methyl-imidazolium iodide
Cu(OAc),°H50
O o aele
K"F5B MS 4A, rt, 5 m rt, O,

82%
=T NIV MMEEME R L T OIS TIX, MAREEFEORE VKRR T 0 R E WY =

J =V E AT AT V= DTy T Y TN B LS (Scheme 4-7)",
Scheme 4-7.
Pd(OAc); (2 mol%)

o)
@\ Ligand (3 mol%), K3PO,
+
OH 100 °C, 14-24 h ©\
Br P

94% P'Buy
Ligand :

Pd(dba), (5 mol%)

MeO
eO Ligand (5 mol%) \©\ KP
+
[ j\ - 80 °C,12h @)
ONa Br

o,
85% P'Bu,
Ligand: Fe
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HUE E

ZDEoE, T2/ —NEOT Y — LI L DT T ) — =T VO RRITEANIFE STV D

N, REFEOMEBELE LT HO0RE, T I/ AR EoB i GHERLZ LSOV T U —L
T—TADARITIE. WIS 203 & 722 % (Scheme 4-8)",

Scheme 4-8.
CuCl (50 mol%)

+
[: l\OH Br/E: ] 130 °C, 15 h \[::I\O/E:::

59%

Cul (2 mol%)

/@ /©/NHBI’I N,N-dimethylglycine HCI (7.5 mol%) /@\ /©/NHBn
+
OH | 90 °C, 24 h o

73%

EHTIZOL )R RARE 2. EFRIC Figure 4-2 IR LIS ERATIZE Z A, VT IAFAT
) EEBOVT V) =N —=T VDGR LT, £EZTREITIE, 2oV 7 —Lz—FLDHL

WA RS IZ DWW TEEMIC IR~ 5,
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T2 ) —=NADT V=KL BTV — L —F LD

=

5w
i
13-ClIO4 iIC L > T1EBFE(LL., ELD TV INIF AT VAN 2SS EL T ENRTEN

<«

il

TR L DI, NI Y 7@ 2 L O NN-CTIAXNANT = v T7F N hTF 4

. TROSUSHERECENT = U O TLTOEWRSIETZ D L& 2 T=(Figure 4-3),

Figure 4-3. _
Ph.2Cl04_pn

Pﬂ+ +th
A + 7
‘ =
R 13-ClO, R
e e
R R

A

Z R’m\ — 7
+ N
/ EN
R —/<Y
C|O4 C|O47

T2 ) XINTANED T AMEMCL DT = ) — LV ORBE TR T L, YR
AL TI8CTA-ANK U T = /) — V(42T 7 FNT T4 13-ClOy #EH &5 Z & T,
T2 )X TINNDORHBEMNDT, ZORR, T2 ) XA TIANRL 4-A KT 2 ) =)L
(42a)D 71 v 7V TR P R EERR TS 2 LI TE RSN, FT7F AU A F L 13-ClO,
DPIBETE ST ALEW 25 DEIETH LN, ZOMRIYD, 7=/ — N ZTUhFH AbEMIZ L -
T2 /)X TIANHDINEIT = ) —NVDT P HNIT AL EIND Z ERREIND, =
XKV FT7F AT D F A 13-ClO4 I EN,N-C T VX LT = U UHEOFEAI & L TE 7215 T <,

7 x /=IO BRI TE 5 2 L3> 7-(Scheme 4-9),
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Scheme 4-9. -
Ph_2Cl04_ppy

Ph Ph

- ot
MeO. -~ 13 CI04\ MeO clo, | MeO
‘ or + HCIO,4
~OH \\ OH o-

42 Ph Ph
a Ph/\Ph
42a:13-Cl04 =4 :1

25 Hzo MeO
89% based on 13-ClO4

~ OH

42a
90% based on 42a

ZIZ T, 4T BE-NN-VEFAT =Y (43a) L 2 fFENED 4-2 FF 27 = /) —/(42a)i2, 1.2
BELNEDT T7FNANU T AL A3-ClO ZEAESE L Z A, INRIFENLODOEMET LT L
TV EELOUT VAT =TV 4ba BEHIL. ETERKIGD 4-7rET =1 43a b 80%ENY
SNz,

Scheme 4-10. ph_2ClO4 pp

ph-] [“ph
Meo\©\ . — ‘ NEt, 13-C1O, MGOO\ QNE’IZ
OH B~ -78°C, 1h, o "

CH,ClI, 80%
42a 43a 44a 12%
42a:43a:13-Cl0;=2:1:1.2

WIS, T HNBDHNNEIT P INDTFF NG DEBEDEBLR D720, Yran AH o TlE
B TERF=PFIAZHWNTRIUREEZIToT-LZA, P7uuRrErOBR5L0 Y7 U — Lo —

T VO XA E L7z (Scheme 4-11),
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Scheme 4-11. -
Ph_2Cl04 _pp

+ o+
Ph Ph

Meo\©\ /©/NEt2 13-ClO, MGOO\ J©/NE’[2
+ L
OH B -40°C, 1 h, o + 43a
MeCN 58%

42a 43a 44a 22%
42a:43a:13-Cl04=2:1:1.2

r

FEORFIT 47 aE7=0 43l 7 F AT T4 13-ClO, Z{EH & 5 & 43a 1342 TlEb
SN ANV IBEE2HT LD TS, LArL, Scheme 4-10 X° 4-11 (278 L 72 BUS Tl
FTI7FNT AT AL 13-ClOy S 2 (EENVEH W 4-A FFXT 7 = /) — /L (42a) DL TIHE S NT-7-
D, FEOT =1 0% BRI E Lz,

ZI T 4-7eET= 4300 KOEGICBLEh, OELD TN TFF DR
TSV LBRNT = UHERORE 21T o 72 (Table 4-1), 4-7 0EH 43a OfRp VI 4-7 1
R 43b DOWET = U U TR AT TG BT b IS T 2T U — b —7 dda SFRIRRES S
7o LU 4-7 A 43c DGEICIZEM E T2 = —7 L 4da 134 < 15 V7R h - 72 (Entries 1-3),
Flo 4NV T TR =V R B OT =Y v 43d ZIFEHCH WD & ROGRITE T Mo 72
N, PREOIERE T —7 /L 4da BELT7(Entry 4), — 5., N"TNMOEBELEZ 7 =1L F 4 43e
235 L, BFRNR T —T L 4da NG onsd Z L& R L7=(Entry 5), 7272 L. [A UHi &% & it
THAF AT A AN OLEITIE, 7= VT AEOBELITR RV = —T L 4dalTiT L AL/
72572 (Entry 8), ZOEWE, Tz =V TFAERATF AT FENANT = =)V F A & LT

THEEZORBEL S SDELEEZ TS,
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Table 4-1. _
Ph. 2 C104_ppy

T
Ph”| ~Ph

QL LY By o™
OH v ~40 °C, 1 h, 0

MeCN
42a 43 44a
Entry Y 43 44a /%
1 Br a 22
2 Cl b 33
3 F c 0
4 Sn"Buz d 40
5 SPh e 68
6 SMe f 7

42a:43:13Cl0;=2:1:1.2

LI T 2=V TFAEE VS EICRERINERTHNE T 22— L 44a 3 5o/ 2 &h
BUUTFZOVT U=V —T VGRS 47 2=V F 4T =0 v 43e Z AV TRAT Lz, & 512,
4-A NX T T x ) —/(42a)b 4-T == VTFFT =Y 43e DENE 21 0B 12 1ITKZ, T ) —
NEIERECNREZHAE T E, BNETHYT U =Lz —T )L 44a NEIRTEOLND Z &0 50

|2 72 > 72 (Scheme 4-12),

Scheme 4-12. _
Ph_2Cl04_ppy
Ph” “Ph

MeO | Ny J©/NE’I2 13-ClO, Meo\@ /@/NEtz
+
Z OH PhS -40 °C, 1 h, 0

MeCN

42a 43e 44a 79%
42a:43e:13-ClO4=1:2:1.2

B L7z T7T UV —vxz—T)L 44a OF 7 F IV HF A 13-ClO4 15T DL EMN T 2 A,
TEhr=hrUrHF—40 C. 1HEHTIL. 67% D= —F /v 44a LB EN 0o T-, ZOFRRIY .,

T—T )V 44a XN F A ALEY & S LT BN iET D Z & AN o 72 (Scheme 4-13),
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Scheme 4-13.

Ph. 2 €104 p
Ph”| ["Ph

MeO NEt2
MeO NEt, OO @ O
13-CIO
Q /©/ 4 4da + c;/ o~
° D

_40°C. 1h,
MeCN 67%
44a ° 7 OMe

44a:13-Cl04=1:05
ZIT, ZOT=TABRRBISIZBN T, BRAZIRNT 2NEFC D0 F A ALAMOE VL2 HE
L7 ZA, BN LD4-ANFT T2/ —/L42a E121GFENVED T T F NI T4 13-Cl04 &
AOCTIRE. ZD%TA-T7 2= VT 4T =1 2 43e ZIRINT D HIENKR S B2 &R bo-7=(Table
4-2, Entry 3), /=, VHFAMLEMONHEEZ 7 =/ —/ 42a D 1A FENLEITHED LIz & Z A,

HEY &9 2= —7 /L 44a 735 IER T b L7 (Entry 5).

Table 4-2.
B c MeO NEt,
~40°C,0.5h  -40°C, 0.5 h, o
MeCN 442
Entry A B C 44a /%
MeO NEt, Ph % PI% Ph
I GO G A S
OH  Phs @
42a 43e 13-ClO,
5Cl ST TTT T T TTTTTTTTTTTTTTTTTT T T
_~_NEt Ph$ Cl04ph MeO
5 | Ph Ph \CL 61
phs” ™ OO OH
43e 13-ClO, 42a
° 2Clo, 83
Ph2 ClO4 ppy
MeO ‘ X Ph/+ +\Ph NEtz
=
42 Z oM 5 PhS /{ ] 60
42a 13-ClO,4 43e
5 93

42a:43e:13-ClO4=1:2:12 %42a:43¢:13-ClO,=1:1.2:1.2
P42a:43e:13-Cl0,=1:2:1.1
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IR B
T, FIFAVHTF AL 18-ClO4 DEMAEE 2 E TOH5E(0.6 fFE/LENIH D L TG ET
D&, BBET VT U = —FT L OWHES T 5 2 L3 biro72(Scheme 4-14), Z OfER X
D AEFLI R FOTT V=N —=T Ve GR T LDV AT A MAEW 1T, Thbb2E
bz B 352 EnbroT,

Scheme 4-14. ph_2Cl04 pp,
+ +

Ph Ph NEt,
So e
Meo\©\ 13-Cl0, 43e Me0\©\ /©/NEt2
OH -40°C,0.5h -40°C,0.5h 0

MeCN
42a 42a:43e:13-Cl0;=1:2:0.6 44a 59%

UED X2, F7FNVIHF A 13-ClOs Z 2 4-7 = =)V F A-N,N-T=F /LT =1 /(43e)
E4-2 XU T o) —)(42a)I 5 DRI T ) — =T VEREE R Lz, e, 20—
T NVE R TlX(Table 4-2, Entry 5), AR E L TV T 2=V P ANV T 4 R 4-T7 = =)L FF
NN-CZFNALT =V D7 == VT LAY 48 B 1E O D, Zivb LAY O A IR T 5
B LI Tk 5 (Scheme 4-15),

Scheme 4-15. ph_2ClO4 pp,

P [Sph /©/NEt2
LJ e
Meo\@\ 13-ClO, 43e Meo\@\ /©/NEt2
OH -40°C,0.5h -40°C,0.5h 0

MeCN

42 .
2 42a:43e :13-ClO4=1:2:1.1 44a 93%
% NEt,

* + PhSSPh

XN\

PhS SPh

48 32% 49 62%

WIZ, BHxie7 = /) —ViHEIR 42 ZH, 4-7 ==V F 4T =V 43e D/3TALTOEHLE R H
TH5YT V=N —T VG EIT > 72 (Table 4-3), 2,6- A F /N7 = /) —/1(42¢)X° 2,4,6- U XA F /L
7 x ) —/L(42b) % VT EHEOSITESCICHEST L7z (Entries 2,3), ZAUZxfL, 3,4-V A R ¥

VT2 )L 428 R 1-F T h—L, 2-F 7 Fh— A DEAIIE. THTF A ALEME T = ) — N FE 42
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— e

FEhNE  F

TS SE TR TR RN EHEZ 20, ST 57TV — Lo —7/1 44 [T A EHB N0 -
7-(Entries 5-7), £7c, 7 7FNVLAFA LD N) 77— NEMLLT, FT7FALTATTFA L 13-0Tf &

FES)E FWTRIR AT o 72358 1d. T 7 F AP B F 4 13-Cl0s DFE T~ H P OUE R

(Entry 1),
Table 4-3. -
Ph.2C104_pn
+ +K
Ph Ph NEt
- IS
X PhS
N 13-ClO, 43e . @ m NEt,
R S
N on ~40°C,05h ~40°C,0.5h P
MeCN
42 44
Entry 42 44 Yield /%

MeO MeO NEt,
e T e e
OH O

2 on 42b ?@ N 44b 73
iijNHz
@OH 42c (;(O 44c 62

NEt,
OH (0]

OMe OMe

5 Meo©\ 426 Meo@ J@/NEtz 44e Complex mix
OH o
OH _~_NEt
O/

OH ‘
7 429 J©/NEtZ 44g Complex mix.
(0]

42 :43:13-Cl04=1:2:1.1, ?13-OTf was used. Ph.2TO pp,

>+ 4K

Ph Ph
CO 13-OTf
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— e

FEhNE  F

Wiz, 78 k=KUY A-40 CT4-7mnm, 4-70E, 2-7)v4A 7=/ —/L42h-j ZH\T 4-7
=V FAT =Y 43e EDTUT U — L —T VEKKIGEIT -T2 (Table 4-4), LU, x5

T U= —T /) 44 X 50%RREDINETELND DA TH-T,

Table 4-4.
Ph 2Clo, Ph
Phj fph NEt
= 2
0 oy
PhS
R > ~ Ryr
_ ) _ o /
P~ OH 40 °C, 0.5 h 40°C,0.5h 0
MeCN
42 44
Entry 42 44 Yield /%

Cl MeO NEt,
e O e
OH (@]
Br Br NEt,
2 \T::]\ 42i \T::]\ Ji::f 44i 46
OH 0
L Cr o™
3 o 42 5 44j 48

42:43:13-Cl04=1:2:1.1

ZI T, a7 2 )=V 482 LT T F N F A A3-ClOy A RS ST L I m s —
RFEFEGDORAR EDRIFISNEZ RN E T 5720, FONREZ-40 CH5H-78 CIiZ L TRIE
AT, Va2 X U £9-78CTT =/ — /v 42h-l [ZF T F P F A 13-ClO, E AE
HEE. Z0% T4 T 2= VF 47 =V 43e XKML, -40 CE TH I L 7= (Table 4-5), = D& R,
WFNOT7 =/ —=VEHTH, —40 CTORIGEE Y bIERA@EEL, T2 7 U —nxz—7 )1 44
MNEIFZRNERTEONT, M~ X Z Tt u 7/ —) a2 OBAEICIE, PaFFALEmIC

HBAENEITET. BRO=—T /1 441 325N o T,
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Table 4-5. o 2+C|0Z oh
+
Ph"| |"Ph
o
NNF PhS
AN 13-ClO,4 43e X ©/NEt2
R R
! _ ) _ o =
ZoH 78°C,0.5h 40°C, 0.5 h o
CH,Cl,
42 44
Entry 42 44 Yield /%
cl cl NEt,
C e e
OH o
Br Br N NEt,
2 Q 42i \CL @ a4i 67
OH “0
. | [:j/ .
3 on 42 Ao 44 69
cl ~Cl _~_NEt
sue
4 @EOH 42k @[O/\ 44k 82
Cl Cl
N N NEt,
5 Fsi 421 F5CL Q 441 no reaction
OH Z0

42:43:13-ClO4=1:2:1.2

F4-T 2= VF A -NN-DR DT =) (46) 1, T R = b U VST DIEMRME MR T2

W2y 7o A2 AR THINS®EDLZ LT, =—T )V 47 ZRIFRINETHLIZ LN TE =

(Scheme 4-16),

Scheme 4-16.

2 ClOy
Ph 2 +<Ph

Ph Ph

_ /@Nan

X PhS

13-ClO, 46
| _40°C, 0.5 h
A MeCN
(;“l%é‘;é? 05h ~40°C,0.5h
| CH,Cl, |
42a:46:13-ClO;=1:2:1.2
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HIUE
BB, ARIGZET 2 =7 5T V5 ((4-BrCeHs)sN* SbClg )° DDQ Zf#{t#I & L THWTITo 72 &
ZA, 7=/ —/)v42a LIBIVAIE NS ST R TE L Db EM R LR L., kT A= —F L 44a 1%

IWRRE G b2 72 (Scheme 4-17),

Scheme 4-17. i NEt,
PhS
MeO\I:::L\ Oxidant 43¢ MeO ~ 2 NEt,
OH ~40°C,0.5h ~40°C,0.5h o™
422 MeCN 44a
(4-BrCgH4)sN* SbClg™ : not detected
DDQ: 48%

Ubokoiz, KEiTIZF7F VI hF 42 13-ClO4 & Wz 4-7 = = )V F A-N,N- T )L F )L T
=Vl T2 = VEPLDOTT ) = =T VB BUSIZOW TR 7z, ABOSIE, HEE EICY
TILENLT I ) EELEOVT IV —VT—T VN T = ) —NEL 4T 2=V FFT =1 43e P ORS
B TED, BT, ANV MLUIAFAVELZ b OEEWT =/ —/VEHTH, fIET25Y7 ) —L=x

—T VIR RARICETEDLND, £ I TREITIE. 2 OISO RCHEEIZ OV TERT S,
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B
=
1
H
[1]
=

[1]

FBE T )= =T VB RBUE O OS2 BT 5 B4R

‘

TEICIR V= 4-T7 2= LV FF-NN-CTIAFAT =V Tz ) — VENGDOYT ) — Lo —F )L

puna

BRRBSIE, YW, 4-T 2=V TF AT = 43e O AE LT INITF AL AL T = ) T TY
HIVArQO)NFIMLTA I =T LB 2L, TORTT 2=V T AN T 2= VAV T 2 =)L
FAE L THEEL T T ) — T —T )L 44 % 5 2 % L& 2 T (Figure 4-4),

Figure 4-4. B

P
Pﬂ+ N f Ph
@ + ArO-
=
Et. 13-ClO, Et,
N SPh N OAr
' Et

Bt 43¢

e)\

Et, ArO- Et .
o o o
Et’ AN

ClO,

A co, B

Ll 4-T =T AT =0 43e L 4-A FXT T =) — @420 5DV T U —)LT—TF LERK
FOGTIE, B TR Rz X ICHWETHYT U —L=—T )L 44a USNDAEEHE LT, AT 2=
NAFFATHRKT DALV T 2= b7 =V > 48 721 T V7 2= )/)L VAN T 4 R(49)H iR &
U7z (Scheme 4-18),

Scheme 4-18. ph_2ClO4 pp,

P [Sph /©/NEt2
LJ e
Meo\@\ 13-ClO,4 43e Meo\@\ /©/NEt2
OH -40°C,0.5h -40°C,0.5h 0

MeCN
42 .
2 42a:43e :13-ClO4=1:2:1.2 44a 93%
= NEt,
+
PhS e ‘ + PhSSPh
SPh

48 32% 49 62%
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FUE =
VI 2=V RANLT 4 ROERRKE LTE, FANLTOHNAELEO ZEIZE D ORLRNTAE
LT TF A —NBNTHTFF ANEMI L >TSS &'k T25bD, FA—NVEANLT ==V F
T EDRIGIZE Db DR ERBZLND, LIL, AVT 2= AT LD 8T ALY
4 RBERKTZ EIEB L6, FO8H, Figure 4-4 (TR L1727 == VT FEN ANV T = =1
FA & UCHBET 2 BOSHEME TIX. S CERWRIERERZ OV T ) — Lz —F VAR
FET D, T 2T, JUSHRELEZ LT O X 5125 2 7=(Figure 4-5), +72bb, 7=/ —/142al)
TFNVHFT AL A3-ClO ZERA S D Z L THWE Y I F A UALAEY O RN L, FRICT =
JXVNTUHNANELD, TN 4T 2oV T AT = 43e A DHERRNITFESTNWDHY
NFAANEDZ Lo TBRILSNT CINITFH U B ERDLD, ENNT = ) XU NTUANVA ERNT
MTRIETHEAI=ULE C ZERL, TOAI=ULE C LHMNETHY T —Lz—TFT )L
44a ~ LI ND,

Figure 4-5. _
Ph_2ClO4 pp

ph]" [en
a‘ _~_NEt,
MeO OO (1.0 mol) Phsg
O\ 13-ClO, 43e (2 mol) MeO._~ A~ NEt
OH | |

Pz SN
42a (1 mol) (0] 44a

(0.5 mol)

_~_NEt,
HX . \\,U 1/2 PhSSPh
Ph_2Cl04_ppy PhS \

MeO. -~ NG a8 5" 49
L. Q0 . -
A “ 0 Cation Radical
+
2
/I::j/ PhS\J::::T? Cloy
PhS s /®/o
e
2 mol) MeO C
MeO ot
_
o PhS

A (1 mol)



HINE =

ZDOAI=T L C BT —T )b 44a ~EHE L FEM R SUSHEREIIA 5 s TR0V BRI T

I% Cation % & Radical #%¥ D 2 Di3Ex bhvh, £ THIEO Cation #R¥iX, 1 I=7 LM C »

OBBE L7 7 ==V ANV T 2=V BT A IMBRRNICES> TWND4-T7 2=V F 4T =1 2 43e &t L
TANT 2= /ULT =V 48 & -2 7213 b= —7 /L 44a N4 T % 14 T H 5 (Figure 4-6),

Figure 4-6.
/©/NEt2
Phs™

<t 43e
(CNEt
e 2 \ MeO NEt,
Cation PRS— - cios O\ Q
L N 0
MeO —— c Pt‘/S@/NEtZ 44a
\
Phs” S 48

— . #%# D Radical %X} TlX, T 7 2=V TFFERNTFANT N E L THEEL T 835

EVT 2= VAT 4 RBAEL, BRI TV — V=T VDT VAN TTF A D BRERIND
(Figure 4-7), ZDOTFZ TV HINATF A DI, -7 =2=VFAT7=V 2 43e DT HINIT AL E LV
LRLZETHD Z ENGFHEFHAE O LV oD (Figure 4-8), D=, F VN HF 4 D
ERNIZEGFEL TCWD 4-T7 2=V F AT =1 43e % 1 EFBILL CHWE TS5 —T /1 44a L 72
D, FVHINDFALEIFZFOEERNICED,
Figure 4-7. n
_~ _NEt
Radical PhS' -
adica ) ClOy, MeO NEt,
° T
MeO (@]

c /©/NEt2 44a
phs” X 43e
_ +
clo, * NEt,
MeO NEt, g -
12 PhSSPh Q g ohs cio,
o E
D
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H
=
g
H
[1]
2

Figure 4-7.

MezN\©\
_Ph
S

o+

o+
(@)

Energy : -985 au Energy : -777 au 1 au = 2625.50 kJmol™
IENRBRFRTEZOND VT Y =T —T LGS O SOSHAE T d %5 75, Scheme 4-18 (2R L
TR EHDEVANT 4 ROWENANLT == T =V v 48 ORI L&, Z207H, A
I=UL C b —T7 L 4da ~DOEHUL, FIZ Radical BRI CTHEITL TWHEEZXOBNLDH, Lo

L. ZOREMITELZH L TIER Y,
PED X YICAREH TIHAIE T 72 4-7 2=V F A-NN-UT VXN T =) b7 = ) — VNS

DYT N —NT =T VERSURD FUSHEIZ OV Tk~ 7, EROOSHEMIE, o7 ) —rz—7 1

BSOS DR ORENDHER L2 D TH Y . REMPA SN TWRWEDR L 2 B 5,
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8
=
¢
&
=
Z

FBWUET 7V —nZALT 4 ROT U —ULIZ KD ANVK=0 DO AR
AiEIE CICEEZIL, T 7F VT BF A2 13-ClOs W T 7 =/ — VL 4-7 = = )L F A-N,N-°

TFNLT =1 (43e) bV T U — L —T )V EA T D O R L 72 (Scheme 4-19),

Scheme 4-19.
Ph 2+C'?Z Ph
pd S
Ph Ph /©NEt2
O O PhS
MeOQ 13-Cl0, 43e MeO ‘ N Z ‘ NEt,
OH —40°C, 0.5 h -40°C,0.5h o™
42a MeCN 44a 93%

42a:43e:13-Cl0,=1:2:1.2
FZTEHETI. W TF I AMEME 4T 2=V TFFT =V L 43e OB LT L TF A A

L T2 XUV TVANUNDRSH A RE LTI A 4V TF LT I T ) —/L AKX 50a
ETVANAFF L APERLPICEIGT D2 a2l LT, T80 6, 47 ==LFF7 =1 . 43e
T 7 FNTHF A A3-ClOs 2 S, 222 4-V2F AT I 7 U= XX 60a ZMA5 L,
BULERIRNZ S8 7 =2 =V FAEOBERITEZ S b VI 4-P=F T I 7 V) = VR EE T
FIMI L U 7Y — AR bdk = A4 ?51a A &I ER T S L7z (Scheme 4-20), £7-. 7 UG
%06 GENVBOVAFAUMCAEWTIT I EANVK= T DEOIEN R L2 & L0 ARSI

DFDANKR=Y DM GRT D12 DIT 2 EFBIEBRLETHL Z LR D,

Scheme 4-20. B
Ph.2Cl04_pp

Ph” Ph
Et,N 13-CIO EtoN S
T |0
SPh ~40°C,0.5h SPh

MeCN A

/©/ NEty
"BusSn EtoN NEt,
50a +
S

—40°C,0.5h 51a Ph CIO,

43e

43e:50a:13-ClO4=1:2:12 94%
43e : 50a:13-Cl04=1:2:0.6 46%
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HIUE FE DU

Flo. TOANVK=Y DEERKISIZOWTHNWS T U —LAX 60 ZHFtLi-E 2 A, 4-2 b F

T U =L AKX 50b REHIED /2N T Y — /L A X 50¢ DA ITIT OGN IT A < TS OB EIY &
N5OHTHIET D AVE =0 L 51b,51¢ 1315 5172 0> - 72 (Scheme 4-21),

Scheme 4-21. _
Ph_2ClO4 pp

+ o+
Ph| " |"Ph

OO Ar-Sn"Bus
EtN \©\ 13-ClO, 50 EtN
+
~sPh _40°C,0.5h _40°C,05h C ~g Ar

| _
43e MeCN Ph CIO,
. n .
43050 13.Cl0; = 1:2: 12 50b .MeO@Sn Bus  51b : not detected

50c : @SHHBU3 51c : not detected

DX A4-T2FNALT I )T V=NV AXE0a N EEIZ4-T == LFAT7 =1 43e D

RIS 5 ALR= T DEREIETAORTE 5 2 LWbnot, TIT, 4AFAFAHT =1~ 43f
R4-T == VT F-N,N- X DT =1 v 52 [Z[RIERD K 3l A 72 (Scheme 4-22), 4-A F)VF 7
T=U 43 TE 4T 2= FAT =Y v 43e LRIRRICHIG T D AR =7 L 51d 28 BAT AR IR
THOLNTZ, FIZNN-DRX VLT =Y > 52 OEFAITIE, 52 DT & b=k U Wk 5 IR RE DMK
W, WA Y7 na A8 AR TRISETTD & SR B AR =T L 51e 23 E IR TR
L7z,

Scheme 4-22. _
Ph_2Cl04 ppy

+ o+
Ph”| " |"Ph

/©/NEt2
OO "BugSn” S Et,N NEt,
Et,N 13-Clo, 50a ©\+@
s
SM

e _40°C, 0.5h _40°C, 05 h ‘ -
MeCN Me C|O4
43f 43f:50a: 13-ClO;=1:2:1.2 51d 76%
Bn,N NEt

Bn,N 2 2
o1 e
S

SPh _78°C,0.5h _40°C,0.5h ‘ -
CHCl, Ph ClO,
52 51e 89%

52:50a:13-ClO04=1:2:1.2
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HIUE FE DU

ZOXORT V=NV EORHEREF E~OMINE, fifiD 4-7 ==V FFT7 =Y 43e L 7= /) —)b
ENOLDOYT V=T —FT VOB TR LI OSHME &3R5, 22T, RRISOFEM AL 720
\Z4-7 2= VFF-NN-C AFALT = o DTN HFF L OSTFHLEE E 2T & 2 A . SOMO
DR F T ETRb RKE W &R BT/ - 7= (Figure 4-8), ZOFERIL, EBD A VFE=D
LA RSISICBWT, 4-VF T 2 ) TV — VR T VISR ER 7 B e cns 2 &

HRLTND,
Figure 4-8.

e

o+

Me2N\ :

SPh

SOMO
Thbb, ZOA VK= AEOERE#ELE LT O X 9125 2 7-(Figure 4-9), £7 4-7 = =)L F 4

7=V a3e WHWI2F T FATH T AL 13-ClOo, D ERIZE > T 1LETFBILSN, VNI T
VA LD, B4 TVZFATI )TV —NVARXE0a EMAHE, BIFELTWDL T 7FATATF
A2 13-Cl04 12 k- T 50a 8 1 E LI, ZV IV TFAY BERNICERT D, V0V T
Fv B ix, MU TFIAY = Vi FEE("BusSNCIO) 2 BT 2 2 L T == LT Pt

FNUNTCHNAF A ADHRER T A2 L TAAKR= A 51a BNEKT 5,
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Figure 4-9. B
Ph_2Cl04_ppy
+ o+
Ph Ph /©NEt2
: ‘ "BusSn
Et,N

‘ A 13-ClO, 50a EtN \©\ Q/NEt2
~sPh

43e 1a Ph ClO4

/, "Bu3SnCIlO,

"Bu;Sn

o
o+
/ o S| s
: /©/ "BU3Sn
50a B

ot

EtzN\©\ G0,
SPh

A

Fo. ROy FEUEDOFERR LD WBARIZDT V=N 2—TFT VERKINIBIT D, 7Y
ANIFHAET =) XN TPANDOOGNE, UTOXIITHETL TS EELDND, T72D
H. 72 )XV T AT AR LI LS ICT =V F A EOA T NLCEEMINT 50 TiEe <,
FIUANTF A A DORGERE S LICE TN U CTHEE C 2R L. E D% A 7V (LfRFE LICEAL L
TAI=ULEBIZRY, Z20 7 ==V FAFNENIBEL THIST 207 U —xm—T b ~ZE
=1 % (Figure 4-10),

Figure 4-10.

ot . Et N — OAr Et\
e D E D
Et — SPh Et

clo, A co, B
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Z

FUE N
EHIT, 47T =2 D1 EAFBIETELDZ TNV FAATONTH O FHUERFE 21T -

=& 2 A, SOMO DIRHMN REIR T E T b K& W2 L 3o 7= (Figure 4-11),

Ve -

N
Me/ \©\
Br

FIT, ETRA4-TnET =) 36m T aEEOREAEY By ) TRV 33
WERTDSCOWT O HEZR LR, U TR THENRZETH D L% 2 b % (Figure
4-12), T7bb, 4-T7uET =Y 36m B 1EFBILSNT O INAITH A LR BRELAT
BORHEEL CT7 ==V T P HV B BNEKT D, 7=V TPHIVB ETUANDTFAY A DG
IE, —HRFBR L7 2=V I VBB LTERICEEA LT, I =0 LD &0 | KBICR

FAABr)YPBEEL TRV 33 NRELND,
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Figure 4-12. -
Ph 2Cl0s_ppy

+ o+
Pha Ph
=
AN

Et, 13-CIO, Et, FEt
N Br N N
Et Et Et

33
36m Brt
Et — Et
- R
Et\N 5 B =/ Br Et
r _
Et co, D
Clo, Clos
A Et. +
R
)\ Et - -
Et
+ A \
Br \ N—Et
Et
el .
Et Et,
N

/N
/ _ +
Et ClO,4
L c |

UED LR TIX, T7FNVIHTF AL 13-ClOs Wi LT, 4-=F LTI/ 7Y

— VAR 4-T IV ALFF-NN-STILFRILT = N ED ANV = 7 LSRRI OW TR, 4-

CTFNATI)TIY—NARXE0allL 4T 2=V TF AT =V 43e O EE 4- 2T LT I )

TV=METHZENTE, M T V=N ANR=T MEZEIRTERT 2 Z LIl Lz, £/,

4-7 = = VF F-NN-C T IVHFNALT = o0 4-T 2 E-NN-VZF LT =) U ERMLET LA

F A2 Doy FHLERHR Z1T o T2 hE K. SOMO OREMNHER b D5 WIEREZR - ECTRLRKENW &
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Synthesis of ketendithioacetals
All Ketendithioacetals were prepared following to publications.'

Vararle = = va

0

A typical experimental procedure

To a solution of 1 ( 44.9 mg, 0.30 mmol) and 2a (58.6 mg, 0.36 mmol) in toluene (2.0 ml) was added
Me;SiOTf (0.055 ml, 0.30 mmol) at —78 °C. After the reaction mixture was stirred for 0.5 h at —78 °C,
Red-Al (NaH,Al(OCH,CH,0OCHj;), (3.67M, 0.098 ml, 0.36 mmol) in toluene was successively added at —78
°C. After stirring for 1 h at —78 °C, the reaction was quenched with phosphate buffer (pH 7) and aqueous
layer was extracted with EtOAc. The combined organic layer was washed with brine. After removal of the
solvent, the resulting residue was purified by preparative TLC to afford the desired product Se (71.6 mg,
85%, syn/anti = 33/67).

S-Ethyl-3-methoxy-2-methyl-3-phenyl-thiopropionate (syn) (3)

colorless oil

'H NMR(500 MHz, CDCl3)  1.09 (3H, dd, J = 7.4, 7.5 Hz), 1.28 (3H, d, J = 6.9 Hz), 2.65-2.85 (2H, m),
2.88 (1H, dq,J=6.9, 7.1 Hz), 3.23 (3H, s), 4.41 (1H, d,J =7.1 Hz), 7.23-7.30 (3H, m), 7.30-7.38 (2H, m);
C NMR (125 MHz, CDCl3) § 13.26, 14.53,23.02, 55.81, 57.10, 84.39, 127.2, 127.8, 128.2, 139.5, 201.4;
IR (neat) 2360, 2341, 1684, 1140, 962 cm’';

HRMS: calcd for C3H;90,S(M+) 239.1106, found 239.1112.

S-Ethyl-3-methoxy-2-methyl-3-phenyl-thiopropionate (anti) (3)

colorless oil

'H NMR(500 MHz, CDCl3)  0.85 (3H, d, J = 7.1 Hz), 1.29 (3H, dd, J = 7.4, 7.5 Hz), 2.88-2.96 (3H, m),
3.14 (3H, s),4.31 (1H, d, J=9.7 Hz), 7.28-7.39 (5H, m);

C NMR (125 MHz, CDCl;) § 14.63, 15.02, 23.26, 55.03, 56.88, 85.71, 123.6, 127.6, 128.2, 128.4, 139.0,
202.4;

IR (neat) 2360, 2341, 1684, 1097, 945 cm’';

HRMS: calcd for C3H;90,S(M+) 239.1106, found 239.1091.

4-Methoxy-3-methyl-4-phenyl-2-butanone di-S-ethyl ketal (syn) (5a)

colorless oil

'H NMR(500 MHz, CDCl3) § 1.02 (3H, d, J = 7.1 Hz), 1.21 (3H, t, J = 7.5 Hz), 1.31 (3H, d, J = 7.5 Hz),
1.61 (3H, s), 1.83 (1H, q, J = 7.1 Hz), 2.50-2.64 (2H, m), 2.65-2.76 (2H, m), 3.27 (3H, s), 5.05 (1H, s),
7.18-7.37 (5H, m);

C NMR (125 MHz, CDCl3) § 13.26, 14.53,23.02, 55.81, 57.10, 84.39, 127.2, 127.8, 128.2, 139.5, 201.4;
IR (neat) 2972, 2927, 2359, 1452, 1103, 1076 cm’';

HRMS: calcd for CisH,;0S,(M+) 299.1503, found 299.1478.

4-Methoxy-3-methyl-4-phenyl-2-butanone di-S-ethyl ketal (anti) (5a)

colorless oil

'H NMR(500 MHz, CDCl3) § 0.87 (3H, d, J=7.3 Hz), 1.24 (3H,t,J=7.5 Hz), 1.27 (3H, t,J = 7.5 Hz), 1.45
(3H, s), 2.33 (1H, dq, J = 7.3, 5.7 Hz), 2.63-2.75 (4H, m), 3.13 (3H, s), 4.55 (1H, d, J = 5.7 Hz), 7.24-7.38
(5H, m);

C NMR (125 MHz, CDCl;) § 13.32, 13.91, 23.48, 23.73, 25.04, 47.69, 55.97, 64.27, 84.45, 127.4, 127.8,
128.4, 140.6;

IR (neat) 2973, 2927, 2360, 1454, 1093 cm™;

HRMS: calcd for CisH,;0S,(M+) 299.1503, found 299.1496.
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5-Methoxy-4-methyl-5,1-diphenyl-3-one-1-pentyne di-S-ethyl ketal (syn) (Sb)
colorless oil
'H NMR(500 MHz, CDCl3) § 1.22 (3H, d, J = 7.0 Hz), 1.33 (3H, t, J = 7.5 Hz), 1.34 (3H, d, J = 7.5 Hz),
2.15(1H, q, J=7.0 Hz), 2.80-2.96 (4H, m), 3.33 (3H, s), 5.13 (1H, s), 7.18-7.39 (8H, m), 7.39-747 (2H, m);
C NMR (125 MHz, CDCL3) § 9.16, 13.81, 26.15, 26.22, 50.76, 57.00, 59.57, 81.65, 87.68, 87.92, 122.8,
126.2,126.9, 127.8, 128.2, 128.3, 131.6, 142.6;
IR (neat) 2973, 2927, 2360, 1491, 1450, 1442, 1097, 756 cm™;
HRMS: calcd for Cy3H,00S,(M+) 385.1660, found 385.1649.

5-Methoxy-4-methyl-5,1-diphenyl-3-one-1-pentyne di-S-ethyl ketal (anti) (5b)

colorless oil

'H NMR(500 MHz, CDCl3) § 0.98 (3H, d, J = 7.2 Hz), 1.31 (3H, t, J = 7.5 Hz), 1.33 (3H, d, J = 7.5 Hz),
2.50 (1H, dq, J = 7.2, 5.6 Hz), 2.82-2.95 (4H, m), 3.19 (3H, s), 4.68 (1H, d, J = 5.6 Hz), 7.18-7.35 (8H, m),
7.35-739 (2H, m);

C NMR (125 MHz, CDCl3) § 9.16, 13.81, 26.15, 26.22, 50.76, 57.00, 59.57, 81.65, 87.68, 87.92, 122.8,
126.2,126.9, 127.8, 128.2, 128.3, 131.6, 142.6;

IR (neat) 2975, 2927, 2360, 1491, 1454, 1442, 1092, 756 cm™;

HRMS: calcd for Cy3H,00S,(M+) 385.1660, found 385.1687.

Diethyl-2-(3-methoxy-2-methyl-3-phenyl-1,1-diethythio)-malonate (syn) (5¢)

colorless oil

'H NMR(500 MHz, CDCl3) 8 1.05 (3H, d, J=7.2 Hz), 1.22 (3H, t, J= 7.6 Hz), 1.26 (3H, t,J = 7.6 Hz), 1.27
(3H, t, J =7.1 Hz), 1.31 3H, t, J = 7.1 Hz), 2.56 (1H, q, J = 7.2 Hz), 2.70-2.87 (4H, m), 3.23 (3H, s),
4.13-4.30 (5H, m), 4.99 (1H, s), 7.18-725 (1H, m), 7.15-7.35 (4H, m);

C NMR (125 MHz, CDCl3) § 9.40, 13.44, 13.92, 13.99, 24.64, 24.90, 49.76, 56.19, 59.14, 61.34, 61.42,
81.75,126.5,126.8, 128.1, 142.0, 166.59, 166.60;

IR (neat) 2978, 2931, 1759, 1734, 1452, 1200, 1093, 704 cm™;

HRMS: calcd for CyoH3505S,(M+) 443.1926, found 443.1866.

Diethyl-2-(3-methoxy-2-methyl-3-phenyl-1,1-diethythio)-malonate (anti) (Sc)

colorless oil

'H NMR(500 MHz, CDCl3) 8 0.86 (3H, d, J = 6.8 Hz), 1.12 (3H, t,J=7.6 Hz), 1.28 (3H, t,J=7.1 Hz), 1.28
(3H,t,J=7.5Hz), 132 3H,t,J=7.2 Hz), 2.61 (1H, dq,J = 11.1, 7.6 Hz), 2.86 (1H, dq, J = 10.7, 7.5 Hz),
2.94 (3H, s), 3.02 (1H, dq, J = 10.7, 7.5 Hz), 3.11 (1H, dq, J=11.1, 7.6 Hz), 3.30 (1H, dq, J = 6.8, 2.6 Hz),
4.13-4.30 (5H, m), 4.54 (1H, d, J = 2.6 Hz), 7.20-736 (5H, m);

C NMR (125 MHz, CDCl;) & 13.03, 13.85, 13.97, 14.05, 15.35, 25.23, 25.99, 44.32, 55.13, 60.57, 61.10,
63.07, 63.81, 86.69,127.7,127.9, 128.2, 141.3, 167.3, 168.0;

IR (neat) 2978, 1751, 1732, 1456, 1147, 1093, 702 cm™;

HRMS: calcd for C,oH3505S,(M+) 443.1926, found 443.1910.

3,3-Bis-ethylsulfanyl-5-methoxy-2,4-dimethyl-1,5-diphenyl-pentan-1-one (5d) (one isomer.)

colorless oil

'H NMR(500 MHz, CDCl;)  0.83 (3H, d, J= 7.2 Hz), 1.16 (3H, dd, J = 8.9, 7.6 Hz), 1.25 (3H, dd, J = 7.5,
7.5 Hz), 1.52 3H, d, J = 7.1 Hz), 2.55-2.62 (1H, dt, J = 7.2, 7.6 Hz), 2.69-2.81 (4H, m), 2.80 (3H, s) 4.45
(1H, d, J = 7.6 Hz), 450 (1H, t, J = 7.1 Hz), 7.25-7.33 (5H, m), 7.40-7.45 (2H, m), 7.50-7.54 (1H, m),
7.92-7.96 (2H, m);

C NMR (125 MHz, CDCl3) 8 13.7, 14.1, 16.5, 17.3, 24.9, 25.0, 47.9, 48.7, 55.5, 69.6, 85.3, 127.5, 128.1,
128.2,128.3, 128.4, 132.3, 138.2, 141.4, 200.3;

3,3-Bis-ethylsulfanyl-5-methoxy-2,4-dimethyl-1,5-diphenyl-pentan-1-one (5d) (one isomer.)

colorless oil

'H NMR(500 MHz, CDCl3)  0.87 (3H, d, J = 6.9 Hz), 1.82 (3H, dd, J = 7.6, 7.5 Hz), 1.30 (3H, dd, J = 7.5,
7.5 Hz), 1.63 (3H, d, J = 7.3 Hz), 2.53 (3H, s), 2.59-2.63 (1H, m), 2.81-2.85 (1H, m), 2.95-3.05 (2H, m),
3.21-3.27 (1H, m), 4.31 (1H, d, J=9.0 Hz), 4.37 (1H, t,J = 7.2 Hz), 7.15-7.17 (2H, m), 7.20-7.27 (3H, m),
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7.42-7.51 (3H, m), 7.98-8.01 (2H, m)2.69-2.81 (7H, m), 4.45 (1H, d, J = 7.6 Hz), 4.50 (1H, t, J = 7.1 Hz),
7.25-7.33 (5H, m), 7.40-7.45 (2H, m), 7.50-7.54 (1H, m), 7.92-7.96 (2H, m);

BC NMR (125 MHz, CDCL) § 13.5, 14.6, 16.9, 18.8, 25.9, 26.1, 26.2, 44.5, 49.9, 55.0, 69.9, 87.0,
127.5,127.7,127.9, 128.1, 128.2, 128.3, 132.0, 137.3, 141.5, 200.2;

3,3-Bis-ethylsulfanyl-5-methoxy-2,4-dimethyl-1,5-diphenyl-pentan-1-one (5d) (two isomers 44/56.)
colorless oil

'H NMR(500 MHz, CDCls) & 1.11-1.34 (8H, m), 1.42 (1.7H, d, J = 7.0 Hz), 1.49 (1.3H, d, J = 7.1 Hz),
2.17-2.21 (1H, m), 2.57-2.99 (4H, m), 2.99 (1.7H, s), 3.18 (1.3H, s), 4.48 (0.44H, q, /= 7.0 Hz), 4.61 (0.56H,
q,J = 7.0 Hz), 5.03 (0.44H, s), 5.11 (0.56H, s), 7.22-7.32 (5H, m), 7.44-7.50 (2H, m), 7.52-7.55 (1H, m),
7.99-8.06 (2H, m);

BC NMR (125 MHz, CDCl3) 6 8.2, 9.1, 9.2, 13.3, 13.4, 13.5, 13.8, 17.5, 17.6, 24.5, 25.0, 25.3, 31.7,
46.3, 46.5, 51.0, 51.1, 55.0, 55.8, 56.4, 70.9, 71.0, 81.8, 85.7, 126.5, 126.6, 126.9, 127.2, 127.6,
127.9,128.1, 128.2, 128.4, 128.5, 132.5, 132.5, 132.6, 132.8, 137.9, 138.0, 142.1, 142.2;

3-Methoxy-2-methyl-3-phenyl-propionaldehyde-di-S-ethyl acetal (syn) (Se)

colorless oil

'H NMR(500 MHz, CDCl3) 8 1.08 (3H, t,J = 7.4 Hz), 1.15 (3H, t, J= 7.4 Hz), 1.20 (3H, d, J = 6.8 Hz), 2.12
(1H, ddq, J=7.4, 6.8, 4.7 Hz), 2.38-2.46 (2H, m), 2.46-2.57 (2H, m), 3.21 (3H, s), 3.42 (1H, d, J = 4.7 Hz),
438 (1H, d, J=7.4 Hz), 7.25-7.39 (5 H, m);

C NMR (125 MHz, CDCl;) § 12.13, 14.22, 14.41, 25.44, 25.51, 4521, 54.03, 56.98, 85.30, 127.2, 127.8,
128.3, 140.8;

IR (neat) 2360, 2341, 1545, 1097, 702 cm’';

3-Methoxy-2-methyl-3-phenyl-propionaldehyde-di-S-ethyl acetal (anti) (Se)

colorless oil

'H NMR(500 MHz, CDCl3) § 0.70 (d, J = 7.0 Hz, 3 H), 1.30 (3H, t, J = 7.4 Hz), 1.34 (3H, t, J = 7.4 Hz),
2.24 (1H,ddq, J=9.7, 7.0, 2.8 Hz), 2.60-2.79 (4H, m), 3.14 (3H, s), 4.15 (1H, d, J=9.7 Hz), 4.53 (1H, d, J
=2.8 Hz), 7.25-7.39 (5H, m);

C NMR (125 MHz, CDCly) & 11.74, 14.68, 14.84, 26.24, 26.37, 45.43, 53.74, 56.38, 85.42, 127.2, 127.7,
128.3, 140.4;

IR (neat) 2360, 2341, 1545, 1097, 702 cm’';

o EH A

A typical experimental procedure

To a solution of 8a ( 40.2 mg, 0.30 mmol) and 2a (58.3 mg, 0.36 mmol) in CH,Cl, (2.0 ml) was added
BF;-OEt; (0.045 ml, 0.36 mmol) at —94 °C. After the reaction mixture was stirred for 0.5 h at -94 °C, Red-Al
(NaH,Al(OCH,CH,OCHj5), (3.67M, 0.098 ml, 0.36 mmol) in toluene was successively added at —94 °C.
After stirring for 1 h at —94 °C, the reaction was quenched with phosphate buffer (pH 7) and aqueous layer
was extracted with EtOAc. The combined organic layer was washed with brine. After removal of the solvent,
the resulting residue was purified by preparative TLC to afford the desired product 9aa (66.0 mg, 74%,
syn/anti = 12/88).

1,1-Bis-ethylsulfanyl-2-methyl-5-phenyl-pentan-3-ol (9aa)

colorless oil

(syn) '"HNMR (500 MHz, CDCl; ) §1.12 (3H,d,J=7 Hz), 1.24 (3H, t,J=7 Hz), 1.26 3H, t, J = 7 Hz)
1.64-1.71 (1H, m), 1.84-1.94 (2H, m), 2.52-2.60 (2H, m), 2.61-2.75 (4H, m), 2.80-2.86 (1H, m), 3.83 (1H, d,
J=6Hz),3.99 (1H, m), 7.17-7.22 (3H, m), 7.28 (2H, dd, J = 7.5, 7.4);

BC NMR (126 MHz, CDCl;) 6 10.5, 14.37, 1443, 25.4, 25.5, 32.5, 37.0, 43.0, 56.8, 72.9, 125.8, 128.3,
128.4, 142.0;

IR (neat) 3446, 2967, 2925, 2870, 1456, 1375, 1263, 748, 700 cm’';

Anal. Found: C, 64.19; H, 8.83; N, 0 %. Calcd for C;4H»c0S,: C, 64.38; H, 8.78; N, 0 %.
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colorless oil
(anti) 'HNMR (500 MHz, CDCl3) 8 1.05 (3H,d,J=7 Hz), 1.27 3H,t,J =7 Hz), 1.28 3H,t,J=7 Hz),
1.64-1.74 (1H, m), 1.88-1.94 (1H, m), 1.99-2.06 (1H, m), 2.18 (1H, d, J = 6 Hz), 2.61 (2H, q, J = 7 Hz),
2.65-2.76 (1H, m), 2.71 (2H, q, J = 7 Hz), 2.85-2.91 (1H, m), 3.75 (1H, m), 4.24 (1H, d, J= 3 Hz), 7.18-7.22
(3H, m), 7.27-7.30 (2H, m);
BC NMR (126 MHz, CDCl5) 6 12.7, 14.57, 14.63, 26.0, 26.2, 32.1, 36.9, 44.4, 54.0, 73.4, 125.8, 128.35,
128.41, 142.1;
IR (neat) 3446, 2966, 2925, 2870, 1452, 1376, 1263, 1030, 746, 698 cm’™";
Anal. Found: C, 64.53; H, 8.84; N, 0 %. Calcd for C;4H»c0S,: C, 64.38; H, 8.78; N, 0 %.

4-[1,3]Dithian-2-yl-1-phenyl-pentan-3-ol (syn/anti = 75/25 mixture) (9ae)

colorless oil

'"HNMR (400 MHz, CDCl3) & 1.06 (0.75H, d, J = 7 Hz), 1.12 (2.25H, d, J = 7 Hz), 1.63-1,74 (1H, m),
1.78-1.96 (3H, m), 2.07-2.13 (1.75H, m), 2.22 (0.25H, d, J = 6), 2.60 (1H, m), 2.79-3.01 (5H, m), 3.66
(0.25H, m), 4.02 (0.75H, m), 4.16 (0.75H, d, J = 6 Hz), 4.53 (0.25H, d, J = 4 Hz), 7.16-7.21 (3H, m),
7.25-7.30 (2H, m);

C NMR (100 MHz, CDCl3) & 10.6 (syn), 13.6 (anti), 26.0 (syn), 26.3 (anti), 30.6 (syn), 30.8 (anti), 31.0
(syn), 31.3 (anti), 32.0 (anti), 32.6 (syn), 36.5 (anti), 36.6 (syn), 43.2 (syn), 44.4 (anti), 52.2 (anti), 53.4 (syn),
72.0 (syn), 72.6 (anti), 125.7, 128.2, 128.26, 128.29, 141.8 (syn), 142.0 (anti);

IR (neat) 3446, 2935, 2898, 1454, 1521, 1277, 908, 746, 731, 698 cm™";

Anal. Found: C, 63.55; H, 7.91; N, 0 %. Calcd for C;5H»,0S,: C, 63.78; H, 7.85; N, 0 %.

1,1-Bis-ethylsulfanyl-2,4-dimethyl-pentan-3-ol (syn/anti = 27/73) (9ba)

colorless oil

'H NMR (400 MHz, CDCl3) § 0.86 (2.2H, d, J = 6.4 Hz), 0.97-1.03 (6H, m), 1.10 (0.8H, d, J = 6.8 Hz),
1.24-1.32 (6H, m), 1.65-1.90 (1H, m), 1.90 (0.73H, d, /= 6.4 Hz), 2.01-2.12 (1H, m), 2.36 (0.27H, d, J = 6.8
Hz), 2.55-2.80 (4H, m), 3.49-3.61 (1H, m) 3.83 (0.27H, d, ] = 6.4 Hz), 4.33 (0.73H, d, J = 2.4 Hz); °C NMR
(100 MHz, CDCl;3) 10.4, 12.1, 144, 14.5, 14.6, 14.7, 19.2, 19.3, 25.4, 25.5, 26.3, 26.4, 29.7, 31.3, 39.9,
42.1,54.3,57.0;

IR (neat) 2962, 2927, 1456, 1377, 1263, 993, 964 cm’';

HRMS: calcd for C;H,50S,(M+) 237.1347, found 237.1324.

3,3-Bis-ethylsulfanyl-2-methyl-1-phenyl-propan-1-ol (syn/anti = 23/77) (9ca)

colorless oil

'H NMR (400 MHz, CDCl;) § 0.84 (2.3H, d, J = 6.8 Hz), 1.12-1.24 (2.1H, m), 1.26 (2.3H, dd, J=7.2, 7.2
Hz), 1.31 (2.3H, dd, J = 7.6, 7.6 Hz), 2.15-2.24 (0.23H, m), 2.27-2.36 (0.77H, m), 2.44-2.80 (5H, m), 3.64
(0.23H, d, J=4.8 Hz), 4.36 (0.77H, d, /= 2.8 Hz), 4.71 (0.77H, dd, J = 2.8, 8.4 Hz), 5.01 (0.23H, dd, J=3.2,
4.8 Hz) 7.25-7.32 (1H, m), 7.32-7.37 (4H, m);

C NMR (100 MHz, CDCl3) § 11.0, 12.3, 14.3, 14.4, 14.5, 14.7, 14.8, 25.6, 25.8, 26.3, 26.4, 45.6, 45.7, 53 4,
55.1,75.8,126.0, 126.6,127.4, 127.7, 128.2, 128 .4, 143.0, 143.2;

IR (neat) 2966, 2927, 1454, 1375, 1265, 1016, 761, 700 cm’';

HRMS: calcd for Ci4H,30S,(M+) 271.1190, found 271.1176.

2-[1,3]Dithian-2-yl-4-methyl-pentan-3-ol (syn/anti = 79/21) (9be)

colorless oil

'"H NMR (400 MHz, CDCl;) § 0.85 (0.63H, d, J = 6.8 Hz), 0.87 (2.37H, d, J = 6.4 Hz), 1.00 (2.37H, d, J =
6.4 Hz), 1.04 (0.63H, d, J = 6.8 Hz), 1.10 (2.37H, d, J = 6.8 Hz), 1.68-1.94 (3.63H, m), 1.94-2.06 (1H, m),
2.08-2.18 (1H, m), 2.82-2.95 (4H, m), 3.46-3.38 (0.21H, m), 3.58-3.60 (0.79H, m), 4.15 (0.79H, d, J = 6.8
Hz), 4.63 (0.21H, d, J= 2.4 Hz);

C NMR (100 MHz, CDCl;) 8 10.5, 13.2, 14.2, 19.2, 19.3, 20.5, 26.2, 26.5, 29.5, 30.8, 30.9, 31.0, 31.1, 31.6,
40.1,41.9, 52.6, 53.5,76.6, 77.5;

IR (neat) 3450, 2958, 2898, 1458, 1421, 1277,970 cm™;

HRMS: calcd for C;oH,0S,(M+) 221.1034, found 221.1033.
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EEROHE
2-[1,3]Dithian-2-yl-1-phenyl-propan-1-ol (9ce)
colorless oil
(syn)'H NMR (400 MHz, CDCl5) 8 1.10 (3H, d, J = 6.8 Hz), 1.79-1.93 (1H, m), 2.04-2.20 (2H, m), 2.23 (1H,
brs), 2.74-2.91 (4H, m), 4.0 (1H, d, /= 5.2 Hz), 5.06 (1H, d, J = 5.2 Hz), 7.24-7.29 (1H, m), 7.31-7.40 (4H,
m);
C NMR (100 MHz, CDCl3) § 11.2,26.1, 30.5, 31.1,45.5, 52.8, 74.6, 125.9, 127.3, 128 .2, 142.7;
IR (neat) 3443, 2932, 2892, 1450, 1422, 1277 cm’’;
HRMS: calcd for Ci3H;900S,(M+) 255.0807, found 255.0856.

colorless oil

(anti)'H NMR (400 MHz, CDCl;) § 0.84 (3H, d, J = 7.2 Hz), 1.81-1.95 (1H, m), 2.10-2.20 (1H, m),
2.21-2.34 (2H, m), 2.84-2.92 (2H, m), 2.92-3.08 (2H, m), 4.64 (1H, dd, J=9.2, 2.8 Hz), 4.74(1H, d, J =24
Hz), 7.25-7.40 (5H, m);

BC NMR (100 MHz, CDCl3) 6 13.3, 26.5, 30.9, 31.5,45.6,52.0,75.9, 126.8, 127.9, 128.5, 142.6;

IR (neat) 3432, 2899, 1653, 1559, 1507, 1456 cm™;

HRMS: calcd for C;3H;90S,(M+) 255.0807, found 255.0880.

4-[1,3]Dithian-2-yl-1-phenyl-pent-1-en-3-ol (9de)

colorless oil

(syn)lH NMR (400 MHz, CDCl;) 8 1.18 (3H, d, J= 7.2 Hz), 1.80-1.94 (1H, m), 2.00-2.15 (2H, m), 2.20 (1H,
d, J = 4.4 Hz), 2.80-2.94 (4H, m), 4.20 (1H, d, J = 6.0 Hz), 4.60-4.66 (1H, m), 6.21 (1H, dd, J = 6.0, 16.0
Hz), 6.65 (1H, d, J =16 Hz), 7.20-7.26 (1H, m), 7.28-7.34 (2H, m), 7.36-7.41 (2H, m);

BC NMR (100 MHz, CDCl) 6 11.6, 26.0, 30.4, 30.9, 43.9, 52.2, 73.6, 126.3, 127.5, 128.4, 130.3, 130.8,
136.5.

IR (neat) 3438, 2894, 1448, 1421, 964, 748, 692 cm'';

HRMS: calcd for CsH,,0S,(M+) 281.1034, found 281.1010.

colorless oil

(anti)'H NMR (400 MHz, CDCl;) § 1.18 (3H, d, J = 7.2 Hz), 1.80-1.93 (1H, m), 2.03-2.16 (2H, m), 2.19 (1H,
d, J=4.0 Hz), 2.82-2.94 (3H, m), 2.94-3.40 (1H, m), 4.30-4.37 (1H, m), 4.58 (1H, d, J = 3.6 Hz), 6.18 (1H,
dd,J=6.8,16.0 Hz), 6.62 (1H, d, J=16 Hz), 7.23-7.27 (1H, m), 7.27-7.34 (2H, m), 7.36-7.41 (2H, m);

BC NMR (100 MHz, CDCl5) 6 13.3, 26.4, 30.7, 31.3, 44.3, 51.6, 74.4, 126.4, 127.7, 128.5, 130.1, 132.3,
136.3;

IR (neat) 3409, 2896, 1448, 1421, 1277, 968, 750, 694 cm’';

HRMS: calcd for CsH,;0S,(M+) 281.1034, found 281.1010.

5,5-Bis-ethylsulfanyl-4-methyl-1-phenyl-pent-1-en-3-ol (syn/anti = 37/63) (9da)

colorless oil

'H NMR (400 MHz, CDCl3) & 1.06 (1.9H, d, J = 7.2 Hz), 1.18 (1.1H, d, J = 6.8 Hz), 1.23-1.32 (6H, m),
2.04-2.21 (1H, m), 2.17 (0.63H, d, J = 4.0 Hz), 2.44 (0.37H, d, /= 4.0 Hz) 2.59-2.79 (4H, m), 3.91 (0.37H, d,
J=6.0 Hz), 4.30 (0.63H, d, J = 3.2 Hz), 4.36-4.44 (0.63H, m), 4.63-4.69 (0.37H, m), 6.64 (0.63H, d, J =
16.0 Hz), 6.67 (0.37H, d, J = 15.6 Hz), 6.20 (0.63H, dd,J=7.2, 16.0 Hz), 6.21 (0.37H, dd, /= 6.4, 15.6 Hz),
7.21-7.27 (1H, m), 7.27-7.35 (2H, m), 7.36-7.41 (2H, m);

C NMR (100 MHz, CDCl3) § 11.5, 12.4, 14.5, 14.7, 14.8,25.5,25.7,26.1,26.2, 43.9, 44.3, 53.6, 55.5, 74.6,
75.1,126.3,126.4, 127.5, 127.7, 128.4, 128.5, 128.6, 130.5, 130.6, 130.8, 132.0, 136.4, 136.6;

IR (neat) 3432, 2968, 2925, 1448, 966, 786, 748 cm’';

HRMS: calcd for CiH,50S,(M+) 297.1347, found 297.1346.

4-Ethylsulfanyl-5-methyl-2-oxo0-6-phenethyl-5,6-dihydro-2H-pyran-3-carboxylic acid methyl ester (10)
colorless oil

(syn) 'H NMR (500 MHz, CDCl3) & 1.20 (3H, d, J = 7.0 Hz), 1.32 (3H, dd, J =7.5, 7.5 Hz), 1.77-1.84 (1H,
m), 2.14-2.23 (1H, m), 2.63 (1H, dt, J = 7.0, 2.5 Hz), 2.68-2.88 (1H, m), 2.81 (2H, dd, J = 7.5, 7.5 Hz),
2.92-2.98 (1H, m), 3.86 (3H, s), 4.32 (1H, ddd, J=9.3, 4.0, 2.5 Hz), 7.18-7.25 (3H, m), 7.29-7.33 (2H, m);
C NMR (125 MHz, CDCLy) & 11.8, 13.5, 25.3, 31.4, 33.1, 36.5, 52.4, 77.3, 115.8, 126.2, 128.3, 128.5,
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140.4,160.7, 165.0, 171.6;
IR (neat) 1733, 1697, 1290, 1227, 1132 cm™;
HRMS: calced for Ci4H,,0S,(M+) 335.1317, found 335.1335.

colorless oil

(anti) "H NMR (500 MHz, CDCl;) & 1.31 (3H, dd, J= 7.5, 7.5 Hz), 1.37 (3H, d, J = 7.1 Hz), 1.74-1.85 (1H,
m), 2.21-2.30 (1H, m), 2.66-2.89 (5H, m), 3.86 (3H, s), 4.28 (1H, ddd, /J=9.4,4.7, 1.1 Hz), 7.18-7.24 (3H,
m), 7.27-7.32 (2H, m);

BC NMR (125 MHz, CDCl;) 6 13.8, 19.0, 25.2, 31.7, 34.9, 36.7, 52.3, 79.9, 115.6, 126.1, 128.3, 128.4,
140.2, 158.5,164.9, 168.6;

IR (neat) 1733, 1695, 1338, 1213, 1065 cm™;

HRMS: calcd for C4H,,0S,(M+) 335.1317, found 335.1303.

1,1-Bis-ethysulfanyl-5-phenyl-pentan-3-ol (9af)

colorless oil

"H NMR (500 MHz, CDCl5) § 1.26 (6H, q,J=7.4 Hz), 1.72-1.85 (2H, m), 1.88-2.01 (2H, m), 2.51 (1H, brs),
2.54-2.75 (5H, m), 2.80 (1H, ddd, J =13.7, 9.8, 6.1 Hz), 3.96 (1H, tdd, /= 8.2, 4.0, 4.0 Hz), 4.02 (1H, dd, J
=8.2,6.1 Hz), 7.19 (1H,t,J=7.4 Hz), 7.20 2H, d, /= 7.4 Hz), 7.28 2H, t, J=7.4 Hz);

BC NMR (125 MHz, CDCl3) 6 14.4, 14.4,23.9,24.0,31.9, 39.1, 42.8, 48.5, 69.6, 125.8, 128.4, 141.9;

IR (neat) 3434(br), 2925, 2870, 2358, 1603, 1496, 1453, 1374, 1263, 1052, 971, 930, 860, 747, 698cm™";
Anal. Caled for C5sH,40S,: C, 63.33; H, 8.50%. Found: C, 63.18; H, 8.79%.

1-[1,3]Dithian-2-yl-4-phenyl-butan-2-ol (9ag)

colorless oil

'H NMR (400 MHz, CDCl3) § 1.71-1.84 (2H, m), 1.84-1.96 (3H, m), 2.05-2.15 (1H, m), 2.18 (1H, d, J = 4.8
Hz), 2.62-2.73 (1H, m), 2.73-2.94 (5H, m), 3.88-4.01 (1H, m), 4.25 (1H, t, J = 8.0 Hz), 7.16-7.23 (3H, m),
7.28-7.30 (2H, m);

BC NMR (125 MHz, CDCl;) 6 25.8, 30.0, 30.3,31.9, 39.1,42.6,44.2, 68.2, 125.7, 128.2, 128.3, 141.6;

IR (neat) 3417, 2931, 2900, 1421, 1274, 908 Cm'l;

HRMS: calcd for C14H,,0S,(M+) 269.1034, found 269.1029.
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1,1,3,3-Tetraphenyl-1H,3 H-benzo[de]isochromene (12a)

To a solution of 1,8-dibromonaphthalene (2.0 g, 7.0 mmol) in diethyl ether (35 ml) was added n-BuLi (6.6
ml, 2.60 M in hexane, 17.2 mmol) at 0 °C under argon. The reaction mixture was stirred for 2 h at room
temperature and then benzophenone (3.1 g, 17.0 mmol) was added. After being refluxed for 5 h, the reaction
was quenched with saturated aqueous NH4CI. Organic materials were extracted with EtOAc three times. The
combined extracts were washed with brine and dried over Na,SO,4. After removal of the solvent under
reduced pressure, the resulting residue was dissolved in dichloromethane (10 ml), and a catalytic amount of
trifluoroacetic acid (0.05 ml, 0.7 mmol) was added at room temperature. The reaction mixture was stirred for
10 h, and then MeOH (20 ml) was added. After stirring for 1 h at room temperature, the resulting precipitate
was collected by filtration, washed with MeOH, and dried under reduced pressure to give 3 (2.7 g, 80%) as
white crystals.

m.p. 244-245 °C (CH,Cl,-MeOH);

'H NMR (400 MHz, CDCl3) § 6.95-7.15 (22H, m), 7.37 (2H, dd, J = 8.0, 7.2 Hz), 7.80 (2H, d, J = 8.0 Hz);
C NMR (100 MHz, CDCl;) & 84.28, 124.9, 126.4, 126.5, 126.6, 127.0, 129.5, 132.9, 136.1, 146.5;

IR (KBr) 1578, 1546, 1452, 1359, 1087, 704, 623 cm™;
FAB HRMS calcd. for C3sH,;0 475.2062 (M+1); found 475.2067.
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EEROHE
1,1,3,3-Tetrakis-(4-methoxy-phenyl)-1 H,3 H-benzo[de]isochromene (12b)
To a solution of 1,8-dibromonaphthalene2 (500 mg, 1.8 mmol) in diethyl ether (10 ml) was added n-BuLi
(1.7 ml, 2.60 M in hexane, 4.42 mmol) at rt under argon. The reaction mixture was stirred for 2 h at room
temperature and then 4,4’-dimethoxybenzophenone (930 mg, 3.8 mmol) was added. After being refluxed for
5 h, the reaction was quenched with saturated aqueous NH4Cl. Organic materials were extracted with EtOAc
three times. The combined extracts were washed with brine and dried over Na,SO,. After removal of the
solvent under reduced pressure, the resulting residue was dissolved in dichloromethane (5 ml), and a
catalytic amount of p-toluensulfonic acid (1 mg, 0.006 mmol) was added at room temperature. The reaction
mixture was stirred for 10 h, and then MeOH (20 ml) was added. After stirring for 1 h at room temperature,
the resulting precipitate was collected by filtration, washed with MeOH, and dried under reduced pressure to
give 12b (510 mg, 48%) as white crystals.
mp. 264-268 °C (CH,Cl,-MeOH);
'H NMR (400 MHz, CDCl;) 8 3.70 (12H, s), 6.54 (8H, dd, J = 2.8, 8.8 Hz), 6.90 (2H, d, J = 7.6 Hz), 6.95
(8H,dd, J=2.8, 8.8 Hz), 7.34 (2H, dd,J=7.6, 7.6 Hz), 7.78 (2H, d, /= 7.6 Hz);
C NMR (100 MHz, CDCl3) § 55.1, 83.5, 112.3, 124.8, 126.1, 126.4, 130.5, 132.7, 137.0, 139.1, 157.9;
IR (KBr) 1508, 1219, 779, 766 cm ';
FAB HRMS calcd. for C4oH3505 4595.2484(M+1); found 595.2495.

Trimethylsilyl perchlorate (Me;SiClO, toluene solution)®

To a solution of AgClO, (4.6 g, 22.2 mmol) in toluene (30 ml) was added trimethylsilyl chloride (2.8 ml,
22.2 mmol) under argon. After this mixture was stirred for 0.5 h at room temperature and then left standing
for 0.5 h without stirring, the supernatant was used as a reagent (Me;SiClO4, 0.74 M in toluene) for the
preparation of the dications.

1,8-Bis(diphenylmethlyium)naphthalenediyl perchlorate (13-Cl1Oy)

To a stirred solution of 12a (2.0 g, 4.2 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol (30 ml) was added
Me;SiClOy4 (17.1 ml, 0.74 M in toluene, 12.6 mmol) at room temperature under argon, and this mixture was
stirred for 2 days at the same temperature. The solvent was removed under reduced pressure, and the
resulting crude product was dissolved in dichloromethane (3.0 ml) and diethyl ether (10 ml). After stirring
for 1 h at room temperature, the black precipitate was collected by filtration, washed with diethyl ether (10
ml) and then dichloromethane (3.0 ml) under argon, and dried under reduced pressure to give 13-Cl104 (2.6 g,
95%) as dark red crystals.

m.p. 170 °C (decomp.) (Et,0—CH,Cl,~HFIP)

'H NMR (400 MHz, CD;CN) 8 6.54 (2H, brs), 6.73 (2H, brs), 7.37 (2H, brs), 7.41-7.65 (10H, m), 7.75 (2H,
brs), 7.98 (2H, brs), 8.05 (2H, dd, J = 7.6, 7.6 Hz), 8.23 (2H, brs), 8.95 (2H, dd, J = 8.4, 1.6 Hz);

C NMR (100 MHz, CD;CN) & 127.7, 128.0, 129.7, 130.1, 131.9, 136.6, 137.5, 139.7, 144.8, 151.0, 207.6;

IR (KBr) 1489, 1444, 1217, 1184, 1018, 742, 694 cm™".
X-ray date: see below.

1,8-Bis(di(4-methoxyphenyl)methlyium)naphthalenediyl perchlorate (MeO-13-Cl1Oy)

red crystals, m.p. 260 °C (decomp.) (Et,O—CH,Cl,—HFIP)

'H NMR (500 MHz, CD;CN) & 4.04 (6H, s), 6.70 (4H, d, J = 8.9 Hz), 6.94 (4H, dd, J = 2.5, 9.1 Hz), 7.06
(4H, brs), 7.42 (2H, d, J=7.3 Hz), 7.58 (4H, dd, J=2.5,9.1 Hz), 7.88 (2H, dd, J = 7.3, 7.8 Hz), 8.67 (2H, d,
J=17.8 Hz);

C NMR (125 MHz, CD;CN) § 58.6, 127.8, 131.9, 136.3, 137.4, 139.3, 143.6, 144.7, 144.8, 147.4, 168.8,

192.4;
IR (KBr) 1577, 1371, 1279, 1165, 1088 cm .
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EER DL
1,8-Bis(diphenylmethlyium)naphthalenediyl trifluoromethansulfonate (13-OTf)
dark red crystals 109-110 °C (Et,0-CH,Cl,—HFIP)
'H NMR (400 MHz, CD;CN) 8 6.54 (2H, brs), 6.73 (2H, brs), 7.37 (2H, brs), 7.44-7.65 (10H, m), 7.75 (2H,
brs), 7.97 (2H, brs), 8.05 (2H, dd, J=7.7, 7.9 Hz), 8.23 (2H, brs), 8.97 (2H, d, J= 7.9 Hz);
C NMR (100 MHz, CD;CN) § 118.2, 127.7, 128.0, 128.2, 129.7, 130.1, 132.0, 136.7, 137.5, 139.7, 143.6,

144.8,147.1, 151.1, 207.8
IR (KBr) 1489, 1444, 1217, 1184, 1018, 742, 694 cm™".

5,5,7,7-Tetraphenyl-5,7-dihydro-dibenzo[c,e]oxepine (21a)

To a solution of 2,2’-dibromobiphenyl* (500 mg, 1.6 mmol) in tetrahydrofuran (15 ml) was added n-BuLi
(4.1 ml, 1.57 M in hexane, 6.4 mmol) at —78 °C under argon. The reaction mixture was stirred for 2 h at the
same temperature and then benzophenone (1.1 g, 6.4 mmol) was added. After stirring for 10 h at room
temperature, the reaction was quenched with saturated aqueous NH4Cl. Organic materials were extracted
with EtOAc three times. The combined extracts were washed with brine and dried over Na,SO,4. After
removal of the solvent under reduced pressure, the resulting residue was dissolved in dichloromethane (10
ml), and a catalytic amount of trifluoroacetic acid was added at room temperature. The reaction mixture was
stirred for 10 h, and then MeOH (20 ml) was added. After stirring for 1 h at room temperature, the resulting
precipitate was collected by filtration, washed with MeOH, and dried under reduced pressure to give 21a
(580 mg, 73%) as white crystals

m.p. over 300 °C

'H NMR (400 MHz, CDCl;) § 6.55 (2H, ddd, J = 1.8, 2.2, 7.0 Hz), 6.59 (2H, dd, J = 0.95, 7.7 Hz), 6.75 (2H,
brs), 6.77-6.94 (8H, m), 7.03-7.10 (4H, m), 7.19 (2H, brs), 7.23-7.28 (2H, m), 7.54 (2H, brs), 7.63 (2H, d, J
= 8.0 Hz), 8.60 (2H, brs);

C NMR (100 MHz, CDCl;) & 86.0, 125.6, 126.2, 126.4, 126.5, 127.5, 127.8, 128.3, 129.7, 129.8, 140.8,
143.1, 146.1, 147.9;

IR (KBr) 1215, 906, 750, 725 cm™;

FAB HRMS calcd. for C33H,90 501.2218 (M+1); found 501.2224.

1,1°-Dimethyl-5,5,7,7-tetraphenyl-5,7-dihydro-dibenzo[c,e Joxepine (21b)

To a solution of bromobenzene (0.82 ml, 2.8 mmol) in tetrahydrofuran (15 ml) was added »-BuLi (3.2 ml,
2.44 M in hexane, 7.8 mmol) at —78 °C under argon. The reaction mixture was stirred for 1 h at the same
temperature and then 24° (400 mg, 1.3 mmol) was added. After stirring for 1 h at =78 °C, the reaction was
quenched with saturated aqueous NH4Cl. Organic materials were extracted with EtOAc three times. The
combined extracts were washed with brine and dried over Na,SO,. After removal of the solvent under
reduced pressure, the resulting residue was dissolved in dichloromethane (10 ml), and a catalytic amount of
trifluoroacetic acid was added at room temperature. The reaction mixture was stirred for 10 h, and then
MeOH (20 ml) was added. After stirring for 1 h at room temperature, the resulting precipitate was collected
by filtration, washed with MeOH, and dried under reduced pressure to give 21b (660 mg, 93%) as white
crystals

m.p. over 300 °C

'H NMR (500 MHz, CDCl3) § 1.92 (6H, s), 6.52-6.53 (2H, m), 6.70-6.75 (4H, m), 6.76-6.85 (8H, m),
6.90-6.96 (2H, m), 7.20 (2H, brs), 7.25 (2H, dd, J =7.2, 7.3 Hz), 7.41 (2H, d, J = 7.3 Hz), 7.51 (2H, brs),
8.57 (2H, brs);

C NMR (125 MHz, CDClL;) & 19.9, 86.4, 125.2, 125.4, 125.7, 125.9, 126.3.126.4, 127.0, 127.7, 129.9,
137.1,139.4, 141.3, 146.2, 147.8;

IR (KBr) 1491, 1446, 1043, 1026, 912, 742, 704 cm ';
FAB HRMS calcd. for C4oH330 529.2531(M+1); found 529.2524.
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6,6’-Dimethyl-2,2’-Bis(diphenylmethlyium)biphenyldiyl perchlorate (22b-ClOy)
To a stirred solution of 21b (300 mg, 0.57 mmol) in CH,Cl, (5 ml) was added Me;SiClO4 (13.2 ml, 0.53 M
in toluene, 3.2 mmol) at room temperature under argon, and this mixture was stirred for 1 days at the same
temperature. The solvent was removed under reduced pressure, and the resulting crude product was
dissolved in dichloromethane (3.0 ml) and diethyl ether (10 ml). After stirring for 1 h at room temperature,
the red precipitate was collected by filtration, washed with diethyl ether (10 ml) and then dichloromethane
(3.0 ml) under argon, and dried under reduced pressure to give 22b-ClO, (390 mg, 97%) as red crystals.
m.p. 147 °C (decomp.) (CH,Cl,—Et20)
'H NMR (500 MHz, CD;CN) § 2.16 (6H, s), 7.16-7.25 (4H, m), 7.32-7.51 (12H, m), 7.63 (4H, brs), 7.81,
(2H,dd,J=7.4,7.5 Hz), 8.03 (2H,dd,J=7.4,7.5 Hz), 7.17 (2H, dd, J = 7.4, 7.5 Hz);
C NMR (125 MHz, CD;CN) § 22.4, 129.7, 130.9, 131.5, 132.7, 138.8, 140.1, 141.6, 142.3, 142.4, 142.5,

143.6, 144.4, 145.2, 145.8, 148.1, 148.5, 211.5;
IR (KBr) 1446, 1144, 1090, 740, 701 cm™.

Sip —

RS

Typical experimental procedure for the oxidative coupling of enolate

To a solution of propiophenone (23) (27.5 mg, 0.20 mmol) and hexamethylphosphoric triamide (0.17 ml, 1.0
mmol) in tetrahydrofuran (2.0 ml) was added hexamethyldisilazane potassium salt (0.35 ml, 15% in toluene,
0.22 mmol) at —78 °C. After the reaction mixture was stirred for 2 h at the same temperature, 13-C10y (80.5
mg, 0.12 mmol) was successively added at —78 °C. After stirring for 1 h at —78 °C, the reaction mixture was
quenched with aqueous NaHCO; and aqueous layer was extracted with EtOAc. The combined organic layer
was washed with brine. After removal of the solvent, the resulting residue was purified by preparative TLC
to afford the desired product 24 (17.8 mg, 65%, dl/meso = 65/35). The yield of 23 was determined by
GC-analysis using m-xylene as an internal standard.

2,3-Dimethyl-1,4-diphenyl-butane-1,4-dione (dl/meso = 63/37) (24)

colorless oil

'"H NMR (500 MHz, CDCl;) § 1.14 (2.2H, d, J = 6.5 Hz), 1.29 (3.8H, d, J = 6.9 Hz), 3.94-3.99 (1.3H, m),
3.99-4.08 (0.7H, m), 7.44-7.61 (8H, m), 7.98 (1.3H, d, J = 8.5 Hz), 8.06 (0.7H, d, J = 8.5 Hz);

C NMR (125 MHz, CDCl3) § 12.9, 15.5, 33.9, 43.6, 127.3, 128.5, 128.6, 130.6, 131.7, 132.9, 136.4, 149.3,
203.0,204.3;

IR (neat) 3068, 2925, 1702, 1589, 1220, 987 cm ';
Anal. calcd. for C;oHoN: C, 81.30; H, 10.80; N, 7.90%. Found: C, 81.14; H, 10.72; N, 7.70%.

1,1,2,2-Tetraphenylacenaphthene (25)

white crystals, m.p. 257-258 °C (CH,Cl,-MeOH);

"H NMR (400 MHz, CDCl3) 8 6.76-7.05 (20 H, m), 7.19 (2 H, d, J = 6.8 Hz), 7.55 (2 H, dd, J = 6.8, 8.4 Hz),
7.77 (2 H, d, J = 8.4 Hz);

BC NMR (100 MHz, CDCl3) & 75.1, 123.2, 123.4, 125.3, 126.5, 128.1, 130.9, 131.4, 137.0, 144.9, 149.9;

IR (KBr) 1585, 1491, 1439, 906, 781, 727, 696 cm™';
FAB HRMS caled. for C3sHar 459.2113 (M+1); found 459.2095.
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Typical experimental procedure for the preparation of N, N-dialkylaniline derivatives

To a suspension of NaH (3.9 g, 60% dispersion in mineral oil, 98 mmol) in THF (50 ml) at 0 °C was added
an aniline (40 mmol) under argon, and the reaction mixture was stirred for 0.5 h at the same temperature.
After alkyl iodide (96 mmol) was added, the mixture was stirred at room temperature for 3 h. The reaction
was quenched with water, and organic materials were extracted with EtOAc, and the combined extracts were
washed with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the residue
was recrystallized from ethanol.

N,N-Diethyl-3,5-dimethylaniline (36a)

white crystals, m.p. 44—45 °C (EtOH);

'H NMR (400 MHz, CDCl;) & 1.14 (6H, t, J = 6.8 Hz), 2.26 (6H, s), 3.31 (4H, q, J = 6.8 Hz), 6.31 (2H, s),
6.31 (1H, s);

C NMR (100 MHz, CDCls) § 12.7,21.9, 44.3, 109.8, 117.4, 138.7, 147.9;

IR (neat) 1595, 1487, 1356, 1219, 814 cm ';

Anal. calcd. for C;oHoN: C, 81.30; H, 10.80; N, 7.90%. Found: C, 81.14; H, 10.72; N, 7.70%.

3,5-Dichloro-N, N-diethylaniline (36b)

white crystals, m.p. 71-72 °C (EtOH);

'H NMR (400 MHz, CDCl5) 8 1.15 (6H, t, J = 7.2 Hz), 3.30 (4H, q, J = 7.2 Hz), 6.47 (2H, d, J = 2.0 Hz),
6.58 (1H, d, J=2.0 Hz);

C NMR (100 MHz, CDCls) & 12.4, 44.5,109.6, 114.7, 135.5, 149.1;

IR (neat) 1585, 1549, 1468, 746 cm™';

Anal. calcd. for C;oH;3CILN: C, 55.06; H, 6.01; N, 6.42%. Found: C, 54.85; H, 5.98; N, 6.22%.

3-Bromo-N, N-diethylaniline (36¢)

pale yellow oil;

'H NMR (400 MHz, CDCls) § 1.15 (6H, t, J = 7.2 Hz), 3.32 (4H, q, J = 7.2 Hz), 6.56 (1H, dd, J = 8.0, 2.4
Hz), 6.72 (1H,dd, J=7.6,1.0 Hz), 6.76 (1H, dd, J=2.4, 1.0 Hz), 7.05 (1H, dd, J = 8.0, 7.6 Hz);

C NMR (100 MHz, CDCl3) § 12.5,44.3,110.1, 114.2, 117.9, 123.5, 130.3, 148.9;

IR (neat) 1587, 1491, 1263, 978, 750 cm™';

Anal. calcd. for C,(H14BrN: C, 52.65; H, 6.19; N, 6.14%. Found: C, 52.47; H, 6.20; N, 5.92%.

3-Methyl-N, N-diethylaniline (36d) (commercially available)

pale yellow oil

'H NMR (400 MHz, CDCl;) § 1.15 (6H, t, J = 7.2 Hz), 2.30 (3H, s), 3.33 (4H, q, J = 7.2 Hz), 6.44-6.51 (3H,
m), 7.06-7.12 (1H,m);

*C NMR (100 MHz, CDCl3) § 12.3,44.3,109.0, 125.5, 116.3, 129.3, 138.8, 145.8;

IR (neat) 2968, 1599, 1496, 1271, 1198, 760, 690 cm ';
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N,N,3,5-Tetramethylaniline (36e)

yellow oil;

"H NMR (400 MHz, CDCl3) 8 2.28 (6H, s), 2.91 (6H, s), 6.38 (2H, s), 6.39 (1H, s);

BC NMR (100 MHz, CDCl;) 6 21.8,40.7,110.7, 118.7, 138.5, 150.8;

IR (neat) 2914, 1597, 1489, 1354, 816 cm ™ ';

Anal. calcd. for C;sHoN: C, 80.48; H, 10.13; N, 9.39%. Found: C, 80.50; H, 9.91; N, 9.21%.

N,N-Diallyl-3,5-dimethylaniline (36f)

pale yellow oil;

"H NMR (400 MHz, CDCl3) § 2.45 (6H, s), 3.87-3.90 (4H, m), 5.10-5.20 (4H, m), 5.78-5.91 (2H, m), 6.34
(2H, brs), 6.35 (1H, brs);

3C NMR (100 MHz, CDCl;) & 21.8, 53.4, 110.3, 115.8, 118.3, 129.0, 138.5, 145.3;

IR (neat) 1597, 1192, 914, 816 cm ';

Anal. calcd. for Ci4HoN: C, 83.53; H, 9.51; N, 6.96%. Found: C, 83.55; H, 9.51; N, 6.75%.

N,N-Dibenzyl-3,5-dimethylaniline (36g)

white crystals, m.p. 83-84 °C (EtOH);

"H NMR (400 MHz, CDCl3) § 2.20 (6H, s), 4.60 (4H, s), 6.37-6.41 (3H, m), 7.20-7.26 (6H, m), 7.28-7.34
(4H, m);

C NMR (100 MHz, CDCl;) § 21.8, 53.7, 110.2, 118.8, 126.6, 126.7, 128.5, 138.6, 138.7, 149.,5;

IR (neat) 1595, 1493, 1450, 1360, 1192, 729, 694 cm ';
Anal. calcd. for C,oH»3N: C, 87.66; H, 7.69; N, 4.65%. Found: C, 87.74; H, 7.82; N, 4.54%.

N-Acetyl-3,5-dimethylaniline (36h)

white crystals, m.p. 144145 °C (EtOH);

'"H NMR (500 MHz, CDCl3) 8 2.16 (3H, s), 2.29 (6H, s), 6.75 (1H, s), 7.12 (2H, s), 7.13 (1H, brs);
C NMR (100 MHz, CDCls) § 21.3,24.7, 117.6, 126.1, 137.6, 138.7, 168.8;

IR (neat) 3269, 2360, 1658, 1612, 1562, 1415, 912, 744 cm ' ';
FAB HRMS calcd. for C;oH;4NO 164.1075 (M+1); found 164.1083.

N-Acetyl-N-methyl-3,5-dimethylaniline (36i)

white crystals, m.p. 71-73 °C (EtOH);

'H NMR (500 MHz, CDCl;) 8 1.87 (3H, s), 2.33 (6H, s), 3.23 (3H, s), 6.79 (2H, s), 6.96 (1H, brs);
BC NMR (100 MHz, CDCl5) § 21.2,22.4,37.1, 124.5, 129.2, 139.3, 144.4, 170.4

IR (neat) 1652, 1593, 1375, 727 cm™';

FAB HRMS calcd. for C;H;(NO 178.1232 (M+1); found 178.1203.

N-Benzyloxycarbony-3,5-dimethylaniline (36))

white crystals, m.p. 60-62 °C (EtOH);

'H NMR (400 MHz, CDCl3)  2.26 (6H, s), 5.17 (1H, s), 6.31 (1H, brs), 6.69 (1H, s), 7.22 (2H, s), 7.30-7.41
(5H, m);

C NMR (125 MHz, CDCL3) § 21.3, 66.6, 116.4, 125.2, 128.2, 128.3, 128.6, 136.1, 137.5, 138.7, 153.3;

IR (neat) 3320, 1701, 1541, 1211, 1074, 839, 684 cm ';
FAB HRMS calcd. for C;¢H;sNO, 256.1338 (M+1); found 256.1311.

N-Benzyloxycarbony-N-methyl-3,5-dimethylaniline (36k)

pale yellow oil
'H NMR (400 MHz, CDCl;) 8 2.30 (6H, s), 3.28 (3H, s), 5.16 (2H, s), 6.85 (3H, 5), 7.25-7.34 (5H, m);
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C NMR (100 MHz, CDCl3) § 11.3,67.2, 123.5, 127.6, 127.7, 127.8, 128.3, 136.7, 138 4;

IR (neat) 1699, 1597, 1319, 1144, 694 cm';
FAB HRMS calcd. for C7Hy0NO, 270.1494 (M+1); found 270.1478.

N-Methyl-N-tosyl-3,5-dimethylaniline (361)

white crystals, m.p. 115-117 °C (EtOH);

'H NMR (400 MHz, CDCl5) § 2.25 (6H, s), 2.43 (3H, s), 3.12 (3H, s), 6.69 (2H, s), 6.89 (1H, s), 7.24 (2H, d,
J=8.4Hz),7.46 (2H, d, ] = 8.4 Hz),

C NMR (100 MHz, CDCls) § 21.3, 21.6, 38.3, 124.3, 127.9, 128.9, 129.1, 137.7, 138.3, 141.4, 143.3;

IR (neat) 1595, 1338, 1163, 1086, 661, 590 cm ';

FAB HRMS calcd. for C;cHyoNO,S 290.1215 (M+1); found 290.1201.

Typical experimental procedure for the oxidative coupling of aniline derivatives

To a solution of N,N-diethyl-3,5-dimethylaniline (27.5 mg, 0.16 mmol) in dichloromethane (2.0 ml) was
added 13-Cl0Oy (61.8 mg, 0.10 mmol) at —78 °C, and the reaction mixture was stirred for 1 h at the same
temperature. After completion of the oxidative coupling (TLC monitoring), the reaction was quenched with
saturated aqueous NaHCOs. Organic materials were extracted with EtOAc and the combined extracts were
washed with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the resulting
residue was purified by preparative TLC (silica gel) to give N,N,N' N'-tetraethyl-2,2',6,6'-
tetramethylbenzidine (37a) (26.7 mg, 98%) along with acenaphthene 25.

N,N,N',N'-Tetraethylbenzidine (33)

white crystals, m.p. 88-89 °C (EtOH);

'H NMR (400 MHz, CDCl3) & 1.17 (12H, t, J = 7.2 Hz), 3.34 (8H, q, J = 7.2 Hz), 6.72 (4H, d, J= 1.6, 7.2
Hz), 7.40 (4H,d, J=1.6 7.2 Hz);

BC NMR (100 MHz, CDCl;3) 6 12.7,44.4,112.1, 127.0, 128.7, 146.1;

IR (neat) 1608, 1504, 1354, 1261, 1194, 904, 725 Cm_l;

Anal. calcd. for C,0HysN,: C, 81.03; H, 9.52; N, 9.45%. Found: C, 80.98; H, 9.62; N, 9.23%.

N,N,N',N'-Tetraethyl-2,2',6,6'-tetramethylbenzidine (37a)

white crystals, m.p. 119-120 °C (EtOH);

'H NMR (400 MHz, CDCl3) 8 1.18 (12H, t, J = 6.8 Hz), 1.87 (12H, s), 3.34 (8H, q, J = 6.8 Hz), 6.45 (4H, s);
3C NMR (100 MHz, CDCl3) & 12.9, 20.8,44.2, 111.0, 137.0;

IR (neat) 2964, 1601, 1473, 1373, 1286, 1198, 825 cm ';

FAB HRMS calcd. for Cp4H,7N; 353.2957 (M+1); found 353.2935.

2,2',6,6'-Tetrachloro-N,N,N',N'-tetraethylbenzidine (37b)

white crystals, m.p. 215-217 °C (EtOH);

'H NMR (400 MHz, CDCl3) & 1.20 (12H, t, J = 7.2 Hz), 3.34 (8H, q, J = 7.2 Hz), 6.65 (4H, s);
C NMR (100 MHz, CDCl;) § 12.5, 44.3, 110.0, 121.6, 136.5, 148.2;

IR (neat) 2967, 1593, 1520, 1471, 1352, 1265, 1188 cm™';

Anal. calcd. for C,0H,4CI4N,: C, 55.32; H, 5.57; N, 6.45%. Found: C, 55.07; H, 5.72; N, 6.26%.

2,2'-Dibromo-N,N,N', N'-tetraethylbenzidine (37¢)

pale yellow oil;

'H NMR (400 MHz, CDCl5) § 1.18 (12H, t,J = 7.2 Hz), 3.35 (8H, q, J = 7.2 Hz), 6.61 (2H, dd, J = 8.4, 2.4
Hz), 6.90 (2H, d, J=2.4 Hz), 7.06 (2H, d, J = 8.4 Hz);
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3C NMR (100 MHz, CDCl3) 8 12.6, 44.3, 110.0, 114.4, 125.5, 128.8, 132.0, 147.8;
IR (neat) 1597, 1489, 1352, 1196, 795 cm™';
FAB HRMS calcd. for CooHa*'BraN, 457.0500 (M+1); found 457.0505.

N,N,N’,N’-Tetraethyl-2,2’-dimethylbenzidine (37d)

pale yellow oil

'H NMR (400 MHz, CDCl3) & 1.19 (12H, t, J= 7.2 Hz), 2.04 (3H, s), 3.36 (8H, q, J = 7.2 Hz), 6.51-6.58 (4H,
m), 6.96 (2H, d, J= 8.4 Hz), 7.25 (2H, s);

C NMR (100 MHz, CDCls) & 12.9, 20.8, 44.3, 109.0, 112.7, 129.3, 131.0, 137.2, 146.6;

IR (neat) 2966, 1606, 1493, 1354, 1255, 1198 cm ';

FAB HRMS calcd. for C,,H;33N; 325.2644 (M+1); found 325.2644.

N,N,N'\N',2,2',6,6'-Octamethybenzidine (37e)

pale yellow crystals, m.p. 172—174 °C (EtOH);

'"H NMR (400 MHz, CDCl5) § 1.88 (12H, s), 2.94 (12H, s), 6.51 (4H, s);
BC NMR (100 MHz, CDCl;) 6 20.6,40.7, 111.6, 129.1, 136.9, 149.0;
IR (neat) 2913, 1602, 1489, 1440, 1352, 1228, 823 cm '

FAB HRMS calcd. for CyoHy9N; 297.2331 (M+1); found 297.2326.

N,N,N',N'-Tetraallyl-2,2',6,6'-tetramethylbenzidine (37f)

pale yellow oil;

'H NMR (400 MHz, CDCl;) § 1.85 (12H, s), 3.90 (8H, d, J = 5.2 Hz), 5.18-5.30 (8H, m), 5.80-5.95 (4H, m),
6.47 (4H, s);

C NMR (100 MHz, CDCl3) § 20.7, 52.6, 111.4, 115.9, 128.9, 134.7, 136.9, 147.3;

IR (neat) 2910, 1601, 1473, 1190, 912, 771 cm ;

FAB HRMS calcd. for CysH37N, 401.2957 (M+1); found 401.2968.

N,N,N',N'-Tetrabenzyl-2,2',6,6'-tetramethylbenzidine (37g)

white crystals, m.p. 195-197 °C (EtOH);

"H NMR (400 MHz, CDCl3) 8 1.82 (12H, s), 4.59 (8H, s), 6.52 (4H, s), 7.20-7.36 (20H, m);

C NMR (100 MHz, CDCl;) § 20.7, 53.7, 111.5, 126.6, 127.0, 128.4, 129.3, 137.0, 139.2, 148.0;
IR (neat) 1601, 1493, 1450, 1215, 1184, 748, 728, 694 cm ';

Anal. calcd. for C4HuuN,: C, 87.96; H, 7.38; N, 4.66%. Found: C, 87.75; H, 7.57; N, 4.53%.

4,4'5,5'-Tetrakis(dimethylamino)-1,1'-binaphthalene (39)

pale yellow crystals, m.p. 192-193 °C (EtOH);

'H NMR (400 MHz, CDCls) § 2.87 (24H, s), 6.88 (2H, d, J = 7.2 Hz), 6.93 (2H, d, J = 8.0 Hz), 6.99 (2H, d,
J=8.0 Hz), 7.08 (2H, dd,J=7.2,7.6 Hz), 7.25 (2H, d, J = 7.6 Hz);

C NMR (125 MHz, CDCls) § 44.4 (br), 112.0, 112.2, 120.2, 120.6, 124.9, 127.7, 132.5, 137.3, 149.9,
150.5;

IR (neat) 2931, 2823, 2771, 1572, 1394, 1373, 1026, 725 cm ';
Anal. calcd. for CogH34Ny: C, 78.83; H, 8.03; N, 13.13%. Found: C, 78.61; H, 8.12; N, 12.87%.
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Typical experimental procedure for the preparation of aniline derivatives
To a suspension of NaH (3.9 g, 60% dispersion in mineral oil, 98 mmol) in THF (50 ml) at 0 °C was added
an aniline (40 mmol) under argon, and the reaction mixture was stirred for 0.5 h at the same temperature.
After alkyl iodide (96 mmol) was added, the mixture was stirred at room temperature for 3 h. The reaction
was quenched with water, and organic materials were extracted with EtOAc, and the combined extracts were
washed with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the residue
was recrystallized from ethanol.

4-Bromo-N, N-diethylaniline (43a)

yellow oil

'H NMR (500 MHz, CDCl5) § 1.14 (6H, t, J = 7.0 Hz), 3.31 (4H, q, J= 7.0 Hz), 6.3 (2H, dd, J=2.1, 6.9 Hz),
7.25 (2H, dd, J=2.1, 6.9 Hz);

BC NMR (125 MHz, CDCl;) § 12.4, 44.4, 106.9, 113.4, 131.4, 146.7;

IR (neat) 2968, 1589, 1493, 1354, 1265, 1192, 802 cm ';

FAB HRMS calcd. for C;oH;s BrN 228.0388 (M+1); found 228.0410.

4-Chloro-N, N-diethylaniline (43b)

pale yellow oil

'H NMR (500 MHz, CDCl3) § 1.13 (6H, t, J = 7.1 Hz), 3.31 (4H, q, J = 7.1 Hz), 6.58 (2H, dd, J = 1.7, 9.2
Hz), 7.13 (2H, dd, J=1.7, 9.2 Hz);

C NMR (125 MHz, CDCls) § 12.4, 44.5, 112.9, 120.0, 128.9, 146.3;

IR (neat) 2969, 1595, 1498, 1265, 1188, 804, 741 cm™';
FAB HRMS calcd. for C;oH;sCIN 184.0893 (M+1); found 184.0876.

4-Fluoro-N, N-diethylaniline (43¢)

pale yellow oil

'"H NMR (500 MHz, CDCl3) § 1.12 (6H, t, J = 7.0 Hz), 3.29 (4H, q, J = 7.0 Hz), 6.59-6.64 (2H, m),
6.89-6.94 (2H, m);

BC NMR (125 MHz, CDCls) & 12.4, 44.9, 113.6 (J = 34 Hz), 115.5 (J =22 Hz), 144.6, 154.5 (J = 233 Hz);
IR (neat) 2970, 1508, 1227, 810 cm ';

FAB HRMS calcd. for C;oH;sFN 168.1189 (M+1); found 168.1179.

Typical experimental procedure for the preparaton of p-substituted-N, N-diethylaniline

To a solution of p-bromo-N, N-dialkylaniline (8.8 mmol) in THF (35 ml) was added »-BuLi (3.4 ml, 2.71 M
in hexane, 9.2 mmol) at —78 °C under argon. The reaction mixture was stirred for 1 h at the same temperture
and then electrophile (“Bu3SnCl, PhSSPh, MeSSMe) (8.8 mmol) was added. After stirring for 2 h, the
reaction was quenched with saturated aqueous NH4Cl. Organic materials were extracted with EtOAc. The
combined extracts were washed with brine and dried over Na,SO,. After removal of the solvent under
reduced pressure, the resulting residue was purified on a column chromatography.

4-Phenylthio-N, N-diethylaniline (43e) was purified by recrystallization from ethanol in 83% yield.
4-Tributylstannyl-N, N-diethylaniline (43d) was purified by distillation under reduce pressure in 63% yield.
4-Methylthio-N, N-diethylaniline (43f) was purified by distillation under reduce presuure.

4-Phenylthio-N, N-dibenzylaniline (46) was purified by recrystallization from ethanol in 66% yield.
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4-Tributylstannyl-N, N-diethylaniline (43d)
colorless oil
'H NMR (500 MHz, CDCl3) § 0.98 (9H, t, J = 7.4 Hz), 1.01 (6H, t, J = 7.3 Hz), 1.23 (6H, t, J = 7.3.0 Hz),
1.50 (6H, tt,J=7.3,7.4 Hz), 1.77 (6H, tq, /= 7.4, 7.4 Hz), 3.09 (4H, q,J = 7.3 Hz), 6.79 (2H, d, J = 8.5 Hz),
7.56-7.61 (2H, m);
C NMR (125 MHz, CDCl3) 8 9.6, 12.4, 13.7, 27.4, 27.6, 27.8, 29.3, 29.4, 29.5, 43.9, 112.4, 124.4, 127.5,
127.6,127.7,127.9, 128.0, 128.2, 137.5, 147.9;

IR (neat) 2924, 1587, 1502, 1263, 1080, 798 cm ';
Anal. calcd. for C,oH4NSn: C, 60.29; H, 9.43; N, 3.20%. Found: C, 60.13; H, 9.31; N, 2.97%.

4-Phenylthio-N, N-diethylaniline (43e)

white crystals, m.p. 68-69 °C (EtOH);

'"H NMR (500 MHz, CDCl3) & 1.18 (6H, t, J = 7.1 Hz), 3.37 (4H, d, J = 7.1 Hz), 6.63-6.67 (2H, m),
6.99-7.12 (3H, m), 7.17-7.22 (2H, m), 7.35-7.38 (2H, m);

BC NMR (125 MHz, CDCly) § 12.5, 44.3, 112.2, 124.8, 126.6, 128.7, 136.6, 140.6, 148.1;

IR (neat) 2970, 1590, 1504, 1267, 1194, 912, 794, 734 cm ';
Anal. calcd. for C;¢H9N: C, 74.66; H, 7.44; N, 5.44%. Found: C, 74.63; H, 7.51; N, 5.33%.

4-Methylthio-N, N-diethylaniline (43f)

pale yellow oil

'H NMR (500 MHz, CDCl5) § 1.14 (6H, t, J = 7.0 Hz), 2.40 (3H, s), 3.32 (4H, q, J= 7.0 Hz), 6.61 (2H, dd, J
=2.1,6.8 Hz), 7.26 (2H, dd, J= 2.1, 6.8 Hz);

C NMR (125 MHz, CDCls) § 12.5, 14.0, 19.6, 34.0, 44.3, 112.3, 121.6, 129.0, 132.0, 146.7;

IR (neat) 2968, 1592, 1500, 1354, 1263, 1194, 806 cm ';
FAB HRMS calcd. for C;;H;sNS 196.1160 (M+1); found 196.1144.

4-Bromo-N, N-dibenzylaniline

white crystals, m.p. 124-126 °C (EtOH)

'H NMR (500 MHz, CDCls) § 4.63 (4H, s), 6.59 (2H, d, J = 9.0 Hz), 7.19-7.28 (8H, m), 7.30-7.35 (4H, m);
BC NMR (125 MHz, CDCls) § 54.4, 108.6, 114.1, 126.5, 127.0, 128.7, 131.8, 138.0, 148.1;

IR (neat) 1591, 1493, 1360, 1230, 729 cm ;
Anal. calcd. for C5sH3NS: C, 68.19; H, 5.15; N, 3.98%. Found: C, 68.04; H, 5.34; N, 3.80%.

4-Phenylthio-N, N-dibenzylaniline (46)

white crystals, m.p. 107-109°C (EtOH);

'H NMR (500 MHz, CDCl;) & 4.67 (4H, s), 6.72 (2H, d, J = 8.9 Hz), 7.09 (1H, dd, J = 7.3, 7.3 Hz),
7.11-7.15 (2H, m), 7.15-7.37 (14H,m);

C NMR (125 MHz, CDCL3) § 54.1, 113.1, 118.2, 125.1, 126.5, 127.0, 127.2, 128.7, 135.9, 137.9, 139.7,
149.4;

IR (neat) 1594, 1582, 1502, 1477, 1451, 1361, 1233 cm ;
Anal. calcd. for C,4H»3NS: C, 81.85; H, 6.08; N, 3.67%. Found: C, 81.70; H, 6.26; N, 3.43%.

Typical experimental procedure for the synthesis of diarylether

To a solution of 42a (12.6 mg, 0.10 mmol) in acetonitrile (2.0 ml) was added the dication compound
(13-C10y) (77.3 mg, 0.12 mmol) at —40 °C. After the reaction mixture was stirred for 0.5 h at —40 °C, 43e
(51.6 mg, 0.20 mmol) was successively added at —40 °C. After stirring for 0.5 h at —40 °C, the reaction was
quenched with saturated aqueous NaHCO; and aqueous layer was extracted with EtOAc. The combined
organic layer was washed with brine. After removal of the solvent, the resulting residue was purified by
preparative TLC to afford the desired product 4-diethylamino-4’-methoxydiphenylether (44a) (25.7 mg,
93%).
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EEROHE
4-Diethylamino-4’-methoxydiphenylether (44a)
pale yellow crystals, m.p. 53-54 °C (EtOH);
'H NMR (500 MHz, CDCl;) § 1.13 (6H, t, J = 7.1 Hz), 3.25 (4H, q, J = 7.1 Hz), 3.78 (3H, s), 6.63-6.67 (2H,
m), 6.79-6.84 (2H, m), 6.86-6.91 (4H, m);
C NMR (125 MHz, CDCl3) § 12.5, 44.8, 55.6, 113.6, 114.6, 118.8, 120.0, 144.4, 147.8, 152.4, 154.8;

IR (neat) 2968, 2360, 1495, 1219, 1036 cm™';
Anal. calcd. for C7sH,NO,: C, 75.25; H, 7.80; N 5.16%. Found: C, 75.13; H, 7.84; N, 4.95%.

4-Diethylamino-2’,4’,6’-trimethyldiphenylether (44b)

colorless oil

'H NMR (500 MHz, CDCl;) & 1.10 (6H, t, J = 7.1 Hz), 2.10 (6H, s), 2.28 (3H, s), 3.24 (4H, q, J = 7.1 Hz),
6.59-6.66 (4H, m), 6.87 (2H, d, J = 0.45 Hz);

C NMR (125 MHz, CDCly) § 12.5, 16.4, 20.8, 45.0, 114.6, 115.2, 129.4, 131.2, 133.9, 143.0, 149.5, 149.7;

IR (neat) 2968, 1506, 1479, 1220 cm™';
FAB HRMS calcd. for CoH,gNO 284.2014 (M+1); found 284.2006.

4-Diethylamino-2’,6’-dimethyldiphenylether (44¢)

colorless oil;

'H NMR (500 MHz, CDCl;) § 0.97 (6H, t, J = 7.1 Hz), 2.14 (3H, H), 3.25 (4H, q, J= 7.1 Hz), 6.61-6.66 (4H,
m), 6.99-7.08 (3H, d, J = 8.0 Hz);

C NMR (125 MHz, CDCl3) § 12.5, 16.4,45.0, 114.5, 115.2, 114.5, 115.2, 124.5, 128.8, 131.7, 143.1, 149 4,
151.8;

IR (neat) 2969, 2360, 1506, 1194; cm ';
Anal. calcd. for CogH34Ny: C, 78.83; H, 8.03; N, 13.13%. Found: C, 78.61; H, 8.12; N, 12.87%.

4-Diethylamino-2’,4’-dimethyldiphenylether (44d)

colorless oil

'H NMR (500 MHz, CDCl;) & 1.13 (6H, t, J = 7.1 Hz), 2.25 (3H, s), 2.28 (3H, s), 3.29 (4H, q, J = 7.1 Hz),
6.65 (2H, dd, J =2.3, 9.1 Hz), 6.70 (1H, d, J = 8.2 Hz), 6.83 (2H, dd, /= 2.3, 9.1 Hz), 6.89 (1H, d, J = 8.2
Hz), 7.02 (1H, s);

C NMR (125 MHz, CDCly) § 12.5, 16.2, 20.6, 44.9, 113.9, 117.6, 119.3, 127.2, 128.5, 131.7, 131.9, 144.1,
148.2, 154.0;

IR (neat) 2970, 1510, 1495, 1248, 1222 cm ';
FAB HRMS calcd. for C;sHx4NO 270.1858 (M+1); found 270.1849.

4-Diethylamino-4’-chlorodiphenylether (44h)

colorless oil

'H NMR (500 MHz, CDCl3) § 1.16 (6H, t, J = 7.1 Hz), 3.33 (4H, q, J = 7.1 Hz), 6.66 (2H, dd, J =2.3, 6.8
Hz), 6.86 (2H, dd, J=2.2, 6.8 Hz), 6.91 (2H, dd, J=2.3, 6.8 Hz), 7.21 (2H, dd, J=2.2, 6.8 Hz);

BC NMR (125 MHz, CDCly) § 12.5, 44.7, 113.1, 118.1, 121.1, 123.5, 126.5, 129.3, 145.0, 157.9;

IR (neat) 2970, 1508, 1483, 1236 cm ™ ';
FAB HRMS calcd. for CigH;o”’CINO 278.1126 (M+1); found 278.1107.

4-Diethylamino-4’-bromodiphenylether (44i)

colorless oil

'H NMR (500 MHz, CDCl3) § 1.16 (6H, t, J = 7.1 Hz), 3.33 (4H, q, J = 7.1 Hz), 6.65 (2H, dd, J =2.2, 6.8
Hz), 6.81 (2H, dd, J=2.2,6.9 Hz), 6.91 (2H, dd, J=2.4, 6.9 Hz), 7.35 (2H, dd, J = 2.4, 6.8 Hz);

BC NMR (125 MHz, CDCl;) & 12.5, 44.7, 113.1, 113.9, 118.6, 121.2, 132.2, 145.1, 145.7, 158.5;

IR (neat) 2973, 2869, 1508, 1479, 1236 cm ™ ';
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FAB HRMS calcd. for CiHyo* BrNO 322.0630 (M+1); found 322.0639.

4-Diethylamino-2’-fluorodiphenylether (44j)

colorless oil

'H NMR (500 MHz, CDCl3) § 1.15 (6H, t, J = 7.1 Hz), 3.32 (4H, q, J = 7.1 Hz), 6.66 (2H, dd, J =2.3, 6.8
Hz), 6.89-7.00 (5H, m), 7.00-7.14 (2H, m);

BC NMR (125 MHz, CDCly)  12.5, 44.7, 113.3, 116.6, 119.2, 120.0, 122.7, 124.1, 144.8, 146.2, 146.3,
146.5, 152.4, 154.4;

IR (neat) 2976, 1508, 1498, 1257, 1213 cm ;
FAB HRMS calcd. for C;¢H;sFNO 260.1451 (M+1); found 260.1436.

4-Diethylamino-2’,6’-dichlorodiphenylether (44Kk)

colorless oil

'H NMR (500 MHz, CDCl3) § 1.12 (6H, t, J = 7.0 Hz), 3.27 (4H, q, J = 7.0 Hz), 6.62 (2H, dd, J =2.3, 6.9
Hz), 6.73 (2H, dd, J=2.3,6.9 Hz), 7.09 (1H, t, J=8.2 Hz), 7.36 (2H, d, J = 8.2 Hz);

BC NMR (125 MHz, CDCl;) & 12.5, 44.8, 113.5, 115.8, 125.8, 129.0, 130.2, 143.9, 148.0, 148.1;

IR (neat) 2970, 1506, 1441, 1245, 1203 cm™';
FAB HRMS caled. for C;H;5*C1LNO 310.0765 (M+1); found 310.0772.

4-Dibenzylamino-4’-methoxydiphenylether (47)

colorless oil

'H NMR (500 MHz, CDCl;) § 3.77 (3H, s), 4.61 (4H, s), 6.65-6.69 (2H, m), 6.82 (2H, m), 6.79-6.83 (2H, m),
6.87-6.92 (2H, m), 7.21-7.28 (6H, m), 7.28-7.34 (4H, m);

C NMR (125 MHz, CDCl3) § 54.8, 55.6, 113.8, 114.6, 119.2, 119.6, 126.7, 126.8, 128.5, 138.6, 145.4,
148.8, 151.9, 155.0;

IR (neat) 1513, 1496, 1222, 1203 cm™';

FAB HRMS calcd. for Cy7Hy6NO; 396.1964 (M+1); found 396.1957.

2 DU 7 2 DU £

Typical experimental procedure for the synthesis of sulfonium salt

To a solution of 43e (25.8 mg, 0.10 mmol) in acetonitrile (2.0 ml) was added the dication compound
(13-C10y) (79.2 mg, 0.12 mmol) at —40 °C. After the reaction mixture was stirred for 0.5 h at —40 °C, 43d
(53.4 mg, 0.12 mmol) was successively added at —40 °C. After stirring for 0.5 h at —40 °C, the reaction was
quenched with saturated aqueous NaHCO; and aqueous layer was extracted with CH,Cl,. The combined
organic layer was washed with brine. After removal of the solvent, the resulting residue was purified by
preparative TLC to afford the desired product bis(4-diethylaminophenyl)phenyl sulfonium perchlorate (51a)
(47.5 mg, 94%).

Bis(4-diethylaminophenyl)phenyl sulfonium perchlorate (51a)
pale yellow crystals, m.p. 182—184 °C (EtOH);

'"H NMR (500 MHz, CDCl3) § 1.19 (6H, t, J = 7.1 Hz), 3.42 (4H, q, J = 7.1 Hz), 6.80 (4H, dd, J=3.4,9.3
Hz), 7.43 (4H, dd, J = 3.4, 9.3 Hz), 7.42-7.49 (2H, m), 7.59-7.66 (3H, m);
3C NMR (125 MHz, CDCl;) § 12.1, 44.7,105.3, 112.9, 128.8, 128.9, 130.8, 132.5, 132.8, 151.5;

IR (neat) 1583, 1510, 1070 cm™';
Anal. calcd. for Co,sH33CIN,O4S: C, 61.83; H, 6.59; N, 5.55%. Found: C, 61.65; H, 6.57; N, 5.40%.

Bis(4-diethylaminophenyl)methyl sulfonium perchlorate (51a)

pale yellow oil
'H NMR (500 MHz, CDCl;) § 1.16 (6H, t,J = 7.1 Hz), 3.38 (4H, q, J = 7.1 Hz), 3.42 (3H, s), 6.75 (2H, d, J
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=9.3 Hz), 6.65 (2H, d, J=9.3 Hz);
13C NMR (125 MHz, CDCly) § 12.2, 30.1, 44.6, 108.0, 112.6, 130.9, 151.3;
IR (neat) 1585, 1512, 1974 cm™;

4-Dibenzylaminophenyl 4-diethylaminophenyl phenyl sulfonium perchlorate (51a)
pale yellow oil

'"H NMR (500 MHz, CDCl3) § 1.18 (6H, t, J = 7.1 Hz), 3.40 (4H, q, J= 7.1 Hz), 4.74 (4H, s), 6.78 (2H, d, J
=9.3 Hz), 6.88 (2H, d,J = 9.3 Hz), 7.20 (2H, d, J = 7.3 Hz), 7.24-7.29 (2H, m), 7.31-7.39 (6H, m), 7.42 (2H,
d,J=9.3 Hz), 7.47 (2H, dd, J = 1.4, 8.2 Hz), 7.56-7.64 (3H, m);

3C NMR (125 MHz, CDCl3) § 12.1, 44.6, 54.3, 104.5, 108.4, 112.9, 113.9, 126.2, 127.4, 128.4, 128.9, 129.0,
130.9, 132.2, 1327, 133.0, 136.1, 151.6, 152.9;

IR (neat) 1577, 1508, 1070, 727 cm™;
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Table 1. Crystal data and structure refinement for ichi0130.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

ichi0130

C36 H26 CI12 O8
657.47

1202) K
0.71070 A
monoclinic
P21/a
a=16.090(7) A
b=10.544(4) A
c=17.881(7) A
2936(2) A3

4

1.488 Mg/m?
0.279 mm-!
1360

0.50 x 0.30 x 0.20 mm?
3.05 to 27.48°.
-17<=h<=20, -13<=k<=13, -21<=1<=23
16652

5037 [R(int) = 0.0296]

74.9 %

0.9463 and 0.8732

o= 90.0000(15)°.
B=104.6052(17)°.
v = 90.0000(15)°.

Full-matrix least-squares on F?
5037/0/434

1.054

R1 =0.0527, wR2 = 0.1420
R1=0.0593, wR2 = 0.1467
1.480 and -0.773 e.A"
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A%x 103)

for ichi0130. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
C(1) 5250(2) 1828(3) 8291(2) 17(1)
C(2) 6090(2) 2115(3) 8701(2) 21(1)
C@3) 6283(2) 3205(3) 9154(2) 24(1)
C4) 5634(2) 4039(3) 9180(2) 24(1)
C(5) 4780(2) 3802(3) 8777(2) 20(1)
C(6) 4131(2) 4655(3) 8860(2) 24(1)
C(7) 3283(2) 4408(3) 8545(2) 24(1)
C(8) 3061(2) 3324(3) 8084(2) 21(1)
C(9) 3670(2) 2523(2) 7913(1) 16(1)
C(10) 4565(2) 2695(3) 8308(2) 16(1)
c(11 5150(2) 544(3) 7956(1) 17(1)
C(12) 5680(2) 218(3) 7446(2) 19(1)
C(13) 6004(2) -1023(3) 7419(2) 23(1)
C(14) 6540(2) -1285(3) 6946(2) 27(1)
C(15) 6744(2) -344(3) 6476(2) 28(1)
C(106) 6412(2) 878(3) 6478(2) 26(1)
C(17) 5906(2) 1171(3) 6976(2) 21(1)
C(18) 4600(2) -352(2) 8200(2) 17(1)
C(19) 4253(2) -1415(3) 7746(2) 19(1)
C(20) 3736(2) -2257(3) 8003(2) 23(1)
C(21) 3549(2) -2068(3) 8716(2) 25(1)
C(22) 3896(2) -1034(3) 9180(2) 23(1)
C(23) 4407(2) -180(3) 8926(2) 19(1)
C(24) 3340(2) 1684(2) 7247(2) 18(1)
C(25) 3722(2) 1736(3) 6596(2) 19(1)
C(206) 4038(2) 2897(3) 6396(2) 23(1)
C(27) 4327(2) 2986(3) 5733(2) 28(1)
C(28) 4340(2) 1920(3) 5284(2) 31(1)
C(29) 4058(2) 760(3) 5488(2) 27(1)
C(30) 3728(2) 663(3) 6125(2) 21(1)
C(31) 2574(2) 951(3) 7205(2) 18(1)
C(32) 2009(2) 639(3) 6477(2) 24(1)
C(33) 1278(2) -63(3) 6453(2) 28(1)

110



C(34)
C(35)
C(36)
Cl(1)
Cl2)
o(1)
0(2)
0(3)
04
0(5)
0(6)
O(7)
0(8)
0(9)
0(10)

1098(2)
1649(2)
2370(2)
3862(1)
3528(1)
2919(1)
3163(2)
4289(1)
3722(2)
4258(2)
3803(2)
4524(8)
3159(12)
4380(11)
3088(9)

-476(3)
-187(3)
548(3)

-3192(1)

2372(1)
3394(2)
1339(2)
2808(2)
1931(3)

-3967(3)
-3932(3)

-2309(16)
-2503(17)
-2129(10)
-2920(20)

7133(2)
7849(2)
7888(2)
5744(1)

10443(1)

10254(1)

10781(1)

10993(2)
9752(2)
5254(2)
6400(2)
6058(8)
5193(10)
5990(8)
5417(9)

29(1)
25(1)
22(1)
36(1)
22(1)
34(1)
41(1)
41(1)
51(1)
55(1)
65(1)
59(4)
83(6)
76(4)

120(5)
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Table 3.  Bond lengths [A] and angles [°] for ichi0130.

C(1)-C(2) 1.398(4) C(20)-C(21) 1.396(4)
C(1)-C(10) 1.438(4) C(20)-H(13) 0.9500
C(1)-C(11) 1.474(4) C(21)-C(22) 1.399(4)
C(2)-C(3) 1.396(4) C(21)-H(14) 0.9500
C(2)-H(1) 0.9500 C(22)-C(23) 1.371(4)
C(3)-C(4) 1.375(4) C(22)-H(15) 0.9500
C(3)-HQ) 0.9500 C(23)-H(16) 0.9500
C(4)-C(5) 1.404(4) C(24)-C(31) 1.442(4)
C(4)-H(3) 0.9500 C(24)-C(25) 1.447(4)
C(5)-C(6) 1.413(4) C(25)-C(26) 1.406(4)
C(5)-C(10) 1.428(4) C(25)-C(30) 1.413(4)
C(6)-C(7) 1.364(4) C(26)-C(27) 1.382(4)
C(6)-H(4) 0.9500 C(26)-H(17) 0.9500
C(7)-C(8) 1.402(4) C(27)-C(28) 1.384(5)
C(7)-H(5) 0.9500 C(27)-H(18) 0.9500
C(8)-C(9) 1.386(4) C(28)-C(29) 1.385(5)
C(8)-H(6) 0.9500 C(28)-H(19) 0.9500
C(9)-C(10) 1.447(4) C(29)-C(30) 1.376(4)
C(9)-C(24) 1.471(4) C(29)-H(20) 0.9500
C(11)-C(18) 1.436(4) C(30)-H(21) 0.9500
C(11)-C(12) 1.437(4) C(31)-C(36) 1.407(4)
C(12)-C(13) 1.414(4) C(31)-C(32) 1.425(4)
C(12)-C(17) 1.415(4) C(32)-C(33) 1.382(4)
C(13)-C(14) 1.381(4) C(32)-H(22) 0.9500
C(13)-H(7) 0.9500 C(33)-C(34) 1.389(4)
C(14)-C(15) 1.392(4) C(33)-H(23) 0.9500
C(14)-H(®) 0.9500 C(34)-C(35) 1.394(4)
C(15)-C(16) 1.395(5) C(34)-H(24) 0.9500
C(15)-H(9) 0.9500 C(35)-C(36) 1.382(4)
C(16)-C(17) 1.384(4) C(35)-H(25) 0.9500
C(16)-H(10) 0.9500 C(36)-H(26) 0.9500
C(17)-H(11) 0.9500 CI(1)-0(10) 1.269(16)
C(18)-C(19) 1.414(4) CI(1-0(9) 1.399(10)
C(18)-C(23) 1.421(4) CI(1)-0(7) 1.420(12)
C(19)-C(20) 1.373(4) CI(1)-0(6) 1.432(3)
C(19)-H(12) 0.9500 CI(1)-0(5) 1.456(3)
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CI(1)-0(8)
C1(2)-0(4)
C1(2)-0(1)
Cl1(2)-03)
C1(2)-002)

C(2)-C(1)-C(10)
C(2)-C(1)-C(11)
C(10)-C(1)-C(11)
C(3)-C(2)-C(1)
C(3)-C(2)-H(1)
C(1)-C(2)-H(1)
C(4)-C(3)-C(2)
C(4)-C(3)-H(2)
C(2)-C3)-H(2)
C(3)-C(4)-C(5)
C(3)-C(4)-H(3)
C(5)-C(4)-H(3)
C(4)-C(5)-C(6)
C(4)-C(5)-C(10)
C(6)-C(5)-C(10)
C(7)-C(6)-C(5)
C(7)-C(6)-H(4)
C(5)-C(6)-H(4)
C(6)-C(7)-C(8)
C(6)-C(7)-H(5)
C(8)-C(7)-H(5)
C(9)-C(8)-C(7)
C(9)-C(8)-H(6)
C(7)-C(8)-H(6)
C(8)-C(9)-C(10)
C(8)-C(9)-C(24)
C(10)-C(9)-C(24)
C(5)-C(10)-C(1)
C(5)-C(10)-C(9)
C(1)-C(10)-C(9)
C(18)-C(11)-C(12)
C(18)-C(11)-C(1)

1.489(11)
1.428(2)
1.438(2)
1.438(2)
1.440(2)

119.8(2)
113.8(2)
126.0(2)
121.8(3)
119.1
119.1
119.1(3)
120.5
120.5
121.5(3)
119.2
119.2
119.1(3)
120.4(3)
120.5(3)
121.5(3)
119.2
119.2
118.7(3)
120.7
120.7
122.4(3)
118.8
118.8
119.2(2)
114.5(2)
125.6(2)
117.3(2)
116.9(2)
125.7(2)
123.1(2)
119.5(2)

C(12)-C(11)-C(1)
C(13)-C(12)-C(17)
C(13)-C(12)-C(11)
C(17)-C(12)-C(11)
C(14)-C(13)-C(12)
C(14)-C(13)-H(7)

C(12)-C(13)-H(7)

C(13)-C(14)-C(15)
C(13)-C(14)-H(8)

C(15)-C(14)-H(8)

C(14)-C(15)-C(16)
C(14)-C(15)-H(9)

C(16)-C(15)-H(9)

C(17)-C(16)-C(15)
C(17)-C(16)-H(10)
C(15)-C(16)-H(10)
C(16)-C(17)-C(12)
C(16)-C(17)-H(11)
C(12)-C(17)-H(11)
C(19)-C(18)-C(23)
C(19)-C(18)-C(11)
C(23)-C(18)-C(11)
C(20)-C(19)-C(18)
C(20)-C(19)-H(12)
C(18)-C(19)-H(12)
C(19)-C(20)-C(21)
C(19)-C(20)-H(13)
C(21)-C(20)-H(13)
C(20)-C(21)-C(22)
C(20)-C(21)-H(14)
C(22)-C(21)-H(14)
C(23)-C(22)-C(21)
C(23)-C(22)-H(15)
C(21)-C(22)-H(15)
C(22)-C(23)-C(18)
C(22)-C(23)-H(16)
C(18)-C(23)-H(16)
C(31)-C(24)-C(25)

117.2(2)
119.0(3)
121.6(3)
119.3(3)
119.9(3)
120.1
120.1
120.5(3)
119.8
119.8
120.5(3)
119.8
119.8
119.8(3)
120.1
120.1
120.3(3)
119.9
119.9
118.7(2)
122.0(2)
119.2(2)
120.3(3)
119.8
119.8
120.1(3)
119.9
119.9
120.5(3)
119.7
119.7
119.9(3)
120.1
120.1
120.4(3)
119.8
119.8
120.6(2)



C(31)-C(24)-C(9)
C(25)-C(24)-C(9)

C(26)-C(25)-C(30)
C(26)-C(25)-C(24)
C(30)-C(25)-C(24)
C(27)-C(26)-C(25)
C(27)-C(26)-H(17)
C(25)-C(26)-H(17)
C(26)-C(27)-C(28)
C(26)-C(27)-H(18)
C(28)-C(27)-H(18)
C(27)-C(28)-C(29)
C(27)-C(28)-H(19)
C(29)-C(28)-H(19)
C(30)-C(29)-C(28)
C(30)-C(29)-H(20)
C(28)-C(29)-H(20)
C(29)-C(30)-C(25)
C(29)-C(30)-H(21)
C(25)-C(30)-H(21)
C(36)-C(31)-C(32)
C(36)-C(31)-C(24)
C(32)-C(31)-C(24)
C(33)-C(32)-C(31)
C(33)-C(32)-H(22)
C(31)-C(32)-H(22)
C(32)-C(33)-C(34)
C(32)-C(33)-H(23)
C(34)-C(33)-H(23)
C(33)-C(34)-C(35)

119.6(2)
119.3(2)
119.2(3)
119.4(2)
121.2(2)
119.9(3)
120.0
120.0
120.0(3)
120.0
120.0
120.7(3)
119.6
119.6
120.2(3)
119.9
119.9
119.8(3)
120.1
120.1
119.3(3)
120.0(2)
120.7(3)
119.5(3)
120.2
120.2
120.3(3)
119.8
119.8
120.7(3)

C(33)-C(34)-H(24)
C(35)-C(34)-H(24)
C(36)-C(35)-C(34)
C(36)-C(35)-H(25)
C(34)-C(35)-H(25)
C(35)-C(36)-C(31)
C(35)-C(36)-H(26)
C(31)-C(36)-H(26)
0(10)-CI(1)-0(9)
0(10)-CI(1)-0(7)
0(9)-CI(1)-0(7)
0(10)-CI(1)-0(6)
0(9)-CI(1)-0(6)
0(7)-CI(1)-0(6)
0(10)-CI(1)-0(5)
0(9)-CI(1)-0(5)
0(7)-CI(1)-0(5)
0(6)-CI(1)-0(5)
0(10)-CI(1)-O(8)
0(9)-CI(1)-0(8)
0(7)-CI(1)-0(8)
0(6)-CI(1)-O(8)
0(5)-CI(1)-0(8)
0(4)-C1(2)-0(1)
0(4)-C1(2)-0(3)
0(1)-Cl(2)-0(3)
0(4)-C1(2)-0(2)
0(1)-C1(2)-0(2)
0(3)-Cl(2)-0(2)

Symmetry transformations used to generate equivalent atoms:
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119.7
119.7
120.0(3)
120.0
120.0
120.1(3)
120.0
120.0
113.4(9)
125.6(9)
12.2(10)
104.0(7)
109.6(6)
103.4(7)
112.3(7)
108.8(6)
102.0(7)
108.48(19)
24.4(9)
96.3(7)
108.1(8)
127.7(12)
104.5(7)
108.96(15)
111.18(18)
109.43(14)
108.59(17)
109.88(15)
108.78(15)



Table 4.  Anisotropic displacement parameters (A2x 103) for ichi0130. The anisotropic

displacement factor exponent takes the form: -2x?[ h? a*?U!! + ... +2 hk a* b* U!? ]
Ul U22 U» 0L OLE U2

c() 19(1) 19(1) 14(1) 1(1) 6(1) 2(1)
cQ) 18(1) 23(1) 22(1) 3(1) 5(1) 2(1)
6 21(1) 28(2) 21(1) 1(1) 2(1) 6(1)
C@) 30(2) 22(1) 19(1) 4(1) 5(1) -10(1)
C(s) 24(2) 19(1) 17(1) 1(1) 6(1) 2(1)
C(6) 35(2) 17(1) 20(1) 2(1) o(1) 1(1)
) 28(2) 20(1) 26(2) o(1) 10(1) o(1)
C(®) 20(1) 23(1) 20(1) 1(1) 7(1) 2(1)
C9) 17(1) 17(1) 15(1) 2(1) A1) 1(1)
C(10) 18(1) 17(1) 15(1) 2(1) 6(1) 2(1)
c(11) 17(1) 20(1) 12(1) 2(1) 1(1) 3(1)
C(12) 16(1) 25(1) 16(1) 2(1) 5(1) J1(1)
ca3) 210 23(2) 24(1) 3(1) 5(1) o(1)
c14) 232 302) 29(2) -5(1) 7(1) 6(1)
casy 220 42(2) 23(2) 9(1) o(1) 3(1)
a6 232 34(2) 22(1) 3(1) o(1) 6(1)
c(17) 19(1) 25(2) 20(1) 2(1) A1) 3(1)
C(18) 16(1) 16(1) 18(1) 2(1) 5(1) 3(1)
C(19) 19(1) 20(1) 19(1) o(1) 6(1) 3(1)
ceo)  22(1) 19(1) 29(2) J1(1) 6(1) o(1)
cRl) 2402 21(1) 31(2) 5(1) 11(1) 1(1)
cR2)  26(2) 23(1) 21(1) 3(1) 12(1) A1)
ce3) 210 18(1) 19(1) o(1) 6(1) 3(1)
ce4) 2001 16(1) 16(1) 3(1) 2(1) 5(1)
C(5) 17(1) 23(1) 15(1) 2(1) 2(1) o(1)
ce6)  2502) 24(2) 20(1) 1(1) 3(1) -1(1)
cern 320 31(2) 22(2) o(1) 8(1) 4(1)
ce8) 3202 44(2) 18(1) 3(1) 10(1) 3(1)
cR9)  2902) 31(2) 19(1) 3(1) 5(1) 2(1)
cGa0)  22(1) 22(1) 18(1) 1(1) 3(1) o(1)
CG1) 17(1) 17(1) 21(1) 1(1) A1) 3(1)
CcG32)  2502) 24(2) 21(1) 1(1) A1) 1(1)
Cc33) 2302 26(2) 31(2) 4(1) 1(1) 2(1)
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C(34)
C(35)
C(36)
Cl(1)
Cl2)
o(1)
0(2)
0(3)
04
0(5)
0(6)
O(7)
0(8)
0(9)
0(10)

24(2)
27(2)
22(1)
42(1)
24(1)
26(1)
44(2)
25(1)
84(2)
74(2)
91(2)
28(5)
81(9)

165(12)
75(6)

23(2)
21(1)
20(1)
35(1)
22(1)
33(1)
37(1)
33(1)
45(2)
46(2)
55(2)

111(11)
80(8)
19(4)

194(13)

42(2)
29(2)
23(1)
30(1)
22(1)
39(1)
42(1)
57(2)
35(1)
50(2)
63(2)
38(5)
57(7)
77(7)

107(8)

0(1)
1(1)
1(1)
-4(1)
-1(1)
-1(1)
11(1)
-1(1)
0(1)

-13(1)

0(2)

-28(5)
-16(6)
23(3)
78(10)

11(1)
11(1)
6(1)
9(1)
8(1)
5(1)
12(1)
-7(1)
35(1)
25(2)
44(2)
8(4)

-39(6)

91(8)
52(7)

-5(1)
1(1)
4(1)
-3(D)
1(1)
9(1)

-10(1)

2(1)
19(2)

-1(1)

-14(2)
-17(5)

52(6)

-40(5)

60(8)
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Table 5.  Hydrogen coordinates ( x 10%) and isotropic ~displacement parameters (A2x 10 3)

for ichi0130.

X y z U(eq)
H(1) 6541 1552 8670 25
H(2) 6855 3369 9441 29
H(3) 5766 4792 9477 28
H(4) 4290 5418 9143 29
H(5) 2852 4960 8635 29
H(6) 2470 3132 7881 25
H(7) 5853 -1675 7727 27
H(8) 6771 2113 6940 33
H(9) 7112 -535 6150 34
H(10) 6533 1506 6140 31
H(11) 5710 2016 7002 26
H(12) 4379 -1548 7260 23
H(13) 3505 -2970 7695 28
H(14) 3183 2646 8886 30
H(15) 3779 924 9671 27
H(16) 4633 531 9238 23
H(17) 4053 3620 6717 28
H(18) 4518 3778 5586 34
H(19) 4543 1986 4831 37
H(20) 4092 29 5186 32
H(21) 3506 -123 6247 25
H(22) 2135 913 6011 28
H(23) 897 266 5969 33
H(24) 594 959 7111 35
H(25) 1530 -497 8309 30
H(26) 2729 782 8376 26
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Table 6. Torsion angles [°] for ichi0130.

C(10)-C(1)-C(2)-C(3)
C(11)-C(1)-C(2)-C(3)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(3)-C(4)-C(5)-C(10)
C(4)-C(5)-C(6)-C(7)
C(10)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(7)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(24)
C(4)-C(5)-C(10)-C(1)
C(6)-C(5)-C(10)-C(1)
C(4)-C(5)-C(10)-C(9)
C(6)-C(5)-C(10)-C(9)
C(2)-C(1)-C(10)-C(5)
C(11)-C(1)-C(10)-C(5)
C(2)-C(1)-C(10)-C(9)
C(11)-C(1)-C(10)-C(9)
C(8)-C(9)-C(10)-C(5)
C(24)-C(9)-C(10)-C(5)
C(8)-C(9)-C(10)-C(1)
C(24)-C(9)-C(10)-C(1)
C(2)-C(1)-C(11)-C(18)
C(10)-C(1)-C(11)-C(18)
C(2)-C(1)-C(11)-C(12)
C(10)-C(1)-C(11)-C(12)
C(18)-C(11)-C(12)-C(13)
C(1)-C(11)-C(12)-C(13)
C(18)-C(11)-C(12)-C(17)
C(1)-C(11)-C(12)-C(17)
C(17)-C(12)-C(13)-C(14)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)

2.5(4)
-170.2(2)
-2.0(4)
1.6(4)
176.3(3)
-1.7(4)
-173.4(3)
4.6(4)
4.4(4)
-2.6(4)
9.1(4)
-162.0(3)
2.1(4)
-175.9(2)
179.9(2)
2.0(4)
2.4(4)
169.2(2)
179.9(2)
-8.4(4)
-8.5(4)
161.6(2)
169.1(3)
-20.8(4)
117.93)
-54.2(4)
-56.5(3)
131.4(3)
-29.0(4)
145.1(3)
153.0(3)
-32.8(3)
0.7(4)
-177.3(3)
-1.9(4)
0.2(4)
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C(14)-C(15)-C(16)-C(17)
C(15)-C(16)-C(17)-C(12)
C(13)-C(12)-C(17)-C(16)
C(11)-C(12)-C(17)-C(16)
C(12)-C(11)-C(18)-C(19)
C(1)-C(11)-C(18)-C(19)
C(12)-C(11)-C(18)-C(23)
C(1)-C(11)-C(18)-C(23)
C(23)-C(18)-C(19)-C(20)
C(11)-C(18)-C(19)-C(20)
C(18)-C(19)-C(20)-C(21)
C(19)-C(20)-C(21)-C(22)
C(20)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(18)
C(19)-C(18)-C(23)-C(22)
C(11)-C(18)-C(23)-C(22)
C(8)-C(9)-C(24)-C(31)
C(10)-C(9)-C(24)-C(31)
C(8)-C(9)-C(24)-C(25)
C(10)-C(9)-C(24)-C(25)
C(31)-C(24)-C(25)-C(26)
C(9)-C(24)-C(25)-C(26)
C(31)-C(24)-C(25)-C(30)
C(9)-C(24)-C(25)-C(30)
C(30)-C(25)-C(26)-C(27)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(28)
C(26)-C(27)-C(28)-C(29)
C(27)-C(28)-C(29)-C(30)
C(28)-C(29)-C(30)-C(25)
C(26)-C(25)-C(30)-C(29)
C(24)-C(25)-C(30)-C(29)
C(25)-C(24)-C(31)-C(36)
C(9)-C(24)-C(31)-C(36)
C(25)-C(24)-C(31)-C(32)
C(9)-C(24)-C(31)-C(32)

2.8(4)
-4.0(4)
2.3(4)

-179.7(2)

27.1(4)
158.9(2)
151.8(2)
22.2(4)
0.4(4)

179.4(3)
0.0(4)
-1.1(4)
1.7(4)
-1.3(4)
0.2(4)

-178.8(2)

-49.9(3)

139.6(3)

121.9(3)
-48.7(4)
138.7(3)
-32.9(4)
-36.8(4)
151.6(2)
1.8(4)

-173.8(3)
2.7(4)
0.5(5)
2.7(5)
-3.5(4)
1.3(4)

176.8(3)
158.5(2)
-29.9(4)
-22.4(4)
149.3(3)



C(36)-C(31)-C(32)-C(33)
C(24)-C(31)-C(32)-C(33)
C(31)-C(32)-C(33)-C(34)
C(32)-C(33)-C(34)-C(35)

-0.7(4)
-179.9(3)
-0.7(4)
0.0(5)

C(33)-C(34)-C(35)-C(36)
C(34)-C(35)-C(36)-C(31)
C(32)-C(31)-C(36)-C(35)
C(24)-C(31)-C(36)-C(35)

Symmetry transformations used to generate equivalent atoms:
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Symmetry transformations used to generate equivalent atoms:

! (a) Kaya, R.; Beller, N. R. J. Org. Chem. 1981, 46, 196. (b) Kaya, R.; Beller, N. R. Synthesis 1981, 814. (c)
Nagao, Y.; Seno, K.; Fujita, E. Tetrahedron Lett. 1979, 45, 4403. (d) Nsunda, K. M.; Hevesi, L. J. Chem. Soc.,
Chem. Commun. 1985, 1000.

2

3 Jona, H.; Mandai, H.; Chavasiri, W.; Takeuchi, K.; Mukaiyama, T. Bull. Chem. Soc. Jpn. 2002, 75, 291.

* Leroux, F.; Schlosser, M. Angew. Chem. Int. Ed. 2002, 41, 4272.
3 Kanoh, S.; Muramoto, H.; Kobayashi, N.; Motoi, M.; Suda, H. Bull. Chem. Soc. Jpn. 1987, 60, 3659.
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o

RFSCIE, SR CREN S NI I VR A F A Z2FA LH LOAEBA R TIEORIEIC SN T
WAL D THD FE—ETIL T T VT AT Y —AOA VT ¢ Vil KRB T-H & REH % |
one-pot Tl X w5 3 A SSIZ OV TR, B _EOLHEMNUETIE, F7X L0 d 1,8 fiLlc
FUT V=N AF VLM EZS O LW A TF A ALEMOERKE, Zhvge 2 B F{LAlE L TR

M L7z 4 T O BUS I DWW Tk~ 7z,

BT, 22ATFNTT o OFATRE—VE TEE=AHLNIT AT v N, FHEREAI D
3 MRS DWW TR ARz, U XA FAL U Y 7 T — b EEEAE LTHWT, 2-2F 1
CXFNG TV TFAT I N2 EVATFAT RN ERIESED L 2O0DT AF AT A
TEREA SN TF A HPE 3 BERT D, £ I3 &HET A AERESC~Y O VBT AT VO
T )T7—h, &t KU RREDRERZIEASELZLICLD, one-pot T X —L, T ¥
FAT v 2= REFIO 3D EREPITA, MIETDL-A X TIFAT VS —/ 4 O anti k%
B L TAHEMKRT D Z LT LT2(Scheme 5-1), 77 v Y FF 7B =& H0 D AKRIGNT, RKEZA
ERADIEZTTILHIEAD 22AF AT T OFFTEHZ =L 2 DOEARB-A NP TFAT X —

JL 4 % one-pot THRTE L7, THEX—ANLOH LWREHMBELEE LTH/HFTE 5,

Scheme 5-1.
OMe SEt i OMe SEt .y~
/K . \)\ Me3SiOTf i TfO
Ph~ “OMe = SEt ~78°C,05h Ph SEt
1 2 CH,Cl, 3
, MeOEtS SEt
Nucleophile \/\
Ph Nu
-78°C,1h
4 74-85%

(ca. synl/anti = 30/70)
Nu : alkyl, alkynyl, CH(CO3R),, H

EHIC, TIATE REZREFHIEL, NUAFASUAL KNI 75— NDOEFEMET, BRA T VF
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o fiE
Red-Al(NaH,A(OCH,CH,0CH, ), Tt D . syn (KD B-t Fu o PF 472 —1 7s BEE LT
Bont, £, FEORIEZ =7 bR EY T F LT =T K P F AT o OF AT H
—/L6a TITH &, 6 BEREBIRIEB 2/l L C anti (KOFIINMA Ta 2MESE L T 517, Lewis BED
L 22 ATFNT T o OF AT = VORBEEZERSZLIZLY, 2 50EBREARB LTI LT
E N, 7o PFAT7TEXY—, B R N(Red-A)D 3 imdfE 3 T2, B-E KXo oF47 84
—/L T OWSLARENE(R % one-pot THRKT D Z LN TX 72(Scheme 5-2), ZHHDUGIZ L » THD
NoHB-t XL VFAT =N TIE —RICERPEHEE SN TWDLT VT B FRIORZZET VR
— R EEMRbLE T D, DO T VT AT =V ERHWOIARTFET, L p-t Na

FOTNT b REMEDOERHEL LTHATH D,

Scheme 5-2. I\élg
-Si_
o OTf HO RS SR
i) TMSOTf ii) Red-Al 'Y
> H ————— Ph(CHy), H
R =-(CHy)s-
S S 7s
0] SR v 74% (synlanti = 76/24)
e — - A
Ph(CH,); SR
5 6s R =-(CH)s- HORS SR
H F
6a R =Et i) BF3-OEt SEt | i) Red-Al \/
|’ 5 ‘\O"/B\F . Ph(CHz)Z)v\H
R =Et K ) --F -
SEt 7a
B 81% (synlanti = 18/82)

B OETIEEA(R) T U= AF U 7 DAY ORI L BRLEOS~DREBIC DWW Tik_7z, +7
ZLoDABMIC R Y T V= AF I LENZ DT T A ALEY 111X, ZhETERINT
ZEERL ZEOMBEDREN O LWRISHZ IR LT, T72bb, U FAALED 11 1%, &
BLIAMEIZ2ODO NI TV —=AAF IV ULAFUREESNTNDSZD, M) 7= AF Y T AHE
REDE ) T A ACEWITIHART AT VT AHHER SR L F RN IEFIIAB A S To & & 72 0 |
T NFAACED EIXRR LR E b oD TF A ALEMTI D BT,

CHFAAMAW M OBRITITHEAE L LT=—T /110 232, 1,8-Y70nEF 7 X LU b
LU=V 9 & MY ZAA R CHKLE L TAKR LT, ZOZ—FT /110 [Z~FH 74
2-7aR ) = EEER NV AFA VI NVEENT LI LK) =T A BRER LT AT LY

vaFxtr L UTHBESE AN LS T2 00 F 4 AbEw 1M1 OREFRBEO AT L7z (Scheme
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5-3),

Scheme 5-3.
Br Br i) nBuLi (2.2 eq.) Ph P Men| 20 mo%
t, 2 h, Et,0 nel Sph CF4CO,H
OO ii) Ph,CO (2.5 eq.) t, 10 h, CH,Cl,
reflux, 2 h
8 9
Ph._O.__Ph pp 2C104 o
, + o+
MeOH (excess) Ph Ph Me3SiClO,4 Ph Ph
- = S + (Me;3Si),0
t1h | (CF3),CHOH OO
NN =

10 11

VAFAAMEM NN T T =) bR L ) T— FREHISED &L 11 ~DRBIK
BIXIZLALEILT. RbVicm ) T— M3 T v 7 ) 7 LT 1,4-20 b 13 DRAERLL T2
(Scheme 5-4), 2D L&, PAHFAFAMEW NN IL, 200D F A HPONFKEAELIZ1,1,22-7 T 7
== AT EFTT A4 L LTHEIRENTZ, RURIGZ P 72= AV AF I ULETITo>E, =/ 7
—FrD MY T 2=V ATFACERRERT 2DHT 1,4-T7 b 13 FEL G LR, 2D OfEE
E0. THTFFAED A LT D TFAACEMOWEITITHEREZN DY . 11 O 2 B BLAl L

LToOBEEZH LT LT,

Scheme 5-4.

o}
KN(SiMe
L e N g Phwph
-78°C, 2 h, THF \v
Ph oh o

12 ph/ \ 13
OO 61% (dl/meso = 70/30)

14

ST, VATFAAED 11 O 2E LA E L THEZRMT 52 L1k, BINITRT 3 f#

DS %E R LT,
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/]

¥

FHEETIEINN-CT VX LT =) O ) Tk D, RV AR OW Tl T,
NN-C=FNT =) A5 IZV DT A ALEM 11 2EHSE S & 15 O XTI (LR TLH v 7
Vo T LRy vy 16 MR R <1557 (Scheme 5-5), #FiZ, 3,5-2 A F/L-N,N-V=F /LT =
VoG, ERNICHIGT 20UV RnGoiL, £7235-V 7 vumdH 0L 3-7 mE-NN- T F
T =V DBFETHESLDIH v 7V T RET LIS T 2 PV b, NN-27 L%
NT = U OB T ) o P EN T B ANT D e <L U TF A ALEY 111X NN-TT v
FAT =V O > T ) TITHETH D,

Scheme 5-5.

R
2 N{C} N— N N N
R =5 -78°C, 1h, R == | R
CH,Cl,

15 16 77-98%

R = Me, Et, Bn, Ally
R' = 3,5-dimethyl, 3,5-dichloro, 3-bromo

HNETIE, 7=V UBERER AT oRTO 4T AXAT I ) 7=k, bbb, 7
=/ = Fax v 07 =it L5V T ) — V=T LVOEREB IR TV — VAL T 4 R
DWMERA~DT7 2= UIZ LD R 7V — L AR =7 AEDO BRI HOW TR A=, P hF A1k
A LT = ) — VAT ORBEEIZ 47 ==V FF-NN-P=F LT =) 18 &Mz b &, 7 =
JXRINTVHIN2 EAB DT HNATF AL 21 DAy TV U T EETA I =T LHEPRIE 22 A
AL, BB T 2=V FAER DT A H DI T E LTS Z Eicky, 7=/ —L
AT O 2T ) — =T VA WERT D, 7 = /) — VNS YT U — L —T L2 BT D54,
PERERFRI OMBURFEZ LB T HIEMMEEAETH LN, VT4 UALEY 11 25 LIKIR
MOFEREHTY 7 ) =L —FT L 19 BEXTE D, AROKIEEZ DDQRT I =7 LT P/ TIT-o
TeHEIl, WRRELS TV =LAz =T AN GONT, UhTF A ALEY 11 BOBR AN X2 Fr

WEboTWNWAI ENbhoTr,
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Scheme 5-6. _ _

Ph 2+C'?4 Ph N\ et
Ph” Ph NR', /@NRz o,
4
A C o X PhS~ i 18 PhS 21
R oH —40°C, 0.5 h ~~“g. -40°C,05h *
MeCN X
17 R 20
L O- _

R = 4-methoxy, 2,4-dimethyl, 2,6-dimehyl, 2,4,6-trimethyl

clo, +
4 NR'2 A = NR2
Qi — O
o’ o)

SPh
19 62-93%

T VHFAAMED M LA TELDL 4T AFAFA-NN-TAFAT =) 18 DT

CHNHF AL 21 4-C2FNT I ) T 2= VAR 23 EEHT AL MERETICRT 5 4-UF

NT 2 )7 z2= VbR EITL, YT U=V ALKR=U LM 24 NS5z, PUT U —LRALK=

UL, —RICERREEE SNDILEWTH LN, P TF A ALEY 11 ZBAANCH W TESIC
BT D ENTE,

Scheme 8. Ph_2 C|O4 Ph

Phw NEt,
Clo, -, Q RN NEt,
= -40°C,0.5h -40°C,0.5h S -
SR R ClO,

SR
MeCN 21
18 24 76-94%

SHIT, FVANATFAY 21 O3 FHUEFR 21T o7 L 25, SOMO DRI HIE T TR b
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