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2 TfO
Table 1. Ph . o
Ph Ph

N(aliyl),
OO o /©/ Et NN( ly1)
o 2 ally 2
Et,N EtN Y
2 \©\ 1a (1.2 molamt.) 3 (1.2 molamt.)
4a
sph 78 C/CHCh SP conditions
2a A

(allyl),N N(allyl),

Ph

5
- ' 2a/% 3/%
entry Y conditions 4a/% E (recovery) 5/%
1 SMe (3a) 78 °Ctort,4 h 0 : 95 95 -
i
2 SPh (3b) 78 °Ctort,4 h 0 E 91 61 -
3 S-CgH,-pCl (e) —78 ‘C tort,5 h 0 : 82 77 -
4 cl (3d) 78 °C tort,4 h 0 ~ 75 67 -
;
5 Br (3e) —78 © 0 °C, 4h 12 E 80 70 -
6 Br -78 °C tort,4 h 19 E 75 64 -
:
7 Br 78 © 40°C, 4h 18 : 68 58 -
8 | (3f) 781 0°C,55h 27 ~ 50 21 25
:
9 I -78°Ctrt,4h 29 : 69 36 27
10 I 0°C,55h 21 ; 56 51 17
:
11 | re,3.5h 0 E 78 71 0
]

3f slow addition (0.05 M, 1 h)

Fro, 7=V 08 OEBFEA FOEBBREEZT VNLVENSR ULV ZTESEL. T
UNEDGE ERRRIZZ v 2 v 7Y U TROSTEIT L, FEXFRN TV 4b 2 11% T
HBarzencaiz (X2),

2 TfO
Ph . | Ph

Ph Ph i _NBn,
OO Br
Et,N
1a (1.2 molamt)) 3g (1.2 molamt.) +2a75%
> Et,N NB n, @)
SPh -78 °C, 05 h -78 °Ctort,4h

+3961%
2a / CH,CI,

4b 11%

FZUNNATF A A OOy FEGERE (HF/3-21G) #1795 &, £ 0 SOMO DOFREITHE
R L ClRRERD 2 EMsrinodz (Fig. 1),
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Fig. 1.
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BT, B2 1E RSN RICHAT 5 B—>C—oE) SN EE 2% T 1 E Tk
bt s (B—>D—E) OWMGOREERH L, VA I=0U L E NOIERIPRR Y
D4 BB 2B, YT =V F AR o u I TF AL LTS D 2 L & TR
LW, 7= VFARERDF A E LTS 2L TV INTTF AL A PSS
DFRTELTZ (P12, *ZBH) NN-xF L7 =1 2a ll ko> THEINZ/LEY 6
METLHZ ERENEZXLND, LL, 6 ZEBD T T = VT AERNIF AL L LTI
BEL7=Z & 2R 2IbaMITHEGE TE 9, WAERMLE LT 7 ==LV AV T ¢ R G
BN PO T 2=V TFARIIT VAN E LTHBEL TV D E-biLd, e s
RS NIALEMDHERIT T E TORWA, FUSIRIRDEGIIH NIRRT 2 LD RAE
HHWNEI VRDREEITFEO NS, DO T VN TIFRSATF AL LTHBEL T
WHEHEHIL TWD, VA=A E NS 7=V F AN T UHLE LT, Ny
MAFH L LTS 2B 284 =V LATHEF 12725, 4 I =T ATHEF 2>
BRIV 4 BERT DI TLEINDMERHY | ZIUIRISFIERFICE Z 5
D, HOWVIIRFTELCEZT NI T A A M LOBERT NN-VEF LT =

2a [ZFED (P. 12, %), 2D 2a DO 1 EFELHEI - TWNDHEEZ TS, L
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L. 2156 DRIGHEEIZ DWW TEDZEANIEDTILR VN,

Scheme 2.
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Et;N e Et,N YﬁO—N(allyl)z \Q\ /©/
T, = ma i — Uy
- | T -
Sph TfO sph, 3 I TfO
-+
2a A B
+
n}
Et;N N@lyl),  EuNJ N(allyl),
IOV ST Vo P
oy TfO™ 54y - )
B i TfO N 2TiO" |
B c Et;N O ‘ N(allyl),
I PhS Y
«x | -+ S
EeN 2 N(ally 1) EtN N@lyl, _ ¢ E
Tl fJ o
jLS\E}Y TfO™ PhS Y TfO™
Ph 5
B
. 2 TfO N
Et,N. _N(allyl),
PhS Y

4

E quench
+ or TfO_
-y TfO™
- 12 PhSSPh \_ W | Et,N

2
-
Et, NN (allyl),
SPh

-
SPh F A

SPh SPh

6 notdetected 2a

Plb, 7720 PANTHTFAEANEM L 2 NN-VZTF)N p 7 2=V FF T =0
(2a) ICEH S H7%, AMICRFBRIUREZHTH NN-UTAXLT = VEER S
HEIERPAR T UNERTEDL T RN T,
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B T V=LA T f KD Y T U — L AR =7 AHEA K

I ClE, p 7 2=V F AT =V 2a (7 XL PANTHTF A ALEY 1 21EH
SHETTIPANVITFAY A ZERLEER, NNUTAXALT =10 3 Z2EHSES LI
RV 4 5252 bl (K1),

2TfO
Ph. . 4 Ph

Ph Ph
99
Et?N\@\ 1a (1.2 mol amt.) Et2N\©\
SPh —78 0C: /CH2C|2 SPh
2a A
NR,
Y
3 (1.2 mol amt.)

78 °C to rt 2 2

Y =Br, |

-+

4

PFOSHEREDFEMIZIA S22 TRV, PR T 2 AR =0 ARRHENG 7 U — /L5
AR L CHERIFRN PV 4 #5258 E 2 TS (Scheme 1, (A)), £Z T, NN-¥

THAXNALT =Y 3 OEBILY & LTI R LT WA R, BN EZ S L0 F
SEWLEYDBWEELTRY 7 U — LV RANAKR= 7 MENEBNLD &% %7~ (Scheme 1, (B)).

Scheme 1.

+

Et,N NR,
e £
Sy

Ph 2X

Et,N NR, 4
S Y
+S -

<
<Y
Ph X

VS.

2X {”+

R',N NR?, R',N X
S

+
Y 3
Ph
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72 (entry 1), 97206, 7o=VFA 7=V 2allF 7 XV TANT AT ALEY
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<l BEA~OEBREEEX DL EERT O8IV, 22T, ioEHLE LT
VNV ZRWTRIGERATZ, NI AFL Y NERVATFAT 2=V U NVEEAET S
NNV TFAT=V 8 #H\WbZ A, NI TFNARE = )VHE RN TGE & RERIC
FOSIE—78 CTHESCMZHEITL, U T U — L ANFR=T A9 BENEIN TT%. 80%
DILRTH LI (entries 2, 3), L2 L, M T7=2=A T UAHELRNI A YT rE LY
UNEED X5 @y U VEEZ VT2 856 . IERITRE X{EF L7z (entries 4, 5), Z
IV VEREEWTZD, NN-VZTF AT =V 8 NI TANIT AL AITRINLIC
KL ol btEZOND, -, AT =A% ) 7)Ao A X AR F— ML
e F A ACEW 1a Z VTG AT 2126 AT A ALEW 1b O&a I l~H
I OICRITE TKA > 72 (entry 3).,

2cl0,
Ph_+ -+ _Ph

Ph Ph NEt, B
L isg
clo, "y Et,N NEt,
Et,N
z \[:1\ 1b (1.2 mol amt.) rHMTi:l\ J 8 (1.2molamt.) -
- S
SPh SpP

T able 1.

—78 °C, 05 h -78°C,0.5h Ph
2a /CH20|2 A 9
entry Y Yield/%
1 SnBu; (8a) 88
a)using1a
2 SiMe; (8b) 77 2 TO
Ph + + _Ph
3 SiMe,Ph  (8c) 80 (73)" Ph“:h
4 SiPh, (8d) 46

1a

b) complex mixture
5 Si(i-Pr); (8e) ca129

17



I, Zoz= A FAT7 =0 2 OERFF LOBEILEZE 2 TRBRICKS 2 AT
(Table 2), FDER, NN-CXRUPILBIONNTCTINT 2= VF AT =)0 2 %

FIinSH7=E A, NN-VZF LT =) 8 O/NRINEHEN N TF N AK = )LHk

VAFNT 2=V Y NVEOWNTRAERNTS, T V=L ZAVR=0 L 9 25 N,N-

VEFNT =YY 2a OIS E LRIBEOIR THEETE 7,

Table 2. 2 clo,
Ph_, ., Ph

Ph Ph NEt ~
ClOq4
v R,N NEt,
LT
S

8 (1.2 molamt.)

RzN\@ 1b (1.2 mol amt.)
SPh 78 °C, 0.5h/ CH,CH, —78°C, 0.5h Bh

2 9
entry R Y Yield/% entry R Y Yield/%
1 Et (2a) SnBuj, 88 4 Et (2a) SiMe,Ph 80
2 Bn (2b) SnBuj 83 5 Bn (2b) SiMe,Ph 83

3 allyl (2¢c) SnBu, 82 6 allyl (2c) SiMe,Ph 75

TIANATFH Y ATFERESELREHL LT, 77 EORDYIZ24-VA FFv 7
==V T2 8d BMWTRIEET 27228, —78 CHLE M E THIR L2V & BUSILHErT
P, FUT U AR = T MEOWERITELS | £/ 8d BT T X LU UA AT HTF

AeEW 1a LRURLTAALED 10 BEb 7z (X 2),

2 TfO
Ph._+ + Ph O Me -
Ph Ph TO
OO PhMe,Si Et,N OMe
OMe
EtoN Qg
1a (1.2 mol amt.) 8d (12 mol amt.) ! @)
-~ Ph OMe
SPh _78° -78 °Ctort,5 h

78 °C, 05 h /CH,Cl, 9e <8%

2a
O Me
Ph Ph

10ca. 20%

18



FUT Y= 2R =0 DA RO SOSHERE IR O X 5 IZHEE L T\ % (Scheme 2),
FT 7=V TFF 7=V 2a D 1EFBICLSNTELLETVINVAIFA A L pT UL
NNTYZFLT =) 8 NG LTALR= APEEH 4L, 521 BB
NTOATFAHEET L2, 22BN DV RO X9 R A2 2 37,
AL = NFEH DI VN DT AL U THERMNIIHEEL T, YT U —/L ALK
=LY H5 25,

Scheme 2.

RSSiﬁ<:>»NEt2 Et,N X NEt,
—— K 8 — 5y
p— '4 ‘ .
SPh X sPh SiRs
2a A H
N X
NET, Et,N NEt
\©\ /@ -_— \©\+/©/
w SiR, S\

9

ZOBE, KD XD RS E X 5D (Scheme 3), 74206, pv VL NN-U=
FNAT =V 8N 1IETIELEINTTIVINVIT AT EleoToth, VU VENBIEEL T
TUV—WFZ VNV K PEL, TR T VNV TAE A EER T ETHEET D END
Kt ZEZ 272, ZNEHEND DT, p ULV NN-YZF LT =) 8b IZTVhF A
MAeEW b BERHSETZEZA, T=U 2 8b WALV MITH vy 7 U 7 Liz{bEW 11

NELNT (3), 11 1%, p I AT=U 8 b ENTELET IV TF AT
EHPED p- UNT =V 8b BWERIG L THERT D0 FVINATFHT &I bl
NWHEBBEEL CAECZT V=T PNV K BRIGLTHELNDAREERH D, 2D &
5, TUV—=NITVHNVK BDECTWLHHEELH Y. Scheme 3 DX 5 2T T U
—IVZNVIR = DEPERT H T EHERBND,
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Scheme 3.

—-€e
RSSi@N Et, Rﬁi@N Et, | x

1 J
J ~"SiRs -
X N EtoN NEt,
LY
O, - O —
|
SPh Ph
A K 9
2CI0,
Ph.. . Ph NEL,
Ph Ph
Et,N 1b (1.2 mol amt.) ELN ELN
L O, U ®
SiMe,ph /8 °C: TR/ CH,CL SiMe,Ph SiMe,Ph
8b 11 33% 8b 26%
8b
J
Et,N )
\©\ clo, “<:>—NET2
SiMe,Ph
J K

LEEZHITIX, 720 PANT T AEWM L ZHOTC R T U — LA LR =
U L ERNTE D Z &k,

20



BTE Ve RuT TR U TFAACEMORELL T N VEHEROERL D >
7V T R

—ETIL, TIZVTVANTHTFAALEW 1 & 2 EFELANZHN T, IEFRAN
VOV VBLIRMNIT U=V ANKR=T MEOERMTAD Z EER LT, YT AU
W1 1ET =0 VEHOBAIZIIZIR TH L3, BIIET =Y — Vi TE RN E N D
fbdD L, 22T, TIXLIANTATAALEM 1 LVEOBRIEhEHTHY
BT A ANCEMDORIENEENT, FTo. VT A ALEW 1 IZRIFHMEOFZEIC &R EN
FoTEY, FIBMROREERN R DT A ALEMERET OIVLERNH ST, Fim
THIAN7Z LI, Y EETIEIZOLHIBRENNLYE R T F oy U F A1k
12 2R L7, Thbb, T8 IX 2 T V=V F U LB ERAESE TS —
V18 AL, Zhic~dY 74ty 7ae Ly ra—)w (HFIP) ., TMSOTS
EAFEANBERASEL TV FeT vy b Iy OhF A ALEY 12 iR TE 5

(1),

MeO@Li

o HO CeHs-p-OMe Me,SiOTF 2Tf0 CsHi-p-OMe
(4.0 molamt) (4.0 molamt.)
M
I e LD —aee— | D
(o) HO CGH4-p-OMe ) (Megsl)zo C6H4-p-OMe
13 91% —2 TfOH 12

SO VT A AEW12 ORTETHLYT V=T TR 156 ZNTHA
7V 7RV Z A MY — (CV) JIETOI, 12 OFEILENIT—EEREE 2 1.0 VA,
TEREEHN0.60VTHDLZ END)o TS (Scheme 1) 20 ZOfEIZFT7H LA
ChHFAAEW 1 OFETENMN 0.20V XV E<, 12 BBV EAETHZ L ERLT
W5,
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2CI0s  GgH,-p-OMe CeHs-p-OMe CgH,-p-OMe
E¢?—~ 10V E®%=0.60 V
) e - |0 OCC
CeHa-p-OMe  E”>100V C,H,-p-OMe E* =0.73V CsHa-p-OMe
12 (vs Fc/Fc™) 14 (vs Fc/Fc™) 15

Scheme 1.Redox potentials of 15in CH,Cl, with a Pt working electrode : scan rate 100 mV/sec, 0.1 M Bu,NCIO,

e ka7 r TRy TAALEY 12 OHEEEZRA T HFIP 2t E£T5 &
CNFHACED 12 1IDHET D, TDTD, 12 HERA & L TRIGICHAW 255813, %
PTHELZOEEMNDILERD D, ZOBE A=V 13 2V TF A ALEW 12 OHi
BMAE LTnWielow, SRS 2 5 Eo5@iE (TIOH) 2334 L. USSR g
ERDERN o1z, &I TEET. ZOMEEZRT 57O DT A ALEW 12 O
AIBRIZOWTEHMFT L, ST A AT =T ULEARED THDLZ a2 /A Lz, Z Ok
RIZOWTE—HI THMIIR~ND,

SHIZ, e a7 N TRV FAALEY 12 ORLAIE L TOMRE IS T
D, FTTR—NDOH TV TR DBET T b= Gk ERAT, BT T F—ARE0H
ERIIBEEY OB & L TUASFA S TEY . 24U E T Fe(l3, Cu(l)4, V(IV)5,
Ti(V)s, Ru(ID7 L& ¥ 7e E O &BEBLFINA EF 7 b —AARICHN BTN S (K2, 3),

FeC|3'6H20 OH
2 T
OH

5 OMe CuCI(OH)- TMEDA (1 mol%) 3)
OH
o I
OMe

22



FHIE, AT v 7Y L TRISICB O T OB EBLA T 5T 7 ¥ Lo DA VI F A
NBWLRT I=V LT IALEHBL, T R TR VA AIAF A ALY 12 O
GBS L COMI 2R LT, ZOFEMIZOWTHE itk 5,
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B e raTrr IRy hTF A ALEH O

HETHR_ZLIC, ZRETYe RaT7r b IRy IO FAALEY 12 AR SE
HEE, BIBMA L LCUA—L 18 ZHWVWTWE2d, 12 L& bicvyvr ko Lilig
(TfOH) 2ERET 5 (1), #2T, P4 —/118 Db FaXI a7/ ax o o ZE#
LT, ZNERIBMEICHNWD Z L THAERESELZ LR CHTFALEY 12
THZEEEZEZT, £, VT ALEW 12 OFIFME L L TERIR=—7T /L 16 DA E
HigL7-, T72bb, U4 —/ 18 ([t &4 /EHA & THKKIEZ1TH 2 & TERIR
T—7 /L 16 O EZRARTZ, Ll MEED p- hvx o 2R Ui Z RN L TH BRI
T—T V16 [FAEMR LR o7, 2T, VA= 13 IZT v a— 17 E T, it D%
EREET 9,100V 7 /02 %3910 B A (4- 2 ¥ 7 2 =)1)9,10-Vk Re7 v b7k
¥ (UUF, BEA(TAFALZ—T ) ERES) 1T 6K L. ZNERIBMEICTHZ L 25 %

7= (Scheme 1),

HO CeHy-p-OMe  Me,SiOTF 270 CeHa-p-OMe
(4.0 mol amt.) + 2 (Me3Si),0 )
(CF,),CHOH + 2 TfOH
HO CgHs-p-OMe CeHy-p-OMe
13 12
Scheme 1.
CGH4-p-OMe HO CBH4-p-OMe RO CeH4-p-OMe
*“’O et TIon *O cat TsoH, oA
CsH4-p-OMe HO CgH,-p-OMe RO CeHa-p-OMe
- 13 17

AT NFNEZ—T V)17 2T a7 v v o2 U F A AbEW 12 ORIERIEE L.
ZHICTMSOTf #E SE T 12 2l 25 L 7Aaxs MU AF AT U2 TR4LT
L7, BEITAER L (R2), £7-. TMSOTE 1. A —/L 18 ZHIERKRICT A4 D

PO 2HEENETHLZ LITRD,

RO_CgHy-p-OMe  \e,SiOTf 20 CeHas-p-OMe
(2.0 mol amt.)
OO0 i S| s
(CF),CHOH
RO CgHy-p-OMe CgHy4-p-OMe
17 12
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ZIZ T, EA(TAFNLT—T)1) 1T IZOW T, #HllE X OEEEAE RO RS S LRI v
X EMBFI L7 (Table 1), T72bb, U4 —/L 13 IZMIEED p- b ALK R
EWRMLEAEAT LR ERET LV a— L Z N TEA(T VXL —T 1) 17T OF K ER
Bl HLIRT N a—nzAVEGEITn TR BRI EATAF L2 —T 1) 17 28
T 52 &N TE7 (entries 1—4), 7272L, HWBEMEDO YA —/N 13 ITH 3 ThH -
=R, BENEEA(T VXN —T V) 17 (X cis/trans IREWM TH 7=, EA(Tn b )Lx
—T7 V) 17c DA, EROERETHE LN EEEZ AR LD EOEL A F L TH D 120
THiG (dr2:1) 25 %27 (entry 3), ZHUIxtL, O EBA (T L Fr2=—F L) 17 X[
FROBAEIZ I VR ARK A THO AP 2 BRI RS 2 X TE R oTe, £, AV
Taenrrva—niEMfns EEHOERYME 27 (entry 5), VL EDORERNG, KL
BOBUNEG ThHHEA(Fr)lo—F ) 17c %V ka7 v o hF 44k
G 12 OFIEMEL 35 2 LIZikdiz, ok, FonleA(Fr /LT —7 /1) 17c¢ i cis
Itrans IREWM TH DN, P HF A AW 12 OAERKIT Sy 1 G THATS 5 72 o RIE R
LEZIOBND,

Table 1.
HO CgHy-p-OMe RO CgH,-p-OMe
O‘O cat. TsOH, ROH O‘O
rt 12 h/ CH,Cl,
HO CgH,-p-OMe RO CgHy-p-OMe
13 17
entry R d.r. Yield/% Comment
1 Me (17a) (almostsingle) <99
2 Et (17b) (2.8:1) <96
3 n-Pr (17c) (2:1) 94
4 n-Bu (17d) (1:2) <75
5 FPr (17e) (3:1) <75 many products

EA(FrELT=—T 1) 17c IZ HFIP 2 LCTHWT 0 CT TMSOTS % 2.0 i€
IWENz -8 2 A, INKRIZT IS W F A ACEMDFRAE 2 me 3 HREIRt L 78 o 7=,
Z DRISHRICREEKEZE T B U 7 LKERE Mz D &, A —1 18 28 63%., E/ A —/1 18

M 28%DINKTELNT (1), VAN 18IV T A ALEW 12 RO LD TH Y |
25



T A—NIBITE ) AT A ALEW 19 BHRDILEMEBEZDND, 2D Lnb, BA
(FrErxz—7/1) 17c I TMSOTE #EM S W56, Y TFFAEW 12 &€/ 0F
FALEW 19 REME L TFEIET 2 2 ENRmB I,

PrO C,H,-p-OMe

TMSO Tf(2.0 molamt)
>~ [dark red solution]
0°C,10min/ HFIP

PrO CgH4-p-OMe

2TfO CeH4-p-OMe

CeH4-p-OMe
17¢ (3) 12
HQ CgH4-p-OMe HQ CeH4-p-OMe ! Tfo~ CeH4-p-OMe
= OOO
i
HO C¢H,-p-OMe PrO CgH,-p-OMe ‘ PrO CgH,p-OMe
13 63% 18 <28% |

19

ZTITEHIX, vATrEro—T) 17c KWV RaT v b oo ohF44bse
W12 #PEST DEOFMHFICONTHE L7z (Table 2), T72bb, BA(FrELZ—T
V) 17¢ 12 TMSOTE 2 /EH S B 7B O IRIZIKIERKFE T B Y U LK Z A, A —L
13 DAERENS D TF A AEW 12 OEREZR~T, £ OfHE, TMSOTE % 2.2 %%
NERINT L&, ) WFFALEW 19 HRDE ) A —/V 18 BEL DD, VA —)v
18 OULHIT T6% I 2 7= (entry 2), T 2T, KOOV IZA X/ — 1V EZIRINLIZHA
2 ODHRTFFH AN ENENA FF VRS LIZEA(RXTF LT —TF L) 20 & 68%D
WEThH 27 (entry 3), Fiz, KINREZERIC EIF5 & U4 —/1 18 OILEIX 69%I2
A L (entry 4). TMSOTE ZAEM SH R ICHFERH 2 30 430 1 BFRIICHITLTH Y
A= 18 O L7z (entries 5,6), ZiLdL, P ka7 NI U hF4 1
G 12 PNREZ BT RIFHKE T2 L, —H oML TLEI> D LEXDLND, £
7o, W9 2% TMSOTf D& ZEECHNL I TF A AbEM 12 OAEREITIE X5 & TREL,
4.0 f5E/NED TMSOTE ZHM L7273, FIR SN2 A—/1 13 DRI T7T% TH Y | 2.2
EENLBRMUIG AN DR ET5 2 L3 h o7 (entry 6), LLEDOFENL, YK
Ry TR DT A AEW 12 ZRRALSUSITHV DBRICIE, EA(T R BT —T 1)

17c |2 HFIP &h 0 °C T TMSOTS % 2.2 {55 /L EfEA S, 10 08 L= % IC Gk
26



BaMADDRENE R LT,

Table 2.
PrO C.H,-p-OMe TMSOTf HO CH,-p-OMe PrO C.H,-p-OMe
(x mol amt.) (NaHCO aqg. )
O‘O conditons O‘O O‘O
PrO C,H,-p-OMe / HFIP HO CH,-p-OMe HO CgHy4-p-OMe
17c 13 18
entry X (molamt.) conditions 13/% 18/%
1 2.0 0 °C, 10 min 63 <28
2 2.2 0 °C, 10 min 76 <2
32 2.2 0°C, 10min 68°
4 2.2 rt, 10 min 69 <19 MeO C,H,-p-OMe
5 2.2 0 °C, 30 min 60 <23 O‘O
6 2.2 0°C,1h 62 <5
MeO CgH4 p-OMe
7 4.0 0 °C, 10 min 77 <2 20

a.MeOH was used instead ofH,O0. b. Yield of 20.

Flo. Ve R T U TRV TFAALEY 12 ZRRZIGE K THL T rnt s
EMATE ZA 2BFEILSNTEHEFFELLES TV —AT U v T71 15 ZIFIXEEN
chxz (K4), ZofERE, vA(FrELT—F1) 17c I TMSOTf #1EH &85 &
CHFFAEW 12 L DT A ACEW 19 DIREME L THFEET D E W RN D
2ODFREMEEZ 212, 12BIX, VITFFALEW12 L AT FALEWM 19 OEN
FNT7zattr RS LT, BILESNEY TV —LT U TRy 15 BAERT D END
ZZThH% (Scheme 2), b o —2F, FINKTTIE, YHFAAEW 12 L€ 0T
T ALEW 19 PFEEHREME L THEFEL T D E W) A[EEETH D (Scheme 3), U0
FAHAEW 12 L) I TF A ALEW 19 DEHERERICH L E LI, 7 a2
LEETONTFAMEMI2 N 2EFELCINATET Y —AT U NI 15 12725, 2
DEf, SONEHIZIIARBUSE O TMSOTE 235% > TR Y . ZHNE /S AF A ALEW 19 LI
JGL., FERTN T RaT v Iy U FAAbEM 12 252, SLIZZhRT
Ly ERIG L TREMICRELETHLY TV —ALT U 7815 &0 D,
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\
PrO CgH4-p-OMe TMS OTf Fe CgH,-p-OMe ‘ Tfo = CeHs-p-OMe
(22 mol amt.) & |
QLI — D @ | QD

0 °C, 10min /HFIP 1
\

PrO CgH4-p-OMe C¢H,-p-OMe | PrO CeHs-p-OMe
|

17c 15 95% | 19
|
Scheme 2.
2Tf0 CeHi-p-OMe =

<
CgH,-p-OMe \

12

IO CoHa-p-OMe CeHa-p-OMe
< °

PrO CgH,-p-OMe

19
Scheme 3.
Tf0~ CeHs-p-OMe 2Ti0 CeHs-p-OMe
+ TMSOTf = + TMSOPr
PrO CgH4-p-OMe CgH4-p-OMe
19 12

CHTFAACENL2 LT DT A ACEN 1 PNFBTIAFEL TWDE D E S D E D
L1, EA(Fr LT —T V) 17¢ 12 TMSOTS & /EA &8 CTHH L7 IAiRIC 3,5-V A F
NW-NN-TJZFNLT =Y (21) #INzTz. TOfER, 21 ORI THy SV 7 Li=~X
YTV 22 D 90% DIRTH LI, IXIEEINCSUSHEITT 5 2 LMo 7(GU5),
ZORE, AT A ALEWM 12 OBETETHLH YTV —T > b7 15 IXIIIFEEMIC
AR LTz, ZORONE, RV 7 2= AF U U aMbEY (PhsCHX ) TIEmb 123+ 7T
Nl HITLRWZ EDHLNTWS L, 5T, NN-VZFALT=VU 5 21 O
BLRISIE S B TF A ACEW 19 TR R I F A AMLEW 12 ITX > THEIT LT &

Zbn5, Lozt EX(Fuabt)lom—T ) 1Te oI L= kaTrr o
28



YU HFAAEEW 12 1K, T T A ALEW 19 L TH LN, 2 B ERLA &
TIEEEEMIERH T2 Z EDRHLNE o7,

Pro C,H,-p-OMe 2T C4H,-p-OMe CeHs-p-OMe

COC
94% (based on17c)

PrO CgH4-p-OMe CgH4-p-OMe CgH,-p-OMe
17¢ (0.6 molamt.) 12 15

Me w4 MeMe
Et,N » Et,N O O NEt, (5)
0 °C, 1 h/HFIP

Me MeMe

21 22 90%

EI VT A AEW 12 LISV SEIZ 12 DBEIL SN TAERKTHT T Y
— T TR 16 BRI FAT L7010, A= 18 ~OFEEERE Lz, £
DFER, CT V=T FT7E 15 TV A XL R 22 2R C2EMTY4—1 18 ~ &
EHWCTE D enbhole (b)), T4bb, 7 V-7 Tk 15 ITmEFRFAK
TCEIMNRBS T2 &A% K28 B IT%DOIETH LI, TNE/NRT VT A—RFE
ERHWTKFRNTHZEIZED A =118 % 8T%DNFETH X, E->T, Yt K&
TURTRUUITFAACEMN 12 DBEITKR LI IZT AV 18 ~EGITHATELZ LN
Do,

CeHa-p-OMe CgH,-p-OMe HO. CeHs-p-OMe
cat. methylene blue Pd/C, H,
CHCI,, 4 h : EtOH, rt, 1h (6)
C.Hap-OMe ™ underO; CeH,-p-OMe HO' C4H,-p-OMe
15 23 97% 1387%
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5E T b ARBRERORRILII N v 7Y T RIE
FHiTIE, e ka7 T UhTFAALEW 12 ORI KLE LT, EX(IrY
WE=T ) 1Te ZHNDL I LICKY  MERESEDL Z LR VATF A UALEW 12 3iH
WTED xR, HoMTE, e rEALT=T1) 1Te »HAR LY E bR
T NIRRT A ACEY 12 ORIGEIZOW TG 21T o o RIZ OV TR RS,
BRI G2 WRY e ke T v TR TF A ALEW 12 1B A(F e L —
7 1) 17¢ @ HFIP g2 0 °C T TMSOTS % 2.2 (5 E /L E/EH ST L-1% . B4
5 Z L BUNMCHWE (K1), FE2ofoRr—2E2EK L, X1i12hHd LD
[ZV A TF A ALEW 12 OREEICHEINE DI TRL LT,
PrO CgH,-p-OMe TMSOTS 2TfO  CgHy-p-OMe
* (2.2 mol amt.)
(LI - QLD | o
0 °C/ HFIP
PrO CgzH,-p-OMe CgH4-p-OMe
17¢c 12

Ve RRT U NIRRTV NTFAAEN 12T T T AL DA NTA ax
. Ph_+ + _Ph

FAACEY LIS TRALA AR, L TRER TE R 7T phaph
== NDY T A ANEW 12 1T AR (X2), I TFA OO
:4%%%7@HHP%@K7:V—w%WZtﬁ\7:V—w@@m‘1“;T€%
) BLNHEAT L7z 28 13T, O F A UALEW 12 OFETLIK 156 bABEERT L0
HT, WEEIIRELENT =V — NN BT A ALEW 12 LT LB 26 H1bE6W
24 PE%RER LN EEDb D,
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2 TfO  CgH,-p-OMe

C6H4-p-OMe

12 (06 mol amt.)
C-ome

rt, 1h / HFIP

CaH4-p-OMe
C¢H,-p-OMe
23 not detected 15 <7%

(2)

AL, VHTFEALEW 12 ITX BT == OBENIEE A EHEITL TV RNk

ZRLTWh, £ZTC, 7=Y— /LI VE

BER 1,3 VA X R E U OBMERI v

TV U TR ERB A LI L, Ve ReTr v oD hF A ALEY 12 12 1,3-Y

ARFIRUOBUENMAZTE DA, INKRIZS B FF AbEW 12 HROBREN HIES

L lpol=, VHTFAALEW 12 OFEITLIK 15 & 50%DINRKRTEHE 2 -2 b, 1,3-Y

A RF I RUOBUVOBILITEIT LI E B E N, By 7 T ERDITELEL N

Sy F2, ZZTH 1,3V A NFIRUBUNIDFFALEW 12 IS LT=bEW

26 Y EGFLNTZ (X3),
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2TfO  Cg4H,-p-OMe

MeO CgHs-p-O Me CgH4-p-OMe
12 (0.6 molamt.)
0 0 e CTXD o
rt,1 h/ HFIP
CsH,-p-OMe
25 not detected 15 50%
CsHy-p-O Me
o Q0
CsHy-p-O Me

26

N T, RUBVERIVKEZDELBILINSCT W7 X LU EEA VU, YT
FALEW 12 \[CX D bl v 7 ) U TIREDEIT LT b EE 2T, FEEIC, 0°C
T12 ® HFIP HHRIZ 2- A RX v F 72 Lo Mzxlce 2A, ZO 1RETHy 7Y &~
7 L1228 & 9% DINRTH R, SHIT, RICEHRILTITI LW v 7 71k 28 DILHR
X 19% £ T ELZE GU4), ZRHDORISIZBWT, Y a7 oo hF4y
LAY 12 OFEITLIE 15 1TITIEERICHBES -,

2TfO CegHy4-p-OMe

OO CeHa-p-OMe

CsH,-p-OMe OMe
12 (0.6 mol amt.) OMe OOO
A - T
OMe 1 h/HFIP C4H,-p-OMe
27 28 15
0°C 9% 53% <99%
rt 19% 43% 93%

DX, DHFFUMEW 12 ITE o TFT 7 h—ILFHEKEAEELTEX 5 2 L3S0
ST=DT, WIZ2-F7 F—JL (29a) ZHWTH w7 VI IaxETT-7- (X5, T74b
H, HFIPHT12 23 L7-#%. 77 F—/129a # M2 CEET 1 HKISE{T-o 7,

FORER, 29a O 1fEETHYy TV 7 LS 7 b=/ 30a 2 42% DR TH LI
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oo ZOHE, FETHLF 7 b=/ 29a 23 36%EIL S, 7 b—/L29a BT HFA
ALEY 12 ~IN L 7ALEW 81 AR 10% BRI LT-,

2 Tf07 C6H4-p-OMe
o] OO,
12 (0.5 mol amt.) OH
+
OH 1h, it /HFIP OO OH

29a 30a 42% 29a 36%
CgH,4-p-OMe
CgH,4-p-OMe

31 total ca. 10%

ZITIER 22T T =RV AT A ACEW 12 LIS LTALEY 31 R b T2
27 b=t Fax Tz U b iul, DT ALEY 12 ~OBERIHIT
EHLEZE, FZ T, F7FAVINT—T L ERANCYE KT v v TRV T A
AeEM12 & ORIGERA T (Table 1), 77 F /L FY 2AF v U Lo —7 0 32 ZH
8t Y UIVEMNNT-E T T R —)L 80a B 48% DINE T L (entry 2), F7z,
VUNERANT-DOBDOF T h—L 29a N 23%EINN S, T 7 h— AN HF A ALEY

A L7AbE 81 & ZHVE TEREE 10%RRES DNz, Ziud, KISOETE &S
ICRHRTHELDBPBREKTH D EE X, WEROFET TR ERR T, P TFHAEY
12 LRUS LWL L LT, 2,6-2- 7 F A D UR0mBEA Y vaEZRML, F7F L
VIUNTZ—TNV32 DAy T T EIToTN, BT b—L26a OPEITTLAKTL
7= (entries 3, 4), WIZ, MU AFAT VKIS T COLEMEREW Y =F
N UNER N A Y T ey YV RRIF T EICHEA L3334 2N Th v
Vo RIS EAT>Tee LIPLINBDSEES, By 7Y 71K 30a OIRTN L, &
UVEDHNINT 2-F 7 h—/L (29a) BfFHNTE7 (entries 5, 6), F£7=, > U/LHIC
BERZTCAZ = NVEEBEAN LT 7T NV N TTFARE = vx—T )L 35 ZHW TR

Wl 7Y o T a2iTo-848. B 7 h—/L 80a OULERIT 26% & & HITKLS, AZ
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=NEOHNNT-F T R = 29a DK 31%fF LT (entry 7). VL EDFERNH, 2-F77 b
—NVOBFERA LIV NVERLRZ = VEEZBAN LTSS, Iy 7Y o ZIROIEE % [
gz EiFxTcE ol

Table 1. 2 Tf07 C6H4-p—OMe

CgHy-p-OMe OO
OH

12 (0.5 mol amt.) OH
+
OR 1h, it/HFIP OO OH

29a, 32-35 30a 29a
entry R 30a/% 29a/%
1 H 29a 42 36
2 SiMe; 32 48 23
3 30 53
40 37 39
5 SiEt; 33 36 39
6  Si(-Pr); 34 0 47 (34 17%)
7 SnBu; 35 26 <31

a. 2,6-Di-t-butylpyridine (1.0 mol amt.) was added.
b. K,CO; (1.0 mol amt.) was added.

WIZ, Iy TV TRIZEB T Y Fa 7 v I8 VAT ALEY 12 OX7T =
v OHRIZONWTHINTZ, (Table 2), bbb, EA(FrE/LT—F /1) 17c (TFEA D
U IMERIEMA THT = VSRR VT A AbEW 12 ZRBL, Zhic 2-F77 b
— N EMZT=, YU EAIE LT, BEA(RY ZAF B AZ L ANVEK A I RN AT
UL (TMSNTS,) iR U 2 F 1> U (TMSCIOL) #HAWT, EhEiukt
ST D ATAACEW 12 O LRI A, VT A ALEMOFRAZ RET S
IR o T2, £ 2T, ZTOWIKIZ 2277 b= 29a ZMZTh v 7V > 7 Bk % A
oo TORER, B 7 h—/L 30a OIFEITENZEN 35%, 33% ThHVH, TMSOTE 2>
T TFAACEM 12 ZRBLT25E X VIR o7 (entries 2, 3), WEHREE MY A F /1
TUME, MR TEERBE L N ATF AT UNLRE L, ZhE A (T e

LT —T ) 17c \IER ST TF A L AbLEW 12 2R L=, D=, HFIP &R
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2 PV NRAL, ZRETEW TV HFIP O 0 F 4 U ZEEN R/ INEL 20 | 12
MBELIZ K Ipofefed, BF 7 h—L 80a OULENK T LIz EBbid, £72, b
TUHRTT R INARRUBREE N AFAT T bR LT T 7 v r kR
Ul s U AF LU (TMSBF,) % HFIP HEA(Fr o —7 1) 17c IZ/EH &E 7=
Y. FOSRIRITIRT AL 20 D ATF A ANCEWDOFRA LRI IEREIZR bR o7z,

Table 2.

PrO C;H,-p-OMe

O‘O 2 X CgHy-p-OMe
—— D
PrO C;H,-p-OMe

17¢ CeHs-p-OMe OO OH
12 (0.5 molamt) OH
- +
OH 1h, rt /HFIP OO OH

29a 30a 29a
enty X 30a% 29a/% comment
1 OTf 48 23
2 NTf, 31 40
3 Clo, 35 44 TMSCIO, :toluene soluton

BT, JSICHWSA Y e kT v v IRy VB FAAbEY 12 OEIZOWVTHRFL
7= (Table 3), ZD#ER, YT A AbEW12 Z 0.7 FELVEHWESA, 7 h—b
30a DILFHEIL 49% % TlA) L L7z (entry 3), P F A UALEW 12 O REAE X HITHT &
JFELD 2-F 7 h— I E S ND L OO EF T h—/1 30a DUILRIIEAD L= (entries 4,
5, ZIUL A THHET 7 b= 80a BN AT A ALEW 12 128> TR{EIh T,
ST DT EBZOND, BB AR THHETF T h—L 80a EUATAALEY
12 2GS/ 2A, 12 1 TEILEINTETT V=T v b T1 2 15 ~ L ERMICE ]
S, BF 7 h—/130a 1L 80% Ll ngno7z (L6,

35



Table 3. 2 TfO CgH,-p-OMe

C5 H4-p-OMe

I,

12 (x mol amt.)
OH 1h,rt/HFIP

Y

(0]
>
9o
30a

OH
29a

entry X (molamt.) 30a/% 29a/%

1 0.5 42
2 0.6 44
3 0.7 49
4 0.8 39
5 0.9 <34

2TfO CgH,-p-OMe

Oo CgH,-p-OMe
OH

12 (0.5 mol amt.)

OH
OO rt, 1 h /HFIP

30a

IIT. Ve RuTy oy hF A

17c [Z LR EHRDTI2D, VA= 13 b
77 b—=n29a O v T T RN EIT I,
Thh, BA(Furm—7)) 17c % 12 OHIEKMEE LEEGE LV Er-72 (X7, =
DI ENLYHFAALEY 12 OFEREZ &

RN TET,

36

36
26
<16
9
trace
CgH,;-p-OMe
30a (recovery) 80% + (6)
CgHy-p-OMe
15 quant.

AW 12 OFEREKEZ EA(T r ELm—T L)
WL HTF A AMEEW 12 2T

LL, BEF 7 h—/L 30a DOULEIT 33%

A(Fae)E=—T V) 17c \CEZ TR %



HO CgH4-p-OMe B
2TfO CeHs-p-OMe

L OLC

HO CgH4-p-OMe

13 C6H4-p-OMe OO OH
12 (0.5 mol amt.) OH
99 - : g
OH 1h, t/ HFIP OH
26a 25a

25a
! PrO CgH4-p-OMe 33% (42%) 36% (36%)
i - 1 * Numbers in parentheses indicate
PrO CeHa-p-OMe | yields when the precursor of dication 12
17¢c | is bis(propylether) 17¢

,,,,,,,,,,,,,,,,,,,,,,

Fo. MOAEERBALH & DHBICE D U TF A ALEY 12 OFRAMEEZHR~T-, 3720
B, MOFEERIHIZHNTT 7 h—/v 29a ORLE T 7V v VKIS ERBE, EA(T
aENLT—T ) 17e MO LTZ 12 12X 8T 7 b= EROFER (entry 1) & HL#g
L7ce 2277 b= MU AT L UL LTH T Z L DAN T I TF A ALEY 1a
ZO0THEENEEASEDL L, 2277 b=V OBRLITET LA ET 7 h—/L 80a (XiF &
I ERBNZ Do Tz (entry 2), BALAKIRILF L LTS EDLONATNLET I=U LT
21V ((4-Br-C¢Ha)sN +SbCls™ ) #Hafb A F L T 2-F 7 h—/1Z 1.4 FE LV EEH
SIS, By 7Y 7K 30a 1T 18% LG b ieh o7z (entry 3), £ THD E
F7 b= 830a BBLSNTHMRL TV AREMEAZE LT I =V LT VI NVOEE 1.2
BE/ABEICLEN, WRIFT20% THo72, TNHEDI LD, e Ra7r hTkvrIh
FAACEW 12 OFHEIBLAIE L TOREMEERT Z LN TE T,
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Table 5. OO
OH
Oxidant (x mol amt.) OH
+
on T nn 9% or

29a 30a 29a

entry Oxidant x (mol amt.)  solvent 30a/% 29a/%

2TfO CeH,-p-OMe

0.7 HFIP 49 <16

N

CgH,-p-OMe
12
Ph %ng Ph
Ph Ph
2 OO 0.7 CH,CI, 4 21
1a
3 (4-Br-C¢H4)N™ SbClg™ 1.4 CH,Cl, 18 26
4 1.2 20 22

KBIZ, Ye a7 TRV ATFAACE 12 ZHNDT T PO >
TV T ROSIZB T D HWEH —MEc W TREF L7z (Table 6), E#fGkzafF4 577
=l id, BFRBEOREIENE O RN EIT LT v 7V U 2 RoI g E B
L2 EWHE L, L L, 05 EELEDOY DT A ALEW 12 1I23- A hF T 7 h—b
29b # Mz /=LA, 7V 7K 30b DILRIT 13% TH 7= (entry 1), T I T,
0.6 [EENED AT A ALEW 12 ZH WL ZA XIETHET 7 b—/LOIEIL 22%
27257z (entry 2), THHDORERIZ. 77 b— VORBEMENE Licle O 1 F 4 ALE
MERIGE LT ol Z b e EOET 7 b=/ 30b NESICILEINTHR LS
polelebbBEZ TS, EBIT, PATFAHALEW 12 % 0.7 {FENVRICT D LTS
7 h—/L 30b OULEIL 16% £ T F L7z (entry 3), &iZ, B ReIMEDBEHRIE L O )
7 b= ThIUR, ERTAHETT R UIENIEBIEEING < Wi, AR O
ICZBiF 5 EE 2T, TORER, 667 1EF7 h—L29¢c ZHWZHE, hoy 7V 7R
80 1 HEINETH 72728 (entry4), SNLITA FF U NVR=VEEGTHF 7 F—/129d

ERAWEGS, DOTFFALEW 12 2 0T EELAREICTHIET, 2277 h—/129a &
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FIREEDINRTH v 7Y o 713EIT L2 (entry 6),

Table 6. 2 TfO CgHy-p-OMe

S
CeHy-p-OMe

R 12 (x mol amt.) _ OH R
OH 1h, rt/HFIP R OH
29 30 29
entry naphthol 29 x (molamt.) 30 29
1 OMe 0.5 OO OMe 13% 34%
29b (30b)
2 oH @) 46 OH 22% 25%
3 0.7 2 16% 14%
Br Br
‘ @ o7 [ | e e
OH OH
2
CO,Me CO,Me
5 (29d) 05 Oo (30d) >10% 32%
H OH
6 © 07 , 48% 14%

2. 17 b= nEHWVWTYe FaT7 v oD TFAALEY 12 1K BER{EH
By P RIS ERATE A, T EIK30e K 40%DINETH 7= 7)),

2TfO CeHyp-OMe OH

OH CoHq-p-OMe g ‘ OH
12 (0.5 mol amt.)
SOOR
1h,rt/HFIP
OH

29 30e <40% 2%¢ 31%

Ub, e a7 o ohFAoeam 12 2 WTFT 7 F—L Oty &1t
BT D Z ENbhole, ZORIGTIE, YAFAALEY 12 ORiEREE L TER(F
DT —T ) 17c ZAWTE TRV A= 18 L0RIRHTH L L0, P F A 1bE
W12 MO FHERRALA L 0 AR TH D Z & Z RS LT,
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SEBR D

B HTEEE X LA TR U7 2 L7z,

H KRt 2~<2 ~v (\H NMR)

Bruker Avance 500 (500 MHz), Bruker DRX500 (500 MHz)
JEOL AL—400 (400 MHz)

18C R I A7 kL (13C NMR)

Bruker Avance 500 (125 MHz), Bruker DRX500 (125 MHz)
JEOL AL—400 (100 MHz)

TR A7 kv (IR)

HORIBA FT-300S

EofRREE B A2 b (HRMS)

JEOL JMS SX-102A

NMR A7 FVORGEIL, FRZW 720 RY TH NMR Tl 7 v m b A (8 =17.240) %,
BCNMR CTIZEZ vrf/Ls (8=77.0) ZNHEEE LTHEM LK,

WiE 7~ ~7 77 ¢— (TLC) I[ZITFEM3ER Y 2 — 5L B—5F (U W5 L) ZfEH
L7,

BT U< T T 7 4 —21% Merck ## Silica gel 60N 38 X OB B LRI U 7 v
60N Z {8 L 7=,

FOSEENT, ZNZERU T O b O e,
vrmu gy il m I U 0 IRWTAKRBI LT T LNHLEEL, ELFa
T =T A 4AEMA TH, RAFLTEBDEMEH LTz,
Moy WRE ALV D LA THEEG, ZABL, ELXaT7—3—7 X 4A%MR
T, RFELIELOEERALE,
T FZE Fr7 Ty ROBKER BRI ICELXxaF7—v—T X 4A%x
T, RFELIE L OEERALE,

7ok, RRICECHEL L 72 W R Y OGEEIZ & T v I U FREHR T CIro 7,
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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 ethyl iodide or alkyl bromide (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 Na2SO4. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography.
N,N-Dibenzyl-4-bromoaniline (3g) was purified by recrystallization from ethanol.

4-Bromo-N,N-diethylaniline
Et,N

|8

Br
yellow oil. 'H NMR (500 MHz, CDCls) § 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). 13C NMR (125 MHz,
CDCls) § 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 C10H1579BrN 228.0388 (M+1); found 228.0410.

N,N-Diallyl-4-bromoaniline (3e)
¢
/\/N\Q\

Br
yellow oil. 1H NMR (400 MHz, CDCls) 6 3.86 (4H, d, J= 3.4 Hz), 5.12 (2H, d, J = 6.8
Hz), 5.15 (2H, br s), 5.75-5.85 (2H, m), 6.53 (2H, d, J = 8.8 Hz), 7.23 (2H, d, J = 8.8 Hz).
13C NMR (100 MHz, CDCls) & 52.8, 108.0, 113.8, 116.1, 131.5, 133.3, 147.4. IR (neat)
1589, 1493, 1230, 1178, 916, 802 cm~l. FAB HRMS calcd. for C12H1579BrN 252.0388
(M+1); found 252.0366.

N,N-Dibenzyl-4-bromoaniline (3g)
Ph

W

L
Br

white crystals. m.p. 124-126 °C. '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). 13C NMR (125 MHz, CDCls) 8 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~!l. Anal. caled. for C20H1sN7Br: C, 68.19; H, 5.15; N, 3.98%. Found: C, 68.04; H,
5.34; N, 3.80%:;
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N,N-Diallyl-4-chloroaniline (3d)

)
T,

pale yellow oil. 'H NMR (400 MHz, CDCls) & 3.88 (4H, d, J= 2.8 Hz), 5.13 2H, d, J =
6.4 Hz), 5.16 (2H, br s), 5.77-5.87 (2H, m), 6.59 2H, d, J= 7.6 Hz), 7.11 2H, d, J= 7.6
Hz). 13C NMR (100 MHz, CDCls) 8 52.9, 113.3, 116.1, 120.9, 128.7, 133.4, 147.1. IR
(neat) 1594, 1496, 1232, 1180, 916, 804 cm-!. FAB HRMS caled. for Ci2Hi5NCl
208.0885 (M+1); found 208.0869.

N,N-Diallyl-4-iodoaniline (3f)

)
W\@\I

pale yellow oil. 'H NMR (400 MHz, CDCls) § 3.84-3.90 (4H, m), 5.12 (2H, d, J = 8.4 Hz),
5.15 (2H, br s), 5.75-5.85 (2H, m), 6.44 (2H, d, J= 8.8 Hz), 7.40 (2H, d, J=8.8 Hz). 13C
NMR (100 MHz, CDCls) & 52.7, 769, 114.4, 116.0, 133.1, 137.4, 147.9. IR (neat) 1585, 1488,
1230, 1176, 914, 800 cm~1. Anal. caled. for C12H14NI: C, 48.18; H, 4.72; N, 4.68%. Found:
C, 48.23; H, 4.78; N, 4.40%

Typical experimental procedure for the preparaton of
p-substituted-N,N-dialkylaniline

To a solution of p-bromo-N,N-dialkylaniline (8.8 mmol) in THF (35 ml) was added
n'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 ("BusSnCl,
PhSSPh, MeSSMe, R3SiCl) (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 NaxSO4. After
removal of the solvent under reduced pressure, the resulting residue was purified on a
column chromatography.

4-(Phenylthio)- N, N-diethylaniline (2a) and N,N-dibenzyl-4-(phenylthio)aniline (2b)
were purified by recrystallization from ethanol.

4-(Tributylstannyl)- N,N-diethylaniline (8a) was purified by distillation under reduce
pressure without quench.

N,N-Diethyl-4-(phenylthio)aniline (2a)
Ei,N

: SPh

white crystals. m.p. 68-69 °C. H NMR (500 MHz, CDCls) § 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). 13C NMR (125 MHz, CDCls) 8 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.
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caled. for C16H19N: C, 74.66; H, 7.44; N, 5.44%. Found: C, 74.63; H, 7.51; N, 5.33%.
N,N-Dibenzyl-4-(phenylthio)aniline (2b)
Ph

w

O
SPh

white crystals. m.p. 107-109 °C. H NMR (500 MHz, CDCls) § 4.67 (4H, s), 6.72 (2H, d,
J=8.9Hz), 7.09 (1H, dd, J= 7.3, 7.3 Hz), 7.11-7.15 (2H, m), 7.15-7.37 (14H, m). 13C
NMR (125 MHz, CDCls) & 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.
caled. for C26H23NS: C, 81.85; H, 6.08; N, 3.67%. Found: C, 81.89; H, 6.26; N, 3.45%.

N,N-Diallyl-4- (fhenylthio)aniline (2¢), (3b)

4?\N/N\I::]\
SPh

yellow oil. M NMR (400 MHz, CDCls) 8 3.92 (4H, d, J = 2.9 Hz), 5.14 (2H, br s), 5.18
(2H, br s), 5.78-5.89 (2H, m), 6.66 (2H, d, J= 8.3 Hz), 7.05 (1H, t, J= 7.1 Hz), 7.10 (2H,
d, J = 7.5 Hz), 7.15-7.19 (2H, m), 7.33 (2H, d, J = 8.3 Hz). 13C NMR (100 MHz,
CDCly) & 52.7, 112.9, 116.2, 117.2, 124.9, 126.8, 128.6, 133.2, 136.0, 140.1, 148.9. IR
(neat) 1591, 1500, 1232, 916, 810, 734, 688 cm-!. FAB HRMS calcd. for CisH20NS
282.1316 (M+1); found 282.1310.

4-(Tributylstannyl)-N,N-diethylaniline (8a)
E

toN i
SnBuj

colorless oil. 'H NMR (500 MHz, CDCls) § 0.98 (9H, t, J= 7.4 Hz), 1.01 (6H, t, J= 7.3
Hz), 1.23 (6H, t, J= 7.3 Hz), 1.50 (6H, tt, J= 7.4, 7.3 Hz), 1.77 (6H, tq, J = 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). 13C NMR (125
MHz, CDCls) § 9.6, 12.4, 13.7, 27.6, 29.4, 43.9, 112.4, 124.4, 137.5, 147.9. IR (neat)
2924, 1587, 1502, 1263, 1080, 798 cm. Anal. caled. for Co2H41NSn: C, 60.29; H, 9.43;
N, 3.20%. Found: C, 60.13; H, 9.31; N, 2.97%.

N,N-Diethyl-4-(trimethylsilyl)aniline (8b)

1
Ef,N
: “SiMe;

colorless oil. H NMR (400 MHz, CDCls) § 0.15 (9H, s), 1.08 (6H, t, J = 6.8 Hz), 3.27
(4H, q, J = 6.8 Hz), 6.60 (2H, d, J = 8.0 Hz), 7.28 (2H, d, J = 8.0 Hz). 13C NMR (100
MHz, CDCls) § —0.7, 12.7, 44.1, 110.9, 123.9, 134.5, 148.0. IR (neat) 1595, 1508, 1112,
800, 752 cm-l. Anal. caled. for CisH23NSi: C, 70.52; H, 10.47; N, 6.33%. Found: C,
70.70; H, 10.45; N, 6.33%.
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N,N-Diethyl-4-(dimethylphenylsilyl)aniline (8c)

Ef,N
: "SiMe,Ph

colorless oil. H NMR (400 MHz, CDCls) & 0.49 (6H, s), 1.15 (6H, t, J = 6.8 Hz), 3.34
(4H, q, J=17.0 Hz), 6.66 (2H, d, J = 8.0 Hz), 7.33-7.36 (5H, m), 7.53 (2H, t, J = 2.4 Hz).
13C NMR (100 MHz, CDCls) & -2.0, 12.7, 44.1, 110.9, 121.3, 127.6, 128.6, 134.1, 135.4,
139.4, 148.2. IR (neat) 1592, 1510, 1110, 800, 769, 698 cm-l. Anal. calcd. for
Ci1sHasNSi: C, 76.26; H, 8.89; N, 4.94%. Found: C, 76.44; H, 9.10; N, 4.89%.

N,N-Diethyl-4-[tri(isopropyl)silyllaniline (8e)

Et,N
\©\$i(i-Pr)3

white crystals. m.p. 77-78 ‘C. 'H NMR (400 MHz, CDCls) 8 1.01 (18H, d, J = 7.3 Hz),
1.12 (6H, t, J= 6.8 Hz), 1.25-1.33 (3H, m), 3.30 (4H, q, J= 6.8 Hz), 6.61 (2H, d, J = 7.6
Hz), 7.25 (2H, d, J=7.6 Hz). 13C NMR (100 MHz, CDCls) § 11.0, 12.8, 18.8, 44.0, 110.7,

118.0, 136.5, 147.8. IR (neat) 2863, 1592, 1509, 1106, 906, 730 cm~!. Anal. calcd. for
C19H3sNSi: C, 74.68; H, 11.54; N, 4.58%. Found: C, 74.50; H, 11.54; N, 4.58%.

N,N-Diallyl-4-(methylthio)aniline (3a)

/\/N\Q\
SMe

pale yellow oil. 'H NMR (400 MHz, CDCls) § 2.39 (3H, s), 3.89 (4H, d, J= 3.2 Hz), 5.13
(2H, br s), 5.16 (2H, d, J= 6.4 Hz), 5.78-5.88 (2H, m), 6.62 (2H, d, J= 7.6 Hz), 7.22 (2H,
d, J = 7.6 Hz). 13C NMR (100 MHz, CDCls) § 19.2, 52.7, 112.8, 116.0, 122.8, 131.3,
133.5, 147.4. IR (neat) 1592, 1498, 1230, 916, 804 cm~!. Anal. calced. for C13H17NS: C,
71.18; H, 7.81; N, 6.39%. Found: C, 70.92; H, 7.84; N, 6.26%.

N,N-Diallyl-4-(4-chlorophenylthio)aniline (3c)

e o
0, 0

yellow oil. H NMR (400 MHz, CDCls) 8 3.94 (4H, d, J= 3.6 Hz), 5.16 (2H, d, J = 4.0
Hz), 5.19 (2H, br s), 5.81-5.89 (2H, m), 6.67 (2H, d, J = 8.0 Hz), 7.02 (2H, d, J = 8.0 Hz),
7.15 (2H, d, J= 8.0 Hz), 7.31 (2H, d, J= 8.0 Hz). 13C NMR (100 MHz, CDCls) § 52.7,
113.0, 116.3, 116.7, 128.1, 128.7, 130.7, 133.2, 136.1, 138.9, 149.1. IR (neat) 1589,
1500, 1473, 1388, 1232, 1087, 1008, 916, 808 cm~!. FAB HRMS calcd. for C1sH19NC1S
316.0918 (M+1); found 316.0919.
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(2,4-Dimethoxyphenyl)dimethyl(phenyl)silane (8f)

Me0\©iOMe
SiMe,Ph
colorless oil. 'H NMR (400 MHz, CDCls) § 0.52 (6H, s), 3.68 (3H, s), 3.75 (3H, s), 6.39
(1H, s), 6.43 (1H, d, J=8.0 Hz), 7.15 (1H, d, J = 8.0 Hz), 7.31 (3H, br s), 7.50-7.58 (2H,
m). 13C NMR (100 MHz, CDCls) 8-2.0, 54.9, 55.1, 97.7, 104.4, 117.2, 127.4, 128.5,
133.9, 136.7, 139.1, 162.5, 165.6. IR (neat) 1592, 1299, 1243, 1205, 1155, 1085, 1031,

811, 771, 696 cml. FAB HRMS caled. for CisH2102Si 273.1303 (M+1); found
273.1317.

N,N-Diethyl-4-(triphenylsilyl)aniline (8d)

Et,N
\Q\SiPhg,

To a solution of p-bromo-N,N-diethylaniline (1.09 g, 4.8 mmol) in THF (35 ml) was
added n-BulLi (6.8 ml, 1.47 M in hexane, 9.9 mmol) and hexamethylphosphoramide
(HMPA, 9.6 ml, 9.9 mmol) at —78 °C under argon. The reaction mixture was stirred for
1 h at the same temperture and then triphenylsilylchloride (1.71 g, 5.8 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 Na2SO4. After removal of the solvent under reduced pressure,
the resulting residue was purified on a column chromatography.

white crystals. m.p. 129-132 C. H NMR (400 MHz, CDCls) § 1.16 (6H, t, J= 6.8 Hz),
3.35 (4H, q, J = 7.8 Hz), 7.32-7.38 (11H, m), 7.58 (6H, d, J = 7.3 Hz). 13C NMR (100
MHz, CDCls) § 12.7, 44.1, 110.9, 117.0, 127.6, 129.1, 135.3, 136.3, 137.6, 148.5. IR
(neat) 1590, 1509, 1427, 1106, 696 cm-!. FAB HRMS calcd. for C2sH30NSi 408.2148
(M+1); found 408.2162.

Typical experimental procedure for the synthesis of asymmetric benzidines
To a solution of 2a (25.8 mg, 0.10 mmol) in dichloromethane (2.0 ml) was added the
dication compound (1a) (90.8 mg, 0.12 mmol) at —78 °C. After the reaction mixture was
stirred for 0.5 h at —78 °C, 3f (36.0 mg, 0.12 mmol) was added at —78 °C. After stirring
for 4 h at room temperture, the reaction was quenched with saturated aqueous
NaHCOs and aqueous layer was extracted with CH2Cla. 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 asymmetric benzidines 4a
(9.4 mg, 29%).

N,N-Diallyl-N’,N-diethylbenzidine (4a)

J
an
A

'H NMR (400 MHz, CDCls) 6 1.17 (6H, t, J = 6.8 Hz), 3.36 (4H, q, J = 6.8 Hz), 3.93 (4H,
d, J=4.8 Hz), 5.16 (2H, dd, J=10.6, 1.6 Hz), 5.20 (2H, dd, J=17.2, 1.6 Hz), 5.83-5.93
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(2H, m), 6.71 (2H, d, J= 7.2 Hz), 6.73 (2H, d, J= 7.2 Hz), 7.36-7.41 (4H, m). 13C NMR
(100 MHz, CDCls) § 12.6, 44.3, 52.8, 112.0, 112.6, 115.9, 126.8, 127.1, 128.5, 129.6,
134.1, 146.2, 147.0. IR (neat) 2969, 1610, 1504, 1353, 1265, 1232, 804 cm!. FAB
HRMS cacld. for C22H2oN2 321.2322 (M+1); found 321.2317.

N,N-Dibenzyl-N’,N*-diethylbenzidine (4b)

,—Ph
—ph

1H NMR (400 MHz, CDCls) & 1.16 (6H, t, J= 7.2 Hz), 3.35 (4H, q, J= 7.2 Hz), 4.66 (4H,
s), 6.70 (2H, d, J= 8.8 Hz), 6.76 (2H, d, J = 8.8 Hz), 7.23-7.28 (6H, m), 7.31 (4H, d, J =
7.8 Hz), 7.35 (2H, d, J= 8.8 Hz), 7.37 (2H, d, J = 8.8 Hz). 13C NMR (100 MHz, CDCls)
$12.6, 44.3, 54.2, 112.1, 112.7, 126.7, 126.8, 126.9, 127.1, 128.4, 128.6, 130.1, 138.7,
146.3, 147.5. IR (neat) 2925, 1610, 1506, 1355, 1267, 1195, 806 cm~!. FAB HRMS
calcd for C3oH3sN2 421.2635 (M+1); found 421.2648.

Typical experimental procedure for the synthesis of triarylsulfonium salts
To a solution of 2a (25.8 mg, 0.10 mmol) in dichloromethane (2.0 ml) was added the
dication compound 1b (80.4 mg, 0.12 mmol) at —78 °C. After the reaction mixture was
stirred for 0.5 h at —78 °C, 8c (35.1 mg, 0.12 mmol) was successively added at —78 °C.
After stirring for 0.5 h at —78 °C, the reaction was quenched with saturated aqueous
NaHCOs and aqueous layer was extracted with CH2Clas. 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 (9a-C104) (40.3 mg, 80%).

Bis[4-(diethylamino)phenyllphenyl sulfonium perchlorate (9a-C10.4)

Et,N ClO,4 NEt,
T
§
Ph
pale yellow crystals. m.p. 182-184°C. H NMR (500 MHz, CDCl3) 6 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 H2),
7.42-7.49 (2H, m), 7.59-7.66 (3H, m). 13C NMR (125 MHz, CDCls) § 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.
caled. for CosHssCIN:204S: C, 61.83; H, 6.59; N, 5.55%. Found: C, 61.65; H, 6.57; N,
5.40%.

Bis[4-(diethylamino)phenyllphenyl sulfonium triflate (9a-TfO)

Et,N TfO NE,
L
Ph
pale yellow crystals. m.p. 152-155 ‘C. 'H NMR (400 MHz, CDCIs) 6 1.20 (12H, t, 6.8
Hz), 3.42 (8H, q, 6.8 Hz), 6.80 (4H, d, 9.0 Hz), 7.41 (4H, d, 9.0 Hz), 7.45 (2H, d, 7.3 Hz),
7.60-7.64 (3H, m). 13C NMR (125 MHz, CDCls) 6 12.1, 44.6, 105.2, 112.9, 120.8 (q, Jcr
= 313 Hz), 128.8, 128.9, 130.8, 132.4, 132.9, 151.6. IR (neat) 1577, 1509, 1255, 1068,

1027, 634 cml. FAB HRMS calcd. for C26H3sNa2S 405.2364 (M—CFs03S); found
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405.2378.

4-(Diallylamino)phenyl  4-(diethylamino)phenyl phenyl sulfonium
perchlorate (9b) H

Et,N ClO,4 N~

+

S

Ph
pale yellow crystals. m.p. 83-86 ‘C. 'H NMR (400 MHz, CDCls) 6 1.19 (6H, t, J= 6.8
Hz), 3.41 (4H, q, J= 6.8 Hz), 4.00 (4H, ), 5.15 (2H, d, J=17.1 Hz), 5.20 (2H, d, J=10.5
Hz), 5.77-5.85 (2H,m), 6.78-6.84 (4H, m), 7.41-7.46 (4H, m), 7.47 (2H, d, J = 6.8 Hz),
7.61-7.63 (3H, m). 13C NMR (100 MHz, CDCls) & 12.2, 44.7, 52.8, 104.9, 107.4, 112.9,
113.7, 116.9, 128.6, 128.9, 130.8, 131.5, 132.1, 132.6, 132.9, 151.6, 152.5. IR (neat)
1577, 1508, 1398, 1353, 1066, 811, 619 cm!. FAB HRMS calcd. for CosH3sN2S
429.2364 (M—Cl104); found 429.2365.

4-(Dibenzylamino)phenyl 4-(diethylamino)phenyl phenyl sulfonium
perchlorate (9c)

rPh
EtoN Clog N._Ph
oS¢

S

Ph
pale yellow crystals. m.p. 95-98 °C. 'H NMR (500 MHz, CDCls) 6 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 = 8.2, 1.4 Hz), 7.56-7.64 (3H, m). 13C NMR (125 MHz, CDCls) §
12.1, 44.6, 54.3, 104.5, 108.4, 112.9, 1138.9, 126.2, 127.4, 128.4, 128.9, 129.0, 130.9,
132.2, 132.7, 133.0, 136.1, 151.6, 152.9;
IR (neat) 1577, 1508, 1070, 727 cm!. FAB HRMS calcd. for CssH37N2S 529.2677
(M-C104); found 529.2672.

BTE Ve RuT TR UM TFAAMCEMORELL T N — VR EROERLI T >
7V T R

9,10-bis(4-methoxyphenyl)-9,10-dihydroanthracen-9,10-diol (13)
HO CgH,4-p-OMe

HO CgH,4-p-OMe
To a solution of p-iodoanisole (3.87 g, 16.5 mmol) in diethyl ether (20 mL) was added
n-Buli (6.34 mL, 2.60 M in hexane, 16.5 mmol) at —78 °C under argon, and this
mixture was stirred for 1 h at the same temperature. After allowed to warm to room
temperature, 9,10-anthraquinone (0.87 g, 4.18 mmol) was added to the reaction
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mixture, and the mixture was stirred for 12 h. The reaction was quenched with water,
and organic materials were extracted with EtOAc three times, and the combined
extracts were washed with brine and dried over NasSQO4. After removal of the solvent
under reduced pressure, the residue was reprecipitation with CHzClz2-hexane to give 13
(1.61 g, 91%).

Colorless crystals. m.p. 209-211 °C (EtOH). 'H NMR (400 MHz, CDCls) & 2.71 (2H,
s), 3.66 (6H, s), 6.46 (4H, d, J= 8.8 Hz), 6.80 (4H, d, J = 8.8 Hz), 7.41 (4H, dd, J = 5.8,
3.4 Hz), 7.81 (4H, dd, J=5.8, 3.4 Hz). 13C NMR (100 MHz, CDCls) § 55.1, 74.6, 112.7,
126.4, 127.7, 128.5, 136.5, 141.0, 158.0. IR (neat) 3446, 1508, 1250, 1180, 1032, 825,
756 cm~1. Anal. caled. for CosH2404: C, 79.22; H, 5.70. Found: C, 79.06; H, 5.84%.

9,10-bis(4-methoxyphenyl)-9,10-dimethoxy-9,10-dihydroanthracene (20).
MeO CgH4-p-OMe

MeO CgHy-p-OMe

To a solution of 17¢ (50.6 mg, 0.10 mmol) in hexafluoro-2-propanol (2.0 ml) 0 °C was
added TMSOTS (40 uL, 0.22 mmol). The solution turned into dark red and the mixture
was stirred for 10 min. The reaction was quenched with methanol (1.0 mL ), and water
(20 mL) was added to the reaction mixture, and organic materials were extracted with
CH:Cl; three times, and the combined extracts were washed with brine and dried over
Na2S04. After removal of the solvent under reduced pressure, the resulting residue was
filtered off and washed with CH2Cls to give 20 as white powder. After removal of the
solvent of filtrate under reduced pressure, the resulting residue was purified by
preparative TLC (silica gel) to also give 20.

White crystal. m.p. 288-289 °C. 'H NMR (400 MHz, CDCIs) § 3.09 (6H, s), 3.75 (6H,
s), 6.76 (4H, d, J= 8.8 Hz), 7.19-7.22 (4H, m), 7.33-7.35 (8H, m). 13C NMR (100 MHz,
CDCly) 8 52.0, 55.2, 78.9, 113.0, 127.6, 127.9, 128.9, 139.3, 157.8. IR (neat) 1506, 1248,
1163, 1084, 1032, 835, 798 cm~!. Anal. caled. for C3oHzs04: C, 79.62; H, 6.24%. Found:
C, 79.42; H, 6.32%.

9,10-bis(4-methoxyphenyl)-9,10-dipropoxy-9,10-dihydroanthracene (17c)
PrO CgH4-p-OMe

PrO CgHy4-p-OMe
To a solution of 13 (959.0 mg, 2.25 mmol) in dichloromethane (5.0 ml) was added a
small amount (~ 10 mg) of p-toluenesulfonic acid and n-propanol (5.0 ml). The solution

was stirred for 12 h at room temperature. The mixture was filtered off and washed with
dichloromethane to give 17¢ (1.07 g, 94%, dr 2:1).
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white crystals. (major isomer) m.p. 231-233 °C. 'H NMR (400 MHz, CDCls) § 0.95
(6H, t, J=17.3 Hz), 1.60 (4H, qt, J= 7.3, 6.2 Hz), 3.13 (4H, t, J = 6.2 Hz), 3.75 (6H, s),
6.76 (4H, d, J = 8.2 Hz), 7.17-7.19 (4H, m), 7.35-7.37 (8H, m). 13C NMR (100 MHz,
CDCls) & 10.9, 23.3, 55.1, 65.2, 77.9, 112.9, 127.6, 127.6, 128.8, 139.7, 142.7, 157.8.
(minor isomer) 'H NMR (400 MHz, CDCls) § 0.88-0.92 (6H, m), 1.54-1.60 (4H, m), 2.90
(4H,t, J=6.2 Hz), 3.74 (6H, s), 6.72 (4H, d, J= 8.8 Hz), 7.23-7.25 (6H, m), 7.33-7.40 (2H,
m), 7.50-7.52 (4H, m). 13C NMR (100 MHz, CDCls) & 11.0, 23.3, 55.1, 64.5, 77.7, 112.8,
127.7, 127.7, 127.9, 139.0, 142.6, 157.9. IR (neat) 1506, 1245, 1076, 1027, 825 cm™'.
Anal. caled. for C;,H;,0,: C, 80.28; H, 7.13%. Found: C, 80.28; H, 7.30%.

9,10-bis(4-methoxyphenyl)anthracene (15).
C6H4-p-OMe

CgH4-p-OMe

To a solution of 17¢ (50.8 mg, 0.10 mmol) in hexafluoro-2-propanol (2.0 mL) 0 °C was
added TMSOTf (36 uL, 0.22 mmol). The solution turned into dark red and the mixture
was stirred for 10 min. To the reaction mixture was added ferrocene (76.3 mg) and the
mixture was stirred for 1 h at the same temperature. The reaction was quenched with
water, and organic materials were extracted with CH2Cly three times, and the
combined extracts were washed with brine and dried over NasSQ4. After removal of the
solvent under reduced pressure, the resulting residue was filtered off and washed with
CH2Cl2 to give 15 as white powder. After removal of the solvent under reduced
pressure, the resulting residue was purified by preparative TLC (silica gel) to also give
15 (36.8 mg, 95%).

a pale yellow crystal. m.p. 255 °C (decomposed). 'H NMR (400 MHz, CDCls) & 3.61
(6H, s), 7.14 (4H, d, J = 8.5 Hz), 7.32 (4H, dd, J = 6.8, 3.2 Hz), 7.39 (4H, d, J = 8.5 Hz),
7.73 (4H, dd, J= 6.8, 3.2 Hz). 13C NMR (100 MHz, CDCls) 8 55.4, 113.8, 124.8, 127.0,
130.2, 131.1, 132.3, 136.7, 158.9. IR (neat) 1510, 1242, 1219, 1174, 1030, 822, 775
cm-l. FAB HRMS calcd. for CosH2302 391.1599 (M+1); found 391.1671.

N,N-Diethyl-3,5-dimethylaniline (21).

Me
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. The reaction mixture was stirred
at the same temperature for 0.5 h. After an 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 three times. The combined
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extracts were washed with brine and dried over NasSQO4. After removal of the solvent
under reduced pressure, the residue was purified by recrystallization from ethanol.
white crystals. m.p. 44-45 °C (EtOH). 'H NMR (400 MHz, CDCls) & 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). 13C NMR (100
MHz, CDCly) § 12.7, 21.9, 44.3, 109.8, 117.4, 138.7, 147.9. IR (neat) 1595, 1487, 1356,
1219, 814 cm™!. Anal. caled. for Ci2H1oN: C, 81.30; H, 10.80; N, 7.90%. Found: C,
81.14; H, 10.72; N, 7.70%.

N,N,N',N'-Tetraethyl-2,2',6,6'-tetramethylbenzidine (22)
MeMe

EtN N Et,

MeMe

To a solution of 17c (120.0 mg, 0.24 mmol) in hexafluoro-2-propanol (2.0 mL) at 0 °C
was added TMSOTf (85 uL, 0.48 mmol). The solution turned into dark red and the
mixture was stirred for 10 min. To the reaction mixture was added
3,5-dimethyl- N, N-diethylaniline (70.4 mg, 0.40 mmol) and the mixture was stirred for
1 h at the same temperature. The reaction was quenched with water, and organic
materials were extracted with CH2Cls three times, and the combined extracts were
washed with brine and dried over NasSO4. After removal of the solvent under reduced
pressure, the resulting residue was filtered off and washed with CH2Cl: to give 15 as
white powder. After removal of the solvent of fitrate under reduced pressure, the
resulting residue was purified by preparative TLC (silica gel) to also give 15 along with
N,N,N' N*-tetraethyl-2,2',6,6'-tetramethylbenzidine 22 (63.0 mg, 90%).

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). 13C NMR (100 MHz,
CDCls) § 12.9, 20.8, 44.2, 111.0, 128.3, 137.0, 146.4. IR (neat) 2964, 1601, 1473, 1373,
1286, 1198, 825 cm~1. Anal. caled. for C24H36N2: C, 81.76; H, 10.29; N, 7.95%. Found:
C, 81.50; H, 10.31; N, 7.69%.

9,10-bis(4-methoxy-phenyl)-9,10-epidioxyanthracene (23)
CgH4-p-OMe

CgH4-p-OMe

9,10-bis(4-methoxy-phenyl)anthracene 15 (208.4 mg, 0.53 mmol) was dissolved in 10
ml chloroform with a small amount (~ 2 mg) of the methylene blue dry. Oxygen was
supplied to the solution through a medium glass frit for fifteen minutes prior to and
throughout the duration of irradiation. Irradition was supplied by mercury lump.
Irradiation was stopped after all of the starting material was consumed in about 4
hours. After irradiation the solution was evaporated to dryness and purified by column
chromatography (AcOEt) to give 23 (218.2 mg, 97%) as white crystals.
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white crystals. m.p. 175 °C (decomposed). 'H NMR (400 MHz, CDCls) & 3.92 (6H, s),
7.12-7.22 (12H, m), 7.59-7.63 (4H, m). 13C NMR (100 MHz, CDCls) 8 55.3, 83.9, 113.6,
123.3, 124.9, 127.4, 128.6, 140.3, 159.1. IR (neat) 1515, 1457, 1249, 1180, 1031, 908,
827, 761 cm~l. FAB HRMS calcd. for C2sH2304 423.1588 (M+1); found 423.1587.

Typical experimental procedure for the synthesis of
trialkyl(naphthalene-2-yloxy)silane.

To 2-naphthol (2.40 g, 16.6 mmol) in benzene (20 ml) and triethylamine (4.0 ml, 28.6
mmol) was added trimethylchlorosilane (2.57 ml, 20.2 mmol) dropwise with stiring.
After 1 h at reflux, the solution was cooled and the triethylamine hydrochloride filtered.
The residue on evaporation of solvent was distilled to give 32 (2.80 g, 78%).
Triethyl(naphthalene-2-yloxy)silane (33) and triisopropyl(naphthalene-2-yloxy)silane
(84) were purified by column chromatography (hexane—AcOEt).

Trimethyl(naphthalene-2-yloxy)silane (32)

“/!EOSiMe3

colorless oil. 'H NMR (400 MHz, CDCls) 8 0.29 (9H, s), 7.06 (1H, dd, J = 8.7, 2.2 Hz),
7.18 (1H, d, J=2.2 Hz), 7.31 (1H, dd, J= 7.8, 7.3 Hz), 7.40 (1H, dd, J= 6.8, 6.8 Hz), 7.67
(1H, d, J=8.2 Hz), 7.71 1H, d, J = 8.7 Hz), 7.75 (1H, J=d, 8.2 Hz). 13C NMR (100
MHz, CDCls) § 0.2, 114.9, 122.0, 123.8, 126.1, 126.6, 126.7, 127.6, 129.3, 134.5, 152.9.
IR (neat) 1629,1598,1508, 1467, 1251, 1218, 1170, 968, 925, 836, 742 cm~. Anal. calcd.
for C13H1608Si: C, 72.17; H, 7.45%. Found: C, 72.24; H, 7.41%.

Triethyl(naphthalene-2-yloxy)silane (33)

OSiEt3

colorless oil. 'H NMR (400 MHz, CDCls) § 0.79 (6H, q, J = 8.0 Hz), 1.02 (9H, t, J = 8.0
Hz), 7.08 (1H, dd, J= 8.8, 2.4 Hz), 7.19 (1H, d, J = 2.4 Hz), 7.28-7.33 (1H, m), 7.37-7.42
(1H, m), 7.67 (1H, d, J=8.4 Hz), 7.70 (1H, d, J= 9.2 Hz), .7.74 (1H, d, J= 8.4 Hz). 13C
NMR (100 MHz, CDCls) & 5.1, 6.7, 114.5, 121.9, 123.6, 126.0, 126.5, 127.5, 129.1, 129.2,
134.5, 153.2. IR (neat) 2954, 2875, 1598, 1508, 1465, 1270, 1257, 1218, 1172, 968, 923,
850, 808, 740 cm~!. Anal. caled. for C16H220S1: C, 74.36; H, 8.58%. Found: C, 74.47; H,
8.77%.

Triisopropyl(naphthalene-2-yloxy)silane (34)

OSi(i— Pr);

colorless oil. 'H NMR (400 MHz, CDCls) § 1.12 (18H, d, J= 7.6 Hz), 1.30 (3H, seventh,
J=17.6Hz),7.11 (1H, dd, J= 8.8, 2.0 Hz), 7.20 (1H, s), 7.28-7.33 (1H, m), 7.39 (1H, dd, J
=8.0, 7.2 Hz), 7.66 (1H, d, J= 8.4 Hz), 7.69 (1H, d, J=9.2 Hz), 7.73 (1H, d, J= 8.0 Hz).
13C NMR (100 MHz, CDCls) 8 12.8, 18.0, 114.3, 121.9, 123.5, 125.9, 126.5, 127.5, 129.0,
129.1, 134.5, 153.7. IR (naet) 2942, 2865, 1629, 1598, 1508, 1465, 1270, 1257, 1220,
1172, 968, 927, 881, 848, 808, 744, 667 cm~L. Anal. caled. for C19H2s0Si: C, 75.94; H,
9.39%. Found: C, 75.78; H, 9.63%.
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Tributyl(naphthalene-2-yloxy)stannane (35)!

OSnBu3

BusSnOMe (0.95 ml) was added dropwise to a solution of 2-naphthol (425.3 mg, 2.95
mmol) in 1,2-dichloroethane (10 ml) at reflux. The mixture was stirred for 3 h. The
residue on evaporation of solvent was distilled to give 35 (1.23 g, 96%).

colorless oil. 'H NMR (400 MHz, CDCls) 8 0.90 (9H, t, J= 7.2 Hz), 1.28-1.40 (12H, m),
1.60-1.70 (6H, m), 6.93 (1H, d, J= 2.4 Hz), 6.98 (1H, dd, J = 8.8, 2.4 Hz), 7.21 (1H, dd, J
=8.0,7.2Hz), 7.34 (1H, dd, J= 8.0, 7.2 Hz), 7.58 (1H, d, J= 8.0 Hz), 7.64 (1H, d, J= 8.0
Hz), 7.69 (1H, d, J= 8.0 Hz)

Typical experimental procedure of the oxidative coupling of naphthol derivatives.

To a stirred solution of 17¢ (141.9 mg, 0.28 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol
(2.0 ml) was added MesSiTfO (0.112 ml, 0.31 mmol) at 0 °C. After 10 minutes
2-naphthol (56.3 mg, 0.40 mmol) was added to the solution at 0 °C. The reaction mixture
was stirred at room temperature for 1 h. The reaction was quenched with phosphate buffer
(pH 7). Organic materials were extracted with CH3Cly three times and the combined
extracts were washed with brine and dried over NasSQ4. After removal of the solvent
under reduced pressure, the residue was purified by PTLC (hexane—AcOEt—CH2Cl
4:1:2) to give 30a (27.6 mg, 49%) as white crystals.

1,1’-Binaphthalene-2,2’-diol (80a)

OH
OH

white crystals. m.p. 215-220 °C. H NMR (400 MHz, CDCls) 8 5.07 (2H, s), 7.13 (2H,
d, J=8.0 Hz), 7.26-7.32 (2H, m), 7.33-7.38 (4H, m), 7.87 (2H, d, J= 8.0 Hz), 7.95 (2H, d,
J=19.2 Hz). 3C NMR (100 MHz, CDCls) § 110.7, 117.6, 123.9, 124.1, 127.3, 128.3, 129.3,
131.3, 133.2 152.6. IR (neat) 3401, 1617, 1592, 1380, 1139, 815, 750 cm~!. Anal. Calcd.
for C20H1402: C, 83.90; H, 4.93%. Found: C, 83.77; H, 5.10%.

2,2’-Dimethoxy-1,1’-binaphthalene (28)2

] I OMe
! l OMe

white crystals. 'H NMR (400 MHz, CDCls) § 3.75 (6H, s), 7.09 (2H, d, J = 8.4 Hz),
7.17-7.22 (2H, m), 7.28-7.33 (2H, m), 7.44 (2H, d, J= 9.2 Hz), 7.85 (2H, d, J = 8.4 Hz),
7.96 (2H, d, J = 9.2 Hz). 13C NMR (100 MHz, CDCls) 8 56.9, 114.1, 119.4, 123.4, 125.1,
126.2, 127.8, 129.1, 129.3, 133.8, 154.8. IR (neat) 1739, 1508, 1455, 1365, 1228, 1216,
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808 cm1.

3,3’-Dimethoxy-1,1’-binaphthalene-2,2’-diol (80b)34
SN
OH
L,
OMe
white crystals. 1H NMR (400 MHz, CDCls) § 4.09 (6H, s), 5.88 (2H, s), 7.11-7.18 (4H,
m), 7.29-7.34 (4H, m), 7.77 (2H, d, J = 8.0 Hz). 13C NMR (100 MHz, CDCls) § 55.9,

106.2, 114.3, 124.0, 124.5, 124.6, 126.8, 128.8, 129.0, 143.6, 147.2. IR (neat) 3505,
1461, 1425, 1255, 1166 cm™1.

6,6’-Dibromo-1,1’-binaphthalene-2,2’-diol (30c)3 ¢

T
OH
oy
Br

pale yellow crystals. H NMR (400 MHz, CDCls) § 5.02 (2H, s), 6.96 (2H, d, J= 8.8 Hz),
7.37 (2H, dd, J=9.2, 2.0 Hz), 7.39 (2H, d, J= 9.2 Hz), 7.99 (2H, d, J = 8.8 Hz), 8.05 (2H,
d, J=2.0 Hz). 13C NMR (100 MHz, CDCls) 8 110.5, 117.9, 118.9, 125.8, 130.4, 130.5,
130.7, 130.8, 131.8, 152.9. IR (neat) 3473, 3230, 2919, 1585, 1498, 1213, 1168, 927,
881, 813 cm™1.

Dimethyl 2,2’-Dihydroxy-1,1’-binaphthalene-3,3’-dicarboxylate (30d)3

o8
OH

I
CO,Me

pale yellow crystals. 'H NMR (400 MHz, CDCls) § 4.04 (6H, s), 7.13-7.16 (2H, m),
7.31-7.36 (4H, m), 7.89-7.93 (2H, m), 8.67 (2H, br s), 10.70 (2H, s). 13C NMR (100 MHz,

CDCly) 8 52.7, 114.0, 116.8, 123.8, 124.5, 127.0, 129.3, 129.6, 132.7, 137.0, 153.8, 170.4.
IR (neat) 3208, 1671, 1506, 1434, 1317, 1280, 1213, 1076, 796 cm-1L.

1,1’-Binaphthalene-4,4’-diol (30e)
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OH
white crystals. H NMR (400 MHz, CDCls) § 5.52 (2H, br s), 6.91 (2H, d, J = 7.6 Hz),
7.27-7.31 (4H, m), 7.35 (2H, d, J= 8.8 Hz), 7.46 (2H, dd, J= 8.0, 7.2 Hz), 8.26 (2H, d, J =
8.4 Hz). IR (neat) 3307, 2919, 1716, 1683, 1558, 1540, 1506, 1340, 1261 cm".
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