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Et, 1a \ / 2 g Et
Et Et Et
3a

- 78°C, 1 h/CH,CI, 34%
4a based on 1a
42% based on 1a

FCRIGE P FADTFTH S TITO & NV FADTF AL S5IZT =0 2 3a MLz
p-FUFAT =V 6 BDEEMNIG O, B BB EIT LR U P 4a 13215
Lol (K2), ZHUHO/RENS, 7=V 3ald M) FABF AL 5 TlEm(LT
ERMoT=N, FTIHA VLTV ANERAF AT A ) 1a wHVNIERLTE 5 2 L 03b
Mol

[©] [S)
Et Ph;C CIO4 5 (1.2 mol amt.) Et
/‘N@ - /NAQ—CPQ )
Et

Et ~ 78°C, 1 h/CH,CI
3a ’ 2v2

quant.
WIZ, ROV UONRE EEZAREL, XLV AN ERATF LI TFA ) 1all &
27 =V v 3a OEEACEUS & 5 RET L7,
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FITHEVL VAN ERRATFNVITF A L) 1all LD NN-YZF LT =V 2 (3a)DERALI
v 7V 71, LT OB CHEITL TS EE X7 (Scheme 1), T72bbH, £9, 7=
Y3aNTVAHTFAACED 1 IZ Ko TELS i, FUINITFA A LD, KIZZDTZ
CANIFTH L ANCKRKIEDOT =V > 3a BREKBE L, "IN THEEZERLTT D
NDFABWELD, TUVINHTFABNLT 0 b BRBELTT P HLCIZRY .
NS BIZTIEFBIEENTA I=ULED Z2EKT 5, HERICAI=ULED 6T
2 RUBBEEL TR YUY da BERT D, Ay TV T ONTEIWEIL, 7=V 2 3a
TG IZHANATF AL A ZREBET LR, ST AT I EOSEREEFEICLY AV Mz
TIHR L AT LA BRI R, LT 7ed LT 5,

Scheme 1. o
2ClO,

Ph @@ Ph

Ph.  Ph
Ph Ph Ph . Ph
OO (0.5 mol amt.) OO
Et\ 1a \ / 2 Et\ /Et
/N > /N N\
U 3a - 2 HCIO, Et 4a Et
l - e6 T - H@
Et\ /Et
Et H o Et

2CI0,

A D

/-
Et H Et " Et Et
SO | | v
B ClO, c

LFOWREAEEE R XYV da DICEPRPREICEESTZRREE LT, LT 2 58
ZEZOND, (1) FUSOEITIC S TERT 2BICE Y, JFEO7 =V v 3a 7 e Ak
SNTT =V ARERBENER L, 2D T 7 X LV ANV ER( AT AT A ) 1a I
Lot TN BEO Q) EFITHL N VYV 4a RPEDHIT{LS T,
VAFH MG laZHELTLEI Z & THD,

FP. BEOT =Y v 3anT e bAbS . RSOEITEIT TS bo L E x| Kk
ZINZ TR AR T AUINER M 35 B 272 (Table 1), L2rL, HEHEE LTHRMLEZ
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MU ZF LT I NI ENT 1a 2HE L7-720, JFE 3anEINiR %< 72 b | 4aDILR
IZIE T L7z (Bntry 2), £z, m@WELTH D 2,6-Ttert-7 F A DU RN LIz &2
Ay HTOPEROM FIZR b, KIERSGEIZITZE SR> 72 (Entry 3),

Ph eo@ Ph

Ph Ph
OO (0.5 mol amt.)

Et, 1a Et, Et
Y O~
/ / \

Et Et Et

3a - 78°C, 1 h/CH.Cl,
Base (1.0 mol amt.)

Y

Entry Base 4a/% 3al/%

1 — 42 34
2 NEt; 30 48
X
3 | 46 41
t-Bu N™ “t-Bu

WIZ, B LRV da b F T XL DA NV ER(AF NI F L) 1a DRSO
WTHRDL T2, HEELTERU UV 4all 0.5 FELEDO T DT A ALEW 1a ZEA S
¥z (K 3), ZORER, VT ALEY la IIFFERBMIZT®F 7T 2 LRy, U
AFHACED 1a RV da ZAET D2 EDRW LN E 0T, EDTD, Ky
DRV 4a 3 1 BEFRILSNTT OOV I TF AT o 7ot EZBND N, RUGALEL
BTN PV da D 0% MEIE NI, ZDZLinh, ALTET VAN TFF L ITK
2 XD TREFTE TSN TR UV 4l EZD OO, 20%1E 0T 5 Z &0
DroTe, ORI, PAHTFAALEW 1a ITER LIER TV da AL L THE
SNHZE, BIOBILSNT_ UV da O—EIT 0T 5 2 LR TE 72,

20105
Phoo Ph

Ph Ph
Ph Ph . Ph
(0 5 mol amt.) O 97% based on 1a
Et, Et \\ / 2
Et Et

4a - 78°C, 1h/CH,Cl, 80%

U bomitaliE 2, HIEE LT26-Ulert-7 T NAE Y DU ZIRML, 77X 1LY AL
B A(A F VA F A ) LaD B Z i Lz (Table 2), ERPI O PV LS T,
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CNFF ACEDDEDODRTE T EESNDZ ENDhoT=D, 1lax %< Mil-, FDOf
B, UhF A ALEW1aDEE 12 (FENEICHECT 2 & TIRIT 66%F T L L7,

Table 2.
2C10°

Ph Ph
Ph-P ®¢pn
OO (x mol amt.)
Et, 1a Et Et
Et Et Et

~ 78°C, 1 h/CH,Cl,

3a N 4a
Jl\/j\t-Bu (1.0 mol amt.)

t-Bu N

Entry x 4a/ % 3a/%

105 46 (42 41
2 075 57 (58 0

3 1.2 66 (50) 0

* without base

ZZETORFNIE T, NN-ZF T =V Ba) DB B 2B W T, ARk
MDPEZGIBRILSNTLE Y 2N, IWWREKTORKD 1 > ThHEbhrolc, To5L1
AR OIIT, A ZNUCERELZFTL27 =) a2 lniudifcE 2 &3F 26015,
bbb, AZUCEREEZATLT7 =) 0 ZBIE T, 2,6 (L EBILFE+OSTIER5E
Ik TFmfEEEA IR #< 7o b, 200, BT 2B EFEROLBNRIC L 2 RELD
INSL 720 R OBRALIK E 13 A ZALICEIRIE A EAT 5 2 E TREEICRD, ZoL
THERDOmALZMZ LD EMFLE (K1),

Fig 1.
_ o®
©
Et Et —e Et\ HH IEt o
Et’ Et Et H H Et
4a - Ea

R R

Et, gt —e® \ Et

Et Et Et 1 z Et
R R

ab s R

Eb

ZIT, b AF Lo =78 CT35-YAFA-NN-VZF LT = LBb)IZT 74 L
VUANEAR(ATFIVATFA L) 1a & 0.6 fFENBIEHA S, ZORE., BUNTESLNIC
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HATL., WEOTRIC 1la O KI\BFEIRIM b LERL, XUV 0 4b ZIEEEEICE D
encEl (X)), ZoLEL AN MITHEE LIZERYIZEONT, NI THA L
) D I D35 5 Tz,

(S]
2CIO,
Ph o @ Ph

Phi EPh
0.6 mol amt.
Me OO ) Me Me
Et, 1a Et, Et
) - OO e
Et Et

Et ~ 78°C, 1 h/ CH,Cl,
Me Me Me

3b 4b
98%

WIZ, TIH VL TPANERA( AT IVET A L) 1a ET7 =1 2 3b ORINIEIT HIRED
B L P~ (Table 3), ZDOFER, IREOEEIT/NSL, —78 CTHRILZIToT2 & XIT

I, W RIEEEMIIR VU 4b BG4 (Entry 1), 0 CR=ERRTH, A TOKTIEH -
7213, BWINERT4b #1455 Z 3 T& 7= (Entries 2, 3),

Table 3.
avle 20105

Ph @@ Ph

Phi EPh
0.6 mol amt.
Me OO ( ) MeMe
Et, 1a Et, Et
: - -
/ / \
Et Et

Et Temp., 1 h/ CH,Cl,

oo M e
Entry Temp. 4b / %
1 - 78°C 98
2 0°C 92
3 rt 91

ZDOEIE, NN-VZFNT =V Ba)lifixT3,5-VAFIL-NN-Z=F /LT =1V /(3b)
DL —BALRIS EAT 072 & 2 A, RFRINETH v 7Y U 7 IERR bz, ZORE
B EOBEBBIEODEEZFFMCHTHD72D, CVHIEIZE > T, NN-VZF LT =1V > (3a) &
ZTO_EK4a, BIO, 3,5-UAF)NV-NN-V=F LT =1 3b)& T D &K 4b DER{LE
ALz E L7z (Table 4), ZOfER, EHIEOZHE TR ZLEH TP db 28 A N7

BTV da LU BBESNHES RS TWDH I LEERTE L, Sblc, 7=V Vv
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3a LD L 3,5-UATFNAK3b ODFDBBRILENG N EbbroT-, Tbb, 7=V 3a
MWD 3,5-UATF AR ICEZT-Z LT, FEHIER L S NG < 720 | [RIRFIC, ZERWITERL
SN IpoT2T20, WERR ELZEEZLND,

Table 4.
EOX/Va) EOX/va)
Et Et Et
N@ 0.77 NN 0.08, 0.36
/ / \
Et Et Et (- 0.11,0.24)*
3a 4a
Et Et NeMe Et
:N—Q 0.32 :NN: 0.18, 0.46
Et Et Et *
fom (0.09, 0.33)
3b 4b

*Numbers in parentheses indicate E"™ values.

EHIT, NV V L 4a,4b, BLY, FREND | EFE{LIK Ea, Eb, 2 B F2{LIK Fa,
Fb D4 EREE & IERBRAO Y T BB FHRIC L 0 R 7=, oy THuE R IE, AREBE SR 3-21G
Z IV . Hatree—Fock {EIZ K> TT o7, BHREMRND, A ZLOBHIT K D AKIE
D=, L SNTHELD T VAN TT A Eb RV A I =7 L3 Fb N PHgE L & 0
KT TNDZEDBENDO LN, ZOZ L LD, AZMOEBREOHR TV D
FAALIR DS R E 2 & V< 720 | BB L2 5RO RIC L 2 ZE(/ N &L 7o
TRLZELS NI, NPV U P a 2 T #E< o 7o 2 EREMIT b vz,

Scheme 6.
Et, Et -e® |Et Et]*°, -e® Eto o Et
MO, — | O | ¥ OO
Et Et Et Et Et o Et
4a Ea Fa ox
[ l l
MeMe MeMe Me Me
WOl [ 2
eEt
MeMe MeMe MeMe ox
4a Ea Fa
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WIZ, TT7HZVLUIPANVER( AFIVATF A L) 1a ODFENEE R D720, fEx OfRbA| L
DL#EHIT>7- (Table 5), £F, T =A L DERRDLFTTH VLU TAINVER( AT IVHT
AN RV 7T —1t1b ZHNT, 7=V 3b OBRLH —BLK S & T2 2 A, BT
DPERDOIK FiLd oTe b DD, 3% E mWIER TR PV 4b #2155 Z L3 TE 72 (Entry
2), — ., FEERLECA N VEEFHSOTFTT7X LU VANER(ATF VAT A1) 1d TR
LMK T L7 (Bntry 3), T, EFHEGHEOBEBILOHNITId 28 1a | TLEL
20 BAE IR T LIced bEZXbND, £, FE/DFF L THDL NI FATTFAH
5 W& &2, ZLORIHEEME 52, BRIOX PV 4b 134K Lo T

(Entry 5), &5I2, E7 == /VEKREATL VN F A AR T 2NV L&, X
DV A WO BAR LT Z L AR TE ST T HHERIEAME 5 27 (Entry 6), Z
DZENB, 2 OO RN FAITFF U EHMNEZLVCEICEE L LT, 77XV A
WER(AFNAFANRIT =V AHOBNI LA L IR0 T 2 Lo oTz, SHIT,
AHERRLH & L CTREMZ DDQ 8) WL Z A, £ DA E 5 2. BIIDR
UV A B LH T T TE R o7 (BEntry 6), SRV 1 EFB(EAIE LTHLENTNWDT
R=ULTUAN9 AW E XD, S0RRBEDIE TRV U NELATEDN, <O
Bl E 5 27 (Entry 7)., LA EOFERNG, 7=V ORIZENT, 72 L0 PA
NWEZ(AFNAF A ) 1a, 1b MO GEERRLA & IT 8RR DR A RT 2 EBNHBNE 2
o7z, F72. Ce(NHg(NOs)s (CAN) #HWH &, T b= KU L—KOIREGHEEH TE

RETHIETDHIEITED, RUTTP 0 4b D 83% DR TH G- (Entry 8),
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Table 5.
Me Me Me

Et Oxidant (0.6 mol amt.) Et Et
/N . ’N O O N
Et Conditions Et Et
Me MeMe
3b 4b
Entry Oxidant 4ab / %2 Entry Oxidant 4b / %2
Cl. CI
1 1a 9% 6 o{_¥0 (DDQ) 0
2 1b 93 NC CN
8
3 1d 57

__________________________________ 7 (4-BrCHy)sN®" sbCl® <50

e . |
4 pncCio, (5) O 9 (1.2 mol amt.)

(1.2 mol amt.)

Ce(NH,4)o(NO CAN
complex gb) €(NH4)2(NO3)s (CAN) g3
S 7 mixture (1.2 mol amt.)
Conditions : 2CIO46 ZCIO4

a)- 78°C, 1 h/ CH,Cl,

Ar Ar @@
b) rt, 2 h / MeCN— H,O (1:1) Phi®®EPh i@@i i iPh

1a: X=ClIO,
1b : OoTf

CBH4pOMe

L DOEALA] & DFIMEDEZE LV FEL D720, Bk S v 3,5-7 n o -NN-2
TFNT =V (E¥=0.73V (vs. Fc/Fc') , 3¢) & AT, [AIERD S % Hefk L 72 (Table 6).
ZOREFR, FTIH VTV ANEA AT DT A L) 1a ZERASEZ L X, 1R
YUV Ae R WINERTH 27253, CAN X° FeCl;, PhI(OAc),. PhI(OCOCF;), & Fv iz &
EUTIF 24 BRHIBUS SETH F 4 24% DRI T - 7= (Entries 2—5) . Z4UH D R b
FITREVLTVANER( ATV T A ) N7 =V VEOBLICHE LIZERLAITH D Z &
oo T,

B, TRIEICRS T, Xi BTk Y, CAN" X CuBr/H,0,” b7 =V U HHD Bk
R RERIER & 70D Z e SN, Lo, BEShEv 3,5- 7 ma-NN-V=F
N7 =V SR EM TR LG IIIRFRERDE N2 v, T=
U HOBILIZBWT, T F ALEMIERBILEMEZESRICEEZ RS E X 5,
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Table 6.

Cl Cl ClI

Et Oxidant (0.6 mol amt.) Et Et
» - OO

Et Conditions Et Et

Cl Cl Cl

3c 4c

Entry Oxidant Conditions 4c/ %
1 1a r‘t, 1 h / CH2C|2 78

2 CAN(1.2molamt) rt, 24 h/MeOH- H,O (1:1) 12

3 FeCl; (1.2 mol amt.) rt, 24 h / CH,Cl, 24
4 PhI(OAc), rt, 24 h / CH,Cl, 0
5 PhI(OCOCF), rt, 24 h / CH,Cl, 7

WIZ, T =0 ORBFF LOBEBRELRE L, £ OEIGFIHZ <72 (Table 7), £ D
AR, BRET EOBEBHILN =T ILEBL) T TR AT VEEGBA)O & X THEBRICEIER
TRy UV 4 %5 %27 (Entry2), NNN-VATF AT =1 OALTIE, LIXUIEMA T L

() "BRZDZEHBIOENTNDEN, DI TF A LA L DEALTIIHEA FLED
BRI B HERINR oo, Flo, TV EORERL L LTmohnT U v @Ge)s LU
VUNEGHD VEEIRTEH, BWNERTR UV 4 2455 2 LN TE7- (Entries 3, 4),
— . TNV RORHEESC NNV EEFET 5T =1 2 3g—3k Tk, &< BN ET L2

- 7= (Entries 5—9).
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Table 7.
able 20102

Ph @@ Ph

Phi EPh

0.6 mol amt.
Me OO ( ) MeMe
R 1a R R
AY \ /
N )
/ / \

Temp., 1 h/ CH,Cl, R R

Y

Entry 3 Temp. 4/% Entry 3 Temp. 4/ %

1 N -78°C 98 5 Ac Me R=H rt noreaction
Et N (39)
3b Me R .
e 6 Me R=Me rt no reaction

" M

e 3h

2 NQ -78°C 95 (3h)
Mée Me

3d Me 7 Cbz R=H rt noreaction
Me N (3i)
Allyl R .
3 N rt 77 8 Me R=Me rt noreaction
Allyl’ (3))

Me
Bn Me Ts,
N 9 N rt  no reaction
4 Bl rt 81 Me
3 Me 3k Me

WIZ, 7=V U ORER FOBBRIEZRT L, OIS Z <7 (Table 8), Z D
BRMR L7 K 9IC 35 MC AF AL n a2 H 55 3b, 3¢ Tk, BWINERTRL Y
V45D ENTE (Entries 1,2), — 5, EBIMELRT-0WT =0 2 3a oAV MI
(CEEAATH7 =Y 2 3m, 3n O L I TTREDIR L 72 o7 (Entries 3—5), RIZ,
AZRLNZ L DI ERE LTS L7 =) TR EIT o7, ATFNVEERTLT7 =Y 30
DEZINIHFREDIETR UV 40 21D ENTETLN, RUP TV 40 BRI BHIT
T=Ur30 EIGELT, =&k 100 HEIZELZ (Entry 6), 72, IVETEE LD A
N HERO3p TIEEL DERME G2, XUV 4p ITBRIEET LG LR -
7= (Entry 7)., —J7., E1REIETHL 7 vrHBq). 72EHKQGr), =X HLHR=1
@)D & X 1TIE, BWICRTRABIDONR DY 4 #1585 2 LN TE 7= (Entries 8—10), £
7oy ZORIGHEMETT b VR = VT bienZ &b bho7c (Entry 10),
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Table 8.
2CIO‘§a
Ph o Ph

Ph Ph

CX) (06molamt)
Et — 1a Et, — — Et
Y - A
Et I e N7 N\ 7/ Ty

~ 78°C, 1h/CH,Cl,

R R R
3 4
Entry 3 R 4/% Enty 3 R 4/%
1 Et d Me 3b 98 6 Me 30  55”
N
22) Et Cl 3¢ 78 7 OMe 3p ca.10%
R Et
""""""""""""""""""" N
3 H 3a 49 8% gt (¢ 3. T
Et.
4 EtN@ Me 3m <39 9?) Br  3r 86
5 OMe 3n 39 10 COEt 3s 80

a) The reaction was conducted at room temperature.

Me

b) Side product 100 was obtained in 29%.

c) complex mixture. Et,N O O NEt,
M

e
Me

100 NEt,

EHIC, FIA LY DA NERA(AFAAFAL) 1a ZHNT, 1L8-EANN-UAF LT
I)FTELY (TR R AR YY) 1 OBGEIE ARSI E A, ZRIR 12 & BV
FThHZ27- (XS,

[S)
2CI0,
Ph.oe Ph
Ph-° ©¢ph NMe,NMe,
OO (0.6 mol amt.)
NMe,NMe, i
> (3)
- 78°C, 1h/ CH,Cl, OO
11
NMe,NMe,
12
77%

Bk, 778 L VAN ERRATFADT AN ERAEHE LTINS 2 & TNN-DT L
FALT =V OB T BAEBBRIICHIT L, Mo T AR OV EARTE D N
Do,

KIZ, FTELUPANERAFABF A ) 1alcfiz, Y a7y bk oA
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AT A 14 2R E L THWTRBRO RIS 2l Tz, £9°, HFIP 1, A4 —/1 13 (2
FIAFALINVE) 7T =2 4 f5ELVEFEHSE, e a7 b oRUVA VDD
FA 14 BT (K6), T NN-UTAXFLT =D 3 %#Mzxd e, HONZi
b, RUvvranEoniz, Flo, 35S MICEREZ /A TH57 =0 Tk, 774 L
YIUANVERATFNITF A NN EE EFERRIC, BWIERTRX PV 4 21552
ENTET (Entries 1,2), £72, AZALIZ M OEWHIL A>T =) Tk, T 7
ZLTVANVER( AFNADFTF ) 2BIEAIE LTHWEE X0 ICERE ELZ

(Entries 6, 7). $FlZ. AZLLIZA NI EEZATLHT7 =Y 2 3p OEBE{LTIX, 7% 1>
CANER( AT NIT AN\ E XL, 2L 0ESYE G2 T-0iZxt L, Ye R
BT RNTRYVCANT T A EAND E RNV 4p & S ER10p B BTz,
T, TIX VLUV ANER( ATV T ALY BHOZE ZITICRORNS T2, A XL
B RGMEDEWILZAT 27 =V Tk, TREDIR L 72> 72 (Entries 8—10), £ 72,
B RIEEFETHT =V L EOIGTIE, AR OEFEF T EOZF VILNBEEL T L
F o TALEWDORIED MR I T,

HO CgHg-p-OMe (CH3)sSIOTf CeH4 p-OMe

(4 0 mol amt.)
908 SOSEAN

0°C, 10 min
HO CgH4-p-OMe / HFIP CGH4 p-OMe

13 14
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Table 9.

@CGH4-p—OMe CeH4-p-OMe
]
®
C6H4-p—OMe C6H4-p-OMe
14 15
Et, _ (0.5 mol amt.) \ /‘ Et, _ _ Et
20 - -0
e V|7 0°C, 1h/HFIP e 7 |/ Ty
R R R
3 4
Entry 3 R 4/% Entry 3 R 4/%
1 B & Me 3 76 (98) 6 Me 30 650 (55)
N
2 H k Cl 3c 78 (78) 7 OMe 3p 329 (ca.10)
--------------------------------------------- Et
8 'NQ Cl 3q 47 (74
3 H 3a 45  (49) Et
Et. R
4 Et,N@ Me 3m 21 (<39) 9 Br 3r 58  (86)
R
5 OMe 3n 36 (39) 10 CO,Et 3s 39 (80)
* Numbers in parentheses indicate yields by a) 100 <15% b) 10p 38%
using dication 1a. (29%)

[S)
2CI0,

R
Phoo Ph Et,N R § )-NE,
R

1a NEt;

DX, Ve RaT U RN TRV UANTITAL 14 b, FTH LUV A IVE A(RA
FNAF AT LRBRIC, 7=V ORI H R R & 72 D Z L Doy inolz,
WIZ, 7=V O T RBALICE AR VY ARG E S FRBRLISSH LT, AR
BRI EIT) 2L 2% 2T, HETBRNZL T, BT ==& AT e moh
T, ZBRBAOT7=F 2 NP A ERT DbEWIE. T OAPEMRICTERDNEE > T
W5, £ZCT, ZO7=F U MNP UBERES TNy T ) T THET HZ L 2 B
L. 2007 =Y UEAizeT I RETARMELIET I F19 28R L7 (Scheme 4),
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Scheme 4.

0o 5% Pd/C
COCI H,N NEt; NH (0.1 mol amt.)
(1.5 mol amt.) H,
OzN + ONOz > OZN N02 >
0°C —rt, 12h (15|Cle|1q.t)
15 1.2 mol amt. 17 .2 mol amt.
( :  CHoClz rt, 2 d / EtOH
0 o}
NH Mel (6 mol amt.) NMe
NaH (6 mol amt.)
HoN NH, > Me,N NMe,
60°C, 24 h
1 ’ 1
8 / THF 9

22%
(3steps, from 15)

WA AF Lo, =78 CTEMREMET, 7I F19IZHLTHF 7 H LU L E X (A
FNTFF ) 1a ZEH ST (Table 10), £ DfEHR, FEO T I F 19 3% < HILS Lz
HLOD, BALIE20 2 47% THLHZ ENTE (Entry 1), ZDEE, 77X L VALE
A(ATFNVHTF AN LB ILETHLTEF 772 &L LTEEMICHEIRENZ, S 51T,
CORIGSEARIEE TIT- 72 & 2 A, RN E L7 (Entry 2),

Table 10. 20105

Ph o@ Ph

Phi EPh
(o) N/Me Oe (1.2 mol amt.) 0 Me

/

N
Me Me 1a Me Me
\ / > \ /
N N\ ° N Q O N\
Me/ e — 78°C, 1 h/CH,Cl, /

Me Me
19 Conc. 20

Entry Conc. 20/ % 19/ %

Ph Ph
1 02M 34 47 PhPh
2 001M 46 54

2

R L KB ST /o, XUV P UEROYE ERIERIC, A E S 5Tk LT
AT A ACED 1a BPRDITHBE SN TRE LI EE X 1la OWINEZ KR L7z (Table
1), ZORER, 1la OEZ 12 fFELENLIEL L TV EFEHEIR D72 <720 | 24 5
EBNLED EEITFEHIHER T2 Z Loz, LL, VI F A MbEW 1a % 24 f5F
NEAWZ & ZITFZ < ORIEBY & 5 2 TICERIZIR T L, 1.8 fFE /L EH W & E TR
23 56% % T B L7,
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Table 11.
(o) /Me
N

Me Me

\ /

N N

/ \
Me Me

19

[S)
2CI0,

Ph Ph
Ph-P @cph
Oe (x mol amt.) o Me
/
N
1a Me Me
> \ /
: RO Wa
- 78°C, 1 h/CH)ClI, Mé Me
0.01 M 20

Entry X 20/% 19/%

1.2 46 54
1.8 56 18
24 36 0

Wz, JFRAEIR SRR E LT SIS OEITICE> TE L LB THREOT 2 K19 2
7'a hAbE I, AT D RERBE SRS NEWZ L b E X BEOIRMAE R LTz

(Table 12), B U P Z@MLIZE I, B PRI ATFAALEW 1al BHERG L
TLEW, BRILEROIRIIKIEIIE T L2 (Entry 2), ZOFS, PhF A ALEY 1al3ER
Wre—7121 & LCHEIRENTZ, ZOBRIR=—T/1211F, BV VU 1lallREKER LT
%, PUMEIERFO KON L > TER L= EEZBIND, T2, 2,6-VTF V3T F 4
AbEW1all Lo Tk Shiz7ow, BBEK 20 OTGRIZIE T L7z (Entry 3), —J7. 2,6-
Dlert-7 F NN Y DU RIRINT D & TIENRM E L, 76%DIETERILK 20 2155 2 &
INTE, ZhiE. EEW 2,6-Clert-7 FAE N D ATT I F A AEEW 1a s KRET,

WAL LTIV TRRZiE TE2ioh e B 6N %,
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Table 12. 2C|O:9

Ph Ph
PhieeiPh
0 /Me OO (1.2 mol amt.) o /Me
N 1a N
Me Me Me Me
: ‘ = OO
-78°C,1h H,CI
Me/ \Me 8%, / CH,Cly Me/ \Me
19 0.01 M 20
base (2.4 mol amt.)
Entry base X 20/ %
1 none 180 56
Ph_o_Ph
2" pyridine 180 <10 Ph Ph
“ OO
3 | 180 <40 21
N
A
| 180 76
t-Bu” 'N° “t-Bu

* Ether 21 was obtained from dication 1a.
LB, PhTFHAamERHWLT7 =V VEOBIC &b RISE 0 TN >y 7V 7
WAL, 7=F R Y B RROREEICRT LT,
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B I Irombicka by T RN
BT, VhFAAEMERILAIE L THWS EL NN-UT X LT =1 Ok
) BSOS NINRB LS EITTH 2 & 272, £Z2TRIZ, = F I VEHEOBLEZRARD

ZrELE (K2),
Fig. 2.

R\N,R
R\N,R
clagh

T I LB SRR A E LTHWO LD, T EBbLTEDT N AT A
(T AUT RETRRISHNCE R S RER 2SS EDL T ENTEHLEZADBND,
ZOXIRRIEE LTIE, URNCYUMIEE TRO L S RE T2 L Tn5, bbb, =
FIv2n vz —nxz—702312, CANZERE® L, &Ny 7T 7L
e b 24 5 %% (Scheme 5), ZORISIE, =F I 22 BRLENT T NI FF
YGEEL. ZRICVI N )= —T 23 MM T TNV TF A H LR D,
SO, FUVANAFAHB 1B FBIESNATILICR STk, U VEDHBEL T 1,4-

VN2 BERT D,

Scheme 5. OTBS

o /\Ph [o]
(J E] E@] I
t-Bu/J\ - tsu& tBu)J\ t'B“MPh

H OTBS
22 TBS = Si(t-Bu)Me,
CAN [@j - TBSX Q
- | LON oo N t_Bu)K/\WPh
- e© t'B“)K/Y H;0® 24 ©
I OTBS

63%
FT, =S I02526 DV Ty T T EHBIC, ENENCT AT A ALEY 1b
HERSET, ZORER, EH0056=F IR b 1ML TEL OAESM % 52 12
(K6), ZhiE, =FI22526 DL THELDT VXD T CHNTF AL I PREE
ThoHId, T FIUoRNBIbENIC <, VB F A AAYW~DOREKENEI L=
LEZIOBND,
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20Tf

Ph.oe Ph
5 Ph-° ©¢Ph
[ ] Me., -Me OO (0.6 mol amt.) o,
N BN 1b | e\Nl, e
~_Me » complex mixture (6)
COzEt ! *
- 78°C, 3 h/ CH,Cl, !
Me ! R
25 26 ! J

K7 2= VF A AT I 218 2 VIR, T P VR HERET D B
FOMRETT AN FF L KPEEREND, ZOD, = F I UPBbang<7zsd
EEBI, T2 VT A EOEESICL > T F IO AT A ALEW 1b ~D % 1
AbhneEZ N7, £Z T, =78 C. HfkAF Vo, =2 F I 02712V F A
LA 1b ZEA S, TOME, =727 BN B L TAELKE 1,4-P7 b 28, 29
NELNT, RS, P TF A ALED I ITE TR THLI T F 7 T2 70, =)
V22T BN HTFACED b I LI AT G N oTe, Flo, ZORRICY AL
74 F30 bELN,

20T
Ph @@ Ph
Phi®®EPh Ph‘Ph
\N’ 1b (0.6 mol amt.) 2 0 0
Ph
Ph/g >~ .. Ph% + Ph "\ prssPh ()
SPh - 78°C,3h SPh O SPh O 30
27 / CHyCl, 28 44 29 32%
Me\ﬁ,MeeOTf (25:26=2:1) 1H NMR Vield
Ph
SPh
K

ZORIGSOEIIRD X 51285 %2 515 (Scheme 6), £9, =F I 2T B BTF A
& 1b IZ k> TIibS, FVINITFH L LEELD, TOTFTVHINVITAVLIC
RIEDTF I 2T NREHBE L, FOINDTFAHMBELD, TFVINVITFA M
HIX 2 OREET, Bt ERW 28, 295 5x5b0EEx 005, 1 DHIX, 7V
ANTFH MNEBIZ T BEIFBEEZTTOAI=ULENEZAEL, SHIC7a b
D2 OMEEL TS I 0 BAERKT LK (pathA) THDH, ZDOTTF I 0 BIIK
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SRS MTF A7 =/ — b #IT LT, AMafny s 28 &d, 20HIE, TV
NFAMPOT 2=V FANTOHANBHEELT T I P &Y Z20hb7 e b
BEL CTo=F I Q BAEL DR (pathB) THDH, 2DV xTF I 2 Q DIMIKFFRS 4,
14-C7 b 29 &7 h, £ MBELTZ 7 2=V FANT VNN BILL T, VALY

4 R3O0 WAERLTEEZEZBND,

Scheme 6. B o ]
20Tf
® M M
Me-\-Me Me-nMespn | 1@ ®>N"""®sph
Ph
Ph)\ Ph P P Y o
2
57 SPh SPh N SEh N-Me ~PhsH
i o L N _ o
-e o
Me., .M -/ e
e N e ) ee /_ paIlLA f o .
o | :
PA Y ' Ph .
o OTf Son | Me @ me O L PR ;
Me . ©_Me N~ "SPh !
N 27 SPh O
o Ph X 28 '
Ph . —_— Ph k:::::::::::::::::::
SPhN_ b9 !
SPh : Ph
L i M ] ! Ph
. 5 SPh O
- &Ph path B L 29
PhSSPh / _M ® Me © ] Me Me
30 S>NE o © N H,0
- H
o P NN
SPh N. SPh N.
Me~ Me Mg Me
P Q

Wiz, =F I 27 ZBLT HBRIREBAIZ I FESE T, AL T VWV TF AL &
e L X9 ERAT (Table 13), REHE L TE, vV b/ —x—TF )L 31 X NN-V
TFNLNT =V r@Ba)e e, Ll WThoRagb s a2y 7Y U 7RG LRT,
T I 27 O BALBEE LT b 28,29 I3 &2 FEROIETHR L Lz, 2D OfER
Mo, ELEIPHINITF AL LI L ) —o—F 317 =0 v 3a DL )7k

BRINEIETH L0 b, LICREIGOTF I 027 BT TR L3z,
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Table 13. 20Tf6

Ph Ph
Phi®®EPh
1b
Me\N,Me (1.2 mol amt.) Me\N,Me 0O
i > N Nu
Ph)\ + Nucleophile e ar Ph)\( u or Ph)K(
SPh ’ SPh SPh
Entry Nucleophile Products
QTBS Mph Mph
=z
1 oA P Ph
SPh O SPh O
31 28 29
IIEt 31% 8%
Nkt i Ph i Et, Ft
2 ™ e N )
SPh O sPh o E Et
3a 28 29 4a
30% 13% 38%

FZT O ELDBTFVANIF AL RN 2 OOMERTF CRENS I, ORI &S
REKELE LTI R 2HAWT, “BEMZA LD EE X, —T78 C. H kA
FLoh, REAIE LTCNN-VEFALT =Y v 3a b iffsd, =F I RICVHVFF
LB b ZAERSHI-E 2 A, BRICRENBL 7 aRA Dy T Vo 7K33 24552 LT

7o ZOLE, 7= r3an_Efb L7 4a HEIAE LT,

2OTfe
Ph o@ Ph
[Oj PhPh
iﬁ o
S Et (1.0 mol amt.) OHC Et
’ ’ Et\ ,Et
Et - 78 OC, 1 h k//s Et Et Et
32 3a / CHCl 33 4a

(1.0molamt) [ o o | 20% 38%
[@j OTf
N

0

CORGCHERELE LT, =7 I032 L7 =1 v 3a OWT DB EZITHDT, LA
#epg (path A) TlX, £79. =7 I 32

TD2ODOMENRE 2 5315 (Scheme 7)., #—D
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DEILSNTHELCTLZ T DPAONAT A RIS, 7=V 3a ML, ZV NI F AL S
ERD, TN 1TEFBIESNTVAI=ULATZAL, T 7 e hDBEEL T7 =Y
YU LD, RIMEILRICUBNKERIET HZEThy Y U ITIRIB 2525, —H.
%Dk (path B) X, 7=V 3a DAL THELTE TV ANAFF L VIZEF I 32
DAL, 1 EFBLEZRTCTI AN TF AL T E720 ., path A ERERICL T Y7 U
JIR33EHZHHDTHD,

Scheme 7.
® OCIAROL
- &® ® 3a N~ OT
N — Nl — > | H ,Et
NS N s N
L] S \
[ I (= e
32 L R . L S _
s |-
_EO _ - _
o) 9 OF
N 20Tf B H@ N OTf
L H ®Ft | — | Et
S N, s N
O = 7 E
L T _ L u _
_ .0
0 T e l H,0
path B [Nj e) ]

s [ ] o A ‘:
g/J N OTf i OHC Et

©
Bt - e® O™ Et S H ®Ft 5 s%@*N
O om0
\ \ S \ .
Et Et S et :
3a \' K// '
w

TF 232 OELENIL0.18 V (vs. Fe/Fe) THY ., 7=V 3a DRRLENMIL0.77V
(vs. Fe/F¢) THHZ END, =F I 32 OFPBRILENG V., ZD0d, =3I 32
D L 5 path A THRISDET LT &EE X TV D,

ZORIGT, 7=V 3a D 8K d4a RNEL GO, T=U 3a bW FF A
B 1D bIHE SN TARREL TS Z EPMERIGRDAKN EER -, 22T, 7=U3a ¢k
CHFFACEY b & 2 FEALBEHWTHEEROKISZIToT2E 2 A, WERM ELTE

(Table 14, Entry 2), —J5. =F 32 L VB F A ALEW 1b DI % 30 43I s S,
TN ATFA REFHULUT-%. 7T =V > 3a ZINZ 72856 TFCEME T L7z (Bntry 2),
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ZDZEML, TUINETF AU RIZ—T8 CTHEEIRFTE RN Enbnolz,

Table 14.
able 20TF°

) e
N 1b
S/S Et (x mol amt.) OHC Et
S\J i @N‘ SN < > N
Et -78°,1h us Et
/ CH,Cl, 33

(x mol amt.)
Entry X 33/ %
1 1.0 20
2 2.0 32
3* 2.0 12

* After enamine 32 and dication 1b were stirred for 30min,
aniline 3a was added to the reaction mixture.

b, PhTFH oAbz mibHle LTHWD =7 I ot 2 FH LT, RE—IKFE
FEEDOIMITA D Z LM LT, Z OB, BiEE 72 K5 FEEOLZE D DT
KTHY ., PHFFACEM~DNME; < Z ENTEI,

39



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 ONEEIZ & T v I U FREHR T CIro 7,
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1,1,3,3-Tetraphenyl-1H ,3H-benzo|[delisochromene (6a). To a solution of
1,8-dibromonaphthalene (2.0 g, 7.0 mmol) in Et,O (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 at room temperature for 2
h, and then benzophenone (3.1 g, 17.0 mmol) was added. After heating at reflux for 5 h, the reaction
was quenched with saturated aqueous NH,Cl. 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 residue was dissolved in CH,Cl, (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 at room
temperature for 1 h, the resulting precipitate was collected by filtration, washed with MeOH, and
dried under reduced pressure to give Sa (2.7 g, 80%) as white crystals. m.p. 244-245 °C
(CH,C1,-MeOH). 'H NMR (400 MHz, CDCl,) & 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,) & 84.3, 124.9, 126.4, 126.5, 126.6,
126.7, 127.0, 129.5, 132.9, 136.1, 146.5. IR (KBr) 1578, 1546, 1452, 1359, 1087, 704, 623 cm .
FAB HRMS calcd. for C;;H,,0 475.2062 (M+1); found 475.2067.

Trimethylsilyl perchlorate (TMSCIO, toluene solution). To a solution of AgClO, (4.6 g, 22
mmol) in toluene (30 mL) was added trimethylsilyl chloride (2.8 mL, 22 mmol) under argon. After
this mixture was stirred at room temperature for 0.5 h and then left standing for 0.5 h without
stirring, the supernatant was used as a reagent (TMSCIQ,, 0.74 M in toluene) for the preparation of

the dications.

Naphthalene-1,8-diylbis(diphenylmethylium) diperchlorate (1a). To a stirred solution of 6a
(2.0 g, 4.2 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP, 30 mL) was added TMSCIO, (17.1
mL, 0.74 M in toluene, 12.6 mmol) at room temperature under argon, and the mixture was stirred at
the same temperature for 2 d. The solvent was removed under reduced pressure, and the crude
product was dissolved in CH,Cl, (3.0 mL) and Et,O (10 mL). After the mixture was stirred at room
temperature for 1 h, the resulting black precipitate was collected by filtration, washed with EtO (10
mL) and then CH,Cl, (3.0 mL) under argon, and dried under reduced pressure to give la (2.6 g,
95%) as dark red crystals. m.p. 170 °C (decomp.) (Et,0—CH,C1,-HFIP). 'H NMR (400 MHz,
CD,CN) 8 6.54 (2H, br s), 6.73 (2H, br s), 7.37 (2H, br s), 7.41-7.65 (10H, m), 7.75 (2H, br s), 7.98
(2H, br s), 8.05 (2H, dd, J = 7.6, 7.6 Hz), 8.23 (2H, br s), 8.95 2H, dd,J =84, 1.6 Hz). "“C NMR
(100 MHz, CD,CN) 6 127.7, 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
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Typical experimental procedure for the preparation of
9,10-diaryl-9,10-dihydroanthracen-9,10-diols (9). 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
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 Na,SO,. After removal of the solvent under reduced pressure, the residue was
reprecipitation with CH,Cl,-hexane to give 9b (1.61 g,91%).

9,10-di(p-methoxyphenyl)-9,10-dihydroanthracen-9,10-diol (9b). Colorless crystals. m.p.
209-211 °C (EtOH). 'H NMR (400 MHz, CDCL,) § 2.71 (2H, s), 3.66 (6H, s), 6.46 (4H, d,J = 8.8
Hz), 6.80 (4H, d, J = 8.8 Hz), 741 (4H, dd, J = 5.8, 3.4 Hz), 7.81 (4H, dd,J = 5.8, 3.4 Hz). “C
NMR (100 MHz, CDCl,) 6 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™'.  Anal. calcd. for C,4sH,,0,: C, 79.22; H, 5.70. Found:
C,79.06; H, 5.84%.

9,10-di(p-methoxyphenyl)-9,10-methoxy-9,10-dihydroanthracene (12b). To a solution of 9b
(21.5 mg, 0.050 mmol) in hexafluoro-2-propanol (2.0 mmol) 0 °C was added TMSOTT (40 uL,
0.050 mmol). The solution turned into dark red and the mixture was stirred for 10 min. The reaction
was quenched with methanol (2.0 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 Na,SO,. After removal of the solvent under reduced pressure, the
resulting residue was filtered off and washed with CH,Cl, to give 12b 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 12b. White powder. m.p. 288-289 °C. 'H NMR (400
MHz, CDCl,) & 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). "“C NMR (100 MHz, CDCL,) § 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. calcd. for C,,H,,0,: C, 79.62; H,
6.24. Found: C, 79.42; H, 6.32%.

9,10-di(p-methoxyphenyl)anthracene (13b). To a solution of 9b (42.3 mg, 0.10 mmol) in
hexafluoro-2-propanol (2.0 mL) 0 °C was added TMSOTT (75 uL, 0.10 mmol). The solution turned
into dark red and the mixture was stirred for 10 min. To the reaction mixture was added
3.,5-dichloro-N,N-diethylaniline and the mixture was stirred for 1 h at the same temperature. The
reaction was quenched with water, and organic materials were extracted with CH,Cl, three times,
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 filtered off and washed with CH,Cl, to
give 13b 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 13b along with
2,2',6,6'-Tetrachloro-N,N,N',N'-tetracthylbenzidine. =~ A pale yellow powder, m.p. 255 °C
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(decomposed). 'H NMR (400 MHz, CDCL,) 6 3.61 (6H,s), 7.14 (4H, d, J = 8.5 Hz), 7.32 (4H, dd,
J=6.8,32Hz),7.39 (4H, d, J = 8.5 Hz), 7.73 (4H, dd, J = 6.8, 3.2 Hz). "“C NMR (100 MHz,
CDCl;) 6 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™". FAB HRMS calcd. for C,4H,;0, 391.1599 (M+1); found 391.1671.

B O EA(MNIT U= A RAFI T EZHWEZT =0 VHEB IO T I VOB VG

Typical experimental procedure for the preparation of aniline derivatives (12). 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 extracts were washed with brine and dried over Na,SO,. After removal
of the solvent under reduced pressure, the residue was purified by column chromatography.

N,N-Diethyl-3,5-dimethylaniline (3b). White crystals. m.p. 4445 °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, CDCL,) § 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,,H,,N: 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 (3¢). White crystals. m.p. 71-72 °C (EtOH). 'H NMR (400
MHz, CDCl,) 6 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,
dd, J=2.0,20 Hz). “"C NMR (100 MHz, CDCL,) § 12.4, 44.5, 109.6, 114.7, 135.5, 149.1. IR
(neat) 1585, 1549, 1468, 746 cm™. Anal. calcd. for C,,H,;CL,LN: C, 55.06; H, 6.01; N, 6.42%.
Found: C, 54.85; H,5.98; N, 6.22%.

N,N,3,5-Tetramethylaniline (3d). An yellow oil. 'H NMR (400 MHz, CDCl,) § 2.28 (6H, s),
2.91 (6H, s), 6.38 (2H, s), 6.39 (1H, s). "*C NMR (100 MHz, CDCl,) & 21.8, 40.7, 110.7, 118.7,
138.5,150.8. IR (neat) 2914, 1597, 1489, 1354,816 cm™'. Anal. calcd. for C;;H,,\N: 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 (3e). A pale yellow oil. 'H NMR (400 MHz, CDCL,) & 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, br s), 6.35 (1H, br s).
BC 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. caled. for C,,H,,N: 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 (3f). White crystals. m.p. 83-84 °C (EtOH). 'H NMR

(400 MHz, CDCl;) 9 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,
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138.7, 149.5. IR (neat) 1595, 1493, 1450, 1360, 1192, 729, 694 cm™'. Anal. calcd. for C,,H,;N:
C,87.66; H,7.69; N, 4.65%. Found: C, 87.74; H, 7.82; N, 4.54%.

N-Acetyl-N-methyl-3,5-dimethylaniline (3h). White crystals. m.p. 71-73 °C (EtOH). 'H
NMR (500 MHz, CDCl,) & 1.87 (3H, s), 2.33 (6H, s), 3.23 (3H, s), 6.79 (2H, s), 6.96 (1H, br s).
C NMR (100 MHz, CDCL,) § 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 (3i). White crystals. m.p. 60-62 °C (EtOH). 'H
NMR (400 MHz, CDCl,) 6 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, CDCL,) § 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;;\NO, 256.1338 (M+1); found 256.1311.

N-Benzyloxycarbony-N-methyl-3,5-dimethylaniline (3j). A pale yellow oil. 'H NMR (400
MHz, CDCl,) & 2.30 (6H, s), 3.28 (3H, s), 5.16 (2H, s), 6.85 (3H, s), 7.25-7.34 (5H, m). "“C NMR
(100 MHz, CDCl,) 6 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 C,,H,,NO, 270.1494 (M+1); found 270.1478.

N-Methyl-N-tosyl-3,5-dimethylaniline (3k). White crystals. m.p. 115-117 °C (EtOH). 'H
NMR (400 MHz, CDCl,) 8§ 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 = 8.4 Hz), 7.46 (2H, d, J = 8.4 Hz). "“C NMR (100 MHz, CDCL,) § 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,(H,,NO,S 290.1215 (M+1); found 290.1201.

3-Methyl-N,N-diethylaniline (3m) (commercially available). A pale yellow oil. '"H NMR (400
MHz, CDCl,) 6 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 (1IHm). "C NMR (100 MHz, CDCl,) & 12.3, 44.3, 109.0, 125.5, 116.3, 129.3, 138.8,
145.8. 1R (neat) 2968, 1599, 1496, 1271, 1198, 760, 690 cm™".

N ,N-Diethyl-2-methoxyaniline (3n). A pale yellow oil. 'HNMR (400 MHz, CDCl,) 6 1.02 (6H,
t,J =7.1 Hz), 3.15 (4H, q, J = 7.1 Hz), 3.85 (3H, s), 6.85-6.91 (2H, m), 6.95-7.00 (2H, m). "“C
NMR (100 MHz, CDCl,) 6 12.0, 46.2, 55.3, 111.3, 120.3, 121.7, 122.6, 138.8, 153.8. IR (neat)
2068, 1498, 1454, 1228, 1184, 1113, 1030, 739 cm™. Anal. calcd. for C;;H,,NO,: C, 73.70; H,
9.56; N, 7.81%. Found: C, 73.61; H, 9.65; N, 7.60%.

N,N-Diethyl-2-methylaniline (30) (commercially available). A pale yellow oil. 'H NMR (500
MHz, CDCl,) 6 0.98 (6H,t,J=7.1 Hz),2.29 (3H, s), 298 (4H, q,J =7.1 Hz),6.97 (1H,t,J =74
Hz), 7.06 (1H,d,J = 7.3 Hz), 7.14 (1H, t,J = 7.3 Hz), 7.18 (1H, d, J = 7.4 Hz). "“C NMR (125
MHz, CDCl;) 6 12.5, 18.3, 47.5, 122.1, 123.1, 125.9, 130.8, 135.3, 149.8. IR (neat) 2968, 2925,
1599, 1491, 1446, 1377, 1238, 1107, 760, 725 cm™".
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N,N-Diethyl-3-methoxyaniline (3p). A colorless oil. 'H NMR (400 MHz, CDCl,) & 1.15 (6H, t,
J=7.1Hz),3.33 (4H,q,J =7.1 Hz),3.78 (3H, s), 6.20-6.22 (2H, m), 6.31 (1H, dd,J=8.4, 1.2 Hz),
7.11 (1H, dd, J = 8.4, 8.4 Hz). "“C NMR (100 MHz, CDCL,) § 12.7, 44.4, 55.1, 98.3,99.9, 105.0,
129.8, 149.1, 160.8. IR (neat) 2968, 1608, 1570, 1496, 1217, 1138, 1055, 1018, 822, 744, 687
cm™'. Anal. calcd. for C,;H,NO: 73.70; H, 9.56; N, 7.81%. Found: C, 73.60; H, 9.69; N, 7.67%.

3-Chloro-N,N-diethylaniline (3q). A colorless oil. 'H NMR (400 MHz, CDCl,) § 1.15 (6H, t, J
=7.0Hz),3.32 (4H,q,J=7.0 Hz), 6.52 (1H, dd,J =8.5,2.4 Hz,), 6.57-6.61 (2H, m), 7.09 (1H, dd,
J =85,85Hz). "“C NMR (100 MHz, CDCl,) & 12.5, 44.4, 109,7, 111.4, 115.0, 130.0, 135.1,
148.7. IR (neat) 2970, 1591, 1495, 1356, 1263, 1196, 1099, 982, 754, 683 cm™. Anal. calcd. for
C,\H,.CIN: C, 65.39; H, 7.68; N, 7.63%. Found: C, 65.29; H, 7.77; N, 7.47%.

3-Bromo-N,N-diethylaniline (3r). A pale yellow oil. 'H NMR (400 MHz, CDCL,) & 1.15 (6H, t,
J=72Hz),332 (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, CDCl,) § 12.5,
443,110.1,114.2, 117.9,123.5,130.3, 148.9. 1R (neat) 1587, 1491, 1263, 978,750 cm™'. Anal.
calcd. for C,,H,,BrN: C, 52.65; H, 6.19; N, 6.14%. Found: C, 52.47; H, 6.20; N, 5.92%.

3-Ethoxycarbonyl-N,N-diethylaniline (3s). To a solution of 3-bromo-N,N-diethylaniline (0.62 g,
2.7 mmol) in DMSO (6.0 mL) and EtOH (2.4 mL) was added Pd(OCOCH;), (59 mg, 0.26 mmol),
bis(diphenylphosphino)propane (dppp) (95 mg, 0.23 mmol) under CO. After stirring at 80 °C for 12
h, the reaction was quenched with water. Organic materials were extracted with EtOAc three times,
and the combined extracts were washed with brine and dried over Na,SO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography
(hexane—AcOEt 5:1) to give 3-ethoxycarbonyl-N,N-diethylaniline (0.43 g, 72%) as a pale yellow oil.
'H NMR (500 MHz, CDCl,) 8 1.17 (6H,t,J = 7.1 Hz), 1.38 (3H, t,J =7.1 Hz),3.37 (4H,q,J =17.1
Hz), 436 (2H, q,J =7.1 Hz), 6.84 (1H,dd, J =7.8, 2.8 Hz), 7.24 (1H, dd, J = 7.8, 7.8 Hz), 7.30
(1H, dd, J = 7.8, 1.2 Hz), 7.35 (1H, m). "C NMR (100 MHz, CDCL,) & 12.5, 14.4, 44.4, 60.7,
112.5, 115.9, 116.3, 129.0, 131.3, 147.6, 167.3. IR (neat) 2971, 1712, 1599, 1576, 1496, 1446,
1356, 1277, 1242, 1198, 1107, 1080, 1028, 987, 793, 748, 685 cm™'.  Anal. calcd. for C,;H,,NO,:
C,70.56; H, 8.65; N, 6.33%. Found: C,70.32; H,8.77; N, 6.19%.

Typical experimental procedure for the oxidative coupling of aniline derivatives. To a
solution of 3b (27.5 mg, 0.16 mmol) in CH,Cl, (2.0 mL) was added 1a (61.8 mg, 0.10 mmol) at —78
°C. The reaction mixture was stirred at the same temperature for 1 h. After completion of the
oxidative coupling (TLC monitoring), the reaction was quenched with saturated aqueous NaHCO,;.
Organic materials were extracted with EtOAc three times and the combined extracts were washed
with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the residue
was purified by PTLC (toluene-hexane—CHCl; 1:3:2) to give 4b (26.7 mg, 98%) as white crystals
along with acenaphthene 2 (42.8 mg, 99%).
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N,N,N',N'-Tetraethyl-2,2',6,6'-tetramethylbenzidine (4b). White crystals. m.p. 119-120 °C
(EtOH). 'H NMR (400 MHz, CDCl,) 6 1.18 (12H, t,J = 6.8 Hz), 1.87 (12H, s), 3.34 (8H, q,J =
6.8 Hz), 6.45 (4H,s). "C NMR (100 MHz, CDCl,) § 12.9,20.8,44.2, 111.0, 128.3, 137.0, 146 .4.
IR (neat) 2964, 1601, 1473, 1373, 1286, 1198, 825 cm™'. FAB HRMS calcd. for C,,H,,N,
353.2957 (M+1); found 353.2935.

1,1,2,2-Tetraphenylacenaphthene (2). White crystals. m.p. 257-258 °C (CH,Cl,-MeOH). 'H
NMR (400 MHz, CDCl,) 6 6.76-7.05 (20H, m), 7.19 (2H, d, J = 6.8 Hz), 7.55 (2H, dd, J =8 .4, 6.8
Hz), 7.77 2 H,d, J = 8.4 Hz). "“C NMR (100 MHz, CDCl;) § 75.1, 123.2, 123.4, 125.3, 126.5,
128.1, 1309, 131.4, 137.0, 144.9, 149.9. IR (KBr) 1585, 1491, 1439, 906, 781, 727, 696 cm™".
FAB HRMS calcd. for C;H,, 459.2113 (M+1); found 459.2095.

N,N,N',N'-Tetraethylbenzidine (4a). Compound 4a was prepared by the method described for
4b using 3a (26.8 mg, 0.18 mmol), 1a (71.4 mg, 0.11 mmol), and CH,Cl, (2.0 mL). Purification by
PTLC (toluene—hexane—CHClI, 1:3:2) gave 13k (13.0 mg, 49%) as white crystals. m.p. 88-89 °C
(EtOH). 'H NMR (400 MHz, CDCL,) & 1.17 (12H, t, J = 7.2 Hz), 3.34 (8H, q, J = 7.2 Hz), 6.72
(4H,d,J=72,16Hz),7.40 (4H,d,J=7.2,1.6 Hz). "“C NMR (100 MHz, CDCl,) & 12.7, 44 4,
112.1,127.0, 128.7,146.1. 1R (neat) 1608, 1504, 1354, 1261, 1194, 904, 725 cm™'. Anal. calcd.
for C,y0HxN,: C, 81.03; H, 9.52; N, 9.45%. Found: C, 80.98; H,9.62; N, 9.23%.

2,2',6,6'-Tetrachloro-N,N,N',N'-tetraethylbenzidine (4c). Compound 4c¢ was prepared by the
method described for 4b using 3¢ (45.3 mg, 0.21 mmol), 1a (82.2 mg, 0.13 mmol), and CH,Cl, (2.0
mL). Purification by PTLC (toluene-hexane—CHCI; 1:3:2) gave 4¢ (35.5 mg, 78%) as white
crystals. m.p. 215-217 °C (EtOH). 'H NMR (400 MHz, CDCl,) § 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. caled. for C,H,,CI,N,: C,
55.32; H,5.57; N, 6.45%. Found: C, 55.07; H, 5.72; N, 6.26%.

N,N,N',\N'2,2',6,6'-Octamethybenzidine (4d). Compound 4d was prepared by the method
described for 4b using 4d (85.5 mg, 0.57 mmol), 1a (228 mg, 0.35 mmol), and CH,Cl, (2.0 mL).
Purification by PTLC (toluene-hexane—CHCl; 1:3:2) gave 4d (80.0 mg, 94%) as pale yellow
crystals. m.p. 172-174 °C (EtOH). 'H NMR (400 MHz, CDCL;) & 1.88 (12H, s), 2.94 (12H, s),
6.51 (4H, s). "“C NMR (100 MHz, CDCl,) § 20.6, 40.7, 111.6, 129.1, 136.9, 149.0. 1R (neat)
2913, 1602, 1489, 1440, 1352, 1228, 823 cm™'. FAB HRMS calcd. for C,,H,,N, 297.2331 (M+1);
found 297.2326.

N,N,N',N'-Tetraallyl-2,2',6,6'-tetramethylbenzidine (4e). Compound 4e was prepared by the
method described for 4b using 3e (40.6 mg, 0.20 mmol), 1a (78.6 mg, 0.12 mmol), and CH,Cl, (2.0
mL). Purification by PTLC (toluene—hexane—CHCI, 1:3:2) gave 4e (32.8 mg, 81%) as a 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, CDCl,) & 20.7, 52.6, 111.4, 115.9, 128.9,
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134.7, 136.9, 147.3. IR (neat) 2910, 1601, 1473, 1190, 912, 771 cm™'. FAB HRMS calcd. for
C,H;,N, 401.2957 (M+1); found 401.2968.

N,N,N',N'-Tetrabenzyl-2,2',6,6'-tetramethylbenzidine (4f). Compound 4f was prepared by the
method described for 4b using 3f (59.1 mg, 0.20 mmol), 1a (76.4 mg, 0.12 mmol), and CH,Cl, (2.0
mL). Purification by PTLC (toluene-hexane—CHCl, 1:3:2) gave 4f (45.5 mg, 77%) as white crystals.
m.p. 195-197 °C (EtOH). 'H NMR (400 MHz, CDCL,) 8 1.82 (12H, s), 4.59 (8H, s), 6.52 (4H, s),
7.20-7.36 (20H, m). "“C NMR (100 MHz, CDCl,) 8 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 C,H,N,: C, 87.96; H, 7.38; N, 4.66%. Found: C, 87.75; H,7.57; N, 4.53%.

N,N,N',N'-Tetraethyl-3,3'-dimethylbenzidine (4m). Compound 4m was prepared by the method
described for 4b using 3m (39.6 mg, 0.24 mmol), 1a (95.5 mg, 0.15 mmol), and CH,Cl, (2.0 mL).
Purification by PTLC (toluene—hexane—CHClI, 1:3:2) gave 4m (15.2 mg, 39%) as a pale yellow oil.
'H NMR (400 MHz, CDCL,) § 1.01 (12H,t,J =7.1 Hz), 2.34 (6H, s), 3.01 (8H, q,J = 7.1 Hz), 7.08
(2H, d,J = 8.1 Hz),7.34 (2H, dd, J =8.1,2.1 Hz), 7.40 (2H,d,J = 2.1 Hz). "“C NMR (100 MHz,
CDCl,) & 12.6, 18.6,47.6, 122.2, 124.3, 129.2, 135.1, 135.7, 148.6. IR (neat) 2968, 1489, 1375,
1238,1117,820 cm™'. FAB HRMS calcd. for C,,H;;N, 325.2643 (M+1); found 325.2644.

N,N,N',N'-Tetraethyl-3,3'-dimethoxylbenzidine (4n). Compound 4n was prepared by the
method described for 4b using 4n (44.0 mg, 0.25 mmol), 1a (98.6 mg, 0.15 mmol), and CH,Cl, (2.0
mL). Purification by PTLC (toluene-hexane—CHCl; 1:3:2) gave 4n (16.9 mg, 39%) as white
crystals. m.p. 54-56 °C. 'H NMR (400 MHz, CDCl,) & 1.05 (12H,t,J = 7.1 Hz), 3.19 (8H, q,J
=7.1 Hz),3.92 (6H,s),6.99 (2H, d,J = 8.0 Hz), 7.06 (2H, d,J = 2.0 Hz), 7.10 (2H, dd,J =8.0,2.0
Hz). "“C NMR (100 MHz, CDCL) & 12.1, 46.2, 55.5, 110.1, 118.7, 121.6, 135.8, 137.9, 153.7.
IR (neat) 2968, 1495, 1241, 1124, 1030, 802, 727 cm™'. FAB HRMS calcd. for C,H;;N,0,
357.2542 (M+1); found 357.2566.

N,N,N',N'-Tetraethyl-2,2'-dimethylbenzidine (40). Compound 40 was prepared by the method
described for 4b using 30 (22.2 mg, 0.14 mmol), 1a (53.4 mg, 0.081 mmol), and CH,Cl, (2.0 mL).
Purification by PTLC (toluene—hexane—CHClI, 1:3:2) gave 40 (12.5 mg, 55%) as a pale yellow oil.
'H NMR (400 MHz, CDCL,) 6 1.19 (12H, t, J = 7.2 Hz), 2.04 (6H, s), 3.36 (8H, q, J = 7.2 Hz),
6.51-6.58 (4H, m), 6.96 (2H, d, J = 8.4 Hz). "“C NMR (100 MHz, CDCL,) & 12.9, 20.8, 443,
109.0, 112.7, 129.3, 1310, 137.2, 146.6. 1R (neat) 2966, 1606, 1493, 1354, 1255, 1198 cm'.
FAB HRMS calcd. for C,,H;;N, 325.2644 (M+1); found 325.2644.

N,N,N',N'-Tetraethyl-2,2'-dimethoxybenzidine (4p). Compound 4p was prepared by the
method described for 4b using 3p (42.6 mg, 0.24 mmol), 1a (94.8 mg, 0.14 mmol), and CH,Cl, (2.0
mL). Purification by PTLC (toluene-hexane—CHCl; 1:3:2) gave 4p (ca. 5 mg, ca. 10%) as white
crystals. m.p. 76-77 °C. 'H NMR (400 MHz, CDCl,) 8 1.19 (12H,t,J = 7.0 Hz), 3.36 (8H, q, J
=7.0Hz),3.75 (6H, s), 6.28-6.32 (4H, m), 7.09 (2H, d, J = 8.3 Hz). "“C NMR (100 MHz, CDCl,)
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012.9,44.5,55.7,95.9,103.9,115.4, 132.2,148.0, 158.1. IR (neat) 2966, 1606, 1500, 1448, 1354
1269, 1219, 1147, 1020, 808, 783 cm'. FAB HRMS calcd. for C,,H;;N,0, 357.2542 (M+1);
found 357.2532.

2,2'-Dichloro-N,N,N',N'-tetraethylbenzidine (4q). Compound 4q was prepared by the method
described for 4b using 3q (39.6 mg, 0.22 mmol), 1a (85.6 mg, 0.13 mmol), and CH,Cl, (2.0 mL).
Purification by PTLC (toluene-hexane—CHCIl, 1:3:2) gave 4q (29.0 mg, 74%) as white crystals.
m.p. 86-87 °C. 'H NMR (400 MHz, CDCl,) 4 1.18 (12H,t,J=7.1 Hz), 3.35 (8H, q,J = 7.1 Hz),
6.57 (2H, dd, J = 8.6,2.6 Hz), 6.71 (2H,d, J = 2.6 Hz), 7.09 (2H, d, J = 8.6 Hz). "“C NMR (100
MHz, CDCl,) & 12.6, 44.3, 109.5, 111.4, 125.0, 132.3, 134.8, 147.8. IR (neat) 2968, 1601, 1493,
1354, 1254, 1196, 1014, 908, 796, 729, 607 cm™'. FAB HRMS calcd. for C,H,,CL,N, 369.1492
(M+1); found 369.1520.

2,2'-Dibromo-N,N,N',N'-tetraethylbenzidine (4r). Compound 4r was prepared by the method
described for 4b using 3r (44.8 mg, 0.20 mmol), 1a (77.9 mg, 0.12 mmol), and CH,Cl, (2.0 mL).
Purification by PTLC (toluene—hexane—CHCI, 1:3:2) gave 4r (38.5 mg, 86%) as a pale yellow oil.
'H NMR (400 MHz, CDCL,) & 1.18 (12H, t,J = 7.2 Hz), 3.35 (8H, q, /= 7.2 Hz), 6.61 (2H, dd, J =
84,24 Hz), 690 (2H, d,J = 2.4 Hz), 7.06 (2H, d, J = 8.4 Hz). "“C NMR (100 MHz, CDCL,) 6
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 C,,H,,*' Br,N, 457.0500 (M+1); found 457.0505.

2,2'-Diethoxycarbonyl-N,N,N',N'-tetraethylbenzidine (4s). Compound 4s was prepared by the
method described for 4b using 3s (40.0 mg, 0.18 mmol), 1a (73.3 mg, 0.11 mmol), and CH,Cl, (2.0
mL). Purification by PTLC (toluene-hexane—CHCI, 1:3:2) gave 4s (31.9 mg, 80%) as white
crystals. m.p. 60-61 °C (EtOH). 'H NMR (500 MHz, CDCl,) 6 0.97 (12H, t, J = 7.1 Hz), 1.77
(6H,t,J=7.1Hz),3.39(8H,q,/=7.1 Hz),4.03 (4H,q,J=7.1 Hz),6.78 (2H, dd, J = 8.6, 2.8 Hz),
7.04 (2H,d,J=8.6 Hz),7.21 (2H,d,J=2.8 Hz). "C NMR (125 MHz, CDCl,) § 12.6, 13.7, 44 .4,
604, 112.7, 1144, 130.1, 131.3, 131.6, 146.1, 168.6. IR (neat) 2972, 2931, 1703, 1606, 1493,
1427, 1356, 1290, 1232, 1198, 1157, 1070, 1029, 810, 783, 729 cm™'. FAB HRMS calcd. for
C,H;,N,0, 441.2753 (M+1); found 441.2730.

4.4'5,5'-Tetrakis(dimethylamino)-1,1'-binaphthalene (12). Compound 12 was prepared by the
method described for 4b using 11 (45.3 mg, 0.21 mmol), 1a (82.2 mg, 0.13 mmol), and CH,Cl, (2.0
mL). Purification by PTLC (toluene—-hexane—CHCl, 1:3:2) gave 12 (29.2 mg, 77%) as pale yellow
crystals. m.p. 192-193 °C (EtOH). 'H NMR (400 MHz, CDCL,) 6 2.87 (24H, s), 6.88 (2H, d, J =
7.2 Hz), 693 (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=7.6Hz). “C NMR (125 MHz, CDCL,) § 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.
calced. for C,iH;,N,: C, 78.83; H, 8.03; N, 13.13%. Found: C, 78.61; H, 8.12; N, 12.87%.
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3-(Dimethylamino)-N-(3-(dimethylamin)phenyl)-N-methylbenzamide (19). To a solution of
3-nitroaniline (1.80 g, 13 mmol) and triethylamine (2.5 mL, 18 mmol) in CH,Cl, (5.0 mL) was
added a solution of 3-nitrobenzoyl chloride (2.00 g, 11 mmol) in CH,Cl, (5.0 mL) at 0 °C under
argon. After stirring for 12 h, the reaction was quenched with water. 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, EtOH (20 mL) was added to the
residue. To the resulting suspension were added 10% Pd/C (2.18 g, 2.1 mmol) and aqueous HCl
(2.5 mL, 10 M, 25 mmol). After the reaction mixture was stirred under H, for 2 d, aqueous NaHCO,
was added. 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
residue and iodomethane (4.5 mL, 72 mmol) were successively added to a suspension of NaH (3.08
g, 77 mmol) in THF (10 mL) at O °C under argon. After being stirred at 50 °C for 20 h, the reaction
was quenched with water. 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 residue was purified by column chromatography (hexane-EtOAc 5:1) to give 19 (0.72
g, 22%) as pale yellow crystals. m.p. 98-99 °C (EtOH). 'H NMR (400 MHz, CDCl,)  2.80 (6H,
s),2.80 (6H, s),3.48 (3H, s),6.35 (1H,dd,J=2.5,2.5 Hz), 6.43 (1H,dd, J=8.2,1.2 Hz), 6.48 (1H,
dd, J =8.2,2.5 Hz), 6.60 (1H, dd, J = 8.2, 2.5 Hz), 6.67 (1H, d, J = 8.2 Hz), 6.74-6.75 (1H, m),
7.00 (1H, dd, J = 8.2,8.2 Hz), 7.06 (1H,dd,J=8.2,82Hz). "“CNMR (100 MHz, CDCl,) & 38.4,
40.5,40.6,110.4,111.4,113.1, 113.7, 114.6, 117.0, 128.1, 129.3, 136.7, 146 .0, 149.8, 151.0, 171.2.
IR (neat) 2883, 2802, 1637, 1595, 1570, 1496, 1433, 1344, 1284, 1227, 1107, 993, 839, 771 cm".
Anal. calcd. for C,4H,;N,0: C, 72.70; H, 7.80; N, 14.13%. Found: C, 72.55; H, 7.80; N, 13.97%.

3.,8-Bis(dimethylamino)-5-methylphenanthridin-6(5H)-one (20). To a solution of 19 (35.0 mg,
0.12 mmol) and 2,6-di-tert-butylpyridine (54.1 mg, 0.28 mmol) in CH,Cl, (10 mL) was added 1a
(141 mg, 0.21 mmol) at —78 °C under argon. The reaction mixture was stirred at the same
temperature for 1 h. After completion of the oxidative coupling (TLC monitoring), the reaction was
quenched with saturated aqueous NaHCO;. Organic materials were extracted with EtOAc three
times, and the combined extracts were washed with brine and dried over Na,SO,. After removal of
the solvent under reduced pressure, the residue was purified by PTLC (hexane—-EtOAc 1:1) to give
20 (26.5 mg, 76%) as pale yellow crystals. m.p. 209-210 °C (EtOH). 'H NMR (500 MHz,
CDCl,) 8 3.06 (12H, s), 3.79 (3H, s), 6.53 (1H, s), 6.72 (1H,d,J = 7.4 Hz), 7.18 (1H, dd, J = 8.9,
2.4 Hz), 7.72 (1H, s), 7.97-8.00 (2H, m). "“C NMR (125 MHz, CDCl;) & 29.9, 40.6, 40.7, 97.5,
108.1, 109.6,109.9, 118.7, 121.8, 122.9, 1242, 124.5, 137.8, 148.8, 150.1, 162.5. IR (neat) 2999,
2891, 2800, 1635, 1604, 1498, 1435, 1363, 1321, 1234, 1105, 1063, 1005, 958, 904, 870, 804, 742,
667 cm™'. FAB HRMS calcd. for C,;H,,N;0 296.1763 (M+1); found 296.1745.

(E)-N,N-Dimethyl-1-phenyl-2-(phenylthio)ethenamine (29)'. A pale yellow oil. 'H NMR
(500 MHz, CDCL,) § 2.74 (6H, s), 5.02 (1H, s), 7.01-7.06 (1H, m), 7.18-7.36 (9H, m). "“C NMR
(125 MHz, CDCl,) 6 41.1, 87.1, 124.2, 125.5, 1279, 128.2, 128 .4, 129.0, 136.8, 141.2, 158.8. IR
(neat) 1549, 1475, 1375, 1068, 735, 688 cm ™.
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Experimental procedure for the oxidative coupling of
(E)-N,N-dimethyl-1-phenyl-2-(phenylthio)ethenamine (29). To a solution of 29 (77.2 mg, 0.30
mmol) in dichloromethane (2.0 mL) was added 1b (138.9 mg, 0.18 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 NaHCO;. Organic
materials were extracted with EtOAc three times 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 1,4-diphenyl-2-(phenylthio)but-2-ene-1,4-dione
(155 mg, 30%) and 1,4-diphenyl-2-(phenylthio)butane-1,4-dione (7.3 mg, 14%) along with
acenaphthene 2.

1,4-Diphenyl-2-(phenylthio)but-2-ene-1,4-dione (30). A pale yellow oil. 'H NMR (500 MHz,
CDCly) & 6.75 (1H, s), 7.37 (2H, t, J = 7.8 Hz), 7.40-7.51 (6H, m), 7.55 (1H, t, J = 7.4 Hz), 7.61
(2H, d, J = 6.8 Hz), 7.70 (2H, d, J = 7.4 Hz), 796 (2H, d, J = 7.3 Hz). "“C NMR (125 MHz,
CDCl,) 8 116.7, 127.3, 1284, 128.6, 128.7, 128.8, 129.9, 130.6, 133.0, 133.5, 134.9, 1359, 137.1,
161.0, 185.4,193.4. IR (neat) 2924, 1674, 1637, 1543, 1250, 748, 688 cm™'. FAB HRMS calcd.
for C,,H,,0S, 345.0940 (M+1); found 345.0939.

4-((1,3-Dithian-2-ylidene)methyl)morpholine (34)>. White crystals. 'H NMR (400 MHz,
CDCl,) 6 2.21 (2H, m), 2.75 (4H, q,J = 5.8 Hz), 3.26 (4H, t, J = 4.8 Hz), 3.68 (4H, t,J = 4.8 Hz),
6.46 (1H,s). "C NMR (100 MHz, CDCl,) §26.4,31.7,32.5,50.9, 66.5, 142.9.

2-(4-(Diethylamino)phenyl)-1,3-dithiane-2-carbaldehyde (35). To a solution of 34 (17.3 mg,
0.08 mmol) and N,N-diethylaniline (24.4 mg, 0,16 mmol) in dichloromethane (2.0 mL) was added
la (121.6 mg, 0.16 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 NaHCO;. Organic materials were extracted with EtOAc three
times 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 35 (7.5 mg, 32%) along with acenaphthene 2. A pale yellow oil. 'H NMR (400 MHz,
CDCly) 6 1.15 (6H,t,J=7.1 Hz), 1.87 (1H,q,J =129 Hz),2.11 (1H, d,J = 12.9 Hz), 2.69 (2H, d,
J=129Hz),3.12 2H,t,J =129 Hz),3.34 (4H,q,J=7.1 Hz), 6.64 (2H, d,J = 8.8 Hz), 7.27 (2H,
d,J=8.8Hz),9.09 (1H,s). "“C NMR (125 MHz, CDCl;) § 12.5,23.8,28.2,44.3,111.6,120.0,
128.7, 1482, 187.3. IR (neat) 2968, 1716, 1606, 1520, 1269 cm™'. FAB HRMS calcd. for
C,sH,,NOS, 296.1143 (M+1); found 296.1128.
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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 CI2 O8

65747

120(2) K
0.71070 A
monoclinic
P21/a
a=16.090(7) A
b=10.544(4) A
c=17.881(7) A

a=90.0000(15)°.
B=104.6052(17)°.
v =90.0000(15)°.

2936(2) A3

4

1.488 Mg/m?3

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

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.A3
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Table 2. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

forichi0130. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y 4 Ueq)
C() 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©) 3670(2) 2523(2) 7913(1) 16(1)
C(10) 4565(2) 2695(3) 8308(2) 16(1)
can 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(16) 6412(2) 878(3) 6478(2) 26(1)
c(7 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)
Cc21 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(26) 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)
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C(34) 1098(2) _476(3) 7133(2) 29(1)

C(35) 1649(2) -187(3) 7849(2) 25(1)
C(36) 2370(2) 548(3) 7888(2) 22(1)
cl(1) 3862(1) -3192(1) 5744(1) 36(1)
Cl(2) 3528(1) 2372(1) 10443(1) 22(1)
o(1) 2919(1) 3394(2) 10254(1) 34(1)
0(2) 3163(2) 1339(2) 10781(1) 41(1)
0(3) 4289(1) 2808(2) 10993(2) 41(1)
0(4) 3722(2) 1931(3) 9752(2) 51(1)
0(5) 4258(2) -3967(3) 5254(2) 55(1)
0(6) 3803(2) -3932(3) 6400(2) 65(1)
0(7) 4524(8) -2309(16) 6058(8) 59(4)
0(8) 3159(12) -2503(17) 5193(10) 83(6)
0(9) 4380(11) -2129(10) 5990(8) 76(4)
0(10) 3088(9) -2920(20) 5417(9) 120(5)

54



Table 3.  Bond lengths [A] and angles [°] for ichi0130.

C(1)-C(2) 1.398(4) C(19)-H(12) 0.9500
C(1)-C(10) 1.438(4) C(20)-C(21) 1.396(4)
C(H)-C(11) 1.474(4) C(20)-H(13) 0.9500
C(2)-C(3) 1.396(4) C(21)-C(22) 1.399(4)
C(2)-H(1) 0.9500 C(21)-H(14) 0.9500
C(3)-C4) 1.375(4) C(22)-C(23) 1.371(4)
C(3)-H(2) 0.9500 C(22)-H(15) 0.9500
C(4)-C(5) 1.404(4) C(23)-H(16) 0.9500
C(4)-H(3) 0.9500 C(24)-C(31) 1.442(4)
C(5)-C(6) 1.413(4) C(24)-C(25) 1.447(4)
C(5)-C(10) 1.428(4) C(25)-C(26) 1.406(4)
C(6)-C(7) 1.364(4) C(25)-C(30) 1.413(4)
C(6)-H4) 0.9500 C(26)-C(27) 1.382(4)
C(7)-C(8) 1.402(4) C(26)-H(17) 0.9500
C(7)-H(5) 0.9500 C(27)-C(28) 1.384(5)
C(8)-C(9) 1.386(4) C(27)-H(18) 0.9500
C(8)-H(6) 0.9500 C(28)-C(29) 1.385(5)
C(9)-C(10) 1.447(4) C(28)-H(19) 0.9500
C(9)-C(24) 1.471(4) C(29)-C(30) 1.376(4)
C(11)-C(18) 1.436(4) C(29)-H(20) 0.9500
C(11)-C(12) 1.437(4) C(30)-H(21) 0.9500
C(12)-C(13) 1.414(4) C(31)-C(36) 1.407(4)
C(12)-C(17) 1.415(4) C(31)-C(32) 1.425(4)
C(13)-C(14) 1.381(4) C(32)-C(33) 1.382(4)
C(13)-H(7) 0.9500 C(32)-H(22) 0.9500
C(14)-C(15) 1.392(4) C(33)-C(34) 1.389(4)
C(14)-H(8) 0.9500 C(33)-H(23) 0.9500
C(15)-C(16) 1.395(5) C(34)-C(35) 1.394(4)
C(15)-H(9) 0.9500 C(34)-H(24) 0.9500
C(16)-C(17) 1.384(4) C(35)-C(36) 1.382(4)
C(16)-H(10) 0.9500 C(35)-H(25) 0.9500
C(17)-H(11) 0.9500 C(36)-H(26) 0.9500
C(18)-C(19) 1.414(4) CI(1)-0(10) 1.269(16)
C(18)-C(23) 1.421(4) CI(1)-0(9) 1.399(10)
C(19)-C(20) 1.373(4) CI(1)-O(7) 1.420(12)
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CI(1)-O(6)
CI(1)-O(5)
CI(1)-O(8)
CI(2)-0(4)
C1(2)-O(1)
C1(2)-0(3)
C1(2)-0(2)

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()
C(4)-C(3)-C(2)
C(4)-C(3)-H(2)
C(2)-C(3)-H(2)
C(3)-C(4)-C(5)
C(3)-C(4)-H®3)
C(5)-C(4)-HB3)
C(4)-C(5)-C(6)
C(#)-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)-H4)
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)

1432(3)
1.456(3)
1.489(11)
1.428(2)
1.438(2)
1.438(2)
1.440(2)

119.8(2)
113.8(2)
126.02)
121.8(3)
119.1
119.1
119.1(3)
1205
1205
121.5(3)
1192
1192
119.1(3)
120.4(3)
120.5(3)
121.5(3)
1192
1192
118.7(3)
1207
1207
122.4(3)
1188
1188
1192(2)
114.52)
125.6(2)
117.3(2)
116.9(2)
1257(2)

56

C(18)-C(11)-C(12)
C(18)-C(11)-C(1)

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)

123.12)
119.5(2)
117.22)
119.0(3)
121.6(3)
1193(3)
119.93)
120.1
120.1
120.5(3)
1198
1198
120.5(3)
1198
1198
119.8(3)
120.1
120.1
120.3(3)
1199
1199
118.7(2)
122.02)
1192(2)
120.3(3)
1198
1198
120.1(3)
1199
1199
120.5(3)
119.7
119.7
119.93)
120.1
120.1
120.4(3)
1198



C(18)-C(23)-H(16) 119.8 C(33)-C(34)-C(35)

C(31)-C(24)-C(25) 120.6(2) C(33)-C(34)-H(24)
C(31)-C(24)-C(9) 119.6(2) C(35)-C(34)-H(24)
C(25)-C(24)-C(9) 1193(2) C(36)-C(35)-C(34)
C(26)-C(25)-C(30) 1192(3) C(36)-C(35)-H(25)
C(26)-C(25)-C(24) 119.42) C(34)-C(35)-H(25)
C(30)-C(25)-C(24) 1212(2) C(35)-C(36)-C(31)
C(27)-C(26)-C(25) 119.93) C(35)-C(36)-H(26)
C(27)-C(26)-H(17) 1200 C(31)-C(36)-H(26)
C(25)-C(26)-H(17) 1200 0(10)-CI(1)-0(9)
C(26)-C(27)-C(28) 120.0(3) 0(10)-CI(1)-0(7)
C(26)-C(27)-H(18) 1200 0(9)-CI(1)-0(7)
C(28)-C(27)-H(18) 1200 0(10)-CI(1)-0(6)
C(27)-C(28)-C(29) 120.7(3) 0(9)-CI(1)-0(6)
C(27)-C(28)-H(19) 1196 O(7)-CI(1)-0(6)
C(29)-C(28)-H(19) 1196 0(10)-CI(1)-0(5)
C(30)-C(29)-C(28) 120.2(3) 0(9)-CI(1)-0(5)
C(30)-C(29)-H(20) 1199 O(7)-CI(1)-0(5)
C(28)-C(29)-H(20) 1199 0(6)-CI(1)-0(5)
C(29)-C(30)-C(25) 119.8(3) 0(10)-CI(1)-O(8)
C(29)-C(30)-H(21) 120.1 0(9)-CI(1)-0(8)
C(25)-C(30)-H(21) 120.1 O(7)-CI(1)-0(8)
C(36)-C(31)-C(32) 1193(3) 0(6)-CI(1)-0(8)
C(36)-C(31)-C(24) 120.02) 0(5)-CI(1)-0(8)
C(32)-C(31)-C(24) 120.7(3) O(4)-C1(2)-0(1)
C(33)-C(32)-C(31) 119.5(3) 0(4)-C1(2)-0(3)
C(33)-C(32)-H(22) 1202 0(1)-Cl(2)-0(3)
C(31)-C(32)-H(22) 1202 0(4)-C1(2)-0(2)
C(32)-C(33)-C(34) 120.3(3) 0(1)-Cl(2)-0(2)
C(32)-C(33)-H(23) 1198 0(3)-Cl(2)-0(2)
C(34)-C(33)-H(23) 1198

120.7(3)
119.7
119.7
120.0(3)
1200
1200
120.1(3)
1200
1200
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)

Symmetry transformations used to generate equivalent atoms:
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Table 4.  Anisotropic displacement parameters (A2x 103) for ichi0130. The anisotropic displacement factor

exponent takes the form: -2m?[ h? a*2U'! + ... +2hka* b* U'?]

Ull U22 U33 U23 U13 U12
c(1) 19(1) 19(1) 14(1) 1(1) 6(1) -2(1)
CcQ) 18(1) 23(1) 22(1) 3(1) 5(1) -2(1)
Cc®3) 21(1) 28(2) 21(1) 1(1) 2(1) -6(1)
C(4) 30(2) 22(1) 19(1) -4(1) 5(1) -10(1)
C(5) 24(2) 19(1) 17(1) 1(1) 6(1) -2(1)
C(6) 35(2) 17(1) 20(1) -2(1) 9(1) 1(1)
c(7) 28(2) 20(1) 26(2) 0(1) 10(1) 9(1)
C(@®) 20(1) 23(1) 20(1) 1(1) 7(1) 2(1)
C(9) 17(1) 17(1) 15(1) 2(1) 4(1) 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) -1(1)
C(13) 21(1) 23(2) 24(1) -3(1) 5(1) 0(1)
C(14) 23(2) 30(2) 29(2) -5(1) 7(1) 6(1)
C(15) 22(2) 42(2) 23(2) -9(1) 9(1) -3(1)
C(16) 23(2) 34(2) 22(1) -3(1) 9(1) -6(1)
C(17) 19(1) 25(2) 20(1) -2(1) 4(1) -3(1)
C(18) 16(1) 16(1) 18(1) 2(1) 5(1) 3(1)
C(19) 19(1) 20(1) 19(1) 0(1) 6(1) 3(1)
C(20) 22(1) 19(1) 29(2) -1(1) 6(1) 0(1)
c@l) 24(2) 21(1) 31(2) 5(1) 11(1) 1(1)
C(22) 26(2) 23(1) 21(1) 3(1) 12(1) 4(1)
C(23) 21(1) 18(1) 19(1) 0(1) 6(1) 3(1)
C(24) 20(1) 16(1) 16(1) 3(1) 2(1) 5(1)
C(25) 17(1) 23(1) 15(1) 2(1) 2(1) 0(1)
C(26) 25(2) 24(2) 20(1) 1(1) 3(1) -1(1)
C(27) 32(2) 31(2) 22(2) 9(1) 8(1) -4(1)
C(28) 32(2) 44(2) 18(1) 3(1) 10(1) -3(1)
C(29) 29(2) 31(2) 19(1) -3(1) 5(1) -2(1)
C(30) 22(1) 22(1) 18(1) 1(1) 3(1) 0(1)
CcG31) 17(1) 17(1) 21(1) 1(1) 4(1) 3(1)
C(32) 25(2) 24(2) 21(1) 1(1) 4(1) 1(1)
C(33) 23(2) 26(2) 31(2) -4(1) 1(1) -2(1)
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C(34)
C(35)
C(36)
CI(1)
Cl(2)
o(1)
0(2)
0(3)
C))
0()
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(1)
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 104) and isotropic ~ displacement parameters (A2x 10 3) for ichi0130.

X y z Ueq)
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)

179.92)
2.0(4)
2 4(4)

169.2(2)

179.92)
-8.4(4)
-8.5(4)

161.6(2)

169.1(3)

-20.8(4)

117.93)

-54.2(4)

-56.5(3)

1314(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)
158.92)
151.8(2)
-22.2(4)
0.4(4)
179.43)
0.0(4)
-1.1(4)
1.7(4)
-1.3(4)
0.2(4)
-178.8(2)
-49.9(3)
139.6(3)
121.93)
-48.7(4)
138.7(3)
-32.9(4)
-36.8(4)
151.6(2)
1.8(4)
-173.8(3)
27(4)
0.5(5)
2.7(5)
-3.5(4)
13(4)
176.8(3)
158.5(2)
-29.9(4)
-22.4(4)
1493(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)

2.0(5)
-34(4)
2.8(4)

-178.1(3)

Symmetry transformations used to generate equivalent atoms:
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ARSI, B BERIEICA R 28 LOAEIRIEAI OB L 7 =) VB LT T I v
FDOBALHIT » 7V & T ROG~DISHIZOW TN b D TH 5,

—ETIE, 2BOEA(RY T U= 2TV 7 L)OABUZ DN TRz,

VR FBEIRLANC R D2 6D EHF LT, 2 DO MY T V=L AF VU LN 2T 7
ZLrD 18N TRIGE LIV T A AbEW 4 %Gt Liz, T78bb, T4 bt

4 13, 2 OO RV TV =N RAF I LI 2T LTAEIZA L TBEY . AEERLEY
ThoHw, MOBEORH/GTE S, EHI2, 2 ETZTRS THF AU FOLMTHA
ZERRT IR ERTED T L7572, KB SR E R ELFOTITETBEHO B 21T
IWALFNC 72D LB Z T2, Fio, BT F U POMHEE SLERILFHNTIET AT A - T iEiE
(LT SREERN D T F A b~ 2 D & Bz,

ST A AEY 4 OERRIIIREIER A S L Tm—T7 1 8 2O, 1,87 nE S 7 XL
NS FFET LA = 2 Z R AR THALTCAEK L, ZOT—T/1L 3
T T AFus Y Ta T a— i @REERBR N Y ATFAL Y VB ERT L2 L
Lk =—TFT V@R Er~F 2T Lo L LTRBESE, BNET VT4
LAY ORMBERTRIE 4a OGHE BEECRE) Lz, FEROFIET, WEFEB N 2 F Ly
INVOROVIZRIATFAL IV 7T = 2N, PAFFABEWORNY 77—k
#E 4b L5 TE 72 (Scheme 1),

Scheme 1.
- OH OH
NH,; NH, 1. NaNO, (2.3 mol amt.) Br Br 1."BuLi(2.2molamt) Ph Ph
' ' H,S0,, 0 °C/ CH3CO,H ' ' r, 2 h / Et,0 Ph Ph
OO 2. HBr, CuBr, rt OO 2. Ph,CO (2.5 mol amt.) OO
/' H0 1 reflux, 2 h 2
19%
Me3SiClOy4 (3.0 mol amt.)
in toluene
0.2 mol amt. CH;CO,H ~ CH3OH (excess) PPP:] o ':,T] or Me;SiOTf (3.0 mol amt.)
rt, 10 h / CH,Cl, rt, 1h OO rt, 2 d / (CF3),CHOH
3 4a : X = ClO4 94%
80% from 7 4b : OTf 99%
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L) —HOEA(RY TV —=ARAFITL)ELT, YERRT U IRV DA NI HF
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Scheme 2. RO CgHy-p-OMe

ROH O‘O 7a: R=H 91%
. 1)
HO CgHy-p-OMe (CHa)sSIOTE <:6H4 p-OMe R=H, Me Tb:  Me>70%
(4 i / RO CgHg-p-OMe

0°C, 10 min o \ C6H4-p-OMe
HO CgHy-p-OMe / (CF5),CHOH 5OTf C6H4 p-OMe NEt,
P o QU
5
6 Cl Cl
C6H4-p-OMe
8 quant.

FEETIE, VT FALE® 4,6 HAWEET = VEB IO I VEOBEIN T >
TV T RIS ONWTHR A2, H—HiTlE, NN-UTAFAT =1 10 Of{bih v 7
VWL D, XUV UERKRIZOWTIR R, NN-UTAXFAT=Y 10 2T 7% L
YOANERRATFNANAFT A )4 HERSELE . 7=Y 010 O/ T LA L TR v
TV T LR Yy 11 BIERLS G LN, RS, A XL A FVERE ARG
EROT =V VOBAITNREL By TV U IBREIT L, ST R Y Y U2 T,
FERORIGE, e ReT7 v v/ PANThTA4Hr 6 2T HLHEIT LT, KR 3,5
MACEBEZ AT 57 =V L O%a, MIETX IV rnfliboniz, ZhET, 7=

VIO T ) TN ALFNT D TS O T A ARG 4, 6 13D T
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9 8
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NG 4 EER S SAICIE, RNETEH 87 ax 0y 7Y TR 1T 2155 2
b TcEl (K3, Lok ric, YhFFAEMERLAI L THUX, 7=V VAT
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20Tf
Ph.® ® Ph

F’h Ph
(0.6 mol amt. )

0]

. Ph Ph

12 SPh - 78°C, 1 h/CH,CI, SPh O SPh O

13 44% 14
o (13:14 = 2:1)
[N] 4 (20molamt.) o9

Et OHC — Et

S ; ,

S Et - 78°C, 1 h/ CH,Cl, ¢ s Et
15 16
(2.0 mol amt.) 32%
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