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PhO TMSClO4 (3.0 eq.)

in toluene

or TMSOTf (3.0 eq.)

rt, 2 d / (CF3)2CHOH
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Et2N SPh
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NR2Y

Y = Br, I

NR2Et2N

Ph
Ph
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Ph

2 X
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R2N SPh
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NEt2Y

Y = SnBu3, SiR'3
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Ph

Ph

Ph

Ph
2 X

1

Et2N

R'

Et2N

R'

NEt2

R'

(1)
–78 °C or rt, 1 h / CH2Cl2

up to 98%  
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N
H

H
N

HO2C

CO2H

H2N NH2

HO2C

CO2H

HCl

(2)

92%  

Et2N NEt2Et2N
TiCl4

(3)

92%

Et2N NEt2Et2N
CuBr, H2O2

(4)

72%

Et2N NEt2Et2N
CAN

(5)

81%
CAN = Ce(NH4)2(NO3)6  
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]1�C¦c§O¨|©ZmªvwCG�«y|v`)**)¬Z®]¯|Iv6i

AlCl3�NaCl�KCl Z°±²345U 2 ³YZWX;)3=>�´6S¥£¤`)**)

]abc6S5H���µ6]fg 6h8O�,&-9:;)<�¶·I¸V�O�c3¹

º»6¼½Nv�cU5v5i¾¿-9:;)<3456��NxÀIÁ4�cU56]
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H2N NM e2
+

AlCl3 –NaCl–KCl
O

2
, HCl

H2N NH2

(6)

28%

H2N NM e2

Me
2
N NMe

2
+

26% 5%  

IN (HO)
2
B N N N

tB u

tB u

t
B u

t
B u

+

Ba(OH) 2

c at. Pd(P Ph3) 4

(7)

77%  
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Et2N

SPh
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Ph

Ph

Ph

–78 °C / CH2Cl2
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1
Et2N

SPh

2 X

X

A
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+ PhMgBr
1) Me3SiCl, rt / THF

2) HBr aq.
Ph3S+ Br! (11)

S O
1) P2O5-MeSO3H

2) NaSbF6

S
Ph

Ph

OMe (10)

SbF6

PhSPh Ph2I+BF4
! Ph3S+BF4

! PhI (9)

PhOMe

cat. (PhCOO)2Cu

Ph

Ph

S O

Ph

Ph

120-125 °C
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Et2N

SPh

Ph

Ph

Ph

Ph

–78 °C / CH2Cl2

2a

1
Et2N

SPh

2 X

X

A

(1)

 

 

� $%&t�'(7 N,N-./010/234FWQXY4.Z0.[ST4\<] 1 *

^_`a-bG$%&@7�\x��\t���G;4..4t�6�-sbt�6�P

O- 1��s@%.[0[ST4 A F9�G$%'(}Y�N,N-./010/234*^

_`a��G����7��\*��@uG%.[0[ST4 A ���,-sbt��@

u-��7�FG%.[0[ST4 A 7QR20ST)b�56��C N,N-./010

/2347$%&'() YtG[ST4b�P��,��G�xb,-89:;4..4

t�6�-sbFj-�}Scheme 1�� 

Et2N

SPh

X

A

Y

NR2

+

Et2N NR2

PhS Y

Et2N NR2

–  SPh, –  Y

Scheme 1.

 

 

l�G%.[0[ST4 A F^_`a-N,N-./010/234b�PG$%&F��

j'()*�  N,N-./30/234*¡¢G89:;4..4<=*£¤�C}Table 

1��,j{¥GN,N-.¦S0-4-QR20ST/234 2 FWQXY4.Z0.[ST4

\<] 1 *§\¨SY4©GU78 V@^_`aP%.[0[ST4 A *ª«�C�G$
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%&F'() Y*+,- N,N-./30/234 3 *��C�l�G'() Yb�P¨S

0ST)¬/3p0ST)*¡¢cd*�|CtG®l@¯®�P�cdf���j5

|C}entries 1U3��°FG$%&'()b�P±²³4*+,-N,N-./30/234

@cd*�|C��7´µGY = Cl @fcdf���j5|Ct}entry 4�GY = Br, I7

¶<GU78 V56· Vl@¯®,-b�xb,-89:;4..4 4a *��¸� 12¹G

27¹7º»@�C}entries 5, 8��`6Fcd®¼F OP£¤�C´µGU78 V56

®l@¯®�C¶<G½�19¹G29¹7º»@ 4a *¾�C}entries 6, 9��Y = I 7¶<G

p-¿ÀÁ'( N,N-./30/234 3f f%.[0[ST4 A �7��cdÂÃ@jÄG

�7��\�ÅskGÆ0Q[ÇÈ34É� 5 * 27¹Êz�C��s@GËÌ,- N,N-

./30/234 3f 7��\*��-�x@ 3f * 1ÍÎ5ÃPÏ|Äk��C��7´

µGN,N-./30/234 3f 7��\f���j5|C�77GÐ�Fc�P89:;

4..4 4a ��6�j5|C}entry 11��s�fG%.[0[ST4 A t®�Ñ@f

yn@jÄGÒ�P�l|CCÓbÔ�PO-��5�Gs7¶<F� p-QR20ST/

234 2a tÕº`�Csb56G2a 7%.[0[ST4 A fÖ×,-7@fjÄØ6

57ÙÚ@©ÛÖÜ@Ý- 2a FÞ|PO-sbtßà`�-}á�� 
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586818–78  to  40 ! , 4 h

entry Y condi tions 4a /%
2a/% 3 /%

S -C
6
H

4
- p-Cl –78 °C to  r t, 5  h 0 82 77

SM e –78 °C to  r t, 4  h 0

B r –78 °C to  r t, 4  h 19 75 64

B r –78  to  0  !, 4  h 12 80 70

3

1

5

4

95 95

B r

Cl –78 °C to  r t, 4  h 0 75 67

6

8

7

9

I

–7 8 °C to  rt, 4 h

Tab le 1 .

29 69 36

( recovery)

27

2 S Ph –78 °C to  r t, 4  h 0 91 61
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(2.8:1)

(2:1)

(3:1)

(1:2)

d.r.

 

 

$ ��(·(¸RoQpR) 17c ? HFIPDÛvNOPSTP 0 Ü9 TMSOTfD 2.0��

Rw�k<NA¼@{|Ý�_Þ?%./0*1234gEDßà_IáâãNh�<a

A4{|Ý?ä[zåæ+�çèzÛÝD�kIN@%0QR 13 ^ 63é@�ê0QR 18

^ 28é4®9´µB<\` 1]a%0QR 13 �%./0*123 12 ëì4V49³È@
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�ê0QR 18 ��ê./0*123 19 ëì4123NjkµBIaA4AN�µ@��

(·(¸RoQpR) 17c ? TMSOTfDxSGH<�2@%./0*123 12 N�ê./

0*123 19 ^¶23NOP��_IAN^ßàGBIa 

C6 H4 -p -OM e

C6 H4 -p -OM e

Pr O C
6
H

4
-p- OM e

Pr O C6 H4 -p- OM e

17c

0 °C, 10min / HFIP

2 TfO

12

TM SO Tf ( 2.0  mol am t.)

H
2
O

(NaHCO3  aq.)

HO C6 H4 -p- OMe

HO C
6
H

4
-p- OMe

13  63%

HO C6H4 -p -OM e

P rO C
6
H

4
-p -OM e

18  <28%

+

[dark red solution]

C6 H4 -p -OM e

19

Pr O C6 H4- p- OMe

(3)

TfO

 

 

$ bA9íî�@��(·(¸RoQpR) 17c =È%&'()*+,-*%./0*12

3 12 D56_IJ4ïð?�TP¥¦O<\Table 2]a_hst@��(·(¸RoQp

R) 17c ? TMSOTfDxSGH<Ö4ÛÝ?ä[zåæ+�çèzÛÝD�k@%0QR

13 4EFw�µ%./0*123 12 4EFwD5;<ab4ÔÕ@TMSOTfD 2.2��

Rw��_IN@�ê./0*123 19 ëì4�ê0QR 18 ^ñIV44@%0QR

13 4®� 76é?òk<\entry 2]aAA9@z4ósÈ?�ôêQRD��O<�2@

2 �4./0*õö?bB÷B�+XWc4Ô2O<��(�/RoQpR) 20 D 68é4

®9Âk<\entry 3]aC<@{|øùDúø?ÓûIN%0QR 13 4®� 69é?

ü¾O\entry 4]@TMSOTfDxSGH<Ö?ýþÿ!D 30�" 1ÿ!?#$OPV%

0QR 13 4®�ü¾O<\entries 5, 6]aAB�@%&'()*+,-*%./0*1

23 12 ^øùDÓû<È%ÿ!&'_IN@"õ�(OPOC><UNjkµBIaC

<@��_I TMSOTf 4wDò"H$%./0*123 12 4EFw�òkIN)*O@

4.0��Rw4 TMSOTfD��O<^@+GB<%0QR 13 4®� 77é9³È@2.2

��Rw��O<�2�µ,Ó_IAN�h��<\entry 6]a�Ó4ÔÕ�µ@%&'

()*+,-*%./0*123 12 D[1{|?STIJ?�@��(·(¸RoQpR) 

17c ?HFIPÛv© 0 Ü9 TMSOTfD 2.2��RwxSGH@10�ýþO<Ö?{|c
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²D�kI4^-TN�hO<a 

x ( mol amt.) 13 /%condi tions

2.2 0 °C, 10 m in 76 <22

18 /%

2.2 rt, 10 min 69 <19

2.2 0 °C, 30 m in 60 <23

2.0 0 °C, 10 m in 63 <28

entry

1

2

4

5

6 2.2 0 °C, 1 h 62 <25

7 4.0 0 °C, 10 m in 77 <22

Pr O C
6
H

4
-p -OM e

Pr O C
6
H

4
-p -OM e

17c

condi tions

TMS OTf 
(x m ol  am t.)

H2 O
(NaHCO

3
 aq.)

HO C
6
H

4
-p -OM e

HO C
6
H

4
-p -OM e

13

Pr O C
6
H

4
-p- OMe

HO C6 H4 -p- OMe

18

+

/ HFIP

Table 2.

3a 2.2 0 °C, 10 m in 68b -

a. M eOH was used instead of H
2
O. b. Yield  o f 20.

M eO C
6
H

4
- p- OMe

M eO C6 H4- p- OMe

20

 

 

C<@%&'()*+,-*%./0*123 12 D56Ö?./09³I��(-*

D�k<NA¼@212./GBP3451O<%)�QR)*+,-* 15 D678w9

?Âk<\` 4]aA4ÔÕN@��(·(¸RoQpR) 17c ? TMSOTfDxSGHIN

%./0*123 12 N�ê./0*123 19 4¶23NOP��_INT>:;�µ@

2�4<=>Djk<a1�q�@%./0*123 12 N�ê./0*123 19 4bB

÷B^��(-*N{|OP@./GB<%)�QR)*+,-* 15 ^EF_INT>

jk9³I\Scheme 2]aV>"��@{|Ý©9�@%./0*123 12 N�ê./

0*123 19 ^?@¶23NOPA�OPTINT><=>9³I\Scheme 3]a%.

/0*123 12 N�ê./0*123 19 ^?@BC?³INO<µ@��(-*D�k

INCl%./0*123 12 ^ 212./GBP%)�QR)*+,-* 15 ?hIaA

4ÿ@{|Ý©?�D{|4 TMSOTf^ñ�P�È@AB^�ê./0*123 19 N{

|O@?@^lBP%&'()*+,-*%./0*123 12 DÂk@Gµ?AB^�

�(-*N{|OPEF9?./M9³I%)�QR)*+,-* 15 NhIa 
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Pr O C6 H4 -p- OM e

Pr O C6 H4 -p- OM e

17c

0 °C, 10m in / HFIP

TMS OTf 
(2 .2  m ol  am t.)

Fe C
6
H

4
-p -OM e

C
6
H

4
-p -OM e

15  95%

(4)

C6 H4 -p -OM e

19

P rO C6H4 -p -OM e

TfO

 

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12

C6H4-p-OMe

19

PrO C6H4-p-OMe

TfO

Fe

Fe

C6H4-p-OMe

C6H4-p-OMe

15

Scheme 2.

 

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12

C6H4-p-OMe

19

PrO C6H4-p-OMe

TfO

+ TMSOTf + TMSOPr

Scheme 3.

 

 

%./0*12312N�ê./0*12319^?@9A�OPTI�G>�DH�U

I<U@��(·(¸RoQpR) 17c ? TMSOTfDxSGHP56O<ÛÝ? 3,5-%�/

R-N,N-%o/R)��*\21]D�k<ab4ÔÕ@21 4I,ö9.J·�*KO<L

*%%* 22^ 90é4®9´µB@678w9?{|^Ø}_IAN^���<\` 5]a

A4ÿ@%./0*123 12 4./M9³I%)�QR)*+,-* 15 �678w9?

EFO<aA4{|�@+����R�/�çè123\Ph3C+X!]9�[1M^N�9

hT<U@Ø}OhTAN^:µBPTI 1aO�P@N,N-%o/R)��*P 21 4Q

w1{|�@�ê./0*123 19 9�hi%./0*123 12 ?=�PØ}O<Nj

kµBIa�Ó4AN�µ@��(·(¸RoQpR) 17c �µ56O<%&'()*+,
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-*%./0*123 12 �@�ê./0*123 19 N?@9³I^@212[10NO

P678w9?xS_IAN^Rµ�Nh�<a 

E t
2
N Et

2
N NEt

2

0 °C, 1  h / HFIP

C
6
H

4
-p -OM e

C6 H4 -p -OM e

2 T fO

21 22  90%

12

Pr O C
6
H

4
-p- OM e

Pr O C6 H4 -p- OM e

TMS OTf
(2.2 m ol  am t.)

17c (0 .6  mol amt.)
Me

Me

MeM e

MeM e

C6H4 -p -OM e

C
6
H

4
-p -OM e

15

94% (bas ed on 17c)

( 5)

 

 

$ C<@%./0*123 12 D[1{|?ST<�2? 12 ^./GBPEF_I%)�

QR)*+,-* 15 DS®=iTS_I<U?@%0QR 13 U4VEWD¥¦O<ab

4ÔÕ@%)�QR)*+,-* 15 �XR0XW' 22 DYP 2¹º9%0QR 13 UN

ef9¯IAN^s��<\` 5]a_hst@%)�QR)*+,-* 15 ?[åZ[\

�9]^_`a_INXR0XW' 23 ^ 97é4®9´µB@ABDI,%çè°äå

DSTPzå��_IAN?=È%0QR 13 D 87é4®9Âk<aO�P@%&'(

)*+,-*%./0*123 12 4./M 15 �%0QR 13 U¢£?VE9¯IAN^

s��<a 

C
6
H

4
- p- OMe

C
6
H

4
- p- OMe

O
O

Pd/C, H2

E tO H, rt, 1  h

23 97%

( 6)

C6 H4 -p -OM e

C6 H4 -p -OM e

cat. m ethylene b lue

CHCl
3
, 4  h

h! , under  O
2

15 13 87%

HO

HO

C6 H4 -p -OM e

C
6
H

4
- p- OMe
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!"#$ %&'()*+,-./012345678 

$ !9#:;<=>?@A5'BC5=1DE5/FG 12 -HI,JKL<MN(3@O

)P(Q)) 17c RSTUVJWXY<.RZ[\]UVJ^_=1DE5/FG 12 `a

b:cUVJRdefg!"#:;<MN(3@O)P(Q)) 17c hiabKf=>?@

A5'BC5=1DE5/FG 12 -78jWkTLlmRnofpqWkTLdeUg

^rsWti^TuY<=>?@A5'BC5=1DE5/FG 12 ;MN(3@O)P(

Q)) 17c -HFIPvwW 0 x: TMSOTfR 2.2yz){|S\]LabKf}<~�[

��UVJ^_78WSTf�� 1�g�f�-ab-N�(�R��K<� 1W�UX�

W=1DE5/FG 12 -��W��Rk�L��Kfg 

C6H4-p-OMe

C6H4-p-OMe

2 TfOPrO C6H4-p-OMe

PrO C6H4-p-OMe

TMSOTf
(2.2 mol amt.)

0 °C / HFIP
(1)

17c 12  

 

=>?@A5'BC5=1DE5/FG 12 ;%&��5=�)=1

DE5/FG�W�eL./�`�Tf�<1 :;��:c^hofA

��()-=1DE5/FG 12 WXU./R� f�� 2�g=1DE

5/FG 7 - HFIP vwWA��()R¡¢f`<A��()-./

0"{/`£nKf 23 ;¤i¥¦<=1DE5/FG 12 -§¨, 15 ©ª{[��U-

 :<��;«¬`A��()`=1DE5/FG 12 W®¡KfJ¯¢i¥U/FG

24 `°%±²¤i¥fJ³´¥Ug 

Ph

Ph

Ph

Ph
2 X

1 (X = TfO, ClO4)
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rt, 1 h  / HFIP

C
6
H

4
-p -OMe

C6 H4 -p -OMe

2 TfO

12  (0 .6  m ol  am t.)

OM e M eO O Me

C6 H4 -p -OM e

C
6
H

4
-p -OM e

15  <7%

+

23   not detected

C6 H4 -p -OM e

C6 H4 -p -OM e

OM e

( 2)

24  

 

V¥;<=1DE5/FG 12 WXUA��()-./`µJ¶·£nKLT^TVJ

R¸KLTUg�V:<A��()XY¹º»¼^ 1,3-=½'�¾¿5À5-./012

345678R� UVJWKfg=>?@A5'BC5=1DE5/FG 12 W 1,3-=

½'�¾¿5À5R¡¢fJVÁ<78w;=1DE5/FG 12 ÂÃ-ÄÅÆhiÇÈ

ÆJ^ofg=1DE5/FG 12 -§¨, 15 R 50É-ÊË:Ì¢fVJhi<1,3-=

½'�¾¿5À5-./;£nKfJ³´¥U`<123456[�G;Í_¤i¥^h

ofg�f<VV:© 1,3-=½'�¾¿5À5`=1DE5/FG 12 W®¡Kf/FG

26 `ª{¤i¥f�� 3�g 
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r t, 1  h  / HFIP

C
6
H

4
-p -O Me

C6 H4 -p -O Me

2 TfO

12 (0 .6  mol amt.)

OM e MeO OM e

C6 H4 -p -OM e

C
6
H

4
-p -OM e

15   50%

+

25   not detected

MeO OMe

M eO

(3)

C6 H4 -p -O Me

C6 H4 -p -O Me

26

M eO

O Me

 

 

ÎTL<¿5À5ÏXYÐÑÒ`Ó_./\¥Ô�T%&��5ÕRST¥Ö<=1D

E5/FG 12 WXU./12345678`£nKÔ�_^UJ¯¢fg×ØW<0 x

: 12 - HFIPvwW 2-½'�¾%&��5R¡¢fJVÁ<�- 1ÙÚÛ:12345

6Kf 28 R 9É-ÊË:Ì¢fg\iW<78RÜÝ:n�J123456, 28 -ÊË

; 19É�:ÞßKf�� 4�gV¥i-78WrTL<=>?@A5'BC5=1DE5

/FG 12 -§¨, 15 ;µà¬{0W~�\¥fg 

9%

OM e  1 h / HFIP

C6 H4 -p- OMe

C
6
H

4
-p- OMe

2 TfO

12  (0 .6 m ol  amt.)

27 28

+ 27  (recovery) (4)

OM e

OM e

43%19%

53%0 °C

rt

+

C6 H4 -p -OMe

C
6
H

4
-p -OMe

15

93%

<99%

 

 

$ V-X�W<=1DE5/FG 12 WXoL%&'()*+,R./:cUVJ`áh

of-:<âW 2-%&'()�29a�RSTL12345678Rnof�� 5�g�^´

ã<HFIPä: 12 RabKf}<%&'() 29a R¡¢LÜÝ: 1åæ78Rnofg

�-pq<29a - 1ÙÚÛ:123456KfM%&'() 30a ` 42É-ÊË:¤i¥
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fgV-çF<èé:�U%&'() 29a ` 36ÉêÊ\¥<%&'() 29a `=1DE

5/FG 12 ë®¡Kf/FG 31 `Fì 10É±²í[Kfg 

OH

OH

1 h, rt / HFIP

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12 (0.5 mol amt.)

29a 30a  42%

+ (5)

OH

29a  36%

OH

C6H4-p-OMe

C6H4-p-OMe

OH

31 total ca. 10%  

 

VV:;<2-%&'()`=1DE5/FG 12 J78Kf/FG 31 `¤i¥ff�<

2-%&'()->?@�¾îR¾4)/�¥Ö<=1DE5/FG 12 ë-ïð`ñò:

cUJ¯¢fg�V:<%&D)¾4)P(Q)RSTL=>?@A5'BC5=1DE

5/FG 12 J-78R� f�Table 1�g%&D)'4½D)¾4)P(Q) 32 RST

fçF<¾4)î`ó¥fM%&'() 30a ` 48É-ÊË:¤i¥f�entry 2�g�f<

¾4)î`ó¥f- -%&'() 29a ` 23%êÊ\¥<%&'()`=1DE5/FG

12 W®¡Kf/FG 31 ©V¥�:JÚô 10%±²¤i¥fgV¥;<78-£nJJ©

WÒä:[õU.`èö:�UJ¯¢<÷î-øùú:78R� fg=1DE5/FG

12 J78K^T÷îJKL<2,6-=-t-ûD)O4=5Ôü.14ý�Rþ¡K<%&D)

¾4)P(Q) 32 -123456Rnof`<M%&'() 26a -ÊË;ÿKÁ!úK

f�entries 3, 4�gâW<'4½D)¾4)îXY.j"#ú:-$¬j`%T'4PD

)¾4)îÔ'4��3@O)¾4)îR.&èºßW+'Kf33Ô34RSTL123

45678RnofgKhKV¥i-çF©<123456, 30a -ÊË;Þß]¦<¾

4)î-ó¥f 2-%&'()�29a�`¤i¥Lcf�entries 5, 6�g�f<¾4)îW

(¢LN�5�)îR+'Kf%&D)'4ûD)N�5�)P(Q) 35 RSTL./

0123456RnofçF©<M%&'() 30a -ÊË; 26ÉJ\iW!_<N�5
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�)î-ó¥f%&'() 29a `) 31%¤i¥f�entry 7�g*ß-pqhi<2-%&'

()-.&èºßW¾4)îÔN�5�)îR+'KfçF<123456,-ÊËRÞ

ß\]UVJ;:c^hofg 

 

OR

OH

1 h, rt / HFIP

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12 (0.5 mol amt.)

29a, 32–35 30a

+

42 36

SiMe3 48 23

OH

30a/% 29a/%

29a

H

SiEt3

Si(i-Pr)3

36 39

47   (34 17%)0

R

SnBu3 26 <31

entry

1

2

5

6

7

OH

29a

32

33

34

35

Table 1.

30 533a

37 394b

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

b. K2CO3 (1.0 mol amt.) was added.
 

 

âW<12345678Wr�U=>?@A5'BC5=1DE5/FG 12 -+A�

E5-,qWkTLaefg�Table 2�g�^´ã<MN(3@O)P(Q)) 17c W-.-

¾4)//R¡¢L+A�E5`0^U=1DE5/FG 12 RabK<V¥W 2-%&'

()R¡¢fg¾4)//JKL<MN('4&)E@½�5N)15.)�2?'4½D

)¾4)�TMSNTf2�Ô3÷&.'4½D)¾4)�TMSClO4�RSTL<�¥4¥+

8�U=1DE5/FG 12 -abR� fJVÁ<=1DE5/FG-Z[R¸5�U

ÄÅÆW^ofg�V:<�-vwW 2-%&'() 29a R¡¢L12345678R� 

fg�-pq<M%&'() 30a -ÊË;�¥4¥ 35%<33%:�Y<TMSOTf RST

L=1DE5/FG 12 RabKfçFXY!hof�entries 2, 3�g3÷&.'4½D)

¾4);<')P5ä:3÷&.6J÷/'4½D)¾B5hiabK<V¥RMN(3@

O)P(Q)) 17c W|S\]L=1DE5/FG 12 RabKfg�-f�<HFIPvw
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W')P5`7'K<V¥�:8TLTfHFIP-1DE5$¬/,q`9\_^Y<12

`Z[KW__^off�<M%&'() 30a -ÊË`!úKfJ³´¥Ug�f<')

P5ä:Q'B&)E@1ý.6J÷/'4½D)¾B5hiabKfQ'B&)E@1

ý.'4½D)¾4)�TMSBF4�RHFIPäMN(3@O)P(Q)) 17c W|S\]f

çF<78vw;ÇÈÆJ^Y=1DE5/FG-Z[R¸�ÄÅÆW^i^hofg 

TMS X

OH 1 h, rt / HFIP

C6H4 -p -OM e

C6H4 -p -OM e

2 X

12 ( 0.5  mol am t.)

29a

OH

+

29a

entr y 30a /% 29a /%

NTf2

1

2

3

31 40

OTf 48 23

35 44

X

ClO
4 T MS ClO4  : to luene so luton

c omm ent

17c

Pr O C
6
H

4
-p -OM e

Pr O C
6
H

4
-p -OM e

Table 2.

30a

OH

OH

 

 

$ ÎTL<78WSTU=>?@A5'BC5=1DE5/FG 12 -{WkTLlmK

f�Table 3�g�-pq<=1DE5/FG 12 R 0.7yz){STfçF<M%&'()

30a -ÊË; 49É�:ÞßKf�entry 3�g=1DE5/FG 12 -{R\iW:Ô�J<

èé- 2-%&'();;<\¥U©--M%&'() 30a -ÊË;=ªKf�entries 4, 

5�gV¥;<[�G:�UM%&'() 30a `=1DE5/FG 12 WXoL./\¥L<

á>�Uf�J¯¢i¥Ug×Ø<[�G:�UM%&'() 30a J=1DE5/FG

12 R78\]fJVÁ<12 ;§¨\¥f=A4()A5'BC5 15 ëJ¬{0W(?

\¥<M%&'() 30a ; 80ÉKhêÊ\¥^hof�� 6�g 
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entry x (mol amt.) 30a/% 29a/%

0.6

0.7

1

2

3

44 26

0.5 42 36

49 <16

4

5

0.8

0.9

39 9

<34 trace

OH 1 h, rt / HFIP

29a

OH

+

29a

OH

30a

OH

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12 (x mol amt.)

Table 3.

 

 

rt, 1 h / HFIP
30a (recovery)  80% (6)+

C6H4-p-OMe

C6H4-p-OMe

15  quant.

12 (0.5 mol amt.)

30a

OH

OH

C6H4-p-OMe

C6H4-p-OMe

2 TfO

 

 

$ VV:<=>?@A5'BC5=1DE5/FG 12 -HI,RMN(3@O)P(Q)) 

17c WKf,qRaeUf�<=E() 13 hiabKf=1DE5/FG 12 RSTL

%&'() 29a -12345678RnofgKhK<M%&'() 30a -ÊË; 33%

:�Y<MN(3@O)P(Q)) 17c R 12 -HI,JKfçFXY!hof�� 7�gV

-VJhi=1DE5/FG 12 -HI,RMN(3@O)P(Q)) 17c W(¢f,qR

¸�VJ`:cfg 
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TMSOTf

OH 1 h, rt / HFIP

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12 (0.5 mol amt.)

25a

OH

+

25a

13

HO C6H4-p-OMe

HO C6H4-p-OMe

26a

OH

OH

33% (42%) 36% (36%)

* Numbers in parentheses indicate 
  yields when the precursor of dication 12
  is bis(propylether) 17c17c

PrO C6H4-p-OMe

PrO C6H4-p-OMe

(7)

 

 

�f<@-AB.//J-�CWXY=1DE5/FG 12 -ASjRaefg�^´

ã<@-AB.//RSTL%&'() 29a -./012345678R� <MN(3

@O)P(Q)) 17c hiabKf 12 WXUM%&'()F�-pq�entry 1�J�C

Kfg2-%&'()W÷/½D�5RvDJKL%&��5=�)=1DE5/FG 1a

R 0.7yz){|S\]UJ<2-%&'()-./;£nKf`M%&'() 30a ;µJ

¶·¤i¥^hof�entry 2�g��^AB.//JKLE_F´¥LTUA2�ý�B

=1)�(4-Br-C6H4)3N! +SbCl6
G �R÷/½D�5ä: 2-%&'()W 1.4 yz){|S

\]fçF<123456, 30a ; 18ÉKh¤i¥^hof�entry 3�g[�G:�UM

%&'() 30a `./\¥Lá>KLTUHIjR¯JKA2�ý�B=1)-{R 1.2

yz){WKf`<ÊË; 20É:�ofgV¥i-VJhi<=>?@A5'BC5=1

DE5/FG 12 -AB.//JKL-A,jR¸�VJ`:cfg 
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$

OH 1 h, rt

Oxidant (x mol amt.)

29a

OH

+

29a

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

0.71

2

49 <16

3

4

OH

30a

OH

C6H4-p-OMe

C6H4-p-OMe

Ph

Ph

Ph

Ph

2 TfO

2 TfO

solvent

0.7

HFIP

CH2Cl2

CH2Cl2(4-Br-C6H4)N·+ SbCl6
– 1.4

1.2

4 21

18

20

26

22

Oxidant

Table 5.

12

1a

 

 

$ K}W<=>?@A5'BC5=1DE5/FG 12 RSTU%&'()-./012

345678Wr�UîL9MjWkTLlmKf�Table 6�g¹ºNÌîRA�U%&

'();<OPÏ-QRj`:�f�78`£nKÔ�_123456,-ÊË;Þß�

UVJRSTKfgKhK<0.5yz){-=1DE5/FG 12 W 3-½'�¾%&'()

29b R¡¢fJVÁ<123456, 30b -ÊË; 13%:�of�entry 1�g�V:<

0.6yz){-=1DE5/FG 12 RSTfJVÁ<+8�UM%&'()-ÊË; 22%

W^of�entry 2�gV¥i-pq;<%&'()-QRj`:Kff�=1DE5/F

GJ78KÔ�_^ofVJJ<[�G-M%&'() 30b `\iW./\¥Lá>KU

_^off�J¯¢LTUg\iW<=1DE5/FG 12 R 0.7 yz){W�UJM%

&'() 30b -ÊË; 16É�:!úKf�entry 3�gâW<¹ºQVj-W?îR©k%

&'():�¥Ö<[��UM%&'();�¥µ·./\¥U_^Tf�<[�G-.

/RXYUJ¯¢fg�-pq<6-û@z%&'() 29c RSTfçF<123456,

30 ;!ÊË:�of`�entry 4�<3ÙW½'�¾1)Z�)îRA�U%&'() 29d

RSTfçF<=1DE5/FG 12 R 0.7yz){W�UVJ:<2-%&'() 29a J
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Ú±²-ÊË:123456;£nKf�entry 6�g 

OH

OH

Br

OMe

entry naphthol 29 x (mol amt.) 30 29

0.5

0.6

0.7

0.7

1

2

3

4

5

6

OH

2

OH

2

OMe

Br

<9% 48%

13%

22%

16%

34%

25%

14%

(29b)

(29c)

(30b)

(30c)

OH

CO2Me

0.5

0.7
OH

2

CO2Me

>10%

 48%

32%

14%

(29d) (30d)

OH 1 h, rt / HFIP

29

OH

+

29

OH

30

OH

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12 (x mol amt.)
R

R

R
R

Table 6.
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12345678R� fJVÁ<"{, 30e R) 40%-ÊË:Ì¢f�� 7�g 

1 h, rt / HFIP

29e

+

29e  31%30e <40%

C6H4-p-OMe

C6H4-p-OMe

2 TfO

12 (0.5 mol amt.)

OH

OH

OH

OH

(7)
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@O)P(Q)) 17c RSTf[`=E() 13 XY,q0:�UVJÔ<=1DE5/F

G 12 `@-AB.//XYA,^.//:�UVJR\]Kfg 

 



 40 

!"#$ 

 

%&'()*+,-./012&345016 

1H789:;<=>?@A1H NMRB 

Bruker Avance 500 (500 MHz), Bruker DRX500 (500 MHz) 

JEOL ALC400 (400 MHz) 

13C 789:;<=>?@A13C NMRB 

Bruker Avance 500 (125 MHz), Bruker DRX500 (125 MHz) 

JEOL ALC400 (100 MHz) 

DEFG<=>?@AIRB 

HORIBA FT-300S 

H'IJKL<=>?@AHRMSB 

JEOL JMS SX-102A 

 

NMR<=>?@#MN+OP.QRSTUV 1H NMRW+>XXY@ZA! = 7.240B3O

13C NMRW+[>XXY@ZA! = 77.0B3\$]^_0`45016 

ab>Xc?defghATLCB.+ijklmnohp@ BC5FAqrsp@B345

016 

seZ>Xc?defgh.+Mercktm Silica gel 60Nuvwxyz{tmqrsp@

60N345016 

 

|}~�+O����,-#�#35T16 

�>XX�������3��z�r�O�TW��zs@q�Z�R��0O����

ehqh�< 4�3��`��O ¡01�#345016 

?@¢�����3£zs@q�ZW��¤O��0O����ehqh�< 4�3��

`��O ¡01�#345016 

¥?e¦§Xfe�����#¨�~�Axyz{B.����ehqh�< 4�3��

`��O ¡01�#345016 

 

SuOP.©ª0STUV|}«¬+`®@¯�°±9-W²³16 
 



 41 

´µ¶· ¸f����¹@�sº»�z¼½35T¾�z¿sÀÁr�d|} 

 

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 oC 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  

Et2N

Br  
yellow oil.  1H NMR (500 MHz, CDCl3) ! 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, 
CDCl3) ! 12.4, 44.4, 106.9, 113.4, 131.4, 146.7.  IR (neat) 2968, 1589, 1493, 1354, 1265, 
1192, 802 cm–1.  FAB HRMS calcd. for C10H1579BrN 228.0388 (M+1); found 228.0410. 
 
N ,N-Diallyl-4-bromoaniline (3e) 

N

Br 
yellow oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 52.8, 108.0, 113.8, 116.1, 131.5, 133.3, 147.4.  IR (neat)·
1589, 1493, 1230, 1178, 916, 802 cm–1.  FAB HRMS calcd. for C12H1579BrN 252.0388 
(M+1); found 252.0366. 
 

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

N

Br

Ph

Ph

 
white crystals. m.p. 124–126 oC.  1H NMR (500 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  Anal. calcd. for C20H18N79Br: 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) 

N

Cl  
pale yellow oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 52.9, 113.3, 116.1, 120.9, 128.7, 133.4, 147.1.  IR 
(neat) 1594, 1496, 1232, 1180, 916, 804 cm–1.  FAB HRMS calcd. for C12H15NCl 
208.0885 (M+1); found 208.0869. 

 

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

N

I  
pale yellow oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 52.7, 76.9, 114.4, 116.0, 133.1, 137.4, 147.9. IR (neat) 1585, 1488, 

1230, 1176, 914, 800 cm–1. Anal. calcd. 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 oC under argon. The reaction 
mixture was stirred for 1 h at the same temperture and then electrophile (nBu3SnCl, 
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 Na2SO4. 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) 

Et2N

SPh  
white crystals. m.p. 68–69 oC.  1H NMR (500 MHz, CDCl3) ! 1.18 (6H, t, J = 7.1 Hz), 

3.37 (4H, d, J = 7.1 Hz), 6.63-6.67 (2H, m), 6.99-7.12 (3H, m), 7.17-7.22 (2H, m), 
7.35-7.38 (2H, m).  13C NMR (125 MHz, CDCl3) ! 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–1.  Anal. 
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calcd. 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) 

N

SPh

Ph

Ph

 
white crystals. m.p. 107–109 oC.  1H NMR (500 MHz, CDCl3) ! 4.67 (4H, s), 6.72 (2H, d, 

J = 8.9 Hz), 7.09 (1H, dd, J = 7.3, 7.3 Hz), 7.11-7.15 (2H, m), 7.15-7.37 (14H, m).  13C 
NMR (125 MHz, CDCl3) ! 54.1, 113.1, 118.2, 125.1, 126.5, 127.0, 127.2, 128.7, 135.9, 

137.9, 139.7, 149.4.  IR (neat) 1594, 1582, 1502, 1477, 1451, 1361, 1233 cm–1.  Anal. 
calcd. 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-(phenylthio)aniline (2c), (3b) 

N

SPh 
yellow oil.  1H NMR (400 MHz, CDCl3) ! 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, 
CDCl3) ! 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–1.  FAB HRMS calcd. for C18H20NS 
282.1316 (M+1); found 282.1310. 
 
4-(Tributylstannyl)-N,N-diethylaniline (8a) 

Et2N

SnBu3  
colorless oil.  1H NMR (500 MHz, CDCl3) ! 0.98 (9H, t, J = 7.4 Hz), 1.01 (6H, t, J = 7.3 
Hz), 1.23 (6H, t, J = 7.3 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, CDCl3) ! 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–1.  Anal. calcd. for C22H41NSn: 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) 
Et2N

SiMe3  
colorless oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! –0.7, 12.7, 44.1, 110.9, 123.9, 134.5, 148.0.  IR (neat) 1595, 1508, 1112, 
800, 752 cm–1.  Anal. calcd. for C13H23NSi: 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) 

Et2N

SiMe2Ph 
colorless oil.  1H NMR (400 MHz, CDCl3) ! 0.49 (6H, s), 1.15 (6H, t, J = 6.8 Hz), 3.34 
(4H, q, J = 7.0 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, CDCl3) ! -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–1.  Anal. calcd. for 
C18H25NSi: 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)silyl]aniline (8e) 

Et2N

Si(i-Pr)3  
white crystals. m.p. 77-78 Â.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  Anal. calcd. for 
C19H35NSi: 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

SMe  
pale yellow oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 19.2, 52.7, 112.8, 116.0, 122.8, 131.3, 
133.5, 147.4.  IR (neat) 1592, 1498, 1230, 916, 804 cm–1.  Anal. calcd. 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) 

N

S

Cl

 
yellow oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  FAB HRMS calcd. for C18H19NClS 
316.0918 (M+1); found 316.0919. 
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(2,4-Dimethoxyphenyl)dimethyl(phenyl)silane (8f) 

SiMe2Ph

MeO OMe

 
colorless oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! –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 cm–1.  FAB HRMS calcd. for C16H21O2Si 273.1303 (M+1); found 
273.1317. 
 
N ,N-Diethyl-4-(triphenylsilyl)aniline (8d) 

Et2N

SiPh3  
To a solution of p-bromo-N,N-diethylaniline (1.09 g, 4.8 mmol) in THF (35 ml) was 
added n-BuLi (6.8 ml, 1.47 M in hexane, 9.9 mmol) and hexamethylphosphoramide 
(HMPA, 9.6 ml, 9.9 mmol) at –78 oC 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 Â.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  FAB HRMS calcd. for C28H30NSi 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 
NaHCO3 and aqueous layer was extracted with CH2Cl2. 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) 

Et2N N

 
1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  FAB 
HRMS cacld. for C22H29N2 321.2322 (M+1); found 321.2317. 
 
N ,N-Dibenzyl-N’,N’-diethylbenzidine (4b) 

Et2N N

Ph

Ph  
1H NMR (400 MHz, CDCl3) ! 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, CDCl3) 
! 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–1.  FAB HRMS 
calcd for C30H33N2 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 
NaHCO3 and aqueous layer was extracted with CH2Cl2. 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-ClO4) (40.3 mg, 80%). 
 
Bis[4-(diethylamino)phenyl]phenyl sulfonium perchlorate (9a-ClO4) 

S

Ph

ClO4Et2N NEt2

 
pale yellow crystals. m.p. 182–184 oC.  1H NMR (500 MHz, CDCl3) ! 1.19 (6H, t, J = 7.1 
Hz), 3.42 (4H, q, J = 7.1 Hz), 6.80 (4H, dd, J = 3.4, 9.3 Hz), 7.43 (4H, dd, J = 3.4, 9.3 Hz), 
7.42-7.49 (2H, m), 7.59-7.66 (3H, m).  13C NMR (125 MHz, CDCl3) ! 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–1.  Anal. 
calcd. for C26H33ClN2O4S: C, 61.83; H, 6.59; N, 5.55%. Found: C, 61.65; H, 6.57; N, 
5.40%. 
 
Bis[4-(diethylamino)phenyl]phenyl sulfonium triflate (9a-TfO) 

S

Ph

TfOEt2N NEt2

 
pale yellow crystals. m.p. 152-155 Â.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 12.1, 44.6, 105.2, 112.9, 120.8 (q, JCF 
= 313 Hz), 128.8, 128.9, 130.8, 132.4, 132.9, 151.6.  IR (neat) 1577, 1509, 1255, 1068, 
1027, 634 cm–1.  FAB HRMS calcd. for C26H33N2S 405.2364 (M–CF3O3S); found 
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405.2378. 
 
4-(Diallylamino)phenyl 4-(diethylamino)phenyl phenyl sulfonium 
perchlorate (9b) 

S

Ph

ClO4Et2N N

 
pale yellow crystals. m.p. 83-86 Â.  1H NMR (400 MHz, CDCl3) ! 1.19 (6H, t, J = 6.8 
Hz), 3.41 (4H, q, J = 6.8 Hz), 4.00 (4H, s), 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, CDCl3) ! 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–1.  FAB HRMS calcd. for C28H33N2S 
429.2364 (M–ClO4); found 429.2365. 
 
4-(Dibenzylamino)phenyl 4-(diethylamino)phenyl phenyl sulfonium 
perchlorate (9c) 

S

Ph

ClO4Et2N N Ph

Ph

 
pale yellow crystals. m.p. 95-98 Â.  1H NMR (500 MHz, CDCl3) ! 1.18 (6H, t, J = 7.1 
Hz), 3.40 (4H, q, J = 7.1 Hz), 4.74 (4H, s), 6.78 (2H, d, J = 9.3 Hz), 6.88 (2H, d, J = 9.3 
Hz), 7.20 (2H, d, J = 7.3 Hz), 7.24-7.29 (2H, m), 7.31-7.39 (6H, m), 7.42 (2H, d, J = 9.3 
Hz), 7.47 (2H, dd, J = 8.2, 1.4 Hz), 7.56-7.64 (3H, m).  13C NMR (125 MHz, CDCl3) ! 
12.1, 44.6, 54.3, 104.5, 108.4, 112.9, 113.9, 126.2, 127.4, 128.4, 128.9, 129.0, 130.9, 
132.2, 132.7, 133.0, 136.1, 151.6, 152.9; 
IR (neat) 1577, 1508, 1070, 727 cm–1.  FAB HRMS calcd. for C36H37N2S 529.2677 
(M–ClO4); found 529.2672. 
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9,10-bis(4-methoxyphenyl)-9,10-dihydroanthracen-9,10-diol (13) 

  HO C6H4-p-OMe

HO C6H4-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 C78 oC 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 Na2SO4. After removal of the solvent 

under reduced pressure, the residue was reprecipitation with CH2Cl2-hexane to give 13 

(1.61 g, 91%). 
 

Colorless crystals.  m.p. 209-211 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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. calcd. for C28H24O4: 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 C6H4-p-OMe

MeO C6H4-p-OMe

 
To a solution of 17c (50.6 mg, 0.10 mmol) in hexafluoro-2-propanol (2.0 ml) 0 oC was 

added TMSOTf (40 µL, 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 

CH2Cl2 three times, and the combined extracts were washed with brine and dried over 

Na2SO4. After removal of the solvent under reduced pressure, the resulting residue was 

filtered off and washed with CH2Cl2 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 oC.  1H NMR (400 MHz, CDCl3) ! 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, 

CDCl3) ! 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–1.  Anal. calcd. for C30H28O4: 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 C6H4-p-OMe

PrO C6H4-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 17c (1.07 g, 94%, dr 2:1). 
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white crystals.· (major isomer) m.p. 231-233 oC.  1H NMR (400 MHz, CDCl3) ! 0.95 
(6H, t, J = 7.3 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, 
CDCl3) ! 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) 1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  

Anal. calcd. for C34H36O4: C, 80.28; H, 7.13%. Found: C, 80.28; H, 7.30%. 

 

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

C6H4-p-OMe  
To a solution of 17c (50.8 mg, 0.10 mmol) in hexafluoro-2-propanol (2.0 mL) 0 oC was 

added TMSOTf (36 µL, 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 CH2Cl2 three times, and the 

combined extracts were washed with brine and dried over Na2SO4. 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 oC (decomposed).  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  FAB HRMS calcd. for C28H23O2 391.1599 (M+1); found 391.1671. 

 

N,N-Diethyl-3,5-dimethylaniline (21).  
Et2N

Me

Me

   
To a suspension of NaH (3.9 g, 60% dispersion in mineral oil, 98 mmol) in THF (50 mL) 

at 0 oC 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 Na2SO4. After removal of the solvent 

under reduced pressure, the residue was purified by recrystallization from ethanol. 

white crystals.  m.p. 44–45 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 12.7, 21.9, 44.3, 109.8, 117.4, 138.7, 147.9.  IR (neat) 1595, 1487, 1356, 

1219, 814 cm–1.  Anal. calcd. for C12H19N: 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) 

Et2N NEt2

MeMe

MeMe  
To a solution of 17c (120.0 mg, 0.24 mmol) in hexafluoro-2-propanol (2.0 mL) at 0 oC 
was added TMSOTf (85 µL, 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 CH2Cl2 three times, and the combined extracts were 
washed with brine and dried over Na2SO4. 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 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 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 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, 

CDCl3) ! 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. calcd. 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) 
C6H4-p-OMe

C6H4-p-OMe

O
O

 
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 oC (decomposed).  1H NMR (400 MHz, CDCl3) ! 3.92 (6H, s), 
7.12-7.22 (12H, m), 7.59-7.63 (4H, m).  13C NMR (100 MHz, CDCl3) ! 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–1.  FAB HRMS calcd. for C28H23O4 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 
(34) were purified by column chromatography (hexane–AcOEt). 
 
Trimethyl(naphthalene-2-yloxy)silane (32) 

OSiMe3

 
colorless oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  Anal. calcd. 
for C13H16OSi: C, 72.17; H, 7.45%. Found: C, 72.24; H, 7.41%. 
 
Triethyl(naphthalene-2-yloxy)silane (33) 

OSiEt3

 
colorless oil.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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–1.  Anal. calcd. for C16H22OSi: C, 74.36; H, 8.58%. Found: C, 74.47; H, 
8.77%. 
 
Triisopropyl(naphthalene-2-yloxy)silane (34) 

OSi(i-Pr)3

 
colorless oil.  1H NMR (400 MHz, CDCl3) ! 1.12 (18H, d, J = 7.6 Hz), 1.30 (3H, seventh, 
J = 7.6 Hz), 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, CDCl3) ! 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–1.  Anal. calcd. for C19H28OSi: C, 75.94; H, 
9.39%. Found: C, 75.78; H, 9.63%. 
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Tributyl(naphthalene-2-yloxy)stannane (35)1 

OSnBu3

 
Bu3SnOMe (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.  1H NMR (400 MHz, CDCl3) ! 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, 7.2 Hz), 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 17c (141.9 mg, 0.28 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol 
(2.0 ml) was added Me3SiTfO (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 CH2Cl2 three times 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 PTLC (hexane–AcOEt–CH2Cl2 
4:1:2) to give 30a (27.6 mg, 49%) as white crystals. 
 
1,1’-Binaphthalene-2,2’-diol (30a) 

OH

OH

 
white crystals.  m.p. 215-220 oC.  1H NMR (400 MHz, CDCl3) ! 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 = 9.2 Hz). 13C NMR (100 MHz, CDCl3) ! 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–1. Anal. Calcd. 
for C20H14O2: C, 83.90; H, 4.93%. Found: C, 83.77; H, 5.10%. 
 
2,2’-Dimethoxy-1,1’-binaphthalene (28)2 

OMe

OMe

 
white crystals. 1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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, 



 53 

808 cm–1. 
 
 
3,3’-Dimethoxy-1,1’-binaphthalene-2,2’-diol (30b)3, 4 

OH

OH

OMe

OMe  
white crystals.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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, 4 

OH

OH

Br

Br  
pale yellow crystals.  1H NMR (400 MHz, CDCl3) ! 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, CDCl3) ! 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 

OH

OH

CO2Me

CO2Me  
pale yellow crystals.·  1H NMR (400 MHz, CDCl3) ! 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, 
CDCl3) ! 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–1. 
 
1,1’-Binaphthalene-4,4’-diol (30e) 
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OH

OH  
white crystals.  1H NMR (400 MHz, CDCl3) ! 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–1. 
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