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os~��{BaC,DE 1Kº�nos~�AM>e 

aq. HX

!  2 H2O !  2 (Me3Si)2O

Me3SiX

1
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Ar

Ar
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2 X

Ar
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Ar
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6

Ar
Ar
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HO OH
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Scheme 1.
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NH2 NH2 Br Br 1. n-BuLi (2.2 mol amt.)
    rt, 2 h / Et2O

2. Ph2CO (2.5 mol amt.)
    reflux, 2 h

Ph
Ph

Ph
Ph

OH OH

0.2 mol amt. CH3CO2H

rt, 10 h / CH2Cl2

CH3OH (excess)

rt, 1h

Ph
Ph

Ph
PhO

5a 6a

Scheme 2.

80% from 7
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1. NaNO2 (2.3 mol amt.)
    H2SO4, 0!"/ CH3CO2H

2. HBr, CuBr, rt
    / H2O

19%
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*¨EBa³´µ¶EKçèéêMB�Î>ë¥K(*ìEíîï¯:ÑÒM>eð(ñ

&i&'*òBÀ|}>ó�ë¥2 1
H NMR�?« 13

C NMRKô�M>�~ÑB�b1y
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Me3SiClO4 (3.0 mol amt.)
in toluene
or Me3SiOTf (3.0 mol amt.)

rt, 2 d / (CF3)2CHOH

1a : X = ClO4 94%

1b :       OTf   99%

(2)
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Ph

Ph
Ph

2 X
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2 BF4

HBF4 aq.

/ (CF3CO)2O

94%

Ph
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Ph
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HO OH

Ph
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(3)

5a 1c

 

1a
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Ph
Ph

2 ClO4

8a

Ph
Ph

Ph
Ph

(4)

Ered = 0.20 V

Eox = 1.10 V

0.1 M n-Bu4NClO4

/ CH2Cl2  

7 ØABaC,DE/01 1a, 1b20b:À|}>¾9K7ABa:;

´(E&'ñEa�*aC,DE 2 20bKÙÚ>eØ<:f~2ú=
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2 X

2



 10 

!"# $%&'()*+,)$-.$/01)234 

5 5 $%&'()*+,)$-.$/01) 26789:;)$-.<=(>0./01)) 1
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HO Ar

HO Ar

9

Ar

Ar

10

O

Ar

Ar

2 X
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!  2 (Me3Si)2O

Me3SiX

Scheme 3.

aq. HX

!  2 H2O
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O

O

HO Ar

HO Ar

9

9a : Ar = Ph                 81%
9b :        C6H4-p-OMe  91%

ArLi (4.0 mol amt.)

rt, 12 h / Et2O
(4)

11
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HO Ar

HO Ar

CF3CO2H

(0.1 mol amt.)

rt, 12 h / CH2Cl2

9b

Ar

Ar

10b

O

0%

(5)

Ar = C6H4-p-OMe  

5 �RB��{WXYZ[. 10b�gL�Np?q��?��7$1Z. 9b$%&'(

)*+,)$-.$/01) 2 2���?l7\�Rb�rFm�hV$/01)b�g

L�Np??lOn�F ¡7$1Z. 9 B*~>0.¢~.*~9+Z*b 4£¤.�

��L�7%&'x¢¥b$¢~.YZ[.?l{cdefp?b��OuScheme 4vn 
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Me3SiX

!  2 (Me3Si)2O
!  2 HX

Ar

Ar

2 X

2

HO Ar

HO Ar

9

Scheme 4.
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HO Ph

HO Ph

(CH3)3SiOTf

(4.0 mol amt.)

0 oC, 10 min

/ (CF3)2CHOH

  (HFIP)9a

complex mixture

H2O

(6)
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�Onkw®�BÄG>0;)b�m7$1Z. 9bB*~>0.¢~.*~9+Z*b�

�O?p°7��±2²q³¶²BF�Onl\l7p2��±BRb��N?7ÅqÆ
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Z. 9bB*~>0.¢~.*~9+Z*b��O?p°7��±q�µB³Ê²?F�On
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HO C6H4-p-OMe

HO C6H4-p-OMe

C6H4-p-OMe

C6H4-p-OMe

RO C6H4-p-OMe

RO C6H4-p-OMe

(CH3)3SiOTf

(4.0 mol amt.)

0 oC, 10 min

/ (CF3)2CHOH

  (HFIP)

ROH

2 OTf

9b
2b 9b   : R = H     91%

12b :       Me   >70%

(7)

 

kO7p2��±BÕÖ×?l{9¦',)b��O?p°7$/01)GHI 2bi 2

¿aÕÖLM{�rN 9,10-$(~Z.()*+,) 13bbE�¬B¸�Ou� 8vnpMq7

$1Z. 9bÅ¤y/01) 15b\]�rO?q���mGHIVÉNnpM]2Ç«�Æ7

s¬?�N$%&'()*+,)$-.$/01) 2biØÙVªÐÚfÒ�l{mN?

Û�Nn 

HO C6H4-p-OMe

HO C6H4-p-OMe

C6H4-p-OMe

C6H4-p-OMe

(CH3)3SiOTf

(4.0 mol amt.)

0 oC, 10 min

/ (CF3)2CHOH

  (HFIP)

2 OTf

9b
2b

C6H4-p-OMe

C6H4-p-OMe

13b

quant.

(8)

C6H4-p-OMe

C6H4-p-OMe

OTf

15b

Me3SiO

Fe

 

Ü»7HFIP¯V$1Z. 9b B¢~.G×b 4£¤.���L�Np?B�Æ7$%&

'()*+,)$-.$/01) 2bi34VdNp?bÝ]\BlOn 

�B7$%&'()*+,)$-.$/01) 2b2Þßb��On�à2áhV$/0

1)GHI 2bb34lOâ7®�2 HFIPbãäåæ�N?7³Ê²2çèF±�?F�

OnpMB$Y0.YZ[.b��O?p°éêi�rOOP7(.ë)ìíîUV°ï

lð²ñ�bÑOnl\l7p2ñ�bòó HFIP B®\�?³¶²?FÆ7p2®±B

Rb��N?ôõ2GHIb¸�Op?\]7$/01)GHI 2biÞßö�¯B÷øl

Op?i÷\�On 

L]B79,10-$(~Z.()*+,) 13b 2 CVùEb�m7$%&'()*+,)$

-.$/01) 2b2ÕÖ¿ú2ùEb��OnùEq7ÄG>0;)¯7ûü¿øýBï
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Ä_^[*+þ0.()¤§��b�m{�m7¿úq9¦',)b�m{ÿ!lOnk

w7¿úb 0.0 V\] 1.0 VkV!B"#lO?p° 0.73 VB^G$i%ùLM7&B'

Æ(l{¿úb 1.0 V\] 0.0 VkV"#lO?p° 0.60 VBÕÖ$i%ùLMOu) 1vn

p2^G$7ÕÖ$q 9,10-$(~Z.()*+,) 13b2"*+s2^GÕÖï,?��

]MNnp2Ç«\]79,10-$(~Z.()*+,) 13b? 9,10-$(~Z.()*+,§

.+$/./01) 16b-2^GÕÖqÂ.VÉÆ7o2��¿úq 0.67 V?÷\�Ou�

9vn 

Ar

Ar

13b 16b

Ar

Ar

X (9)

Eox = 0.73 V

Ered = 0.60 V

 

 

 

�B7+$/./01) 16b2 1¿a^Gb%ù�NOP7¿úb 0.0 V\] 1.8 VkV

!B"#lO?p°70.73 V2^G$2â71.0 V/0\]1MO$2b¸�On3m{7

¿úb 1.8 V\] 0.0 VkV&B"#lOi7ÕÖ$q%ùLMF\�Ou) 2vnp2Ç

«\]7+$/./01) 16b i 1¿a^GLM$%&'()*+,)$-.$/01)

2b?FN¿úq 1.0 VÜ»VÉNp?74�óÄG>0;)¯V$%&'()*+,)$

Fig 1. Cyclic voltammogram of 13b in CH2Cl2 (vs. Fc/Fc+). 
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-.$/01) 2bq÷øl{lk�p?i÷\�OnF47$%&'()*+,)$-.

$/01) 2b b5üVdN HFIPb®�B�m{ CVùEb��Oi71MO$2i%ù

LMN2�V!6FùEq��F\�OnpMq7¿øýVÉNïÄ_^[*+þ0.(

)¤§��i7÷B®ølF\�Op?F8i`9?��]MNn 

Ar

Ar

Ar

Ar

2 X

(10)

13b 16b

Ar

Ar

2b

X

Eox = 0.73 V Eox !1.0 V

 

 

 

Ü»2 CVùE2Ç«bk?PN?7$%&'()*+,)$-.$/01) 2b2!:

FÕÖ¿úqùEVdF\�Oi7"*+s2ÕÖ¿úi 1.0 V ,;VÉÆ7L]B<*

+s2ÕÖ¿úq 0.60 V? \�Ou� 11vnpM]2=q*~0./01)2ÕÖ¿ú

>0.11 V??@{Îf7ABl{mO^GC2D»i�]MOn 

Ar

Ar

Ar

Ar

2 X

(11)

13b
16b

Ar

Ar

2b

X

Ered = 0.60 VEred ! 1.0 V

 

Fig 2. Cyclic voltammogram of 13b in CH2Cl2 (vs. Fc/Fc+). 
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!"#$ N,N-%&'('&)*+,-./012+%%+34 

56789:0;/<=>?@A>:%BCD+.3EFGHI<&)*+J,-./

012+%%+34FKL>:MNO<PQRS+%T'UV(WC'BCD+)7,XY

FZ[:M 

&)*+JFPQRS+%T'UV(WC'BCD+) 1a7-.7\1]^;]F_91

:`<a.WCS+b<c78 d7%BCD+.3E 1a/ 2ef'g, N,N-%hC'&)

*+(3a)FiGjk:lm 1nMo,pq<%BCD+.3E 1arsgt/uvjw<xy

>:0;/BCD+z{|/p3}4>I&~PQ�+ 2 ���:M�,��]�<%B

CD+.3E 1a r&)*+JF-.�1,/���-.�F��1�����]/��

:MN:<%BCD+.3E 1a/&)*+ 3a���>:}4Er�?��wO<BCD

+b��,����F��1���7\:M"�<&)*+ 3a,�����7p3>:2

+%%+ 4a�b� ,¡¢7��w:M�,�\<D'£�7p3>:}4Er��wO<

���7p3>:}4E,[F¤¥t/�1���7\:M 

N

Ph
Ph Ph

Ph

NN

! 78 oC, 1 h / CH2Cl2

42% based on 1a

(1)

2

3a 4a

97% based on 1a

Et

Et

Et

Et Et

Et

Ph
Ph Ph

Ph

2ClO4

(0.5 mol amt.)

1a

+

34%
based on 1a

3a

 

�¦XYF£*C'BCD+ 57§;�<£*C'BCD+ 5/&)*+ 3a���>:

p-£*C'&)*+ 6�sgt/��w<-.t¨g.�©§>:2+%%+ 4ar�?�

�w�]�:lm 2nM�w�,pq]�<&)*+ 3a r£*C'BCD+ 5 7r-.7

\�]�:�<PQRS+%T'UV(WC'BCD+) 1aFGHwª-.7\1���«

]�:M 

N CPh3N

! 78 oC, 1 h / CH2Cl2

quant.

(2)

3a 6

Ph3C ClO4  5 (1.2 mol amt.)

Et

Et

Et

Et

 

¬/<2+%%+,¡¢­®F¯°><PQRS+%T'UV(WC'BCD+) 1a/0

1&)*+ 3a,-.XYF±²/KL>:M 
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PQRS+%T'UV(WC'BCD+) 1a/01 N,N-%hC'&)*+(3a),-.tB

³´*+µr<¶·,¸¹7©§>IH1�º�:lScheme 1nM��«»<NO<&)*

+ 3a�%BCD+.3E 1a/0�I-.jw<�%B'BCD+ A��1M¬/�,�

%B'BCD+ A /¼XY,&)*+ 3a �����><���7p3F½4>I�%B

'BCD+ B�}¦1M�%B'BCD+ B]�´¾£+�¿À>I�%B' C/�Á<

�w�j�/ 1ÂÃ-.jwITÄ)ÅÆa DF½4�1MÇÈ/TÄ)ÅÆa D]�´

¾£+�¿À>I2+%%+ 4a �}4�1MB³´*+µ,��¤¥Ér<&)*+ 3a

��%B'BCD+ AF�����1Ê/<%hC'&ÄËÌ,ÍÎÏÐ/0ÁD'£�

7r�?���F¤¥t/����>::`�Ñ�7\1M 

N

N

NN

H

H

NN

H

ClO4

2ClO4

NN

!  H

Et

Et Et

Et

Et

Et

Et

Et

Et

Et

Et

Et

NN

H

Et

Et Et

Et

! 2 HClO4

Scheme 1.

3a 4a

A

B C

D

!  e

Ph
Ph Ph

Ph

2Et

Et

Et

Et

N

3a

Et

Et !  e

!  H

Ph
Ph Ph

Ph

2ClO4

(0.5 mol amt.)

1a

 

®,¸¹FÒN�<2+%%+ 4a,¡¢�b� /ÓN�:ÔÕ�>I<¶·, 2Ö�

º��w1M(1) XY,©§/×�I}4�1-/0Á<ÔØ,&)*+ 3a�´¾£+.

jwI&)*+Ùa{-a�}4><�w�PQRS+%T'UV(WC'BCD+) 1a /

01-.FÚÛÜH��<Ý0Þ (2) }4E7ß12+%%+ 4a �j�/-.jwI<

%BCD+.3E 1aFàá>I>N;��7ß1M 

NO<ÔØ,&)*+ 3a�´¾£+.jw<XY,©§FâãIH1�,�º�<aÌ

F��I-Fäå�wª¡¢�­®�1�º�:lTable 1nM>]><aÌ�>Iæ�>:
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£*hC'&Ä+�-.jwI 1a Fàá>::`<ÔØ 3a,ç¡�è?�Á<4a,¡¢

ré·>:lEntry 2nMN:<êëHaÌ7ß1 2,6-%tert-ìC'í*%+Fæ�>:��

î<ïð,¡¢,­®rñ�w:�<òó�ôõ/rö��]�:lEntry 3nM 

N NN

! 78 oC, 1 h / CH2Cl2
3a 4a

Base (1.0 mol amt.)

Entry Base 4a / %

1

2

3

NEt3

42

30

46
Nt-Bu t-Bu

Table 1.

Ph
Ph Ph

Ph

2ClO4

(0.5 mol amt.)

1aEt

Et

Et

Et Et

Et

3a / %

41

48

34

 

¬/<}4>:2+%%+ 4a �PQRS+%T'UV(WC'BCD+) 1a ,XY/÷

HI_91:`<øÀ>:2+%%+ 4a / 0.5ef'g,%BCD+.3E 1a FiGj

k:lm 3nMo,pq<%BCD+.3E 1a rùúsgt/&~PQ�+ 2 ��Á<%

BCD+.3E 1a �2+%%+ 4a F-.�1�����]���:Mo,:`<òû�

,2+%%+ 4ar 1ÂÃ-.jwI�%B'BCD+/��:�º��w1�<XYüý

È/r2+%%+ 4a , 80þ�ç¡jw:M�,��]�<}¦:�%B'BCD+rÿ

/01XY!"7òû�ruvjwI2+%%+ 4a/#1�,,<20þr�$�1���

«]�:M�,pq0Á<%BCD+.3E 1a r}4>:2+%%+ 4a F-.>Iàá

jw1��<Ý0Þ-.jw:2+%%+ 4a,"ûr�$�1���%&7\:M 

! 78 oC, 1 h / CH2Cl2 80%

(3)4aNN

4a

Ph
Ph Ph

Ph

2

97% based on 1a

Et

Et Et

Et

Ph
Ph Ph

Ph

2ClO4

(0.5 mol amt.)

1a

 

¶®,KLFÒN�<aÌ�>I 2,6-%tert-ìC'í*%+Fæ�><PQRS+%T'

UV(WC'BCD+) 1a,æ�gFKL>:lTable 2nM}4E,2+%%+�-.jwI<
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%BCD+.3E�o,�'Ûàájw1���«]�::`<1aFè?��:Mo,p

q<%BCD+.3E 1a,gF 1.2ef'g/()���7¡¢r 66%N7­®>:M 

N NN

! 78 oC, 1 h / CH2Cl2
3a 4a

(1.0 mol amt.)

Entry x

Nt-Bu t-Bu

4a / %

1

2

3

0.5

0.75

1.2

46

57

66

41

Table 2.

Ph
Ph Ph

Ph

2ClO4

(x mol amt.)

1aEt

Et

Et

Et Et

Et

3a / %

0

0

(42)*

(50)*

(58)*

* without base  

��N7,KL/0�I!N,N-%hC'&)*+(3a),-.t¨g.XY/ÝHI<}4

E�*+/-.jwI>N;���<¡¢é·,ÔÕ, 1 ÷7ß1�«]�:M�;>:

}4E,-.r<WR�/,-ÌF��1&)*+FGHwª�.7\1�º��w1M

��«»<WR�/,-ÌF��1&)*+,¨gÎ7r<2,6�,,-Ì��,ÍÎX/

/0�I01¹2F3ÁÜ?�1Mo,:`<45�1678,9:;q/01<s.�

=j?�Á<}4E,-.Î ErWR�/,-ÌF>?�1��7@<s/�1M�;>

I}4E,-.F���w1�yA>:lB 1nM 

N

Et

Et R

R

R

R

N

Et

Et

Fig 1.

N

Et

Et H

H

N

H

H

Et

Et

NN

4a

Et

Et Et

Et

NN

4b

Et

Et Et

Et

! e

! e

Ea

R

R R

R

Eb

X

X

 

o�7<a.WCS+b<c78 d7 3,5-%WC'-N,N-%hC'&)*+(3b)/PQRS

+%T'UV(WC'BCD+) 1aF 0.6ef'giGjk:Mo,pq<XYrC)]/
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©§><aÌ,æ�) 1a,òÙDæ��EF�?<2+%%+ 4b Fùúsgt/�1�

��7\:lm 4nM�,�\�D'£�7p3>:}4Er��wO<���7p3>:

}4E,[���w:M 

N NN

! 78 oC, 1 h / CH2Cl2

(4)

3b
4b

Me

Me

Me

MeMe

Me

98%

Ph
Ph Ph

Ph

2ClO4

(0.6 mol amt.)

1aEt

Et

Et

Et Et

Et

 

¬/<PQRS+%T'UV(WC'BCD+) 1a �&)*+ 3b,XY/ÝÛ1G ,

HIF_9:lTable 3nMo,pq<G ,HIr=j?<c78 d7XYF§�:�\/

r<ùúsgt/2+%%+ 4b���wlEntry 1n<0 d)JG7�<ïð,é·rß�

:�<KH¡¢7 4bF�1���7\:lEntries 2, 3nM 

N NN

Temp., 1 h / CH2Cl2

3b 4b

Me

Me

Me

MeMe

Me

Entry Temp. 4b / %

1

2

3

! 78 oC

0  oC

rt

98

92

91

Table 3.

Ph
Ph Ph

Ph

2ClO4

(0.6 mol amt.)

1aEt

Et

Et

Et Et

Et

 

�,0;/<N,N-%hC'&)*+(3a)/L�I 3,5-%WC'-N,N-%hC'&)*+(3b)

,-.t¨g.XYF§�:��î<KM�¡¢7B³´*+µÎ���w:M�,67

8®,,-Ì,;qF±²/_91:`<CVNs/0�I<N,N-%hC'&)*+(3a)�

o,¨gÎ 4a<Ý0Þ<3,5-%WC'-N,N-%hC'&)*+(3b)�o,¨gÎ 4b,-.Â

�FNs>:lTable 4nMo,pq<,-Ì,;q7WR�,-2+%%+ 4b�WR�O

,-2+%%+ 4a 0Á�-.jwÜ?��IH1��F%&7\:Mj�/<&)*+
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3a 0Á� 3,5-%WC'Î 3b ,��-.jw+H���«]�:M��«»<&)*+ 3a

]� 3,5-%WC'Î 3b/P�:��7<ÔØr-.jw+?�Á<�Q/<}4Er-.

jwÜ?��::`<¡¢�­®>:�º��w1M 

Eox / V a)

N

N

3a

3b

NN

4a

NN

4b

Me

MeMe

Me

Eox / V a)

0.77 0.08, 0.36

0.32 0.18, 0.46

Table 4.

Et

Et Et

Et

Et

EtEt

Et

Et

Et

Et

Et

(! 0.11, 0.24)*

(0.09, 0.33)*

*Numbers in parentheses indicate Ered values.  

j�/<2+%%+ 4a, 4b<Ý0Þ<owRw, 1ÂÃ-.Î Ea, Eb<2ÂÃ-.Î Fa, 

Fb,Ç<s¹2FSTUt�ÃVWXY/0Á�`:M�ÃVWXYr<ÌZ[\/ 3-21G

FGH<HatreecFock ]/0�I§�:MXYpq]�<WR�,,-Ì/01ÍÎX/

,:`<-.jwI}¦1�%B'BCD+ Eb)%TÄ)ÅÆa Fb�01¹2F�ÁÜ

?��IH1���%]`�w:M�,��0Á<WR�,,-Ì,;q72+%%+,

-.Î�01¹2F�ÁÜ?�Á<45>:678,9:;q/01<s.�=j?��

I@<s.jw::`<2+%%+�-.FÚÛÜ?��:���^�Û�w:M 

 

Scheme 6.

NN

4a

! e

Ea

XNN

! e

NN

Fa 2X

Et

Et Et

Et Et

Et Et

Et Et

Et Et

Et

NN

4a

! e

Ea

XNN

! e

NN

Fa

2X

Et

Et Et

Et Et

Et Et

Et Et

Et Et

Et
Me

MeMe

Me Me

Me

Me

Me

Me

Me

Me

Me
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¬/<PQRS+%T'UV(WC'BCD+) 1a,�;ÉFñ1:`<_`,-.a�

,bcF§�:lTable 5nMNO<d&)D+,e�1PQRS+%T'UV(WC'BC

D+)%£*Q�f£ 1bFGHI<&)*+ 3b,-.t¨g.XYF§�:��î<ïð

,¡¢,é·rß�:�,,<93%�ëH¡¢72+%%+ 4bF�1���7\:lEntry 

2nM"�<678®/W£(gÌFh÷PQRS+%T'UV(WC'BCD+) 1d7r¡

¢�é·>:lEntry 3nM�wr<ÂÃijÉ,,-Ì,;q7 1d � 1a/b9I<s�

�Á<-.��é·>::`�º��w1MN:<fËBCD+7ß1£*C'BCD+

5 FGH:�\/r<è?,XYÉ}EFj�<¯t,2+%%+ 4b r}4>�]�:

lEntry 5nMj�/<UQk)'lmF��1%BCD+.3E 7
12FGH:�\�<2+

%%+ 4b�ng}4>:��F%&7\:'Û7<op�q3EFj�:lEntry 6nM�

,��]�<2 ÷,£*C'BCD+û�FrH�,/ss>:��7<PQRS+%T

'UV(WC'BCD+)�&)*+J,tw:-.a���:���«]�:Mj�/<

�¸-.a�>ILut� DDQ (8)
13FGH:��î<è?,}4EFj�<¯t,2+

%%+ 4bF�1��r7\�]�:lEntry 6nMvH 1ÂÃ-.a�>Iw�wIH1&

Ä)ÅÆ�%B' 9 FGH:�\/<50%� ,¡¢72+%%+���w:�<è?,

x}4EFj�:lEntry 7nM¶®,pq]�<&)*+,-./ÝHI<PQRS+%T

'UV(WC'BCD+) 1a, 1b�y,�¸-.a�re�1z{F|������]��

�:MN:<Ce(NH4)2(NO3)6 lCANnFGH1�<&~£)£*'cÿ,q3}~b7J

GN7�G�1��/0Á<2+%%+ 4b� 83%,¡¢7��w:lEntry 8nM 



 25 

N NN

Me

Me Me

MeMe

Me
Oxidant (0.6 mol amt.)

Conditions

Oxidant 4b / %a)

1a : X = ClO4

1b :        OTf

98

93

0

(4-BrC6H4)3N !" SbCl6 <50

(DDQ) 0

Ph3C ClO4  (5)

Et

Et

Et

Et Et

Et

O O

Cl Cl

NC CN

Oxidant 4b / %a)

Me Me

Ph
Ph

Ph
Ph

complex
mixture

Entry

6

5
8b)

Entry

1

2

4

2ClO4

7

8

9

7

1a

1b

1d3 57

7

Ce(NH4)2(NO3)6 (CAN) 83

Ar = C6H4-p-OMe

Conditions :

 a) ! 78 oC, 1 h / CH2Cl2
 b) rt, 2 h / MeCN! H2O (1:1)

(1.2 mol amt.)

(1.2 mol amt.)

(1.2 mol amt.)

Table 5.

Ph
Ph Ph

Ph
2 X

Ar
Ar Ar

Ar

2ClO4

1d

3b 4b

 

y,-.a�,XYÉ,�F0Á±>?_91:`<-.jwÜH 3,5-%�¾¾-N,N-%

hC'&)*+lE
ox

 = 0.73 Vlvs. Fc/Fc
+n, 3cnFGHI<��,XYFbc>:lTable 6nM

o,pq<PQRS+%T'UV(WC'BCD+) 1aFiGjk:�\/r<1Q|72

+%%+ 4c FëH¡¢7j�:�<CAN ) FeCl3<PhI(OAc)2<PhI(OCOCF3)2FGH:�

\/r 24Q|XYjkI�ë`24%,é¡¢7ß�:lEntries 2c5nM�w�,pq]�<

PQRS+%T'UV(WC'BCD+)1a �&)*+J,-./�>:-.a7ß1��

�«]�:M 

�Ý<�?Çr/��I<Xi �/0Á<CAN
14) CuBr/H2O2

15�&)*+J,¨g./

;qt�-.a��1�����jw:M>]><-.jwÜH 3,5-%�¾¾-N,N-%hC

'&)*+F��.3E7-.>:�3/rKM�pq���w�]�:��]�<&)

*+J,-./ÝHI<%BCD+.3Er��.3EF��XYÉFh÷�6�1M 
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N NN

Cl

Cl Cl

Cl Cl

Cl
Oxidant (0.6 mol amt.)

ConditionsEt

Et

Et

Et Et

Et

Table 6.

Oxidant 4c / %Entry Conditions

1

2

3

4

5

1a

CAN (1.2 mol amt.)

FeCl3 (1.2 mol amt.)

PhI(OAc)2

PhI(OCOCF3)2

rt, 1 h / CH2Cl2

rt, 24 h / MeOH! H2O (1:1)

rt, 24 h / CH2Cl2

rt, 24 h / CH2Cl2

rt, 24 h / CH2Cl2

78

12

24

0

7

3c 4c

 

¬/<&)*+,�{ÔÃ®,,-ÌFKL><o,�Y��F_9:lTable 7nMo,

pq<�{ÔÃ®,,-Ì�hC'Ì(3b)'Û7�?WC'Ì(3d),�\7���/ë¡¢

72+%%+ 4Fj�:lEntry 2nMN,N-%WC'&)*+,-.7r<>ª>ª¿WC'

lm 4n16���1���w�wIH1�<%BCD+.3E/01-.7r¿WC'Î,

}4r�?%&jw�]�:MN:<&ÄËÌ,��Ì�>Iw�w&*'Ì(3e)Ý0Þ2

+%'Ì(3f),%,-Î7�<ëH¡¢72+%%+ 4F�1���7\:lEntries 3, 4nM

"�<&g'�,��Ì)£g'ÌF��1&)*+ 3gc3k7r<�?-.�©§>�]

�:lEntries 5c9nM 

N

Me

Me

N

Me

N

H
!

O

HH

MeH2O

(4)

N
O

Cl

Cl
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N NN

Me

Me Me

MeMe

Me

Temp., 1 h / CH2Cl2

4 / %

98

95

77

81

R

R

R

R R

R

Temp.

! 78 oC

! 78 oC

rt

rt

4

N

Me

Me

Et

Et

N

Me

Me

Me

Me

N

Me

Me

Allyl

Allyl

N

Me

Me

Bn

Bn

3

3

Entry

1

2

3

4

4 / %Temp.

rt

N

Me

Me

R

Ac

N

Me

Me

R

Cbz

N

Me

Me

Me

Ts

3Entry

R = H

R = Me

R = H

R = Me

5

6

7

8

9

rt

rt

rt

rt

no reaction

no reaction

no reaction

no reaction

no reaction

Table 7.

3b

3d

3e

3f

(3g)

(3h)

(3i)

(3j)

3k

Ph
Ph Ph

Ph

2ClO4

(0.6 mol amt.)

1a

 

¬/<&)*+,678®,,-ÌFKL><o,�Y��F_9:lTable 8nMo,p

q<�8>:0;/ 3,5�/WC'Ì)�¾¾ÌF��1 3b, 3c 7r<KH¡¢72+%

%+ 4F�1���7\:lEntries 1, 2nM"�<,-ÌFh:�H&)*+ 3a)D'£�

/,-ÌF��1&)*+ 3m, 3n,�\rb� ,¡¢���:lEntries 3c5nM¬/<

WR�/ 1÷'Û,-ÌF��1&)*+7KLF§�:MWC'ÌF��1&)*+ 3o

,�\/rb� ,¡¢72+%%+ 4o F�1���7\:�<2+%%+ 4o �j�/

&)*+ 3o�XY>I<�gÎ 10o�x}>:lEntry 6nMN:<0ÁÂÃ����1W

£(gÌFh÷ 3p7rè?,}4EFj�<2+%%+ 4pré¡¢7>]��w�]�

:lEntry 7nM"�<ÂÃ��Ì7ß1�¾¾Ì(3q)<ì¾fÌ(3r)<h£(gB'�)'

Ì(3s),�\/r<ëH¡¢7¯t,2+%%+ 4F�1���7\:lEntries 8c10nMN

:<�,XY��7h£(gB'�)'Ìr��«w�H���«]�:lEntry 10nM 
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Cl

Br

Me

OMe

CO2Et

R 4 / %

55b)

86

ca. 10c)

74

80

N NN

! 78 ", 1 h / CH2Cl2

R

R

N
Et

Et

Cl

R 4 / %

78

Me 98

49
R

N
Et

Et

H

Me

OMe

<39

39

N
Et

Et

R

R RR

Entry Entry

1

2a)

3

4

5

6

7

8a)

9a)

10

3 3

3b

3c

3a

3m

3n

3o

3p

3q

3r

3s

3 4

Table 8.

Ph
Ph Ph

Ph

2ClO4

(0.6 mol amt.)

1a

Et

Et Et

Et

Et

Et

a) The reaction was conducted at room temperature.
b) Side product 10o was obtained in 29%.
c) complex mixture. Et2N

Me

NEt2

Me

NEt2

Me

10o

 

j�/<PQRS+%T'UV(WC'BCD+) 1aFGHI<1,8-UV(N,N-%WC'&

ÄË)PQRS+l´¾£+V�+%®n11,-.XYFZ[:��î<̈ gÎ 12FKH¡

¢7j�:lm 5nM 

! 78 ", 1 h / CH2Cl2

Ph
Ph Ph

Ph

2ClO4

(0.6 mol amt.)

1a
NMe2NMe2

NMe2NMe2

NMe2NMe2

(5)

11

12

77%  

¶®<PQRS+%T'UV(WC'BCD+)F-.a�>IGH1��7<N,N-%&'

('&)*+,-.t¨g.�;¢t/©§><dY�12+%%+F347\1���

«]�:M 

¬/<PQRS+%T'UV(WC'BCD+) 1a/L�<%��¾&+£�~+%T'



 29 

%BCD+ 14F-.a�>IGHI��,XYFZ[:MNO<HFIPb<%Df' 13/

£*WC'g*'£*Q�f£F 4 ef'giGjk<%��¾&+£�~+%T'%B

CD+ 14 F_A>:lm 6nM��/ N,N-%&'('&)*+ 3 F��1�<C)]/-

.jw<2+%%+ 4���w:Mz/<3,5�/,-ÌF��1&)*+7r<PQRS

+%T'UV(WC'BCD+)FGH:�\���/<KH¡¢72+%%+ 4 F�1�

��7\:lEntries 1, 2nMN:<WR�/ÂÃijÉ,,-ÌFh÷&)*+7r<PQ

RS+%T'UV(WC'BCD+)F-.a�>IGH:�\0Á�¡¢�­®>:

lEntries 6, 7nMz/<WR�/W£(gÌF��1&)*+ 3p,-.7r<PQRS+

%T'UV(WC'BCD+)FGH:�\/r<è?,}4EFj�:,/d><%��

¾&+£�~+%T'%BCD+ 14FGH1�<2+%%+ 4p��gÎ 10p���w:M

N:<PQRS+%T'UV(WC'BCD+) FGH:�\/¡¢,K]�:<WR�/

ÂÃ��É,,-ÌF��1&)*+7r<b� ,¡¢���:lEntries 8c10nMN:<

ÂÃ��ÌF��1&)*+�,XY7r<}4E,�{ÔÃ®,hC'Ì�¿À>I>

N�:.3E,x}�%&jw:M 

(6)

HO C6H4-p-OMe

HO C6H4-p-OMe

C6H4-p-OMe

C6H4-p-OMe

(CH3)3SiOTf

(4.0 mol amt.)

0 oC, 10 min

/ HFIP

2 OTf

13
14
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Cl

Br

Me

OMe

CO2Et

R 4 / %

65a)

58

32b)

47

39

R

R

N
Et

Et

Cl

R 4 / %

78

Me 76

45
R

N
Et

Et

H

Me

OMe

21

36

N
Et

Et

R

Entry Entry

1

2

3

4

5

6

7

8

9

10

3 3

3b

3c

3a

3m

3n

3o

3p

3q

3r

3s

N

R

N

R

N

R

0!, 1 h / HFIP

C6H4-p-OMe

C6H4-p-OMe

2 OTf

C6H4-p-OMe

C6H4-p-OMe

3 4

14 15

(0.5 mol amt.)

Et2N

R

NEt2

R

NEt2

R

10

a) 10o <15% b) 10p 38%

Table 9.

(98)

(78)

(49)

(<39)

(39)

(55)

(ca. 10)

(74)

(86)

(80)

*  Numbers in parentheses indicate yields by
   using dication 1a.

Ph
Ph Ph

Ph

2ClO4

1a

(29%)

Et

Et

Et

Et Et

Et

 

�,0;/<%��¾&+£�~+%T'%BCD+ 14 �<PQRS+%T'UV(W

C'BCD+) 1���/<&)*+J,-./�;�-.a��1����]�:M 

¬/<&)*+J,¨g./012+%%+34XYF�Ã�8./YG>I<�G�

lm½4F§;��Fº�:M56789:0;/<UQk)'¹2F��1.3E,b

7<�8m,QkP+£*%Ë+lmF��1.3Er<o,}ý É/¡¯�¢N�I

H1Mo�7<�,QkP+£*%Ë+lmF�Ã�B³´*+µ7¹£�1��F¯°

><2÷,&)*+û�F&Ä�p37¤¥>:&Ä� 19F34>:lScheme 4nM 
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O2N

COCl

+

NEt3 
(1.5 mol amt.)

15  (1.2 mol amt.)
0 oC!" rt, 12 h

/ CH2Cl2

5% Pd/C
 (0.1 mol amt.)

H2

HCl aq.
 (1.2 mol amt.)
rt, 2 d / EtOH

MeI (6 mol amt.)
NaH (6 mol amt.)

60 oC, 24 h

/ THF

H2N

NO2 O2N

NH

O

NO2

H2N

NH

O

NH2 Me2N

NMe

O

NMe2

22%
(3steps, from 15)

17

18 19

Scheme 4.

 

$ a.WCS+b<c78 d7ë¦§��·<&Ä� 19/d>IPQRS+%T'UV(W

C'BCD+) 1aFiGjk:lTable 10nMo,pq<ÔØ,&Ä� 19�è?ç¡jw:

�,,<8.Î 20F 47%7�1���7\:lEntry 1nM�,�\<PQRS+%T'U

V(WC'BCD+) 1aruvÎ7ß1&~PQ�+ 2�>Isgt/ç¡jw:Mj�/<

�,XYFé¨ 7§�:��î<¡¢�­®>:lEntry 2nM 

O

N

N N

O

N

N N
! 78 oC, 1 h / CH2Cl2Me

Me Me

Me

Me

Me

Me

Me

Me

Me

Table 10.

Entry Conc.

19 20

20 / %

1

2

0.2 M

0.01 M 46

Conc.

19 / %

34 47

54

Ph
Ph Ph

Ph

2ClO4

(1.2 mol amt.)

1a

Ph
Ph Ph

Ph

2
 

ÔØ�è?ç¡jw::`<2+%%+34,�3���/<}4EFj�/-.>I

%BCD+.3E 1a�©�/àájwI@ª>:�º�<1a,æ�gFKL>:lTable 

11nMo,pq<1a ,gF 1.2ef'g]�()>IH?�ÔØç¡�n�?�Á<2.4e

f'g,�\/ÔØrà«�1���«]�:M>]><%BCD+.3E 1aF 2.4ef

'gGH:�\/rè?,x}4EFj�I¡¢ré·><1.8ef'gGH:�\/¡¢

� 56%N7­®>:M 
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O

N

N N

O

N

N N
! 78 oC, 1 h / CH2Cl2Me

Me Me

Me

Me

Me

Me

Me

Me

Me

Table 11.

19 200.01 M

Entry x 20 / %

1

2

1.2

1.8 56

19 / %

46 54

18

3 2.4 36 0

Ph
Ph Ph

Ph

2ClO4

(x mol amt.)

1a

 

$ ¬/<ÔØ�ç¡jw:ÔÕ�>I<XY,©§/×�I}¦1-7ÔØ,&Ä� 19�

´¾£+.jw<}4�1Ùa{-a�-.jwÜH���º�<aÌ,æ�FKL>:

lTable 12nMí*%+Fæ�>:�\/r<í*%+�%BCD+.3E 1a�¬5XY>

I>NH<8.Î,¡¢ròó/é·>:lEntry 2nM�,Ê<%BCD+.3E 1ar8

­hf�' 21�>Iç¡jw:M�,8­hf�' 21r<í*%+� 1a/����>:

È<XY!"Q,ÿ,æ�/0�I}4>:�º��w1MN:<2,6-'C%+r%BCD

+.3E 1a/0�I-.jw::`<8.Î 20 ,¡¢ré·>:lEntry 3nM"�<2,6-

%tert-ìC'í*%+Fæ��1��7¡¢�­®><76%,¡¢78.Î 20 F�1��

�7\:M�wr<êëH 2,6-%tert-ìC'í*%+r%BCD+.3E 1a�XYkO<

aÌ�>I®HI-Fäå7\::`�º��w1M 
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O

N

N N

O

N

N N
! 78 ", 1 h / CH2Cl2

Me

Me Me

Me

Me

Me

Me

Me

Me

Me
0.01 M

base 20 / %

none 56

base (2.4 mol amt.)

N

Nt-Bu t-Bu

pyridine <10

<40

76

x

180

180

180

180

Entry

1

2*

3

4

Table 12.

Ph
Ph Ph

Ph

2ClO4

(1.2 mol amt.)

1a

19 20

Ph
Ph Ph

Ph

21

O

* Ether 21 was obtained from dication 1a.  

$ ¶®<%BCD+.3EFGH1&)*+J,-.t¨g.XYF�Ã�B³´*+µ

/YG><QkP+£*%Ë+lm,¹£/4¯>:M 
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!"#$ %&'()*+,-./012(345 

$ !6#789/:;(+<=>*+?@ABCD.@8N,N-9EFGFEH2()*+

I"J+45KLMNOPQR.S@>TUVWXS7Y,8%&'(Z)*+>[\.

S@@AV]^ 2_W 

N
RR

N
R R

Fig. 2.

 

$ %&'(`abcdIe[?@ABCDfg.K8Sg>*+ABX)h9/F/:;

(,Rgi8cjkI45?,lmng8cd?>opnq.S@K7r.@stfg.W

S)-ue45@AB`8vw,xyz{7Y)-ue|} 17>ABD.WRe~�8%

&'( 22@�2F%��F%��F 23,8CAN>�Cnq.@8��K/012(3A

V��( 24>�t.]Scheme 5_WS)45`8%&'( 22K*+ngBh9/F/:;

( G>��8Sg,�2F%��F%��F 23KopAB8h9/F/:;( H@e.W

nf,8h9/F/:;( H K 1jk*+ngB I,e�V�8�2F�K��AB 1,4-

9��( 24>��R.W 

t-Bu

N

O

t-Bu

N

O

t-Bu

N

O

X X
! e

Ph

OTBS

TBS = Si(t-Bu)Me2

t-Bu

N

O

X
Ph

OTBS

! e t-Bu

N

O

2X
Ph

OTBS

! TBSX

H3O

t-Bu
Ph

O

O

CAN

CAN

22

23

24

63%

Scheme 5.

G
H

"

 

$ ��8%&'( 25, 26)�F�/012(3>�I,8Xg�g,9/:;(+<= 1b

>�CnqVWX)��8��f)�<�%&'(K 1b,opAB�O)��=>�tV

]� 6_WSg`8%&'( 25, 26)*+7��.EFGF)h9/F/:;( JK� ¡

7¢.V£8%&'(K*+ng,OO89/:;(+<=¤)cd¥¦K§¨AVV£

@stfg.W 
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Me

Me

N

O

25

N

CO2Et

MeMe

26

or

! 78 oC, 3 h / CH2Cl2

Ph
Ph Ph

Ph

2OTf

(0.6 mol amt.)

1b

complex mixture
N

Me Me

R

(6)

J
 

$ ©ª,�«HF:;�>¬R.%&'( 27
18>CDgi8h9/F­,®¯R.°±²

k)³�7h9/F/:;( KK ¡+ng.WX)V£8%&'(K*+ng´Oe.

@@�,8�«HF:;�)µ¶n,-�B%&'()9/:;(+<= 1b¤)op>·

tfg.@stV]� 7_WXS78¸78 ¹8º+»:¼(½8%&'( 27,9/:;(

+<= 1b >�CnqVWX)��8%&'( 27 K"J+AB��V 1,4-9��( 28, 29

K¾fgVW¿À,89/:;(+<= 1b`ÁÂÃ7¢.E�&��( 2@eÄ8%&'

( 27K9/:;(+<= 1b ,opAV��=`¾fgeÅ�VW�V8S)Æ,9ÇF

�ÈÉ 30�¾fgVW 

Ph

N

SPh

MeMe

! 78 oC, 3 h 

/ CH2Cl227

Ph

O

SPh

28

Ph

O
Ph

O

SPh

29

Ph

O

+ + PhSSPh (7)

32%

Ph
Ph Ph

Ph
2OTf

(0.6 mol amt.)1b

44%*

(25 : 26 = 2 : 1)
* 1H NMR Yield

Ph
Ph Ph

Ph

2
H2O

Ph

N

SPh

MeMe OTf

K

30

 

S)45)ÊË`Y)-u,stfg.]Scheme 6_W��8%&'( 27K9/:;(

+<= 1b ,-�B*+ng8h9/F/:;( L >��.WS)h9/F/:;( L,

Ì45)%&'( 27Kcd¥¦A8h9/F/:;(MK��.Wh9/F/:;(M

Åf` 2aÄ)ÍÎ78Ïe.��= 28, 29>�t.�)@stfg.W1Ð�`8h9

/F/:;( M Knf, 1 jk*+>ÑÒB9Ó'HÔÕº N >��8nf,1Ö�(

K 2Ð��AB9%&'( OK��R.ÍÎ]path A_7¢.WS)9%&'( OKp×
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ØÙng8�:;�«��F�PQAB8�ÚÛ9��( 28@e.W2Ð�`8h9/F

/:;(MÅf�«HF:ÓFh9/FK��A%&'( P@eÄ8SSÅf1Ö�(K

��AB9%&'( QK��.ÍÎ]path B_7¢.WS)9%&'( QKp×ØÙng8

1,4-9��( 29@e.W�V8��AV�«HF:ÓFh9/FK"J+AB89ÇF�

ÈÉ 30K��AV@stfg.W 

Ph

N

SPh

MeMe

27

Ph

N

SPh

MeMe

! e

Ph

N

SPh

MeMe

27

Ph

N

SPh

MeMe
SPh

Ph

N

!  SPh

Ph

N

SPh

MeMe

Ph

N

Me Me

Ph

N

SPh

MeMe
SPh

Ph

N

!  e

!  H

Ph

N

SPh

MeMe

Ph

N

Me
Me

Q

Ph

N

SPh

MeMe
SPh

Ph

N

Me Me

M

N

P

2OTf

!  2H

Ph

SPh

28

Ph

O

O

Ph

SPh

29

Ph

O

O

OTf OTf

OTf

L

Scheme 6.

H2O

! PhSH

H2O

path A

path B

PhSSPh

30

O

 

$ Y,8%&'( 27 >*+R.Æ,cd?>ÜÝnqB8��.h9/F/:;( L >

ÞßA-u@[\V]Table 13_Wcd?@AB`8�2F%��F%��F 31 à N,N-9

%:FEH2((3a)>CDVWAÅA8D�g)�<�áÖÇ/012(3Ã`¾fg�8

%&'( 27)"J+K§¨AB��( 28, 29Kâã¿ä)LM7¾fgVWSgf)��

Åf8��Vh9/F/:;( L,�2F%��F%��F 31àEH2( 3a)-uec

d?K45R.-Ä�8L,Ì45)%&'( 27K45R.åKæDS@K~Å�VW 
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Ph

N

SPh

MeMe

27

+ Nucleophile
Ph

N

SPh

MeMe

Nu
Ph

SPh

Nu

O

Ph

OTBS

31

Ph

O

SPh

28

Ph

O

Ph

O

SPh

29

Ph

O

31% 8%

N

3a

Ph

O

SPh

28

Ph

O

30%

Ph

O

SPh

29

Ph

O

13%

N N

4a

38%

Entry Nucleophile Products

1

2

Table 13.

! 78 oC, 3 h 

/ CH2Cl2

Ph
Ph Ph

Ph
2OTf

(1.2 mol amt.)
1b

or

Et

Et

Et

Et Et

Et

 

$ XS78��.h9/F/:;( RK 2Ð)°±²k7 ¡+ng8ÅÐçÃI,µ¶

Ocd¥¦>AèD%&'( 32
19>CDB8"J+>·t-u@stVW¸78 ¹8º+»

:¼(½8cd?@AB N,N-9%:FEH2( 3a>ÜÝnq8%&'( 32,9/:;(

+<= 1b >�CnqV@Sé8êLMeKfáÖÇ/012(3Ã 33>¾.S@K7r

VWS)@r8EH2( 3aK"J+AVë(99( 4a�ì�AVW 

N

S

S

N

+

! 78 ", 1 h
/ CH2Cl2

1b 

(1.0 mol amt.)

N

20%

32 3a 33

(8)

Ph
Ph Ph

Ph
2OTf

(1.0 mol amt.)

N N

4a

38%

+
OHC

O

S
S

S

S

N

R

OTf

O

Et

Et

Et

Et Et

Et Et

Et

 

S)45ÊË@AB`8%&'( 32 @EH2( 3a )D�gÅK*+>ÑÒ.)78v

í) 2Ð)ÊËKstfg.]Scheme 7_W!6)ÍÎ]path A_7`8��8%&'( 32
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K*+ngB��Vh9/F/:;( R ,8EH2( 3a KopA8h9/F/:;( S

@e.WSgK 1jk*+ng9Ó'HÔÕ T>��8îDB1Ö�(K��ABEH2

( U@e.W45ïðÀ, UK×@45R.S@7/012(3Ã 33>�t.W6å8

!")ÍÎ]path B_`8EH2( 3a )*+7��Vh9/F/:;( V ,%&'( 32

KopA81jk*+>ÍBh9/F/:;( T@eÄ8path A@¿ä,AB/012(

3Ã 33>�t.�)7¢.W 

S

S

N

32

S

S

N

R

N

H

N

N

H

N

N

N

N

33

OHC

N

! e

! H

OTf

O O
O

O O

OTf

2OTf OTf

S

T U

! e

Scheme 7.

N N N

H

N

O

OTf

W

H2O

! e

! e

OTf

S

S

N

O

V3a

path A

path B

S
S

S
S

S
S

S
S

S
S

3a

Et

Et

Et

Et

Et

EtEt

Et

Et

Et

Et

Et

Et

Et

Et

Et

 

%&'( 32)*+jñ` 0.18 V]vs. Fc/Fc
+_7¢Ä8EH2( 3a)*+jñ` 0.77 V

]vs. Fc/Fc
+_7¢.S@Åf8%&'( 32)åK*+ng´DWS)V£8%&'( 32

K*+ng. path A745KPQAV@stBD.W 

S)4578EH2( 3a)"JÃ 4aK�O¾fgVV£8EH2( 3a�9/:;(+

<= 1b �òóngB�ôABD.S@KêLM)²õ@stVWXS78EH2( 3a@

9/:;(+<= 1b > 2 ö÷FJCDB¿ä)45>Q�V@Sé8LMKøùAV

]Table 14, Entry 2_W6å8%&'( 32@9/:;(+<= 1b)\> 30Øú45nq8

h9/F/:;( R>ûüAV�8EH2( 3a>ptV�<,`LMKêíAV]Entry 2_W
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S)S@Åf8h9/F/:;( R`¸78 ¹7� ¡,ýþ7reDS@K~Å�VW 

N

S

S

N

+

! 78 ", 1 h
/ CH2Cl2

1b 

(x mol amt.)

N

32 3a 33

Ph
Ph Ph

Ph
2OTf

(x mol amt.)

OHC

O

Entry x 33 / %

1

2
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1,1,3,3-Tetraphenyl-1H,3H-benzo[de]isochromene (6a).  To a solution of 

1,8-dibromonaphthalene (2.0 g, 7.0 mmol) in Et2O (35 mL) was added n-BuLi (6.6 mL, 2.60 M in 

hexane, 17.2 mmol) at 0 oC 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 NH4Cl. Organic materials were extracted with EtOAc three 

times. The combined extracts were washed with brine and dried over Na2SO4. After removal of the 

solvent under reduced pressure, the residue was dissolved in CH2Cl2 (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 5a (2.7 g, 80%) as white crystals.  m.p. 244–245 oC 

(CH2Cl2–MeOH).  1H NMR (400 MHz, CDCl3) ! 6.95–7.15 (22H, m), 7.37 (2H, dd, J = 8.0, 7.2 

Hz), 7.80 (2H, d, J = 8.0 Hz).  13C NMR (100 MHz, CDCl3) ! 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–1.  

FAB HRMS calcd. for C36H27O 475.2062 (M+1); found 475.2067. 

 

Trimethylsilyl perchlorate (TMSClO4 toluene solution).  To a solution of AgClO4 (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 (TMSClO4, 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 TMSClO4 (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 CH2Cl2 (3.0 mL) and Et2O (10 mL). After the mixture was stirred at room 

temperature for 1 h, the resulting black precipitate was collected by filtration, washed with Et2O (10 

mL) and then CH2Cl2 (3.0 mL) under argon, and dried under reduced pressure to give 1a (2.6 g, 

95%) as dark red crystals.  m.p. 170 oC (decomp.) (Et2O–CH2Cl2–HFIP). 1H NMR (400 MHz, 

CD3CN) ! 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 = 8.4, 1.6 Hz).  13C NMR 

(100 MHz, CD3CN)  ! 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–1.   

 

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 C

78 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 

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 9b (1.61 g, 91%). 

 

9,10-di(p-methoxyphenyl)-9,10-dihydroanthracen-9,10-diol (9b).  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-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 oC was added TMSOTf (40 µL, 

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 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 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 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-di(p-methoxyphenyl)anthracene (13b).  To a solution of 9b (42.3 mg, 0.10 mmol) in 

hexafluoro-2-propanol (2.0 mL) 0 oC was added TMSOTf (75 µL, 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 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 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'-tetraethylbenzidine.  A pale yellow powder, m.p. 255 oC 
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(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. 
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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 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 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-Diethyl-3,5-dimethylaniline (3b).  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%. 

 

3,5-Dichloro-N,N-diethylaniline (3c).  White crystals.  m.p. 71–72 oC (EtOH).  1H NMR (400 

MHz, CDCl3) ! 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, 2.0 Hz).  13C NMR (100 MHz, CDCl3) ! 12.4, 44.5, 109.6, 114.7, 135.5, 149.1.  IR 

(neat) 1585, 1549, 1468, 746 cm–1.  Anal. calcd. for C10H13Cl2N: 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.  1H NMR (400 MHz, CDCl3) ! 2.28 (6H, s), 

2.91 (6H, s), 6.38 (2H, s), 6.39 (1H, s).  13C NMR (100 MHz, CDCl3) ! 21.8, 40.7, 110.7, 118.7, 

138.5, 150.8.  IR (neat) 2914, 1597, 1489, 1354, 816 cm–1.  Anal. calcd. for C15H10N: 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.  1H NMR (400 MHz, CDCl3) ! 2.45 

(6H, s), 3.87–3.90 (4H, m), 5.10–5.20 (4H, m), 5.78–5.91 (2H, m), 6.34 (2H, br s), 6.35 (1H, br s).  
13C NMR (100 MHz, CDCl3)  ! 21.8, 53.4, 110.3, 115.8, 118.3, 129.0, 138.5, 145.3.  IR (neat) 

1597, 1192, 914, 816 cm–1.  Anal. calcd. for C14H19N: 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 oC (EtOH).  1H NMR 

(400 MHz, CDCl3) ! 2.20 (6H, s), 4.60 (4H, s), 6.37–6.41 (3H, m), 7.20–7.26 (6H, m), 7.28–7.34 

(4H, m).  13C NMR (100 MHz, CDCl3) ! 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–1.  Anal. calcd. for C22H23N: 

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 oC (EtOH).  1H 

NMR (500 MHz, CDCl3) ! 1.87 (3H, s), 2.33 (6H, s), 3.23 (3H, s), 6.79 (2H, s), 6.96 (1H, br s).  
13C NMR (100 MHz, CDCl3) ! 21.2, 22.4, 37.1, 124.5, 129.2, 139.3, 144.4, 170.4.  IR (neat) 1652, 

1593, 1375, 727 cm–1.  FAB HRMS calcd. for C11H16NO 178.1232 (M+1); found 178.1203. 

 

N-Benzyloxycarbony-3,5-dimethylaniline (3i).  White crystals.  m.p. 60–62 oC (EtOH).  1H 

NMR (400 MHz, CDCl3) ! 2.26 (6H, s), 5.17 (1H, s), 6.31 (1H, brs), 6.69 (1H, s), 7.22 (2H, s), 

7.30-7.41 (5H, m).  13C NMR (125 MHz, CDCl3) ! 21.3, 66.6, 116.4, 125.2, 128.2, 128.3, 128.6, 

136.1, 137.5, 138.7, 153.3.  IR (neat) 3320, 1701, 1541, 1211, 1074, 839, 684 cm–1.  FAB HRMS 

calcd. for C16H18NO2 256.1338 (M+1); found 256.1311. 

 

N-Benzyloxycarbony-N-methyl-3,5-dimethylaniline (3j).  A pale yellow oil.  1H NMR (400 

MHz, CDCl3) ! 2.30 (6H, s), 3.28 (3H, s), 5.16 (2H, s), 6.85 (3H, s), 7.25-7.34 (5H, m).  13C NMR 

(100 MHz, CDCl3) ! 11.3, 67.2, 123.5, 127.6, 127.7, 127.8, 128.3, 136.7, 138.4.  IR (neat) 1699, 

1597, 1319, 1144, 694 cm–1.  FAB HRMS calcd. for C17H20NO2 270.1494 (M+1); found 270.1478. 

 

N-Methyl-N-tosyl-3,5-dimethylaniline (3k).  White crystals.  m.p. 115–117 oC (EtOH).  1H 

NMR (400 MHz, CDCl3) ! 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).  13C NMR (100 MHz, CDCl3) ! 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–1.  FAB HRMS calcd. for C16H20NO2S 290.1215 (M+1); found 290.1201. 

 

3-Methyl-N,N-diethylaniline (3m) (commercially available).  A pale yellow oil.  1H NMR (400 

MHz, CDCl3) ! 1.15 (6H, t, J = 7.2 Hz), 2.30 (3H, s), 3.33 (4H, q, J = 7.2 Hz), 6.44-6.51 (3H, m), 

7.06-7.12 (1H,m).  13C NMR (100 MHz, CDCl3) ! 12.3, 44.3, 109.0, 125.5, 116.3, 129.3, 138.8, 

145.8.  IR (neat) 2968, 1599, 1496, 1271, 1198, 760, 690 cm–1. 

 

N,N-Diethyl-2-methoxyaniline (3n).  A pale yellow oil.  1H NMR (400 MHz, CDCl3) ! 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).  13C 

NMR (100 MHz, CDCl3) ! 12.0, 46.2, 55.3, 111.3, 120.3, 121.7, 122.6, 138.8, 153.8.  IR (neat) 

2968, 1498, 1454, 1228, 1184, 1113, 1030, 739 cm–1.  Anal. calcd. for C13H19NO2: C, 73.70; H, 

9.56; N, 7.81%. Found: C, 73.61; H, 9.65; N, 7.60%. 

 

N,N-Diethyl-2-methylaniline (3o) (commercially available).  A pale yellow oil.  1H NMR (500 

MHz, CDCl3) ! 0.98 (6H, t, J = 7.1 Hz), 2.29 (3H, s), 2.98 (4H, q, J = 7.1 Hz), 6.97 (1H, t, J = 7.4 

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).  13C NMR (125 

MHz, CDCl3) ! 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–1. 
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N,N-Diethyl-3-methoxyaniline (3p).  A colorless oil.  1H NMR (400 MHz, CDCl3) ! 1.15 (6H, t, 

J = 7.1 Hz), 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).  13C NMR (100 MHz, CDCl3) ! 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–1.  Anal. calcd. for C11H17NO: 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.  1H NMR (400 MHz, CDCl3) ! 1.15 (6H, t, J 

= 7.0 Hz), 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 = 8.5, 8.5 Hz).  13C NMR (100 MHz, CDCl3) ! 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–1.  Anal. calcd. for 

C10H14ClN: 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.  1H NMR (400 MHz, CDCl3) ! 1.15 (6H, t, 

J = 7.2 Hz), 3.32 (4H, q, J = 7.2 Hz), 6.56 (1H, dd, J = 8.0, 2.4 Hz), 6.72 (1H, dd, J = 7.6, 1.0 Hz), 

6.76 (1H, dd, J = 2.4, 1.0 Hz), 7.05 (1H, dd, J = 8.0, 7.6 Hz).  13C NMR (100 MHz, CDCl3) ! 12.5, 

44.3, 110.1, 114.2, 117.9, 123.5, 130.3, 148.9.  IR (neat) 1587, 1491, 1263, 978, 750 cm–1.  Anal. 

calcd. for C10H14BrN: 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(OCOCH3)2 (59 mg, 0.26 mmol), 

bis(diphenylphosphino)propane (dppp) (95 mg, 0.23 mmol) under CO. After stirring at 80 oC 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 Na2SO4. 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.  
1H NMR (500 MHz, CDCl3) ! 1.17 (6H, t, J = 7.1 Hz), 1.38 (3H, t, J = 7.1 Hz), 3.37 (4H, q, J = 7.1 

Hz), 4.36 (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).  13C NMR (100 MHz, CDCl3) ! 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–1.  Anal. calcd. for C13H19NO2: 

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 CH2Cl2 (2.0 mL) was added 1a (61.8 mg, 0.10 mmol) at –78 
oC. 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 NaHCO3. 

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 purified by PTLC (toluene–hexane–CHCl3 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 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.  FAB HRMS calcd. for C24H27N2 

353.2957 (M+1); found 353.2935. 

 

1,1,2,2-Tetraphenylacenaphthene (2).  White crystals.  m.p. 257–258 oC (CH2Cl2–MeOH).  1H 

NMR (400 MHz, CDCl3) ! 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).  13C NMR (100 MHz, CDCl3) ! 75.1, 123.2, 123.4, 125.3, 126.5, 

128.1, 130.9, 131.4, 137.0, 144.9, 149.9.  IR (KBr) 1585, 1491, 1439, 906, 781, 727, 696 cm–1.  

FAB HRMS calcd. for C36H27 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 CH2Cl2 (2.0 mL). Purification by 

PTLC (toluene–hexane–CHCl3 1:3:2) gave 13k (13.0 mg, 49%) as white crystals. m.p. 88"89 oC 

(EtOH).  1H NMR (400 MHz, CDCl3) ! 1.17 (12H, t, J = 7.2 Hz), 3.34 (8H, q, J = 7.2 Hz), 6.72 

(4H, d, J = 7.2, 1.6 Hz), 7.40 (4H, d, J = 7.2, 1.6 Hz).  13C NMR (100 MHz, CDCl3) ! 12.7, 44.4, 

112.1, 127.0, 128.7, 146.1.  IR (neat) 1608, 1504, 1354, 1261, 1194, 904, 725 cm–1.  Anal. calcd. 

for C20H28N2: 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 3c (45.3 mg, 0.21 mmol), 1a (82.2 mg, 0.13 mmol), and CH2Cl2 (2.0 

mL). Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4c (35.5 mg, 78%) as white 

crystals. m.p. 215–217 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 1.20 (12H, t, J = 7.2 Hz), 3.34 

(8H, q, J = 7.2 Hz), 6.65 (4H, s).  13C NMR (100 MHz, CDCl3) ! 12.5, 44.3, 110.0, 121.6, 136.5, 

148.2.  IR (neat) 2967, 1593, 1520, 1471, 1352, 1265, 1188 cm–1.  Anal. calcd. for C20H24Cl4N2: 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 CH2Cl2 (2.0 mL). 

Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4d (80.0 mg, 94%) as pale yellow 

crystals. m.p. 172–174 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 1.88 (12H, s), 2.94 (12H, s), 

6.51 (4H, s).  13C NMR (100 MHz, CDCl3) ! 20.6, 40.7, 111.6, 129.1, 136.9, 149.0.  IR (neat) 

2913, 1602, 1489, 1440, 1352, 1228, 823 cm–1.  FAB HRMS calcd. for C20H29N2 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 CH2Cl2 (2.0 

mL). Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4e (32.8 mg, 81%) as a pale yellow 

oil.  1H NMR (400 MHz, CDCl3) ! 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).  13C NMR (100 MHz, CDCl3) ! 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–1.  FAB HRMS calcd. for 

C28H37N2 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 CH2Cl2 (2.0 

mL). Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4f (45.5 mg, 77%) as white crystals. 

m.p. 195–197 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 1.82 (12H, s), 4.59 (8H, s), 6.52 (4H, s), 

7.20–7.36 (20H, m).  13C NMR (100 MHz, CDCl3) ! 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–1.  Anal. calcd. 

for C44H44N2: 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 CH2Cl2 (2.0 mL). 

Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4m (15.2 mg, 39%) as a pale yellow oil.  
1H NMR (400 MHz, CDCl3) ! 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).  13C NMR (100 MHz, 

CDCl3) ! 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–1.  FAB HRMS calcd. for C22H33N2 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 CH2Cl2 (2.0 

mL). Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4n (16.9 mg, 39%) as white 

crystals.  m.p. 54–56 oC.  1H NMR (400 MHz, CDCl3) ! 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).  13C NMR (100 MHz, CDCl3) ! 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–1.  FAB HRMS calcd. for C22H33N2O2 

357.2542 (M+1); found 357.2566. 

 

N,N,N',N'-Tetraethyl-2,2'-dimethylbenzidine (4o).  Compound 4o was prepared by the method 

described for 4b using 3o (22.2 mg, 0.14 mmol), 1a (53.4 mg, 0.081 mmol), and CH2Cl2 (2.0 mL). 

Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4o (12.5 mg, 55%) as a pale yellow oil.  
1H NMR (400 MHz, CDCl3) ! 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).  13C NMR (100 MHz, CDCl3) ! 12.9, 20.8, 44.3, 

109.0, 112.7, 129.3, 131.0, 137.2, 146.6.  IR (neat) 2966, 1606, 1493, 1354, 1255, 1198 cm–1.  

FAB HRMS calcd. for C22H33N2 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 CH2Cl2 (2.0 

mL). Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4p (ca. 5 mg, ca. 10%) as white 

crystals.  m.p. 76–77 oC.  1H NMR (400 MHz, CDCl3) ! 1.19 (12H, t, J = 7.0 Hz), 3.36 (8H, q, J 

= 7.0 Hz), 3.75 (6H, s), 6.28–6.32 (4H, m), 7.09 (2H, d, J = 8.3 Hz).  13C NMR (100 MHz, CDCl3) 
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! 12.9, 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–1.  FAB HRMS calcd. for C22H33N2O2 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 CH2Cl2 (2.0 mL). 

Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4q (29.0 mg, 74%) as white crystals.  

m.p. 86–87 oC.  1H NMR (400 MHz, CDCl3) ! 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).  13C NMR (100 

MHz, CDCl3) ! 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–1.  FAB HRMS calcd. for C22H21Cl2N2 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 CH2Cl2 (2.0 mL). 

Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4r (38.5 mg, 86%) as a pale yellow oil.  
1H NMR (400 MHz, CDCl3) ! 1.18 (12H, t, J = 7.2 Hz), 3.35 (8H, q, J = 7.2 Hz), 6.61 (2H, dd, J = 

8.4, 2.4 Hz), 6.90 (2H, d, J = 2.4 Hz), 7.06 (2H, d, J = 8.4 Hz).  13C NMR (100 MHz, CDCl3) ! 

12.6, 44.3, 110.0, 114.4, 125.5, 128.8, 132.0, 147.8.  IR (neat) 1597, 1489, 1352, 1196, 795 cm–1.  

FAB HRMS calcd. for C20H27
81Br2N2 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 CH2Cl2 (2.0 

mL). Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 4s (31.9 mg, 80%) as white 

crystals.  m.p. 60–61 oC (EtOH).  1H NMR (500 MHz, CDCl3) ! 0.97 (12H, t, J = 7.1 Hz), 1.77 

(6H, t, J = 7.1 Hz), 3.39 (8H, q, J = 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).  13C NMR (125 MHz, CDCl3) ! 12.6, 13.7, 44.4, 

60.4, 112.7, 114.4, 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–1.  FAB HRMS calcd. for 

C26H37N2O4 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 CH2Cl2 (2.0 

mL). Purification by PTLC (toluene–hexane–CHCl3 1:3:2) gave 12 (29.2 mg, 77%) as pale yellow 

crystals.  m.p. 192–193 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 2.87 (24H, s), 6.88 (2H, d, J = 

7.2 Hz), 6.93 (2H, d, J = 8.0 Hz), 6.99 (2H, d, J = 8.0 Hz), 7.08 (2H, dd, J = 7.2, 7.6 Hz), 7.25 (2H, 

d, J = 7.6 Hz).  13C NMR (125 MHz, CDCl3) ! 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–1.  Anal. 

calcd. for C28H34N4: 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 CH2Cl2 (5.0 mL) was 

added a solution of 3-nitrobenzoyl chloride (2.00 g, 11 mmol) in CH2Cl2 (5.0 mL) at 0 oC 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 

Na2SO4. 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 H2 for 2 d, aqueous NaHCO3 

was added. Organic materials were extracted with EtOAc three times. The combined extracts were 

washed with brine and dried over Na2SO4. 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 0 oC under argon. After being stirred at 50 oC 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 Na2SO4. 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 oC (EtOH).  1H NMR (400 MHz, CDCl3) ! 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, 8.2 Hz).  13C NMR (100 MHz, CDCl3) ! 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–1.  

Anal. calcd. for C18H23N3O: 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 CH2Cl2 (10 mL) was added 1a 

(141 mg, 0.21 mmol) at –78 oC 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 NaHCO3. 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 purified by PTLC (hexane–EtOAc 1:1) to give 

20 (26.5 mg, 76%) as pale yellow crystals.  m.p. 209–210 oC (EtOH).  1H NMR (500 MHz, 

CDCl3) ! 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).  13C NMR (125 MHz, CDCl3) ! 29.9, 40.6, 40.7, 97.5, 

108.1, 109.6, 109.9, 118.7, 121.8, 122.9, 124.2, 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–1.  FAB HRMS calcd. for C18H22N3O 296.1763 (M+1); found 296.1745. 

 

(E)-N,N-Dimethyl-1-phenyl-2-(phenylthio)ethenamine (29)1.  A pale yellow oil.  1H NMR 

(500 MHz, CDCl3) ! 2.74 (6H, s), 5.02 (1H, s), 7.01-7.06 (1H, m), 7.18-7.36 (9H, m).  13C NMR 

(125 MHz, CDCl3) ! 41.1, 87.1, 124.2, 125.5, 127.9, 128.2, 128.4, 129.0, 136.8, 141.2, 158.8.  IR 

(neat) 1549, 1475, 1375, 1068, 735, 688 cm–1. 



 50 

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 oC, 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 NaHCO3. 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 resulting residue 

was purified by preparative TLC (silica gel) to give 1,4-diphenyl-2-(phenylthio)but-2-ene-1,4-dione 

(15.5 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.  1H NMR (500 MHz, 

CDCl3) ! 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), 7.96 (2H, d, J = 7.3 Hz).  13C NMR (125 MHz, 

CDCl3) ! 116.7, 127.3, 128.4, 128.6, 128.7, 128.8, 129.9, 130.6, 133.0, 133.5, 134.9, 135.9, 137.1, 

161.0, 185.4, 193.4.  IR (neat) 2924, 1674, 1637, 1543, 1250, 748, 688 cm–1.  FAB HRMS calcd. 

for C22H17OS3 345.0940 (M+1); found 345.0939. 

 

4-((1,3-Dithian-2-ylidene)methyl)morpholine (34)2.  White crystals.  1H NMR (400 MHz, 

CDCl3) ! 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).  13C NMR (100 MHz, CDCl3)  ! 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 

1a (121.6 mg, 0.16 mmol) at –78 oC, 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 NaHCO3. 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 resulting residue was purified by preparative TLC (silica 

gel) to give 35 (7.5 mg, 32%) along with acenaphthene 2.  A pale yellow oil.  1H NMR (400 MHz, 

CDCl3) ! 1.15 (6H, t, J = 7.1 Hz), 1.87 (1H, q, J = 12.9 Hz), 2.11 (1H, d, J = 12.9 Hz), 2.69 (2H, d, 

J = 12.9 Hz), 3.12 (2H, t, J = 12.9 Hz), 3.34 (4H, q, J = 7.1 Hz), 6.64 (2H, d, J = 8.8 Hz), 7.27 (2H, 

d, J = 8.8 Hz), 9.09 (1H, s).  13C NMR (125 MHz, CDCl3)  ! 12.5, 23.8, 28.2, 44.3, 111.6, 120.0, 

128.7, 148.2, 187.3.  IR (neat) 2968, 1716, 1606, 1520, 1269 cm–1.  FAB HRMS calcd. for 

C15H22NOS2 296.1143 (M+1); found 296.1128. 
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  Table 1.  Crystal data and structure refinement for ichi0130. 

Identification code  ichi0130 

Empirical formula  C36 H26 Cl2 O8 

Formula weight  657.47 

Temperature  120(2) K 

Wavelength  0.71070 Å 

Crystal system  monoclinic 

Space group  P21/a 

Unit cell dimensions a = 16.090(7) Å #= 90.0000(15)°. 

 b = 10.544(4) Å $= 104.6052(17)°. 

 c = 17.881(7) Å % = 90.0000(15)°. 

Volume 2936(2) Å3 

Z 4 

Density (calculated) 1.488 Mg/m3 

Absorption coefficient 0.279 mm-1 

F(000) 1360 

Crystal size 0.50 x 0.30 x 0.20 mm3 

Theta range for data collection 3.05 to 27.48°. 

Index ranges -17<=h<=20, -13<=k<=13, -21<=l<=23 

Reflections collected 16652 

Independent reflections 5037 [R(int) = 0.0296] 

Completeness to theta = 27.48° 74.9 %  

Max. and min. transmission 0.9463 and 0.8732 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 5037 / 0 / 434 

Goodness-of-fit on F2 1.054 

Final R indices [I>2sigma(I)] R1 = 0.0527, wR2 = 0.1420 

R indices (all data) R1 = 0.0593, wR2 = 0.1467 

Largest diff. peak and hole 1.480 and -0.773 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for ichi0130.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

C(1) 5250(2) 1828(3) 8291(2) 17(1) 

C(2) 6090(2) 2115(3) 8701(2) 21(1) 

C(3) 6283(2) 3205(3) 9154(2) 24(1) 

C(4) 5634(2) 4039(3) 9180(2) 24(1) 

C(5) 4780(2) 3802(3) 8777(2) 20(1) 

C(6) 4131(2) 4655(3) 8860(2) 24(1) 

C(7) 3283(2) 4408(3) 8545(2) 24(1) 

C(8) 3061(2) 3324(3) 8084(2) 21(1) 

C(9) 3670(2) 2523(2) 7913(1) 16(1) 

C(10) 4565(2) 2695(3) 8308(2) 16(1) 

C(11) 5150(2) 544(3) 7956(1) 17(1) 

C(12) 5680(2) 218(3) 7446(2) 19(1) 

C(13) 6004(2) -1023(3) 7419(2) 23(1) 

C(14) 6540(2) -1285(3) 6946(2) 27(1) 

C(15) 6744(2) -344(3) 6476(2) 28(1) 

C(16) 6412(2) 878(3) 6478(2) 26(1) 

C(17) 5906(2) 1171(3) 6976(2) 21(1) 

C(18) 4600(2) -352(2) 8200(2) 17(1) 

C(19) 4253(2) -1415(3) 7746(2) 19(1) 

C(20) 3736(2) -2257(3) 8003(2) 23(1) 

C(21) 3549(2) -2068(3) 8716(2) 25(1) 

C(22) 3896(2) -1034(3) 9180(2) 23(1) 

C(23) 4407(2) -180(3) 8926(2) 19(1) 

C(24) 3340(2) 1684(2) 7247(2) 18(1) 

C(25) 3722(2) 1736(3) 6596(2) 19(1) 

C(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) 

O(2) 3163(2) 1339(2) 10781(1) 41(1) 

O(3) 4289(1) 2808(2) 10993(2) 41(1) 

O(4) 3722(2) 1931(3) 9752(2) 51(1) 

O(5) 4258(2) -3967(3) 5254(2) 55(1) 

O(6) 3803(2) -3932(3) 6400(2) 65(1) 

O(7) 4524(8) -2309(16) 6058(8) 59(4) 

O(8) 3159(12) -2503(17) 5193(10) 83(6) 

O(9) 4380(11) -2129(10) 5990(8) 76(4) 

O(10) 3088(9) -2920(20) 5417(9) 120(5) 

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

_______________________________________________________________________________________

C(1)-C(2)  1.398(4) 

C(1)-C(10)  1.438(4) 

C(1)-C(11)  1.474(4) 

C(2)-C(3)  1.396(4) 

C(2)-H(1)  0.9500 

C(3)-C(4)  1.375(4) 

C(3)-H(2)  0.9500 

C(4)-C(5)  1.404(4) 

C(4)-H(3)  0.9500 

C(5)-C(6)  1.413(4) 

C(5)-C(10)  1.428(4) 

C(6)-C(7)  1.364(4) 

C(6)-H(4)  0.9500 

C(7)-C(8)  1.402(4) 

C(7)-H(5)  0.9500 

C(8)-C(9)  1.386(4) 

C(8)-H(6)  0.9500 

C(9)-C(10)  1.447(4) 

C(9)-C(24)  1.471(4) 

C(11)-C(18)  1.436(4) 

C(11)-C(12)  1.437(4) 

C(12)-C(13)  1.414(4) 

C(12)-C(17)  1.415(4) 

C(13)-C(14)  1.381(4) 

C(13)-H(7)  0.9500 

C(14)-C(15)  1.392(4) 

C(14)-H(8)  0.9500 

C(15)-C(16)  1.395(5) 

C(15)-H(9)  0.9500 

C(16)-C(17)  1.384(4) 

C(16)-H(10)  0.9500 

C(17)-H(11)  0.9500 

C(18)-C(19)  1.414(4) 

C(18)-C(23)  1.421(4) 

C(19)-C(20)  1.373(4) 

C(19)-H(12)  0.9500 

C(20)-C(21)  1.396(4) 

C(20)-H(13)  0.9500 

C(21)-C(22)  1.399(4) 

C(21)-H(14)  0.9500 

C(22)-C(23)  1.371(4) 

C(22)-H(15)  0.9500 

C(23)-H(16)  0.9500 

C(24)-C(31)  1.442(4) 

C(24)-C(25)  1.447(4) 

C(25)-C(26)  1.406(4) 

C(25)-C(30)  1.413(4) 

C(26)-C(27)  1.382(4) 

C(26)-H(17)  0.9500 

C(27)-C(28)  1.384(5) 

C(27)-H(18)  0.9500 

C(28)-C(29)  1.385(5) 

C(28)-H(19)  0.9500 

C(29)-C(30)  1.376(4) 

C(29)-H(20)  0.9500 

C(30)-H(21)  0.9500 

C(31)-C(36)  1.407(4) 

C(31)-C(32)  1.425(4) 

C(32)-C(33)  1.382(4) 

C(32)-H(22)  0.9500 

C(33)-C(34)  1.389(4) 

C(33)-H(23)  0.9500 

C(34)-C(35)  1.394(4) 

C(34)-H(24)  0.9500 

C(35)-C(36)  1.382(4) 

C(35)-H(25)  0.9500 

C(36)-H(26)  0.9500 

Cl(1)-O(10)  1.269(16) 

Cl(1)-O(9)  1.399(10) 

Cl(1)-O(7)  1.420(12) 
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Cl(1)-O(6)  1.432(3) 

Cl(1)-O(5)  1.456(3) 

Cl(1)-O(8)  1.489(11) 

Cl(2)-O(4)  1.428(2) 

Cl(2)-O(1)  1.438(2) 

Cl(2)-O(3)  1.438(2) 

Cl(2)-O(2)  1.440(2) 

 

C(2)-C(1)-C(10) 119.8(2) 

C(2)-C(1)-C(11) 113.8(2) 

C(10)-C(1)-C(11) 126.0(2) 

C(3)-C(2)-C(1) 121.8(3) 

C(3)-C(2)-H(1) 119.1 

C(1)-C(2)-H(1) 119.1 

C(4)-C(3)-C(2) 119.1(3) 

C(4)-C(3)-H(2) 120.5 

C(2)-C(3)-H(2) 120.5 

C(3)-C(4)-C(5) 121.5(3) 

C(3)-C(4)-H(3) 119.2 

C(5)-C(4)-H(3) 119.2 

C(4)-C(5)-C(6) 119.1(3) 

C(4)-C(5)-C(10) 120.4(3) 

C(6)-C(5)-C(10) 120.5(3) 

C(7)-C(6)-C(5) 121.5(3) 

C(7)-C(6)-H(4) 119.2 

C(5)-C(6)-H(4) 119.2 

C(6)-C(7)-C(8) 118.7(3) 

C(6)-C(7)-H(5) 120.7 

C(8)-C(7)-H(5) 120.7 

C(9)-C(8)-C(7) 122.4(3) 

C(9)-C(8)-H(6) 118.8 

C(7)-C(8)-H(6) 118.8 

C(8)-C(9)-C(10) 119.2(2) 

C(8)-C(9)-C(24) 114.5(2) 

C(10)-C(9)-C(24) 125.6(2) 

C(5)-C(10)-C(1) 117.3(2) 

C(5)-C(10)-C(9) 116.9(2) 

C(1)-C(10)-C(9) 125.7(2) 

C(18)-C(11)-C(12) 123.1(2) 

C(18)-C(11)-C(1) 119.5(2) 

C(12)-C(11)-C(1) 117.2(2) 

C(13)-C(12)-C(17) 119.0(3) 

C(13)-C(12)-C(11) 121.6(3) 

C(17)-C(12)-C(11) 119.3(3) 

C(14)-C(13)-C(12) 119.9(3) 

C(14)-C(13)-H(7) 120.1 

C(12)-C(13)-H(7) 120.1 

C(13)-C(14)-C(15) 120.5(3) 

C(13)-C(14)-H(8) 119.8 

C(15)-C(14)-H(8) 119.8 

C(14)-C(15)-C(16) 120.5(3) 

C(14)-C(15)-H(9) 119.8 

C(16)-C(15)-H(9) 119.8 

C(17)-C(16)-C(15) 119.8(3) 

C(17)-C(16)-H(10) 120.1 

C(15)-C(16)-H(10) 120.1 

C(16)-C(17)-C(12) 120.3(3) 

C(16)-C(17)-H(11) 119.9 

C(12)-C(17)-H(11) 119.9 

C(19)-C(18)-C(23) 118.7(2) 

C(19)-C(18)-C(11) 122.0(2) 

C(23)-C(18)-C(11) 119.2(2) 

C(20)-C(19)-C(18) 120.3(3) 

C(20)-C(19)-H(12) 119.8 

C(18)-C(19)-H(12) 119.8 

C(19)-C(20)-C(21) 120.1(3) 

C(19)-C(20)-H(13) 119.9 

C(21)-C(20)-H(13) 119.9 

C(20)-C(21)-C(22) 120.5(3) 

C(20)-C(21)-H(14) 119.7 

C(22)-C(21)-H(14) 119.7 

C(23)-C(22)-C(21) 119.9(3) 

C(23)-C(22)-H(15) 120.1 

C(21)-C(22)-H(15) 120.1 

C(22)-C(23)-C(18) 120.4(3) 

C(22)-C(23)-H(16) 119.8 
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C(18)-C(23)-H(16) 119.8 

C(31)-C(24)-C(25) 120.6(2) 

C(31)-C(24)-C(9) 119.6(2) 

C(25)-C(24)-C(9) 119.3(2) 

C(26)-C(25)-C(30) 119.2(3) 

C(26)-C(25)-C(24) 119.4(2) 

C(30)-C(25)-C(24) 121.2(2) 

C(27)-C(26)-C(25) 119.9(3) 

C(27)-C(26)-H(17) 120.0 

C(25)-C(26)-H(17) 120.0 

C(26)-C(27)-C(28) 120.0(3) 

C(26)-C(27)-H(18) 120.0 

C(28)-C(27)-H(18) 120.0 

C(27)-C(28)-C(29) 120.7(3) 

C(27)-C(28)-H(19) 119.6 

C(29)-C(28)-H(19) 119.6 

C(30)-C(29)-C(28) 120.2(3) 

C(30)-C(29)-H(20) 119.9 

C(28)-C(29)-H(20) 119.9 

C(29)-C(30)-C(25) 119.8(3) 

C(29)-C(30)-H(21) 120.1 

C(25)-C(30)-H(21) 120.1 

C(36)-C(31)-C(32) 119.3(3) 

C(36)-C(31)-C(24) 120.0(2) 

C(32)-C(31)-C(24) 120.7(3) 

C(33)-C(32)-C(31) 119.5(3) 

C(33)-C(32)-H(22) 120.2 

C(31)-C(32)-H(22) 120.2 

C(32)-C(33)-C(34) 120.3(3) 

C(32)-C(33)-H(23) 119.8 

C(34)-C(33)-H(23) 119.8 

C(33)-C(34)-C(35) 120.7(3) 

C(33)-C(34)-H(24) 119.7 

C(35)-C(34)-H(24) 119.7 

C(36)-C(35)-C(34) 120.0(3) 

C(36)-C(35)-H(25) 120.0 

C(34)-C(35)-H(25) 120.0 

C(35)-C(36)-C(31) 120.1(3) 

C(35)-C(36)-H(26) 120.0 

C(31)-C(36)-H(26) 120.0 

O(10)-Cl(1)-O(9) 113.4(9) 

O(10)-Cl(1)-O(7) 125.6(9) 

O(9)-Cl(1)-O(7) 12.2(10) 

O(10)-Cl(1)-O(6) 104.0(7) 

O(9)-Cl(1)-O(6) 109.6(6) 

O(7)-Cl(1)-O(6) 103.4(7) 

O(10)-Cl(1)-O(5) 112.3(7) 

O(9)-Cl(1)-O(5) 108.8(6) 

O(7)-Cl(1)-O(5) 102.0(7) 

O(6)-Cl(1)-O(5) 108.48(19) 

O(10)-Cl(1)-O(8) 24.4(9) 

O(9)-Cl(1)-O(8) 96.3(7) 

O(7)-Cl(1)-O(8) 108.1(8) 

O(6)-Cl(1)-O(8) 127.7(12) 

O(5)-Cl(1)-O(8) 104.5(7) 

O(4)-Cl(2)-O(1) 108.96(15) 

O(4)-Cl(2)-O(3) 111.18(18) 

O(1)-Cl(2)-O(3) 109.43(14) 

O(4)-Cl(2)-O(2) 108.59(17) 

O(1)-Cl(2)-O(2) 109.88(15) 

O(3)-Cl(2)-O(2) 108.78(15) 

_________________________________________________________________________________________ 

 

Symmetry transformations used to generate equivalent atoms:
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  Table 4.   Anisotropic displacement parameters  (Å2x 103) for ichi0130.  The anisotropic displacement factor 

exponent takes the form:  -2&2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

C(1) 19(1)  19(1) 14(1)  1(1) 6(1)  -2(1) 

C(2) 18(1)  23(1) 22(1)  3(1) 5(1)  -2(1) 

C(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(8) 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(21) 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) 

C(31) 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) 24(2)  23(2) 42(2)  0(1) 11(1)  -5(1) 

C(35) 27(2)  21(1) 29(2)  1(1) 11(1)  1(1) 

C(36) 22(1)  20(1) 23(1)  1(1) 6(1)  4(1) 

Cl(1) 42(1)  35(1) 30(1)  -4(1) 9(1)  -3(1) 

Cl(2) 24(1)  22(1) 22(1)  -1(1) 8(1)  1(1) 

O(1) 26(1)  33(1) 39(1)  -1(1) 5(1)  9(1) 

O(2) 44(2)  37(1) 42(1)  11(1) 12(1)  -10(1) 

O(3) 25(1)  33(1) 57(2)  -1(1) -7(1)  -2(1) 

O(4) 84(2)  45(2) 35(1)  0(1) 35(1)  19(2) 

O(5) 74(2)  46(2) 50(2)  -13(1) 25(2)  -1(1) 

O(6) 91(2)  55(2) 63(2)  0(2) 44(2)  -14(2) 

O(7) 28(5)  111(11) 38(5)  -28(5) 8(4)  -17(5) 

O(8) 81(9)  80(8) 57(7)  -16(6) -39(6)  52(6) 

O(9) 165(12)  19(4) 77(7)  -23(3) 91(8)  -40(5) 

O(10) 75(6)  194(13) 107(8)  78(10) 52(7)  60(8) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)  for ichi0130. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1) 6541 1552 8670 25 

H(2) 6855 3369 9441 29 

H(3) 5766 4792 9477 28 

H(4) 4290 5418 9143 29 

H(5) 2852 4960 8635 29 

H(6) 2470 3132 7881 25 

H(7) 5853 -1675 7727 27 

H(8) 6771 -2113 6940 33 

H(9) 7112 -535 6150 34 

H(10) 6533 1506 6140 31 

H(11) 5710 2016 7002 26 

H(12) 4379 -1548 7260 23 

H(13) 3505 -2970 7695 28 

H(14) 3183 -2646 8886 30 

H(15) 3779 -924 9671 27 

H(16) 4633 531 9238 23 

H(17) 4053 3620 6717 28 

H(18) 4518 3778 5586 34 

H(19) 4543 1986 4831 37 

H(20) 4092 29 5186 32 

H(21) 3506 -123 6247 25 

H(22) 2135 913 6011 28 

H(23) 897 -266 5969 33 

H(24) 594 -959 7111 35 

H(25) 1530 -497 8309 30 

H(26) 2729 782 8376 26 

________________________________________________________________________________ 
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 Table 6.  Torsion angles [°] for ichi0130. 

________________________________________________________________ 

C(10)-C(1)-C(2)-C(3)· · · · · · · 2.5(4) 

C(11)-C(1)-C(2)-C(3) -170.2(2) 

C(1)-C(2)-C(3)-C(4) -2.0(4) 

C(2)-C(3)-C(4)-C(5) 1.6(4) 

C(3)-C(4)-C(5)-C(6) 176.3(3) 

C(3)-C(4)-C(5)-C(10) -1.7(4) 

C(4)-C(5)-C(6)-C(7) -173.4(3) 

C(10)-C(5)-C(6)-C(7) 4.6(4) 

C(5)-C(6)-C(7)-C(8) -4.4(4) 

C(6)-C(7)-C(8)-C(9) -2.6(4) 

C(7)-C(8)-C(9)-C(10) 9.1(4) 

C(7)-C(8)-C(9)-C(24) -162.0(3) 

C(4)-C(5)-C(10)-C(1) 2.1(4) 

C(6)-C(5)-C(10)-C(1) -175.9(2) 

C(4)-C(5)-C(10)-C(9) 179.9(2) 

C(6)-C(5)-C(10)-C(9) 2.0(4) 

C(2)-C(1)-C(10)-C(5) -2.4(4) 

C(11)-C(1)-C(10)-C(5) 169.2(2) 

C(2)-C(1)-C(10)-C(9) 179.9(2) 

C(11)-C(1)-C(10)-C(9) -8.4(4) 

C(8)-C(9)-C(10)-C(5) -8.5(4) 

C(24)-C(9)-C(10)-C(5) 161.6(2) 

C(8)-C(9)-C(10)-C(1) 169.1(3) 

C(24)-C(9)-C(10)-C(1) -20.8(4) 

C(2)-C(1)-C(11)-C(18) 117.9(3) 

C(10)-C(1)-C(11)-C(18) -54.2(4) 

C(2)-C(1)-C(11)-C(12) -56.5(3) 

C(10)-C(1)-C(11)-C(12) 131.4(3) 

C(18)-C(11)-C(12)-C(13) -29.0(4) 

C(1)-C(11)-C(12)-C(13) 145.1(3) 

C(18)-C(11)-C(12)-C(17) 153.0(3) 

C(1)-C(11)-C(12)-C(17) -32.8(3) 

C(17)-C(12)-C(13)-C(14) 0.7(4) 

C(11)-C(12)-C(13)-C(14) -177.3(3) 

C(12)-C(13)-C(14)-C(15) -1.9(4) 

C(13)-C(14)-C(15)-C(16) 0.2(4) 

C(14)-C(15)-C(16)-C(17) 2.8(4) 

C(15)-C(16)-C(17)-C(12) -4.0(4) 

C(13)-C(12)-C(17)-C(16) 2.3(4) 

C(11)-C(12)-C(17)-C(16) -179.7(2) 

C(12)-C(11)-C(18)-C(19) -27.1(4) 

C(1)-C(11)-C(18)-C(19) 158.9(2) 

C(12)-C(11)-C(18)-C(23) 151.8(2) 

C(1)-C(11)-C(18)-C(23) -22.2(4) 

C(23)-C(18)-C(19)-C(20) 0.4(4) 

C(11)-C(18)-C(19)-C(20) 179.4(3) 

C(18)-C(19)-C(20)-C(21) 0.0(4) 

C(19)-C(20)-C(21)-C(22) -1.1(4) 

C(20)-C(21)-C(22)-C(23) 1.7(4) 

C(21)-C(22)-C(23)-C(18) -1.3(4) 

C(19)-C(18)-C(23)-C(22) 0.2(4) 

C(11)-C(18)-C(23)-C(22) -178.8(2) 

C(8)-C(9)-C(24)-C(31) -49.9(3) 

C(10)-C(9)-C(24)-C(31) 139.6(3) 

C(8)-C(9)-C(24)-C(25) 121.9(3) 

C(10)-C(9)-C(24)-C(25) -48.7(4) 

C(31)-C(24)-C(25)-C(26) 138.7(3) 

C(9)-C(24)-C(25)-C(26) -32.9(4) 

C(31)-C(24)-C(25)-C(30) -36.8(4) 

C(9)-C(24)-C(25)-C(30) 151.6(2) 

C(30)-C(25)-C(26)-C(27) 1.8(4) 

C(24)-C(25)-C(26)-C(27) -173.8(3) 

C(25)-C(26)-C(27)-C(28) -2.7(4) 

C(26)-C(27)-C(28)-C(29) 0.5(5) 

C(27)-C(28)-C(29)-C(30) 2.7(5) 

C(28)-C(29)-C(30)-C(25) -3.5(4) 

C(26)-C(25)-C(30)-C(29) 1.3(4) 

C(24)-C(25)-C(30)-C(29) 176.8(3) 

C(25)-C(24)-C(31)-C(36) 158.5(2) 

C(9)-C(24)-C(31)-C(36) -29.9(4) 

C(25)-C(24)-C(31)-C(32) -22.4(4) 

C(9)-C(24)-C(31)-C(32) 149.3(3) 
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C(36)-C(31)-C(32)-C(33) -0.7(4) 

C(24)-C(31)-C(32)-C(33) -179.9(3) 

C(31)-C(32)-C(33)-C(34) -0.7(4) 

C(32)-C(33)-C(34)-C(35) 0.0(5) 

C(33)-C(34)-C(35)-C(36) 2.0(5) 

C(34)-C(35)-C(36)-C(31) -3.4(4) 

C(32)-C(31)-C(36)-C(35) 2.8(4) 

C(24)-C(31)-C(36)-C(35) -178.1(3) 

_____________________________________________________________________________________________  

Symmetry transformations used to generate equivalent atoms: 
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#$%&'()*+,-./01234/5,-6789:;<=>?@ABCDE>

?7,-FGHI=>JKLM7LN.O4PQRST7UVWX 

 

YZ[U&'2\7]^(_=;=`abc=de)7fg.O4PQRSX 

h4()*+,-6.1WT7:ij3P'2 O7_=;=`abc=deklmDn

op>7 1,8lUqr3SsGct>-uv 4 mwx3SXy1z{'sGct>-uv

4 &'2 O7_=;=`abc=deklm|}3Sl~./3P@�'���1-uv

UVWS�'h4,-��ijU�WX��.'2 ()����PGct>���U�u

m��y����1���):1WS�'������1�m�z�.()*+7�m�

 ,-6.1W:¡¢SX£S'Gct>��¤|m¥¦-§F.¨©.ª�«�S¬­

.3P'®¯6�Gct>��M¤°yW7m±4²X 

sGct>-uv 4 7u�.&³´¦:3PC`µa 3 m¶B'1,8-s·¸¹Dnop

>(1)º�»¼yWst`a 2 m_=nat¸½,U¾�3Pu�3SX¿7C`µa 3

.ÀÁÂnat¸ÃÄI¸Åa;aÆ`a�'ÇÈ�,_=bcaÉ=amÊNyW¿:

.A�C`µa,�mÀÁÂbcasÉ¸ÁÂ>:3P¾Ë�Ì'ÍF:yWsGct>

-uv7ÇÈ�,È 4a 7u�:ÎË.�Ï3SXÐÑ7ÒÓU'ÇÈ�,_=bcaÉ

=a7Ôz�._=bcaÉ=a_=nÕ`_mN4'sGct>-uv7_=nÕ`_

È 4b Tu�U�SÖScheme 1×X 

NH2 NH2 Br Br 1. nBuLi (2.2 mol amt.)

    rt, 2 h / Et2O

2. Ph2CO (2.5 mol amt.)
    reflux, 2 h

Ph
Ph

Ph
Ph

OH OH

0.2 mol amt. CH3CO2H

rt, 10 h / CH2Cl2

CH3OH (excess)

rt, 1h

Ph
Ph

Ph
PhO

2

3

Scheme 1.

80% from 7

1

1. NaNO2 (2.3 mol amt.)
    H2SO4, 0!"/ CH3CO2H

2. HBr, CuBr, rt
    / H2O

19%

Me3SiClO4 (3.0 mol amt.)
in toluene
or Me3SiOTf (3.0 mol amt.)

rt, 2 d / (CF3)2CHOH

4a : X = ClO4 94%

4b :       OTf   99%

Ph
Ph

Ph
Ph

2 X
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T Z\7]^(_=;=`abc=de):3P'sØÙ¸;>_ÕÚ>sÃasGc

t> 6 mwx3SXsGct>-uv 6 &'2O7_=;=`abc=deklm 2O7

Û>Ü>ÝUÞ}qr3P4WX2 O7_=caGct>�'Gct>m��-yWßà

Ý 2Omá/yW¬­m3P@�'��.'|4l~. 2O7Gct>��mâOS�'

sGct>-uv 6 &���UVWX¿�� 2()ãä��W:��1;>_ÕÚ> 8 :

1WS�'sGct>-uv 6 &,-�7h4()*+,-6.1Wij3SX 

st`a 5 m³´¦:3P'ÀÁÂnat¸ÃÄI¸Åa;aÆ`a�'_=bcaÉ

=a_=nÕ`_m 4 å¹aæÊN�ÌW:'KLç&èéê:1�SX¿7KLçm�

ëboì`aUíîyW:'st`a 7a ësb_ÁÉ¦ 7b mï¢'£S 3,5-sð¸¸

-N,N-sCca;<=>m°¢W:'2()ãä��P;>_ÕÚ>8�ñ��S¿:º�'

sØÙ¸;>_ÕÚ>sÃasGct> 6 �ògU�S¿:�óº���SÖScheme 2×X 

HO C6H4-p-OMe

HO C6H4-p-OMe

C6H4-p-OMe

C6H4-p-OMe

RO C6H4-p-OMe

RO C6H4-p-OMe

C6H4-p-OMe

C6H4-p-OMe

(CH3)3SiOTf

(4.0 mol amt.)

0 oC, 10 min

/ (CF3)2CHOH

  (HFIP)

ROH

R = H, Me

Scheme 2.

2 OTf

5

6

8

7a :  R = H   91%
7b :        Me >70%

quant.

NEt2

Cl Cl

 

Yô[U&'sGct>-uv 4, 6 mN4S;<=>?@ABCDE>?7,-FGH

I=>JKL.O4PQRSXYZõU&'N,N-s;aÁa;<=> 10 7,-FGHI

=>J.AW'Û>ss>u�.O4PQRSXN,N-s;aÁa;<=> 10 .Dnop

>sÃa]^(bcaGct>) 4 mÊN�ÌW:';<=> 10 7öÕlÐ÷U,-FGH

I=>J3SÛ>ss> 11 �øùúûñ��SXü.'bol.bcaýë()®�ý

mâO;<=>7þu.øùúûGHI=>J�ÿ�3'!LyWÛ>ss>mï¢SX

ÐÑ7KL&'sØÙ¸;>_ÕÚ>sÃasGct> 6 mN4PTÿ�3SXü. 3,5

l.~"ým/yW;<=>7þu'#øùUÛ>ss>�ñ��SX¿�£U';<=

>?7,-FGHI=>J.&$�S,-6&%14�'sGct>-uv 4, 6 &&�P



 67 

/0UVW¿:�zº�SX 

Ph
Ph

Ph
Ph

2 X

4

N

R'

N

R'

N

R'

(1)

11

C6H4-p-OMe

C6H4-p-OMe

2 X

6

or

Ph
Ph

Ph
Ph

9

C6H4-p-OMe

C6H4-p-OMe

8

or

10

R

R

R

R R

R

 

YôõU&'YZõUQRS;<=>?7,-Fôæ-KLm'(3S'CDE> 12, 

15 7,-FGHI=>JKL.O4PQRSX)©'CDE>&®¯F1-uvUVW�'

CDE>m,-y��®()FKL6:3P*ûT7:¡¢��WXCDE> 12 .sG

ct>-uv 4 mÊN�ÌW:'+�,+��u���ÿ�3'CDE> 12 �ôæ-3

S 1,4-s-_> 13, 14 �ñ��SÖ. 2×X£S'CDE> 15 :;<=> 16 .sGct

>-uv 4 mÊN�ÌSþu.&'/øùU&VW�ð¸^GHI=>J¦ 17 mñW¿

:TU�SÖ. 3×X017A .'sGct>-uvm,-6:y��';<=>?²�

U1û'CDE>?T+�,+��u��KL.2NU�W¿:�3�º.1�SX 

N
S

S

N

+ N

15 16 17

(3)

Ph
Ph

Ph
Ph

2OTf

Ph
Ph

Ph
Ph

4 9

Ph

N

SPh
12

Ph

SPh

O

O

Ph
Ph

SPh

O

O

Ph+

13 14

(2)

4 9

OHC

S

S! 78 ", 1 h / CH2Cl2

32%

44%
(13:14 = 2:1)

! 78 ", 1 h / CH2Cl2

O

(0.6 mol amt.)

(2.0 mol amt.)

(2.0 mol amt.)

MeMe

Et

Et

Et

Et
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#$%&'()*+,-./0123145&6-78,#9:;<=>?@AB*C

DEF!G87HI 

7,.#$%&'()*+,-.JK1238LMN78,.#9O:;PQRSAB.

TUVWXS*YZF!G87HI 

[\&'()]^._`abcd1Oe&MN78,fghij9O:;klmAB.

#9OnopqXS.#9rsOntuvwx*F!G87HI 

#$%ayz^+) X{|}~���&8L���78,#9:;Q���AB.#9

On��J�XS*YZ1��8]�7HI 

7,.��a����&��LMN78,.�9:�����������x*F!G

87HI 

$%B�a�8�.�8�&�*�D ¡�,¢£¤¥x.¦§¨x&©ª(«H)<

=>$%�a¬­*YZF!G87HI 

 

®¯*.$%B�&°±².³´²*µ¶LZ·��,.̧ ¹ º».¼¹ ½¾.¿¹ À.

¿¹ J*CÁ-F!G87HI 
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