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# $%&$'()*+,-./0123456()789:;3<=:>,=?45@ sp2ABCD

EF:GHIJ7KL*MJ7N7 2p CD0>JOPQR$%&$'()7ST+UVWOX,

1901YW Norris1* KehrmannF27Z%[\@]^_^`aW,bcKd7efghi%jkl[%

@mno=:+mpcqrWst23u*v,wtefghi%jk)0Iwtx%yiz{v|w

t}~:��23*�cKd0��3u*0���Hu*W��3<]7�,1902 YWR� Baeyer

+,u^F�c7��@efghi%j'%$'()7�BW�3>7:;3u*0���,]7�

�0”halochromy(�w�c)”*���H(Scheme 0-1)3< 

(C6H5)3C X (C6H5)3C X+

Scheme 0-1.

 

# M�,ghi%�W�3��t��7R�x%�%$'()7ST+,1922YW Meerwein@ ¡

W¢2 1EF 2£7 Wagner¤¥W¦�§,x%�%$'()¨©7ª«¬0���H7@���:

;3<2R®,Meerwein+,1EF 2£7¤¥@¯.°7±�q²v SbCl5,AlCl3,SbCl3R³7

x[e´µ0¶B�v2� Lewiso0·�3*¸QW¹XR3u*0º»�,u7¼½@$'()¬

7=¾µ0¿À�H>7:;3*Á��H(Scheme 0-2)4< 

Scheme 0-2.

Cl

Cl

1 2  

u^+,]^�:Â�F^§�Hw5�Ã7¤¥W�Ä§ÅÆ23ÇÈ*+ÉR3Â�:;�,SN1

¼½v E1¼½R³7=¾µ*�§ÊF^§�345$'()7���:;3(Scheme 0-3)< 
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Scheme 0-3.
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�E�,u7�Ë+ÌÍÎXÏ·Ð^Ñ,ÒÓWx%�%$'()7¨©@ÒÔQWÕEÖF^H

7+,Olah@ 1970YW SbF6
–v Sb2F11

–R³7×Ø¬7Ù�Úxi()0·�,Ûo=:x%�%$

'()7}ÜÝe%Þ�WBß�,ÐFW]^0Kd*�§àá�Hu*W�35<�H,u^*âã

äåæçW,Olah+457$'()è0 Carbocation($%&$'())”*���,]^@é:+$'

()¬45tLê789*�§ IUPAC:ëÖF^§�36< 

ì>�íQR$%&$'()7�B¿î+,(1) SN1¼½W�3ï1KL7ðñòóô,¦�õ (2)

ðö÷KLWÚ23×.Ãø(E+)7�ù,7úJWû�F^3(Scheme 0-4)<³®F7üL>�B2

3$%&$'()+,q²÷vÚxi()*7ý.Qþÿ!·W����t0"�§�3@,#V7

q²=:+$%7&�ð��Rt'è:;�,(®Wû)�§��R=¬ûÃWR3< 

R L

G E

R

GE

Scheme 0-4.

(1) + L

(2) +

(electronegativity : L>R)

(G = C, N, O, etc.)
 

$%&$'()7¼½¿î+,*GXúJW*+:G3<,M+,$%&$'()@�B23*(

W×Øø7×Ø-.v\/e)70á@ÅÆ23>7(Scheme 0-5-A),�H,1+,�B�H$%&

$'()@¤¥v�ù0�§M2È�0stÐ3,]7�:×ØøR³*¼½23>7:;3

(Scheme 0-5-B)< 

R

R
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R Nu

RB BH R

R R

R

+ Nu

++ +

1) Nucleophilic Substitution

2) Elimination

3) Rearrangement

4) Addition

Scheme 0-5.
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# u^F1J7¼½¿î+,LB¼½:+4E3R�56R¼½77J:;�,8W9:7¼½¿î

+,SN1 ¼½v E1¼½*�§;<W=>Ð^§�3 (Scheme 0-3)<�H�:7¼½¿îWJ�§>

è?=>Ð^,Wagner-Meerwein¤¥7v Pinacol¤¥8,@fA)Bt 9R³7LB¼½7CW,(D

gE)7$'()5LW>½·Ð^§�3(Scheme 0-6)< 

H

OH

HO

OHH

O

R

HO

H

R

OH

Scheme 0-6.

Wagner-Meerwein Rearrangement

Pinacol Rearrangement

Polyene Cyclization

 

# u7�FWx%�%$%&$'()+,G?R¼½7ð��R=¾µ*�§ÊF^§�3@,]^

aH0(IÕë23u*+#V7JK :+*sL��<�E�,MWNOH�FW Olah +,±P

¬:×Ø¬7Ù� SO2v SO2ClFR³7q²v,QÛo:;3RSTÝo(FSO3HUSbF5)R³0·�

3u*:x%�%$'()EF7\/e)70á0VW�,ÙX :x%Y[%vZ/[)tx%�

%EF�B23$%&$'()77HNMRv IR}ÜÝe%7Þ�WBß�§�3(Scheme 0-7)
10<�

H,u7�\W��,I]^�:RX,1]$%&$'()7_ÞW>Bß�,u7JK+”��6(

)JK 9
”*`a^§�3<  

Scheme 0-7.

Cl

OH

OH

Cl

Cl

a

b

c

b

a

b

a: FSO3H-SbF5 b: SbF5/SO2 c: HF/SbF5/SO2  
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# $%&$'()7��¬+,q²vÚxi()W�3��bcW$'()45W(IKL23de

�vfg7de�7hi,�H,ûÃÎµ7È�:*GXÉR�,]7jR6�+b 7kJW*+

:G3< 

A# Qïl��W�3��t 

MmWx%�%$'()7��¬+,,M]n,1]n,I]7o:pq23HÖ,,M]$%&

$'()+�B23*(W,1]¦�õ,I]$%&$'()£É¬t23(Scheme 0-7)9<u7��

¬7o¥0rÖ36�@,$'()45WKL�Hx%�%�7Qïl��:;3<Qïl*+,$

'()=?7N7 2p CD*sI23 CtH KL7KL¬ûÃCD@þÿ!·�§,$%&$'()

0��t23��7u*:;3(Figure 0-1)<]7��7uL�+,j'%�@>Ä*>*GX,A'

%,\/v%WR3WJ^§wÐXR3<]7HÖ,UBx7x%�%$'():+ t-y'%$'(

)@ì>��:;3< 

C H
H

H

H

H

CH3 (CH3)C

C CH2

H2C

H2C

H

Figure 0-1.

 

B# xf[%�7ïz��W�3��t 

# $'()45W{)|)BR³7}~B@KL�HüL,]7$%&$'()+}~Bq7�.Ã

W�3U�©t���ïz��t���:*GR��t0"�3<]7HÖ,8W�J7}~B@K

L�Hefxf[%j'%$'()�b ,efxf[%j'fz{6()7890ef'%$'(

)*23�7�X+,�X:>��W¨©:G3$%&$'():,Ú½23efxf[%jkl[

%vZ/[)têEF��WLB:G3<�H,]7È�+,$'()45@sp2ABCD:��È�

01�§�37WÚ�,�J7}~B+¦ÿ�7(%e¥�57�µ��0��23HÖW\/Ü�

�W�33u�å^§�3<�E�,u7�u7�å^:+]7ïl��+�^Ñ,}~BqW.Ã

��¬de�0>JÐFW��R$'()@è?àáÐ^§�3(Figure 0-2)11<!
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C

NMe2Me2N

NHMe

Cl

Ph3C

Figure 0-2.

33 
o

methyl violet  

 

C# ��/�ÃW�3��t  

# �5vo5W��Ð^3��/�Ã+,45�Ã��>.�QW�¬R�5:;3HÖ,]7¯�

��W�Ä§sI23$%&$'()+ð��t23*Â�F^3<�E�,#V+��/�Ã7ï

z��W�3��t@¯���0q�3HÖ,��/�Ã7 -$%&$'()+��tÐ^3<u

7��t��+,��/�Ã7=:8W�5�Ã(xyl�)vo5�Ã(x%Y�¡�)7üLW*GX,

 ¡7�FRïzÈ�¢:$%&$'()0�2u*@:G3(Figure 0-3)< 

X X

Figure 0-3.

X = O, NR

R R

 

�H,��/�Ã:��tÐ^H$'()è+,SN1 ¼½7=¾µv£¬R×.Ãø*�§LB¼

½:�a�a·�F^§�3(Scheme 0-8)12< 

RO

O
X

N

RO

O

X

Nu N

RO

O
OR'

Scheme 0-8.

R'OH

Nu +

Eschenmoser Salt  
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D# sI���W�3��t 

# $'()=?EFûÃ¤7vv¥HÄH¥dW¨©23 n,�,¦,�H+ d .Ã+,$'()=

?457N7 2p CD*þÿ!·23u*:§7��t0>HF2<u7��+,sI���77J

*�§ÊF^,�J7��QR¨@;3< 

i)# 45t4515KL7�� 

# l%&%©)7 7¥We¡%(�¡�0>JtLê7xªe�¡t¼½W¦�§,e¡%(�¡�

*�.Ã7þÚ«d@ anti7üL,]7xªe�¡t¼½7¼½¹u+,�.Ã@R�>7W¬O 10
11

¹XR3(Scheme 0-9-(1))<M�,þÚ«d@ syn7üL,]7¹u+�.Ã@R�>7W¬O 10
4

:;3(Scheme 0-9-(3))13< 

OTs
AcOH

OTs
-TsO

TsO
-TsO

AcOH

AcOH

AcO

OAc

OAc

OAc

Scheme 0-9.

-TsO

k = 10
11

k = 1

+

k = 10
4

anti

syn

(1)

(2)

(3)

 

u^F7K���,�.Ã@e¡%(�¡�70á¹uWhi0��§�3u*@®FE:;�,

ÐFW�Bê7È���$'()=?*�.Ã@þÿ!·�§�3u*@E3<2R®,(1)¢7

üL,xªe�¡tê7�µt'+q¯7�FWe¡%(�¡�7�µ°±*R�,�H,(3)¢7ü

L,e¡%(�¡�@0á�§�B�H$'()@xf%¥W¤¥�H�Wxªe�¡t@ÅÆ23

HÖq¯7�Bê@²F^3<�H,C71B¢tLê0·�HäG7=>W¦�§>,�.ÃW�

3¼½¹u7pq@ºF^3<(Figure 0-4)12< 

OTs
OTs

OTs

k = 5X10
6

k = 1.9X10
5 k = 11

Figure 0-4.
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ii)# ¡Ý/\/v%�7�� 

# ¡Ý/\/v%�+,¡Ý/x%�%�*�§+ÉVRsI$%&$'()��t��@;�,]

7��+ghi%�W³´23<u^+¡Ý/\/µ)B*$'()=?7��@¡Ý/\/v%�

0úòû23�µ«¶(bisected conformation)0*3üLW,¡Ý/\/µ)B7ì±·¸CD

(HOMO)@sI23$'()=?7N7 2pCD*þÿ!·�v2�¥dW¨©23HÖ:;3<M�,

]7«¶EF 90¹¡Ý/\/v%�@º¤�HüL(perpendicular conformation)W+,]7�FRC

D¾7þÿ!·@wÐXR�sI23$'()è0��t23u*+:GR�(Figure 0-5)
14< 

bisected conformation perpendicular conformation

Figure 0-5.

H H

H H

H

HH

H

H

H

 

 

iii) ��/�Ã7�� 

# Uï1.ÃÚ0>J��/�Ã+,8W1�RsI���0¢2<¨�a,ZfY¡%t¼½W¦

�§,»��µ7 2¥Wxª'%�R³7x¡%§°¼�0½¾�HüL,£¬tÐ^H»��µ+,

 ¡7�FRsI���0"�3<]7HÖ,x%Y[%+¿ÀQWÁ-.�§Á-ZfY¡Â0��

3(Figure 0-6)15< 

O

OAc

X

O

O O

O

O O

O

OAc

OR'
Lewis acid R'OH

Figure 0-6.

!"#$
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RO
RO

RO
RO

RO

RO

RO
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E# }~Ã¬W�3��t 

# (4n+2)Ä7�.Ã0>JàBx��ïl@fA)+,MmWÅÆÈ�0*3HÖ��WR3<u^

+$'()è7üL>äG:,(4n+3)�.Ã§7>7+M.ÃÇ�È3*,}~É¬0123��R

tLêWR3(Scheme 0-10)16< 

AcOH
ClO4

Ph

Ph

Ph

AcOH

Ph

Ph

Ph

ClO4

Scheme 0-10.

DDQ, HClO4 DDQ, HClO4

 

 

# bq7�FW,$%&$'()7��tW+,sI23G?Rde�7��@Ê�§�3<]7H

Ö,$%&$'()0£·23¼½:+,·�3�Ë7wÐRÈ�7Ì�:$'()=?7¼½¬+

*GXÉR3<�H@Ä§,$'()=?�f7È�vde�0F�XÍÎ2^a,$%&$'()

0¿À23¼½v$%&$'()0Ïø*23ÐHR¼½@çÑ:G3<]u:Ò:+,8Wïz�

�*�§ (1) ��/�Ã7ïz��,¦�õ (2) xf[%�7ïz��WÓÔ�,]7��W�Ä§

��tÐ^H$%&$'()è0£·23=>0ÆFu*W�H<�Ñ��/�Ã7ïz��0Õ·

�H¼½0ó��,ÖWxf[%�7ïz��0Õ·�H¼½ø7×Ø*LB¼½£7½·0ÆÄH<

b W]^_^78Ù0£·�H¼½7¨0ÚÛ,í=>7Ü6WJ�§NO3< 

 

(1) ��/�Ã7ïz��  

# ��/�Ã,8W�5�Ã(xyl�)vo5�Ã(x%Y�¡�)+C7��/�Ã��>ïz��W

�3$'()7��t«Ý@ÛX,]^F7 -$%&$'()+G?R¼½7=¾µ*�§Õ·Ð^

§�3<]7$'()è7�B¿î+,�7���/�Ã*KL�H45qW;30á�0,ÞÌR£

¬tø7¨© :0áÐ33>7(Scheme 0-11)17*,�ú�Aßy)vAl[%A[�%R³,��

/�Ã7de�Hx%à)á0×.Ãø*¼½Ð33>7(Scheme 0-12)7,úJW*+:G3<  
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�Ñ9:+,��/�Ã7ïz��0Õ·�Hde¼½77J:,â=W�B23��/�Ã7ï

z��t0F�H$'()è@ã=¾µ*R�,ÛÝR×Øø0·�3u*RXde¼½@Æ�3< 

N

CO2Me

OMe
BF3 OEt2 Ph

OSiMe3

N

CO2Me

N

CO2Me

N

CO2Me

Ph

O

Scheme 0-11.

92%

 

�H�::+,��/�Ã:deÐ^H(DgE)á@×.Ãø*¼½�§Ð��KL0¶B�,

��/�Ã7ïz��0"�H$'()è@�B23<u7$'()è0�B23Ó7×.Ãø*7

¼½+,45ä0åæ23HÖ756R¼½:;�,LB¼½:>çèW·�F^3<u7�B�H

$'()è+,]7��Ö7x%�%t¼½R³7×.Ãø*�§Õ·Ð^3u*>;3@,�X7

üL+,¼½éêæW·�3�:ù�û)�§$%&i%tLêWR3E,�B�H$'()è@Ú

xi()*¼½�§=¬tLêWseÐ^3< 

PhCHO

N

O

Ph

OTMS

Cl

O

MX X

Cl

Ph Ph

OM O
TMS

N

O

O

X

Ph Ph

OM O
TMS

Cl

N

O

O

TMSX

H3O
+

Ph Ph

OOH

O

O

Scheme 0-12.

+

+

# bq7�FW,�5�Ã(xyl�);3�+o5�Ã(x%Y�¡�)7ïz��W�Ä§��tÐ^

H$'()è0Õ·23¼½+,LB¼½*�§ë©ìXÕ·Ð^§�3< 

# *uí:,np�Ã+,o5�Ã*äÃ:äG7.Ã«d0>Ä§¦�,Uï1.ÃÚW�3ïz

��@çÑÐ^3<�E�ÒÓ+,np�Ã*45�Ã7 3p-2p¾7�þÿ!·+,o5�Ã*45

�Ã7 2p-2p ¾7�þÿ!·W¬O+3EWwÐ�HÖ,np�Ã(x%�%'(�)7ïz��+o

5�Ã(x%Y�¡�)7üL��>wÐ�<u^+,je�¡�;3�+j'%'(�0>J�î~

o7o)á�ï0¬ð23*®FE:;3(Table 0-1)
18< 
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RX H CH3O CH3S

Table 0-1.

Km/Kp 1 2.5 1.87

O

OH

O

O

+ H2O + H3O
+

RX RX

Km

O

OH

H2O
O

O

H3O
+

+ +

Kp

RX RX

 

2R®,�î~o7o¬u+}~Bq7de�7èáv¥d:st23<8W.Ã��¬de�

@µ�¥v(%e¥W;3üLW+ïz��7hi:o¬u@Ù �,M�,jk¥W;3üLW+,

ïz��@o¬uW��3hi+wÐ�<]7HÖ,jkde�î~o*µ�de�î~o7o¬u

7¬0¬ð�H*G,µ�de�î~o7o¬u7Ù °@*G�>7â³de�7ïz��0"�

§�3u*WR3<µ�¥;3�+jk¥Wx%Y�¡��H+x%�%'(�0>J�î~o7o

)á�ï0Þ�23*,µ�¥Wx%�%'(�0>J�î~o7âF@x%Y�¡�0>J>7�

�>o¬u7Ù °@wÐ�<u7K���,x%�%'(�7âF@x%Y�¡���>ïz��

@wÐ�u*@E3< 

�E�,x%�%'(�7ïz��0Õ·�H¼½+ï�X��Ð^,¨�a,à�)S'(xª

k[%vñi%}%gEÂ0·�H[4+2]�ùBt¼½v 1,3-òPÃ�ù¼½R³@;3(Scheme 

0-13)19< 
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N
O

O
S

S

S

S

BF3 OEt2

THF

O

S S

N O S

S

O

S S

Scheme 0-13.

55%

+
88%

Ph N
Ph

O
SPh

Ph

N
Ph

SPh

O
N SPh

Ph

Ph

N
H

SPh

Ph

+
toluene

81%

+
cat. Yb(OTf)3

75%

 

�H,Ò:F7=>�:>ñi%}%gEÂvà�)S'(xªk[%0·�H ,Á-ðö÷$%

&i%tLê*7[2+2]�ùBt¼½0���§�3(Scheme 0-14)20< 

O N CO2Me

O O
SMe

SMe

O N CO2Me

O O
SEt

Me

O N

O O CO2Me

MeS SMe

O N

O O CO2Me

Me SMe

Scheme 0-14.

+
chiral catalyst

96%

+
chiral catalyst

51%
 

]u:Ò:+,x%�%'(�7ïz��WÓÔ�,8Wà�)S'(xªk[%0·�3Ð��

¼½7ó�0Ôó�H<2R®,à�)S'(xªk[%+, ,Á-ðö÷$%&i%tLê*7

¼½:[2+2]�ùBttLê0��3u*@EÄ§�3<�E�,x%ôõÂvxªk[%0×.Ã

ø(E+)*�§¼½Ð3^a,Bt¼½+ÅÆ3ÑWx%�%'(�7 ¥W$%&$'()@�B2

3<]7$'()è0]7��Ö7¼½7×.Ãø*2^a,×Øø(Nu-)*¼½Ð33u*:ÐHR

KL0¶B:G3*Â�H(Scheme 0-15)< 

A
SR

SR

B

E

SR

SR

BA
SR

SR

A B

Scheme 0-15.

+E

Nu

E Nu
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J��,à�)S'(xªk[%0·�3u*:,]7(DgE)ö¥W×.Ãø¦�õ×Øø7

÷:0øù�§¼½Ð33u*@:G,K�*�§�Bû7øK¼½0úB:G3*Â�H<u7¼

½7;<WJ�§,,Mû:NO3<ÖW,$%&$'()0¼½=¾µ:+RX¼½ø*�§Õ·

23u*Wüý0>®,ÐHR$'()è7×Ø*LB¼½£7½·0ÆÄH< 

 

(2) xf[%�7ïz�� 

# xf[%�7ïz��*�µQRþ±Ð7hi0"�§��tÐ^H$%&$'()+,�X:�

�Wàá:G3>7@�X,efghi%j'fz{6()(b ,ef'%$'()*`ÿ)+ì>

1�R>77MJ:;3<u7ef'%$'()7w(b ,ef'%w*`ÿ)+,}~BqWG?

Rde�0>J¯½µ@!WLB,àáÐ^,Úxi()7Ì�:]7��¬v¬Ë@ÉR3u*>

ÊF^§�3<]7LB\+,Ú½23efxf[%jkl[%vZ/[)tefxf[%jk)E

F��WLB23u*@:G3(Scheme 0-16)21< 

YAr

Ar

Ar

AgXAr

ArAr

X

Ac2O
OHAr

Ar

Ar

Scheme 0-16.

Y = Br, Cl

HX or aq. HX

triarylmethylium ion salt
           (trityl salt)

X = BF4, PF6, ClO4, B(C6F5)4, etc  

�E�,Ú½23x%Y[%EFef'%w0LB23üL,"�#ov$w5o�qrR³7Ï

ø0·�3HÖ,�B7ÓW·�HoR³@Kd=WÇ�%�^3ª«¬@;3<]7HÖ,&'R

ef'%$'()0LB23üL+,Ú½23Z/[)têW(w0!·Ð3,"�JK:LB23

�\@)F^3< 

# ef'%w+¼½Ïø*�§�a�aÕ·Ð^§�3<¨�a,SõÂ/}~ÃtLêWef'%

w0!·Ð33*,]^@otø*�§ÊG,0�5Ð^H}~ÃtLê0��3<(scheme 0-17)22< 

Scheme 0-17.

Tr
+
ClO4

-

90%
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# �H,*v+fyô),(}yz{R³7,-.Éx%à)´µ+,ef'%w*¼½�§õÂf

Âvx%Y�¡Â0/G0E^,Ú½23$'()¬´µWseÐ^3(Scheme 0-18)23<.Ã-1W

�3ÇÈ*õÂfÂvx%Y�¡Â@(I/G0E^3ÇÈ7÷�@Â�F^3@,;<+ð®:;

3< 

Cp(OC)2Mo

MeO

OEtO
OAc

Fe(CO)3

Cp(OC)2Mo

MeO
Fe(CO)3

O
OAc

PF6

Tr
+
PF6

-

Scheme 0-18.

Tr
+
PF6

-

95%

99%

 

# ÐFW,ef'%w+ Lewiso*�§>!·�,x%Â[%¼½v Michael�ù¼½,ZfY¡%

t¼½72²W>R3(Scheme 0-19)24< 

OSiMe3

Ph

O

PhCHO

Ph

OSiMe2

t
Bu

O

OAc

OBnBnO

BnO

SiMe3

O

Ph

OSiMe3

O

OBnBnO

BnO

Ph Ph

TBSO O

Scheme 0-19.

+
cat. Tr

+
ClO4

-

81%

syn/anti < 5/95

+

cat. Tr
+
ClO4

-

77%

syn/anti = 64/36

Michael addition

Aldol reaction

Glycosidation

+

cat. Tr
+
ClO4

-

97%
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LBÐ^Hu*+RX,ûÃ¤7UVWf�¥dWúJ7$'()=?@?�Ð^§�3HÖ,#V

7ef'%$'()W+R�¼½¬@çÑ:G3*Â�H<ûÃ¤WúJ7$'()=?0>JS$

'()tLê+, ¯7>70 OlahF25@��6()JK :LB�§�3 (Figure 0-6)< 

Me

MeMe

Me

Figure 0-6.

 

�E�,ÒÓW�X:��Wàá:G3S$'()w+UVW@RX,ef'%$'()@ñgh

i%:ABÐ^Hñ}�efxf[%j'fz{�tLê@ï¨;3^�:,]^F@¼½ø*�§

Õ·Ð^H��+�^R�(Figure 0-7)< 

4-MeOC6H4

C6H4-4-OMe

C6H4-4-OMe

4-MeOC6H4

2 BF4

4-Me2NC6H4

C6H4-4-NMe2

C6H4-4-NMe2

4-Me2NC6H4

2 BF4

Figure 0-7.
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; >?@AB2CDEFGHIJKLMNOPQRHISTRHIJKLMNCUVWXYZ[1\

]J2^P_`.a.bcdS$%&'()*+,-.efJFGHIghij2)kbc&lOP

mno&Smp-.m-%.efJQRHISTRHIghij2)kbc&lEWBqrIsEt

uv89wgxyPzefECv{z5|V}~Ey1\j�jPLewis Tef/�w�s�j�0

1v��S�Ye89J��PFGHIghij2)kbc&lOP[2+2]P[4+2]�{��89S 1,3

���I�{89efJ��89J�1'mpbc.�j��y2^P�4�`���j�V�0[

��1v(Scheme 1-1,1-2)
 1\ 

N
O

Pr
i

3SiO

OMe

O

O

O
S

S

S

S

SMe
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S S

N O S
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O
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Scheme 1-1.

55%

+

88%

+

67%  
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SPh

Ph

CO2Me
MeO2C

CN

PhS

+
toluene

81%

+
cat. Yb(OTf)3

75%

+
75%

Scheme 1-2.

 

"�P��J���@VFGHIghij2)kbc&l/01v89/��j�1v\ue��P

�,�-� ¡¢.£`.��¤EtjP$%&'()*+,-.S_`.a.bcdP¥¦§.¨.

a.bcdefJ)kbc&lg Lewis T©ª«¬@[2+2]�{��89/®S�E¯°u(Scheme 

1-3-a)\2 

O N CO2Me

O O
SMe

SMe

O N CO2Me

O O
SEt

Me

O N CO2Me

O O

Bu SMe

O

OMe

Ph OH

Ph
Ph

OH

Ph
Ph

TiCl2(O
i
Pr)2

O N

O O CO2Me

MeS SMe

O N

O O CO2Me

Bu

MeS

O N

O O CO2Me

Me SMe

Scheme 1-3-a.

+
chiral catalyst

96%

+
chiral catalyst

51%

+
chiral catalyst

92%

chiral catalyst : +

 

; ±²AB2��89OP³E´µ$%&'()*+,-.S_`.a.bcdgqrIsEtj*

.¶.()·J�¸@q¹º»uv°�@�¸E¢.£¢()&g¼½P¾EP)kbc&Jq¹º

»EC¿�¼½25IÀJ*`)&Ág]J¢()&Â¸�89uv°�@Ã7uv\]J2^P8

9ÄÅEC¿�OÆÇÈJ¢()&Á�ÉÊ¥¦�&efJË89gÌÍjP��¼4¤/ÎÏ�y



ÐÑe1��VÒv(Scheme 1-3-b)\ 
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O O
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SMe
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Scheme 1-3-b.

+
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; FGHIghij2)kbc&l/01289@P°JCDe�Ó��¤/ÐÑe189�j�OP

$%&'()*+,-.E�Ôb.)¦ÕT��Ôm(.Ö×&/Ø0[Ùv�)kbc&Â¸g 

¡j2'()*+,-.gÚÉ�v89S$%&'()*+,-.J)kbc&Â¸@JqrIhi

89P�Ô(.¢()&ECvÛdÔdÜÝÞÝ/ßàuvq¹s�J89efgáâÉ�v 

(Scheme 1-4)
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´2P_`.a.bcd/012ãäJ89@OPLewis T/�w�s�uv*.åÛd�J¢.

£`.-m&89efgÒv(Scheme 1-5)
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Scheme 1-5.

+
82%

(syn/anti = 4/96)

+
86%

(syn/anti = 99/1)
 

; j�jP°�Éæ�Ó��¤/ÐÑv89@OP�Ó��¤/Úv89JCDe)kbc&Â¸J

çè]�é�EqrIsÒv1Oq¹s/êë@Ýv89Oì�ífeyP$%&'()*+,-.

S_`.a.bcdg�4�`���j��0[��1e1\]°@îïOP�Ó��¤/Úv89

�æ�Ó��¤/Úv89/ðñ��Ùv°�@PFGHIghij2)kbc&/01vòj18

9/óô@Ýv�õÑ2\ue��P)kbc&lgqrIs(E+)Eq¹º»j2öE¼½v*`)

&Á/)kbc&J¢()&Â¸�89je1CDE÷øjP]°EùÂ�Éò2eq¹s(Nu-)/ú

{u�û¢()&Â¸�q¹sg89jPqrIsüCý)kbc&lPq¹sJ345gþÿ@6

7j2��¤g!&"��@�4@ÝvCDEev(Scheme 1-6)\ 
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$ A'BCDEFGHIJK?@LMNBOI()*+,-./012PQ,R-STUV2WX2Y

Z[\[2+2]]^_Y`6a\3bcde561fgaBIJKOQ,R-STUV2WX2YZ[Hhi

6jklm\deI[2+2]n65O[4+2]]^_Y<=3oapq5\rs?t6./0123uvI

()*+,-./012@<=3w>xE(Scheme 1-1)fy2z*{|*}.2~��+�,2./

012(1)\()*+,-./012 2a H��Y,0*3�4p�I�����y������B<

=3��`6\IR-�y��,-z�)2 3P{��@��B�?tEfa@;�F�I()*+,

-./012 2a P Lewis �@���B./012 1 Hj� ¡de56a\Pi>�Ip?H¢8

dE,-z�)2 3OI{£¤ 4an65O 4b@¥¦B<=§¨H��dIgtP<=��©H^s

E�HFªe^�9«pte¢8dE\rs?t6f 

Ph OMe

OMe SEt

SEt

TiCl4

H2O

Ph SEt

SEtOMe
Cl

Ph SEt

OMe O

CH2Cl2

Ph SEt

SEtOMe
Cl

+

Scheme 1-1.

!23 °C, 2 h

   solvent

toluene : 61%

: 39%

1 2a

3

4a

1 : 2a : TiCl4 = 1 : 1.2 : 1

4b

 

gaBIa@{£¤ 4H�@hi�Hj�m3<=p�t¬I4a@V,-*��Hj�mP®p

tEYZ[P�?t6\rsEfd>dI./012 1 \()*+,-./012 2a H��Y,0

*3�4p�e{£¤ 43¯8p�IgaH°±²@�,2�,��3³^dE\a´I<=§Oµ

¶H·¸Hq�¹º\`6R-�y��+,-./012 5a 3»¼`6a\OB½q>ªE(Scheme 

1-2)f 
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Ph OMe

OMe SEt

SEt

TiCl4

Ph SEt

SEtOMe

MeLi

Cl

Ph SEt

SEtOMe
Cl

Ph SEt

SEtOMe
Me

+
!23 °C, 2 h

   toluene
1 2a

Scheme 1-2.

1 : 2a : TiCl4 : MeLi = 1 : 1.2 : 1 : 5

!23 °C to rt, 2 h

5a trace

4a 4b

 

gaBIa@¾¿3«À`6ExHOIÁUq<=Â@j�m@ÃÄPÅÆBn6\rsIÇÈÉ

ÊdE\a´I�.*YË\ 2ÌÍ2²@�,2�,��>?ÎÏdEÐÑÒÓËÔÕ23456a\

BIjklmI()*+,-./012Ij�m@789P:;dER-�y��+,-./012

5a3Ö×q��>Ø{��@ antiuÙÂB�E(Entries 5-7)3fÚEIÛ�YË\�,2�,��>?

ÎÏdEÒÓËÔÕ4ÜÝ�Y/���\�,2�,��>?ÎÏdEÒÓ/���ÔmBOI¹º\

`6+,-./012 5aO��ÖÞ�?tq>ªE(Entries 2,4)fqßI¢8`6{£¤ 4@àáÂ

3râdeITable 1-1ãä@<=OIj�ÂßFv�åÂ@æ5y�çè1y.X-*3é.X-*

\`6y��,2��2y�çè1y(Me3SiOTf)3êÂYm\de45I-78 ëB<=3ìªEf 

Ph OMe

OMe SEt

SEt

Me3SiOTf

MeLi

MeMgBr

Me2CuLi

Me2Cu(CN)Li2

Me2Cu(CN)Li2

Me2Cu(CN)Li2
b

CeMe3

Ph Me

MeO SEtEtS

+

1 2a

!78 °C, 2 h

   toluene

Nucleophile

!78 °C, 1 h

Table 1-1.

4

Entry Nucleophile Yield /% (syn/anti)

32

41 (34/66)

72 (21/79)

74 (23/77)

71 (26/74)

Complex mix.1

3

4

5

6
a

7

1 : 2a : Me3SiOTf : Nucleophile = 1 : 1.2 : 1 : 1.2

5a

a
0.5 h in the first step, 

b
slow addition over 1 h

2 trace
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ÑHI{£¤ 4Héd�,2åãí@j�Ç@®3ÔîE\a´I�,��./,��Üïð*

�z�)2@zñè1yI(y*@zñè1y3<=p�E\½HIgtòté=`6789P:;

dE]^¤ 5b,c,d3Ö×q��B�E(Table 1-2)fa@FGHI�åÂPóÞ>Ø<=Â@Ð5j�

m345EôZHé=`6]^¤ 5P��ÖÞ�?t6a\3bcdEf 

Ph OMe

OMe SEt

SEt

Me3SiOTf

Ph

OLi

LiPh Ph

MeO SEtEtS

Ph

Ph

MeO SEtEtS

Ph

O

NaCH(COOEt)2 Ph

MeO SEtEtS

CO2Et

CO2Et

Ph Nu

MeO SEtEtS

+

1 2a

!78 °C, 0.5 h

     toluene

Nucleophile

!78 °C, 1 h

Table 1-2.

4

5 (syn/anti)

5b 81% (syn/anti = 39/61)

5d 78% 

(diastereomer ratio = 12/16/32/40)

5c 83% (syn/anti = 32/68)

Nucleophile Product Nucleophile Product

1 : 2a : Me3SiOTf : Nucleophile = 1 : 1.2 : 1 : 1.2
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gaBÑHI��j�mHhseõö����\@<=3ÔîE\a´I��Y÷�(�y��zy

��).2ø������(ã�IRed-Al\ùú)3����m\dE\½HI¹º\`6+,-./0

12 5eP��ÖÞ�?t6a\3bcdE(Table 1-3, Entry 5)f 

Ph OMe

OMe SEt

SEt

Me3SiOTf

NaBH4

NaBH3CN

Ph H

MeO SEtEtS

+

1 2a

!78 °C, 0.5 h

     toluene

Nucleophile

!78 °C, 1 h

Table 1-3.

4

5e (syn/anti)

Entry Nucleophile 5d /% (syn/anti)

L-selectride

LiAl(O
t
Bu)3H

Red-Al 85 (33/67)

48 (35/65)

No Reaction

Complex mix.

Complex mix.

1

2

3

4

5

1 : 2a : Me3SiOTf : Nucleophile = 1 : 1.2 : 1 : 1.2  

ãû@FGHIüýþ./012 13jklm\dE()*+,-./0123456789:;

<=3bc`a\PB½Efa@<=OI!Ý89Hz�)2Ü(y*@zñè1y3456a\BI

ÿÈq!"å3#Ø+,-./012P$Ø@()*+,-./012>? one-pot BZ8B½6a

\3%?>HdEf 

gaBÑHI&<=@å&"'Â3(x6ExI)*þ@./012 6345E+ÿ@789:;

<=HØ5eÉÊdE(Table 1-4)fj�m\deïð*�z�)2@zñè1y3uvI./012

1 \+ÿ@,-B<=3ìªE\a´I./H<d<=O0\123ì�4I5Þ@67P8�pt

E(Entry 1)fgaB<=,-39�ÉÊdE;�I�:3y2z*>?+;ðð�0*Hhs6\<

=<�P=ºH>ûdIé=`6+,-./012 7PÖ×q��B�?t6a\P%?>HqªE

(Entries 1,2)fÚEI1.5ÌÍ2²@ Me3SiOTf345e<=3ÔîEPI7 3��ÖÞ�6a\OB

½q>ªE(Entry 3)fd>dIïð*�z�)2@�y����\@<=©£3$©£>??©£H

@¬`a\B��P>ûdI()*+,-./012Hjklm\j�mP;ZdEYZ[ 73 68%

@��B�6a\H8AdE(Entry 4)f 
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OMe

OMe

Ph

SEt

SEt

Me3SiOTf NaCH(CO2Et)2
MeO SEtEtS

CO2Et

CO2Et

Ph+

6 2a

!78 c, 1 h

Table 1-4.

7

Entry Conditions

  !78 °C

Conditions

7 /%(syn/anti)

14 h, toluene

6 h, CH2Cl2

6 h, CH2Cl2

trace
a

58 (38/62)

51 (38/62)

68
c 

(38/62)6 h, CH2Cl2

1

2

3
b

4

a
recover of 6 : 83%,

 b
Me3SiOTf (1.5 molar 

amt.), 
c
2 h in the second step

6 : 2a : Me3SiOTf : Na enolate = 1 : 1.2 : 1 : 1.2  

 

ãûI./0123jklm\`6()*+,-./012345E789:;<=HØ5eCD

Ef&<=OI()*+,-./012PjklmHj� ¡de¢B6V,-*{£¤PÿÈqj

�m\<=dIé=`6+,-./012PÖ×q��>Ø one-pot BZ8B½6a\3%?>Hd

EfÚE)*þ@./0123jklm\`6ôZIy2z*@hi�H+;ðð�0*3�:\d

e456\()*+,-./012@./012Hé`6<=<�PCDºH>û`6a\3%?>

HdEf()*+,-./0123456&EFOIj�m@ÇG3hs6HIB$ÇG@()*+

,-./012>?ÿÈqR-�y��+,-./012P one-potBZ8B½6ExI./012>

?@Jd5��KLMF\de/NB½6fgaBÑHat?@Ob3ê>dI.2~��3jkl

m\de456()*+,-./012@789:;<=HØ5e#ÉÊdEfg@PQ3Ñ%BC

D6f 
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1
  

2
  

3
  

4
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!%& $ '()*+,-./012345-16789:;<=>?@AB 

$ C&DEF-./012GHIJKLM34N'()*+,-./01;<=>?@ABOP4M

QRNSTUDV&DEFC&;@W2XOLMF-16782GHIJKLM345'()*+,

-./01;<=>?@ABOP4MQR5S345-1678E 3-YZ[1\]^,)-1678

(8a)KLF_=>`;GaJOEFC&;ABD34NGaJ;bDcdeABfgh9iN Red-Al

2jklSTUDF-./01234NmnKop;qrsD<=>?@AB2tuN@WFvuK

w5<=>?@ABE-./01;mnxydz{|D}~LN(Scheme 1-3)SAB���F��=

�2�D��w5UKD��5��1,��X9:���+1��1X2��LF�Bw5�-78]

��*+,-./01 9aaf��h��D�:�NSU;*+,-./01 9aa;*-�(�,j�

�EF���4UKO-./01234NmnKE�DFsyn  2¡¢LM£¤5UKf¥:9Oh

iN(syn/anti = 61/39)5S 

O

Ph

SEt

SEt

Me3SiOTf

H3O
+

H

Me3SiO SEtEtS

Ph

H

HO SEtEtS

Ph

+
!78 °C, 0.5 h

     CH2Cl2

Red-Al

!78 °C, 1 h

8a 2a

                   9aa 

78% (syn/anti = 61/39)

8a : 2a : Me3SiOTf : Red-Al = 1 : 1.2 : 1.2 : 1.2

Scheme 1-3.

H

OMe

OMe

Ph

SEt

SEt

Me3SiOTf NaCH(CO2Et)2

MeO SEtEtS

CO2Et

CO2Et

Ph+

6 2a

 !78 °C, 2 h

                7 

68% (syn/anti = 38/62)

  !78 °C, 6 h

     CH2Cl2

6 : 2a : Me3SiOTf : Na enolate = 1 : 1.2 : 1 : 1.2

 

$ TUDU;j��f�¦w5UKO§`LF-16782!"=>Kw5'()*+,-./01

;<=>?@AB2xy¨©Oª«w5UKKLNS¬OFp®h Lewis�234MT�¯�;A

B2°±LNKU²FLewis �;³´OxiM*-�(�,µ0;�=°f syn¶anti·73¶27 9:

syn¶anti·23¶77 ¸D¹ºw5UKf¥:9OhiNST;»¼EF½O���+1��1��Y

¾0�(Me3SiOTf)h¿;�1À)�Á;�-[,)2dP Lewis �;mnOEFsyn  fÂÃKhy
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(Entries 1-3)F"ÄF_YÅºÀÆÇ*È+1È0(1É (BF3ÊOEt2)Ë_Ìº-1Í[ÆÎ(AlCl3)

h¿;Ga�;Ï5�-[,)2dP Lewis�DEFanti f¡¢w5UKf¥:9OhiN(Entries 

5-7)SÐOFMe3SiOTf234NKÑEF`ÒKw5*+,-./01 9aaf 78Ó (syn/anti = 61/39)

D�:�F¸N BF3ÊOEt2DEF*+,-./01 9aaf 75Ó (syn/anti = 23/77)D�:�NS 

O

Ph

SEt

SEt

Lewis acid

HOTf

Me3SiOTf

TiCl4

SnCl4

BF3 OEt2

AlCl3

HOSO2C4F9

H

HO SEtEtS

Ph

Table 1-5.

+
!78 °C, 0.5 h

     CH2Cl2

Red-Al

!78 °C, 1 h

8a 2a
 9aa

Entry Lewis acid 9aa /% (syn/anti)

50 (73/27)

78 (61/39)

73 (54/46)

45 (32/68)

75 (23/77)

36 (26/74)

42 (66/34)1

2

3
a

4

5

6

7

8a : 2a : Lewis acid : Red-Al = 1 : 1.2 : 1.2 : 1.2

a
workup by acidic conditions

H

 

 

$ TUDÔOFMe3SiOTfK BF3ÊOEt2;%P;Õ�ºJ34NmnOÖ×2ØyF'()*+,-.

/01;ÙÚÛIÜÝÞXfAB;ß j��Ë��O£¤5àá2âRN(Table 1-6)S'()*+

,-./01 2;ÙÚÛIÜ;ÝÞXfF�+1X 2bËÈ+1X 2a;mnF��Ë*-�(�,j

��OãEäKk¿h9iNfFåæ\]^1X 2c;mnEFMe3SiOTfFBF3ÊOEt2KdO`Ò�;

��EçsLN(Entries 1-3)S¸Nèé'()*+,-./01 2eËYZ[1+,-./01 2d;

mnOEF345Õ�ºJ;³´Ox:ê syn  f¡¢LM�:�N(Entries 4,5)SU�:;@Wx

yFT�¯�;ß ë� 2j�ÒO�5N;cìqrEÔ;xíOh5SwhîïF(1) Me3SiOTf

2Õ�ºJKLèé'()*+,-./01 2e2345K syn 2¡¢LM£¤F̧ N(2) BF3ÊOEt2

2Õ�ºJKL*È+1'()*+,-./01 2a2345K anti 2¡¢LM£¤5(Entries 2,5)S

ð:OFABñò2-78 ó9:-94 ó¸Dsô5KT�¯�;j��f¼ÜLFMe3SiOTf2345K
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9aef 74% (syn/anti = 76/24)F¸N BF3ÊOEt2345K 9aa f 74% (syn/anti = 18/82)D�:�5UK

f¥:9OhiN(Entries 6,7)S 

O

Ph

SR

SR

Me3SiOTf or 

BF3 OEt2

R

Me (b)

Et (a)

Ph (d)

Et (a)

Me3SiOTf
a BF3 OEt2

H

HO SRRS

Ph

Table 1-6.

+
!78 °C, 0.5 h

     CH2Cl2

Red-Al

!78 °C, 1 h

8a 2
 9a

Entry

9a /% (syn/anti)

i
Pr (c)

-(CH2)2- (e)

65 (61/39) 78 (20/80)

78 (61/39) 75 (23/77)

59 (66/34) 61 (31/69)

18 (94/6) 23 (74/26)

77 (73/27) 76 (70/30)

-(CH2)2- (e)

74 (18/82)

74 (76/24)

1

2

4

5

6

3
b

7
b

a
workup by acidic conditions, 

b
!94 °C

8a : 2 : Lewis acid : Red-Al = 1 : 1.2 : 1.2 : 1.2

H

 

$ U;xíOF345 Lewis�;�-[,);³´Ë'()*+,-./01;ÙÚÛIÜ;ÝÞX

;³´OxiM�=�;ß j��f¹ºw5�õEFsyn   anti T�¯�f�=w5öO÷õw

5øùéúfëh5NKû¤M45S 

 

(1) syn f¡¢LM�=w5mn 

syn ;�=�EFMe3SiOTfh¿;�1À)�Á;�-[,)2dPÕ�ºJ234NmnO¡¢

LM�:�FÐO'()*+,-./01KLMèé; 2e 234NKÑOT;»¼füýh5SU

�EFÕ�ºJ;�-[,)fGa�;ç4��Y¾0�-[,)DÏ5NF'()*+,-./

01f-1678OGaþÿLM��5!1"!+,)#$KÕ�ºJ;�-[,)f%&'3w5

UKfDÑêF(éøùéú62÷õLMABw5NDÏ5(Figure 1-3s)S 
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O

HR

Me3
Si

OTf

R S

Me3SiO S

Figure 1-3s.

syn

!"#$"%

H Me

S S

 

(2) anti f¡¢LM�=w5mn 

$ anti  ;�=�EFBF3ÊOEt2Ë AlCl3h¿;�-[,)f)]*)º�å,);Õ�ºJ;KÑO

¡¢LM�:�FÐO*È+1'()*+,-./01 2a 234NKÑOT;»¼füýh5SU

;qrDEF345Õ�ºJ;�-[,)fGa+2dPNF'()*+,-./01f-167

8OGaþÿLM��5!1"!+,)#$OÕ�ºJ;�-[,)f%&'3w5UKf,-Oh

5ST;NF./èøùéú7KhyF'()*+,-./01;,�Y0)Ü;�+1XfÈ1-

��-1$O2ÝLNéúDABf}~LFanti f¡¢LM�:�5xíOh5S 

F

B
O

H

R

F

F

Figure 1-3a.

anti

!"#$%&'

Me

SEt

SEt

H

R SEt

F2BO SEt

 

 

¸NFèé;'()*+,-./01 2eËÙÚÛIÜfYZ[1X;'()*+,-./01 2d

234Fanti 2�5qrDAB2~iNmnFÜQ;3¥O4ME¸:h4�;ß j��(syn)D

�=�f�:�M45(Table 1-4, Entries 5,6)SU�E'()*+,-./01;ÙÚÛIÜÝÞX;

ß 56OxyFÕ�ºJ;�-[,)K�=LN!1"!+,)#$f%&'3DÑh4NKû

¤M45(Figure 1-4)S 
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O

HR

BF3

Me

S

S

H

F

B
O

H

R

F

F

SR

R SR

Me3SiO

R SR

F2BO SR

O

HR

BF3

F

B
O

H

R

F

FMe

S

S

H

Figure 1-4.

syn

anti

!"#$"%

&'(#$"%

H Me

S S

H Me

S S

 

ÔOFsyn 2¡¢LM£¤5qr(Me3SiOTf7èé'()*+,-./01 2e)Dp®h-167

8234N'()*+,-./01;<=>?@AB2~iN(Table 1-7s)Sh8F9sU;qr23

4NAB2:syn j�ÒhAB:K;<ST;@WFåæ\]^1-1678Ë=)>-16782

34Nmnd�Bw5*+,-./01 9fFT�¯� syn/anti =79/21Fsyn/anti =81/19;j��D

�:�N(Table 1-7s, Entries 4,5)S 

R

O S

S

R

PhCH2CH2 (a)

Ph (c)

PhCH2CH2 (a)

Me3SiOTf H3O
+

R H

HO
SS

Table 1-7s.

+
0.5 h, CH2Cl2

Red-Al

!78 °C, 1 h

8 2e
 9

Entry Temp. /°C 9 /% (syn/anti)

i
Pr (b)

i
Pr (b)

!78

!78

!94

!94

!94

77 (73/27)

74 (76/24)

58 (73/27)

47 (79/21)

74 (81/19)

1

2

3

4

5

8 : 2e : Lewis acid : Red-Al = 1 : 1.2 : 1.2 : 1.2

H
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¸NFanti  2¡¢LM£¤5qr(BF3ÊOEt2+*È+1'()*+,-./01 2a)Ddp®h-

1678234M<=>?@AB2~iN(Table 1-7a)Sh8F9sU;qr234NAB2:anti

j�ÒhAB?K;<S¸êFBF3ÊOEt22-1678 8a O�LM 2.4 @A1B34NKU²F*+

,-./01 9aa ;��f¼Üw5UKfî9iN(Entries 1-3)STUDFT;A1°Dåæ\]^

1-1678Ë=)>-1678O�w5AB2~iNKU²F��h��D�Bw5CD  9f�

:�NSð:OF�:�NCD  9;j��EFåæ\]^1-1678F=)>-1678fT�

¯� syn/anti =27/73Fsyn/anti =23/77;j��D anti 2¡¢w5UKf¥:9OhiN(Table 1-7a, 

Entries 4,5)S 

R

O SEt

SEt

BF3 OEt2

R

PhCH2CH2 (a)

Ph (c)

PhCH2CH2 (a)

R H

HOEtS SEt

Table 1-7a.

+
0.5 h, CH2Cl2

Red-Al

!78 °C, 1 h

8 2a
 9

Entry Temp. /°C 9 /% (syn/anti)

PhCH2CH2 (a)

i
Pr (b)

!78

!94

!94

!94

!94

75 (23/77)

74 (18/82)

81 (18/82)

70 (27/73)

61 (23/77)

1

2

3
a

4
a

5
a

8 : 2a : Lewis acid : Red-Al = 1 : 1.2 : 1.2 : 1.2

a
BF3 OEt2 (2.4 molar amt.)

H

 

 

U;xíOFÕ�ºJ(Me3SiOTf or BF3ÊOEt2)K'()*+,-./01(2e or 2a)2EunîFN

'()*+,-./01;<=>?@ABfFGP9;-1678O�LMdì3DÑ5UK2¥:

9OLNSTUDÔOFGHIJKLM(E)-'åH-1678234 Me3SiOTf 234M¸ê syn j

�ÒhAB2~iNKU²FTable 1-7-s OILN-1678KEëhyß j��EJÑýçsL

syn/anti =65/35KhiNS(Scheme 1-11)S 
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O

Ph

S

S

Me3SiOTf H3O
+

H

HO
SS

Ph

Scheme 1-11.

+
!78 °C, 0.5 h

     CH2Cl2

Red-Al

!78 °C, 1 h

8d 2e  9de

73% (syn/anti = 65/35)
8d : 2e : Me3SiOTf : Red-Al = 1 : 1.2 : 1.2 : 1.2

H

 

¸NFBF3ÊOEt22345 antij�ÒhqrD(E)-'åH-1678K;AB2tuNKU²F`Ò

Kw5*+,-./01 9da 2���ý�5UKEDÑh9iNSL9LFÕ�ºJ2 BF3ÊOEt29

: Me3SiOTfOK¤5UKDF9da; anti 2¡¢LM�5UKO=LLN(Scheme 1-12)S 

O

Ph

SEt

SEt

Lewis acid

Me3SiOTf

BF3 OEt2

H3O
+

H

HO

Ph

SEtEtS

Scheme 1-12.

+
!78 °C, 0.5 h

     CH2Cl2

Red-Al

!78 °C, 1 h

8d 2a  9da

8d : 2a : Lewis acid : Red-Al = 1 : 1.2 : 1.2 : 1.2
: 17% (syn/anti = 34/66)

: 80% (syn/anti = 24/76)

H

 

$ ÜMABDEFLewis�KLM Me3SiOTf234M45N Scheme 1-11OILNABKop;j

��;�=�fNOð�5fFPöET�KE�; anti f syn/anti = 24/76;j��D¡¢LM�

:�NSU�:(E)-'åH-1678234Nmn;ABO84MFß j��;¨©hQRSTE

¸l¥:9DEh4SL9LFo�Õ�ºJ(Me3SiOTf)234MdÜM;xíhj��;�¦fQR

LM45NF'()*+,-./01;ÙÚÜÝÞXfß j��;QROJÑhàá2UVLM

45UKfû¤:�5S 

$ U;xíO Red-Al 2GaJKw5'()*+,-./01;<=>?@ABDEFÕ�ºJK'

()*+,-./01;ÙÚÛIÜÝÞX2j<UKDFWX-16789: syn 8xY anti ;

CD  9 T�¯�2��hj��K��Dn=w5UKO=LLNSTUD BF3ÊOEt22345 anti

 2¡¢LM�5ABqrDFRed-Al;KîyOµ])�È�(1;Z��ÆÎÌ2GaJKLM3

4op;AB2~iN(Scheme 1-13)SvuKw5<=>?@ABEß j�ÒO}~LNfF�=

�E`Ò� 11f¾1�)ºLN�OÈ/)+,01(EtSH)f[\LN]WX¾1�) 10KLM^\

DÑNS 
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29 

$

O

Ph

SEt

SEt

BF3 OEt2 NaCH(CO2Me)2
HO

Ph

SEtEtS

CO2Me

CO2Me

O

O

Ph

CO2Me

SEt

Scheme 1-13.

+
!94 °C, 0.5 h

     CH2Cl2

!94 °C, 1 h

8a 2a
11

10 75%

(syn/anti = 18/82)

8a : 2a : Lewis acid : Nu = 1 : 1.2 : 1.2 : 1.2

H

 

$ ÔOF'()*+,-./01;,�Y0)#$f_ÝÞ; 2fÏ54E 2g234Fß ë� f

�=Lh4<=>?@AB2~iN(Table 1-8)ST;@WF*È+1'()*+,-./01 2f23

45xydèé'()*+,-./01 2g 234NKÑO��f�4UKf¥:9OhiNSU�

EFèé;'()*+,-./01 2g2345UKDF!1"!+,)b|  12`;'()*+,

-./01;CDfabð�NNKû¤M45S¸NFÕ�ºJKLME Me3SiOTf Ë BF3ÊOEt2

2345xydcÌº+/)234NKÑOFcd�4��D�Bw5*+,-./01 9agf�:

�NS 

O

Ph H

SR

SR

Me3SiOTf

BF3 OEt2

TiCl4

Ph SR

OM SR

H

HO RS

Ph

SR

Table 1-8.

+
!78 °C, 0.5 h

     CH2Cl2

Red-Al

!78 °C, 1 h

8a 2

 9af or 9ag

Lewis acid

Entry

9 /%

Lewis acid R = Et (f) R = -(CH2)3- (g)

1

2

3

57

54

64

69

76

79

12
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$ 9ÜF-16782GHIJKLM345'()*+,-./01;<=>?@ABOP4MQR

NSV&DEFRed-Al2GaJKLM34FÕ�ºJË'()*+,-./01;ÙÚÛIÜÝÞX

2¨©Oª«w5UKDF�=w5�-78]��*+,-./01 9;dß ë� T�¯�2¡¢

ÒO�5N;ABqr2efLNSVABD�:�5�-78]��*+,-./01EF"gOn

=fhiKð�M45-1678|;jã-1801 Kklhºn�DÏ5ST;N'()*+

,-./012345VmnEFoL4�-78]��-1678kl ;n=nKLMpqDÏ5S

¸NFRed-Al;KîyOµ])�È�(1;Z��ÆÎÌ2GaJKLM34NmndF�Bw5C

D fß j�ÒO�:�5UK2¥:9OLNS 
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5
  

6
 Mahwald, R. Chem. Rev. 1999, 99, 1095. 

7
 Kabalka, G. W.; Wu, Z.; Ju, Y. J. Organometallic Chem. 2003, 680, 12. 
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!"#$ '()*+,+-./0+123456789:;<=4>?@7?A 

 

!%& BC 

DEFGHIJ;KL*+0.MNOPQFGRSLTUVW.XW0YZM7[\F]^O>?

_`abcde5fLAghicgVjkilFLmn7*+0.M7opqr5fsicgVrO

tihNuL*+0.M7v,wYZxyz{|7}~�����bJG7L�hiVj��v,w

YZL�bcNO��L�AsiV BF4M��L PF6OClO4OSbCl6OB(C6F5)4M��r5fsiOl

Jyz{|�}~bJG7abcNO���L/*���x���Z��p�bJ*+,+-./0

.�r,.�-.�x,�Z�7�����abc�AsicgV1j 

$ kiLvbcO1997���hNO*+0.M7� ¡¢L£�¤UJopqabcO'¥¦w.7

2,2’�L*+0.W0YZ§��G\'()*+,+-./0+123M)�¨O'¥¦w.©W0

YZaª«31 �5fbJjshLk7'¥¦w.©W0YZ 1 NO¬\7®¯�>?�°k±k

a�²³bJ2j!%NO'¥¦w.©W0YZ 1 �´µ¶�12F·¸±VaO¬\7W0YZ¹º

ti»ir 1 ¼½·¸si'�©W.a�^Ot7¾F�©W.¹º¿ÀrÁ5b 9,9,10,10-Â*�

¥¦w.-9,10-©ÃÄ�¥¦ÅZ*ÆZ 2 L�VkaF]VjlJ!"NOkkFÇfbJ©ÃÄ�

¥¦ÅZ*ÆZ 2LO,�w12�©W. (4-BrC6H4)3N
È+SbCl6

É� 2ÊË.ÌÍAsÎVaO27*

+,+-./0.É*+,+-./0.Á5r=4siO'¥¦w.©W0YZ 1�ÏÇ±VkaF

]V(Scheme 2-1)j 

Ar

Ar

Ar

Ar
Mg

Ar

Ar

Ar

Ar

Ar Ar

Ar Ar

Scheme 2-1.

(4-BrC6H4)3N 
+
SbCl6

-
2

OMe

NMe2

a :Ar =

b :Ar =1

2

2 BF4    or 2 SbCl6

 

¿Ð7>?�*+0.MFÑKaO*+0.�©W.7 Sp3ÒÓ¿À7Á5ÔfL;V 1,1,1,2,2,2-
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Õ�Ö¥¦w.×ØZNÙnÇfÎÚOÛÜ^L%Ý7*+0.�©W.rGK%Ý7*+0.�©

W.7yz{|LÞ¤bJ456rßhiV(Scheme 2-2)j 

Ph Ph

Ph Ph
Ph Ph

Ph

PhPh

Ph

Ph

Ph

Ph

Ph

Scheme 2-2.

2

 

'¥¦w.©W0YZ 17¼à4á¯âãNOÖäå+æåX.ØZ/*+-L;VçèrÑÜiO

1ax 1bLv±V¬¼½é7·¸êr[\7êabcëìsiO©ÃÄ�¥¦ÅZ*ÆZ 2ax 2bL

v±V¬¼½é7=4êG[\7êabcëìsicgV(Scheme 2-3)j 

Ar

Ar

Ar

Ar
2 BF4

Ar Ar

Ar Ar OMe

NMe2

2 e

2 e

a :Ar =

b :Ar =

1 2

Scheme 2-3.

1a 1b

Ered -0.25 -0.88 Eox

2a 2b

+0.98 +0.28

E/V vs Fc/Fc
+

 

lJOyz{|Lí�Vî�7}~��dbJïvð'¥¦w.©W0YZ 37ñ5LNO¬\7

W0YZ¹º7·¸¼�rti»ií�VJòOÖäå+æåX.ØZ/*+-L[¼½é7êr¬

\ëìsiV7LvbO©ÃÄ�¥¦ÅZ*ÆZ 47=4êN¬¼½ér[\7êabcëìsiV

(Scheme 2-4)3j 

Ar
2

Ar
2

Ar
1

Ar
1 2 BF4 Ar

1
Ar

2

Ar
1

Ar
2

OMe

O

NMe2

NMe2

2 e

2 e

Ar
1
 =

Ar
1
 =

3 4

Scheme 2-4.

3a 3b

Ered -0.36 -0.22 Eox

4a 4b

+0.37 +0.30

E/V vs Fc/Fc
+

Ar
2
 =

Ar
2
 =

a :

b :

-0.91 -0.65
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shLOk7ïvð'¥¦w.©W0YZ 37·¸óôL:õVö÷ø�ùú(ûå*.rìSs

ic:^Oïvð*+0.W0YZ§�Lüý±V¬\7ùþÿrO·¸óôL:gc[\Ú\!"

±Vkar#$sicgVjt7Á%;^O'¥¦w.©W0YZ 3r·¸si©ÃÄ�¥¦ÅZ*

ÆZ 4L�V>?NO'�©W.¹&q�'ü±VasicgVj 

$ lJ|(7©W0YZ456��LGO*+0.W0YZ§�r'Å¥0.¡¢F)*siJ©W

0YZ456 5x'()©,+-.×0+123456 7��r5fsiOt7¼à4á¯âãL�

±Vçèr+òhicgV(Scheme 2-5)4j 

Ar

Ar

Ar

Ar

Ar

Ar

Ar

Ar

2 BF4

2 BF4

Ar

Ar

Ar

Ar

Ar

Ar

Ar

Ar Ar

Ar

NMe2

X

5 6

=

a : X = O

b : X = S

5a 5b

Ered +0.03 -0.06 Eox

6a 6b

+0.81 +0.44

Scheme 2-5.

Ar =

E/V vs Fc/Fc
+

7 8
+0.01 V vs Fc/Fc

+

-0.81 V vs Fc/Fc
+

2 e

2 e

2 e

2 e

 

 

k7;K�é½,7-.L¬\7*+0.W0YZ§��G\©W0YZ456rO·¸/0F¬

¼½�1õ2^ORS�¹3456L�~siV34NO©W0YZ456r=4`abc756�

G\ka�7bcgVjb8bO©W0YZ456�=4`abc�AbJ>?N9:²³r�nO

t7u�;<abc=7¬\r>UhiVj!%NOkilFL¼à4á¯âãr?IhicgV©

W0YZ456ÙcrOyz{|L©/0.,�@���7¼½AB��G\RS�G7F]^Ot

ih�=4`abc�A±VJòLN=4CrD^�gkaF]Vj!"NO'¥¦w.]VgN'

Å¥0.¡¢7©W0YZ4567ñ5OEFGL;^¬\7W0YZ¹ºr:HgLIiJ�}L

JKbKVkaFOti»i7W0YZ¹º734rLM7*+0.Ma�Üh�n�VkaF]Vj 
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k7;K�NO�PlUcQRNOyz{|L/*���x©/0.,�@���7¼½AB��

GJÚO8\'¥¦w.©W0YZ;^G¬\7W0YZ¹ºr-g�}LSSsiJTbg©W0

YZ�5fbOti�>?_`OL=4`abc�A±Vka�UVbJjWq¯LNOÅ¥ØÆ

Z7 1,8�L*+0.W0YZ§��G\©W0YZ456(�¨OÅ¥0.©W0YZaª«)9 �5

fbOti�=4`abc�A±Vka�>UJ (Figure 2-2)j 

PhPh

PhPh

2 X

PhPh

PhPh

Figure 2-2.

2 e

2 e

9 10

Nu

 

k7Å¥0.©W0YZ 9NO¬\7W0YZ¹ºrÅ¥ØÆZ{F)*sic:^O'¥¦w.

x'Å¥0.F)*sicEFGöX�©W0YZ456 3x 5aNí�Vjt7JòO¬\7W0

YZ¹ºr'¥¦w.F)*siJG7;^G-g�}LSSsic:^O¬¼½1õ2YJ�LW

0YZ¹º&7Á5Çf>?rZ[L+Ñ±Va\]F6VjlJOÅ¥0.©W0YZ 97W0Y

Z¹ºNOW0YZ¿À7^¼¯�>_L;YcLM7*+0.M;^`RS4siVJòOt7é

·¸si[n�^OÁ%¯L'¥¦w.��F)*siJ©W0YZ456;^Gag=4Cr\]

F6VjshLOé½,7-bbJ�}L¬\7*+0.W0YZ§�r]VJòOti»i7W0

YZ¹ºÞ-7cqderf6n�^O,wYZî7W0YZ¹ºLv±Vghijr°k^kn�

Vjt7JòO,wYZîaÅ¥0.©W0YZ 9�>?sÎJñ5O,wYZî7ghijLlm

bc©W0YZ456@7¼½nãr°k^O©W0YZ456r=4`abc5na\]siVj 

lJOÅ¥0.©W0YZ 9�=4`abcAgV>?7®abcOoÇf6F]V,pÅ¥Â

Z 10 7RS3râqhiVjrUsODDQ5x,�w12�©W.((4-BrC6H4)3N
È+SbCl6

É)6Ot;½

uv1Ó456(IBX)7��7de=4`NO>?7+ÑaoLgn\87ÕÂ�;½�GYJoÇf

6rÇf±VjkiLvbOÅ¥0.©W0YZ 9L;V=4>?FNOÒ4wÓ7,pÅ¥ÂZ 10

roÇf6a�V(Table 2-1)jt7JòO©W0YZL;V=4>?FNOoÇf6r>?Lxy±

z{NO|a}�>UV~�r�gj 
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O

O

Cl

Cl CN

CN

OH

OH

Cl

Cl CN

CN

N

Br

Br Br

SbCl6

N

Br

Br Br

I

O

O

O
OH

I

O

O

OH

DDQ IBX

Table 2-1.

Oxi. form

Red. form

 

k7;KLÅ¥0.©W0YZ 9LNOLM7*+0.M]VgN'¥¦w.x'Å¥0.F)*

siJ©W0YZ456LN�g>?3r\]F6VjtkFO!"#FNk7©W0YZî789

ati�=4`abcAgJ>?7��L\gcHIVj 

�:O çè�¹O2004 �L�^ Gabbaï h8L;YcÅ¥ØÆZF)*siJÅ¥0.©W0Y

Z 11a,b-BF475f�r²³siJ (Scheme 2-6)j 

OHHO

Ar

Ar

Ar

Ar

(CF3CO)2O
Ar

Ar

Ar

Araq. HBF4

Scheme 2-6.

2 BF4

79%

11a-BF4 Ar = Ph

11b-BF4 Ar = 4-MeOC6H4

94%:

:
11

 

k7Ý�FNO'((*+,+-./Ø@-.)11 8hÅ¥0.©W0YZ 11a,b-BF4�5f±V�

LÂ*�¥.Y��1=w��(aq. HBF4)�AgVJòO�w`abc��Ì7*+¥.Y��=�w

6��K~�r]VjkKbJ����AbJñ5O��r�n8\�_37�gW.XZ=r�Ç

f6abcÇ�VJòOtih�©W0YZ4567Á�8h�ÙL2^�nkar�òc��F]

VjtkFQRNO�w��F7©W0YZ45675f���bJj 
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1
 (a) Dubowchik, G. M.; Radia, S. Tetrahedron Lett. 1997, 38, 5257. (b) Lapidot, Y.; Groot, N.; Weiss, M.; 

Peled, R.; Wolman, Y. Biochim. Biophys. Acta 1967, 138, 241. 
2
 Suzuki, T.; Nishida, J.; Tsuji, T. Angew. Chem. Int. Ed. Engl. 1997, 36, 1329. 

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

4
 (a) Suzuki, T.; Yamamoto, R.; Higuchi, H.; Hirota, E.; Ohkita, M.; Tsuji, T. J. Chem. Soc., Perkin Trans. 2, 

2002, 193. and references therein. (b) Higuchi, H.; Ohta, E.; Kawai, H.; Fujiwara, K.; Tsuji, T.; Suzuki, T. J. 

Org. Chem. 2003, 68, 6605. 
5
 (a)  

6
  

7
  

8
 Wang, H.; Webster, C. E.; Perez, L. M.; Hall, M. B.; Gabbai, F. P. J. Am. Chem. Soc. 2004, 126, 8189 and 

references therein. 
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!"%$ &'()*+*,-./*012345647 

$ 89:;<=>?@)*/-A647BCDEFGH)*+*,-.IJ,-@KLMNOPHQ

BRDEFGHSTUV3)*+*,-./-@WALMNOPHQB6XYZ[H\]^]_`6

QB:CDa-ba/cVZd7GHe@fZgdGH=hDfRiF]jGkla/cV345L

47GH=h6mnR]oCpOqk\rQs`6QB:CDtuRqH&'(STUV3)*+*,

-./-)14647Zv]wDxy/-la/cV3456z{47@CpOqk(Scheme 2-7)\ 

HO OH

Ph Ph

PhPh

2 HX

Cl Cl

Ph Ph

PhPh
AgX

Ph Ph

PhPh
2 X

Ph Ph

PhPh
2 X

2 H2O+ +

Scheme 2-7.

?

12 13

14 13  

$ |}:D~fmn�^Yz{'�,-:xy/-la/cV345L47GH=h@Dlc,- 12

^�����6fZ��]=�,�- 12a L_��R]o���\}6�,�- 12a CDlc,-

12^���@��:�D}�@��q�*-3�LMNOPH}R:Dl�T��V6��L�kq

Z�xy/-la/cV 13@��:�HR����H(Scheme 2-8)\ 

HO OH

Ph Ph

PhPh

Ph Ph

PhPh O

TMSX

H2O

Ph Ph

PhPh
2 X

TMS2O

1312

+

12a

Scheme 2-8.

 

$ �,�- 12a CD� ¡¢6 1,8£l+¤JxyI¥V(15)^� SandmeyeriF: 1,8£l¦T§

xyI¥V(16)L47]9D¨@}6l¦T§xyI¥V@¦/-*/01LMNOPDl*/01©

@]=sDªV«y¬JVLMNOPlc,- 12R]=\}6lc,- 12CD�®¯GH}Rq

w°d756��l±TT.IV²D)*y-cT³K:´µGHR�fZ¶}·D¸s@.IJ,

-L¹ºGHR�,�- 12aZ»¼R]o½¾]=\}6»¼L¿À]oD�,�- 12aLÁÂ^Y
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ÃÄÅ:47GH}R@7Æ]=\�=DÇÈÉÊ@.)��ËLÌYËÍ@Î]oCD)*y-c

T³K6ÏÐ·@ p-)-�V'-ÑVKLNkDÒÓ6ÔM:ÕÖRGH�,�- 12b L×=

(Scheme 2-9)\ 

NH2 NH2 Br Br

HO OH

Ph Ph

PhPh

Ph Ph

PhPh O

MeOH (excess)

HO OH

4-MeO-4H6C C6H4-4-OMe

C6H4-4-OMe4-MeO-4H6C

MeOH (excess) 4-MeO-4H6C C6H4-4-OMe

C6H4-4-OMe4-MeO-4H6C O

i) NaNO2, H2SO4

ii) CuBr

i) 
n
BuLi (2.2 eq.)

   rt, 2 h, Et2O

ii) Ph2CO or 

   (4-MeO4H6C)2CO (2.5 eq.)

    reflux, 2 h

20 mol%

CF3CO2H

rt, 10 h, CH2Cl2 rt, 1 h

Scheme 2-9.

15   16

 20%

12      12a 

80% from 16

17

20 mol%

TsOH  H2O

rt, 10 h, CH2Cl2 rt, 1 h

      12b

50% from 16  

$ xy/-la/cV345647CD×��=�,�- 12aD12b @E]DÀAØKWRA3)*

./-�ÙV^�Ú¯]=ÀAØK)*./-�*-6)-�VÛÜ10LMNOPoÝÞ=(Table 

2-2, Scheme 2-10))\l±TT.IVj)-�Vqß6Ûà²:CiFCáwâãP @Dtu6�

,�- 12a 6ÞZäÄO�=(Entries 1,2)\|}:Dd7GHxy/-la/cV3456Ûà²:

6åæçLÃhHèéZ[HR��DêçÛà:^Yëìç6íkî��y-cT-2-ïTðJ,-

(HFIP)
11L�ñiFLãò=R}¿DiFÛÜZóôõöÛÜ^�÷ø@ùúôÛÜ@�3]=\|6

ùúôÛÜLû�üý]=s:ÛàLþÿ!"]D×��=°»¼Ll±TT.IVRl�/-�,

�-:#$GH}R@>·DÕÖRGHxy/-la/cV 13-ClO4 LÃÄÅ:×H}RZ:�=

(Entry 3)\�=ÒÓ6%B@>·ÇÈÉÊ@.)��ËLÌYxy/-la/cV MeO-13-ClO4Ì4

7]=(Entry 4)\ 
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Ar Ar

ArAr O

CH2Cl2

HFIP
a

HFIP
a

TMSCl AgClO4 TMSClO4

Ar Ar

ArAr 2 ClO4

AgCl

Ar = Ph

Ar = 4-MeOC6H4

12a :

12b :

TMSClO4 (3.0 eq.)

in toluene
b

rt, 2 d

Ar = Ph

Ar = 4-MeOC6H4

Entry Solvent Yield /%

1

2

3

Toluene

4

12

12a

12a

12a

12b

no reaction

no reaction

94

76

Table 2-2.

a
(CF3)2CHOH, 

b
See below (Scheme 2-10.).

+
 rt, 0.5 h
 toluene

+

Scheme 2-10.

13-ClO4 :

MeO-13-ClO4 :

 

O�@DÀAØK)*./-�*-6ÏÐ·@)*./-�*-)*yÙ,)LNkHRDÒÓ6

mn�:xy/-la/cV6)*y-cT.IV'-ÑVKA 13-OTf LÃÄÅ:×=(Scheme 

2-11)\ 

Ph Ph

PhPh O

Ph Ph

PhPh
2 TfO

TMSOTf (5.0 eq.)

rt, 5 d

12a 13-OTf 99%

Scheme 2-11.

 

×��=xy/-la/cV 13-ClO4CD+&)')*-(l�/-�,�-^�)»¼Lã?}

R:|6»¼L×H}R@7Æ]DX *»¼+,-½Lã?}R:la/cV3456+,L./

GH}RZ:�=\|6»0Da/cV²1263�Z 3.114:[H}RZÐ^·D5@67O�o

kHxy/-la/cV 11b-BF4
86a/cV263�(3.094)@8<D9:��okH}RZÐ^ò

=\�=Da/cV²1;<6+,CD=C11-C1-C10 = 125.985°, =C24-C9-C10 = 125.584°, ">

? C11-C1-C10-C9 = 8.422°, C24-C9-C10-C1 = -20.781°:[H}RZ@�^@qò=\ 



 

 
!"#$ !"% 

39 
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$ O�@DXY6a/cV²1Z&y¬'-6 2,2’A:BCO�=&y¬'-la/cV34564

7LãkDD@47]=xy/-la/cV345 13RçÍL8EGH}RR]=\FG5H126Q

B:l¦T§ªVIV(18)^�l¦T§&y¬'- 19L47]DO�@¦/-*/01:l*/c3

]=sDªV«y¬JVRiFOPlc,- 20aL47]=\}6 20aC�d7GH}RqwDK

LMNOPola/cV_��6�,�- 21a@��]=\}6�,�- 21a^�DÊ;RÒÓ6%

B:la/cV6Ú¯LÝÞ=ZDJÞRGHla/cV345Cáw×�� DÏÐ·@rQ6a

/cV²1Z��K: Friedel-CraftsiF]=§Ja/cV 22aZ×��=(Scheme 2-12)\ 

Br

Br

MeOH (excess)

Br

Br

O

Ph Ph

Ph Ph

 TMSClO4 (3.0 eq.)

OH

Ph Ph

HO

Ph Ph

ClO4

PhPh

Ph
Ph

2

      21a 

73% from 19

i) 
n
BuLi (2.2 eq.)

ii) Ph2CO (2.5 eq.)

20 mol%

CF3CO2H

rt, 10 h

CH2Cl2

rt, 1 h

(NMR analysis)

18 19 20a

22a

Scheme 2-12.

 

|}:D}6>?q��K Friedel-Crafts iF(21aL22a)LM�H=hD&y¬'-6 6,6’A@.

/-ËLÌY&y¬'-la/cV345L47GH}R@]=\m-./-åNÈK(23)^�FG5

H136QB:��]=l�'�- 24 @Dy¬'-*/01LMNOPlc,- 20b L47]=\}

6 20b CD�d7GH}Rqw|6��KLMNOPo�,�- 21b @��]=(Scheme 2-13)\

&y¬'-la/cV 22b-ClO4CDÊ;6QB@>·�,�- 21b ^�l±TT.IVLÛàR]

oNko47]=\ 
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COOH

MeOH (excess)

CO2Me

Me2OC

O

Ph Ph

Ph Ph

 TMSClO4 (3.0 eq.)

Ph
OH

Ph

Ph

Ph
OH

Ph

Ph

Ph

Ph

2 ClO4

5 steps PhLi (5.0 eq.)

20 mol%

CF3CO2H

rt, 10 h

CH2Cl2

rt, 1 h

23 24 20b

      21b 

93% from 24

22b-ClO4 97%

Scheme 2-13.

 

$  

$ OÊD&'()*+*,-./*012345647@Yko;<=\xyI¥V6 1,8 A@)*

/-a/cVPALÌYxy/-la/cV 13-ClO4, MeO-13-ClO4, 13-OTf CDHFIP ²�,�-

12a,12b@�*-3�LMNOPo47]DO�@la/cV 13-ClO46 X*»¼+,-½6»0^

�D|6+,L@�^@GH}RZ:�=\�=D&y¬'-:BCO�=xy/-la/cV

22b-ClO4ÌÒÓ6%B:47]=\¨%:C}��la/cV6ëì�@EGHiFçLQRGH\ 
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9  
10 Jona, H.; Mandai, H.; Chavasiri, W.; Takeuchi, K.; Mukaiyama, T. Bull. Chem. Soc. Jpn. 2002, 75, 291. 
11  
12 Leroux, F.; Schlosser, M. Angew. Chem. Int. Ed. 2002, 41, 4272. 
13 Kanoh, S.; Muramoto, H.; Kobayashi, N.; Motoi, M.; Suda, H. Bull. Chem. Soc. Jpn. 1987, 60, 

3659. 
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!%& '(()*+*,-./*01)23456789:;,)<=2>?@A*BCDE 

$ !"&F3GHIJK/-L?/MB 13-ClO4<=2NOHP<QRS+TMBUO<DEV5W

XY8IZ[\)B]^_`HI9:;,)O<DE5abIc9:;,)_de678fgeh[

fgOL?/MB<DE5ijY8IZ[kl7mno./-Lp;Lq5rstcYuvw[Ax

yMKz:B 23e{H|);}qxK;B~*/01mno./-Lp;Lq5-78�F�6��*

/019:;,)5_dH[���FAxyMKz:Be{H 0.5 ��-�<JK/-L?/MB

13-ClO45��HIc�<��[67IL?/MB<�w< 40%�+�JK|B 25 OHP�^�[

�^e9:;,)<?@A*BC�G4F�8 1,4-L\)B 24�WXF�I13c�I[��G4OH

P[��h�t�^]Fhu7�JK/-L?/MB234O9:;,)��3HI 27a �87h

27b 5WXHI(Scheme 2-14)cu�[L?/MB234h[��<)*/-?/MB� 5��I

Z[¡¢£F�¤£=2NOHP¥¦c 

Ph

O

Ph Ph

PhPh

13-ClO4

2 ClO4

Ph Ph

PhPh

Ph

OK

Ph
Ph

O

O
Ph Ph

Ph

Ph

O
Ph Ph

PhPh

Ph

O

LiN(SiMe3)2 (1.2 eq.)

!78 
o
C, 2 h, THF

        25 40%

based on 13-ClO4

Scheme 2-14.

24 ca. >14%

23

+ or

27a 27b
23 : 13-ClO4 = 1 : 0.5

 

$ §�O�¨<DE5)*/-f567P©�O[L\)B 24 hª¦�^�«e9:;,)<)*

/-2¬ 26���^�[�<®h¯°<\)B 23OHP±²��I(Scheme 2-15)c 



 

 

!"#$ !%& 

43 

Ph

O

Ph3C
+
ClO4

-

Ph
Ph

O

O

Ph
CPh3

OLiN(SiMe3)2 (1.2 eq.)

!78 
o
C, 2 h, THF

24 not detected23

Scheme 2-15.

(1.2 eq.)
+

26 ca. 30%  

§�^<��³´[JK/-L?/MB 13-ClO4hµ¶<)*/-fOh·u´9:;,)e{Y

8=2Neu8§O��^]eu¸Ic�§F§<L?/MB234<=2NOHP<�65[9:

;,)<=2>?@A*BC567P¹ºHIc 

$ 9:;,)<{?/MB<U»O¼½<¾�e�7P_¿IO§À[L\)B 24 <²Áh[67

Ifg<{?/MB�*/01ÂJ)*01Â?*01eu8e��PÃÄH[?*01<O� 60Å

F�^�I(Table 3-2)c¼½hL9/-9,|-³´�|);}qxK;B�³7��5ÆÇ[�I

JK/-L?/MB 13-ClO45\)B 23 e{HPÈ�-�67P�[²Á<É2hÊOsËu]¸

I(Entries 3-5)c 

Ph

O

Ph Ph

PhPh 2 ClO4

M

Li

Na

K

K

THF

THF

THF

Et2O

THFK

Ph
Ph

O

O

Ph Ph

Ph

Ph

O
Ph Ph

PhPh

Ph

O

<30

57 (81/19) 18

MN(SiMe3)2 (1.2 eq.)

!78 
o
C, 2 h

23 24

13-ClO4

Table 2-3.

Entry Solvent 24 /%(dl/meso)

1

2

3

4

60 (71/29) 12

50 (66/34) 16

27a or 27b

!78 
o
C, 1 h

23 : 13-ClO4 = 1 : 0.65, 
a
23 : 13-ClO4 = 1 : 1

5
a 60 (70/30) 14

or

27a 27b

 

 

Ìe[ÄÍ<¹ºFÎ�Ï7��5ÆÇI?*019:;,)e[7¦�]<ÐÑf5�6��P

9:;,)<ÐÑÒÓ5©7[�<ÔJK/-L?/MB 13-ClO4e³8=25abI(Table 2-4)c

UÕ<ÐÑf5��HI�[?*019:;,)567IÖ3<��5Ä�v8�<hu]¸I
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(Entries 0-4)cH]H[×2�p015�6��IÖ3eh[51Å<²ÁFL\)B 24 ��^�I

(Entry 5)c 

Ph

O
KN(SiMe3)2

THF

Ph Ph

PhPh 2 ClO4

Me2SiCl2 (0.5)

Ph Ph

Ph

Ph

O

Ph
Ph

O

O

Ph Ph

PhPh

Ph

O

!78 
o
C, 2 h

23 24

13-ClO4

Table 2-4.

!78 
o
C, 1 h

+
Additive

!78 
o
C, 0.5 h

1 ZnCl2 (0.5) trace 45

MgBr2 (0.5) 30 (72/25) 292

3

4

5

Cp2TiCl2 (0.5) <19 (77/23) 30

624 (70/30)

CsBr (1.0) 51  (71/29) 12

Entry 24 /%(dl/meso) 27a or 27bAdditive (eq.)

or

27a 27b

0 60 (71/29) 12

23 : base : 13-ClO4 = 1 : 1.2 :0.65  

$ §<��³´[JK/-L?/MB 13-ClO4e³89:;,)<=2>?@A*BCh[+-?*

ÐÑ9:;,)FDE��IÖ3eØÙ>Ï7²ÁFÚ©Y8§O5�^]eHIc�I[(Û9:

;,)5ÜÝ_dH�ÞL?/MB2345�6��I�[L\)B 24 5²ÁÏ¦�8§OhF�

u]¸I(Scheme 2-16)c 

Ph

OSn
n
Bu3

Ph Ph

PhPh 2 ClO4

THF
Ph

Ph

O

O

13-ClO4

+
-78 

o
C, 1 h

24 trace

+ 27a or 27b

27%

Scheme 1-16.

enolate : 13-ClO4 = 1 : 0.65
 

 

$ �I[®<L?/MB234 MeO-13-ClO4, 13-OTf, 22b-ClO4Sßà=2N567P�¨<=2>

?@A*BC5abI(Table 2-5)cáâãÄe.)npg5��JK/-L?/MB MeO-13-ClO4

5=2NOHIÖ3[JK/-L?/MB 13-ClO4567IÖ3O�ä�<²ÁFL\)B 24 ��

^�Ic§�e{H[{+TMB�)*K;,)eu¸IJK/-L?/MB 13-OTf Fh[åæe
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DHL\)B 24 <²Á�çèHIc�I['KzT-L?/MB 22b 5=2NOHIÖ3[9:;

,)OL?/MB234<éF�3êG�ë§8IZ[L\)B 24 5²ÁÏ¦ìíF�u]¸Ic

�^e[+îT01;L?- (4-BrC6H4)3N
ï+SbCl6

ðS DDQ 567IÖ3e�ñ¦<��G4��G

H[L\)B 245²ÁÏ¦�^�u]¸Ic 

Ph

O KN(SiMe3)2

Ph Ph

PhPh
2 ClO4

4-MeOC6H4 C6H4-4-OMe

C6H4-4-OMe4-MeOC6H4

2 ClO4

(4-BrC6H4)3N
+
 SbCl6

-
DDQ

Ph
Ph

O

O

Ph Ph

PhPh
2 TfO

Ph

Ph

Ph

Ph

2 ClO4

60 (70/30)64 (71/29)

!78 
o
C, 2 h, THF

23 24

Table 2-5.

!78 
o
C, 1 h

Oxidant

13-ClO4 13-OTfMeO-13-ClO4 22b-ClO4

Complex mix.<20% (72/28)
a

Oxidant

   24 /%

(dl/meso)
Complex mix.39 (69/31)

Oxidant

   24 /%

(dl/meso)

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

$ §�^<��³´[JKòóBFôõ��IL?/MB234 13 �§��Feö^�P78ßà

=2NOh·u8÷ø5��§O��^]eu¸Ic 

$ Ìe[9:;,)<=2>?@A*BC<ùu8²Á<ÃÄ5úûH[��Ne�7PUÕ¹ºH

I(Table 2-6)cu�[Ë<DEüýe�7P�¯°<\)B� 10Åä�±²��8IZ[Table 2-6

]^L\)B 24 <²Á5ìí²ÁOÉÓ²Á<"µ´FþYc+îBÿ<��N5!6HIÖ3[

��G4hÊOsË�GHu¦u¸I�[L\)B 24 <ìí²Á[ÉÓ²Á"e#$7¦��h�

^�u]¸I(Entries 2-5)c%&[HMPA5��HIÖ3[��G4h�t�GY8�[L\)B 24

<ìí²Á�ÃÄY8§O�v]¸I(Entry 7)c 
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Ph

O
KN(SiMe3)2

THF

Ph Ph

PhPh 2 ClO4

Me2N NMe2

(Me2NCH2CH2)2NMe (2)

Ph
Ph

O

O

TMEDA (5) 56 (68/32) 3

63 (68/32) trace

adetermined by GC analysis, b23 : base : 13-ClO4 = 1 : 1.1 :  0.6

Conv. yield/%
a

68

78

HMPA (5) 65 (65/35) 980

i
Pr2NEt (2) 61 (71/29) 1373

61 (70/30) 12

HMPA (5) 69 (63/37) 8

Additive (eq.) 24 /% (dl/meso) 27a or 27bEntry

1

6

7
b

71

77

(2) 50 (69/31) 68 3

2

3

4

5

!78 
o
C, 2 h

23 24

13-ClO4

Table 2-6.

!78 
o
C, 1 h

+
Additive

!78 
o
C, 0.5 h

23 : base : 13-ClO4= 1 : 1.1 : 0.65  

$ ¯°�¶e±²��8¯'h[27a�87h 27b��GY8(e=��Þ[��O)DE<9:;

,)�DEY8][9:;,)��GHI 1,4-L\)B]^Ax)B5*�+7P�GY8]<��

<,QV�-Ç^�8(Figure 2-3)c 

Ph

OK Ph Ph

PhPh 2 ClO4

HClO4

Ph

OK

Ph
Ph

O

O

Ph Ph

Ph

Ph

O

Ph

O

Ph Ph

PhPh

Ph

O

Ph
Ph

O

OK

13-ClO4

+
or

27a 27b

Figure 2-3.

(1)

+(2) +
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$ .Ä<��5/�Ç[JK/-L?/MB 13-ClO4567P012/xKz:B 28 �87h+�

)Kz:B 31]^_dHI9:;,)<=2DE5abI(Scheme 2-16)cH]H[9:;,)<=

2F�Þ8;L?-U<34V�AxyMKz:B<�<Oh·u´[¨Õu�DE5ë§YIZ?

@A*BC�G45²ÁÏ¦�8§OhF�u]¸Ic 

Ph

O

KN(SiMe3)2

THF

Ph Ph

PhPh 2 ClO4

Ph

O THF
KN(SiMe3)2

Ph
Ph

O

O

Ph
O

O

Ph
!78 

o
C, 2 h

+
13-ClO4

!78 
o
C, 1 h

28 : base : 13-ClO4 = 1 : 1.2 : 0.65

+

28 29 19% 30 32%

Scheme 2-16.

!78 
o
C, 2 h

+
13-ClO4

!78 
o
C, 1 h

28 : base : 13-ClO4 = 1 : 1.2 : 0.65
31

Complex mix.

 

 

$ .Ä[5&Fh[JK/-L?/MB 13-ClO4567I9:;,)<=2>?@A*BCe³8 1,4-

L\)B<3Ge�7PÍ¿IcJK/-L?/MB 13-ClO4h[DEüý5r6§OF\)B]^

_dHI9:;,)<789:5ÊOsË;<«[=v´e 2¤£=2NOHP¥¦§OF9:;,

)<=2>?@A*BC5>?��8§O��^]eu¸Ic 
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13  
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!"# '(()*+*,-./*01)2345678 N,N-9+-:-+;*<=>2? 

@AB*<C 

!%&$ DE 

$ FGHIJKLMN3OP'+*,-QRSTUVWXYOZ[6\]S^P_`TU234=a

bcdef^]8gh=ijkl8PmSno?p'+*,-3qrs=tuKvmw]Z78xyz

p{|}K~�\]P'+*,-RS�s�8FGHIJ5��p���rs�567Z@AB*<

C\�3q�8��K%�?kl�S�j��p��=ijkl81x 

'+*,-3q=��?rsRS�02+*,-Qc���=���5�6\����8 Ullmann

rskl8(Scheme 3-1)2x�=rsRS�02+*,-Q=��?p� @AB*<Ckl�S�0

¡=¢-)£c¤¥}Kl8¦3c§¨©ª=«¬koK®ep8KS¯7%�°5T�83q�

kl8x^PS±=��?� @AB*<CYOZRS;A²-234567P)*³-¢´.µ<

(-�<>+*,-=rsp¶·l83x 

N
Boc

CO2EtI N
Boc

CO2EtN
Boc

EtO2C

Scheme 3-1.

Cu (4.7 eq.)

110 °C

65%

2

MeO2C OTf MeO2C CO2Me2

NiCl2(PPh3)2 

(10 mol%)

Zn (1.7 eq.)

99%  

%�S>2?p� @AB*<Ccd8'+*,-=3q�cRS¸¹2�567P 2-º³),-

=@AB*<C�»¹2/µ<5>2�YOZ67P Girignard ¼½=@AB*<Cp¶=rs¾K

¿Àw]8(Scheme 3-2)4x 
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CO2Me

OH

CO2Me

OH

OH

CO2Me

Scheme 3-2.

2
CuCl2 (2.0 eq.)

87%

OMe

MgBr

TiCl4

OMe

MeO

58%
2

 

 

$ �]w� @AB*<Cc�OSÁÂÃÄ901Å¨5�;A²-Å¨6567PSÆ´Ç<2+*

,-Y+*,-ÈÉÊ=Ë´(@AB*<Ccd8Ì�Í'+*,-=3q�·ÊzÎÏ\]Z78x

+*,-ÈÉÊYOZRSGrignard ¼½�TU�0¡¼½STU(Ð¼½p¶567P¾KÑ7

(Scheme 3-3)x 

MeO Cl

IO2N

CN

Cl

Cl

Br

(n-Bu)3Sn

(HO)2B

Br

(HO)2B

BrMg

Cl

CN

MeO

Br

NO2

Scheme 3-3.

+
NiCl2 (5 mol%)

86%

+

NiCl2(dppf) 

(0.5 mol%)

quant.

+

Pd2(dba)3 (1.5 mol%)

P(t-Bu)3 (6 mol%)

94%

+
Pd(PPh3)4 (10 mol%)

74%

 

 

�=dÒcÓÔÈÉÅ¨YTUÈÉ¼½5ÕÖ3×�67P�ÍØdÙÌ�Í'+*,-=3q�

RSÚcÛÑeÎÏ\]Z78xÜ=%�kS9+-:-+ÝÞ}5·j'+*,-=3q¾Rl^

�ÑepeSTUßà¼½Y�02+*,-=ÃÄ901Å¨567PË´(@AB*<C�ÃÄ9
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01Å¨cd8 4-9./-+ÝÞá2â<ã<=��?� @AB*<Cp¶K��?kl8

(Scheme 3-4)7x 

N Br

Me

Me

NMe2ClZnINC

N N

Me

Me Me

Me

Me2N CN+

Pd(PPh3)4 (10 mol%)

78%

Scheme 3-4.

2
Pd/C, Zn, CO2

85%  

 

Y�äkSåæ=N,N-9./-+;*<KÃÄ£IJkN3OP 4,4’-9./-+ÝÞ'³ç;-(è

éSâ<99<Yêë)QRSÁÂì~¨�íî¡ïSðñòóSp¶=TUVWYOZ=U|Kôw

�cp�S'+*,-Q=õk·ö÷5ømZ78TU234kl8xÜ=3q�RSåù=dÒp

Æ´Ç<2+*,-=��?@AB*<C(Scheme 3-4)úûkpeSN,N-9³ç;-üýÄ9<�w

=â<99<þ£�»¹2/µ<5>2�YOZ67P N,N-9+-:-+;*<=>2?@AB*

<Cp¶Kl8(Scheme 3-5)8x 

HN NH BrBr

N

Et

Et TiCl4

H2N NH2

Br

Br

N

Et

Et

N

Et

Et

Scheme 3-5.

2

conv. yield 92%

(excess)

conc. HCl

75%

 

 

ÿc+;*<=>2?@AB*<Ccd8â<99<=3qRSá24p¶!�pe Scheme 3-4

=ÃÄ901��rsc·"8#$pâ<99<3q��kl8KSåù(Scheme 3-5)è%c&6?

prsR'w]Z7p7x 
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�=dÒcS'+*,-=õkÿcâ<99<=T6°Kôw�cp(Z78c·��×w)+;

*<=@AB*<Ccd8â<99<=3q�R*p7xÜ�k+,RS!¸#k3qOP9@/¢

<2345+;*<c�6\�]-S+;*<=>2?@AB*<CK./�8Y01Px�p×2S

!¸#!"&kRS²)<�w34OP@*015ÞÄ,)c�Oº³/-9@/¢< 13-ClO45�

6\ZS5ÞÄ,)=>2?@AB*<CrsK/18�Y567PKS�=>2?@AB*<Cr

s55ÞÄ,)kRpe+;*<Qc�6�8�YkS+;*<=>2?@AB*<Ccd8â<9

9<=3q589OPx�=â<99<3qrscj7ZS:&k;<5678x 
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!%& N,N-'()*)(+,-./01234-''-56 

$ 781'9:;-05<12=>(+,-?/0@A3BCDEF83G8HIJ:)'9:;-

13-ClO41KL 2.6 MN)O. N,N-'P:)(+,- 32 DQR@SGCBTH'9:;-05<U

VW@A>(XIJY- 25CZ=G[BA1KLHN,N-'P:)(+,- 32UH\]^_`?a5

LG4-''- 33 1bcd.efghi@AG(Scheme 3-6)[jGH_klmDno.p,:)q

DRr>s=GCBTH4-''- 33UtuvwAxHyz{1p,:)qC(+,- 32?lmL

G 4-p,:)(+,- 34?|O}1vwAG[ 

N

Et

Et

N

Et

Et
13-ClO4

Ph Ph

PhPh 2 ClO4

Ph3C
+
ClO4

-

Ph Ph

PhPh

N

Et

Et

CPh3

N

Et

Et

N

Et

Et

32

!78 °C, 1 h    

    CH2Cl2

32 : 13-ClO4 = 2.6 : 1

2

Scheme 3-6.

           33 

42% based on 13-ClO4

            25 

97% based on 13-ClO4

+ 32 68%

32

!78 °C, 1 h    

    CH2Cl2 34 quant.

32 : cation = 1 : 1.2  

$ B.2~1HN,N-'P:)(+,-C9:;-05<C.lmgUHIJ:)'9:;- 13-ClO4

CN�9:;-05<.p,:)q.�g��Zlm�.�?�3BC?zF=G[@w1IJ:)

'9:;- 13-ClO4DRrGlmgUH(+,-./0}9��,-�?�sLGBCFwH��B

.IJ:)'9:;- 13-ClO4123(+,-./0}9��,-�D��1��LG[ 

$ 781H(+,-./0}9��,-�.��D�.2~1��G[�Zz�HN,N-'P:)(+

,-(32)?IJ:)'9:;- 13-ClO412=>/0@A9:;-]'9) ACZ{H�1�.]'

9)9:;- A1�lm.(+,- 32?����L>]'9)9:;- B?�6�3[B.]'9

)9:;- B1�lm.(+,- 32?q�CL>QR�3C(+,-�q /q 32a?�6L¡¡
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]'9)¢ C?�6LHBA?@w1£¤¥/0@A¦§+¨©q DDª6�3[B.¦§+¨©q

D1�lm.(+,- 32?q�CL>QRL4-''- 33?vwA3[jGH9:;-]'9) B

?£¤¥/0@A'¦§+¨©q ED�kH�.«g(+,- 32ClmL>4-''- 33?�6�

3��¬��wA3[�w.®5¬lm¯bg�6�3(+,-�q /q 32aUH'9:;-0

5<123/0D°±²rBC?³´gµHBA? Scheme 3-121¶r>4-''-.ef?bcd

CZ=G·¸C��G(Figure 3-1)[ 

N

Et

Et

Ph Ph

PhPh
2 ClO4

13-ClO4

ClO4B

N

Et

Et

N

Et

Et

H

H

N

Et

Et

A

N

Et

Et

ClO4

Ph Ph

PhPh

N

Et

Et

ClO4

2 ClO4

N

Et

Et

N

Et

Et

H

H

E

H

N

Et

Et

N

Et

Et

N

Et

Et

N

Et

Et

N

Et

Et

N

Et

Et

H

C

 ClO4

N

Et

Et

N

Et

Et

H

ClO4

D

H

N

Et

Et

25

33
32

Figure 3-1.

2

e

e

e

32a

32a
32

32a

32

32

32

 

$ �Bg�1Hlm¹º1�wFk8q�D»¼L>¶±½B.¾¿?ÀÁgµ3C��Hp,P:

)(§-D¼�>lmDÂLG?H4-''- 33.efUÃ�LG(Entry 1)[BAUHp,P:)(

§-CIJ:)'9:;- 13-ClO4?lmLGG8C��wAH2{ÄÅrq�g�3 2,6-'(t-Æ:

))Ç,'- 35DRr>_È.lmDÂÉG(Entry 2)[LFLH�.®5¬Ê}C�34-''-D
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efËuv3BCUgµZF=G[ 

N

Et

Et

Ph Ph

PhPh 2 ClO4

NEt3

N
t
Bu

t
Bu

N

Et

Et

N

Et

Et

Table 3-1.

2
13-ClO4

! 78 °C, 1 h    

    CH2Cl2

+ Base

33

Entry Base 33 /%

1

2 35

30

46
35 :

0

32 : Base : 13-ClO4 = 1 : 2 : 0.5

32

42

 

$ �1H4-''- 33.Ì|�DÍÎ3G81HÏÐLG4-''- 331KL 0.5MN)O.IJ

:)'9:;- 13-ClO4DQR@SGCBTH'9:;-05<UÑÒF1(XIJY- 25 1hi

@AHIJ:)'9:;- 13-ClO4U4-''- 33Clm�3BC?ÓwF1Z=G(Scheme 3-7)[

B.aÔ2{HScheme 3-61¶r>4-''- 33.ef?bcd1Cj=>rG·¸UH�6L

G4-''- 33 C'9:;-05<?lm�3BC12{'9:;-05<?ÕÖ@AGG8g�

3BC?zF=G[Z¶HIJ:)'9:;- 13-ClO4C4-''- 33?lmLG1¬FFzwxH

33.×ØÙ?�.jjÚe@AG[B.ÛÜUÝÓg�3[ 

N

Et

Et

N

Et

Et

Ph Ph

PhPh 2 ClO4

Ph Ph

PhPh

Scheme 3-7.

33

!78 °C, 1 h    

    CH2Cl2

         33

       80% 

  base on 33

+

           25

97% base on 13-ClO4

33 : 13-ClO4 = 1 : 0.5

13-ClO4

 

$ 4-''-Þ?ß¤¥/0D°±�6�305<UH�à.2~Záâ�ãCZ3[�.G8H'

9:;-05<1234-''-./0Dä�3G81UH/0«.áâ�ã?/0å.æç2{¬

Ýè1Z3�éDêÎ½ËrC��G[�Zz�HëìíîHï14-''-. 2^Ò 6^1ði�

D¬¡¬.g�A½Hði�.ñòóô.õögáâ�ãDC{²uZ{H�.aÔ9��,-��
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6<U/0@A²uZ3C��G(Figure 3-2)[ 

N

Et

Et

N

Et

Et

N

Et

Et

N

Et

Et

A

A A

A

N

Et

Et

N

Et

Et

A A

A A

N

Et

Et

N

Et

Et

H H

H H

A B

Figure 3-2.

Oxidation Oxidation

 

�BgH�é.(+,-CL> 3,5-'÷:)(+,- 36a DêøH'ùúú÷û-b-78üg 0.6

MN)O.IJ:)'9:;- 13-ClO4 DQR@SGCBTH³ýLGC¶{Åefg4-''-

37aDvG(Table 3-2)[jGlmþdD¢ÿ��LGaÔH-78üglmDs=G®51!"|O}1

4-''- 37a?vwAG(Entry 1)[ 

N

Et

Et

Ph Ph

PhPh 2 ClO4

N

Et

Et

N

Et

Et

Table 3-2.

36a

2
13-ClO4

1 h, CH2Cl2

37a

Entry Temp. 37a /%

1

2

3 rt

!78 °C

0 °C

98

92

91

36a : 13-ClO4 = 1 : 0.6  

B.lm.lm��UHjxIJ:)'9:;- 13-ClO412=>(+,- 36a?£¤¥/0@AH

36a .]'9)9:;- A ?�6�3[�.]'9)9:;- A 1/0@A>Zr(+,- 36a ?

�����3CH9��,-�05<.]'9)9:;- B?�6�3[B.]'9)9:;- B F

w�q /?#ÐL>]'9)C?�6LH�.«g¬~£¤¥/0@A¦§+¨©qD?�6�3[

$«1B.¦§+¨©q D Fw�q /?#Ð�3CÊ}<C�34-''- 37a ?vwA3
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(Figure 3-3)[jGH]'9)9:;- BFw.��UHB?'9:;-05<123/0g'¦§+

¨©q ECZ{H�BFwßÙ¥.�q /?%d1#ÐL>4-''- 37a1hi@A3��¬�

�wA3[�w.®5¬lm¯bg�6�3�q /UH·&.(+,- 36aÒ4-''- 37aZ

1'(@A�q /qCL>¹º1)=>r3[î*.lm��UH�1*Î32~1Ù¥+,-

.DRrG/01�1u¬.g�3[ 

N

Et

Et

Ph Ph

PhPh
2 ClO4

13-ClO4

ClO4B

N

Et

Et

N

Et

Et

H

H

N

Et

Et

A

N

Et

Et
ClO4

Ph Ph

PhPh

N

Et

Et

N

Et

Et

H

H

HClO4

2 ClO4

2 HClO4

N

Et

Et

N

Et

Et

N

Et

Et

N

Et

Et

H

 ClO4

C

N

Et

Et

N

Et

Et

H

HClO4

D

25

37a36a

Figure 3-3.

2

e

e

e

E

 

�Zz�H,2w?34L>r32~1 N,N-'÷:)(+,-.]'9)9:;- FFw]'9)

9:;- G 5.lmUH6�0P7)89? 1.31 kcal/molCÃuHjGlm¹C�6¹.P7)8

9�?-0.35 kcal/molCZ{H�6<?lm<2{ÃrP7)89CZ3[BA1KLH]'9)9:

;- F.:N9��,-�g'¦§+¨©q HD�k3lmgUH42.43 kcal/mol.�g�6<?Å

rP7)89CZ3(Figure 3-4)[BAUHå;?<8>Ñrlmg�3.1KLH«;U¼=?>?

Zlmg�3BCD@L>r39[LG?=>HIJ:)'9:;- 13-ClO41234-''-56l
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m¬î*LG2~1 AABACADA37a�3rU AABAEA37a.BCg�s�3C��>r3[ 

N

Me

Me

N

Me

Me

N

Me

Me

N

Me

Me

N

Me

Me

H

H

N

Me

Me

N

Me

Me

H

H

+

2

-58833.80 kcal/mol -58834.15 kcal/mol

-58624.95 kcal/mol-58667.38 kcal/mol

Figure 3-4.

F

F

G

H

activation energy

1.31 kcal/mol

 

$ �1H_È.4-''-56lmDD./0EDRr>ÂÉG(Table 3-3)[IJ:)'9:;-

13-ClO4,OTf.®5HK(+;-.¢Þ12wxÊ}C�34-''- 37a?ÅefgvwAG[j

GHFJG+)'9:;- 22b-ClO4 gUH(+,-C.a5ª6ÒH ·¥î.P:)�.#ÐZ

?�s�3G8H4-''- 37a DefËuv3BCUgµZF=G[(§+¨©]'9)

((4-BrC6H4)3N
+ISbCl6

J)6Ò DDQ5D/0ECL>RrG®5¬HH ·¥î.P:)�.#ÐZ?

�s�3G8H4-''-DefËuK�ZF=G[%LHIJ:)'9:;-05<g¬ëìíî

1÷p*M�D¬¡ MeO-13-ClO4gUH/0N?Ã�LGG81lmÑd?OuZ{H_klmPQ

gU·&?){4-''- 37a.efURSgµ3¬.gUZF=G[ 
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N

Et

Et

Ph Ph

PhPh 2 X

4-MeOC6H4 C6H4-4-OMe

C6H4-4-OMe4-MeOC6H4

2 ClO4

PhPh

PhPh

DDQ

2 ClO4

(4-BrC6H4)3N
+·

SbCl6
!b

N

Et

Et

N

Et

Et

Table 3-3.

36a

2

!78 °C, 1 h, 

     CH2Cl2 37a

Oxidant

98

57
a

93

13b

complex mix.

<50

0

Oxidant 37 /% Oxidant 37 /%

22b-ClO4

a
36a : 33%, 

b
36a : Oxidant = 1 : 1.2

36a : Oxidant = 1 : 0.6

13-ClO4

13-OTf

 

 

$ BAw.aÔ2{HIJ:)'9:;- 13-ClO4U N,N-'P:)(+,- 36a./0}9��,-

�1TUg�3BC?ÓwF1Z=G[�BgHIJ:)'9:;- 13-ClO4D/0ECL>RrH

ùúú�ÒÆúN�D¬¡ÈÿZ N,N-'P:)(+,-Þ./0}9��,-�1234-''-

56DÂÉG(Table 3-4)[ëìíî1 3,5-'ùúú�Ò 3-ÆúN�?VW@AG(+,- 36b,c.®

5H-78ügUlmÑd?OuZ{HefËuÊ}<Dv3BCUgµZF=G[LFLHlmþdD

Xþ1�3BCg�AYAKm�34-''- 37b,c DËZZefgv3BC16[LG[jGH3-

÷:)(+,- 36d.®5HlmUÃþg�sLG¬..H�6LG4-''- 37dC(+,- 36d

?lmL>"Oò 38?\OvwA3G8HÊ}C�34-''-.efUbcdg�=G[ 
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N

Et

Et

Ph Ph

PhPh 2 ClO4

R

36

N
Et

Et
Me

Me

N
Et

Et

Me

N
Et

Et

Br

N
Et

Et
Cl

Cl

N

Et

Et

N

Et

Et
R

N N
Et

Et Et

Et

N
Et

Et

Table 3-4.

36

2

!78 °C, 1 h, 

     CH2Cl2 37

Entry

13-ClO4

37 /%

36a1

2

3
a

4

5
a

6
b

98

trace

78

75

86

55

a
Temp. : rt, 

b
38 : 29%, 36 : 13-ClO4 = 1 : 0.6

38 :

36b

R

36c

36d

 

 

$ B.2~1 N,N-'P:)(+,-Þ.lmgUHîà.�é1¶r>Km�34-''-?ËZZ

efgvwA3[�1 3,5-'÷:)(+,-.H ·¥îði�.UÔ1¡r>ÍÎGCBTHH 

·¥î.ði�?P:)� 36a]±gZu÷:)� 36eÒ(,)� 36fH4-')� 36g.®51¬

�AYAKm�34-''-?efËuvwAG(Table 3-4)[%LHH ·¥1(X:)�Z.(

M)¹.ði�?VW@AG¬.UHIJ:)'9:;- 13-ClO4123/0?tu�sSx1·&

?Úe@AG(Entries 5-9)[ 
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N

R

R

Ph Ph

PhPh 2 ClO4

36

N
Et

Et

N
Me

Me

N
Bn

Bn

N
Ally

Ally

N
R

Cbz

N
R

Ac

N
Me

Ts

36

N

R

R

N

R

R

Table 3-5.

36

2
!78 °C, 1 h, 

     CH2Cl2 37

Entry 37 /%

98

95

81

77

1

2

3

4

36 : 13-ClO4 = 1 : 0.6

Temp.

!78 °C

!78 °C

!78 °C

rt

36a

36e

36f

36g

R = H

R = Me

36h

36i

R = H

R = Me

36j

36k

36l

Entry 37 /%Temp.

5

6

7

8

9

rt

rt

rt

rt

rt

no reaction

no reaction

no reaction

no reaction

no reaction

13-ClO4

 

 

$ @w1HIJ:)'9:;- 13-ClO4DRr>�úp-^_-'
!38 ./0lmDÂÉGCBTH

/0}9��,-�?�sLHKm�39��,-�ò 39?ËZZefg�6LG(Scheme 3-8)[ 

Me2N NMe2

Ph Ph

PhPh 2 ClO4
Me2N NMe2

Me2N NMe2

Scheme 3-8.

!78 °C, 1 h, 

     CH2Cl238 39 77%

13-ClO4

38 : 13-ClO4 = 1 : 0.6
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$ B.2~1HN,N-'()*)(+,-Þ1IJ:)'9:;- 13-ClO4DQR@S3C(+,-.

\]^g9��,-�?�sLHKm�34-''-Þ 37 ?ÅefgvwA3BCD`aLG[j

GHB.lmgUH(+,-.\]^�b.Ø^ga5LG9��,-�òUtuvwAxH\]^

êc}Zlmg�3BC?ÓwF1Z=G[B.^ðêc�UHH ·¥î.ði�?ñòóôCZ

{H;)p^g.lmDdB{1uuLGG8g�3[ 

�BgelmD\]^1ði�D¬¡(+,-gs�½H;)p^Zg9��,-�LG05<

?vwA3C��H4-ÆúN(+,-36m1Scheme 3-8C_È.PQgIJ:)'9:;-13-ClO4

DQR@SG(Scheme 3-9)[�.aÔH³ý1lL;)p^Ò÷û^g.9��,-��6<Utu

vwAxHyz{1ÆúN�?#ÐL>(+,-.\]^_`?9��,-�LG4-''- 33 ?

vwAG[Z¶HB.fgZlm.��CBAD�1LGlm.hi1¡r>U�#g*Î3[ 

N Br

Et

Et

Ph Ph

PhPh 2 ClO4

N N

Et

Et Et

Et

Scheme 3-9.

!78 °C, 3 h, 

     CH2Cl236m 33 40%

36m : 13-ClO4 = 1 : 0.6

13-ClO4

 

 

$ �1HN,N-'()*)(+,-�b.05<.9��,-�CL>H(+j9).IJ:)'9:

;- 13-ClO41239��,-�DÂÉG?HklO.(+j9)DRr>¬9��,-��6< 41

Ò'9:;-05<?VW@AvwA3(XIJY- 25 UtuvwAZF=G[B.aÔ2{HI

J:)'9:;- 13-ClO4 ./0NgU(+j9)D/0gµZrBC?ÓwF1Z=G(Scheme 

3-10)[ 

MeO

Ph Ph

PhPh 2 ClO4

MeO OMe
Ph Ph

PhPh

Scheme 3-15.

13-ClO4

rt, 10 h,

41 not detected
40

+

25 not detected  
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$ �îHe&gUHF^(p,(,9)÷:,¨© )05<123 N,N-'()*)(+,-Þ./0}

9��,-�1¡r>*ÎG[elmUH(+,-.\]^_`?êc}1a5�3G8H(+,-

Fw.4-''-56lmCL>èRgµ3[jGH4-ÆúN-N,N-'P:)(+,-(36m).9��

,-�gUHmnor�6<?vwAG[�Bg�#gUH�.lm.��C�AD�1LGlmh

i1¡r>*Î3[ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

!"#$ !%& 

63 

                                                                                                                                                                                             

9
 Michida, T.; Osawa, E.; Yamaoka, Y. Chem. Pharm. Bull. 2000, 48, 1378. 
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!"# '()*+,+-./0+123456789:;,+-.<-=.>5?@AB(.CD

12E5?F>GH 

!%&$ IJ 

KLM!N#O@9P;Q0RS456OAT N,N-;,.U.,D+SVW>XS;;S5?Y

ZO[9P\]:^_>`abcdefgOhijk7l[,D+S 36m Omn0.;Q0RS

13-ClO4 7o8pqTrdR.*gs/tguQvw+Sxy:l>Mz{|W}~Odefg>h

ijk���yP�5y:�?6 33�|W}T�r7��y:(Scheme 4-1)^ 

N Br

Et

Et

Ph Ph

PhPh 2 ClO4

N N

Et

Et Et

Et

Scheme 4-1.

13-ClO4

!78 °C, 3 h, 

     CH2Cl236m 33 40%

36m : 13-ClO4 = 1 : 0.6
 

 

��YZ>��>��M�WVu�9�d�?6>��VW��>l>���p}T(Figure 4-1)^

����d�~ 4-hij,D+S 36m �mn0.;Q0RS 13-ClO4OA�P�4p}f;Q.Q

0RS A ���T^_�VW���O�� RS(Br+)���yPn¡D.f;Q. B ���dn¡

D.f;Q. B r 4-hij,D+S>f;Q.Q0RS A �YZ�T�ru ¢D12E C ��?

�T £̂¤Od ¢D12EVW�� RS(Br+)���yPXS;;S 33�|W}Tr¥¦:(Figure 

4-1)^ 
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A

N Br

Et

Et

ClO4

N Br

Et

Et

N Br

Et

Et

13-ClO4

Ph Ph

PhPh
2 ClO4

ClO4

ClO4

B

N

Et

Et

Br
+

C

N

Et

Et

N

Et

Et

Br

N N

Et

Et Et

Et

Br
+

36m 33

e

Figure 4-1.

A

 

 

_�uKLMd,D+S>efg§¨k>��7©ª�\>Qvw+SxYZO«¬yd%?®

>CjQvw+SxuM�{ 2?®¯>°=iQvw+SxOGH�T�r�u±}²dmn0.;

Q0RS 13-ClO4789:³y9´i(Qvw+Sx�µ¦Tr¥¦:^����d,D+S>�4

u�?�Tf;Q.Q0RS�_}¶·uCjQvw+Sxy�9Aª�k¸7¹ºyd_�O»¼

VW½¾�f;Q.¿À7o8pq}²,D+S>efg§¨k>��7©ª°=iQvw+Sx�

ÁÂu±T^Ã¦²df;Q.Q0RS Frn¡ÄUÅ.f;Q.(ArOÆ)�YZ�T>uÇ}²dÈ

Éu%Ê ¢D12E G��?yd_�VW,D+S>efg§¨k�Q0RSryP���T�r

ud,D+S>efgOn¡ÄUÅk�ËÌp}:456d����;,+-.<-=.�5?u±

Tr¥¦:(Figure 4-2)^ 
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N Y

R

R

Ph Ph

PhPh

13-ClO4

2 ClO4

ArOH

ArO

N Y

R

R

ClO4 ClO4

ArO

F

N

R

R

Y

OAr

N OAr

R

R

Y
+
ClO4

-

Figure 4-2.

 e

+

Oxidant

G

 

�@dn¡ÄUÅ.f;Q.Mdn¡Ä-.ÍOÎyÏ�4Ð1s"E4Ñm;122�Ò>�4À

7o8pqPÓÔ�T>�%Õ�uÇÖd�?y:f;Q.×MdØÙuMÚOCjQvw+Sx�

T�r�ÛW}P9T(Scheme 4-2)3^ 

HO

VCl4

HO

PbO2

O O

HO OH2
CCl4, rt

34%

Scheme 4-2.

2
CH3CO2H, rt

70%  

 

yVyd�ªy:n¡Ä-.>�4OATn¡ÄUÅ.f;Q.>ÓÔOlmn0.;Q0RS

13-ClO4 789T�r�u±}²dÜÝ��f;Q.×7ÞbÓÔ�Tßà��{�ÖdFigure 4-2

Oáy:�4YZ�zP;Q0RS456uu±T�rO�T^ 
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$ %âd;,+-.<-=.Mdãä64Oy²y²å�}T��uÇT�d£æ�u_>5?Mçè

Oéê�ëì7ßàryd�:íîïu¬�67ð¦TYZlñ�V�:5^Ã¦²dUllmannYZO

òóp}Tôõ��;,+-.<-=.>5?öMdn¡ÄUÅ÷røiùS4,+-.7Qvw+

SxpqT:úOdû+;S�Ò>íüý>þÿcu!E7o8pqP"#¯$%&'�Tßà�Ç

�: (Scheme 4-3)6^ 

ONaNaO Br O O

Scheme 4-3.

2+

61%

cat. CuCl

pyridine, reflux

 

$ yVyd£æO�Ö()*�u>§¨YZ>+,YZs-./01ÿYZOAÖd;,+-.<-

=.>5?�23�Ù4�ëì�u5µ�TAªO��:^Ã¦²d()*�u>§¨YZryPd

n¡Ä-.r6789:§¨k7l[nv4,+-.Od;�Q+12><=�u> ´i?7@A

�Tr§¨YZ�BsVO5µ�T(Scheme 4-4)7^ 

OH

Cl

F

CN

O

Cl CN

Scheme 4-4.

+

K2CO3/Microwave

5 min

93%  

$ -./01ÿ7C8�TYZlHDp}P@Öd!EÇT9Mef;12456�1ÿryP89

W}P9T^EL>YZuMdF14!s*+n.Ri/tS(.CS�!�Ò71ÿryPC8y

:dn¡Ä-.ÍrøiùS4,+-.>Qvw+Sx�GHW}T(Scheme 4-5) 8 

Scheme 4-5.

OH I

+

CuI (2 mol%)
N,N-dimethylglycine HCl (7.5 mol%)

90 °C, 16 h

86%
O

OH I

+

O

(CuOTf)2 PhH (5 mol%)

CsCO3, EtOAc (5 mol%)

110 °C, 12-26 h

87%  
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$ �:dF14!rIJ?7KL5�qTMös RS:NOcuYZ7µªl>d,+-.Pf-

*r!(II)E789TYZ�ÒdQR�Mö�STp}P9T(Scheme 4-6)9^ 

OH

OH Br

I

CN

OH

K
+-

F3B O

O

O

CN

Scheme 4-6.

+
CuI (5 mol%), K2CO3

140 °C, ultrasound, 2 h

97%

+
CuI (10 mol%), 

t
BuONa

110 °C, bmiI, 30 h

99%

bmiI : 1-n-butyl-3-methyl-imidazolium iodide

Cu(OAc)2 H2O 

(10 mol%)

MS 4A, rt, 5 m

82%

rt, O2

 

$ %âdef;1245671ÿr�TYZuMdUOVW>X±9C(nYSZg7789:n¡

Ä-.ÍrøiùS4,+-.>Qvw+Sx�GHW}T(Scheme 4-7)10^ 

PtBu2

OH

ONa

MeO

O

Br

Br

PtBu2

Fe

O

MeO

O

O

Scheme 4-7.

+

Pd(OAc)2 (2 mol%)

Ligand (3 mol%), K3PO4

100 °C, 14-24 h

94%

Ligand :

+
80 °C, 12 h

85%

Pd(dba)2 (5 mol%)

Ligand (5 mol%)

Ligand :
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$ �>AªOdn¡Ä-.Í>,+-.4OAT;,+-.<-=.>5?M[\O`ap}P9T

�d"#¯>$%7ßàr�Tl>�]9^^O,¢Äk�Ò>67_ð:§¨k7l[;,+-.

<-=.>5?OMd"9YZ#¯�ßàr�T(Scheme 4-8)11^ 

OH

OH

F

I

NHBn

NMe2

Br
O

NMe2F

O

NHBn

Scheme 4-8.

+

CuCl (50 mol%)

Cs2CO3 (200 mol%)

130 °C, 15 h

+

CuI (2 mol%)
N,N-dimethylglycine HCl (7.5 mol%)

90 °C, 24 h
      73%

59%

 

$ KLM�>Aª�`a7b�¦dcdO Figure 4-2Oáy:YZ7¿L:r�ed;,.U.,¢

Äk7l[;,+-.<-=.>5?O?fy:^_�ug&uMd�>;,+-.<-=.>³y

95?YZO[9P��O\]T^ 
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!%& '()*+,-.*+/0123-.*+4*5+,67 

$ 89:;<=1>0?@AB0CDEFGHIJK N,N-3-+L+-M.NIO'P+3QPRN

13-ClO401STUVWX/Y?Z[2A3Q+QPRN0A3Q+\(Z)I]^_`2abc:de

f?gh,]^ij0kl-M.N,@AB:,FG]^cmn2bon=(Figure 4-3)p 

N Y

R

R

Ph Ph

PhPh
2 ClO4

N Y

R

R

ClO4 ClO4

N

R

R

Y

Z

N Z

R

R

Y
+
ClO4

-

Figure 4-3.

Z

 e

13-ClO4

Z+

 

'()Lq+A3Q+I3QPRN/6r012'()*+,X/:stu2abbY?3vww

xyNz?-78{: 4-x|Lq'()*+(42a)0O'P+3QPRN 13-ClO4I}~_`2ab:?

'()LqA3Q+,stI���=p�,��?'()Lq+A3Q+� 4-x|Lq'()*+

(42a),Q��.N�Z7r 1,2 I����u2ab�:dE�S=c?O'P+3QPRN 13-ClO4

c��_e=/6r 25 c���:��e=pa,��1�?'()*+�3QPRN/6r01S

T'()Lq+A3Q+�2l�'()*+,A3Q+QPRN0X/_e2abc��_e2pa

e01�?O'P+3QPRN13-ClO4�N,N-3-+L+-M.N�,X/�bYT����:E�?

'()*+,X/0J�~:d2abc��S=(Scheme 4-9)p 
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MeO

OH

13-ClO4

Ph Ph

PhPh
2 ClO4

Ph Ph

PhPh

MeO

OH

ClO4
-

H2O

MeO

O

MeO

OH

HClO4

            25 

89% based on 13-ClO4

Scheme 4-9.

42a

            42a 

90% based on 42a

42a : 13-ClO4 = 4 : 1

or +

 

$ �a:?4- w¡-N,N-34P+-M.N(43a)b 2 ¢¡+£, 4-x|Lq'()*+(42a)0?1.2

¢¡+£,O'P+3QPRN 13-ClO4I}~_`=ba¤?���¥lJ,,¦§bu234P+

-¨)HIJK3-.*+4*5+ 44a c��e?©=ª]^, 4- w¡-M.N 43a J 80«¬�

_e=p 

MeO

OH Br

NEt2

Ph Ph

PhPh 2 ClO4

O

NEt2MeO

!78 °C, 1 h, 

     CH2Cl2

Scheme 4-10.

42a

+

43a 44a 12%

13-ClO4

+ 43a 

80%

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

$ 0?A3Q+�2l�A3Q+QPRN0®n2¯°,±²Is<2=�?3vwwxyN:�

E�-³|M|.+I~lT´[]^ImS=ba¤?3vwwxyN,µ61�J3-.*+4*

5+,���¶·Y= (Scheme ¸-11)p 
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MeO

OH Br

NEt2

Ph Ph

PhPh 2 ClO4

O

NEt2MeO

!40 °C, 1 h, 

     MeCN

Scheme 4-11.

42a

+

43a 44a 22%

+ 43a 

58%

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

13-ClO4

 

 

$ ¹,º»:?4- w¡-M.N 43a0O'P+3QPRN 13-ClO4I}~_`2b 43a�¼TX/

_e?½N33N 33I®n2abc��STl2pY�Y?Scheme 4-10� 4-110�Y=]^:�?

O'P+3QPRN 13-ClO4 c¾¢¡+£~l= 4-x|Lq'()*+(42a),X/:¿À_e==

�?ÁÂ,-M.N,Ã�c¬�_e=p 

�a:?4- w¡-M.N 43a0Ä��?1�ÅÆ0X/_e?�KZ[2A3Q+QPRNcÇ

¡Q��.N�YEl-M.NÈÉÊ,ËÌImS=(Table 4-1)p4- w¡H 43a,Í��0 4-vw

wH 43b,Kl=-M.N:]^ImS=µ60J?Î^u23-.*+4*5 44ac´ÏÐ��e

=pY�Y?4-'+RwH 43c,µ60�¦§bu24*5+ 44a�¼���eE�S=(Entries 1-3)p

©=?4-|. P+ÑyNM+HIJK-M.N 43dIÁÂ0~l2b?]^Ò�ÓÔÕÖ0ES=

c?zÏÐ,��:4*5+ 44ac��e=(Entry 4)p×Ø?@AB,FGHI'(M+PRH 43e

0u2b?ÙÚE��:4*5+ 44ac��e2abIÛÜY=(Entry 5)p=�Y?´[ÝÞFGH

:JxP+PRH 43f,µ60�?'(M+PRH,µ6b�ßE�4*5+ 44a�àbáâ��e

E�S=(Entry 6)pa,ãl�?'(M+PRH�xP+PRHcÑ+'(M+QPRNbYTäå

u2bd,äåYÆ_,æbonTl2p 
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MeO

OH Y

NEt2

Ph Ph

PhPh 2 ClO4

Br

Cl

F

SPh

SMe

Y

O

NEt2MeO

!40 °C, 1 h, 

     MeCN

Table 4-1.

42a

+

43 44a

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

Entry 44a /%

1

2

3

4

5

Sn
n
Bu3

6

22

33

0

40

7

68

a

b

c

d

e

f

43

13-ClO4

 

a,1>0'(M+PRHI~l=µ60ÙÚE��:¦§bu24*5+ 44ac��e=ab�

�?çga,3-.*+4*5+67]^� 4-'(M+PR-M.N43eI~lTº»Y=p_�0?

4-x|Lq'()*+(42a)b 4-'(M+PR-M.N 43e,¡+èI 2:1�� 1:20Än?'()*

+IHé0��Iêëu2b?¦§bu23-.*+4*5+ 44ac���:��e2abcì��

0ES=(Scheme 4-12)p 

MeO

OH PhS

NEt2

Ph Ph

PhPh 2 ClO4

O

NEt2MeO

!40 °C, 1 h, 

     MeCN

Scheme 4-12.

42a

+

43e 44a 79%

13-ClO4

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

 

$ Z7Y=3-.*+4*5+ 44a ,O'P+3QPRN 13-ClO40Îu2íîïIs<=ba¤?

-³|M|.+zð40 {?1ñò:�?67«,4*5+ 44aY�¬�_eE�S=pa,��1�?

4*5+ 44a�3QPRN/6rb]^YT×ócôõu2abc��S=(Scheme 4-13)p 
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O

NEt2MeO

Ph Ph

PhPh 2 ClO4

O

NEt2MeO

!40 °C, 1 h, 

     MeCN

Scheme 4-13.

44a
44a : 13-ClO4 = 1 : 0.5

44a

67%

+

45 18%

13-ClO4

O

OMe

 

�a:?a,4*5+67]^0ölT?÷�Iøùu2úû�3QPRN/6r,¡+èIº»

Y=ba¤?���[� 4-x|Lq'()*+ 42ab 1.2¢¡+£,O'P+3QPRN 13-ClO4I

-40{:üý?�,þ: 4-'(M+PR-M.N 43eIøùu2Øÿc!JÙlabc��S=(Table 

4-2, Entry 3)p©=?3QPRN/6r,"~£I'()*+ 42a, 1.1¢¡+£0#�Y=ba¤?

¦§bu24*5+ 44ac���:��e=(Entry 5)p 

A

B C

A B

MeO

OH PhS

NEt2

PhS

NEt2
Ph Ph

PhPh
2 ClO4

MeO

OH

Ph Ph
PhPh 2 ClO4

PhS

NEt2

C

Ph Ph
PhPh

MeO

OH

2 ClO4

O

NEt2MeO

!40 °C, 0.5 h,

Table 4-2.

44a

!40 °C, 0.5 h

     MeCN

Entry 44a /%

1

2

3

5
b

79

83

61

93

42a 43e

42a43e

42a 43e

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

b
42a : 43e : 13-ClO4 = 1 : 2 : 1.1

4
a

60

13-ClO4

13-ClO4

13-ClO4
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$ ©=?O'P+3QPRN 13-ClO4,"~£Iae©:,$£(0.6 ¢¡+£)0#�YT]^Im

>b?¦§bu23-.*+4*5+,��J$#u2abc��S=(Scheme 4-14)pa,��1

�?%]^� 1ôW,3-.*+4*5+I67u2,03QPRN/6r 1ôW?uE�&¾VW

X/I'(bu2abc��S=p 

OH

MeO

Ph Ph

PhPh 2 ClO4

13-ClO4

PhS

NEt2

O

NEt2MeO

!40 °C, 0.5 h

     MeCN

Scheme 4-14.

42a

43e

44a 59%42a : 43e : 13-ClO4 = 1 : 2 : 0.6

!40 °C, 0.5 h

 

$ ç·,1>0?O'P+3QPRN 13-ClO4I~l= 4-'(M+PR-N,N-34P+-M.N(43e)

b 4-x|Lq'()*+(42a)��,)�§E3-.*+4*5+67ÿIÛÜY=pEö?a,4*

5+67]^:�(Table 4-2, Entry 5)?*Z7rbYT3'(M+3Ñ+'+,� 4-'(M+PR

-N,N-34P+-M.N,'(M+PR//6r 48c��e2pae�*Z7r,Z7ij0-u2

o.�&:;<2(Scheme 4-15)p 

OH

MeO

Ph Ph

PhPh 2 ClO4

13-ClO4

PhS

NEt2

PhS

NEt2

O

NEt2MeO

SPh

PhSSPh

!40 °C, 0.5 h

     MeCN

Scheme 4-15.

42a

43e

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

+ +

48 32% 49 62%

!40 °C, 0.5 h

 

 

0?/0E'()*+ÈÉÊ 42 I~l?4-'(M+PR-M.N 43e ,@AB:,FGI12

u23-.*+4*5+67ImS=(Table 4-3)p2,6-3xP+'()*+(42c)� 2,4,6-|.xP+

'()*+(42b)I~lTJ?FG]^�3��04mY=(Entries 2,3)pae0ÎY?3,4-3x|L

q'()*+ 42e � 1-O'|*+?2-O'|*+,µ60�?3QPRN/6rb'()*+� 42
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I]^_`=ñ5:]^ÒcÕÖ0E�?Î^u23-.*+4*5+ 44 �àbáâ��eE�S

=(Entries 5-7)p©=?O'P+3QPRN,|.'A*|6(çg?O'P+3QPRN 13-OTf b

78)I~lT]^ImS=µ6�?O'P+3QPRN 13-ClO4 ,µ60è<¦§r,��c¥l

(Entry 1)p 

OH

Ph Ph

PhPh 2 ClO4

OH

MeO

OH

OH

OH

OH

MeO

OMe

OH

OH

PhS

NEt2

O

NEt2MeO

O

NEt2MeO

OMe

O

NEt2

O

NEt2

O

NEt2

O

NEt2

O

NEt2

O

NEt2

!40 °C, 0.5 h

     MeCN

Table 4-3.

42

43e

44

!40 °C, 0.5 h

Entry 42 44

1

2

3

4

Yield /%

93 (81)
a

73

86

62

5

6

7

Complex mix

trace

Complex mix.

42a

42b

42c

42d

42e

42f

42g

44a

44b

44c

44d

44e

44f

44g

42 : 43 : 13-ClO4 = 1 : 2 : 1.1, 
a
13-OTf was used.

Ph Ph

PhPh 2 TfO

R R
13-ClO4

13-OTf
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$ 0?-³|M|.+z-40 {: 4-vww?4- w¡?2-'+Rw'()*+ 42h-j I~lT 4-'

(M+PR-M.N 43eb,3-.*+4*5+67]^ImS=(Table 4-4)pY�Y?Î^u23

-.*+4*5+ 44� 50«ÏÐ,��:��e2,9:�S=p 

OH

Ph Ph

PhPh 2 ClO4

OH

Cl

OH

F

OH

Br

PhS

NEt2

O

NEt2MeO

O

NEt2Br

O

NEt2F

O

NEt2

!40 °C, 0.5 h

     MeCN

Table 4-4.

42

43e

44

!40 °C, 0.5 h

Entry 42 44

1

2

3

Yield /%

47

46

48

42h

42j

42i

44h

44j

44i

R

42 : 43 : 13-ClO4 = 1 : 2 : 1.1

R
13-ClO4

 

$ �a:?:w;N/'()*+ 42 bO'P+3QPRN 13-ClO4I]^_`=bd0:w;Nð

<=�6,>?Eâ,@]^cAa�El1>0u2=�?]^BÐI-40 {��-78 {0YT]^

I÷9=p3vwwxyN¯°z?©C-78{:'()*+ 42h-l0O'P+3QPRN 13-ClO4I}

~_`?�,þ: 4-'(M+PR-M.N 43eIøùY?-40 {©:DBY=(Table 4-5)p�,��?

lCe,'()*+�:J?ð40 {:,]^1�J��c¶·Y?Î^u23-.*+4*5+ 44

cÙÚE��:��e=pE×?FNy'+Rw'()*+ 42l ,µ60�?3QPRN/6r01

2X/c4m`C?¦§,4*5+ 44l�¼���eE�S=p 
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OH

Ph Ph

PhPh 2 ClO4

OH

Cl

OH

F

OH

Br

PhS

NEt2

O

NEt2Cl

O

NEt2Br

O

NEt2F

O

NEt2

!78 °C, 0.5 h

     CH2Cl2

Table 4-5.

42

43e

44

13-ClO4

!40 °C, 0.5 h

Entry 42 44

1

2

3

Yield /%

66

67

69

42h

42j

42i

44h

44j

44i

R

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

OH

Cl

Cl

OH

F5

O

NEt2

O

NEt2

Cl

Cl

F5

42k

42l

44k

44l

4

5

82

no reaction

R

 

$ ©=?4-'(M+PR-N,N-3½N3+-M.N(46)�?-³|M|.+0Îu2¯õïc¥l=�?

¯°I3vwwxyN0ÍnT]^_`2ab:?4*5+ 47 IÙÚE��:�2abc:d=

(Scheme 4-16)p 

MeO

OH

Ph Ph

PhPh 2 ClO4

A

B

PhS

NBn2

O

NBn2MeO

!40 °C, 0.5 h

     MeCN
42a

46

47

Scheme 4-16.

!40 °C, 0.5 h

!78 °C, 0.5 h

     CH2Cl2

!40 °C, 0.5 h A : 28%

B : 69%

42a : 46 : 13-ClO4 = 1 : 2 : 1.2

13-ClO4
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$ Eö?%]^I-¨MGHA3Q+((4-BrC6H4)3N
+ISbCl6

ð)� DDQ IX/�bYT~lTmS=b

a¤?'()*+ 42abX/�I]^_`=ñ5:Ã�,/6rcZ7Y?Î^u24*5+ 44a�

��Ù���eE�S=(Scheme 4-17)p 

MeO

OH

PhS

NEt2

(4-BrC6H4)3N
+
 SbCl6

-
 :

O

NEt2MeO

!40 °C, 0.5 h

     MeCN
42a

43e

44a

Scheme 4-17.

!40 °C, 0.5 h

Oxidant

DDQ :

not detected

48%  

 

$ ç·,1>0?%&:�O'P+3QPRN 13-ClO4I~l= 4-'(M+PR-N,N-3-+L+-

M.Nb'()*+���,3-.*+4*5+67]^0KlT;<=p%]^�?JKL·03

-+L+-¨)HIJK3-.*+4*5+c'()*+�b 4-'(M+PR-M.N43e��ÅÆ

067:d2p_�0?R+|B0xP+HIJKM�l'()*+�:J?Î^u23-.*+4

*5+cÙÚE��:��e2p�a:&:�?a,]^,]^ij0KlTo.u2p 
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!%& '()*+,*-+./012013456789: 

$ ;&<=>? 4-@AB+CD-N,N-'(+E+(B)FG@AH*+IJK2'()*+,*-+

./01LMNOM4-@AB+CD(B)F 43eJKPQ?R'S+SCDF A5@AHET+R'

S+(ArOU)VWXYZ[\B]^_ B`a/YMb2c<@AB+CDdV@AB+e+@AB+S

CDFGYZfgYZ'()*+,*-+ 44`hi8G9iZj?(Figure 4-4)k 

N SPh

Et

Et

Ph Ph

PhPh
2 ClO4

ArO

N SPh

Et

Et

ClO4
ClO4

A

ArO

N

Et

Et

SPh

OAr

B

N OAr

Et

Et

PhS
+
ClO4

-

Figure 4-4.

 e

+

13-ClO4

43e 44

 

$ YJYM4-@AB+CD(B)F 43eG 4-lmET@AH*+(42a)JK2'()*+,*-+./

01<LM;&<=>?no5pqG78'()*+,*-+ 44ars2P/tGYZMe+@AB

+SCDF5uv78e+@AB+w(B)F 48 xy<z{'@AB+'e+@|}(49)~���

�?(Scheme 4-18)k 

OH

MeO

Ph Ph

PhPh 2 ClO4

13-ClO4

PhS

NEt2

PhS

NEt2

O

NEt2MeO

SPh

PhSSPh

!40 °C, 0.5 h

     MeCN

Scheme 4-18.

42a

43e

44a 93%
42a : 43e : 13-ClO4 = 1 : 2 : 1.2

+ +

48 32% 49 62%

!40 °C, 0.5 h
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'@AB+'e+@|}2P/��GYZLMC[+R'S+��2��w5n8~2���<P

/Y?CD*+V'SCDFw.t5n�Z�w����w78~2MCD*+Ge+@AB+SC

DFG2015n8~2z�V9iK�8kYJYMe+@AB+SCDF��2��w<'e+@

|}VP/78GL9iK�zjkb2?�MFigure 4-45�Y?@AB+CDdVe+@AB+S

CDFGYZfg780134<LM��<�zj01��V�2'()*+,*-+./015L

��78kb�<M0134`r�2no59i?(Figure 4-5)k7z��M��@AH*+ 42a5�

@C+'SCDF 13-ClO4`����8�G<�j?'SCDFw.t2 �V01YM��5@A

HET+R'S+ A VPQ8kb�5 4-@AB+CD(B)F 43e `Xi8G��5¡�Zj8'

SCDFw.t5n�Z�w��R'S+SCDF BGz8kb�V@AHET+R'S+ AG¢R

£<0178G[\B]^_ C `a/YMb2[\B]^_ C JKpqG78'()*+,*-+

44a¤G¥¦��8k 

OH

MeO

2 ClO4

Ph Ph

PhPh

HX

PhS

NEt2

A O

MeO

2 ClO4

Ph Ph

PhPh

PhS

NEt2

O

NEt2MeO

PhS

NEt2

SPh

PhSSPh

O

MeO

A

NEt2

PhS

O

MeO

PhS

NEt2 ClO4
-

B

ClO4
-

C

42a (1 mol)

(1.0 mol)

43e (2 mol)

(0.5 mol)

(0.5 mol)

(2 mol)

+

(1 mol) (1 mol)

48 49

Figure 4-5.

RadicalCation

1/2

44a

13-ClO4

43e
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�2[\B]^_ CJK,*-+ 44a¤¥¦��8§¨z0134L�KJ<LzjVM©ª«<

L Cation ��G Radical ��2¬V9iK�8k��;®2 Cation ��LM[\B]^_ C J

KfgY?@AB+e+@AB+SCDFV��5¡�Zj8 4-@AB+CD(B)F43eG01Y

Ze+@AB+w(B)F 48`hizVK,*-+ 44aVP/7834<¯8(Figure 4-6)k 

NEt2

PhS

O

MeO

ClO4
-

PhS

NEt2

C

PhS

NEt2
PhS

O

NEt2MeO

Cation

Figure 4-6.

44a

43e

48  

°±Mc®2 Radical��<LM��@AB+CDdVC[+R'S+GYZfgYZ��w78

G'@AB+'e+@|}VPQM��5L'()*+,*-+2R'S+SCDF DVa/��8

(Figure 4-7)k�2R'S+SCDF D LM4-@AB+CD(B)F 43e 2R'S+SCDF E n²

~³´µ<¯8�GV¶·¸¹º»2¼½n²�J8 (Figure 4-8)kb2?�MR'S+SCDF D

L��5¡�YZj8 4-@AB+CD(B)F 43e `¾¿·�wYZpqG78,*-+ 44a Gz

²MR'S+SCDF ELb2����5¡8k 

NEt2

PhS

O

MeO

ClO4

C

O

NEt2MeO

PhS

NEt2

D

ClO4

PhS

NEt2

O

NEt2MeO

ClO4

Figure 4-7.

Radical

1/2 PhSSPh

44a

E

43e
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Me2N

S
Ph

Me2N

O

OMe

Energy : -985 au Energy : -777 au

Figure 4-7.

1 au = 2625.50 kJmol
-1

 

rÀV©ª«<9iK�8'()*+,*-+./0120134<¯8VMScheme 4-185�Y

?¼½`Á8G'e+@|}2ÂÃVe+@AB+w(B)F 48 2ÂÃn²~Äjkb2?�M[

\B]^_ C JK,*-+ 44a ¤2¥¦LMÅ5 Radical ��<ÆÇYZj8G9iK�8kYJ

YMb2§¨L�x�KJ<Lzjk 

 

rÀ2no5È&<L;&<=>? 4-@AB+CD-N,N-'(+E+(B)FG@AH*+IJK

2'()*+,*-+./01201345jZ=>?kÀ=20134LM'()*+,*-+

./012ÉP/t24ÊJKËÌY?~2<¯²MÍxÎ���ZjzjÏ¶VÐÑ¯8k 
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!"% &'()*)+,-.&'()/012*)34567.89 

$ :%;<0=>?@A+B)CDBEF 13-ClO4 GHIJ+KL()MN 4-+K4)BE-N,N-C

OB)&4'F(43e)PQC&'()O(R)G89S2TUGVWXY(Scheme 4-19)Z 

MeO

OH

13-ClO4

Ph Ph

PhPh 2 ClO4

PhS

NEt2

O

NEt2MeO

!40 °C, 0.5 h

     MeCN
42a

43e

44a 93%

Scheme 4-19.

!40 °C, 0.5 h

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

$ [\<=>?@CDBEF/8]N 4-+K4)BE&4'F 43ePQ^_XY`CD)DBEF A

N@+KLab)`CD)cd.TUeGfghiXYN\j@4-COB)&kL&'()*l 50a

N`CD)DBEF AmnoP0TUS2\NGVWXYZSpqr@4-+K4)BE&4'F 43e

0A+B)CDBEF 13-ClO4GsHtu@[\0 4-COB)&kL&'()*l 50a Gvw2N@

xyzI\N0+K4)BE{.|}?~\Q�@�q�0 4-COB)&kL&'(){m����

�0�vXY�'&'()*)3456712
51am���<�Q�Y(Scheme 4-20)Z;Y@��TU
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Figure 4-8.
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Synthesis of ketendithioacetals 
³ All Ketendithioacetals were prepared following to publications.1  
 
¾¿À¾¿É 
 
A typical experimental procedure 
 To a solution of 1 ( 44.9 mg, 0.30 mmol) and 2a (58.6 mg, 0.36 mmol) in toluene (2.0 ml) was added 
Me3SiOTf (0.055 ml, 0.30 mmol) at –78 oC.  After the reaction mixture was stirred for 0.5 h at –78 oC, 
Red-Al (NaH2Al(OCH2CH2OCH3)2 (3.67M, 0.098 ml, 0.36 mmol) in toluene was successively added at –78 
oC.  After stirring for 1 h at –78 oC, the reaction was quenched with phosphate buffer (pH 7) and aqueous 
layer was extracted with EtOAc. The combined organic layer was washed with brine.  After removal of the 
solvent, the resulting residue was purified by preparative TLC to afford the desired product 5e (71.6 mg, 
85%, syn/anti = 33/67). 
 
S-Ethyl-3-methoxy-2-methyl-3-phenyl-thiopropionate (syn) (3)  
colorless oil 
1H NMR(500 MHz, CDCl3) ! 1.09 (3H, dd, J = 7.4, 7.5 Hz), 1.28 (3H, d, J = 6.9 Hz), 2.65-2.85 (2H, m), 
2.88 (1H, dq, J = 6.9, 7.1 Hz), 3.23 (3H, s), 4.41 (1H, d, J = 7.1 Hz), 7.23-7.30 (3H, m), 7.30-7.38 (2H, m);  
13C NMR (125 MHz, CDCl3) ! 13.26, 14.53, 23.02, 55.81, 57.10, 84.39, 127.2, 127.8, 128.2, 139.5, 201.4; 
IR (neat) 2360, 2341, 1684, 1140, 962 cm-1; 
HRMS: calcd for C13H19O2S(M+) 239.1106, found 239.1112. 
 
S-Ethyl-3-methoxy-2-methyl-3-phenyl-thiopropionate (anti) (3) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 0.85 (3H, d, J = 7.1 Hz), 1.29 (3H, dd, J = 7.4, 7.5 Hz), 2.88-2.96 (3H, m), 
3.14 (3H, s), 4.31 (1H, d, J = 9.7 Hz), 7.28-7.39 (5H, m); 
13C NMR (125 MHz, CDCl3) ! 14.63, 15.02, 23.26, 55.03, 56.88, 85.71, 123.6, 127.6, 128.2, 128.4, 139.0, 
202.4; 
IR (neat) 2360, 2341, 1684, 1097, 945 cm-1; 
HRMS: calcd for C13H19O2S(M+) 239.1106, found 239.1091. 
 
4-Methoxy-3-methyl-4-phenyl-2-butanone di-S-ethyl ketal (syn) (5a) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 1.02 (3H, d, J = 7.1 Hz), 1.21 (3H, t, J = 7.5 Hz), 1.31 (3H, d, J = 7.5 Hz), 
1.61 (3H, s), 1.83 (1H, q, J = 7.1 Hz), 2.50-2.64 (2H, m), 2.65-2.76 (2H, m), 3.27 (3H, s), 5.05 (1H, s), 
7.18-7.37 (5H, m);  
13C NMR (125 MHz, CDCl3) ! 13.26, 14.53, 23.02, 55.81, 57.10, 84.39, 127.2, 127.8, 128.2, 139.5, 201.4; 
IR (neat) 2972, 2927, 2359, 1452, 1103, 1076 cm-1; 
HRMS: calcd for C16H27OS2(M+) 299.1503, found 299.1478. 
 
4-Methoxy-3-methyl-4-phenyl-2-butanone di-S-ethyl ketal (anti) (5a) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 0.87 (3H, d, J = 7.3 Hz), 1.24 (3H, t, J = 7.5 Hz), 1.27 (3H, t, J = 7.5 Hz), 1.45 
(3H, s), 2.33 (1H, dq, J = 7.3, 5.7 Hz), 2.63-2.75 (4H, m), 3.13 (3H, s), 4.55 (1H, d, J = 5.7 Hz), 7.24-7.38 
(5H, m);  
13C NMR (125 MHz, CDCl3) ! 13.32, 13.91, 23.48, 23.73, 25.04, 47.69, 55.97, 64.27, 84.45, 127.4, 127.8, 
128.4, 140.6; 
IR (neat) 2973, 2927, 2360, 1454, 1093 cm-1; 
HRMS: calcd for C16H27OS2(M+) 299.1503, found 299.1496. 
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5-Methoxy-4-methyl-5,1-diphenyl-3-one-1-pentyne di-S-ethyl ketal (syn) (5b) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 1.22 (3H, d, J = 7.0 Hz), 1.33 (3H, t, J = 7.5 Hz), 1.34 (3H, d, J = 7.5 Hz), 
2.15 (1H, q, J = 7.0 Hz), 2.80-2.96 (4H, m), 3.33 (3H, s), 5.13 (1H, s), 7.18-7.39 (8H, m), 7.39-747 (2H, m);  
13C NMR (125 MHz, CDCl3) ! 9.16, 13.81, 26.15, 26.22, 50.76, 57.00, 59.57, 81.65, 87.68, 87.92, 122.8, 
126.2, 126.9, 127.8, 128.2, 128.3, 131.6, 142.6; 
IR (neat) 2973, 2927, 2360, 1491, 1450, 1442, 1097, 756 cm-1; 
HRMS: calcd for C23H29OS2(M+) 385.1660, found 385.1649. 
 
5-Methoxy-4-methyl-5,1-diphenyl-3-one-1-pentyne di-S-ethyl ketal (anti) (5b) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 0.98 (3H, d, J = 7.2 Hz), 1.31 (3H, t, J = 7.5 Hz), 1.33 (3H, d, J = 7.5 Hz), 
2.50 (1H, dq, J = 7.2, 5.6 Hz), 2.82-2.95 (4H, m), 3.19 (3H, s), 4.68 (1H, d, J = 5.6 Hz), 7.18-7.35 (8H, m), 
7.35-739 (2H, m);  
13C NMR (125 MHz, CDCl3) ! 9.16, 13.81, 26.15, 26.22, 50.76, 57.00, 59.57, 81.65, 87.68, 87.92, 122.8, 
126.2, 126.9, 127.8, 128.2, 128.3, 131.6, 142.6; 
IR (neat) 2975, 2927, 2360, 1491, 1454, 1442, 1092, 756 cm-1; 
HRMS: calcd for C23H29OS2(M+) 385.1660, found 385.1687. 
 
Diethyl-2-(3-methoxy-2-methyl-3-phenyl-1,1-diethythio)-malonate (syn) (5c) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 1.05 (3H, d, J = 7.2 Hz), 1.22 (3H, t, J = 7.6 Hz), 1.26 (3H, t, J = 7.6 Hz), 1.27 
(3H, t, J = 7.1 Hz), 1.31 (3H, t, J = 7.1 Hz), 2.56 (1H, q, J = 7.2 Hz), 2.70-2.87 (4H, m), 3.23 (3H, s), 
4.13-4.30 (5H, m), 4.99 (1H, s), 7.18-725 (1H, m), 7.15-7.35 (4H, m); 
13C NMR (125 MHz, CDCl3) ! 9.40, 13.44, 13.92, 13.99, 24.64, 24.90, 49.76, 56.19, 59.14, 61.34, 61.42, 
81.75, 126.5, 126.8, 128.1, 142.0, 166.59, 166.60; 
IR (neat) 2978, 2931, 1759, 1734, 1452, 1200, 1093, 704 cm-1; 
HRMS: calcd for C22H35O5S2(M+) 443.1926, found 443.1866. 
 
Diethyl-2-(3-methoxy-2-methyl-3-phenyl-1,1-diethythio)-malonate (anti) (5c) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 0.86 (3H, d, J = 6.8 Hz), 1.12 (3H, t, J = 7.6 Hz), 1.28 (3H, t, J = 7.1 Hz), 1.28 
(3H, t, J = 7.5 Hz), 1.32 (3H, t, J = 7.2 Hz), 2.61 (1H, dq, J = 11.1, 7.6 Hz), 2.86 (1H, dq, J = 10.7, 7.5 Hz), 
2.94 (3H, s), 3.02 (1H, dq, J = 10.7, 7.5 Hz), 3.11 (1H, dq, J = 11.1, 7.6 Hz), 3.30 (1H, dq, J = 6.8, 2.6 Hz), 
4.13-4.30 (5H, m), 4.54 (1H, d, J = 2.6 Hz), 7.20-736 (5H, m); 
13C NMR (125 MHz, CDCl3) ! 13.03, 13.85, 13.97, 14.05, 15.35, 25.23, 25.99, 44.32, 55.13, 60.57, 61.10, 
63.07, 63.81, 86.69, 127.7, 127.9, 128.2, 141.3, 167.3, 168.0; 
IR (neat) 2978, 1751, 1732, 1456, 1147, 1093, 702 cm-1; 
HRMS: calcd for C22H35O5S2(M+) 443.1926, found 443.1910. 
 
3,3-Bis-ethylsulfanyl-5-methoxy-2,4-dimethyl-1,5-diphenyl-pentan-1-one (5d) (one isomer.) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 0.83 (3H, d, J = 7.2 Hz), 1.16 (3H, dd, J = 8.9, 7.6 Hz), 1.25 (3H, dd, J = 7.5, 
7.5 Hz), 1.52 (3H, d, J = 7.1 Hz), 2.55-2.62 (1H, dt, J = 7.2, 7.6 Hz), 2.69-2.81 (4H, m), 2.80 (3H, s) 4.45 
(1H, d, J = 7.6 Hz), 4.50 (1H, t, J = 7.1 Hz), 7.25-7.33 (5H, m), 7.40-7.45 (2H, m), 7.50-7.54 (1H, m), 
7.92-7.96 (2H, m); 
13C NMR (125 MHz, CDCl3) ! 13.7, 14.1, 16.5, 17.3, 24.9, 25.0, 47.9, 48.7, 55.5, 69.6, 85.3, 127.5, 128.1, 
128.2, 128.3, 128.4, 132.3, 138.2, 141.4, 200.3; 
 
3,3-Bis-ethylsulfanyl-5-methoxy-2,4-dimethyl-1,5-diphenyl-pentan-1-one (5d) (one isomer.) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 0.87 (3H, d, J = 6.9 Hz), 1.82 (3H, dd, J = 7.6, 7.5 Hz), 1.30 (3H, dd, J = 7.5, 
7.5 Hz), 1.63 (3H, d, J = 7.3 Hz), 2.53 (3H, s), 2.59-2.63 (1H, m), 2.81-2.85 (1H, m), 2.95-3.05 (2H, m), 
3.21-3.27 (1H, m), 4.31 (1H, d, J = 9.0 Hz), 4.37 (1H, t, J = 7.2 Hz), 7.15-7.17 (2H, m), 7.20-7.27 (3H, m), 
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7.42-7.51 (3H, m), 7.98-8.01 (2H, m)2.69-2.81 (7H, m), 4.45 (1H, d, J = 7.6 Hz), 4.50 (1H, t, J = 7.1 Hz), 
7.25-7.33 (5H, m), 7.40-7.45 (2H, m), 7.50-7.54 (1H, m), 7.92-7.96 (2H, m); 
13C NMR (125 MHz, CDCl3) ! 13.5, 14.6, 16.9, 18.8, 25.9, 26.1, 26.2, 44.5, 49.9, 55.0, 69.9, 87.0, 
127.5, 127.7, 127.9, 128.1, 128.2, 128.3, 132.0, 137.3, 141.5, 200.2; 
 
3,3-Bis-ethylsulfanyl-5-methoxy-2,4-dimethyl-1,5-diphenyl-pentan-1-one (5d) (two isomers 44/56.) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 1.11-1.34 (8H, m), 1.42 (1.7H, d, J = 7.0 Hz), 1.49 (1.3H, d, J = 7.1 Hz), 
2.17-2.21 (1H, m), 2.57-2.99 (4H, m), 2.99 (1.7H, s), 3.18 (1.3H, s), 4.48 (0.44H, q, J = 7.0 Hz), 4.61 (0.56H, 
q, J = 7.0 Hz), 5.03 (0.44H, s), 5.11 (0.56H, s), 7.22-7.32 (5H, m), 7.44-7.50 (2H, m), 7.52-7.55 (1H, m), 
7.99-8.06 (2H, m); 
13C NMR (125 MHz, CDCl3) ! 8.2, 9.1, 9.2, 13.3, 13.4, 13.5, 13.8, 17.5, 17.6, 24.5, 25.0, 25.3, 31.7, 
46.3, 46.5, 51.0, 51.1, 55.0, 55.8, 56.4, 70.9, 71.0, 81.8, 85.7, 126.5, 126.6, 126.9, 127.2, 127.6, 
127.9, 128.1, 128.2, 128.4, 128.5, 132.5, 132.5, 132.6, 132.8, 137.9, 138.0, 142.1, 142.2; 
 
3-Methoxy-2-methyl-3-phenyl-propionaldehyde-di-S-ethyl acetal (syn) (5e) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 1.08 (3H, t, J = 7.4 Hz), 1.15 (3H, t, J = 7.4 Hz), 1.20 (3H, d, J = 6.8 Hz), 2.12 
(1H, ddq, J = 7.4, 6.8, 4.7 Hz), 2.38-2.46 (2H, m), 2.46-2.57 (2H, m), 3.21 (3H, s), 3.42 (1H, d, J = 4.7 Hz), 
4.38 (1H, d, J = 7.4 Hz), 7.25-7.39 (5 H, m); 
13C NMR (125 MHz, CDCl3) ! 12.13, 14.22, 14.41, 25.44, 25.51, 45.21, 54.03, 56.98, 85.30, 127.2, 127.8, 
128.3, 140.8; 
IR (neat) 2360, 2341, 1545, 1097, 702 cm-1; 
 
3-Methoxy-2-methyl-3-phenyl-propionaldehyde-di-S-ethyl acetal (anti) (5e) 
colorless oil 
1H NMR(500 MHz, CDCl3) ! 0.70 (d, J = 7.0 Hz, 3 H), 1.30 (3H, t, J = 7.4 Hz), 1.34 (3H, t, J = 7.4 Hz), 
2.24 (1H, ddq, J = 9.7, 7.0, 2.8 Hz), 2.60-2.79 (4H, m), 3.14 (3H, s), 4.15 (1H, d, J = 9.7 Hz), 4.53 (1H, d, J 
= 2.8 Hz), 7.25-7.39 (5H, m); 
13C NMR (125 MHz, CDCl3) ! ! 11.74, 14.68, 14.84, 26.24, 26.37, 45.43, 53.74, 56.38, 85.42, 127.2, 127.7, 
128.3, 140.4; 
IR (neat) 2360, 2341, 1545, 1097, 702 cm-1; 
 
¾¿À¾�É 
 
A typical experimental procedure 
To a solution of 8a ( 40.2 mg, 0.30 mmol) and 2a (58.3 mg, 0.36 mmol) in CH2Cl2 (2.0 ml) was added 
BF3·OEt2 (0.045 ml, 0.36 mmol) at –94 oC. After the reaction mixture was stirred for 0.5 h at –94 oC, Red-Al 
(NaH2Al(OCH2CH2OCH3)2 (3.67M, 0.098 ml, 0.36 mmol) in toluene was successively added at –94 oC. 
After stirring for 1 h at –94 oC, the reaction was quenched with phosphate buffer (pH 7) and aqueous layer 
was extracted with EtOAc. The combined organic layer was washed with brine. After removal of the solvent, 
the resulting residue was purified by preparative TLC to afford the desired product 9aa (66.0 mg, 74%, 
syn/anti = 12/88). 
 
1,1-Bis-ethylsulfanyl-2-methyl-5-phenyl-pentan-3-ol (9aa) 
colorless oil 
(syn) 1H NMR R500 MHz, CDCl3 S! 1.12 (3H, d, J = 7 Hz), 1.24 (3H, t, J = 7 Hz), 1.26 (3H, t, J = 7 Hz) 
1.64-1.71 (1H, m), 1.84-1.94 (2H, m), 2.52-2.60 (2H, m), 2.61-2.75 (4H, m), 2.80-2.86 (1H, m), 3.83 (1H, d, 
J = 6 Hz), 3.99 (1H, m), 7.17-7.22 (3H, m), 7.28 (2H, dd, J = 7.5, 7.4);  
13C NMR (126 MHz, CDCl3) ! 10.5, 14.37, 14.43, 25.4, 25.5, 32.5, 37.0, 43.0, 56.8, 72.9, 125.8, 128.3, 
128.4, 142.0;  
IR (neat) 3446, 2967, 2925, 2870, 1456, 1375, 1263, 748, 700 cm-1;  
Anal. Found: C, 64.19; H, 8.83; N, 0 %. Calcd for C16H26OS2: C, 64.38; H, 8.78; N, 0 %. 
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colorless oil 
(anti) 1H NMR R500 MHz, CDCl3S! 1.05 (3H, d, J = 7 Hz), 1.27 (3H, t, J = 7 Hz),  1.28 (3H, t, J = 7 Hz), 
1.64-1.74 (1H, m), 1.88-1.94 (1H, m), 1.99-2.06 (1H, m), 2.18 (1H, d, J = 6 Hz), 2.61 (2H, q, J = 7 Hz), 
2.65-2.76 (1H, m), 2.71 (2H, q, J = 7 Hz), 2.85-2.91 (1H, m), 3.75 (1H, m), 4.24 (1H, d, J = 3 Hz), 7.18-7.22 
(3H, m), 7.27-7.30 (2H, m);  
13C NMR (126 MHz, CDCl3) ! 12.7, 14.57, 14.63, 26.0, 26.2, 32.1, 36.9, 44.4, 54.0, 73.4, 125.8, 128.35, 
128.41, 142.1;  
IR (neat) 3446, 2966, 2925, 2870, 1452, 1376, 1263, 1030, 746, 698 cm-1;  
Anal. Found: C, 64.53; H, 8.84; N, 0 %. Calcd for C16H26OS2: C, 64.38; H, 8.78; N, 0 %. 
 
4-[1,3]Dithian-2-yl-1-phenyl-pentan-3-ol (syn/anti = 75/25 mixture) (9ae) 
colorless oil 
1H NMR R400 MHz, CDCl3S! 1.06 (0.75H, d, J = 7 Hz), 1.12 (2.25H, d, J = 7 Hz), 1.63-1,74 (1H, m), 
1.78-1.96 (3H, m), 2.07-2.13 (1.75H, m), 2.22 (0.25H, d, J = 6), 2.60 (1H, m), 2.79-3.01 (5H, m), 3.66 
(0.25H, m), 4.02 (0.75H, m), 4.16 (0.75H, d, J = 6 Hz), 4.53 (0.25H, d, J = 4 Hz), 7.16-7.21 (3H, m), 
7.25-7.30 (2H, m);  
13C NMR (100 MHz, CDCl3) ! 10.6 (syn), 13.6 (anti), 26.0 (syn), 26.3 (anti), 30.6 (syn), 30.8 (anti), 31.0 
(syn), 31.3 (anti), 32.0 (anti), 32.6 (syn), 36.5 (anti), 36.6 (syn), 43.2 (syn), 44.4 (anti), 52.2 (anti), 53.4 (syn), 
72.0 (syn), 72.6 (anti), 125.7, 128.2, 128.26, 128.29, 141.8 (syn), 142.0 (anti);  
IR (neat) 3446, 2935, 2898, 1454, 1521, 1277, 908, 746, 731, 698 cm-1; 
Anal. Found: C, 63.55; H, 7.91; N, 0 %. Calcd for C15H22OS2: C, 63.78; H, 7.85; N, 0 %. 
 
1,1-Bis-ethylsulfanyl-2,4-dimethyl-pentan-3-ol (syn/anti = 27/73) (9ba) 
colorless oil 
1H NMR (400 MHz, CDCl3) ! 0.86 (2.2H, d, J = 6.4 Hz), 0.97-1.03 (6H, m), 1.10 (0.8H, d, J = 6.8 Hz), 
1.24-1.32 (6H, m), 1.65-1.90 (1H, m), 1.90 (0.73H, d, J = 6.4 Hz), 2.01-2.12 (1H, m), 2.36 (0.27H, d, J = 6.8 
Hz), 2.55-2.80 (4H, m), 3.49-3.61 (1H, m) 3.83 (0.27H, d, J = 6.4 Hz), 4.33 (0.73H, d, J = 2.4 Hz); 13C NMR 
(100 MHz, CDCl3) !10.4, 12.1, 14.4, 14.5, 14.6, 14.7, 19.2, 19.3, 25.4, 25.5, 26.3, 26.4, 29.7, 31.3, 39.9, 
42.1, 54.3, 57.0; 
IR (neat) 2962, 2927, 1456, 1377, 1263, 993, 964 cm-1; 
HRMS: calcd for C11H25OS2(M+) 237.1347, found 237.1324. 
 
3,3-Bis-ethylsulfanyl-2-methyl-1-phenyl-propan-1-ol (syn/anti = 23/77) (9ca) 
colorless oil 
1H NMR (400 MHz, CDCl3) ! 0.84 (2.3H, d, J = 6.8 Hz), 1.12-1.24 (2.1H, m), 1.26 (2.3H, dd, J = 7.2, 7.2 
Hz), 1.31 (2.3H, dd, J = 7.6, 7.6 Hz), 2.15-2.24 (0.23H, m), 2.27-2.36 (0.77H, m), 2.44-2.80 (5H, m), 3.64 
(0.23H, d, J = 4.8 Hz), 4.36 (0.77H, d, J = 2.8 Hz), 4.71 (0.77H, dd, J = 2.8, 8.4 Hz), 5.01 (0.23H, dd, J = 3.2, 
4.8 Hz) 7.25-7.32 (1H, m), 7.32-7.37 (4H, m);  
13C NMR (100 MHz, CDCl3) ! 11.0, 12.3, 14.3, 14.4, 14.5, 14.7, 14.8, 25.6, 25.8, 26.3, 26.4, 45.6, 45.7, 53.4, 
55.1, 75.8, 126.0, 126.6, 127.4, 127.7, 128.2, 128.4, 143.0, 143.2;  
IR (neat) 2966, 2927, 1454, 1375, 1265, 1016, 761, 700 cm-1; 
HRMS: calcd for C14H23OS2(M+) 271.1190, found 271.1176. 
 
2-[1,3]Dithian-2-yl-4-methyl-pentan-3-ol (syn/anti = 79/21) (9be) 
colorless oil 
1H NMR (400 MHz, CDCl3) ! 0.85 (0.63H, d, J = 6.8 Hz), 0.87 (2.37H, d, J = 6.4 Hz), 1.00 (2.37H, d, J = 
6.4 Hz), 1.04 (0.63H, d, J = 6.8 Hz), 1.10 (2.37H, d, J = 6.8 Hz), 1.68-1.94 (3.63H, m), 1.94-2.06 (1H, m), 
2.08-2.18 (1H, m), 2.82-2.95 (4H, m), 3.46-3.38 (0.21H, m), 3.58-3.60 (0.79H, m), 4.15 (0.79H, d, J = 6.8 
Hz), 4.63 (0.21H, d, J = 2.4 Hz);  
13C NMR (100 MHz, CDCl3) ! 10.5, 13.2, 14.2, 19.2, 19.3, 20.5, 26.2, 26.5, 29.5, 30.8, 30.9, 31.0, 31.1, 31.6, 
40.1, 41.9, 52.6, 53.5, 76.6, 77.5; 
IR (neat) 3450, 2958, 2898, 1458, 1421, 1277, 970 cm-1; 
HRMS: calcd for C10H21OS2(M+) 221.1034, found 221.1033. 
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2-[1,3]Dithian-2-yl-1-phenyl-propan-1-ol (9ce) 
colorless oil 
(syn)1H NMR (400 MHz, CDCl3) ! 1.10 (3H, d, J = 6.8 Hz), 1.79-1.93 (1H, m), 2.04-2.20 (2H, m), 2.23 (1H, 
brs), 2.74-2.91 (4H, m), 4.0 (1H, d, J = 5.2 Hz), 5.06 (1H, d, J = 5.2 Hz), 7.24-7.29 (1H, m), 7.31-7.40 (4H, 
m);  
13C NMR (100 MHz, CDCl3) ! 11.2, 26.1, 30.5, 31.1, 45.5, 52.8, 74.6, 125.9, 127.3, 128.2, 142.7; 
IR (neat) 3443, 2932, 2892, 1450, 1422, 1277 cm-1; 
HRMS: calcd for C13H19OS2(M+) 255.0807, found 255.0856. 
 
colorless oil 
(anti)1H NMR (400 MHz, CDCl3) ! 0.84 (3H, d, J = 7.2 Hz), 1.81-1.95 (1H, m), 2.10-2.20 (1H, m), 
2.21-2.34 (2H, m), 2.84-2.92 (2H, m), 2.92-3.08 (2H, m), 4.64 (1H, dd, J = 9.2, 2.8 Hz), 4.74(1H, d, J = 2.4 
Hz), 7.25-7.40 (5H, m);  
13C NMR (100 MHz, CDCl3) ! 13.3, 26.5, 30.9, 31.5, 45.6, 52.0, 75.9, 126.8, 127.9, 128.5, 142.6;  
IR (neat) 3432, 2899, 1653, 1559, 1507, 1456 cm-1; 
HRMS: calcd for C13H19OS2(M+) 255.0807, found 255.0880. 
 
4-[1,3]Dithian-2-yl-1-phenyl-pent-1-en-3-ol (9de) 
colorless oil 
(syn)1H NMR (400 MHz, CDCl3) ! 1.18 (3H, d, J = 7.2 Hz), 1.80-1.94 (1H, m), 2.00-2.15 (2H, m), 2.20 (1H, 
d, J = 4.4 Hz), 2.80-2.94 (4H, m), 4.20 (1H, d, J = 6.0 Hz), 4.60-4.66 (1H, m), 6.21 (1H, dd, J = 6.0, 16.0 
Hz), 6.65 (1H, d, J = 16 Hz), 7.20-7.26 (1H, m), 7.28-7.34 (2H, m), 7.36-7.41 (2H, m);  
13C NMR (100 MHz, CDCl3) ! 11.6, 26.0, 30.4, 30.9, 43.9, 52.2, 73.6, 126.3, 127.5, 128.4, 130.3, 130.8, 
136.5.  
IR (neat) 3438, 2894, 1448, 1421, 964, 748, 692 cm-1; 
HRMS: calcd for C15H21OS2(M+) 281.1034, found 281.1010. 
 
colorless oil 
(anti)1H NMR (400 MHz, CDCl3) ! 1.18 (3H, d, J = 7.2 Hz), 1.80-1.93 (1H, m), 2.03-2.16 (2H, m), 2.19 (1H, 
d, J = 4.0 Hz), 2.82-2.94 (3H, m), 2.94-3.40 (1H, m), 4.30-4.37 (1H, m), 4.58 (1H, d, J = 3.6 Hz), 6.18 (1H, 
dd, J = 6.8, 16.0 Hz), 6.62 (1H, d, J = 16 Hz), 7.23-7.27 (1H, m), 7.27-7.34 (2H, m), 7.36-7.41 (2H, m);  
13C NMR (100 MHz, CDCl3) ! 13.3, 26.4, 30.7, 31.3, 44.3, 51.6, 74.4, 126.4, 127.7, 128.5, 130.1, 132.3, 
136.3; 
IR (neat) 3409, 2896, 1448, 1421, 1277, 968, 750, 694 cm-1; 
HRMS: calcd for C15H21OS2(M+) 281.1034, found 281.1010. 
 
5,5-Bis-ethylsulfanyl-4-methyl-1-phenyl-pent-1-en-3-ol (syn/anti = 37/63) (9da) 
colorless oil 
1H NMR (400 MHz, CDCl3) ! 1.06 (1.9H, d, J = 7.2 Hz), 1.18 (1.1H, d, J = 6.8 Hz), 1.23-1.32 (6H, m), 
2.04-2.21 (1H, m), 2.17 (0.63H, d, J = 4.0 Hz), 2.44 (0.37H, d, J = 4.0 Hz) 2.59-2.79 (4H, m), 3.91 (0.37H, d, 
J = 6.0 Hz), 4.30 (0.63H, d, J = 3.2 Hz), 4.36-4.44 (0.63H, m), 4.63-4.69 (0.37H, m), 6.64 (0.63H, d, J = 
16.0 Hz), 6.67 (0.37H, d, J = 15.6 Hz), 6.20 (0.63H, dd, J = 7.2, 16.0 Hz), 6.21 (0.37H, dd, J = 6.4, 15.6 Hz), 
7.21-7.27 (1H, m), 7.27-7.35 (2H, m), 7.36-7.41 (2H, m);  
13C NMR (100 MHz, CDCl3) ! 11.5, 12.4, 14.5, 14.7, 14.8, 25.5, 25.7, 26.1, 26.2, 43.9, 44.3, 53.6, 55.5, 74.6, 
75.1, 126.3, 126.4, 127.5, 127.7, 128.4, 128.5, 128.6, 130.5, 130.6, 130.8, 132.0, 136.4, 136.6;  
IR (neat) 3432, 2968, 2925, 1448, 966, 786, 748 cm-1; 
HRMS: calcd for C16H25OS2(M+) 297.1347, found 297.1346. 
 
4-Ethylsulfanyl-5-methyl-2-oxo-6-phenethyl-5,6-dihydro-2H-pyran-3-carboxylic acid methyl ester (10) 
colorless oil 
(syn) 1H NMR (500 MHz, CDCl3) ! 1.20 (3H, d, J = 7.0 Hz), 1.32 (3H, dd, J =7.5, 7.5 Hz), 1.77-1.84 (1H, 
m), 2.14-2.23 (1H, m), 2.63 (1H, dt, J = 7.0, 2.5 Hz), 2.68-2.88 (1H, m), 2.81 (2H, dd, J = 7.5, 7.5 Hz), 
2.92-2.98 (1H, m), 3.86 (3H, s), 4.32 (1H, ddd, J = 9.3, 4.0, 2.5 Hz), 7.18-7.25 (3H, m), 7.29-7.33 (2H, m);  
13C NMR (125 MHz, CDCl3) ! 11.8, 13.5, 25.3, 31.4, 33.1, 36.5, 52.4, 77.3, 115.8, 126.2, 128.3, 128.5, 
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140.4, 160.7, 165.0, 171.6; 
IR (neat) 1733, 1697, 1290, 1227, 1132 cm-1; 
HRMS: calcd for C14H21OS2(M+) 335.1317, found 335.1335. 
  
colorless oil 
(anti) 1H NMR (500 MHz, CDCl3) ! 1.31 (3H, dd, J = 7.5, 7.5 Hz), 1.37 (3H, d, J = 7.1 Hz), 1.74-1.85 (1H, 
m), 2.21-2.30 (1H, m), 2.66-2.89 (5H, m), 3.86 (3H, s), 4.28 (1H, ddd, J = 9.4, 4.7, 1.1 Hz), 7.18-7.24 (3H, 
m), 7.27-7.32 (2H, m);  
13C NMR (125 MHz, CDCl3) ! 13.8, 19.0, 25.2, 31.7, 34.9, 36.7, 52.3, 79.9, 115.6, 126.1, 128.3, 128.4, 
140.2, 158.5, 164.9, 168.6; 
IR (neat) 1733, 1695, 1338, 1213, 1065 cm-1; 
HRMS: calcd for C14H21OS2(M+) 335.1317, found 335.1303. 
 
1,1-Bis-ethysulfanyl-5-phenyl-pentan-3-ol (9af) 
colorless oil 
1H NMR (500 MHz, CDCl3) ! 1.26 (6H, q, J = 7.4 Hz), 1.72-1.85 (2H, m), 1.88-2.01 (2H, m), 2.51 (1H, brs), 
2.54-2.75 (5H, m), 2.80 (1H, ddd, J = 13.7, 9.8, 6.1 Hz), 3.96 (1H, tdd, J = 8.2, 4.0, 4.0 Hz), 4.02 (1H, dd, J 
= 8.2, 6.1 Hz), 7.19 (1H, t, J = 7.4 Hz), 7.20 (2H, d, J = 7.4 Hz), 7.28 (2H, t, J = 7.4 Hz);  
13C NMR (125 MHz, CDCl3) ! 14.4, 14.4, 23.9, 24.0, 31.9, 39.1, 42.8, 48.5, 69.6, 125.8, 128.4, 141.9;  
IR (neat) 3434(br), 2925, 2870, 2358, 1603, 1496, 1453, 1374, 1263, 1052, 971, 930, 860, 747, 698!cm-1; 
Anal. Calcd for C15H24OS2: C, 63.33; H, 8.50%. Found: C, 63.18; H, 8.79%. 
 
1-[1,3]Dithian-2-yl-4-phenyl-butan-2-ol (9ag) 
colorless oil 
1H NMR (400 MHz, CDCl3) ! 1.71-1.84 (2H, m), 1.84-1.96 (3H, m), 2.05-2.15 (1H, m), 2.18 (1H, d, J = 4.8 
Hz), 2.62-2.73 (1H, m), 2.73-2.94 (5H, m), 3.88-4.01 (1H, m), 4.25 (1H, t, J = 8.0 Hz), 7.16-7.23 (3H, m), 
7.28-7.30 (2H, m); 
13C NMR (125 MHz, CDCl3) ! 25.8, 30.0, 30.3, 31.9, 39.1, 42.6, 44.2, 68.2, 125.7, 128.2, 128.3, 141.6; 
IR (neat) 3417, 2931, 2900, 1421, 1274, 908 cm-1; 
HRMS: calcd for C14H21OS2(M+) 269.1034, found 269.1029. 
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1,1,3,3-Tetraphenyl-1H,3H-benzo[de]isochromene (12a) 

To a solution of 1,8-dibromonaphthalene (2.0 g, 7.0 mmol) in diethyl ether (35 ml) was added n-BuLi (6.6 

ml, 2.60 M in hexane, 17.2 mmol) at 0 oC under argon. The reaction mixture was stirred for 2 h at room 

temperature and then benzophenone (3.1 g, 17.0 mmol) was added. After being refluxed for 5 h, the reaction 

was quenched with saturated aqueous 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 resulting residue was dissolved in dichloromethane (10 ml), and a catalytic amount of 

trifluoroacetic acid (0.05 ml, 0.7 mmol) was added at room temperature. The reaction mixture was stirred for 

10 h, and then MeOH (20 ml) was added. After stirring for 1 h at room temperature, the resulting precipitate 

was collected by filtration, washed with MeOH, and dried under reduced pressure to give 3 (2.7 g, 80%) as 

white crystals. 

m.p. 244–245 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) ! 84.28, 124.9, 126.4, 126.5, 126.6, 127.0, 129.5, 132.9, 136.1, 146.5; 

IR (KBr) 1578, 1546, 1452, 1359, 1087, 704, 623 cm–1; 
FAB HRMS calcd. for C36H27O 475.2062 (M+1); found 475.2067. 
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1,1,3,3-Tetrakis-(4-methoxy-phenyl)-1H,3H-benzo[de]isochromene (12b) 
To a solution of 1,8-dibromonaphthalene2 (500 mg, 1.8 mmol) in diethyl ether (10 ml) was added n-BuLi 
(1.7 ml, 2.60 M in hexane, 4.42 mmol) at rt under argon. The reaction mixture was stirred for 2 h at room 
temperature and then 4,4’-dimethoxybenzophenone (930 mg, 3.8 mmol) was added. After being refluxed for 
5 h, the reaction was quenched with saturated aqueous NH4Cl. Organic materials were extracted with EtOAc 
three times. The combined extracts were washed with brine and dried over Na2SO4. After removal of the 
solvent under reduced pressure, the resulting residue was dissolved in dichloromethane (5 ml), and a 
catalytic amount of p-toluensulfonic acid (1 mg, 0.006 mmol) was added at room temperature. The reaction 
mixture was stirred for 10 h, and then MeOH (20 ml) was added. After stirring for 1 h at room temperature, 
the resulting precipitate was collected by filtration, washed with MeOH, and dried under reduced pressure to 
give 12b (510 mg, 48%) as white crystals. 
mp. 264–268 oC (CH2Cl2–MeOH); 
1H NMR (400 MHz, CDCl3) ! 3.70 (12H, s), 6.54 (8H, dd, J = 2.8, 8.8 Hz), 6.90 (2H, d, J = 7.6 Hz), 6.95 

(8H, dd, J = 2.8, 8.8 Hz), 7.34 (2H, dd, J = 7.6, 7.6 Hz), 7.78 (2H, d, J = 7.6 Hz); 
13C NMR (100 MHz, CDCl3) ! 55.1, 83.5, 112.3, 124.8, 126.1, 126.4, 130.5, 132.7, 137.0, 139.1, 157.9; 

IR (KBr) 1508, 1219, 779, 766 cm–1; 
FAB HRMS calcd. for C40H35O5 4595.2484(M+1); found 595.2495. 
 

Trimethylsilyl perchlorate (Me3SiClO4 toluene solution)3 
To a solution of AgClO4 (4.6 g, 22.2 mmol) in toluene (30 ml) was added trimethylsilyl chloride (2.8 ml, 
22.2 mmol) under argon. After this mixture was stirred for 0.5 h at room temperature and then left standing 
for 0.5 h without stirring, the supernatant was used as a reagent (Me3SiClO4, 0.74 M in toluene) for the 
preparation of the dications. 
 

1,8-Bis(diphenylmethlyium)naphthalenediyl perchlorate (13-ClO4) 

To a stirred solution of 12a (2.0 g, 4.2 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol (30 ml) was added 

Me3SiClO4 (17.1 ml, 0.74 M in toluene, 12.6 mmol) at room temperature under argon, and this mixture was 

stirred for 2 days at the same temperature. The solvent was removed under reduced pressure, and the 

resulting crude product was dissolved in dichloromethane (3.0 ml) and diethyl ether (10 ml). After stirring 

for 1 h at room temperature, the black precipitate was collected by filtration, washed with diethyl ether (10 

ml) and then dichloromethane (3.0 ml) under argon, and dried under reduced pressure to give 13-ClO4 (2.6 g, 

95%) as dark red crystals.  

m.p. 170 oC (decomp.) (Et2O–CH2Cl2–HFIP) 
1H NMR (400 MHz, CD3CN) ! 6.54 (2H, brs), 6.73 (2H, brs), 7.37 (2H, brs), 7.41–7.65 (10H, m), 7.75 (2H, 

brs), 7.98 (2H, brs), 8.05 (2H, dd, J = 7.6, 7.6 Hz), 8.23 (2H, brs), 8.95 (2H, dd, J = 8.4, 1.6 Hz); 
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. 
 
1,8-Bis(di(4-methoxyphenyl)methlyium)naphthalenediyl perchlorate (MeO-13-ClO4) 
red crystals, m.p. 260 oC (decomp.) (Et2O–CH2Cl2–HFIP) 
1H NMR (500 MHz, CD3CN) ! 4.04 (6H, s), 6.70 (4H, d, J = 8.9 Hz), 6.94 (4H, dd, J = 2.5, 9.1 Hz), 7.06 

(4H, brs), 7.42 (2H, d, J = 7.3 Hz), 7.58 (4H, dd, J = 2.5, 9.1 Hz), 7.88 (2H, dd, J = 7.3, 7.8 Hz), 8.67 (2H, d, 

J = 7.8 Hz); 
13C NMR (125 MHz, CD3CN) ! 58.6, 127.8, 131.9, 136.3, 137.4, 139.3, 143.6, 144.7, 144.8, 147.4, 168.8, 

192.4; 
IR (KBr) 1577, 1371, 1279, 1165, 1088 cm–1. 
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1,8-Bis(diphenylmethlyium)naphthalenediyl trifluoromethansulfonate (13-OTf) 
dark red crystals 109–110 oC (Et2O–CH2Cl2–HFIP) 
1H NMR (400 MHz, CD3CN) ! 6.54 (2H, brs), 6.73 (2H, brs), 7.37 (2H, brs), 7.44–7.65 (10H, m), 7.75 (2H, 

brs), 7.97 (2H, brs), 8.05 (2H, dd, J = 7.7, 7.9 Hz), 8.23 (2H, brs), 8.97 (2H, d, J = 7.9 Hz); 
13C NMR (100 MHz, CD3CN) ! 118.2, 127.7, 128.0, 128.2, 129.7, 130.1, 132.0, 136.7, 137.5, 139.7, 143.6, 

144.8, 147.1, 151.1, 207.8 
IR (KBr) 1489, 1444, 1217, 1184, 1018, 742, 694 cm–1. 
 
5,5,7,7-Tetraphenyl-5,7-dihydro-dibenzo[c,e]oxepine (21a) 
To a solution of 2,2’-dibromobiphenyl4 (500 mg, 1.6 mmol) in tetrahydrofuran (15 ml) was added n-BuLi 
(4.1 ml, 1.57 M in hexane, 6.4 mmol) at –78 oC under argon. The reaction mixture was stirred for 2 h at the 
same temperature and then benzophenone (1.1 g, 6.4 mmol) was added. After stirring for 10 h at room 
temperature, the reaction was quenched with saturated aqueous NH4Cl. Organic materials were extracted 
with EtOAc three times. The combined extracts were washed with brine and dried over Na2SO4. After 
removal of the solvent under reduced pressure, the resulting residue was dissolved in dichloromethane (10 
ml), and a catalytic amount of trifluoroacetic acid was added at room temperature. The reaction mixture was 
stirred for 10 h, and then MeOH (20 ml) was added. After stirring for 1 h at room temperature, the resulting 
precipitate was collected by filtration, washed with MeOH, and dried under reduced pressure to give 21a 
(580 mg, 73%) as white crystals 
m.p. over 300 oC 
1H NMR (400 MHz, CDCl3) ! 6.55 (2H, ddd, J = 1.8, 2.2, 7.0 Hz), 6.59 (2H, dd, J = 0.95, 7.7 Hz), 6.75 (2H, 

brs), 6.77-6.94 (8H, m), 7.03-7.10 (4H, m), 7.19 (2H, brs), 7.23-7.28 (2H, m), 7.54 (2H, brs), 7.63 (2H, d, J 

= 8.0 Hz), 8.60 (2H, brs); 
13C NMR (100 MHz, CDCl3) ! 86.0, 125.6, 126.2, 126.4, 126.5, 127.5, 127.8, 128.3, 129.7, 129.8, 140.8, 

143.1, 146.1, 147.9; 

IR (KBr) 1215, 906, 750, 725 cm–1; 
FAB HRMS calcd. for C38H29O 501.2218 (M+1); found 501.2224. 
 
1,1’-Dimethyl-5,5,7,7-tetraphenyl-5,7-dihydro-dibenzo[c,e]oxepine (21b) 
To a solution of bromobenzene (0.82 ml, 2.8 mmol) in tetrahydrofuran (15 ml) was added n-BuLi (3.2 ml, 
2.44 M in hexane, 7.8 mmol) at –78 oC under argon. The reaction mixture was stirred for 1 h at the same 
temperature and then 24

5 (400 mg, 1.3 mmol) was added. After stirring for 1 h at –78 oC, 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 resulting residue was dissolved in dichloromethane (10 ml), and a catalytic amount of 
trifluoroacetic acid was added at room temperature. The reaction mixture was stirred for 10 h, and then 
MeOH (20 ml) was added. After stirring for 1 h at room temperature, the resulting precipitate was collected 
by filtration, washed with MeOH, and dried under reduced pressure to give 21b (660 mg, 93%) as white 
crystals 
m.p. over 300 oC 
1H NMR (500 MHz, CDCl3) ! 1.92 (6H, s), 6.52-6.53 (2H, m), 6.70-6.75 (4H, m), 6.76-6.85 (8H, m), 

6.90-6.96 (2H, m), 7.20 (2H, brs), 7.25 (2H, dd, J = 7.2, 7.3 Hz), 7.41 (2H, d, J = 7.3 Hz), 7.51 (2H, brs), 

8.57 (2H, brs); 
13C NMR (125 MHz, CDCl3) ! 19.9, 86.4, 125.2, 125.4, 125.7, 125.9, 126.3.126.4, 127.0, 127.7, 129.9, 

137.1, 139.4, 141.3, 146.2, 147.8; 

IR (KBr) 1491, 1446, 1043, 1026, 912, 742, 704 cm–1; 
FAB HRMS calcd. for C40H33O 529.2531(M+1); found 529.2524. 
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6,6’-Dimethyl-2,2’-Bis(diphenylmethlyium)biphenyldiyl perchlorate (22b-ClO4) 

To a stirred solution of 21b (300 mg, 0.57 mmol) in CH2Cl2 (5 ml) was added Me3SiClO4 (13.2 ml, 0.53 M 

in toluene, 3.2 mmol) at room temperature under argon, and this mixture was stirred for 1 days at the same 

temperature. The solvent was removed under reduced pressure, and the resulting crude product was 

dissolved in dichloromethane (3.0 ml) and diethyl ether (10 ml). After stirring for 1 h at room temperature, 

the red precipitate was collected by filtration, washed with diethyl ether (10 ml) and then dichloromethane 

(3.0 ml) under argon, and dried under reduced pressure to give 22b-ClO4 (390 mg, 97%) as red crystals.  

m.p. 147 oC (decomp.) (CH2Cl2–Et2O) 
1H NMR (500 MHz, CD3CN) ! 2.16 (6H, s), 7.16-7.25 (4H, m), 7.32-7.51 (12H, m), 7.63 (4H, brs), 7.81, 

(2H, dd, J = 7.4, 7.5 Hz), 8.03 (2H, dd, J = 7.4, 7.5 Hz), 7.17 (2H, dd, J = 7.4, 7.5 Hz); 
13C NMR (125 MHz, CD3CN) ! 22.4, 129.7, 130.9, 131.5, 132.7, 138.8, 140.1, 141.6, 142.3, 142.4, 142.5, 

143.6, 144.4, 145.2, 145.8, 148.1, 148.5, 211.5; 
IR (KBr) 1446, 1144, 1090, 740, 701 cm–1. 
 
¾�À¾ÏÉ 
 
Typical experimental procedure for the oxidative coupling of enolate 
To a solution of propiophenone (23) (27.5 mg, 0.20 mmol) and hexamethylphosphoric triamide (0.17 ml, 1.0 
mmol) in tetrahydrofuran (2.0 ml) was added hexamethyldisilazane potassium salt (0.35 ml, 15% in toluene, 
0.22 mmol) at –78 oC. After the reaction mixture was stirred for 2 h at the same temperature, 13-ClO4 (80.5 
mg, 0.12 mmol) was successively added at –78 oC. After stirring for 1 h at –78 oC, the reaction mixture was 
quenched with aqueous NaHCO3 and aqueous layer was extracted with EtOAc. The combined organic layer 
was washed with brine. After removal of the solvent, the resulting residue was purified by preparative TLC 
to afford the desired product 24 (17.8 mg, 65%, dl/meso = 65/35). The yield of 23 was determined by 
GC-analysis using m-xylene as an internal standard.  
 
2,3-Dimethyl-1,4-diphenyl-butane-1,4-dione (dl/meso = 63/37) (24) 
colorless oil 
1H NMR (500 MHz, CDCl3) ! 1.14 (2.2H, d, J = 6.5 Hz), 1.29 (3.8H, d, J = 6.9 Hz), 3.94-3.99 (1.3H, m), 

3.99-4.08 (0.7H, m), 7.44-7.61 (8H, m), 7.98 (1.3H, d, J = 8.5 Hz), 8.06 (0.7H, d, J = 8.5 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.9, 15.5, 33.9, 43.6, 127.3, 128.5, 128.6, 130.6, 131.7, 132.9, 136.4, 149.3, 

203.0, 204.3; 

IR (neat) 3068, 2925, 1702, 1589, 1220, 987 cm–1; 
Anal. calcd. for C12H19N: C, 81.30; H, 10.80; N, 7.90%. Found: C, 81.14; H, 10.72; N, 7.70%. 
 

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

white crystals, m.p. 257–258 oC (CH2Cl2–MeOH); 
1H NMR (400 MHz, CDCl3) ! 6.76–7.05 (20 H, m), 7.19 (2 H, d, J = 6.8 Hz), 7.55 (2 H, dd, J = 6.8, 8.4 Hz), 

7.77 (2 H, d, J = 8.4 Hz); 
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. 
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Typical experimental procedure for the preparation of N,N-dialkylaniline derivatives 

To a suspension of NaH (3.9 g, 60% dispersion in mineral oil, 98 mmol) in THF (50 ml) at 0 oC was added 

an aniline (40 mmol) under argon, and the reaction mixture was stirred for 0.5 h at the same temperature. 

After alkyl iodide (96 mmol) was added, the mixture was stirred at room temperature for 3 h. The reaction 

was quenched with water, and organic materials were extracted with EtOAc, and the combined extracts were 

washed with brine and dried over Na2SO4. After removal of the solvent under reduced pressure, the residue 

was recrystallized from ethanol. 

 

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

white crystals, m.p. 44–45 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 (36b) 

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, d, J = 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%.  

 

3-Bromo-N,N-diethylaniline (36c) 

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

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; 
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N,N,3,5-Tetramethylaniline (36e) 

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 (36f) 

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, brs), 6.35 (1H, brs); 
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 (36g) 

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, 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-3,5-dimethylaniline (36h) 
white crystals, m.p. 144–145 oC (EtOH); 
1H NMR (500 MHz, CDCl3) ! 2.16 (3H, s), 2.29 (6H, s), 6.75 (1H, s), 7.12 (2H, s), 7.13 (1H, brs); 
13C NMR (100 MHz, CDCl3) ! 21.3, 24.7, 117.6, 126.1, 137.6, 138.7, 168.8; 

IR (neat) 3269, 2360, 1658, 1612, 1562, 1415, 912, 744 cm–1; 
FAB HRMS calcd. for C10H14NO 164.1075 (M+1); found 164.1083. 
 
N-Acetyl-N-methyl-3,5-dimethylaniline (36i) 
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, brs); 
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 (36j) 
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 (36k) 
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); 
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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 (36l) 
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. 
 

Typical experimental procedure for the oxidative coupling of aniline derivatives  

To a solution of N,N-diethyl-3,5-dimethylaniline (27.5 mg, 0.16 mmol) in dichloromethane (2.0 ml) was 

added 13-ClO4 (61.8 mg, 0.10 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 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 N,N,N',N'-tetraethyl-2,2',6,6'- 

tetramethylbenzidine (37a) (26.7 mg, 98%) along with acenaphthene 25. 

 

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

white crystals, m.p. 88-89 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 = 1.6, 7.2 

Hz), 7.40 (4H, d, J = 1.6 7.2 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%. 

 

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

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, 137.0; 

IR (neat) 2964, 1601, 1473, 1373, 1286, 1198, 825 cm–1; 

FAB HRMS calcd. for C24H27N2 353.2957 (M+1); found 353.2935. 

 

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

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%.  

 

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

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); 
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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. 

 

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

pale yellow oil 
1H NMR (400 MHz, CDCl3) ! 1.19 (12H, t, J = 7.2 Hz), 2.04 (3H, s), 3.36 (8H, q, J = 7.2 Hz), 6.51-6.58 (4H, 

m), 6.96 (2H, d, J = 8.4 Hz), 7.25 (2H, s); 
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',2,2',6,6'-Octamethybenzidine (37e) 

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 (37f) 

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, 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 (37g) 

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%.   

 

4,4',5,5'-Tetrakis(dimethylamino)-1,1'-binaphthalene (39) 

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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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 alkyl iodide (96 mmol) was added, the mixture was stirred at room temperature for 3 h. The reaction 

was quenched with water, and organic materials were extracted with EtOAc, and the combined extracts were 

washed with brine and dried over Na2SO4. After removal of the solvent under reduced pressure, the residue 

was recrystallized from ethanol. 
 
4-Bromo-N,N-diethylaniline (43a) 
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 C10H15

79BrN 228.0388 (M+1); found 228.0410. 
 
4-Chloro-N,N-diethylaniline (43b) 
pale yellow oil 
1H NMR (500 MHz, CDCl3) ! 1.13 (6H, t, J = 7.1 Hz), 3.31 (4H, q, J = 7.1 Hz), 6.58 (2H, dd, J = 1.7, 9.2 

Hz), 7.13 (2H, dd, J = 1.7, 9.2 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.4, 44.5, 112.9, 120.0, 128.9, 146.3; 

IR (neat) 2969, 1595, 1498, 1265, 1188, 804, 741 cm–1; 
FAB HRMS calcd. for C10H15ClN 184.0893 (M+1); found 184.0876. 
 
4-Fluoro-N,N-diethylaniline (43c) 
pale yellow oil 
1H NMR (500 MHz, CDCl3) ! 1.12 (6H, t, J = 7.0 Hz), 3.29 (4H, q, J = 7.0 Hz), 6.59-6.64 (2H, m), 

6.89-6.94 (2H, m); 
13C NMR (125 MHz, CDCl3) ! 12.4, 44.9, 113.6 (J = 34 Hz), 115.5 (J = 22 Hz), 144.6, 154.5 (J = 233 Hz); 
IR (neat) 2970, 1508, 1227, 810 cm–1; 
FAB HRMS calcd. for C10H15FN 168.1189 (M+1); found 168.1179. 
 
Typical experimental procedure for the preparaton of p-substituted-N,N-diethylaniline 
To a solution of p-bromo-N,N-dialkylaniline (8.8 mmol) in THF (35 ml) was added 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) (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 (43e) was purified by recrystallization from ethanol in 83% yield. 
4-Tributylstannyl-N,N-diethylaniline (43d) was purified by distillation under reduce pressure in 63% yield. 
4-Methylthio-N,N-diethylaniline (43f) was purified by distillation under reduce presuure. 
4-Phenylthio-N,N-dibenzylaniline (46) was purified by recrystallization from ethanol in 66% yield. 
 

 

 



 
 

!"#$ 

104 

4-Tributylstannyl-N,N-diethylaniline (43d)  

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 = 7.3.0 Hz), 

1.50 (6H, tt, J = 7.3, 7.4 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, 27.4, 27.6, 27.8, 29.3, 29.4, 29.5, 43.9, 112.4, 124.4, 127.5, 

127.6, 127.7, 127.9, 128.0, 128.2, 137.5, 147.9; 

IR (neat) 2924, 1587, 1502, 1263, 1080, 798 cm–1; 
Anal. calcd. for C22H41NSn: C, 60.29; H, 9.43; N, 3.20%. Found: C, 60.13; H, 9.31; N, 2.97%. 
 
4-Phenylthio-N,N-diethylaniline (43e) 

white crystals, m.p. 68–69 oC (EtOH); 
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. calcd. for C16H19N: C, 74.66; H, 7.44; N, 5.44%. Found: C, 74.63; H, 7.51; N, 5.33%. 
 
4-Methylthio-N,N-diethylaniline (43f) 
pale yellow oil 
1H NMR (500 MHz, CDCl3) ! 1.14 (6H, t, J = 7.0 Hz), 2.40 (3H, s), 3.32 (4H, q, J = 7.0 Hz), 6.61 (2H, dd, J 

= 2.1, 6.8 Hz), 7.26 (2H, dd, J = 2.1, 6.8 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.5, 14.0, 19.6, 34.0, 44.3, 112.3, 121.6, 129.0, 132.0, 146.7; 

IR (neat) 2968, 1592, 1500, 1354, 1263, 1194, 806 cm–1; 
FAB HRMS calcd. for C11H18NS 196.1160 (M+1); found 196.1144. 
 
4-Bromo-N,N-dibenzylaniline 
white crystals, m.p. 124–126 oC (EtOH) 
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 C26H23NS: C, 68.19; H, 5.15; N, 3.98%. Found: C, 68.04; H, 5.34; N, 3.80%. 
 

4-Phenylthio-N,N-dibenzylaniline (46) 

white crystals, m.p. 107–109oC (EtOH); 
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, 81.70; H, 6.26; N, 3.43%. 
 
Typical experimental procedure for the synthesis of diarylether 
To a solution of 42a (12.6 mg, 0.10 mmol) in acetonitrile (2.0 ml) was added the dication compound 
(13-ClO4) (77.3 mg, 0.12 mmol) at –40 oC. After the reaction mixture was stirred for 0.5 h at –40 oC, 43e 
(51.6 mg, 0.20 mmol) was successively added at –40 oC. After stirring for 0.5 h at –40 oC, the reaction was 
quenched with saturated aqueous NaHCO3 and aqueous layer was extracted with EtOAc. The combined 
organic layer was washed with brine.  After removal of the solvent, the resulting residue was purified by 
preparative TLC to afford the desired product 4-diethylamino-4’-methoxydiphenylether (44a) (25.7 mg, 
93%). 
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4-Diethylamino-4’-methoxydiphenylether (44a) 

pale yellow crystals, m.p. 53–54 oC (EtOH); 
1H NMR (500 MHz, CDCl3) ! 1.13 (6H, t, J = 7.1 Hz), 3.25 (4H, q, J = 7.1 Hz), 3.78 (3H, s), 6.63-6.67 (2H, 

m), 6.79-6.84 (2H, m), 6.86-6.91 (4H, m); 
13C NMR (125 MHz, CDCl3) ! 12.5, 44.8, 55.6, 113.6, 114.6, 118.8, 120.0, 144.4, 147.8, 152.4, 154.8; 

IR (neat) 2968, 2360, 1495, 1219, 1036 cm–1; 
Anal. calcd. for C17H21NO2: C, 75.25; H, 7.80; N 5.16%. Found: C, 75.13; H, 7.84; N, 4.95%. 
 
4-Diethylamino-2’,4’,6’-trimethyldiphenylether (44b) 
colorless oil 
1H NMR (500 MHz, CDCl3) ! 1.10 (6H, t, J = 7.1 Hz), 2.10 (6H, s), 2.28 (3H, s), 3.24 (4H, q, J = 7.1 Hz), 

6.59-6.66 (4H, m), 6.87 (2H, d, J = 0.45 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.5, 16.4, 20.8, 45.0, 114.6, 115.2, 129.4, 131.2, 133.9, 143.0, 149.5, 149.7; 

IR (neat) 2968, 1506, 1479, 1220 cm–1; 
FAB HRMS calcd. for C19H26NO 284.2014 (M+1); found 284.2006. 
 
4-Diethylamino-2’,6’-dimethyldiphenylether (44c) 

colorless oil; 
1H NMR (500 MHz, CDCl3) ! 0.97 (6H, t, J = 7.1 Hz), 2.14 (3H, H), 3.25 (4H, q, J = 7.1 Hz), 6.61-6.66 (4H, 

m), 6.99-7.08 (3H, d, J = 8.0 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.5, 16.4, 45.0, 114.5, 115.2, 114.5, 115.2, 124.5, 128.8, 131.7, 143.1, 149.4, 

151.8; 

IR (neat) 2969, 2360, 1506, 1194; cm–1; 
Anal. calcd. for C28H34N4: C, 78.83; H, 8.03; N, 13.13%. Found: C, 78.61; H, 8.12; N, 12.87%. 
 
4-Diethylamino-2’,4’-dimethyldiphenylether (44d) 
colorless oil 
1H NMR (500 MHz, CDCl3) ! 1.13 (6H, t, J = 7.1 Hz), 2.25 (3H, s), 2.28 (3H, s), 3.29 (4H, q, J = 7.1 Hz), 

6.65 (2H, dd, J = 2.3, 9.1 Hz), 6.70 (1H, d, J = 8.2 Hz), 6.83 (2H, dd, J = 2.3, 9.1 Hz), 6.89 (1H, d, J = 8.2 

Hz), 7.02 (1H, s); 
13C NMR (125 MHz, CDCl3) ! 12.5, 16.2, 20.6, 44.9, 113.9, 117.6, 119.3, 127.2, 128.5, 131.7, 131.9, 144.1, 

148.2, 154.0; 

IR (neat) 2970, 1510, 1495, 1248, 1222 cm–1; 
FAB HRMS calcd. for C18H24NO 270.1858 (M+1); found 270.1849. 
 
4-Diethylamino-4’-chlorodiphenylether (44h) 
colorless oil 
1H NMR (500 MHz, CDCl3) ! 1.16 (6H, t, J = 7.1 Hz), 3.33 (4H, q, J = 7.1 Hz), 6.66 (2H, dd, J = 2.3, 6.8 

Hz), 6.86 (2H, dd, J = 2.2, 6.8 Hz), 6.91 (2H, dd, J = 2.3, 6.8 Hz), 7.21 (2H, dd, J = 2.2, 6.8 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.5, 44.7, 113.1, 118.1, 121.1, 123.5, 126.5, 129.3, 145.0, 157.9; 

IR (neat) 2970, 1508, 1483, 1236 cm–1; 
FAB HRMS calcd. for C16H19

37ClNO 278.1126 (M+1); found 278.1107. 
 
4-Diethylamino-4’-bromodiphenylether (44i) 
colorless oil 
1H NMR (500 MHz, CDCl3) ! 1.16 (6H, t, J = 7.1 Hz), 3.33 (4H, q, J = 7.1 Hz), 6.65 (2H, dd, J = 2.2, 6.8 

Hz), 6.81 (2H, dd, J = 2.2, 6.9 Hz), 6.91 (2H, dd, J = 2.4, 6.9 Hz), 7.35 (2H, dd, J = 2.4, 6.8 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.5, 44.7, 113.1, 113.9, 118.6, 121.2, 132.2, 145.1, 145.7, 158.5; 

IR (neat) 2973, 2869, 1508, 1479, 1236 cm–1; 
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FAB HRMS calcd. for C16H19
81BrNO 322.0630 (M+1); found 322.0639. 

 
4-Diethylamino-2’-fluorodiphenylether (44j) 
colorless oil 
1H NMR (500 MHz, CDCl3) ! 1.15 (6H, t, J = 7.1 Hz), 3.32 (4H, q, J = 7.1 Hz), 6.66 (2H, dd, J = 2.3, 6.8 

Hz), 6.89-7.00 (5H, m), 7.00-7.14 (2H, m); 
13C NMR (125 MHz, CDCl3) ! 12.5, 44.7, 113.3, 116.6, 119.2, 120.0, 122.7, 124.1, 144.8, 146.2, 146.3, 

146.5, 152.4, 154.4; 

IR (neat) 2976, 1508, 1498, 1257, 1213 cm–1; 
FAB HRMS calcd. for C16H19FNO 260.1451 (M+1); found 260.1436. 
 
4-Diethylamino-2’,6’-dichlorodiphenylether (44k) 
colorless oil 

1H NMR (500 MHz, CDCl3) ! 1.12 (6H, t, J = 7.0 Hz), 3.27 (4H, q, J = 7.0 Hz), 6.62 (2H, dd, J = 2.3, 6.9 

Hz), 6.73 (2H, dd, J = 2.3, 6.9 Hz), 7.09 (1H, t, J = 8.2 Hz), 7.36 (2H, d, J = 8.2 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.5, 44.8, 113.5, 115.8, 125.8, 129.0, 130.2, 143.9, 148.0, 148.1; 

IR (neat) 2970, 1506, 1441, 1245, 1203 cm–1; 
FAB HRMS calcd. for C16H18

35Cl2NO 310.0765 (M+1); found 310.0772. 
 
4-Dibenzylamino-4’-methoxydiphenylether (47) 

colorless oil 
1H NMR (500 MHz, CDCl3) ! 3.77 (3H, s), 4.61 (4H, s), 6.65-6.69 (2H, m), 6.82 (2H, m), 6.79-6.83 (2H, m), 

6.87-6.92 (2H, m), 7.21-7.28 (6H, m), 7.28-7.34 (4H, m); 
13C NMR (125 MHz, CDCl3) ! 54.8, 55.6, 113.8, 114.6, 119.2, 119.6, 126.7, 126.8, 128.5, 138.6, 145.4, 

148.8, 151.9, 155.0; 

IR (neat) 1513, 1496, 1222, 1203 cm–1; 

FAB HRMS calcd. for C27H26NO2 396.1964 (M+1); found 396.1957. 
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Typical experimental procedure for the synthesis of sulfonium salt 
To a solution of 43e (25.8 mg, 0.10 mmol) in acetonitrile (2.0 ml) was added the dication compound 
(13-ClO4) (79.2 mg, 0.12 mmol) at –40 oC. After the reaction mixture was stirred for 0.5 h at –40 oC, 43d 
(53.4 mg, 0.12 mmol) was successively added at –40 oC. After stirring for 0.5 h at –40 oC, 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 (51a) 
(47.5 mg, 94%). 
 
Bis(4-diethylaminophenyl)phenyl sulfonium perchlorate (51a)  
pale yellow crystals, m.p. 182–184 oC (EtOH); 
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-diethylaminophenyl)methyl sulfonium perchlorate (51a) 
pale yellow oil 
1H NMR (500 MHz, CDCl3) ! 1.16 (6H, t, J = 7.1 Hz), 3.38 (4H, q, J = 7.1 Hz), 3.42 (3H, s), 6.75 (2H, d, J 
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= 9.3 Hz), 6.65 (2H, d, J = 9.3 Hz); 
13C NMR (125 MHz, CDCl3) ! 12.2, 30.1, 44.6, 108.0, 112.6, 130.9, 151.3; 

IR (neat) 1585, 1512, 1974 cm–1; 
 
4-Dibenzylaminophenyl 4-diethylaminophenyl phenyl sulfonium perchlorate (51a) 
pale yellow oil 
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 = 1.4, 8.2 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; 
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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) 

Cl(1)-O(6)  1.432(3) 

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

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

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

Symmetry transformations used to generate equivalent atoms:  

  

 

 

                                                        
1 (a) Kaya, R.; Beller, N. R. J. Org. Chem. 1981, 46, 196. (b) Kaya, R.; Beller, N. R. Synthesis 1981, 814. (c) 
Nagao, Y.; Seno, K.; Fujita, E. Tetrahedron Lett. 1979, 45, 4403. (d) Nsunda, K. M.; Hevesi, L. J. Chem. Soc., 

Chem. Commun. 1985, 1000. 
2  
3 Jona, H.; Mandai, H.; Chavasiri, W.; Takeuchi, K.; Mukaiyama, T. Bull. Chem. Soc. Jpn. 2002, 75, 291. 
4 Leroux, F.; Schlosser, M. Angew. Chem. Int. Ed. 2002, 41, 4272. 
5 Kanoh, S.; Muramoto, H.; Kobayashi, N.; Motoi, M.; Suda, H. Bull. Chem. Soc. Jpn. 1987, 60, 3659. 
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#$%&'()*+,-./01234536789:;<2=<>?@ABCDEFGHI>J

KL2ME,NOPQRS,&'TU8V67WXYZ4E7[\]8^_`Habcdeafd9'

one-pot ,gh0iOjBkghlmHI>JKL'QnSopQqS,&'r\Y[8E 1,8 sH

tuWuZ4v6uwxys9MI=<>V3678/AzEABe'{19|bc}/de<J:

;<2 4~�ElmHI>JKL2P 

 

QRS,&'2-v64TU8V67WXYZ4e'WXYZ4NO>&W4���'�~afdE

3 BkghlmHI>JKL2Ptuv64�u4tu\�Zt9��/de<J;>J'2-v64

V�64TU8V67WXYZ4 2 eVv64WXYZ4 1 9lm0iOe'2IEW4�467�

,-./0123678��� 3��B�OP�{H����W4�4��~���8}��U4E

���Zt'����u���Eafd9�;0iO{eH� 'one-pot ,WXYZ4'TU8V

67WXYZ4'afdEjBkgh�¡¢'£m�O¤-vt��V67WXYZ4 4 E anti �9

¥¦<JAB�O{eHB§<2(Scheme 5-1)PTU8V67WXYZ49;>O#lm&'afd

9¨¢O©ª,«~�E 2-v64TU8V67WXYZ4 2 op¬�¤-vt��V67WXYZ

4 49 one-pot,AB,�O2®'WXYZ4opE=<>¯°±²³De<J´µ,�OP 

Ph OMe

OMe

SEt

SEt Me3SiOTf

Ph SEt

OMe SEt
TfO

Ph Nu

MeO SEtEtS

Nu : alkyl, alkynyl, CH(CO2R)2, H

Nucleophile

!78 oC, 0.5 h

     CH2Cl2

 !78 oC, 1 h

+

1 2 3

        4 74-85% 

(ca. syn/anti = 30/70)

Scheme 5-1.

 

¶ 0pH'W4��� 59abcde<'tuv64�u4tu\�ZtE·¸¹'º»TU8V6

7WXYZ4 6s eElm9¡¼e'±»½¾»¿ A 9ÀÁ<J3678�����B01O2®'
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Red-Al(NaH2Al(OCH2CH2OCH3)2)ÂÃEÄ'syn �E¤-�����V67WXYZ4 7s �¥¦<J

Åp12PÆ2'Ç¬Elm9È\É/Êw°V�64�ZU4Ë�eV�64TU8V67WXY

Z4 6a,¡¼e'ÌÍº½¾»¿ B9ÀÁ<J anti�EÎÏ� 7a�¥¦<JÅp12PLewis}E

~�e 2-v64TU8V67WXYZ4E~�9ÐÑ{eH� '2 IE½¾»¿9ÀÁ<JW4�

��'TU8V67WXYZ4'��u�(Red-Al)EjBkgh�¡¢'¤-�����V67WXY

Z4 7E^Ò�Ó��9 one-pot,AB�O{e�,�2(Scheme 5-2)P{1pElmH�ÔJÅp

1O¤-�����V67WXYZ4 7&'RÕHAB�Ö×e01J>OW4����EØÙW4�

Z4�eÚÛ�/Az,NOP�E2®TU8V67WXYZ49;>O#CD&'=<>¤-���

��W4���ÚÛ�EABDe<J?*,NOP 

Ph(CH2)2

O

SR

SR

SEt

SEt
H

O
B

F

F
F

O

H

Me3
Si

OTf

Ph(CH2)2 H

HO SRRS

Ph(CH2)2 H

HO SRRS

R = Et

81% (syn/anti = 18/82)

+

Scheme 5-2.

i) TMSOTf ii) Red-Al

i) BF3!OEt2 ii) Red-Al

R = -(CH2)3-

74% (syn/anti = 76/24)

5 6s

7s

7a

6a

R = -(CH2)3-

R = Et

A

B

SS

 

QnS,&Ü�(tuWuZ4v6uwx)/AzEÝÞe}/lmßEàFHI>JKL2Pr\

Y[8E 1,8 sHtuWuZ4v6uwxys9MIV3678/Az 11 &'{1Æ,AB012

{e&�á'�EâãEäåop=<>lm�9´µ<2P��æç'V3678/Az 11 &'è

é<2sêH|IEtuWuZ4v6uwxys�ë.01J>O2®'tu\ìí4v6uwxî

��Eï�3678/AzHðLJv6uwx�ñÎè�Ò�/òóHôõHö÷øÔ2âãe� '

ï�3678/Aze&Ó�Olm�9MI3678/AzH�Oeù¢2P 

V3678/Az 11 EABH&úû�e<J�ZU4 10 9Ðü'1,8-Vý�ïr\Y[8opþ

ÿ<2V7Z4 9 9tu\47�!},"#$%<JAB<2P{E�ZU4 10 H&�'\47�

-2-(�)�Z4�'*î°}tuv64�u49�;�O{eH� �ZU4}°9&�'v64V

���'8e<J"+0i',óe�OV3678/Az 11E*î°}îEABHB§<2 (Scheme 
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5-3)P 

Br Br

Ph Ph

PhPh O

MeOH (excess)

(CF3)2CHOH

Me3SiClO4

HO OH

Ph Ph

PhPh

Ph Ph

PhPh
2 ClO4

(Me3Si)2O

i) nBuLi (2.2 eq.)

   rt, 2 h, Et2O

ii) Ph2CO (2.5 eq.)

    reflux, 2 h

20 mol%

CF3CO2H

rt, 10 h, CH2Cl2

rt, 1 h

9

10

Scheme 5-3.

+

8

11  

V3678/Az 11H(�-7\ì�8op.Þ<2���Zt9�;0iOe'11ßEaf/

0&1e2�3{p4'¨æ H���Zt�}/ó3É(u85<2 1,4-VTt8 13 �6B<2

(Scheme 5-4)P{Ee�'V3678/Az 11 &'|IE3678�ñ�hA<2 1,1,2,2-Ut�\

ìí4WXr\U8 14 e<J78012PÇ9lm9tu\ìí4v6uwxî,¡¼e'���

ZtEtu\ìí4v64/��6B�OE÷, 1,4-VTt8 13 &:áÅp1�>P{1pEh+

� 'V3678/Az 11eï�3678/AzE�;H&<=�Ù�N '11E 2bc}/de

<JE>�9?poH<2P 

Ph

O KN(SiMe3)2

Ph Ph

PhPh
2 ClO4

Ph
Ph

O

O

61% (dl/meso = 70/30)

!78 
o
C, 2 h, THF

Scheme 5-4.

12 13

11

Ph Ph

PhPh

14  

0pH'V3678/Az 11 E|bc}/de<J�;9:;�O{eH� '@¹HA� 3 ~

Elm9BC<2P 
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QÈS,& N,N-VW4�4Wíu8E}/ó3É(u85H�O'D8VV8ABHI>JKL2P

N,N-V�64Wíu8 15 HV3678/Az 11 9�;0iOe'15 E)�sÇE,}/ó3É(

u85<2D8VV8 16�8FGáÅp12(Scheme 5-5)PäH'3,5-Vv64-N,N-V�64Wí

u8EHA'.IóH£m�OD8VV8�Åp1'Æ2 3,5-VJ��NO>& 3-ý�ï-N,N-V�6

4Wíu8EHA,MK�oH3É(u85�L¡<£m�OD8VV8�Åp12PN,N-VW4�

4Wíu8�E}/ó3É(u85H&¥12}/d&M�á'V3678/Az 11 & N,N-VW4

�4Wíu8�E}/ó3É(u85H?*,NOP 

N

R

R

R'

Ph Ph

PhPh
2 ClO4

N

R

R

N

R

R
R'

2
!78 °C, 1 h, 

     CH2Cl2

Scheme 5-5.

15 16 77-98%

R'

11

R = Me, Et, Bn, Ally
R' = 3,5-dimethyl, 3,5-dichloro, 3-bromo  

QqS,&'Wíu8þÿ�9;>2&U�NcE 4-VW4�4WO�\ìí4/'��æç'\

ì�Z4�������E\ìí4/H�OVWuZ4�ZU4EABP�üVWuZ4�4\]�

EQRNcßE\ìí4/H�OtuWuZ4�4ÊíwxîEABHI>JKL2PV3678/

Az 11e\ì�Z4� 17ESATUH 4-\ìí467-N,N-V�64Wíu8 189Ï¢Oe'\ì

���4�V34 20 e 18 E�V343678 21 E3É(u859ÀJVOíwxî��� 22 �

6B<'WÄH\ìí467��3678NO>&�V34e<J"+�O{eH� '\ì�Z4

� 17opVWuZ4�ZU4 19�6B�OP\ì�Z4�opVWuZ4�ZU49AB�OHA'

XY³Z�EÏ[Â\9]^e�Olm�1e2�,NO�'V3678/Az 11 9;>Oe_`

oIaZ�,VWuZ4�ZU4 19�AB,�OPÇ¬Elm9 DDQ�WOíwx�V34,¡Ô

2HAH'8FGáVWuZ4�ZU4�Åp14'V3678/Az 11 �bE}/dH&�>ä

å9MÔJ>O{e�æoÔ2P 
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OH

Ph Ph

PhPh 2 ClO4

O

NR'2

SPh

O

ClO4

PhS

NR'2

PhS

NR'2

O

O

NR'2

ClO4

!40 °C, 0.5 h

     MeCN

!40 °C, 0.5 h

Scheme 5-6.

17

18

19 62-93%

11

R = 4-methoxy, 2,4-dimethyl, 2,6-dimehyl, 2,4,6-trimethyl

+

20

20

21

22

R

R

R

R

R

 

Æ2'V3678/Az 11 H�O}/,69O 4-W4�467-N,N-VW4�4Wíu8 18 E�

V343678 21H'4-V�64WO�\ìí4�c 239�;�Oe'QRNcH£�O 4-V�6

4WO�\ìí4/�L¡<'tuWuZ4�4Êíwxî 24 �Åp12PtuWuZ4�4Êí

wxî&'RÕHABÖ×e01O/Az,NO�'V3678/Az 11 9}/dH;>JdeH

AB�O{e�,�2P 

SR

R'2N

Ph Ph

PhPh 2 ClO4

SR

R'2N
ClO4 n

Bu3Sn

NEt2

21

S

R

R'2N NEt2

ClO4

!40 °C, 0.5 h

     MeCN

!40 °C, 0.5 h

24 76-94%

Scheme 8.

18

2311

¶ 0pH'�V343678 21 Ekcfghi9¡Ô2e{j'SOMOEkl�QRNcm,WM

n�>{e�?poH� ' 4-V�64WO�\ìí4�&�V34óHQRNcm9/0�O{e

�Ao012P 

 

@m'pq&3453678'äHW4�467�NO>&WuZ4�,-./01234536

78Hr,<'TU8V67WXYZ49;>OjBkghlmP�üÜ�(tuWuZ4v6uw

x)/AzEÝÞe�19}/de<J;>OWíu8�E}/lm9FG<2P 

 


