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/äåæD34yJñw«�$��`���a/ one-pot *�ªD56yU5<I;4T

76/0&��Ó89Ð2/ 1,2-:vD1R;<EF0Ê�6÷ø×D;zÐ2P,4�

N8<Ð2»¼;<³ªP�<ÃÄÅ�Æ 3ÇIE/éªP,6s¾=>P¼³?@4 2,2,2-
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BF3+ 3 RMgX BR3+ 3 MgFX

Scheme 4  

� IDa BR3 FyU6$yë��azB0Æ�`{c F|$%)/0&�AÉ�A�_

�89Ê�Óì$yë�IDaDÔÕy6E3D}~;<EF4�h/ssêë�ìÉ0

Æ 12 F/Â®0R5JI��yJÊ�0/0&ð/$yë�¬/ ����:vG��0§S

y6�20\D�0Æ]^_Íã614F p-��cëÓ`�a�aF/�`Ä`%Áìaa

DSpJFE¨6�·F;< gem-�$��`���a 19aDC<EFGP¯JIsJ�L

/³ª0ÊpU6bc`/0&)P,C2345w«¬ RP�<�a��¬6ÈÉ�¬D

»¼yJ 19b�19c D*�;<EF0��KyJIE/Ê�06aìëu��piÐ2c

<PIDa BR3DÔÕ;<EFP6Ê���4w«¬D';< gem-�$��`���a/
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Scheme 5  

 

Table 1 

Entry R
 

X Conditions 19 Yeild of 19 / % 
a 

1 Ph Br reflux, 0.5 h 19a 62 

2 PhCH2 Cl reflux, 0.5 h 19b 70 

3 Me I rt, 1h 19c 48 

a
 Based on p- O2N-C6H4-I 

� FE¨P6ÄÅ�Æ 5P,6w«¬ RDIDa BR3Ê�»¼yU5<G6/0&ð/|

¢/w«¬/�7ô¢yÐ�·)*+/*�01RP¯U545IhEPH4<�åFy

U6/0&ð/w«¬/:vý/�D1RyU6�{�ì�acDR5J gem��$��`

���a/*�DpxJI;4T76ID�Ó 21//0&ð/w«¬/�7ñ¢D:vý

/â5 LFy6ç�/ô¢/w«¬ R/xD:v�GU�·)*+/*�01R;<F5
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!"# gem-$%&'()&*+,-./ 

012# 34 

# 5"6789:;<=>?@&AB+ 4CDEFG gem-$%&'()&*+,-./=

HIJ>$%&'(?@&K,LMN ROPQ)&R&AB+=ESTJIGUVWX6>

PQ)&R&AB+,YZO[\(]^_`=;aJYZTJI::b>LMN Rc1d

,)&R&N=efgWJI:(!"#$ 1-1)UhV6>[\(]^_`ij,k/ClI

GVm6PQ)Qn&AB+>PQop&AB+qrCYZT>)Qn&Nsop&Nq

r7tuFGVmCvwT:UXxOyb=>gem-$%&'()&*+ 5,LMN RmT

J%z@&NC{|}~FGVmmT:U 
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R

C
1
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3
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����mTJ��,PQ%z@&AB+ClI>2,2-$%&'(-1-%z@&?@&A

B+ 7,YZm>�B$^������ p-�n\@P(�+�+m,���Q+�C��

�<Vm=;aJ>VWX6}~,qgWJIq�a:$%&'(?@Q�+N=��,

)Qn&NC�FG gem-$%&'()&*+,-.C��:(!"#$ 1-2)U 
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n-BuLi (2.1 eq) Ph3B (1.1 eq)
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BPh2
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C

1

6

7

CuI (1.0 eq)
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CF2 C
C6H4-p-NO2

Ph
–78 °C, 1 h
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8

p-NO2-C6H4-I (0.8 eq)

CF2 C

OTs

Li
Li

–78 °C, 0.5 h
/ THF

2

cat. Pd0

Pd0 : Pd2(dba)3!CHCl3"PPh3 (1 : 4)

Scheme 1-2

yd : 57 %

 

h,��>v�mFG 8, ¡O 57%, ¡6¢£W:c>¤¥¦c�£Wx>PQ%

z@&AB+ THF §¨O1©ª«TJTX<m¬�c­®6¯Gm°±T:UhV6>

V<T:¬�,²³mm7=)Qn&N´,µ¶¦C·¸T>PQ%z@&AB+C¹º

f»�=¢£WGYZ/,}~C�a:(0�2)U�=>h,YZ/=;aJ¢£W:P

Q%z@&AB+C¼½FGVmq¾¿8T:!"#$ 1À2,ÁÂ=lI>$%&'(?

@&K,LMNcIxW7)Qn&N6¯G gem-$%&'()&*+,-.C}~T:

(0Ã2)Ug£=>PQ�+$&AB+>PQop&AB+CYZT>VW£CsOÄ¼

½FGVmq¾ÁÂ=lIGVm6 gem-$%&'()&*+=�+$&N>op&NCt

uFGVmC}~T:(0Å2)UÆÇ=>ÈÉnÊKËClI: gem-$%&'()&*+

,-./=�IJ,}~C�a:(0Ì2)U 

 

0�2# PQ%z@&AB+,YZ/,}~ 

2-1# ��,PQ%z@&AB+,YZ/,}~ 

# # ��,PQ%z@&AB+ClIJ>ÍÎÏÐ6ÑÒgW:ÓRn�(!"#$ 2-1)=Ô

I>�,;<=$%&'(?@&K,LMNcIxW7)Qn&N6¯G gem-$%&'(

)&*+ 8,-.C��:U 
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n-BuLi (2.1 eq) Ph3B (1.1 eq)
CF3CH2OTs CF2

OTs

BPh2

Ph

CF2 C
BPh2

Ph

C

1

6

7

CuI (1.0 eq)

rt / THF–HMPA

CF2 C
Ar

PhConditions

9

Ar-I (eq)

CF2 C

OTs

Li
Li

–78 °C, 0.5 h

/THF
2

cat. Pd0

Pd0:Pd2(dba)3CHCl3!Ph3P (1 : 4)

Scheme 2-1  

2,2,2-PQ%&'(Õp&PÖBnP 1 =À78 ×6Øp&Qp^�CÙlgÚ>Û HF

mÛ�(P+=;aJ?@&Qp^�2mT>2=PQ%z@&AB+CÙlgÚ>À78 ×

6 1ÜÝDÞÇ>Ðß=àßT 3ÜÝáLT:U�I6�B$^������>�n\�

+�+mâ(Ó���Q+�C�a:mVã>äÂFG gem-$%&'()&*+ 9a Oå

¾¢£Wq�a:(% 2-1, Entry 1)Uv�æc¢£Wq�a:çèCé£�=FG:b>V

,ÁÂC 19F NMR6êëFGVmmT:UFqìí>?@&Qp^� 2 =PQ%z@&

AB+, THF §¨  (0.25 M)Cîï>À78 ×6 1 ÜÝDÞÇÐß=àßT>g£= 12

ÜÝDÞTJ�£ÁÂ¨, 19F NMRCðñT:Uh,��>]^_)nPòó 6 mô£

WGõnâ(!F = 59.2 (d, J = 56.5 Hz), 75.9 (d, J = 56.5 Hz))cö6¯a:UV,Vm�£

Ðß6O÷ÜÝáLTJ7øKOù�TqIm°±T:UhV6îúûüC 1 ÜÝ�a:

mVã>ý,]^_)nPòó 6 mô£WGõnâOþå=ÿ!T>":qõnâ(!F = 

86.2 (m), 77.9 (#))cömqa:UV,Vm�£>îú=;aJ%z@&N,øKc$ùg

W>?@&AB+ 7 c%.T:m°±T:UVWCÑ�bG:b>ÁÂ¨=�B$^��

�m>�n\�+�+Cîï:mVã>$%&'(?@&K,LMNcIxW7%z@&

N, gem-$%&'()&*+ 9a c 55%i�, ¡6¢£W:(Entry 2)U&'=PQ%z

@&AB+ THF§¨ (0.25M)ClIJ 6 X6YZT>Ðß6 1 ÜÝáLÇ>îúûüC

0.5ÜÝ�a:U�B$^������6>¢£W: 7m>p-�n\@P(�+�+m,�

��Q+�C�<m>9bc 57%, ¡6¢£W:(Entry 3)U(T&y��C>PQ%z@

&AB+ THF§¨(0.25 M),ª«Ç)*DaJ¤|�a:mVã>9b, ¡O 27%X6

+�T>¤¥¦,¯G��O¢£Wq�a:(Entry 4)UVWO>PQ%z@&AB+ THF
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§¨cO1©ª«FGm,-T.¾>/©c+�TJTX<:b>¬�c­®6¯GVm

C01TJIGU 

Table 2-1 

Entry Ph3B Conditions ArI (eqevalent) 9 Yield of 5 / %
 a 

1 solid "78 °C, 1 h ! rt, 3 h PhI (0.9) 9a 0 

2 THF solution "78 °C, 1 h ! rt, 12 h ! reflux, 1 h PhI (0.9) 9a 255 

3 THF solution "78 °C, 1 h ! rt, 1 h ! reflux, 0.5 h p-NO2-C6H4-I (0.8) 9b 57 

4 THF solution "78 °C, 1 h ! rt, 1 h ! reflux, 0.5 h p-NO2-C6H4-I (0.8) 9b 27 

a 
based on ArI 

hV6>PQ%z@&AB+Cf»�=YZT>VWC¼½FGVmq¾ÁÂ=lIW

3;Im·ï>h,YZ/,}~CFGVmmT:U14=PQ)&R&AB+,-./

=O>[\(]^_`=;G-./,¹�=>PB+Óo5&`=;G-./(8)>Fqì

í]^6ÕÓ7&X:O8(9+`]^_(BX3)m�:;<�=m,ÁÂc¯GUhV6>

BX3 =%z@&;<CÁÂgÚJPQ%z@&AB+mT:Ç>>_À]^_�-C6`

TJ%z?n&´@MFGVm=;aJ>PQ%z@&AB+,f»C��:(ÓRn�

2-2)U%z@&;<=OYZcA.q%z@&B�CÖ^�Ø(É\CDlFGVmmT>

§�>6`E/>BX3,}~C�a:U 

BX3 Ph3B 3PhOH
PhM (300 mol%)

Solvent,Conditions

Oxidation

Scheme 2-2  

 

2-2# §�,}~ 

# # Ã%�`]^_F$Õp&Õn7&òóm>%z@&B�CÖ^�Ø(É\ClI>6`

E/OG6`HPQ^�G§¨=;GIN¦JK�6>Þ6`G_G6LMFGVmmT>

%z@&B�CÖ^�Ø(É\,§�>N|ÁÂ§�,}~C�a:(% 2-2)U 
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Table 2-2 (BX3 : BF3·OEt , PhM : PhMgBr , Oxidation : H2O2 / NaOH aq.) 

Entry PhMgBr Solvent Conditions Yield of PhOH / % Comments 

1 Et2O solution m-Xylene rt O 138 & 84 
a
  

2 Et2O solution m-Xylene rt O 138 & 74 
b
 1'()* 

3 Et2O solution THF reflux , 30 min 37 
b
  

4 THF solution THF reflux , 3 h 34 
b
  

a
 Isolated  

b
 Determined by GC analysis (internal n-C10H22 standard) 

# Entries 1, 2 6OÃ%�`]^_$Õp&Õn7&òó, m-RÖP+§¨=%z@&B

�CÖ^�Ø(É\,Õn7&§¨CQ�Ç>Õn7&CRSTqc£ m-RÖP+,TU

6¯G 138 ×=VFGX6îúT:UVW£,��;Ä>%z@&B�CÖ^�Ø(É\

,§�OÕn7&>ÁÂ§�O m-RÖP+cWIVmcì�a:UqH>Entry 2O Entry 

1 ,ê�6¯Ä>XY¤¥¦=²³côï:c>�2(2-3)689G;<=6`E/C@Z

FGVm=;ÄVWC-[FGVmc6\:U 

 

2-3# 6`E/,}~ 

# 2-1, Entries 1,2=HIJ>Þ6`G_G=;G>_À]^_�-,6`6O¤¥¦

c¯XÄô£WqIVmcì�a:UhV6>&yÁÂ=HIJ>>_À]^_�-,6

`E/cf»�=ù�FGmgW>]Ùc^_qÞ]^6HPQ^�ÀG=;GE/(9)C

��:(% 2-3)UEntries 3, 4=ô£WG;<=>Þ]^6HPQ^�66`FGVm=;

Ä`,q¤¥¦cô£W:U 

Table 2-3 (BX3 : BF3·OEt, PhM : PhMgBr, Solvent : m-Xylene) 

Entry Oxidation Yield of PhOH / % Comments 

1 H2O2 / NaOHaq 84 
a
  

2 H2O2 / NaOHaq 74 
b
 1'()* 

3 NaBO3 / H2O 86 
b
  

4 NaBO3 / H2O 88 
b
 2'()* 

a
 Isolated  

b
 Determined by GC analysis (internal n-C10H22 

standard) 
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2-4# BX3,}~ 

%z@&;<mTJ%z@&B�CÖ^�Ø(É\ ,Õn7&§¨ClI>6`OÞ]

^6HPQ^�ÀG=;ÄLMFGVmmT>a, BX3,}~CHVqa:(% 2-4)U 

Table 2-4 (PhM : PhMgBr Et2O solution , Oxidation : NaBO3 / H2O) 

Entry BX3 Solvent Conditions Yield of PhOH / % 

1 BF3FOEt2 m-Xylene rt O 138 & 86 
a
 

2 B(OMe)3 Et2O reflux, 3 h 46 
a
 

3 BCl3 m-Xylene rt O 138 & 83 
a
 

a
 Determined by GC analysis (internal n-C10H22 standard) 

]^6PQop&6O%z?n&, ¡c+�T:UX:>ÃI`]^_6OÃ%�`

]^_$Õp&Õn7&òóm&b©,��Ccï:c>dÄeIcA.qÃ%�`]^

_$Õp&Õn7&òóClIGVmmT:U 

2-1 �£ 2-4 ,}~�£>PQ%z@&AB+,YZ=O m-RÖP+f6Ã%�`]^

_$Õp&Õn7&òó=%z@&B�CÖ^�Ø(É\,Õn7&§¨CQ�FGVm

mT:(!"#$ 2À3)U 

Ph3B
PhMgBr / Et2O (300 mol%)

m-Xylene, rt ! 138 °C

Scheme 2-3

BF3!OEt2

 

 

0 32# gem-$%&'()&*+,-.,}~ 

3-1# -./,gh 

i2,j 2-3=¯GkÄ>ÓRn� 2-3,YZ/O%z?n&cl ¡6¢£WGVm

�£>PQ%z@&AB+Cm¡W¾cïGmI<Vmcì�a:UhV6V,E/Cl

IJPQ%z@&AB+CYZT¼½FGVmq¾ gem-$%&'()&*+,-.=lI

GVmmT:UFqìí>m-RÖP+f6YZT:PQ%z@&AB+= THF CîïJ

n1§¨mT:Ç>?@&Qp^�2=ÙlgÚGVm=;aJ]^_)nPòó6mT>

]^_¿,%z@&N, 1,2-øK=;aJ?@&AB+ 7 mFGU�I6>�B$^��

����>�^`oClIJ�^`)Qn&m���Q+�FGVm=;Ä>$%&'(
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?@Q�+N=��,)Qn&NC�FG gem-$%&'()&*+,-.C�a:(!"

#$ 3-1)U 

n-BuLi (2.1 eq)
CF3CH2OTs CF2

OTs

BPh2

Ph

CF2 C
BPh2

Ph

C

1

6

7

CF2 C
Ar

Ph

9

CF2 C

OTs

Li

Li

–78 °C, 0.5 h

/ THF
2

CuI, cat. Pd0

Scheme 3-1

BF3!OEt2
3 PhMgBr / Et2O

 / m-Xylene

 / m-Xylene!THF

Ph3B
rt " 138 °C

1,2-migration ArI

 

# V, gem-$%&'()&*+-.=HpG�^`oClI:â(Ó���Q+�O>i

�,;<qÁÂ:q(!"#$ 3-2)6régWGU?@&]^_`-æ´,>_LMN,t

u=O>stuvw£=;G�B$^���ClI:�:8(9+`æm,â(Ó���

Q+�ÁÂcx£WJIG(10)c>V,���Q+�/ClIGmv�mFG gem-$%&'

()&*+O¢£WG7,,>&Ü=]^_¿,LMN Rm7���Q+�cyVaJT

X<UhV6>$%&'(?@&NC]^_�£z{�B$^�¿=|F,6Oq¾>Ý

=�^`oClIJ?@&o 11 ´m{}�=PB+Óo5&`FG(11)Vm=;aJ>$

%&'(?@&N,�C~¦`T>v�mFG���Q+�%.æc{}�=¢£WJI

GUqH>VV6O 2C%.FG�=Û½T:%�`æ�'+c]^_C)nPòó`T>

]^_¿,$%&'(?@&N,{}�PB+Óo5&`C�pJ>?@&AB+ 4 �£

?@&o 11´m@MTJIGU 
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CF3CH2OTs

CF2 C
BR2

R

2 n-BuLi

!LiF

cat. Pd0

CuI

R'X

CF2 C
R'

R

LiF

CF2 C
BR2

R

F

CF2 C
Cu

RLi

1 2

CF2 C

OTs

Li

4

Scheme 3-2

5

10 11

BR3
CF2

OTs

BR2

R

C

3

Li

1,2-migration

 

# !ÎÏ6O>PQ)&R&AB+CPQ%z@&AB+´m@ZFG=¯:Ä>3 O 4

=HpG 1,2-øK,JK>N| 4 O 5=HpG���Q+�,JK=�\>�bJ}~C

�<VmmT:U 

 

3-2# %z@&N, 1,2-øK,JK}~ 

]^_)nPòó 6=HpG%z@&N, 1,2-øK,JK}~C>19F NMR=;GÁÂ

êë=;Ä�a:UFqìí>Xx?@&Qp^� 2 =>1.1 ��&»,Ã%�`]^_

$Õp&Õn7&òóm 3.3 ��&»,%z@&B�CÖ^�Ø(É\�£YZT:PQ

%z@&AB+Cîï>]^_)nPòó 6 mT:UV,�>]^_)nPòó 6c 1,2-

øK=;aJ?@&AB+ 7=@`TJI¾'ËC>19F NMR=;ÄêëT:U 

CF2

OTs

BPh2

Ph

C

6

CF2 C

OTs

Li
Li

2

BF3•OEt2 (1.1 eq)

PhMgBr (3.3 eq) Et2O solution
 / m-Xylene

Ph3B
Conditions

CF2 C

7

BPh2

Ph

CF3CH2OTs

n-BuLi (2.1 eq)
 / THF

THF!m-Xylene

Scheme 3-3

"F 59.7 (d, J = 56 Hz),

     76.4 (d, J = 56 Hz)

"F 86.4 (d, J = 21 Hz), 

     88.7 (d, J = 21 Hz)
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êë,��C% 3-1=0FU��,PQ%z@&AB+ClI:�-(2-1��)=O>Ð

ß6OøKcå¾ù�Tq�a:,=äT>��6YZT:PQ%z@&AB+6O��

=ÁT>Ðß67 1,2-øKOù�T:(Entries 1+3)UT�TøKO��=�¾>X:]^

_)nPòó 6møKÇ,?@&AB+ 7,-� ¡cT�I=��T��Iõnâ7�

ïJ¾GVm�£>�ÁÂcyVaJI¾Vmcì�a:UhV6>îúFGVm=;a

JøKC$ùT;<m��:UÐß6 0.5ÜÝDÞÇ>îúûüC 0.5ÜÝ�a:mVã>

¹ºþå=øKcù�T>6mô£WG`-æO 80�,� ¡6%.TJIGVmcì�

a:(Entry 4)UVW£,��=;Ä>1,2-øKCù�gÚG,=Æ�qJKOîúûü 0.5

ÜÝ�m°±T:U 

Table 3-1 

  Yield / %
 a 

Entry Conditions 6 7 6�7 

1 -78 °C, 1h! rt, 3 h 22 52 74 

2 -78 °C, 1 h! rt, 5 h 8 65 73 

3 -78 °C, 1 h! rt, 11h 1 67 68 

4 -78 °C, 10 min ! rt, 0.5 h ! reflux 0.5 h 0
 

80
 

80
 

a 
Based on CF3CH2OTs. Determind by 

19
F NMR (internal benzotrifluoride (Entries 

1�3) or C(tol)2(CF3)2 (Entry 4) standard) 

 

 

3-3# â(Ó���Q+�,JK}~ 

# i�(3-2)6 1,2-øK,Æ�JKOîúûü 0.5 ÜÝ�mì�a:UhV6>XxOyb

= 1,2 øK,Æ�JK=ÔaJ?@&AB+ 7 mT>ÍÎÏÐ6ÑÒgW:JK6���

Q+�C�a:(ÓRn� 3-4)UVV6O���Q+�C�<�^`)Qn&mTJ p-�n

\@P(�+�+ClI:U 
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CF2 C
BPh2

Ph

7

CuI (1.0 eq)

rt / THF!Xylene!HMPA

CF2 C
C6H4-p-NO2

Ph

8

p-NO2-C6H4-I (0.8 eq)

Pd2(dba)3!CHCl3 (0.02 eq)

Scheme 3-4

Ph3P (0.08 eq)

p-NO2-C6H4-Ph p-NO2-C6H4-I

10 11

62% a 14% a 17% recovery a

a based on p-NO2-C6H4-I

CF3CH2OTs

 

# 8O 62 %, ¡6¢£W:c>p-�n\@P(�+�+ 11c 17 %� gW:UX:?

%z@& 10 c 14%�%T:UV,�%.æ 10 ,�fÁÂ:qOi�,mHÄ6¯G(!

"#$ 3-5)U?@&AB+ 7 =>��6%y:%�`æ�'+cÊKTJ]^_)nPò

ó 12 mqGU12 ,]^_çË¿=O$%&'(?@&Nm��,%z@&Nc�-TJ

IGc>{}�=$%&'(?@&NcPB+Óo5&`(path a)gWx>&y sp2>_L

MN6¯G%z@&N71dc&Ü=PB+Óo5&`gW>%z@&oCDJ���Q

+�cù�T::bm·ï£WG(path b)U 

CF2 C
B

Ph CuI
Cu Ph

p-NO2-C6H4-Pd-I
p-NO2-C6H4-Ph

7

Scheme 3-5

CF2 C
B

Ph

Ph

Ph
Ph

Ph
F

Li
LiF

a
b

path b

CF2 C
Ph

Cu
p-NO2-C6H4-Pd-I

CuI

path a
CF2 C

Ph

C6H4-p-NO2

12

13 8

14
10

# i¿,��m·�;Ä>v�æ 8, ¡�¿=O>����Q+�ÁÂC$ùTJ p-�

n\@P(�+�+ 11,ÿ C;Älb>X:¡?@&AB+ 7�£, 10´,�ÁÂC

¢£FW3;Im·ï:UhV6>â(Ó���Q+�=HpG p-�n\@P(�+�+

,¤l»>]Ó%¥+ÊKË>;<I,}~C�a:U 

 

3-3-1# p-�n\@P(�+�+,¤l»,}~(% 3-2) 
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Table 3-2 

 p-NO2-C6H4-I Yield / %
 a 

Entry eq 8 10 11 

1 0.8 62
 a

 17
 a

 14
 a

 

2 1.2
 

36 
b
 3

 a
 25

 a
 

a
 Based on p-NO2-C6H4-I.  

b
 Based on CF3CH2OTs. 

# p-�n\@P(�+�+,¤l»C 0.8 ��&»�£ 1.2 ��&»=�sTJ���Q

+�,$ùC¦a:c>v�æ 8, ¡�¿=O§£q�a:U 

 

3-3-1# ]Ó%¥+ÊKË,}~ 

# ��6¯G�B$^�¿,]Ó%¥+ÊKËCMïGVm6>$%&'(?@&N,�

��Q+�C$ùFGVmCvwT>i�,}~C�a:(% 3-3)U 

Table 3-3 

 Phosphine Yield
 a 

Entry (eq)  8 10 11 

1 Ph3P (0.08) 62 17 14 

2  (p-CF3-C6H4)3P (0.08) 14 23 31 

3 t-Bu3P (0.08) 49 38 19 

4 t-Bu3P (0.16) 42 16 32 

a
 Based on p-NO2-C6H4-I.  

# Entry 26O¨Ë©c¦,+IÊKËC>Entry 36O�glIÊKËClI>Entry 46

O�B$^�CÊKª«¬=FGVm=;aJ ¡,�¿C¦a:c>v�æ 8 , ¡,

�¿=O§£q�a:UT�T>]Ó%¥+ÊKË=;aJ 8 m?%z@& 10 ,%.­

O®\¾@`FGVmc,�a:UÔaJ>a,�¯q]Ó%¥+ÊKËC{°Vm=;

Ä>8C{}�=-.FGVm7±²m³ìWGU 

 

3-3-2# ;<IH;|���Q+�,ß©JK,}~ 

# ´îFG;<IC@ïGVm6>ÓRn� 3-5,]^_)nPòó 12�£oij,?@

&o5&¬(path a)´{}�=PB+Óo5&`FGVmC��:(% 3-5)UT�T>�^
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`µ¶ClI:mVã>v�æ 8, ¡O 46%X6+�T:U 

Table 3-4 

  Yield
 a 

Entry Metal salt 8 10 11 

1 CuI 62 17 14 

2 ZnI2
 b 

46 15 25 

a
 Based on p-NO2-C6H4-I.   

b 
Refluxing for 1 h was needed. 

 

# i¿>v�æmFG gem-$%&'($)Qn&)&*+ 8 ,Æl ¡CcïGÓRn�

CXmbGm�,;<=qGU 

n-BuLi (2.1 eq)
CF3CH2OTs CF2

OTs

BPh2

Ph

CF2 C
BPh2

Ph

C

1

6

7

CuI (1.0 eq)

rt / THF!m!Xylene!HMPA

CF2 C
C6H4-p-NO2

Ph

8

p-NO2-C6H4-I (0.8 eq)

CF2 C

OTs

Li

Li

–78 °C,0.5 h
/ THF

2

Pd2(dba)3!CHCl3 (0.02 eq)

BF3!OEt2

Ph3P (0.08 eq)

3 PhMgBr (1.1 eq) / Et2O

 / m-Xylene

 / m-Xylene!THF

Ph3B
rt " 138 °C

62 %

–78 °C, 1 h

" rt, 1 h

" reflux, 0.5 h

Scheme 3-6

(1.1 eq)

 

 

0Å2# $%&'(?@&K´,�+$&N>op&Ntu,}~ 

4-1# �+$&N,tu 

# ?@&K=�+$&NC�FGC-.FG gem-$%&'()&*+C-.FG:b>0

�2689:PQ%z@&AB+,-./=ÔaJPQ�+$&AB+CYZT>VWm

?@&Qp^� 2 m,ÁÂC��:UXx>m-RÖP+f6Ã%�`]^_$Õp&Õn

7&òó=�+$&B�CÖ^�â(Q\,Õn7&§¨CQ�FGVm=;aJPQ�

+$&AB+CYZT:U�=>YZT:PQ�+$&AB+C¼½FGVmq¾?@&

Qp^� 2 m,ÁÂ=lI>15O16 , 1,2-øK,JK}~C�a:U·\¸\ p-�n\
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@P(�+�+m���Q+�C�<Vm=;aJ�+$&NCtuT: gem-$%&'(

)&*+ 17,-.C}~T:U(!"#$ 4-1)U 

n-BuLi (2.1 eq)
CF3CH2OTs CF2

OTs

BBn2

Bn

CF2 C
BBn2

Bn

C

1

15

16

CuI (1.0 eq)

rt / THF!m-Xylene!HMPA

CF2 C
C6H4-p-NO2

Bn

17

p-NO2-C6H4-I (0.8 eq)

CF2 C

OTs

Li

Li

–78 °C,0.5 h

/THF
2

Pd2(dba)3!CHCl3 (0.02 eq)

Scheme 4-1

BF3!OEt2

Ph3P (0.08 eq)

3 BnMgCl (3.3 eq) / Et2O

 / m-Xylene

 / m-Xylene!THF

Bn3B
rt " 138 °C

p-NO2-C6H4-I

p-NO2-C6H4-Bn

70 %

0 %

18

11

16 %

#F 54.9 (d, J = 64.0 Hz),

     75.9 (d, J = 63.9Hz).

#F 81.4 (d,J=38.0Hz),

    83.9 (d.J=38.7Hz).

CF2

OTs

BBn2

Bn

C

15

Li
CF2 C

BBn2

Bn

16

–78 °C, 10 min

" rt, 0.5 h

" reflux, 0.5 h

(1.1 eq)

 

# # 15 O 16 =HIJ 19F NMR=;GÁÂ,êëC�a:mVã>À78 ×6 1ÜÝ>Ð

ß6 1ÜÝDÞÇ6O>ÁÂ¨, 19F NMR=HIJ]^_)nPòó 15m�£WGÖ�

H&cöq7,mTJðñgW>a,Ö�H&O¹m¹rô£Wq�a:UVWCg£=

30 ,ÝîúûüT:mVã>øKcù�TJ6\: 16 mô£WGÖ�H&=@`T:U

V,Vm�£îúûü 30,6øKOºs�=ù�FGm°±T:U 

# hV6>15 O 16 =HIJÀ78 ×6 10,>Ðß6 30,DÞÇ>îúûü 30,ÝC

�I>20mT:Ç=·\¸\���Q+�,}~CT:U!"#$ 4-1,;<=�B$^

������>p-�n\@P(�+�+mâ(Ó���Q+�C�<Vm=;aJ>8 C

70%, ¡6¢GVmc6\:U 
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V,�>p-NO2-C6H4-Bn 18 Oå¾�%Tq�a:UVWOÓRn� 4-2 ,;<=]^

_¿,LMN,q�6»1, sp2>_LMN6¯G$%&'(?@&Nc{}�=o´m

PB+Óo5&`T:(�Ó a):bm³ìWGU 

CF2 C
B

Bn
CuI

Cu Bn
p-NO2-C6H4-Pd-I

p-NO2-C6H4-Bn
16

Scheme 4-2

CF2 C
B

Bn

Bn

Bn

Bn

Bn
F

Li

LiF a

b

path b

CF2 C
Bn

Cu
p-NO2-C6H4-Pd-ICuI

path a
CF2 C

Bn

C6H4-p-NO2

20

21

22

17

sp
2

sp3

18

 

 

4-2# op&N,tu 

# gem-$%&'()&*+,?@&K=op&NCtuFG:b>PQop&AB+CY

ZT>ým&',ÁÂC��:U:�T>PQop&AB+OTUcÀ20 ×m�ß6¼ó

,:b>138 ×X6îúTJYZFGPQ%z@&AB+m&',k/Okl6\qIU

hV6½¾�>Õn7&f6Ã%�`]^_$Õp&Õn7&òó=op&B�CÖ^�

�n$\CQ�FGVm=;aJPQop&AB+CYZT>h,XX 2 m,ÁÂ=lI

GVmmT:U23 O 24, 1,2-øK,JKC}~T>·\¸\ p-�n\@P(�+�+m

���Q+�C�<Vm=;aJop&NCtuT: gem-$%&'()&*+ 25 ,-.

C}~T:U(!"#$ 4-3)U 
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n-BuLi (2.1 eq)
CF3CH2OTs CF2

OTs

BMe2

Me

CF2 C
BMe2

Me

C

1

23

24

CuI (1.0 eq)

rt / THF!Et2O!HMPA

p-NO2-C6H4-I (0.8 eq)

CF2 C

OTs

Li

Li

–78 °C,0.5 h

/ THF
2

Pd2(dba)3!CHCl3 (0.02 eq)

Scheme 4-3

BF3!OEt2

Ph3P (0.08 eq)

3 MeMgI (3.3 eq) / Et2O

 / Et2O

 / Et2O!THF

Me3B
0 °C

–78 °C, 1 h

" rt, 1 h

CF2 C
BMe2

Me

24

#F 84.5 (dd, J = 29.8, 23.5 Hz),

     75.9 (dd. J = 31.0, 31.0 Hz).

CF2 C
C6H4-p-NO2

Bn

p-NO2-C6H4-I

p-NO2-C6H4-Me

48 %

0 %

26

11

30 %

25

(1.1 eq)

 

# Xx>23 O 24 =HIJ 19F NMR=;GÁÂ,êëC�a:UÀ78 ×6 1ÜÝ>Ð

ß6 1ÜÝDÞT:mVã>19F NMR=HIJøKcù�TJ6\: 24mô£WGÖ�

H&cömTJðñgW:UV,Vm�£>øKNcop&N,�-OÐß 1 ÜÝ6ºs

�=øKcù�FGm°±T:U 

# V<TJ 24mT:Ç>·\¸\���Q+�C�a:U�B$^������>p-�n

\@P(�+�+mâ(Ó���Q+�C�<Vm=;aJ>25C 70%, ¡6¢GVm

c6\:U 

V,�>p-NO2-C6H4-MeOå¾�%Tq�a:UVWOÓRn� 4-4,;<=]^_¿

,LMN,q�6»1, sp2>_LMN6¯G$%&'(?@&Nc{}�=PB+Óo

5&`T::bm³ìWG(�Ó a)U 
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CF2 C
B

Me
CuI

Cu Me
p-NO2-C6H4-Pd-I

p-NO2-C6H4-Me
24

Scheme 4-4

CF2 C
B

Me

Me

Me

Me

Me
F

Li

LiF a

b

path b

CF2 C
Me

Cu
p-NO2-C6H4-Pd-ICuI

path a
CF2 C

Me

C6H4-p-NO2

27

28

29

25

sp
2

sp3

26

 

0Ì2# ÈÉnQ¿+\ClIG gem-$%&'()&*+-./,}~ 

# gemÀ$%&'()&*+,-./ÁÓRn� 5-1)6O>LMN R CAB+ BR3;Ätu

TJIGc>]^_¿,Ã�,LMN,<í1�T�v�`-æ,-.=Âl6\qI(!

"#$ 5-1)U 

2n-BuLi
CF3CH2OTs CF2

OTs

BR2

R

C
1

2

1,2-migration

CF2 C

OTs BR3

3

Li

Li

CF2 C
BR2

R

4

R'X
CF2 C

R'

R

Scheme 5-1

5

 

hV6>]^_¿,LMN,øK²,ÃCÂlTJ>ÈÉnQ¿+\ClI: gemÀ$%

&'()&*+,-.C��:UFqìí>]^_)nPòó 33,]^_¿,LMN,<

í��CøK²,+ILMN LmT>ÄÄ,1�,LMN R,�CøKgÚJ?@&AB

+ 34 ´@MT>gem-$%&'()&*+ 5 C-.FGmI<7,6¯GU]^_)nP

òó 33CYZFG=O�kÄ,&nPc·ï£WGUFqìí>30�£�:;<�= RM

CÙlgÚJAB+ 31 mT>hWC?@&Qp^� 2 =ÙlgÚJ 33 mFGE/(,#

- a)m>30C?@&Qp^� 2=ÙlgÚJ 32mT>VW=�:;<�= RMCÙlg

ÚJ 33mFGE/(,#- b)6¯GU!ÅÆÎÏ6O>V,ÈÉnQ¿+\ClI: gem-

$%&'()&*+,-./=�IJ}~C�a: (!"#$ 5-2) U 
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BL2X

BL2R

CF2 C

OTs

BL2

CF2 C

OTs

BL2

R

CF2 C
BL2

R

RM

RM

5

Scheme 5-2

30

33

34

Li

CF2 C

OTs

Li

2

CF2 C

OTs

Li

2

CF2 C
R'

R

R'X1,2-migration

31

32

route a

route b

 

XxÇb=!"#$ 5-3=ÔI>,#- a=;G-./C}~T:UBLÈXmTJ B-o

PRÖ-9-BBN 35 C{|>VWC%z@&Qp^�mÁÂgÚGVm=;Ä B-%z@&

-9-BBN 36C¢:(12)UVWC¼½T>?@&Qp^� 2mÁÂgÚGVm=;Ä]^_)

nPòó 37mT:U37,]^_¿,%z@&N, 1,2-øK=;aJ?@&AB+ 38c%

.FGVmC�ÉT>·\¸¾ p-�n\@P(�+�+m,���Q+�=;aJ gem-

$%&'()&*+ 8,-.C��:(!"#$ 5-3)U 

]^_)nPòó 37,%z@&Nc 1,2-øKFG'ËC 19F NMR6êëT:UÀ78 ×

6 1ÜÝ>Ðß6 1ÜÝDÞT:mVãÁÂ¨, 19F NMRCñfT:mVã>37m�£

WGÖ�H&(!F 48.3  (d, J  = 69.3 Hz), 73.8 (d, J  = 69.3 Hz))cö6¯Ä>1,2-øKc

ù�T:mô£WGÖ�H&c(!F 86.7, 93.0)=¥W:Ug£=îúûüC 30,Ý�a:

mVã>37m�£WGÖ�H&Oÿ!T>¹m¹røKcù�T:mô£WG¿ÊÖ�H

&,�mqa:UV,Vm�£îúûü 30,6øKOºs�=ù�FGm°±T:U 

# hV6>·\¸\ p-�n\@P(�+�+m,â(Ó���Q+�C}~T:UFqì

í>?@&Qp^� 2 = B-%z@&-9-BBN 36 CÙlgÚ:¯m>À78 ×6 10,>Ð

ß6 0.5 ÜÝDÞÇ>îúûü 0.5 ÜÝC�I>!"#$ 5-3 ,;<=�B$^����

��>p-�n\@P(�+�+mâ(Ó���Q+�C�a:UT�Tqc£��=ÁT

J 8, ¡O 10%m+ ¡=mrXa:U 
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BOMe

PhLi

BPh

B

OTs
CF2

Ph

Scheme 5-3

35

36

37

CF2 C
C6H4-p-NO2

Ph

8

p-NO2-C6H4-I

11

10 %

0 %

n-BuLi (2.1 eq)
CF3CH2OTs

1

CF2 C

OTs

Li
–78 °C,0.5 h

/THF
2

 B

Ph
CF2

CuI (1 eq), cat.Pd0

rt / THF–HMPA

p-NO2-C6H4-I (0.8 eq)

CF2
B

Ph

38

39

–78 °C, 10min

! rt, 0.5 h

! reflux, 0.5 h

37

p-NO2-C6H4-Ph

10

44 %

 

# V,�>p-�n\@P(�+�+Oþå=ÿ gW>?%z@& 10 cË»=�%T:U

V,MEO�,;<=·ïJIGU19F NMR6,ÁÂ,êë6øKcù�T:mô£WG

Vm>N|?%z@& 10O?@&AB+ 38�£O%.T¢qIVm�£>]^_)nP

òó 376O%z@&N;Ä7Öâ('âp&N,øKcÌýT>?@&AB+ 39Cö=

cï:m·ï£WGUV, 39 ¿,%z@&Nm p-�n\@P(�+�+m,���Q+

�cù�T>?%z@& 10c%.FGVm=qG(!"#$ 5-4)U 

CF2

B
Ph

39

CF2

B

Ph

40

F

Li
Cu Ph

p-NO2-C6H4-Pd-I
p-NO2-C6H4-Ph

CuI

Scheme 5-4
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# Í�>+ ¡qc£>9-BBNCÈÉnQ¿+\mT:>$%&'(?@&K´,%z@

&N,tu=.ÎT:UÍÇÈÉnQ¿+\mTJ�¯qLMNC{|>}~TJI\:

Im·ïJIGU 
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!"#$%

!"#$%&'()*+,-."/01,-2 

1H3456789:;< (1H NMR) 

Bruker Avance500 (500 MHz) 

JEOL-AL270 (270 MHz) 

13C3456789:;< (13C NMR) 

Bruker Avance500 (126 MHz) 

19F3456789:;< (13C NMR) 

Bruker Avance500 (471 MHz) 

=>?@89:;< (IR) 

Horiba FT-300S 

A8:BC;DEFGH (GC) 

 SHIMADZU GC-14B 

 

NMR89:;<'IJ*KLMNOP 1H NMRQ'R;EST<UEV(! 0.00)/W13C 

NMRQ'X:BBY<Z(! 77.0)/I19F NMRQ'[\]F<^B_V`V(!F 0.00)/a

bcbdefgh,i01,-219F NMR @jklm'_Vn;oF<^opqr 2,2-

s8(4-ST<Ftu<)[\]F<^BvBwV/IGC@jklm' n-xyV/defg

*1Niz{-2 

 

#|1}~:BC;DEFGH(PTLC)*'Wakogel-B5f (silica gel)/01,-2 

 

M�I��'�i�<�V��5)Qz{-2 

 

� 1-(2,2-�F<^B-1-Ftu<su<)-4-u;B_V`V 

30 ml���8FE8�*�F��Y����T<�HR<�55�l, 0.43 mmol�k\U�

V�3 ml���/�bI��,M�L��*iFtu<CD�U�Z B¡pk�HR<
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���1.01 M, 1.28 ml, 1.30 mmol�/ 10#¢££¤i¥)¦§2¥)¨�HR</©ª

,I«L*¬­Q®¯/°¤\U�Vk±²�138 ³�*´,-L®¯/µ¶§2��,

M�L��·Q¸¹,i THF 2 mlQº»,I;oFtu<¼EV��h¦§2½k��

�8FE8�* 2,2,2-;oF<^B�T<;UEH;�101 mg, 0.40 mmol�k THF��

�3ml�/�bi¾78 ³·Q¸¹,I��,M�L n- T<oT�Zk[\]V�� 

(1.55M, 0.53ml, 0.83 mmol)/¿À/ÁÂLÃM�L 10#¢£¤i®Ä§2®ÄÅ¶i£

L 30#¨IÆÇÈÉÊ,-;oFtu<¼EV��/I\ËÌEH/1Ni¿À/ÁÂL

ÃM�L 10 #¢£¤i®ÄI;oFtu<¼EV��/ÉÊ,- 30 ml ���8FE8

�/ THF�1 ml�QÍNIakÍ�Î\ËÌEH*i®Ä§2¦Ïi®ÄÐÂ{-¨¾78 ³

*Ñ{-·· 1Ò¢��,I«L*��Q 1Ò¢��¨I30#¢®¯ÓÔ¦§2��·Q

¸¹,-LI[\]ST<oVÕ;o�¡p�1.5 ml�I;oFtu<Y8FGV�7.9 mg, 

0.030 mmol�IwE��Z�_V�oxV�Ö;V×:BBY<ZØÙ�8.2 mg, 0.0079 

mmol�/®ÄI15#¢��¦§2ak¨ p-ÚHpu;B_V`V�77 mg, 0.31 mmol�I

Ú��Û�I��75 mg, 0.40 mmol�/®ÄIÜÝ��¦§2oVÕÞß���pH 7�/®

Ä§àh*á{iâã/äµ,Iâã�/ÖEå;æç¦§2æ�áPè.é/êÕ�T

<*á{i�ëìí,IîÂÃ-è.ï/ðIñòóôðQabcbÍõ¨IöÕ�;o

�ZQ÷ø¦§2�ù/úû©ª,iüLb§ýþ/I#|1}~:BC;DEFGH�[

\]V/ÿ!�ùh,i 3ëÿ!�Q#"#Ê¦§àh*á{iI$%�îéh 4-u;B

sFtu<hk&îé�60mg��üLb§2ab/NMRk'H:k()**á{i&î

*/+¶I@,/-.¦§2@, 50 mgI@j 62 %2 

1H NMR �500 MHz, CDCl3� ! 7.24 (2H, brd, J = 4.0 Hz), 7.35-7.45(5H, m), 8.20 (2H, 

ddd, J = 9.0, 2.2, 2.2 Hz); 13C NMR (126 MHz, CDCl3) ! 95.5 (dd, JCF = 21, 17 Hz), 

123.6, 128.3, 128.8, 129.7 (dd, JCF = 6, 6 Hz), 130.2 (dd, JCF = 4, 4 Hz), 132.8 (dd, JCF = 

3, 3 Hz), 141.3 (dd, JCF = 4, 4 Hz), 146.9, 154.2 (dd, JCF = 297, 296 Hz); 19F NMR 

(500MHz, CDCl3) ! 77.0(d, JFF = 24 Hz), 78.2 (d, JFF = 24 Hz); IR (neat) 1707, 1597, 

1525, 1516, 1350, 1255, 1213, 989, 854, 764, 754, 698 ; Anal. Found: C, 64.54; H, 3.72; 

N, 5.23 %. Calcd for C14H9F2NO2: C, 64.37; H, 3.47; N, 5.36 %. 
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� 1-(1-_V�<-2,2-�F<^Bsu<)-4-u;B_V`V 

1-(2,2-�F<^B-1-Ftu<su<)-4-u;B_V`Vh/0k12*áPI()k34

/1Niî5,-2�F��Y����T<�HR<ØÙ�55 �l, 0.43 mmol�I\U�

V�3 ml�I_V�<CD�U�Z:Bopk�HR<���1.0 M, 1.30 ml, 1.30 mmol�I

2,2,2-;oF<^B�T<;UEH;�99.7 mg, 0.392 mmol�k THF���3 ml�In- 

T<oT�Zk[\]V���1.56 M, 0.53 ml, 0.83 mmol�I[\]ST<oVÕ;o�

¡p 1.5 mlI;oFtu<Y8FGV�8.6 mg, 0.033 mmol�IwE��Z�_V�oxV

�Ö;V×:BBY<ZØÙ�8.0 mg, 0.0077 mmol�Ip-ÚHpu;B_V`V 78 mg�0.31 

mmol�Ú��Û�I�75 mg�0.39 mmol�2-6,I;o_V�<¼EV��/®Ä-¨

¾78³Q 1Ò¢��¦§hàæ/ 30#¢I��Q 1Ò¢��¦§hàæ/ 30#¢*78

,-2·-#"#Ê' PTLC�êÕ�T<¾[\]V�1910�&î�ù�*iz{-2@

, 61 mgI@j 70%2 

1H NMR �500 MHz, CDCl3� ! 3.79 (2H, dd, JHF = 1.8, 1.8 Hz), 7.14 (2H, d, J = 7.1 

Hz), 7.20(:H, tt, J = 7.3, 1.5 Hz), 7.26 (2H, tdd, J = 7.3, 1.5, 1.5 Hz), 7.42-7.45(2H, m), 

8.13 (2H, ddd, J = 9.0, 2.3, 2.3 Hz); 13C NMR (126 MHz, CDCl3) ! 33.4, 91.1 (dd, JCF = 

23, 12 Hz), 123.6, 126.8, 128.1, 128.7, 129.0 (dd, JCF = 4, 4 Hz), 137.3 (dd, JCF = 3, 3 Hz), 

140.4 (dd, JCF = 5, 5 Hz), 146.7, 154.9 (dd, JCF = 296, 291 Hz); 19F NMR (500MHz, 

CDCl3) ! 74.7 (d, JFF = 32 Hz), 75.4 (d, JFF = 32 Hz); IR (neat) 1718, 1513, 1342, 1305, 

991, 848, 727, 700; Anal. Found: C, 65.47; H, 4.31; N, 4.92 %. Calcd for C15H11F2NO2: C, 

65.45; H, 4.03; N, 5.09 %. 

 

1-(2,2-�F<^B-1-ST<su<)-4-u;B_V`V 

30 ml���8FE8�*�F��Y����T<�HR<�55�l, 0.43 mmol�k�HR

<�3 ml���/�bI��,M�L;¸)Ftu<CD�U�Z B¡pk�HR<�

��1.00 M, 1.30 ml, 1.30 mmol�/ 10#¢££¤i¥),I1Ò¢(<��¦§2;¸

)I��,M�L THF 2 mlQº»,=>k?@¦§;oST<¼EV��h,Iak·
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·A&¦§2½k���8FE8�* 2,2,2-;oF<^B�T<;UEH;�100 mg, 0.39 

mmol�k THF ���3ml�/�bi¾78 ³·Q¸¹,I��,M�L n- T<oT�

Zk[\]V�� (1.63M, 0.51ml, 0.83 mmol)/¿À/ÁÂLÃM�L 10#¢£¤i®

Ä§2®ÄÅ¶i£L 30#¨IÆÇÈÉÊ,-;oST<¼EV��k<BC�/I\Ë

ÌEH/1Ni¿À/ÁÂLÃM�L 10#¢£¤i®ÄI;oFtu<¼EV��/ÉÊ

,- 30 ml���8FE8�*>DQN§CD�U�Zô/ THF�1 ml�QÍNIakÍ

�Î\ËÌEH*i®Ä§2¦Ïi®ÄÐÂ{-¨¾78 ³*Ñ{-·· 1 Ò¢��,I

«L*��Q 1 Ò¢��¦§2àb(¨' 1-(2,2-�F<^B-1-Ftu<su<)-4-u;B

_V`Vh/0k12*áPI()k34/1Niî5,-2[\]ST<oVÕ;o�

¡p 1.5 mlI;oFtu<Y8FGV�8.7 mg, 0.033 mmol�IwE��Z�_V�oxV

�Ö;V×:BBY<ZØÙ�8.1 mg, 0.0082 mmol�Ip-ÚHpu;B_V`V 78 mg�0.31 

mmol�Ú��Û�I�75 mg�0.39 mmol�2#"#Ê' PTLC�êÕ�T<¾[\]V�19

10�&î�ù�*izNI$%�îéh p-ÚHpu;B_V`Vhk&îé�53mg��

üLb§2ab/ NMR k'H:k()**á{i&î*/+¶I@,/-.¦§2@,

30 mgI@j 48%2 

1H NMR �500 MHz, CDCl3� ! 2.03 (3H, dd, JHF = 3.4, 3.4 Hz), 7.52-7.55 (2H, m), 

8.22 (2H, ddd, J = 9.0, 2.3, 2.3 Hz); 13C NMR (126 MHz, CDCl3) ! 12.8, 86.9 (dd, JCF = 

24, 13 Hz), 123.6, 128.1 (dd, JCF = 5, 4 Hz), 141.7 (dd, JCF = 5, 5 Hz), 146.5, 154.1 (dd, 

JCF = 294, 289 Hz); 19F NMR (500MHz, CDCl3) ! 75.4 (dd, JFF = 33, JFH = 3 Hz), 75.4 

(ddd, JFF = 32, JFH = 6, 3 Hz); IR (neat) 1728, 1599, 1514, 1350, 1323, 1250, 1140, 1111, 

1070, 856, 754, 696. 
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# $"%&'(gem-)*+,-.+/012345678'9:;<=>?@ABCDEF

&'GHIJKLBAMNOPABC)*+,-QR+ST0UVWXY68Z gem-)*

+,-.+/01234U[\]8')*+,-QR^_0`Kabcd?ef`19g

hUij8ZD 

# $"k&lm'n^*oR+ST0?p1qr-stuvk&wxP?BST0U'y

*zvstu){|+{}~+�Y6�^R�}+���x��8'�PU���C�6

?� gem-)*+,-.+/0123K�BZD�1!��^R�}+��K���C'*

oR+`'�0)+`'�|+`6B@Z'��\]�?OPAB?�@Zef`1ab

K3�8ZD$�4&'qr-stuvK=@A��8ZST0�x1ef`abKL�

C9gh1��U���6�k�'=>��?ef`U��C gem-)*+,-.+/01

23UcdK�C 1k¡CDlZ¢;<KLBA&'£¤}^¥0rU��CST0U

�BZ gem-)*+,-.+/0123 \]8'¦§¨?�x)*+,-QR+©ª1e

f`abK 3�8ZD«¬�1�4UOxK\]8'=>­¨®k9gh1¯B gem-)

*+,-.+/012341MNU8ZB6°±ABCD 
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# $%&'()*+,-./0123456478)90:;/$<=>1?@ABCD

E-FGHI!J;:KL 

# :/1$'()*+,-./01MN456OP:;/QRS-TUI!J;:KL 

# VW)*+,XYZ[\]^_4`a)OP:;/$<`=>bcdefe1$<`g

hijfe1$<`gklmfe_Hn-?@A'(o\p_q:-TUI!J;:KL 

rs 13t 3u 15v 


