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2PY%&':Z4#[\]^_`^0ab 

3PScN CdFefgh^i` 

jklmnJKonm@GH:pE5>qr@s#$%tuvfw(xyz4w{|}p

~v�|W�2t=>L@F�Z���N��-��2��54JK 

R-7G:s#$%tuvfwj���n54J@(>����O���@���-�

JK������:}45(>�'R:q�@#$%2��=F�^#^��7=r(�

�#^��vfwj#$%���'��O=5�4mn54JKo@p�N#$%vfw

(> ¡:¢�5�4£|¤v�|¥¦W2I§>�m:(¨Y¤¨©WO4�CDEF

ª«GW2t=54J@jGH-�JK ¬>�'R@G¦@;<@2#$%v=F®

�#$%vfw(>¯4°{�W±G²N³�´µW2¶·¸J7@jqr¹º�n>�

����:}45»¼N½;2¾�54JK 

o�=Fs#$%tuvfw(¿À:ÁOÂÃÄÅ=N4F�>L@ÆÇ(tufÈv

�|ÉÊ:ËJoOONJK9Ì@#$%���'vfw±®�#$%vfw2fÈ¸J

F�:Í¼NfÈ%'2ÎÏ5JO>ÐÑ-(��Ò`&�ONJÓÔÒ`O=5s#

$%ÕÖ^vfwjÍ¼-�×>ØÑ-7�'@G¦@;<Ù#$%2��¸J:(s#

$%ÕÖ^vfwjtÚNÕ^]Û\ÜÝ�$ÞONJoO:U

ßrKo�=Fàáâm>ÕÖ^ãä®;:�å@#$%&'2t

¸J gem-æ#^��ç^è\ 1 (>fÈRéêO=5ëìz4v

fwíOîÏJK 

Ooïj>gem-æ#^��ç^è\ 1@onð-ñmn54JfÈÊ2¹JO>q�N

<òó:ôõ-cJö÷X@�4ÉÊ(¢�5øN4KùúÊ@qrjWittigûüý@þ

õ-�×>ç^]ÿ! 1>è"\ 1>#Þ"\ 2NÃ@$^%Ö^vfw2 gem-æ#^��

F2C

R
1

R
2

1

石橋雄一郎

石橋雄一郎

!"#$%&�`æ : 1 

(1) M. Obayashi, E. Ito, K. Matsui, K. 

Kondo, Tetrahedron Lett., 23, 2323 

(1982) , S. R. Piettre,  et al., 

Tetrahedron Lett., 37, 5881 (1996) 

!"#$%&�`æ : 1 

(2) W. B. Motherwell, J. S. Houlto, B. C. 

Ross, M. J. D. J. Tozer,  M. Z. Williams, 

Slawin, Tetrahedron 49, 8087 (1993) 
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ç^è\ 1ÙO&ò¸J7@-�J(' 1>2)K 

HCF2P(O)(OEt)2 LiCF2P(O)(OEt)2 R2
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R1
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1

LDA

  78 ºC
/ THF

O

R1

R2

2 3
4

(1)

 

O
O

O

O O

Si

(Me2N)3P, CBr2F2, Zn
O

O

CF2

O O

Si

[(Me2N)3PCBrF2]+ Br

(2)

68%

reflux, 18 h / THF

[(Me2N)3PCF2ZnBr]+ Br (Me2N)3P
Zn

5 6

7 8 9

CF2

 

' 1-(>æ#^��()^*0*+`" 2âm,--cJ*0#ÛÔü^æ#^��

()^�)./ 3O0�@$^%Ö^vfwO@þõ:pE5>ôõ¸J gem-æ#^��

ç^è\ 1 2fÈ=54JKðF' 2-(>æÝ�Óæ#^��(û\O123()^�

\4"�ç5\>67âm,-�nJ�\ü�! 9 2�4JoO->þõW@84$^%

Ö^vfw-�J#Þ"\@æ#^��()9\v2:È=54JK 

=â=Njm>onm Wittig ûüý@¬Ê2;<N gem-æ#^��ç^è\fÈ:=

�¸J:(>?7q4K@ :>ç^]ÿ!O@þõ(AA|BC:DE¸Jj>è"\

O@þõ:pJ�<òç^è\fÈ-(qr@FfGHj8I=> ¡W:J=4K@�

:>K@gem-æ#^��ç^è\2fÈ¸JF�:(>L�:ôõ¸Jè"\@,-j

Í¼-�×>q0M@ gem-æ#^��ç^è\2fÈ=F4Ff:(N³jOPONJK 

Q ùE5>Wittigûüý@fÈÊ:AB ¡Wj�r><òó2ö÷:´Â-��-cJ

gem-æ#^��ç^è\@fÈÊjKðnJKo�=F�4RSW2t¸JÉÊ@ åO

=5>TRéê:gem-æ#^��ÕÖ^(û^02U÷¸Jæ#^��ÕÖ�]\ó@�

�ÊjÎÏmnJ(Scheme 1)K 

F2C

R1

Metal

F2C

R1

R2

Introduction of R1
Introduction of R2

Precursor of
gem-Difluorovinylmetal

?

Scheme 1
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Wittigûüý@fÈÊ-(>°È¸J gem-æ#^��ç^è\@<òó R1>R2($^

%Ö^vfw:÷ú=54Fj>o@¬Ê-(>�å@<òó R1>R22VWX®âm��

-cJK¸NY§>ðZ å�@<òó R12��=Njm gem-æ#^��ÕÖ^(û^

02,-=>W:[T'\:pJgem-æ#^��ÕÖ^(û^0@<òþõ2E4>�å

�@<òó@��2E�Ko@F�><òó R1>R22ö÷:]fY^JoOj-c>q

�N gem-æ#^��ç^è\2_ @&�âmfÈ¸JoOj`aONJK 

o�=F gem-æ#^��ÕÖ^(û^02U÷¸JfÈÊ(>L@t�W:7ââYm

Zonð-�ð×ñmn54N4KL@&b(>W@�å@cdá:�JOeYnJK 

1) gem-æ#^��ÕÖ^;Ù@<òó R1@��jfgNoO 

2) Réê@ gem-æ#^��ÕÖ^(û^0 10 jhij=k4oO(' 3) 

R1

Metal

F

F

F R1

10 11

(3)

 

hij:pJ#^��çl)9\ 11 Ù@�m(>R12T'[nóO¸JoO:p×�

JoXpÏmnJKL@F�>gem-æ#^��ÕÖ^(û^0 10 @q(4råârs�

n54J7@@>R1(T'[nó:t¦�n 3>T'Æuó±Y%&'-�J 10(ÁOÂ

Ã¹mnN4(Fig. 1)4Ko@p�:9v 1)>2)@cdá2wx:my¸JoOjfgNF

�>Scheme 1@p�N ¡W@�4 gem-æ#^��ç^è\@fÈÊ(ñmn54Nâ

EFK 

 

F

F

R1

Metal

OPh, SPh, OTs, OC(O)NEt2, OMEM,

O-allyl, O-phosphazene, Cl, F

R1 =Metal = Li

Metal = Cu

Metal = ZnX

R1 =

R1 =

Ar

CF3

Fig. 1
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石橋雄一郎

!"#$%& (3) K. Tanaka, T. Nakai, N. 

Ishikawa, Tetrahedron Lett. 1978, 4809, 

P. J. Crowley, J. A. Howarth, W. M. 

Owton, J. M. Percy, K. Stansfield, 

Tetrahedron lett. 37, 5975 (1993) 

!"#$%&�`æ : 3 

(4) B. V. Nguyen, D. J. Burton, J. Org. 

Chem., 62, 7758 (1997) 
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o�=Fz{âm|}~�-(>£|:¥¦N gem-æ#^��ÕÖ^(û^02TRé

ê:�4J�I@ gem-æ#^��ç^è\fÈÊ2�¶=54J(' 4)K¸NY§>¥�

-¥¦N 2,2,2-"�#^��g)^"�#`" 12âmº¶=5>*.%ç`"�ê@1,2-

�;2��¸JoO-<òó R12��=>£|:¥¦N gem-æ#^��ÕÖ^%#\ 13

2,-=54JKon:0�@[T'\2³��^JoO:p×>ôõ¸J gem-æ#^�

�ç^è\2fÈ-cJ 5Ko@ÉÊ(>*.%@GW2��¸JoO-ÐÌ@�å@cd

á2my=>;<N�<ò gem-æ#^��ç^è\@fÈ2`a:=54JK 

ðF>gem-æ#^��ÕÖ^%#\U÷@fÈÊ2��7@O=5>|}~�-(gem-

æ#^��ÕÖ^æ^�Ö./ 17 2U÷¸J¬Ê7rs=54J(' 5)Koo-(>2,2-

æ#^��ÕÖ^"�#`" 16 :8&'�æ^�Ôl\2³��^JoO->gem-æ#

^��ÕÖ^æ^�Ö./ 17 2,-=>[T'\O@$$ý�\Üþõ2EE54JKo

n:p×>ÐÌ=F%#\U÷@fÈÊj=�fgN>sp2�J4( sp �%<òó2t¸

J <ò gem-æ#^��ç^è\ 18 2fÈ¸JoOj-cJ 6K 

9v�0M@ gem-æ#^��ç^è\fÈÊ(>Ã§m7��@0M2´�oO:pE

F2C

OTs

H
F2C

H

ZrCp2X

"ZrCp2"
F2C

H

R

R = aryl, alkenyl, alkynyl

(5)

16

17

18

RX, ZnI2

cat. Pd(0)

F2C

R1

BR1
2

2 BuLi

BR1
3

F2C

R1

R2

CF3CH2OTs

R2 = aryl, alkenyl, alkynyl,

R2X, CuX

12

13

1

(4)

R1 = alkyl, aryl

Y = alkyl, aryl, alkenyl, OR',NHTs

E  = I, PPh2, NHTs, SPh, SePh

F2C

R1

COY

14

F2C

R1

E

15

cat. Pd0

YCOX, CuI

E+, (CuI)

naohisa.jimbo

naohisa.jimbo

!"#$%& (5) J. Ichikawa, C. Ikeura, T. 

Minami, J. Fluroine Chem., 63, 281 

(1993), J. Ichikawa, S. Hamada, T. 

sonoda, H. Kobayashi, Tetrahedron Lett., 

33, 337 (1992), J. Ichikawa, T. Sonoda, H. 

Kobayashi, Tetrahedron Lett., 30 , 6379 

(1989) 

!"#$%& (6) J. Ichikawa, M. Fujiwara, 

T. Okauchi, T. Minami, Tetrahedron 

Lett., 37, 8799 (1996) 
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5hij2��>onð-fg-�EFT'Æuó2s�q�N gem-æ#^��ç^è\

@fÈ2`a:=FKðF>�å@<òó@��2 one-pot -EÏJoO7ScNGH@

 å-�JK 

F�=>onm@fÈÊ:7cdá(�JKgem-æ#^��ÕÖ^%#\U÷@¬Ê-

(><òó R1@��@F�:%#\ BR1
3@,-jÍ¼-�×>*.%9@�å@<òó

@�§ å=â�|vfw@fÈ:��-cN4KðF>gem-æ#^��æ^�Ö./U

÷@fÈÊ-(>��Næ^�Ö./�ê2v��"��4JÍ¼j�JK�m:>gem-

æ#^��ÕÖ^%#\ 13 ±æ^�Ö./ 17(O7:�UR-(�¥¦->�*�Ä(

g=4KùE5>1)>2)@cdá:�Ï5onm@�á2��=>âå�*�Äj`aN

gem-æ#^��ÕÖ^(û^02�¶¸JoOj-cn�>gem-æ#^��ç^è\@¢

�5t�NfÈÊ:NJO*�-cJK 

cdá 2)@hij(>�%d��ef@ü�\efWj�r>�k:#$vwü�\@

ij2nc�o¸oOj&b-�JK=FjE5>��O¸J ¡ gem-æ#^��ç^è

\@fÈÊ2�¶¸J9->¢tefW@ScN�%d��ef2Iå(û^02£-¸

JÍ¼j�JK¤C>hij2��>£|:¥¦N gem-æ#^��ÕÖ^%#\±æ^�

Ö./-(>�%d��ef@¢tefWjSc4KLo->�%d��efj¢tef

W2t=�UR-£|:7¥¦-�×>=â7=|N¥¦I-§

�NþõW2¨¸æ#^��ÕÖ^(û^0O=5>©Ñ(gem-

æ#^��ÕÖ^�#\ 19 :ª�=FKèü%@TUVWX(

1.7O��&'@R-(Scr«Fig. 2P>�%dèü%efj¢

tefW2IåF�>tuèü%vfw(�UR-¬�oOj-c>£|:7¥¦N7@

jq4KðF>�%dèü%ef@®2¯�þõ:å45(·Åð-:qr@þõj�

¶�n5}×>on2��=5 FN<òó@��j¹°�JK 

F2C

R
1

SiR3

19
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1.0 2.0 3.0

Mg
 Zr

(1.2)
Li

(1.0)

Si
(1.7)

B
(2.0)

C
(2.5)

Fig. 2

Electronegativity  

gem-æ#^��ÕÖ^�#\ 19:å45(>onð-:_j=Fq(ñmn5}mZ>

£|¥¦WNÃ@wW:å45@ñ¹7±r²mn54NâEFKLo-ðZ>gem-æ#

^��ÕÖ^�#\@¥¦W2,BJOO7:>L@,-Ê2�¶¸JÍ¼j�EFK 

¡W@�4 gem-æ#^��ç^è\@fÈÊ2�¶¸JF�:(>cdá1)-³´=Fp

�:>��N<òó R1@��2E4Njmµ¶: 19 2,-¸JoOj¢�5»¼ONJ

(Scheme 2)K 

Ooï->3,3,3-"�#^��ý��\·�ê 20:[¸\2³��^JO>�»ef@

�;2¯E5#$vwü�\jij¸J SN2’þõjDE=>gem-æ#^��ç^è\2u

ÏJoOjñmnJ(' 6)7Ko@¬Ê(>&�ONJ 3,3,3-"�#^��ý��\·�ê

20 j¹º@"�#^��»4g0¼^ 23âm,--cJO4��á2Iå(' 7)K 

FNu

20 22

(6)F3C

R
F2C

R

Nu

F2C

R

Nu

F

Nu

21

O

R

F3C
RLi or RMgBr

F3C

O

OEt R

F3C
Ph3P CH2

23 24 20

(7)

 

L@ ¬->o@ SN2’þõ(ó� 20 O[¸\@0M:pE5þõWjScr&v=>

F2C

R1

SiR3

F2C

R1

R2

Introduction of R1
Introduction of R2

Precursor of
gem-Difluorovinylsilanes

?

Scheme 2

19
1
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 ¡W:J=4KqÏ�>T'[nó-�J#½Ö^ó2 2;:t¸J 20a(#½Ö^�

)./O@þõjBC:DE¸J7@@>ç^2^ó2t¸J 20b (±rþõ=N4('

8)KðF>þõW@�4 20a 2�4FFf-�Ï>g0¼^gÔ#`"@p�N[¸W@

84þõ\:NJO SN2’þõ(DE=N4 (' 9)Ko�=Fó�>[¸\@¾¿j&bO

NE5>20 @ SN2’þõ2�4F gem-æ#^��ç^è\@fÈÊ(>rsqj�q�J

7@@À�W@�4¬Ê:(N×²54N4 7K 

Q oo->20 @<òó R2��^óO¸n�>SN2’þõ:pE5 gem-æ#^��ÕÖ^

�#\j²mnJoO:NJK=â7>èü%@IåÁ-çÖ�\¥¦vÚÂ:pE5Ré

ê@$^%çÖ�\ 28 j°È=krN×>+ÃÄÅ-�Jß�þõj�Ã�nJoO:p

E5>eÂ|: SN2’þõjÆD�nJKåð×>;<N[¸\@��j`aONJF�q

0M@ÕÖ^�#\2,-¸JoOj-c>9Ì@cdá 1)2my-cJoO:NJK�

m:>ÕÖ^�#\@þõW2��=5��^ó20�@[T'\-<ò¸JoOj-c

n�>�å@<òó@]fY^2ö÷:´�oOj-c>ùú@¬Ê:AB5q�N�

<ò gem-æ#^��ç^è\2fÈ-cJ7@O*�=F(Scheme 3)K 

Scheme 3

F2C

Nu

SiR3

F2C

Nu

E

F E
+

27 28 29 30

Step 1 : SN2' reaction Step 2 : Substitution for Si

Nu

F3C

SiR3

F3C

Nu

SiR3

 

onm@á2ÇðÏ>©Ñ(ÈÉÊo:}45> ¡gem-æ#^��ÕÖ^(û^0-

�Jgem-æ#^��ÕÖ^�#\292TRéêO=5�4JÀ�W@�4gem-æ#^�

�ç^è\fÈÊ@�¶2�³=FĶ NY§>ðZ(1-"�#^��()^ÕÖ^)�#\

NuM   (1.0 eq)

/ THF or Et2O

MeLi, BuLi, PhLi > 90%

ester enolate    0%

(9)

PhLi   (1.0 eq)

/ Et2O

(8)

25

F3C

R

F2C

Ph

Nu

R =

(CH2)3Ph

Ph 90%

0%

F3C

Ph

F2C

Ph

R

NuM =

(CH2)3Ph

Ph 20a

20b

R =

20a 26

naohisa.jimbo

!"#$%& (7a) R = Ph, Alkyl J. P. 

Begue, D. B. Delpon, M. H. Rock 

Tetrahedron Lett., 36 , 5003 (1995) (7b) R 

= CO2Na, T. Fuchikami, Y. SHIbata, Y. 

Suzuki, Tetrahedron Lett., 27, 3173 

(1986) (7c) R = F, H. M. Park, T. Uegami, 

T. Konno, T. Ishihara, H. Yamanaka, 

Tetrahedron Lett. 40, 2985 (1999) (7d) R 

= H, D. A. Kendrick, M. Kolb, J. Fluorine 

Chem. 45, 265 (1989) 
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27 O0�@[¸\O@ SN2’þõ2E4>TRéê-�J gem-æ#^��ÕÖ^�#\ 29

2,-¸J«Step 1PK�m:>²mnF 29@��^ó2[T'\-<ò¸JoO:p×

«Step 2P>;<Ngem-æ#^��ç^è\30:=õ-cJfÈÊ2�¶¸JoOO=FK 

9'@þõ2BC:DE�^J:(>èü%9@<òó@´µj»¼ONJKLo-L

0ÕÖ^�#\ 272´~>(Ë) ��^è"\ 31@()9\v«' 10P}p~ (Ì) (1-"

�#^��()^ÕÖ^)ÒÜh�./@��^v«'11P@�0M@ÉÊ:pE5,-=

FKo@eÂ:å45>Í"@ 1Î-ÌBJK 

(CF3CO)2O
(Ph3Si)2CuLi

F3C

SiPh3
31 27c

F3C

O

SiPh3

Methylenation
(10)

 

F3C

Br

Mg, R3SiCl
F3C

SiR3

SiR3 = SiMe2Ph : 27d

SiPh2Me : 27h

SiMePhOH : 27i*

32

(11)

*SiMePhCl2 was used  

9v�å@¬Ê-,-=F(1-"�#^��()^ÕÖ^)�#\ 27:0�@[¸\2³

��^>SN2’þõ:}ÏJ ¡W2,BFKL@eÂ>27 (*�Ð×;<N[¸\OBC

:þõ=>20a Ñ@onð-ñmn54F 3,3,3-"�#^��ý��\·�ê:AB>þ

õW:Òn54JoOjÓmâ:NEF(' 12)Ko@eÂ:å45@ 2Î-ÌBJK 

F3C

SiR3

F2C

SiR3

NuM

SiR3 =
29

LiAlH4
BuLi, PhLi, LDA, 

Amide enolate, 

Diester enolate,   etc

NuM =

(12)
Nu

55 ~ 93%

SiPh3 27c

 SiMe2Ph 27d

 

Q W:>SN2’þõ:pE5²mnF gem-æ#^��ÕÖ^�#\ 33@ gem-æ#^��ç

^è\Ù@&òþõ2ÔÕ=FK#$vwü�\±ç^�2�!ü�\2³��^JO>

33(gem-æ#^��ÕÖ^çÖ�\Ñ�êO=5Y±ç^]ÿ!Ñ@[T'\Oþõ=>

ôõ¸J <ò gem-æ#^��ç^è\ 34>gem-æ#^��ç�^ç^�`^ 35 jf

È-cJoO2¹º=FKðF>onm@þõ2 SN2’þõO]fY^Ö×|:E�oO

:p×>º¶w�@(1-"�#^��()^ÕÖ^)�#\ 27bâm one-pot- 34>352f
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È¸JoO:ÈØ=FK�m:>T'�Ù-�Jæ#^��ç^è\Ù@[T'ß�þõ

(ÐÚfgO�nJj>èü%&'@Iåh-$)�\¥¦vÚÂ:pE5 gem-æ#^�

�ÕÖ^�#\@Û%v7BC:DE=>nc×riÝ�Ó�#\:pE5 33 âm gem-

æ#^��ÕÖ^Ý�5! 37 Ù@&òjGHprDE¸JoO7Ómâ:=F(' 13)Ko

nm��^<òó@[T'<òþõ:å45@ 3Î-ÌBJK 

 

33

36

F2C

SiMe2Ph

Nu

F2C

Br

Nu

BrF2C

Nu

SiMe2Ph

Br

37

F2C

H

Nu

F2C

Nu

Ph

HO

H2O

34

35

(13)

Br2

TBAF

PhCHO

TASF

TBAF

27d

F3C

SiMe2Ph

NuM
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# 1$% (1-&'()*+,-)./))012345 

 

1-1 67 

8"9:;<=>?@ABCDEFGHIJ@KL9MNOHI gem-P()*+Q)R

23STUVWXYN=ZD0')J3[YN\]V^L_=O`a3bc(Step 1, Step 

2)deGNSTfghiVjk_=(Scheme 4)lYGmnDStep 1(27o29)3 SN2’bc9

CD0')J3pqr-Q/*2stuvw@>xyz{ 28 3st]V|ZD}~`a�

��e�N���3�� 28o29)V��YN��9DHIJ(Nu)V��_G�e gem-P(

)*+./)012 29 Vv���45YNl�� Step 2(29o30)9CD���R���

SV�LYN��@>��D:?�q3HIJ(E)V��_DOHI gem-P()*+Q)

R2 30 VSTYNl���D!P()*+Q)R2STU9CDO��3HIJ(NuDE)

V�GN�]9��YN��� ¡�GNl 

Scheme 4

F2C

Nu

SiR3

F2C

Nu

E

F

27 28 29 30

Step 1 : SN2' reaction Step 2 : Substitution for Si

Nu

F3C

SiR3

F3C

Nu

SiR3

E

 

¢;_=£bc3bc]CD0')J3¤{¥D¦§¥]¨V©tYNR��¢3HI

J@ªM�«¬�N=ZD®3¯°��Z�±²�GNl³´@DScheme 13bcVµ

¶@�·¸N=Z@D0')J�¹=Y<Mº»V;<Nl 

¼½D¾¿À¨�GN(1-&'()*+,-)./))012 27VÁxÂÃÄÃ:3�Y

N=ZD®3st]VÅÆYNÇ²�ÈNl�É@(1-&'()*+,-)./)),Ê)�

38 CËst9ÈxDÌÍÎVÏ�_�ÐÑYN(Ò 14)lÓ�ÔD(1-&'()*+,-).

/))'-Õi 40 CÖh×)y�100 Ø9459MN�D�3>?G�ÙÚ9: 30 ÐÛ

Ü3ÝÞz9P()*+Qß2 39 à�ÐÑ_�_¼?(Ò 15)8l 
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CF3

Br

nBuLi
CF3

Li

Unstable even at – 100 ºC

32 40 39

(15)CF2

!-Elimination

Metal F

(14)

F2C

Metal

F

38
39

CF2

 

áâ@D(1-&'()*+,-)./))012 27:Ëst9ÈN���ãä�DWå

æÎ�=ÓCçèbc@>N 27a3é9ÈN(Ò 16)9l¼=êë3ìíCîÃ:33DÖ

h×)y9&'Ö-)(1-&'()*+,-)./))012 27b �ÌÍÎVÏ�_D&'

Ö-)0')()*'ï 42 �ðTYN�3ñò�ÈN(Ò 17)8l 

H CF3 Me3SiH 

(5.0 eq) 120 h / gas phase

low-pressure lamp CF3

SiMe3

+

26%

(16)

27a

CF3

Br

nBuLi
CF3

Li

CF3

SiEt3

Et3SiCl
CF2

Et3SiF

11%

32 40 27b 39 42

Not detected

(17)+

41

 

�?_= 27 de3ÌÍÎCDR��à3���3óô�õMö@G���·YN���

e�Nl��� 27 3st]V|ZN=Z@CDR��¢3HIJV÷|�_����3ó

ôVøùYN���[v9ÈNl 

ú@D!STfghi3#�`a(Step 1ûSN2’bc)9CD0')J3¦§¥]¨�±²

�GNlR��¢@¦§�õJV��YN��>��Q/*2 28 VstuY�ÔD}~`

a9ÈN 27o28 V��YN��@GxDµ¶G SN2’bc�üý9MNlWåD(þ�V

ÿ¼GÃ./)012 433 SN2’bc@!Ã�0')J¢3HIJvw�4<e��!xD

&'("/)./)012 43cC&',-)./)012 43a@#<bc]3|Ã���

Ðd��ÃN(Ò 18)10l 石橋雄一郎

!"#$%&  (10)% N. Kishi, H. Imma, K. 

Mikami, T. Nakai, Synlett, 1992, 189. 
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SiR3

OMe

nBuLi (1.0 eq)

30 ºC / THF

SiR3
nBu SiR3 Time (h) Yield (%)

SiMe3

SiPh3 0.5

3 64

quant.

(18)

SiR3 = SiMe3

SiPh3

43a

43c

SiR3 = SiMe3

SiPh3

44a

44c  

¼=D���C 27 3./)$%&'9G�R��VóôYN ¡]:ÈN (Ò 19)l®

�9D(¥�YN SN2’bcV�·¸N@CD���3R��à3óôV¤{¥@)*Ç

²�ÈNl 

27

F3C

SiR3
(19)

F2C

Nu

SiR3

F2C

Nu

29

39  

STfghi3#O`a(Step 2)9CD��¼93���R���SVÆpYN=Z3+

"�C,@D-�¥@���R���SV./_�03�Sà1IYN����Ze�Nl

./)0123���R���SV�L_=1I@qÃ�CD��¼9@23�345�

G�®3cLÓC36@7N�(Ò 20 ~ 23)10,11, 12, 13, 14DªM�ú3O��@Ð'e�Nl

YGmnD�¦§�9ÈN8+&29:+;2D<)=<-*23Q)R2>à3óô@

>��?@YNbc(Ò 20D21)�D���9ÈN(þuÀ�*29ABuÀ�*2@>N

0'<h&3CT9?@YNbc(Ò 22D23)�ÈNl���DDB9C¦§EFG0')

JVDGB9C,@¦§ËHG0')JV¯°YN��@>xD®�I�bc����

N���e�Nl¼=DÃ½�3CÒ3bc9:JK�D¤{¥@C÷3LÃ0')J

3M?�bc]C|Ã���Ne�Nl 
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R2

R1 R3

SiR3

R2

R1 R3

X

R2

R1 R3

R
4

R2

R1 R3

R
4

H

R1 R3

O

R2

R4 = acyl, alkyl

R4 = aryl, alkenyl,

X = H, Br, I

45

46

47

47

48

(20)

(21)

(22)

(23)

Protonation or Halogenation - 
Desilylation

Friedel–Crafts reaction

Pd(0)-Catalyzed cross coupling

Tamao oxidation

H , Br , I

R4

O

,  R4

F  or RO  , R4X

HOO

 

¢9;<=0')J3vwV�O@��D³´3 1Pde3P@Q_=HIJVR��¢

@[YN 27 V45_�£`a3bcVRSYN��@_=l 

1P("/)JûJ¨VstuYN÷|�DSN2’bcV��YN¦§�õ]VT¸pq 

2PQ)Ug0Jû0')V+'ï3�WÐÑ@>xXÄ@��9MD¦§�õ]�YÃ 

3PQ)g)Jû3âGHIJ�ÈxDbc]3Z4[� ¡ 

®�9D3âGHIJV[YN 27 345U�_�ú3\q3]UV^é=(Scheme 5)l

YGmnD 

(1)% Q)Uh)_�{ 493ÍÎbcD 

(2)% 2-`+a-3,3,3-&'()*+-1-8+b2 32�0'),Ê)�3bc 

(3) &'()*+,-)=0')=R&2 313,-ß2u 

(4)% (1-&'()*+,-)./)),Ê)� 38�0'):1�ï3bc 

®3�wD(3)D(4)3]UVLÃ�(1-&'()*+,-)./))012 27345@Tc_

=l 
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Scheme 5

27

(1)

(2)

(3)

(4)

F3C

SiR3

F3C

Br

F3C

Metal

F3C

O

SiR3

F3C OX

CH3

SiR3

R3SiM

R3SiX

HOX

Methylenation

49

32

38

31

 

 

1-2 Q)Uh)_�{3ÍÎbc@>N 27345 

&'()*+,-)J�0')JV[YNQ)Uh)_�{ 49 CDÍÎbc@>��

27 @1I ¡���D¼½ 49345UVRSYN��@_=l49CDdNuSÀ9ÈN

&'()*+Qe&2 50 9&'()*+,-)=0')=R&2 3115, 16@D®�I�0'

)'-Õi9,-)'-ÕifVgL¸DðKNhï+g0JVÆiYN��9459

MN���=(Ò 24D25)lj_DY9@ Xue@>��D31@Q)g)'-ÕiVgL

¸N� Brookkl@>x 2,2-P()*+./)0')Öh×) 53 �me�N�Ã?ñò

�G��ÃN(Ò 26)16 l���DBrookknVø�N=Z@D�3bcCÙÚ9·?Ç

²�ÈNl 

F3C

O

SiR3

F3C OX

CH3

SiR3

49

31

F3C

O

CH3

1. R3SiLi

2. TsCl, Et3N etc

1. MeLi

2. TsCl, Et3N etc

50

49

(24)

(25)

(X = Ts etc)

Ts = p-Toluenesulfonyl  
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F3C

SiR1
3

O

F3C O

R2

R1
3Si

F2C

R2

OSiR1
3

F
F2C

R2

OSiR1
3R2Li (1.0)

–78 ºC, 15 min / THF
(26)

31 51 52 53

SiR1
3 =

R2 =

SiPh3, SiMe2Ph

Me, nBu, Ph, p-CH3C6H4

88 ~ 99 %

 

®�9DBrookkl��·YND@Q/*2yz{ 51 VopYN=ZD&'()*+Q

e&2 50 @&'("/)0')'-ÕiVgL¸=GDÙÚ9&0)V+'ïV��=l

_d_D54 3 BrookknC–78 ºC9:ø�e�½DP()*+./)=0')=Öh×)

57 �Ùq�9me�N3é9È�=(Ò 27)l�3�wdeD�3rU@>N 27 345C

st9ÈN�u/_=l 

F3C

CH3

O

F3C O

CH3

Ph3Si

F2C

CH3

OSiPh3

F
F2C

CH3

OSiPh3

Ph3SiLi (1.0)

–78 ºC, 1 h / THF

(27)

50 54

56 57

TsCl (1.2 eq)
F3C OTs

CH3

SiPh3

55

21%  

 

1-3% 0'),Ê)�@>N 27345 

./):1�ï@V81h&VgL¸N�DvcYNQ)R2�ST9MNl®�9D

wx��ÃN 2-`+a-3,3,3-&'()*+-1-8+b2 32 @P0')V81h&Vbc

¸D(¥�YN27 V45YN���_=lP0')V81h&�_�CDyzdN9È

N.f(&'("/)0'))V81h& 17D.f(P,-)("/)0'))V81h& 18

VLÃ�RSV·�=(Ò 28D29)l  
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F3C

Br

F3C

SiPh3

32 27c

(Ph3Si)2CuLi (1.0 eq)

–78 ºC ! rt, 2h / THF

58

Sn2' reaction

F2C

SiPh3

SiPh3

59

(28)

SiPh3

F

88% (from 58)

58

0%(2.0 eq)

 

.f(&'("/)0'))V81h& 58 V 32@gL¸=��{D&'("/)0')

J�Oq���=gem-P()*+./)01259�|q�9me�=(Ò28)l��CD

|y9}é3 27c�ðT_�ÃN:33DV81h&@v_ 32 >x 27c3bc]�|Ã

=Z@A~bc��·_D59 �me�=���e�Nl�]D.f(P,-)("/)0

'))V81h& 60 V 32@gL¸=�SCD(¥�YN 27d���me�½DA~b

c3�·_=P0'){ 61 :Ùq�9È�=(Ò 29)l 

F3C

Br

F3C

SiMe2Ph

32 27d

(Me2PhSi)2CuLi (1.0 eq)

–78 ºC ! rt, 2h / THF

F2C

SiMe2Ph

SiMe2Ph

61

(29)

~ 10% (from 60)

60

0%(2.0 eq)

+

 

³¢3>?@DP0')V81h&C 2-`+a-3,3,3-&'()*+-1-8+b2 32 �b

cYN:33D(¥uSÀ 27�A~bcVÏ�Y=ZD�3rU: 323STU�_�C

K.9GÃ���Ðd�=l 

 

1-4% &'()*+,-)=0')=R&23,-ß2u@>N 273ST 

% D�9;<=>?@D0')V81h&Vêë 2-`+a-3,3,3-&'()*+-1-8+b2

32 @gL¸N�A~bc��·YN�(Ò 28D29)D&'()*+�BîWÀ�3bc9

CvcYN&'()*+,-)=0')=R&2 31 V��N(Ò 30)16, 17l®�9D�3&

'()*+,-)=0')=R&2 313,-ß2u@>N 27 3STUVRS_=l 

(CF3CO)2O F3C

O

SiR3

(30)

31

(R3Si)2CuLi

62

 

¼½Dyz3]U@���P,-)("/)0')J9&'("/)0')JV[YN
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31 345V^é= (Ò 31)l®3�wD&'()*+�BîWÀ@.f(&'("/)0'

))V81h& 58 VgL¸N��@>��D&'("/)0')R&2 31cV459M

=l�3 31cVLÃ�,-ß2u3RSV·�=�wV Table 1@¼�ZNl 

(CF3CO)2O

(R3Si)2CuLi (1.0 eq)

(3.0 eq)

SiR3 = SiPh3  31c

SiMe2Ph

55  %

0  %

(31)F3C

O

SiR3

/ THF

30 ºC ! rt, 30 min

62

 

F3C

SiPh3

F3C

O

SiPh3

31c 27c

Table 1

Reagents

Conditions

 

      
Entry Reagents (eq) Solv. Temp. Time / h 27c /% 

1 CH2=PPh3 (1.0) THF 0 ºC 0.2 0 

2 KCH2P(O) (OEt)2 (1.0) DMF 80 ºC 2 0 

3 Cp2ZrCl2 (1.1), CH2I2 (1.5), Zn (4.5) THF reflux 1 15 

4 Cp2ZrCl2 (2.1), CH2I2 (3.1), Zn (5.2) THF rt 6 30 

5 Cp2ZrCl2 (2.0), CH2I2 (3.0), Zn (5.0) THF rt ! 30 ºC 4 45 

6 Cp2TiMe2 (2.0) toluene rt ! 80 ºC 2 0 

7 Cp2Ti Cl
AlMe2 (1.5)

 
THF 0 ºC 0.3 trace 

8 TiCl4 (1.1), CH2I2 (1.5), Zn (4.5) THF 0 ºC ! rt 0.2 0 

9 TiCl4 (3.0), CH2Br2 (4.0), Zn (5.0) THF rt ! 45 ºC 0.5 trace 

10 Ti(O
i
Pr)4 (1.1), CH2Br2 (1.5), Zn (4.5) THF reflux 10 < 10 

11 Ti(O
i
Pr)4 (1.1), CH2I2 (1.5), Zn (4.5) THF rt ! reflux 3 51 

      
 

�Z@WittigÊ�83,-ß2uV^é=�D(¥�YN./)01227cC��ðT

¸½D31c�ÐÑYN3é9È�=(Entries 1, 2)l®�9D03]U�_�P)U�e2

PV+'ï�P:+,Ê2de|y9¿ð¸=<)�2�{@>x 31c3,-ß2uV

^é=��{D�| 45�3q�9 27c�me�=(Entries 3 ~ 5)19l_d_DP)U�e

2PV+'ïC|�9Èxq�:¹H3Ã�:39CGd�=39Dáâ3<)�2�{
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3bcV-Ê2uSÀVLÃ�RS_=(Entries 6 ~ 11)l®3�wDP,-)-Ê�e2

9 Tebbe^�Cbc]�|Y�DJ¨ 31c�ÐÑ_�_¼�=�Dö�����´D×&

1gf��8+�g0-Ê2�P�hï,Ê2de45�N<)�2�{� 31c3,-

ß2u@K_�ÃN���Ðd�= 20l�3>?@D0')R&2 31c3,-ß2u@>

xD&'("/)./)012 27cV 51�3q�9mN���9M=l 

 

1-5% (1-&'()*+,-)./)),Ê)�@>N 27345 

¢�0')R&23,-ß2uV�LYNrU9CDvcYNR&23ST@����

xD&'("/)./)012 27c3é45 ¡9È�=l®�9D("/)J@��Q

)g)J9Q)Ug0JDhï+g0JG�3âGHIJV[YN27 V45YN=ZD.

/),Ê)�30')u@>N 27 345V^é=l 

./)'-ÕiG�3./),Ê)��0'):1�ï�3bcCD./)01234

5U�_�>�Ne��ÃNlj_D(1-&'()*+,-)./)),Ê)� 38C�É@

Ëst9ÈN(Ò 32)l®�9D 

1)% ÙÚ9bcV·? 

2)% ÌÍÎVÏ�_@�Ã#�¥stG,Ê)�VLÃN 

3)% 0'):1�ï��´9,Ê)�V45YN 

�Ã?�q3rUVLÃ�RSV·�=l 

F3C

Metal

R3SiX F3C

SiR3

!-Elimination

F2C

39

(32)38
27

 

��@D�:bc]3|Ã(1-&'()*+,-)./)),Ê)����e�N(1-&'

()*+,-)./))'-Õi 40 VÙÚ945_D�Ú¸½ên@0')V+'ï90

')&'(1h&V��=(Ò 33)8l_d_D��30')V+'ï9 tert-`-)P,-

)0')&'(1h&Vbc¸�é=:33DvcYN./)012C��me�Gd

�=l40 ���9MN–100 ºC³´3ÙÚ9C0')V+'ï90')&'(1h&3b
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c]��Ð9Gd�=���e�Nl 

F3C

Br

nBuLi (1.0 eq)

–100 ºC , 20 min / Et2O
F3C

Li

R3SiX (1.1 ~ 2.0 eq)

–100 ºC ! rt / Et2O
F3C

SiR3

32 40 27

R3SiX =  iPr3SiCl, Me2PhSiCl,

MePh2SiCl, tBuPh2SiCl

Me2
tBuSiOTf

0%

(33)

 

% ®�9D Ú³¢9:ÐÑ_GÃ (1-&'()*+,-)./)),Ê)� 38 VLÃD

�¡º»´9bcV·?��@>xD27345V^é=lN,N,N’,N’-×&1,-)Ö-ß

2PQ¢2(TMEDA)��´DTHF y9 32 @��VgL¸N�D(1-&'()*+,-

)./))�� 63 �ðTYN���Ne��ÃN 21l63 C THFy�¡£¤º»´9:s

t9ÈN���ñò��ÃN39Dáº»9 tert-`-)P,-)0')&'(1h&�

bc¸=l_d_D�3�S: 27eC��me�Gd�=(Ò 34)l63 Cst9ÈNÐD

bc]:ÙÃ=Zbc�Ï�eGd�=���e�Nl 

F3C

ZnBr
F3C

SiMe2
tBu

63
27e

0%

(34)
TMEDA

Me2
tBuSiOTf (1.6)

reflux, 6 h / THF

F3C

Br

32

Zn (1.6 eq)

TMEDA (1.0 eq)

60 ºC, 9 h / THF

 

% �¥@G��D|y9¿ð¸=(1-&'()*+,-))./)¦§¨0Õi`+¢ï

64 �=+2BÖf×)�Vbc¸N��@>xDvcYN./)=+2B 65 VST_

=Ó�ñò�=(Ò 35)22l64 C THFy 0 ºC³¢9¦§¨0Õi� 32 Vbc¸N�

�9459MN�DËstG=ZÝÞz3Æ�:9MGÃl��9CDðTYN 64�Èe

dKZ|y@��YN=+2BÖf×)�Y*@bcYN=ZD65�|q�9me��Ã

Nl®�9D�3bcV 27 3ST@cLYN���_=lYGmnD0')V+'ï�¦

§¨0Õi�bc¸½Ddq 64 �3�ÐGbc]V[YNGeÔD=+2BÖf×)3©

mx@0')V+'ïV���:áâGbc��·_DvcYN./)012V��N�

ãä_=l 
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F3C

Br

Mg (1.2 eq)
F3C

B(OH)2

32 65

90 ~ 92%

(35)F3C

MgBr

64

B(OR)3 (3.0 eq)

rt, 4 h / THF

(R =Me,Et, iPr, nBu)

 

% 32 �¦§¨0Õide45�N./)¦§¨0Õi`+¢ï 64 ���30')V+

'ï3bcV·�=��{DüýªxvcYN(1-&'()*+,-)./))012 27�

ðT_=(Table 2)l 

F3C

Br

R4-nSiCln (2.0 ~ 3.0 eq)

0 ºC ! rt, 3 ~ 12 h
F3C

SiR'3

32 27 66

+

Table 2

F2C

SiR'3

CF3

Mg (1.2 eq)

/ THF

 

    
    

Entry RnSiCl4-n SiR’3 27(%)
a
 66(%)

a
 

1 Me3SiCl SiMe3(27a) 25 0 

2 
i
Pr3SiCl Si

 i
Pr3(27f) < 5  0 

3 Me2(
n
C18H37)SiCl SiMe2(

n
C18H37) (27g) 4 0 

4 Me2PhSiCl SiMe2Ph(27d) 70  ~2 

5 Ph2MeSiCl SiPh2Me(27h) 39  3 

6 Ph3SiCl SiPh3(27c) N.R. 

7 MePhSiCl2 SiMePhOH(27i) 39  ~5 

8 MeSiCl3 SiMe(OH)2(27j) C.M. 

9 SiCl4 Si(OH)3(27k) N.R. 

                            N.R. : No Reaction    C.M. : Complex Mixture      a : 
19

F NMR Yield 

¼½D&'Q)g)./)012345V^éD(1-&'()*+,-)./))¦§¨0

Õi`+¢ï 64 �&',-)0')V+'ï3bcV·�=��{D27a�NMRq�9

25�ðT_=(Entry 1)l27aC0')J¢�¤{¥@L�ÌÍÎ��:�·_ÄÃ�«

m�N�DÌÍÎ@>��ðTYN�ãä�N&',-)0')()*'ï 67aC¬

Å®�=3é9È�=lbcÞzV¯�_�: 27a� 67a3��#�1meGd�=�

�deD67aC 27ade3ÌÍÎ@>��ðT_=:39CG�D|y@��YN¦§¨

0Õi()*'ï�&',-)0')V+'ï�3:+;2°I@±²_�ÃN�«m�
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N(Scheme 6)l 

F3C

Br

Mg
F3C

MgBr

R3SiCl

F3C

SiR3

MgBrF

R3SiF

MgBrF

+

+
!-Elimination

!-Elimination

32 64

27

39

67

R3SiF

67

R3SiCl

R3SiCl MgBrCl

MgBrCl

F2C

39

F2C

Scheme 6

67a : R3Si = Me3Si

 

27a 3q��./)=+2BST3�S(Ò 35)@#<�ÙÃ3CD&',-)0')V

+'ï3bc]��Ð9G�D64de3ÌÍÎ�³@Ï���_¼�==Z���e�Nl

Ùq�9CÈN�}é3uSÀ9ÈN 27a�me�D_d: 27a3���R���SCã

ä@b_ Ú9:st9ÈxDÌÍÎ@>NÐÑCM�´�Ï�eGÃ���Ðd�=l

j_D27aCÙµ¶9æÎ·5�stG=ZD|µ¶9ÁxÂÃ3XÄG 27V45YN(

¥9030')V+'ï�3bcVRS_=l 

% ÷|Ã0')V+'ï9ÈN&'��8+¸)0')V+'ïVLÃN�Dq��Ù´

_=(Entry 2)l��C./)¦§¨0Õi`+¢ï 64 3R��¹§à3óô�¤{¥@

º»�==Z���e�Nl&'��8+¸)0')V+'ï@#<¤{¥@LÃ�

«m�NP,-)*VÊ¼0)0')V+'ïVLÃ=�S:D27g Cm½d@ðTYN

3é9È�=(Entry 3)l³¢3>?@D&'Q)g)0')V+'ï3 64 @vYNbc

]CD¤{½»3�:LÃ&',-)0')V+'ï9��Ð9CGÃ���Ðd�

=l 
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®�9ú@D¦§�õ]3("/)JVR��¢@pq0')V+'ïVLÃ=lP,

-)("/)0')V+'ï� 64 3bcCµ¶@�·_DvcYN./)012 27d V

70�9mN���9M=(Entry 4)l�3�MDðT_= 27d�e@ 64 �bc_= SN2’

ðTÀ 66d�m½d@me�=(Ò 36)lq��&'Q)g)0')V+'ï@#<¾¢_

=3CD¦§�õ]3("/)JV��_=��@>N¦§¥vw�¤{½»3¿ªV¢

ÀxD64 3óô��~�==Z���e�Nl_d_D("/)JVe@��_=P

("/),-)0')V+'ïD&'("/)0')V+'ïCd���bc]�Ù´_

=(Entries 5, 6)l("/)J�Á2ÈN�D¤{½»�¦§¥Â§@ÃN=Z9È{?l 

e@DR��¢@hï+g0JV[YNJ¨ 27i-k 345VRS_=l��e3J¨

CD64 � R2SiCl2 ÈNÃC RSiCl33bcV·ÃDbcÄÅG@�N Si�Cl�SV�WÐ

ÑYN��9me�Nlhï+g0JV�q[YN 27iC459M=�(Entry 7)DOq3

hï+g0JVpq 27jCme�½D|�ÁÆ@G�=(Entry 8)l!®e�ðT_=Ph

ï+g0./)012�±S_D�'0+gÇ2VCT_==Z9È{?l×&1V++

012Cbc]�Ù�DvcYN 27kC��me�Gd�=(Entry 9)l 

¼=DR��¢@Q)Ug0JV[YN 27l V45YN=ZDW3©mx@ÖÊ�h)

VLÃ�bcVÈÉ_=(Ò 37)l_d_D19F NMR @>x 27l �«m�N¸hV(100.6 

ppm(1F, s))VÅ®_=:33D ·5Þ30'<;)¢9XÄ@�WÐÑ_� 27i @G�

�_¼ÃDX�3��{æÎ@Ê��ÃGÃl27lC¦§�õJ9ÈNQ)Ug0JV[Y

N=Z SN2’bc90'Rh&CTV��YN�üý9MDËGæÎU3RSV·?Ç²�

ÈNl 

 

BrMg

CF3

F3C

SiMe2Ph

27d 66d

F2C

SiMe2Ph

CF3
(36)
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F3C

Br

0 ºC ! rt, 30 min / THF

F3C

SiMePhOEt

32
27l

1. Mg (1.2 eq), MePhSiCl2 (2.0 eq)

2. EtOH (4.0 eq), Et3N (4.0 eq), DMAP (0.1 eq)
(37)F3C

SiMePhOH
+

27i

0 ºC,  20 min / THF

 

³¢;<=>?@D|y945_=./)¦§¨0Õi`+¢ï@0')V+'ïVg

L¸N]U@>xD3âGHIJV[YN(1-&'()*+,-)./))012 27aD27cD

27dD27hD27iVSTYN��@Tc_=l27CDAÌ3ñòdeãä�=¡¥GËs

t]VQ½DR��¢3HIJ@ddme½ÌÍÎVÏ�GÃ���Íed@G�=l

Ó�ÔP,-)("/)(1-&'()*+,-)./))012 27dCD Ú9 1ÎÏ³¢

ÐAG:ÐÑC��Ñe�GÃl 

 

# 1$3�wV¼�ZN�ú3>?@GNl &'()*+,-)=0')=R&2 313

,-ß2uD!>Ò(1-&'()*+,-)./))¦§¨0Õi`+¢ï 64�0'):1

�ï3bc3Oq3]U@>xD!bc3¾¿À¨�GN(1-&'()*+,-)./))

012 27 V45YN���9M=lú$9CDme�= 273 SN2’bc@qÃ�;<Nl 
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! 2"# SN2’$%&'( gem-)*+,-./+012345 

 

2-1# 67 

# 89:;<='>&?3,3,3-@A*+,--1-B-C2DEF 68 GHIJ3 SN2’$%K?

gem-)*+,-L+M2 70NOP(Q?2R3STU R1GHIJ3VW4XYQZ[\]

(^&_`Qab=cd]e:fg\]hi(jkN Table 3&eGlhmn 7a-dc 

F3C

R
1

F2C

Nu

R
1

NuM

68 69

Table 3

R
2

F2
C

Nu

R
1

R
2

R
2

F

70

F

 

SN2’$%K?L/,2opF 693q[rQ$%r&stuvwn(cd3=l?STU

R1QL+x+U3y4?*z/+A{|}3'>~�iHIJ:\P�u$%Q���~

i(Entry 2)cR1N*z/+U?�+�x0U?*��STU3'>~��H�U&n(d

G:$%rK��n(Q?�]:�HIJ&L+x+A{|}?A{|}L��?���

L+�/|}A{|}�3HIr3�i$%JN��Gn(c�P�?�����~HI

JG$%n(��@A*+,- {+¡{¢2(68a, R1 = Ph, R2 = H):�?£¡¤+£¥1

¦@G3 SN2’$%K���~i(Entry 5)c£¡¤+£¥1¦@NHIJGn(§¨3$%

�K?©ST3 3,3,3-@A*+,-B-C2&ªihfg\]hi(Q?d3U«�\¬

      
Entry R

1
 R

2
 NuM Yield / % Ref. 

1 Ph(CH2)3 H RLi (R = Alkyl) 0 ~ 90 7a 

2   PhLi 0 7a 

3 Ph H RLi (R = Alkyl, Vinyl, Phenyl) 65 ~ 93 7a 

4   R2NLi 60 ~ 90 7a 

5   Ester enolate 0 7a 

6 CO2Na H H
–
 (LiAlH4) 54 7b 

7 F NMe2 RMgBr (R = Alkyl, Vinyl, Alkynyl, Aryl) 21 ~ 92 7c 

8 H H Ph(CH2)nCH=C(OLi)O
t
Bu#  n = 1,2 65 ~ 86 7d 

9 H H LiCPh(CO2Et)2  0 7d 
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&HIr3i)£¡¤+£¥1¦@GK SN2’$%N®d\~i(Entry 9)c 

# ¨¯?(1-@A*+,- {+./+)012 27K?M°�3�-L/,2q[�±k&'

² SN2’$%3³´opF 28Nq[�n((µ 38 )cd3=l?27Kd]e:fg\]=@

A*+,-B-C2DEF&�<h$%rQ�u?¶·~HIJG$%:t(�3G¸¹

:t(cd3º»&U¼t?27G½¾HIJG3 SN2’$%N¿W(dGG�=c 

 

2-2# @A*z/+(1-@A*+,- {+./+)0123 SN2’$% 

# ! 1":ÀÁ�=(1-@A*+,- {+./+)012 273>Â?@A*z/+0A+

UNÃn( 27cK?q[~ÄF:a(=l&Å²ÆiÇu?ÈÉoÊË:�Ì¸ÍÎQÏ

Ð:a(c�d:?eÑ 27cNU«G�h SN2’$%3ÒÓN�b=(Table 4)c 

F3C

SiR3

F2C

Nu

SiR3

NuM F2
C

Nu

SiR3

F

F
(40)

27 28 29
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SiPh3

F3C
NuM

27c

F2C

Nu

SiPh3

71

Table 4

 

      
Entry NuM

 
(eq.) Solv. Temp. Time / h 71 / % (conv. / %) 27c / % 

1 MeLi (1.5) THF –78 ºC ! 0 º 1.0 79 (89) (71a) 11 

2 
n
BuLi (2.0) THF –78 ºC 0.1 84 (84) (71b) 0 

3 PhLi (1.4) THF –78 ºC ! 0 ºC 2.5 68 (76) (71c) 12 

4 Ph

OLi

OMe

(1.0)

72  

THF –78 ºC ! reflux 7 29 (61)
a
(71d) 53 

5 EtO OEt

O OLi

73

(1.0)

Ph

 

THF –78 ºC ! reflux 27 0
b
 85 

6 KCN (1.0) CH3CN

ÔN 

0 ºC ! reflux 95 0 14 

7 TMSCN (1.0) THF rt ! reflux 16 0 46 

8 TMSCN (1.0) CH2Cl2 rt ! reflux 19 0 93 

       
a : HIJ3£¡¤+QÕ&Ö× b : HIJ3)£¡¤+N 82ØÙÚ     

L+x+A{|}Û*z/+A{|}G3$%KiÑ]�ÚÜ'u���=(Entries 

1~3)c=Ý�?$%Þ^ßu:$%àáQâu~²?�ã+ä3HIJN´Ph� 27cK

Ö×�~åb=cd3æçKè¬å:K~iQ?SN2’$%&'bhéê�=*��ë°,

2Q 27c 3M°�æ�Nìí�h0A�¦@ 74 Nî5�?$%Nïð�hi(ÏÐr�

a((Scheme7)c 

F3C

SiPh3

F

SiPh3

F2
C

F

RLi

F

27c

74

Scheme 7

Li

LiF

 

$%r3ñiHI¾:a(£¡¤+£¥1¦@ 72G3$%:K?27cQò�&Öó\]

~åb=�33?61Ø3ôTÚÜ:õ5ëQö¬]=cTable 3 å¬Xå('>&?L+
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x+A{|}G£¡¤+£¥1¦@3÷HIJG SN2’$%N®dn@A*+,-B-C2

øKd]e:fg�Q©åb=cùbh?@A*z/+(1-@A*+,- {+./+)01

2 27cK?d]e:&ú¬](@A*+,-B-C2DEF&�<h$%r&ûüG7P

(c=Ý�?£¡¤+£¥1¦@'²$%r3ñiý-2þ£¡¤+3£¥1¦@ 73GK?

THFo´ÿ!"N�bh��u$%�~åb=c 

#ih?$ÐUG�hÃ%~0L¥U3E&N¿W=c0L2��A|}NL'@/@

A+o: 27c&(%\Y?\¬&)1|2£¦¤+N´P=Q?$%K�u���~åb

=cd]K?0L2��A|}3L'@/@A+*3+,áQñi=lG-P?.&@A

 {+0A+0L/�N THF Û))-- /2o:(%\Y=c�å�ÛK²$%K�

�YÑ?+°¡þG�h0*��1|�2£¦¤+3FN´Ph� SN2’õ5ëK�uö¬

]~åb=c 

4�3ÒÓ&'²?(1-@A*+,- {+./+)012 27c KL+x+A{|}?L

A¦+A{|}?£¡¤+£¥1¦@G$%�?d]e:3U«&�<?��~HIJG

$%:t(dGQè¬å&~b=ce=ý-2þ£¡¤+3£¥1¦@Û0L2�ë°,

2GK$%�~i~5?HIJ36%Z7&ªih3ú8�ö¬]=c 

 

2-3# ) {+*z/+(1-@A*+,- {+./+)0123 SN2’$% 

Õ&$%NÒÓ�=@A*z/+(1-@A*+,- {+./+)012 27c K?M°�

�&0ª3*z/+UN9ªå~²:�i0A+UNÃ�h;²?HIJ3ìíN<F�

&=>hi(ÏÐrQa(c�d:?6á~��H�rG:�\NÃn(U«G�h?)

 {+*z/+(1-@A*+,- {+./+)012 27d N%ih SN2’$%NÒÓn(d

G&�=c27d �?27c G?¶&ÈÉoÊË:�q[:Ì¸ÍÎ&@P(dGå¬?)*

+,-L+M2453ABë«G�h6�hi(c 

eÑ?27d& 1.5Cã+ä3D{+A{|}N(%\Y=GdE?F%n(gem-)*+

,-./+012 33aQ 71Ø3ÚÜ:ö¬]=(µ 39)cd3GtæGKÖ×�=Q?33a

4H&?[IÏÐ~Jõ5ëQKLMN\]=cd3æçG�h?27d &�<h0A+U

Q<F�&O\u~b==l&HIJQM°�Nìí�Çu~²?D{+A{|}N´P
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=Gt3Ëá�P:J$%Q���h�eb=dGQ-P¬](c�d:?1.05Cã+ä

3D{+A{|}N20QåRhSbu²TU�=GdE?$%Qòj�33a3ÚÜK93Ø

e:���=(µ 40)c 

nBuLi (1.05 eq)*
27d 77a

–78 ºC, 0.3 h / THF

93%

(40)

* nBuLi was added over 20 min.

F3C

SiMe2Ph
F2C

SiMe2Ph

nBuLi (1.5 eq)

27d 77a

nBu

–78 ºC, 1.5 h / THF

71%

(39)

 

D{+A{|}G3$%å¬?27d K$%rQ�iV]=U«:a(dGQXåb=

3:?.&*z/+A{|}G3 SN2’$%&ªihÀ<(dGG�=(Table 5)c 

 

SiMe2Ph

F3C

/ THF

27d

F2C

Ph

SiMe2Ph

33b

Table 5

PhLi

 

      

      
Entry Eq of PhLi Temp. Time / h 33b / % 27d / % Comments 

1 1.1 – 78 ºC ! rt 1.5 77 8  

2 1.3 – 78 ºC ! 0 ºC 0.5 82 0  

3 1.1 – 78 ºC ! rt 5 44 34 Et2O +W 

4 1.1 – 78 ºC 0.5 77 0 THF2HMPA (4:1) X4+W 

5 1.1 – 78 ºC ! reflux 16 53 24 PhMgBrY% 

6 1.1 – 78 ºC ! 0 ºC 5 85 9 TMEDA (1.0 eq) Z´ 

7 1.4 – 78 ºC 0.5 85 1 TMEDA (1.0 eq) Z´ 

       
       

1.1 Cã+ä3*z/+A{|}N 27d &(%\Y(G?27d Q 8ØÙÚ\]?SN2’

$%õ5ë 33b 3ÚÜK 77Ø:ab=(Entry 1)c[3+WÛ*z/+ý\]0|}D

-��N%ih?¶&$%N�b=Q?^ijkNOP~åb= (Entries 3, 4, 5)c

N,N,N’,N’-¤@1 {+£{¢2)L�2(TMEDA)N´Ph$%N�b=GdE?33b
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3ÚÜQ 85Øe:���=(Entries 6, 7)cd]K?TMEDA3Z´:*z/+A{|}

3$%rQ�u~b==lG-P¬](c 

4�3ÒÓ:?27d GD{+A{|}Û*z/+A{|}G3$%Q_lh`a&�

�n(dGQXåb=c\¬&?$%rQñiHIJG3$%N¿W=(Table 6)c 

 

SiMe2Ph

F3C
NuM

27d

F2C

Nu

SiMe2Ph

77

Table 6

 

       
Entry NuM (eq) Solv. Temp. Time / h 33 / % 27d / % Comments 

1 
Ph

OLi

NMe2
(1.1)

75  

THF –78 ºC ! rt 1.5 65 (33c) 18  

2 75 (1.5) THF –78 ºC ! 0 ºC 1.5 85 (33c) 0  

3 EtO OEt

O ONa

76

(2.0)

 

THF 0 ºC ! reflux 24 55 (33d) 2 77 ~10% 

4 76 (1.1) DMF 0 ºC ! 70 ºC 24 44 (33d) 0 77 34% 

5 S

S
Li (1.1)

78  

THF –78 ºC ! rt 1.0 75 (33e) 8  

6 KCN (1.5) DMF 0 ºC ! 70 ºC 7 0 0  

7 Et4NCN (1.1) CH2Cl2 rt ! reflux 13 0 44  

8 LDA (1.5) THF –78 ºC ! 0 ºC 1.0 75 (33f) 0  

9 
N Li (1.1)

79  

THF –78 ºC 1.0 51 (33g) > 7  

10 LiAlH4 (2.0) THF 0 ºC 3 76 (91
a
) (33h) 0  

11 NaOMe (1.1) DMF –47 ºC ! rt 0.3 0 0 77 75% 

        
77 : (Me2PhSi)2O  a : 

19
F NMR Yield 

27dKL��£¥1¦@ 75GàÛå&$%�?65%3ÚÜ: SN2’õ5ëNOP=(Entry 

1)c75N 1.5Cã+ä&bÛ�=GdE?æGQò�&Ö×�?33c3ÚÜK 85Øe:�

��=(Entry 2)ce= 27d K?d]e:fg�3~iý-2þ£¡¤+3£¥1¦@ 79
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G�$%�?THF+Wo 2Cã+ä3 76 N 27d &(%\Y(G?F%n( gem-)*+

,-./+012 33dN 55Ø3ÚÜ:OP= (Entry 3)cd3Gt)0-xc2 77�d

äö¬]=(Scheme 8)c+WNDMF&eP(G?773õ5äQb´n(GG�& 33d3

ÚÜQñU�=(Entry 4)c 

SN2' Reaction

O-Sililation

F2C

SiMe2Ph

CO2Et

CO2Et

EtO OEt

PhMe2SiO O

77

SiMe2Ph

F3C

EtO OEt

O O

EtO OEt

O O

33d

80

H2O

EtO OEt

O O

81

(Me2PhSi)2O+

77

27d

77

Scheme 8

 

 

d3[?L0+L/,2�fF:a(){L23L/,2 78Û?g�HI¾:a(A{

|})°hB-i+L��(LDA)?A{|}i-A)� 79?j�A�$%J:a(���

L+�/|}A{|}N%i=y4� 27d*3 SN2’$%Q`a&���=(Entries 5, 8, 9, 

10)c 

0L2��A|}Û¤@1£{+L2ã/|}0L/�N%ih0L2�ë°,23

SN2’$%N¿W=Q?̧ ¹�=õ5ëK�uö¬]~åb=(Entries 6,7)ce=?k@A|

} @x0�NHIJ&%i=y4K?L+lx0�QL+M2m:K~uM°�Nno

�&ìí�?)0-xc2 77 N�ÚÜ:OP(3W:?p�Gn( SN2’$%K���~

åb=(Entry 11)c 

q":K?(1-@A*+,- {+./+)012 27Q��~HIJG$%n(dGNè

¬å&�=cùr?SN2’$%&sr~@A*+,-B-C2øG�hK?�-@A*+,-

 {+¡{¢2 20a Qú¬](cd3 20a G./+012 27 3$%rN��n(G?.

3'>&~((Table 7)c 
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F3C

R
F2C

Nu

R

NuM (eq)

Table 7

R =

SiMe2Ph 27d

SiPh3 27c

Ph 20a
22

 

     
  Yield of 22 / % (eq of NuM) 

Entry NuM R = Ph
a
 (20a) SiMe2Ph (27d) SiPh3 (27c) 

1 
n
BuLi 93 (1.0) 93 (1.05) 84 (2.0) 

2 PhLi 90 (1.0) 85 (1.1) 68 (1.4) 

3 PhCH2CH=C(OLi)OMe 0
b
 t

c
 29 (1.0) 

4 PhCH2CH=C(OLi)NMe2 t
d
 85 (1.5) 6 (1.5) 

     
a

 : uvwcref. 7a   b: £¡¤+£¥1¦@G3Wxy   c: zÒÓ   d: fg~� 

D{+A{|}Û*z/+A{|}Gib=$%r3�iHIJN(%\Y=y4K?

./+012 27d G�-@A*+,- {+¡{¢2 20a Q{|?}á3�iÚÜ: SN2’

õ5ëNOP?27c:3ÚÜKÛÛ~Â((Entries 1,2)c¨¯?20aQHIr3ñi£¡¤

+£¥1¦@GK�u$%�~i3&F�?27c K 29%GñÚÜ~Q¬ SN2’õ5ëNOP

((Entry 3)ce=?27cG 27d&L��£¥1¦@N?¨��:(%\Y(G?27cK{G

�5$%�~i3&F� 27dK$%Q±Ü'u��n( (Entry 4)c\¬&HIrQ~Â(

ý-2þ)£{+3£¥1¦@:K?µ41?42&mn'>&27d3WSN2’$%Q��n(c 

F3C

SiPh3

F3C

SiMe2Ph

LiCPh(CO2Et)2 (1.0 eq.)

NaCH(CO2Et)2 (2.0 eq.)

–78 ºC ! reflux, 8 h / THF

0 ºC ! reflux, 24 h / THF

F2C

CPh(CO2Et)2

SiPh3

F2C

CH(CO2Et)2

SiMe2Ph

 27c

27d

0%

71e

33d

55%

(41)

(42)

 

4�3��å¬?) {+*z/+./+012 27d K?SN2’$%3¨�r&;ihd

]e:fg\]=@A*+,-B-C2DEF&�(ÝR:~u?@A*z/+./+0

12 27cG�<h�$%r3�iV]=U«:a(GiP(c 
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q"&;ih?(1-@A*+,- {+./+)012 27 Q SN2’$%3U«G�hÃ%:

a²?K¶~ gem-)*+,-./+012 29 3ABë«G~(dGN<�:t=c."

:K?d>�hÀÁ�= gem-)*+,-./+012 293ôT$%&ªih;<(c 
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! 3 "# gem-$%&'()*&+,-./012345 gem-$%&'(6

&7-.89 

 

3-1# :; 

! 2"<=>(1-?@%&'(AB&)*&)+,- 27CDEFGHI>J. SN2’123

4KLMNO gem-$%&'()*&+,- 29 PQR4STU<V5WHCXYZ3I[\

]^L>29.+@&_C`abcO/01234def.gh_3i0<Vjk>lmn

.op<q5 gem-$%&'(6&7- 30.89Cr9s5WHP<V5(Scheme 9)\ 

Scheme 9

F2C

Nu

SiR3

F2C

Nu

EF

E
+

27 29 30

Step 1 : SN2' reaction Step 2 : Substitution for Si

Nu
F3C

SiR3

 

)*&+,-.123tIL=>uvw<3MS.mnPOxjL^5\yz3=>6

&7-{6&7*&|,}~89 10,11,12{>Friedel-Crafts 6+&�345���7?-

89 12>6&��~H.12 10P�Yj5\w[>��<=�,$����C�^5�(

����@-�12 13P�Dxj>uv����P�ExjL^5\IZIOPY>)*

&+,-.12�P�.)*&A�&�3�� ^[¡>¢£.¤�12=¥¦�3§I

^WH�MS>¨©I� gem-$%&'()*&+,-3ª�<V5H=«YO^\ 

JW<¬=>gem-$%&'()*&+,- 29 C�^>J.+@&_C�./0_3

i0s512C®¯I[\ 
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3-2# ¥/0 gem-$%&'(6&7-.89 

# �y3>+@&_.°±²b345/0C³´[¡>µ345)*&+,- 33a.�(

?-�C¶f[\SN2’1234dTUI[ gem-$%&'()*&+,- 33a=·µ.4´

O¸µH=12IOZK[P>¹µ<q5?@%&'(A�-�&º-µ<»¼I[HW

½>�(?-�P¾³I¥/0 gem-$%&'(6&7- 34aC¿À[(Á 43)\ 

F2C

nBu

SiMe2Ph

TfOH (1.1)

F2C

nBu

H

33a 34a

–78 ºC ! 0 ºC, 1 h / CH2Cl2

59%

(43)

 

33a ZY 34a Â.i03�^[µ345�(?-�.ÃÄ=>Å. Scheme 103Æs

Çd<q5\sOÈÉ>w© 33a .$%&'(6&7-ÊP�(?-�xj5\W.Ë>

%�±.ÌÍÎ±¢3ÏÐ5�B'- 82 =>%�±345Ì-�B'-ÑÒ�H7}±3

45Ó-�B'-ÑÒ�ÔÕ34dÖ×3ÑÒ�xjL^5\J.[¡ØÙÚ 82 .Ï9P

Û¾xj>]^L+@&_PÜÝs5WH34d>34a PÏ9IL^5\Þmnß<=s

<3>+@&_Cà[O^$%&'(6&7- 83 C�(?-�s53=>á¹µ.

FSO3H•SbF5C�^5¨âPq5WHCXYZ3IL^5(Table 8) 22\W.WHZY>¥

¦3`abãH=12I3S^$%&'(6&7-P>l12<äå3�(?-�Cæç

5.=>+@&_.ÔÕ3è´HW½PéV^H;À5\ 

F2C

n
Bu

SiMe2Ph

F2C

n
Bu

H

33a 34a

Scheme 10

H F2C

n
Bu

SiMe2Ph

82

HX

X
XSiMe2Ph
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F2C F2C

nBu

O

TfOH (10 eq)

nBu H nBu

Acid

72

F2C

nBu
H

83 84 85 86

Acid Temp. 86 /%

Table 8

0 ºCFSO3H•SbF5 (2 eq)

Time / h

0.2

22rt 15

/ HFIP

 

¢3ê�[ 33a.�(?-�=¹µC¨âHs5[¡>gh_Cës5_G3ìIL=

¨©I�ª�<V5H=«YO^\JW<>4dí�OîïÅ<+@&_C°±²b3/

0s512HIL>+@�ð?Cñòs512C®¯I[\)*&+,-3%��F}'

-CóÀ5H+@�ð?PÏ9I>í{ZOîï<Î±ô7}±õ8.ó°ö÷PøWK

L+@&_P°±²b</0xj[6&7-C¿À5\W.12=ùSZY�Yj>7}

±¢./0_P123úûsüý3þ^L.mn�³ÈjL^5(Á 44, 45)11\WjY.ÿ

!C�5H>+@&_C+@�ð?ñò<°±²bÂ/0s512<=>$AB&%"*

&+@&_P#$�<qd>?@%"*&+@&_>?@AB&+@&_.%312�P

 SO5WHPöZ5\WjY.&H'N3>SN2’1234KLTUI[ gem-$%&'(

)*&+,- 33a Có°ö÷sjk>¥/0 gem-$%&'(6&7- 34a P(Yj5\

JW<¬=>WjY.ÿ!C)*3IL 33aZY.¥/06&7-89C®¯I[\J

.õÕC Table 93Æs\ 
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SiR3

nC10H21

H3C

nBu4NF

80 ºC H

nC10H21

H3C

SiR3 = SiMe2Ph, SiPh3

87 88

SiR3

SiMe2Ph

SiPh3

HMPA, 0.5 h

DMSO, 1.0 h

HMPA, 1.0 h

Solv., Time 88 /%

77

60

< 50

THF, 10 h 28

(44)

SiR3

Me4NF

/ CH3CN H

C(Ph2)OH

(45)

C(Ph2)OH

SiR3 = SiMe3, SiPh3

SiR3

SiMe3

SiPh3

80 ºC, 3 h 65

rt, 2 h 80

Temp., Time 90 /%

89 90

(H2O)

(H2O)

 

 

F2C

nBu

SiMe2Ph
F2C

nBu

H

33a 34a

Table 9

TBAF (H2O)

 

     
     

Entry Solv. Temp.  Time /h 

Time 

34a /%
1
 

1 THF rt 1.0 63 

2 DMF – 45 ºC ! 0 ºC 0.6 66 

3 DMSO rt 0.1 57 

4 DMI 0 ºC 0.1 70 

5 MeOH – 78 ºC ! reflux 4.0 N.R. 

6 THF
2
 rt 2.0 N.R. 

     1 :  
19

F NMR Yield    

2 :  H2OC 33a. 10+,&-.ó # #  

 

gem-$%&'()*&+,- 33a 3ìI THFØß/<0?,1B&6-,*��%&

'@~(TBAF). THF23C4�x5[HW½>¶637-38wj5°34dó°ö÷

P9{Z3¾³I>ef.¥/0 gem-$%&'(6&7- 34a P 63:.QR<(Yj[

(Entry 1)\33aZY 34aÂ.i0=>%�±C8wO^)*&+,-.ó°ö÷3��L

í�Oîï<¾³IL^5(Á 44);)\Wj=>$%&'(6&7-Ê.ab`<�34

d7}±¢Pab�=3Od>%��F}'-.>?PÛ¾xj[[¡H*ÀYj5\2

�C@�(?-�A�2�<q5 DMF>DMSO>DMI3BÀ5H12PÛ¾xj>DMI
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Ø<12C³K[C3�#QR<q5 70:< 34aP(Yj[(Entry 4)\Entries 5, 6<=>

�(?-�2�Ø<12C³´>q5^= THF 2�3DAc3°C.ós5WH<QR

.E¢CFK[\IZI>^©j.G8�12PHS¾³5©>²IJQ3KÈK[\W

j= TBAFØ.%��F}'-PM-.°{A�Lð&3452��Cæç>M$I[[

¡H*ÀL^5\ 

12KNË3123. 19F NMR�O�?&CPÒI[HW½>34aQR3SÏFCTP

s5WHP<VOZK[\JW<>°CUHVW8wO^%��F}'-XHIL?@�

($YB&6ZL )�&º*��?@AB&$%&'(+@�ð?[(Et2N)3S
+ ôSiMe3F2>

TASF(Et)\CóÀ>19F NMR34512.]^C³K[(Table 10)\12�_ZY 15ö

`3=²I. 70:Pabxj>33a3%��F}'-PcÍI[+@�ð?HdÈj5 87

.eð�PTPxj[\ËÙHH�3 33a>87PfgI>6&7- 34aPhóI[P>33a>

34a>87.8i.FG-=jk3fgI[\lKL>Scheme 103Æs4´3>+@&%

&'@~.ÓÜÝ34d 87P%&'(6mBn- 88HOKLö÷s5ñoP*ÀYj5\ 

F2C

nBu

SiMe2Ph

TASF(Et) (1.1)
F2C

nBu

H

33a 34a

Table 10

rt / THF

F2C

nBu

SiMe2Ph

F

87

(Et2N)3S

TASF = (Et2N)3S SiMe3F2

 

  

F2C

nBu

SiMe2Ph
F2C

nBu

H

33a 34a

Scheme 11

F F2C

nBu

SiMe2Ph

F

F

nBu

87

88

H2O

!-Elimination85.7 ppm (d, J = 38 Hz)

88.5 ppm (d, J = 38 Hz)

84.1 ppm (d, J = 41 Hz)

87.3 ppm (d, J = 41 Hz)

 

+@�ð?Cñòs5WH34dí{ZOîïÅ<+@&_.°±²b345/0P¾

    
Time / h 33a /% 87 /% 34a /% 

0.25 32 7 6 

1 24 4 6 

3 18 4 9 

8 11 2 10 

24 3 0 13 
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³s5WHPöZK[.<>W.12C SN2’12Hpf8È55WH34d>DEFG.

(1-?@%&'(AB&)*&)+,-ZY one-pot <¥/0 gem-$%&'(6&7-C8

9I4´H*À[\27dH`qãH. SN2’12C! 2"<ê�[îï<³K[`>J.w

w0?,1B&6-,*��%&'@~C4�x55H>zrÇdì2s5¥/0 gem-

$%&'(6&7-P¥s3ÔR�S(Yj[(Table 11)\ 

F3C

SiMe2Ph

F2C

SiMe2Ph

NuNuM TBAF (1.1)

Conditions/ THF

/ THF

F2C

H

Nu

Table 11

27d 33 34  

    
    

Entry NuM (eq) Conditions 34 / % 

1 
n
C6H13Li (1.0) rt, 2 h (91)

a
 (34i) 

2 
S

S Li

Ph

(1.0)

 

rt, 2 h 80 (34j) 

3 PhCH2CH=C(OLi)NMe2 (1.5) 0 ºC, 2 h 64 (34c) 

    
    

a : 19F NMR Yield 

Q¢.4´3>gem-$%&'()*&+,- 33 3µ{%��F}'-C4�x55W

H<>¥/0 gem-$%&'(6&7-P(Yj5WHCÆI[\w[>W.12C SN2’

12Hpf8È5t]IL³´WH34d>DEFG<q5(1-?@%&'(AB&)*&)

+,-ZY one-pot<¥/0 gem-$%&'(6&7-C89s5WH3�9uI[\xY

3>7}±.Ó-�B'-ÑÒ�ÔÕ34d>33 .µ3ìs512�PÇv.$%&'(

6&7-3��#SOKL^5WH�XYZ3I[\ 

 

3-3# w� gem-$%&'()*&.89 

3-2<ê�[Çd>gem-$%&'()*&+,- 33a.Ö×õ8=Çv. gem-$%&'

(6&7-3���(?-�Cæç{s^\WW<>�(?-.BÈd3�.`abãC

33a34�x5jk>gh_�xj[ gem-$%&'(6&7-C(5WHP<V5=©<

q5(Scheme 12)\s<3>gem-$%&'(6&7-3w±C4�x55H$1(,�P

¾³s5WHP�YjL^5 23\JW<w©>33aCw� gem-$%&'()*& 37aÂi



 39 

0s5WHC®¯I[\ 

F2C

n
Bu

SiMe2Ph

F2C

n
Bu

E

33a

Scheme 12

E F2C

n
Bu

SiMe2Ph

89

EX

X

XSiMe2Ph

E = Br  37a  

)*&+,-3w±C4�x55H>`ab/01234KLw�)*&C¿À5WH

P�YjL^5(Á 46)11\JW<>gem-$%&'()*&+,- 33a3w±C4�x5[

HW½>$1(,Ú 36aP 37:.QR<(Yj[(Á 47)\W.Ë>ocHs5w�)*&

37a�È©Z3Ï9I[P>FGQxPyS>'Ò<VO^�ÑÒO�8F�(Yj[¢>

33a�zH3=abIOZK[\Á 46.G8H{^Ü+@&1(Z~P|Ec3¾³IO

ZK[²}=>%�±.ÌÍ3ÏÐ[�B'- 93PÑÒ<+@&_.ÜÝP~S>1(Z

~}'-.>?P��ILøWK[[¡H*ÀYj5(Scheme 13)\¥�>�12.w±P

37a3�óI[ 94HdÈj5�8F�>�Ý3=�YOZK[�..�Ï9F. 19F NMR

{ GC-MS<��<V[\ 

SiMe3

C2H5 Br2 (1.0 eq)

–78 ºC / CH2Cl2

cHex

C2H5

BrcHex
(46)

SiMe3

cHex

C2H5 Br
Me3SiBr

97 98 99

65 ~ 87%

Br

F2C

nBu

SiMe2Ph

Br (1.1)

–78 ºC ! rt, 2 h / CH2Cl2

37%

F2C

Br

+

3%

33

(47)

37

Br

SiMe2Ph

nBu

Br

F

F

36

33

18% recovered

+

nBu
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F2C

n
Bu

SiMe2Ph

F2C

Br

33a 37a

Scheme 13

Br2 F2C

SiMe2Ph

93

Me2PhSiBr

n
Bu

Br

Br

SiMe2Ph

n
Bu

Br

F

F

36a

n
Bu

Br2

Br

Br

Br

F

F

n
Bu

94

Br

 

JW<>$1(,Ú 36a CTUI[`>Ü+@&1(Z~34d 37a .89C¶f[\

–78 ºC< 33a3w±C¥ËÙZçL�ÅI[HW½>33aPUûzH3aMI>$1(,

Ú 36a.fP��xj[\JW<>xY3 TBAFC.óI123C 19F NMR<TPI[

HW½>33aZY 88:H^´#QR< 37aPÏ9IL^5WHC��<V[(Á 48)\ 

F2C

nBu

SiMe2Ph

Br (1.0 eq)

–78 ºC ! 0 ºC, 5 h

33a

(48)

36a

TBAF (1.0 eq)

0 ºC, 40 min
F2C

Br

37a

88% (19F NMR Yield)

 / CH2Cl2/ CH2Cl2

nBu

BrBr

SiMe2PhF

F nBu

#  

# gem-$%&'()*&+,- 33a.w±/039uI[.<>�3��±/0C¶f[\

w©��±C 33a34�x5[P>HS12IOZK[\JW<>4d$�O I+CEÏs

5HdÈj5¥����±C�^L12C³K[HW½(Á 49)>ocHs5��±�=¾

³5©37}±¢.%"*&_P��xj>gem-$%&'()*&$AB&�((+,-

95ZYÏ9I[HdÈj5$+(��- 96H�ð~�-�-P(Yj[\ 

F2C

nBu

SiMe2Ph

ICl (3 eq)

0 ºC ! rt, 2 h

33a

/ ClCH2CH2Cl

F2C

nBu

SiMe2Cl

+ PhI
Buffer

F2C

Bu

Me2Si
2

O

47%

< 57%

95 96

(49)

 

��±Â.i03þ^L=�`xY3®¯s5¨âPq5P>$1(,�ôÜ+@&1

(Z~.Ö��12C one-pot<³´WH34d>gem-$%&'()*&+,- 33aZY

w� gem-$%&'()*& 37aÂ.i0Cr9<V[\ 
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3-4  Ö/0 gem-$%&'(6&7-.89 

# 3-2<=>gem-$%&'()*&+,- 33a.+@&_C TBAF<+@�ð?Hs5W

H34d>`abã<q5°öbH.12CÛ¾I[\'N3IL 33a.+@&_C6ð

?�Ú�I>Î±`abãH12x5jk>Î±ôÎ±õ8PÏ9<V5H*ÀYj5\

JW<w©y¡3>6&��~C�^LÎ±ôÎ±õ8.�9C®¯I[\ 

# DMF 2�Ø�-�6&��~��Å>33a 3)*&+,-.$��ãHIL TBAF .

THF23CóÀ[HW½>33a=9{Z3aMI>�-�6&��~H12I[6@&6

&�ð& 97aP 22:(Yj[(Table 4, Entry1)\W.C>'Ë3$%&'(6&7-34a

�51%SÏI[P>Wj=TBAF.THF2338wj57-.°34KLÏ9IL^5\

JW<>97a.QRE¢.[¡3 TBAFQR.$��ãC®¯s5WH3I[(Table 4)\ 

F2C

nBu

SiMe2Ph Ph H

O Activator F2C

nBu

HO

Ph

33a 97a

F2C

nBu

H

34a

+
+

(1.1 eq)

Table 12

 

     
Entry Activator (eq) Solv. Temp., Time / h 97a /% 

1
1
 TBAF (2.0) THF rt, 1.5 h 22 

2 CsF (2.0) THF rt ! reflux, 3 h 0 

3 CsF (2.0) DMI rt ! 80 ºC, 12 h 51 

4 TASF(Me) 

(1.1) 

THF rt ! 70 ºC, 2 h 49 

5 TASF(Me) 

(1.1) 

CH3CN rt ! 50 ºC, 2.5 

h 

Trace
2
 

6 TASF(Me) 

(1.1) 

DMI rt, 3 h 65  

7 TASF(Me) 

(0.1) 

DMI rt ! 70 ºC, 6 h 50 

8 TASF(Et) (1.1) THF rt, 5 h 69 

9 TASF(Et) (1.1) DMF rt, 5 h 56 

10 TASF(Et) (1.1) 

) 

DMI rt, 2.5 h 62 

     1 : �-�6&��~ 2.3 eq ��    

2 :  34a P�Ï9F 

$��ãHO5%��F}'-XHIL%��m+��C�^>DMIØ<12C³´H>
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97a.QRP 51:3E¢I[(Entry 3)\w[>?@�($AB&6ZL)�&º*��?@

AB&$%&'(+@�ð?[(Me2N)3S
+ ôSiMe3F2>TASF(Me)\C�^L�97aP 49:

(Yj[(Entry 4)P>TASF(Me)= THF 3�2<qK[[¡>�.2�C®¯I[\$

��(?-Càþ6m?*?@&Ø<= 97a =UHVW(Yj©>123. 19F NMRC

TPs5H>12� ¡3¤3$%&'(6&7- 34aP�Ï9FHIL�vs5WHP

�Z¡Yj[(Entry 5)\Wj=>+@�ð? 87 P6m?*?@&.ÌÍ.�(?-C<

V¢^[[¡H*ÀYj5\TASF(Me)P2÷s5 DMIØ<=12P9{Z3¾³I>Q

R� 65:w<¢£I[(Entry 6)\¤¥¦^WH3>��-(10 mol %). TASF(Me)C�^

[G8�>QR= 50%H{{ Ås5�..12P¾³I[(Entry 7)\W.12ÃÄ=�

.4´3*ÀYj5(Scheme 14)\ 

F2C

nBu

SiMe2Ph

Ph H

O

F2C

nBu

O

Ph

33a

Scheme 14

(Et2N)3S

F2C

nBu

SiMe2Ph

87

F

(Me2N)3S

F2C

nBu

O

Ph

SiMe2Ph

nBu

F2C

Ph H

O
F2C

nBu

PhMe2SiO

Ph
H2OF2C

nBu

HO

Ph

33a

98

99

10097a

F

nBu

88

SiMe3F2

 

33a3%��F}'-P4�s5H+@�ð? 87PÏ9I>�-�6&��~H12I

L6&��+~ 98HO5\W. 98P 33a.+@&_C>?s5WH<µ±cÍbCàþ

+@�ð? 99 P�9I>WjPxY3�-�6&��~H12IL6&��+~}'-

98 C§Ïs5\þwd>98 P%��F}'-.BÈd3$��ãHIL¨S[¡>12

=��c3¾³s5\¥�>+@&Yð0& 100=12� Ë3ó°ö÷xj>oc.6
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&�ð& 97a C¿À5\TASF(Me)C��-�^[G8>©,&-�^[HV4d�#^

12/ªC¨âHI[P>Wj=+@�ð? 99.12�P 873��L ^[¡H*ÀY

j5\w[QR. Å=>¥Ê. 99P6&��~H12s5¡3%&'(6mBn- 34a

ÂHö÷I[[¡<q½´\ 

�Kc3=>2÷ª.#^ TASF(Et)C THFØ�^5WH34d 69:< 97a P(Yj

[ (Entry 8)\W´IL�-�6&��~H.12345Î±ôÎ±õ8.�9P¾³s

5WHC�DI[.<>�3W.îïC�.6&��~Âª�I>12.¥¦�C®¯s

5WH3I[(Table 13)\ 

F2C

nBu

SiMe2Ph R H

O TASF(Et) (1.1 eq) F2C

nBu

HO

R

33a
97

+

(1.1 eq)

Table 13

/ THF

 

 

    
Entry R Conditions 97 /% 

1 Ph rt, 5 h 69 (97a)    

2 

2 

PhCH2CH2 rt ! reflux, 1.5 h < 21 (97b)    

3 c-Hex rt ! 70 ºC, 6 h 0 (97c)    

4 (CH3)3C rt, 1 h < 16 (97d)   

(97d) 5 PhCH=CH rt ! 50 ºC, 1.5 h 0 (97e)    

    
    

# !¥«6&��~. 3-%"*&�(�¬ð&C_GHIL�^>�-�6&��~H'

N.îï<12C³K[HW½>6&�ð& 97b .QR= 21:QÅ<qK[(Entry 2)\

w[>!Ö«6&��~<q5+�(��-�&®&��~=>ì2s56&�ð& 97c

CHS¿ÀOZK[(Entry 3)\3-%"*&�(�¬ð&C�^[HV3123. 19F NMR

CPÒs5H>34aP�O+�¬&HILTPxj[WHZY>+@�ð? 87P�&¯*

&_.Ì-°±C<V¢^[H*ÀYj5\JW<>Ì-°±Cà[O^e®&6&��~

C_GHIL�^[P(Entry 4)>6&�ð& 97d=È©Z3Ï9s5.f°K[\+-¬

�6&��~=ì2s56&�ð& 97eCHS¿ÀOZK[(Entry 5)\ 
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# �3>gem-$%&'()*&+,-. SN2’12345TUH6&��~Â.�óC

one-pot<³´WH34d>Ö/0 gem-$%&'(6&7-.89C¶f[\27dH1B

&@B��H. SN2’12C³K[`>12C� s5WHOS TASF(Et)H�-�6&�

�~C4�x55H>6@&6&�ð& 97aPQR 61:<(Yj[(Á 50)\Wj=>33a

C�ÝI[G8HUû'±ª.QR<qd>²³OØÙÚ.�Ý´4P�âHO5µ<�

jL^5\ 

F2C

nBu

HO

Ph
F3C

SiMe2Ph

F2C

SiMe2Ph

nBu TASF(Et) (1.1 eq)

–78 ºC ! 50 ºC

2 h / THF

PhCHO (1.1 eq)
nBuLi (1.1 eq)

–78 ºC, 30 min

61%

TASF(Et) = (Et2N)3S     SiMe3F2

/ THF

27d 33a 97a

(50)

 

# Q¢.4´3>TASF(Et).4´O%��F}'-XC.ós5WH34d>gem-$%

&'()*&+,- 33a.6&��~3ìs5`q>?P¾³I>gem-$%&'(6@&

6&�ð&C¿À5WHPöZK[\¶I>�-�6&��~QR.6&��~<=12

Päå3¾³IO^OW>�·.¸¹PºxjL^5\ 

 

3-5# J.�.i012»+@�ð?Cñòs56&�&�H6+&�>

FriedelôCrafts¼12>�(����@-�12½4¾¿Àµ� 

# WWw<ê�[®¯ZY>gem-$%&'()*&+,- 33a=w±{?@%&'(A�

-�&º-µ.4´O¹^`abãH12I>w[$�O+@�ð?C�9s5H¸^`

abã<q5°{6&��~H.12�¾³s5WHPöZK[\JW<>WjY.��

C_3�.123þ^L®¯C³K[\ 

# w©>FriedleôCrafts6+&�ú¾6&�&�C®¯I[\IZI>�-Á}&�(@

~{6mB&�(@~>6&�&�(@~C&}�µ�vÅ 33a34�x5L�ocHs

5���7?-{6&7-=UHVW(YjOZK[(Á 51)\ 

F2C

nBu

SiMe2Ph
F2C

nBu

33a

+
reflux

(51)

0%

101

RCl

R = Acyl, Alkyl

R

AlCl3

/ CH2Cl2 or ClCH2CH2Cl
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FriedelôCrafts�}�.12P¾³IOZK[.<>33aC+@�ð?Hs5WH<+

@&_.i0C¶f[\sOÈÉ>TASF(Et)�vÅ 33a3µ��FC4�x5>���7

?-C(4´HI[P>µ��FP9{Z3µ%��F3i0xjLIw^> TASF(Et)

CÂÃ3óÀL�12=¾³IOZK[(Á 52)\w[>�-Á}&�(@~.BÈd3�

-$&�(@~{6@&�(@~C�^[G8�>ef.�8F=ÄSÈ©Z(Yj5.

f°K[\ 

F2C

nBu

SiMe2Ph Ph Cl

O TASF(Et) (1.1 + 0.5 eq) F2C

nBu

Ph

33a

+

(1.1 eq)

rt ! 80 ºC, 2 h/ THF
O

(52)

0%

102

 

+@�ð?CÅ�s5�.12HIL>�,$����C�^5�(����@-�1

2{¿Àµ�P�Yj5\JW<WjY.123þ^L®¯C³K[P>^©j�ef.

12=UHVW¾³IOZK[\�(����@-�12<=²IPabxj5.f<>

���@-�Ú=��<VOZK[(Á 53)\¥�>¿Àµ�.®¯<=>.óI[w±3

4KL6&7-ÊPw±�xj>7?-=Ï9IOZK[(Á 54)\ 

 

F2C

nBu

SiMe2Ph

33a

F2C

C6H4

nBu

103

Pd2dba3·CHCl3 (0.05 eq),   PPh3 (0.2 eq)

TASF(Me) (1.0 eq)

p-NO2 (53)

0%

rt ! 50 ºC, 1 h / DMI

I-C6H4-p-NO2

 

 

33a

F2C

SiMe2Ph

nBu
Br2 (2.0 eq), MCPBA (2.9eq)

rt 30min / AcOH

NaOAc (2.9 eq)

BrF2C

Br

SiMe2Ph

HF2C

O

nBu

0 %

36a104

(54)

nBu

 

# #  

# ! 3"3½^L>gem-$%&'()*&+,- 33a.+@&_C�kgh_Âi0s5

WHC¶f[\J.õÕ>�(?-�>1(,�39uI>xY3Î±ôÎ±õ8Ï91
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2<q5)*&+,-.6&��~Â.`q�óP¾³s5WHC�DI>ì2s5 gem-

$%&'(6@&6&�ð&.89PÆhOWHCÆI[\ 
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!" 

 

#$%&'()*+,-./0123456789:;<*=>?.(1-@ABCDEF

GCHIC)JKLMNgem-OBCDEHICJKLPQRSTU?,gem-OBCDEV

C/L53WXPYZ?[\ 

] 1^_%.̀ ab_cde5:Mf[(1-@ABCDEFGCHIC)JKLP3W.c

d?[gh*7,-ij[\@ABCDEFGC=JAC=/@L5FGkL2.lT,%

(1-@ABCDEFGCHIC)mnoJpqrEst5JAC2*uf-.vw(1-@AB

CDEFGCHIC)JKL5xy*Wz?.`ab_5{|}%9:~.�����_�

��:234_lT`}P�NM*?[\ 

(CF3CO)2O
(Ph3Si)2CuLi

F3C

SiPh3

F3C

O

SiPh3

Methylenation

F3C

Br

Mg, R3SiCl
F3C

SiR3

SiR3 = SiMe2Ph

SiPh2Me

SiMePhOH  

] 2 ^_%.xy?[(1-@ABCDEFGCHIC)JKL}w�5���}5 SN2’�

�P�f[gh*7,-ij[\ (1-@ABCDEFGCHIC)JKL%mEL����

C5��K�@:�5�����;5�,�5P����:���}5 SN2’�����S

T`}P�NM*?.̀ ab_{|e5:Mf[ gem-OBCDEHICJKL5xyXP

 ¡ST`}�_¢[\£

F3C

SiR3

F2C

SiR3

NuM

SiR3 = SiPh3 

            SiMe2Ph

BuLi, PhLi, LDA, 

Amide enolate, 

Diester enolate,   etc

NuM =

Nu

55 ~ 93% £

] 3 ^_%.gem-OBCDEHICJKLMN gem-OBCDEVC/L¤5¥¦XP

§¨?[gh*7,-ij[\S:©ª.JAC«P¬1®.¯1®.°tE±JV

C±C«¤}¥¦ST`}*Wz?.²³: gem-OBCDEVC/L53WP´W?[\

JAC«5¬1®.°tE±JVC±C«¤5¥¦% SN2’��} µ¶·¸¹µº _�»`}�
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_¢.¼�ST½¾¦.¿¾¦ !"#¸OBCDEVC/LP½À*3WST`}�_¢[\

b[`5Á.gem-OBCDEHICJKL�BÂ1ÃJAC«5Ä®�Åh*uf-.Æ

Ç5 gem-OBCDEVC/LÃHICJKL*�jÈ,��;PÉS`}P�NM*?

[\£

F2C

SiMe2Ph

n
Bu

F2C

Br

BrF2C

Br

SiMe2Ph

F2C

H

n
Bu

F2C

n
Bu

Ph

HO

H2O

Br2

TBAF

PhCHO

TASF

TBAF
n
Bu

n
Bu

£

ÊË5u»*#$%.�����_���:/01234PÌZ4<+uÍ3W�ÎÏ

}?-Ð,T`}*u~.��:¾¦³Ñ*¼�_¢T gem-OBCDEVC/L53WX

PYZ?[\ÒX%.ÓÑ�*��� Nu}�Ä®� EPÔÕ?:�N gem-OBCDEV

C/LP3WSTÖX_l~.×R*Nu}EPØÙ?:�N3WST`}�_¢TÚ_.

Û*ÉSWittigÜ0Ý5ÞßX}�jÈ,½à;Pá?-,T\ 

F2C

Nu

SiR3

F2C

Nu

E

Nu
F3C

SiR3

E

F2C PR3

O

R1

R2

F2C

R1

R2

This method

Wittig type

F2C
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!"#$%

 

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

 

1H3456789:;<= (1H NMR) 

Bruker DRX500 (500 MHz)  

Bruker Avance500 (500 MHz) 

JEOL-AL270 (270 Hz) 

13C3456789:;<= (13C NMR) 

Bruker DRX500 (125 MHz) 

Bruker Avance500 

>?@A89:;<= (IR) 

Horiba FT-300S 

BCDE:FG;HIJKL(MNOP) 

= Q8:FG;HIJKL(RPSTUVRP) 

Shimadzu GC-17A, QP-5000 

J&W Scientific DB-WAX (0.25 mm x 30 m) (He, 130 kPa) 

 

NMR89:;<'WX*YZ[\]^ 1H NMR_'`;Iab<cId(! = 0.00)/V

13C NMR _'e:FFf<g(! = 77.0)/W19F NMR _'hijJ<kFldmd(! = 

0.00)/nopoqrstu,v01,-219F NMR Awxyz'Wld{;|J<k|

}/qrst*1\v~�-2 

 

��(mp)'����/+�2 

��:FG;HIJKL(TLC)*'Wakogel-B5f (silica gel)/W�Ig:FG;HIJ

KL*'�������� c|��< 60 N (��W��)W/nopo01,-2 

�:FFa�dW1,2-�:FF��dW��;�;|<'���|dW�\_ ¡��
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<c¢g£^¤¥,W¦§i¨ILcL© 4A(MS 4A)/ª«v¬W®¯,-°x/01

,-2;<�d'6±*£^ /²³,-´W¤¥,-°x*MS 4A/ª«®¯,-°x

/01,-2a�µL<'GH¶c¢ga;ic}£^¤¥,W¦§i¨ILcL©

3A(MS3A)/ª«v®¯,-°x/1\-2N,N-�ab<f<g�·}(DMF)'¸¹) 

¡�º;|¢g£^¤¥,W�<»d)_MS 4A/ª«v¼½W®¯,-°x/1\-2

`;I¾}FJId(THF)W��b<�L`<'¿Àx¬Á(����)*MS 4A/ª«

®¯,-°x/01,-22,2,2-;|J<kF��µL<'Â�GH¶c¢guÃ��<c

¢gxÄÅÆ£^¤¥,W�<»d)_¦§i¨ILcL© 4A(MS4A)/ª«v¼½W®

¯,-°x/1\-2 

[ÇWÈvxÉÊ'�<»dËÌ5)_~�-2 

 

 

Í 1Î= (1-;|J<kFab<Ï�<)cIdxÐÑ 

2,2,2-;|J<kF-1-;|JÒ�<c|<��µd(50c)'ÓÔxÕÖ*×�vÐÑ,-

182 

 

;|JÒ�<(1-;|J<kFab<Ï�<)cId(27c)'()x£Ø*ÅÙ,-2 

 

�<»dËÌ5)WÚÛ(2.92 g, 44.7 mmol)x THFÜÝÞD(100 ml)*Wßà_�áL

}a�d(4.01 g, 15.0 mmol)/â�ã^ª«ä2ßà_ 30#åæ�ä2`;IçèéFê

icb�d(3.03 ml, 11.0 mmol)/ª«W30#åæ,-´ 2,2,2-;|J<kF-1-;|JÒ

�<c|<��µd(50c)(3.53 g, 9.92 mmol)x THFëD(10 ml)/ª«W3ìíªîïð

�ä2TLC_ñòxóô/õö´Wßà÷_øù,vúZ  100 ml/ª«ûü/ýþ�

ä2ÿ��b<_!",W#$%& _'(́ W).*/+ Â�GH¶c¢g_¬,W

ë,/¸¹¥³,v-Zoä.//�Ig:FG;HIJKL*£^0Ñ,W;|JÒ�

<(1-;|J<kFab<Ï�<)cId(27c)(2.02 g, 5.70 mmol)/-ä2 
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�ab<JÒ�<(1-;|J<kFab<Ï�<)cId(27d)W�JÒ�<ab<(1-;|

J<kFab<Ï�<)cId(27h)Wab<JÒ�< (1-;|J<kFab<Ï�<)cI

µL<(27i)'()x£Ø*ÅÙ,-2 

�<»dËÌ5)WGH¶c¢g(2.92 g, 0.12 mmol)/ THF(200 ml)*u^W�ab<

JÒ�<:FFcId(33.6 ml, 0.2 mol)/ª« 0 1*øù�ä23,3,3-;|J<kF-2-©

F¦-éF9d(32)(10.4 ml, 0.1 mol)x THFëD(20 ml)/ 2ìíúÜvª«W2Z*0 1

_ 1ìíåæ´Wßà_ 19ìíåæ�ä2ëD/ 0 1*øù´W (200 ml)_ûü/ý

þ�ä2��b<�L`<_!",W#$%& _'(´+ Â�GH¶c¢g_¬�

ä2ë,/FL�|L�3ê§L�L_456ã¥³,W-Zo-.//�Ig:FG;

HIJKL*£�v0Ñ,-´W¸¹¤¥*£^�ab<JÒ�<(1-;|J<kFab<

Ï�<)cId(27d)7-Zoä2±� 68 1 (8 mmHg)2 

=  

()W(1-;|J<kFab<Ï�<)cIdxÆ�/+�2 

;|JÒ�<(1-;|J<kFab<Ï�<)cId(27c) 

89:; 

1H NMR (500 MHz, CDCl3) < 5.96 (1H, s), 6.72 (1H, bs), 7.35S7.41 (2H, m), 7.43S

7.47 (1H, m), 7.54S7.57 (2H, m)  

13C NMR (126 MHz, CDCl3) <125.4 (q, JCF= 279 Hz), 128.0, 130.1, 131.9, 136.2, 138.2 

(q, JCF= 31 Hz), 138.9 (q, JCF= 8 Hz) 

19F NMR (254 MHz, CDCl3 / C6D6) < 102.6 (3F, s) 

 

�ab<JÒ�<(1-;|J<kFab<Ï�<)cId(27d)  

+9=�Æ 

1H NMR (500 MHz, CDCl3) < 0.32 (6H,s,), 5.32 (1H,s), 5.84 (1H, bs), 7.33S7.41 (3H, 

m), 7.46S7.51 (1H, m) 

 13C NMR (126 MHz, CDCl3) < –2.9, 125.7 (q, JCF= 274 Hz), 128.0, 129.7, 134.0, 134.2 

(q, JCF= 17.1Hz), 135.6, 140.9 (q, JCF= 30.4 Hz),  13.9, 22.2, 22.8, 28.5 (dd, JCF = 2, 2 
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Hz), 31.6, 69.5 (dd, JCF = 6, 1 Hz), 93.3 (dd, JCF = 16, 11 Hz), 125.5, 127.5, 128.3, 141.4 

( dd, JCF = 3, 2 Hz), 154.5 (dd, JCF = 288, 288 Hz) 

19F NMR (471 MHz, CDCl3 / C6D6) < 101.9 (3F, s) 

IR (neat) 2967, 1614, 1413, 1255, 1120, 975, 836, 811 

Anal. Calcd for CHFSi: C,57.37; H, 5.69. Found: C, 57.43; H, 5.53. 

 

Í 2Î= SN2’ûü*£ä gem-�J<kFÏ�<cIdxÅÙ 

 

 (1-�b<-2,2-�J<kFÏ�<)-;|JÒ�<cId(73a)W(1-9db<-2,2-�J<k

FÏ�<)-;|JÒ�<cId(73b)W(1-ld�<-2,2-�J<kFÏ�<)-;|JÒ�<c

Id(73c)W2-ld�<-5,5-�J<kF-4-;|JÒ�<c|<-4-9d`µd�ab<(73d)W

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a)W(1-ld�<-2,2-�J<

kF-Ï�<)�ab<JÒ�<cId(77b)WN,N-�ab<->-ld�<-4-(�ab<JÒ�

<c|<)-5,5-�J<kF-4-9d`µd��·}(77c)W2-[2-(�ab<JÒ�<c|

<)-3,3-�J<kF�|<]-GFd���b<(77d)W(1-[1,3]�b�d-2-ç<ab<-2,2-�

J<kFÏ�<)-�ab<JÒ�<cId(77e)W[2-(�ab<JÒ�<c|<)-3,3-�J<

kF-�|<]-�çèé?<�·d(77f)W1-[2-(�ab<JÒ�<c|<)-3,3-�J<kF-�

|<]?F|�d(77g)'�xÕÖ_ÅÙ,-2 

=  

= �ab<JÒ�<(1-;|J<kFab<)Ï�<cId(27d)94.0 mg (0.408 mmol)x`

;I¾}FJIdëD(4 ml)*`;Iab<�b§d��·d 0.062 ml (0.41 mmol)/ª

«WS78 1*øù,-´JÒ�<|b¢gx��b<�L`<Sc:FhijdëD

0.423 ml (1.06 mol / l, 0.449 mmol)/ 15#úÜvª«ä2TLC_ûü/@A,[7ZB

à,W0 1*Ç\v|d�CDD(pH 7)/ª«vûü/ýþ,W��b<�L`<_!"

�ä2#$%& _'(´W).*/+ Â�GH¶c¢g_¬,Wë,/¸¹¥³,

v-Zoä.// PTLC*£^0Ñ,W(1-ld�<-2,2-�J<kF-Ï�<)�ab<JÒ

�<cId(77b, 100.1 mg, 0.347 mmol, 85.1%)/-ä2 



 53 

 

= -E, 2-ld�<-5,5-�J<kF-4-;|JÒ�<c|<-4-9d`µd�ab<(73d)W

N,N-�ab<->-ld�<-4-(�ab<JÒ�<c|<)-5,5-�J<kF-4-9d`µd��

·}(77c)W (1-[1,3]�b�d-2-ç<ab<-2,2-�J<kFÏ�<)-�ab<JÒ�<cI

d(77e)W[2-(�ab<JÒ�<c|<)-3,3-�J<kF-�|<]-�çèé?<�·d(77f)W

1-[2-(�ab<JÒ�<c|<)-3,3-�J<kF-�|<]?F|�d(77g)'nopoF3G

x`;I¾}FJIdëD(3 ml)*;|JÒ�<(1-;|J<kFab<)Ï�<cId

(27c)Hä\'�ab<JÒ�<(1-;|J<kFab<)Ï�<cId(27d)x`;I¾}

FJIdëD(1 ml)/I),-2÷- 2-[2-(�ab<JÒ�<c|<)-3,3-�J<kF�|

<]-GFd���b<(77d)'N,N-�ab<f<g�·}�_ûü/~�-2 

 

= ()! gem-�J<kFÏ�<cIdxÆ��/+�2 

 

(1-�b<-2,2-�J<kFÏ�<)-;|JÒ�<cId(73a) 

89:; 

1H NMR (500 MHz, CDCl3) < 0.81 (3H, t, J = 7.4 Hz), 2.04 (2H, q, J= 7.4 Hz), 7.34S

7.40 (6H, m), 7.40S7.45 (3H, m), 7.55S7.58 (6H, m) 

13C NMR (126 MHz, CDCl3) <14.5, 19.7 (dd, JCF = 4.7, 4.7 Hz), 80.7 (dd JCF= 45.6, 45.6 

Hz) 127.9, 129.7, 133.2, 135.9, 157,3 (dd, JCF=308.2, 287.1 Hz) 

19F NMR (254 MHz, CDCl3 / C6D6) < 92.3 (d, JFF = 26 Hz), 96.0 (d, JFF = 26 Hz) 

 

(1-9db<-2,2-�J<kFÏ�<)-;|JÒ�<cId(73b) 

89:; 

1H NMR (500 MHz, CDCl3) < 0.72 (3H, t, J = 6.9 Hz), 1.00S1.10 (4H, m), 1.10S1.16 

(2H, m), 1.97 (3H, t, J = 7.9 Hz), 7.34S7.40 (6H, m), 7.40S7.45 (3H, m), 7.55S7.58 (6H, 

m) 

13C NMR (126 MHz, CDCl3) <13.9, 22.0, 26.2(dd, JCF = 4.1, 4.1 Hz), 29.4, 31.4, 79.3 (dd 
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JCF= 46.2, 46.2 Hz), 16.9, 129.7, 133.2, 135.9, 157,3 (dd, JCF=307.9, 286.7 Hz) 

19F NMR (254 MHz, CDCl3 / C6D6) < 90.1 (d, JFF = 26 Hz), 92.5 (d, JFF = 26 Hz) 

 

(1-ld�<-2,2-�J<kFÏ�<)-;|JÒ�<cId(73c) 

89:; 

1H NMR (270 MHz, CDCl3) < 3.38 (2H, s), 6.78 (2H, bs), 7.08 (3H, dd, J= 3.0 Hz),7.28

S7.46 (5H, m) 

19F NMR (254 MHz, CDCl3 / C6D6) < 91.8(d, JFF = 22 Hz), 92.8(d, JFF = 22 Hz) 

 

2-ld�<-5,5-�J<kF-4-;|JÒ�<c|<-4-9d`µd�ab<(73d) 

+9=�Æ 

1H NMR (500 MHz, CDCl3) < 2.11 (2H, bd, J = 13.9 Hz), 2.27 (1H, dddd, J= 4.9 Hz, 

4.9Hz, 4.9 Hz, 4.9Hz ),2.33(1H, dd, J= 13.4 Hz, 5.2 Hz), 2.58(1H, dd, J= 13.7 Hz, 9.7 Hz), 

2.68 (1H, dd, J= 13.2 Hz, 10.0 Hz), 3.49 (3H, s), 6.77 (2H, bd, J= 6.9 Hz), 7.10S7.17 (3H, 

m), 7.37S7.40 (6H, m), 7.43S7.46 (3H, m), 7.57S7.60 (6H, m) 

13C NMR (126 MHz, CDCl3) <29.6, 38.5,47.6, 51.3, 77.7 (dd, JCF= 46.2, 46.2 Hz), 126.2, 

128.0, 128.2, 128.7, 129.9, 132.7, 136.0, 138.7, 157.9 (dd, JCF= 310.0, 287.3 Hz), 174.8 

19F NMR (254 MHz, CDCl3 / C6D6) < 91.8(d, JFF = 22 Hz), 92.8(d, JFF = 22 Hz) 

Anal. Calcd for CHFOSi: C, 74.67; H, 5.89. Found: C, 74.38; H, 5.89. 

 

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a) 

+9=�Æ 

1H NMR (500 MHz, CDCl3) < 0.42 (6H, s), 0.80 (3H, t, J =6.9 Hz), 1.12S1.27 (6H, m), 

1.93 (2H, t, J= 7.6 Hz), 7.32S7.39 (3H, m), 7.48S7.54 (2H, m) 

13C NMR (126 MHz, CDCl3) < S2.4, 13.9, 22.3, 25.7 (dd, JCF = 5, 5 Hz), 29.5, 31.5, 

81.1 (dd, JCF= 51, 51 Hz), 127.8, 129.2, 133.7, 137.5, 156.6 (dd,JCF= 306, 306 Hz )  

19F NMR (471 MHz, CDCl3 / C6D6) <85.6 (1F, d, JFF = 38 Hz), 88.6 (1F, d, JFF = 36 Hz),  
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IR (neat) 3070, 2958, 2931, 1689, 1428, 1251, 1110, 813, 779, 701 cmS1 

Anal. Calcd for CHFSi: C, 67.12; H, 8.26. Found: C, 67.37; H, 8.22 

 

(1-ld�<-2,2-�J<kF-Ï�<)�ab<JÒ�<cId(77b) 

+9=�Æ 

1H NMR (500 MHz, CDCl3) < 0.30 (6H, s), 3.32 (2H, s), 7.00S7.03(2H, m), 7.13S7.17 

(1H, m), 7.18S7.22 (2H, m), 7.27S7.33 (2H, m), 7.33S7.40 (3H, m)  

13C NMR (126 MHz, CDCl3) < S2.5, 31.5 (dd, JCF= 6.5 Hz, 4.8 Hz), 80.7 (27.9 Hz, 3.8 

Hz), 126.1, 126.7, 128.4, 129.3, 133.8, 136.8, 157.3 (307.1 Hz, 283.9 Hz)  

19F NMR (471 MHz, CDCl3 / C6D6) <85.7 (1F, d, JFF = 33 Hz), 88.9 (1F, d, JFF = 33 Hz),  

IR (neat) 3027, 2958, 1689, 1600, 1427, 1112, 1027, 779, 734, 700cmS1 

Anal. Calcd for CHFSi: C, 70.80; H, 6.29. Found: C, 70.79; H, 6.48 

 

 

N,N-�ab< -> -ld�< -4-(�ab<JÒ�<c|< )-5,5-�J<kF -9d�

-4-�µd��·}(77c) 

+9=�Æ 

1H NMR (500 MHz, CDCl3) < 0.43 (6H, s), 2.21 (3H, s), 2.28 (1H, dd, J= 14.7 Hz, 5.7 

Hz), 2.35 (1H, dd, J= 14.7 Hz, 8.7 Hz), 2.55S2.63 (1H, m), 2.68 (3H, s), 2.71S2.79 (1H, 

m), 6.93S6.96 (2H, m), 7.11S7.15 (1H, m) 7.15S7.21 (2H, m), 7.32S7.41 (3H, m), 7.51

S7.56 (2H, m) 7.13S7.17 (1H, m), 7.18S7.22 (2H, m), 7.27S7.33 (2H, m), 7.33S7.40 

(3H, m)  

13C NMR (126 MHz, CDCl3) < S2.6, S2.3, 28.8 (dd, JCF= 6, 3 Hz), 35.3, 36.5, 43.2, 

126.2, 128.0, 128.1, 128.8, 129.4, 133.7, 137.3, 139.5, 157.1 (309.4, 284.6 Hz), 174.1  

19F NMR (471 MHz, CDCl3 / C6D6) <88.2 (1F, d, JFF = 31 Hz), 92.4 (1F, d, JFF = 31 Hz)  

Anal. Calcd for CHFNOSi: C, 68.18; H, 7.02; N, 3.61. Found: C, 68.30; H, 7.05; N, 3.45 
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2-[2-(�ab<JÒ�<c|<)-3,3-�J<kF�|<]-GFd���b<(77d) 

+9=�Æ 

1H NMR (500 MHz, CDCl3) < 0.46 (3H, s), 0.46 (3H, s), 1.21 (6H, t, J= 7.2 Hz), 2.59 

(2H, d, J =7.9 Hz), 3.21 (1H, t, 7.9 Hz), 4.11 (q, 7.2 Hz), 7.26S7.39 (3H, m), 7.51S7.54 

(2H, m)  

13C NMR (126 MHz, CDCl3) < S2.6, S2.3, 28.8 (dd, JCF= 6, 3 Hz), 35.3, 36.5, 43.2, 

126.2, 128.0, 128.1, 128.8, 129.4, 133.7, 137.3, 139.5, 157.1 (309.4, 284.6 Hz), 174.1  

19F NMR (471 MHz, CDCl3 / C6D6) <88.2 (1F, d, JFF = 31 Hz), 92.4 (1F, d, JFF = 31 Hz) 

Anal. Calcd for CHFNOSi: C, 68.18; H, 7.02; N, 3.61. Found: C, 68.30; H, 7.05; N, 3.45 

 

 

(1-[1,3]�b�d-2-ç<ab<-2,2-�J<kFÏ�<)-�ab<JÒ�<cId(77e) 

+9=�Æ 

1H NMR (500 MHz, CDCl3) 0.47 (3H, s), 0.47 (3H, s), 1.75S1.85 (1H, m), 1.98S2.05 

(1H, m), 2.43 (2H, d, J= 7.7 Hz), 2.59S2.67 (1H, m), 2.73S2.78 (2H, m), 3.64 (1H, t, J= 

7.7 Hz), 7.25S7.40 (3H, m), 7.55S7.58 (2H, m) 

13C NMR (126 MHz, CDCl3) S2.4, 25.7, 29.9, 31.6 (dd, JCF= 7, 0.3 Hz), 46.8 (dd, JCF= 3 

Hz), 78.2 (dd, JCF= 25, 4 Hz), 127.9, 129.4, 133.8, 136.9, 157.2 (dd, JCF= 308.9, 285.5 Hz) 

19F NMR (471 MHz, CDCl3 / C6D6) 88.2 (d, JFF= 29 Hz), 93.6 (d, JFF= 29 Hz) 

Anal. Calcd for CHFSSi: C, 54.51; H, 6.10; S, 19.40. Found: C, 54.55; H, 5.99; S, 19.68 

 

 

[2-(�ab<JÒ�<c|<)-3,3-�J<kF-�|<]-�çèé?<�·d (77f) 

JK9=�Æ 

1H NMR (500 MHz, CDCl3) 0.45 (6H, s), 0.86 (12H, d, J= 6.7Hz), 2.93 (2H, 7, J= 6.7 Hz), 

3.11 (2H, s), 7.32S7.34 (3H, m), 7.52S7.54 (2H, m) 
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13C NMR (126 MHz, CDCl3) S2.0, 20.1, 40.7 (dd, JFF= 8.7, 4.4 Hz), 80.6 (dd, JFF= 21.6, 

5.2 Hz), 127.6, 129.0, 133.9, 138.0, 157.5 (dd, JFF= 306, 286 Hz)  

19F NMR (471 MHz, CDCl3 / C6D6) 89.0 (d, JFF= 33 Hz), 89.1 (d, JFF= 33 Hz) 

Anal. Calcd for CHFSSi: C, 65.55; H, 8.74; N, 4.50. Found: C, 65.27; H, 8.62; N, 4.35 

 

 

1-[2-(�ab<JÒ�<c|<)-3,3-�J<kF-�|<]?F|�d (77g) 

JK9=�Æ 

1H NMR (500 MHz, CDCl3) 0.45 (6H, s), 1.66 (4H, bs,), 2.31 (4H,bs), 2.99 (2H, s), 7.33S

7.35 (3H, m), 7.57S7.59 (2H, m) 

13C NMR (126 MHz, CDCl3) S2.0, 20.1, 40.7 (dd, JFF= 8.7, 4.4 Hz), 80.6 (dd, JFF= 21.6, 

5.2 Hz), 127.6, 129.0, 133.9, 138.0, 157.5 (dd, JFF= 306, 286 Hz)  

19F NMR (471 MHz, CDCl3 / C6D6) 86.4 (d, JFF= 31 Hz), 88.7 (d, JFF= 31 Hz) 

Anal. Calcd for CHFSSi: C, 64.02; H, 7.52; N, 4.98. Found: C, 64.00; H, 7.45; N, 4.74 

 

 

Í 3Î= gem-�J<kFÏ�<cIdx&Lûü*£ä gem-�J<kF�<MdxÅÙ 

 

;|8(��b<�·µ)8<f�¢g;|ab<�J<kFc|�L;(TASF(Et))'WÓ

ÔxÕÖ*£�vÐÑ,- 252 

 

`;I©b<�d¦�¢gJ<k|}(TBAF)/1\ä 1,1-�J<kF-hé`d(34)x

ÅÙ 

 

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a)(80.8 mg, 0.301 mmol)

x DMIëD(3 ml)/ 0 1*øN,WTBAFx THFëD(1.0 mol / l, 0.331 ml, 0.331 mmol)

/ 7 #úÜvI)�ä20 1_ 5 #åæ,-´ßà÷_Bà,W10 #´*ûüDx 19F 



 58 

NMR/OP,W70QxNMRAw_ 1,1-�J<kF-hé`d(34)/õö,-2 

34R19F NMR (471 MHz, CDCl3 / C6D6) <69.6 (dd, JFF= 52 Hz, JFH= 26 Hz), 72.2 (d, 

JFF= 52 Hz) 

 

;|J<kFa�d8<fd�/1\ä 1,1-�J<kF-hé`d(34)xÅÙ 

 

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a)(82.2 mg, 0.306 mmol)

x�:FFa�dëD(3 ml)/S78 1*øN,W;|J<kFa�d8<fd�(0.030 ml, 

0.337 mmol)/I)�ä240#´ 0 1*Bà,WTLC_ 77a xóô/õö,-´ßà÷

_Bà,WûüDx 19F NMR/OP�äSu_ 59QxNMRAw_ 1,1-�J<kF-hé

`d(34)/õö,-2 

 

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a)uT¡xûü*£ä[1-

©F¦-1-(©F¦-�J<kFab<)-hic<]-�ab<JÒ�<cId(36)xÅÙ 

 

[1-©F¦-1-(©F¦-�J<kFab<)-hic<]-�ab<JÒ�<cId(36)'W()x

ÕÖ*£�vÐÑ,-2 

 

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a)(79.7 mg, 0.297 

mmol )x;<�dëD(3 ml)/S78 1*øN,WT¡(292.1 mg, 1.83 mmol)x;<�d

ëD(1 ml)/3#úÜvª«ä24ìí´WT¡(238.1 mg, 1.49 mmol)x;<�dëD(1 ml)

/@ª,W2Z* 30 #´S45 1*Bà,W2 ìí´W#$bkÂ�º;|¢g ëD/

ª«ûüýþ,W�Ußà*Bà�ä2ÿ��b<_!",W#$%& _'(´ë,/

¸¹¥³,v-Zoä.// PTLC _0Ñ�äuW[1-©F¦-1-(©F¦-�J<kFab

<)-hic<]-�ab<JÒ�<cId(36) (107.4 mg, 0.251 mmol, 84%)7-Zoä2 

 

[1-©F¦-1-(©F¦-�J<kFab<)-hic<]-�ab<JÒ�<cId(36) 
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89:; 

1H NMR (500 MHz, CDCl3) < 0.63 (6H,s), 0.85 (3H, t, J= 7.3 Hz), 1.15S1.30 (4H, m), 

1.40S1.55 (1H, m), 1.90S2.00 (1H, m), 2.03S2.10 (1H,m), 7.35S7.40 (2H, m), 7.40S

7.44 (1H, m), 7.62S7.65 (2H, m) 

13C NMR (126 MHz, CDCl3) < S1.8, S1.6, 13.9, 22.2, 25.8, 32.1, 38.8, 63.7 (dd, JCF= 

28 Hz, 19 Hz), 126.4 (dd, JCF= 312, 305 Hz), 127.7, 130.0, 134.7, 135.1 

19F NMR (471 MHz, CDCl3 / C6D6) < 129.9 (1F, d, JFF = 158 Hz), 125.5 (1F, d, JFF = 

158 Hz) 

Anal. Calcd for CHBrF: C, 42.07; H, 5.18; Br, 37.32 Found: C, 42.13; H, 5.13; Br, 37.22. 

 

 

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a)u�<V¾}uxû

ü*£äf¦�|<�<WL< 104xÅÙ 

 

3,3-�J<kF-2-9db<-1-JÒ�<-éF-2-�d-1-kL<(104a)W1,1-�J<kF-2-

9db<-5-JÒ�<-9d�-1-�d-3-kL<(104b)W1,1-�J<kF-4,4-�ab<-2-9d

b<-9d�-1-�d-3-kL< (104d)'()xÕÖ_ÅÙ,-2 

 

(2,2-�J<kF-1-9db<-Ï�<)�ab<JÒ�<cId(77a)(108.1 mg, 0.403 

mmol)x THFëD(2 ml)*Wßà_ldX�<V¾}(45.0 mg, 0.424 mmol)x THFëD

(2.0 ml)WTASF(Et)x THFëD(1.0 mol / l , 0.44 ml, 0.44mmol)/Y�ª«Wßà_ 5ì

íåæ�ä2#$&��d¦�¢g ëD/ª«ûü/ýþ,-´Wÿ��b<_!",W

Â�GH¶c¢g_¬�ä2ë,/¸¹¥³,-´.// PTLC_0Ñ�äSu*£^W

3,3-�J<kF-2-9db<-1-JÒ�<-éF-2-�d-1-kL<(104a)(67.0 mg, 0.278 mmol, 

70%)/-ä2 

 

()*f¦�|<�<WL< 104xÆ�/+�2 
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3,3-�J<kF-2-9db<-1-JÒ�<-éF-2-�d-1-kL<(104a) 

JK9=�Æ 

1H NMR (500 MHz, CDCl3) < 0.80 (3H,t, J = 7.1 Hz), 1.08S1.23 (5H, m), 1.25S1.34 

(1H, m), 1.79S1.86 (1H, m), 1,87 (1H, d, J = 3.7 Hz), 1.89S1.97 (1H, m), 5.69 (1H, ddd, 

J = 3,7 Hz, JHF = 1.6, 1.6 Hz), , 7.35S7.39 (4H, m) 

13C NMR (126 MHz, CDCl3) < 13.9, 22.2, 22.8, 28.5 (dd, JCF = 2, 2 Hz), 31.6, 69.5 (dd, 

JCF = 6, 1 Hz), 93.3 (dd, JCF = 16, 11 Hz), 125.5, 127.5, 128.3, 141.4 ( dd, JCF = 2, 2 Hz), 

154.5 (dd, JCF = 288, 288 Hz) 

19F NMR (471 MHz, CDCl3 / C6D6) < 69.2 (1F, d, JFF = 49 Hz), 69.6 (1F, d, JFF = 49 Hz) 

IR (neat) 3388, 2956, 2931, 1739, 1452, 1261, 1211, 1130, 1009, 700 

Anal. Calcd for CHFO: C, 69.98; H, 7.55. Found: C, 70.08; H, 7.51. 
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gem-!"#$%&'#()*+,-./012 gem-!"#$%3#4*5678

9:8 ;<= 

>?@ABC 

 

gem-!"#$%3#4*DE"FGHIJKLMN"FGOPQRST5UV0W2XYE

67Z[\]^_`Z6Sabc2defeWghEijWklm+no gem-!"#$%3

#4*pqrbs2tuv5w`67xDyYz{W`d|}pqez~ABCbDE�p!

"#$%&'#�)*���!#�'��+,-./012 gem-!"#$%3#4*�5<

��67x+��ez`2d��D����p�`zE�5��W gem-!"#$%&'#�

��0ez4�GZ6Sp��eEgem-!"#$%3#4*67�5��+��eXd 

3,3,3- J"#$%-1-¡%¢*£¤/p¥¦§+¨�©ª20ESN2’«rg¬ez gem-

!"#$%3#4*+®¯2|0g°h}2gE|5«rDmT0¥¦§p±ez²³gi`d

´|bE(J#m5µ!3'$*��Z¶·+��ez 1- J"#$%¸¹#&'#()* 1

0�º5¥¦§05 SN2’«r+»¬e¼Step 1½E©hp¾h}2 gem-!"#$%&'#(

)* 3 5(J#m+¥¿À�WklpQ�12|0b¼Step 2½EÁÂW gem-!"#$%3

#4* 4pÃ�bs267x5ÄÅ+�ÆeXd 

F2C

Nu

SiR3

F2C

Nu

E

F E
+

1 2 3 4

Step 1 : SN2' reaction Step 2 : Substitution for Si

Nu

F3C

SiR3

F3C

Nu

SiR3

 

1.  J"#$%¸¹#&'#()*5ÇÈ 

\É5«r+ÊËp¬©ª2pDE4�G\5klm5ÌÍgÎÏ0W2d1 fh5(J

#"#$JÐ5ÑÒ+Ó¯2XYpE4�G\DÔw`Õg?`dÖXE4�G\p"×'#m

WØ5¿À¥Ùmgc}ÚE-./ 2 5��Zp�Û«rR5Ü\gÝÞbs2d´5<ÕbE

klmgßs1à20¥¦§(1á2)M¥¿À§(3á4)05«r+âã12d|}h5ä+åæe

z&'#()* 1a-d +Ì�E(J#4 *5¸¹ç*Z¼A x½���(1- J"#$%¸¹

#&'#)3'$*5(J#Z¼B x½5 2��5èxp�ézÇÈeXd 

(CF3CO)2O

(Ph3Si)2CuLi (1.0 eq)

CH2I2 (1.5 eq)

Ti(OiPr)4 (1.1 eq), Zn (4.5 eq) CF3

SiPh3(3.0 eq)
–30 ºC ! rt, 30 min / THF rt ! reflux, 3 h / THF

5 1a

55% 51%

O

CF3

SiPh3

Method A

 

CF3

Br

R3SiCl (2.0 ~ 3.0 eq)

0 ºC ! rt, 1 h / THF

CF3

SiR3

SiR3 = SiMe2Ph : 1b 70%
Mg (1.2 eq)

SiPh2Me : 1c

SiMePhOH : 1d

39%

39%*

6

Method B

* MePhSiCl2 was used.  



  

2. 1- J"#$%¸¹#&'#()*5 SN2’«rêgem-!"#$%&'#()*56

7 

 J"×'#&'#()* 1a pqeE¥¦§0ezë¹#J¹��+¨�©ªX0|ìE

qr12 SN2’O7Sg¾h}Xd!¸¹#"×'#&'#()*1bD�Ûw`«rR+íeE

îG¥¦§bc23ïÐMK%*ðñòó#5ñô)L EÔw`õG¥¦§bc2J¹��

!�ö¡%÷#3ïÐWØE¥¦R5ø`«r§bù��012 SN2’«rgÊËp¬eXd

|5�úp(J#m5¶·p�ézEijWklm+no!"#$%&'#Z6SgDûYz

67üý0WéXd 

 
 

NuM

SiR3 = SiPh3 1a
3

/ THF
F3C

SiR3

F2C

Nu

SiR3

SiMe2Ph 1b  

 

*DMF solv. 

3. (J#m5¥¿Àkl«rê<kl���þkl gem-!"#$%3#4*567 

SN2’«rp�éz¾h}X gem-!"#$%&'#()*DE"FZS�$*+¨�©ª2|

0p�Û gem-!"#$%&'#3'$*ÿ!/0ez��bs2d7p nBu4NF (TBAF) +¨

�©ª20E"#pNÖ}2$g¥¿À§0ez«reE(J#mg$Gbkl©}X gem-

!"#$%3#4* 8 +%&'b®¯Xd|}pqeE"FZS�$*(0ez(Et2N)3S
 

SiMe3F2 (TASF)+�`X)6pDE3#*+Ð05«rp�ézîG,îG-65O7güý

0WÛEqr123#�L# 9g¶'?.¾h}Xd<ÕE7p/G+¨�©ª20E(J#

m50!1¹$*��Z¶·p�ézE23450©}2!"#$%3#4*6�5¥¿À78

«rg¬eE!ë%9/ 10 gO7eXd©hp|5 10 + TBAFb:P12|0p�ÛE

/Gklm+;12!"#$%3#4* 11�ù£¤bsXd 

1 NuM (eq)
 

Temp. Time (h) Yield (%) 

1a BuLi (2.0) –78 ºC 0.1 84 

1b BuLi (1.05) –78 ºC 0.3 93 

1b 
Ph

OLi

NMe2
(1.5)

 

–78 ºC ! 0 ºC 1.0 85 

1b NaCH(CO2Et)2  (2.0)
 0 ºC ! reflux 24  55* 

1b 
i
Pr2NLi (1.5) –78 ºC ! 0 ºC 1.5 75 

 
    



  

7

10

F2C

SiMe2Ph

nBu

F2C

Br

nBu

84%

Br2 (10 eq)

–78 ºC ! –47 ºC

TBAF (1.5 eq)

0 ºC, 5 min
BrF2C

nBu

SiMe2Ph

Br

74%

11
 7 h / toluene

(19F NMR Yield)

F2C

H

nBu
TBAF (1.0 eq)

F2C

nBuPhCHO (1.1 eq)

TASF (1.1 eq)

0 ºC, 5 min / DMI

rt, 5 h / THF

/ THF

70% (19F NMR Yield)

Ph

HO

69%

H2O

8

9

 


