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F2C

nBu
t-BuLi ( 2.2 eq )

/ Et2O–hexane ( 1 : 4 )

 –78°C ! r.t., 5 h

F

nBu

2 : 96 %

I

1  

N

F
F2C

nBu

N
Ts

 K2CO3 (2.1 eq)

NC
 50 °C, 7 h

N
Ts

nBu

F

/ DMF

– TolSO2H

NC

3

NC

4 : 85 %

nBu
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F2C

R

Y

"5-endo-trig"

13
C NMR :

ca. ! 90ca. ! 150

H2C C

cf. ca. ! 110 ca. ! 140

!+ !"

–

– F 
–

Y

F

R

Y
F

R

F –

F2C C

(A)
(B)

/

VWXYZQ'0M2[\]:^_2`aMb1]R' 5-endo-trig #$Xcd4:+.<=>?e

Bfg= 6a
"):+.<=>?h?iB 8a")jkXlmnELdQ'0M2do4]R'(/

Z – Y
Y

R

F

:

/ CH2Cl2

C 

/ MeOH 6b
 Z=NHTs

B: NaH, 60 °C, 2 h / DMF

A 

C: i) (CF3CO)2O, Et3N 

ii) K2CO3, reflux, 3 h 

"5-endo-trig"

 Z=OH
 Z=S(O)Me

 5a
5b
5c

:

:

6a

A: NaH, 70-80 °C, 7-23 h / DMF

6c
 Y=O, R=nBu : 80% 
 Y=S,  R=nBu : 82% 

 Y=NTs,  R=nBu, sBu, H : 73-84%   

R

F2C

R

F2C

B

/

Y

R

F

HY – Y

7c : Y=S
8b

R=CH2CH(CH)3Ph
67%

8c

NaH (1 eq) 

R=(CH2)3Ph

90 °C / DMF

7b : Y=O

"5-endo-trig"

(4 d) 8a

76%

: 80%

 : (4 h)
(5 h) R=CH2CH(CH)3Ph : 

7a : Y=NTs

R

F2C

R

F2C

/
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t-BuLiX�Zb�HM0�:��–�?�B�V2[\]��4H�=���>B2['

5-endo-trig#$���4:1.<=>?.1.� ?�B�B 10Xn¡jlm%¢'0M2do4H(

012[£:gem-;<=>?>@<ABC 5-endo-trig#$9:F��C|}~�¤�?¥T|}

~¦§%jE{T|}~%¨©F��Q'0MXª«¬24H(/

F2C

Ar

R
I

t-BuLi (2.2 eq)

F2C

Ar

R
Li

– F –

F

Ar

R

9 10 : 65–76 %

–78 °C ! r.t., 1.5 h

/ Et2O–hexane (1 : 4)
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N
R2

 K2CO3 (2.1 eq), r.t., 15h / DMF

N

nBu

F

O

R

O

Ror LDA (2.2 eq), r.t., 2h / THF

11 : R = MeO or Ph 12 : 24–29 %

F2C

nBu
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!"#$ gem-%&'()(*&+,-./0!"#$%&'( 5-endo-trig)*!

$ !"1$ 23 

+,-./01'2&35-endo-trig)*4Baldwin456789:;56-7(83

9:;<-4 gem-=>?@A@B>CDE! (i)!FGHIJ1KLMNO! (ii)!PQJ

RST>U"VWXYZ[S(\O&']3N^*_`a56b8IcdeaT#$

`a 5-endo-trig)*Yf^Jdg1h\\-43ijAk"#$%lm-aG3!"

#$%EnN&.o)*8pq&rsS(\OYtS1c3uvEwxYsy1h!

"#$%Ez{&43H|}E>~�?�@X3�"VWX3��"VWX&�Jd3

���!�|�k7(T4! ����!��?��A�D�WYs2\OOJ1h�\-��4�

c&3\2J1VWXY�S(=>?@A@B>CD 19, 20, 9E��Ysy1h!

!

�K� H|}&>~�?�@X3�"VWX3��"VWXY�S( !"#�=>!

! ! ! ! ! ?@A@B>CDE��! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

H|}&!"#$%Ez{8��a=>?@A@B>CD 19, 20, 9439:;<!

&�Td��� 1¡¢&']��J1 1)hSa£¤3¥¡¦§a¨©ª¨«¬­®¯O

°±²?³?´µD']¶·-��� (=>?@A¸�?´µDY3¹µ=�º»

¼½¾v-��*²±¿?OÀUÁ±DÂS(\O&']3Ã%=>?@A@B>C

DÄYÅ(¡¢-7(h\\-43²±?²?Æ¿?�14��±?²?Æ¿?E

MOMÇÈÉYÊËAÌ�"*Jd��J1°±²?³?´µDY[T3��*²±

¿?OJd�¿ËÍDÎD3p-�¿Ë²�Ï¿?3 p-�¿ËÐ°±>?@AÑÍDÎ

DYÒ[�Ó(\O&']316YÅ(\O8-g1h�Ô& 16EMOMXY�ÕÖ

×S(\O-PÇÈJ3²?Æ¿? 17ØOÙÚJ1h\E²?Æ¿? 17&�J3Û

±=DÜ¼·�*�@�?YÒ[�Ó�"*É 19YÅ1hÝTd317Y�Þ?*J3

��*ß°±�ºYÒ[�Ó(\O&'yd��"*É 9YÅ1h�13�Þ?*É

18&ß°±�ºÍDÎD�@µ¿°YÒ[�Ó(\O&']3>~�?�@XYÚ

¥J1 20YÅ1h\E'2&Jd3à`OS(Ã% 1,1�=>?@A�2�²±¿?�1�á

DjD 19, 20, 9Y��J1h!
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Entry Ar R Eq. of PPh3 Yield / %

4

3

1

C6H5

p-MeO-C6H4

C6H5

Me

H

H 0.08

75 (17d)

46 (17c)

43 (17a)

2 p-CF3-C6H4 H 54 (17b)

5 p-MeO-C6H4 Me 58 (17e)

r.t., 1 h / THF–HMPA!

–78 °C ! reflux

            3 h
–78 °C, 0.5 h

ArI (0.8 eq)

CuI (1.0 eq)

 cat. Pd0

n-BuLi (2.1 eq)

CCF2

BR'2

R'

F2C C
OTs

Li

F2C C
OTs

BR'2
!

BH3·THF
(1.1 eq )

r.t., 3 h / THFOMOM

R

CF3CH2OTs

OMOM
R

F2C

Ar

R
MOMO

BR'3

R'

R' =

/ THF

F2C

Ar

R
HO

aq. HCl (30 eq)

r.t., 1 h / THF

14

15

16

PPh3

17

0.08

0.16

0.16

0.08

Eq. of 15

3.0

3.0

3.3

3.3

3.0

!
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 0 °C !  r.t.

 MsCl, Et3N

SOCl2

–15 °C ! r.t., 3 h

F2C

Ar

R
MsO

F2C

Ar

R
HO

F2C

Ar

R
I

F2C

Ph

PhS

F2C

Ph

Cl

NaI

reflux, 5 h

PhSNa

0 °C ! r.t.

/ pyridine

 4 h / THF

/ acetone4 h / CH2Cl2

17 18 9

20 : 86 % (from 17a)

19 : 66 % (from 17a)

Entry Ar R Yield / %

4

3

1

C6H5

p-MeO-C6H4

C6H5

Me

H

H

68 (9d)

72 (9c)

 83 (9a)

2 p-CF3-C6H4 H 77 (9b)

5 p-MeO-C6H4 Me 90 (9e)

!

!

! �â�! �|�k&'(!"#$%Ez{ 

\E'2&JdÅÔ 1=>?@A@B>CD 19, 20, 9&�Jd3�|�kã-

7(±��º= tert-ä�?¸>~�±ËÐLDBBÑYÒ[�Ó(\O&']3!"#

$%Ez{Yåæ1h 
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F2C

Ph

F2C

Ph

F

Ph

– F  –

LDBB* (2.2 eq)

Yield / %

LiX

X

SPh (20)

SPh (20)

Recovery / %

0

0

< 37

< 63

Li+*LDBB :

Method

Cl (19)

I (9b)

0

0

0

> 20A

A

B

A

/ THF

Conditions

0°C, 1 h ! r.t., 1 d

–78°C, 1 h ! r.t., 1 d

–78°C, 1 h ! r.t., 1 d

–78°C, 1 h ! r.t., 1 d

10b

 

! Method A : LDBBE THFÜç&XèE THFÜçYév 

! Method B : XèE THFÜç& LDBBE THFÜçYév 

 

THFÜ¼·319, 20, 9bYêëìíE�kã-Ö×J1O\î3T� EXè&ï

Td.ðñ8òó� 1ô4õöa÷NøYùú1hà`OS()*É8ÅÔ aû

y1lm-aG3VWX X8ü"&VW� 1.E.�ý� aûy1\OûÔ3±

�@*8rsJdTaûy1OþúÔ (h�\-ÿ&3!"#$%Ez{¢OJd

��?��A�D�WYwxS(\OOJ1h 

 

!<1$ =>'? @)A,BCDE;FGHIJ-KL 

$ 2-4-1  MNOP-QR 

�!"��*²?³?E��?��A�D�W43=#�?#¿j?�áD�DÜ

¼·²?³?±��ºE$%&']3�&'!°¨-()*GrsS(\O8+Ô d

T(2)ho56&�Td.\E\OYþ,J3uvEwxYsy1h��31,1�=>?

@A�5��¿Ë�2�²±¿?�1�áDjD 9a&¬-¬./?íE t-BuLiYÒ[�Ó3�

&'!°¨E��56Y01J1h�kÉ 21a8ÅÔ 1\OûÔ±��º��A�D

�WErs4�ý-g1.EE3)*{^øEó)4*Gaûy1�2345�6¯!78!¬�h
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�\-3±��º��A�D�W89:J1;3<=S(\O-!"#$%&'(

5-endo-trig)*Y>rJ3ó)E?@YAy1�2345�6¯!ª8!B�h�EMC3�&'°¨

- 30HDE;3<=-FGH56Ysy1nN3I.()`& 5-endo-trig)*8r

sJ3JKLEó)->?@AÞMAáDjD 21aYÅ(\O&^NJ1�2345O!ª�h

�13<=-7GHDEJ1;�Ô&%P�QYs2O3R&ó)8SvJ1

�2345O!B�h�7TTU-56YVWS(O3±��º��A�D�W82�Grs

Jaûy11cû3ó)4SvJ1�2345O!X�h56YZE=[4�BX!°¨3�

25 °¨ &<=Jd.3ó)&4\O]^_`JaT\O8Hûy1�2345�6¯!J8!&�h!

F2C

Ph

I

t-BuLi ( 2.2 eq )

F

Ph

9a
10a

Conditions 1

/ Et2O–hexane ( 1 : 4 )

0.036 M

Conditions 2
+ F2C

Ph

21a

C

Ph

22a

t-Bu

+

Entry Conditions 1 Conditions 2

Yield / %

10a 21a 22a

5 –100 °C, 0.5 h

1 –78 °C, 0.5 h

–78 °C, 0.5 h

–78 °C, 0.5 h

–45 °C, 0.5 h

–25 °C, 0.5 h

–78 °C, 3 h

r.t., 1 h

—

—

r.t., 1 h ! reflux, 2 h

r.t., 1 h

r.t., 1 h

r.t., 1 h

2

3

4

6

7

50 14 0

27 33 0

28 28 0

69 7 0

52 0 0

66 4 0

68 4 0

F

!

!

! ¬�B�¬! !Ü¼Ewx!

Ü¼Ewx43��?��A�D�W&!a`aÜ¼-7(#¿j?�!*ü"÷

NÜ¼¶ûÔs2\OOJ1h$�bcd� &'(!"��*²?³?E±�@*&43

!*ü"4áD�D8*T\O8+Ô dT(1c2)3#¿j?�áD�D7!e!B÷

NÜ¼·-56Ysy1�2345O!B�h\ OfÓd3áD�D&ûúdi³gD�

'hij#¿j?�k-2-�Y[T3� l #¿j?OE7!e!B÷NÜ¼&ïTd.w
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xYsy1�2345�6¯!ª8!X�hi³gDY[T1nN3à`*NøEó)8I.*T

\O8Hûy1h�\-!*ü"&4i³gDY[T(\OOJ3i³gDEæ3#

¿j?EæYmcdnoE÷NpEwx.sy1�2345�6¯!78!¬8!J�K�h�EMC3

Ü¼EIq8STG3Sa£¤i³gDEp)8rTG&43��"8ü"-VW�

 1 21YsGt{S(\O8Hûy1h\ 4��?��A�D�W&'yd!"

#$%8z{S(.EE3�E;E 5-endo-trig)*8rsJaûy11cOþúdT

(h�13Ü¼EIq8rTG&43>U"E!ï8 $�bcX-VW� 1 22(E / Z

÷Nø)Et{8uÔ 1hvÜ¼&[T1j°µ��?j°µÊËA>µD&ïT

d43Õ"ð|EwxE!"@&ü"8aT\OûÔ3t568yz� (.EOZ

{J183ó)E?@&4Mhïûaûy1�2345O!7X�h!
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F2C

Ph

I F

Ph

R

9 10

0.036 M

+ F2C

Ph

R

21

C

Ph

R

22

t-Bu

+

Entry

Yield / %

10 21 22

1

2

4

5

6

7

8

43(10a) 21(21a) 0(22a)

36 11 0

58 7 0

65 6 0

64 5 0

67 0 4

64 0 5

t-BuLi ( 2.2 eq )

–78 °C ! r.t., 1.5 h

Solvent

hexane

Et2O–hexane (1 : 20)

Et2O–pentane (1 : 4)

Et2O–P.E.(1 : 4)

Et2O–hexane (1 : 2)

Et2O–hexane (1 : 1)

Et2O–hexane (2 : 1)

9

10

11

Et2O

THF

toluene

55 10 0

21 0 12

7 0 0

R

R

H

H

H

H

Me

Me

Me

Me

Me

Me

Me

Me

Me

Me

12

13

14

15

Et2O–hexane (1 : 4)

Et2O–toluene (1 : 4)

Et2O–methylcyclohexane
                (1 : 4)

2,2,5,5-tetramethylTHF*–hexane

                       (1 : 4)

* 2,2,5,5-tetramethylTHF
O

76(10b) 0(21b) 0(22b)

75 0 0

76 0 12

73 0 0

3 69 7 0Et2O–hexane (1 : 4)Me

F

!

!

¬�B�ª|[Ewx!

o)*56&43z{J1!"#$%8}zø 9Y~�JH|H-VWY�\S

��q.þúÔ 11c3ÿ&56|[EwxYsy1hSa£¤3��-ÅÔ 

1I.*T56��T-TªJ!�'].7T.&��J1|[-��E56Yåæ

1hJûJ3��&5Jd)*É 10aEó)4SvJ1�2345O!7�hR&3T-TªJ!
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�'].rT|[&�Tdo56Ysy1nN43t-BuLi8¸�?x>U"OVW

J1 22aEt{8uÔ 3R4] 10aEó)4SvJ1 (Entries 3, 4)h

F2C

Ph

I F

Ph

9a 10a

+
F2C

Ph

21a

C

Ph

22a

+

Entry

Yield / %

10a 21a 22a

1

2

3

4

21 12 0

69 7 0

63 0 5

59 0 12

t-BuLi ( 2.2 eq )

–78 °C, 0.5 h ! r.t., 1 h

Concentration / M

0.0036

0.036

0.072

0.36

/ Et2O–hexane (1 : 4)
F

t-Bu

!

!

¬�B�B²?³?±��ºE$%í3év�¢3�'h%ÄEwx!

  �� t-BuLiE$%í&ïTdwxJ1(Entries 1-4)h\EwxYsy1×�43

t-BuLi8Xè 9&�JdeaTO±�@*8�H&rsÓ�3t-BuLi8ëì-4>

U"EVWa^Et568rsS(Oþú11c-7(hÅÔ 1MCûÔ3[T

( t-BuLiEí4 2.2./?í8I.*T\O8Hûy1(Entry 3)hÝTd3t-BuLi

Eév�[&ïTdwxYsy1(Entries 3, 5, 6)h\ 4356¶·E=[�'h

t-BuLiE|[8t56&_`Yùú(��q87(Oþú11c-7(h%�Ew

xYsy1O\î310HûmdévJ1nN&I.*TMCYùú1(Entry 3)h�

13¶·&¥( t-BuLiE=[8ó)&_`JdT(E-4aTûOþú3t-BuLi

Eév�¢&ïTd.wxYsy1O\î3��Y�£ÔÓd$%S('].�J

î��évS(�8*T\O8Hûy1h 
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F2C

Ph

I F

Ph

R

9 100.036 M

+
F2C

Ph

R

21

C

Ph

R

22

R'

+

Entry

Yield / %

5 6 7

1

2

3

5

6

4

7

43(10a! 21(21a) 0(22a)

36 11 0

69 7 0

65 6 0

64 5 0

67 0 4

64 0 5

R'Li

–78 °C ! r.t., 1.5 h

RLi (eq)

8 55 0 10(22a')

R / Et2O–hexane (1 : 4)

"#$% / min "#&'

()t-BuLi (2.0)

t-BuLi (2.1)

t-BuLi (2.2)

t-BuLi (2.2)

t-BuLi (2.2)

t-BuLi (2.3)

t-BuLi (2.2)

sec-BuLi (2.2)

10

10

10

2

30

10

10

10

*+,-./01

()

()

()

()

()

()

10

11

n-BuLi (2.2)

76

73(10b)9

sec-BuLi (2.2)

t-BuLi (2.2)

66

()10

10

10

()

()

R

Me

Me

Me

Me

Me

Me

Me

Me

H

H

H

0(21b)

0

0 0(22b)

2(22b'')

0(22b')

F

!

!

2-4-5 $%ãEwx 

! \ �-&ÅÔ 1I���Y[Td3�Ô&$%ãEwxYsy1h$%ã4

²?³?±��ºE�qYrc((CE7(«�k�8!®�2��Y[T1h��±

�@*E>rYZ{J3«�k� �'h ®�2�� v½v- t-BuLi YévJ183

*TMC4ÅÔ aûy1(Entries 1,3)hÿ&3)*E>rYZ{Jd3±�@*E

9:S(56VWªTH;&«�k�E$%Ysy183ó)?@&4�Ôaûy

1�2345O!¬�h!
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F2C

Ph

I F

Ph

R

9 100.036 M solution

+
F2C

Ph

R

21

C

Ph

R

22

t-Bu

+

Entry

Yield / %

10 21 22

1

2

3

21(10a) 0(21a) 6(22a)

48(10a) 0(21a) 3(22a)

36(10b) 25(22b)

t-BuLi (2.2 eq)

–78 °C, 0.5 h ! r.t., 1 h

R

R / Et2O–hexane (1 : 4)

Additive (eq) !"#$%&'(

t-BuLi !")HMPA (2.0)

HMPA (2.0) t-BuLi !"0.5 h*

t-BuLi !")

Me

Me

H TMEDA (2.0) 0(21b)

F

 

 

2-4-6 VWXEwx 

! !u@E'2&JdI���8ÅÔ 1E-3BxEVWX�3�'h²±¿?X

@EVWX&ïTdwxYsT3\E56E!aqY�01h²±¿?XE¹µx

&43�|#�qE°±>?@A��?X3�|�ùqE�°³ÞXET� 8½

¾Jd.35-endo-trig)*4pq&rsJ3*�aó)-)*{^ø8ÅÔ (\

O8Hûy1�2345�6¯!¬8!ª�h�13 x&��?VWX8½¾Jd.3ó)4

SvS(\OaGJKL- 5-endo-trig)*É 10a, 10eYÅ(\O8-g1

�2345�6¯!B8!X�h 
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Ar

C6H5

C6H5

Me

H

H

H

R

Yield / %

p-MeO-C6H4

69(10a)

74(10d)

76(10b)

p-CF3-C6H4 65(10c)

p-MeO-C6H4 Me 69(10e)

F2C

Ar

I F

Ar

R

9 100.036 M solution

+ F2C

Ar

R

21

C

Ar

R

22

t-Bu

+

t-BuLi (2.2 eq)

–78 °C, 0.5 h ! r.t., 1 h

R / Et2O–hexane (1 : 4)

10 21 22

0(21b) 0(22b)

7(21a) 0(22a)

7(21e) 0(22e)

0(21d) 0(22d)

0(21c) 1(22c)

Entry

1

2

3

4

5

F
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!"#$ 3-%&'()*+,-./ 

!01 23$  

!0#456789:;<=>%?8-@ABCDEFGHIJK46LM

NOKPQ> 5-endo-trigRSGT/UVWX<YZ56JQK[\-EFG]

^R-_`<Fab>JK4 3-%&'()*+,-./GcdVWe<fgh

i456jk- Scheme 3<lUV62-mn*-3-%&'()*+,-./GT/

Uop>WJJ456nqrs8tAu-mn*vw&x<yz>mn*{|

}6~A9�xKUo-��G�VU6�xG�aP�>Knqrs8-�|

-�(�,}����Q�*���G��op>W�gh45mn*x��-

~A9�xG�b>x�<�po�[\-RSG��U6���-�a��G

� VW�#45 2|<¡&¢£&xG�b> 3-%&'()*+,-./G¤

¥U6~A9�xKUov�)m¡&¢£&xK¦,§¨&x<�po©Qª

Q��GH«VW 

 

!"1 '&�|<¡&¢£&vw&nq*xG�b>¬%&'(­w®,

-�¯ 

$ CF3CH2OTsG°±²�KUo6e<fghi4³´UVµ�<=¶'&�|

<nq*xG�b>¬%&'(­w®,G./UVW·¸QV¬%&'(­w 

r.t., 5 h / THF–HMPA!–78 °C ! r. t.

4 h / THF

CuI (1.0 eq)

 cat. Pd0
n-BuLi (2.1 eq)

CCF2

BR2

R

CF3CH2OTs F2C

nBu
n-Bu3B (1.1 eq)

H2N

I n-Bu2Mg

0°C, 0.5 h / THF
HN

I

MgBu

H2N
15

23

24  
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®, 24<¹U6TsCly=º»¼½¾G�aP�>JK<=«o�m&S6n¿

w&SGHp©QªQ¹Fb>¬%&'(­w®, 25, 26G�ÀUVWP¸<

s8tAu-¡&¢£&vw&x-ÁÂ5!-Ã(Ä�­Å&y=º!"Ã(ÄÆ

�,K-CDEFGOaUVW 

F2C

nBu

H2N

F2C

nBu

HN

F2C

nBu

HN

O

Ts

TsCl (1.5 eq)

r. t., 1d., / pyridine

Ac2O (7.5 eq)

Et3N (7.5 eq)

r. t., 3d / CH2Cl2

26 : 76 %

25 : 94 %
24

F2C

nBu

N

F2C

nBu

N

O

MeO

O

MeO

Ts

O

NaH (1.2 eq)

Br

O

OMe
(3 eq)

reflux, 1 d / toluene

NaH (1.5 eq)

Br

O

OMe
(3 eq)

70°C, 6 h

toluene–DMF (4 : 1)

11b : 58 %

11a : 88 %

F2C

nBu

N

O

Ph

Ts

NaH (1.5 eq)

Br

O

Ph
(2 eq)

70°C, 6 h

/ toluene-DMF (4 : 1)

11c : 70 %  

Çy625<¹Uo6s8tAu<¦,§¨&vw&x-ÁÂGcdV}6¤

ÈKb> 11d5ÉÊ�U�·¸QÇ�«V(Entries 1, 2)WP¸<ËÌ-��GH

«VKJÍ6�xKUo KH6NaIÎÏÐ DMFÑ-EF56ÒÓ<EU 51%-

ÔÕ4 2-%&'(¨,r�& 30}·¸Q>JKGÖp°UV(Entry 3)WJJ4

5s8tAu-CDx} Tsx��-�- 5-endo-trigRS}×HUoy¶6J-

Ø4ÙÚÛpW 
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F2C

nBu

HN

F2C

nBu

N

O

Ph

O

11d

Entry

1

2

3

4

Base (eq) Solvent Conditions Yield % 11d 30

Base

NaH(1.2)

KH (1.05)

KH (1.05)

DBU (4.1)

DMF

toluene-DMF
4 : 1

70°C, 5 h

70°C, 3 h

70°C, 2 h

70°C, 2 h

2 0

1 10

0 51

0 0

O

25

Br

O

Ph
(eq) NaI(eq)

5 LDA (1.05) THF r.t., 3 h 0 0

toluene-DMF
4 : 1

toluene-DMF
4 : 1

2.0

1.05

1.05

1.05

1.05

1.05

1.05

0

0

0

Br

O

Ph

NaI

NF

nBu

O

Ph

+

30

 

 

!Ü1 RS 

2-3-1  2-v�)m¡&¢£&-3-%&'()*+,-./ 

J-=I<Uo�ÀUV 11a y=º 11b <¹Uo�xÝËÌÐ4RS-��

GHIJKKUVWÞßxKUon¿w&xG�b> 11a <¹U6789:;

G±�P�>Và<�xKUo NaHG�aP�V(Entries 1, 2)W©-á�6Òâ

UV=I<789:;<=>%?8-@ABCDEFKÞn¿w&�Gã«V

äåæS}×HU6¤ÈKb> 3-%&'()*+, 12a G·>JK}4�VW

©J46RSEFGçè�<HéêÔÕëu<�Ç}>Kìé6íîïðËÌ

Ð6ñòó- NaH GapoEFGH«V}6�­Å&{@}í¼@ôUV 31

}·¸QV-d4õ«VWöV6�xKUo LDAGapV÷.<56ø}ùú

<Ç«VW11a<5¡&¢£&x-�|-¼8}"�õ¶6pÊQ�789:;

-±�}ûü4õ>WJ-JK�¸60µ-�*���}�I0µ-¡&¢£

&78Gýþb>ÇÿUoùúÇEF}!�V�-Kìéop>W©J46 
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F2C

nBu

N

O

MeO

11a

N

O

MeO

nBu

F

12a

Entry

1

2

3

Base (eq) Solvent Conditions

Yield %

12a 31

31

Base

+

NaH(2.1)

NaH (5.2)

LDA (2.2)

DMF

DMF

THF

r.t., 7 h

reflux, 5 h

r.t., 3 d

20 0

0 26

0 0

O

F2C

nBu

N

O

HO

O

 

 

Þßx4õ>n¿w&x�¸-�*���-±�}ÔÕ-"ÐG�V¸Uop

>-45Çp�Kìé6�*���G±�UÇpÞßxKUo�m&xG�b

>x� 11b<�po���GH«VW#$ÿ·¸QV%�ËÌ<ypoEFG

H«VKJÍ6¤ÈKb> 3-%&'()*+, 12a} 20%-ÔÕ4·¸Q>�

--&<n£+, 24}'�UV(Entry 1)W©J4¼8S(�+)*=¶�EF

Ý-"p�x4õ>7¾¡+)*GapVKJÍ624-'�G+é%�,p

24%KpIÔÕ4 12aG·>JK}4�V(Entry 2)WP¸<�xKUo LDAG

apV÷.<56¤ÈKb> 12a-v�)mxG LDA}CDUV 32}·¸Q

V(Entry 3)WJQ50- 12a}�/UV.< LDA}¡&¢£&xGýþUVV

àKìéop>WÇy6LDA-EFÝGu/>Và<01KUo THFK HMPA

-2.01Gap>K6ø}ùú<Ç«V(Entry 4)W©J4X345�*���

±�-Và-~A9�xG6v�)m¡&¢£&x�¸CD-ûüÝ-Çp¦

,§¨&x<�é6��4���GHIJKKUVW 
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F2C

nBu

N

O

MeO

Ts

11b

N

O

MeO

nBu

F

12a

Entry

1

2

3

4

Base (eq) Solvent Conditions

Yield %

12a 24 32

N

O

N

nBu

F

32

Base

+

K2CO3 (2.1)

NaH (2.1)

LDA (2.2)

LDA (1.1)

DMF

DMF

THF

THF-HMPA
1 : 1

70°C, 15 h

r.t., 6 h

r.t., 10h

r.t., 0.5 h

24 0 0

20 41 0

0 0 10

0 0 0

 

 

2-3-2 2-¦,§¨&-3-%&'()*+,-./ 

5346 V78�¸6�*���±�-Và-~A9�xG¦,§¨&

xKUVWx� 11c<¹Uo6¼8S(�+)*y=º7¾¡+)*G�a

P�V}6pÊQ�,pá�G·¸QÇ�«V(Entries 1, 2)W©J4�xKU

o LDAGap>K6"945EF}Iö:×HUÇ�«V}(Entry 3)6i9

4EFGHIJK4 3-%&'()*+, 12bG 29%-ÔÕ4·>JK}4�

V(Entry 4)WP¸<6LDA-EFÝGu/>Và< THFK HMPA-2.01

GapV}6ÔÕ-ëu<5pV¸Ç�«V(Entry 5)WöV6LDAK[�n

q,ø-�x4õ> KHMDSè LiTMPGapV}6J-÷.�EF5I 
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F2C

nBu

N

O

Ph

Ts

11c

N

O

Ph

nBu

F

12b

Entry

1

2

3

4

Base (eq) Solvent Conditions

Yield %

Base

+

K2CO3 (2.1)

NaH (2.1)

KHMDS (5.0)

LiTMP (2.1)

DMF

DMF

THF

THF

70°C, 15 h

r.t., 5 h

reflux, 3 h

–78°C, 10 min

trace

0

trace

trace

5

6

7

8

LDA (2.1)

LiTMP (6.0)

LDA (2.2)

LDA (2.1)

THF

THF

THF

THF-HMPA
1 : 1

–78°C, 1 h

–78°C, 30 min

r.t., 2 h

r.t., 5 h

trace

trace

29

trace

F2C

nBu

H2N

24

12b 24

trace

trace

trace

21

trace

trace

trace

trace

*

**

*KHMDS : Potassium 1,1,1,3,3,3-Hexamethyldisillazide

**LiTMP : Lithium 2, 2, 6, 6-Tetramethylpiperidide

K+

N
Si Si

–

N
–

Li+

 

ö:×HUÇ�«V(Entries 6-8)W�EF456RS-5<Þßü-,p Tsx}

ÞßUoUöp6N;<Ç¨q,}�/UVJK}ø-ùúS-=>4õ>K

ìéop>Wn£+, 24-�/56¨q,-�/Gl?b>�-4õ>W 

F2C

n
Bu

N

Base
F2C

n
Bu

N

–

Ts

F2C

n
Bu

N

c.m.

TsO

Ph

O

Ph

O

Ph
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2-3-3 m+&�*�&��Å&G@8b>RS 

�34789:;-±��KUom+&�*�&��Å&Gap>JKG

cdVWbÇÉA6m+&�*�&{|G�b>¬%&'('®%B,<¹

U6C1ó-%?S²¨',G�aP�>JK4Þm+&SGHp6JQ<

��4:�*����/6y=º�*���n£',<=>%?8-CDG

ìéVW 

F2C

R'

OSiR3

R''

C

R'

O

R''

SiR3

F

F

F 
–

C

R'

O

R''

Fcat. F
–

 

öÊ6�RSEF-x�KÇ>m+&�*�&��Å&56¦,§¨&x

G�b>¬%&'('®%B, 11c�¸�Àb>JKKUVW5�à<6n

¿�%D*,-m+&�*�&��Å&S-M�KUoE¸Q>µ�Gap

V}6ø}ùú<Ç«V(Entry 1)W©J46EFFG9HGÐ/odV}6¤

È- 33G·>JK54�Ç�«V(Entry 2)W�xKUo�+�w&nq,<

Iéo LDAGapodV}6J�5Ç�«V(Entry 3)Wø}ùú<Ç«V=

>KUo565346 VÞ­&%B,¾<=>¨q,�/}ìé¸Q>W 



 25 

F2C

nBu

N

O

Ph

Ts

F2C

nBu

N

TMSO

Ph

Ts

Entry

1

2

3

Base (eq) Solvent Conditions Yield %

Et3N (1.3)

Et3N (6.0)

LDA (1.3) THF

35 °C, 3 h

r. t., 1 d

50 °C, 3 h

0

0

0

TMSCl (eq) NaI(eq)

CH3CN

1.3

6.0

4.0

4.0

4.0

1.3

Base

TMSCl*

NAi

CH3CN

SiMe

Me

Me

Cl*TMSCl : Trimethylsillyl Chloride

11c 33
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!"#$ 

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

7 189:;<=>?@AB(18CDE) 

7 7 Bruker DRX500 (500 MHz)FJEOL G-500 (500 MHz)FJEOL AL-270 (270 MHz) 

7 13H9:;<=>?@AB(13HCDE) 

7 7 Bruker DRX500 (125 MHz) 

7 7 JEOL ALI270 (67.5MHz) 

19F9:;<=>?@AB(19FCDE) 

  JEOL EXI270(254MHz) 

7 JKLM>?@AB(NE) 

7 7 HORIBA FT-300S 

7  

 

NMR>?@AB#OP+QRSF1H NMRT+@UUVBW(X = 7.240)3F13C 

NMRT+Y@UUVBW(X = 77.0)3F19F NMRT+Z[\]B^U_`a`(X 

= 0)3b$cde0S45016 

fg@UhAij]kl(TLC).+mnopqrsltB BI5F(uvwtB)34

5016 

 

xyFz.{|0x}~�����+�S�B�`��;-T��16 

 

 

 



 27 

!"#!

5,5-Difluoro-4-phenyl-4-penten-1-ol (17a) 

�vB��A[u��B��l�B 15.9 g (156 mmol) # THF (69 ml) ��.��

- 1.0M�j` THF�� THF�� 57 ml (57 mmol) 3��F��.��0��� 

¡0FAv�3-(�A[u�A[u)¢U£B��j`3¤qQ¥62,2,2-Av]B^

U��BAujlA 13.2 g (51.9 mmol) # THF (270 ml) ��3–78°c.�¦0F1.55 

Mn- §�Bv�¨WZ[\`�� 67.3 ml (109 mmol) 3F]j>sb©3ª«¬­

x®¬¯°'±²S��¥6�S��³«�S±¬´°'µF¶.¤q01Av

�3-(�A[u�A[u)¢U£B��j`# THF��3F]j>sb©3ª«¬­

x®¬¯°'±²S��¥6�S��³«�S±¬¯�� ¡01#·F�¸¹º

30x®¬»¬.¯�� ¡Q¥6����3��¼T�¦0FHMPA 108 mlFA

v]½¾B]¿>]k` 1.09 g (4.15 mmol)FÀ>ÁjÂ¨WAv>Â_`ÂvÃ`

�ÄA`@UUVBW�� 1.20 g (1.04 mmol) 3��F¯Å' ¡Q¥6ÆlÇ_

`a` 8.48 g (41.5 mmol)FÆ¨ÈÉ 9.88 g (51.9 mmol) 3��F��ÊË3Ìn0F

¯�� ¡Q¥6v`ÍÎÏ��3��¥Ðe.Ñ�S��3ÒÓ0FÔÍ��B

.SÕ2Ö3×ØÙÚ0FÛ«­1Õ2g3ÜÈÝAv¨WÞmß��Tàá0F

âÍÝAv¨WTãäQ¥6�å3æçèé0Sê¬ë¥ìí3FuvwtBwj

W@UhAij]kl.Ñ�'îïqQ¥! $ðñ�åòZ[\`ó ÔÍ��B´

°ô¯%!6!

ê¬ë1õq&'&(Â]B^U()(]½¾B()(?`�¾B��A[u��B��l

�B$*+,%!-./0!1!$!02.0!3345%!# 678!$2)!35%!��.��-*9:ÜÍ

-;!353��¯�� ¡Q¥6v`ÍÎÏ��3��¥Ðe.Ñ�S��3ÒÓ0F

Â��B�l�B.SÕ2Ö3×ØÙÚ0FÛ«­1Õ2g3ÜÈÝAv¨WÞm

ß��Tàá0FâÍÝAv¨WTãäQ¥6�å3æçèé0Sê¬ë¥ìí3F

uvwtBwjW@UhAij]kl.Ñ�'îïqQ¥! $ðñ�åòZ[\`ó

ÔÍ��B�ô¯%6Mö!0.&&!1FM÷!)0!<6 

1H NMR (500 MHz, CDCl3) ! 1.35 (br s, 1H), 1.63 (tt, J = 6.9, 6.9 Hz, 2H) , 2.51 (tt, J = 
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6.9 Hz, JHF = 2.4 Hz, 2H), 3.62 (t, J = 6.9 Hz, 2H), 7.27 (t, J = 7.3 Hz, 1H), 7.31 (d, J = 7.3 

Hz, 2H), 7.35 (t, J = 7.3 Hz, 2H). 13C NMR (125 MHz, CDCl3) ! 24.0, 30.7, 62.0, 91.9 (dd, 

JCF = 35, 14 Hz), 127.3, 128.2 (dd, JCF = 3, 3 Hz), 128.5, 133.5 (dd, JCF = 3, 3 Hz), 153.6 (dd, 

JCF = 290, 287 Hz). 19F NMR (254 MHz, CDCl3) ! 70.3 (dt, JFF = 43 Hz, JFH = 2 Hz, 1F),  

70.4 (dt, JFF = 43 Hz, JFH = 2 Hz, 1F). IR (neat) " 3352, 2935, 2873, 1732, 1446, 1232, 1124, 

1061, 947, 762, 698 cm-1. Anal. Calcd for C11H12OF2: C, 66.66; H, 6.10%. Found: C, 66.48; 

H, 6.1%.!

!

!

!

 1,1-Difluoro-5-iodo-2-phenyl-1-pentene (9a) 

5,5-Â]B^U-4-]½¾B-4-?`�`-1-^lB 3.44 g (17.4 mmol) #��ø`@

UjùÇ (130 ml) ��.��-Av��B�ú` 2.64 g (26.0 mmol)F�û`>

BV`ÍÜÈÖ 2.72 g (26.0 mmol) 3��F��.��0ü�� ¡Q¥6v`Í

ÎÏ��3��¥Ðe.Ñ�S��3ÒÓ0FÔÍ��B.SÕ2Ö3×ØÙÚ0F

Û«­1Õ2g3ÜÈÝAv¨WÞmß��Tàá0FâÍÝAv¨WTãäQ¥6

�å3æçèé0Sê¬ë¥ìí3FuvwtBwjW@UhAij]kl.Ñ�

'îïqQ¥ (ðñ�åòZ[\`ó ÔÍ��B´ô¯) 6 

ê¬ë1õq 1,1-Â]B^U-2-]½¾B-5-��B>BV¾B^[u-1-?`�`

4.86 g (17.0 mmol) #�ÄA`�192 ml���.��.SÆ¨ÈÝAv¨W 26.4 

g(176 mmol)3��F ¡0x®¬�¸ýº3�þ65 ��µF��¼T�¦0F

v`ÍÎÏ�� (pH 7) 3��¥Ðe.Ñ�S��3ÒÓ0FÂ��B�l�B.

SÕ2Ö3×ØÙÚ0FÛ«­1Õ2g3�^âÍÝAv¨WÞmß��Tàá0F

âÍÝAv¨WTãäQ¥6�å3æçèé0Sê¬ë¥ìí3FuvwtBwj

W@UhAij]kl.Ñ�'îïqQ¥ (ðñ�åòZ[\`ó ÔÍ��B´

°ô¯)6ê¬ë1õÿÖ3Ìn-æç!è (b. p. 85-95 °C, 0.44 mmHg) Q¥6M

ö 4.48 gFM÷ 83%6  
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1H NMR(500 MHz, CDCl3) ! 1.87 (tt, J = 7.1, 7.1 Hz, 2H), 2.49-2.54 (m, 2H), 3.12 (t, J = 

7.1 Hz, 2H), 7.27 (t, J = 7.5 Hz, 1H), 7.29 (d, J = 7.5 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H). 13C 

NMR (125 MHz, CDCl3) ! 5.0, 28.5, 31.5, 91.0 (dd, JCF = 21, 15 Hz), 127.5, 128.2 (dd, JCF 

= 3, 3 Hz), 128.5, 133.1, 153.8 (dd. JCF = 291, 288 Hz). 19F NMR (254 MHz, CDCl3) ! 71.2 

(d, JFF = 43 Hz, 1F), 71.3 (d, JFF = 43 Hz, 1F). IR (neat) " 3059, 2958, 1734, 1498, 1446, 

1306, 1236, 1141, 1007, 912, 768, 696 cm-1. Anal. Calcd for C11H11F2I: C, 42.88; H, 3.60%. 

Found: C, 42.61; H, 3.54%. 

!

!

!

 1-Fluoro-2-phenyl-1-cyclopentene (10a) 

1,1-Â]B^U-2-]½¾B-5-ÆlÇ-1-?`�` 153 mg (0.517 mmol) #�l�B

ó Z[\`¯ô"#Û�å��l�B 2.8 ml, Z[\` 11.1 ml���3–78 °C�Ç

jù�ù>$>35}¥�T ¡0x®¬ tert-§�Bv�¨W (1.137 mmol) #?

`û`�� (1.44 M, 0.79 ml) 3 10'%²SF©&3ª«¬­¥Ðex'uv`Â

±¬()*-Q¥6QRS��³«�S±¬ 30 ' ¡01µÇjù�ù>$>3

+�é�F,#¼¼��T»¬. 1�� ¡Q¥6v`ÍÎÏ�� (pH 7) 3��

¥Ðe.Ñ�S��3ÒÓ0FÂ��B�l�B.SÕ2Ö3×ØÙÚ0FÛ«­

1Õ2g3âÍÝAv¨WTãäQ¥6�å3æçèé0Sê¬ë¥ìí3FZ[

\`3ðñ�åe0S TLC.Ñ�'îïqQ¥6Mö 63.5 mgFM÷ 76%6 

1H NMR (500 MHz, CDCl3) ! 1.98 (tt, J = 7.5, 7.5 Hz, 2H), 2.63-2.72 (m, 4H), 7.20 (tt, J = 

7.7, 1.0 Hz, 1H), 7.33 (t, J = 7.7 Hz, 2H), 7.49 (d, J = 7.7 Hz, 2H). 13C NMR (125 MHz, 

CDCl3) ! 18.1 (d, JCF = 10 Hz), 29.7 (d, JCF = 8 Hz), 30.8 (d, JCF = 21 Hz), 113.1 (d, JCF = 4 

Hz), 126.6, 126.6, 128.2, 133.8 (d, JCF = 5 Hz), 157.8 (d, JCF = 284 Hz). 19F NMR (254 MHz, 

CDCl3) ! 45.0 (s). IR (neat) " 2960, 2854, 1678, 1496, 1354, 1198, 1063, 945, 762, 692 

cm-1. Anal. Calcd for C11H11F: C, 81.45; H, 6.84%. Found: C, 81.15; H, 6.85%. 

!
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!

 

5,5-Difluoro-4-(p-trifluoromethylphenyl)-4-penten-1-ol (17b) 

&'&(Â]B^U()(]½¾B()(?`�`(*(^lB! $*2,%!e-.#/0.SF,

-#1p35}SÛ26�vB��A[u��B��l�B 1.61 g (15.8 mmol)F1.0M

�j` THF�� THF�� 5.78 ml (5.78 mmol)F2,2,2-Av]B^U��BAujl

A 1.33 g (5.25 mmol)F1.60 Mn- §�Bv�¨WZ[\`�� 6.89 ml (1.60 mmol)F 

HMPA 10.9 mlFAv]½¾B]¿>]k` 110.2 mg (0.420 mmol)FÁjÂ¨WÀ>

Â_`ÂvÃ`�ÄA`�� 120.8 mg (0.21 mmol)Fp-ÆlÇ_`3Av]B^jù

Ç 1.00 g (3.68 mmol)FÆ¨ÈÉ 1.00 g (5.25 mmol)!F*9:ÜÍ*/!356Mö!&0)!

31FM÷!&)<6 

1H NMR(500 MHz, CDCl3) ! 1.57 (br s, 1H), 1.59-1.66 (m, 2H), 2.51-2.57 (m, 2H), 3.64 

(dt, J = 5.3, 5.3 Hz, 2H), 7.45 (d, J = 7.8 Hz, 2H), 7.61 (d, J = 7.8 Hz, 2H). 13C NMR (125 

MHz, CDCl3) ! 23.8, 30.6, 61.8, 91.4 (dd, JCF = 23, 13 Hz), 124.0 (q, JCF = 272 Hz), 125.5 

(q, JCF = 4 Hz), 128.5 (dd, JCF = 3, 3 Hz), 129.5 (q, JCF = 33 Hz), 137.4, 153.9 (dd, JCF = 292, 

289 Hz). 19F NMR (254 MHz, CDCl3) ! 72.3 (d, JFF = 39 Hz, 1F), 72.6 (dt, JFF = 39 Hz, JFH 

= 3 Hz, 1F), 99.0 (3F, s). IR (neat) " 3446, 2955, 1728, 1618, 1358, 1329, 1244, 1174, 1128, 

1068, 947, 847, 528 cm-1. HRMS: calcd for C12H11OF5 (M
+) 266.0730, found 266.0706. !

!

!

!

1,1-Difluoro-5-iodo-2-(p –trifluoromethylphenyl)-1-pentene (9b) 

1,1-Â]B^U-2-]½¾B-5-ÆlÇ-1-?`�` (9a) e-.#/0.SF,-#1

p35}SÛ26&'&(Â]B^U()($!"Av]B^U]½¾B%()(?`�`(*(^l

B00/!31!$*.9)!3345%FAv��B�ú`*;2!31!$*.;)!3345%F�û`

>BV`ÍÜÈÖ*-)!31!$*.;)!3345%FÆ¨ÈÝAv¨W*.+2!1!$**.*!

3345%6Mö!0+/!31FM÷22<6 
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1H NMR(500 MHz, CDCl3) ! 1.87 (tt, J = 7.2, 7.2 Hz, 2H), 2.56 (tt, J = 7.2 Hz, JHF = 2.3 Hz, 

2H), 3.14 (t, J = 7.2 Hz, 2H), 7.44 (d, J = 8.2 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H). 13C NMR 

(125 MHz, CDCl3) ! 4.7, 28.3, 31.4, 90.5 (dd, JCF = 22, 13 Hz), 124.0 (q, JCF = 270 Hz), 

125.5 (q, JCF = 4 Hz), 128.5 (dd, JCF = 3, 3 Hz), 129.6 (q, JCF = 32 Hz), 154.1 (dd. JCF = 291, 

288 Hz). 19F NMR (254 MHz, CDCl3) ! 73.1 (d, JFF = 32 Hz, 1F), 73.7 (dt, JFF = 32 Hz, JFH 

= 2 Hz, 1F), 99.1 (3F, s). IR (neat) " 2960, 1923, 1726, 1618, 1410, 1327, 1246, 1169, 1128, 

1070, 845 cm-1. HRMS: calcd for C12H10F5I (M
+) 375.9747, found 375.9773.!

 

 

 

1- Fluoro-2-(p-trifluoromethylphenyl)-1-cyclopentene (10b) 

1-]B^U-2-]½¾B-1-u@U?`�` (10a) e-.#/0.SF,-#1p35

}SÛ261,1-Â]B^U-2-(p-Av]B^U��B]½¾B)-5-ÆlÇ-1-?`�`

192.7 mg (0.509 mmol)F tert-§�Bv�¨W 0.77 ml (1.12 mmol)6Mö 78.6 mgF

M÷ 65%6 

1H NMR (500 MHz, CDCl3) ! 2.03 (tt, J = 7.3, 7.3 Hz, 2H), 2.67-2.74 (m, 4H), 7.58 (s, 4H). 

13C NMR (125 MHz, CDCl3) ! 18.1 (d, JCF = 10 Hz), 29.6 (d, JCF = 7 Hz), 30.9 (d, JCF = 21 

Hz), 112.4 (d, JCF = 3 Hz), 124.3 (q, JCF = 204 Hz), 125.2 (q, JCF = 4 Hz), 126.7 (d, JCF = 7 

Hz), 128.3 (q, JCF = 32 Hz), 137.3 (d, JCF = 270 Hz), 159.7 (d, JCF = 287 Hz). 19F NMR (254 

MHz, CDCl3) ! 48.5 (s, 1F), 99.3 (s, 3F). IR (KBr disk) " 2927, 2862, 1676, 1618, 1329, 

1167, 1120, 1066, 841, 607 cm-1. Anal. Calcd for C12H10F4: C, 62.61; H, 4.38%. Found: C, 

62.75; H, 4.56%. 

 

 

 

5,5-Difluoro-4-(p-methoxyphenyl)-4-penten-1-ol (17c) 

&'&(Â]B^U()(]½¾B()(?`�`(*(^lB! $*2,%!e-.#/0.SF
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,-#1p35}SÛ26�vB��A[u��B��l�B 367 mg (3.6 mmol)F

1.0M�j` THF�� THF�� 1.2 ml (1.2 mmol)F2,2,2-Av]B^U��BAuj

lA 277 mg (1.1 mmol)F1.55 Mn- §�Bv�¨WZ[\`�� 1.48 ml (2.3 mmol)F 

HMPA 2.1 mlFAv]½¾B]¿>]k` 45.7 mg (0.17 mmol)FÀ>ÁjÂ¨WAv

>Â_`ÂvÃ`�ÄA`@UUVBW�� 22.6 mg (0.022 mmol)Fp-ÆlÇ�¾4

lB 204 mg (0.87 mmol)FÆ¨ÈÉ 207 mg (1.1 mmol)!F*9:ÜÍ*./!356Mö7

;&.-!31FM÷)2<6 

1H NMR (500 MHz, CDCl3) ! 1.61 (tt, J = 7.0, 7.0 Hz, 2H), 1.64 (br s, 1H), 2.45 (tdd, J = 

7.0 Hz, JHF = 2.4, 2.4 Hz, 2H), 3.59 (t, J = 7.0 Hz, 2H), 3.79 (s, 3H), 6.88 (d, J = 8.7 Hz, 

2H), 7.23 (d, J = 8.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) ! 24.0, 30.7, 55.2, 61.9, 91.3 

(dd, JCF = 22, 14 Hz), 114.0, 125.7, 129.3 (dd, JCF = 3, 3 Hz), 153.5 (dd, JCF = 289, 286 Hz), 

158.8. 19F NMR (254 MHz, CDCl3) ! 69.3 (dt, JFF = 53 Hz, JFH = 2 Hz, 1F), 69.6 (d, J FF = 

53 Hz, 1F). IR (neat) " 3359, 2945, 1732, 1610, 1514, 1444, 1253, 1180, 1034, 873 cm-1. 

HRMS: calcd for C12H14O2F2 (M
+) 228.0962, found 228.0954.  

!

!

!

1,1-Difluoro-5-iodo-2-(p –methoxyphenyl)-1-pentene (9c) 

1,1-Â]B^U-2-]½¾B-5-ÆlÇ-1-?`�` (9a) e-.#/0.SF,-#1

p35}SÛ26&'&(Â]B^U()($!"�A[u]½¾B%()(?`�`(*(^lB

*20!31!$/.2+!3345%F!Av��B�ú`**&!31!$*.*!3345%F�û`>

BV`ÍÜÈÖ**;!31!$*.*!3345%FÆ¨ÈÝAv¨W*.*2!1!$2.;!3345%6

Mö!*-9!31FM÷29<6 

1H NMR (500 MHz, CDCl3) ! 1.88 (tt, J = 7.2, 7.2 Hz, 2H), 2.49 (tt, J = 7.2 Hz, JHF = 2.1 

Hz, 2H), 3.13 (t, J = 7.2 Hz, 2H), 3.81 (s, 3H), 6.90 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 

2H). 13C NMR (125 MHz, CDCl3) ! 5.1, 28.6, 31.5, 90.5 (dd, JCF = 20, 15 Hz), 114.1, 125.2, 

129.3 (dd, JCF = 3, 3 Hz), 153.7 (dd. JCF = 289, 286 Hz). 19F NMR (254 MHz, CDCl3) ! 70.2 
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(br d, JFF = 44 Hz, 1F), 70.3 (dt, JFF = 44 Hz, JFH = 3 Hz, 1F). IR (neat) " 2958, 2837, 1732, 

1610, 1516, 1290, 1250, 1180, 1103, 1036, 831 cm-1. Anal. Calcd for C12H13OF2I: C, 42.63; 

H, 3.88%. Found: C, 42.53; H, 3.90%.!

 

 

 

1- Fluoro-2-(p-methoxyphenyl)-1-cyclopentene (10c) 

1-]B^U-2-]½¾B-1-u@U?`�` (10a) e-.#/0.SF,-#1p35

}SÛ261,1-Â]B^U-2-(p-�A[u]½¾B)-5-ÆlÇ-1-?`�` 165.4 mg 

(0.489 mmol)F tert-§�Bv�¨W (0.747 mmol)6Mö 69.9 mgFM÷ 74%6 

1H NMR (500 MHz, CDCl3) ! 1.97 (tt, J = 7.5, 7.5 Hz, 2H), 2.63-2.67 (m, 4H), 3.80 (s, 3H), 

6.88 (br d, J = 9.4 Hz, 2H), 7.44 (br d, J = 9.4 Hz, 2H). 13C NMR (125 MHz, CDCl3) ! 18.1 

(d, JCF = 10 Hz), 29.8 (d, JCF = 8 Hz), 30.7 (d, JCF = 21 Hz), 55.2, 112.5 (d, JCF = 4 Hz), 

113.7, 126.6 (d, JCF = 5 Hz), 127.8 (d, JCF = 7 Hz), 156.2 (d, JCF = 281 Hz), 158.1. 19F NMR 

(254 MHz, CDCl3) ! 42.2 (s). IR (KBr disk) " 2954, 2854, 1685, 1608, 1512, 1254, 1182, 

1029, 835 cm-1. Anal. Calcd for C12H13OF: C, 74.98; H, 6.82%. Found: C, 75.03; H, 6.94%. 

 

7  

 

5,5-Difluoro-2-methyl-4-phenyl-4-penten-1-ol (17d) 

&'&(Â]B^U()(]½¾B()(?`�`(*(^lB! $*2,%!e-.#/0.SF,

-#1p35}SÛ26�vB��A[u��B��l�B 305 mg (3.0 mmol)F1.0M

�j` THF�� THF�� 1.0 ml (1.0 mmol)F2,2,2-Av]B^U��BAujlA

254 mg ( mmol)F1.55 Mn- §�Bv�¨WZ[\`�� 1.23 ml (1.9 mmol)F HMPA 

2.1 mlFAv]½¾B]¿>]k` 19.0 mg (0.072 mmol)FÀ>ÁjÂ¨WAv>Â

_`ÂvÃ`�ÄA`@UUVBW�� 18.7 mg (0.018 mmol)FÆlÇ_`a` 148 

mg (0.80 mmol)FÆ¨ÈÉ 190 mg (1.0 mmol)!F*9:ÜÍ*.0!356Mö*9+.2!31F
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M÷!2&<6 

1H NMR (500 MHz, CDCl3) ! 0.89 (d, J = 6.8 Hz, 3H), 1.51 (br s, 1H), 1.58-1.69 (m, 1H), 

2.24 (dddd, J = 14.3, 8.5 Hz, JHF = 2.8, 2.8 Hz, 1H) , 2.54 (dddd, J = 14.3, 6.0 Hz, JHF = 2.9, 

2.9 Hz, 1H), 3.41 (dd, J = 10.6, 5.9 Hz, 1H), 3.45 (dd, J = 10.6, 5.9 Hz, 1H), 7.26 (tt, J = 7.1, 

1.9 Hz, 1H), 7.31 (d, J = 7.1 Hz, 2H), 7.34 (t, J = 7.1 Hz, 2H). 13C NMR (125 MHz, CDCl3) 

! 16.0, 31.1, 34.1, 67.4, 91.0 (dd, JCF = 20, 16 Hz), 127.3, 128.3 (dd, JCF = 3, 3 Hz), 128.5, 

133.7, 154.0 (dd, JCF = 288, 288 Hz). 19F NMR (254 MHz, CDCl3) ! 70.5 (s). IR (neat) 

" 3348, 2958, 2873, 1732, 1446, 1234, 1038, 771, 725, 698 cm-1. HRMS: calcd for 

C12H14OF2 (M
+) 212.1013, found 212.1010. 

!

!

 

1,1-Difluoro-5-iodo-4-methyl-2-phenyl-1-pentene (9d) 

1,1-Â]B^U-2-]½¾B-5-ÆlÇ-1-?`�` (9a) e-.#/0.SF,-#1

p35}SÛ26&'&(Â]B^U(9(��B()(]½¾B()(?`�`(*(^lB9.2/!

1!$*9.2!3345%F!Av��B�ú`*.-0!1!$*-.*!3345%F�û`>BV`Í

ÜÈÖ!*.--!1!$*-.*!3345%FÆ¨ÈÝAv¨W-.*/!1!$+/.2!3345%6Mö!

9.;2!1FM÷+;<6 

1H NMR (500 MHz, CDCl3) ! 0.97 (d, J = 6.6 Hz, 3H), 1.45-1.56 (m, 1H), 2.31 (dddd, J = 

14.4, 8.0 Hz, JHF = 2.4, 1.1 Hz, 1H) , 2.54 (dddd, J = 14.4, 6.3 Hz, JHF =3.1, 3.1 Hz, 1H), 

3.11 (dd, J = 9.8, 5.8 Hz, 1H), 3.16 (dd, J = 9.8, 5.2 Hz, 1H), 7.28 (t, J = 7.7 Hz, 1H), 7.30 

(d, J = 7.7 Hz, 2H), 7.36 (t, J = 7.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) ! 15.7, 20.1, 33.1, 

34.4, 90.7 (dd, JCF = 21, 14 Hz), 127.5, 128.3 (dd, JCF = 3, 3 Hz), 128.6, 133.2 (dd, JCF = 4, 4 

Hz), 154.0 (dd, JCF = 291, 288 Hz). 19F NMR (254 MHz, CDCl3) ! 71.1 (d, JFF = 40 Hz, 1F), 

71.6 (d, JFF = 40 Hz, 1F). IR (neat) " 2964, 1730, 1498, 1446, 1379, 1244, 962, 769, 725, 

696 cm-1. HRMS : calcd for C12H13F2I (M
+) 322.0030, found 322.0059. 
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1- Fluoro-4-methyl-2-phenyl-1-cycropentene (10d) 

1-]B^U-2-]½¾B-1-u@U?`�` (10a) e-.#/0.SF,-#1p35

}SÛ261,1-Â]B^U-5-ÆlÇ-4-��B-2-]½¾B--1-?`�` 324.7 mg 

(1.01 mmol)F tert-§�Bv�¨W (2.22 mmol)6Mö 123.4 mgFM÷ 69%6 

1H NMR (500 MHz, CDCl3) ! 1.15 (dd, J = 7.0 Hz, JHF = 1.1 Hz, 3H), 2.24-2.32 (m, 2H), 

2.45 (ddddqd, J = 7.0, 7.0, 7.0, 7.0, 7.0 Hz, JHF = 1.1 Hz, 1H), 2.78-2.89 (m, 2H), 7.19 (t, J 

= 7.8 Hz, 1H), 7.32 (t, J = 7.8 Hz, 2H), 7.48 (dt, J = 7.8, 1.0 Hz, 2H). 13C NMR (125 MHz, 

CDCl3) ! 22.2, 27.0 (d, JCF = 9 Hz), 38.1 (d, JCF = 7 Hz), 39.0 (d, JCF = 9 Hz), 112.4 (d, JCF = 

3 Hz), 126.5, 126.6 (d, JCF = 7 Hz), 128.2, 133.9 (d, JCF = 5 Hz), 156.3 (d, JCF = 284 Hz). 19F 

NMR (254 MHz, CDCl3) ! 46.1 (s). IR (neat) " 2956, 2848, 1678, 1496, 1446, 1352, 1200, 

762, 692 cm-1. Anal. Calcd for C12H13F: C, 81.78; H, 7.44%. Found: C, 81.77; H, 7.66%. 

 

 

 

5,5-Difluoro-2-methyl-4-(p-methoxyphenyl)-4-penten-1-ol (17e) 

&'&(Â]B^U()(]½¾B()(?`�`(*(^lB! $*2,%!e-.#/0.SF,

-#1p35}SÛ26�ûvB��A[u��B��l�B 383 mg (3.3 mmol)F

1.0M�j` THF�� THF�� 1.1 ml (1.1 mmol)F2,2,2-Av]B^U��BAuj

lA 254 mg (1.0 mmol)F1.55 Mn- §�Bv�¨WZ[\`�� 1.35 ml (2.1 mmol)F 

HMPA 2.1 mlFAv]½¾B]¿>]k` 42.0 mg (0.16 mmol)FÀ>ÁjÂ¨WAv

>Â_`ÂvÃ`�ÄA`@UUVBW�� 20.7 mg (0.020 mmol)Fp-ÆlÇ�¾4

lB 194 mg (0.80 mmol)FÆ¨ÈÉ 190 mg (1.0 mmol)!F*9:ÜÍ*.9!356Mö7

**9.;!31FM÷!&;<6 

1H NMR(500 MHz, CDCl3) ! 0.89 (d, J = 6.8 Hz, 3H), 1.48 (br s, 1H), 1.59-1.70 (m, 1H), 

2.21 (dddd, J = 14.3, 8.9 Hz, JHF = 2.2, 1.2 Hz, 1H) , 2.50 (dddd, J = 14.3, 6.1 Hz, JHF = 3.0, 
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3.0 Hz, 1H), 3.43 (dd, J = 10.6, 5.9 Hz, 1H), 3.45 (dd, J = 10.6, 6.0 Hz, 1H), 3.80 (s, 3H), 

6.88 (ddd, J = 8.5 Hz, JHF = 2.6, 2.6 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H). 13C NMR (125 MHz, 

CDCl3) ! 16.0, 31.2, 34.1, 67.4, 90.4 (dd, JCF = 20, 15 Hz), 114.0, 125.8, 129.3 (dd, JCF = 3, 

3 Hz), 153.9 (dd, JCF = 288, 287 Hz), 158.7. 19F NMR (254 MHz, CDCl3) ! 69.6 (d, JFF = 47 

Hz, 1F), 69.6 (d, JFF = 47 Hz, 1F). IR (neat) " 3346, 2958, 1732, 1610, 1514, 1462, 1292, 

1248, 1180, 1105, 1036, 964, 833 cm-1. HRMS: calcd for C13H16O2F2 (M
+) 242.1118, found 

242.1117. 

 

 

 

1,1-Difluoro-5-iodo-4-methyl-2-(p-methoxyphenyl)-1-pentene (9e) 

1,1-Â]B^U-2-]½¾B-5-ÆlÇ-1-?`�` (9a) e-.#/0.SF,-#1

p35}SÛ26&'&(Â]B^U(9(��B()($!"�A[u]½¾B%()(?`�`(*(

^lB -9.&!31! $/.0;9!3345%F!Av��B�ú` &;./!31! $/.&20!

3345%F�û`>BV`ÍÜÈÖ+/./!31!$/.&20!3345%FÆ¨ÈÝAv¨W

+*&!31!$).*/!3345%6Mö!**-.;!1FM÷!-/<6 

1H NMR (500 MHz, CDCl3) ! 0.97 (d, J = 6.5 Hz, 3H), 1.47-1.55 (m, 1H), 2.28 (br dd, J = 

14.3, 8.0 Hz, 1H) , 2.50 (dddd, J = 14.3, 5.9 Hz, JHF = 2.9, 2.9 Hz, 1H), 3.11 (dd, J = 9.8, 

5.8 Hz, 1H), 3.15 (dd, J = 9.8, 5.2 Hz, 1H), 3.81 (s, 3H), 6.89 (d, J = 8.7 Hz, 2H), 7.23 (d, J 

= 8.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) ! 15.8, 20.1, 33.1, 34.5, 55.3, 90.1 (dd, JCF = 22, 

14 Hz), 114.1, 125.2, 129.4, 154.0 (dd, JCF = 287, 287 Hz), 158.9. 19F NMR (254 MHz, 

CDCl3) ! 70.3 (d, JFF = 44 Hz, 1F), 70.7 (d, JFF = 44 Hz, 1F). IR (neat) " 2954, 2833, 1425, 

1284, 1234, 951, 744, 723, 579 cm-1. Anal. Calcd for C13H15F2I: C, 44.34; H, 4.29%. Found: 

C, 44.37; H, 4.32%. 
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1- Fluoro-4-methyl-2-(p-methoxyphenyl)-1-cycropentene (10e) 

1-]B^U-2-]½¾B-1-u@U?`�` (10a) e-.#/0.SF,-#1p35

}SÛ261,1-Â]B^U-2-(p-�A[u]½¾B)-5-ÆlÇ-1-?`�` 138 mg 

(0.392 mmol)F tert-§�Bv�¨W (0.862 mmol)6Mö 55.9 mgFM÷ 69%6 

1H NMR (500 MHz, CDCl3) ! 1.15 (d, J = 6.9 Hz, 3H), 2.21-2.31 (m, 2H), 2.44 (ddddq, J = 

6.9, 6.9, 6.9, 6.9, 6.9 Hz, 1H), 2.78-2.87 (m, 2H), 3.80 (s, 3H), 6.87 (d, J = 8.8 Hz, 2H), 

7.42 (d, J = 8.8 Hz, 2H). 13C NMR (125 MHz, CDCl3) ! 22.2, 27.0 (d, JCF = 9 Hz), 38.3 (d, 

JCF = 7 Hz), 38.9 (d, JCF = 19 Hz), 55.2, 111.8 (d, JCF = 3 Hz), 113.7, 126.7 (d, JCF = 5 Hz), 

127.8 (d, JCF = 7 Hz), 154.8 (d, JCF = 282 Hz), 158.2. 19F NMR (254 MHz, CDCl3) ! 43.3 (s). 

IR (neat) " 2956, 2837, 1682, 1610, 1514, 1292, 1252, 1180, 1038, 831 cm-1. HRMS: calcd 

for C13H15OF (M+) 206.1107, found 206.1117. 
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�)�E�.��)�/��8K�DYOvX�m�/[Kq��BWXMN
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