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NuM ( 1.2 eq )

R = nBu, sBu

   rt, 15 min
   / Toluene
M = MgX or Li

    0 °C ! rt, 2 h
/ Toluene–HMPA
         ( 5 : 1 )
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# ssiKScheme# 1-5 iñµ��³�K>mÚÛ~78�;=e�PQ,R

Ã6�ªf·¸Jò]^6óô�t¢?á66K�6õUö÷J¢øB3ùú

SDTX§?PQ,R��6B3+S;<=>?³�ij? 20 ) ,  21 )wUsûtK

A1B5LüB(5JK¢øB3ùúSDT6~�ýþX��d�e��q;

r>sU�vK�6�����mB3+SJ��U�cdÄ�wÿ!KCaubere

vX§kKBuLi•Me2N(CH2)2OLi ;=e�üB(5¹§"A1B56»�6�

��B3+S¹§"èÖf·¸X#>?óôtm�c�±Scheme# 1-6)# 23)ws

6��JK BuLi U 2-(N3*0$1%&1'*§k()X*+iÄ?

BuLi•Me2N(CH2)2OLi (BuLi•LiDMAE);=e?sUiKüB(5LA1B56

�����m,-,¡5;�E�de?w  
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2-A1B*0©+56�����*+�U�d6<3ájkKèÖfS�c�

A1B5645�DE�;67>?Ýi89X:;<ew  

�siK=X Scheme#1-5 Xr����ØÙXf>ÄK�����X)��

N

i) 4 BuLi•LiDMAE †

    hexane, –78 °C, 0.5 h

ii) tBuCHO (10),

    –78 °C, 0.5 h

N NBu

1 35% 2  25%

+

Scheme 1-6

† preparation of BuLi•LiDMAE

Me2N
OH 2 BuLi+

 hexane

N
Me2

O
Li

Bu
Li

 tBu

OH

    0 °C, 0.5 h



!"#$%!

!

&§!

S¹§"èÖfS�c�A1B56DE;?@��w  

 

F'¬# !"#'()*+,'$'-./0123456*+##

AXyz{|iJK¡B)*+,%3*¡/Þ'¡   ;B¦TCU�dK

!"#'()*+,23456DE�;óô�de? 2 4 )ws6��JKDù�0

'¡EF6 F¬'G�;ï«sUX§kKã�i()*+,¨©*HÞ5 ® ;

*+�KIÞ(ùúJKULùSM[\NKLùS0B'*UM,2_�-B

5O�¤K !"#'()*+,2345;nE�¤?Ue«á6ij?wScheme#

1-5 Xr����ØÙXf>ÄA1B5R;��>?XJK-./01f;á

º !"#'()*+,2345;DE>?PQtj?w�siK-./01f·

¸6�R6ST�k;0$1fU�KLùS0B'*U�d $'L'`0©B

5;=e?sUiK+*¡�X0$1f;¢>? !"#'()*+,2345 U

;DE��wßedKU XüB(5�KVW¹§"XYZW;£=�¤?sU

iK0$1f6 %'D*$*S;�e [ ÃU\·�KÿâX(M,,N&5�K

[ X]SD2DB*¹§"¡B%3*0$5;£=�¤,Y;�«sUiKR

S6¶^Um? !"#'()*+,'$'-./012345 _ ;`amb5i*+

��±Scheme# 1-7)w#

#

#

#

#

#

#

#

#

#

#



!"#$%!

!

&Ì!

#

F' #  ')*+,A1B5C6DE#

F' 'F# %789:�6?@##

Scheme# 1-7 Xr��³�iDE�� !"#'()*+,2345 _ c X��d

%789:�;£=�¤K-./01f��ÝX¦n>?0©+5Þ(_*¥

X§?¨©*�)��6�8��ªtd�>cÒK ')*+,A1B5t°v

c?sUXm?±NÍ )w#

#

#

# ssiK¬'A1B*0©+5;*+>?�RXPQm%789:�6e*ò

;×Á?UKbÏ-./0©` _ c ;0©+5Þ(_*X>?fgKhXRS

â6A1B*Þ(_*;A1B*0©+5X>?fg6ilij78;PQ

U>?sU�vK%789:�J _ c X��»ke*lPQUm?w#

�siKScheme# 1-8 Xr>§«XKWlm%789:�;�"�6mnl

;-./0©` _ c X£=�¤�wbÏK-./0©` _ c X%789:�U

CF2 C
BR2

R

N
H

HCO2H (1.2 eq) POCl3 (1.2 eq)

CF3CH2OTs
2-Iodoaniline (0.9 eq)

rt, 6 h/ THF

  cat. Pd0
, CuI (1 eq)

Et3N (2.2 eq)

7
/ pyridine

6

7a : R =nBu 83%

7b : R = Et 80%

7c : R =sBu 82%

R =nBu 90%

R = Et 85%

R =sBu 87%

1)  nBuLi (2.1 eq)

2)  R3B (1.1 eq)

/ THF–HMPA (4 : 1)
4

/ CH2Cl2

3

R =nBu 77%

R = Et 77%

R =sBu 68%

OHC
Ac2O (1.2 eq)

rt, 1 h 0 °C, 0.5 h

F2C

H2N

R

5

F2C

R

F2C

N

R

C

Scheme 1-7
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�doÀ^=evcde?LùSpqBùú 2 5) ,  26 ); rst �i£=�¤�Us

ûK—78 °C �v 60 °C biuv�dá��JõUö÷wsvm�È�w�s

iKLùSpqBùú69:x;Ýy?�RX sz{| ;}~�K 60 °C i��

;�È�UsûK»�X�ª6  ')*+,A1B5 � c t ��K¹§"�6¯

lFij?¨A1B5 � c t ¬®�°vc�w�6�6%789:�U�dK�

��0©+5Þ(_*¥ij?B3ùú�)&4©`±����²KB3ùú'4,4’-

('&"'&'�3*¨)�©B`±����²;=e��DáKVW6RSFt°vc�w

(N/3*D2)�`B3ùú;=e��DJK~��dáRSFJõUö÷

°vcm�È�tK¡B�3*2�B3ùú 27 );=e��DKÐ�U>?A

1B5\·F;DÙ [��Uÿá`amb5i°?sUtiÄ�w�Ý6��;

bURd Table 1-1 Xr>w  

#

#

#

#

#

N

FF

N

n
Bu

n
Bu

N

n
Bu

F
F2C

N

n
Bu

C

Reductant

7a 8a 9a

+

Scheme 1-8

SmI2 ( 10 )

LiNp ( 4 )

LDBB ( 2.5 )

Mes2PLi ( 2.5 )

nBu3SnLi ( 2.5 )

THF–HMPA

THF

THF

THF

THF

1

2

3

5

4

Reductant ( eq ) Conditions
Yield / %

40

trace

60 °C, 5 h 24

21

39

Solvent

– 78 °C, 2 h ! rt, 1 h

– 78 °C, 1 h ! rt, 1 h

reflux, 3 h

8a

11

6

60

trace

50

– 78 °C, 1 h ! rt, 1 h

8a

32

27

20

9a

–

8

+ 9a
Enrty

Table 1-1"#$%&'()*+ a

  a  Reductant was added to 7a.
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# Table 1-1 6 Entry 5 Xr>§«XK%789:�U�d¡B�3*2�*3

ùú;=e��DKÐ�U>?RSF6b5tÿá`�È�sU�vKhX¡

B�3*2�B3ùú;=ed�vX����6ÿ½S;����?sUX

��w��6?@���vKA1B5 �c U¨A1B5 � c 6nEéJK-.

/0©` _ c U¡B�3*2�B3ùú6}~��X§Èd�Äm ¡;¢ð

?sUt��È�w�siK� c U � c ;il���X°?�RK}~��6£

m?¯º6³�±±|²#±�²²;=ed�N6?@;dR?sUX��±Scheme#

1-9, Table 1-2)w#

# #

#

bÏK-./0©` _ c X¡B�3*2�B3ùú;}~>?³� (A)iJK

¨A1B5 � c ;¤=�d¥Á�w�siKs6}~x�i6��v¦¹§"

¡B�3*2�B3ùú6ï=l6?@;�È�w��v¦; '_�#°C �v

'¬U# °C XÝy�UsûK9a 6b5t 43%UÚÏ�X§~�K�vX �#°C b

iÝy?sUiK9a 6b5J 59%bi¨Ý�� (Entries 1, 2, 3)w���K��

v¦;|vbiÝy?UKëX 9a 6b5J 35%U©N�� (Entry 4)wm¹K

(A)6³�X¹edK¡B�3*2�B3ùú6ï=l;o"lij?»ke

*lX>?U¶^t%ª«?t (Entries 5, 6)K2.5 ke*lX§L>sUi¶^

N

FF

N

nBu nBu

N

nBu

F
F2C

N

nBu

C

n
Bu3SnLi

/  THF

7a 8a

+

9a

Scheme 1-9

(A) nBu3SnLi .was added to7a. (B) 7a was added tonBu3SnLi .

LiNp LDBB Mes

tBuLi+Li+
tBu
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;¬X®¯>?sUtiÄ�w  

hXK³� (A)U}~��;°ÁK¡B�3*2�B3ùúX��-./0

©` 7a ;}~>?³� (B)iK��v¦¹§"¡B�3*2�B3ùú6ï=

l6?@;�È�w»ke*l6¡B� 3*2�B3ùú�X-./0©`

_ c ;}~�K'_�#°C X±È�bb%²³´µ��âX|vbiuv��Us

ûKA1B5 8a t 38%K¨A1B5 � c t F� %6b5i°vcK³� (A)6�

DUJëXA1B5 8a t¶nETU�d°vc� (Entry 7)w  

³� (B)iJK'_�#°C �vuv>?U¶^J®¯�c?á66Kãt·¸X

m?sUt��È�6iK'_�#°C i��;¹º�d��UsûK8a 6b5t

51%U Entry 7 Xé1¨Ý�� (Entry 8)ws6»K¶^t%ª¼b�c�sU�

vK��J'_�#°C i¹º>?sUU�K¡B�3*2�B3ùú6ï=l;

§L�d?@��Usû (Entries 9,10)K8a ; 80%U`amb5i°?sUti

Ä�w�Ý6��;bURd Table 1-2 Xr>w  
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N

FH

N

n
Bu

n
Bu

10a

 

 

# # †  ¨A1B5 9a 6%x6)��tY�X�ª�c�#  

# 10a t°vc�w  

 

 

 

Table 1-2 Xr��§«XK-./0©` 7a U¡B�3*2�B3ùú6}

~��¹§"��v¦X§ÈdK3-)*+,A1B5 8aK¨A1B5 9a ;�

c½c���XDE>?sUtiÄ�w�6ÿ½��;bUR?U�N6§«

Xm?w  

 

 

nBu3SnLi 

   !

2.5

2.0

Conditions

–78 °C, 1 h " rt, 1 h

–78 °C, 1 h " rt, 1 h

–25 °C, 1 h " rt, 1 h

–25 °C, 1 h " rt, 1 h

Yield / %

20

38

6

12

40

10

43

42

Method (A) : nBu3SnLi was added to 7a.

2.0

Method (B) : 7a was added to nBu3SnLi.

2.5

Entry

1

2

5

7

Table 1-2#3-$%&'()*+, 8a, 9a -./012

8a 9a
Comment

7a 7%34

0 °C, 1 h " rt, 1 h 10 432.06 7a 5%34

0 °C, 1 h " rt, 1 h 4 592.53

  rt, 1 h 8 352.54 7a 9%34

10a 18% †

2.0 –78 °C, 1 h 51 58 7a 20%34

2.5 –78 °C, 1 h 69 –9 7a 4%34

3.0 –78 °C, 1 h 80 –10

  ( eq )!
Method

A

A

A

A

A

A

B

B

B

B
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8a  : '_�# °C NK@ke*l6¡B�3*2�B3ùúX-./0©` 7a#  

# ;}~�Kj²³´µ��âKuv¤ÏX��;¹º>?w  

9a  : �#°C NK-./0©` 7a X 2.5 ke*l6¡B�3*2�B3ùú;  

# # }~�j²³´µ��âuv�K�vXj²³´µâX|vbiuv�  

# # �vXj²³´µ��âK��;¹º>?w  

 

hX-./0©` 7 6�ªf R U�dK�3*f (7a)�¾X%3*f (7b)K 

sec-�3*f (7c);=eK-./0©` 7 6%¿q;?@��  

±Scheme# 1-10, Table 1-3)w  

 

 

# Table 1-2 i°vc���6ÿ½��;áUXK-./0©` 7 U¡B�3

*2�B3ùú�v 8 ¹§" 9 6���mDE;?@��wTable 1-3 Xr>

§«XKA1B5 8 6DEX¹edK7 6�ªf R tÀÁ>4�;Â?UK%

3*fiJ�3*f§k��qt�^ (Entry 5)K sec-�3*f6�DXJ��

qt©N�� (Entry 6)wscJKsec-�3*ftÃ�e�RK sec-�3*fU)

�©*f6³i7F�¦tnÄK()*+,¨©*fU)�©*ftÅÆ;Ç

kX^e�RU×Áde?w  

 

N

FF

N

R R

N

R

F
F2C

N

R

C

n
Bu3SnLi

/  THF

7 8

+

9

Scheme 1-10
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# hXK°vc�¯¥6RSF 8 ¹§" 9 tK¡B�3*2�B3ùú6}~

��¹§"��v¦;°Á?2ðiK�c½c���XnE>?ø�Xºed

×È>?w  

 

F' ' # RSF �K � 6ÉµnEø�  

RSF �K� 6ÉµnEø�; Scheme#1-11 Xr>wbÏK¡B�3*2�

B3ùú6ÊË�X-./0©` _ ;}~>?U (³� (A))K�RXnÄ?0

©+5Þ(_*¥tRS�d ¬'A1B*Þ(_* Ì Um?wssiKmn6

¡B�3*2�B3ùút[\>?�RK ¬'A1B*Þ(_* Ì J�vX ¬'

A1B*0©+5 Ì Ì biÍL�X9:�cKA1B5 � t¶nETU�d°

vc?w#

%xK-./0©` _ X¡B�3*2�B3ùú;}~>?U (³� (B))K

¦n>? ¬'A1B*0©+5 Ì Ì tã�X«? _ L ¬'A1B*Þ(_* Ì U

��>?�RK¨A1B5 � t¶nETU�d°vc?á6U×Áde?w

�2�Ks6}~��iJK¬'A1B*Þ(_* Ì �v ¬'A1B*0©+5

Ì Ì Ã69:áÎ^m?�RK ¬'A1B*Þ(_* Ì t _ U����kKÌ 6

�Ïm÷WlmÐ��tÑÒiÄ?ws6�R³� (A)JKÓN��;ëX�

nBu3SnLi !

2.5 a

3.0 b

4.1 b

3.0 b

R

Et (7b)

nBu (7a)

secBu (7c)

Et (7b)

nBu (7a)

secBu (7c)

Conditions

–78 °C, 2 h

–78 °C, 1 h

–78 °C, 0.25 h

0 °C, 1 h " rt, 1 h

0 °C, 1 h " rt, 1 h

0 °C, 1 h " rt, 1 h

Yield / %

4

80 (8a)

–

12

65 (8c)

77 (8b)

59 (9a)

–

42 (9c)

42 (9b)

–

–

Method (A) : nBu3SnLi was added to 7.

2.1 a

Method (B) : 7 was added to nBu3SnLi.

2.5 a

Entry

1

3

2

4

6

5

Table 1-3#$%&'() 7 *+,-*./

8 9( eq )!
Method

A

B

A

A

B

B
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�³� (B)§kK��6TCbÔt©N� �á6UÕÚc?w#

#

#

# Ýi01�§«XK¨A1B5 � 6nEø�X#�dJ·ò6Ö×t×Á

vc?tK�6�6%ºU�dK¬'A1B*0©+5U-./0©` _ t�

��nE>?Ö×t j?w�siKs6nEÖ×6[\;6Ø>?�RK

Scheme#1-12Xr>ÙÚ;�È�w¡B�3*2�B3ùú�XfC _c ±ÛÜ(�Ý²

;}~�K'_� °C ij²³���¤�âK�ªf R 6£m?fC _Þ ±ÛÜßà²;

}~��UsûK8�á6¨A1B5 � â tnE��ws6��JK¨A1B

5 � 6nEÖ×U�dK¬'A1B*0©+5 II U-./0©` _ t��>?

Ö×6[\;Ôã>?á6ij?w  

 

F2C
C

N

R

Li

F2C

N

R

C

n
Bu3SnLi

– 
n
Bu3Sn

7

Li
N

R

F

H
+

N

R

F

– 
n
Bu3Sn

n
Bu3SnLi

8

II

N

R

F

I

N

FF

N

R R

N

R
F

F2C

C
N

R

N

R

F

Li

– LiF

–e
–

I

9

F2C

N

R

C

Scheme 1-11

– LiF
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# ssiKTable 1-2 �väå�� Table 1-4 Xr>ä'&;æ×XK¬'A1B

*0©+5 II UfC _ t���d¨A1B5 � tnE>?»6��v¦Xº

edKÉµ��ø�Xf>ed×È>?wÝ0��§«XK-./0©` _

X¡B�3*2�B3ùú;£=�¤?�D ±³�±|²² K��v¦J '_�  °C §

k �#°C 6xt¨A1B5 � 6b5¹§"��qt��È�ws6o¼JKh

6§«X×Áde?wã�i¦n>? ¬'A1B*0©+5 Ì Ì UfC _ t��

>?XJj?ç¦6v¦tPQijkK'_� °C Ni Ì Ì J _ U����^h$

X�Ï>?wscX��KèéNi��;�«sUX§kK¬'A1B*0©+

5 II UfC 7 têëX��>? (Entries 1, 2)w  

b�K¡B�3*2�B3ùú�XfC _ ;}~>?�D±³�±�²² Kuv

>?�D§ká'_� °C Ni��;¹º��xtKA1B5 � 6b5J��È

�ws6sU�vK¬'A1B*0©+5JK'_� °C iJéê�ìµX[\�

«?U×Ávc?á66Kuv>?XºcdWlmÐ��twskK·¸mí

DT;¥Áde?U×Ávc? (Entries 3, 5)w  

 

F2C
N

nBu

C

Li N

nBu
F

F2C
N

Et

C

N

FF

N

nBu Et

N

FF

N

nBu nBu

nBu3SnLi

(3.0 eq) –78 °C, 1 h 
    / THF

7b (0.8 eq)

–78 °C rt, 1.5 h

( 59% conversion yield 
         from 7b )

9a : 20% ( from 7a )

*7b : 50% recovery

+ +

IIa

Scheme 1-12

7a

9d : 26% ( from 7a )

N

nBu
F

8a : <20% ( from 7a )
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# hXKã�i¦n>? 2-A1B*0©+5JK'_�  °C NiJéê�ìµi

j?sUtrî�c�6iKs6v¦i 0*äå`Kæ,ç5STO6~78

�;£=�¤cÒK»�XWlmèÖf;áº 3-)*+,A1B5t°vc

?á6U×ÁK?@;�È�w  

#

#

#

#

#

#

#

#

#

N

FF

N

n
Bu

n
Bu

N

n
Bu

F
F2C

N

n
Bu

C

n
Bu3SnLi

/  THF

7a 8a

+

9a

Scheme 1-9

nBu3SnLi !

2.5

Conditions

–78 °C, 1 h " rt, 1 h

Yield / %

20 40

Method (A) : nBu3SnLi was added to 7a. Method (B) : 7a was added to nBu3SnLi.

Entry

1

8a 9a
Comment

0 °C, 1 h " rt, 1 h 4 592.52

2.0 –78 °C, 1 h " rt, 1 h 38 103 10a 18%

2.0 0 °C, 1 h " rt, 1 h 25 274 10a 17%

2.0 –78 °C, 1 h 51 55 7a 20%#$

Table 1-4

( eq )!
Method

A

A

B

B

B
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F' '®# »�XèÖf;ãº  ')*+,A1B5C6DE±j²#

—0*äå`K}¡5X§? ¬'A1B*0©+56ÓÔ—#

-./0©` _ §kã�i¦n�¤� ¬'A1B*0©+5;~78�iÓ

Ô;>?XJKh6¯ºtïðUm?w%ºJK¬'A1B*0©+5J'_� °C

�vuv>?XºcdñlX�Ï�de^sUij?wá«%ºJKA1B*

0©+56nEXSòl"l�Ý6¡B�3*2�B3ùú;=ede?�

RKã�X«Ède?¡B�3*2�B3ùút~78�U��>?sUij

?w#

�siK~78�;ó5�0*äå`Xôµ�Kscv¯º6ïð3;×/

�mtvK~78�6ÿ½ï=lXºed?@;�È�±Scheme# 1-13)w>m

ÚÛK¬'A1B*0©+5;ó5�0*äå`iÓÔiÄcÒKA1B56»

�i~�õ~td��K��>?0*ö'*t°vcd^?sUXm?w#

#

#

# @ke*l6¡B�3*2�B3ùúXfC _c ;}~� ±³�±�²²K'_� °C

i 1 ²³���¤�âKó5�0*äå`;~Á�wó5�0*äå`J THF

ÊËU�d}~�KÊË6÷¦J 0.3 M Xôµ��wm¹ÓNX#�dJKó

5�0*äå`6 THFÊË;ø^~Ád�b«UKÊË�6v¦tÝtÈdK

A1B*0©+56%ªt»�X�ª6 3-)*+,A1B5XmÈ�kKb

� 2-A1B*0©+56�ÏO6Ð��td��d�b«6iK20-25 �;Ð

ìX��(ù6úÆ;ûÚv¤düÈ^kÓN��w  

scv6ý%������6áUiKó5�0*äå`6yl6?@;�È

�w�6��K 2.1 ke*lbió5�0*äå`;§L>sUX§ÈdKÐ

n>?A1B5 � c L¨A1B5 � c JþÿlUmkKÐ�T FF c 6b5J _��

bi¨Ý>?sUt��È�w�Ý6��;DÚ¤d Table 1-5 Xr>w#

#

N

nBu
F

Li
N

nBu
F

Ph

H

F2C

N

nBu

C HO

nBu3SnLi (3.0 eq)

– 78 °C, 1 h
     / THF

PhCHO (eq)

7a 11a

– 78 °C ! rt, 1 h

Scheme 1-13

PhCHO ( eq )!!
Yield / %

7a was added to nBu3SnLi .

Entry
8a 9a

2.1 3 trace4

1.1 16 71

Table 1-5 : "#$%&'()*&+,

1.5 7 42

1.8 6 43

11a

78

52

63

65

PhCHO / THF : 0.3 M

addition time : 20-25 min
N

FF

N

n
Bu

n
Bu

N

n
Bu

F

8a 9a
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# Table 1-5 6���v 2-A1B*0©+5;ÓÔ>?�R6ÿ½��JK~

78�; 2.1 ke*l=eKsc;÷¦ 0.3 M 6  THF ÊËU�d 20-25 ��

ðdÓN>?sUUm?ws6��;=eK-./012345 7 6�ªf R

;°ÁdK¥l6_*H©*SDTX§? 2-A1B*0©+56ÓÔ;��

�±Scheme# 1-14)w#

#

#

# > mÚÛK   ke*l 6¡B�3*2�B3ùú�X-./0©`

_ ±_ c ±ÛÜ(�Ý²#_ Þ±ÛÜßà²#_ !±ÛÜ)"*�Ý²²;~ÁK rst �K'_�#°C i F ²³��

�¤�âKó5�0*äå`;}~��UsûK ')*+,A1B56»�i

~�õ~td��K��>?0*ö'*til`amb5i°vc�±ß"à#�$%#

F#¬# ²w�vX-./0©`; _ c Xôµ�KVW6��;�È�w ')�

©*-,I�'*K-.-,ü*0*äå`Kü&*0*äå`6§«m$%

'K$¯'K$('0*A*f;¢>?0*äå`;=e��DXáK��>

?0*ö'*;il`amb5iDE>?sUtiÄ�±ß"à#�$%#®#U#[²w

¬'�&15Kó5))�15K0*¡)�156§«m}¡5;}~���D

Xá��>?0*ö'*t°vc�t±ß"à#�$%#_#�#�²K0*¡)�156

�DJKÐ�U>?0*ö'*6b5t©N�K»�X�ª6  ')*+,A

1B5 � t ®��Ðn�� ±ß"à#+#�²wscJK¬'A1B*0©+5t0*¡)

�156_*H©*f6,�Y�;-Ääe��RU×Áde?wscv6�

��vK Scheme# 1-14 Xr>³�X§kK»�Xå`,A/f;¢>?  ')

*+,A1B5tDEiÄ?sU;.v�X��w�Ý6��;bURd

Table 1-6 Xr>w#

N

R1

F

Li
N

R1

F

R2

R3

F2C

N

R1

C HO

nBu3SnLi (3.0 eq)

– 78 °C, 1 h

R2R3CHO (2.1 eq)

/ THF
7 11

– 78 °C ! rt, 1 h

Scheme 1-14



!"#$%!

!

ËÎ!

#

#

F' 'U# »�XèÖf;ãº  ')*+,A1B5C6DE±¬² 

—0*äå`K}¡5�¾6~78�X§? ¬'A1B*0©+56ÓÔ—#

# Table 1-6 6��§kK2-A1B*0©+560*äå`K}¡5X§?Ó

ÔtÕÖijkK��>?0*ö'*t°vc?sU;r��w�siK�c

�¾6~78�;£=�¤?sUiK��6�vm?%¿S;ÍÈ�±Scheme#

1-15)w#

#

N

nBu
F

Li
N

nBu
F

E

F2C

N

nBu

C

nBu3SnLi ( 3.0 eq )

– 78 °C ! rt, 2 h

/ THF 127a

– 78 °C, 1 h

Electrophile

Scheme 1-15

Et (7b)a

nBu (7a)

PhCHO

PhCHO

PhCHO

PhCH2CH2CHO

R1

nBu (7a)

sBu (7c) b

nBu (7a)

nBu (7a)

2

78 (11a)1

3

4

72 (11f)

61 (11c)

73 (11b)

66 (11e)

74 (11d)

7 was added to nBu3SnLi.

R2R3CO

tBuCHO

iPrCHO

a nBu3SnLi (3.0 eq), – 78 °C, 0.25 h. b nBu3SnLi (4.1 eq), – 78 °C, 2 h.

Entry

9

56 (11h)Benzophenone

7

nBu (7a) Acetophenone 37 (11i)

8

2-Butanone 66 (11g)

5

6

nBu (7a)

nBu (7a)

Table 1-6!3-"#$%&'()* 11 + ,-

Yield / %

11 8

<5

2

trace

trace

2

4

2

48

10
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# bÏKD*$*f·¸6�R6~78�U�dVW%3*L �zt ;=e�U

sûKeÏc6�/;=e��Dáil[U�¹§" _��U`amb5iÐ�U

>? ¬'D*$* ' ')*+,A1B5;DE>?sUtiÄ�#

±ß"à#�$%#F#¬²w#

b�K0/*f·¸6�RXXYZWL]Só5)-*;=e�tKãt·

¸S�� ±ß"à#�$%# #®²w�6¶0U�dKscv6�/J��qt�>1?

�RU×ÁK§kv2m0/*S�ij? %%'(N3*ó5�0$`;=e

�UsûK»�Xó5)-*f;áº  ')*+,A1B5; _��U`amb5

i°?sUtiÄ�±ß"à#+#U²w#

m¹K ')*+,A1B5X·¸�c�D*$*fLó5)-*ftKã�

X[\>? ¬'A1B*0©+5U���dnE��SDTJ6Ø�cm�È

�wscJK¬'A1B*0©+5tK_*H©*f;·¸��@')*+,A

1B5U��>?§káK3�XÍ^~78�U��>?�vij?U×Ád

e?w#

~78�U�dKLù�LLùSN3*;=e?sUiK»�XLù��ª

fKN3*f;·¸��  ')*+,A1B56DE;?@��UsûKeÏ

c6�Dá»�X�ª6  ')*+,A1B5 � tÐn>?á66Kéê�`

amb5iÐ�T;°?sUtiÄ�±ß"à#�$%#[#_²w�vXKLùSN3*

;=e��DK}~�U�dLùSM ±Ì²; �G¬ ke*l~Á�UsûKÐ�

T6b5t  ¬��v UF�X¨Ý��wssiKLùSM ±Ì²6ï=l; �GU ke

*lX§L��tb5X�Äm°4JÂvcÏKJKli3�ij?sUt�

�È�#

±ß"à#�$%#�#�²w�Ý6��;bURd Table 1-7 Xr>w#

#
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#

# hXK Scheme# 1-16 X�eKA1B5»�Ã60B'*f·¸;?@��w#

#

#

# ZnCl26}~X§kA1B*B3ùú�vA1B*56Ã6¡Þ52N&*

S;�È�âKIÞ(ùúJK[\NKLùS0B'*U6M,2_�-B5

O;�«sUiK»�X0B'*f;áº 3-)*+,A1B56DE;��

�wTable 1-8 Xr>§«XKIÞ�X�ªf;¢>?LùS0B'*;=e

�UsûK78~-qK787¥q6�ªfeÏc6�DáKM,2_�-B

CHO1

Electrophile (eq)

HCO2Et ( 2.1 )

EEntry

Table 1-7!3-"#$%&'()* 12 + ,-

Yield / %

65 (12a) <7

12 8a
Comment

CHO2 DMF ( 2.1 ) 70  (12a) trace

Ac3 Ac2O ( 2.1 ) trace (12b) trace C.M.

PhCO5 PhCONMe2 ( 2.1 ) 79 (12c) –

I6 I2 ( 5.0 ) 52 (12d) <11

Me7 MeI ( 3.5 ) 32 (12e) <22

Me8 MeI ( 3.5 ) 51 (12e) 17

Me9 MeI ( 3.5 ) 50 (12e) 17

CuI ( 0.2 eq)

CuI ( 0.5 eq)

7 was added to nBu3SnLi.

PhCO4 PhCOCl ( 2.1 ) trace (12c) trace C.M.

N

nBu
F

Li
N

nBu
F

Ar

F2C

N

nBu

C

nBu3SnLi ( 3.0 eq )

/ THF 137a

– 78 °C, 1 h

i) ZnCl2 ( 2.5 eq )

Scheme 1-16

ii) Ar-I ( 0.8 eq )

cat. Pd2(dba)3•CHCl3–PPh3
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5Ot|viêëXd���±ß"à#�$%#F#¬²wÂ�K+*¡�X�ªf;¢>

?LùS0B'*iJKM,2_�-B5Ot|vid��X^^mkK~�

tPQUmÈ�±ß"à#+# ²w  

#

#

# �ÝKF' '® ¹§" F' 'U ir��§«XKã�X¦n>? ¬'A1B*0©

+5;ÓÔ>?~78�U�dK0*äå`K}¡56�Ki¥æ,ç5ST

L0$`Oá½=ÕÖij?w!³�;=e?sUX§kK ')*+,A1B

56»�X F'å`,A/0*A*fK0/*fK0*A*fK0B'*fK

Lù��ªfUeÈ�]Wm�ªf;·¸iÄ?sU;.v�X��w#

#

#

#

#

#

#

#

#

2

1

3a o-NH2C6H4I

p-MeOC6H4I

p-NO2C6H4I 74 (13a)

70 (13c)

87 (13b)

Entry

Table 1-8!"#$%&'()*+,-3-.(/012&34 13 5 67

Ar-I

<23

<26

11

a– 78 °C 8 rt, 2 h 8 reflux, 1 h

Conditions

– 78 °C 8 rt, 3 h

– 78 °C 8 rt, 2 h 8 reflux, 3 h

– 78 °C 8 rt, 3 h

Yield / %

13 8
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o-(1-Butyl-2, 2-difluorovinyl)aniline (5a) 

 

Butyllithium (1.56 ml, 1.63 M in hexane, 2.54 mmol) was added to a solution of 

2,2,2-trifluoroethyl p-toluenesulfonate (766 mg, 3.01 mmol) in THF (10 ml) at –78 °C 

over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 20 min 

at –78 °C, and then tributylborane (1.33 ml, 1.0 M in THF, 1.33 mmol) was added at 

–78 °C. After being stirred for 1 h, the reaction mixture was warmed to room 

temperature and stirred for an additional 3 h. The solution was treated with 

hexamethylphosphoric triamide (HMPA, 3 ml), triphenylphosphine (25 mg, 0.10 mmol), 

and tris(dibenzylideneacetonyl)bispalladium-chloroform (1/1) (25 mg, 0.02 mmol) and 

stirred for 15 min. To the solution was added the magnesium salt (generated from 

o-iodoaniline (238 mg, 1.09 mmol) and dibutylmagnesium (2.47 mmol, 0.44 M in Et2O, 

1.09 mmol) and THF (3 ml) at 0 °C for 30 min) and cuprous iodide (230 mg, 1.21 

mmol). After the mixture had been stirred for 1 h at room temperature, the mixture   

had been stirred for 1 h at room temperature, the reaction was quenched with phosphate 

buffer (pH 7). The mixture was filtered, and then organic materials were extracted with 

ethyl acetate (AcOEt) three times. The combined extracts were washed with brine and 

dried over Na2SO4. After removal of the solvent under reduced pressure, the residue was 

purified by column chromatography on silica gel (hexane-AcOEt 10 : 1) to give 5a (176 

mg, 0.831 mmol, 77%) as a yellow liquid. 

 

1H NMR (500 MHz, CDCl3) ! 0.87 (3H, t, J = 7.0 Hz), 1.30-1.35 (m, 4H), 2.29 (1H, tt, 

J = 7.0 Hz, JHF= 2.3 Hz), 3.66 (2H, br), 6.70-6.77 (2H, m), 7.00 (1H, dd, J = 7.6, 1.5 

Hz), 7.12 (1H, ddd, J = 7.6, 7.6, 1.5 Hz). 13C NMR (125 MHz, CDCl3) !13.7, 22.4, 27.7, 

29.8 (dd, JcF = 3, 3 Hz), 89.1 (dd, JCF = 22, 17 Hz), 115.6, 118.4, 119.0 (d, JCF = 3 Hz), 

128.9, 130.6 (d, JCF = 2 Hz), 144.3, 152.8 (dd, JCF = 290, 288 Hz). 19F NMR (471 MHz, 

CDCl3) 68.7 (1F, d, JFF = 43 Hz), 72.7 (1F, d, JFF = 43 Hz). IR (neat) " 3475, 3375, 2960, 

2930, 2860, 1740, 1620, 1495, 1230 cm-1. Anal. Found : C, 68.14 ; H, 7.07 ; N, 6.52. 

F2C

H2N

n
Bu
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Calcd for C12H15F2 : C, 68.23 ; H, 7.16 ; N, 6.63%. 

 

 

 

o-(1-sec-Butyl-2,2-difluorovinyl)aniline (5b) 

 

Compound 5b was prepared by the method described for 5a using butyllithium (1.56 ml, 

1.63 M in hexane, 2.54 mmol), 2,2,2-trifluoroethyl p-toluenesulfonate (301 mg, 1.21 

mmol), THF (10 ml), tributylborane (1.33 ml, 1.0 M in THF, 1.33 mmol), HMPA (3 ml), 

triphenylphosphine (25 mg, 0.10 mmol), 

tris(dibenzylideneacetonyl)bispalladium-chloroform (1/1) (25 mg, 0.02 mmol), 

N-butylmagnesio-o-iodoaniline [generated from o-iodoaniline (238 mg, 1.09 mmol) and 

dibutylmagnesium (2.47 ml, 0.44 M in Et2O, 1.09 mmol) in THF (3 ml) at 0 °C for 30 

min], and copper(I) iodide (230 mg, 1.21 mmol).  Purification by PTLC on silica gel 

(hexane–AcOEt 5:1) gave 5b (157 mg, 68%) as a pale yellow liquid.  

1H NMR (126 MHz, (CD3)2SO, 100 °C) ! 0.99 (3H, t, J = 7.3 Hz), 1.03–1.15 (3H, m), 

1.31–1.45 (1H, m), 1.54–1.66 (1H, m), 2.44–2.58 (1H, m), 4.58 (2H, br s), 6.62 (1H, 

ddd, J = 7.4, 7.4, 1.4 Hz), 6.79 (1H, d, J = 7.4 Hz), 6.92 (1H, d, J = 7.4 Hz), 7.07 (1H, 

ddd, J = 7.4, 7.4, 1.4 Hz).  

13C NMR (126 MHz, (CD3)2SO, 100 °C) ! 10.1, 17.2, 26.9, 34.5, 92.4 (dd, JCF = 16, 16 

Hz), 114.5, 115.4, 116.1, 127.8, 129.6, 145.8, 151.7 (dd, JCF = 290, 288 Hz). 

19F NMR (254 MHz, (CD3)2SO, 100 °C) !F 71.2 (1F, d, JFF = 49 Hz), 74.1 (1F, d, JFF = 

49 Hz). 

IR (neat) 3390, 2960, 1730, 1615, 1495, 1455, 1300, 1215, 935, 750 cm-1. 

MS (20 eV) m/z (%) 211 (M+; 100), 182 (57), 162 (82).  

F2C

H2N

sec
Bu
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HRMS calcd for C12H15NF2 211.1173 (M+); found 211.1184. 

 

 

 

N-[2-(1-Butyl-2,2-difluorovinyl)phenyl]formamide (6a) 

To a solution of 5a (1.46 g, 6.92 mmol) in pyridine (30 ml) was added formic acid (0.65 

ml, 17.3 mmol), acetic anhydride (1.63 ml, 17.3 mmol), and a catalytic amount of 

DMAP at room temperature under nitrogen.  After being stirred for 1 h, the reaction 

mixture was quenched with phosphate buffer (pH 7).  Organic materials were extracted 

with AcOEt three times.  The combined extracts were washed with aq. HCl (2 M) and 

brine, and then dried over Na2SO4.  After removal of the solvent under reduced 

pressure, the residue was purified by column chromatography on silica gel 

(hexane–AcOEt 2:1) to give 6a (1.49 g, 90%) as a pale yellow liquid.   

19F NMR (470 MHz, CDCl3) !F 70.9 (1F, dt, JFF = 39 Hz, JHF = 2Hz), 74.6 (1F, dd, JFF = 

39, 39 Hz). 

IR (neat) 3309, 2958, 2931, 2862, 1738, 1676, 1522, 1246, 1130, 968, 912, 725 cm-1.   

Anal. Calcd for C13H15NF2O: C, 65.26; H, 6.32; N, 5.85. Found: C, 65.46; H, 6.44, N; 

5.66. 

 

 

 

N
H

OHC

F2C

n
Bu

N
H

OHC

F2C

sec
Bu

6c
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N-[2-(1-sec-Butyl-2,2-difluorovinyl)phenyl]formamide (6c) 

Compound 6c was prepared by the method described for 6a using 5c (1.66 g, 7.85 

mmol), pyridine (20 ml), formic acid (0.59 ml, 19.6 mmol), acetic anhydride (1.49 ml, 

19.6 mmol), and catalytic amount of DMAP.  Purification by column chromatography 

on silica gel (hexane–AcOEt 2:1) gave 6c (1.63 g, 87%) as a pale yellow liquid.  

19F NMR (470 MHz, C6D5CD3) 72.4 (1F, dd, JFF = 41, 41 Hz), 75.8 (1F, d, JFF = 41, 41 

Hz). 

IR (neat) 3303, 2966, 2933, 1730, 1672, 1520, 1448, 1284, 1248, 1059, 912, 752 cm-1.   

Anal. Calcd for C13H15NF2O: C, 65.26; H, 6.32; N, 5.85. Found: C, 65.03; H, 6.40, N; 

5.67. 

 

 

 

2-(1-Butyl-2.2-difluorovinyl)phenyl isocyanide (7a). 

 

To a solution of 2-(1-butyl-2,2-difluorovinyl)benzformamide (223 mg, 0.93 mmol) in 

CH2Cl2 (8 ml) was added triethylamine (0.29 ml, 2.05 mmol) and phosphorous 

oxychloride (0.10 ml, 1.12 mmol ) at 0 °C under an argon atmosphere. After being 

strirred for 0.5 h , the reaction mixture was poued into 10% aqueous sodium 

carbonate.Organic materials were extracted with CH2Cl2 three times. The combined 

extracts were washed with brine and dried over Na2SO4.  After  removal of the solvent 

under reduced pressure , the residue was purified by thin layer chromatography on silica 

gel (Hexane-AcOEt 10:1) to give 7a (171 mg, 0.770 mmol, 83%) as a pale yellow 

liquid. 

 

1H NMR (500 MHz, CDCl3) ! 0.84 (3H, t, J = 7.0 Hz), 1.25-1.37 (4H, m), 2.38-2.43 

F2C

N

n
Bu

C



[!"#$%&] 

 38 

 
 

(2H, m), 7.28 (1H, dd, J = 7.7, 1.4 Hz), 7.35 (1H, ddd, J = 7.7, 7.7, 1.6 Hz), 7.38-7.44 

(2H, m). 13C NMR (125 MHz, CDCl3) !13.7, 22.1, 27.8, 29.6 (dd, JcF = 3, 3 Hz), 88.9 

(dd, JcF = 26, 16 Hz), 127.4, 128.7, 129.4, 130.6, 131.7, 131.8, 153.2 (dd, JcF = 290, 290 

Hz), 166.7. 19F NMR (471 MHz, CDCl3) ! 74.5 (1F, d, JFF = 39 Hz, JFH = 4.0), 70.5 (1F, 

d, JFF = 39 Hz). IR (neat) " 2960, 2930, 2860, 2130, 1740, 1240, 760 cm-1. HRMS calcd 

for C13H13NF2 221.101159 (M+); found 221.1022. 

 

 

 

2-(1-sec-Butyl-2.2-difluorovinyl)phenyl isocyanide (7c). 

 

Compound 7c was prepared by the method described for 7a using 6c (526 mg, 2.20 

mmol), CH2Cl2 (15 ml), triethylamine (0.77 ml, 5.50 mmol), and phosphorus 

oxychloride (0.30 ml, 3.29 mmol).  Purification by column chromatography on silica 

gel (hexane–AcOEt 10:1) gave 7c (398 mg, 82%) as a pale yellow liquid. 

1H NMR (500 MHz, C6D5CD3) ! 0.86 (3H, t, J = 7.0 Hz), 0.99 (3H, dd, J = 7.0 Hz, JHF = 

0.9 Hz), 1.22 (1H, ddq, J = 14.0, 7.0, 7.0 Hz), 1.47 (1H, ddq, J = 14.0, 7.0, 7.0 Hz), 2.44 

(1H, ddqd, J = 7.0, 7.0, 7.0 Hz, JHF = 1.2 Hz), 6.78 (1H, ddd, J = 7.6, 7.6, 1.6 Hz), 

6.85–7.00 (3H, m).  

13C NMR (126 MHz, CDCl3) ! 12.1, 18.5, 28.5 (t, JCF = 3 Hz), 36.4, 93.4 (dd, JCF = 23, 

13 Hz), 127.9, 128.0, 128.2, 131.2, 131.4, 131.5, 154.1 (dd, JCF = 288, 288 Hz), 171.4. 

19F NMR (470 MHz, C6D5CD3) !F 72.6 (1F, d, JFF = 41 Hz), 76.8 (1F, d, JFF = 41 Hz). 

IR (neat) 2966, 2877, 2121, 1736, 1460, 1238, 1061, 993, 937, 762 cm-1.   

MS (20 eV) m/z (%) 221 (M+; 46), 206 (69), 192 (100).  

HRMS calcd for C13H13NF2 221.1016 (M+); found 221.1000. 

F2C

N

sec
Bu

C

7c
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4-Butyl-3-fluoroquinoline (8a) 

 

'()*+,-./01/2 (0.510 ml, 1.01 mmol) 3 THF456*1.59 M3

./07/89+,-245 (0.635 ml, 1.01 mmol) :;<*=>?@ABCD*

-78 °C6(EFGHI345J6*KLMNOP 7a (74.6 mg, 0.337 mmol) 3 THF

45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@AB*7

2`ab5:;<GGIc6dYWef:ghB*1i/0ijk0:lmn

op:qrstB*uTVCnop:vwxy789z{|45}~�B*�

`���M89}��FGH4�:����BW�U�G��:*M7��0

��9���y����j���4��+,-2j�`i/0 5�1�6d[?

���B*8a (55.0 mg, 80%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.97 (3H, t, J = 7.3 Hz), 1.46 (2H, tq, J = 7.4, 7.4 Hz), 

1.64-1.72 (2H, m), 3.08 (2H, dt, J = 7.8, JHF =1.8 Hz), 7.59 (1H, dd, J = 7.6, 7.6 Hz), 

7.66 (1H, ddd, J = 7.6, 7.6, 0.8 Hz), 7.98 (1H, dd, J = 8.4, 0.8 Hz), 8.11 (1H, dd, J = 8.4, 

0.8 Hz), 8.74 (1H, d, JHF =1.2 Hz). 13C NMR (125 MHz, CDCl3) ! 13.8, 22.8, 23.9(d, JcF 

= 3 Hz), 31.8, 123.5 (d, JcF = 6 Hz), 127.2, 127.9 (d, JcF = 3 Hz), 128.0 (d, JcF = 4 Hz), 

130.3, 131.6 (d, JcF = 12 Hz), 141.0 (d, JcF = 29 Hz), 145.5 (d, JcF = 2 Hz), 154.3 (d, JcF 

= 251 Hz). 19F NMR (471 MHz, CDCl3) ! 28.6 (1F, s). IR (neat) " 2960, 2931, 1512, 

1464, 1379, 1323, 1225, 1142, 760, 665 cm-1. HRMS calcd for C13H14NF 203.1110 

(M+); found 203.1128. 

 

 

N

n
Bu

F

N

Et

F
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4-Ethyl-3-fluoroquinoline (8b) 

 

'()*+,-./01/2 (0.576 ml, 1.14 mmol) 3 THF456*1.59 M3

./07/89+,-245 (0.700 ml, 1.14 mmol) :;<*=>?@ABCD*

-78 °C6(EFGHI345J6*KLMNOP 7b (74.6 mg, 0.337 mmol) 3 THF

45:QR:STUVWXYZ[;<GH-78 °C6\YC]] 0.25^_@AB*

72`ab5:;<GGIc6dYWef:ghB*1i/0ijk0:lm

nop:qrstB*uTVCnop:vwxy789z{|45}~�B*

�`���M89}��FGH4�:����BW�U�G��:*M7��

0��9���y����j���4��+,-2j�`i/0 5�1�6d[

?���B*8b (51.0 mg, 77%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 1.32 (3H, t, J = 7.6 Hz), 3,10 (2H, dq, J = 7.6, 1.7 Hz), 

7.59 (1H, dd, J = 8.0, 7.3 Hz), 7.66 (1H, m), 7.98 (1H, dd, J = 8.3, 0.8 Hz), 8.11 (1H, dd, 

J = 8.5, 0.7 Hz), 8.74 (1H, d, JHF =1.1 Hz). 13C NMR (125 MHz, CDCl3) ! 14.1, 17.4 (d, 

JcF = 3 Hz), 123.3 (d, JcF = 6 Hz), 127.2, 127.6 (d, JcF = 3 Hz), 127.9 (d, JcF = 4 Hz), 

130.2, 132.8 (d, JcF = 12 Hz), 141.0 (d, JcF = 29 Hz), 145.5, 154. (d, JcF = 250 Hz). 19F 

NMR (471 MHz, CDCl3) ! 27.8 (1F, s). IR (neat) " 2976, 2937, 1606, 1512, 1464, 1325, 

1255, 926, 760, 665 cm-1. 

 

4-sec-Butyl-3-fluoroquinoline (8c) 

 

'()*+,-./01/2 (0.705 ml, 1.40 mmol) 3 THF456*1.60 M3.

/07/89+,-245 (0.875 ml, 1.40 mmol) :;<*=>?@ABCD*

-78 °C6(EFGHI345J6*KLMNOP 7c (75.3 mg, 0.340 mmol) 3 THF

45:QR:STUVWXYZ[;<GH-78 °C6\YC]] 2^_@AB*7

N

sec
Bu

F
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2`ab5:;<GGIc6dYWef:ghB*1i/0ijk0:lmn

op:qrstB*uTVCnop:vwxy789z{|45}~�B*�

`���M89}��FGH4�:����BW�U�G��:*M7��0

��9���y����j���4��+,-2j�`i/0 5�1�6d[?

���B*8c (45.2 mg, 65%):�GH 

 

19F NMR (254 MHz, CDCl3) ! 33.0 (1F, s) 

 

 

 

4,4’-Dibutyl-3,3’-difluoro-2,2’-biquinoline (9a) 

 

+,-./01/2 (0.436 mi, 0.863 mmol) 3 THF456*'()*1.60 M3

./07/89 +,-245(0.540 ml, 0.863 mmol) :;<*=>?@AFGH

I�:*7a ( 76.4 mg, 0.345 mmol) 3 THF45J6'() ;B*'()=^_

@ABCD*¡¢}=^_@AB*72`ab5:;<GGIc6dYWef

:ghFGH1i/0ijk0:lmnop:qrstB*uTVCnop:

vwxy789z{|45}~�B*�`���M89}��FGH4�:�

���BW�U�G��:*M7��0��9���y����j���4��

+,-2j�`i/0 5�1�6d[?���B*9a (41.1 mg, 59%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 1.00 (3H, t, J = 7.3 Hz), 1.51 (2H, tq, J = 7.5, 7.5 Hz), 

1.72-1.80 (2H, m), 3.20 (2H, t, J = 7.8), 7.66 (1H, ddd, J = 8.2, 7.0, 1.2 Hz), 7.72 (1H,  

ddd, J = 8.4, 6.9, 1.5 Hz), 8.06 (1H, dd, J = 8.4, 8.4 Hz), 8.31 (1H, dd, J = 8.4, 8.4 Hz). 

13C NMR (125 MHz, CDCl3) ! 13.8, 22.7, 24.1, 31.8, 123.3, 127.6, 128.2, 128.5, 130.9, 

132.8 (dd, JcF = 10, 3 Hz), 145.2, 145.3, 152.9 (dd, JcF = 256, 2 Hz). 19F NMR (471 MHz, 

CDCl3) ! 31.0 (1F, s). IR (neat) " 2958, 2929, 2872, 1504, 1456, 1377, 1338, 1221, 

1188, 1144, 762 cm-1. HRMS calcd for C26H26N2F2 404.20637 (M+); found 404.2057 

 

N

FF

N

n
Bu

n
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4,4’-Diethyl-3,3’-difluoro-2,2’-biquinoline (9b) 

 

+,-./01/2 (0.294 ml, 0.582 mmol) 3 THF456*'()*1.60 M3

./07/89+,-245 (0.357 ml, 0.583 mmol) :;<*=>?@AFGH

I�:*7b (53.5 mg, 0.277 mmol) 3 THF45J6'() ;B*'()=^_

@ABCD*¡¢}=^_@AB*72`ab5:;<GGIc6dYWef

:ghFGH1i/0ijk0:lmnop:qrstB*uTVCnop:

vwxy789z{|45}~�B*�`���M89}��FGH4�:�

���BW�U�G��:*M7��0��9���y����j���4��

+,-2j�`i/0 5�1�6d[?���B*9b (20.5 mg, 42%):�GH 

1H NMR (500 MHz, CDCl3) ! 1.38 (3H, t, J = 7.6 Hz), 3.21 (2H, q, J = 7.6 Hz), 7.65 

(1H, dd, J = 7.6, 7.2 Hz), 7.71 (1H, dd, J = 7.4, 7.1 Hz), 8.05 (1H, dd, J = 8.3, 8.3 Hz), 

8.28 (1H, dd, J = 8.3, 8.3 Hz). 13C NMR (125 MHz, CDCl3) ! 14.1, 17.8, 123.2, 127.7, 

128.3, 130.9, 134.1 (d, JcF = 10 Hz), 145.4, 152.7 (d, JcF = 254 Hz). 19F NMR (471 MHz, 

CDCl3) ! 30.2 (1F, s). IR (neat) " 2972, 1612, 1508, 1455, 1348, 1325, 1255, 1192, 

1147, 763 cm-1. Anal. Calcd for C22H18F2N2: C, 75.85; H, 5.21; N, 8.04%. Found: C, 

75.67; H, 5.35; N, 7.92%.! ! !    

 

 

 

4,4’-Di-sec-butyl-3,3’-difluoro-2,2’-biquinoline (9c) 

 

N

FF

N

Et Et

9b

N

FF

N

sec
Bu

sec
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9c



[!"#$%&] 

 43 

 
 

+,-./01/2 (0.433 ml, 0.858 mmol) 3 THF456*'()*1.60 M3

./07/89+,-245 (0.536 ml, 0.858 mmol) :;<*=>?@AFGH

I�:*7c (75.9 mg, 0.343 mmol) 3 THF45J6'() ;B*'()=^_

@ABCD*¡¢}=^_@AB*72`ab5:;<GGIc6dYWef

:ghFGH1i/0ijk0:lmnop:qrstB*uTVCnop:

vwxy789z{|45}~�B*�`���M89}��FGH4�:�

���BW�U�G��:*M7��0��9���y����j���4��

+,-2j�`i/0 5�1�6d[?���B*9c (29.0 mg, 42%):�GH 

 

19F NMR (254 MHz, CDCl3) ! 35.0 (1F, s). 

 

 

 

4-Butyl-3-fluoro-2-(1-hydroxyphenylmethyl)quinoline (11a) 

 

'()*+,-./01/2 (0.414 ml, 0.820 mmol) 3 THF456*1.59 M

3./07/89 +,-245 (0.550 ml, 0.820 mmol) :;<*=>?_@A

BCD*-78 °C6(EFGHI345J6*KLMNOP 7a (60.5 mg, 0.273 mmol) 

3 THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@

AB*£2¤N0¥¦P ( 57.9 mg, 0.546 mmol) 3 0.3 MTHF45:5R:ST

UVWXYZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}¨

¢B 1^_@AFGH72`ab5:;<GGIc6dYWef:ghB*1

i/0ijk0:lmnop:qrstB*uTVCnop:vwxy789

z{|45}~�B*�`���M89}��FGH4�:����BW�U

�G��:*M7��0��9���y����j���4��+,-2j�

`i/0 5�1�6d[?���B*11a (66.1 mg, 78%):�GH 
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1H NMR (500 MHz, CDCl3) ! 0.91 (3H, t, J = 7.5 Hz), 1.38 (2H, tq, J = 7.5, 7.5 Hz), 

1.60 (2H, tt, J = 7.5, 7.5 Hz), 2.96-3.01 (2H, m), 5.83 (1H, d, J = 6.2 Hz), 6.06 (1H, dd, 

J = 6.2, 1.4 Hz), 7.24 (1H, tt, J = 6.8, 1.6 Hz), 7.30 (1H, t, J = 6.8 Hz), 7.41 (1H, d, J = 

6.8 Hz), 7.56 (1H, t, J = 7.8 Hz), 7.67 (1H, td, J = 7.8, 0.9 Hz), 7.92 (1H, d, J = 7.8 Hz), 

8.14 (1H, dd, J = 7.8, 0.9 Hz). 13C NMR (125 MHz, CDCl3) ! 13.7, 22.7, 24.0, 31.7, 

71.1, 123.5 (d, JCF = 5 Hz), 125.9, 127.0, 127.2, 127.8, 128.3 (d, JCF = 3 Hz), 128.4, 

132.8 (d, JCF = 13 Hz), 142.0, 143.4, 150.7, 151.8 (d, JCF = 228 Hz). 19F NMR (471 MHz, 

CDCl3) ! 28.8 (1F, s). IR (neat) " 3398, 2958, 2929, 1610, 1508, 1458, 1396, 1356, 

1227, 1146, 1109, 1063, 1007, 762, 698, 665 cm-1. 

 

 

 

4-Ethyl-3-fluoro-2-(1-hydroxyphenylmethyl)quinoline (11b) 

'()*+,-./01/2 (0.501 ml, 0.992 mmol) 3 THF456*1.59 M3

./07/89 +,-245 (0.609 ml, 0.992 mmol) :;<*=>?_@AB

CD*-78 °C6(EFGHI345J6*KLMNOP 7b (63.9 mg, 0.331 mmol) 

3 THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@

AB*£2¤N0¥¦P ( 73.8 mg, 0.695 mmol) 3 0.3 MTHF45:5R:ST

UVWXYZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}¨

¢B 0.5^_@AFGH72`ab5:;<GGIc6dYWef:ghB*1

i/0ijk0:lmnop:qrstB*uTVCnop:vwxy789

z{|45}~�B*�`���M89}��FGH4�:����BW�U

�G��:*M7��0��9���y����j���4��+,-2j�

`i/0 5�1�6d[?���B*11b (68.4 mg, 73%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 1.25 (3H, t, J = 7.6 Hz), 2.99-3.04 (2H, m), 5.83 (1H, d, 

J = 6.2 Hz), 6.06 (1H, dd, J = 6.2, 1.2 Hz), 7.25 (1H, tt, J = 7.3, 2.0 Hz), 7.31 (1H, t, J = 

N

Et

F

11b

HO

Ph
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7.3 Hz), 7.43 (1H, d, J = 7.3 Hz), 7.58 (1H, t, J = 7.6 Hz), 7.68 (1H, td, J = 7.6, 0.8 Hz), 

7.93 (1H, d, J = 7.6 Hz), 8.15 (1H, dd, J = 7.6, 0.8 Hz). 13C NMR (125 MHz, CDCl3) ! 

14.0, 17.6 (d, JCF = 15 Hz), 71.1, 123.3 (d, JCF = 5 Hz), 127.1, 127.2, 127.9, 128.3 (d, JCF 

= 9 Hz), 128.4, 129.6, 134.0 (d, JCF = 13 Hz), 141.9, 143.6 (d, JCF = 3 Hz), 150.8, 151.0,   

151.5 (d, JCF = 252 Hz). 19F NMR (471 MHz, CDCl3) ! 28.0 (1F, s). IR (neat) " 3398, 

2958, 2929, 1610, 1460, 1396, 1356, 1227, 1146, 1007, 762, 698, 665 cm-1. Anal. Calcd 

for C18H16FNO: C, 76.85; H, 5.73; N, 4.96%. Found: C, 76.92; H, 5.83; N, 4.87%.! !  

 

 

 

4-sec-Butyl-3-fluoro-2-(1-hydroxyphenylmethyl)quinoline (11c) 

 

'()*+,-./01/2 (0.726 ml, 1.44 mmol) 3 THF456*1.59 M3.

/07/89 +,-245 (0.900 ml, 1.44 mmol) :;<*=>?_@ABCD*

-78 °C6(EFGHI345J6*KLMNOP 7c (77.6 mg, 0.351 mmol) 3 THF

45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@AB*£

2¤N0¥¦P (108.0 mg, 1.02 mmol) 3 0.3 MTHF45:5R:STUVWX

YZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}¨¢B 0.5

^_@AFGH72`ab5:;<GGIc6dYWef:ghB*1i/0

ijk0:lmnop:qrstB*uTVCnop:vwxy789z{|

45}~�B*�`���M89}��FGH4�:����BW�U�G�

�:*M7��0��9���y����j���4��+,-2j�`i/

0 5�1�6d[?���B*11c (66.0 mg, 61%):�GH 

 

19F NMR (254 MHz, CDCl3) ! 32.7 (1F, s). 
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4-Butyl-3-fluoro-2-(1-hydroxy-3-phenylpropyl)quinoline (11d) 

 

'()*+,-./01/2 (0.471 ml, 0.933 mmol) 3 THF456*1.59 M3

./07/89 +,-245 (0.576 ml, 0.933 mmol) :;<*=>?_@AB

CD*-78 °C6(EFGHI345J6*KLMNOP 7a (68.8 mg, 0.311 mmol) 

3 THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@

AB*3-�©O0ª�«xj0 ( 87.6 mg, 0.653 mmol) 3 0.3 MTHF45:5R

:STUVWXYZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢

]}¨¢B 1^_@AFGH72`ab5:;<GGIc6dYWef:gh

B*1i/0ijk0:lmnop:qrstB*uTVCnop:vwxy

789z{|45}~�B*�`���M89}��FGH4�:����B

W�U�G��:*M7��0��9���y����j���4��+,-

2j�`i/0 5�1�6d[?���B*11d (78.0 mg, 74%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.95 (3H, d, J = 7.5 Hz), 1.45 (2H, tq, J = 7.5, 7.5 Hz), 

1.66 (2H, tt, J = 7.5, 7.5 Hz), 1.94-2.01 (1H, m), 2.26-2.33 (1H, m), 2.80-2.91 (2H, m), 

3.06 (2H, td, J = 7.5, 1.6 Hz), 4.97 (1H, d, J = 3.4 Hz), 5.13 (1H, br), 7.14 (1H, td, J = 

7.6, 1.5 Hz), 7.20-7.25 (4H, m),7.57 (1H, t, J = 7.6 Hz), 7.67 (1H, td, J = 7.6, 0.8 Hz), 

7.95 (1H, dd, J = 7.6, 0.8 Hz), 8.08 (1H, dd, J = 7.6, 0.8 Hz). 13C NMR (125 MHz, 

CDCl3) ! 13.8, 22.8, 24.0, 31.6, 31.8, 38.9, 68.2, 123.4 (d, JCF = 5 Hz), 125.7, 126.8, 

127.9 (d, JCF = 4 Hz), 128.3, 128.5, 129.4, 132.4 (d, JCF = 13 Hz), 142.0, 143.5 (d, JCF = 

3 Hz), 151.7 (d, JCF = 251 Hz), 151.9 (d, JCF = 22 Hz). 19F NMR (471 MHz, CDCl3) ! 

27.2 (1F, s). IR (neat) " 3410, 2958, 2929, 2860, 1612, 1508, 1496, 1456, 1398, 1389, 

1354, 1230, 1176, 1144, 1080, 1076, 700 cm-1.  
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4-Butyl-3-fluoro-2-(1-hydroxy-2-methylpropyl)quinoline (11e) 

 

'()*+,-./01/2 (0.505 ml, 1.00 mmol) 3 THF456*1.59 M3.

/07/89 +,-245 (0.618 ml, 1.00 mmol) :;<*=>?_@ABCD*

-78 °C6(EFGHI345J6*KLMNOP 7a (73.8 mg, 0.334 mmol) 3 THF

45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@AB*K

L./0N0¥¦P(48.3 mg, 0.670 mmol) 3 0.3 MTHF45:5R:STUVW

XYZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}¨¢B 0.5

^_@AFGH72`ab5:;<GGIc6dYWef:ghB*1i/0

ijk0:lmnop:qrstB*uTVCnop:vwxy789z{|

45}~�B*�`���M89}��FGH4�:����BW�U�G�

�:*M7��0��9���y����j���4��+,-2j�`i/

0 5�1�6d[?���B*11e (60.2 mg, 66%):�GH 

 

19F NMR (254 MHz, CDCl3) ! 27.7 (1F, s). 

 

 

 

4-Butyl-3-fluoro-2-(1-hydroxy-2, 2-dimethylpropyl)quinoline (11f) 

 

'()*+,-./01/2 (0.529 ml, 1.05 mmol) 3 THF456*1.59 M3.
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/07/89 +,-245 (0.646 ml, 1.05 mmol) :;<*=>?_@ABCD*

-78 °C6(EFGHI345J6*KLMNOP 7a (77.2 mg, 0.349 mmol) 3 THF

45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@AB*¬

0N0¥¦P(63.1 mg, 0.733 mmol) 3 0.3 MTHF45:5R:STUVWXY

Z[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}¨¢B 0.5^

_@AFGH72`ab5:;<GGIc6dYWef:ghB*1i/0i

jk0:lmnop:qrstB*uTVCnop:vwxy789z{|4

5}~�B*�`���M89}��FGH4�:����BW�U�G��

:*M7��0��9���y����j���4��+,-2j�`i/0 5�

1�6d[?���B*11f (72.2 mg, 72%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.97 (3H, d, J = 7.4 Hz), 0.98 (9H, s), 1.45 (2H, tq, J = 

7.4, 7.4 Hz), 1.67 (2H, tt, J = 7.4, 7.4 Hz), 1.68 (2H, tt, J = 7.5, 7.5 Hz), 3.09 (2H, td, J 

= 7.4, 1.0 Hz), 4.39 (1H, d, J = 8.8 Hz), 4.84 (1H, dd, J = 8.5, 1.9 Hz), 7.57 (1H, t, J = 

7.7 Hz), 7.65 (1H, td, J = 7.7, 1.1 Hz), 7.96 (1H, dd, J = 7.7, 1.1 Hz), 8.07 (1H, dd, J = 

7.7, 1.1 Hz). 13C NMR (125 MHz, CDCl3) ! 13.8, 22.7, 24.0 (d, JCF = 3 Hz), 25.7, 31.9, 

37.4, 74.8 (d, JCF = 2 Hz), 123.4 (d, JCF = 5 Hz), 126.8, 127.8, (d, JCF = 1 Hz), 128.0, 

129.7, 131.8 (d, JCF = 14 Hz), 143.8 (d, JCF = 3 Hz), 151.4 (d, JCF = 22 Hz), 152.2 (d, JCF 

= 251 Hz). 19F NMR (471 MHz, CDCl3) ! 32.1 (1F, s). IR (neat) " 3458, 2960, 2933, 

2871, 1608, 1508, 1458, 1400, 1381, 1358, 1281, 1232, 1144, 1111, 1072, 1018, 760, 

665 cm-1.  

 

 

 

4-Butyl-3-fluoro-2-(1-hydroxy-1-methylpropyl)quinoline (11g) 

 

'()*+,-./01/2 (0.483 ml, 0.957 mmol) 3 THF456*1.59 M3

N
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./07/89 +,-245 (0.591 ml, 0.957 mmol) :;<*=>?_@AB

CD*-78 °C6(EFGHI345J6*KLMNOP 7a (70.6 mg, 0.319 mmol) 

3 THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@

AB*i/0®/0¯y2 (48.3 mg, 0.670 mmol) 3 0.3 MTHF45:5R:S

TUVWXYZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}

¨¢B 0.5^_@AFGH72`ab5:;<GGIc6dYWef:ghB*

1i/0ijk0:lmnop:qrstB*uTVCnop:vwxy78

9z{|45}~�B*�`���M89}��FGH4�:����BW�

U�G��:*M7��0��9���y����j���4��+,-2j

�`i/0 5�1�6d[?���B*11g (57.7 mg, 66%):�GH 

 

19F NMR (254 MHz, CDCl3) ! 27.5 (1F, s). 

 

 

4-Butyl-3-fluoro-2-(1-hydroxy-1, 1-diphenylmethyl)quinoline (11h) 

 

'()*+,-./01/2 (0.502 ml, 0.994 mmol) 3 THF456*1.59 M3

./07/89 +,-245 (0.614 ml, 0.994 mmol) :;<*=>?_@AB

CD*-78 °C6(EFGHI345J6*KLMNOP 7a (73.3 mg, 0.331 mmol) 

3 THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@

AB*£2°�©±2 (126.6 mg, 0.695 mmol) 3 0.3 MTHF45:5R:STU

VWXYZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}¨¢

B 0.5^_@AFGH72`ab5:;<GGIc6dYWef:ghB*1i

/0ijk0:lmnop:qrstB*uTVCnop:vwxy789z

{|45}~�B*�`���M89}��FGH4�:����BW�U�

G��:*M7��0��9���y����j���4��+,-2j�`

i/0 5�1�6d[?���B*11h (71.0 mg, 56%):�GH 
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1H NMR (270 MHz, CDCl3) ! 0.91 (3H, t, J = 7.3 Hz), 1.36 (2H, tq, J = 7.3, 7.3 Hz), 

1.61 (2H, m), 3.00 (2H, m), 7.30 (6H, m), 7.40 (5H, m), 7.58 (1H, m), 7.68 (1H, m),  

7.95 (1H, dd, J = 8.4, 8.4 Hz), 8.13 (1H, dd, J = 8.4, 8.4 Hz). 13C NMR (67.5 MHz, 

CDCl3) ! 13.9, 22.7, 24.2 (d, JCF = 4 Hz), 31.8, 123.3 (d, JCF = 5 Hz), 127.3 (d, JCF = 6 

Hz), 127.7, 128.1, (d, JCF = 3 Hz), 128.4, 128.5, 128.6, 134.2 (d, JCF = 14 Hz), 142.5 (d, 

JCF = 3 Hz), 144.2, 151.7 (d, JCF = 253 Hz), 151.9 (d, JCF = 19 Hz). 19F NMR (254 MHz, 

CDCl3) ! 39.8 (1F, s). IR (neat) " 3292, 3055, 2956, 2933, 2862, 1598, 1506, 1495, 

1446, 1396, 1353, 764, 700 cm-1. Anal. Calcd for C24H24FNO: C, 81.01; H, 6.28; N, 

3.63%. Found: C, 80.75; H, 6.39; N, 3.63%.! !   

 

 

 

4-Butyl-3-fluoro-2-(1-hydroxy-1-phenylethyl)quinoline (11i) 

 

'()*+,-./01/2 (0.470 ml, 0.932 mmol) 3 THF456*1.59 M3

./07/89 +,-245 (0.626 ml, 0.932 mmol) :;<*=>?_@AB

CD*-78 °C6(EFGHI345J6*KLMNOP 7a (68.7 mg, 0.311 mmol) 

3 THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@

AB*N²y�©±2 (78.5 mg, 0.653 mmol) 3 0.3 MTHF45:5R:STU

VWXYZ[;<GH-78 °C6\YC]] 0.5^_@AB*§U6¡¢]}¨¢

B 0.5^_@AFGH72`ab5:;<GGIc6dYWef:ghB*1i

/0ijk0:lmnop:qrstB*uTVCnop:vwxy789z

{|45}~�B*�`���M89}��FGH4�:����BW�U�

G��:*M7��0��9���y����j���4��+,-2j�`

i/0 5�1�6d[?���B*11i (37.0 mg, 37%):�GH 
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19F NMR (254 MHz, CDCl3) ! 34.4 (1F, s). 

 

 

 

4-Butyl-3-fluoroquinoline-2-carboaldehyde (12a) 

 

'()*+,-./01/2 (0.473 ml, 0.937 mmol) 3 THF456*1.59 M

3./07/89+,-245 (0.575 ml, 0.937 mmol) :;<*=>?_@AB

CD*-78 °C6(EFGHI345J6*KLMNOP 7a (69.1 mg, 0.312 mmol) 

3 THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@

AB*DMF (47.9 mg, 0.655 mmol) 3 0.3 MTHF45:5R:STUVWXYZ

[;<GH78 °C6\YC]]=^_@AB*§U6¡¢]}¨¢B=^_@A

FGH72`ab5:;<GGIc6dYWef:ghB*1i/0ijk0

:lmnop:qrstB*uTVCnop:vwxy789z{|45}~

�B*�`���M89}��FGH4�:����BW�U�G��:*M

7��0��9���y����j���4��+,-2j�`i/0 5�1�

6d[?���B*12a (50.8 mg, 70%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.3 Hz), 1.46 (2H, tq, J = 7.3, 7.3 Hz), 

1.70 (2H, tt, J = 7.3, 7.3 Hz), 3.12-3.17 (2H, m), 7.72 (1H, t, J = 8.0 Hz),  

7.76 (1H, t, J = 8.0 Hz), 8.02 (1H, d, J = 8.0 Hz), 8.24 (1H, d, J = 8.0 Hz),  

10.3 (1H, d, JHF =0.5 Hz). 13C NMR (125 MHz, CDCl3) ! 13.7, 22.7, 23.9(d, JcF = 4 Hz), 

31.8, 129.0, 129.7, 130.1 (d, JcF = 4 Hz), 131.4, 134.8 (d, JcF = 12 Hz),  

141.7 (d, JcF = 13 Hz), 144.9 (d, JcF = 13 Hz), 153.7 (d, JcF = 265 Hz), 190.5.  

19F NMR (471 MHz, CDCl3) ! 26.7 (1F, s). IR (neat) " 2960, 2341, 1714, 1591, 1560, 

1452, 1195, 750 cm-1. 
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2-Benzoyl-4-butyl-3-fluoroquinoline (12c) 

 

'()*+,-./01/2 (0.485 ml, 0.960 mmol) 3 THF456*1.59 M3

./07/89+,-245 (0.589 ml, 0.960 mmol) :;<*=>?_@ABC

D*-78 °C6(EFGHI345J6*KLMNOP 7a (70.8 mg, 0.320 mmol) 3

THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@A

B*N, N-1®/0£2¤N³P (100.3 mg, 0.672 mmol) 3 0.3 MTHF45:5R

:STUVWXYZ[;<GH78 °C6\YC]]=^_@AB*§U6¡¢]

}¨¢B=^_@AFGH72`ab5:;<GGIc6dYWef:ghB*

1i/0ijk0:lmnop:qrstB*uTVCnop:vwxy78

9z{|45}~�B*�`���M89}��FGH4�:����BW�

U�G��:*M7��0��9���y����j���4��+,-2j

�`i/0 5�1�6d[?���B*12c (77.3 mg, 79%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.6 Hz), 1.49 (2H, tq, J = 7.6, 7.6 Hz), 

1.73 (2H, ttd, J = 7.6, 7.6, JHF = 2.1 Hz), 3.15(2H, td, J = 7.6, JHF = 1.7 Hz), 7.48 (2H, t, 

J = 7.5 Hz), 7.62 (1H, t, J = 7.5, Hz), 7.67 (1H, td, J = 7.8, 1.2 Hz), 7.71 (1H, td, J = 7.8, 

1.3 Hz), 8.00 (2H, d, J = 7.5 Hz), 8.04 (1H, dd, J = 7.8, 1.2 Hz), 8.15 (1H, dd, J = 7.8, 

1.3 Hz). 13C NMR (125 MHz, CDCl3) ! 13.8, 22.8, 24.1, 31.8, 123.5 (d, JcF = 5 Hz), 

128.3, 128.5, 128.6, 128.8 (d, JcF = 4 Hz), 130.5, 130.8, 133.7 (d, JcF = 13 Hz), 133.8, 

135.8, 144.1 (d, JcF = 2 Hz), 146.7 (d, JcF = 21 Hz), 152.3 (d, JcF = 257 Hz), 191.7.  

19F NMR (471 MHz, CDCl3) ! 29.7 (1F, s). IR (neat) " 2958, 2924, 2862, 1678, 1599, 

1456, 1375, 1282, 1221, 1173, 899, 762, 688 cm-1. 
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4-Butyl-3-fluoro-2-iodoquinoline (12d) 

 

'()*+,-./01/2 (0.420 ml, 0.833 mmol) 3 THF456*1.59 M3

./07/89+,-245 (0.560 ml, 0.833 mmol) :;<*=>?_@ABC

D*-78 °C6(EFGHI345J6*KLMNOP 7a (61.4 mg, 0.278 mmol) 3

THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@A

B*´8µ (352.2 mg, 1.39 mmol) 3 0.3 MTHF45:5R:STUVWXYZ

[;<GH78 °C6\YC]]=^_@AB*§U6¡¢]}¨¢B=^_@A

FGH72`ab5:;<GGIc6dYWef:ghB*1i/0ijk0

:lmnop:qrstB*uTVCnop:vwxy789z{|45}~

�B*�`���M89}��FGH4�:����BW�U�G��:*M

7��0��9���y����j���4��+,-2j�`i/0 5�1�

6d[?���B*12d (48.0 mg, 52%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.78 (3H, t, J = 7.3 Hz), 1.46 (2H, tq, J = 7.3, 7.3 Hz), 

1.68 (2H, tt, J = 7.3, 7.3), 3.08 (2H, td, J = 7.3, JHF = 1.6 Hz), 7.61 (1H, t, J = 7.6 Hz), 

7.65 (1H, t, J = 7.6 Hz), 7.95 (1H, d, J = 7.6 Hz), 8.06 (1H, d, J = 7.6 Hz). 13C NMR 

(125 MHz, CDCl3) ! 0.0, 13.8, 22.7, 24.7, 31.7, 110.6 (d, JcF = 34 Hz), 123.6 (d, JcF = 5 

Hz), 127.6, 128.7, 129.6, 131.7 (d, JcF = 5 Hz), 146.9 (d, JcF = 2 Hz), 152.2 (d, JcF = 253 

Hz). 19F NMR (471 MHz, CDCl3) ! 53.1 (1F, s). IR (neat) " 2958, 2929, 1585, 1549, 

1466, 1333, 1317, 1163, 758 cm-1. Anal. Calcd for C13H173NFI: C, 47.94; H, 3.98; N, 

4.26%. Found: C, 47.65; H, 4.10; N, 3.99%. 
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4-Butyl-3-fluoro-2-methylquinoline (12e) 

 

'()*+,-./01/2 (0.451 ml, 0.894 mmol) 3 THF456*1.59 M3

./07/89+,-245 (0.548 ml, 0.894 mmol) :;<*=>?_@ABC

D*-78 °C6(EFGHI345J6*KLMNOP 7a (65.9 mg, 0.298 mmol) 3

THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@A

B*´8w¶(I) (11.4 mg, 0.0596 mmol) ·d¸´jP®¹2 (148.0 mg, 1.04 

mmol)3 0.3 MTHF45:5R:STUVWXYZ[;<GH78 °C6\YC]

]=^_@AB*§U6¡¢]}¨¢B=^_@AFGH72`ab5:;<

GGIc6dYWef:ghB*1i/0ijk0:lmnop:qrstB*

uTVCnop:vwxy789z{|45}~�B*�`���M89}�

�FGH4�:����BW�U�G��:*M7��0��9���y��

��j���4��+,-2j�`i/0 5�1�6d[?���B*12e (33.3 mg, 

51%):�GH 

 

19F NMR (254 MHz, CDCl3) ! 31.6 (1F, s). 

 

 

4-Butyl-3-fluoro-2-(4-nitrophenyl)quinoline (13a) 

 

'()*+,-./01/2 (0.505 ml, 0.999 mmol) 3 THF456*1.59 M3
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./07/89+,-245 (0.617 ml, 0.999 mmol) :;<*=>?_@ABC

D*-78 °C6(EFGHI345J6*KLMNOP 7a (73.7 mg, 0.333 mmol) 3

THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@A

B*0.35 M3vwº»(II)THF45 (2.38 ml, 0.833 mmol):;<*-78 °C6\Y

C]]0.5^_@AFGH-78 °C6\YC]]*y7�©O0¼½��2 (14.0 mg, 

0.0533 mmol)*y7½(1£217¥2N²yO0)¾½«�189-���¼09

¿À (1/1) (13.8 mg, 0.0133 mmol)·d¸ p-Oy�´jP£2Á2 (66.3 mg, 0.266 

mmol) :;<*¡¢]}¨¢BÂ^_@AFGH72`ab5:;<GGIc

6dYWef:ghB*1i/0ijk0:lmnop:qrstB*uTV

Cnop:vwxy789z{|45}~�B*�`���M89}��FGH

4�:����BW�U�G��:*M7��0��9���y����j��

�4��+,-2j�`i/0 5�1�6d[?���B*13a (63.4 mg, 74%):

�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.99 (3H, t, J = 7.3 Hz), 1.50 (2H, tq, J = 7.3, 7.3 Hz), 

1.73 (2H, tt, J = 7.3, 7.3), 3.16 (2H, td, J = 7.3, 7.3 Hz), 7.63 (1H, t, J = 7.5 Hz), 7.71 

(1H, td, J = 7.6, 1.1 Hz), 8.00 (1H, d, J = 8.4 Hz), 8.16 (1H, dd, J = 8.4, 0.5 Hz), 8.25 

(2H, dd, J = 8.9, 1.6 Hz), 8.35 (2H, dd, J = 8.9, 1.6 Hz). 13C NMR (125 MHz, CDCl3) 

! 13.8, 22.8, 24.2 (d, JcF = 4 Hz), 31.9, 123.4 (d, JcF = 5 Hz), 123.5, 127.2, 127.6 (d, JcF 

= 21 Hz), 127.9 (d, JcF = 21 Hz), 130.3 (d, JcF = 61 Hz), 130.5, 133.5, 133.6, 145.1 (d, 

JcF = 3 Hz), 145.5, 145.6, 152.8 (d, JcF = 257 Hz). 19F NMR (471 MHz, CDCl3) ! 32.2 

(1F, s). IR (neat) " 2954, 2933, 1600, 1520, 1346, 1192, 1144, 1105, 858, 764, 713, 499, 

443 cm-1. Anal. Calcd for C19H17FN2O2: C, 70.36; H, 5.28; N, 8.64%. Found: C, 70.30; 

H, 5.37; N, 8.39%. 
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4-Butyl-3-fluoro-2-(4-methoxyphenyl)quinoline (13b) 

 

'()*+,-./01/2 (0.457 ml, 0.904 mmol) 3 THF456*1.59 M3

./07/89+,-245 (0.557 ml, 0.904 mmol) :;<*=>?_@ABC

D*-78 °C6(EFGHI345J6*KLMNOP 7a (66.7 mg, 0.301 mmol) 3

THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@A

B*0.35 M3vwº»(II)THF45 (2.15 ml, 0.753 mmol):;<*-78 °C6\Y

C]]0.5^_@AFGH-78 °C6\YC]]*y7�©O0¼½��2 (12.6 mg, 

0.0482 mmol)*y7½(1£217¥2N²yO0)¾½«�189-���¼09

¿À (1/1) (12.5 mg, 0.0120 mmol)·d¸ p-®y,M´jP£2Á2 (56.4 mg, 

0.241 mmol) :;<*¡¢]}¨¢BÂ^_@AFGH72`ab5:;<GG

Ic6dYWef:ghB*1i/0ijk0:lmnop:qrstB*u

TVCnop:vwxy789z{|45}~�B*�`���M89}��

FGH4�:����BW�U�G��:*M7��0��9���y���

�j���4��+,-2j�`i/0 5�1�6d[?���B*13b (64.7 mg, 

87%):�GH 

 

19F NMR (254 MHz, CDCl3) ! 32.5 (1F, s). 
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4-Butyl-3-fluoro-2-(2-aminophenyl)quinoline (13c) 

 

'()*+,-./01/2 (0.492 ml, 0.975 mmol) 3 THF456*1.59 M3

./07/89+,-245 (0.602 ml, 0.975 mmol) :;<*=>?_@ABC

D*-78 °C6(EFGHI345J6*KLMNOP 7a (71.9 mg, 0.325 mmol) 3

THF45:QR:STUVWXYZ[;<GH-78 °C6\YC]]=^_@A

B*0.35 M3vwº»(II)THF45 (2.32 ml, 0.813 mmol):;<*-78 °C6\Y

C]]0.5^_@AFGH-78 °C6\YC]]*y7�©O0¼½��2 (13.6 mg, 

0.0520 mmol)*y7½(1£217¥2N²yO0)¾½«�189-���¼09

¿À (1/1) (13.5 mg, 0.0130 mmol)·d¸ o-´jPNO72 (56.9 mg, 0.260 mmol) 

:;<*¡¢]}¨¢B 2^_@AFGHÃ3D*;ÄÅÆ: 1^_Çm*7

2`ab5:;<GGIc6dYWef:ghFGH1i/0ijk0:lm

nop:qrstB*uTVCnop:vwxy789z{|45}~�B*

�`���M89}��FGH4�:����BW�U�G��:*M7��

0��9���y����j���4��+,-2j�`i/0 5�1�6d[

?���B*13c (53.4 mg, 70%):�GH 

 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.3 Hz), 1.49 (2H, tq, J = 7.3, 7.3 Hz), 

1.72 (2H, dt, J = 7.3, 7.3), 3.14 (2H, t, J = 7.3 Hz), 5.16 (2H, s), 6.83 (1H, dd, J = 8.3, 

8.3 Hz), 6.84 (1H, d, J = 7.0 Hz), 7.23 (1H, dd, J = 7.0, 7.0 Hz), 7.57 (1H, dd, J = 8.3, 

8.3 Hz), 7.58 (1H, d, J = 7.0 Hz), 7.66 (1H, dd, J = 7.0, 7.0 Hz), 7.97 (1H, d, J = 8.3 

Hz), 8.06 (1H, d, J = 8.3 Hz).  13C NMR (125 MHz, CDCl3) ! 13.9, 22.8, 24.3 (d, JcF = 

4 Hz), 31.9, 117.1, 117.6, 119.1 (d, JcF = 5 Hz), 123.3 (d, JcF = 5 Hz),126.8, 127.4 (d, JcF 

= 3 Hz), 128.1 (d, JcF = 2 Hz), 129.6, 130.3, 131.2 (d, JcF = 9 Hz), 133.2 (d, JcF = 15 Hz), 

144.2 (d, JcF = 4 Hz), 146.2, 149.2 (d, JcF = 17 Hz), 152.4 (dd, JcF = 257, 257 Hz).  19F 

NMR (471 MHz, CDCl3) !F 34.9 (1F, s).  IR (neat) " 3462, 2958, 1604, 1502, 1464, 
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1408, 1383, 1219, 1146 cm-1.  
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>?PQRSTU[B2G]N1-'()*+,-.*�^*U2�^*��[

F3C B(OH)2

2-Iodobenzaldehyde (0.8 eq)

2 mol% Pd(PPh3)4

OHC
1

 Na2CO3(aq.)

80 °C, 8 h

5 90%

/ Toluene–MeOH

CF3

I

CO2H

BH3•THF (1.5 eq) I

OH

MnO2 (10 eq) I

CHOrt, 24 h
/ THF

 90%

 rt, 24 h
/ CH2Cl2

 86%

Scheme 2-7
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BÂµ¨©?wssLN!H#2 Scheme 1-4 ]¶Yvj{]Ngem-O)*

+, -o-PQRST/.01] Grignard 89��2}~�;�=de?DNH

ÿtYZ'*I1;=�?tN}~��MPQRST[B�JKF] Æ?s

t�L�ãdZ�?w¿sLN89Hÿ;'*I1�2M�2N�Hÿ;=

�NÃv 3-)*+,lT(1;§¨v Scheme 1-4 ]Ø�ZNêÂnopqr

L�FF;§¨v}~�L�? tBuLi ;=�N& -'()*+,-.*/.0

1 4 23456789;ÀÁYv®Scheme 2-8)w  

!

 

ÃÄN0 °C #LNPQRS^Ú 4 ] tBuLi ;�=devtsON 32%tNq

rLM�?�N�FFL�? 4-O)*+,-.*lT(1 8a’;Ê?st�L

Æv (Entry 1)ws2DNO4Ú,lT(1� 8a MPAÊ©pÓkvstÓ

©N8a Ó© 8a’�2Ë�7MQ×Ó]¦zYZ�?Â2tR¹?wÃvNS

cGFtYZ 3-)*+,lT(1 10a �Ê©ZÆvws2 10a 2cG]T

YZM<2j{]µ¨Z�?®Scheme 2-9)w>p¹ºNPQRS^Ú 4 2PQ

RSTU[BLMpA ,%'()*+,-.*�^*U� tBuLi 2fg� s

ªNÇ�Z)A7FP+1�hi>? S N2’89�¦zYNgem-O)*+,/.

01 9a �cG>?wd©]N9a 2PQRSTU[B�"=�2 tBuLi �fg

YNbc>?[B}~a]j?�^*�)AB2345$%�¦z>?stLN

10a �cG>?ws{Yv tBuLi ]j? ,%'()*+,-.*�^*U�2}

~��;U¨?vVN89õW; -78°C ]#XZ 4 ] tBuLi ;g¨vtsON

8a’2qr� 53%ÃLÞ\Yv (Entries 2,  3)w89Hÿ;'*I1Ó©ClY1

�.¨vªNóø�2[B}~a;Z�7>?vV HMPA ;[gYv�N8a’

2qrM¿\N 43, 48%tpªN 8a’2qrÞ\]M=p�©pÓkv

CF3

CN N

CF3

t
Bu N

CF2

t
Bu N

CF2H

t
Bu

– F 
–t

BuLi

Scheme 2-8

4 8a 8a'7a
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(Entries 4,  5)wÃvN tBuLi 2]=^;_×YvtsONScGFL�? 10a

2qr� 17%tpªNEntries 1-5 t`@Z_gYv (Entry 6)w:\2¢�;

Table 2-1 ]¶>w  

 

 

:  

: <]N}~�;.¨ZN4-O)*+,-.*lT(1 8’ 2EG;ÀÁYv

Yield / %
tBuLi / eq Conditions

1

Solvent
8a'

2

Comment
10a

0 °C, 1 h
! rt, 1h

Entry

1032

– 78 °C, 1 h
! rt, 1h

4 3% "#

4 7% "#

853

1.2

1.2

Toluene

Toluene

Table 2-1 : $%&'()*+,-./0(41tBuLi-)*)

3 – 78 °C, 1 h
! rt, 1h

6531.3 Toluene

4 – 78 °C, 1 h
! rt, 1h

15431.3 Hexane

6 – 78 °C, 1 h
! rt, 1h

17451.5 Toluene

5

– 78 °C, 0.5 h

 ! –45 °C, 0.5 ha

! rt, 1h

348
1.3 Toluene–HMPA

a HMPA023

( 5 : 1 )

CF3

CN CN N
t
Bu

t
BuLi

t
BuLi

F2C

Scheme 2-9: 10a !"#$%

4 10a

– F 
–

9a

N

F2C
– F 

–

t
Bu

F

t
Bu

t
Bu

C
t
Bu
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®Scheme 2-10)w¿2¢�; Table 2-2 ]¶>w  

 

 

: ÃÄNlT(162a�]ì.*U;Â=lT(1 8b’ 2EG;ÀÁYvw

PQRS^Ú 4 ]'*I1óN nBuLi ;�=devtsONb�cd7Yv

(Entry 1)wsM nBuLi 289���>e?vVtfgYN<] nBuMgBr ;=

�Zhi289;zkvw>p¹º Grignard 89�M¼j(.ñå89�j

ª89��N�stÓ©NPQRSTU�2}~��2JK��Þ\YN�F

FL�?lT(1 8’2qrÞ\]=p�?Â2tklYvwPQRS^Ú 4

]'*I1óNnBuMgBr ;�=devtsONS^(1 2 �Ê©ZÆv (Entry 

2)wsMNPQRSTU�2 nBuMgBr 2fgM¦zYZ�?Â22N¿2

<2345fg�¦zYp�vVN89mn÷] Scheme 2-10 ]¶YvS^+

1 7 ��,'17;oßNc-vPâ1�d©]g03pYZcGYvtµ¨

©?w¿sLNHÿ2ÀÁ;zkvtsONIÛD*óL89;z�Nd©

]óø�2[B}~a;Z�7>?vV HMPA ;g¨v¡E]N27%tNqr

LM�?��FFL�?a�]ì.*U;Â=lT(1 8b’;Ê?st�LÆ

vw  

ÃvNEtMgBr ;=�N2-I.*lT(1  8c’2EG;ÀÁYv¢�NHMPA

q[g2¡EM Table 2-2, Entry 22¡EthiS^(1 2;§¨v� (Entry 6)N

HMPA 2[g]jª 27%2Nqrp�©Na�]I.*U;Â=lT(1 8c’

�Ê©v (Entry 7)w:\2¢�; Table 2-2 ]¶>w  

 

 

 

CF3

CN N

CF3

R
1 N

CF2

R
1

N

CF2H

R
1

– F 
–

R
1
M

Scheme 2-10

4 8 8'7
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: :\N 2-2-3 ]Ø�ZN+*'�]PQRSTU;¼>?& %'()*+,-

.*/.01]�YN}~�tYZS*l*(.ñå�?�M 8903219: 8

9�;�=de?stLNr�]O)*+,-.*UØjÙa�]S*l*U

;¼>?lT(1��� 8a’-8c’;EG>?st�LÆvws2¢�; !

Table 2-1 ØjÙ Table 2-2 jªstYZ Table 2-3 ]ÃtVZ¶>w !

!

!

1

R1M ConditionsSolvent 8' / %

–

Entry

nBuLi (1.2) Toluene

Table 2-2 : !"#$%&'(#)*+,(4-R1M)./)

(eq)

– 78 °C, 1 h
0 rt, 1h

2 –
nBuMgBr (2.0) Toluene 0 °C, 0.5 h

0 rt, 1h

3 –nBuMgBr (1.2)
rt, 0.5 h

 0 0 °C, 0.5 ha 

0 rt, 1h

4 27 (8b')nBuMgBr (1.2)
Et2O rt, 0.5 h

 0 0 °C, 0.5 ha

0 rt, 1h

5 –nBuMgBr (1.2)
THF rt, 0.5 h

 0 0 °C, 0.5 ha

0 rt, 1h

6 –EtMgBr (1.3)
– 78 °C, 1 h
0 rt, 1h

7 27 (8c')EtMgBr (1.3)
– 45 °C, 1 h

 0 – 45 °C, 0.25 ha 

0 rt, 1h

a HMPA,'(

Toluene

–HMPA ( 5 : 1 )

–HMPA ( 5 : 1 )

–HMPA ( 5 : 1 )

Toluene

Toluene

–HMPA ( 5 : 1 )

2 / %

–

<11

8

6

–

30

6

4 / %

–

–

31

4

–

–

4
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2-2-4: 345fg89;<=Yv'(ØjÙO)*+,-.*U;¼>?P

QlT(1���2EG  

—o-á*â*& -'()*+,-.*/.01t NH4OAc 289—!

u]vwxôLMN+*'�]á*â*U;¼>? "#$�O)*+,/.0

1 11 ]�YZNNH4OAc ;�=de?tNc-?PâTU�B]j?�^*

�)AB235$%�¦zYN3-)*+,PQlT(1 12 �yrnAÊ©

?st;z©Ó]YZ�?®Scheme 2-11)  3 0)w:

:

N

CF2H

t
Bu

8a'

N

CF2H

n
Bu

8b'

N

CF2H

Et

8c'

R1M ConditionsSolvent 8' / %Entry

Table 2-3 :  !"#$%&%'()*+,-./%0123%&456789

(eq)

2 27 (8b')nBuMgBr (1.2)
Et2O rt, 0.5 h

 : 0 °C, 0.5 ha

: rt, 1h

–HMPA ( 5 : 1 )

3 27 (8c')EtMgBr (1.3)
– 45 °C, 1 h

 : – 45 °C, 0.25 ha 

: rt, 1h

a HMPA;<=

Toluene

1 – 78 °C, 1 h
: rt, 1h

53 (8a')tBuLi (1.3) Toluene

–HMPA ( 5 : 1 )
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!

!

!

!

!
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!

:

:

:

: ¿sLs2¢�;Ât]No-á*â*& -'()*+,-.*/.01 5 ;

NH4OAc LûüYZá*â*U;Pâ1�t.%YN¿2PâTU�B]j?

,%'()*+,-.*�^*U�2fg;z{stLN7%O)*+,-.*

PQlT(1 13 ��Ast;ÀÁYv®Scheme 2-12)w !

!

!

DMF-H2O(10:1){EHÿóL89;zkvtsON,%'()*+,-.*�

^*U�2Pâ12fgM¦z>?Â22N|k]8YZ<2)A7FP+1

2hi�¦zeÄN)AB2}�[B\L�,'17;oßZcGYvtR¹

? 7%'()*+,-.* %&'7%O4Ú,PQlT(1 14 � 84%2�qrL

Ê©v®Scheme 2-13)w  

h-89; DMF 2CL89;zkv¡EN14 2qrM 73%ÃLN#Yvw

s2�~tYZMNDMF-H2O(10:1){EHÿ]`@ DMF 2CLM NH4OAc 2

Hp���3LMpAN89�xy]¦zYpÓkvvVtµ¨Z�?w  

ÃvssLMN89� ,%'()*+,-.*�^*U�2}~���fg

F2C

nBu

OHC

Scheme 2-11

NH4OAc ( 5.0 eq )

rt, 1 h

/ DMF-H2O

F2C

nBu

C
H

– F 
–

N

nBu

F

12 83%(10 : 1)

HN

11

CF3

OHC

Scheme 2-12 (!"#$%&'())

NH4OAc
CF3

C
H

N

CF2

5

HN

– F –

N

CF2H

13



!!"#"!

!

!

!

!

!

-(!

!

LnÃª N)A7FP+12hi;¥{345 SN2’89M¦zYpÓkvw¿

2ü�]=�ZMNNH4OAc Ó©N892¦zttÂ]c-?�ú]jªNf

g��Q×Ó]�,'17;oßvvVtµ¨Z�?w !

!

!

: <]NÊ©vO4Ú,PQlT(1 14 2ÌÍÎ7]jkZN4-'()*

+,-.*PQlT(1 15 �2��;BCv ®Scheme 2-14)w  

 

 

DDQ ]��d?a�2ú7�; 14 ]�=devwÃÄN11�1óL

DDQ × 4-',_^*;=�vtsONôõLMh0B��t��¦zeÄN

g�>?tb�cd7Yv (Entries 1,  2)wO',,-È1óL 4-',_^*;

=�?tôõL��M��dv�Ns2¡EÂb�cd7YN�FFMÊ©

pÓkv (Entry 3)w14 ]ú7î191 (IV);[gYZN11�1ó 16 h g�

W�;zkv�N14 � 50%�qd?2CLNs2¡EÂ�FFMÊ©p

Ókv (Entry 4)ws]�YNý_Oñå[B]j? 14 2�þh0B;BC

vtsON13%tNqrp�©�Ft>? 4-'()*+,-.*PQlT(1

15 ;Ê?st�LÆvw:\2¢�;ÃtVZ Table 2-4 ]¶>w  

CF3

OHC

Scheme 2-13

NH4OAc ( 5.0 eq )

rt, 5 h

CF3

C
H

N

CF3

14  84%5

/ DMF-H2O

(10 : 1)

HN

Scheme 2-14

N

CF3

14

Reagent

N

CF3

15

–H2
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: s2j{]Nú7�]j? 14 2ÌÍÎ7M��tµ¨N<]ùU]j?Ì

ÍÎ7;ÀÁYvw>p¹ºN)AB2}�2�,'1;ÅÆsÆN)A7F

P+12hiØjÙ"�¢E2Ë�7]j?ÌÍÎ7;<=YZN13 2EG

;BCv :®Scheme 2-15)wTHF ó 14 ]ùUtYZ LDA ;g¨?tb�cd7

YvÂ22NDMF ó DBU ;=�?stLN�Ft>? 4-O)*+,-.*P

QlT(1 13 ; 50%2qrLÊ?st�LÆv®Scheme 2-15)w  

 

 

:\2j{]N o-á*â*& -'()*+,-.*/.01 5 ]�YN

DMF-H2O(10:1){EHÿóNNH4OAc ;�=de?stLN4-'()*+,-

.*PQlT(1��� 14 ; 86%t�{�qrLEGLÆvwd©]NÊ©

v 14 ; DBU Lûü>?st]jªÌÍÎ7;z�N50%2qrL 4-O)*

1

ConditionsSolventEnrty

DDQ ( 3.0 ) Benzene

Table 2-4 : !"#$%&'()*14+,-.

reflux, 2 h

Reagent ( eq ) 15 / % comment

– C.M.

2 4-Chloranil (1.2 ) Benzene reflux, 4 h – C.M.

3 4-Chloranil (1.2 ) CH2Cl2 rt, 24 h – C.M.

4 MnO2 ( 5.0 ) Benzene reflux, 16 h – 14 50%/0

5
10% Pd-C

Toluene reflux, 18 h 13 14 43%/0
 (20 wt%)

Scheme 2-15

N

CF3

14

N

CF2H

13 50%

DBU ( 1.5 eq )

80 °C, 15 h

/ DMF

N

CF2 F

– F 
–

N

CF2
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+,-.*PQlT(1 13 �.%>?stÂLÆvw  

2-2-5: 345fg89;<=Yv'(ØjÙO)*+,-.*U;¼>?6

�^',1���2EG  

—o-á*â*& -'()*+,-.*/.01t NH2OH•HCl 289— 

: vwxôLM�]N+*'�]á*â*U;¼>? gem�O)*+,/.0

1 9 Ó©N3-)*+,PQlT(1=N-+lRÚ 16 ;yrnAEG>?st]

GuYZ�?®Scheme 2-16)  31 )wssLMN9 ] NH2OH•HCl ØjÙ Et3N ;�=

de?stLóø]+lRå�cGYNd©]89MssL�Ã©ÄPâTU

�B]j?�^*�)AB2345$%�ÅÆÇ�Z sªNcGF]�kZ

�?w !

!

!

hi2345}~a]j?67;'()*+,�,�1���Lz{vVN

o-á*â*& -'()*+,-.*/.01 5t NH2OH•HCl 289;BC?s

ttYvw5 2á*â*U;+lRå�.%YN+lRå2PâTU�B]j

? ,%'()*+,-.*�^*U�2fg�¦z>±NPQlT(1æç

;ÏÐLÆ?st]p?wfgÑN)A7FP+12hi� s±Nr�]

O)*+,-.*U;Â=PQlT(1<%%+lRÚ 17 �Ê©?wÃvN

)A7FP+1�hieÄ]N)AB2}�[B\L�,'17� s±N

- Õ626�^',1 18 �cG>?st]p?®Scheme 2-17)w !

!

!

!

F2C

nBu

OHC

Scheme 2-16

NH2OH•HCl (1.2 eq)

rt, 9 h

/ DMF-H2O
   (10 : 1)

F2C

nBu

C
H

– F 
–

N

nBu

F

16 83%

Et3N (2.4 eq)

O
N

HO

9



!!"#"!

!

!

!

!

!

;+!

!

!

!

!

: +%+%7 2¡Ethi] DMF-H2O(10:1){EHÿó LN5 t NH2OH•HCl 28

9;zkvwôõLM+lRå 6 �cG>?�ßL�kv�N¿2ÃÃ 70 °C

Lg�>?st]jª6789�¦zYN6�^',1 18 ; 75%2qrLÊ

?st�LÆvw¿sLN5 ] NH2OH•HCl ;�=deN>�] 70 °C Lg�

YvtsON�÷øLH�]67ÃL��YN18 ; 86%t�{nopqrL

Ê?st�LÆv®Scheme 2-18)w  

ssLÂNScheme 2-13 ]¶Yv¢�thi]N+lRå]j? 1-'()*

+,-.*�^*U�2fgM¦z>?Â22N)A7FP+12hi� s

©ÄN�,'17]jª6�^',1 18�cGYvws289LM NH2OH•HCl

;=�Z�?vVN+lRå2cG]¥kZbó]ùú�c-ZØªNs]

jkZ�,'17��¦dvtµ¨©?w  

 

CF3

OHC

Scheme 2-18

NH2OH•HCl (1.2 eq)

5

DMF-H2O

(10 : 1)

N

CF3

O

18

!

75%

86%

conditions 18 / %

70 °C, 3 h

rt,  4 h"70 °C, 2.5 h

C
H

CF3

N
HO

Scheme 2-17 (!"#$%&)

OHC

CF3

5

NH2OH•HCl

C
H

CF3

6

N
HO

– F 
–

H+

N

CF2

O
N

CF2H

17
O

N

CF3

O

18
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: <]N Scheme 2-18 289b]ùU;g¨?stLN67Ñ2)A7FP+

12hi;�¦>?st�LÆ±NH�]O)*+,-.*U;Â=PQl

T(1<%%+lRÚ 17 �EGLÆ?Â2tµ¨N:#2ÀÁ;zkv (Scheme 

2-19)w  

 

 

[g>? ùUtYZ²aSâ1t =15>?&;ÀÁYv )Table 2-5)wÃÄN5

t NH2OH•HCl 289]'(I.*Sâ1;[gYvtsON #@tNqrL

M�?��Ft>?PQlT(1<%%+lRÚ 17 ;§¨?st�3ÓªNÃ

vPQlT(1æç;¼>? 6 Õ626�^',1 18 Â 27%Ê©vws2

D2�cGFMN|k]8YZ # Õ626�^',1 19 (qr 51%)L�kv

51% (Entry 1)w19 MÖ�F]N+lRå 6 2PâTU�B]j? 1-'()*

+,-.*�^*U�2 5-exo-trigonal 67�¦zYvcGFL�?�N "

2tsO 19 2cGjÏM¡zL�?w  

 

 

s2GN iPr2NEt ;[gYv¡E]Â 57%2qrL 19 �Ê©v (Entry 2)w�

¢×£(O1;=�ZÂ 19 McGeÄN 18 �¿\ 57, 85%Ê©v

Scheme 2-19

OHC

CF3

5

NH2OH•HCl (1.2 eq )

base

N

CF2

O

18

N

19

Me
CF3

ON

CF2H

17
O

+
DMF-H2O

(10 : 1)

+

N

CF3

O

        14 
(6-endo-trigonal )

N

         16 
(5-exo-trigonal)

Me
CF3

O C
H

6

CF3

N
HO
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(Entries 3,4)wDBU ;=�v¡E]M 17 � 23%2qrLÊ©vws2D 18

MÊ©ÄNÃv 19�<31%Ê©v (Entry 5)w:\2¢�;ÃtVZ Table 2-5

]¶>w  

 

 

: Table 2-5, Entry 5 ]Ø�ZN18 �PAÊ©pÓkv2MNDBU ]jkZ

6�^',1 18 2)AB2}�2�,'1�ÅÆsÓN)A7FP+1�

hiYZÌÍÎ7� sª 17 ;§¨vvVtµ¨©?w¿sLNH7¤i

Yv 18 ] DBU ;�=devtsON|kYvj{] 18 Ó©2ÌÍÎ7�¦

zYN17 � 53%LÊ©v (Scheme 2-20)w  

 

 

: :\N 2-2-4 ØjÙ 2-2-5 ]Ø�ZN+*'�]á*â*U;¼>?& %'(

)*+,-.*/.01; =57?ABÃvM =5+?5•5>CLûü>?st]j

Conditions 18 / %Enrty

Table 2-5 : !"#$%&'()*+,-.'/0123456789:;*<1=>1?$@A

17 / % 19 / %Base (eq)

5 23DBU (2.2)  70 °C, 1.5 h – <31

1 5Et3N (2.2)  70 °C, 2 h 27 51

2 <7iPr2NEt (2.2)  70 °C, 2 h 23 57

3 –NaHCO3 (2.2)  70 °C, 2 h 57 –

4 –pyridine (2.2)  70 °C, 2 h 85 –

Scheme 2-20

N

CF3

O

18

N

CF2H

17 53%

DBU (1.5 eq)

 50 °C, 3 h
   / DMF

N

CF2 F

– F 
–

N

CF2

O O O
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ªN²��9>?Pâ1�?�M+lRå;è�YZN'()*+,-.*U

;¼>?O4Ú,PQlT(1 ,7NØjÙ6�^',1 ,$ ;¿\n

opqrLEG>?st]GuYvw^',1MN,'&%¥M4tYZ¦A<

=d 32 ) ,33 )NÃv�B2&�[B2}V4�;<=YZNs2�$]²a}

~��§2»´U�¨Âz¨?vVN¼=pEGóø�L�? 34 ) ,35 )wóLÂN

6�2^',1MN©§jª¿2EG���tdZØªNyrFEG*2°

b�}V©Z�?wssLÊ©vÔÕ6ØjÙªÕ626�^',1 ,$ '!

,( M`«F5¬p¢L�ªNÃv'()*+,-.*U;¼>?stÓ©

@)AB¼j7EF2EGB4tYZN®Ñd©p?9=�klLÆ?w !

!

!ÜI: @)ABP1ÚÛ*���2EG: !

+%&%, EG¸Ý !

¯I]Ø�ZMN& %'()*+,-.*/.0123456789;<=

YvÔÕ6ÖG]jkZN@)ABlT(1NPQlT(1���2EG;z

kvw¿sL<]N�)*; ° Õ6ÖG�9=>?st;µ¨vws]MN

ÔÕ6ÏÐ*]Ø�ZãbFätYZ�v& %'()*+,-.*/.01Ó

©+*'�$%U211O*�[B;±�vÂ2N>p¹º+*'�]²�C

D,XB}~a;¼>?& %'()*+,-.*/.01L34567;z¨

±j�st]p?w:

³YNs2j{p89MN345672H´µL�? ¶·¸¹º»¼ µ  36 )L¡<

td? 5-endo-trigonal 67tp?ws2½µLMN¾¿À[B2ÁÂt��>

?}~�2p>ÃW®&(�cGF2¢EÃ ®ÄÅÆ°(tp?tÆ]NêÂ67� 

sªÇ�tYZ�?®È»ÉÊ:Ä(w¯I2j{pÔÕ6ÖG2¡E®6-endo-trigonal

67(]MNs2ÃW2Ë$;ÌÇ]t?st�LÆ?2]�YZN[BÍ�

H=ÎAp? ° Õ6ÖGLMNs{YvË$;Ïª�ANÐÑ]¡<p67t

dZ�?w©§s2Ö�267]j?89ÒMN`.+1è� 37 )N_O`

*è� 38 )]j?«¬��?Â22N}~a]j?67LMEG7ÓFp<=

ÒMNsÃL�^*/*á1;=�vÒ 3 9)�Ô©Z�?2CL�kvw:
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: s]�YvwxôLMêëNÕÖLÂ?@v gem-O)*+,S*|12

×�;Z=YZNØÑ��td?}~Fp 5-endo-trigonal 67;ÙGYZ�

?w>p¹ºN+*'�]/*á1SâÚU×4Ú,lRU;¼>? gem�O

)*+,/.01���®20a,b)]ùU;�=deN345]bcYv�B�

?�MúB}~a]j?�^*�)AB2$%;z{stLNÀ�)*+,P1

ÚÛ*®21a)NÀ�)*+,11Ú)_1®21b);�qrLEG>?st]GuY

Z�?®Scheme 2-21)  40)w  

 

 

H;N¯I2¢�Ó© '&'&%'()*+,�,�1���Â}~a]�YZ

��89�;¶>st�z©Ó]pkvw¿sLs2�ä;<=>±Ngem-

O)*+,S*|12¡Ethi]NØÑ¡<td? 5-endo-trigonal 67Â

–Y

X

Y

X–

–Y
X X–

endo

5 (n=1) 6 (n=2)
Fig. 1 : Baldwin's Rule

exo

trig

difavored

favored favored

favored

(   )n (   )n

(   )n

endo

(   )n

exo

X ! = 109°
!

!

Y–

F2C

R

Y Y

R

F
– F 

–

Scheme 2-21

21a 84%20a (Y=NTs)

20b (Y=O) 21b 80%
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³´L�?tµ¨NScheme 2-19 ]¶>EG¸Ý;àZvw>p¹ºN+*'

�]/*á1SâÚU;Â=& -'()*+,-.*/.01Ó©N¿234

5�B}~a]j? 1-'()*+,-.*�^*U�2 SN2’89�¦z>

±N@)ABP1ÚÛ*����EGLÆ?st]p?w  

!

!

+%&%+: +*'�]�B»´U;¼>?& %'()*+,-.*/.012E

G !

: �] +%+%+!Scheme 2-6 ]¶Yv)*;=�ZEGYvS^(1 2 ]�YZN

'R*',(ÚNp-TR*',(Ú;=�NSâTU2'R*7ØjÙTR*

7;z{stLN672��tp?/*á1SâÚ 23a,23b ;¿\EGY

v (Scheme 2-23)w  

 

!

+%&%&: 345 SN2’89;<=Yv@)ABP1ÚÛ*���2EG !

Scheme 2-23 ]¶Yv)*LEGYv/*á1SâÚ 22a,b ] NaH ;�=d

CF3

N N

CF2

N

CF2H

"5-endo-trig"

– F –

Scheme 2-22 (!"#$%&)

 SO2Ar  SO2Ar  SO2Ar

and / or

TsCl (1.3 eq)

   rt, 3 h
/ pyridine

F3C

H2N

p-NsCl (1.3 eq)

22b 23%

   rt, 12 h
  / CH2Cl2

2

HN

F3C

22a 87%

HN

F3C

Et3N (2.0 eq)

DMAP (cat.)

Scheme 2-23

p-NsCl : O2N SO2Cl NMe2NDMAP :

p-NsTs
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eNbc>?�B}~a]j? ,%'()*+,-.*�^*U�23458

9;<=Yv@)ABP1ÚÛ*���EG;ÀÁYv®Scheme 2-24)w  

 

 

: �B\]'R*U;¼>? 22a ]NDMF óL NaH ;�=devtsONb

c>?�B}~a]j? 1-'()*+,-.*�^*U�2fgt¿]Ç

A)A7FP+12hi� sªN��]O)*+,-.01U;¼>?O4

Ú,P1ÚÛ* 23a(R=Ts)� 67%2qrLÊ©v (Entry 1)ws]�YN�

B\] p-TR*U;¼>? 22b LMN�9>? 23b 2cGMÛÜLÆpÓk

v (Entry 2)w:\2¢�;¢�;ÃtVZ Table 2-6 ]¶>w  

 

 

: Table 2-6 2¢�jªN67892Uä;/*á1SâÚ 22a(R=Ts)]Ý¬YN

=�?HÿNùUØjÙ89õW]=�ZÀÁ;zkv®Scheme 2-25)w  

 

 

 

80 °C, 12 h

Ts1

p-Ns2

R ConditionsEnrty

80 °C, 8 h 67 (23a)

–

23 / % comment

22a <9% !"

22b 23% !"

Table 2-6 : #$%R&'()*+,-./

CF3

N
N

R

CF2

– F 
–

R

HN

CF3

Scheme 2-24

NaH (1.2 eq)

DMF

22 23

R
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: ÃÄN89HÿtYZ THF ×O+lY1;=�v¡EN89MPA¦ze

ÄNHÿM DMF�ÞYZ�?st�3Ókv (Entries 1,2,3)wEntry 32ßàLN

�� 22a �<9%�qdvstÓ©N=�?0B7á'(ñå2]=^; 1.3

âí*^]_×YZCv�NP1ÚÛ*��� 23a 2qrÞ\]M=p�©p

Ókv (Entry 4)w89õW; 80 °C jª�AYvtsON��2���ãAp

ª89÷øMÎäYv�N23a 2qrMÞ\YpÓkv  (Entries 5,6)wÃvN

=�?ùU;0B7á'(ñåÓ©0B7`(ñå].¨ZCv�N23a 2q

r]åÆp.7ML©pÓkv (Entry 7)w:\2¢�;ÃtVZ  

Table 2-7 ]¶>w  

 

CF3

N
N

Ts

CF2

– F 
–

Ts

Scheme 2-25

base

22a 23a

solvent

CF3

HN

Ts
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Entries 4-6 ]Ø�ZN¤iæ¾¯2çèL 19F NMR ]j? 23a 2¬^;zk

vtsON²�2qrM 75% (Entry 4), 81% (Entry 5), 81% (Entry 6)L�?st

�3ÓkvwÃvNP1ÚÛ*��� 23a ;�úI.*]HÓYNéêóôõ

LY±©Aë$YZØAtNO)*+,-.01U�g03p;oßNHì�

`*ò1ú 24a ]pkZ�?st�fzYvw  

 

 

s©2íîÓ©NP1ÚÛ*��� 23a M¤iæ¾¯2çèLqr]YZ

80%¯Ñ�kv�NR(`ï*L¤iYvD]¿2Hì� 24a ��3pYN¿

2vV]¤iqr� 60%¯ÑÃL#�kvst�¶ðd?w¿sLN¤iæ

¾2;*;ñò>?st]jªNP1ÚÛ*��� 23a 2qrMÞ\>2LM

N

Ts

CF2

23a

H2O

N

Ts

CO2H

24a

80 °C, 8 h

NaH ( 1.3 ) THF1

NaH ( 1.3 ) 1,4-Dioxane2

NaH ( 1.1 ) DMF3

reflux, 6 h No reaction

NaH ( 1.3 ) DMF4

Solvent 23a / %aBase ( eq ) Conditions comment

NaH ( 1.3 ) DMF5

–

Enrty

reflux, 3 h No reaction–

22a <9% !"67

80 °C, 8 h 59 (75)b

100 °C, 3 h 65 (81)b

Table 2-7 : #$%&'()*+,-.%/012+34

NaH ( 1.3 ) DMF6 120 °C, 2 h 59 (81)b

KH ( 1.3 ) DMF7 100 °C, 4 h 68

a Isolated Yield . b 19F-NMR yield relative to internal PhCF3 standard.
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p�Ótµ¨vw  

Table 2-7,  Entries 5,6 2ßàL89;z�N¤i*2C;R(`ï*óô'

,î'ï_)õÛÓ©),(O*;=�v)_ARö`_å].÷YZN23a

2qr;`«Yv®Scheme 2-26)w¿2¢�NTable 2-8 2 Entries 2,4 ]¶>j

{]NP1ÚÛ*��� 23a ;),(O*`_åL¤i>?st]jªNqr

; 79%ÃLÞ\de?st�LÆvw  

 

 

 

 

ssLEGYvP1ÚÛ*��� 23a MN}~�]�YZ��89�;¼>

?O)*+,�^(31U;¼YZØªNP1ÚÛ*æç;�¨>?vV2E

GB4tYZÂøùú�w¿sLN23a ]�YZ}~�;�=deNfg—h

i;è�>?�^*U2)AB2$%;BCv ®Scheme 2-27)w  

N
Ts

CF2

N
Ts

CF3

Scheme 2-26

NaH (1.3 eq)

22a 23a

DMFH

24a / %Conditions

1

Enrty

100 °C, 3 h 65

Table 2-8 :!"#$%&

Purification

PTLC ( SiO2 )

2 100 °C, 3 h <77flash column ( florisil )

3 120 °C, 2 h 59PTLC ( SiO2 )

4 120 °C, 2 h 79flash column ( florisil )
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: 23a ] MeLi ;�=devtsON)AB�4� Me UL$%dvíT)

*+,� 25 � 36%Ê©v (Entry 1)w25 2qr�N�åÆp�~tYZN23a

2a�2h�,'1�µ¨©?ws]jªN'R*U2hi]j?6�P

â12cG×ûüäE�2i�pS89� s?t|ýd?w  

: ÃvN23a ]NTBAF(nBu4NF);�=devws2¡EN'R*U2hþÿM

¦zeÄ 4 1)N)A7FP+1� 23a 2O)*+,-.01[B;��YN�

�]'()*+,-.*U;¼>?O4Ú,P1ÚÛ*��� 26 � 47% Ê

©v®Scheme 2-28)w  

 

 

ÃvNssLEGYvP1ÚÛ*��� 23a 2"�¢E�Ë�7YZÌÍÎ

7Yv 23’a ]=�ZMN67Ñ289!2 19F NMR(! 45.1 (d,  JF F = 203 Hz)) Ó

©¿2cG�"¬d?Â22N¤i>?]M�©pÓkvwsMN�#

2-2-3 ]¶Yv 4-O)*+,-.*lT(12EG]Ø�ZÊ©v¢�

®Scheme 2-8)t�#FL�?ws2¡EM$]ÌÍÎ7��P]¦zYNr�

]O)*+,�^(31U;Â=lT(1��� 8a MÛÜdpÓkvw  

N
Ts

CF2

Scheme 2-27

MeLi (1.1)

23a / THF

N
Ts

C

25  36%

F
Me

– 78 °C, 1 h
! rt, 1h

N
Ts

CF2

Scheme 2-28

TBAF (1.5)

23a

rt, 1h N
Ts

26  47%

CF3

/ THF
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: 23a � 23’a �Ë�7Y]A�ü�tYZMNO4Ú,P1ÚÛ* 23a 2;

�NÌÍÎ7YvP1ÚÛ* 23’a jª�%ÓF]5¬L�?Ó©t"¬YZ

�?w  

 

 

: Table 2-7 ]¶>j{]N/*á1SâÚ 22a ]�YNDMF óN0B7á'

(ñå;�=de?stLNP1ÚÛ*��� 23a ;Ê?st]GuYvwH

;NScheme 2-13 × Scheme 2-18 ]¶Yvj{]N�,'1&�!">?ßà

L89;zkv¡EN}~a]j?'()*+,-.*�^*U�2fgM¦

z>?Â22N)A7FP+12hi� s©ÄN'()*+,-.*U;¼

>?O4Ú,PQlT(1��� 16 ØjÙ 18 �Ê©Z�?ws2ÔL;#

]N/*á1SâÚ 22a Ó©ªÕ6ÖG;z{DN�,'1&�!">?j{

pßàL89;z¨±N��]'()*+,-.*U;Â=P1ÚÛ*���

26 �Ê©?2LMp�Ótµ¨vw®Scheme 2-29) 

 

 

CF3

CN N

CF3

t
Bu N

CF2

t
Bu N

CF2H

t
Bu

– F 
–t

BuLi

Scheme 2-8

4 8a'  53%8a 0%

!"#$%&'()*'+

N

Ts

CF2

23a

>
N

Ts

23'a

CF2H
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=�?Hÿ; DMF ]Ý¬YN/*á1SâÚ 22a ]N130 mol%2 DBU ;

�=devtsON��]O)*+,-.01U;Â= 23a MÊ©ÄN��

]'()*+,-.*U;Â= 26 � 18%Ê©v (Entry 1)ws2¢�Ó©N

�,'1&!"#L�89;z¨±N)A7FP+12hi� s?¯]Nf

g�2�,'17;z{st�LÆ?tµ¨vw¿sL 26 2qrÞ\;�'

YN<]þÿ^2 DBU ;=�NßàÀÁ;zkvw20 mol%2 DBU ;=�N

80 °C La÷ø89;zkv¡EN89bó2 1 9F NMR jªN�� 22a ØjÙ

P1ÚÛ*��� 23a ,26�{"YZ�?st�3Ókvw89õW;\XZN

120 °C L89;zkvtsON�� 22a M�(YN23a t 26 2cG`M 26 �

q)YZ�Ast�3Ókv (Entries 2-4)w30 mol%2 DBU ;=�N120 °C L

*÷ø89;zkvtsO NP1ÚÛ*��� 26 ; 81%2�qrLÊ?st

�LÆv (Entries 5)w:\2¢�ØjÙ Enrty 2 2 NMR î+2¢�;ÃtVZ

Table 2-9 ØjÙ Scheme 2-30 ]¶>w  

 

 

 

 

 

 

 

N

Ts

CF3

HN

CF3

Scheme 2-29

22a 26

Ts

base

N

Ts

CF3

base•H
+
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H;N)A7FP+1;ùUtYZ=�?89ÒÂÔ©Z�?w42 ): ¿s

L Scheme 2-252��]O4Ú,-.01U;Â=P1ÚÛ*��� 23a 2E

– F 
–

DBU (20 mol%)

N
Ts

CF3

N
Ts

CF2
CF3

H
NTs

N
Ts

CF3
–

 F 
–

DBU•H+

22a 23a

26

22a 23a 26Conditions

80 °C, 2 h

120 °C, 1 h

6 2 1

0 1 12

: :

: :

Determined by 19F NMR

Scheme 2-30

26 / %

1

Enrty

18

Table 2-9 : DBU!"#$%&'()*+!,-.Solvent : DMF

DBU / mol%

120

2 6920

3 <5720

4 7320

23a / %

–

<6

25

<5

5 8130 –

Conditions

120 °C, 2 h

100 °C, 2 h

120 °C, 1 h

120 °C, 1 h

     80 °C, 2 h
/ 120 °C, 1 h
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G]Ø�ZNhi>?)A7FP+1;,<=>?stL892þÿ7�-

?2LMp�Ótµ¨Na�2)A7FP+1&;Â=ùU;=�ZÀÁ;z

kv (Scheme 2-31)w  

 

 

89HÿtYZ DMF ;=�N/*á1SâÚ 22a ]�YN20 mol%2 TBAF

;�=devtsON 43%LP1ÚÛ*��� 23a �Ê©N¿2G]'()

*+,-.*U;Â=P1ÚÛ*��� 26  � 24%Ê©v (Entry 1)wTBAF

2]=^;#XZÀÁ;zkv¢�N5 mol%2 TBAF ;=�N120 °C La÷

ø89de?stL 23a 2qr; 64%ÃLÞ\de?st�LÆv  

(Entries 2,3)wpØNTBAF M./���AN°0>?t1�]27YNpÓp

Óî+2 , ��Ê©pÓkvwÃv TBAF :32ùUtYZNCsF × KF

;=�Z89;zkv�N23a MÊ©?Â22¿2qrM 30%ØjÙ 41%t

TBAF ;\�?¢�MÊ©pÓkv (Entries 4,5)w:\2¢�; ÃtVZ

Table 2-10 ]¶>w  

 

 

 

 

 

 

 

CF3

N
N

Ts

CF2
– F 

–

R

HN

CF3

Scheme 2-31

DMF

22a 23a
Ts

base

recycle
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Scheme 2-25 ØjÙ  Scheme 2-29 ]¶Yvj{]N/*á1SâÚ 22a ]�

YN�=de?ùUØjÙ89õW;J4stLN��]O)*+,-.01

UØjÙ'()*+,-.*U;Â=aam2@)ABP1Ú(1 23a Øj

Ù 26 ;JKF] Ê?st]GuYvw  

 

23a / %

1

Enrty

43

Table 2-10 : !"#$%&'()*+,-./0123Solvent : DMF

Base (mol%)

TBAF (20)

2 44TBAF (10)

3 64TBAF (5)

4 30CsF (10)

26 / %

24

5

trace

7

5 41KF (10) –

Conditions

120 °C, 2 h

120 °C, 2 h

120 °C, 5 h

120 °C, 3 h

120 °C, 3 h
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: :\N!ÜI]Ø�ZN+*'�]/*á1SâÚU;¼>?& -'()*

+,-.*/.012345 SN2’89;z{st]jªN��]O)*+,-

.01UØjÙ'()*+,-.*U;Â=P1ÚÛ*���;EG>?s

t�LÆvwssLMNMVZ«¬Ò25p�}~Fp 5-endo-trigonal 67�

¦zYvst]p?wÃvNEGYvP1ÚÛ*��� 23a MNO)*+,-

.01U;<=>?stLN}~�]j?$%U2�¨�z¨?ws2vVN

P1ÚÛ*6;345]�¨>?D2EGB4tYZÂøùú�w !

– F 
–NaH (1.2 eq)

/ DMF

DBU (0.3 eq)

/ DMF

CF3

HN
Ts Ts

CF3

N

N
Ts

CF3

N
Ts

CF2

120 °C, 2 h

120 °C, 1 h

–

CF3

HN
Ts

N
Ts

CF3
–

! !"#SN2'$(%&'()*+)

! !"#,-$(%&'()./)

23a  79 %

26  81 %
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2-(1-trifluoromethylvinyl)aniline (2) 

 

The mixture of !-(trifluoromethyl)ethenyl boronic acid (857 mg, 6.11 mmol), 

o-iodoaniline (1.07 g, 4.89 mmol), sodium carbonate (6 mL of 1.0 M aqueous solution), 

Pd(PPh3)4 (141 mg, 0.122 mmol) in Toluene-MeOH (60 mL, 5:1) stirred at 70 °C for 

5.5 h.  The reaction was quenched with phosphate buffer (pH 7). The mixture was 

extracted with ethyl acetate three times.  The combined extracts were washed with 

brine and dried over MgSO4.  After removal of the solvent under reduced pressure, the 

residue was purified by thin layer chromatography on silica gel (hexane-AcOEt 10:1) to 

give 2 (810 mg, 89%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) " 3.75 (2H, br s), 5.68 (1H, q, JHF = 1.4 Hz), 6.19 (1H, q, 

JHF = 1.4 Hz), 6.74 (2H, ddt, J = 8.1, 1.1 Hz), 7.07 (1H, d, J = 7.6 Hz), 7.16 (1H, dd, J = 

8.5, 1.6 Hz). 13C NMR (125 MHz, CDCl3) " 115.8, 118.1, 119.8, 123.0 (q, JCF = 274 Hz), 

124.1 (q, JCF = 5 Hz), 129.9, 130.3, 136.3 (q, JCF = 31 Hz), 144.5. 19F NMR (471 MHz, 

CDCl3) " 94.8 (1F,s). IR (neat) 3477, 3388, 3206, 3068, 3032, 1620, 1496, 1454, 1402, 

1344, 1311, 1259, 1192, 1176, 1120, 1080, 960, 862, 752, 629 cm-1. Anal. Calcd for 

C9H8NF3: C, 57.76; H, 4.13; N, 7.48%. Found: C, 57.67; H, 4.44; N, 7.41%.!  

 

o-(3,3,3-trifluoromethylvinyl)benzaldehyde (5) 

 

The mixture of !-(trifluoromethyl)ethenyl boronic acid (1.32 mg, 9.43 mmol), 

o-iodobenzaldehyde (1.75 g, 7.54 mmol), sodium carbonate (10 mL of 1.0 M aqueous 

solution), PPh3 (197.9 mg, 0.754 mmol) Pd2(dba)3•CHCl3 (195.2 mg, 0.189 mmol) in 

toluene/MeOH (100 mL, 5:1) stirred at 70 °C for 10 h. The reaction was quenched with 

phosphate buffer (pH 7). The mixture was extracted with ethyl acetate three times. The 

F3C

H2N

F3C

OHC
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combined extracts were washed with brine and dried over MgSO4. After removal of the 

solvent under reduced pressure, the residue was purified by thin layer chromatography 

on silica gel (hexane-AcOEt 10:1) to give 5 (1.70 g, 90%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) " 5.62 (1H, q, J = 1.3 Hz), 6.29 (1H, q, J = 1.3 Hz), 7.41 

(1H, d, J = 7.5 Hz), 7.55-7.65 (2H, m), 8.01 (1H, dd, J = 7.7, 1.5 Hz), 10.1 (1H, s). 13C 

NMR (125 MHz, CDCl3) " 122.4 (q, JCF = 274 Hz), 125.1 (q, JCF = 5 Hz), 128.4, 129.5, 

130.7, 133.6, 134.8, 135.5 (q, JCF = 32 Hz), 136.6, 190.9. 19F NMR (471 MHz, CDCl3) " 

94.7 (1F, s). IR (neat) # 1700, 1599, 1346, 1173, 1126, 1070, 962, 822, 773, 665 cm-1. 

Anal. Calcd for C10H7F3O: C, 60.01; H, 3.53%. Found: C, 60.03; H, 3.66%.!  

 

 

 

2-tert-Butyl-4-difluoromethylquinoline (8’a) 

 

"#$%&' 4 (59.7 mg, 0.303 mmol)()*+,-./0-78 °C 12340 

1.30 M( tert-56*7689:,;,-. (0.280 ml, 0.364 mmol) /<=/>?

@ABCDEFGHIJK-78 °C 1LDMNNOPQRS4MT0UVNWXV

4OPQRSIJK7,YZ[./\]JJ^_1`DBab/cd40e+

6*+fg*/hijkl/mnop40q?AMjkl/rst)789u

vw-.Wxy40zY{|}$89W~�IJK-�/����4B�@�

J��/0$7��*��9��{)|���f���-�����,f�Y

+6* 5�1�1`F����408’a (37.6 mg, 53%)/�JK 

 

1H NMR (500 MHz, CDCl3) " 0.91 (3H, t, J = 7.5 Hz), 1.38 (2H, tq, J = 7.5, 7.5 Hz), 

1.60 (2H, tt, J = 7.5, 7.5 Hz), 2.96-3.01 (2H, m), 5.83 (1H, d, J = 6.2 Hz), 6.06 (1H, dd, 

J = 6.2, 1.4 Hz), 7.24 (1H, tt, J = 6.8, 1.6 Hz), 7.30 (2H, t, J = 6.8 Hz), 7.41 (2H, d, J = 

6.8 Hz), 7.56 (1H, t, J = 7.8 Hz), 7.67 (1H, td, J = 7.8, 0.9 Hz), 7.92 (1H, d, J = 7.8 Hz), 

8.14 (1H, dd, J = 7.8, 0.9 Hz). 19F NMR (471 MHz, CDCl3) " 46.7 (2F, d, JFH = 54.9 

Hz). 13C NMR (125 MHz, CDCl3) " 30.0, 38.4, 113.9 (t, JCF = 240 Hz), 115.2(t, JCF = 8 

Hz), 122.3, 122.8, 126.8, 129.4, 130.3, 137.6(t, JCF = 21 Hz), 148.0, 169.0.  

N

CF2H

t
Bu
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IR  

HRMS: 

 

 

 

4-Trifluoromethyl-3,4-dihydroisoquinoline (14) 

 

�*�*  5 (89.3 mg, 0.446 mmol) 1¡40DMF-H2O(10:1)¢q-�£0�Y

%,¤&89 (171.7 mg, 2.23 mmol ) /\]0UVW¥PQRSIJK07,Y

Z[./\]J^_1`DBab/cd40�Y+6*/hijkl/mno

p40q?AMjkl/rst)789uvw-.Wxy40zY{|}$8

9W~�IJK-�/����4B�@�J��/0$7��*��9��{

)|���f���-�����,-�Y+6* 2�1�1`F����4014 (74.8 

mg, 84%)/�JK 

 

To a solution of o-formyl-!-trifluoromethylstyrene 4 (89 mg, 0.45 mmol) in DMF (3 

mL)–H2O (0.3 mL) was added NH4OAc (172 mg, 2.23 mmol) under air.  After the 

reaction mixture was stirred at room temperature for 5 h, phosphate buffer (pH 7) was 

added to quench the reaction.  Organic materials were extracted three times with 

EtOAc.  The combined extracts were washed with brine and dried over MgSO4.  

After removal of the solvent under reduced pressure, the residue was purified by PTLC 

on silica gel (hexane–EtOAc, 2:1) to give 5 (75 mg, 84%) as a colorless oil.  1H NMR 

(500 MHz, CDCl3) " 3.38-3.45 (1H, m), 3.81 (1H, dd, J = 17.7, 6.8 Hz), 4.46 (1H, d, J 

= 17.7 Hz), 7.36-7.38 (2H, m), 7.47-7.49 (2H, m), 8.36 (1H, s). 13C NMR (125 MHz, 

CDCl3) " 38.5 (q, JCF = 27 Hz), 46.5 (q, JCF = 2 Hz), 126.1 (q, JCF = 281 Hz), 127.8, 

127.9, 128.3, 129.5, 129.6, 131.5, 159.8. 19F NMR (471 MHz, CDCl3/C6D6) "F 90.8 (3F, 

d, JFH = 9 Hz). IR (neat) # 1632, 1581, 1345, 1277, 1240, 1228, 1209 cm-1. Anal. Calcd 

for C10H8NF3: C, 60.30; H, 4.05; N, 7.03%. Found: C, 61.56; H, 3.82; N, 10.41%.! ! ! !  

 

 

N

CF3
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4-Trifluoromethylisoquinoline (15) 

 

e¦'�"#�§7, 14 (91.0 mg, 0.457 mmol) 1¡40)*+,-�£0Pd/C 

(5%) (150 mg) /\]018PQ\¨©ªIJK«�")¬40-�/����

4B�@�J��/0$7��*��9��{)|���f���-����

�,-�Y+6* 2�1�1`F����4015 (11.9 mg, 13%)/�JK 

 

1H NMR (500 MHz, CDCl3) " 7.74 (1H, t, J = 7.2 Hz), 7.87 (1H, dt, J = 8.4, 1.3 Hz), 

8.09 (1H, d, J = 8.2 Hz), 7.36-7.38 (2H, m), 7.47-7.49 (2H, m), 8.36 (1H, s). 

19F NMR (471 MHz, CDCl3) " 101.6 (1F, s). 

IR (neat) # 2925, 1734, 1624, 1508, 1373, 1340, 1327, 1263, 1203, 1122, 1093, 984, 

910 cm-1. 

 

 

 

4-Difluoromethylisoquinoline (13) 

 

e¦'�"#�§7, 14 (58.0 mg, 0.291 mmol) 1¡40DMF-�£0DBU 

(66.5 mg, 0.437 mmol) /\]08®°CW 5PQ\¨IJK7,YZ[./\]J

^_1`DBab/cd40e+6*+fg*/hijkl/mnop40q

?AMjkl/rst)789uvw-.Wxy40zY{|}$89W~�

IJK-�/����4B�@�J��/0$7��*��9��{)|��

�f���-�����,-�Y+6* 1�1�1`F����4013 (25.8 mg, 50%)

/�JK 

 

N

CF3

N

CF2H
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1H NMR (500 MHz, CDCl3) " 7.07 (1H, t, J = 54 Hz), 7.70 (1H, dt, J = 8.2, 1.0 Hz), 

7.82 (1H, dt, J = 8.2, 1.0 Hz), 8.06 (1H, d, J = 8.2 Hz), 8.20 (1H, d, J = 8.2 Hz), 8.66 

(1H, t, J = 2 Hz), 9.35 (1H, s). 13C NMR (125 MHz, CDCl3) " 115.1 (t, JCF = 238 Hz), 

123.1, 123.2 (t, JCF = 22 Hz), 127.9, 128.4, 131.6, 132.1, 141.7 (t, JCF = 9 Hz), 156.0. 19F 

NMR (471 MHz, CDCl3) " 50.8 (2F, d, JFH = 54.3 Hz). IR (neat) 

# 3438, 1623, 1572, 1510, 1385, 1375, 1155, 1122, 1043, 1024, 904, 752, 667 cm-1. 

 

 

 

4-Trifluoromethyl-3,4-dihydroisoquinoline N-oxide (18) 

NH2OH•HCl (33 mg, 0.47 mmol)was added o-formyl-!-trifluoromethylstyrene (4) (78 

mg, 0.39 mmol) in DMF (3 ml)–H2O (0.3 ml) at room temperature under air.  After the 

reaction mixture was heated at 70 °C for 3 h, phosphate buffer (pH 7) was added to 

quench the reaction. Organic materials were extracted with CHCl3 three times. The 

combined extracts were washed with brine and dried over MgSO4.  After removal of 

the solvent under reduced pressure, the residue was purified by PTLC on silica gel 

(EtOAc–MeOH, 10:1) to give 6 (72 mg, 86%) as a colorless solid. 1H NMR (500 MHz, 

CDCl3) " 3.74-3.82 (1H, m), 4.34 (1H, dd, J = 16.1, 2.0 Hz), 4.42 (1H, ddd, J = 19, 7.1, 

2.0 Hz), 7.22 (1H, d, J = 7.5 Hz), 7.38-7.40 (2H, m), 7.42-7.46 (1H, m), 7.77 (1H, d, J = 

2.0 Hz). 13C NMR (125 MHz, CDCl3) " 42.4 (q, JCF = 29 Hz), 56.2 (q, JCF = 2 Hz), 

122.1, 125.1 (q, JCF = 282 Hz), 125.9, 128.9, 129.6, 129.7, 130.0, 133.0. 19F NMR (471 

MHz, CDCl3) "F 89.5 (3F, d, JFH = 9 Hz). IR (neat) # 3392, 1599, 1568, 1267, 1238, 

1209, 1171, 1120, 912 cm-1. Anal. Calcd for C10H8NF3O: C, 55.82; H, 3.75; N, 6.51%. 

Found: C, 54.86; H, 3.90; N, 6.45%. 

! ! ! !  

 

 

N

CF3

O
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4-Difluoromethylisoquinoline N-oxide (17) 

 

e¦'�"#�§7, N-¯�$' 18 (59.4 mg, 0.276 mmol) 1¡40DMF-�

£0DBU (63.1 mg, 0.414 mmol) /\]05®°CW 3PQ\¨IJK7,YZ[

./\]J^_1`DBab/cd40����*9/hijkl/mnop

40q?AMjkl/rst)789uvw-.Wxy40zY{|}$89

W~�IJK-�/����4B�@�J��/0$7��*��9��{)

|���f���-���Y+6*-°;§f* 10�1�1`F����4017 (28.7 

mg, 53%)/�JK 

 

1H NMR (500 MHz, CDCl3) " 7.06 (1H, t, J = 53.9 Hz), 7.70 (2H, m), 7.80 (1H, m), 

8.05 (1H, m), 8.36 (1H, s), 8.82 (1H, s). 13C NMR (125 MHz, CDCl3) " 112.2 (t, JCF = 

242 Hz), 123.2, 125.1, 125.7, 128.2 (t, JCF = 23 Hz), 129.9, 130.0, 130.1, 135.6 (t, JCF = 

10 Hz), 137.8. 19F NMR (471 MHz, CDCl3) " 47.1 (2F, d, JFH = 53.9 Hz). IR (neat) 

# 3444, 1564, 1506, 1452, 1400, 1329, 1186, 1167, 1113, 1018, 779, 646 cm-1.  

 

 

 

3-Trifluoromethyl-3-methylisoindole N-oxide (19) 

 

�*�*  5 (67.5 mg, 0.337 mmol) 1¡40DMF-H2O(10:1)¢q-�£0¦'

��$*%�,rYr (28.1 mg, 0.405 mmol ) ±`²e"#³�´*+6*%

�, (95.8 mg, 0.741 mmol )/\]0µ®°CW¶PQ\¨IJK07,YZ[./

\]JJ^_1`DBab/cd40����*9/hijkl/mnop40

q?AMjkl/rst)789uvw-.Wxy40zY{|}$89W~

N
O

Me CF3

N

CF2H

O
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�IJK-�/����4B�@�J��/0$7��*��9��{)|�

��f���-���Y+6*-°;§f* 10�1�1`F����4019 (41.0 mg, 

57%)/�JK 

 

1H NMR (500 MHz, CDCl3) " 1.89 (3H, s), 7.39-7.49 (4H, m), 7.80 (1H, s). 13C NMR 

(125 MHz, CDCl3) " 17.8, 79.2 (q, JCF = 29 Hz), 120.5, 126.1 (q, JCF = 284 Hz), 123.1, 

128.3, 130.3, 133.9, 134.9, 136.1. 19F NMR (471 MHz, CDCl3) " 85.5 (1F, s). IR (neat) 

# 3082, 1718, 1533, 1468, 1369, 1302, 1255, 1223, 1182, 1105, 1065, 752, 675 cm-1. 

Anal. Calcd for C10H8NF3O: C, 55.82; H, 3.75; N, 6.51%. Found: C, 54.35; H, 3.77; N, 

6.42%.!  

 

 

 

o-(3,3,3-Trifluoromethylvinyl)-p-toluenesulfonanilide (22a) 

 

o-(3,3,3-trifluoromethylvinyl)aniline 2 (85.0 mg, 0.454 mmmol) was treated with 

p-toluenesulfonyl chloride (104.0 mg, 0.545 mmmol) in pyridine at 0 °C. The reaction 

mixture was stirred for 3h at room temperature. The reaction was quenched with 

phosphate buffer (pH 7). The mixture was extracted with ethyl acetate three times. The 

combined extracts were washed with aq. HCl and dried over MgSO4. After removal of 

the solvent under reduced pressure, the residue was purified by thin layer 

chromatography on silica gel (hexane-AcOEt 2:1) to give 22a (130.4 mg, 84%) as a 

colorless solid. 

 

1H NMR (500 MHz, CDCl3) " 2.38 (3H, s), 5.07 (1H, q, 1.4 Hz), 6.07 (1H, q, 1.4 Hz),                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

7.11 (2H, d, 4.9 Hz), 7.23 (2H, d, 7.5 Hz), 7.34 (1H, ddd, 8.7, 4.9, 3.8 Hz), 7.64 (2H, d, 

6.2 Hz), 7.65 (1H, t, 7.8 Hz)). 13C NMR (125 MHz, CDCl3) " 21.5, 121.1, 122.4 (q, JCF 

= 274 Hz), 124.6, 124.8, 125.5 (q, 5 Hz), 127.3, 129.7, 130.2, 130.5, 134.6 (q, 32 Hz), 

CF3

HN

Ts
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134.8, 136.1, 144.2. 19F NMR (471 MHz, CDCl3) " 94.4 (1F, s). IR (neat) # 3282, 1495, 

1411, 1346, 1188, 1130, 1115, 1092, 1070, 916, 812, 771, 669 cm-1. Anal. Calcd for 

C16H14NF3O2S: C, 56.30; H, 4.13; N, 4.10%. Found: C, 56.49; H, 4.29; N, 3.97%.!  

 

 

 

3-Difluorovinyl-2-hydro-1-tosylindole (23a) 

 

To a susupension of sodium hydride (NaH, 13.6 mg, 60 % dispersion in mineral oil, 

0.340 mmol) in N,N-dimethyl formamide (DMF, 0.5 ml) was added 

2’-(3,3,3-trifluoropropenyl)-p-toluenesulfonanilide (96.6 mg, 0.283 mmol) in DMF (2,5 

ml) at room temperature under an argon atmosphere. The reaction mixture was stirred 

for 2 h at 120 °C, and then phosphate buffer (pH 7) was added to quench the reaction. 

Organic materials were extracted with ethyl acetate three times. The combined extracts 

were wsshed with brine and dried MgSO4. After removal of the solvent unedr reduced 

pressure, the residue was purified by flush column by florisil (hexane-ethylacetate 10:1) 

to give 3-(2,2-difluorovinyl)-2-hydro-1-tosylindole (72.0 mg, 79%) as a colorless solid. 

 

1H NMR (500 MHz, CDCl3) " 2.37 (3H, s), 4.55 (1H, d, J = 4.4 Hz), 4.56 (1H, d, J = 

4.4 Hz,), 7.03 (1H, t, J = 7.5 Hz), 7.22-7.27 (4H, m), 7.67-7.7.1 (3H, m). 13C NMR (125 

MHz, CDCl3) " 21.5, 49.2 (d, JCF = 3.5 Hz), 88.2 (dd, JCF = 22, 22 Hz), 114.8, 123.3 (d, 

JCF = 2 Hz), 123.4 (d, JCF = 2 Hz), 124.2, 127.2, 129.0, 129.9, 133.5, 142.7 (d, JCF = 5 

Hz), 144.6, 149.8 (dd. JCF = 287, 287 Hz). 19F NMR (471 MHz, CDCl3) " 74.9 (1F, ddd, 

JFF = 43 Hz, JFH = 4.0, 4.1 Hz), 77.8 (1F, ddd, JFF = 43 Hz, JFH = 4.3, 4.3 Hz). IR (neat) 

# 3504, 1799, 1760, 1597, 1475, 1464, 1362, 1269, 1169, 1159, 1065, 1032, 812, 752, 

661 cm-1. Anal. Calcd for C16H13NF2O2S: C, 59.80; H, 4.08; N, 4.36%. Found: C, 59.96; 

H, 4.25; N, 4.18%. 

 

 

N

Ts

CF2

N
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CF3
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3-Trifluoromethyl-2,3-dihydro-1-tosylindole (26) 

 

Method 1(Scheme 2-28):",'f*·¸  23a (44.0 mg, 0.137 mmol) 1¡40THF

£0g)�56*%,¤&89�*¯7' (53.7 mg, 0.206 mmol)/\]0UVW

12 PQRSIJK7,YZ[./\]JJ^_1`DBab/cd40e+6

*+fg*/hijkl/mnop40q?AMjkl/rst)789uv

w-.Wxy40zY{|}$89W~�IJK-�/����4B�@�J

��/0$7��*��9��{)|���f���-�����,-�Y+6

* 2�1�1`F����4026 (22.0 mg, 47%)/�JK 

 

Method 2(Scheme 2-29):¹*�,%�' 22a (44.0 mg, 0.137 mmol) 1¡40DMF

£0DBU (0.0145 ml, 0.0972 mmol)/\]0120 °CW 1PQRSIJK7,YZ

[./\]JJ^_1`DBab/cd40�Y+6*/hijkl/mno

p40q?AMjkl/rst)789uvw-.Wxy40zY{|}$8

9W~�IJK-�/����4B�@�J��/0$7��*��9��{

)|���f���-�����,-�Y+6* 5�1�1`F����4026 (89.5 

mg, 81%)/�JK 

 

1H NMR (500 MHz, CDCl3) " 2.37 (3H, s), 3.86 (1H, m), 4.05 (1H, dd, J = 11.5, 5.3 

Hz),  4.11 (1H, dd, J = 11.8, 11.5 Hz), 7.05 (1H, t, J = 7.7 Hz), 7.24 (2H, d, J = 8.1 

Hz), 7.25 (1H, d, J = 7.7 Hz), 7.68 (2H, d, J = 8.4 Hz), 7.70 (1H, d, J = 7.7 Hz). 13C 

NMR (125 MHz, CDCl3) " 21.5, 44.3 (q, JCF = 30 Hz), 49.2 (q, JCF = 3 Hz), 114.9, 

124.0, 124.3, 125.3 (q, JCF = 279 Hz), 126.1, 127.2, 29.8, 130.2, 133.5, 142.9, 144.6. 19F 

NMR (471 MHz, CDCl3) " 89.5 (3F, d, JFH = 9.1 Hz). IR (neat) 

# 2924, 1597, 1481, 1462, 1360, 1273, 1167, 1124, 1090, 814, 756, 660 cm-1. Anal. 

Calcd for C16H14NF3O2S: C, 56.30; H, 4.13; N, 4.10%. Found: C, 54.42; H, 4.23; N, 

4.09%. 
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