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()* +,-./012.34.5678 6-endo-trig95: 

;<=>?@AB,CD86E 

% % &F&% GH% % % % % % % % % % % % % % % % % % % % % % % % %        && 

&FI% 4FJ-./012.?@AB,CD86E% %  % % % % %        &K 

&FL% 4F+,-./012.?@AB,C86E% %        % %        &M 

 

(N* +,-./012.34.5678 5-endo-trig95OPQ 

RS0TUVWXY98Z[ 

% IF&% GH% % % % % % % % % % % % % % % % % % % % % % % %          I& 

% IFI% LFJ-./012\C?C],C86E% % % % % % % %        I^ 

% IFL% L_-./0VW`a?C]b.86E% % % % % % % % %        IM 

% IFK% cWdefOPQ 5-endo-trig95g 

K_-./0VW`ah0,JC86E%  % % % % % % % % % % % L^ 

% IFX% K_-./0VW`ai0,Cjk:86E% % % % % %        % Kl 

% IFm% nodefOPQ 5-endo-trig95g 

K_-./0VW`aS+pq]02/-rC86E% % % % % %  mI 

% IF^% VWdefOPQ 5-endo-trig95g 

4_-./0VW`st0uCvC86E % % % % % %  % % % % % mK 

 

(w* L_xyz;{|Q}~�,.��]8 5-endo-trig95OPQ 

�cW�S0XY98Z[ 

% LF&% GH% % % % % % % % % % % % % % % % % % % % % % % % % % % %  mM 

% LFI% L_xyz;{|Q}~�,.��]8��% % % % % % % % % %  ^& 

% LFL% L_xyz;{|Q}~�,.��]8 5-endo-trig95g 

K_xyz;{|Qh0,JC86E   % % % % % % % % % % %   % % % % % %  ^K 
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�<��                                                               &�M 
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Ac               acetyl 

AIBN            2, 2’-azobisisobutyronitrile 

Alloc             allyloxycarbonyl 

Bn               benzyl 

Boc              t-butoxycarbonyl 

BPO             benzoyl peroxide 

t-Bu              t-butyl 

cod              1,5-cyclooctadiene 

Cy               cyclohexyl 

DAST            diethylaminosulfur trifluoride 

DBU             1,8-diazabicyclo[5.4.0]-7-undecene 

DDQ             2,3-dichloro-5,6-dicyano-p-benzoquinone 

DEAD            diethyl azodicarboxylate 

DIBAL           diisobutylaluminium hydride 

DMAP            4-dimethylaminopyridine 

DMF             N,N-dimethylformamide  

DMI             1,3-dimethylimidazolidin-2-one 

DMSO           dimethyl sulfoxide 

dppb             1,4-bis(diphenylphosphino)butane    

EWG             electron-withdrawing group 

HMPT            hexamethylphosphorous triamide 

LDA             lithium diisopropylamide 

LHMDS          lithium hexamethyldisilazide 

LTMP            lithium tetramethylpiperidide 

nbd              norbornadiene 

NBS             N-bromosuccinimide 

NCS             N-chlorosuccinimide 

NIS              N-iodosuccinimide 

NMR             nuclear magnetic resonance 

NOE             nuclear Overhauser effect 

Pr                propyl 

TBAF             tetrabutylammonium fluoride 

TBS               t-butyldimethylsilyl 



TEA              triethylamine 

TEMPO            2,2,6,6-tetramethylpiperidinyloxy 

THF               tetrahydrofuran 

THP               2-tetrahydropyranyl 

TMS               trimethylsilyl 

Ts                 p-toluenesulfonyl 
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Table 1

Y = Ph, (CH2)3 Ph

 Yield (%)

n-BuLi t-BuLi PhLi

93 92 90

87 90 0
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DBU (1.2)

Y

CF2

DMSO

DMI

DMF

THF
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Y

CF2H

Y

CHO

/ DMF

base

entry base

1-5a : Y = N

1-5b : Y = N
+
-O
!

1-6 1-7

1-6 / % 1-7 / %

1
a)

2

3

4

solvent

LDA (1.2) 0 0

!"#$%&'32%

5

Dioxane

conditions

90 
o
C, 12 h

100 
o
C, 17 h

53 2

5

Table 1-1

-78 
o
C, 30 min

100 
o
C, 11 h

100 
o
C, 2.5 h

61 5

66 5

6 80 
o
C, 20 min 59 0
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1-5a

1-5a

1-5a

1-5a

1-5a

1-5b

+
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CF3

DBU

1.4

1.4

1.4

3.0

1.4

1.5

1.5

1.4

1.4

1.4

1.2

1.3

DMF

DMSO

DMSO

DMSO

DMSO

DMSO

DMSO

DMSO

DMSO

DMSO

DMSO

DMSO

DMF

Y

CF2

CaO (1.0)

MgBr2 (1.0)

CaBr2 (1.0)

LiBr (1.0)

LiBr (1.0)

Y

CF2H

N

CHO

/ solvent

entry DBU / eq

1-5 1-7

1-6 / % 1-7 / %

1

2

3

4

solvent

1.2 59 0

5

conditions

80 
o
C, 60 min

80 
o
C, 30 min

80 
o
C, 40 min

80 
o
C, 40 min

72 1

80 2

83 trace

81

additive (eq)

none

6

7

8

LiBr (2.0)

LiBr (3.0)

LiCl (1.0)

LiI (1.0)

n
Bu4NBr (1.0)

9

10

11

trace

62

74

71

75

69

76

80 
o
C, 40 min

80 
o
C, 40 min

80 
o
C, 40 min

80 
o
C, 40 min

80 
o
C, 40 min

80 
o
C, 40 min

80 
o
C, 20 min

4

1

3

2

trace

trace

Table 1-2
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1-5b

1-5b

1-5b

1-5b
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1-5b
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o
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none12 66100 
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CF3

reagents

4-Chloranil (1.2)
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MnO2 (5.0)

5% Pd-C (0.05)

benzene

benzene

CH2Cl2

benzene

toluene

-H2
N

CF3

entry reagent (eq)

1-5a

1-11 / %

1

2

3

4
a)

solvent

DDQ (3.9)

5
b)

conditions

reflux, 4 h

rt, 24 h

reflux, 16 h

reflux, 18 h 13

reflux, 2 h

Table 1-3

1-11

a) 1-5a 50%!" b) 1-5a 43%!"  
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5

200
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10
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p-Xylene
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CF3

entry Pd / mol%
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1
a)

2

3
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solvent
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conditions
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reflux, 14 h
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Table 1-4
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�\ 2-20g¸ Boc`º»Xh¼ THP`?klY¹�� T̂HP`g Boc`?e~

|�^u/e¸½¾?k´µy¹��\1@S?¿@SLÀÁ\}�|¡ÂÃ

?`�-Ä�f¸^2-19c,g -ÅN/©ªmn 31)-def NTsAlloc`L¬�

\¨ P̂d(PPh3)4L�e/ÆxÇÈÉX Alloc`?k´µL�]�g-.«@A

�\} 

�\ ĈDE-ÊbË5K3LMN/FG5HIJ 2-21h¸ Ì̂É-Z[/¾

ÍXTU�\}HÎÏ�5K3LMN/RF<5L DIBALÐÑ�fH5� J

g�^�|LH<5G�> 2-18 gmn{Ò/�g-.«^HÎÏ�5K3LM

N/¤¥H<5H5¦�5 2-26LÓ\}Ô-©ªmn 31)L�he^ J7�G

`LNTsBoc`-Õ:�\}HÎÏ�5K3L¯1�fÊbË5 2-28g�\¨^

F<4567®¯L�ef Boc `?°±L�he^FG5HIJ 2-21h LTU

�\�b���#-B8�} 



 !Ö 

CF3CO2Et

  RCHO (1.1)

MS4A

NHTsBoc (1.3)

rt, 6 h / THF

TMSCH2MgCl (2.1)

rt, 6 h / THF

rt, 6 h / THF

NHTsAlloc(1.3)

CF3

OH

R

CF3

NTs

R

CF3

NTs

R

Boc

Alloc

TMS TMS

HO CF3

CF3

NTs

R

CF3

NTs

R

TMS

CF3

H

H

conc. H2SO4

rt / THF

TBAF (0.15)

PPh3 (1.5), DEAD (1.5)

rt, 10 h / CH2Cl2

CF3CO2H (10)

PPh3 (1.5), DEAD (1.5)

rt, 10 h / CH3CN

Pd(PPh3)4 (0.02)

piperidine (4.0)

2-19a : R = Ph : 75%

2-19b : R = p-BrC6H4 : 84%

2-19c : R = o,p-(MeO)2C6H3 : 63%

2-19d : R = 2-furyl : 72%

2-19e : R = styryl : 43%

2-19f : R = n-hexyl : 52%

2-19g : R = CH2OTHP : 43%

2-20a : R = Ph : 95%

2-20b : R = p-BrC6H4 : 85% 

2-20c : R = o,p-(MeO)2C6H3 : 84%

2-20d : R = 2-furyl : not determined

2-20e : R= styryl : 25%

2-20f : R = n-hexyl : 73%

2-20g : R = CH2OTHP : 43%

2-21a : R = Ph : 94%

2-21b : R = p-BrC6H4 : 77%

2-21c : R = o,p-(MeO)2C6H3 : 0%

2-21d : R = 2-furyl : 29% (from 2-19d)
2-21e : R = styryl : 61%

2-21f : R = n-hexyl : 84%

2-21g : R = CH2OTHP : 50%

2-22c : R = o,p-(MeO)2C6H3 : 58%

2-22g : R = CH2OTHP : 57%

2-21c : R = o,p-(MeO)2C6H3 : 93%

2-21g : R = CH2OTHP : 95%

2-17  71% 2-18  51%2-16

Scheme 2-17

TMS

CF3

NC OMe

OMe

 2-25 (0.9)

MS4A
CF3

OH

OMeMeO

OHC OMe

OMe

NHTsBoc (1.2)

H2O2 (1.5)

NTs

CF3

CO2Me

Boc
NTs

CF3

CO2Me

H

CF3

NTs

OMeMeO

Boc

rt, ovenight
   / THF

TBAF (0.15) PPh3 (1.5), DEAD (1.5)

rt, 8 h / CH2Cl2

CF3CO2H (10)

 rt, 9 h

/CH2Cl2

DIBAL (1.2)

2-25  51%

40 
o
C, 6 h

conc. HCl aq (1.5)

2-26  40%
2-27  66%

2-28  76% 2-21h  88%

rt, ovenight
   / THF

/ MeOH

Scheme 2-18

2-18
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' 2-21a L¥�51@Sg�f^�|- DMFÆ NaH LØ�{Ò^80 ÙX 20

ÚÛÜÝ�\}§?Þß^àá�\âASXu/%$=4567OPc>;7

<=> 2-24ay 66%?ãäXÓ¡|\�Ê>F<�B�}mnåæL 120 Ù-N

/gmn¸ 3ÚÛXçè� 9̂1%?ãäXérâAS 2-24aLÓ/�gyX²\

�Ê>F<�#�}êëLF5Ê>-ÕìN/g^mn¸í¼¹�Ò~-01î

ï 2-21ayðã{|/?�Xu�\�Ê>F<�!�}�\^ñ`g�fKHL

�efY 2-24aLÓ/�gyX²\y ã̂ä¸ 87%gh«NaHL�e\Ú-ò

[/góôõÉ�\�Ê>F<�%�} 

�|¡?Þß�¡^F<4567OP5QR51@S?CDE SN2´mnyO

Pc>��{|\ö@XY÷ø-¹�N/�gyù¡�gh�\}úû^sD

*ü`Lý\heF<4567OP5QR51@S? SN2´mn¸þÿºy^�

|LCDEmngN/�g-.�f!"-¹�N/�gL#$�\}�\^%

01mn¸*+rh 5-endo-trig01Xu/�gyù¡�Xu« V̂WXZ[\

*+K3g6c4�>K3y4&Rc>��{|\ 2-10 ?01mn-ÃefY^

6!0tsDmnX¸h¼ *̂+rh 5-endo-trig01y¹��fe/�gL'(

N/ÞßXu/} 

 

NaH (1.3)

NaH (1.3)

DMF

DMF

– F

 / DMF

Base

CF3

PhHN

KH (1.5)

NaH (1.3)

Ts

DMF

N Ph

CF3

N Ph

CF2

entry base (eq) solvent conditions

2-21a 2-23a 2-24a

2-24a / %

4

3 Toluene 0

87120!", 1 h

reflux, 5 h

Table 2-7

Ts Ts

2 91120!", 3 h

1 6680!", 24 h

 

 

' Ô-%01mn?`�)*xL���/�g-�^;7<=>?#3-¬



 %+ 

X²/9:`L,-�\}¤¥H<53-4&R5`^p$.7¥4&R5`^

2,4$=OF�G4&R5`^2$4<5`h/?H<�5`LMN/FG5H

IJX¸^e~|Yãä0¼011LÀÁ\�Ê>F<�B2%�}�\^bP

<5` Ĥ5�5` ĤÎÏ�5K3LMN/9:`XYãä0¼01�\�Ê

>F<��2"�}�\^CDE-ÊbË5K3LMN/FG5HIJ 2-21h X

Y 5-endo-trig 01¸¹��^ÊbË5K3LMN/;7<=> 2-24h yãä

63%XÓ¡|\}\º�^�?mnX¸ 5-exo-trig 011gh/�3Ï� 2-29

y 12%?ãäX4â�\} 

�?.]-^F<4567OP5QR51@S? SN2´mnLCDEmn-5

�N/�gX*+rh 5-endo-trig01L6A� %̂3-=4567OPc>`

LMN/�,;7<=>L@AN/�g-A7�\} 

 

– F

 120 
o
C / DMF

NaH (1.3)

CF3

RHN
Ts

O

R

Ph

N

CF3

O

Ts

Ts
N R

CF3

O O

n-Hexyl

Ph

R

CO2Me

Ts
N R

CF2

2-21 2-23 2-24

Table 2-8

2-24 / %

p-BrC6H4

2-24 / %

91

79

93

82

94

(a)

(b)

(c)

(d)

73

o, p-(MeO)2C6H3

(f)

(g)

(e)

74

entry

1

2

3

4

entry

5

6

7

time / h time / h

3

4

3

2

2

2

2

8
a) (h) 3 63

a) !12%"#$

2-29  
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8Z�\019:1 2-21L�ef^%$=4567OPc>;7<=> 2-24

-;Áf%3-F<4567OP5`LýÃ;7<=> 2-30 L@AN/�g-



 %B 

�\}�~^VWXZ[\a$F<4567OP5bPc><¬1 2-10 XCD

Eijmny¹��\ÇÈL�emnL��\}FG5HIJ 2-21a- DMFÆ

X=ë>? DBULØ�{Ò 1̂20 ÙX!ÚÛj?¨-mn@? 19
F NMRLAB

�\}CDEijmny¹��\F<4567OP511 2-30a¸âAÒ~ �̂

C{|\?¸CDE SN2´mn?¹��\ 2-24a�19
F NMRãä 10%�º»X^D

gE/?îïyðã{|\�b���#-B×�} 

 

PhHN

CF3

Ts Ts
N Ph

CF3

Ts
N Ph

CF2

2-30a  0%2-21a 2-24a 10%

 DBU (0.3)

120
 o

C, 3 h

   / DMF

+ + !"2-21a#$ 89%

Scheme 2-19  

 

FGHI?Ì9?GH-def^a$F<4567OP5bPc> 2-10 ?

DBU -./CDEijmnL 19
F NMR XJK�\Þß�¡^mnLÆX 2-10

?)K¸CDE SN2´mn-.« 2-11gh/Y?? �̂|-4M1SN6>yO

æijN/�g-.�fF<4567OP511 2-12 LâA�fe/�gyC

��fe/�b���#-#+�20)} 

HN

CF3

DBU (cat.)

Ts
N

CF3
Ts Ts

N

CF3
!  F

F

Ts
N

CF2

      DBU!H
+

or   2-10

2-10

2-11

2-12
Scheme 2-20

 

 

�\^3$=4567OPc>N>J�5 2-11 -4M1SN6>PXu/

n-Bu4NF (TBAF)LØ�{Ò/g^4M1SN6>y=45676c4�>K3

-*+QR�^F<4567OP511 2-12 yÓ¡|/�gY�C{|fe/

�b���#-#B�20)} 



 %# 

Ts
N

CF2

TBAF (1.5)

Ts
N

CF3

2-11 2-12  47%

rt, 12 h
 / THF

Scheme 2-21 ' '  

 

�|-Å�^9SX@A�\%$=4567OPc>;7<=> 2-24a -

TBAFLØ�{ÒfY^F<4567OP511 2-30a¸Ó¡|h��\�b�

��#-##�} 

N

CF2

Ph

Ts

TBAF (1.5)

Ts
N

CF3

Ph

2-30a  0%

(No Recation)

rt, 24 h

Scheme 2-22

2-24a

 

 

�?�g�¡ =̂H5�59:? gem-=4567H5T>Xu/ 2-24¸4M1

SN6>?*+QRLU»ÿ¼^)V�|yâW/gF<4567OP511

2-30 -¸Õ:{|he�gyC�/}X�f^2-30 Lãä0¼@AN/\�-

¸^Y5ZHR6> 2-23 �¡4M1SN6>?kl-[\�f]7F>1�h

»|^h¡he�b���#-#!�}§�X^]7F>xêëÆX?01L,-

�\} 

Ts

CF3

HN R
Ts
N

CF3

R

H
+

Ts

Ts

N

CF2

R

N

CF3

R

– F

 SN2'!"

 #$!"Scheme 2-23

2-21

base

2-23

2-24

2-30  



 %! 

+ H
+

 / Solvent

Base

CF3

PhHN
Ts

t-BuOK (1.3)

t-BuOK (1.3)

MeONa (1.3)

KOH (1.3)

KOH (1.3)

KOH (1.3)

KOH (1.3)

KOH (5.0)

n-Bu4NOH (1.3)

KOH (5.0) (CH2OH)2

Ts
N Ph

CF3

Ts
N Ph

CF3

Ts
N Ph

CF2

2-21a 2-23a 2-30a 2-24a

+

entry base solvent conditions 2-30a / % 2-24a / %

1

2-21a !" / %

t-BuOH : DMF
      (1 : 1)

120 
o
C, 3 h 35 30 0

2
a) t-BuOH : DMF

     (10 : 1)
relux, 1 h 3 8 84

3 MeOH : DMF
     (1 : 10)

120 
o
C, 6 h 29 41 0

4 H2O : DMF

    (1 : 10)
120 

o
C, 10 h 40 45 0

5
a) H2O : DMF

    (1 : 5)
reflux, 13 h 6 0 94

6 H2O : DMSO

     (1 : 5)
120 

o
C, 6 h 45 29 0

7 H2O : DMSO

     (1 : 1)
120 

o
C, 20 h 63 6 15

8 H2O : DMSO

     (1 : 1)
120 

o
C, 20 h 74 < 4 < 8

9 H2O : DMSO

     (1 : 2)
100 

o
C, 6 h 60 0 < 6

10 130 
o
C, 20 h 82 0 0

a) 
19

F NMR"#

Table 2-9

($%&' (CF3)2Ctol2 )

'  

�~^t-BuOHg DMF?B2B?¿@êëÆ^2-21a- t-BuOKLØ�{Ò

\g�_ 4̂M1SN6>ykl�\ 2-24ag`- à̂áú«CDEijmny

¹��\ 2-30aL 35%?ãäXÀÁ\�Ê>F<�B�}{¡-aä0¼]7F

>1L�hbÒ/\�-^ t-BuOH ?c@L8d/�g-�\} t-BuOH g

DMF g?B+2B¿@êëÆXmnL��\y^�?ö@¸mnåæyõ¼^

mneæyfû-g¼h�\�Ê>F<�#�}Ô-^t-BuOH.«Y¯xæ?



 %% 

heMeOHg DMF?B2B+¿@êëÆMeONaL�efmnL��\}é

rgN/ 2-30ay 29%Ó¡|\Y?? 4̂M1SN6>ykl�\ 2-24ay 41i

Ó¡|\�Ê>F<�!�}ì- MeOH ?c@Lh¼N/g^mnåæ?õÉ

-.«01eæyg¼h«^DgE/yîïðã-çb�\}§�X^mnå

æLh¼X²/.]- Ĥ2OgDMF?¿@êëÆXmnL��\}H2OgDMF

?B2B+?¿@êëÆ KOHL�e/g^2-30ay 40%^2-24ay 45%?ãä

XÓ¡|\�Ê>F<�%�}{¡-H2O?c@Lud^H2Og DMF?B25

?¿@êëL�e\g�_^mn`�Xu/b5¤>HIJ 2-21 ?êjxyf

û-k¼h«^DgE/yîïðã-çb�\�Ê>F<���}Ô-^`�?

êjxL8d/\�- Ĥ2Og DMSO?¿@êëL�e/�g-�\}�?ö

@ Ĥ2Og DMSO?B25¿@êëL�efYb5¤>HIJ¸êj� 1̂20 Ù

X 6ÚÛj?�\g�_ 2̂-30ay 45% 2̂-24ay 29%?ãäXÓ¡|\�Ê>

F<�l�}{¡-B2B¿@êëL�e/g 2̂-24a?âA¸ 6%-Éy« 2-30a

y 66%Ó¡|^4M1SN6>?klL�h«mÁ/�gyX²\�Ê>F<

�"�}�\^ñ`?>L�n¥5>-opNgérâAS 2-30a?ãä¸ 74%

g{¡-q8�^2-24a?4â¸ 4%ÌÉgh�\�Ê>F<�Ö�}KOHrs

?Y<t�N6>y4M1SN6>?klLu�fe/gvÁ^ÅYP6>y

H>¥Rt�ñXu/ n-Bu4NOHL�e\g�_^4M1SN6>?kl¸#

¡|h¼h�\y^2-30a ?ãä¸ 60%-õÉ�\�Ê>F<�×�}]7F>

xêëX�Ãhwx?ÊPc>y<¦�5Lêë-�e 130 ÙX 20 ÚÛj?

�\g�_ 4̂M1SN6>?klLzí-mÁf é̂r1@S 2-30ay³Y0

{h 82%?ãäXÓ¡|\�Ê>F<�B+�}hd^��XÓ¡|\;7<=

> 2-30a ¸^íf?Ê>F<�-def=HbËc6|�òH>P1 2G>1

y 92 : 8Xu«^H>P}~r-Ó¡|\}�?�11�^}~x-Ãef¸

¨ZN/} 

' Ô-%01mn?`�)*xL���/\�^;7<=>?#3-¬X²

/9:`L,-�\}4&R5`^p-.7¥4&R5`^2,4$=OF�G4&

R5`^2$4<5`h/^H<�5`LYÃFG5HIJ 2-21a-d X¸^e~

|Yãä0¼011y¹��^h}~r-H>P1? 2-30 LÀÁ\�Ê>F<

�B$%�}�\^H5�5`^HÎÏ�5K3LMN/9:`XYãä0¼0



 %� 

1�^�~�~?}~òXH>P1y[\�fÓ¡|\�Ê>F<�l�"�}

\º� b̂P<5`LýÃ¤¥H<5HIJ 2-21eº»¸ 0̂1¨{¡-ñ`-

./kb54�>¯�\1@SL4â� 2̂-30e?âA¸ 23%gõãäXu�\

�Ê>F<���}�?.]-^ÊPc>y<¦�5ÆX01mnL�]�g-

.«^4M1SN6>?klLmÁf 2-23 L]7F>1N/�g-A7�^%

3-F<4567OP5`LMN/¢£h;7<=>L@AX²\} 

H
+

 / solvent

KOH (1.3)

CF3

RHN
Ts

O

Ph

R

Ph

n-Hexyl

O O

N

CF3

Ph

Ts
N R

CF3

(CH2OH)2

(CH2OH)2

(CH2OH)2

(CH2OH)2

(CH2OH)2

(CH2OH)2!THF

(CH2OH)2!THF

Ts
N R

CF3

2-21 2-23 2-30

Table 2-10

 2-30 / % (anti : syn)

p-BrC6H4

85 (92 : 8)

76 (92 : 8)

74 (90 : 10)

67 (77 : 23)

67 (70 : 30)

(a)

(b)

(c)

(d)

23 (78 : 22)

o, p-(MeO)2C6H3

(f)

(g)

(e)

69 (83 : 17)

entry

1

2

3

4

5
a)

6

7

conditionssolvent

(10 : 1)

(10 : 1)

120 
o
C, 20 h

130 
o
C, 10 h

130 
o
C, 20 h

120 
o
C, 24 h

130 
o
C, 10 h

130 
o
C, 20 h

130 
o
C, 20 h

KOH / eq

5.0

5.0

1.3

5.0

5.0

5.0

5.0

a) !"# (<17%)

 

'  

g�_X^8XZ[\.]-%$F<4567OP5;7<=> 2-30 ¸^�

1�x1Xu/G>1gH>P1?¿@Sg�fÓ¡|f¼/}e~|YG<

Y�5Y��X¸ClX²h��\y^�) p-.7¥4&R59:;7<=>

2-30b?�Â,?�x1LG<Y�5Y��XClX²\}§�X^§|�|?

NOESYb�3F5LB�N/�g-.« §̂?�1�9L���\}Nhb�^

H2g H4g?Û- NOE�Äyu/�x1LG>1^NOE�Ä?he�x1L

H>P1g���\��#-B�}X�f^Ó¡|\ 2-30b¸H>P1y�âAS

Xu/�gyb��\} 



 %l 

N
Ts

H
2

F3C
H

4

Br
N
Ts

H
2

H
4 CF3

Br

syn anti

NOE

Figure 2-1

2-30b

 

�\^p-.7¥4&R59:1Ì�? 2-30b?�11�-Ãef¸^�#-Ö

-'N.]-íf?1@SXF<4567OP5`?a3?�)(H4) ?Gy�

5y³Y��rXu�\� §̂?1�G4F�L 2-30b?½�x1?�gò��

f�11�L���\}hd 2-30g-Ä�f¸^THP`L��\�- 4,?=

HbËc6|�y��� NMRb�3F5yfû-��Xu�\\�^THP`

L°±��®¯ T̂HF^�?4 : 2 : 1¿@êëÆ 4̂0 Ù 4̂ÚÛ^ãä 84%�̂

 J7�GOP51 2-30ig�\¨X=HbËc6|�òL�$�\} 

 

N
Ts

R
H

F3C
H

4

N
Ts

R
H

H
4 CF3

syn anti

H
4
 (syn) H

4
 (anti)

O

Ph

R

Ph

n-Hexyl

OH

p-BrC6H4

o, p-(MeO)2C6H3

2.63 2.96

2.64 2.92

2.46 2.90

2.76 3.27

2.69 3.00

2.28 2.95

2.25 3.09

(a)

(b)

(c)

(d)

(e)

(f)

(i)

Table 2-11  
1
H NMR!"#$%&'(!)

2-30

anti : syn

92 : 8

92 : 8

90 : 10

83 : 17

78 : 22

77 : 23

70 : 30
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011 2-30 ?=HbËc6|�òL#/g^e~|YH>P1y�âASgh

�fe/}�?�rg�f¸^Ô?? �r¡¢geæ£r¡¢?e~|�y

vÁ¡|/}? �r¡¢g¸^=HbËc6|�òy 2-30 ?? �r¤�x

X���fe/gN/Y?Xu/}Ã�«^mn¥EXG>1gH>P1¸¦

§t¨-u�f^H>P1yG>1.«Y? �r-¤�h¸~Xu/�b�

��#-#%�} 

H
+

base

!H
+

H
+

!H
+

CF3

RHN

Ts Ts

N R

CF3

Ts

Ts

N
R

CF3

N
R

CF3

2-21 2-23

syn-2-30

anti-2-30

!"#$Scheme 2-24  

§�X^¥EXG>1gH>P1y¦§t¨-u/�/]�LT[/\�-^

=HbËc6|�LClX²\ p-.7¥4&R59:1 2-30b ?H>P1gG

>1L©£-01mng�ÇÈÉXj?�\}§?Þß^½ªgY-�x1¸

í¼#¡|he�gL�C�\�b���#-#��}�?�g�¡^2-30 ?H

>P1gG>1¸¦§t¨-¸h¼^8?? �r¡¢¸«�{|\} 

 

130 
o
C, 16 h

  / (CH2OH)2

130 
o
C, 20 h

  / (CH2OH)2

KOH (5.0) KOH (5.0)

N

CF3

BrTs Ts
N

CF3

Br

anti-2-30b

no reaction

syn-2-30b

no reaction

Scheme 2-25  

 

X�f^=HbËc6|�ò¸eæ£r¡¢^Nhb� 2-23 ?]7F>1?

¬Xeæ£r-���fe/�g-h/(b���#-#l)}�|¸^ÆÛ1

gh/Y5ZHR6> 2-23 y^G>1®?]7F>1.«YH>P1®?]7
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F>1-M¯h�°Lg�fe/�gL±²N/��#-B�} 
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' !(S)*+,-./0�cÍÎ1,23789SÎZN=>ÑÒSi�N

#ÓÓÔXYNZG�u��Õ#-#Ö>#-#×�[Goodmank=>4-�b,�

�1,23qa*Øur* 2-31 cÙz�ÚLM>Ö$×ur�1EÛ�b,Ü

,2¸3Ëc�pG 2-37©�Ý 2-40ÏL5ZNZG[§7*�ÈE=>È2)

*+,qa*�=>+��1,23456 2-33Ï7 CF3TMS7ÞßS�¢5f

XYNZG[l7à>2-37 c>#(/0�L=á7°±kËâãÁä87å.

¬c�iZ>�367!$È2)*+,qa*1,23 2-39 Ï45MNZG[

Åw>2-40 7�b,���cæçèéÏê(XëG§LE>ã(/0�L¹ì

°±kå.¬c�iZ>A3a67!$È2)*+,qa*1,23 2-42 ¿8

9MNZG�u��Õ#-#Ö�34)[ 
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N
Boc

CH2OH

F3C

N
Boc
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F3C

N
Boc

CH2OTBS

F3C

N
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CO2CH3

O

N
Boc

CO2H

F3C

Trichloroisocyanuric acid
TEMPO

0 
o
C!" rt, 24 h / THF

H2 (1 atm), Pd / C

Ph 6.7 NaH2PO4 Buffer

Boc2O, TEA

0 
o
C, 20 min / CH2Cl2

       rt, 18 h
/EtOH:THF (2 : 1)

TBSCl
TEA
DMAP

1)   TsCl, NaH

0 
o
C!" rt, 2 h

 /  THF

2)   tBuOK

!40
o
C, 2 h

/ THF

NaClO, NaClO2

TEMPO

45 
o
C, / MeCN -

H2 (1 atm)

[Ir(cod)(py)PCy3] 

(2mol%)

rt, 4 h / CH2Cl2
Ph 6.7 NaH2PO4 Buffer

NaClO, NaClO2

TEMPO

45 
o
C, / MeCN -

2-31 2-32  94% 2-33  94%

2-34  56% 2-35  94%

2-36  89%

2-37  76% 2-38 (syn)  78% 2-39 (syn)   94%

2-40  85% 2-41 (anti)   91% 2-42 (anti)   96%

Scheme 2-27

rt, 30 min

TBAF

/ THF
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Åw Qing k=>�b,��1,23 2-43 cÙz�ÚLMN¹íS+��1

,23456 2-46Ï5Zwà>CF3TMS>CF2Br2cWZNÈ2)*+,qa*

�FGZ=¸)*+,qaî3�c5fM>XkSãÁä87ï6ðñòå.

¬S�¢>syn$4$È2)*+,qa*1,23 2-49 L anti$!$¸)*+,

qa*1,23 2-51j89E¾GLÓÔMNZG�u��Õ#-#×�8)[ 
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CF3
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CO2H

CF2H

N
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CO2Bn

HO

N
Boc

CO2H

CF3

 / Pyridine

TEA

CF2Br2, Zn

HMPT

/ THF

/ 10% NaOH

2) sat, NH4Cl aq.
    then TBAF

/ pyridine

Pd / C, H2 (1 atm)

/ EtOH

Pd / C, H2 (1 atm)

/ EtOH

2-43 2-44  quant 2-45  45%

2-46  84%

2-47  81% 2-48  78% 2-49  90%

2-50  48% 2-51  64%

Scheme 2-28  
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÷ïcøùM>È2)*+,qa*�>¸)*+,qa*�>¸)*+,qa

î3�c 4(SÍÎ1,23789cúeG§LSMw[l7Ùzm�LMN>

#û!üEµ¶w�·S>È2)*+,qa*ÉÊ*¬8m 2-21 7 5-endo-trig

Ë¬ýþS�¢89Mw>#(S)ÿÊ*�(a)>2,4-¸qÈ��)ÿÊ*�(c)>

2-)2*�(d)>A!"�*#((g)c�pG¸)*+,qaî3Ü,2¸32-24a, 

c, d, g$ÝÈ2)*+,qa*Ü,2¸3 2-30a, c, d, gcðÝ>§Ykc!$)

*+,-./01,23Ï45pG§Lc%�w�u��Õ#-#"�[ 
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' #$!$!S©ZNA3aðñòSÇkYwÜ,2¸37&±k#(SA2

�*�cÍÎ 4!È2)*+,qa*Ü,2¸3 2-30a, 2-30c, 2-30dcðÝ>A

2�*�7D¬S��N>!(SÈ2)*+,qa*�c¿Î1,23c89

pG§LSMw[Å'>(¿ï6ðñ_7)±�w#(S)ÿÊ*�cÍÎ

2-30a (anti : syn = 92 : 8)S>H2O>CH3CN>CCl47*8+é&>RuCl3L NaIO4

±kõ&Ez\Xëw RuO4c,WXëwL§-
35)>ï6gÍED¬j.�MA

3a6/\9m7 N$È�*1,23 2-52 (anti : syn = 92 : 8)j 45%ÇkYw[

01j2±�ww3>45Ë#(c6�78ED¬c9:;Z¸qÈ��)ÿ

Ê*�So<M>2-30c (anti : syn = 90 : 10)c¹í7=ÃED¬Mw[§§E¿ï

6gÍEýþj.�M>01 72%E N$È�*1,23(anti : syn = 90 : 10)S4

5E¾w[Åw>)2*�c�pGÜ,2¸3 2-30d (anti : syn = 85 : 15)S¿¹

í7D¬c�i·L>01 89%L(¿)>i01E 4-È2)*+,qa*1,

23456(anti : syn = 85 : 15)S45pG§LjE¾w[ 
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 / H2O !  CH3CN !  CCl4

RuCl3!nH2O (2 mol%)

       NaIO4 (11.0)

N R

CF3

O

R

Ph

Ts Ts
N CO2H

CF3

2-52

Table 2-12

 2-52 / % (anti : syn)

45 (92 : 8)

72 (90 : 10)

(a, 92 : 8)

(c, 90 : 10)

(d, 83 : 12)

o, p-(MeO)2C6H3

89 (85 : 15)

entry

1
a)

2

3

conditions

rt, 4 day

rt, 6 h

rt, 4 h

2-30

a) 2-30"#$ 21%

2-30 (anti : syn)

 

 

i©§§EÇkYw N-È�*1,23 2-527ï6ê/SÎZN=>@üL¹

íS>2-30b7¯A_6L 4(1,È37¬�)ÈcBCpG§LS�¢D¥

Mw[ 

N CO2H

CF3

H
4

Ts Ts

N

CF3

Br

H
4

2-302-52

1
H NMR H

4
  anti ! : 3.15

                     syn ! : 2.70

1
H NMR H

4
  anti ! : 2.92 

                     syn ! : 2.64  
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k>!$¸)*+,qa*1,23Ï745cúew[ÆµMw#(A2�*

�7F*G���Ï7D¬ýþE(¿�ZäHcI�w)2*�cÍÎÜ,2

¸3 2-24dcWZG§LSMw[Å'¸)*+,+î)s3#(cå.¬M>̧

)*+,qa*�Ï45pGýþJKcLMMw[ 
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 / solvent

   reagents

rt, H2 (1 atm)

N

CF2

O

reagent (mol%)

Pd / C (5)

Ts

Pd / C (5)

Pd / C (5)

Rh / C (5)

RhCl(PPh3)3 (10)

PtO2 (5)

Raney Ni (excess)

solvent

EtOH

AcOEt

CH2Cl2

EtOH

EtOH

EtOH

EtOH

EtOH
N N

HH

Ts
N

CF2H

O

Ts
N

CF2H

O

2-53

Table 2-13

 2-53 / % (anti : syn)

81 (38 : 62)

entry

1

time

30 min

2-24d 2-54

 2-54 !" 2-24

<9 5

83 (45 : 55)2 1 h <10 4

<33 (40 : 60)3 24 h <10 17

<29 (36 : 64)4 6 h <10 14

<19 (35 : 65)5 24 h 44

6 1 h

7 12 h

8 24 h

No Reaction

No Reaction

Comepex Mixture

0

0

0

0

0

0

0(500)
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m 2-54jÇkYw�Ø3È2�:�[+é`HcaGw3S AcOEt&Eýþc

�i�wL§->01=bL�co�ki±�wj>ï6ðñ_j2SMw�Ø

3È2�#�[Åw>CH2Cl2 &E¿å.¬c�i�wj>ýþde=fUi¢

01j2SpGg:EF�w�Ø3È2�?�[ES>èé7LMc�i·§L

LMw[,¸VÕW-.{Willkinsonh6cWZGL>øò\9m 2-53701

=iMU2SMw�Ø3È2�!>%�[Åw>PtO2cWZGLjk7\9mj

\\MNMÅZ>Raney Ni E=>ýþjlU.�Mi±�w�Ø3È2�m>

Ö�[XkS>¸nBbS�Gop¿q§ki±�w�Ø3È2�×�[§7�

·S>U�¸VÕW-.cWZGL 2-24dc01)Uå.¬E¾G§Lj�±�

w[2-53 7�36LA3a6=�2F�*t,rÈs�)s�EQtE¾i±

�ww3>§Yk7ï6¬SÎZN¿ 2-30b7¯A_6L!(1,È37¬

�)ÈcBCMND¥Mw[ 
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Ts Ts
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CF3

Br

H
4

2-30b2-53

1
H NMR H

4
  anti ! : 2.99

                     syn ! : 2.55

1
H NMR H

4
  anti ! : 2.92 

                     syn ! : 2.64

O

 

 

uZN>§§EÇkYw 2-53(syn : anti = 60 : 40)7)2*�cýþõ&Ez\

Xëw RuO4S�¢F*G���ÏD¬Mw
35)[§§E¿D¬ýþ=ï6gÍ

E.�M>01)U!$¸)*+,qa*1,23456 2-55 c89pG§L

jE¾w�u��Õ#-?Ð�[ 

 

 / H2O !  CH3CN !  CCl4

RuCl3!nH2O (2 mol%)

       NaIO4 (11.0)

N

CF2H

O

Ts Ts
N CO2H

CF2H

2-55 89% (syn : anti = 61 : 39)2-53 (syn : anti = 60 : 40)

Scheme 2-30  
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�ÃE=ï6ðñ_jbL�cvZ[!()*+,-./01,237WwL

MN>#$%$:Eµ¶w�·i`1abBqrstuc%�GL>¯ï6A

_6clYxYðñòS89E¾G�Ãc÷ïpG§LjÁÂEFG[l§E>

å.¬ýþEï6ðñ_czyXëGw3SESzpãÎ=ÃcLMMw[p

i�h>2-24g 7 THP�c{|Mw 2-24h 7�b,���cæçèéSê(X

ëijk>�b,��qa*�L¹ì°±kå.¬c�i·§LE>A3að

ñòS¸)*+,qa*/06cÇG=Ã�u��Õ#-?:�L>THP�c}

~Zg��S��Nl7ï6��cVWMNAiG°±kå.¬c�iZ>�

3ðñòS¸)*+,qa*¬6cÇG=ÃEFG�u��Õ#-?#�[ 
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OH

Ts
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N
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Ts

Ts

N
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OH

N

CF2H

OY

Ts

Ts

N
CO2H

CF2H

N
CO2H

CF2H

Scheme 2-31

Scheme 2-32

2-24h

2-24
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syn

 

 

Å' 2-24g 7g��7o<c�i�w[�u��Õ#-??�[}~Zg��L

MN>t-BuMe2Si�(2-24i)>i-Pr3Si��2-24j�>t-BuPh2Si�(2-24k)cÍÎ¸)

*+,qaî3Ü,2¸3 2-24i-kc��Mw[ 

 

N

CF2

OTHP

Ts Ts
N

CF2

OH

Ts
N

CF2

OY

2-24g
2-24h  90%

A : 2-24i : Y = Sit-BuMe2 (94%)

B : 2-24j : Y = Sii-Pr3 (12 h, 93%)

B : 2-24k : Y = Sit-BuPh2 (24 h, 69%)

Scheme 2-33

/ AcOH!" !THF!" !H2O

           (4 : 2 : 1)

        40 
o
C , 24 h

or   (B) YCl (1.5)
            imidazole (2.0)

(A) TBSCl (1.5)

      TEA (2.0)

      DMAP (cat.)

      rt, 3h / CH2Cl2

rt /DMF

 

=ì3S 2-24h c��SðÝ>�b,���7æçèéÏ7ê(cVWpG>

A3aðñòi¸)*+,qa*Ü,2¸3 2-56 789cLMMw[�b,�

��7ê(S�Gðñòå.¬jÓÔXYNZG[Ir(cod)Py(PCy3)]PF6 c 5 

mol%WZN 2-24h 7å.¬c�i�w 34)j>øòLpG 2-56 =bL�cÇk

Yi±�w�Ø3È2�:�[¹ìèéc 30 mol%WZGL>19F NMRE�3

67\9=��XY'b��liðñ_E anti6jÇkYwj>ýþ=�NS

fU 2-56=201EF�w�Ø3È2�#�[Î�S>,¸VÕ7Fa+3_h

6EFG[Rh(nbd)dppb]BF4cèéSWZwj>§7�8ýþ=lU.�Mi±

�w�Ø3È2�?�[U�¸VÕW-.cWZGL>EtOH { AcOEt +é&
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E=bL�cðñ_jakYi±�wj�Ø3È2�!>%�>CH2Cl2 &E=

øòLpG 2-56jA3a6��36B83 : 17LÅ'Å'7ðñ_EÇG§Lj

E¾w�Ø3È2�m�[ 

 / solvent

   reagents

H2 (1 atm), rt

N

CF2

OH

catalyst (mol%)

[Ir(cod)Py(PCy3)]PF6 (5)

Ts

[Ir(cod)Py(PCy3)]PF6 (30)

[Rh(nbd)dppb]BF4 (5)

Pd / C (5)

Pd / C (5)

Pd / C (5)

solvent

CH2Cl2

CH2Cl2

CH2Cl2

EtOH

AcOEt

CH2Cl2

Ts
N

CF2H

OH

2-56h

Table 2-14

 2-56h / % (anti : syn)

trace

entry

1

time

24 h

2-24h

!" 2-24h

>98%

>10% (>98 : 2)2 24 h 64

No Reaction3 10 h

88 (47 : 53)4 1 h 0

94 (59 : 41)5 1 h 0

6 48 h 50 (83 : 17) 36
 

 

Î�S>ï6��cVWMw�3ðñòå.¬7LMc��w[èé=>¸

)*+,+î)s3#(7å.¬j(¿01)U.�pGU�¸VÕW-.c

WZG§LSMw[̧ �b,���c THPg�Mw 2-24hcå.¬MwL§->

69 : 31LA3a6j/\9mLMNÇkYw�Ø3È2�:�[ES>g��c

THP��¢À¾Z t-BuMe2Si�LMw 2-24i S AcOEt&Eå.¬c�i·L>

A3a6��36B13 : 87L�367B1jjUi�w�Ø3È2�#�[EtOH

&Eå.¬pGL>B1=XkS�ÆM11 : 89E�36jðñòSÇkYw�Ø

3È2�?�[XkSg��cÀ¾UpG§LE>�¢ðñòS�36jÇkY

GL��M>2-24j ( i-Pr3Si�){ 2-24k (t-BuPh2Si) �cå.¬Mwj>áSï

6��jÀ¾��Nýþj.�M�Ui¢>ýþ�Yjm�Y>20 �YL�U

iGg:Eðñ_7�Æ=i±�w[ 
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 / solvent

5% Pd / C

N

CF2

OY

Y

Sit-BuMe2

Ts

Sit-BuMe2

Sii-Pr3

solvent

AcOEt

EtOH

EtOH

THP EtOH

Sit-BuPh2 EtOH

Ts
N

CF2H

OY

2-56

Table 2-15

 2-56 / % (anti : syn)

98 (13 : 87)

entry

1

time

1 h

2-24

99 (11 : 89)

2

1 h3

92 (20 : 80)4 6 h

5

97 (69 : 31)1 h

93 (27 : 73)20 h

H2 (1 atm), rt

(i)

(i)

(j)

(g)

(k)

 

' �#-::7Ø3È2�mL�#-:#7Ø3È2�?EA3a6>�36cl

YxYï6ðñòS89Mw 4!¸)*+,qa*Ü,2¸3 2-56 c�Z>¸

�b,��qa*�7D¬S�¢1,23456Ï745c�i�w[A3a

6j/\9m7 2-56(anti : syn = 83 : 17) 7�b,��qa*�c TEMPOE

D¬Mw 36)L§->ï6gÍED¬ýþj.�MNøòLpGA3aðñòi

!$È2)*+,qa*1,23 2-55 ÏL~01E5U§LjE¾w�u��

Õ#$?!�[ 

 

N

CF2H

OH

Ts Ts
N CO2H

CF2H

              2-56h 

(anti : syn = 83 : 17)

  TEMPO (2 mol%), NaBr (20 mol%)

  Trichloroisocyanuric acid (2.0)

   NaHCO3 (6.0)

        rt, 3 h 

 / Acetone! H2O

        2-55  96% 

 (anti : syn = 83 : 17)

Scheme 2-34  

 

Åw>�36j/\9m7 2-56i(anti : syn = 11 : 89)7 TBS�c{|Mwà>

¹íS TEMPOED¬pG 36)L�3ðñòi!$È2)*+,qa*1,23

2-55ÏL¥TòS5U§LjE¾w�u��Õ#$?%�[ 

 



 %" 

Ts
N

CF2H

OTBS

Ts
N

CF2H

OH

Ts
N CO2H

CF2H

            2-56i

(anti : syn = 11 : 89)
       2-56h  90%
(anti : syn = 11 : 89)

  TEMPO (2 mol%), NaBr (20 mol%)

  Trichloroisocyanuric acid (2.0)

   NaHCO3 (6.0)

        rt, 3 h 

 / Acetone! H2O

TBAF (1.2)

rt, 1h / THF

       2-55  100%
(anti : syn = 11 : 89)

Scheme 2-25

 

§7 2-55 ¿>�36LA3a6Lc�2F�*t,rÈs�)s�EQtE

¾i±�ww3>2-30b7lYxY7A_6L 4(1,È37¬�)ÈcBC

MND�Mw[ 

N CO2H

CF2H

H
4

Ts Ts

N

CF3

Br

H
4

2-302-55

1
H NMR H

4
  anti ! : 2.86

                    syn ! : 2.45

1
H NMR H

4
  anti ! : 2.92 

                     syn ! : 2.64 

 

#$%$!&' !$¸)*+,qaî31,23456789 

 

' ES>!$¸)*+,qaî31,23789cLMMw[Å'=ì3S>

#(S)ÿÊ*�cÍÎ2-24acD¬MNF*G���SpG§LSMw[2-24a

SH2O>CH3CN>CCl47*8+é&>RuO4ED¬c��w
35)j>)ÿÊ*�

�¢�S¸)*+,+î)s3#(jD¬òSy�MNMÅZøò7!$¸)

*+,qaî31,23 2-57=89E¾i±�w�u��Õ#$?m�[ 

 

N

CF2

Ts Ts
N CO2H

CF2

Ts
N

O

2-24a

+

2-57  0% 2-58  13%

RuCl3!nH2O (2 mol%)

NaIO4 (11.0)

                   rt, 10 h

/ H2O : CH3CN : CCl4 = 3 : 2 : 2

Scheme 2-36  

 

l§E>Ü,2¸3 2-24h7#(�b,��qa*�c TEMPOS�¢F*G

��*�ÏLD¬pG§LSMw 36)[A!È3&>2-24h SèéT7 TEMPO>



 mÐ 

�D¬�LMNÈ2t,,n��A��*Dc 2 ��*T>XkS�ß�LM

NèéT7 NaBrc��_JKSE,WXëwL§- 36)>̧ )*+,+î)s3

#(c i·§LiU>øòLpG4$¸)*+,qaî31,232-57c94¡

7~01E89pG§LS9¢Mw�u��Õ#$?Ö�[ 

N

CF2

OH

Ts Ts
N CO2H

CF2

2-24h 2-57  94%

  TEMPO (2 mol%), NaBr (20 mol%)

  Trichloroisocyanuric acid (2.0)

   NaHCO3 (6.0)

        rt, 3 h 

 / Acetone! H2O

Scheme 2-37  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 m: 

£Æ>¤.¥¦�cWZw 5-endo-trigË¬S�¢89MwÜ,2¸3 2-30c, 

2-24hcWZN>È2)*+,qa*�>¸)*+,qa*�>¸)*+,qa

î3�c�pG1,23456 2-52, 2-55, 2-57c89pG§LS9¢Mw[i

©>¸)*+,qa*�cÍÎ1,23 2-55 =>�36LA3a6clYxY

)>iðñBE89pG§LjE¾w[ 

 

             rt, 6 h 

 / H2O !  CCl4 !  CH3CNTs
N

CF3
OMe

OMe

N

CF2H

OH

Ts
N CO2H

CF3

N

CF2

OH

Ts

Ts

Ts
N

CF2H

OTBS

Ts
N CO2H

CF2

Ts

Ts

N CO2H

CF2H

N CO2H

CF2H

      2-52  72% 

(syn : anti = 90 : 10)
           2-30c 

(syn : anti = 90 : 10)

RuCl3!nH2O (0.02)

NaIO4 (11.0)

2-24h
        2-56i  93%
(anti : syn = 11 : 89)

  TEMPO (2 mol%), 

  NaBr (20 mol%)

  Trichloroisocyanuric acid (2.0)

   NaHCO3 (6.0)

rt, 3 h 

 / Acetone! H2O

  2) TEMPO (2 mol%), 

      NaBr (20 mol%)

      Trichloroisocyanuric acid (2.0)

      NaHCO3 (6.0)

 rt, 3 h  / Acetone! H2O

1)TBSCl (1.5)
   TEA (2.0)
   DMAP (cat)
   rt  / CH2Cl2

H2 (1atm)

rt, 48 h

/ CH2Cl2

2) H2 (1atm)

    rt, 1 h

    / EtOH

1) TBAF (1.2)
    rt, 1 h / THF

        2-56h  50%
(anti : syn = 83 : 17)

        2-55  96%
(anti : syn = 83 : 17)

        2-55  90%
(anti : syn = 11 : 89)

  TEMPO (2 mol%), 

  NaBr (20 mol%)

  Trichloroisocyanuric acid (2.0)

   NaHCO3 (6.0)

rt, 3 h 

 / Acetone! H2O

        2-57  94%
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"#!$% &'()*+,- 5-endo-trig./0 

% % % % % 123456789:;<=>?6@53ABCDE 

"#!#F$% GHI+&'()J2KLM<N3456O@4PQ4/DR

CST 

 

UVWXYZ[8()*+,-<N3456O@4PQ4/DRC

5-endo-trig ./\]^+_`a-bcKdefghVXYZ&'()*Xij

C./Kkla-bc+mfgnbXWoZGHI+&'()J2Kpa-<

N3456O@4PQ4/DRKDEmfg"!<N3456O@4qN4r

=Bcq4s>?Ctuvwxf<N3456O@4yKLMz{qN4q4

|}4+Z@5~�K�����tuK`��bcXZz{qN42+q�@

4@5yKLM 2-59 \xw�fgb�+ZO��}4�� �X K2CO3K��

����q�@4a-cZO4��<yK�M<N3456O@4PQ4/D

R 2-60KSTa-bc\X�f���}�"#���g 

 

CF3

OH

R AcSH (1.5)

0 
o
C, 12 h / THF

CF3

SAc

R K2CO3 (1.0)

0 
o
C, 1 h / THF

CF3

SH

R

 PPh3 (2.0)

 DEAD (2.0)

2-19a : R = Ph
2-19f : R = n-hexyl

2-59a : R = Ph  35 %
2-59f : R = n-hexyl  51%

2-60 : R = Ph  88 %

Scheme 2-38  

 

 

"#!#"$% 1!�3456O@�B;<=>?6@53ABCDE 

 

% STmfGHI+O4��<yKLM 2-60+ZDMF�NaHK����-cZ

./mf� /DR 4!�3456O@�B;<=>?6@53AB 2-61a \

64%C¡¢Xxw�f�£B<N}F�g2-59 vw�q�@4c./K one-pot

X`�bc\X��¤Z¥¦§C¨©c¡¢Cª«\¬®-c¯°fgnb

XZ2-59a+ DMF�XNaOMeK����fcb±Z²³-@5=}<´5B



 !� 

XGHI SN2’tu\_`mZ,µ¶·+mv� 82%c¸¡¢X 2-61a KDEa

-bc\X�f�£B<N}"�g�w+¹�r4yKLM 2-59b +Zij+

DMF�XNaOMeK����fcb±Z� ca- 2-61bK¡¢ 75%Xx-b

c\X�Z;<=>?6@53ABC"2+q4�4y�º»a-bc\X�

fg 

 

XS R

CF3

substrate

2-60

S

F2C

R

Table 2-16

 2-61

64

822-59a

entry

1

2

conditions

100
 o

C, 1 h

100 
o
C, 10 h

Base

/ DMF

2-60 : X = H, R = Ph
2-59a : X = Ac, R = Ph
2-59b : X = Ac, R = n-Hex

2-61

752-59b3 100 
o
C, 15 h

base

NaH (1.3)

NaOMe (1.3)

NaOMe (1.3)

 

 

"#!#�$% 1!<N3456O@4;<=>?6@53ABCDE 

 

% U¼C./tuK�6<B½C¾¿ÀX`°¤Z<N3456O@4yKp

a-;<=>?6@53AB\DEX�-cÁÂ��-gUdCÃ6N�BD

EXdef,�+�4zBqÄ?ÅÆC[8()*K��ftuCÇD+YZ

¸ÈÉXÊ-£@�BËN|}4�XÌÍa-ÎÏ\ÊÐfgb�+ÑmZÒ

Ó +@5=}<Y[8()*,µ�()Ô\¸�CXZÕÖX�×G./t

u\_`a-�Cc¯°fgWfZ«dmf,�+q�@4@5(AcS)yC�q

�@4c./tuK one-pot X`ÐfØ�\¡¢ÙÚ./Û\DEX�fbc

vwZbbX� AcSyKpa- 2-59vwÒÜ+./K`�bc+mfg 

% 2-59a +O��}4�X K2CO3K����Z2 ÝÞÌÍßàmfgnCáâZ

�q�@4c./tu\ one-potX_`mZ3ã/R´5BC�äKåæ+ç°

-bc\X�Z<N3456O@4yKLM;<=>?6@53AB 2-62a K

76%C¡¢XDEa-bc\X�fg2-62 a+YèMCéÛêëÛ\¾¿m�-



 !1 

\Z²ERC 1
H ìí 19

F NMRC�îï<4K¬-cZðÒEGmvñòX�

�vÐfbcvwZbC./Y¸�q�;�5óô +_`m��-gWfZ

AcSyCõ2+q4�4yKLM 2-59bX�ij+./\_`m�Z2-62b\¡

¢ 82%��q�;�5ö}÷ 92 : 8�Xxw�fg 

 

XS R

CF3

substrate

S

F3C

R

Table 2-17

 2-62

76 (>98 : 2)2-59a

entry

1

K2CO3 (1.1)

reflux / MeOH

2-59a : R = Ph 
2-59b : R = n-Hex

2-62

82 (92 : 8)2-59b2

time

2 h

1 h

 

 

 

"#ø$% % 78()*+,- 5-endo-trig./0 

% % % % % % 123456789:rï6îB�BCDE 

"#ø#F$% £�;4J2ZQ<N4J2Kpa-<N3456O@4PQ

4/DRCST 

 

% bbWXde��fCYZ�4zBqÄ?[8ù@5=}<KGHI()*

ca-<N3456O@4PQ4/DRC./XÊµZ�o��¹;6ú8(

)*+,- 5-endo-trig./tuXÊÐfgMû��Z78()*K��fij

C 5-endo-trig ./Küý-bccmZ./UþÛc�-yÿCSTK`Ðfg

Knoevenageltu+,µSTmf 2-63c"!<N3456O@4qN4r=B

2-18 C!"#ÌtuvwZQ<N4J2Z£�;4J2KÒM�mÚYèMp

a-<N3456O@4PQ4/DR 2-64a!d KSTmf���}�"-�$�g

f%mrq�yKèMLM 2-64cYZbC&'+,-c¡¢\(®�ÕvÐff

®Zz{qN4q4|}4+Ñm�)Ù*C��tu 37)K`�Ð�STmf��

�}�"-1��g 



 !+ 

TMS

CF3

CF3

OH

Ph Bu3P=CH2CN (1.5)

R
2

R
1

Ph

rt, 24 h / Benzene

TBAF (20 mol%)
MS4A

CF3 Ph

CN

CN

CF3 Ph

R
1

R
2

2-18

Scheme 2-40

+

rt / THF

2-63b : R
1
 = CO2Et, R

2
 = H

2-19a

2-63a : R
1
 = CN, R

2
 = H

2-63d : R
1
 = CO2Et, R

2
 = CO2Et

2-63c : R
1
 = CN, R

2
 = CN

2-64a  45%
2-64b  36%
2-64c  >6%
2-64d  41%

2-64c 29%

CH2(CN)2 (1.5)

Scheme 2-39

 

 

 

"#ø#"$% �3456O@�Brï6îB�BCDE 

%  

% <N3456O@4PQ4/DR 2-64 K���./tuKüýfgWoY³

®+Zrq�yKÒMpa- 2-64aK���Z./tuC,-Kkla-bc+

mfgTHF �Z.ycm� LDAù LHMDS K����fcb±Z/01�\

w� ca-rï6îB�B 2-66a \xw�f�£B<N}FZ"�g� R2

3+4§C/DRC5²\¬w�ff®Z,µ6�.yXÊ- K2CO3K��f

\Z¡¢Y)7���vÐf�£B<N}��gÒ&Z.ycm� KH ù NaH

K��-c¡¢Y 20%WXª«mf�£B<N}1Z+�g8B�42C�6<

B\.y+9�:v��rqB/R´5BC_`m��-;<ë\ÊÐfCXZ

rq�yK£<�r�4=Q4y+>°�tuK`Ðfg2-64b+ DMF�NaH

K����f\Z¡¢Y 18%cØc?@A/m�vÐf�£B<N}!�gbb

XZtuëC¸�£�=}<\ZGHÞtu�@C5tuK9�Bbaf®¡

¢\ÕÀm��-c¯°Z,µCD��4=qQ5BKE²X�-FëO@�

ByKpa-yÿ 2-64c,dX./tuK`��bc+mfgnbXZö6�Q<

N4J2ùö6B��£@4J2Kpa- 2-64c,d + DMF� NaHK����

ÌÍmfcb±ZGHIµ¡¢\ª«m�3456O@�ByKLMrï6î

B�B 2-66c \¡¢ 61%Z2-66d \¡¢ 57%Xxw�f�£B<N}øZ��g



 !! 

WfZö6B��£@4J2KLM 2-64d XY KH K����-cZ�w+¡

¢\ª«mZ� Crï6îB�B 2-66d K¡¢ 71%CJ¡¢XDEa-bc

\X�f�£B<N}$�g 

 

Ph

CF3

R
1

R
2

R
1

R
2

CN H

CN H

CN H

CN H

CN H

CO2Et H

CN CN

CO2Et CO2Et

CO2Et CO2Et

CF3

Ph

R
1 R

2

THF

THF

THF

DMF

DMF

DMF

DMF

DMF

DMF

CF2

Ph

R
1 R

2

Table 2-18

 2-66

< 7

entry

1
a)

Base

solvent

2-64 2-66

conditions

-78 
o
C, 1 h!" rt, 2 h

base (eq)

LDA (1.1)

< 32
b)

-78 
o
C, 1 h!" rt, 2 hLHMDS (1.1)

43
c)

120 
o
C, 12 hK2CO3 (1.1)

< 204 120 
o
C, 3 hKH (1.5)

225 120 
o
C, 20 hNaH (1.3)

186 120 
o
C, 3 hNaH (1.3)

617 100 
o
C, 3 hNaH (1.3)

578 110 
o
C, 6 hNaH (1.5)

solvent

(a)

(a)

(a)

(a)

(a)

(b)

(c)

(d)

2-65

#  F
#

779 110 
o
C, 2 hKH (1.8)(d)

 

 

 

"#ø#�$% <N3456O@4rï6îB�BCDE 

 

% U¼Xdef78()*+,-./tuK�6<B½C¾¿ÀX`�Z<N

3456O@4yKpa-rï6îB�BCDEKüýfg 

% £@�BËN|}4� 2-64d + KOH K�����Z130 �XFÝÞKLm

fgnCáâZMNYOPmf\� C<N3456O@49:Û 2-67 Y²E

�oZ£�;4Q:\_`mf/DR\D1 +xw�-%R%ÐfgnbXZ

£�;4Q:+,-ST\��,�+£��}4�X./tuK`�bcK¯

°fgf%mZ£��}4CßàÖUXY./Y_`m��c¯°w�fCXZ

VW�XtuK`�bc+mfg£��}4� NaH K�����ZVW�



 !ø 

130 �X 20ÝÞÌÍmfcb±Z� ca-<N3456O@4yKLMrï

6îB�B 2-67\ 6%C¡¢Xxw�f�£B<N}"�gbCX+5²ERc

m�ZMNC 2-64dZY,í./mf 2-67 C£�;4J2\ÌZG[���w

+�è�/78mf/DR 2-68c 2-69\\]20%cZ3%C¡¢Xxw�fgb

C,�+Z¡¢ÕÀCM^YZtu_�+`ov+¾¿a-Z+,-ÌZG[

c¯°Z_�CZKaµbÚf®+{��c=}r}d� 3AKeÌm�tuK

`Ðf�£B<N}��gmvmZÌZG[c�è�/78Kåæ+ç°-bc

YX�oZ2-68, 2-69\5²m�mWÐf\Z2-67C¡¢K 25%WXª«��-

bc\X�fg 

% % % %

Ph

CF3

EtO2C

CO2Et

CF3Ph

O

O

O

O

CF3Ph
CO2Et

CF3

Ph
CO2Et

EtOH

EtOH

(CH2OH)2

CF3

Ph

EtO2C CO2Et

CF3

Ph

EtO2C CO2Et

Table 2-19

 2-67

0

entry

1
a)

base

solvent

2-64d 2-67

conditions

130 
o
C, 1 h

base (eq)

KOH (5.0)

6
d)

2
b)

130 
o
C, 20 hNaH (1.3)

solvent

2-65

!  F
!

253
c), e)

130 
o
C, 20 hNaH (1.3)

a)

quant

b)

c) 2-68  19%,  2-69  4%d)  NMR!" e) MS3A#$

2-68  20%
d)

2-69  3%
d)

 

 

2«de��fhfXCkl+,µ[8Z&'Z78()J2c<N345

6O@4PQ4y\£@�BgXhi����-yÿXC 5-endo-trig./Kj

Ea-bc\X�fga�`kZDE/l +4ÚCmn\ÊÐf<N345

6O@4PQ4/DRC SN2’tuKZGHI./tuopqa-bcbc+,

Ð�r¢ÙÚ_`��-bc\X�Zs3ã8tu./DRC_v �DE'

KñéX�fgWfZh./tu\()  5-endo-trig./XÊ-bc�wwv

+�µZxy +�z{|�tuK¬}abc\X�fg 



 !" 

#$% &'()*+,-./01231456 5-endo-trig789:. 

;<=>?@AB76CD 

&EFGH H IJ 

 

H #K%LMNO2P3Q@RS3TU38VW6XYZ+[\-.]^9:

_NBaldwin`LMab^cdef. 5-endo-trig78+ghijkl+mnjo

]6pq+\feP3Q@r=st*+,-.AB78VWLu.vw5x3N

y@2zwN?O{|5@SQP}wN~�@�w�w6Vh9h�ijo�

%LM 5-endo-trig78�6�69��+�eNP�=st*6�l9�fe�

�-.^^�9N�6()*+,-./0123145L78+��jkl+

mn.o 

5-endo-trig 78��[�78��^cdef.��9�feMN�9��L

mnjo-���NK�kV+�h-.r=>6�� ¡MN¢ 109£6¤¥+

^¦e sp
2r=+§¨-.]^�©�cd.oiªiN5-endo-trig78LMr=

«�¬fj9]6 109£6¤¥+®_b¯N�[�78^cdef.o 

]6:°9��±� 5-endo-trig78�²³ibf]^+NBaldwinMN´6

:°�µ¶·µL¸ief. 38)o¹º»N/012313¼x3 3-1 +½*L

¾�+-.^N?O{|5@P{w 3-3M¿¯ÀÁdÂN5-exo-trig78�²³

ij{�Ow 3-26��ÀÁd.ÃÄÅxÆ&-FÇo 

HO

O OMe

O

OMe

O

O
O

base

5-endo-trig

5-exo-trig

base

Scheme 3-1

3-1

3-2

3-3  

 

 

 

 



 !È 

ÉjN<=��ÊL�ËÌ6ÍÎ�ÏÁd.oÐY-.½Ñ½+ÒÓie14

w 3-4+ÔÕcÖ.^N×Øª9 5-exo-trig78�²³iN{��Æ 3-5�ÀÁ

d.oÃÄÅxÆ&-ÙÇo 

H2N

O OMe

CO2Me

N

OMe

O

CO2Me

N
OMeO2C

5-endo-trig

5-exo-trig

3-4

3-5

3-6Scheme 3-2
 

cÁ9N5-endo-trig78ÚÛ6XYÜÝ6�fÞßw 3-7+½*L¾�ie�N

78M¿¯²³i�foÃÄÅxÆ&-&Ç 

 

HO

O

no reaction

MeONa / MeOH

or    NaH / THF

3-7

Scheme 3-3  

]dÁ6]^ªÁ BaldwinMN5-endo-trig78Màe�[�78��á^â

ãief.o 

µä9]6�[� 5-endo-trig78�²³ief.åæ¹^ieMN�çèé

+\f.78Ø{zê3789�fe6åæ�ë¯N½*ZìíîL6��±

� 5-endo-trig 78�²³ij¹MTU3Ä3/w+\fjXYÃÄÅxÆ&-

ïÇ�ðNñ¹iª�f 14, 15)o 

 

HY R
2

R
1

PhO2S
KH (0.05 eq)

Y R
2

R
1

PhO2S

25!", 10 min
      / THF

Y = O, NPh, C(CO2Et)2

Scheme 3-4  

H  



 òó 

]dÁ6]^ªÁN#K%Lmnj��±� 5-endo-trig78Lu.�78M

ôõ9öif]^�÷ª.ÃÄÅxÆ&-AÇo 

HY

CF3

R

base

Y R

CF3

Y R

CF3

Y = NTs, S, C(CO2Et)2

Scheme 3-5

or

 

 

�]LN]6 5-endo-trig78�6�69��+�eN�78�O2P3Q@

RS3TU38VW9ø,�XYLu.ª+ùn.j9N�6()*+,-

./0123145L78+³�fNúû��-.]^^ijoTU3'6(

)*^ieNP�=+Ëüý@þwLu.½=9ÿºjO�@@RS3*Ns

t*6!"�l+#$8ij Hammett 6st*#ñÃ%&-FÇªÁO2P3

Q@RS3*:_ØØçè�&Z6'f~1ß*N(mij5-exo-trig78)i

ªÀÁd�f^åæcdj**9u.ÃÄÅxÆ&-FN&-ÙÇÞOÅ~ê3+

U3*6&Ê+,-áo]dÁ6()*+,-./0123145 3-8, 3-9, 3-10

+\feN78+��.]^^ijo 

 

HN

CCl3

Ph

Ts

HN

CN

Ph

Ts
HN

CO2Et

Ph

Ts

CH3

H

CO2Et

CF3

CN

SO2CH3

!0.01

0

0.30

0.40

0.57

0.593-8 3-9 3-10

Table 3-1  Hammett!"#$%&

"#$ !1

 

 

&EÙGH &'()*+,-./01231456ù. 

H  

ÉÂNTU3'9O2�@@RS3*N~1ß*+/�/0123145 3-8N

3-9+VhijÃÄÅxÆ&-!Ço10Ow^1w2133|56135x3X



 òF 

Y9:¦e4E|5@Å~5Ow 3-12+VhiN�66|5@Å~*+ TBS*

L78ie 3-13+Àjo3-139O2�@@RS31UQw�i¯M~1w8W

vQw+9\cÖe13¼x3 3-14 >^:fj6Ny2zwÒL½8SQU3

+9\cÖe;<iN3-15+Vhijo]6 3-15>6;<6äN7=>9K�

kV+?üj8VW�@?ij�N~2êþ3ê{ÆL÷Õ-.]^�LAjo

3-156 TBS*+BCij69DEXY+³�fNNTsBoc*+:FijoÀÁ

dj 3-176 Boc*+BC-.]^LNO2�@@RS3TU3*N~1ßTU

3*+��/0123145 3-8N3-9+ù.-.]^�LAjo 

 

O PhCHO(1.1)

CHCl3 (2.0)

NHTsBoc (1.2)

NTs

PhR

Ph

R OH OTBS

Boc

O

Ph

OH

TFA (10)

SOCl2
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ÅÆÇ 

ÈÉÊË 

4-Difluoromethylisoquinoline (1-6a) 

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline 1-5a (70.1 mg, 0.352 

mmol) and LiBr (32.6 mg, 0.375 mmol) in DMSO (3 mL) was added DBU (70 µl, 

0.468 mmol) under argon.  After the reaction mixture was stirred at 100 °C for 6 h, 

phosphate buffer (pH 7) was added to quench the reaction.  Organic materials were 

extracted with AcOEt (5 " 20 mL).  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 5:1) to 

give 1-6a (50.5 mg, 80%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 7.07 (1H, t, JHF = 54.0 Hz), 7.70 (1H, d, J = 8.2 Hz), 

7.82 (1H, d, J = 8.2 Hz), 8.06 (1H, d, J = 8.2 Hz), 8.20 (1H, d, J = 8.2 Hz), 8.66 (1H, s), 

9.35 (1H, s).  13C NMR (126 MHz, CDCl3) ! 115.1 (t, JCF = 238 Hz), 123.1, 123.2 (t, 

JCF = 22 Hz), 127.9, 128.4,128.4, 131.6, 132.1, 141.7 (t, JCF = 9 Hz), 156.0.  19F NMR 

(471 MHz, CDCl3) !F 50.8 (2F, d, JFH = 54 Hz). 

IR (neat) 3438, 1623, 1572, 1510, 1385, 1155, 1122, 1043, 1024, 904, 752, 667 cm-1.  

Anal. Calcd for C10H7NF2: C, 67.04; H, 3.94; N, 7.82%. Found: C, 66.88; H, 4.20; N, 

7.75%. 

 

4-Difluoromethylisoquinoline-N-oxide (1-6b)  

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline-N-oxide 1-5b(70.3 mg, 

0.327 mmol) and LiBr (56.5 mg, 0.650 mmol) in DMSO (3 mL) was added DBU (68 

µl, 0.455 mmol) under argon.  After the reaction mixture was stirred at 80 °C for 40 

min, phosphate buffer (pH 7) was added to quench the reaction.  Organic materials 

were extracted with CHCl3 (3 " 20 mL).  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 (MeOH–AcOEt 

10:1) to give 1-6b(52.6 mg, 83%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 7.06 (1H, t, JHF = 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 (126 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) !F 47.1 (2F, d, JFH = 54 Hz).  IR (neat) 

3444, 1564, 1506, 1452, 1400, 1329, 1186, 1167, 1113, 1018, 779, 646 cm-1.  HRMS: 
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Calcd for C10H8NF2O (M+) 196.0575, found 196.0574. 

 

ÈÉÌË 

4-Trif luoromethylisoquinoline (1-11) 

 To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline 1-5a(58.6 mg, 0.294 

mmol) in m-Xylene (3 mL) was added Pd/C (5%, 50.7 mg, 0.0238 mmol) under argon.  

After the reaction mixture was refluxed for 100h, the mixture was filtered through a 

pad of Celite.  After removal of the solvent under reduced pressure, the residue 

was purified by column chromatography on silica gel (hexane–AcOEt 5:1) to give 

1-11(46.4 mg, 80%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 7.74 (1H, dd, J = 8.5, 8.5 Hz), 7.87 (1H, dd, J = 8.5, 8.5 

Hz), 8.09 (1H, d, J = 8.5 Hz), 8.16 (1H, d, J = 8.5 Hz), 8.87 (1H, s), 9.41 (1H, s).  13C 

NMR (126 MHz, CDCl3) ! 120.2 (q, JCF = 29 Hz), 123.2, 124.3 (q, JCF = 272 Hz), 128.1, 

128.3, 128.4, 131.4, 132.1, 141.0 (q, JCF = 7 Hz), 156.9.  

 

ÅÍÇ 

ÊÉ2 

3-Difluoromethylene-1-tosylindoline (2-11) 

To a susupension of sodium hydride (NaH, 148 mg, 60 % dispersion in mineral oil, 

3.70 mmol) was added 2-10 (970 mg, 2.84 mmol) in DMF (15 mL) at 0 °C under an 

argon atmosphere.  The reaction mixture was stirred for 6 h at 80 °C, and then 

phosphate buffer (pH 7) was added to quench the reaction.  Organic materials were 

extracted with AcOEt (20 mL " 3).  The combined extracts were washed with brine 

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

residue was purified by column chromatography on sillica gel (hexane–AcOEt 10:1) 

to give 2-11 (767 mg, 84%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.37 (3H, s), 4.55 (2H, dd, J = 4.1, 4.1 Hz), 7.03 (1H, t, J = 

7.5 Hz), 7.22–7.27 (4H, m), 7.67–7.7.1 (3H, m).  13C NMR (126 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) !F 74.9 (1F, dt, JFF = 43 Hz, JFH = 4 Hz), 77.8 (1F, 

dt, JFF = 43 Hz, JFH = 4 Hz).  IR (neat) 3504, 1760, 1597, 1475, 1464, 1362, 1269, 1169, 

812, 752 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%. 
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3-Bromodifluoromethyl-1-tosylindole (2-14) 

To a solution of 2-11 (74.9 mg, 0.233 mmol) in CCl4 (3 mL) at 25 °C was added Br2 

(51.6 mg, 0.323 mmol) in CCl4 (0.3 mL) under argon.  After the reaction mixture 

was stirred at 25 °C for 2.5 h and phosphate buffer (pH 7) was added to quench the 

reaction.  Organic materials were extracted with AcOEt (3 " 20 mL).  The 

combined extracts were washed with aq. Na2S2O3 and brine, and dried over Na2SO4.  

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

column chromatography on Florisil (hexane–AcOEt 5:1) to give 2-14 (89.2 mg, 96%) 

as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 3.04 (3H, s), 7.29 (2H, d, J = 8.6 Hz), 7.35 (1H, dd, J = 

7.6, 7.6 Hz), 7.40 (1H, dd, J = 7.6, 7.6 Hz), 7.76 (1H, d, J = 7.6 Hz), 7.83 (2H, d, J = 

8.6 Hz), 7.89 (1H, s), 7.97 (1H, d, J = 7.6 Hz).  13C NMR (126 MHz, CDCl3) ! 21.6, 

113.5, 114.3 (t, JCF = 297 Hz), 120.1 (t, JCF = 28 Hz), 120.6, 124.1, 124.2 (t, JCF = 7 

Hz), 125.2 (t, JCF = 3 Hz), 125.8, 127.1, 130.2, 134.5, 134.8, 145.8.  19F NMR (471 

MHz, CDCl3) !F 121.9 (2F, S).  IR (neat) 3149, 3018, 2924, 1562, 1448, 1379, 1190, 

958 cm-1.  Anal. Calcd for C16H12NBrF2O2S: C, 48.01; H, 3.02; N, 3.50. Found: C, 

48.18; H, 3.18; N, 3.27. 

 

3-Difluoromethyl-1-tosylindole (2-13) 

To a solution of NaI (54 mg, 0.36 mmol) in CH3CN (2 mL) at 25 °C was added 

Me3SiCl (39 mg, 0.36 mmol), water (3.2 mg, 0.18 mmol), and then 2-11 (72 mg, 0.23 

mmol) under argon.  The reaction mixture was stirred at room temperature for 10 

h.  The reaction was quenched with water (10 mL) and organic material were 

extracted with AcOEt (3 " 15 ml).  The combined extracts were washed with aq. 

Na2S2O3 and brine, and dried over Na2SO4.  After removal of the solvent under 

reduced pressure, the residue was purified by column chromatography on sillica gel 

(hexane–AcOEt 10:1) to give 2-13 (69 mg, 96%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.36 (3H, s), 6.86 (1H, t, JHF = 55.6 Hz), 7.26 (2H, d, J = 

8.4 Hz), 7.30 (1H, dd, J = 7.4, 7.4 Hz), 7.38 (1H, dd, J = 7.4, 7.4 Hz), 7.68 (1H, d, J = 

7.4 Hz), 7.78 (1H, t, JHF = 2.4 Hz), 7.80 (2H, d, J = 8.4 Hz), 7.98 (1H, d, J = 7.4 Hz).  

13C NMR (126 MHz, CDCl3) ! 21.6, 111.8 (t, JCF = 235 Hz), 113.7, 116.6 (t, JCF = 26  

Hz), 120.4, 123.9, 125.5 (t, JCF = 10 Hz), 125.6, 126.6, 127.0, 130.1, 134.8, 135.0, 

145.6.  19F NMR (471 MHz, CDCl3) !F 50.6 (2F, dd, JHF = 56, 2 Hz).  IR (neat) 3114, 
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3022, 2968, 1595, 1568, 1446, 1373, 1174, 968 cm-1.  Anal. Calcd for C16H13NF2O2S; 

C, 59.80: H, 4.08; N, 4.36. Found: C, 59.83; H, 4.18; N, 4.14. 

 

3-Trif luoromethyl-1-tosylindole (2-15) 

To a solution of 2-11 (226 mg, 0.704 mmol) in CH2Cl2 (3 mL) at – 10 °C was added 

Et3N•3HF (285 mg, 1.77 mmol) and N-iodosuccinimide (364 mg, 1.62 mmol) under 

argon.  After the reaction mixture was stirred at –10 °C for 2.5 h, aq. Na2S2O3 was 

added to quench the reaction.  Organic materials were extracted with AcOEt (3 " 

15 mL).  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 sillica gel  (hexane–AcOEt 5:1) to give 2-15 (214 mg, 

90%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.37 (3H, s), 7.28 (2H, d, J = 8.5 Hz), 7.33 (1H, dd, J = 

7.7, 7.7 Hz), 7.40 (1H, dd, J = 7.7, 7.7 Hz), 7.66 (1H, d, J = 7.7 Hz), 7.82 (2H, d, J = 

8.5 Hz), 7.94 (1H, q, JHF = 1.4 Hz), 7.99 (1H, d, J = 7.7 Hz).     

13C NMR (126 MHz, CDCl3) ! 21.6, 112.9 (q, JCF = 37 Hz), 113.6, 120.1, 122.8 (q, JCF 

= 266 Hz), 124.2, 125.6, 125.8, 126.1 (q, JCF = 6 Hz) 127.1, 130.2, 134.6, 134.7, 145.9.  

19F NMR (471 MHz, CDCl3) !F 102.3 (3F, s).  IR (neat) 3124, 3064, 2978, 1595, 1448, 

1387, 1176, 1147, 1030, 912 cm-1.  HRMS: Calcd for C10H8NF2O (M+) 340.0620, 

found 340.0617. 

 

ÊÉÎ 

ÊÉ4ÉÈ 

'Ï_.>yZ?[SªÐ?Ñ�?Ò3ÓÔ;?T]}Õ£#Ö×Ø#ÙÚÛb0QN

2-21a#Ö×Ø3/O62-21b-h+ 2-21a bÜÝ#ÞØRÖt016 

N-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-N-t-butoxylcarbonyl-p-toluenesulfonamide 

(2-20a) 

To a solution of 1-phenyl-3-trifluoromethyl-but-3-en-1-ol 2-19a (512.0 mg, 2.37 

mmol), PPh3 (1.24 g, 4.73 mmol) and N-t-butoxycarbonyl-p-toluenesulfonamide (945 

mg, 3.48 mmol)  in THF (15 mL) at 0 °C was added DEAD (40% in toluene solution, 

0.82 ml, 4.70 mmol) under argon.  After the reaction mixture was stirred at 0 °C for 

10 h. After removal of the solvent under reduced pressure, the residue was purified 

by column chromatography on silica gel (hexane–AcOEt 10:1) to give 2-20a (1.12 g, 

95%) as a colorless oil. 
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1H NMR (500 MHz, CDCl3) ! 1.26 (9H, s), 2.40 (3H, s), 3.22 (1H, dd, J = 15.5, 6.5 Hz), 

3.39 (1H, dd, J = 15.5, 8.7 Hz), 5.50 (1H, s), 5.83 (1H, s), 5.93 (1H, dd, J = 8.7, 6.5 Hz), 

7.20 (2H, d, J = 8.1 Hz), 7.31 (1H, t, J = 7.4 Hz), 7.35 (2H, t, J = 7.4 Hz), 7.45 (2H, d, 

J = 7.4 Hz), 7.53 (2H, d, J =8.1 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 27.7, 31.9, 

58.9, 84.6, 121.5 (q, JCF = 6 Hz), 123.6 (q, JCF = 272 Hz), 127.8, 128.1, 128.3, 128.4, 

128.9, 134.7 (q, JCF = 30 Hz), 138.6, 144.1, 150.8, 171.1.  19F NMR (471 MHz, 

CDCl3) !F 93.3 (3F, s).  IR (neat) 3018, 2981, 2933, 1728, 1599, 1354, 1169, 1151, 

1122 cm-1.  Anal. Calcd for C23H26NF3O4S; C, 58.84; H, 5.58; N, 2.98. Found: C, 

58.60; H, 5.71; N, 2.79. 

 

N-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (2-21a)  

To a solution of 

N-(1-phenyl-3-trifluoromethyl-but-3-enyl)-N-t-butoxylcarbonyl-p-toluenesulfonami

de 2-20a (933.8 mg, 1.99 mmol) in CH2Cl2 (15 mL) at 25 °C was added CF3CO2H 

(1.53 ml, 19.9 mmol) under argon.  The reaction mixture was stirred at room 

temperature for 10 h.  The reaction was quenched with Na2CO3 (20 mL) and 

organic material were extracted with CH2Cl2 (3 " 15 ml).  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 

sillica gel (hexane–AcOEt 2:1) to give 2-21a (688.4 mg, 94%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.37 (3H, s), 2.58 (1H, dd, J = 15.3, 7.2 Hz), 2.71 (1H, 

dd, J = 15.3, 7.8 Hz), 4.49 (1H, ddd, J = 7.8, 7.3, 7.2 Hz), 4.91 (1H, brs), 5.19 (1H, s), 

5.63 (1H, s), 7.02-7.04 (2H, m), 7.14 (2H, d, J = 8.2 Hz), 7.17-7.19 (3H, m), 7.54 (2H, 

d, J =8.2 Hz).  13C NMR (126 MHz, CDCl3) ! 21.4, 37.6, 56.5, 121.9 (q, JCF = 5 Hz), 

123.3 (q, JCF = 272 Hz), 126.6, 127.1, 127.8, 128.6, 129.3, 133.4 (q, JCF = 30 Hz), 

137.2, 139.5, 143.2.  19F NMR (471 MHz, CDCl3) !F 93.4 (3F,s).  IR (neat) 3269, 

3064, 3030, 2927, 1456, 1325, 1159, 1120, 912 cm-1.  Anal. Calcd for C18H18NF3O2S; 

C, 58.52; H, 4.91; N, 3.79. Found: C, 58.56; H, 5.08; N, 3.80. 

 

N-[1-(p-Bromophenyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (2-21b)  

1H NMR (500 MHz, CDCl3) ! 2.39 (3H, s), 2.49 (1H, dd, J = 15.2, 7.2 Hz), 2.64 (1H, 

dd, J = 15.2, 8.0 Hz), 4.46 (1H, ddd, J = 8.0, 7.6, 7.2 Hz), 5.21 (1H, s), 5.61 (1H, s), 

5.91 (1H, brs), 6.90 (2H, d, J = 8.4 Hz), 7.12 (2H, d, J = 8.1 Hz), 7.25 (2H, d, J = 8.1 

Hz), 7.50 (2H, d, J =8.4 Hz).  13C NMR (126 MHz, CDCl3) ! 21.4, 37.4, 55.9, 121.6, 
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122.3 (q, JCF = 6 Hz), 123.2 (q, JCF = 272 Hz), 127.0, 128.4, 129.4, 131.5, 133.0 (q, JCF 

= 30 Hz), 136.9, 138.4, 143.6.   19F NMR (471 MHz, CDCl3) !F 93.5 (3F, s).  IR 

(neat) 3263, 3061, 3030, 2924, 2872, 1489, 1321, 1155, 1117, 953 cm-1.  Anal. Calcd 

for C18H17NBrF3O2S; C, 48.23; H, 3.82; N, 3.12. Found: C, 48.14; H, 3.77; N, 2.89. mp. 

131-133 ß. 

 

N-[1-(2,4-Dimethoxyphenyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (2-21c)  

1H NMR (500 MHz, CDCl3) ! 2.32 (3H, s), 2.61 (1H, dd, J = 15.4, 6.9 Hz), 2.75 (1H, 

dd, J = 15.4, 7.8 Hz), 3.70 (3H, s), 3.73 (3H, s), 4.49 (1H, ddd, J = 9.9, 7.8, 6.9 Hz), 

5.23 (1H, s), 5.48 (1H, d, J = 9.9 Hz), 5.62 (1H, s), 6.18 (1H, d, J = 2.3 Hz), 6.21 (1H, 

dd, J = 8.2, 2.3 Hz), 6.70 (1H, d, J = 8.2 Hz), 7.04 (2H, d, J = 8.2 Hz), 7.45 (2H, d, J = 

8.2 Hz).  13C NMR (126 MHz, CDCl3) !K 21.3, 35.4, 55.1, 55.3, 55.5, 98.7, 103.8, 

119.0, 121.2 (q, JCF = 6 Hz), 123.5 (q, JCF = 272 Hz), 126.9, 128.9, 130.7, 134.0 (q, JCF 

= 30 Hz), 137.5, 142.6, 157.3, 160.5.  19F NMR (471 MHz, CDCl3) !F 93.2 (3F, s).  

IR (neat) 3276, 3003, 2939, 2839, 1614, 1508, 1325, 1157, 1115, 1034 cm-1.  Anal. 

Calcd for C20H22NF3O4S; C, 55.93; H, 5.16; N, 3.26. Found: C, 55.91; H, 5.20; N, 3.05.  

   

N-[1-(2-Furyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (2-21d)  

1H NMR (500 MHz, CDCl3) ! 2.38 (3H, s), 2.66 (1H, dd, J = 15.1, 8.0 Hz), 2.70 (1H, 

dd, J = 15.1, 7.5 Hz), 4.61 (1H, ddd, J = 8.6, 8.0, 7.5 Hz), 5.24 (1H, s), 5.32 (1H, d, J = 

8.6 Hz), 5.64 (1H, s), 5.92 (1H, d, J = 3.2 Hz), 6.10 (1H, dd, J = 3.2, 1.8 Hz), 7.16 (1H, 

d, J = 1.8 Hz), 7.19 (2H, d, J = 8.1 Hz), 7.61 (2H, d, J = 8.1 Hz).  13C NMR (126 MHz, 

CDCl3) !K 21.4, 35.0, 50.2, 107.8, 110.3, 121.9 (q, JCF = 6 Hz), 123.3 (q, JCF = 272 Hz), 

127.0, 129.4, 132.1 (q, JCF = 30 Hz), 137.3, 142.1, 143.3, 151.2.  19F NMR (471 MHz, 

CDCl3) !F 93.4 (3F, s).  IR (neat) 3269, 1599, 1326, 1157, 1114, 1011, 949 cm-1.  

HRMS: Calcd for C16H17NO3F3S (M+) 360.0882, found 360.0878. 

   

N-(1-Styryl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (2-21e)  

1H NMR (500 MHz, CDCl3) ! 2.29 (3H, s), 2.44 (1H, dd, J = 15.2, 7.4 Hz), 2.53 (1H, 

dd, J = 15.2, 7.4 Hz), 4.16 (1H, dddd, J = 7.4, 7.4, 7.4, 7.4 Hz), 4.52 (1H, d, J = 7.4 Hz), 

5.44 (1H, d, J = 1 Hz), 5.74 (1H, s), 5.76 (1H, dd, J = 16.0, 7.4 Hz), 6.25 (1H, d, J = 

16.0Hz), 7.12 (2H, d, J = 7.4 Hz), 7.20-7.27 (5H, m), 7.71 (2H, d, J =8.3 Hz).  13C 

NMR (126 MHz, CDCl3) !K 21.4, 36.2, 54.5, 122.0 (q, JCF = 6 Hz), 123.3 (q, JCF = 272 

Hz), 126.4, 127.1, 127.3, 127.9, 128.4, 129.6, 132.6, 133.4 (q, JCF = 30 Hz), 135.8, 
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137.6, 143.5.  19F NMR (471 MHz, CDCl3) !F 93.4 (3F, s).  IR (neat) 3261, 1599, 

1495, 1323, 1215, 1157, 1119, 966 cm-1.  Anal. Calcd for C20H20NF3O2S; C, 60.75; H, 

5.10; N, 3.54. Found: C, 60.54; H, 5.03; N, 3.48.     

 

N-(1-n-Hexyl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (2-21f)  

1
H NMR (500 MHz, CDCl3) ! 0.84 (3H, t, J = 7.1 Hz), 1.02-1.32 (9H, m), 1.45 (1H, m), 

2.26 (1H, dd, J = 14.9, 7.3 Hz), 2.37 (1H, dd, J = 14.9, 6.6 Hz), 2.42 (3H, s), 3.40 (1H, 

m), 4.29 (1H, brs), 5.32 (1H, s), 5.66 (1H, s), 7.29 (2H, d, J = 8.5 Hz), 7.74 (2H, d, J 

=8.2 Hz).  13
C NMR (126 MHz, CDCl3) ! 14.0, 21.4, 22.4, 24.9, 28.7, 31.5, 34.3, 36.0, 

52.4, 121.3 (q, JCF = 6 Hz), 123.2 (q, JCF = 272 Hz), 127.0, 129.5, 134.3 (q, JCF = 29 

Hz), 137.9, 143.3.  19
F NMR (471 MHz, CDCl3) !F 93.6 (3F, s).  IR (neat) 3276, 3020, 

2956, 2929, 2860, 1217, 1159, 1120 cm-1.  Anal. Calcd for C18H26NF3O2S; C, 57.27; H, 

6.94; N, 3.71. Found: C, 57.03; H, 7.20; N, 3.59.  mp. 65-67 ß. 

 

4-Methyl-N-[1-(tetrahydro-pyran-2-yloxymethyl)-3-trifluoromethyl-but

-3-enyl]-benzenesulfonamide (2-21g) 

(55 : 45 mixture) 

1
H NMR (500 MHz, CDCl3)  major  ! 1.44-1.80 (6H, m), 2.40-2.52 (5H, m), 3.43-3.61 

(4H, m), 4.36 (1H, m), 5.39 (1H, s), 5.49 (1H, d, J = 8.1 Hz), 5.69 (1H, s), 7.29 (2H, d, 

J = 7.9 Hz), 7.74 (2H, d, J = 7.9 Hz).  minor  ! 1.44-1.80 (6H, m), 2.40-2.52 (5H, m), 

3.31 (1H, dd, J = 10.1, 3.5), 3.43-3.61 (3H, m), 4.32 (1H, m), 5.10 (1H, d, J = 7.5 Hz), 

5.41 (1H, s),  5.69 (1H, s), 7.29 (2H, d, J = 7.9 Hz), 7.75 (2H, d, J = 7.9 Hz).    

 

7,7-Dimethoxy-2-trifluoromethyl-hept-1-en-4-ol (2-26) 

1H NMR (500 MHz, CDCl3) ! 1.51 (1H, dddd, J = 14.6, 8.4, 8.4, 6.3 Hz), 1.64 (1H, 

dddd, J = 14.6, 8.6, 6.6, 3.6 Hz), 1.72-1.83 (2H, m), 2.32 (1H, dd, J = 14.9, 8.7 Hz), 

2.33 (1H, s), 2.41 (1H, dd, J = 14.9, 4.3 Hz), 3.35 (3H, s), 3.83 (1H, m), 4.40 (1H, dd, J 

= 5.4, 5.4 Hz), 5.50 (1H, d, J = 1 Hz), 5.79 (1H, d, J = 1 Hz).   

13C NMR (126 MHz, CDCl3) ! 28.8, 31.8, 38.0, 52.9, 53.1, 68.8, 104.5, 120.7 (q, JCF = 

6 Hz), 121.1 (q, JCF = 272 Hz), 135.1 (q, JCF = 29 Hz).19F NMR (471 MHz, CDCl3) !F 

93.5 (3F, brs).IR (neat) 3452, 2939, 2833, 1444, 1165, 1115, 1053, 949 cm-1.   
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N-(t-Butoxycarbonyl)-N-[1-(3,3-dimethoxy-propyl) -3-trifluoromethyl-bu

t-3-enyl] -4-methyl-benzenesulfonamide (2-27) 

1H NMR (500 MHz, CDCl3) ! 1.40 (9H, s), 1.65 (2H, m), 1.81 (1H, m), 2.04 (1H, brs), 

2.43 (3H,s), 2.66 (1H, dd, J = 14.5, 6.6 Hz), 2.89 (1H, brs), 3.31 (3H, s), 3.32 (3H, s), 

4.39 (1H, dd, J = 14.5, 6.6 Hz), 4.66 (1H, dddd, J = 7.0, 7.0, 7.0, 7.0 Hz), 5.44 (1H, 

brs), 5.76 (1H, s), 7.29 (2H, d, J = 7.9 Hz), 7.80 (2H, d, J = 7.9 Hz).  13C NMR (126 

MHz, CDCl3) ! 21.5, 27.7, 27.9, 29.8, 33.6, 52.6, 53.1,57.9, 84.5, 104.0, 121.6 (q, JCF = 

6 Hz), 123.6 (q, JCF = 272 Hz), 128.3, 129.0, 134.9 (q, JCF = 30 Hz), 137.3, 144.1, 

150.7.  19F NMR (471 MHz, CDCl3) !F 93.4 (3F, brs).  IR (neat) 3276, 2954, 2924, 

2852, 1734, 1718, 1437, 1329, 1157, 1117 cm-1.  Anal. Calcd for C22H32NF3O6S; C, 

53.32; H, 6.51; N, 2.83. Found: C, 53.10; H, 6.59; N, 2.70. 

 

N-[1-(Methoxycarbonylethyl)-3-tr ifluoromethyl-but-3-enyl]-p -toluenesu

lfonamide (2-21h)  

1H NMR (500 MHz, CDCl3) ! 1.58 (1H, ddt, J = 14.5, 9.7, 7.0 Hz), 1.88 (1H, dtd, J = 

14.5, 7.0, 3.8 Hz), 2.21 (1H, dd, J = 14.9, 8.2 Hz), 2.25-2.38 (3H, m), 2.43 (3H, s), 3.48 

(1H, m), 3.65 (3H, s), 4.90 (1H, m), 5.35 (1H, s), 5.64 (1H, s), 7.30 (2H, d, J = 8.3 Hz), 

7.72 (2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 21.4, 29.0, 29.8, 36.3, 51.7, 

52.1, 121.7 (q, JCF = 6 Hz), 123.2 (q, JCF = 272 Hz), 127.0, 129.7, 133.9 (q, JCF = 30 

Hz), 137.7, 143.5, 173.8.  19F NMR (471 MHz, CDCl3) !F 93.6 (3F, s).  IR (neat) 

3276, 2954, 2924, 2852, 1734, 1718, 1437, 1329, 1157, 1117 cm-1.  Anal. Calcd for 

C16H20NF3O4S; C, 50.65; H, 5.31; N, 3.69. Found: C, 50.44; H, 5.48; N, 3.57.     

 

ÊÉÎÉÊ 

4-Difluoromethylene-2-phenyl-1-tosylpyrrolidine (2-24a) 

To a solution of 2-21a (658 mg, 1.78 mmol) in DMF (15 mL) at 0 °C was added NaH 

(92 mg, 2.3 mmol, 60% dispersion in mineral oil) under argon.  After the reaction 

mixture was stirred at 0 °C for 15 min and then 120 °C for 3 h, phosphate buffer (pH 

7) was added to quench the reaction.  Organic materials were extracted with 

AcOEt (3 " 20 mL).  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 5:1) to give 2-24a 

(564 mg, 91%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.42 (3H, s), 2.54 (1H, br d, J = 15.0 Hz), 2.70 (1H, m), 
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4.13 (1H, dm, J = 14.5 Hz), 4.19 (1H, dm, J = 14.5 Hz), 4.95 (1H, ddd, J = 8.2, 3.1, 1.5 

Hz), 7.22– 7.31 (7H, m), 7.57 (2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 

33.9, 47.0 (d, JCF = 4 Hz), 63.2, 85.4 (dd, JCF = 25, 22 Hz), 126.2, 127.4, 127.7, 128.5, 

129.6, 134.8, 140.8, 143.7, 149.8 (dd, JCF = 283, 283 Hz).  19F NMR (471 MHz, 

CDCl3) !F 72.0 (1F, ddd, JFF = 54 Hz, JHF = 3, 3 Hz), 74.5 (1F, d, JFF = 54 Hz).  IR 

(neat) 3064, 3032, 2927, 2866, 1782, 1350, 1273, 1219, 1161, 1093, 1058 cm-1.  Anal. 

Calcd for C18H17NO2F2S; C, 61.88; H, 4.90; N, 4.01. Found: C, 61.81; H, 4.95; N, 3.74.     

 

2-(p-Bromophenyl)-4-difluoromethylene-1-tosylpyrrol idine (2-24b) 

Compound 2-24b was prepared by the method described for 2-24a using 2-21b (134 

mg, 0.30 mmol), NaH (15.5 mg, 0.39 mmol, 60% dispersion in mineral oil) in DMF (3 

mL) at 120 °C for 4 h. Purification by column chromatography on silica gel 

(hexane–AcOEt 4:1) gave 2-24b (101 mg, 79%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.43 (3H, s), 2.49 (1H, br d, J = 15.0 Hz), 2.70 (1H, m), 

4.13 (1H, br d, J = 15.0 Hz), 4.16 (1H, br d, J = 15.0 Hz), 4.86 (1H, dm, J = 7.9 Hz), 

7.11 (2H, d, J = 8.4 Hz), 7.26 (2H, d, J = 7.8 Hz), 7.40 (2H, d, J = 8.4 Hz), 7.57 (2H, d, 

J = 7.8 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 33.9, 47.0 (d, JCF = 4 Hz), 62.6, 85.1 

(dd, JCF = 26, 24 Hz), 121.6, 127.3, 128.0, 129.7, 131.6, 134.6, 139.9, 143.9, 149.9 (dd, 

JCF = 285, 285 Hz).  19F NMR (471 MHz, CDCl3) !F 72.4 (1F, ddd, JFF = 53 Hz, JFH = 

3, 3 Hz), 74.9 (1F, d, JFF = 53 Hz).  IR (neat) 3026, 1782, 1489, 1350, 1275, 1219, 

1163, 914 cm-1.  Anal. Calcd for C18H16NBrF2O2S: C, 50.48; H, 3.77; N, 3.27. Found: 

C, 50.49; H, 3.93; N, 3.15.  mp. 76-77 ß. 

 

4-Difluoromethylene-2-(2,4-dimethoxyphenyl)-1-tosylpyrrolidine (2-24c) 

Compound 2-24c was prepared by the method described for 2-24a using 2-21c (96.4 

mg, 0.224 mmol), NaH (7.0 mg, 0.39 mmol) in DMF (3 mL) at 120 °C for 3 h. 

Purification by column chromatography on silica gel (hexane–AcOEt 2 : 1) gave 

2-24b (84.9 mg, 93%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.42 (3H, s), 2.43 (1H, m), 2.62 (1H, m), 3.72 (3H, s), 

3.79 (3H, s), 4.14-4.22 (2H, m), 5.16 (1H, d, J = 8.3 Hz), 6.36 (1H, d, J = 2.2 Hz), 6.42 

(1H, dd, J = 8.4, 2.2 Hz), 7.19 (1H, d, J = 8.4 Hz), 7.27 (2H, d, J = 8.1 Hz), 7.62 (2H, d, 

J = 8.1 Hz).  13C NMR (126 MHz, CDCl3) ! 21.4, 33.2, 47.3 (d, JCF = 4 Hz), 55.0, 55.3, 

59.2, 85.9 (dd, JCF = 25, 22 Hz), 98.4, 103.7, 121.8, 127.2, 127.8, 129.5, 135.1, 143.4, 

149.7 (dd, JCF = 282, 282 Hz), 156.9, 160.4.  19F NMR (471 MHz, CDCl3) !F 71.1 (1F, 
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ddd, JFF = 56 Hz, JHF = 3, 3 Hz), 73.6 (1F, d, JFF = 56 Hz).  IR (neat) 3001, 2939, 

2839, 1782, 1614, 1589, 1506, 1348, 1209, 1160, 1093, 1041 cm-1.  Anal. Calcd for 

C20H21NF2O4S: C, 58.67; H, 5.17; N, 3.42. Found: C, 58.60; H, 5.24; N, 3.22. 

 

4-Difluoromethylene-2-(2-furyl)-1-tosylpyrrolidine (2-24d)  

Compound 2-24d was prepared by the method described for 2-24a using 

N-[1-(2-furyl)-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 2-21d (82 mg, 0.23 

mmol), NaH (12.4 mg, 0.31 mmol, 60% dispersion in mineral oil) in DMF (3 mL) at 

120 °C for 3 h. Purification by column chromatography on silica gel (hexane–AcOEt 

4:1) gave 2-24d (61 mg, 78%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.40 (3H, s), 2.64–2.68 (2H, m), 3.99 (1H, dm, J = 13.4 

Hz), 4.18 (1H, dm, J = 13.4 Hz), 5.09 (1H, ddd, J = 6.3, 4.1, 1.9 Hz), 6.24 (1H, br d, J 

=3.3 Hz), 6.25 (1H, dd, J = 3.3, 1.9 Hz), 7.18(1H, m), 7.23 (2H, d, J = 8.3 Hz), 7.54 

(2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 30.9 (dd, JCF = 2, 2 Hz), 46.2 

(dd, JCF = 4, 1 Hz), 55.6, 85.6 (dd, JCF = 26, 23 Hz), 107.6, 110.1, 127.2, 129.6, 134.8, 

142.3, 143.5, 149.9 (dd, JCF = 282, 282 Hz), 152,6.  19F NMR (471 MHz, CDCl3) !F 

71.8 (1F, ddd, JFF = 55, JFH = 3, 3 Hz), 74.4 (1F, d, JFF = 55 Hz).  IR (neat) 3120, 

3028, 2924, 2868, 1784, 1599, 1350, 1275, 1163, 1093 cm-1.  Anal. Calcd for 

C16H15NF2O3S; C, 56.63; H, 4.46; N, 4.13. Found: C, 56.45; H, 4.45; N, 3.86. mp. 

63-64 ß. 

 

4-Difluoromethylene-2-styryl-1-tosylpyrrolidine (2-24e) 

Compound 2-24e was prepared by the method described for 2-24a using 

N-[1-styryl-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 2-21e (109mg, 0.28 

mmol), NaH (13.8 mg, 0.35 mmol, 60% dispersion in mineral oil) in DMF (3 mL) at 

120 °C for 3 h.  Purification by column chromatography on silica gel 

(hexane–AcOEt 4:1) gave 2-24e (75 mg, 74%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.40 (3H, s), 2.41 (1H, dm, J = 11.7 Hz), 2.57 (1H, m), 

4.03 (1H, dm, J = 11.8 Hz), 4.07 (1H, dm, J = 11.8 Hz), 4.46 (1H, m), 5.93 (1H, dd, J 

= 15.8, 7.4 Hz), 6.52 (1H, d, J = 15.8 Hz), 7.24-7.32 (7H, m), 7.69 (2H, d, J = 8.3 Hz).  

13C NMR (126 MHz, CDCl3) ! 21.5, 32.2, 46.4 (d, JCF = 4 Hz), 62.1, 85.1 (dd, JCF = 26, 

22 Hz), 126.6, 127.5, 127.8, 128.0, 128.5, 129.7, 131.8, 135.0, 136.0, 143.8, 150.1 (dd, 

JCF = 283, 283 Hz).  19F NMR (471 MHz, CDCl3) !F 71.8 (1F, ddd, JFF = 55 Hz, JHF = 

3, 3 Hz), 74.5 (1F, d, JFF = 55 Hz). 
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4-Difluoromethylene-2-hexyl-1-tosylpyrrolidine (2-24f) 

Compound 2-24f was prepared by the method described for 2-24a using 

N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 2-21f (82 mg, 0.22 

mmol), NaH (10.2 mg, 0.255 mmol, 60% dispersion in mineral oil) in DMF (3 mL) at 

120 °C for 2 h.  Purification by column chromatography on silica gel 

(hexane–AcOEt 5:1) gave 2-24f (64 mg, 82%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.89 (3H, t, J = 6.5 Hz), 1.21-1.46 (10H, m), 2.06–2.16 

(2H, m), 2.43 (3H, s), 3.87 (1H, m), 3.96 (1H, dm, J = 14.7 Hz), 4.03 (1H, dm, J = 14.7 

Hz), 7.31 (2H, d, J = 8.4 Hz), 7.70 (2H, d, J = 8.4 Hz).  13C NMR (126 MHz, CDCl3) ! 

14.1, 21.5, 22.6, 25.7, 29.0, 30.2, 31.7, 35.4, 46.2 (d, JCF = 3 Hz), 60.7, 85.9 (dd, JCF = 

25, 22 Hz), 127.3, 129.8, 135.1, 143.7, 149.9 (dd, JCF = 282, 282 Hz).  19F NMR (471 

MHz, CDCl3) !F 71.4 (1F, ddd, JFF = 56, JFH = 3, 3 Hz), 74.2 (1F, d, JFF = 56 Hz).  IR 

(neat) 3026, 2956, 2927, 2858, 1782, 1348, 1217, 1163, 912 cm-1.  Anal. Calcd for 

C18H25NF2O2S; C, 60.48; H, 7.05; N, 3.92. Found: C, 60.50; H, 7.10; N, 3.63.   

 

4-Difluoromethylene-2-Methoxycarbonylethyl -1-tosylpyrrolidine (2-24h) 

Compound 2-24h was prepared by the method described for 2-24a using 2-21h (80 mg, 

0.21 mmol), NaH (6.5 mg, 0.27 mmol) in DMF (7 mL) at 120 °C for 3 h.  

Purification by column chromatography on silica gel (hexane–AcOEt 4:1) gave 2-24h 

(48 mg, 63%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 1.79 (2H, m), 2.02 (1H, m), 2.09 (1H, d, J = 14.4 Hz), 

2.44 (3H, s), 2.50 (1H, dt, J = 16.9, 6.7 Hz), 2.55 (1H, dt, J = 16.9, 6.7 Hz), 3.71 (3H,s), 

3.96 (1H, dm, J = 15.1 Hz), 3.99-4.05 (2H, m), 7.32 (2H, d, J = 8.0 Hz), 7.69 (2H, d, J 

= 8.0 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 29.9, 30.1, 30.5, 46.0 (d, JCF = 4 Hz), 

51.6, 59.7, 85.7 (dd, JCF = 24, 22 Hz), 127.3, 129.9, 134.8, 144.0, 150.0 (dd, JCF = 283, 

283 Hz), 173.6.  19F NMR (471 MHz, CDCl3) !F 72.1 (1F, ddd, JFF = 55 Hz, JFH = 3, 3 

Hz), 74.8 (1F, d, JFF = 55 Hz). 

IR (neat) 2952, 2927, 2871, 1782, 1734, 1437, 1348, 1269, 1161, 1092 cm-1.   

HRMS: Calcd for C16H20NF2O4S (M+) 360.1082, found 360.1089. 

 

ÊÉÎÉÌ 

4-Trif luoromethyl-2-phenyl-1-tosylpyrrol idine (2-30a)   

2-30a (146 mg, 0.395 mmol) in ethyleneglycol (3 mL) at 25 °C was added KOH 

powder (111 mg, 1.97 mmol) under argon.  After the reaction mixture was stirred 
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at 130 °C for 10 h, phosphate buffer (pH 7) was added to quench the reaction.  

Organic materials were extracted with AcOEt (3 " 20 mL).  The combined extracts 

were washed with water and 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 5:1) to give 2-30a (anti:syn = 92:8 

mixture , 124 mg, 85%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) anti  ! 2.05 (2H, dd, J = 8.6, 5.4 Hz), 2.44 (3H, s), 

2.88–3.06 (1H, m), 3.50 (1H, dd, J = 10.5, 8.8 Hz), 3.85 (1H, dd, J = 10.5, 8.3Hz), 4.94 

(1H, dd, J = 5.4, 5.4 Hz), 7.23–7.48 (7H, m), 7.67 (2H, d, J = 8.2 Hz).  syn  ! 2.42 (3H, 

s), 2.48–2.53 (2H, m), 2.58–3.68 (1H, m), 3.58 (1H, dd, J = 11.5, 9.8 Hz), 3.96 (1H, dd, 

J = 11.5, 8.1 Hz), 4.71 (1H, dd, J = 9.3, 7.3 Hz), 7.23–7.48 (7H, m), 7.54 (2H, d, J = 

8.2 Hz).  13C NMR (126 MHz, CDCl3) anti  ! 21.6, 34.8, 40.9 (q, JCF = 29 Hz), 47.7, 

62.6, 125.9, 126.1 (q, JCF = 275 Hz), 127.5, 127.7, 128.6, 129.7, 134.2, 141.1, 143.9.  

19F NMR (471 MHz, CDCl3) anti  !F 91.1 (3F, d, JFH = 8 Hz,).  syn  !F 91.3 (3F, d, 

JFH = 8 Hz).  IR (neat) 3030, 2983, 2881, 1452, 1400, 1348, 1157, 1120 cm-1.  Anal. 

Calcd for C18H18NF3O2S: C, 58.52; H, 4.91; N, 3.79. Found: C, 58.43; H, 5.00; N, 3.59. 

mp. 90-91 ß. 

 

2-(p-Bromophenyl)-1-tosyl-4-trif luoromethylpyrrol idine (2-30b) 

Compound 2-30b was prepared by the method described for 2-30a using 

N-(1-(p-bromophenyl)-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 2-21b (207 

mg, 0.462 mmol), KOH powder (129 mg, 2.3 mmol) in ethyleneglycol (6 mL) at 

130 °C for 20 h. Purification by column chromatography on silica gel 

(hexane–AcOEt 5:1) gave 2-30b (anti , 146 mg, 70%; syn, 13 mg, 6%) as a colorless 

crystal. 

anti–2-30b: 1H NMR (500 MHz, CDCl3) ! 2.01 (1H, ddd, J = 12.9, 7.2, 3.3 Hz), 2.08 

(1H, ddd, J = 12.9, 9.9, 8.2 Hz), 2.45 (3H, s), 2.92 (1H, m), 3.47 (1H, dd, J = 10.6, 8.6 

Hz), 3.85 (1H, dd, J = 10.6, 8.2 Hz), 4.83 (1H, dd, J = 8.2, 3.3 Hz), 7.17 (2H, d, J = 8.5 

Hz), 7.33 (2H, d, J = 8.1 Hz), 7.45 (2H, d, J = 8.5 Hz), 7.65 (2H, d, J = 8.1 Hz).  13C 

NMR (126 MHz, CDCl3) ! 21.6, 34.8 (q, JCF = 2 Hz), 40.8 (q, JCF = 29 Hz), 47.8 (q, JCF 

= 3 Hz), 62.1, 121.6, 126.0 (q, JCF = 276 Hz), 127.5, 127.7, 129.8, 131.7, 134.0, 140.2, 

144.1.  19F NMR (471 MHz, CDCl3) !F 91.1 (3F, d, JFH = 8 Hz).IR (neat) 3030, 2910, 

1489, 1400, 1350, 1163, 1122, 914 cm-1.  Anal. Calcd for C18H17NBrF3O2S: C, 48.23; 

H, 3.82; N, 3.12. Found: C, 48.04; H, 3.84; N, 2.87.  mp. 119-120 ß. 



 88 

syn–2-30b : 1H NMR (500 MHz, CDCl3) ! 1.99 (1H, ddd, J = 13.3, 11.0, 9.4 Hz), 2.44 

(3H, s), 2.52 (1H, ddd, J = 13.3, 7.5, 7.5 H z), 2.64 (1H, m), 3.58 (1H, dd, J = 11.5, 9.7 

Hz), 3.94 (1H, dd, J = 11.5, 8.2 Hz), 4.65 (1H, dd, J = 9.4, 7.5 Hz), 7.14 (2H, d, J = 8.4 

Hz), 7.27 (2H, d, J = 8.0 Hz), 7.40 (2H, d, J = 8.4 Hz), 7.54 (2H, d, J = 8.0 Hz).  13C 

NMR (126 MHz, CDCl3) ! 21.6, 36.2, 41.6 (q, JCF = 30 Hz), 48.5 (q, JCF = 3 Hz), 63.0, 

121.7, 125.6 (q, JCF = 276 Hz), 127.4, 128.2, 129.8, 131.6, 134.6, 139.7, 144.1.  19F 

NMR (471 MHz, CDCl3) !F 91.2 (3F, d, JFH = 8 Hz).  IR (neat) 2960, 2910, 1489, 

1404, 1360, 1271, 1161, 912 cm-1.   

Anal. Calcd for C18H17NBrF3O2S; C, 48.23; H, 3.82; N, 3.12. Found: C, 48.30; H, 

3.90; N, 2.90. 

 

4-Trif luoromethyl-(2 ,4-dimethoxyphenyl) -1-tosylpyrrolidine (2-30c) 

Compound 2-30c was prepared by the method described for 2-30a using 

N-[1-(2,4-dimethoxyphenyl)-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 2-21c 

(88 mg, 0.21 mmol), KOH powder (15 mg, 0.27 mmol) in ethyleneglycol (3 mL) at 

130 °C for 20 h.  Purification by column chromatography on silica gel 

(hexane–AcOEt 4:1) gave 2-30c (anti:syn = 90 : 10 mixture, 65 mg, 74%) as a 

colorless oil. 

1H NMR (500 MHz, CDCl3) anti  ! 1.89-2.01 (2H, m), 2.44 (3H, s), 2.90 (1H, m), 3.42 

(1H, dd, J = 9.8, 9.8 Hz), 3.75 (3H, s), 3.80 (3H, s), 3.84 (1H, dd, J = 9.8, 9.8 Hz), 5.11 

(1H, d, J = 8.0 Hz), 6.40 (1H, s), 6.45 (1H, d, J = 8.4Hz), 7.26 (1H, d, J = 8.4 Hz), 7.31 

(2H, d, J = 8.0 Hz), 7.84 (2H, d, J = 8.0 Hz).  syn  ! 2.08 (2H, m), 2.41 (3H, s), 2.46 

(1H, m), 3.55 (1H, dd, J = 9.9, 9.9 Hz), 3.62 (3H, s), 3.80 (3H, s), 3.95 (1H, dd, J = 9.9, 

9.9 Hz), 4.86 (1H, dd, J = 7.6, 7.6 Hz), 6.28 (1H, s), 6.44-6.46 (1H, m), 7.15-7.18 (1H, 

m), 7.22 (2H, d, J = 8.1 Hz), 7.49 (2H, d, J = 8.1 Hz).  13C NMR (126 MHz, CDCl3) 

anti  ! 21.5, 33.3, 41.0 (q, JCF = 29 Hz), 47.8, 55.1, 55.3, 59.8, 98.6, 103.5, 121.8, 

126.2 (q, JCF = 256 Hz), 127.4, 127.8, 129.6, 134.4, 143.6, 156.6, 160.5.  19F NMR 

(471 MHz, CDCl3) anti  !F 91.3 (3F, d, JFH = 8 Hz,).  syn  !F 91.4 (3F, d, JFH = 8 Hz).  

IR (neat) 3001. 2958, 2839, 1614, 1589, 1506, 1340, 1161, 1034 cm-1.  HRMS: Calcd 

for C20H23NF3O4S (M+) 430.1301, found 430.1284. 

 

2-(2-Furyl)-4-tr ifluoromethyl-1-tosylpyrrolidine (2-30d)  

Compound 2-30d was prepared by the method described for 2-30a using 

N-[1-(2-furyl)-3-trifluoromethyl-but-3-enyl]-p-tolueneslfonamide 2-21d (155 mg, 
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0.431 mmol), KOH powder (124 mg, 2.2 mmol) in ethyleneglycol (7 mL) at 120 °C for 

10 h.  Purification by column chromatography on silica gel (hexane–AcOEt 4:1) 

gave 2-30d (anti:syn = 83:17 mixture, 107 mg, 69%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) anti  ! 2.10 (1H, ddd, J = 12.6, 10.8, 8.2 Hz), 2.20 (1H, 

ddd, J = 12.6, 7.2, 1.9 Hz), 2.41 (3H, s), 3.27 (1H, m), 3.52 (1H, dd, J = 10.0, 8.4 Hz), 

3.67 (1H, dd, J = 10.0, 8.8 Hz), 5.05 (1H, d, J = 8.2 Hz), 6.28 (1H, dd, J = 3.2, 1.9 Hz), 

6.30 (1H, dm, J = 3.2 Hz), 7.20 (1H, dd, J = 1.9, 0.9 Hz), 7.26 (2H, d, J = 8.3 Hz), 7.53 

(2H, d, J = 8.3 Hz).  syn ! 2.30 (1H, m), 2.41 (3H, s), 2.45 (1H, m), 2.76 (1H, m), 

3.45 (1H, dd, J = 10.5, 10.5 Hz), 3.94 (1H, dd, J = 10.5, 7.9 Hz), 4.96 (1H, dd, J = 8.0, 

8.0 Hz), 6.27 (1H, dd, J = 3.2, 1.8 Hz), 6.31 (1H, dm, J = 3.2 Hz), 7.21 (1H, m), 7.26 

(2H, d, J = 8.3 Hz), 7.50 (2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) anti  ! 

21.5, 31.5 (q, JCF = 2 Hz), 41.7 (q, JCF = 29 Hz), 46.7 (q, JCF = 3 Hz), 56.2, 108.1, 110.2, 

126.2 (q, JCF = 275 Hz), 127.2, 129.6, 134.6, 142.2, 143.6, 152.9.  19F NMR (471 MHz, 

CDCl3) anti !F 90.9 (3F, d, JFH = 8 Hz).  syn !F 91.5 (3F, d, JFH = 8 Hz).  IR (neat) 

2958, 2925, 1598, 1348, 1271, 1159, 1120, 1011, 912 cm-1.  Anal. Calcd for 

C16H16NF3O3S; C, 53.48; H, 4.49; N, 3.90. Found: C, 53.52; H, 4.65; N, 3.72. 

 

4-Trif luoromethyl-2-styryl-1-tosylpyrrolidine (2-30e)   

Compound 2-30e was prepared by the method described for 2-30a using 

N-[1-styryl-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 2-21e (65 mg, 0.16 

mmol), KOH powder (12 mg, 0.21 mmol) in ethyleneglycol (3 mL) at 130 °C for 20 h.  

Purification by column chromatography on silica gel (hexane–AcOEt 4:1) gave 2-30e 

(anti:syn = 78 : 22 mixture, 17 mg, 27%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) anti  ! 1.91-1.97 (2H, m), 2.42 (3H, s), 3.00 (1H, m), 3.42 

(1H, dd, J = 10.5, 8.3 Hz), 3.74 (1H, dd, J = 10.5, 8.5 Hz), 4.44 (1H, ddd, J = 8.5, 8.3, 

6.3 Hz), 6.00 (1H, dd, J = 15.7, 6.4 Hz), 6.57 (1H, d, J = 15.7 Hz), 7.18-7.32 (7H, m), 

7.71 (2H, d, J = 8.3 Hz).  syn ! 1.91-1.97 (1H, m), 2.32 (1H,m), 2.39 (3H, s), 2.69 

(1H, m), 3.49 (1H, dd, J = 11.2, 8.9 Hz), 3.81 (1H, dd, J = 11.2, 8.5 Hz), 4.28 (1H, ddd, 

J = 8.9, 8.5, 8.0 Hz), 5.96 (1H, dd, J = 15.8, 8.0 Hz), 6.57 (1H, d, J = 15.8 Hz), 

7.18-7.32 (7H, m), 7.68 (2H, d, J = 8.3 Hz).   

 

4-Trif luoromethyl-2-hexyl-1-tosylpyrrolidine (2-30f)   

Compound 2-30f was prepared by the method described for 2-30a using 

N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 2-21f (82 mg, 0.22 
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mmol), KOH powder (61 mg, 1.08 mmol) in ethyleneglycol (3 mL) and THF (0.3 mL) 

at 130 °C for 20 h.  Purification by column chromatography on silica gel 

(hexane–AcOEt 4:1) gave 2-30f (anti:syn = 77:23 mixture, 56 mg, 67%) as a colorless 

oil. 

1H NMR (500 MHz, CDCl3) anti  ! 0.89 (3H, t, J = 7.0 Hz), 1.25–1.53 (9H, m), 1.64 

(1H, m), 1.75–1.83 ( 2H, m), 2.41 (3H, s), 2.95 (1H, m), 3.24 (1H, dd, J = 10.5, 9.1 Hz), 

3.65 (1H, dd, J = 10.5, 8.3Hz), 3.70–3.78 (1H, m), 7.33 (2H, d, J = 8.0 Hz), 7.71 (2H, d, 

J = 8.0 Hz).  syn ! 0.89 (3H, t, J = 7.0 Hz), 1.25–1.53 (9H, m), 1.64 (1H, m), 1.91 

(1H, m), 2.12 (1H, ddd, J = 12.8, 8.1, 8.1 Hz), 2.28 (1H, m), 2.45 (3H, s), 3.31 (1H, dd, 

J = 10.5, 8.8 Hz), 3.70–3.78 (2H, m), 7.34 (2H, d, J = 8.0 Hz), 7.72 (2H, d, J = 8.0 Hz).  

13C NMR (126 MHz, CDCl3) anti ! 14.0, 21.4, 22.5, 25.8, 29.0, 30.0, 31.7, 35.8, 41.1 

(q, JCF = 29 Hz), 47.2 (q, JCF = 2 Hz), 60.1, 126.2 (q, JCF = 276 Hz), 127.4, 129.7, 134.0, 

143.7.  19F NMR (471 MHz CDCl3) anti  !F 90.9 (3F, d, JFH = 8 Hz).  syn  !F 91.5 

(3F, d, JFH = 8 Hz).  IR (neat) 3020, 2956, 2929, 2858, 1456, 1402, 1348, 1273, 1163, 

914 cm-1.  Anal. Calcd for C18H26NF3O2S; C, 57.27; H, 6.94; N, 3.71. Found: C, 

57.32; H, 6.99; N, 3.53. 

 

4-Trif luoromethyl-2-(tetrahydro-pyran-2-yloxymethyl)-1-tosylpyrrolidi

ne (2-30g) 

Compound 2-30g was prepared by the method described for 2-30a using 

N-[1-(tetrahydro-pyran-2-yloxymethyl)-3-trifluoromethyl-3-butenyl]-p-tolueneslfon

amide 2-21g (165 mg, 0.42 mmol), KOH powder (117 mg, 2.09 mmol) in 

ethyleneglycol (5 mL) and THF (0.5 mL) at 130 °C for 20 h.  Purification by column 

chromatography on silica gel (hexane–AcOEt 4:1) gave 2-30g (42:29:18:11 mixture, 

110 mg, 67%) as a colorless oil. 

19F NMR (471 MHz, CDCl3) !F 90.6 (3F, d, JFH = 8 Hz), 90.9 (3F, d, JFH = 9 Hz), 91.6 

(3F, d, JFH = 9 Hz), 91.7 (3F, d, JFH = 8 Hz). 

 

4-Trif luoromethyl-2-hydroxymethyl-1-tosylpyrrolidine (2-30i) 

2-30g (44 mg, 0.112 mmol) in THF (1 mL), H2O (0.5 ml) and CH3CO2H (2 ml) was 

stirred at 40 °C for 40 h.  And then aq. NaOH (1N) was added to quench the 

reaction.  Organic materials were extracted with Et2O (3 " 20 mL).  The combined 

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

solvent under reduced pressure, the residue was purified by column 
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chromatography on silica gel (hexane–AcOEt 2:1) to give 2-30i (anti:syn = 70:30 

mixture , 30 mg, 84%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) anti  ! 1.79 (1H, ddd, J = 13.1, 9.1, 9.1 Hz), 2.07 (1H, ddd, 

J = 13.1, 7.6, 3.4 Hz), 2.46 (3H, s), 2.51 (1H, brs), 3.09 (1H, m), 3.22 (1H, dd, J = 10.3, 

8.6 Hz), 3.62-3.72 (2H, m), 3.77 (1H, dd, J = 10.3, 8.0 Hz), 3.82-3.88 (1H, m), 7.36 

(2H, d, J = 8.0 Hz), 7.73 (2H, d, J = 8.0 Hz).  syn ! 1.92 (1H, ddd, J = 13.1, 11.1, 8.7 

Hz), 2.10 (1H, m), 2.26 (1H, m), 2.46 (3H, s), 2.77 (1H, brs), 3.44 (1H, dd J = 12.1, 

10.1 Hz), 3.62-3.72 (3H, m), 3.82-3.88 (1H, m), 7.38 (2H, d, J = 8.0 Hz), 7.74 (2H, d, J 

= 8.0 Hz).  13C NMR (126 MHz, CDCl3) anti  ! 21.5, 28.7, 41.1 (q, JCF = 29 Hz), 48.6 

(q, JCF = 3 Hz), 60.9, 65.3, 126.1 (q, JCF = 276 Hz), 127.6, 129.9, 133.0, 144.3.  syn ! 

21.5, 28.5, 41.1 (q, JCF = 29 Hz), 48.8 (q, JCF = 3 Hz), 61.8, 64.6, 125.6 (q, JCF = 275 

Hz), 127.5, 130.2, 133.8, 144.5.  19F NMR (471 MHz, CDCl3) anti  !F 90.5 (3F, d, JFH 

= 8 Hz,).  syn  !F 91.3 (3F, d, JFH = 8 Hz).  IR (neat) 3521. 2956, 2929, 2883, 1599, 

1342, 1271, 1159, 1132 cm-1.  HRMS: Calcd for C13H17NF3O3S (M+) 324.0882, found 

324.0901. 

 

ÊÉà 

ÊÉàÉÊ 

4-Trif luoromethyl-1-tosylproline (2-52)  

To a suspention of NaIO4 (518 mg, 2.42 mmol) in CH3CN (1 mL) and H2O (1.5 mL) 

was added a solution of 2-30 (82 mg, 0.23 mmol) in CCl4 (1 mL) and then RuCl3•H2O 

(1.1 mg, 0.0053 mmol).  The reaction mixture was stirred for 4 h at room 

temperature, and then water was added to quench the reaction.  Organic materials 

were extracted with Et2O (15 mL " 3).  The combined extracts were extracted with 

aq. NaOH (1N, 15 mL " 3).  The aqueous layer was brought to pH 3.0 with aq. HCl 

(6N) and extracted with Et2O (30 mL " 3).  After removal of the solvent under 

reduced pressure, 11 (anti:syn = 85:15 mixture, 68 mg, 89 %) was obtained as a 

colorless crystal. 

1H NMR (500 MHz, CDCl3) anti  ! 2.13 (1H, ddd, J = 13.4, 9.2, 9.2 Hz), 2.34 (1H, ddd, 

J = 13.4, 7.0, 2.7 Hz), 2.46 (3H, s), 3.15 (1H, m), 3.37 (1H, dd, J = 9.9, 8.3 Hz), 3.78 

(1H, dd, J = 9.9, 8.3 Hz), 4.41 (1H, dd, J = 9.2, 2.7 Hz), 7.37 (2H, d, J = 8.4 Hz), 7.76 

(2H, d, J = 8.4 Hz), 8.04 (1H, br s).  syn ! 2.27 (1H, ddd, J = 13.5, 8.9, 7.4 Hz), 2.46 

(3H, s), 2.51 (1H, ddd, J = 13.5, 8.2, 8.2 Hz), 2.70 (1H, m), 3.45 (1H, dd, J = 11.3, 10.4 

Hz), 3.77 (1H, m), 4.47 (1H, dd, J = 8.2, 7.4 Hz), 7.37 (2H, d, J = 8.4 Hz), 7.79 (2H, d, 
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J = 8.4 Hz), 8.04 (1H, br s).  13C NMR (126 MHz, CDCl3) anti ! 21.6, 30.0, 41.6 (q, 

JCF = 30 Hz), 47.1, 59.9, 125.7 (q, JCF = 276 Hz), 127.5, 130.0, 133.8, 144.5, 175.8.  

19F NMR (471 MHz, CDCl3) anti  !F 90.9 (3F, d, JFH = 8 Hz).  syn !F 91.5 (3F, d, JFH 

= 8 Hz).  IR (neat) 3238, 2956, 2926, 1732, 1401, 1350, 1271, 1161, 1128, 1039 cm-1.    

Anal. Calcd for C13H14NF3O4S; C, 46.29; H, 4.18; N, 4.15. Found: C, 46.38; H, 4.25; N, 

3.89.  mp. 121-122 ß. 

 

ÊÉàÉÌ 

4-Difluoromethyl-2-(2-furyl)-1-tosylpyrrolidine (2-53) 

To a solution of 2-24d (96 mg, 0.28 mmol) in EtOH (3 mL) was added Pd/C (5%, 30 

mg, 0.014 mmol) under argon.  The mixture was stirred under H2 (1 atm) at room 

temperature for 30 min.  The mixture was filtered through a pad of Celite.  After 

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

chromatography on silica gel (hexane–AcOEt 2:1) to give 2-53 (anti:syn = 38:62 

mixture, 78 mg, 81%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) anti  ! 1.97 (1H, ddd, J = 12.8, 10.6, 8.5 Hz), 2.15 (1H, 

m), 2.42 (3H, s), 2.99 (1H, m), 3.41 (1H, dd, J = 9.7, 9.7 Hz), 3.60 (1H, dd, J = 9.7, 7.9 

Hz), 5.03 (1H, dd, J = 8.2, 1.4 Hz), 5.76 (1H, td, JHF = 56.1 Hz, J = 4.8 Hz), 6.28 (1H, 

d, J = 3.1 Hz), 6.28 (1H, d, J = 3.1 Hz), 7.20 (1H, dd, J = 1.4, 1.4 Hz), 7.24 (2H, d, J = 

8.1 Hz), 7.53 (2H, d, J = 8.1 Hz).  syn  ! 2.15 (1H, m), 2.32 (1H, ddd, J = 13.4, 8.3, 

8.3 Hz), 2.42 (3H, s), 2.55 (1H, m), 3.43 (1H, dd, J = 10.5, 9.7 Hz), 3.76 (1H, dd, J = 

10.5, 7.6 Hz), 4.90 (1H, dd, J = 8.3, 6.1 Hz), 5.76 (1H, td, JHF = 56.4 Hz, J = 6.2 Hz), 

6.28 (1H, d, J = 3.1 Hz), 6.32 (1H, d, J = 3.1 Hz), 7.22 (1H, m), 7.24 (2H, d, J = 7.9 

Hz), 7.53 (2H, d, J = 7.9 Hz).  13C NMR (126 MHz, CDCl3) anti  ! 21.4, 31.5 (t, JCF = 

4 Hz), 41.6 (t, JCF = 22 Hz), 46.8 (t, JCF = 6 Hz), 56.3, 107.8, 110.2, 116.4 (t, JCF = 240 

Hz), 127.2, 129.5, 134.8, 142.1, 143.4, 153.3.  syn ! 21.4, 31.5 (t, JCF = 4 Hz), 41.8 (t, 

JCF = 22 Hz), 47.9 (dd, JCF = 8, 4 Hz), 56.1, 108.4, 110.3, 116.4 (t, JCF = 240 Hz), 127.2, 

129.6, 135.0, 142.3, 143.5, 152.6.  19F NMR (471 MHz, CDCl3) anti  !F 41.8 (2F, dd, 

JFH = 56, 12 Hz).  syn !F 41.7 (1F, ddd, JFF = 286 Hz , JFH = 56, 11 Hz), 43.0 (1F, 

ddd, JFF = 286 Hz , JFH = 56, 12 Hz).  IR (neat) 2951, 2882, 1599, 1346, 1161, 1090, 

913 cm-1.   

 

4-Difluoromethylene-2-hydroxymethyl-1-tosylpyrrolidine (2-24h) 

Compound 2-24h was prepared by the method described for 2-30i using 2-24g (215 



 93 

mg, 0.56 mmol) in THF (2 mL), AcOH (4 ml) and H2O (1 ml) at 40 °C for 24 h.  

Purification by column chromatography on silica gel (hexane–AcOEt 4:1) gave 2-24h 

(151 mg, 90%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 2.27 (1H, m), 2.39 (1H, d, J = 14.5 Hz), 2.45 (3H, s), 

2.52 (1H, brs), 3.65(1H, dd, J = 11.5, 5.8 Hz), 3.70 (1H, dd, J = 11.5, 4.7 Hz), 3.82 (1H, 

m), 3.96 (1H, d, J = 14.1 Hz), 4.08 (1H, d, J = 14.1 Hz), 7.35 (2H, d, J = 7.9 Hz), 7.73 

(2H, d, J = 7.9 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 27.5, 47.5 (d, JCF = 3 Hz), 

61.8, 64.4, 84.9 (dd, JCF = 23, 23 Hz), 127.5, 130.0, 133.7, 144.3, 149.9 (dd, JCF = 283 

Hz).  19F NMR (471 MHz, CDCl3) !F 71.7 (1F, ddd, JFF = 54 Hz , JFH = 3, 3 Hz), 74.4 

(1F, dd, JFF = 54 Hz , JFH = 1 Hz).  IR (neat) 3529, 2954, 2924, 2854, 1782, 1344, 

1271 cm-1.  HRMS: Calcd for C13H16NF2O3S (M+) 304.0820, found 304.0828. 

 

2-(t-Butyl-dimethyl-s ilanyloxymethyl)-4-difluoromethylene-1-tosylpyrr

olidine (2-24i) 

To a solution of 2-24i (81 mg, 0.268 mmol) in CH2Cl2 (3 mL) at 25 °C was added 

t-BuMe2SiCl (61 mg, 0.41 mmol), NEt3 (54.2 mg, 0.54 mmol), and DMAP (10 mg) 

under argon.  The reaction mixture was stirred at room temperature for 3 h.  The 

reaction was quenched with water (10 mL) and organic material were extracted 

with AcOEt (3 " 15 ml).  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 sillica gel (hexane–AcOEt 10:1) to give 2-24i 

(105 mg, 94%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.43 (3H, s), 0.51 (3H, s), 0.86 (9H, s), 2.18 (1H, m), 

2.44 (3H, s), 2.49 (1H, d, J = 15.3 Hz), 3.55 (1H, dd, J = 10.1, 7.1 Hz), 3.74 (1H, dd J 

= 10.1, 3.6 Hz), 3.92-3.98 (2H, m), 4.01 (1H, d, J =13.7 Hz), 7.32 (2H, d, J = 8.2 Hz), 

7.71 (2H, d, J = 8.2 Hz).   

 

anti-4-Dif luoromethyl-2-hydroxymethyl-1-tosylpyrrol idine (2-56h) 

To a solution of 2-24h (57.7 mg, 0.19 mmol) in CH2Cl2 (3 mL) was added Pd/C (5%, 

20 mg, 0.0095 mmol) under argon.  The mixture was stirred under H2 (1 atm) at 

room temperature for 48 hour.  The mixture was filtered through a pad of Celite.  

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

column chromatography on silica gel (hexane–AcOEt 2:1) to give 2-53 (anti:syn = 

83:17 mixture, 29 mg, 50%) as a colorless oil. 
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1H NMR (500 MHz, CDCl3) ! 1.67 (1H, ddd, J = 12.9, 8.8, 8.8 Hz), 2.04 (1H, m), 2.46 

(3H, s), 2.71 (1H, brs), 2.77 (1H, m), 3.16 (1H, dd, J = 10.1, 8.2 Hz), 3.61-3.73 (3H, m), 

3.80 (1H, dd, J = 10.9, 2.9 Hz), 5.38 (1H, td, JHF = 56.1 Hz, J = 4.8 Hz), 7.37 (2H, d, J 

= 8.0 Hz), 7.74 (2H, d, J = 8.0 Hz).  13C NMR (126 MHz, CDCl3) ! 21.4, 28.5, 41.0 (t, 

JCF = 22 Hz), 48.5 (t, JCF = 4 Hz), 61.0, 65.2, 116.1 (t, JCF = 240 Hz), 127.6, 129.9, 

133.3, 144.2.  19F NMR (471 MHz, CDCl3) !F 40.5 (1F, ddd, JFF = 285 Hz , JFH = 56, 

14 Hz), 41.4 (1F, ddd, JFF = 285 Hz , JFH = 56, 12 Hz).  IR (neat) 3516, 2956, 2887, 

1597, 1339, 1159, 1090, 1030 cm-1.  HRMS: Calcd for C13H18NF2O3S (M+) 306.0977, 

found 306.0978. 

 

2-(t-Butyl-dimethyl-s ilanyloxymethyl)-4-difluoromethyl-1-tosylpyrrolid

ine (2-56i) 

Compound 2-56i was prepared by the method described for 2-53 using 2-24i (75 mg, 

0.18 mmol) and 5% Pd/C (18.9 mg, 0.009 mmol) in EtOH (3 mL) at 25 °C for 1 h.  

Purification by column chromatography on silica gel (hexane–AcOEt 5:1) gave 2-56i 

(anti : syn = 11:89, 73 mg, 98%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) anti  ! 0.08 (6H, s), 0.89 (9H, s), 2.02-2.12 (2H, m), 2.44 

(3H, s), 2.83 (1H, m), 3.11 (1H, dd, J = 9.7, 8.6 Hz), 3.66 (1H, dd, J = 9.7, 6.5 Hz), 

3.72-3.79 (3H, m), 5.43 (1H, dd, JHF = 57.8Hz, JHH = 5.2 Hz), 7.34 (2H, d, J = 8.4 Hz), 

7.72 (2H, d, J = 8.4 Hz).  syn  ! 0.08 (6H, s), 0.89 (9H, s), 1.92 (1H, ddd, J = 13.4, 8.6, 

6.1 Hz), 2.00 (1H, ddd, J = 13.4, 8.0, 8.0 Hz), 2.08 (1H, m), 2.44 (s, 3H), 3.30 (1H, dd, 

J = 11.7, 8.6 Hz), 3.56 (1H, dd, J = 11.7, 7.5 Hz),  3.72-3.79 (2H, dd, J = 9.9, 3.0 Hz), 

5.69 (1H, dd, JHF = 56.3 Hz, JHH = 5.6 Hz), 7.34 (2H, d, J = 8.4 Hz), 7.72 (2H, d, J = 

8.4 Hz).   

 

syn-4-Difluoromethyl-2-hydroxymethyl-1-tosylpyrrolidine (2-56h) 

To a solution of 2-57i (anti : syn = 11 : 89, 86 mg, 0.204 mmol) in THF (3 mL) at 25 °C 

was added TBAF (1M solution in THF, 0.25 ml, 0.25 mmol) under argon.  The 

reaction mixture was stirred at room temperature for 1 h.  The reaction was 

quenched with water (10 mL) and organic material were extracted with AcOEt (3 " 

15 ml).  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 sillica gel (hexane–AcOEt 10:1) to give 2-56h (anti : syn 

= 11 : 89, 56 mg, 90%) as a colorless oil. 
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1H NMR (500 MHz, CDCl3) ! 1.80 (1H, m), 1.93-2.12 (2H, m), 2.46 (3H, s), 2.89 (1H, 

brs), 3.39 (1H, dd, J = 11.8, 8.6 Hz), 3.58 (1H, dd, J = 11.8, 7.8 Hz), 3.61-3.73 (2H, m), 

3.87 (1H, d, J = 10.5 Hz), 5.69 (1H, td, JHF = 56.2 Hz, J = 5.4 Hz), 7.37 (2H, d, J = 8.0 

Hz), 7.74 (2H, d, J = 8.0 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 28.7, 41.0 (t, JCF = 

22 Hz), 49.2 (t, JCF = 4 Hz), 61.8, 64.8, 116.2 (t, JCF = 240 Hz), 127.5, 130.1, 133.6, 

144.3.  19F NMR (471 MHz, CDCl3) !F 41.7 (1F, ddd, JFF = 286 Hz , JFH = 56, 11 Hz), 

42.7 (1F, ddd, JFF = 286 Hz , JFH = 56, 12 Hz).  IR (neat) 3516, 2956, 2887, 1597, 

1339, 1159, 1090, 1030 cm-1.  HRMS: Calcd for C13H18NF2O3S (M+) 306.0977, found 

306.0978. 

 

4-Difluoromethyl-1-tosylproline (2-55) 

To a solution of 2-56h (anti:syn = 11:89 mixture, 54 mg, 0.18 mmol) in acetone (2 

mL) was added a solution of aq. NaHCO3 (15%solution, 0.6 ml), NaBr (4 mg, 0.03 

mmol) , TEMPO (0.56 mg, 0.0036 mmol), and then trichloroisocyanuricacid (82.2 mg, 

0.035 mmol).  The reaction mixture was stirred for 3 h at room temperature, and 

then water was added to quench the reaction.  Organic materials were extracted 

with Et2O (15 mL " 3).  The combined extracts were extracted with aq. NaOH (1N, 

15 mL " 3).  The aqueous layer was brought to pH 3.0 with aq. HCl (6N) and 

extracted with Et2O (30 mL " 3).  After removal of the solvent under reduced 

pressure, 2-55 (anti:syn = 11:89 mixture, 57 mg, 100 %) was obtained as a colorless 

crystal. 

1H NMR (500 MHz, CDCl3) anti  ! 1.98 (1H, ddd, J = 13.3, 9.5, 9.5 Hz), 2.30 (1H, ddd, 

J = 13.3, 6.8, 2.8 Hz), 2.46 (3H, s), 2.86 (1H, m), 3.29 (1H, dd, J = 10.0, 8.2 Hz), 3.69 

(1H, dd, J = 10.0, 8.0 Hz), 4.38 (1H, dd, J = 8.9, 2.7 Hz), 5.60 (1H, td, JHF = 55.3 Hz, J 

= 4.4 Hz), 7.37 (2H, d, J = 8.5 Hz), 7.76 (2H, d, J = 8.5 Hz), 8.20 (1H, br s).  syn ! 

2.19 (1H, ddd, J = 13.5, 6.4, 6.4 Hz), 2.35 (1H, ddd, J = 13.5, 8.8, 8.8 Hz), 2.45 (1H, 

m), 2.46 (3H, s), 3.47 (1H, dd, J = 11.1, 6.5 Hz), 3.54 (1H, dd, J = 11.1, 7.6 Hz), 4.32 

(1H, dd, J = 9.1, 5.8 Hz), 5.79 (1H, td, JHF = 56.1 Hz, J = 6.0 Hz), 7.38 (2H, d, J = 8.0 

Hz), 7.78 (2H, d, J = 8.0 Hz), 8.20 (1H, br s).  

13C NMR (126 MHz, CDCl3) anti ! 21.8, 30.2 (t, JCF = 3 Hz), 41.7 (t, JCF = 22 Hz), 

47.4 (t, JCF = 5 Hz), 60.2, 115.8 (t, JCF = 241 Hz), 127.7, 130.2, 134.3, 144.6, 176.2.  

syn ! 21.8, 30.4 (t, JCF = 3 Hz), 42.3 (t, JCF = 22 Hz), 48.3 (t, JCF = 4 Hz), 60.0, 116.1 

(t, JCF = 240 Hz), 127.9, 130.3, 133.9, 144.8, 176.3.K K 19F NMR (471 MHz, CDCl3) 

anti  !F 40.2 (1F, ddd, JFF = 287 Hz , JFH = 55, 13 Hz), 41.0 (1F, ddd, JFF = 287 Hz , 
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JFH = 55, 11 Hz).  syn !F 40.9 (1F, ddd, JFF = 287 Hz , JFH = 56, 11 Hz), 42.3 (1F, 

ddd, JFF = 287 Hz , JFH = 56, 13 Hz).K K IR (neat) 3546, 3220, 2964, 1733, 1340, 1219, 

1161, 1035 cm-1.  Anal. Calcd for C13H15NF2O4S; C, 48.90; H, 4.73; N, 4.39. Found: 

C, 48.99; H, 4.85; N, 4.12. 

 

ÊÉàÉÎË 

4-Difluoromethylene-1-tosylproline (2-57) 

Compound 2-57 was prepared by the method described for 2-55 using 2-24a (77 mg, 

0.25 mmol) , a solution of aq. NaHCO3 (15%solution, 0.9 ml), NaBr (5 mg, 0.05 

mmol) , TEMPO (0.79 mg, 0.005 mmol), and then trichloroisocyanuricacid (117.6 mg, 

0.5 mmol) in acetone (3 mL) at 25 °C for 3 h.  Purification by extraction gave 2-57 

(76 mg, 94%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 2.44 (3H, s), 2.59 (1H, m), 2.78 (1H, d, J = 15.1 Hz), 

4.04 (1H, d, J = 13.2 Hz), 4.09 (1H, d, J = 13.2 Hz), 4.51 (1H, dm, J = 8.7 Hz), 5.40 

(1H, brs), 7.34 (2H, d, J = 8.0 Hz), 7.74 (2H, d, J = 8.0 Hz).  HRMS: Calcd for 

C13H14NF2O4S (M+) 318.0613, found 318.0601. 

 

ÊÉáË 

ÊÉáÉÈË 

'Ï_.âãä%$å3æOçT�}y?}Õ£ 2-59a, b, 2-60+Nèé.êë01Þ

ØRÖt016 

Thioacetic acid  S-(1-phenyl-3-tr ifluoromethyl-but-3-enyl) ester  (2-59a) 

1H NMR (500 MHz, CDCl3) ! 2.30 (3H, s), 2.82 (1H, dd, J = 15.8, 8.7 Hz), 2.87 (1H, 

dd, J = 15.8, 7.2 Hz), 4.81 (1H, dd, J = 8.7, 7.2 Hz), 5.21 (1H, s), 5.66 (1H, s), 

7.23-7.33 (5H, m).  13C NMR (126 MHz, CDCl3) ! 30.3, 35.7, 45.8, 120.9 (q, JCF = 6 

Hz), 123.4 (q, JCF = 272 Hz), 127.7, 127.7, 128.7, 134.6 (q, JCF = 30 Hz), 140.0, 194.0.  

19F NMR (471 MHz, CDCl3) !F 93.4 (3F, s).  IR (neat) 3064, 3032, 2929, 1693, 1217, 

1169, 1124 cm-1.  Anal. Calcd for C13H13F3OS; C, 56.92; H, 4.78; N, 0.00. Found: C, 

56.89; H, 4.90; N, 0.00. 

 

Thioacetic acid  S-(1-n-hexyl-3-trifluoromethyl-but-3-enyl) ester  (2-59b) 

1H NMR (270 MHz, CDCl3) ! 0.87 (3H, t, J = 6.5 Hz), 1.27-1.75 (10H, m), 2.32 (3H, s), 

2.47 (2H, d, J = 7.6 Hz), 3.70 (1H, m), 5.41 (1H, s), 5.78 (1H, s).   
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1-Phenyl-3-tri fluoromethyl-but-3-ene-1-thiol  (2-60) 

1H NMR (500 MHz, CDCl3) ! 2.06 (1H, d, J = 4.8 Hz), 2.79 (1H, ddd, J = 15.2, 7.9, 1.0 

Hz), 2.89 (1H, ddd, J = 15.2, 7.4, 1.0 Hz), 4.81 (1H, ddd, J = 7.9, 7.4, 4.8 Hz), 5.27 

(1H, dddd, J = 1.0, 1.0, 1.0 Hz), 5.71 (1H, d, J = 1.0 Hz), 7.24-7.35 (5H, m). 

 

ÊÉáÉÊË 

4-Difluoromethylene-2-phenyl-tetrahydro-thiophene  (2-61a) 

2-59a (80 mg, 0.29 mmol) in DMF (3 mL) at 0 °C was added NaOMe (19.2 mg, 0.355 

mmol) under argon.  After the reaction mixture was stirred at 100 °C for 10 h, 

phosphate buffer (pH 7) was added to quench the reaction.  Organic materials were 

extracted with AcOEt (3 " 20 mL).  The combined extracts were washed with water 

and 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 5:1) to give 2-61a (52 mg, 82%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 2.76 (1H, m), 3.06 (1H, dd, J = 13.7, 5.7 Hz), 3.63 (1H, 

d, J = 13.6 Hz), 3.69 (1H, d, J = 13.6 Hz), 4.52 (1H, dd, J = 8.4, 5.7 Hz), 7.26 (1H, t, J 

= 7.3Hz), 7.33 (2H, t, J = 7.3 Hz), 7.38 (2H, d, J = 7.3 Hz).  13C NMR (126 MHz, 

CDCl3) ! 30.2 (d, JCF =2 Hz), 38.5 (d, JCF = 2 Hz), 51.8, 90.0 (dd, JCF = 22, 22 Hz), 

127.3, 127.6, 128.6, 140.6, 150.3 (dd, JCF = 284, 284 Hz).   19F NMR (471 MHz, 

CDCl3) ! F 71.7 (1F, ddd, JFF = 54 Hz, JFH = 3, 3 Hz), 72.6 (1F, dd, JFF = 54 Hz, JFH = 4 

Hz).  IR (neat) 3064, 3030, 2912, 1765, 1267, 1219, 1049 cm-1.   

 

4-Difluoromethylene-2-hexyl-tetrahydro-thiophene (2-61b) 

Compound 2-61b was prepared by the method described for 2-61a using 2-59b (80.2 

mg, 0.28 mmol), NaOMe (20.2 mg, 0.37 mmol) in DMF (3 mL) at 100 °C for 15 h.  

Purification by column chromatography on silica gel (hexane–AcOEt 50:1) gave 

2-61b (46.6 mg, 75%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.88 (3H, t, J = 7.1 Hz), 1.22-1.41 (8H, m), 1.54 (1H, m), 

1.63 (1H, m), 2.30 (1H, m), 2.78 (1H, dm, J = 14.3 Hz), 3.34 (1H, m), 3.45 (1H, dm, J 

= 12.9 Hz), 3.48 (1H, dm, J = 12.9 Hz).  13C NMR (126 MHz, CDCl3) ! 14.0, 22.6, 

28.6, 28.8 (d, JCF = 1 Hz), 29.1, 31.7, 36.1, 36.4 (dd, JCF = 2, 2 Hz), 48.8, 89.8 (dd, JCF 

= 21, 21 Hz), 150.4 (dd, JCF = 283, 283 Hz).K K 19F NMR (471 MHz, CDCl3) ! F  70.6 

(1F, dm, JFF = 56 Hz), 72.2 (1F, d, JFF = 56 Hz).  IR (neat) 2956, 2926, 2854, 1765, 

1267, 1201, 1047, 912 cm-1.  Anal. Calcd for C11H11F2S; C, 59.97; H, 8.23. Found: C, 
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59.84; H, 8.21. 

 

 

4-Trif luoromethyl-2-phenyl-tetrahydro-thiophene (2-62a) 

2-59a (86.9 mg, 0.31 mmol) in MeOH (3 mL) at 25 °C was added K2CO3 (46.9 mg, 

0.34 mmol) under argon.  After the reaction mixture was refluxed for 2 h, 

phosphate buffer (pH 7) was added to quench the reaction.  Organic materials were 

extracted with AcOEt (3 " 20 mL).  The combined extracts were washed with water 

and 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 20:1) to give 2-62a (66 mg, 76%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 2.35 (1H, ddd, J = 13.3, 6.2, 6.2 Hz), 2.53 (1H, ddd, J = 

13.3, 8.0, 7.1 Hz), 3.05-3.15 (2H, m), 3.26 (1H, m), 4.64 (1H, dd, J = 7.1, 6.2 Hz), 7.26 

(1H, t, J = 7.4 Hz), 7.34 (2H, t, J = 7.4 Hz), 7.41 (2H, d, J = 7.4 Hz).  13C NMR (126 

MHz, CDCl3) ! 31.2 (q, JCF =2 Hz), 39.4 (q, JCF = 1 Hz), 46.0 (q, JCF = 27 Hz), 50.8, 

127.0 (q, JCF = 277, 277 Hz), 127.4, 127.4, 128.6, 141.6..19F NMR (471 MHz, CDCl3) ! 

F 91.8 (3F, d, JFH = 8 Hz).K K IR (neat) 3064, 3020, 2945, 2875, 1381, 1267, 1215, 

1151, 1159, 1107 cm-1.   

 

4-Trif luoromethyl-2-n-hexyl-tetrahydro-thiophene (2-62b) 

Compound 2-62b was prepared by the method described for 2-62a using 2-59b (81.1 

mg, 0.29 mmol), K2CO3 (43.3 mg, 0.31 mmol) in MeOH (3 mL) for 1 h.  Purification 

by column chromatography on silica gel (hexane–AcOEt 50:1) gave 2-62b (92:8 

mixture, 56.2 mg, 75%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.88 (3H, t, J = 7.1 Hz), 1.23-1.65 (10H, m), 2.00 (1H, 

m), 2.19 (1H, ddd, J = 12.9, 8.4, 7.0 Hz), 2.91-3.05 (3H, m), 3.40 (1H, m). 13C NMR 

(126 MHz, CDCl3) ! 14.0, 22.5, 28.4, 29.0, 30.2 (q, JCF = 3 Hz), 31.7, 36.5 (q, JCF = 2 

Hz), 37.7, 46.0 (q, JCF = 27 Hz), 47.4, 127.1 (q, JCF = 277 Hz).  19F NMR (471 MHz, 

CDCl3) ! F 91.8 (3F, d, JFH = 9 Hz).K K IR (neat) 2956, 2927, 2873, 2856, 1380, 1269, 

1161, 1111 cm-1.   

 

ÊÉìË 

ÊÉìÉÈË 

2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile (2-64c) 
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1
H NMR (500 MHz, CDCl3) ! 2.91 (1H, dd, J = 15.1, 8.8 Hz), 2.98 (1H, dd, J = 15.1, 7.0 

Hz), 3.52 (1H, m), 3.99 (1H, d, J = 5.4 Hz), 5.35 (1H, s), 5.79 (1H, s, 7.35-7.45 (5H, m).  
13

C NMR (126 MHz, CDCl3) ! 29.3, 32.8, 44.2, 111.2, 111.3, 123.0 (q, JCF = 6 Hz), 123.1 

(q, JCF = 272 Hz), 127.9, 128.6, 129.4, 133.4 (q, JCF = 30 Hz), 135.1.  19F NMR (471 

MHz, CDCl3) !F 94.1 (3F, s).  IR (neat) 3070, 3035, 2908, 2260, 2192, 1456, 1348, 

1169, 1120, 956 cm-1.  Anal. Calcd for C14H11F3N2; C, 63.63; H, 4.20; N, 10.60. 

Found: C, 63.38; H, 4.33; N, 10.33. 

 

2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malonic  acid  diethyl esterK

(2-64d) 

1
H NMR (500 MHz, CDCl3) ! 0.96 (3H, t, J = 7.2Hz), 1.29 (3H, t, J = 7.2 Hz), 2.53 (1H, 

dd, J = 15.0, 10.1 Hz), 2.73 (1H, dd, J = 15.0, 3.2 Hz), 3.66 (1H, d, J = 10.1 Hz), 3.68 

(1H, ddd, J = 10.1, 10.1, 3.2 Hz), 3.90 (2H, q, J = 7.1 Hz), 4.23 (1H, dq, J = 10.8, 7.2 

Hz), 4.26 (1H, dq, J = 10.8, 7.2 Hz), 4.96 (1H, s), 5.51 (1H, s), 7.19 (2H, t, J = 7.6 Hz), 

7.20 (1H, t, J = 7.6 Hz), 7.27 (2H, d, J = 7.6 Hz).  13
C NMR (126 MHz, CDCl3) ! 13.6, 

13.9, 33.8, 43.7, 58.4, 61.3, 61.7, 120.8 (q, JCF = 6 Hz), 123.5 (q, JCF = 272 Hz), 127.2, 

128.3, 128.5, 134.8 (q, JCF = 30 Hz), 139.0, 167.4, 167.9.  19F NMR (471 MHz, 

CDCl3) !F 93.5 (3F, s).  IR (neat) 3032, 2983, 2939, 2906, 1749, 1732, 1369, 1219, 

1167, 1122 cm-1.  Anal. Calcd for C18H21F3O4; C, 60.33; H, 5.91. Found: C, 60.26; H, 

6.01. 

 

ÊÉìÉÊ 

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarbonitri le (2-66c) 

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile2-64c (54.2 mg, 

0.205 mmol) in DMF (3 mL) at 0 °C was added NaH (10.6 mg, 0.265 mmol, 60% 

dispersion in mineral oil) under argon.  After the reaction mixture was stirred at 

0 °C for 1 h and then 100 °C for 3 h, phosphate buffer (pH 7) was added to quench 

the reaction.  Organic materials were extracted with AcOEt (3 " 20 mL).  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 5:1) to give 8a (30.6 mg, 61%) as a 

colorless oil. 

1
H NMR (500 MHz, CDCl3) ! 2.95 (1H, ddm, J = 15.8, 7.5 Hz), 3.04 (1H, ddm, J = 15.8, 

11.3  Hz), 3.16 (1H, dm, J = 15.6 Hz), 3.37 (1H, dm, J = 15.6 Hz), 3.72 (1H, dd, J = 
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11.3, 7.5 Hz), 7.42-7.48 (5H, m).  13
C NMR (126 MHz, CDCl3) ! 28.4, 38.4 (d, JCF = 3 

Hz), 41.5, 54.4, 83.3 (dd, JCF = 27, 23 Hz), 113.4, 114.6, 128.0, 129.2, 129.6, 133.0, 

151.5 (dd, JCF = 285, 285 Hz).  19F NMR (471 MHz, CDCl3) !F 76.0 (1F, dm, JFF = 49 

Hz), 76.3 (1F, dm, JFF = 49 Hz).  IR (neat) 3033, 2935, 2360, 2332, 1772, 1498, 1271, 

1078 cm-1.  Anal. Calcd for C14H10N2F2; C, 68.85; H, 4.13; N, 11.47. Found: C, 68.83; 

H, 4.21; N, 11.37. 

 

 

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarboxylic  acid  

diethyl  ester  (2-66d) 

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester2-64d 

(83 mg, 0.232 mmol) in DMF (3 mL) at 0 °C was added KH (49.6 mg, 0.37 mmol, 

30% dispersion in mineral oil) under argon.  After the reaction mixture was stirred 

at 0 °C for 1 h and then 110 °C for 3 h, phosphate buffer (pH 7) was added to quench 

the reaction.  Organic materials were extracted with AcOEt (3 " 20 mL).  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 5:1) to give 2-66d (60.4 mg, 77%) as a 

colorless oil. 
1
H NMR (500 MHz, CDCl3) ! 0.94 (3H, t, J = 7.1Hz), 1.25 (3H, t, J = 7.1 Hz), 2.71 (1H, 

dm, J = 16.4 Hz), 2.82 (1H, dm, J = 16.8 Hz), 2.95 (1H, m), 3.34 (1H, dm, J = 16.8 Hz), 

3.71 (1H, dq, J = 10.7, 7.1 Hz), 3.90 (1H, dq, J = 10.7, 7.1 Hz), 4.05 (1H, dq, J = 7.9, 

5.8 Hz), 4.18 (1H, dq, J = 10.7, 7.1 Hz), 4.26 (1H, dq, J = 10.7, 7.1 Hz), 7.19-7.28 (5H, 

m).  13
C NMR (126 MHz, CDCl3) ! 13.5, 13.9, 31.7, 33.2, 49.6, 61.2, 61.7, 65.1, 87.1 

(dd, JCF = 23, 22 Hz), 127.3, 128.1, 128.2, 1139.8, 150.4 (dd, JCF = 281, 281 Hz), 168.9, 

171.0.  19F NMR (471 MHz, CDCl3) !F 71.7 (1F, dm, JFF = 58 Hz), 71.9 (1F, dm, JFF = 

58 Hz).  IR (neat) 3032, 2983, 1772, 1730, 1558, 1367, 1269, 1221, 1036 cm-1.  Anal. 

Calcd for C18H20F2O4; C, 63.90; H, 5.96. Found: C, 63.74; H, 5.89. 

 

ÊÉìÉÌ 

2-Phenyl-4-tri fluoromethyl-cyclopentane-1,1-dicarboxylic acid diethyl  

ester  (2-67) 

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester 

2-64d (84 mg, 0.23 mmol) in EtOH (3 mL) at 0 °C was added NaH (7 mg, 0.29 mmol) 



 101 

under argon.  After the reaction mixture was stirred at 0 °C for 1 h and then 130 °C 

for 20 h, phosphate buffer (pH 7) was added to quench the reaction.  Organic 

materials were extracted with AcOEt (3 " 20 mL).  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 2-67 (20.9 mg, 25%) as a colorless oil. 
1
H NMR (500 MHz, CDCl3) ! 0.94 (3H, t, J = 7.2Hz), 1.23 (3H, t, J = 7.2 Hz), 2.17 (1H, 

dd, J = 14.5, 7.0 Hz), 2.30-2.43 (2H, m), 2.89 (1H, dd, J = 14.4, 9.3 Hz), 3.24 (1H, m), 

3.62 (1H, dq, J = 10.8, 7.0 Hz), 3.90 (1H, dq, J = 10.8, 7.0 Hz), 4.11 (1H, dd, J = 8.9, 

8.9 Hz), 4.14-4.26 (2H, m), 7.21-7.27 (5H, m).  13
C NMR (126 MHz, CDCl3) ! 13.4, 

13.9, 31.5 (q, JCF = 2 Hz), 34.8 (q, J CF = 2 Hz), 41.1 (q, J CF = 28 Hz), 49.7, 61.2, 61.5, 

65.3, 127.3, 128.0 (q, J CF = 28 Hz), 128.0, 128.4, 138.9, 170.1, 170.8.  19F NMR (471 

MHz, CDCl3) !F 89.8 (1F, d, JFH = 9.9 Hz).  IR (neat) 3033, 2984, 2941, 1724, 1260, 

1160, 1121 cm-1.  HRMS: Calcd for C18H22F3O4 (M+) 359.1471, found 359.1497. 

 

ÅíÇ 

ÌÉÊË 

N-(1-Phenyl-3-trichlororomethyl-but-3-enyl)-p-toluenesulfonamide (3-8)  

1H NMR (500 MHz, CDCl3) ! 2.36 (3H, s), 2.82 (1H, dd, J = 16.3, 6.4 Hz), 2.91 (1H, 

dd, J = 16.3, 8.5 Hz), 4.67 (1H, ddd, J = 8.5, 6.4, 6.4 Hz), 4.97 (1H, d, J = 6.4 Hz), 5.08 

(1H, s), 5.87 (1H, s), 7.11-7.14 (4H, m), 7.19-7.20 (3H, m), 7.53 (2H, d, J = 8.2 Hz).  

13C NMR (126 MHz, CDCl3) ! 21.4, 38.6, 65.8, 98.6, 117.7, 126.6, 127.1, 127.7, 128.5, 

129.3, 137.1, 139.8, 143.2, 144.2.  IR (neat) 3267, 3064, 3034, 2870, 1456, 1319, 

1219 1157, 1093 cm-1.  Anal. Calcd for C18H18NCl3NO2S; C, 51.63; H, 4.33; N, 3.34. 

Found: C, 51.43; H, 4.31; N, 3.19. 

 

N-(1-Phenyl-3-cyano-but-3-enyl)-p- toluenesulfonamide   (3-9)   

1H NMR (500 MHz, CDCl3) ! 2.39 (3H, s), 2.64 (1H, dd, J = 14.1, 7.8 Hz), 2.83 (1H, 

dd, J = 14.1, 6.7 Hz), 4.49 (1H, ddd, J = 7.8, 6.7, 6.7 Hz), 4.98 (1H, d, J = 6.7 Hz), 5.63 

(1H, s), 5.80 (1H, s), 7.04 (2H, m), 7.17-7.23 (5H, m), 7.61 (2H, d, J = 8.2 Hz).  13C 

NMR (126 MHz, CDCl3) ! 21.5, 42.2, 56.6, 117.8, 118.5, 126.5, 127.1, 128.1, 128.8, 

129.5, 134.0, 136.9, 138.6, 143.5.  IR (neat) 3267, 3064, 3031, 2927, 2251, 1599, 

1456, 1322, 1219, 1155, 945 cm-1.  Anal. Calcd for C18H18N2O2S; C, 66.23; H, 5.56; N, 

8.58. Found: C, 66.49; H, 5.69; N, 8.37. 
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N-(3-Ethoxcarbonyl-1-phenyl-but-3-enyl) -p-toluenesulfonamide (3-10)   

1H NMR (500 MHz, CDCl3) ! 1.29 (3H, t, J = 7.2 Hz), 2.36 (3H, s), 2.64 (1H, dd, J = 

13.5, 6.0 Hz), 2.65 (1H, dd, J = 13.5, 8.5 Hz), 4.15 (2H, q, J = 7.2 Hz), 4.50 (1H, ddd, J 

= 8.5, 6.0, 6.0 Hz), 5.37 (1H, d, J = 6.0 Hz), 5.49 (1H, s), 6.11(1H, s), 7.10-7.13 (4H, 

m), 7.17-7.22 (3H, m), 7.52 (2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 14.1, 

21.4, 40.3, 57.7, 61.1, 126.4, 127.1, 127.3, 128.3, 128.9, 129.2, 136.1, 137.5, 140.7, 

142.8, 167.1.IR (neat) 3280, 3061, 3030, 2981, 2927, 1707, 1457, 1321, 1153, 1093, 

951 cm-1.  Anal. Calcd for C20H23NO4S; C, 64.32; H, 6.21; N, 3.75. Found: C, 64.21; 

H, 6.27; N, 3.66. 

 

ÌÉÌË 

4-Dichloromethylene-2-phenyl-1-tosylpyrrolidine (3-25) 

To a solution of N-(1-phenyl-3-trichloromethyl-3-butenyl)-p-tolueneslfonamide 3-8 

(55.0 mg, 0.131 mmol) in DMF (3 mL) at 0 °C was added NaH (4.1 mg, 0.17 mmol) 

under argon.  After the reaction mixture was stirred at 0 °C for 15 min and then 

80 °C for 15 min, phosphate buffer (pH 7) was added to quench the reaction.  

Organic materials were extracted with AcOEt (3 " 20 mL).  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 5:1) to give 3-25 (44.8 mg, 89%) as a colorless crystal. 
1
H NMR (500 MHz, CDCl3) ! 2.42 (3H, s), 2.70 (1H, dm, J = 17.1 Hz), 2.83 (1H, dd, J = 

17.1, 8.4 Hz), 4.17 (1H, d, J = 16.2 Hz), 4.24 (1H, d, J = 16.2 Hz), 4.96 (1H, dd, J = 8.4, 

4.0 Hz), 7.22– 7.31 (7H, m), 7.55 (2H, d, J = 8.2 Hz).  13
C NMR (126 MHz, CDCl3) ! 

21.5, 40.5, 52.4, 63.5, 112.9, 126.4, 127.4, 127.9, 128.7, 129.7, 134.6, 135.0, 140.4, 

143.8.  IR (neat) 3064, 3032, 1652, 1350, 1219, 1161, 1092, 912 cm-1.  Anal. Calcd for 

C18H17NCl2O2S: C, 56.55; H, 4.48; N, 3.66. Found: C, 56.27; H, 4.50; N, 3.49. 

 

4-Cyano-2-phenyl-1-tosylpyrrolidine  (3-27)  

To a solution of N-(1-phenyl-3-cyano-3-butenyl)-p-tolueneslfonamide 3-9 (78.2 mg, 

0.24 mmol) in DMF (3 mL) at 0 °C was added NaH (0.5 mg, 0.021 mmol) under 

argon.  After the reaction mixture was stirred at 0 °C for 15 min and then 50 °C for 

4 h, phosphate buffer (pH 7) was added to quench the reaction.  Organic materials 

were extracted with AcOEt (3 " 20 mL).  The combined extracts were washed with 
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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 

1:1) to give 3-27 (63 : 37 mixture, 68.7 mg, 88%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) major  ! 2.16-2.24 (1H, m), 2.42 (3H, s), 2.67-2.79 (2H, 

m), 3.66 (1H, dd, J = 11.4, 8.8 Hz), 4.09 (1H, dd, J = 11.4, 7.3 Hz), 4.81 (1H, dd, J = 

7.9, 7.9 Hz), 7.25-7.35 (7H, m), 7.56 (2H, d, J = 8.3 Hz).  minor ! 2.16-2.24 (2H, m), 

2.46 (3H, s), 3.08 (1H, m), 3.60 (1H, dd, J = 10.4, 8.1 Hz), 3.97 (1H, dd, J = 10.4, 7.5 

Hz), 4.93 (1H, dd, J = 6.1, 6.1 Hz), 7.25-7.35 (7H, m), 7.70 (2H, d, J = 8.2 Hz).  13C 

NMR (126 MHz, CDCl3) major  ! 21.6, 27.3, 39.9, 51.7, 63.0, 118.3, 126.4, 127.4, 

128.0, 128.7, 129.8, 134.8, 140.1, 144.1.  minor ! 21.6, 26.4, 39.5, 51.3, 62.3, 118.5, 

125.9, 127.6, 127.9, 128.7, 130.0, 134.8, 140.5, 144.4.  IR (neat) 3064, 3030, 2953, 

2924, 2247, 1597, 1348, 1159, 1093, 1022 cm-1.  HRMS: Calcd for C18H19N2O2S (M+) 

327.1168, found 327.1173. 

 

4-Ethoxycarbonyl-2-phenyl-1-tosylpyrrol idine  (3-29)  

Compound 3-29 was prepared by the method described for 3-27 using 3-10 (84.8 mg, 

0.23 mmol) and NaH (0.5 mg, 0.023 mmol) in DMF (3 mL) at 110 °C for 3 h.  

Purification by column chromatography on silica gel (hexane–AcOEt 5:1) gave 3-29 

(59 : 41 mixture, 66.7 mg, 79%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) major  ! 1.18 (3H, t, J = 7.1 Hz), 2.06 (1H, ddd, J = 12.5, 

6.7, 3.0 Hz), 2.13- 2.20 (1H, m), 2.41 (3H, s), 3.08 (1H, m), 3.57 (1H, dd, J = 10.1, 8.7 

Hz), 3.89 (1H, dd, J = 10.1, 7.9 Hz), 4.00-4.05 (2H, m), 4.90 (1H, dd, J = 8.1, 3.0 Hz), 

7.20-7.31 (7H, m), 7.69 (2H, d, J = 8.4 Hz).  minor ! 1.15 (3H, t, J = 7.1 Hz), 2.13- 

2.20 (1H, m), 2.43 (3H, s), 2.49 (1H, ddd, J = 13.0, 7.5, 7.5 Hz), 2.71 (1H, m), 3.77 (1H, 

dd, J = 11.3, 8.9 Hz), 3.91 (1H, dd, J = 11.3, 8.0 Hz), 4.00-4.05 (2H, m), 4.74 (1H, dd, 

J = 7.8, 7.8 Hz), 7.22-7.31 (7H, m), 7.60 (2H, d, J = 8.4 Hz).  13C NMR (126 MHz, 

CDCl3) major  ! 14.0, 21.5, 38.3, 41.3, 50.8, 61.0, 62.8, 125.9, 126.4, 127.4, 127.5, 

128.4, 134.5, 142.0, 143.5, 171.8.  minor ! 14.0, 21.5, 39.4, 42.6, 51.1, 61.0, 63.6, 

125.9, 126.3, 127.3, 127.5, 128.3, 135.1, 141.5, 143.5, 171.4  IR (neat) 3032, 2920, 

2850, 1732, 1348, 1219, 1161, 914 cm-1.  Anal. Calcd for C20H23NO4S; C, 64.32; H, 

6.21; N, 3.75. Found: C, 64.07; H, 6.17; N, 3.55. 
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