
!"#$%&$'()* 

 2 

Abstracts 
 

  Fluorine-containing heterocyclic compounds exhibit a variety of biological activities.  Thus, the 
development of a general method for the synthesis of fluoroheterocycles is a highly desirable goal.  
Focusing on the properties of fluorine, its electron-withdrawing and leaving-group ability, the author 
has established systematic methods for the synthesis of fluorine-containing 6- and 5-membered 
heterocycles via intramolecular nucleophilic addition to difluorovinylic or trifluoromethylvinyl 
compounds. 
 
Synthesis of fluoroquinoline derivatives via intramolecular nucleophilic addition or radical addition to 
gem-difluorovinylic compounds 

Addition of CN– to imines 1 followed by proton transfer generated !-cyanocarbanions 2, which 
were readily trapped by the intramolecular difluoroalkene moiety.  Successive elimination of HCN 
gave the desired 3-fluoroquinolines 3. This process proceeded with a catalytic KCN in the presence of 
K2CO3. 
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Isocyanides 4 were treated with n-Bu3SnH and AIBN to undergo intramolecular 6-endo-trig radical 
cyclization via the !-stannylimidoyl radicals, leading to 2-stannyldihydroquinolines.  When these 
intermediates were subjected to the Stille coupling and subsequent (A) dehydrofluorination or (B) 
reduction, 3-fluoroquinolines 6 or 3,3-difluoro-1,2,3,4-tetrahydroquinolines 7 were obtained, 
respectively. 
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Synthesis of 6- and 5-membered fluorine-containing heterocycles via cyclization of 
trifluoromethylvinyl compounds 

Generation of imine, oxime, !-cyanocarbanions, tosylamidate ion, or thiolate ion at the ortho 
position of !-trifluoromethylstyrenes 8, 11, 13, and 14 promoted the intramolecular cyclization, 
leading to the construction of fluorinated 6- and 5-memberd rings.  These reactions provided 
isoquinoline (9, 10), quinoline 12, indole (15, 17), and benzothiophene (16, 18) derivatives bearing a 
trifluoromethyl, difluoromethyl, or difluoromethylene group.  It should be noted that the normally 
disfavored nucleophilic 5-endo-trig cyclization was accomplished with trifluoromethylvinyl 
compounds. 
 

OHC

CF3

8 10 86% (D)

C : NH4OAc (5.0)
      r.t. /  DMF–H2O

D : NH2OH•HCl (1.2)
     70 °C / DMF–H2O

N

CF3

O

9 84% (C)

N

CF3

NN

CF3 CF2H

R R

12 27-76%11

KCN (0.2)

  DBU (1.1)

    80 °C / DMF

CF3

Y
N
Ts

CF2

S

CF2

Y = NHTs(13), SAc(14) E : 15 84% F : 16 65%

N
Ts

CF3

S

CF3

G : 17 81% H : 18 70%

E : NaH (1.2)
      80 °C / DMF

F : KOtert-Bu (1.1)
     reflux / THF

G : DBU (0.3)
      120 °C / DMF

H : K2CO3 (1.1)
      reflux / MeOH

or

or or

 



!"#$%&$'()* 

 1 

+,-. 

 

/0123456789:;<=>?@ABCDEFGHIJKLMNOPQR=8STPUV:

WX8S7YPZ.=[\]^_`ab:N012Pcde=Af]^_ghijklAFmnop

qrsNt0uv5wxu789Lyz${0uv5|}uwxu789~P�j�k�e����

B��sKN012���B�����N��634567898STBUVs�  ̀

 

t0uv5wxu789~P�j�!xv�Lyz%t�u��B��D_0uv5��{��P8

S 

��� 1pN��F���PKCNB��� _EFpyMN3-0uv5��{�3B¡_EFG]

¢�`EE]:NV>D_£-¤!��u¥!xv�2py_wxu¦012P�j���FHCNP

mnpyM��{�3B§¨_`©�N>ª�HCN«I¤!�79�v�G¬>D_�­N��e

p��G®¯D_  ̀

N

F2C

N

F2C

N
H

R
2

NC

–

R
1

R
1

R
2

F

R
2

R
1

3 44-85%1

cat. KCN

K2CO3

80 °C / DMF

–HCN

2

–F
–

K
+

 

! ©�N�°¤!x±4p#²³±{±FAIBNB��� _FNV>D_!-#´�xu��±�u

%t�uGN%t�u��]:µ¶·EM¸h 6-endo-trig67sKN2-#´�xut³±5��{�

B§¨_`l¢¹¢NStille�1º{�»B¯h5FsN(A)mHF©�: (B)¼½B¯¾EF]N3-0

uv5��{�6©�: 3,3-t0uv54$%³±5��{�7B8SD_EFG]¢�  ̀

NAr

R

NAr

R

F

cat. Pd(PPh3)4
80 °C / DMF

i) n-Bu3SnH, cat. AIBN

F2C

N

R

C

F
F

N
H

Ar

R

F
F

4

ii) ArX, CuI

A : 6 32-70% B : 7 35-50%5

 80 °C / Toluene

A : DBU

80 °C / DMF

B : NaBH4

r.t. / CH2Cl2

or

 

${0uv5|}uwxu789B¿V9fFD_��0uv5!u�u�B���N��6345

6789P8S 

! vu$��!-${0uv5|}u#}À�ÁÂÃ8, 11, 13, 14B�hKN���Nv�¤ÄN£!¤

!��u¥!xv�N$¤u!�ÅÆ$�v�N}v%Æ$�v�py_�j���Lyz����

B¯Ç _EFpyMNCF3, CF2H, CF2=�B���°��{�9, 10N��{�12N��±Æu15, 17N

È�É}v0Ê�16, 18ÁÂÃB8SD_EFG]¢�`Ëp��6ÌSpLhK:NBaldwinÍ]

Î�F�JÏÐÑPÒ=hk�e5-endo-trig67G®¯s�EFp=_  ̀

OHC

CF3

8 10 86% (D)

C : NH4OAc (5.0)
      r.t. /  DMF–H2O

D : NH2OH•HCl (1.2)
     70 °C / DMF–H2O

N

CF3

O

9 84% (C)

N

CF3

NN

CF3 CF2H

R R

12 27-76%11

KCN (0.2)

  DBU (1.1)

    80 °C / DMF

CF3

Y
N
Ts

CF2

S

CF2

Y = NHTs(13), SAc(14) E : 15 84% F : 16 65%

N
Ts

CF3

S

CF3

G : 17 81% H : 18 70%

E : NaH (1.2)
      80 °C / DMF

F : KOtert-Bu (1.1)
     reflux / THF

G : DBU (0.3)
      120 °C / DMF

H : K2CO3 (1.1)
      reflux / MeOH

or

or or

 



!"#$ 

 3 

"# 

 

%&'()*+,Moissan-1906./012*+343567%8*9:-HF5

);<=>?@A%8:B()CDEFG?HIJDKLM)N 1886.OPQM

6 17R)S)TUVWN7%8:B(6XYZL[\]^7_`^7a^b)c

def7R)ghNieiejkieQMlLeL71930 .mn7%8:*Co

)phqrsNtu?vwL7xy%8:z{N|}*+)~�������i�

:)�Y�LJ�����@�?iQMl�i��7%8:*Co7�?�*9:

)9:��JkMNw�=�%8:O��LM�2kMN��%2��*Coy7

��=�%8:O��LM�=%8:*Co?N7��M^������)6 ¡

¢£[¤��J¥A7¦§q?�¨¢h[f�J[� 2l 

%8:z{N7©ª«O¬B(�­[J®�¯°?±�L7²)z{?³´J

�µP�^��XQJ[�lR)¶i�)�LJm·)¸Y6¹ºf��l 

-»5��:¼®w);<½^¾ 

-¿59:z{?À[ van del WaalsUÁ 

!van del WaalsUÁ(Â)ÃH(1.2), F(1.35), Cl(1.80)$ 

-¸5wÄi C–FÅCÆÇ2È0 

!C-XÅCÆÇ2È0(kcal mol-1) : C-F (116), C-H (99.5), C-Cl (78)$ 

É�f)�µ?@A7�Ê%8:*CoNËÌÍ[oÎq¥@Ï*+q^��

�L7ÐÑ*+yÒÓÔ)=ÕOÖh��J[�l! !  

! ÐÑ*+=Õ?¥[JN7={¼?¡ )%8:z{�×ØLM�2�L¢N�

�%2��*Co6%8:ÙÐÑ�LJh[f�J[�lÉ)@�i%8:*Co

N7�Ú?ÛIJÜ[ÝqE*+qÞß^�X�7�f?Nà9Eàá^�[�â

ãQMäåÖ^��LJ[�)6�µOP�læ�ç7è%�')éêëOìf�

���(èí&%2��Æîï')3 N7��MðÔê^7ðñò^7óô^7Ýq

Þß^7õö^7;<÷ø^7ðù^7ú<óûü^��L7÷ýþ¾À¢ef

+260 °CkO)ÿ¾!"O#hOÄ�l 

�$7ÒÓÔ)=Õ?¥[JN7={¼)�ß)±�)%�&'q?%8:*

LM�=%8:*Co-%8:Ù(ÎÖ^o�567ÒÔêyÓÔ�LJÛIJ�

�i±��)I�@�?iQJ[�l�=%8:*Co)^��(ÎÖ^�)*+



!"#$ 

 4 

?,-���7m·)./6¹ºf��l! ! !  

%8:Nã0q?N9:?1[O2�iz{OPA7%8:×Ø?@�={)

ã0q3*N2�[lÉ)MI7(ÎÖ^�Ê*Co)9:z{�%8:z{?�

�LJ�7(0Nã0q?�4OÄi[MI7R�fN(05?6A7k��-8

889./5l�$7�::%8:ÅCN;§?<¢7��\]�=ÉL>¢7?

:?@�@A\]�4B?¢[-C�89./5l@QJ7(05?6A7k�M

D%8:�Ê*CoN7}E��F7kM�=q?}E��J�%8:)ÅC±�

6*G���ÉHO}E�IIJLk�lÉ�LM8889./�C�89./�

]hLMJ6KL)®H)æ675-%2��M&N2-5-FU5OP�lHeidelberger

fN75-FU )J6KLOh)P|?%8:)QR6STOP�É��OhÊ")

>U?~V[JWL 47x¦O� 5-FU)X×0)YZsPN[K?\��J[�l

æ�ç75-FU )»±)]:z{°?èí&^_�%&'`�×ØLMèB%02

N7a*bÙ)6Kyc6K)de?h[f�J¥A7kM7fg)h�=?%8

:�×ØLMi8Njk'N7lm6Kin)>d^)6K?ýLJopq?h[

f�J[�(Fig. 0-1)5l 

 

Figure 0-1. !"#$%

HN

N
H

O

O

F

5-fluorouracil

HN

N

O

O

F

tegafur

gemicitabine

O

N

N

NH2

O
O

F

F

HO

HO(5-FU)

 

 

kM7�Ê*Cob)%8:z{P�[Ní�%2��qî2~in)%2�

�r2s2~�×Ø���7t9^-uá^56vw��)O7(05O)xy7

z{6|j���lTable 0-1?7��~ R}�)~��*Co)t9^�&q0

j0(!�)�W� 2g,hl!�6wÄ[�t9^6wÄ¢i�É���ÌLJ¥A7�

?í�%2��qî2~�×ØLM�)N7t9^6wÄ¢vwLJ[�l 

 



!"#$ 

 5 

Table 0-1. !"#$%&'('

R (C6H5-R) !a

F 0.14

Cl 0.71

OH -0.67

CF3 0.88

Me 0.56

OCF3 1.04

OMe -0.02

a!R = log (PR / PH)

P = )*(+', / "-./0123
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Table  0-3. CF3Cu!"#$%&'()*+%&'(,-'./0123/4
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í�%2��qî2*L�h[�}�A?7í�%2��qî2~�D¶CD

C�89�¤Po��LJ©è�`�CD��²³�P�l 

Eguchi fN7Staudinger/aza-Wittig \]�ghL7!±?í�%2��qî2~

���� 3,4-¡^_�Æ�_'�CDLJ[�(Scheme 0-8) 27l 

 

Scheme 0-8. Staudinger/aza-Wittig!"#$%&'6-()*+,-./+-4,5-012-3)2456

CF3CO2Et

CH2(CH2CO2Et)2

+

1) NaOEt / EtOH

reflux

2) 30%  H2SO4

reflux

O

F3C

O

OH
1) SOCl2

2) TMSN 3

O

F3C

O

N3

PPh3 / C6H6

– N2

O

F3C

O

N
PPh3

HN

F3C

O

42%

49% (2 steps)  

 

kM7Aza-Diels-Alder \]y7Claisen "±�gh��É�Oí�%2��qî

2~����èí&^_�s/�'7èí&^_���9�#'¥@Ï�9j^_

���s/�'�CD��É�6OÄ�(Scheme 0-9, 10)28,29l 

 

Scheme 0-9. Aza-Diels-Alder!"#$%&'2-()*+,-./+0(123-45)6789

N

CF3

OMe

+

OR
BF3•Et2O

R = Et (56%), Bu (60%)

HN

OMe

OR

CF3
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Scheme 0-10. Claisen!"#$%&CF3'#()*+,-./01203

O

F3C

O

OEt O O CF3

CO2Et

HO CF3

CO2Et

CO2Et

CF3

CO2Et LiAlH4

CF3

OH

OH

TsCl (1)

TsCl (2)

CF3

OH

OTs NaH

CF3

O

CF3

OTs

OTs BnNH2

CF3

N
Bn

70% 92%

73% 90%

72%

62% 80%

i) NaH

ii) AcOH,

Piperidine

NaBH4

MeC(OEt)3

200 °C

(Claisen!")

 

!

í�%2��qî2~��Y©è�`*Co)CD³6³Òq¡¢äå��J

[�)?ýL7¡%2��qîï'~y¡%2��qî2~�Y©è�`*Co�

CD��²³NÛIJäåæ6ûi[lpâ7ÒÓÔ)=ÕO¡%2��k��¢

'~y¡%2��qî2~6£2¤�2~y^_�sN~)�����(j0�

LJª¦��i6f�7É�f)��~��Y©è�`*Co)æ6ûi[)N7

É)@�i��~����©è�`*Co).ØqiCD³6$%&ã��J[

i[MI�'�f��l!

¡%2��qîï'~��Y©è�`*Co)CD³�LJN7î¢efWittig

()\]6h[f�J¥A7r2¢^_7�í'7&9í'in)£2¤�2~�

¡%2��qîï'*OÄ�lM%LÉ)²³ON7PB'^)©s)qî2ñ�

'gí�r8_(HMPT)6S�OPA7kMr2¢^_�Ný*iyØO\]6j

\���))7�í'�)\]yØNÙ[ (Scheme 0-11)30,31l 
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Scheme 0-11. Wittig!"#$%&'()*+,-."/012,34567"89

O

O O

O

TBSO

CF2Br2,

Zn, HMPT

/ THF

O

O O

CF2

TBSO

[(Me2N)3PCBrF2]
+Br–

Zn
[(Me2N)3PCF2ZnBr]+Br– (Me2N)3P=CF2

68%

O
O Me

PivO
OMe

CF2Br2,

 HMPT

/ THF

O
F2C Me

PivO
OMe

86%

 

 

kM7¡%2��qî2~��Y©è�`*Co)CD³N7¡%2��qî

ï'~��&¡MÀ–�:)QR·O9:+w��²³(Scheme 0-11)307¡Æî2r

8/,%8*¾-(DAST)�Oh�ÞJ7ü282~�¡%2��qî2*��²

³(Scheme 0-12)327í�%2��qî2~ef) HF).G�~��*�ghLJ

¡%2��qî2~b�X×��²³(Scheme 0-13)336P�lScheme 0-11, 12)²

³N7��~/0^?ÃÄ6PA7�¢? DAST N<[%8:*Li)O7^_

�sN~�%8:*��JLk�l 

 

Scheme 0-12. DAST!"#$%&'()*+,&-./0&1

Et2NSF3

(DAST)

/ CH2Cl2

RN

N

O

O
OOHC

O O

RN

N

O

O
OHF2C

O O

52%

R = -CH2C6H4OMe
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Scheme 0-13. CF3!"#HF$%&'()*+,-./01234562!"78

N
H

Me

CO2Et

CF3

EtO2C

F3C N

Me

CO2Et

CF3

EtO2C

F3C

DBU

/ THF N

Me

CO2Et

CF2H

EtO2C

F3C

62%  

!  

! m°7%8:z{P�[Ní�%2��qî2~in)%2��r2s2~��

YD%8:©è�`*Co)}«qiCD³�§´JÄM67ÒÓÔy1:Ð�L

Jík��D%8:©è�`*CoN7¡¢)��~6��LJ[�É�6¡¢7

.ØqeYëh^?Ô¶��MCD²³)sP6@í��J[�l 

�$ÛYZ2ON7É�kOo^)3Åef­-��J[M%8:*Co�4C

D*+\])ãáef5�MYZ6�\QJ[�lYkA7*Co¼)%8:6À

7?89�;{qi^�¥@Ï%8*o��'�LJ).G��Öh��É�O7

D%8:*CoOP�6:?j\��&'qiCD\])sP�-�LJ[�l 

%8:)^�?,-LMD%8:*Co?�µqi1L[CD\]6sP¤��

ç7xS)%8:*+)1Mirs6;��%BOi¢7�ÊCD*+)=Õ?¥

[J�74CD)<=6�LJ)%8:)�h^6�ì���)ONi[e�>�

��l 

ÉÉO7��~�LJ)%8:)?Ä�£J%��7%8:)wÄi;<½^

¾?~V¢@ÅC�ALM<[X=./ (-I ./)�7%8:);B�;{ý?@

�;{°G^)./6P�lS,N7%8:6ÅC���:°?CD<6P�áC

?R)EG6wÄ¢7CD<b;{�{A7¶BF./(+R)�7;B�;{ý�)

;{\P?@QJG±)C;{�H±?ILy�CX=./(+IC)6P�(Fig. 0-4)l

%8:)��~./?N7É)@�i;{·à^(-I)�;{°G^(+R P�[N+I

C)�[�Ú\��./6BQL7Le�%8:z{)ÅCLJ[��:67sp3(J

Kå0)��e7P�[N sp2(Lå)��e?@QJ7MN�LJn�f)./6�

Oq?i�e6Ði�lÉ)Å67�Ê%8:*Co)\]^��O��;{./

)®w)�µOP�l 
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Figure 0-4.

C F
!+ !"

–I!"

C C

F

C C

F

+R!"

C C

F

+I#!"

!" !+

#$%&

C C

F

 

 

sp3�:?ÅCLM%8:)áCN-I ./6�Oq??Ä7æ�çJKå0��

)£2¤r��'N7%8:)G±%BOi¢H±kO�Þß*���l�ÉH67

R)G-£2¤r��'6Æ/&:í)@�?BPÙ?Q%7k�J sp2 Lå��

���áC?N7C;{�%8:);B�;{ý6@AãÀ��MI7+IC./6

vwLJ-I./?�A7Å/�LJóÞß*�4B� (Fig. 0-5)lÉ)É�N7ù

gÆî2)G-9:)g^¾6%8:)×Ø?@QJÙ·��|R 

(CH3CO2Et > CHF2CO2Et)?£�É�6OÄ� 34l 

 

Figure 0-5.

!!"#$%&'(–I()) !!"#$(*+,)-%&'(+I"())

C C

F

#!"#$%&'(–I())

#C

F
!

X

F
109.5 °

120 °

90 °

./01

 

 

kM7%8:6ÅCLJ[��:°)£î�'N7sp2��)MI?+R./�<

¢4B7É�6-I./?��MI?7Þß*���(Fig. 0-6)35l 

 

Figure 0-6. !"#$%&'(+R)*

C F C F

 

 

�f?%8:N7%8*o��'�LJ)Þß^ef.G�����lÉ)M

I7A§Þß����%8::�:ÅC�7%8:)H±?;B�;{ý6(S�

�sTL7µ�ÅC�(D��(Fig. 0-7)36l 
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Y
!

C Y

Figure 0-7. !"#$%&'()*+,-.

F
!

! °U)%8:)^�N7CD*+q?Vßqi�)OPA7æ?%8:)À7)

r��'�£î�'?ý��Wu);{q./N7²)½�i'z{?³´JwÄ

[lÉ�f)^��Öh��É��'�7X,NYZ[�?¥[J7¡%2��k

�2*Co¥@Ïí�%2��qî2k�2*Co�¤Po����CD\]�

����É�?LMl�i��7É�f)%2��r2�'�)={5r��'¥

@Ï&¡£2`*�ghLJ7%8:z{7%2��r2s2~P�[N%2��

r2��2~����D%8:©è�`�\³)sP�-��É�?LMl 

!  

1) ¡%2��k�2*Co)={5·f���gh�� 3-%2��s/�')C

D 

¡%2��k�2*Co)wÄi�µN7�::�:µ�ÅC6;{·à^)

<[%8:z{)./?@A7·;{^����ÅOP�lr2�'�±N7C;

{�%8:z{);B�;{ý);{\P)]^O7%8:6âãÅCLM�:N

_+7\ý`)�:N_-?�wÄ¢=ÛLJ[�(Fig. 0-8)lÉ)=ÛN7¡%2�

�k�2*Co) 13C NMRy;{a¾)bcÅ/?£J6��l 

!+ ca. ! 90

13C NMR

ca. ! 150

CCF2

! >135! <125

CCH2

F2C
!–

Electrostatic Charges

CF2=CH2

+0.52 -0.74
CH2=CH2

-0.33 -0.33

calcd. by pBP-DN**

C

Figure 0-8. !"#$%&#'()*+,

 

 

É)MI7Scheme 0-14?W�@�?7¡%2��k�2*Co?·fL�Oh�

Þ��7·fdeN%8:6âãÅCLM�:?&'q?=ÉA7R)SËw¼f

0ef%8*o��'6.G��É�O7Å/�LJ%8:6·fLO�����

37,38l 
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F

C C

F

ClF

Ph C

Cl

F

CC C

F

F

F

Cl

PhLi or PhMgX

Scheme 0-14. !"#$%&'#()*+,-./012345678

– – F–

!+ !–
– 80 °C / Ether

F

C C

X

XF

R C

X

X

C

R

F

C C

F

F

X

X

R-M – – F–

!+ !–
– 80 °C / Ether

X = Cl, SEt
M = Li or MgBr

Ph

F

 

 

LeLÉ)@�i��\]N7ï��ð:2�Ôy�îMÀ�Ô)@�i<[

·fL�h[i[�\]6j\Li[lRÉOX,N7É)\]�={5bÑh�

�ç\]6|j��7³Òqg[·f¸�h[J�\]6j\��)ONi[e�

'�Ml�i��7Scheme 0-15?W�@�?7P(LM·f¸N%8:6ÅCL

M�:?ËwL7R)S%8*o��'6.G��É�Oh\]�i�s`\]�

iJL7±�&'q?%8:z{����©è�`)�\6j��i�l 

F2C

R

Y Y

R

F

Y

R
F

F

Scheme 0-15. !"#$%&'#()*+,-./012345678

– F–

 

 

¿5¡%2��k�2*Cob)={5&¡£2Ëw�gh��%2��s/�'

�)CD 

¡%2��k�2*CoN·fqi&¡£2?Ü[\]^�W�É�6äå�

�J¥A 397æ�ç Scheme 0-16?W�@�?7¡%2��r2�'?%k�2î

�&¡£26ËwLJ7ý]��(2%l_�G�� 40l!

C C

F

F

R

H

C

H

R

C

F

F

PhS HPhSH

Scheme 0-16. !"#$%&'#()*+,-./0!1#23

!+ !– +
reflux / THF

benzoyl peroxide
R = Alkyl. Ar

!

!
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RÉOX,N7É)@�i={fO)&¡£2Ëw�={5b�gh��ç7

A§)&¡£2`*ON£f�i[&'^6P|��)ONi[e�'�Ml�i

�� 5-©s¿�2&¡£2)={5&¡£2`*ON7A§ 6-endo-trig `*?³

´J 5-exo-trig `*6mye?=É�MI7no`*Co��pq?(D��

(Scheme 0-17) 41l 

 

Scheme 0-17. 5-!"#$%&'(%)*+,-.

Br n-Bu3SnH

/ Benzene

98% 2%  

 

�$7ý]�� gem-¡%2��r2�'ON7¡%2��qîï'�:N<[

·;{^����MI7={5?·f^&¡£2�P(�Þ�ç7%8:)G±�

:b&¡£26Ëw��É�O7&'qi 6-endo-trig `*6j\L7É)Å/%

8:z{�¿Y�Y!o`*Co)(D6ª¦OÄ�(Scheme 0-18)l 

!

R

Y

Y

R

F2C

F
F

Y

R
F

F
H

Scheme 0-18. !"#$%&'#()*+,-./!0#12345678

Y

RF2C

!+ !–

6-endo-trig

5-exo-trig

H

Y

RHF2C
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¸)í�%2��qî2k�2*Co�¤Po����D%8:!7no`©è�

`*Co)CD 

 

R

F3C F2C

R

Nu

Ph OMe

OLi

R

F2
C

Nu

F

NuM    Yield/%

R

Ph

Ph(CH2)3

MeLi n-BuLi  PhLi  (i-Pr)2NLi ester enolate

90 93 90 90 0

85 87 0 0 –

ester enolate

NuM (1.0 eq)

/ THF or Et2O

– F–

R = Ph, Ph(CH2)3

Table 0-4. !"#$%&'()*+,-./+01234567

 

!  

! í�%2��qî2k�2*Co�7CF3~)<[;{·à^?@QJ·fL6

ËwLy�¢7�f?Ëw0ef%8*o��'6.GLJ7ºqq?N SN2´(

)(Do6rf��(Table 0-2)42lÉ)\]N~�y·fL)JT6wÄ¢7R)

CD*+qighNÕf�J[Mlæ�ç7í�%2��qî2~)G±�:?%

k�2~����~�N7%k�2�îMÀ�)\]6sö?j\���))7r

2s2~����~�ONËwN�¢=Éfi[lkM7%k�2~����~�

�h[J�7Æ(è2Æ/&0í)@�ig[·fL�N\]Li[lLeLX,

N7É)í�%2��qî2k�2*Co)��\]�={5O\�ç7Æ'í�

Æ:q?�g?i�É�O\]6|j��7³Òqg[·fL�h[J�\]6j

\��)ONi[e�'�MlÉ)={5\]�gh��D%8:©è�`*Co

CD)td;� Scheme 0-19?W�l 

!
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!"#$%&'()*+,-./0

– F–

Y
n

CF2

I II

H+

III

CF3

n = 0, 1

Y
n

Y
n

CF2H

Y
n

CF3

Y
n

CF3

Scheme 0-19. +1234*563789:"#$%&;<=>?@A

!"#$>?')*+,-./0

IV

Y
n

CF3

Y = N, S, C
!

!

�i��7í�%2��qî2k�2*Co)={5?©è�z{�D¶·f

¸�P(�Þ7É�?@���\]6j\��ç7¡%2��qîï'~����

©è�` u 6CDOÄ�É�?i�lkM u )�ï%l'�±65�b�Ð^*�

�ç7¡%2��qî2~����©è�` uu bX×��É�6OÄ�l�$7

í�%2��qî2~)./OËw¼f0OP�r��'¸6Þß*���)O7

��í'^vw·O\]�\�ç7%8*o��'6.G��¹?��í'*6j

\L7í�%2��qî2~����©è�` uuu 6CDOÄ��xyLMl
z{
!uuu

ef.9:6j\��ç7í�%2��qî2~����©è�` u| 6rf��

É�?i�lÉ)@�?7í�%2��qî2~)./O��P�[NËw�[�

µY)j��)\]�\�É�6OÄ�ç7F�)¤Po�ef¸u)%2��r

2s2~��Y©è�`6Ù}q?CDOÄ�É�?i�l!

m·7¡%2��k�2*Co)={5·f���gh�� {~%2��s/�

')CD-���57¡%2��k�2*Cob)={5&¡£2Ëw�gh��

%2��s/�'�)CD-�µ�57¥@Ïí�%2��qî2k�2*Co�

¤Po����D%8:!o`¥@Ïno`©è�`*Co)CD-!o`Ã�,

�7no`Ã�K�5?Y[J7É�f)���§´�l 
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!"#! $%&'()*&+,-./0123456789: 3-%&

'(;<=>.,? 

 

@A@! BC  

!  

;<=>DEFGHI=JKLM.;*NOFPQRST8UVWTU:;<

%XY<>FZ[\]86^_`>abcd>.efghijkFlc(m+,-

.ni^opq^.."_ij: 1r 

 

N

MeO

OH

N

Quinine (!"#$%&'()

N
H

Quinophthainone ()*)

O

O

N
N

O

O

O
HO

Et

Camptothecin (+,-() 

 

stTF;<=>ghu%vw6xySz%&'(;<=>DEF%vw+,

-uS{S{|VW:}~q����.��[��i�:z�F��T���U+

,-ij: 2,3r%&'(;<=>.ni^ ��%&'(;<=>E��9��+,

-ijkF��{������ Vu�k��.%vw45e[F;<=>.�~K

�6�Z9:�R[ V¡u¢WF£¤¥¦.§8[��¢WTU: 4rS¡SF

��%&'(;<=>.�¨u©=$>m.��[%vw+¢Wz;<=>.,?

ªu«9:¬­E��T®qUr!

¯°¡V8UVWTU: 3-%&'(;<=>.,?±ªEF²³i^´�z

Balt-Schiemann µ§ij: 5r�WEFJ¶<e6$J·+Sz.¸%vw45e

¦R�59:±ªijkFHawkins VEFBalt-Schiemann µ§678STF3-J¶

<;<=>¡V 3-%&'(;<=>6,?STU:(Scheme 1-1)6r 
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Scheme 1-1. Balz-Schiemann!"#$%&'3-()*+,-./012

N

NaNO2

HBF4

NH2

N

N2
+
BF4

–

N

F

74%  

 

Schlosser VEF2-%&'(-3-¹b;dJº=&J*=»6¼�-½RSF�¾

¿i 3-%&'(;<=>6ÀTU:[ (Scheme 1-2)7FÁÂÃ.,?ÄÅRq:r 

 

Scheme 1-2. 3-!"#$%&'()*+

N
H

OMe

F

O N
H

F

O

H+ PCl3

N

F H2

N

F

Cl

  65% (3 step)  

 

! 3-%&'(;<=>uÆVÇF©=$>m[%vw+¢Wz;<=>,?.È�

.¬­�6|TÉ:RFÊË.�_[ÌÍVW:rChambers VEF%vwRÎÏ

w.Ð,-678Sz;<=>.Ñ�.%vw+6¬­STU:(Scheme 1-3)8rS

¡SF�.µ§u8UVW:%vwÒÓEFÔ�ÕÖ×�[Ø°FÙÚ.ÛÜÝi

EÞßU[àáij:r 

 

Scheme 1-3. !"#–$%#&'()*+,-./01!"#2

N

F2, I2, Et3N

CF2ClCFCl2, 0 °C NFN

I
I–

54%  

 

! UchiboriVEF2-º((;<=>.âwK06%vwu459:�RiF2-%&

'(;<=>6,?STU:(Scheme 1-4)9r�.±ªi8UVW:n-Bu4PF•HFEF

n-Bu4POH R%v+ãwä¡Våæi�:[ 10F%v+ãwäEÔ�[Ø°FÞß

UuE�ç6p9:r 
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Scheme 1-4. !"#$%&'()*+,'(

N

n-Bu4PF•HF

Cl NF

99%  

 

! StrekowskiVEF2-b=%&'(¹è&J*=>R¹è&éb>ê<INb6µ

§¢ë:�RiFì§9: 4-%&'(;<=>[ÀVW:�R6¬­STU:

(Scheme 1-5)11r 

 

Scheme 1-5. 4-!"#$%&'()*+

 – 78 °C , r.t., 3 h
N

F

R

33-40%

/ THF

R = Me, t-Bu,

Fe, ,

R OLi

F3C

H2N

 

 

S¡SUÇW.µ§^Fí.î8ïðÕñòóuôõö6÷9:�R¡VF©

=$>m[øùúu%vw+¢Wz;<=>.ûòúq,?ª.ü�[ýþWT

U:r¢Vu Scheme 1-5.ÿªEFÑ�uê<IAb!".45e6^_ 4-%&

'(;<=>6,?STU:[FÁ#q45e.xy[$%q&!'.(U)%v

w;<=>m.*+ªEF,-u.:þi¬­�[��T®qUr!  

! "ÿF²³i^´�z�¨u !"#�$%&'(J&é>EF/=*0N&1¥Õ

÷2=èÏ31¥q4.ØU23MRµ§SF56A786ÄT%vw.45[9

:9: 12r;<=ÝiEF�.µ§6/01µ§¦R>ü9:�RiF?@úAU

23Bi^/0145[9:9:�¨uqkF�4øùúu%vwK06xy9:

�R[àáqCB)%vwlc(m+,-.,?6¬­STU:rí.n."�R

STF'&b�udJ<¹è&J¶<e6÷9:!D!�$%&'(ÓèE> 1-2 .µ

§[j:r1-2uFLiTMPÕ NaHq4.âe6]8¢ë:R7a(b>[9:SF

��9:$�dJ<`&FJ*'> 1-3 u�:)*&�%vw./01456:¨

�RiFGDH�I45���%&'(;<=> 1-46ÀTU:(Scheme 1-6J13r!
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Scheme 1-6. 2,4-!"#-3-$%&'()*+,-.

F2C

n-Bu

N
HR

F2C

N
H

n-Bu

NC N

n-Bu

F

R

R
– HCN

A :

–78 °C, 1 h

/ THF

B : NaH (2.1)

r.t., 1.5 h
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`&FJ*'>[��SF�WE Scheme 1-6.ncd 1-3Rlmij:r 

 

Ar
NR

Ar
NR

CN

Ar
N
H

R

CN CN
–

–

–

H

Scheme 1-7.  !"#$%&'#(&)#*+,

A B  

!  

! �¨SzY¶>.n>·Y>oµ§u«STEF�WþiY¶>.I\+[pV



[!"#] 

 25 

W:.ÉijtzrStrainEY¶>udJ>+-Y'>6µ§¢ë:RF��9:

$�dJ<`&FJ*'>[q.Y¶>u569:�RiFI\+[9:9:R¬

­STU:(Scheme 1-8)14r 
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�u;<=ÝiEFb=%&'(êè&bdINb 1-66¼�-½R9:F!D!�

$%&'(ÓèE>.,?ª6¬­STU: 16r�.µ§EF�ÏwJNb�d.

�DG���6�¨�Ru�kF�ni$%&'()*&FI> 1-76åæSF�I$

Ï3��RÎÏ+���ËFÎÏ+J=N&Rº(Ó`va=>/¢ëF!D!�$%

&'(ÓèE>6À:RU¨^.ij:rí�iF%�ÎN»J*=>68U:�R

iF'&b�uJ¶<e6÷9:!D!�$%&'(ÓèE> 1-16,?Szr1-1RJ

&ST»6µ§¢ëFì§9:Y¶> 1-56åæSz! �Scheme 1-11Jr!

!
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!
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Scheme 1-12. 3-!"#$%&'()*+
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Yield of 1-4a /%

32

20

85

DBU (11-12)

NaH (35)

K2CO3 (10.3)

Base (pKa)

1a

3a

4

Entry

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

N80 °C, 3 h / DMF

F2C

N

n-Bu n-Bu

Ph

F

Ph

1-4a1-5a

Base (110 mol%)

KCN (20 mol%)

F2C

N
H

Ph

NC

–

n-Bu

–F–

–HCN

41Et3N (10.7)2a

Recovery of 1-5a /%

33

11

0

23

*pKa

HCN (9.1)

HF (3.2)

!

!

´UTFÀVWzÈîµ¶·¸�¹���F���¹G�!����Fâe¹�G�®�!����!

����Jº6^RuFGDH�I45���%&'(;<=> 1-4.,?u©UTFe½"

»�.~�6:tz¼½�¾�¡!���¿rþÇFY¶<eLwMu%À*&e6^_

°,�Á
G
!Â!Ã JFÁ

�
.45e6Äè&eFêè&eF&"'�Äè&eRÅ�T^µ

§�uÆ�qÇE|VWÇFì§9:��%&'(;<=> 1-3a–c6(ñòiÀ:

�R[i�z�Entries 1-3Jr!

þzFY¶<eLwM.J=A&euÈ0ÉÊeÕ�Entries 4-7JFÈ02Ëe6

�Entries 8 and 9JxyST^Fµ§EÌÍu9:SFì§9:��%&'(;<=>

1-4d–i6À:�R[i�zrS¡SFJ=A&eM.'&b�Õ¹X�u45e[

xy¢W:RF�I45.e½u?�µ§�c[Î°qtz�Entries 5 and 7Jr�W

EFY¶<eÏÐ.ÑdÒÓ.ÔÕiFdJ>+-Y'>[Y¶<eLwu56S

u°°qtzz�R¨�VW:r!

! "ÿFÁ
G
RSTJ=A&eÊÖ.FG�©=$&eÕ�­×�ØÙ!��JFn>·Y&

eFêb;d`&F*&e.�¨qÈ02Ëe6xyST^�­×�Ø£¡Ú!��!�×Û!

�GJFì§9: ��%&'(;<=> 1-4j–l [ÀVW:rq©F­×�Ø£¡Ú!Ü���

u©UTEFY¶>6Ý8ëÇuFJ*=>¡V�×¡�Þ��iµ§6:tz.iF

��%&'(;<=> 1-4j–l .ñòEJ*=> 1-1 �kß¼SzrY¶>EF
�Ü
�!

��Á 68UT1tàá-½¼����JG�½��G¿u�:â\6:tzR�¯FUÇ

W^ ���¿'�?STU:�R6ãäSTU:rÊM.²³6þR�T ½�¾�¡!

��Gus9r!
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!

Table 1-2. Syntheses of 2,4-Disubstituted 3-Fluoroquinolines 1-4

N

R1

F

R2

KCN (20 mol%)

K2CO3 (110 mol%)
F2C

N

R1

R2 DMF

Ph

 Yield%

64  (1-4c)

p-MeOC6H4 79  (1-4d)

p-MeC6H4 79  (1-4f)

p-CF3C6H4 77  (1-4h)

R2

80 °C, 2 h

80 °C, 1.5 h

80 °C, 2 h

80 °C, 2.5 h

Conditions

1-5 1-4

3

4

6

8

Entry

p-BrC6H4 81  (1-4i)80 °C, 4 h9

o-MeC6H4 58  (1-4g)80 °C, 14 h7

m-MeOC6H4 69  (1-4e)80 °C, 5 h5

PhCO 46  (1-4k)b80 °C, 4 h11

EtO2C 44  (1-4l)b
80 °C, 4 h12

Ph 85  (1-4a)80 °C, 3 h1

 sec-Bu

n-Bu

n-Bu

n-Bu

R1

n-Bu

n-Bu

n-Bu

n-Bu

n-Bu

n-Bu

1-5c

1-5d

1-5f

1-5h

1-5i

1-5g

1-5e

1-5ka

1-5la

1-5a

1-5

Ph 72  (1-4b)80 °C, 2 h2 Et 1-5b

2-Pyridyl 61  (1-4j)b
80 °C, 1 h10 n-Bu 1-5ja

a Substrates 1-5i-l were prepared from the corresponding aniline and 

2-pyridinecarboxaldehyde (120 mol%) or phenylglyoxal hydrate (130 mol%)

or ethyl glyoxylate (150 mol%) in refluxing benzene (2 h), respectively, 

and used without purification.  b Yield based on the aniline.
!

!

! �.�¨uabEF��\. ��� 68U:ûòúq ��%&'(;<=>,?

ª6ü�9:�R[¼"zrf±ªiEFY¶>RdJ>+-Y'>R.µ§i�

�9:J¶<�dJ<J¹è&J*'>6F$%&'(J&é>t�iuÕ¡uvw

9:�RiY¶>lx.I\+6��:RR^uFm+6ñòå°:hë:�R[

i�zr 
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"#$% 

 

General.  NMR spectra were obtained on a Bruker DRX-500 or a Bruker Avance-500 

spectrometer.  Chemical shift values were given in ppm relative to internal Me4Si (for 1H 

NMR: ! 0.00), CDCl3 (for 13C NMR: ! 77.0), and C6F6 (for 19F NMR: !F 0.00).  IR spectra 

were recorded on a Horiba FT-300S spectrometer.  High resolution mass spectra were taken 

with a JEOL MS-700M mass spectrometer.  Elemental analyses were performed with a 

YANAKO MT-6 CHN Corder apparatus.  Column chromatography and preparative 

thin-layer chromatography (PTLC) were performed on silica gel.  Toluene and 1,4-dioxane 

were freshly distilled from lithium aluminium hydride before use.  Tetrahydrofuran (THF) 

was purchased in anhydrous from Kanto Chemical Co., Inc.  Dichloromethane was distilled 

from phosphorus peroxide and calcium hydride, successively, and dried over MS 4A.   

 

&'("#$% 

&'(&*+,-  

2-(1-Butyl-2,2-difluorovinyl)aniline (1-1a) 

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

2,2,2-trifluoroethyl p-toluenesulfonate  1-6 (301 mg, 1.21 mmol) in THF (10 ml) at –78 °C 

over 10 min under nitrogen.  The reaction mixture was stirred for 20 min at –78 °C, and then 

tributylborane (1.33 ml, 1.00 M in THF, 1.33 mmol) was added at –78 °C.  After being stirred 

for 1 h, the reaction mixture was warmed to room temperature and stirred for an additional 3 h.  

The solution was treated with hexamethylphosphoric triamide (HMPA, 3 ml), 

triphenylphosphine (25 mg, 0.1 mmol), and 

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

15 min.  To the resulting solution was added N-butylmagnesio-o-iodoaniline [generated from 

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

mmol) in THF (3 ml) at 0 °C for 30 min] and copper(I) iodide (230 mg, 1.21 mmol).  After 

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

phosphate buffer (pH 7).  The mixture was filtered through Celite, and then organic materials 

were extracted with AcOEt three times.  The combined extracts were washed with brine and 

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

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

77%) as a pale yellow liquid. 
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1H NMR (500 MHz, CDCl3) ! 0.87 (3H, t, J = 7.1 Hz), 1.30–1.35 (4H, m), 2.29 (2H, tdd, J = 

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

7.12 (1H, ddd, J = 7.6, 7.6, 1.5 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.4, 27.7, 29.8 (dd, 

JCF = 3, 3 Hz), 89.1 (dd, JCF = 22, 17 Hz), 115.6, 118.4, 119.0 (d, JCF = 3 Hz), 128.9, 130.6, (d, 

JCF = 2 Hz), 144.3, 152.8 (dd, JCF = 290, 288 Hz).  19F NMR (471 MHz, CDCl3) !F 68.7 (1F, d, 

JFF = 43 Hz), 72.7 (1F, d, JFF = 43 Hz).  IR (neat) 3475, 3375, 2960, 2930, 2860, 1740, 1620, 

1495, 1230 cm-1.  Anal. Calcd for C12H15NF2: C, 68.23; H, 7.16; N, 6.63. Found: C, 68.14; H, 

7.07; N, 6.52. 

 

2-(1-Ethyl-2,2-difluorovinyl)aniline (1-1b) 

Compound 1-1b was prepared by the method described for 1-1a using butyllithium (15.3 ml, 

1.59 M in hexane, 24.4 mmol), 2,2,2-trifluoroethyl p-toluenesulfonate (2.96 g, 11.6 mmol), 

THF (10 ml), triethylborane (12.8 ml, 1.0 M in THF, 12.8 mmol), HMPA (12 ml), 

triphenylphosphine (244 mg, 0.93 mmol), tris(dibenzylideneacetonyl)bispalladium-chloroform 

(1/1) (267 mg, 0.47 mmol), N-butylmagnesio-o-iodoaniline [generated from o-iodoaniline 

(2.04 g, 9.30 mmol) and dibutylmagnesium (9.30 ml, 0.44 M in Et2O, 9.30 mmol) in THF (10 

ml) at 0 °C for 30 min], and copper(I) iodide (2.21 g, 11.6 mmol).  Purification by column 

chromatography on silica gel (hexane–AcOEt 5:1) gave 1-1b (1.32 g, 77%) as a pale yellow 

liquid. 

1H NMR (500 MHz, CDCl3) ! 0.97 (3H, dt, J = 7.1 Hz, JHF = 1.0 Hz), 2.29–2.35 (2H, m), 3.62 

(2H, s), 6.70 (1H, dd, J = 7.6, 1.4 Hz), 6.74 (1H, ddd, J = 7.6, 7.6, 1.4 Hz), 7.00 (1H, dd, J = 

7.6, 1.4 Hz), 7.11 (1H, ddd, J = 7.6, 7.6, 1.4 Hz).  13C NMR (126 MHz, CDCl3) ! 12.4, 21.3, 

90.3 (dd, JCF = 22, 17 Hz), 115.4, 118.3, 118.7 (d, JCF = 5 Hz), 128.9, 130.4, (d, JCF = 2 Hz), 

144.4, 152.5 (dd, JCF = 289, 289 Hz).  19F NMR (471 MHz, CDCl3) !F 68.5 (1F, dt, JFF = 43 

Hz, JFH = 2 Hz), 72.3 (1F, dt, JFF = 43 Hz, JFH = 2 Hz).  IR (neat) 3390, 2972, 1736, 1616, 

1498, 1454, 1228, 908 cm-1.  HRMS calcd for C10H11NF2 184.0938 (M+); found 189.0938. 

 

2-(1-sec-Butyl-2,2-difluorovinyl)aniline (1-1c) 

Compound 1-1c was prepared by the method described for 1-1a using butyllithium (1.56 ml, 

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

THF (10 ml), tri(sec-butyl)borane (1.33 ml, 1.0 M in THF, 1.33 mmol), HMPA (3 ml), 

triphenylphosphine (25 mg, 0.10 mmol), tris(dibenzylideneacetonyl)bispalladium-chloroform 

(1/1) (25 mg, 0.02 mmol), N-butylmagnesio-o-iodoaniline [generated from o-iodoaniline (238 
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mg, 1.09 mmol) and dibutylmagnesium (2.47 ml, 0.44 M in Et2O, 1.09 mmol) in THF (3 ml) at 

0 °C for 30 min], and copper(I) iodide (230 mg, 1.21 mmol).  Purification by PTLC on silica 

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

1H NMR (500 MHz, (CD3)2SO, 100 °C) ! 0.99 (3H, t, J = 7.3 Hz), 1.03–1.15 (3H, m), 

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

7.4, 7.4 Hz), 6.79 (1H, d, J = 7.4 Hz), 6.92 (1H, d, J = 7.4 Hz), 7.07 (1H, dd, J = 7.4, 7.4 Hz).  

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

114.5, 115.4, 116.1, 127.8, 129.6, 145.8, 151.7 (dd, JCF = 290, 288 Hz).  19F NMR (471 MHz, 

(CD3)2SO, 100 °C) !F 71.2 (1F, d, JFF = 49 Hz), 74.1 (1F, d, JFF = 49 Hz).  IR (neat) 3390, 

2960, 1730, 1615, 1495, 1455, 1300, 1215, 935, 750 cm-1.  HRMS calcd for C12H15NF2 

211.1173 (M+); found 211.1184. 

 

Benzylidene-[2-(1-butyl-2,2-difluorovinyl)phenyl]amine (1-5a) 

To a solution of 1-1a (169 mg, 0.80 mmol) in benzene (7 mL) was added with benzaldehyde 

(102 mg, 0.96 mmol).  The reaction mixture was heated under reflux for 3 h, and the solvent 

was removed under reduced pressure.  After removal of the solvent under reduced pressure, 

the residue was purified by column chromatography on Florisil (hexane) to give 1-5a (219 mg, 

92%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.87 (3H, t, J = 7.1 Hz), 1.31–1.34 (4H, m), 2.38-2.41 (2H, m), 

6.99 (1H, d, J = 7.8 Hz), 7.19 (1H, dd, J = 7.5, 7.5 Hz), 7.23(1H, dd, J = 7.5, 7.5 Hz), 7.33(1H, 

dd, J = 7.8, 7.8 Hz), 7.45-7.49 (3H, m), 7.86-7.88 (2H, m), 8.35 (1H, s).  13C NMR (126 MHz, 

CDCl3) ! 13.8, 22.1, 27.9, 29.6, 90.7 (dd, JCF = 24, 16 Hz), 118.4, 125.4, 127.8 (d, JCF = 2 Hz), 

128.3, 128.7, 128.8, 130.4, 131.1, 131.3, 136.4, 151.2, 153.0 (dd, JCF = 286, 286 Hz), 160.1.  

19F NMR (471 MHz, CDCl3) !F 67.1 (1F, d, JFF = 43 Hz, JFH = 2 Hz), 71.0 (1F, d, JFF = 43 Hz).  

IR (ZnSe) 2956, 1741, 1631, 1452, 1220, 1190, 912 cm-1.  HRMS calcd for C19H19NF2 

300.1564 (M+); found 300.1556. 

 

Benzylidene-[2-(1-ethyl-2,2-difluorovinyl)phenyl]amine (1-5b) 

Compound 1-5b was prepared by method described for 1-5a using 1-1b (255 mg, 1.39 mmol), 

benzaldehyde (177 mg, 1.67 mmol) in benzene (10 mL).  Purification by column 

chromatography on Florisil (hexane) gave 1-5b (356 mg, 94%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.96 (3H, td, J = 7.5 Hz, JHF = 1.0 Hz), 2.42 (2H, qdd, J = 7.5 

Hz, JHF = 2.3, 2.3 Hz), 7.00 (1H, ddd, J = 7.8, 7.8, 1.2 Hz), 7.20 (1H, ddd, J = 7.8, 7.8, 1.2 Hz), 
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7.22 (1H, d, J = 7.3 Hz), 7.33 (1H, dd, J = 7.8, 1.2 Hz), 7.46 (2H, dd, J = 7.3, 7.3 Hz), 7.47 

(1H, dd, J = 7.8, 1.2 Hz), 7.87 (2H, d, J = 7.3 Hz), 8.35 (1H, s).  13C NMR (126 MHz, CDCl3) 

! 12.4, 21.6, 92.1 (dd, JCF =23, 15 Hz), 118.4, 125.4, 127.5, 127.6 (d, JCF = 4 Hz), 128.7, 128.8, 

130.6, 131.4, 136.3, 151.2 (d, JCF = 3 Hz), 152.7 (dd, JCF = 286, 286 Hz), 160.1.  19F NMR 

(471 MHz, CDCl3) !F 66.8 (1F, dt, JFF =46 Hz, JFH =2 Hz), 70.4 (1F, dt, JFF =46 Hz, JFH =2 Hz).  

IR (ZnSe) 2971, 1739, 1629, 1452, 1223, 1190, 749 cm-1.  HRMS calcd for C17H15NF2 

272.1251 (M+); found 272.1260. 

 

Benzylidene-[2-(1-sec-butyl-2,2-difluorovinyl)phenyl]amine (1-5c) 

Compound 1-5c was prepared by method described for 1-5a using 1-1c (123 mg, 0.58 mmol), 

benzaldehyde (74 mg, 0.70 mmol) in benzene (8 mL).  Purification by column 

chromatography on Florisil (hexane) gave 1-5c (156 mg, 90%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.96 (3H, t, J = 7.4 Hz), 1.10 (3H, d, J = 7.4 Hz), 1.33–1.41 (1H, 

m), 1.53-1.61 (1H, m), 2.52 (1H, qt, J = 7.4, 7.4 Hz), 6.98 (1H, dd, J = 7.8 Hz), 7.19(1H, dd, J 

= 6.8, 6.8 Hz), 7.20(1H, dd, J = 6.8, 6.8 Hz), 7.31-7.35 (1H, m), 7.44-7.48 (3H, m), 7.87 (1H, d, 

J = 7.8 Hz), 7.88 (1H, d, J = 6.8 Hz).  13C NMR (126 MHz, CDCl3) ! 12.3, 18.8, 28.0, 36.0, 

93.8 (dd, JCF = 15, 15 Hz), 118.4, 125.1, 127.1 (d, JCF = 5 Hz), 128.7, 128.8, 128.9, 130.9, 

131.3, 136.4, 151.9, 152.9 (dd, JCF = 284, 284 Hz), 160.3.  19F NMR (471 MHz, CDCl3) !F 68.5 

(1F, d, JFF = 46 Hz), 72.9 (1F, d, JFF = 46 Hz).  IR (ZnSe) 2964, 1734, 1631, 1452, 1225, 912, 

742 cm-1.  HRMS calcd for C19H19NF2 300.1564 (M+); found 300.1564. 

 

[2-(1-Butyl-2,2-difluorovinyl)phenyl]-(4-methoxybenzylidene)amine (1-5d) 

Compound 1-5d was prepared by method described for 1-5a using 1-1a (189 mg, 0.89 mmol), 

p-methoxybenzaldehyde (183 mg, 1.34 mmol) in benzene (8 mL).  Purification by column 

chromatography on Florisil (hexane) gave 1-5d (132 mg, 45%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.84 (3H, t, J = 7.0 Hz), 1.28-1.35 (4H, m), 2.39 (2H, tdd, J = 

7.3 Hz, JHF = 2.0, 2.0 Hz), 3.87 (3H, s), 6.98 (2H, d, J = 8.8 Hz), 7.00 (1H, dd, J = 7.6, 1.1 Hz), 

7.17 (1H, ddd, J = 7.6, 7.6, 1.1 Hz), 7.22 (1H, dd, J = 7.6, 1.1 Hz), 7.31 (1H, ddd, J = 7.6, 7.6, 

1.6 Hz), 7.82 (2H, d, J = 8.8 Hz), 8.27 (1H, s).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.1, 

27.8, 29.6, 55.4, 90.8 (dd, JCF = 23, 16 Hz), 114.1, 118.5, 125.0, 128.4, 128.7, 129.5, 130.0, 

130.4, 130.4, 153.0 (dd, JCF = 286, 286 Hz), 159.3, 162.2.  19F NMR (471 MHz, CDCl3) !F 

66.9 (1F, td, JFF = 45 Hz, JFH = 2 Hz), 70.9 (1F, d, JFF = 45 Hz).  IR (ZnSe) 2927, 1738, 1604, 

1512, 1252, 1219, 1163, 1032, 831, 771 cm-1.  Anal. Calcd for C20H21NF2O: C, 72.93; H, 



!"#$%! &'() 

 114 

6.43; N, 4.25%. Found: C, 73.22; H, 6.67; N, 4.10%. 

 

[2-(1-Butyl-2,2-difluorovinyl)phenyl]-(3-methoxybenzylidene)amine (1-5e) 

Compound 1-5e was prepared by method described for 1-5a using 1-1a (216 mg, 1.02 mmol), 

m-methoxybenzaldehyde (208 mg, 1.53 mmol) in benzene (8 mL).  Purification by column 

chromatography on Florisil (hexane) gave 1-5e (208 mg, 62%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.85 (3H, t, J = 7.2 Hz), 1.32–1.34 (4H, m), 2.38-2.41 (2H, m), 

3.88 (3H, s), 7.00 (1H, d, J = 7.8 Hz), 7.05 (1H, d, J = 7.2 Hz), 7.21 (1H, dd, J = 7.8, 7,8 Hz), 

7.24 (1H, d, J = 7.2 Hz), 7.33 (1H, dd, J = 7.2, 7.2 Hz), 7,38 (1H, dd, J = 7.8, 7.8 Hz), 7,40 

(1H, d, J = 7.8 Hz), 7,50 (1H, s), 8.33 (1H, s).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.1, 

27.9, 29.6 (d, JCF = 2 Hz), 55.3, 90.5 (dd, JCF = 24, 16 Hz), 112.1, 115.5, 118.0, 118.4, 122.2, 

125.4, 127.8 (d, JCF = 5 Hz), 128.7, 129.7, 130.4, 137.8, 151.1 (d, JCF = 2 Hz), 154.2 (dd, JCF = 

286, 286 Hz), 159.9.  19F NMR (471 MHz, CDCl3) !F 67.2 (1F, d, JFF = 46 Hz), 71.2 (1F, d, 

JFF = 46 Hz).  IR (neat) 2956, 1739, 1630, 1581, 1230, 1215, 912 cm-1.  HRMS calcd for 

C20H20NFO 310.1607 (M+); found 310.1631. 

 

[2-(1-Butyl-2,2-difluorovinyl)phenyl]-(4-methylbenzylidene)amine (1-5f) 

Compound 1-5f was prepared by method described for 1-5a using 1-1a (206 mg, 0.98 mmol), 

p-tolulaldehyde (176 mg, 1.46 mmol) in benzene (8 mL).  Purification by column 

chromatography on Florisil (hexane) gave 1-5f (177 mg, 58%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.84 (3H, t, J = 7.1 Hz), 1.30–1.34 (4H, m), 2.37-2.41 (2H, m), 

2.43 (3H, s), 6.99 (1H, dd, J = 7.7, 1.3 Hz), 7.19 (1H, ddd, J = 7.7, 7.7, 1.3 Hz), 7.23 (1H, dd, J 

= 7.7, 1.3 Hz), 7.28 (2H, d, J = 8.1 Hz), 7.33 (1H, ddd, J = 7.7, 7.7, 1.3 Hz), 7.77 (2H, d, J = 

8.1 Hz), 8.31 (1H, s).  13C NMR (126 MHz, CDCl3) ! 13.8, 21.6, 22.1, 27.8, 29.6, 90.7 (dd, 

JCF = 23, 16 Hz), 118.5, 125.2, 127.7 (d, JCF = 3 Hz), 128.7, 128.8, 129.5, 130.4, 133.8, 141.8, 

151.4 (d, JCF = 3 Hz), 153.0 (dd, JCF = 282, 282 Hz), 160.0.  19F NMR (471 MHz, CDCl3) !F 

67.0 (1F, dt, JFF = 46 Hz, JFH =2 Hz), 70.9 (1F, dt, JFF = 46 Hz, JFH =2 Hz).  IR (neat) 2952, 

1739, 1628, 1228, 1217, 1173, 908 cm-1.  HRMS calcd for C20H21NF2 314.1720 (M+); found 

314.1747. 

 

[2-(1-Butyl-2,2-difluorovinyl)phenyl]-(2-methylbenzylidene)amine (1-5g) 

Compound 1-5g was prepared by method described for 1-5a using 1-1a (219 mg, 1.03 mmol), 

o-tolulaldehyde (187 mg, 1.55 mmol) in benzene (8 mL).  Purification by column 
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chromatography on Florisil (hexane) gave 1-5g (200 mg, 62%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.84 (3H, t, J = 7.1 Hz), 1.30-1.34 (4H, m), 2.36-2.41 (2H, m), 

2.58 (3H, s), 6.97 (1H, d, J = 7.9 Hz), 7.12-7.24 (3H, m), 7.28-7.36 (3H, m), 8.00 (1H, d, J = 

7.6 Hz), 8.62 (1H, s).   13C NMR (126 MHz, CDCl3) ! 13.8, 19.6, 22.2, 27.9, 29.6, 90.6 (dd, 

JCF = 24, 24 Hz), 118.6, 125.3, 126.3, 128.4, 128.7, 130.4, 130.9, 131.1, 134.2, 138.6, 151.8 

(dd, JCF = 286, 286 Hz), 159.3.  19F NMR (471 MHz, CDCl3) !F 67.0 (1F, d, JFF = 46 Hz), 

71.0 (1F, d, JFF = 46 Hz).  IR (neat) 2925, 1739, 1624, 1593, 1570, 1489, 1221, 970, 912, 771 

cm-1.  HRMS calcd for C20H21NF2 314.1720 (M+); found 314.1726. 

 

[2-(1-Butyl-2,2-difluorovinyl)phenyl]-(4-trifluoromethylbenzylidene)amine (1-5h) 

Compound 1-5h was prepared by method described for 1-5a using 1-1a (288 mg, 1.36 mmol), 

p-trifluoromethylbenzaldehyde (356 mg, 2.05 mmol) in benzene (8 mL).  Purification by 

column chromatography on Florisil (hexane) gave 1-5h (314 mg, 63%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.85 (3H, t, J = 7.1 Hz), 1.30-1.36 (4H, m), 2.39 (2H, tt, J = 7.3 

Hz, JHF = 2.2 Hz), 7.01 (1H, d, J = 7.4 Hz), 7.21-7.27 (2H, m), 7.36 (1H, dd, J = 7.4, 7.4 Hz), 

7.73 (2H, d, J = 8.2 Hz), 7.99 (2H, d, J = 8.2 Hz), 8.41 (1H, s).   13C NMR (126 MHz, 

CDCl3) ! 13.7, 22.1, 28.0, 29.6 (dd, JCF = 2, 2 Hz), 90.4 (dd, JCF = 24, 24 Hz), 118.1, 123.9 (q, 

JCF = 272 Hz), 125.7 (q, JCF = 4 Hz), 126.1, 128.8, 128.9, 130.5, 132.8 (q, JCF = 32 Hz), 139.4, 

150.5 (d, JCF = 2 Hz), 153.0 (dd, JCF = 286, 286 Hz), 158.4.  19F NMR (471 MHz, CDCl3) !F 

67.4 (1F, td, JFF = 45 Hz, JFH = 2 Hz), 71.3 (1F, d, JFF = 45 Hz).  IR (neat) 1741, 1631, 1321, 

1309, 1234, 1219, 1169, 1130, 1065 cm-1.  HRMS calcd for C20H18NF5 368.1438 (M+); found 

368.1455. 

 

[2-(1-Butyl-2,2-difluorovinyl)phenyl]-(4-bromobenzylidene)amine (1-5i) 

Compound 1-5i was prepared by method described for 1-5a using 1-1a (251 mg, 1.19 mmol), 

p-bromobenzaldehyde (286 mg, 1.55 mmol) in benzene (8 mL).  Purification by column 

chromatography on Florisil (hexane) gave 1-5i (233 mg, 52%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 0.84 (3H, t, J = 7.0 Hz), 1.28-1.36 (4H, m), 2.36-2.40 (2H, m), 

6.98 (1H, d, J = 7.8 Hz), 7.19-7.25 (2H, m), 7.31-7.36 (1H, m), 7.60 (2H, d, J = 8.5 Hz), 7.74 

(2H, d, J = 8.5 Hz), 8.30 (1H, s).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.1, 28.0, 29.6, 90.5 

(dd, JCF = 24, 16 Hz), 125.7, 125.9, 128.0 (d, JCF = 3 Hz), 128.8, 129.7, 130.1, 130.4, 130.5, 

132.0, 135.2, 150.8, 153.0 (dd, JCF = 286, 286 Hz), 158.7.  19F NMR (471 MHz, CDCl3) !F 

67.2 (1F, td, JFF = 46 Hz, JFH = 2 Hz), 71.2 (1F, d, JFF = 46 Hz).  IR (neat) 2956, 1739, 1630, 
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1489, 1232, 906 cm-1.  HRMS calcd for C19H18NBrF2 378.0669 (M+); found 378.0659. 

 

&'(&*+.-  

4-Butyl-3-fluoro-2-phenylquinoline (1-4a) 

To a solution of 1-5a (93 mmol, 0.31 mmol) in DMF (3 mL) was added with KCN (4.0 mg, 

0.062 mmol) and K2CO3 (47 mg, 0.34 mmol).  After the reaction mixture was heated at 80 °C 

for 3 h, phosphate buffer (pH 7) was added to quench the reaction.  Organic materials were 

extracted with EtOAc (3 x 30 mL).  The combined extacts were washed with brine (40 mL) 

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

purified by PTLC on silica gel (hexane–EtOAc, 5: 1) to give 1-4a (74 mg, 85%) as a colorless 

oil.   

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

1.67–1.76 (2H, m), 3.14 (2H, td J = 7.6 Hz, JHF = 1.9 Hz), 7.49–7.57 (4H, m), 7.63–7.67 (1H, 

m), 7.96 (1H, d, J = 8.2 Hz), 8.02–8.06 (2H, m), 8.16 (1H, d, J = 8.2 Hz).  13C NMR (126 

MHz, CDCl3) ! 13.8, 22.8, 24.7 (d, JCF = 4 Hz), 31.9, 123.3 (d, JCF = 5 Hz), 126.8, 127.8 (d, JCF 

= 3 Hz), 128.1, 128.4, 129.3, 129.4, 130.8, 132.6 (d, JCF = 15 Hz), 136.2 (d, JCF = 5 Hz), 145.2 

(d, JCF = 3 Hz), 148.6 (d, JCF = 17 Hz), 152.9 (d, JCF = 256 Hz).  19F NMR (471 MHz, CDCl3) 

!F 32.4 (1F, s).  IR (neat) 2958, 2929, 2871, 1603, 1458, 1406, 1381, 1362, 1192, 760 cm-1.  

HRMS calcd for C19H18NF 280.1502 (M+); found 280.1495. 

 

4-Ethyl-3-fluoro-2-phenylquinoline (1-4b) 

Compound 1-4b was prepared by method described for 1-4a using 1-5b (95 mg, 0.35 mmol), 

KCN (4.6 mg, 0.070 mmol), K2CO3 (53 mg, 0.38 mmol) in DMF (3 mL).  Purification by 

column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4b (63 mg, 72%) as a 

colorless oil. 

1H NMR (500 MHz, CDCl3) ! 1.35 (3H, t, J = 7.7 Hz), 3.15 (2H, dq, J = 7.7 Hz, J HF = 2.1 Hz), 

7.45–7.58 (4H, m), 7.65 (1H, dd J = 8.5, 8.5 Hz), 7.95 (1H, d, J = 8.5 Hz), 8.03-8.06 (2H, m), 

8.16 (1H, dd, J = 8.5, 8.5 Hz).  13C NMR (126 MHz, CDCl3) ! 14.2, 17.8 (d, JCF = 5 Hz), 

123.1 (d, JCF = 5 Hz), 126.8, 127.4 (d, JCF = 13 Hz), 128.1 (d, JCF = 6 Hz), 128.4, 129.3 (d, JCF 

= 4 Hz), 130.4, 133.8 (d, JCF = 54 Hz), 136.2 (d, JCF = 5 Hz), 145.1 (d, JCF = 3 Hz), 148.6, 

148.7, 152.6 (d, JCF = 257 Hz).  19F NMR (471 MHz, CDCl3) !F 31.4 (1F, t, JFH = 1 Hz).  IR 

(neat) 1604, 1408, 1385, 1362, 1215, 1146, 906, 752 cm-1.  Anal. Calcd for C17H14NF: C, 

81.25; H, 5.62; N, 5.57%. Found: C, 81.21; H, 5.85; N, 5.40%. 
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4-sec-Butyl-3-fluoro-2-phenylquinoline (1-4c) 

Compound 1-4c was prepared by method described for 1-4a using 1-5c (115 mmol, 0.38 

mmol), KCN (5.0 mg, 0.077 mmol), K2CO3 (58 mg, 0.42 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3b (68 mg, 

64%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.90 (3H, t, J = 7.4 Hz), 1.50 (3H, dd, J = 7.4, 7.4 Hz), 

1.87–2.07 (2H, m), 3.58-3.63 (2H, m), 7.65 (1H, ddd, J = 8.4, 8.4, 1.2 Hz), 7.45–7.57 (4H, m), 

8.01–8.03 (2H, m), 8.11 (1H, d, J = 8.4 Hz), 8.18 (1H, dd, J = 8.4, 8.4 Hz).  13C NMR (126 

MHz, CDCl3) ! 12.8, 19.1 (d, JCF = 3 Hz), 28.4 (d, JCF = 4 Hz), 34.0, 123.3, 126.7, 127.8 (d, JCF 

= 5 Hz), 128.0, 128.3, 129.0, 129.4 (d, JCF = 5 Hz), 130.6, 136.2 (d, JCF = 4 Hz), 136.3 (d, JCF = 

11 Hz), 145.2, 149.3 (d, JCF = 18 Hz), 153.5 (d, JCF = 258 Hz).  19F NMR (471 MHz, CDCl3) 

!F 36.6(1F, br).  IR (neat) 2966, 1597, 1406, 1381, 1358, 1200, 1146, 903 cm-1.  HRMS 

calcd for C19H18NF 280.1502 (M+); found 280.1490. 

 

4-Butyl-3-fluoro-2-(4-methoxyphenyl)quinoline (1-4d) 

Compound 1-4d was prepared by method described for 1-4a using 1-5d (123 mg, 0.37 mmol), 

KCN (4.9 mg, 0.075 mmol), K2CO3 (57 mg, 0.41 mmol) in DMF (3 mL).  Purification by 

column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4d (91 mg, 79%) as a 

colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.4 Hz), 1.48 (2H, tq, J = 7.4, 7.4 Hz), 

1.68–1.74 (2H, m), 3.12 (2H, td J = 7.6 Hz, JHF = 2.1 Hz), 7.04 (2H, d, J = 6.8 Hz), 7.53 (1H, 

dd, J = 7.7, 7.7 Hz), 7.64 (1H, dd, J = 7.7, 7.7 Hz), 7.94 (1H, d, J = 7.7 Hz), 8.05 (2H, d, J = 

6.8 Hz), 8.16 (1H, d, J = 7.7 Hz).  13C NMR (126 MHz, CDCl3) ! 13.9, 22.8, 24.1 (d, JCF = 4 

Hz), 31.9, 55.3, 123.2 (d, JCF = 5 Hz), 126.4, 127.5 (d, JCF = 3 Hz), 128.0, 128.7 (d, JCF = 5 Hz), 

130.2, 130.7, 130.8, 132.4 (d, JCF = 15 Hz), 145.1 (d, JCF = 4 Hz), 148.1 (d, JCF = 16 Hz), 152.9 

(d, JCF = 257 Hz), 160.6.  19F NMR (471 MHz, CDCl3) !F 32.5 (1F, s).  IR (neat) 2958, 1604, 

1516, 1504, 1425, 1252, 1176, 1032, 912 cm-1.  Anal. Calcd for C20H20NF3O: C, 77.64; H, 

6.52; N, 4.53%. Found: C, 77.59; H, 6.61; N, 4.50%. 

 

4-Butyl-3-fluoro-2-(3-methoxyphenyl)quinoline (1-4e) 

Compound 1-4e was prepared by method described for 1-4a using 1-5e (90 mg, 0.27 mmol), 

KCN (3.6 mg, 0.055 mmol), K2CO3 (42 mg, 0.30 mmol) in DMF (3 mL).  Purification by 
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column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4e (59 mg, 69%) as a 

colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.4 Hz), 1.49 (2H, tq, J = 7.4, 7.4 Hz), 

1.69–1.75 (2H, m), 3.14 (2H, dt, J = 7.4 Hz, JHF = 1.6 Hz), 7.03 (1H, dd, J = 8.2, 8.2 Hz), 7.43 

(1H, dd, J = 8.2, 8.2 Hz), 7.55-7.68 (4H, m), 7.96 (1H, d, J = 8.2 Hz), 8.16 (1H, d, J = 8.2 Hz).  

13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 24.2 (d, JCF = 4 Hz), 31.9, 55.3, 114.5 (d, JCF = 5 

Hz), 115.4, 121.8 (d, JCF = 6 Hz), 123.3 (d, JCF = 5 Hz), 126.8, 127.8 (d, JCF = 3 Hz), 128.1, 

129.4, 130.4, 132.7 (d, JCF = 15 Hz), 137.4 (d, JCF = 5 Hz), 145.0 (d, JCF = 4 Hz), 148.3 (d, JCF 

= 16 Hz), 152.8 (d, JCF = 257 Hz),159.6.  19F NMR (471 MHz, CDCl3) !F 32.7 (1F, s).  IR 

(neat) 2952, 1601, 1583, 1456, 1360, 1284, 1252, 1221, 1144, 1049 cm-1.  HRMS calcd for 

C20H20NFO 310.1607 (M+); found 310.1631. 

 

4-Butyl-3-fluoro-2-(4-tolyl)quinoline (1-4f) 

Compound 1-4f was prepared by method described for 1-4a using 1-5f (152 mg, 0.48 mmol), 

KCN (6.3 mg, 0.097 mmol), K2CO3 (74 mg, 0.53 mmol) in DMF (3 mL).  Purification by 

column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4f (112 mg, 79%) as a 

colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.4 Hz), 1.49 (2H, tq, J = 7.4, 7.4 Hz), 

1.69–1.75 (2H, m), 2.44 (2H, td J = 7.4 Hz, JHF = 2.2 Hz), 7.33 (2H, d, J = 8.0 Hz), 7.56 (1H, 

dd, J = 7.6, 7.6 Hz), 7.66 (1H, dd, J = 7.6, 7.6 Hz), 7.95 (2H, d, J = 8.0 Hz), 7.96 (1H, d, J = 

7.6 Hz), 8.15 (1H, d, J = 7.6 Hz).  13C NMR (126 MHz, CDCl3) ! 13.9, 21.4, 22.8, 24.1 (d, 

JCF = 4 Hz), 31.9, 123.3 (d, JCF = 5 Hz), 126.6, 127.6 (d, JCF = 3 Hz), 128.0 (d, JCF = 2 Hz), 

129.1, 129.2 (d, JCF = 5 Hz), 130.3, 132.5 (d, JCF = 15 Hz), 133.3 (d, JCF = 5 Hz), 139.4, 145.1 

(d, JCF = 4 Hz), 148.6 (d, JCF = 17 Hz), 152.9 (d, JCF = 257 Hz).  19F NMR (471 MHz, CDCl3) 

!F 32.5 (1F, s).  IR (neat) 2985, 1603, 1504, 1419, 1381, 1362, 1190, 1144, 908 cm-1.  Anal. 

Calcd for C20H20NF: C, 81.88; H, 6.87; N, 4.77%. Found: C, 81.75; H, 7.06; N, 4.83%. 

 

4-Butyl-3-fluoro-2-(2-tolyl)quinoline (1-4g) 

Compound 1-4g was prepared by method described for 1-4a using 1-5g (94 mg, 0.30 mmol), 

KCN (3.9 mg, 0.060 mmol), K2CO3 (46 mg, 0.33 mmol) in DMF (3 mL).  Purification by 

column chromatography on silica gel (hexane-AcOEt 5:1) gave 3f (51 mg, 58%) as a colorless 

oil. 

1H NMR (500 MHz, CDCl3) ! 0.97 (3H, t, J = 7.4 Hz), 1.46 (2H, tq, J = 7.4, 7.4 Hz), 
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1.68–1.76 (2H, m), 2.29, 3.14 (2H, dt, J = 7.4 Hz, JHF = 1.8 Hz), 7.32-7.38 (3H, m), 7.45 (1H, 

d, J = 7.6 Hz), 7.59 (1H, dd, J = 7.6, 7.6 Hz), 7.67 (1H, dd, J = 7.6, 7.6 Hz), 8.00 (1H, d, J = 

8.4 Hz), 8.16 (1H, d, J = 8.4 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 19.5 (d, JCF = 2 Hz), 

22.7, 24.1 (d, JCF = 3 Hz), 31.9, 123.3 (d, JCF = 5 Hz), 125.7, 126.8, 127.8 (d, JCF = 3 Hz), 

128.1, 128.9, 129.6, 130.2, 130.3, 132.0 (d, JCF = 14 Hz), 135.9, 136.6, 144.9 (d, JCF = 4 Hz), 

150.7 (d, JCF = 22 Hz), 152.4 (d, JCF = 253 Hz).  19F NMR (471 MHz, CDCl3) !F 33.5 (1F, s).  

IR (neat) 2960, 1608, 1506, 1383, 1215, 1144, 906, 750 cm-1.  HRMS Calcd for C20H2NF 

294.1658 (M+); found 294.1655. 

 

4-Butyl-3-fluoro-2-(4-trifluoromethylphenyl)quinoline (1-4h) 

Compound 1-4h was prepared by method described for 1-4a using 1-5h (129 mg, 0.35 mmol), 

KCN (4.6 mg, 0.070 mmol), K2CO3 (53 mg, 0.39 mmol) in DMF (3 mL).  Purification by 

column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4h (94 mg, 77%) as a 

colorless oil. 

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

1.68–1.75 (2H, m), 3.13 (2H, dt, J = 7.3 Hz, JHF = 2.1 Hz), 7.58 (1H, dd, J = 7.6, 7.6 Hz), 7.67 

(1H, dd, J = 7.6, 7.6 Hz), 7.75 (2H, d, J = 8.2 Hz), 7.97 (1H, d, J = 7.6 Hz), 8.15 (2H, d, J = 

8.2 Hz), 8.17 (1H, dd, J = 7.6 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 24.2 (d, JCF = 4 

Hz), 31.9, 123.3 (d, JCF = 5 Hz), 124.2 (q, JCF = 272 Hz), 125.3 (q, JCF = 4 Hz), 127.3, 128.0 (d, 

JCF = 3 Hz), 128.4 (d, JCF = 2 Hz), 131.1 (q, JCF = 32 Hz), 133.2 (d, JCF = 15 Hz), 139.6 (d, JCF 

= 5 Hz), 139.6 (d, JCF = 5 Hz), 145.1 (d, JCF = 4 Hz), 146.8 (d, JCF = 16 Hz), 152.8 (d, JCF = 257 

Hz).  19F NMR (471 MHz, CDCl3) !F 32.0 (1F, s), 99.1 (3F, s).  IR (ZnSe) 2960, 1603, 1323, 

1167, 1126, 1066, 1018, 912, 849 cm-1.  HRMS Calcd for C20H17NF4 348.1375 (M+); found 

348.1360. 

 

4-bromophenyl-4-butyl-3-fluoroquinoline (1-4i) 

Compound 1-4i was prepared by method described for 1-4a using 1-5i (102 mg, 0.27 mmol), 

KCN (3.5 mg, 0.054 mmol), K2CO3 (41 mg, 0.30 mmol) in DMF (3 mL).  Purification by 

column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4i (65 mg, 67%) as a 

colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.4 Hz), 1.48 (2H, tq, J = 7.4, 7.4 Hz), 

1.68–1.74 (2H, m), 3.12 (2H, dt, J = 7.4 Hz, JHF = 2.2 Hz), 7.57 (1H, dd, J = 7.7, 7.7 Hz), 7.63 

(2H, d, J = 8.6 Hz), 7.66 (1H, dd, J = 7.7, 7.7 Hz), 7.95 (1H, d, J = 7.7 Hz), 7.96 (2H, d, J = 
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8.6 Hz), 8.13 (1H, d, J = 7.7 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 24.2 (d, JCF = 4 

Hz), 31.9, 123.3 (d, JCF = 5 Hz), 127.0, 127.8 (d, JCF = 3 Hz), 128.2 (d, JCF = 2 Hz), 130.3, 

130.9 (d, JCF = 6 Hz), 131.6, 132.9 (d, JCF = 14 Hz), 135.0 (d, JCF = 5 Hz), 145.1 (d, JCF = 4 Hz), 

147.1 (d, JCF = 16 Hz), 152.8 (d, JCF = 257 Hz).  19F NMR (471 MHz, CDCl3) !F 32.3 (1F, s).  

IR (ZnSe) 2960, 1684, 1653, 1558, 1541, 1419, 1011, 903, 831 cm-1.  HRMS Calcd for 

C19H17NBrF 358.0607 (M+); found 358.0627.  

 

4-Butyl-3-fluoro-2-pyridylquinoline (1-4j) 

To a solution of aniline 1-1a (106 mg, 0.50 mmol) in benzene (8 mL) was added with 

2-pyridylcarboaldehyde (64 mg, 0.60 mmol).  The reaction mixture was heated under reflux 

for 2 h, and the solvent was removed under reduced pressure.  To a solution of the residue 

(1-5j) in DMF (3 mL) was added KCN (6.5 mg, 0.10 mmol) and K2CO3 (76 mg, 0.55 mmol) 

under argon.  After the reaction mixture was heated at 80 °C for 1 h, phosphate buffer (pH 7) 

was added to quench the reaction.  Organic materials were extracted with Et2O (3 x 20 mL).  

The combined extacts were washed with brine (30 mL) and dried over MgSO4.  After 

removal of the solvent under reduced pressure, the residue was purified by PTLC on silica gel 

(hexane–EtOAc 5: 1) to give 1-4j (85 mg, 61%) as a pale yellow oil.   

1H NMR (500 MHz, CDCl3) ! 0.97 (3H, t, J = 7.4 Hz), 1.49 (2H, tq, J = 7.4, 7.4 Hz), 1.70-1.76 

(2H, m), 3.17 (2H, dt, J = 7.4 Hz, JHF = 2.0 Hz), 7.39 (1H, dd, J = 7.6, 7.6 Hz), 7.60 (1H, dd, J 

= 8.0, 8.0 Hz), 7.69 (1H, dd, J = 8.0, 8.0 Hz), 7.87 (1H, dd, J = 7.6, 7.6 Hz), 8.00 (1H, d, J = 

7.6 Hz), 8.05 (1H, d, J = 7.6 Hz), 8.23 (1H, d, J = 8.0 Hz), 8.85 (1H, d, J = 8.0 Hz).  13C 

NMR (126 MHz, CDCl3) ! 13.8, 22.8, 24.1 (d, JCF = 4 Hz), 31.8, 123.3 (d, JCF = 5 Hz), 123.6, 

128.3 (d, JCF = 3 Hz), 130.7, 133.5 (d, JCF = 16 Hz), 136.5, 144.9 (d, JCF = 4 Hz), 147.2 (d, JCF 

= 16 Hz), 149.6, 152.9 (d, JCF = 258 Hz), 154.7 (d, JCF = 6 Hz).  19F NMR (471 MHz, CDCl3) 

!F 31.4 (1F, s).  IR (ZnSe)! 2956, 1587, 1475, 1363, 1209, 1147, 995 cm-1.  HRMS Calcd 

for C18H17N2F 281.1454 (M+); found 281.1437. 

 

2-Benzoyl-4-Butyl-3-fluoroquinoline (1-4k) 

To a solution of aniline 1-1a (159 mg, 0.75 mmol) in benzene (8 mL) was added with 

phenylglyoxal (131 mg, 0.98 mmol).  The reaction mixture was heated under reflux for 2 h, 

and the solvent was removed under reduced pressure.  To a solution of the residue (1-5k) in 

DMF (3 mL) was added KCN (7.9 mg, 0.12 mmol) and K2CO3 (92 mg, 0.66 mmol) under 

argon.  After the reaction mixture was heated at 80 °C for 2 h, phosphate buffer (pH 7) was 



!"#$%! &'() 

 121 

added to quench the reaction.  Organic materials were extracted with Et2O (3 x 20 mL).  The 

combined extacts were washed with brine (30 mL) and dried over MgSO4.  After removal of 

the solvent under reduced pressure, the residue was purified by PTLC on silica gel 

(hexane–EtOAc 5: 1) to give 1-4k (103 mg, 46%) as a colorless oil.   

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.4 Hz), 1.49 (2H, tq, J = 7.4, 7.4 Hz), 1.70-1.76 

(2H, m), 3.15 (2H, dt, J = 7.4 Hz, JHF = 1.9 Hz), 7.47-7.50 (2H, m), 7.61-7.73 (3H, m), 8.00 

(2H, m), 8.04 (1H, dd, J = 8.2, 1.0 Hz), 8.15 (1H, dd, J = 8.2, 1.0 Hz).  13C NMR (126 MHz, 

CDCl3) ! 13.8, 22.8, 24.1 (d, JCF = 3 Hz), 31.8, 62.3, 123.5 (d, JCF = 5 Hz), 128.3, 128.5, 128.6 

(d, JCF = 2 Hz), 128.8 (d, JCF = 3 Hz), 130.6, 130.8, 133.7 (d, JCF = 13 Hz), 133.9, 135.7, 144.1 

(d, JCF = 3 Hz), 146.6 (d, JCF = 20 Hz), 152.3 (d, JCF = 257 Hz), 191.7.  19F NMR (471 MHz, 

CDCl3) !F 29.7 (1F, s).  IR (ZnSe)! 2958, 2924, 2862, 1678, 1599, 1456, 1375, 1282, 1221, 

1173, 899, 762, 688 cm-1.  HRMS Calcd for C20H18NFO 308.1451 (M+); found 308.1431. 

 

2-Ethoxycarbonyl-4-butyl-3-fluoroquinoline (1-4l) 

Compound 1-4l was prepared by method described for 1-4k using ","-difluoro-#-butylaniline 

1-1a (176 mg, 0.84 mm), glyoxylic acid ethyl ester (128 mg, 1.25 mmol), KCN (10 mg, 0.16 

mmol), K2CO3 (108 mg, 0.78 mmol) in DMF (3 mL).  Purification by column 

chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4l (100 mg, 44%) as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.97 (3H, t, J = 7.4 Hz), 1.47 (2H, tq, J = 7.4, 7.4 Hz), 1.48 (3H, 

t, J = 8.4 Hz), 1.67–1.73 (2H, m), 3.13 (2H, td J = 7.4 Hz, JHF = 2.1 Hz), 4.56 (2H, q, J = 8.4 

Hz), 7.66 (1H, ddd, J = 8.3, 8.3, 1.2 Hz), 7.71 (1H, ddd, J = 8.3, 8.3, 1.2 Hz), 7.99 (1H, dd, J = 

8.3, 1.2 Hz), 8.23 (1H, dd, J = 8.3, 1.2 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 14.2, 22.8, 

24.1 (d, JCF = 3 Hz), 31.8, 62.3, 123.3 (d, JCF = 5 Hz), 128.0, 128.7 (d, JCF = 6 Hz), 129.3 (d, 

JCF = 4 Hz), 130.1, 131.1, 134.4 (d, JCF = 14 Hz), 144.3, 152.8 (d, JCF = 260 Hz), 163.8 (d, JCF = 

6 Hz).  19F NMR (471 MHz, CDCl3) !F 32.3 (1F, s).  IR (ZnSe) 1732, 1458, 1379, 1286, 

1217, 1163, 1024, 906 cm-1.   HRMS Calcd for C16H18NFO2 276.1400 (M+); found 276.1405. 
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!"#! $%&'()*&+,-./0123$4&56789:;

%&'(<=>?@/,A 

 

BCD! EF  

!  

! !G#HIJ$%&'()*&+,-/012KLMN789:; 2,4-"MN-3-

%&'(<=>?/,AOPQRSTUVW#HI$%&'()*&+,-./0

123$4&56789:; 3-%&'(<=>?X 3,3-$%&'(YZ3[\(

<=>?/,AJ]^_`a-Hb;c>dZef?@/,AOPQRST;V 

3$4&/g&h?./56ijklmOno:;pqpIJ3$4&/

SOMO kJg&h?/ LUMO b;QI HOMO /Qrsptuvwxy9:;p

Hz{;V|}~J!"#!���&3$4&IKL��3$4&Hb�JSOMO /

��k�QV�/U�JLUMO /��k�Q)*&�&�?��/�1��g&

h?tij�X:Q(Fig. 2-1) 1V
!

!

[LUMO]

[HOMO]

[SOMO]

Me3C
SO2Ph

Figure 2-1.

!

! !

! G�J��H�STU^�OJ$%&'(g&h?IKL�/3$4&O��J

�Qij�7�:�tk���sRQ;VMotherwell �IJAM1 �79QR$%

&'(g&h?/01 ¡¢£7o¤RQ;kJ�sO^;t$%&'(g&h?

/ LUMO/¥¦&§¨��IJ�j:;©�e?MN/@ª«^��v�¤R]

�JKL��¬7�P3$4&/ SOMO t^�wxy9�X:v�¤RQ;!

(Table 2-1)2V!
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HOMO Energy (eV)

- 10.8

Table 2-1. AM1!"#$%&'()*+

LUMO Energy (eV)

F

F

MeO
0.7

F

F

O

O
O

- 10.7 0.6

- 10.8
MeO

1.9

- 13.0
EtO2C

0.2

 

!

��H�STU^�O$%&'(g&h?./3$4&56IJ01­ijk

QvPp®�sRQ;V̄ /°O�:^�OJ$%&'(g&h?/$%&'(©

�e?±²O�'3$4&k56�J�j:;�&%³\k´�s;kJ012i

j/|I{µ���sRQ�Q(Fig. 2-2) 3V!

!

Figure 2-2. !"#$%&'()*+(,-.%/&0(12

F2C

H

R
PhSH

cat. BPO

reflux / THF PhS
R

F F R = n-C10H21 : 58%, p-MeC6H4 : 78%,

p-NCC6H4 : 74%, p-ClC6H4 : 49%

!

!

! ��H¶·IJ$%&'(g&h?/012OKL�/�Q3$4&7¸¹�º

s~J$%&'(©�e?±²IuQK�1�7»:;U�J�/�MH¼½�O

3$4&¾+kno:;/HI�Qpt¿}UVÀÁ/ijkno:s~J¾+¹

A-t�R!!G#HSTUMN«HI�vJ%Â²Ã17BP�P56«k´�

s;�tO�;V!

9Q;3$4&t�RJÄÅ?/Æ�±²ÇO¹È;ÄÅ\Ä&3$4&OÉ

Ê�UVTundo�IJÄÅ\Ä&3$4&t�1��g&<?t/ij789�R

<=>?¾7ËÌ�RQ;k(Scheme 2-1)4J�/ÍÎ^�ÄÅ\Ä&3$4&IK

L�7»:;�tk�Ï�s;V��OJÄÅ\Ä&3$4&O^;$%&'(g

&h?./0123$4&56kno:s~J¾±²ÇO%Â²Ã17�PÐÑ²

ÒY(¾/ÓAkÔÕt�;V!
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!

NPh

NPhNPh

(i-PrOCO2)2

R

NPh

R

R

R = Ph (75%),  COMe (70%),

Scheme 2-1. !"#!$%&'$()*+,-$./(012

60 °C / Benzene

 CO2Et (75%)

!

!

G� Scheme 2-2O�:^�O Fukuyama�IJÄÖ×g*\7�Ø[\>\7

9QU3$4&ijÙÚO5�J̧ ¹:;!��Û?*&ÄÅ\Ä&3$4&O^;

5-exo-trigÜ/3$4&¾+7oQJÄ?\¨&/,A7o¤RQ; 5V!

!

Scheme 2-2. o-!"#$%&'()*+,-./01234!)56.*78

CN

cat. AIBN

100 °C / CH3CN

EtO2C
n-Bu3SnH

N

EtO2C

n-Bu3Sn N
H

n-Bu3Sn

5-exo-trig

CO2Et

!

!

�sO��JScheme 2-3 O�:^�OJÝ¸-¬t�R'&Z�OÄÖ×g=

Þ7�P"ß"�$%&'(��e? 2-2 79Qs~Jàá¾HI�v¼½�Oâá¾

kËÌHã;täå�UV:�æçJ̧ ¹:;KL��!��Û?*&ÄÅ\Ä&3

$4&k012/$%&'(g&h?/èé±².56:;�tHJ6-endo-trigÜ

/3$4&¾+kêë�Rno:;/HI�Qpt¿}UVÀÁ/ijkno:s

~Jì��Û?*&�íßí�$%&'($[\(<=>? 2-3 k¹A:;�tO��J

�s7îï­«t�RJí�%&'(<=>? 1-4 X íßí�$%&'(YZ3[\(

<=>? 2-4./ðñkòs;tóô�UõW#!BCö÷øV!

!
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F2C

N

R N

R

 n-Bu3Sn
F2C

N

R

C
 n-Bu3Sn

 n-Bu3Sn

F
F

<6-endo-trig>

<5-exo-trig>

! + ! –

N

R

 n-Bu3Sn

CF2

N

R

 n-Bu3Sn

F
F

Scheme 2-3. o-!"#$%-","-&'()*+,-./0126-endo-trig 345&6(78

N
H

R

E

F
F

or

N

R

E

F

2-2

2-3 2-41-4
!

!

!{UJ¹A:; í�%&'(<=>? 1-4 IJ,Aï­«t�R�ùúûQ sp2

±²C%Â²Í,7»�RQ; 6V��HJ�/í�%&'(<=>?/%Â²MN

ij789�R`a-,A./j97üÁUV:�æçJScheme 2-4O�:^�OJ

DD�Og&<&Þ7�Pc>dZef? 2-5/,A7o¤U!

õW#!BCý÷øV!

!

F2C

N

R

C

Scheme 2-4. 11!"#$%$&'()*+,-./0123

N

R

F
N
H

Boc

N
Me

R

N

2-2 1-4 2-5
!

!

BCB! '&Z�OÄÖ×g=Þ7�P" ß"�$%&'(��e?/þÿ! !

!

!G#!DCB÷/ Scheme 1-12t!"/#�79QRJZ>%&'(¥�&Z

×3¨Z 1-6p�J$%&'()*&ÞÇ/MNÞ Rt�R��&ÞXÄÖd(f

&Þ7�Pg*>? 1-1a ]^_ 1-1d 7þÿ�UVR k$²Ã1/g*>? 1-1e

IJ1-6 ^�´�s;$%&'()*&Z×3¨Z 2-6 t Cp2ZrBu2
77ij�ºRJ
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ìßì�$%&'()*&$&%=&? 2-77þÿ� 8J'QRo-(¨\g*>?t/

c(�4Âd>?)7oQ,A�UV��Og*>? 1-17f>$?ïJ§*]^

_+$,*H-.�RJN-�&Å&+7oQ 2-1.tðñ�J/0O$c((©Û

?ïJ2-1 O1+���>&]^_Z>¥�&gÅ?H2$� 9J¾+/Ã3t�

; o-ÄÖ×g=-"," -$%&'(��e? 2-27þÿ�U(Scheme 2-5)10V!

!

CF2 C

BR2

R

N
H

HCO2H (1.2) POCl3 (1.2)

CF3CH2OTs
2-Iodoaniline (0.9)

r.t., 6 h

/ THF

  cat. Pd0
, CuI (1.0)

Et3N (2.2)

/ pyridine

1)  n-BuLi (2.1)

2)  R3B (1.1)

/ THF–HMPA (4 : 1)

/ CH2Cl2

OHC

Ac2O (1.2)

r.t., 1 h 0 °C, 0.5 h

H2N

N
C

Scheme 2-5. o-!"#$%-!,!-&'()*+,-./01

1-1

1-1

F2C

R

F2C

R

F2C

R

1-1a : R = n-Bu (77%)

2-1 2-2

1-6

1-7

1-6
   –78 °C / THF

n-BuLi (2.1)
CF2 C

H

OTs

2-6 91%

   –78 °C 2 r.t.

 / THF

Cp2ZBu2 (2.0)

   –78 °C 2 r.t.
CF2 C

ZrCp2X

H

2-7

2-Iodoaniline (1.1)

reflux, 2 h

  cat. Pd0
, ZnI (1.1)

H2N

1-1e 50%

F2C

H

 / THF

1-1d : R = i-Pr (68%)

2-1a : R = n-Bu (90%)

2-1d  : R = i-Pr (77%)

2-1e : R = H (59%)

2-2a : R = n-Bu (83%)

2-2d  : R = i-Pr (79%)

2-2e : R = H (33%)
!

!

BCö! í�%&'(<=>?]^_ íßí�$%&'(YZ3[\(<=>?

/,A!

!

�/^�O�R,A�UÄÖ×g*\ 2-2a7�Ø[\>\79QU3$4&i

jÙÚO5�RJ¹A:;!��Û?*&ÄÅ\Ä&3$4&O^; 6-endo-trig¼½

��3$4&¾+kno:;p��p45�UVÄÖ×g*\ 2-2a p�óô�U

ijkno:s~JB�O�Û?*&Þ7�P íßí�$%&'($[\(<=>?

2-3a k¹A:;�tO�;V�]J¾+¹A-Hb; 2-3a I�67Hb;�tk

äå�sU/Hõ89:O×>4;&43<O^;=>7üÁUk0?�UøJ19F 

NMR79QU7@7oQJAB7£Ý:;�tO�UõTable 2-2øV!
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N

n-Bu

 n-Bu3SnH

F2C

N

n-Bu

C

Table 2-2. Radical 6-endo-trig  Cyclization

 n-Bu3Sn

cat. AIBN

 n-Bu3SnH / mol% Solvent Time / h Yield/%a

220 CH3CN 2 (42)

220 Benzene 2 (57)

220 Toluene 2 (57)

120 Toluene 1 (81)

120 1,4-Dioxane 1 (69)

a Determined by 19F NMR (Internal Tol2C(CF3)2 Standard).

2-3a : 19 F NMR (471 MHz, C6D6/C6F6)

!F 53.0 (1F, dd, JFF  = 273  Hz, JHaF = 17 Hz),

66.3 (1F, dd, JFF = 273  Hz, JHaF = 5 Hz).

F
F

Entry

1

2

3

5

4

F2C

N

n-Bu

 n-Bu3Sn

2-2a

2-3a

6-endo-trig

N

n-Bu

HbF2C

2-8a

5-exo-trig

 n-Bu3Sn

80 °C

2-8a : 19 F NMR (471 MHz, C6D6/C6F6)

!F 42.2 (1F, dd, JFF  = 276  Hz, JHbF = 56 Hz),

46.2 (1F, dd, JFF = 276  Hz, JHbF = 56 Hz).

Ha

!

!

g&Z*Z>&ïJ220 mol%/ $�CDíEFG]^_HI@/ AIBN7y9�ºJ

JK!°LHBM­6NOP7o¤UVQï/ 19F NMR7R7�Ut�SJ{%F 53.0 

(1F, dd, JFF = 273 Hz, JHF = 17 Hz), 66.3 (1F, dd, JFF = 273 Hz, JHF = 5 Hz) }/f¨c7

T¹A-t�RUR�UV�s�/f¨cIJ$VÅW&/ F-F4Âd>?)]^

_%Â²tXY:;±²Ç/d(Z?t/ H-F 4Âd>?)7��RQ;�tp

�JZ�"$&'(!#)*¼½��3$4&¾+kno�¹A�U$[\(<=>? 2-3a

Ow[:;täåHãJ�/ NMRABI 42%Hb¤U(Entry 1)V{UJ5-exo-trig

Ü/3$4&¾+kno�U\,JCF2HÞ7�Pàá¾ 2-8ak¹A:;�tO�

;V19F NMRHI 2-8aOw[:;t]æs;f¨c{%F 42.2 (1F, dd, JFF = 276 Hz, 

JHF = 56 Hz), 46.2 (1F, dd, JFF = 276 Hz, JHF = 56 Hz) *CF2HÞ/H-F/$VÅW&4Â

d>?)I 50 Hz^_}7`a@�p45Hã�p¤UV!

�/^�OJ¸¹:;ÄÅ\Ä&3$4&O^; 6-endo-trig ¼½��3$4&

¾+kno:;�tk0p¤U/HJbOijÙÚ/cd7o¤UVeI/cd7

o¤Ut�SJg&Z*Z>&Of}Rg?h?XZ&¥?79Q;�tHABk

iÇ�UõEntries 2 and 3øVeIt�RZ&¥?79QJn-Bu3SnH/j9@7 120 

mol%O¯kUt�SJNMRAB 81%H 2-3a745:;�tkHãU(Entry 5)Ve
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IlÎOm�RIJZ�"$&'(!#)*Ü/3$4&¾+kno�U\,J67�no

3$4&k¹ÈJ�skZ&¥?p�pXpO$²7qãrãJsijt�;t¾

ij7uv:;lÎkb;U�t¿}RQ;V�/ÍÎp�JÄÖ×g*\ 2-2a

p�/ 6-endo-trig¼½��3$4&¾+HJì��Û?*&�íßí�$%&'($[\

(<=>? 2-3a7¹A�º;ijÙÚt�RbO�:ÙÚ79Q;�tO�UV!

weIxZ&¥?Jn-Bu3SnH(120 mol%)JAIBN(cat.)JJK!°LHDM­6NOPyV!

¹A�U$[\(<=>? 2-3a7z{�Jíßí�$%&'(YZ3[\(<=>

? 2-4a./|N7üÁUVÄÖ×g*\^� 2-3a7þÿ�U0JeI/Z&¥?

7¥}~e¨Û¨H���J'QRCH2Cl2ï ��CG�7y9�ºJ�j:;íßí�

$%&'(YZ3[\(<=>? 2-4a7 41%/ABH´;�tkHãU 

(Scheme 2-6)V 

NaBH4 (1.1)

r.t., 1 h

2-4a 41%

Scheme 2-6. 3,3-!"#$%&'()*%+,-.2-4a/01

n-Bu3SnH (1.2)

cat. AIBN

80 °C, 1h

/ Toluene / CH2Cl2
N
H

n-Bu
F

FF2C

N

n-Bu

C

2-2a

N

n-Bu

 n-Bu3Sn

2-3a

F
F

 

!

$[\(<=>? 2-3a p�2 HF kno:s~Jí�%&'(<=>? 1-4 k´

�s;�tO�;V��HJÄÖ×g*\^�þÿ�s; 2-3aOJ1Þt�RDBU

7y9�ºUt�SJ2 HF7�����+kno�J'QR*-.7o��tH

B�+MN/ í�%&'(<=>? 1-4m 7 ���/ABH´;�tkHãU

(Scheme 2-7)V!

N

n-Bu

F

NI

n-Bu

I

1-4n 75%

I2 (2.0)

r.t., 3 h

DBU (2.2)

80 °C, 2h

Scheme 2-7. 3-!"#$%&'(1-4m, n)*+

2-3a

n-Bu3SnH (1.2)

cat. AIBN
2-2a

80 °C, 1h

/ Toluene Nn-Bu3Sn

n-Bu
DBU (2.2)

80 °C, 1h

H3O
+

F

N

n-Bu

F

1-4m 74%

F
F

!

{UJ�Û?*&Þ7(�²Ã1O|N:;üÁt�RJ$[\(<=>? 2-3a
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O DBU 79QU2 HF 7o¤Rp�(�²7y9�ºUt�SJ2 HF /��H

G��Û?*&Þk$²Ã1OMN�sJB�+MN<=>? 1-4m k�¹�UV

��HJ$[\(<=>? 2-3aO(�²7y9�ºU0O2G�7o��tHJ

B�O(�²MNÞ7�Pí�%&'(<=>? 1-4n7 75%/ABH´;�tkH

ãU(Scheme 2-7)V 

G�J$[\(<=>? 2-3aIB�O�Û?*&Þ7»�RQ;�tp�JStille

4Âd>?)O^¤RB�OMNÞ7ñ�:;�tkHã;
��
V4Âd>?)0J

´�s;$[\(<=>?/2 HF7o}~JB�O�"�MNÞ7�P<=>?

1-4 /,AkÔÕt�;V��HJÄÖ×g*\ 2-2a p�$[\(<=>? 2-3a

7���<=>? 1-47,A:;�tt�UV2-3ap� 1-47,A:;:/#�t

�RIJScheme 2-7 H���U^�OJëO DBU79QU2 HF7o�tJ�Û

?*&ÞkG�$²Ã1HMN�sR�{�U�JStille4Âd>?)7ëOoQJ

�/0O2 HFO^¤R<=>? 1-4.ðñ:;�tO�UV{rJ4Âd>?)

/��//�ÙÚ7�QÝ:U�J(¨\g?h?79QRJ��/�6�7cd

�U(Table 2-3)V!

N

n-Bu n-Bu3SnH

F2C

N

n-Bu

C

Table 2-3. Stille !"#$%&'()

 n-Bu3Sn

cat. AIBN
F
F

2-2a 2-3a

80 °C, 1 h

Entry Solvent Conditions Yield/%

1a Toluene–DMF
100 °C, 12 h 28

NPh

n-Bu

NAr

n-Bu

F

Pd(PPh3)4 (0.05)

cat. Pd (eq)

LiCl (5)

Additive (eq)

(1 : 1)

a 
1-4m 37 %

2 80 °C, 2 hPd(PPh3)4 (0.1) Cul (0.5) DMF 70

3 80 °C, 3 hPd(PPh3)4 (0.1) CuCl (0.5) DMF 58

4 80 °C, 1.5 hPd2(dba)3 (0.04) CuI (0.5) DMF 57

PPh3 (0.16)

PhI (1.2)

cat. Pd

Additive

DBU (1.1)

80 °C, 1 h

1-4a

F
F

/ DMF

/ Toluene

!
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Entry 1O�:^�OJZ&¥?ïH3$4&¾+7o¤U0J5 mol%/Pd(PPh3)4J

�� &@/ LiCl79QJ(¨\g?h?t/ Stille4Âd>?)7o¤Ut�S

õLiCl/e?�7Çk;U�¡�eI/ DMF76}UøJ4Âd>?)« 1-4a/A

BI 28%O¢{�JB�+MN/<=>? 1-4m k 37%�¹�UVStille 4Âd>

?)OIJ£(I)1k¤HIt�R»lHb;tQ���kb;/H 12JLD¥76}

;�tO�UV�/:JLD¥ IZ&¥?OI¦§Oe¨OvQ�ttJ$[\(

<=>? 2-3a I©ªïHI:«OI0?��Q�tp�(*2-3a I×>4;&43

<HI0?)JeI¬N7o��tO�UVEntry 2O�:^�OJ3$4&¾+0J

Z&¥?7¥}~e¨Û¨H���R­®�76}JCuI7�6�R4Âd>?)

7üÁUt�SJijI¯M­H°Í�JAB 70%H 1-4a 7´;�tkHãUV

{UJCuI Of}R CuCl 79QU\,X ! (Entry 3)JPd(PPh3)4 Of}R

Pd2(dba)3•CHCl3CPPh379QU\,(Entry 4)J1-4a/ABI�s±s�J�ß!���

t��JEntry 2O²TABk�¯�UV!

'QR Table 2-4O�:^�OJ��/(�+g>¨&t/ Stille4Âd>?)

7oQJB�O!g>C&ÞX)*&Þ7ñ��Uí�%&'(<=>? 1-4/,A

7cd�UVijIJZ&¥?ïH3$4&¾+7o¤U0OJZ&¥?7���

g&³?´µª¯H DMF76}JHIt�R 10 mol%/ Pd(PPh3)4]^_ 50 mol%

/ CuI79QR(�+g>¨&t/ Stille!4Âd>?)7oQJ/0O DBU79

QU2 HF7o¤UV!
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NAr

R

F
 n-Bu3SnH

F2C

N

R

C

cat. AIBN

/ Toluene

ArX

p-MeOC6H4I

PhI

Ph
Br

PhI

Entry Time / h Yield/%

4 3 43 (1-4d)

2 3 64 (1-4o)

7 2 46 (1-4r)

8 2 51 (1-4s)

3 2 32 (1-4p)

PhI1 3 70 (1-4a)

R

n-Bu

i-Pr

H

n-Bu

n-Bu

n-Bu

o-MeC6H4I5 4 68 (1-4g)n-Bu

p-AcC6H4I6 3 57 (1-4q)n-Bu

2-2

2-2a

2-2b

2-2a

2-2a

2-2c

2-2a

2-2a

2-2a

2-2 1-4

Table 2-4. 3-!"#$%&'(1-4)*+

cat. Pd, CuI

80 °C, 1 h

i) ArX (1.2)

ii) DBU (1.1)80 °C, 1 h
N

R

 n-Bu3Sn

F
F

2-3
/ DMF

I

!

$%&'()*&ÞÇ/MNÞ¶t�R��&Þ(2-2a)JÄÖd(f&Þ(2-2b)J

$²Ã17�P(2-2c)ÄÖ×g*\/Qrsp��J�j:;í�%&'(<=>?

��� 7´;�tkHãU(Entries 1-3)VÄÖ×g*\ 2-2c (R = H)HIJ<=>?

1-4c/ABk·ãv�¯�UkJ�sI 2-2ckN�O�67�U�t¿}�s;V

�]J2-2c/3$4&¾+0/ij¸7 19F NMR!HUR�Ut�SJTable 2-2O

��U^��âá¾/¹A-Ow[:;f¨c(-CF2-)I45�sUkJàá¾O�

j:;+,-/f¨c(CF2H-)I45Hã�p¤UV2-2c /^�O$%&'()*

&�k+MNHb�J5-exo 3$4&¾+O»8t]æs;QO]QR�J$%&

'(g&h?/K�1���¬O^� 6-endo-trig ¾+k¼½�Ono�Ut¿}

RQ;V!

! Stille 4Âd>?)H9Q;(�+g>¨&t�RJg>C&ÞÇO�1¹ºÞ

(Entries 4 and 5)J�1KqÞõ»F¼½¾!ZøQrs/MNÞ7»:;\,H�J4Â

d>?)IlmOno�R�j:; í�%&'(<=>?7´;�tkHãU

(Entries 4-6)V¿(;?+-t�RJ��(¨\W%Ûe?XÀ��( ��e?79

Q;�tHJB�OW%�&ÞX��>&Þ7�P í�%&'(<=>?7´;�

t�HãU(Entries 7 and 8)V!
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bOJTable 2-5O�:^�OB�Og>C&Þ7�Píßí�$%&'(YZ3[

\(<=>? 2-8/,A7cd�UV!

!

ArX

Ph-I

p-AcC6H4-I

Entry 2-8 / %

1

2 35  (2-8b)

Side products

43  (2-8a)

3 50  (2-8c)

 13% (1-4c)

 16% (1-4f)

 10% (1-4h)

NaBH4 (1.0)

r.t., 2 h

Table 2-5. 3,3-!"#$%&'()*%+,-.2-8/01

 / CH2Cl2
NAr

n-Bu

N
H

Ar

n-Bu

Pd(PPh3)4 (0.1)

CuI (0.5)

80 °C / DMF

N

n-Bu n-Bu3SnH (1.2)

F2C

N

n-Bu

C
 n-Bu3Sn

cat. AIBN

80 °C, 1 h

/ Toluene

F

F

F

F

2-2a 2-3a

2-8

ArX (1.2)
F

F

I

!

!

ÄÖ×g*\ 2-2a /3$4&¾+H¹A:; ì��Û?*&$[\(<=>?

2-3at(�+g>¨&t/ Stille4Âd>?)7o¤U0JÁÂÿ/{{pXpO

CH2Cl2ï NaBH4H-.:;tJÀÁ/z{«Hb;íßí�$%&'(YZ3[\(

<=>? 2-8k´�sUV�p�JStille4Âd>?)/��HG�2HFkÃ��J

í�%&'(<=>?! 1-4k�¹�U(Table 2-5)V 

�/^�OJÄÖ×g*\O3$4&ijÙÚH�Ø[\>\7y9�º;�

tHJ̧ ¹:;!��Û?*&ÄÅ\Ä&3$4&O^; 6-endo-trig¼½��3$4

&¾+7oQJPd HI79QU Stille 4Âd>?)7ÄÁ,æº;�tHJí�%

&'(<=>? 1-4 ��_O íßí�$%&'(YZ3[\(<=>? 2-8 /,A�

7t¸:;�tkHãUVG�J¾+/Ý¸-¬Hb;ÄÖ×g*\ì�ì /$%

&'()*&ÞÇOIJ"��MNÞ7ñ�:;�tkÔÕHb;/HJ�/ í�

%&'(<=>? 1-47,Aï­«t�RJc>dZef? 2-5/DD�MN«/

,A7üÁUV!

!
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BCý! DD�Og&<&Þ7�PcedZef?@/,A!

!

Fig. 2-3O�:^�OJ<?\>? 13I<=>?¾tÄ?\¨&¾kÅ¾�U+

,-Hb�J<?\>?/+�©�&+�sU+,-kc>dZef? 14Hb;V!

!

Figure 2-3. !"#$"%&'($)*+,"

Quindoline Cryptolepine

N

HN

11

N
Me

N

11

!

!

�s�/,A|t�RJRocca �I í�gÅ=<=>?7Ý¸-¬t�RJöÆ

^H í�%&'(�ì�(¨\<=>?7,A�J�stg>¨&��*t/ SuzukÇ

4Âd>?)O^�,A�s;%&'()g>¨&p�JÑ²Ã1O^;%Â²/

012MN7o��tHJ<?\>?7,A�RQ; (Scheme 2-8)15V!

!

B(OH)2

NHCOt-Bu

/ EtOH-Toluene N

F
NHCOt-Bu

1. Pyridinium

Chloride (215 °C)

2. NH4OH N

94% 83%

N

NH2

NaNO2

HBF4

N

F

74%

1) LDA

2) I2

3) H3O
+

N

F

94%

I

1) LDA

2) H3O
+

N

F

95%

I

Scheme 2-8. Quindoline!"# $3-%&'()*+,-"#./01

NHPd(PPh3)4

 

!

! GÈ�IJí�%&'(<=>?7��ºrO Scheme 2-9O�:^��¾+�HJ

Ä?\¨&¾t<=>?¾7�bÓA�R<?\>?7,A�J��Oc>dZe

f?.tðñ�RQ; 16,17
! 
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O

Fe, AcOH

N
H

H2N

NO2 O2N

95%

PhI(OAc)2

THF

Scheme 2-9. Cryptorepine!"#

N

41%

NH
i) MeI

N
Me

72%

N

ii) Na2CO3 (aq.)

 

 

G�J1999 É Martin �O^�Jg%>4O¹Ê:;Ë-Hb; Cryptolepis 

sanguinolenta p�DD�OÄÖd(f&Þ7�Pc>dZef?/=>k���

sU 18Vc>dZef?@IJÌÍÎ�XÌ�Ä&�Î���/"��¹.Î�7

»:;�tk®�sRQ;k 19-22J`ap�IÏ@�p´�s�Q�tp�J+Ð

,AO^;ü3¹ÑkÒÀ�sRQ;VDD�O$²Ã17�Pc>dZef?/

,AIJScheme 2-9HSTUHo� 16/ÓOFan� 17O^¤R�ÔA�sRQ;kJ

DD�Og&<&Þ7�Pc>dZef?/,AI{µ���sRQ�QV�sO

��J¶·kt¸�U í�%&'(<=>?,A�HIJ¾+/ÕÖ«Hb;"ß"�

$%&'(��e?/$%&'()*&ÞÇOJZ>g&<&×3?�Ø/g&<

&Þkñ�Hã;/HJý�O"��g&<&Þ7�P<=>?k,AHã;V�

�HJí�%&'(<=>?7,Aï­«t�R9Q;Jc>dZef? 2-5/DD

�MN«/,A7cd:;�tO�UV!

W#/EÙÚÛÜÛ!ì��O:HO��U#�OÝQJZ>%&'(¥�&Z×3

¨Z 1-6^�gÅ=��e? 1-17���RJ)*&ÞÇOÄÖd(f&ÞX��

&Þ7�PÄÖ×g*\ 2-2d,!2-2a,A�UVÄÖ×g*\ 2-27�Ø[\>\t

HI@/ AIBNH-.�R 6-endo3$4&¾+7oQJ¹A:;ì��Û?*&$

[\(<=>? 2-3tJì�(¨\g*>?/gÅ=Þ7CÈÙÞHÞß�U+,-

t/ Stille4Âd>?)7o¤U02 HF 7oQJ<?\>? 2-9 /¾+ÕÖ«t

�;í�%&'(<=>? 1-4t]^_ 1-4u7´UV!

!
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CF2 C

BR2

R

N
H

HCO2H (1.2) POCl3 (1.2)

CF3CH2OTs
2-Iodoaniline (0.9)

r.t., 6 h

/ THF

  cat. Pd0
, CuI (1.0)

Et3N (2.2)

/ pyridine

1)  n-BuLi (2.1)

2)  R3B (1.1)

/ THF–HMPA (4 : 1)

/ CH2Cl2

OHC

Ac2O (1.2)

rt, 1 h 0 °C, 0.5 h

H2N

N
C

Scheme 2-10. Synthesis of 11-i-Pr and n-Bu Cryptolepines

F2C

R

F2C

R

F2C

R

1-1a : R = n-Bu (77%)

1-6

1-7
   –78 °C ! r.t.

1-1d : R = i-Pr (68%)

2-1a : R = n-Bu (90%)

2-1d  : R = i-Pr (77%)

2-2a : R = n-Bu (83%)

2-2d  : R = i-Pr (79%)

N

F
F

R

N

R

Pd(PPh3)4 (0.1)

CuI (0.5)

DBU (1.1)

80 °C, 1 h

/ DMF

80 °C, 2–4 h
N

R n-Bu3SnH (1.2)

 n-Bu3Sn

cat. AIBN

80 °C, 1 h

/ Toluene

I

NHBoc

F

N

N

F
F

H
Boc

H
Boc

1-4t (R = i-Pr : 61%)

1-4u (R = n-Bu : 74%)

2-3

i) Pyridinium Chloride

/ 180 °C, 15 h

ii) NH4OH N
Me

N

R

N

HN

R
i) MeI (excess)

reflux, 20 h / THF

ii) 5% aq. Na2CO3

Cryptolepines

2-9a (R = i-Pr : 66%)

2-9b (R = n-Bu : 75%)

2-5a (R = i-Pr : 61%)

2-5b (R = n-Bu : 57%)

Quindolines

(1.2)

!

!

! í�%&'(<=>? 1-4t]^_ 1-4up�Jc>dZef? 2-5{H/ðñIà

á/#�OâQ 15,16J{r1+f>$*�<79QRÑ²Ã1O^;%Â²/01

2MN7oQJ<?\>? 2-9a]^_ 2-9b7,A�UVRocca�IJgÅ=Þ/

ÞßÞt�Rf}(Ä&Þ79QR 23JDD�+MN/<?\>?7,A�Uk

(Scheme 2-8)J<?\>? 2-9a]^_ 2-9b,AO]QRIJf}(Ä&Þ^� !�

�Z<×4&×*&ÞõBoc Þø7»:;<=>? 1-4 79QU�kJ2-9 /ABk



[!"#] 

 44 

ãä�p¤UV/0OJ<?\>? 2-9 Oåæ@/(�+©�&7y9�ºR N�

©�&+�JÊ�-Hb;c>dZef? 2-5a ]^_ 2-5b /,A7ÔA�U

(Scheme 2-10)V!

çÇJ!"#HIJ'&Z�OÄÖ×g=Þ7�P"ß"�$%&'(��e?/è

§Ã��éQ 6-endo-trig ¼½��3$4&¾+789�RJí�%&'(<=>?

X íßí�$%&'(YZ3[\(<=>?/,A�7t¸:;�tkHãUV��

OJ,A�Uí�%&'(<=>?7,Aï­«t�R89�J`a-Hb;!

DD�OÄÖd(f&Þ7�Pc>dZef?7,A:;�tO�Aê�UV!
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&'("#$% 

&'(&*+*,  

2,2-Difluorovinyl-p-toluenesulfonamide (2-6) 

Butyllithium (39 mL, 1.6 M in hexane, 63 mmol) was added to a solution of 1-6 (7.62 g, 30 

mmol) in THF (150 mL) at –78 °C over 10 min under argon.  The reaction mixture was 

stirred for 20 min at –78 °C, and then the reaction was quenched with H2O–THF (1:1, 100 

mL).  Organic materials were extracted with EtOAc (3 x 80 mL), the combined extracts were 

washed with brine (80 mL) and dried over MgSO4.  After removal of the solvent under 

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

(hexane–AcOEt 10:1) to give 2-6 (6.40 g, 91%) as a colorless liquid. 

1H NMR (500 MHz, CDCl3) ! 2.47 (3H, s), 6.08 (1H, dd, JHF = 14.5, 3.8 Hz), 7.39 (2H, d, J = 

8.3 Hz), 7.82 (2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 21.6, 100.8 (dd, JCF = 60, 

15 Hz), 128.3, 130.0, 131.1, 140.1, 156.9 (dd, JCF = 293, 283 Hz), 166.7.  19F NMR (471 

MHz, CDCl3) !F 52.9 (1F, dd, JFF = 51 Hz, JFH = 4 Hz), 71.5 (1F, dd, JFF = 51 Hz, JFH = 14 Hz).  

IR (neat) 1759, 1383, 1344, 1248, 1178, 1119, 1090, 928 cm-1.  Anal. Calcd for C9H8F2O3S: 

C, 46.15; H, 3.44. Found: C, 46.17; H, 3.58. 

 

2-(2,2-Difluorovinyl)aniline (1-1e) 

Butyllithium (33 mL, 1.59 M in hexane, 52 mmol) was added to a solution of zirconocene 

dichloride (7.62 g, 26 mmol) in THF (100 mL) at –78 °C under argon, and the resulting 

mixture was stirred at the same temperature for 0.5 h.  To the reaction mixture was added a 

solution of 2-6 (3.05 g, 13 mmol) in THF (5 mL) at –78 °C.  After stirring for 5 min, the 

mixture was warmed to r.t. and stirred dor an additional 3 h.  PPh3 (546 mg, 2.08 mmol), and 

Pd2(dba)3•CHCl3 (538 mg, 0.52 mmol), and ZnI2 (9.96 g, 31 mmol) were added at 0 °C, and 

the mixture was stirred for 0.5 h.  To the resulting solution were successively added 

o-iodoaniline (3.13 g, 14 mmol).  After refluxing for 2 h, the reaction mixture was quenched 

with H2O.  The mixture was filtered through Celite and organic materials were extracted with 

EtOAc (3 x 50 mL), the combined extracts were washed with brine (80 mL) and dried over 

MgSO4.  After removal of the solvent under reduced pressure, the residue was purified by 

column chromatography on silica gel (hexane–AcOEt 10:1) to give 1-1e (1.10 g, 50%) as a 

pale yellow oil.     

1H NMR (500 MHz, CDCl3) ! 2.47 (2H, s), 5.18 (1H, dd, JHF = 25.3, 2.9 Hz), 6.68 (1H, d, J = 

8.0 Hz), 6.77 (1H, dd, J = 8.0, 8.0 Hz), 7.08 (1H, dd, J = 8.0, 8.0 Hz), 7.22 (1H, d, J = 8.0 Hz).  



!"#$%! &'() 

 123 

19F NMR (471 MHz, CDCl3) !F 76.7 (1F, dd, JFF = 31 Hz, JFH = 25 Hz), 77.8 (1F, dd, JFF = 31 

Hz, JFH = 3 Hz). 

 

2-(2,2-Difluoro-1-isopropylvinyl)aniline (1-1d) 

1H NMR (500 MHz, CDCl3) ! 1.58 (6H, d, J = 7.0 Hz ), 2.82 (1H, sept, J = 7.0 Hz ), 3.68 (2H, 

s), 6.72-6.74 (2H, m), 6.96 (1H, d, J = 7.5 Hz), 7.13 (1H, dd, J = 7.5, 7.5 Hz). 

19F NMR (471 MHz, CDCl3) !F 70.2 (1F, d, JFF = 44 Hz), 77.8 (1F, d, JFF = 44 Hz). 

 

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

To a solution of aniline 1-1a (1.46 g, 6.92 mmol) in pyridine (30 ml) was added formic acid 

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

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

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

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

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

purified by column chromatography on silica gel (hexane–AcOEt 2:1) to give 2-1a (1.49 g, 

90%) as a pale yellow liquid.   

19F NMR (471 MHz, (CD3)2SO-100 °C) !F 70.9 (1F, dt, JFF = 39 Hz, JFH = 2Hz), 74.6 (1F, dd, 

JFF = 39, 39 Hz).  IR (neat) 3309, 2958, 2931, 2862, 1738, 1676, 1522, 1246, 1130, 968, 912, 

725 cm-1.  Anal. Calcd for C13H15NF2O: C, 65.26; H, 6.32; N, 5.85. Found: C, 65.46; H, 6.44, 

N; 5.66. 

 

2-(1-Butyl-2,2-difluorovinyl)phenyl isocyanide (2-2a) 

To a solution of 2-1a (166 mg, 0.70 mmol) in CH2Cl2 (6 ml) was added triethylamine (0.21 ml, 

1.53 mmol) and phosphorus oxychloride (0.08 ml, 0.83 mmol) at 0 °C under  nitrogen.  

After being stirred for 0.5 h, the reaction mixture was poured into 10% aqueous sodium 

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

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

reduced pressure, the residue was purified by PTLC on silica gel (hexane–AcOEt 10:1) to give 

2-2a (130 mg, 85%) as a pale yellow liquid.   

1H NMR (500 MHz, CDCl3) ! 0.87 (3H, t, J = 7.0 Hz), 1.25–1.37 (4H, m), 2.38–2.43 (2H, m), 

7.28 (1H, dd, J = 7.7, 1.4 Hz), 7.35 (1H, ddd, J = 7.7, 7.7, 1.4 Hz), 7.38–7.44 (2H, m).  13C 

NMR (126 MHz, CDCl3) ! 13.7, 22.1, 27.8, 29.6 (dd, JCF = 3, 3 Hz), 88.9 (dd, JCF = 26, 16 Hz), 
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127.4, 128.7, 129.4, 130.6, 131.7, 131.8, 153.2 (dd, JCF = 290, 290 Hz), 166.7.  19F NMR 

(471 MHz, CDCl3) !F 70.5 (1F, d, JFF = 39 Hz), 74.5 (1F, d, JFF = 39 Hz).  IR (neat) 2960, 

2930, 2860, 2130, 1740, 1705, 1275, 1240, 1135, 760 cm-1.  HRMS calcd for C13H13NF2 

221.1016 (M+); found 221.1022. 

 

2-(2,2-Difluoro-1-isopropylvinyl)phenyl isocyanide (2-2d) 

1H NMR (500 MHz, CDCl3) ! 1.10 (6H, d, J = 6.6 Hz ), 2.90 (1H, sept, J = 6.6 Hz ), 7.25 (1H, 

d, J = 7.7 Hz ), 7.37-7.44 (3H, m).  

19F NMR (471 MHz, CDCl3) !F 70.2 (1F, d, JFF = 44 Hz), 77.8 (1F, d, JFF = 44 Hz). 

HRMS calcd for C12H11NF2 208.0938 (M+); found 208.0910. 

 

2-(2,2-Difluorovinyl)phenyl isocyanide (2-2e) 

1H NMR (500 MHz, CDCl3) ! 5.64 (1H, dd, JHF = 24.0, 4.6 Hz), 7.27 (1H, dd, J = 8.4, 8.4 Hz), 

7.38-7.40 (2H, m), 7.58 (1H, d, J = 8.4 Hz).  19F NMR (471 MHz, CDCl3) !F 82.8 (1F, dd, JFF 

= 20 Hz, JHF = 24 Hz), 82.9 (1F, dd, JFF = 20 Hz, JHF = 5 Hz). 

 

&'(&*+-,  

4-Butyl-3,3-difluoro-1,2,3,4-tetrahydroquinoline! (2-4a) 

1H NMR (500 MHz, CDCl3) ! 0.90 (3H, t, J = 7.3 Hz), 1.29-1.52 (4H, m), 1.78-1.85 (1H, m), 

3.03 (1H, ttt, J = 9.8, 4.9 Hz, JHF = 2.5 Hz), 3.46 (1H, dddt, J = 19.6, 9.8, 4.9 Hz, JHF = 2.5 Hz), 

3.57 (1H, dddd, JHF = 29.4, 12.4, 3.0 Hz, J = 0.8 Hz), 3.88 (1H, br-s), 6.67 (1H, dd, J = 7.7, 1.0 

Hz), 6.71 (1H, ddd, J = 7.7, 7.7, 1.0 Hz), 7.00 (1H, dd, J = 7.7, 1.0 Hz), 7.06 (1H, ddd, J = 7.7, 

7.7, 1.0 Hz,).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 29.4, 32.5 (dd, JCF = 6, 3 Hz), 44.8 

(dd, JCF = 45, 45 Hz), 45.1 (dd, JCF = 34, 27 Hz), 114.2, 117.7, 121.2, 121.3 (dd, JCF = 246, 246 

Hz), 127.8, 120.0, 141.1.  19F NMR (471 MHz, CDCl3) !F 49.8 (1F, ddt, JFF = 239 Hz, JFH = 6, 

3 Hz), 65.9 (1F, ddt, JFF = 239 Hz, JFH = 29, 12 Hz).  IR (neat) 3417, 2956, 2862, 1608, 1500, 

1466, 1377, 1309, 1219, 1084 cm-1.  HRMS Calcd for C13H17NF2 226.1407 (M+); found 

226.1395. 

 

4-Butyl-3-fluoro-2-phenylquinoline (1-4a) 

To a solution of isocyanide 2-2a (113 mg, 0.51 mmol) in toluene (4 mL) was added n-Bu3SnH 

(0.15 mL, 0.56 mmol) and a catalytic amount of AIBN under agron.  The reaction mixture 

was heated at 80 °C for 1 h and removal of the solvent under reduced pressure.  PhI (102 mg, 



!"#$%! &'() 

 125 

0.5 mmol), Pd(PPh3)4 (48 mg, 0.042 mmol), and CuI (40 mg, 0.21 mmol) were added to a 

solution of the residue in DMF (3 mL) at room temperature.  After the reaction mixture was 

stirred for 2 h at 80 °C, DBU (0.07 ml, 0.46 mmol) was added and the reaction mixture was 

heated at 80 °C for 1 h.  The reaction was quenched with phospahte buffer (pH 7) and the 

mixture was filtered through Celite.  Organic materials were extracted with Et2O three times.  

The combined extracts were washed with aq. KF, brine and dried over MgSO4.  After 

removal of the solvent under reduced pressure, the residue was purified by PTLC on silica gel 

(hexane-AcOEt 10:1) to give 1-4a (100 mg, 70%) as a pale yellow oil. 

 

4-Butyl-3-fluoroquinoline (1-4m) 

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

1.64-1.72 (2H, m), 3.08 (2H, td, J = 7.8, JHF =1.8 Hz), 7.59 (1H, ddd, J = 7.6, 7.6, 0.8 Hz), 

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

Hz), 8.74 (1H, s).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 23.9(d, JCF = 3 Hz), 31.8, 123.5 

(d, JcF = 6 Hz), 127.2, 127.9 (d, JCF = 3 Hz), 128.0 (d, JCF = 4 Hz), 130.3, 131.6 (d, JCF = 12 

Hz), 141.0 (d, JCF = 29 Hz), 145.5 (d, JCF = 2 Hz), 154.3 (d, JCF = 251 Hz).  19F NMR (471 

MHz, CDCl3) !F 28.6 (1F, s).  IR (neat) 2960, 2931, 1512, 1464, 1379, 1323, 1225, 1142, 760, 

665 cm-1.  HRMS calcd for C13H14NF 203.1110 (M+); found 203.1128. 

 

4-Butyl-3-fluoro-2-iodoquinoline (1-4n) 

To a solution of isocyanide 2-2a (101 mg, 0.46 mmol) in toluene (3 ml) was added n-Bu3SnH 

(0.16 ml, 0.593 mmol) and a catalytic amount of AIBN under argon.  After the reaction 

mixture was heated at 80 °C for 1 h, I2 (188 mg, 0.74 mmol) was added at room temperature.  

After being stirred for 1 h, DBU (0.12 ml, 0.814 mmol) was added and the reaction mixture 

was heated at 80 °C for 2 h.  The reaction was quenched with sat. Na2S2O3.  Organic 

materials were extracted with Et2O three times.  The combined extracts were washed with aq. 

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

residue was purified by PTLC on silica gel (hexane-AcOEt 10:1) to give 1-4n (90 mg, 74%) 

as a colorless oil. 

1H NMR (500 MHz, CDCl3) ! 0.78 (3H, t, J = 7.3 Hz), 1.46 (2H, tq, J = 7.3, 7.3 Hz), 1.68 (2H, 

tt, J = 7.3, 7.3), 3.08 (2H, td, J = 7.3, JHF = 1.6 Hz), 7.61 (1H, dd, J = 7.6, 7.6 Hz), 7.65 (1H, 

dd, J = 7.6, 7.6 Hz), 7.95 (1H, d, J = 7.6 Hz), 8.06 (1H, d, J = 7.6 Hz).  13C NMR (126 MHz, 

CDCl3) !  13.8, 22.7, 24.7, 31.7, 110.6 (d, JCF = 34 Hz), 123.6 (d, JCF = 5 Hz), 127.6, 128.7, 
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129.6, 131.7, 131.8, 146.9 (d, JCF = 2 Hz), 152.2 (d, JCF = 253 Hz).  19F NMR (471 MHz, 

CDCl3) !F 53.1 (1F, s).  IR (neat) 2958, 2929, 1585, 1549, 1466, 1333, 1317, 1163, 758 cm-1.  

Anal. Calcd for C13H13NFI: C, 47.94; H, 3.98; N, 4.26%. Found: C, 47.65; H, 4.10; N, 3.99%. 

 

3-Fluoro-4-isopropyl-2-phenylquinoline (1-4o) 

1H NMR (500 MHz, CDCl3) ! 1.60 (6H, d, J = 7.1 Hz ), 3.86 (1H, sept, J = 7.1 Hz ), 7.47-7.57 

(4H, m), 7.66 (1H, dd, J = 8.2, 8.2 Hz), 8.00-8.03 (2H, m), 8.12 (1H, d, J = 8.2 Hz), 8.17 (1H, 

d, J = 8.2 Hz).  19F NMR (471 MHz, CDCl3) !F 36.0 (1F, s).  IR (neat) 2961, 1602, 1412, 

1360, 1215, 1146, 906, 750 cm-1.  HRMS: Calcd for C18H16NF (M+) 266.1345, found 

266.1322. 

 

3-Fluoro-2-phenylquinoline (1-4p) 

1H NMR (500 MHz, CDCl3) ! 7.47-7.57 (4H, m), 7.67–7.70 (1H, m), 7.79 (1H, d, J = 7.7 Hz), 

7.86 (1H, d, JHF = 11.2 Hz), 8.06–8.09 (2H, m), 8.17 (1H, d, J = 7.7 Hz).  13C NMR (126 

MHz, CDCl3) ! 111.9 (d, JCF = 19 Hz), 126.7 (d, JCF = 5 Hz), 127,3, 128.2 (d, JCF = 6 Hz), 

128.5, 128.7, 128.8, 129.2 (d, JCF = 5 Hz), 129.6 (d, JCF = 4 Hz), 135.7 (d, JCF = 5 Hz), 145.2 (d, 

JCF = 3 Hz), 149.1 (d, JCF = 14 Hz), 155.1 (d, JCF = 261 Hz).  19F NMR (471 MHz, CDCl3) !F 

37.2 (1F, d, JFH = 11 Hz).  IR (neat) 3060, 1608, 1493, 1419, 1344, 1200, 1155, 912 cm-1.  

HRMS Calcd for C15H10NF 224.0876 (M+); found 224.0872. 

 

2-(4-Acetylphenyl)-4-butyl-3-fluoroquinoline (1-4q) 

1H NMR (500 MHz, CDCl3) ! 0.99 (3H, t, J = 7.4 Hz), 1.50 (2H, tq, J = 7.4, 7.4 Hz), 1.72 (2H, 

tt, J = 7.4, 7.4 Hz), 2.66 (3H, s), 3.15 (2H, t, J = 7.4 Hz), 7.59 (1H, dd, J = 7.3, 7.3 Hz), 7.68 

(1H, dd, J = 7.3, 7.3 Hz), 7.98 (1H, d, J = 7.3 Hz), 8.09 (2H, d, J = 8.4 Hz), 8.16 (2H, d, J = 

8.4 Hz), 8.17 (1H, d, J = 7.3 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 24.1 (d, JCF = 4 

Hz), 26.7, 31.9, 123.3 (d, JCF = 5 Hz), 127,3, 128.0 (d, JCF = 3 Hz), 128.2, 128.3 (d, JCF = 2 Hz), 

129.5 (d, JCF = 6 Hz), 130.5, 133.1 (d, JCF = 14 Hz), 137.3, 140.5 (d, JCF = 5 Hz), 145.1 (d, JCF = 

4 Hz), 147.0 (d, JCF = 17 Hz), 152.9 (d, JCF = 257 Hz), 197.8.  19F NMR (471 MHz, CDCl3) !F 

32.4 (1F, s).  IR (neat) 2958, 1682, 1604, 1358, 1263, 912, 744 cm-1.  HRMS Calcd for 

C21H20NFO 322.1607 (M+); found 322.1595. 

 

4-Butyl-3-fluoro-2-(1-naphthyl)quinoline (1-4r) 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.3 Hz), 1.49 (2H, tq, J = 7.3, 7.3 Hz), 
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1.73–1.79 (2H, m), 3.17 (2H, td, J = 7.3 Hz, JHF = 1.9 Hz), 7.43 (1H, ddd, J = 8.4, 8.4, 1.1 Hz), 

7. 49 (1H, ddd, J = 8.4, 8.4, 1.0 Hz), 7.58-7.63 (2H, m), 7.68-7.71 (2H, m), 7.74 (1H, d, J = 

8.5 Hz), 7.91 (1H, d, J = 8.1 Hz), 7.96 (1H, d, J = 8.1 Hz), 8.05 (1H, dd, J = 8.4 , 1.1 Hz), 8.21 

(1H, dd, J = 8.4, 1.0 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 24.2 (d, JCF = 3 Hz), 

31.9, 123.4 (d, JCF = 5 Hz), 125.2, 125.4, 125.9, 126.4, 127.0, 127.8, 127.9 (d, JCF = 3 Hz), 

128.2 (d, JCF = 2 Hz), 128.3, 129.4, 130.4, 131.5, 132.3 (d, JCF = 14 Hz), 133.7, 133.8 (d, JCF = 

3 Hz), 145.0 (d, JCF = 3 Hz), 149.7 (d, JCF = 21 Hz), 152.8 (d, JCF = 254 Hz).  19F NMR (471 

MHz, CDCl3) !F 34.7 (1F, s).  IR (neat) 2958, 1604, 1508, 1456, 1415, 1377, 1358, 1217, 

1144, 802 cm-1.  HRMS Calcd for C23H20NF 330.1658 (M+); found 330.1642.  

 

4-Butyl-3-fluoro-2-styrylquinoline (1-4s) 

1H NMR (500 MHz, CDCl3) ! 0.97 (3H, t, J = 7.4 Hz), 1.46 (2H, tq, J = 7.5, 7.4 Hz), 1.68 (2H, 

tt, J = 7.5, 7.7 Hz), 3.07 (2H, td, J = 7.7 Hz, JHF = 1.3 Hz), 7.32 (1H, dd, J = 7.5, 7.5 Hz), 7.39 

(2H, dd, J = 7.5, 7.5 Hz), 7.50 (1H, dd, J = 7.7, 7.7 Hz), 7.56 (1H, d, J = 16.1 Hz), 7.63 (1H, 

dd, J = 7.7, 7.7 Hz), 7.67(2H, d, J = 7.5 Hz), 7.89(1H, d, J = 7.7 Hz), 8.03 (1H, d, J = 16.1 Hz), 

8.09 (1H, d, J = 7.7 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 22.8, 23.9 (d, JCF = 4 Hz), 31.8, 

79.9, 120.9, 123.3(d, JCF = 5 Hz), 126.4, 127.5, 127.7 (d, JCF = 3 Hz), 128.1, 128.6, 128.7, 

129.9, 131.6(d, JCF = 14 Hz), 135.9(d, JCF = 5 Hz), 136.6, 145.1 (d, JCF = 3 Hz), 145.8 (d, JCF = 

16 Hz), 152.8(d, JCF = 257 Hz).  19F NMR (471 MHz, CDCl3) !F 28.8 (1F, s).  IR (neat) 2958, 

2862, 1635, 1604, 1504, 1448, 1415, 1379, 1217, 974, 750, 688 cm-1.  HRMS Calcd for 

C21H20NF 306.1658 (M+); found 306.1642. 

 

4-Butyl-3,3-difluoro-2-phenyl-1,2,3,4-tetrahydroquinoline (2-8a) 

To a solution of isocyanide 2-2a (92 mg, 0.41 mmol) in toluene (3 mL) was added n-Bu3SnH 

(0.12 mL, 0.46 mmol) and a catalytic amount of AIBN under argon.  The reaction mixture 

was heated at 80 °C for 1 h and removal of the solvent under reduced pressure.  PhI (83 mg, 

0.40 mmol), Pd(PPh3)4 (39 mg, 0.034 mmol), and CuI (32 mg, 0.17 mmol) were added to a 

solution of the residue in DMF (3 mL) at room temperature.  After the reaction mixture was 

stirred for 2 h at 80 °C, the reaction was quenched with phospahte buffer (pH 7) and the 

mixture was filtered through Celite.  Organic materials were extracted with Et2O three times.  

The combined extracts were washed with aq. KF, brine and dried over MgSO4.  After 

removal of the solvent under reduced pressure, NaBH4 (9.8 mg, 0.41 mmol) was added to a 

solution of the residue in CH2Cl2 (3 mL) at room temperature under argon.  The reaction 
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mixture was stirred for 12 h at room temperature and the reaction was quenched with sat. 

NaHCO3.  Organic materials were extracted CH2Cl2 three times.  The combined extracts 

were washed with brine and dried with MgSO4.  After removal of the solvent under reduced 

pressure, the residue was purified by PTLC on silica gel (hexane-AcOEt 5:1) to give 2-8a (54 

mg, 43%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 0.83 (3H, t, J = 7.1 Hz), 1.18-1.32 (4H, m), 1.44 (1H, qtdd, J = 

7.1, 7.1, 5.2, 0.8 Hz), 1.75-1.83 (1H, m), 3.23 (1H, dddd, J = 9.4, 4.4 Hz, JHF = 17.9, 5.7 Hz), 

7.20 (1H, dd, J = 7.5, 1.5 Hz), 7.26 (1H, ddd, J = 7.5, 7.5, 1.2 Hz), 7.36 (1H, ddd, J = 7.5, 7.5, 

1.5 Hz), 7.44-7.51 (3H, m), 7.59 (1H, dd, J = 7.5, 1.5 Hz), 7.95 (2H, d, J = 7.4 Hz).  13C NMR 

(126 MHz, CDCl3) ! 13.8, 22.6, 28.8(dd, JCF = 7, 4 Hz), 44.5(dd, JCF = 23, 23 Hz), 117.3(dd, 

JCF = 256, 256 Hz), 128.0, 128.3, 128.4, 128.5, 128.6, 128.7, 130.7, 134.1(d, JCF = 3 Hz), 

141.4(d, JCF = 3 Hz), 159.4(dd, JCF = 29, 29 Hz).  19F NMR (471 MHz, CDCl3) !F 47.1 (1F, 

dd, JFF = 273 Hz, JFH = 6 Hz), 67.2 (1F, dd, JFF = 273 Hz, JFH = 18 Hz).  IR (neat)! 2956, 

2862, 1479, 1446, 1344, 1219, 1180, 1128, 1113, 1049, 771, 692 cm-1
.  HRMS Calcd for 

C19H21NF2 302.1720 (M+); found 302.1695. 

 

4-(4-Butyl-3,3-difluoro-1,2,3,4-tetrahydroquinolin-2-yl)acetophenone (2-8b) 

1H NMR (500 MHz, CDCl3) ! 0.83 (3H, t, J = 7.1 Hz), 1.18-1.33 (4H, m), 1.46 (1H, tqd, J = 

7.2, 7.2, 5.0 Hz), 1.75-1.84 (1H, m), 3.23 (1H, dddd, J = 8.9, 4.4 Hz, JHF = 18.3, 6.1 Hz), 7.22 

(1H, dd, J = 7.3, 1.3 Hz), 7.30 (1H, ddd, J = 7.3, 7.3, 1.3 Hz), 7.39 (1H, ddd, J = 7.3, 7.3, 1.3 

Hz), 7.60 (1H, dd, J = 7.3, 1.3 Hz), 8.03-8.08 (4H, m).  13C NMR (126 MHz, CDCl3) ! 13.7, 

22.6, 26.7, 28.5, 28.7(dd, JCF = 4, 4 Hz), 44.4(dd, JCF = 23, 23 Hz), 117.2(dd, JCF = 246, 246 

Hz), 128.1, 128.4, 128.5, 128.8, 128.9, 129.0, 138.1, 138.2, 141.2, 158.2(dd, JCF = 29, 29 Hz), 

197.6.  19F NMR (471 MHz, CDCl3) !F 46.9(1F, dd, JFF = 275 Hz, JFH = 6 Hz), 67.3(1F, dd, 

JFF = 275 Hz, JFH = 18 Hz).  IR (neat) 2958, 2864, 1684, 1608, 1358, 1263, 1219, 1188, 1128, 

1113, 1047, 771, 746, 667, 619 cm-1
. 

 

4-Butyl-3,3-difluoro-2-naphthalen-1-yl-1,2,3,4-tetrahydroquinoline (2-8c) 

1H NMR (500 MHz, CDCl3) ! 0.85 (3H, t, J = 7.3 Hz), 1.21-1.40 (4H, m), 1.52-1.60 (1H, m), 

1.82-1.90 (1H, m), 3.28 (1H, dddd, J = 9.8, 4.9 Hz, JHF = 17.5, 4.9 Hz), 7.25 (1H, dd, J = 7.5, 

1.0 Hz), 7.30 (1H, ddd, J = 7.5, 7.5, 1.0 Hz), 7.40 (1H, ddd, J = 7.5, 7.5, 1.4 Hz), 7.49-7.57 

(3H, m), 7.62 (1H, dd, J = 7.5, 1.0 Hz), 7.76 (1H, d, J = 9.0 Hz), 7.89 (1H, dd, J = 9.0, 2.9 Hz), 

7.96 (1H, d, J = 9.0 Hz), 8.31 (1H, dd, J = 9.0, 2.9 Hz).  13C NMR (126 MHz, CDCl3) ! 13.8, 
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22.6, 28.6 (dd, JCF = 7, 3 Hz), 28.8, 44.5 (dd, JCF = 23, 23 Hz), 116.5(dd, JCF = 256, 246 Hz), 

124.6, 125.4, 126.1, 127.0, 127.3, 127.4, 128.2, 128.5, 128.6, 128.6, 128.7, 130.5, 131.2, 131.4, 

134.0, 141.3, 161.0(dd, JCF = 32, 22 Hz).  19F NMR (471 MHz, CDCl3) !F 45.2 (1F, dd, JFF = 

272 Hz, JFH = 5 Hz), 66.5 (1F, dd, JFF = 272 Hz, JFH = 18 Hz).  IR (neat) 3049, 2956, 2862, 

1589, 1508, 1477, 1456, 1219, 1192, 1174, 1130, 1111, 1182, 1038, 949, 800, 771 cm-1.  

HRMS Calcd for C23H23NF2 352.1877 (M+); found 352.1880. 

 

&'(&*+.,  

[2-(3-Fluoro-4-isopropylquinolin-2-yl)phenyl]carbamic acid tert-butyl ester (1-4t) 

1H NMR (500 MHz, CDCl3) ! 1.48 (9H, s), 1.54 (6H, d, J = 7.1 Hz), 3.87 (1H, sept, J = 7.1 

Hz), 7.14 (1H, dd, J = 7.6, 7.6 Hz), 7.43 (1H, dd, J = 8.1, 8.1 Hz), 7.61 (1H, dd, J = 7.6, 7.6 

Hz), 7.69 (1H, d, J = 7.6 Hz), 7.70 (1H, dd, J = 8.1, 8.1 Hz), 8.10 (1H, d, J = 8.1 Hz), 8.15 (1H, 

d, J = 8.1 Hz), 8.25 (1H, d, J = 7.6 Hz), 9.87 (1H, s).  19F NMR (471 MHz, CDCl3) !F 39.1 

(1F, s).  IR (neat) 2962, 1718, 1585, 1458, 1365, 1215, 1157, 744 cm-1.  HRMS Calcd for 

C23H25N2FO2 381.1978 (M+); found 381.1954. 

 

[2-(4-Butyl-3-fluoro-quinolin-2-yl)phenyl]carbamic acid tert-butyl ester (1-4u) 

1H NMR (500 MHz, CDCl3) ! 0.98 (3H, t, J = 7.4 Hz), 1.48 (9H, s), 1.46-1.51 (2H, m), 

1.70-1.76 (2H, m), 3.11-3.15 (2H, m), 7.08-7.12 (1H, m), 7.40 (1H, dd, J = 7.6, 7.6 Hz), 7.57 

(1H, dd, J = 7.6, 7.6 Hz), 7.65-7.69 (1H, m), 7.70-7.72 (1H, m), 7.97 (1H, d, J = 7.6 Hz), 

8.07-8.09 (1H, m), 8.28 (1H, d, J = 7.6 Hz).  13C NMR (126 MHz, CDCl3) ! 13.7, 22.8, 24.4 

(d, JCF = 4 Hz), 28.3 (d, JCF = 4 Hz), 31.9, 79.8, 120.9, 121.9, 122.5 (d, JCF = 5 Hz), 123.3 (d, 

JCF = 5 Hz), 127.2, 127.5 (d, JCF = 3 Hz), 128.4, 129.6, 130.2, 130.8 (d, JCF = 10 Hz), 134.0 (d, 

JCF = 15 Hz), 138.0, 143.9 (d, JCF = 4Hz), 148.2 (d, JCF = 16 Hz), 152.5 (d, JCF = 258 Hz), 

153.1.  19F NMR (471 MHz, CDCl3) !F 36.0 (1F, s).  IR (ZnSe) 3283, 2958, 1724, 1583, 

1520, 1230, 1157, 912 cm-1.  HRMS Calcd for C24H27N2FO2 395.2135 (M+); found 395.2109. 

 

11-Isopropylquindoline (2-9a) 

Anhydrous pyridinium chloride (5.3 g) was added at 180 °C to the 1-4t (107 mg, 0.28 mmol) 

and the solution mixture was refluxed for 15 h at 180 °C.  The resulting solution was poured 

into a 2M aqueous ammonia solution (10 mL).  Extraction of the aqueous layer with EtOAc, 

drying over MgSO4, filtration and solvent removal affored to a crude product which was 

purified by column chromatography on silica gel (hexane-AcOEt 2:1) to give 2-9a (49 mg, 
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66%) as a yellow solid. 

1H NMR (500 MHz, (CD3)2SO, 100 °C) ! 1.66 (6H, d, J = 7.2 Hz), 4.18 (1H, sept, J = 7.2 Hz), 

7.26 (1H, dd, J = 7.7, 7.7 Hz), 7.52-7.65 (5H, m), 8.22 (1H, d, J = 7.7 Hz), 8.35 (1H, d, J = 8.6 

Hz), 10.7 (1H, s).  13C NMR (126 MHz, (CD3)2SO, 100 °C) ! 20.6, 26.7, 111.1, 111.3, 118.7, 

118.8, 120.7, 120.8, 122.6, 122.9, 124.0, 125.0, 128.9, 129.6, 130.5, 143.9, 145.6.  HRMS 

Calcd for C19H18N2 275.1548 (M+); found 275.1553. 

 

11-Butylquindoline (2-9b) 

Anhydrous pyridinium chloride (5 g) was added at 180 °C to the 1-4u (110 mg, 0.28 mmol) 

and the solution mixture was refluxed for 12 h at 180 °C.  The resulting solution was poured 

into a 2M aqueous ammonia solution (10 mL).  Extraction of the aqueous layer with EtOAc, 

drying over MgSO4, filtration and solvent removal affored to a crude product which was 

purified by column chromatography on silica gel (hexane-AcOEt 2:1) to give 2-9b (58 mg, 

75%) as a yellow solid. 

1H NMR (500 MHz, CDCl3) ! 0.90 (3H, t, J = 7.9 Hz), 1.42 (2H, tq, J = 7.9, 7.9 Hz), 1.79 (2H, 

tt, J = 7.9, 7.9 Hz), 3.29 (2H, t, J = 7.9 Hz), 7.29 (1H, dd, J = 7.7, 7.7 Hz), 7.49 (1H, d, J = 7.9 

Hz), 7.55 (1H, dd, J = 7.7, 7.7 Hz), 7.56 (1H, dd, J = 8.4, 8.4 Hz), 7.65 (1H, dd, J = 8.4, 8.4 

Hz), 8.13 (1H, d, J = 8.4 Hz), 8.35 (1H, d, J = 8.4 Hz), 8.50 (1H, d, J = 7.7 Hz), 8.64 (1H, s).  

13C NMR (126 MHz, CDCl3, 50 °C) ! 13.9, 23.2, 27.1, 31.9, 111.0, 120.4, 122.3, 122.8, 123.1, 

125.0, 125.8, 126.0, 126.1, 129.6, 130.2, 131.6, 143.6, 145.1, 145.9.  IR (ZnSe) 3018, 2954, 

2927, 1616, 1566, 1495, 1338, 1217, 769 cm-1
.  HRMS Calcd for C20H20N2 289.1705 (M+); 

found 289.1714. 

 

11-Isopropylcryptolepine (2-5a) 

MeI (1 mL, 6.6 mmol) was added to a solution of 2-9a (47 mg, 0.18 mmol) in THF (3 mL), 

and the mixture was refluxed for 20 h.  After ccoling to r.t., the precipitate was collected to 

afford the yellow 2-5a•HI.  Cryptolepine 2-5a was liberated from its hydroiodide by 

treatment with 5% Na2CO3 and extraction with CHCl3, Chromatography over neutral alumina 

(CH2Cl2-MeOH 99:1) afforded 2-5a (30 mg) in 61% yield. 

1H NMR (500 MHz, CDCl3, 50 °C) ! 1.84 (6H, d, J = 7.3 Hz), 4.73 (3H, s), 4.97 (1H, sept, J = 

7.3 Hz), 6.93 (1H, dd, J = 8.3, 8.3 Hz), 7.44 (1H, dd, J = 8.3, 8.3 Hz), 7.59 (1H, dd, J = 8.4, 

8.4 Hz), 7.76 (1H, dd, J = 8.4, 8.4 Hz), 7.92 (1H, d, J = 8.3 Hz), 8.09 (1H, d, J = 8.3 Hz), 8.11 

(1H, d, J = 8.4 Hz), 8.66 (1H, d, J = 8.4 Hz).  13C NMR (126 MHz, CDCl3, 50 °C) ! 22.3, 
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29.1, 38.3, 113.2, 114.0, 114.4, 115.7, 117.3, 120.3, 122.8, 122.9, 123.5, 126.9, 128.2, 130.4, 

133.7, 137.9, 146.6.  IR (ZnSe) 2873, 1616, 1576, 1456, 1371, 1338, 1215, 739 cm-1.  

HRMS Calcd for C20H20N2 289.1705 (M+); found 289.1728. 

 

11-Butylcryptolepine (2-5b) 

MeI (0.51 mL, 3.4 mmol) was added to a solution of 2-9b (31 mg, 0.11 mmol) in THF (3 mL), 

and the mixture was refluxed for 20 h.  After ccoling to r.t., the precipitate was collected to 

afford the yellow 2-5b•HI.  Cryptolepine 2-5b was liberated from its hydroiodide by 

treatment with 5% Na2CO3 and extraction with CHCl3, Chromatography over neutral alumina 

(CH2Cl2-MeOH 10:1) afforded 2-5b (19 mg) in 57% yield. 

1H NMR (500 MHz, (CD3)2SO) ! 0.93 (3H, t, J = 7.4 Hz), 1.49 (2H, tq, J = 7.4, 7.4 Hz), 1.75 

(2H, tt, J = 7.4, 7.4 Hz), 3.75 (2H, t, J = 7.4 Hz), 4.84 (3H, s), 7.00 (1H, dd, J = 7.7, 7.7 Hz), 

7.49 (1H, dd, J = 7.7, 7.7 Hz), 7.67 (1H, d, J = 7.7 Hz), 7.71 (1H, dd, J = 6.7, 6.7 Hz), 7.89 

(1H, dd, J = 6.7, 6.7 Hz), 8.43 (1H, d, J = 7.7 Hz), 8.48 (1H, d, J = 6.7 Hz), 8.49 (1H, d, J = 

6.7 Hz).  13C NMR (126 MHz, (CD3)2SO) ! 14.1, 22.9, 27.2, 32.7, 39.2, 114.4, 116.5, 117.2, 

119.2, 122.5, 123.8, 125.0, 125.5, 128.3, 128.5, 129.9, 133.1, 137.0, 140.5, 167.1.  IR (ZnSe) 

2956, 2929, 2870, 1620, 1489, 1458, 1371, 1340, 1215, 741 cm-1.  HRMS Calcd for C21H22N2 

303.1861 (M+); found 303.1851. 

 

1H NMR (500 MHz, CDCl3, 50 °C) ! 0.98 (3H, t, J = 7.4 Hz), 1.60 (2H, tq, J = 7.4, 7.4 Hz), 

1.90 (2H, tt, J = 7.4, 7.4 Hz), 3.84 (2H, t, J = 7.4 Hz), 4.63 (3H, s), 6.93 (1H, ddd, J = 8.5, 8.5, 

1.2 Hz), 7.46 (1H, dd, J = 8.7, 8.7 Hz), 7.57 (1H, ddd, J = 8.5, 8.5, 1.2 Hz), 7.74 (1H, dd, J = 

8.7, 8.7 Hz), 7.91 (1H, d, J = 8.7 Hz), 8.01 (1H, d, J = 8.7 Hz), 8.07 (1H, dd, J = 8.5, 1.2 Hz), 

8.37 (1H, dd, J = 8.5, 1.2 Hz).  13C NMR (126 MHz, CDCl3, 50 °C) ! 14.0, 23.4, 28.0, 33.0, 

37.9, 114.3, 115.3, 116.9, 120.7, 123.0, 123.1, 123.5, 126.0, 128.1, 130.1, 133.2, 137.6, 141.8, 

144.7, 160.4. 
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!"# ! $%&'()*+',-'./0123045678&

9:;<=>?)=./0@/A 

 

BCD ! EF  

 

! !GHI#JKH&'()L'MN5OPQ&'(),-'./01RSH

TU@VWXL-(NYZ[\Q]'^_1`ROaH&'()bc%Nd@

/AefSPghaij#5k@!l#JKH&'()L'MN5OP$%&

'()*+',-'./0emnOHTU1RSa&'()L'b'o1p6

7qr;Hs<=@>?)=./0@/AefSPgh7it!"#u;<=

vAwxH!l#us<=vAwxy 

z{J|ghaZ}eH$%&'()*+',-'./05~��5@w

xKHo4@��o R15~��@��/������U7�e�����ai

TU�J���UPS7��1 Table 3-1 e�5�P�6 1iEntries 1, 2e�6

Z}eH��o R1�L'b'o@o4JKHL'b'%+��5Kwx67

�H&�-'%+��JK^_K���T��SiR1 1&�-'oHL�'

oH&9: W@Z}�¡W~¢oe67T5JH£¤¥¦�@~��J^_

�§¨67Z}e�7� (Entries 3, 4, 6-8)HR1�&�-'o@©/J|ª«?

'ªc\¬$5@wxK§¨O�S(Entry 5)iT@Z}eH$%&'()*+

',-'./05~��5@wxKHG­®e¯°�±²��7a�H/A.

³¥�xRK��UPSai 
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R1

F3C F2C

R1

Nu

R1

F2
C

Nu

F

NuM – F–

Table 3-1. !"#$%&'()*+,-./+01234567

R2 R2
R2

Entry R1 R2 NuM Yield/% Ref.

1 RLi (R = Alkyl) 0–90 1aPh(CH2)3 H

2 0 1aPh(CH2)3 H PhLi

3 RLi (R = Alkyl, Vinyl, Ph) 65–93 1aPh H

4 60–90 1aPh H R2NLi

5 Ester enolate 0 1aPh H

6 54 1bCO2Na H LiAlH4

8 21–92 1dF NMe2 RMgBr (R = Alkyl, Vinyl, Alkynyl, Ar)

9 65–86 1eH H Ph(CH2)nCH=C(OLi)Ot-Bu  n = 1, 2

10 0 1eH H LiCPh(CO2Et)2

7 66 1cCO2Bn H (n-Hex)2MgCu

/ THF

or Et2O

 

 

 ´TJµ¶KH$%&'()*+',-'./0@��wx1VWXJ¨·

¸HªN$)¹¬¥ep`e�7a�Hºwx@»§�¼½J°75¾·ai

TUeZ¿H£¤¥ÀS~��1RSP|��wx�§¨OH$%&'()*

+',-'o5~�ÁÂ1&�-ÃNÄ (ÅNÆN= )JÇSÈo4ÈÉJ�

�H*+ÃNÄ(L'b'o)JÇSÈo4J|��wx�§¨67|@5¾·

aiT@wx@ÊËÌ1 Scheme 3-1e�6i 

!  
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!"#$

%&#$

– F–
Y

n

CF2

I II

H+

III

CF3

n = 0, 1

Y
n

Y
n

CF2H

Y
n

CF3

Y
n

CF3

Y = N, S, C

Scheme 3-1. '()*+,-.*/012345!"678%&#$

– HF

IV

Y

n

CF3
– H2

 

 

$%&'()*+',-'./0@VWX��wx�§¨675HQ&'

()*+ÃNo1|f>?)=./0 I �/AJ°7T5e�7iGÍH$%

&'()*+'o@Î�J^_ÏÐÑJ�7L-(Nr�Ò�.�U7@JH

Ó)$N®ÔÕÖJwx1¨·¸H&9.0×(N�ØÙ67ÚeÓ)$N.

�UH$%&'()*+'o1|f>?)=./0 III @/A|¼½J°7i

VWXwx@ÛÂ®1`ROP I Ü III �/AJ°U¸H´@ÝÞßà.1¨

}T5JHQ&'()*+'oÜ$%&'()*+'o1|f>?)=./0

II Ü IV á@âã|äåJ�75¾·ai6��æHqr&'()L'b'o

1p67>?)=./0�HçG@2304è�éêe/AJ°7T5e�7i 

´TJµ¶KH$%&'()*+',-'./0@VWX��Ü^_wx

eZ¿H$%&'()*+'(CF3)oÜQ&'()*+'(CF2H)oHQ&'(

)*+ÃNo (CF2=)@Z}�&'()L'b'o1p67;<=./0J�

7×ëbc%Ntj#!BCìíyHbc%Ntj#!BCBíyYZ[s<

=./0J�7×Nî¬'HÅNï+(&�NH¹)%QNH?$\ðî)+

(&�NH�ñ)òNóNt!l#y�ô@õö¥�/A÷@øù1nú6T

5eOai 
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N

Isoquinoline

N

Quinoline

N
H

Indole

S

Benzothiophene

N
H

Pyrrolidine

S

Tetrahydrothiophene Cyclopentane  

 

! 8û:;<=./0J�7×ëbc%NHbc%NKHüýeþÿ67L'

])×î@oj!"5OPH#¦�$S2�UPY¿H�aH%&'H(&H

)*@+A,:5OP|-,�./0.J�7 2ibc%N=1p67L']

)×î@/efSPK!G#@EFJ6Jeghai×ëbc%N=1p67

L'])×î@/10175H23�5OPRS�UPS744Å%N��7i

´@5H67@8L'])×îJ�7ª*+NKH9:;R1pO<6�5O

PRS�UPY¿H�a='>+NK 2?�5OPRS�UPS7 (Fig. 3-1)i 

 

N

OMe

OMe

MeO

MeO

Papaverine (!"#)

HN

N

MeO

MeO

Emetine ($%#)

NMe

O

O

MeO
O

O OMe

OMe

Narcotine (!&#)

Figure 3-1. '()*+,-./0'1

 

 

@�PH!"e CF3oÜ CF2H oHQ&'()*+ÃNo(CF2=)�ô@&'

()L'b'o1p67×ëbc%NÜbc%NdKH&9:./0eO¸O

¸$�U7AB�CDE®@3F�¼½J°7a� 3HG�PHIJS./0

5S·7i/·¸HKL\%L M�5OPHbc%N!"e CF3o1p67

*&)b¬N�OR.�UPS7�HTUKP�è�`R�UPS7b-Ne
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Q67R® Me|pÎJ�7 (Fig. 3-2)4i 

 

Figure 3-2.

N

CF3

CF3

HO
N
H

Mefloquine

N

MeO

OH

N

Quinine  

 

! q&'()L'b'o@®4efSP$75HCF3o1pS./0eãT6

75HUS¡W~¢o5OPV°HWX®�YO�Z¯67[\��7 5iCF2H

oKX:�/@]^Ñ5�7�H~�®�_�`SWX®1pOHðî)b�

oÜLaco5K®41Be67 6i�aHCF2H oKðî)b�o@b×(×

ë«ó¬5OP|c�UHCDE®04á@ãT�dn�UPS7��oJ|

�7 7iQ&'(),-%eNoKH~¡W®1p67��oJ�¿H�a]

'f-'o@b×(×ë«ó¬5OP¼½�UPS7 8i 

CF3 o1p67×ëbc%NÜbc%N@/AeKHCF3 .�1RS7g÷

5HCF3o1|f/Ah)9ñ123045OPn¥@./0áâã67ìf

@g÷��7iCF3 .�@ij¥�/5OPH$%&'()*+'k (CF3Cu) 

(Scheme 3-2)9Ü$%&'()*+'\Q]'(CF3•)1RS7g÷ (Scheme 3-3)10

��7i 
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Scheme 3-2. CF3Cu!"#$%&'()*+'()*, CF3-

CF3I
Cu

130-140 °C

/ DMF

N

Cl

N

CF3

30%

Scheme 3-3. CF3./01!"#$%&'()*,CF3-

CF3Br
h!

/ CH3CNN N

CF3 1-CF3 : 2%

4-CF3 : 2%

5-CF3 : 8%

8-CF3 : 2%

CF3I
Cu

130-140 °C

/ DMF
N

X

N

CF3

X = 4-Cl  (11%)

X = 2-Cl  (10%)

X = 2-I (60%)

 

 

OèOHScheme 3-2 e�6wxK`Swxlm�n,J�¿H Scheme 3-3

JKÂ�op®Üqre����7i�aHl&9.st(SF4)eZ�P]'

fb�o1 CF3oeu�67g÷��7 (Scheme 3-4)11�HSF4KG�P`Sv

®1pOPS7a�(w«xN@ìy5S�U7)12Hz{@O|}JK~¿�

Sed�1,67i  

 

Scheme 3-4. SF4!"#$%&'()&*+CF3*,+-.

SF4

N NCO2H CF3

72%  

 

GÍHCF3o1|f/Ah)9ñ1`ROH×ëbc%NÜbc%Náâã

67©/H$%&'()L�+'o1|f2304�RS�U7T5�¦Si

/·¸H$%&'()L�$&�cN123045OHPictet-Gams =.1`

ROP 4-$%&'()*+'×ëbc%N�/A�UPS7 

(Scheme 3-5)13i 
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Scheme 3-5. Pictet-Gams !"#$

OMe
F3C

O
1) NaCN

2) (MeO)2SO2
OMe

NC

OMeF3C NaBH4

CoCl2
OMe

OMeF3C

NH2

Ac2O
OMe

OMeF3C

NHAc

POCl3
OMe

OMeF3C

N

Me

KOH
OMe

N

Me

CF3

65% 61%

98%

81% 85%  

 

! Grunewald �KH$%&'()��ª+'5ÅNQ'�%-�¬'�&Z¿

���U7$%&'()*+'M$Nè�Hs«?9ÓJB-$%&'()*

+'?$\ðî)×ëbc%N1/AOPS7(Scheme 3-6)14i 

 

Scheme 3-6.

CF3CO2Et

BnMgCl
/ Et2O

O

CF3

/ H2O–EtOH N

CF3
NH2OH

NaOAc

OH

/ THF NH2

CF3LiAlH4

/ Py–CH2Cl2
NHCO2Me

CF3ClCO2Me

NH

CF3
PPA

O

NH

CF3BH3•THF

86% 92%

75% 54%

75% 50%  

 

Uneyama �KHp-$'×QN5$%&'()��Z¿��äå���.$%

&'()L�$×aî×'5Lñ%'�*+'è�H Pd ��1RSa Heck �

L'M-'.5¡W=�wx1�PH2-$%&'()*+'bc%N@/A1
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��OPS7(Scheme 3-7)15i 

 

Scheme 3-7. !"#$%&$'()*+ 2-,-.'/012'34-5678

CO2Me

Pd2(dba)3•CHCl3
NF3C

CO2Me

NF3C

CO2Me

Pd / C

190-200 °C

/ Nitrobenzene

95% Quant.

H2N

CF3CO2H

PPh3, Et3N

reflux / CCl4 NF3C

Cl NaI

/ Acetone NF3C

I

51% (2 steps)

/ Toluene

 

 

! 4-$%&'()*+'bc%N@/A/5OPHJiang �K ZnCl21RSHo-

$%&'()L�+'L-%N@L'b-'.5=.1 one-pot J¨}g÷1

��OPS7i�a Schlosser �KHL-%N5 4,4,4-$%&'()L�$��

ª«?'Z¿ 4-$%&'()*+'-2-bc%cN��OH4-$%&'()*

+'bc%N1/AOPS7(Scheme 3-8)16, 17i 

 

NH2

F3C

O

CO2Et

N
H

O

CF3

34%

N

CF3

66%

POBr3

Br

Scheme 3-8. 4-!"#$%&'($ )*"+,-.

R

NH2

O

CF3
H

Ph

ZnCl2

Et3N
R

NH2

CF3
HO

Ph

–H2O

R

N

CF3

Ph

R = p-Cl, p-MeO, p-CF3, H

45–65%

110 °C

 

 

OèO��� Scheme 3-5 è� 3-8 e�Oa/Ah)9ñ1RS7g÷KH
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S�U|n¥01�7�Je¦��@wx1n,5Oa¿Hn¥@ CF3.Ñ@

qr��V5KF·�SiT@a�HCF3o1|f×ëbc%N=Übc%N

=@`qrèfÎr¥�+�÷@�3���UPS7i�aH CF2H oÜQ&

'()*+ÃNo1p67×ëbc%NÜbc%Ne��PKH/A�Ua/

��È���UPS�Si 

´TJH$%&'()*+',-'./0123045OPHqr&'(

)L'b'o1|f×ëbc%Ndtj#!BCìíyÜbc%N@/Atj

#!BCBíy1��7T5eOai  

×ëbc%N@/AeYSPKHScheme 3-9 e�6Z}eH('$Âe$

�'Laî*+'o1|f� -$%&'()*+'«+ÃN1RSHVWÐJ

K§¨Oe�S$�'La�¬$×(N eZ7VWX��1¨SH�ÂeQ&

'()*+ÃNo1p67?$\ðî)×ëbc%N@/A1��Oai�aH

¡W~¢®@US CF3 o@Î�J(Ã&�NÁÂ@~¡W®�`��PS7

T5è�HL-(Nr13C����P|=.�§¨67@JK�Sè5¾·

ai´TJH('$Âe×aNÁÂÜ(b��1|f� -$%&'()*+'

«+ÃN1RSHTU@×acoû:@Z7VWX^_1��Oai��@w

x�§¨6U¸H�Âe CF3o1p67Qðî)×ëbc%NâãÑ�CA6

7i��eTU�@ØX:ÜØ HF eZ7Þßà.1¨}T5�J°U¸H

CF2HoÜ CF3o1p67×ëbc%NâãÑ���U7T5e�7i  
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– HF

CF3

HN

Scheme 3-9. !"#$%&'(%)%*+,-./)0123456

CF3

TsN

CF3

HON

CF2

TsN

CF3

N

CF3

N
O

CF3

N
or

CF2H

N

CF2H

N
O

–H2

–HF

or –HF

 

 

BCì ! �Âe&'()L'b'o1|f×ëbc%Nd@/A  

BCìCD! ('$Âe$�'Laî*+'oÜw'a'o1|f� -$%&

'()*+'«+ÃN@/A 

 

Jiang �KH2-h)� -3,3,3-$%&'()Ó)òNHL�N���H$%*+

'f\¬$1 THF ÏH}lJ# Ðwx��H¡Ýe¢�£D67T5J� -

$%&'()*+',-'f)N� 3-1 ���U7T51��OPS7i��

e Jiang �KH��Uaf)N� 3-1 1RSH4\Q����þÿÖHL%¬

'¤\×î5@¥¦ñ)«]9Ó%N�1¨}T5eZ¿HQx67� -$%

&'()*+'«+ÃNâãÑ1`qrJ/AOPS7 (Scheme 3-10)18i 
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BrF3C
Mg B(OMe)3+ +

B(OH)2F3C

/ THF

r.t., 4 h

Scheme 3-10. Suzuki cross-coupling of boronic acid 3-1 with ArX

B(OH)2F3C
+ ArX

ArF3C

 Pd(PPh3)4 (2 mol%)

 70 °C / Toluene–MeOH

3-1

3-1 90%

 Na2CO3 (aq.)

Ar = Ph (95%), m-CF3C6H4 (96%),

 p-MeO2CC6H4 (90%)  

!  

! ´TJH=.wx@23045�7 o-���-$%&'()*+'«+ÃN

@/AK Scheme 3-10@g÷e§SH´@Ýn,ex¨P©åou�1¨}T

5eOai 

! ('$Âe$�'Laî*+'o1|f� -$%&'()*+'«+ÃN

3-4 @/AeK��H4\Q����þÿÖHf)N� 3-1 5 2-�¬îÅNQ

'L'>¬'5@¥¦]9Ó%N�1¨S� -$%&'()*+'«+ÃN

3-2 1/AOaiª«wx 19J NTsBoc o1ãTO 3-3 5OaÝH$%&'(

)��J Boc o1¬967T5eZ¿H 3-4 1/AOa(Scheme 3-11)i 

 

F3C B(OH)2

TsNHBoc (1.5)

CF3CO2H (10)

Scheme 3-11.

3-1

 Na2CO3 (aq.)

80 °C, 6 h

3-2 89%
/ Toluene–MeOH

r.t., 2 h

  / CH2Cl2
3-3 91%

CF3

 Pd(PPh3)4 (2 mol%) CF3

HO
+

I

HO

(0.8)

PPh3 (3.0)

DEAD (2.5)
BocN

/ THF

r.t., 4 h

3-4 96%

CF3

HN
TsTs

 

 

! �aH('$Âew'a'o1|f� -$%&'()*+'«+ÃN 3-5 @
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/AeKHScheme 3-11 5º­@g÷1RSP Hf)N� 3-1 5 2-�¬îÅN

®L'eðî5@¥¦]9Ó%N�1¨S��Oa  (Scheme 3-12)iTTJR

Sa 2-�¬îÅN®L'eðîKH 2-�¬îÒ¯ß�1 BH3•THF J°±OP

G² 2-�¬îÅNQ'L'>¬'5OHTU1I�.LN³NJ�.67T

5eZ¿/AOai 

!  

I

CO2H

BH3•THF (1.5) I

OH

MnO2 (10) I

CHO
r.t., 24 h
/ THF

 90%

 r.t., 24 h
/ CH2Cl2

 86%

F3C B(OH)2

OHC

Scheme 3-12.

3-1

 Na2CO3 (aq.)

80 °C, 8 h

3-5 90%
/ Toluene–MeOH

 Pd(PPh3)4 (2 mol%) CF3

+

I

OHC

(0.8)

 

 

´µ Scheme 3-11 5 3-12 e�Oag÷eZ¿H=.wx@23045�7

�-$%&'()*+'«+ÃN 3-4, 3-5 1/A67T5�J°aikeTU

�1RSa=.wx@��efSP¶egh7i  

 

BCìCì! VWX��1`R67 4-Q&'()*+ÃN?$\ðî)×ë

bc%N@/A 

 

Scheme 3-11e�Oag÷J/AOa$�'Laî 3-4 e¢o1;R��H

3C67$�'La�¬$×(NeZ7&9.0×(N@ØÙ1·}VWX

��1¨SH�ÂeQ&'()*+ÃNo1p67?$\ðî)×ëbc%N

3-6 @/A1��Oa (Table 3-2)i3-4 e DMF Ï NaH 1;R��H 80 °C J 8

 Ð¸¹Oa5TºH¼½OaCA0J�7 3-6 � 42%@qrJ��Ua

(Entry 1)iwxlm1 120 °C e675HwxKB ÐJ»¼OH 44%@qr
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3-6 1�7T5�J°a (Entry 2)i¢o5OP KH 1RSH120 °C J 2  Ð¸

¹675H 78%@qrJ 3-6 1�7T5�J°a(Entry 3)iTUKHû:~�

r�×(N®@US]%��¢5��aT5JH~�½�\µOHVWX��

�¾¿e§¨67Z}e��aa�5¾·�U7i��eH3-6 è�Ø«'&

�N��§¨OHQ&'()*+ÃNo�XÁáB®.6U¸H �Âe CF2H

o1p67×ëbc%N 3-7 ���U7@JK�Sè5¾·H 3-4 e DMF Ï

ÀÁÂ@ KH 1;R�� ai120 °C J 2  Ð¸¹Oa�HØ HF Ñ 3-6 � 77%

@qrJ��UHÃ¼Oa 3-7 @CAKøÄJ°�è�a (Entry 4)i´µ@�

�1�5�P Table 3-2 e�6i 

 

3-4

CF3

HN

Table 3-2. Synthesis of 4-difluoromethylene-1,2,3,4-tetrahydroquinoline 3-6

Ts

CF3

TsN

Base

/ DMF

CF2

TsN

– F–

3-6

Entry Base (eq) Conditions 3-6 / % Comments

1 NaH (1.5) 80 °C, 8 h 42 3-4 3% recovered

2 NaH (1.5) 120 °C, 3 h 44

3 KH (1.5) 120 °C, 2 h 78

4 KH (2.5) 120 °C, 2 h 77

CF2

TsN

3-6

– TolS(O)OH

CF2

N

CF2H

N

3-7

5 DBU (0.3) 120 °C, 2 h 9 3-25 44%

CF3

TsN

3-25

 

 

T@VWX=.5£¤67a�HN-Ó)¹'$�'Laî5� -$%&'(

)*+'«+ÃN5@VWÐwx1��Oa�HQx67 gem-Q&'()L

'MNKÅÆÂOè��U�è�a (Scheme 3-13)i 
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Scheme 3-13.

trace

Ph
n-Pr–NTs

80 °C, 8 h

NaH (1.3)

/ DMF

CF3

Ph

CF2

n-Pr–N
H Ts

 

 

T@Z}eHVWÐJK§¨Oe�S$�'LaîeZ7��wx1VW

XwxeÇR675H6-endo-trig =.�¾¿e§¨OH�ÂeQ&'()*+

ÃNo1p67?$\ðî)×ëbc%N 3-6 1ÈÉ�qrJ�7T5�J

°ai 

 

BCìCB! ×aN@VWX^_1`R67 4-$%YZ[Q&'()*+'

×ëbc%Nd@/A 

 

! $%&'()*+',-'./0@L'MNÁÂKH¡W~¢®@US CF3

o@Î�J`S~¡W®1p67iZ�PHL-(Nr13C����P|H

×aNÜ(b��@×acoû:eZ7VWX^_�§¨675¼½J°7i 

��H×aN1RSa��5OPH Scheme 3-11J/AOa('$Âew'

a'o1|f �-$%&'()*+'«+ÃN 3-5 1HDMF-H2O(10:1)Ê/Ë�

ÏHNH4OAc J£DOai´@��HõÏe×aN 3-8 �C¨HÌSP×ac

oû:eZ7VWX^_�§¨Oa5Í�U7H�Âe CF3 o1p67 3,4-

Qðî)×ëbc%N 3-9 � 84%5S}ÈÉ�qrJ��Ua (Scheme 3-14)i 

 

CF3

OHC

Scheme 3-14.

NH4OAc (5.0)

r.t., 5 h

CF3

N

CF3

3-9  84%3-5

/ DMF–H2O

(10 : 1)

HN

3-8  

! º¨wx1X1_·�e DMFÏJ¨�a©/H3-9@qrK 73%J��ai



[!"#] 

 

 

 

 

 

59 
 

TUKHDMF-H2O(10:1)Ê/Ë�e£h DMF JK NH4OAc @ËÎ®�Ï�H

�aÓ)$NÐ|�VJ�è� aa�5¾·PS7i 

�aj#BCìCìí@ Table 3-2e�Oa NaHÜ KH1¢o5OPRS7

$�'Laî@=.wxJKH_XÔÕJwx1¨�aa�H&9.0×(N

@ØÙ1·}VWX���§¨OaiTUeQOH Scheme 3-14 JKHwx�

$%&'()*+',-'oá@~�^_JÑ�¿H&9.0×(N@ØÙK

�T��è�aiTUKHõÏeXÜwx@§¨55|e NH4OAc è�C¨

7���þÿ67a�Ĥ _ÏÐÑ�ÒÜèeÓ)$N.1ÓÉaa�5¾·

PS7i 

T@Z}eHDMF-H2O Ê/Ë�Ï5S }Ó)$N®ÔÕÖJwx1¨}T

5JH&9.0×(N@ØÙeÛÔ67Ó)$N.1��OPVWX^_�§

¨OH�Âe$%&'()*+'o1p67Qðî)×ëbc%N 3-9 1�7

T5�J°ai 

�a Scheme 3-14 5º­@wx1H CF3o1 Me oe�°�·ao4J¨�

P�a5TºH=.ÑK��U�è�a (Scheme 3-15)iT@T5è�H6Õ¡

W=�wx@äå®1Ö�eK×�J°�S|@@H Scheme 3-14 JK CF3o

@US¡W~¢®eZ¿L'MN@~¡W®�`�7T5JH×acoû:e

Z7$%&'()*+',-'oá@VWX^_�»§�Ua5¾·PS7i 

 

Me

OHC

Scheme 3-15.

NH4OAc (5.0)

r.t. !70 °C, 2 h
N

Me

/ DMF–H2O

(10 : 1) 0%

Me

HN

 

 

keHScheme 3-14 J��Ua 4-$%&'()*+'Qðî)×ëbc%N

3-9 è�H×ëbc%Ná@âã.1��Oai6��æ 3-9 e¢o1;R�

�Ø HF 1¨SHC¨7 exo-*+ÃNÁÂ�=XÁáB®.6U¸H�ÂeQ

&'()*+'o1p67×ëbc%N 3-7 ���U7T5e�7 (Scheme 
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3-16)i 

N

CF3

3-9

Base

N

CF3

N

CF2

–F
–

N

CF2H

3-7

Scheme 3-16.

 

 

´TJHØ HF 1¨}a�@¢o1��Oai THF ÏH4-$%&'()*+'

Qðî)bc%N 3-9e LDA1;R��a� H¦#@CA0�C¨a (Entry 1)i

´TJHZ¿ÀS¢oJ�7 DBU 1HDMF Ï 3-9 e;R��a5TºH¼½

OaØ HF CA0���UaiC¨a exo-*+ÃNÁÂKXÁáÒÜèeB®

.OPÞßà.�J�G0e§¨OH4-Q&'()*+'×ëbc%N 3-7 �

53%@qrJCAOa (Entry 2)iRS7Ë�1��Oa5TºHQ(bØNÏ

JKHwx@§¨KÙ{eÚ� (Entry 3)HDMI Ü DMSO 1RSa5TºH3-7

�´UÛU 61%, 66% @qrJ��Ua (Entries 4 and 5)i´µ@��1�5�

P Table 3-3 e�6i 

 

CF3

3-9

Base

1 0 0

4 61 5

LDA (1.2)

DBU (1.3)

3 Dioxane 5 0DBU (1.3)

5 66 5DBU (1.3)

2 53 2DBU (1.3)

Solvent 3-10 / %Enrty

Table 3-3.

3-7 / %Base (eq)

 / DMFN

CF2

N

CF2H

N

3-7

CHO

N

3-10

THF

DMF

DMI

DMSO

100 °C, 17 h

Conditions

–78 °C, 0.5 h

90 °C, 12 h

100 °C, 11 h

100 °C, 2.5 h

 

! TTJÜCA05OPL'eðî 3-10 ���U7�HG²çÙOa 4-Q&

'()*+'×ëbc%N 3-7 1 Entry 55º¨ÔÕÖJ_ÝOP|L'eð
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î 3-10 K��U�ST5è�H 3-10 K 3-7 1��eH´Öe�6Z}eQ&

'()*+%eNQðî)bc%N A @_XVÎeZ¿CAOPS75¾·

�U7(Scheme 3-17)i 

 

CF3

3-9

Base

N

CF2

N
N

CHO

N

3-10

Scheme 3-17.

H2O

HO F

N

– HF

HHO
F

– HF

A

 

 

4-Q&'()*+'×ëbc%N 3-7@qr� 66%Þme5ô��PS7D

�5OPHwxÀÞJØÙ67&9.0×(NeZ�PÜwx��T�PS7

a�5¾·�U7iTU1øÄ67a�H4-$%&'()*+'Qðî)×ë

bc%N 3-9 e DMSO ÏJ CsF 1;R�� ! 100 °C JB Ð_Ý1¨�a5

TºH×ëbc%N 3-7 � 42%@qrJ��UHwxõ�ÜÜßà.Oa

(Scheme 3-18)iT@T5è�HØÙOa&9.0×(NK¢o5OPV°Qð

î)×ëbc%N 3-9 è�@Ø HF 1á§67�Hº eÜwx|¢°�TO

PS7T5�Vè�aí TJHwxÀÞJØÙOa&9.0×(N1âã6

7ä_�@��1¨}T5eOai  

 

CF3

3-9

CsF (1.2)

Scheme 3-18.

 / DMSO
N

CF2

N

CF2H

N

3-7 42%

100 °C, 3 h
3-9 13% recovered

 

!  
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! ä_�5OP LiBr 1RSH4-Q&'()*+'×ëbc%N 3-7 @qr\

µ1nú6T5eOai�� LiBr �&9.0×(N1âãOPÜwx1å±

67èô}è1øÄ67a�H4-$%&'()*+'Qðî)×ëbc%N

3-9 e CsF 5 LiBr 1æe_·P_ÝOa5TºH 3-9 K��u.O�è�a

(Scheme 3-19)iT@��KH&9.0×(N� LiF 5�7T5JçEOa a�

5¾·�U7i 

 

CF3

3-9

LiBr (2.0)

Scheme 3-19.

 / DMSO

N 100 °C, 3 h

CsF (1.2)

No Reaction

 

 

´TJHQðî)×ëbc%N 3-9 e DMSOÏHDBU YZ[ä_�5OP

LiBr 1;R��Pwx1¨� a5TºH4-Q&'()*+'×ëbc%N 3-7

� 80%5S}ÈÉ�qrJ��Ua  (Scheme 3-20)i 

 

CF3

3-9

N

CF2

N

CF2H

N

3-7 80%

CHO

N

3-10 5%

Scheme 3-20.

LiBr (2.0)

 / DMSO

100 °C, 3 h

DBU (1.2)

 

 

�aH4-$%&'()*+'Qðî)×ëbc%N 3-9 1ØX:��U¸H

$%&'()*+'o1p67×ëbc%N 3-11 1/AJ°7í TJHDDQ

eij�U7rè@�.�1 3-9 e;R��ai��HÅNÆNÏJ DDQ Ü

4-ñ)\-'1;R��a5TºH}lJKØX:�é5êô§¨��H_Ý

675õ�ßà.Oa (Entries 1, 2)iQñ))*óNÏJ 4-ñ)\-'1RS
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75}lJ *Këì�U a�HT@©/|õ�ßà.OHn¥0K��U�

è�a(Entry 3)i3-9 e�.LN³N (IV)1ä_OPHÅNÆNÏ 16 h _Ý°

í1¨�a�H 3-9 � 50%îq�U7@�JHT@©/|n¥0K��U�è

�a(Entry 4)iTUeQOH4\Q��ï:eZ7 3-9 @ð�ØX:1��a

5TºH 13%5ñqr���n¥567 4-$%&'()*+'×ëbc%N

3-11 1�7T5�J°ai´µ@��1�5�P Table 3-4 e�6i 

 

Table 3-4.

N

CF3

3-9

Reagent

N

CF3

3-11

–H2

1

ConditionsSolventEnrty

DDQ ( 3.0 ) Benzene reflux, 2 h

Reagent (eq) 3-11 / %

–

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

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

4a MnO2 ( 5.0 ) Benzene reflux, 16 h –

5b 5% Pd-C (0.05) Toluene reflux, 18 h 13

a) 3-9 50% recovered b) 3-9 43% recovered  

 

!  �.�5OP4\Q��Cï:1RS7T5eOHwxË�@��1¨�

ai$'ªN1RSa©/eK2304@Qðî)×ëbc%N 3-9 � 43%î

q�Ua@J (Entry 1)H��e`lJwx1¨}T5eOaiË�1e]%N

eOPDì Ð_Ý°í675HQðî)×ëbc%N 3-9 KëçOa�wx

õ�ßà.OH 4-$%&'()*+'×ëbc%N 3-11 @qrK 29%J��

a(Entry 2)i´TJHp-b�ÃNÏ4\Q��Cï:1ìy�'ÂRSP_Ý

°í1ò Ð¨�a5TºHÜCA0�$�U����a�H 3-11 K@ 45%

OèçÙJ°�è�a(Entry 3)iTUKH3-9 Ü 3-11 �E®ïeómOPS7



[!"#] 

 

 

 

 

 

64 
 

a�5¾·H4\Q��Cï:@ôRÂ1 10 mol%�Jõ�OHwx Ð1D

öö Ðe÷¸Oa5TºH 3-11 1 80%5S}ÈÉ�qrJ�7T5�J°

a(Entry 4)i´µ@��1�5�P Table 3-5e�6i 

 

Table 3-5.

N

CF3

3-9

N

CF3

3-11

–H2

1a

ConditionsSolventEnrty

5 Toluene reflux, 18 h

3-11 / %

13

2 5 Decaline reflux, 12 h 29

3 200 p-Xylene reflux, 8 h 45

4 10 p-Xylene reflux, 100 h 80

a) 3-9 43% recovered

Pd-C

5% Pd-C / mol%

 

 

´µ@Z}eHo-w'a' -�-$%&'()*+'«+ÃN 3-5 eHDMF-H2O

Ê/Ë�ÏH NH4OAc 1;R��7T5eZ�PH4-$%&'()*+'Qð

î)×ëbc%N 3-9 1/A67T5�J°ai��e��Ua 3-9 1HDBU

JØ HF Ü Pd-C JØX:OPH�ÂeQ&'()*+'oÜ$%&'()*

+'o1p67×ëbc%N 3-9H3-11 á5u�67T5|J°ai  

 

BCìC� ! (b��@VWX^_1`R67 4-$%YZ[Q&'()*+

'×ëbc%Nd@/A 

 

ÚíJK×aN1RSaVWX=.1¨�a�Hke(b��eZ7=.

1��OaiL'eðî 3-5 eHDMF-H2O(10:1)Ê/Ë�ÏH NH2OH•HCl 1;

R��a5TºH}lJK(b�� 3-12 �CA67ÈÉJ��a�H´@�
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� 70 °C J_Ý67T5eZ¿=.�§¨OH 4-$%&'()*+'-3,4-Qð

î)×ëbc%N-N-(b�î(=�-$)N )201 3-13 1 75%@qrJ�7T

5�J°ai�aL'eðî 3-5 e NH2OH•HCl 1;R��PH6øe 70 °C

JB Ð_Ý¸¹Oa5TºH 3-13 1 86%5S}ÈÉ�qrJ�7T5�J

°a(Scheme 3-21)i 

 

CF3

OHC

Scheme 3-21.

NH2OH•HCl (1.2)

3-5

/ DMF–H2O

(10 : 1)

N

CF3

O

3-13

!

75

86

Conditions Yield of 3-13 / %

70 °C, 3 h

r.t.,  4 h"70 °C, 2.5 h

CF3

N
HO

3-12

 

 

T@wxJ|HScheme 3-14e�Oa×aN1RSa=.wx@��5º­H

(b��eZ7$%&'()*+',-'oá@^_�§¨OaÝeH&9.

0×(N�ØÙOa./0K��U�è�ai´@D�KHwxõÏeXÜ

HCl �þÿ67a�Ĥ _ÏÐÑ@Ó)$N.�»§�Uaa�5¾·�U7i

�aH×aN@^_wxK}lJ§¨Oa�H(b��JK_ÝO�S5^_

��T��è�aiTUKH×aNe£h(b��@×acoû:@~�½�

ñÖOPS7@�,ù5¾·PS7�H6Õ¡W=�wx�§¨OP=.CA

01^·PS7äå®|�V¾·�U7i  

GÍHScheme 3-21 @(b��@=.wx1¢o@þÿÖJ¨·¸H=.Ý

&9.0×(N�ØÙOPHL'eðî 3-5 è�G0e�ÂeQ&'()*+

'o1p67×ëbc%N N-(b�î 3-14���U7@JK� Sè5¾·ai

´TJ¢o5OPqrLaNÜ NaHCO31ä_OPwx1¨�ai  

Et3N 1ä_Oa5TºHn¥5OaQ&'()*+'.Ñ 3-14 1 5%5S

}ñqrJ^·H�a$%&'()*+'o1p67=�-$)N 3-13| 27%
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��Ua�HT@ú@8CA0KÃ¼ewOP$%&'()*+'o1|fs

<=@=�-$)N 3-15 J��a(Entry 1)i3-15 Kvû¥eH(b�� 3-12

@×acoû:eZ7$%&'()*+',-'oá@ 5-exo-trig =.�§¨

OaCA0J�7�HFÿ@5Tº 3-15 @CAS+KüýJ�7ii-Pr2NEt

1ä_Oa©/eKHs<=-$)N 3-15 @qr� 57%�J\µOa (Entry 2)i

T@5H¹%QNÜ NaHCO31ä_Oa KQðî)×ëbc%N 3-13 @�

�qè85%, 57%@qrJ��U (Entries 3 and 4)HDBU 1RSa©/KH;<

=-$)N 3-13 K��U�HQ&'()*+'.Ñ 3-14 YZ[s<=-$)

N 3-15 �´UÛU 23%, 31%��Ua (Entry 5)i´µ@��1�5�P Table 

3-6e�6i 

OHC

CF3

N

CF3

O

3-5 3-13

N
+

3-15

Me
CF3

O

Base

CF2H

N
O

3-14

+
70 °C

(10 : 1)

1 2 27 5

4 2 57 –

Et3N (2.2)

NaHCO3(1.5)

51

3 3 85 –pyridine (2.2)

5 1.5 – 23DBU (2.2) 31

2 2 23 7i-Pr2NEt (2.2) 57

Time / h 3-14 / %Enrty

Table 3-6.

3-13 / % 3-15 / %Base (eq)

–

–

 / DMF–H2O

NH2OH•HCl  (1.2)

 

 

�aH(b��@û: WµeØÙo1ãTO a O-L�+'(b�� 3-16

1RSP=.wx1��Oai 3-16 KHL'eðî 3-5 è�(b�� 3-12 1

/AOHÌSP_X��1;R��7T5J��Oa(Scheme 3-22)i(b��

KçG@B®Ñ5OP��UHþ`S CF3 o5(b��ÁÂ@ùÑw3J E

Ñ@(b��@��CAOPS75¾·�U7i 



[!"#] 

 

 

 

 

 

67 
 

Scheme 3-22.

OHC

CF3

3-5

Et3N (3.0)

r.t., 1 h

/ EtOH

CF3

N
HO

3-12 95%

NH2OH•HCl (2.0)

Et3N (3.0)

r.t., 12 h

/ CH2Cl2

CF3

N
AcO

3-16 86%

Ac2O (2.0)

 

 

! Table 3-7e�6Z}eH��Ua O-L�+'(b�� 3-16 1$'ªNÏ_

ÝOa5TºH 4-$%&'()*+'×ëbc%N 3-11 � 49%@qr��U

a(Entry 1)iTUK;Õ¡W=�wx��T¿H¡Ýe���ØÙ67T5J

3-11 �CAOa5¾·PS7iä_�5OP��1_·a5TºH 3-11 @q

r� 76%�J\µOa (Entry 2)i 

 

Table 3-7.

N

CF3

3-16

N

CF3

3-11

1

ConditionsSolventEnrty

– Toluene reflux, 2 h

3-11 / %

49

2 2.0 Toluene reflux, 2 h 76

3 – 1,4-Dioxane reflux, 3 h 41

4 3.0 1,4-Dioxane reflux, 3 h 72

a) 3-16 58% recovered

AcOH (eq)

AcO
N

CF3

AcO

–AcOH

5a 3.0 THF reflux, 1 h 11

 

 

ÌSP Scheme 3-21 J��Ua;<=-$)N 3-13 @Qðî)×ëbc%

Ná@âã1��Oai-$)NKH1,3-ÿGW5OP!�/Awxe`R�

UPY¿ 21HÏJ|=�-$)NKpR�/AÏÐÑJ�7 20i3-13 e~ÿG

WÑ5OP PhNCO 1;R��a5TºH [3+2]^_=.OaÝeHØï��§
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¨OHDÂe&�-'Laco1|fQðî)×ëbc%N 3-17 1 80%@q

rJ^·ai�as<=-$)N 3-15 1RSº­@wx1¨SH×ë×Nî

¬' 3-18 1qr 50%J�a (Scheme 3-23)i 

 

Scheme 3-23. 1,3-Dipolar Addition

N

CF3

O

3-13

PhNCO (1.2)

r.t., 15 min

/ DMF

N

CF3

O

NHPh

O

–CO2

N

CF3

3-17 80%

NHPh

N

3-15

Me
CF3

O

PhNCO (1.2)

r.t., 12 h

/ DMF

N

3-18 69%

Me
CF3

3-15 12% recovered

NHPh

 

! ��e=�-$)N 3-13 @ ¢oeZ7Þßà.1��Oai 3-13 e DBU

YZ[ä_�5OP LiBr 1;R��75HØ HF 5 exo-*+ÃNÁÂ@XÁ

á@B®.�§¨OH�ÂeQ&'()*+'o1p67×ëbc%N-N-(

b�î 3-14 1 83%@qrJ�7T5�J°a  (Scheme 2-24)i=�-$)N

3-13 KH$%&'()*+'o@"Âe¡W~¢®@ N-(b�îÁÂ1|f

a�HQðî)×ëbc%N 3-9 Z¿|Ø HF OÜ6�H# ÐJwx�»¼

Oai 

CF3

3-13

DBU (1.4)

 / DMSO
N

CF2H

N

3-14 83%

O

80°C, 0.5 h

CF2

N
O O

LiBr (2.0)

Scheme 3-24.

 

´µ@Z}eH('$Âe(b��ÁÂ1|f�-$%&'()*+'«+

ÃN@VWX=.1`ROP;<=@=�-$)N 3-13Hs<=@=�-$

)N 3-15 YZ[ 4-$%&'()*+'×ëbc%N 3-11 1/AOai��e

��Ua;<=-$)N 3-13 YZ[s<=-$)N 3-15 eHPhNCO 1;R
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��[3+2]^_=.1¨SHDÂe&�-'Laco1|fQðî)bc%N

3-17 YZ[×ë×Nî¬' 3-18 1/AOai�aH;<=-$)N 3-13 @

DBU 1RSaØ HF 1¨}T5JH�ÂeQ&'()*+'o1 |f×ëb

c%N N-(b�î 3-18 á5u�67T5|J°ai  

 

BCB ! �ÂeQ&'()*+'o1|fbc%N@/A  

BCBCD! ('$Âe×aNÁÂ1|f�–$%&'()*+'«+ÃN@

/A 

 

µ¶K!G#!DCBíJH('$Âe×aNÁÂ1|f!,!-Q&'()«

+ÃN5��Â@ KCN 1RSa 3-&'()bc%N@/AefSPghai

T@wxJKHVWXe3C67"-�Lc]'fL-(N1Q&'()L'M

NÁÂJâã67T5JH×aNº$@IÂ.1å·=.1qrÈ�¨}T5

�J°aij#JKVWX"-�Lc]'fL-(N1H$%&'()*+',

-'oJâã67T5eOai6��æH Scheme 3-25 e�6Z}eH('$

Âe×aNÁÂ1|f� -$%&'()*+'«+ÃNe KCN 1;R��H3

C67]'fL-(NeZ7VWX��1¨SH�ÂeQ&'()*+'o1

p67bc%N@/A1��67T5eOai  

 

Scheme 3-25. 4-CF2H!"#$%&'

CF3

NR

CN
–

CF3

N
HR

NC

– F
–

CF2H

NR
– HCN

CF2

NR

 

 

! =.@23045�7×aN 3-20 KH�� Scheme 3-11 Ü 3-12 5º­@g

÷1RSHf)N� 3-1 5 2-�¬îL-%NYZ[ 2-h)� -5-ñ))L-%

N5@¥¦]9Ó%N�1¨�PL-%N 3-19a YZ[1 3-19c ��OaiL

-%N 3-19e KH('$Âe-$)o1|f"-$%&'()*+'«+ÃN
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3-25 1°±OP/AOaiÌSPL-%N 3-19 eHrè@L'eðî1;R

��×aN 3-20 1��Oa (Scheme 3-26)i 

 

F3C B(OH)2

H2N

Scheme 3-26.

3-1

 Na2CO3 (aq.)

80 °C

3-19 89%

/ Toluene–MeOH

reflux, 3–6 h

 Pd(PPh3)4 (2 mol%) CF3

+

(0.8 )

R1CHO (1.2)

/ Benzene
N

3-20

CF3

R1

X

H2N R2
R2

3-19a (R = H, 6 h) : 89%

3-19c (R = Cl, 14 h) : 30%

X = I or Br

O2N

3-1
 Na2CO3 (aq.)

80 °C, 7 h

3-25 81%

/ Toluene–MeOH

 Pd(PPh3)4 (2 mol%) CF3

+

(0.8 )

I

O2N OMe OMe

Fe (4.0)

conc. HCl (3.0)

r.t., 12 h

/ EtOH
H2N

3-19e 62%

CF3

OMe

H2N

3-19

CF3

R2
R2

3-20a (R1 = Ph, R2 = H) : 86%

3-20b (R1 = Ph, R2 = Cl) : 73%

3-20d (R1 = p-MeC6H4, R
2 = H) : 75%

3-20e (R1 = p-BrC6H4, R
2 = H) : 52%

3-20f (R1 = p-CF3C6H4, R2 = H) : 67%

3-20g (R1 = p-CF3C6H4, R
2 = Cl) : 94%

3-20l (R1 = o-CF3C6H4, R
2 = H) : 79%

3-20k (R1 = m-BrC6H4, R
2 = H) : 84%

 

 

 

 

BCBCì! VWX��1`R67 4-Q&'()*+'bc%N@/A 

 

T@Z}eOP/AOao4 3-20f eHDMF Ï 20 mol%@ KCN YZ[¢o

5OP 110 mol%@ K2CO31;R��H80 °C JB Ð_Ý¸¹1¨�aT5ºH

Ã¼OaZ}ewxK §¨OHn¥@ 4-Q&'()*+'bc%N 

3-24f 1 60%@qrJ�7T5�J°a(Entry 1)i¢o@��1¨SH %&'(!

)*+%(!DBU 1RS75HQx67 3-24f 1´UÛU ,-.(!,/.(!01.!J�

7T5�J°a(Entries 2 and 3)i´µ@��1�5�P 2&345!+67 e�6i!

!
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Table 3-8. 4-!"#$%&'#()*+3-24f,-.

N

Base (110 mol%)

N 80 °C / DMF

K2CO3 (10.3)

Yield of 3-24f / %

60

NaH (35) 49

DBU (11-12) 72

Base (pKa)

CF3 CF2H

 2.5

 1

 2.5

Time / h

3-20f 3-24f

1

2

4

Entry

N

 HCN

– F–

N
H

R

NC

CF2

N
H

R

NC

–

CF3

KCN

R

CF2

(R = p-CF3C6H4)

R R

3-21 3-233-22

KCN (20 mol%)

Base

Et3N (10.7) 40 2.53

*pKa

HCN (9.1)

HF (3.2)

!

! !

! bc%N 3-24f @CAS+KHk@�f@��1��OP§¨OPS7i6

��æH89:�LN.0×(N�×acoï:e^_OH´@ÝÓ)$N;<

��T7T5J"6�Lc]'fL-(N 3-21 �3C67i 899:3COa 3-21

eZ7VWX^_ØÙ�§¨67i8999:Ø '=% YZ[ !"#6*+ÃNÁÂ@

=XÁá@B®.1·}Þßà.�§¨OHQx67 ,6Q&'()*+'b

c%N 3-24f �CA67i 89>:ØÙOa '=% e¢o�;ROH�LN.0×

(N�?C67i !

ÌSPH��Ua¡ÇÔÕ@Ë�uDMFHKCNu20 mol%H¢ouDBU (110 

mol%)A1|5eH 4-Q&'()*+'bc%N@CAwx@G­®1��O

a(Table 3-9)i 
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Table 3-9. Synthesis of 2,7-Disubstituted 4-Difluoromethylquinolines 3-24

N

CF2H

R1N

CF3

R1
80 °C / DMF

Cl

 Yield/%

56  (3-24b)

OMe 61  (3-24c)b

H 72  (3-24f)

OMe 73  (3-24h)b

R2

9

14

3

3

Time/h

2

3

6

8

Entry

H 70  (3-24e)15

Cl 44  (3-24g)27

H 51  (3-24d)124

H 30  (3-24i)b19

H 27  (3-24j)b110

H 76  (3-24a)121

R1

3-20b

3-20ca

3-20f

3-20ha

3-20e

3-20g

3-20d

3-20ia

3-20ja

3-20a

3-20

R2 R2

Ph

Ph

p-CF3C6H4

p-CF3C6H4

p-BrC6H4

p-CF3C6H4

p-MeC6H4

PhCO

EtO2C

Ph

a Substrates 3-20c,3-20h–j were prepared from the corresponding anilines 3-19 and 

benzaldehyde (120 mol%), 4-trifluoromethylbenzaldehyde (120 mol%), 

phenylglyoxal hydrate (130 mol%), or ethyl glyoxylate (150 mol%) in refluxing

benzene (12 h, 12 h, 3 h, or 2 h), and used without purification.
b Yield based on the anilines 3-19.

KCN (20 mol%)

DBU (110 mol%)

3-20 3-24

H 76  (3-24l)212

H 63  (3-24k)211

3-20l

3-20k

o-CF3C6H4

m-BrC6H4

 

 

o4 3-20 @×acoï:µ@��o R1YZ[ÅNÆN=µ@��o R21

i·Pbc%N 3-24a-l @/A1��aiR15OP&�-'oÜ $6$%'o|

fo4@©/Hwx Ð�B���a� (Entries 1-4)HR15OP p-h)�&�

-'oÜ p-$%&'()*+'&�-'o1|fo4@©/HwxK£¤¥

# ÐJ»¼Oa(Entries 5-8)iT@ ùKHT@wx@CÒ����LN.

0×(N@×acoï:á@^_J�7a�5¾·�U7iR1 e¡W~¢®

@��o1ãT675H×aco@~¡W®�`�7a�H�LN.0×(N

�^_OÜ6��75Í�U7 i@�P R1@��o5OPL%C'oei·
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PÅNï×'oÜª$b�]'f-'o1ãTOa©/eKHwxK��e#

 ÐJ»¼OHQx67bc%N���Ua (Entries 9 and 10)i�YHEntry 3

YZ[ 8-10 eYSPKH×aN1çÙ��eHL-%Nè� one-pot Jwx1

¨�a@JH,6Q&'()*+'bc%N 3-24 @qrKL-%N 3-19 Z¿D

2Oai!

T@Z}ej#!BCBíJKH��Â@ KCN 1RS7 ,6Q&'()*+

'bc%N/A÷1�367T5�2Eaijg÷JKH×aN5�LN.0

×(N5@wxJ3C67 "6�Lc]'fL-(N1H$%&'()*+',

-'oJÒÜèeâã67T5JH×aNº$@IÂ.1å·7T5�J°H

Q&'()*+'o1|f=.CA01�7T5�J°ai !

´µH!"#JKH$%&'()*+',-'./0123045678

&9:;<=>?)=./0@/A1¨�aiVWÐwxJKHpS/A.³

e`R67eK±²�¯°S$%&'()*+',-'./05~��5@

wx1HVWXwxáÇR67T5eZ¿HÎrÈ����7SK^_wx1

¨��Hqr&'()L'b'o1p67×ëbc%NÜbc%N@/A÷1

�367T5�J°ai   
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&'("#$% 

&'(&*+,-  

1-(Trifluoromethyl)vinylboronic acid (3-1)  

To a suspension of magnesium turnings (1.41 g, 58 mmol) and trimethylborate (16.2 mL, 145 

mmol) in THF (100 mL) was added 2-bromo-3,3,3-trifluoropropene (5.00 mL, 48.3 mmol) in 

THF (5 mL) over 1 h at 0 °C under argon.  The reaction mixture was stirred at 0 °C for 3 h.  

The reaction mixture was quenched with aq HCl (6 M), and organic materials were extracted 

three times each with 100 mL of Et2O.  The combined extracts were washed with brine and 

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

was immediately used without purification in the following palladium-catalyzed coupling 

reaction with ArX. 

19F NMR (471 MHz, C6D6) !F 98.3 (3F, s). 

 

2-(1-Trifluoromethylvinyl)benzylalcohol (3-2) 

The mixture of "-(trifluoromethyl)ethenyl boronic acid 3-1 (501 mg, 3.58 mmol), 

o-iodobenzylalcohol (670 mg, 2.86 mmol), sodium carbonate (4 mL of 1.0 M aqueous 

solution), Pd(PPh3)4 (83 mg, 0.072 mmol) in toluene-MeOH (36 mL, 5:1) stirred at 70 °C for 6 

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

with ethyl acetate three times.  The combined extracts were washed with brine and dried over 

MgSO4.  After removal of the solvent under reduced pressure, the residue was purified by 

column chromatography on silica gel (hexane-AcOEt 5:1) to give 3-2 (524 mg, 91%) as a 

colorless oil. 

1H NMR (500 MHz, CDCl3) ! 2.08 (1H, t, J = 5.8 Hz), 4.62 (2H, d, J = 5.8 Hz), 5.56 (1H, q, 

JHF = 1.3 Hz), 6.12 (1H, q, JHF = 1.3 Hz), 7.24 (1H, d, J = 7.6 Hz), 7.30 (1H, dd, J = 7.6, 7.6 

Hz), 7.40 (1H, dd, J = 7.6, 7.6 Hz), 7.53 (1H, d, J = 7.6 Hz).  13C NMR (126 MHz, CDCl3) ! 

62.5, 122.8 (q, JCF = 274 Hz), 123.4 (q, JCF = 5 Hz), 127.4, 128.3, 129.2, 132.4, 136.8 (q, JCF = 

31 Hz), 139.4.  19F NMR (471 MHz, CDCl3) !F 94.7 (3F, s).  IR (neat) 3330, 1342, 1217, 

1169, 1115, 769 cm-1.  Anal. Calcd for C10H9F3O: C, 59.41; H, 4.49%. Found: C, 59.21; H, 

4.58%.  Anal. Calcd for C10H9F3O: C, 59.41; H, 4.49%. Found: C, 59.21; H, 4.58%. 

 

4-Methyl-N-[2-(1-trifluoromethylvinyl)benzyl]-N-(t-butoxylcarbonyl)benzenesulfonamid

e (3-3) 

To a solution of 2-(1-trifluoromethylvinyl)benzyl alcohol 3-2 (218 mg, 1.08 mmol), PPh3 (845 



!"#$%! &'() 

 133 

mg, 3.24 mmol) and N-t-butoxycarbonyl-p-toluenesulfonamide (439 mg, 1.62 mmol)  in 

THF (5 mL) at 0 °C was added DEAD (40% in toluene solution, 0.49 ml, 2.70 mmol) under 

argon.  After the reaction mixture was stirred at room temperature 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 3-3 (448 mg, 91%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 1.31 (9H, s), 2.44 (3H, s), 5.07 (2H, s), 5.64 (1H, s), 6.18 (1H, 

s), 7.23 (1H, d, J = 7.5 Hz), 7.28 (2H, d, J = 8.3 Hz), 7.29 (1H, dd, J = 7.5, 7.5 Hz), 7.36 (1H, 

dd, J = 7.5, 7.5 Hz), 7.37 (1H, d, J = 7.5 Hz), 7.71 (2H, d, J =8.3 Hz).  13C NMR (126 MHz, 

CDCl3) ! 21.6, 27.8, 47.9, 84.5, 122.9 (q, JCF = 274 Hz), 123.6 (q, JCF = 5 Hz), 126.2, 126.8, 

128.2, 129.1, 129.2, 130.1, 131.8, 136.2, 136.9 (q, JCF = 31 Hz), 144.4, 151.0, 160.3.  19F 

NMR (471 MHz, CDCl3) !F 94.7 (3F, s).  IR (neat) 2983, 1778, 1728, 1356, 1215, 1169, 

1126, 750 cm-1.  HRMS Calcd for C22H24NF3O4S 456.1456 (M+); found 456.1468. 

 

4-Methyl-N-[2-(1-trifluoromethylvinyl)benzyl]benzenesulfonamide (3-4)  

To a solution of 

4-Methyl-N-[2-(1-trifluoromethylvinyl)benzyl]-N-(t-butoxylcarbonyl)benzenesufonamide 3-3 

(425 mg, 0.93 mmol) in CH2Cl2 (5 mL) at 25 °C was added CF3CO2H (0.72 mL, 9.34 mmol) 

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

was quenched with NaHCO3 (10 mL) and organic material were extracted with CH2Cl2 (3 x 10 

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 3-4 (318 mg, 96%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.43 (3H, s), 4.07 (2H, d, J = 6.1 Hz), 4.85 (1H, t, J = 6.1 Hz), 

5.45 (1H, q, JHF = 1.4 Hz), 5.98 (1H, q, JHF = 1.4 Hz), 7.18 (1H, d, J = 7.5 Hz), 7.27 (1H, dd, J 

= 7.5, 7.5 Hz), 7.30 (2H, d, J = 8.2 Hz), 7.32 (1H, dd, J = 7.5, 7.5 Hz), 7.38 (1H, d, J = 7.5 Hz), 

7.72 (2H, d, J = 8.2 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 44.4, 122.6 (q, JCF = 274 Hz), 

123.8 (q, JCF = 5 Hz), 127.1, 127.7, 129.4, 129.7, 129.8 (q, JCF = 29 Hz), 130.1, 132.9, 135.0, 

136.3, 143.6.  19F NMR (471 MHz, CDCl3) !F 94.5 (3F, s).  IR (ZnSe) 3275, 1404, 1325, 

1157, 1117, 1059, 910, 729 cm-1.  HRMS Calcd for C17H16NF3O2S 356.0932 (M+); found 

356.0919. 

 

2-(1-Trifluoromethylvinyl)benzaldehyde (3-5) 

The mixture of "-(trifluoromethyl)ethenylboronic acid 3-1 (1.32 g, 9.43 mmol), 
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o-iodobenzaldehyde (1.75 g, 7.54 mmol), sodium carbonate (10 mL of 1.0 M aqueous 

solution), PPh3 (198 mg, 0.754 mmol), Pd2(dba)3•CHCl3 (195 mg, 0.189 mmol) in 

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

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

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 silica 

gel (hexane-AcOEt 10:1) to give 3-5 (1.70 g, 90%) as a colorless oil. 

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

d, J = 7.5 Hz), 7.55-7.65 (2H, m), 8.01 (1H, d, J = 7.5 Hz), 10.1 (1H, s).  13C NMR (126 

MHz, CDCl3) ! 122.4 (q, JCF = 274 Hz), 125.1 (q, JCF = 5 Hz), 128.4, 129.5, 130.7, 133.6, 

134.8, 135.5 (q, JCF = 32 Hz), 136.6, 190.9.  19F NMR (471 MHz, CDCl3) !F 94.7 (3F, s).  IR 

(neat)  1700, 1599, 1346, 1173, 1126, 1070, 962 cm-1.  Anal. Calcd for C10H7F3O: C, 60.01; 

H, 3.53%. Found: C, 60.03; H, 3.66%.!  

 

4-Difluoromethylene-2-(p-toluenesulfonyl)-1,2,3,4-tetrahydroisoquinoline (3-6) 

To a solution of 3-4 (70 mg, 0.20 mmol) in DMF (3 mL) at 0 °C was added KH (40 mg, 0.30 

mmol, 30% dispersion in mineral oil) under argon.  After the reaction mixture was stirred at 

0 °C for 15 min and then 120 °C for 2 h, phosphate buffer (pH 7) was added to quench the 

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

extracts were washed with brine and dried over Mg2SO4.  After removal of the solvent under 

reduced pressure, the residue was purified by PTLC on silica gel (hexane–AcOEt 2:1) to give 

3-6 (52 mg, 78%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.36 (3H, s), 4.09 (2H, d, J = 2.4 Hz), 4.44 (2H, s), 7.04–7.10 

(1H, m), 7.15–7.21 (3H, m), 7.38–7.40 (1H, m), 7.53–7.55 (1H, m), 7.62 (2H, d, J = 8.3 Hz).  

13C NMR (126 MHz, CDCl3) ! 21.4, 42.6 (dd, JCF = 4, 4 Hz), 48.5, 84.5 (dd, JCF = 23, 23 Hz), 

126.5, 126.6, 126.8, 127.3, 127.4, 127.6, 129.5, 131.2, 131.3, 134.0, 143.8, 152.8 (dd, JCF = 

288, 288 Hz).  19F NMR (471 MHz, CDCl3) !F 76.4 (1F, d, JFF = 36 Hz), 77.3 (1F, d, JFF = 36 

Hz).  IR (neat) 3008, 1724, 1275, 1263, 1163, 912 cm-1.  Anal. Calcd for C17H15F2NO2S: C, 

60.88; H, 4.51; N, 4.18. Found: C, 60.62; H, 4.59; N, 3.94. 

 

4-Trifluoromethyl-3,4-dihydroisoquinoline (3-9) 

To a solution of 2-(3,3,3-trifluoro-1-propen-2yl)benzaldehyde 3-5 (89 mg, 0.45 mmol) in 

DMF (3 mL)–H2O (0.3 mL) was added NH4OAc (172 mg, 2.23 mmol) under air.  After the 
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reaction mixture was stirred at room temperature for 5 h, phosphate buffer (pH 7) was added 

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

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

solvent under reduced pressure, the residue was purified by PTLC on silica gel 

(hexane–EtOAc 2:1) to give 3-9 (75 mg, 84%) as a colorless oil.  

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

J = 17.7 Hz), 7.36-7.38 (2H, m), 7.47-7.49 (2H, m), 8.36 (1H, s).  13C NMR (126 MHz, 

CDCl3) ! 38.5 (q, JCF = 27 Hz), 46.5 (q, JCF = 2 Hz), 126.1 (q, JCF = 281 Hz), 127.8, 127.9, 

128.3, 129.5, 129.6, 131.5, 159.8.  19F NMR (471 MHz, CDCl3) !F 90.8 (3F, d, JFH = 9 Hz).  

IR (neat) 1632, 1581, 1345, 1277, 1240, 1228, 1209 cm-1.  HRMS Calcd for C10H8NF3 

200.0687 (M+); found 200.0697.!  

 

4-Difluoromethylisoquinoline (3-7) 

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline 3-9 (70 mg, 0.35 mmol) and LiBr 

(33 mg, 0.38 mmol) in DMSO (3 mL) was added DBU (70 µl, 0.47 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 x 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 3-7 (51 mg, 80%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 7.07 (1H, t, JHF = 54.0 Hz), 7.70 (1H, dd, J = 8.2, 8.2 Hz), 7.82 

(1H, dd, J = 8.2, 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 (ZnSe) 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-Trifluoromethylisoquinoline (3-11) 

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline 3-9 (59 mg, 0.29 mmol) in 

m-xylene (3 mL) was added Pd/C (5%, 51 mg, 0.024 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 
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chromatography on silica gel (hexane–AcOEt 5:1) to give 3-11 (46 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.  19F NMR (471 MHz, CDCl3) !F 101.6 (3F, s).  IR 

(ZnSe) 3030, 1554, 1456, 1313, 1257, 1161, 912 cm-1. 

 

4-Trifluoromethyl-3,4-dihydroisoquinoline N-oxide (3-13) 

NH2OH•HCl (33 mg, 0.47 mmol) was added 2-(3,3,3-trifluoro-1-propen-2yl)benzaldehyde 3-5 

(78 mg, 0.39 mmol) in DMF (3 ml)–H2O (0.3 ml) at room temperature under air.  After the 

reaction mixture was heated at 70 °C for 3 h, phosphate buffer (pH 7) was added to quench the 

reaction. Organic materials were extracted with CHCl3 three times. The combined extracts 

were washed with brine and dried over MgSO4.  After removal of the solvent under reduced 

pressure, the residue was purified by PTLC on silica gel (EtOAc–MeOH, 10:1) to give 3-13 

(72 mg, 86%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 3.74-3.82 (1H, m), 4.34 (1H, dd, J = 17.1, 2.0 Hz), 4.42 (1H, 

ddd, J = 17.1, 7.1, 2.0 Hz), 7.22 (1H, d, J = 7.5 Hz), 7.38-7.40 (2H, m), 7.42-7.46 (1H, m), 

7.77 (1H, d, J = 2.0 Hz).  13C NMR (126 MHz, CDCl3) ! 42.4 (q, JCF = 29 Hz), 56.2 (q, JCF = 

2 Hz), 122.1, 125.1 (q, JCF = 282 Hz), 125.9, 128.9, 129.6, 129.7, 130.0, 133.0.  19F NMR 

(471 MHz, CDCl3) !F 89.5 (3F, d, JFH = 9 Hz).  IR (ZnSe) 3392, 1599, 1568, 1267, 1238, 

1209, 1171, 1120, 912 cm-1.  HRMS Calcd for C10H8NF3O 216.0636 (M+); found 216.0625.!  

 

3-Trifluoromethyl-3-methylisoindole N-oxide (3-15) 

NH2OH•HCl (28 mg, 0.41 mmol) and i-Pr2NEt (96 mg, 0.74 mmol) were added 

o-formyl-"-trifluoromethylstyrene 3-5 (68 mg, 0.34 mmol) in DMF (3 ml)–H2O (0.3 ml) at 

room temperature under air.  After the reaction mixture was heated at 70 °C for 2 h, 

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

with CHCl3 three times. The combined extracts were washed with brine and dried over MgSO4.  

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

silica gel (EtOAc–MeOH, 10:1) to give 3-15 (41 mg, 57%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 1.89 (3H, s), 7.39-7.49 (4H, m), 7.80 (1H, s).  13C NMR (126 

MHz, CDCl3) ! 17.8, 79.2 (q, JCF = 29 Hz), 120.5, 126.1 (q, JCF = 284 Hz), 123.1, 128.3, 130.3, 
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133.9, 134.9, 136.1.  19F NMR (471 MHz, CDCl3) !F 85.5 (3F, s).  IR (ZeSe) 3082, 1718, 

1533, 1468, 1369, 1302, 1255, 1223, 1182, 1105, 1065, 752, 675 cm-1.  HRMS Calcd for 

C10H8NF3O 216.0636 (M+); found 216.0614. 

 

2-[1-(Trifluoromethyl)vinyl]benzaldehydeoxime (3-12) 

Pyridine (0.25 mL, 2.55 mmol) and NH2OH•HCl (118 mg, 1.70 mmol) were added 

o-formyl-"-trifluoromethylstyrene 3-5 (170 mg, 0.85 mmol) in EtOH (3 mL) at room 

temperature under air.  After the reaction mixture was stirred at room temperature for 1 h, 

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

with Et2O three times. The combined extracts were washed with brine and dried over MgSO4.  

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

chromatography silica gel (hexane-AcOEt 5:1) to give 3-12 (174 mg, 95%) as a colorless 

solid. 

1H NMR (500 MHz, CDCl3) ! 5.54 (1H, q, JHF = 1.4 Hz), 6.20 (1H, q, JHF = 1.4 Hz), 

7.30–7.33 (1H, m), 7.39–7.43 (2H, m), 7.87–7.90 (1H, m), 8.26 (1H, s), 8.72 (1H, s). 

13C NMR (126 MHz, CDCl3) ! 122.6 (q, JCF = 274 Hz), 124.8 (q, JCF = 5 Hz), 126.1, 129.3, 

129.7, 130.1, 131.0, 133.5, 136.3 (q, JCF = 32 Hz), 148.6.  19F NMR (471 MHz, CDCl3) !F 

94.7 (3F, s).  IR (ZnSe) 3232, 1491, 1406, 1348, 1311, 1163, 1122, 976 cm-1.  HRMS Calcd 

for C10H8NF3O 216.0636 (M+); found 216.0647. 

 

2-[1-(Trifluoromethyl)vinyl]benzaldehyde-O-acetyloxime (3-16) 

Et3N (1.02 mL, 7.31 mmol) and Ac2O (0.46 mL, 4.88 mmol) were added 3-12 (525 mg, 2.44 

mmol) in CH2Cl2 (5 mL) at room temperature under air.  After the reaction mixture was 

stirred at room temperature for 12 h, phosphate buffer (pH 7) was added to quench the 

reaction. Organic materials were extracted with CH2Cl2 three times. The combined extracts 

were washed with brine and dried over MgSO4.  After removal of the solvent under reduced 

pressure, the residue was purified by column chromatography silica gel (hexane-AcOEt 10:1) 

to give 3-16 (540 mg, 86%) as a colorless liquid. 

1H NMR (500 MHz, CDCl3) ! 2.23 (3H, s), 5.56 (1H, q, JHF = 0.9 Hz), 6.25 (1H, q, JHF = 0.9 

Hz), 7.36 (1H, d, J = 7.3 Hz), 7.46 (1H, dd, J = 7.3, 7.3 Hz), 7.49 (1H, dd, J = 7.3, 7.3 Hz),  

8.13 (1H, d, J = 7.3 Hz), 8.46 (1H, s).  13C NMR (126 MHz, CDCl3) ! 19.4, 122.3 (q, JCF = 

274 Hz), 125.2 (q, JCF = 5 Hz), 127.2, 129.2, 129.3, 130.0, 131.1, 134.4, 135.8 (q, JCF = 32 Hz), 

153.8, 168.4.  19F NMR (471 MHz, CDCl) !F 94.7 (3F, s).  IR (ZnSe) 1770, 1344, 1290, 
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1173, 1124, 908, 769 cm-1.  HRMS Calcd for C12H10NF3O2 258.0742 (M+); found 258.0744. 

 

4-(Trifluoromethyl)-N-phenylisoquinolin-1-amine (3-17) 

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline N-oxide 3-13 (61 mg, 0.28 mmol) 

in DMF (3 mL) was added PhNCO (40 mg, 0.34 mmol) under argon.  After the reaction 

mixture was stirred at room temperature for 15 min, phosphate buffer (pH 7) was added to 

quench the reaction.  Organic materials were extracted with EtOAc (3 x 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 2:1) to give 3-17 (66 mg, 80%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 3.75 (1H, dd, J = 11.3, 3.2 Hz), 3.79-3.84 (1H, m), 3.93 (1H, 

dd, J = 11.3, 2.5 Hz), 6.17 (1H, s), 6,50 (1H, d, J = 7.7 Hz), 6.96-6.99 (2H, m), 7.14 (1H, dd, J 

= 7.7, 7.7 Hz), 7.37-7.39 (3H, m), 7.40 (1H, dd, J = 7.7, 7.7 Hz), 7.45 (1H, d, J = 7.7 Hz).  

13C NMR (126 MHz, CDCl3) ! 42.8 (q, JCF = 28 Hz), 48.1, 77.6, 125.4 (q, JCF = 281 Hz), 

127.0, 128.4, 128.6, 128.9, 129.6, 129.7, 129.9, 130.0, 134.1, 156.9.  19F NMR (471 MHz, 

CDCl3) !F 94.2 (3F, d, JFH = 9 Hz).  IR (ZnSe) 1763, 1597, 1496, 1352, 1240, 1219, 1126, 

1093 cm-1.  HRMS Calcd for C16H13N2F3 291.1109 (M+); found 291.1089. 

 

Methyl-N-phenyl-1-(trifluoromethyl)-1H-isoindol-3-amine (3-18) 

To a solution of 3-Trifluoromethyl-3-methylisoindole N-oxide 3-15 (52 mg, 0.24 mmol) in 

DMF (3 mL) was added PhNCO (35 mg, 0.29 mmol) under argon.  After the reaction 

mixture was stirred at room temperature for 12 h, phosphate buffer (pH 7) was added to 

quench the reaction.  Organic materials were extracted with Et2O (3 x 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 2:1) to give 3-18 (48 mg, 69%) as a colorless liquid. 

1H NMR (500 MHz, CDCl3) ! 1.84 (3H, q, JHF = 0.5 Hz), 6.65 (1H, s), 7.16 (1H, d, J = 7.7 Hz), 

7.30–7.36 (4H, m), 7.43–7.53 (4H, m).  13C NMR (126 MHz, CDCl3) ! 17.6, 78.0 (q, JCF = 

30 Hz), 82.9, 123.7, 123.9, 124.6, 125.2 (t, JCF = 282 Hz), 127.3, 129.6, 129.9, 131.3, 134.5 (q, 

JCF = 11 Hz), 137.9, 154.8.  19F NMR (471 MHz, CDCl3) !F 83.4 (3F, s).  IR (neat) 1780, 

1599, 1504, 1456, 1383, 1319, 1182 cm-1.  HRMS Calcd for C16H13N2F3 291.1109 (M+); 

found 291.1150. 
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4-Difluoromethylisoquinoline N-oxide (3-14)  

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline N-oxide 3-13 (70 mg, 0.33 mmol) 

and LiBr (57 mg, 0.65 mmol) in DMSO (3 mL) was added DBU (68 µl, 0.46 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 three times.  

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

solvent under reduced pressure, the residue was purified by column chromatography on silica 

gel (MeOH–AcOEt 10:1) to give 3-14 (53 mg, 83%) as a colorless crystal. 

1H NMR (500 MHz, CDCl3) ! 7.06 (1H, t, JHF = 53.9 Hz), 7.69-7.72 (2H, m), 7.79-7.81 (1H, 

m), 8.04-8.05 (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 (ZnSe) 3444, 

1564, 1506, 1452, 1400, 1329, 1186, 1167, 1113, 1018, 779, 646 cm-1.  HRMS Calcd for 

C10H7NF2O 196.0574 (M+); found 196.0575. 

 

&'(&*+*-  

2-(1-Trifluoromethylvinyl)aniline! (3-19a) 

A mixture of 1-(trifluoromethyl)vinylboronic acid 3-1 (856 mg, 6.11 mmol), o-iodoaniline 

(1.07 g, 4.89 mmol), sodium carbonate (6 mL of 1.0 M aqueous solution), and Pd(PPh3)4 (141 

mg, 0.122 mmol) in toluene–MeOH (60 mL, 5:1) was stirred at 70 °C for 5.5 h under argon.  

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

AcOEt three times.  The combined extracts were washed with brine and dried over MgSO4.  

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

chromatography on silica gel (hexane-AcOEt 10:1) to give 2-(1-trifluoromethylvinyl)aniline 

3-19a (810 mg, 89%) as a pale yellow oil. 

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

Hz), 6.72 (1H, dd, J = 8.1, 1.0 Hz), 6.75 (1H, ddd, J = 8.1, 8.1, 1.0 Hz), 7.07 (1H, dd, J = 8.1, 

1.0 Hz), 7.16 (1H, ddd, J = 8.1, 8.1, 1.0 Hz).  13C NMR (126 MHz, CDCl3) ! 115.8, 118.1, 

119.8, 123.0 (q, JCF = 274 Hz), 124.1 (q, JCF = 5 Hz), 129.9, 130.3, 136.3 (q, JCF = 31 Hz), 

144.5.  19F NMR (471 MHz, CDCl3) !F 94.8 (3F, s).  IR (neat) 3477, 3388, 3205, 1620, 

1496, 1454, 1344, 1120, 1080, 960 cm-1.  HRMS Calcd for C9H8NF3 188.0687 (M+); found 

188.0668.  Anal. Calcd for C9H8NF3: C, 57.76; H, 4.31; N, 7.48%. Found: C, 57.67; H, 4.44; 

N, 7.41%. 
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4-Methyl-2-(1-trifluoromethylvinyl)aniline (3-19b) 

1H NMR (500 MHz, CDCl3) ! 2.23 (3H, s), 3.62 (2H, br s), 5.66 (1H, q, JHF = 1.2 Hz), 6.16 

(1H, q, JHF = 1.2 Hz), 6.64 (1H, d, J = 8.2 Hz), 6.89 (1H, s), 6.98 (1H, d, J = 8.2 Hz).  13C 

NMR (126 MHz, CDCl3) ! 17.2, 113.0, 122.8, 122.9 (q, JCF = 274 Hz), 124.5 (q, JCF = 5 Hz), 

135.6 (q, JCF = 33 Hz), 139.1, 148.7, 154.2.  19F NMR (471 MHz, CDCl3) !F 94.9 (3F, s).  

IR (neat) 3311, 3174, 1614, 1464, 1161, 1122, 912, 742 cm-1.  Anal. Calcd for C10H10NF3: C, 

59.70; H, 5.01; N, 6.96%. Found: C, 59.76; H, 5.08; N, 6.84%.  

 

5-Chloro-2-(1-Trifluoromethylvinyl)aniline (3-19c) 

1H NMR (500 MHz, CDCl3) ! 3.83 (2H, br s), 5.67 (1H, q, JHF = 1.0 Hz), 6.20 (1H, q, JHF = 1.0 

Hz), 6.71 (1H, d, J = 2.0 Hz), 6.72 (1H, dd, J = 8.7, 2.0 Hz), 6.98 (1H, d, J = 8.7 Hz).  13C 

NMR (126 MHz, CDCl3) ! 115.4, 117.1, 118.1, 122.8 (q, JCF = 274 Hz), 124.7 (q, JCF = 5 Hz), 

131.4, 135.4 (q, JCF = 32 Hz), 135.5, 145.7.  19F NMR (471 MHz, CDCl3) !F 94.8 (3F, s).  

IR (neat) 3494, 3398, 1618, 1495, 1342, 1169, 1122, 1078, 910 cm-1.  Anal. Calcd for 

C9H7NClF3: C, 48.78; H, 3.18; N, 6.32%. Found: C, 48.49; H, 3.21; N, 6.18%. 

 

4,6-Difluoro-2-(1-trifluoromethylvinyl)aniline (3-19d) 

1H NMR (500 MHz, CDCl3) ! 3.70 (2H, br s), 5.75 (1H, q, JHF = 1.0 Hz), 6.25 (1H, q, JHF = 1.0 

Hz), 6.68 (1H, dd, JHF = 8.3 Hz, J = 2.8 Hz), 6.82 (1H, ddd, JHF = 8.3, 8.3 Hz, J = 2.8 Hz).  

13C NMR (126 MHz, CDCl3) ! 104,4 (dd, JCF = 27, 23 Hz), 111.9 (dd, JCF = 23, 4 Hz), 120.4 

(q, JCF = 5 Hz), 122.6 (q, JCF = 274 Hz), 125.1 (q, JCF = 5 Hz), 130.0 (dd, JCF = 13, 3 Hz), 134.5 

(q, JCF = 31 Hz), 151.0 (dd, JCF = 242, 12 Hz), 154.1 (dd, JCF = 239, 12 Hz).  

19F NMR (471 MHz, CDCl3) !F 32.8 (1F, dd, JFH = 10 Hz, JFF = 10 Hz), 37.1 (1F, ddd, JFH = 10, 

10 Hz, JFF = 10 Hz), 94.9 (3F, s).  IR (neat) 3491, 3398, 1591, 1491, 1365, 1290, 1174, 1119, 

771 cm-1.  HRMS Calcd for C9H6NF5 224.0499 (M+); found 224.0470. 

 

4-Methoxy-2-nitro-1-(1-trifluoromethylvinyl)benzene (3-25) 

1H NMR (500 MHz, CDCl3) ! 3.90 (3H, s), 5.59 (1H, q, JHF = 1.0 Hz), 6.07 (1H, q, JHF = 1.0 

Hz), 7.16 (1H, dd, J = 8.5, 2.6 Hz), 7.31 (1H, d, J = 8.5 Hz), 7.53 (1H, d, J = 2.6 Hz).  13C 

NMR (126 MHz, CDCl3) ! 55.9, 109.7, 119.0, 120.6, 122.4 (q, JCF = 274 Hz), 122.9 (q, JCF = 5 

Hz), 133.0, 136.0 (q, JCF = 32 Hz), 150.0, 160.5.  19F NMR (471 MHz, CDCl3) ! 95.7 (3F, s). 

IR (ZnSe) 3020, 1537, 1352, 1215, 1176, 1128 cm-1.  HRMS Calcd for C10H8NF3O3 248.0535 



!"#$%! &'() 

 141 

(M+); found 248.0534. 

 

5-Methoxy-2-(1-trifluoromethylvinyl)aniline (3-19e) 

1H NMR (500 MHz, CDCl3) ! 3.75 (3H, s), 3.78 (2H, br s), 5.65 (1H, q, JHF = 0.8 Hz), 6.16 

(1H, q, JHF = 0.8 Hz), 6.26 (1H, d, J = 2.5 Hz), 6.33 (1H, dd, J = 8.4, 2.5 Hz), 6.99 (1H, d, J = 

8.4 Hz).  13C NMR (126 MHz, CDCl3) ! 55.0, 100.9, 104.0, 111.8, 123.1 (q, JCF = 274 Hz), 

124.0 (q, JCF = 5 Hz), 131.2, 135.9 (q, JCF = 31 Hz), 145.8, 160.9.  19F NMR (471 MHz, 

CDCl3) ! F 94.8 (3F, s).  IR (ZnSe) 3388, 1616, 1510, 1344, 1213, 1167, 1119, 1076 cm-1.  

HRMS calcd for C10H10NF3O 218.0793 (M+); found 218.0810. 

 

Benzylidene-[2-(1-trifluoromethylvinyl)phenyl]amine (3-20a) 

To a solution of 3-19a (169 mg, 0.80 mmol) in benzene (7 mL) was added with benzaldehyde 

(153 mg, 1.44 mmol).  The reaction mixture was heated under reflux for 3 h, and the solvent 

was removed under reduced pressure.  After removal of the solvent under reduced pressure, 

the residue was purified by column chromatography on Florisil (hexane) to give 3-20a (283 

mg, 86%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 5.58 (1H, q, JHF = 1.2 Hz), 6.11 (1H, q, JHF = 1.2 Hz), 7.05 (1H, 

dd, J = 7.7, 1.0 Hz), 7.24 (1H, ddd, J = 7.7, 7.7, 1.0 Hz), 7.36 (1H, dd, J = 7.7, 1.0 Hz), 7.41 

(1H, td, J = 7.7, 7.7, 1.0 Hz), 7.45-7.51 (3H, m), 7.87 (2H, dd, J = 7.6, 1.9 Hz), 8.39 (1H, s).   

13C NMR (126 MHz, CDCl3) ! 118.6, 123.1 (q, JCF = 274 Hz), 123.9 (q, JCF = 5 Hz), 125.5, 

128.1, 128.7, 128.9, 129.9, 130.0, 131.5, 136.1, 136.8 (q, JCF = 31 Hz), 151.0, 160.6.  19F 

NMR (471 MHz, CDCl3) !F 96.6 (3F, s).  IR (neat) 1724, 1631, 1579, 1452, 1346, 1217, 

1169, 1122, 1072, 908 cm-1.  Anal. Calcd for C16H12NF3: C, 69.81; H, 4.39; N, 5.09%. Found: 

C, 70.10; H, 4.68; N, 4.89%. 

 

5-Chlorobenzylidene-[2-(1-trifluoromethylvinyl)phenyl]amine (3-20b) 

To a solution of 3-19c (142 mg, 0.64 mmol) in benzene (10 mL) was added with benzaldehyde 

(82 mg, 0.77 mmol) and TsOH•H2O (22 mg, 0.128 mmol).  The reaction mixture was heated 

under reflux for 6 h, and the solvent was removed under reduced pressure.  After removal of 

the solvent under reduced pressure, the residue was purified by column chromatography on 

Florisil (hexane) to give 3-20b (147 mg, 73%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 5.57 (1H, q, JHF = 1.2 Hz), 6.12 (1H, q, JHF = 1.2 Hz), 7.18 (1H, 

s), 7.21 (1H, d, J = 8.0 Hz), 7.28 (1H, d, J = 8.0 Hz), 7.45-7.52 (3H, m), 7.85 (2H, d, J = 7.6 
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Hz), 8.36 (1H, s).  13C NMR (126 MHz, CDCl3) ! 118.8, 122.9 (q, JCF = 274 Hz), 124.5 (q, 

JCF = 5 Hz), 125.3, 126.6, 128.8, 129.1, 131.0, 131.9, 135.4, 135.7, 135.8 (q, JCF = 32 Hz), 

152.0, 161.4.  19F NMR (471 MHz, CDCl3) !F 96.5 (3F, s).  IR (neat) 2925, 1631, 1581, 

1344, 1217, 1169, 1124, 908, 690 cm-1.  HRMS Calcd for C16H11NClF3 310.0810 (M+); found 

310.0620. 

 

(4-Methyl-benzylidene)-[2-(1-trifluoromethylvinyl)phenyl]amine (3-20d) 

Compound 3-20d was prepared by method described for 3-20a using 3-19a (200 mg, 1.07 

mmol), p-tolulaldehyde (192 mg, 1.60 mmol) in benzene (8 mL).  Purification by column 

chromatography on Florisil (hexane) gave 3-20d (232 mg, 75%) as a pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 2.41 (3H, s), 5.58 (1H, q, JHF = 1.3 Hz), 6.10 (1H, q, J JHF = 1.3 

Hz) , 7.03 (1H, dd, J = 7.6, 1.1 Hz), 7.22 (1H, ddd, J = 7.6, 7.6, 1.1 Hz), 7.27 (2H, d, J = 8.0 

Hz), 7.35 (1H, dd, J = 7.6, 1.1 Hz), 7.39 (1H, ddd, J = 7.6, 7.6, 1.1 Hz), 7.76 (2H, d, J = 8.0 

Hz), 8.34 (1H, s).  13C NMR (126 MHz, CDCl3) ! 21.6, 118.6, 123.1 (q, JCF = 274 Hz), 123.9 

(q, JCF = 5 Hz), 125.2, 128.0, 128.9, 129.4, 129.5, 129.9, 133.6, 136.8 (q, JCF = 31 Hz), 142.0, 

151.2, 160.5.  19F NMR (471 MHz, CDCl3) !F 96.7 (3F, s).  IR (neat) 1628, 1570, 1346, 

1217, 1171, 1124, 904 cm-1.  HRMS Calcd for C17H14NF3 290.1157 (M+); found 290.1154. 

 

4-Bromobenzylidene-2-(1-Trifluoromethylvinyl)phenylamine (3-20e) 

Compound 3-20e was prepared by method described for 3-20a using 3-19a (251 mg, 1.19 

mmol), p-bromobenzaldehyde (264 mg, 1.43 mmol) in benzene (8 mL).  Purification by 

column chromatography on Florisil (hexane) gave 3-20e (233 mg, 52%) as a pale yellow 

liquid. 

1H NMR (500 MHz, CDCl3) ! 5.55 (1H, q, JHF = 1.1 Hz), 6.10 (1H, q, JHF = 1.1 Hz), 7.03 (1H, 

d, J = 7.8 Hz), 7.24 (1H, dd, J = 7.8, 7.8 Hz), 7.35 (1H, d, J = 7.8 Hz), 7.40 (1H, dd, J = 7.8, 

7.8 Hz), 7.59 (2H, d, J = 8.4 Hz), 7.73 (2H, d, J = 8.4 Hz), 8.33 (1H, s).  13C NMR (126 MHz, 

CDCl3) ! 118.3, 123.1 (q, JCF = 274 Hz), 123.8 (q, JCF = 5 Hz), 125.8, 126.1, 128.3, 130.0, 

130.1, 130.2, 132.0, 135.0, 136.8 (q, JCF = 31 Hz), 150.5, 159.1.  19F NMR (471 MHz, 

CDCl3) !F 96.7 (3F, s).  IR (neat) 1630, 1589, 1566, 1489, 1346, 1169, 1124, 1068 cm-1.  

HRMS Calcd for C16H11NBrF3 354.0105 (M+); found 354.0117. 

 

2-(1-Trifluoromethylvinyl)phenyl-(4-trifluoromethylbenzylidene)amine (3-20f) 

Compound 3-20f was prepared by method described for 3-20a using 3-19a (183 mg, 0.98 
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mmol), p-trifluoromethylbenzaldehyde (256 mg, 1.47 mmol) in benzene (8 mL).  Purification 

by column chromatography on Florisil (hexane) gave 3-20f (226 mg, 67%) as a pale yellow 

liquid. 

1H NMR (500 MHz, CDCl3) ! 5.57 (1H, q, JHF = 1.1 Hz), 6.20 (1H, q, JHF = 1.1 Hz), 7.07 (1H, 

dd, J = 7.5, 1.1 Hz), 7.27 (1H, ddd, J = 7.5, 7.5, 1.1 Hz), 7.37 (1H, dd, J = 7.5 1.1 Hz), 7.43 

(1H, ddd, J = 7.5, 7.5, 1.1 Hz), 7.72 (2H, d, J = 8.2 Hz), 7.98 (2H, d, J = 8.2 Hz), 8.44 (1H, s).  

13C NMR (126 MHz, CDCl3) ! 118.2, 123.8 (q, JCF = 272 Hz), 123.9 (q, JCF = 5 Hz), 125.7 (q, 

JCF = 4 Hz), 126.1, 128.5, 129.1, 129.8 (q, JCF = 261 Hz), 130.0, 130.2, 132.9 (q, JCF = 33 Hz), 

136.8 (q, JCF = 31 Hz), 139.1, 150.2, 158.8.  19F NMR (471 MHz, CDCl3) !F 96.6 (3F, s), 

98.9 (3F, s).  IR (neat) 1631, 1323, 1169, 1124, 1065, 1016 cm-1.  HRMS Calcd for 

C17H11NF6 344.0874 (M+); found 344.0879. 

 

[5-Chloro-2-(1-trifluoromethylvinyl)phenyl]-(4-trifluoromethylbenzylidene)amine 

(3-20g) 

Compound 3-20g was prepared by method described for 3-20a using 3-19c (140 mg, 0.63 

mmol), p-trifluoromethylbenzaldehyde (132 mg, 0.76 mmol) in benzene (8 mL).  Purification 

by column chromatography on Florisil (hexane) gave 3-20g (225 mg, 94%) as a pale yellow 

liquid. 

1H NMR (500 MHz, CDCl3) ! 5.57 (1H, q, JHF = 1.3 Hz), 6.12 (1H, q, JHF = 1.3 Hz), 7.07 (1H, 

d, J = 2.0 Hz), 7.25 (1H, dd, J = 8.3, 2.0 Hz), 7.30 (1H, d, J = 8.3 Hz), 7.73 (2H, d, J = 8.2 Hz), 

7.98 (2H, d, J = 8.2 Hz), 8.43 (1H, s). 13C NMR (126 MHz, CDCl3) ! 118.6, 122.8 (q, JCF = 

274 Hz), 123.8 (q, JCF = 273 Hz), 124.4 (q, JCF = 5 Hz), 125.8 (q, JCF = 4 Hz), 126.0, 126.9, 

129.2, 131.3, 133.3 (q, JCF = 33 Hz), 135.0, 135.9 (q, JCF = 32 Hz), 138.7, 151.3, 159.8. 19F 

NMR (471 MHz, CDCl3) ! 96.5 (3F, s), 98.8 (3F, s).  IR (ZnSe) 1633, 1585, 1323, 1169, 

1126, 1065, 912 cm-1.  HRMS Calcd for C17H10NClF6 378.0484 (M+); found 378.0486. 

 

3-Bromobenzylidene-2-(1-Trifluoromethylvinyl)phenylamine (3-20k) 

Compound 3-20k was prepared by method described for 3-20a using 3-19a (129 mg, 0.69 

mmol), m-bromobenzaldehyde (153 mg, 0.83 mmol) in benzene (10 mL).  Purification by 

column chromatography on Florisil (hexane) gave 3-20k (205 mg, 84%) as a pale yellow 

liquid. 

1H NMR (500 MHz, CDCl3) ! 5.57 (1H, q, JHF = 1.1 Hz), 6.12 (1H, q, JHF = 1.1 Hz), 7.02 (1H, 

d, J = 7.9 Hz), 7.26 (1H, dd, J = 7.6, 7.6 Hz), 7.34 (1H, dd, J = 7.9, 7.9 Hz), 7.36 (1H, d, J = 
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7.6 Hz), 7.41 (1H, dd, J = 7.6, 7.6 Hz), 7.60 (1H, d, J = 7.6 Hz), 7.78 (1H, d, J = 7.9 Hz), 8.02 

(1H, s), 8.32 (1H, s).  13C NMR (126 MHz, CDCl3) ! 118.4, 123.0, 123.1 (q, JCF = 274 Hz), 

124.0 (q, JCF = 5 Hz), 125.9, 127.6, 128.3, 130.0, 130.1, 130.3, 131.5, 134.3, 136.7 (q, JCF = 31 

Hz), 138.1, 150.4, 158.9.  19F NMR (471 MHz, CDCl3) !F 96.6 (3F, s).  IR (neat) 1628, 

1566, 1344, 1217, 1169, 1122, 912, 748 cm-1.  HRMS Calcd for C16H11NBrF3 354.0105 (M+); 

found 354.0078. 

 

2-(1-Trifluoromethylvinyl)phenyl-(2-trifluoromethylbenzylidene)amine (3-20l) 

Compound 3-20l was prepared by method described for 3-20a using 3-19a (119 mg, 0.64 

mmol), o-trifluoromethylbenzaldehyde (133 mg, 0.77 mmol) in benzene (10 mL).  

Purification by column chromatography on Florisil (hexane) gave 3-20l (174 mg, 79%) as a 

pale yellow liquid. 

1H NMR (500 MHz, CDCl3) ! 5.56 (1H, q, JHF = 1.1 Hz), 6.13 (1H, q, JHF = 1.1 Hz), 7.07 (1H, 

dd, J = 7.6, 1.1 Hz), 7.28 (1H, ddd, J = 7.6, 7.6, 1.1 Hz), 7.38 (1H, dd, J = 7.6, 1.1 Hz), 7.48 

(1H, ddd, J = 7.6, 7.6, 1.1 Hz), 7.56 (1H, dd, J = 7.8, 7.8 Hz), 7.65 (1H, dd, J = 7.8, 7.8 Hz), 

7.73 (1H, d, J = 7.8 Hz), 8.37 (1H, d, J = 7.8 Hz), 8.76 (1H, s).  13C NMR (126 MHz, CDCl3) 

! 118.6, 123.1 (q, JCF = 274 Hz), 124.0 (q, JCF = 5 Hz), 124.2 (q, JCF = 274 Hz), 125.7 (q, JCF = 

6 Hz), 126.1, 128.3, 128.7, 129.7 (q, JCF = 31 Hz), 130.1, 130.2, 130.8, 132.2, 134.0, 136.7 (q, 

JCF = 32 Hz), 150.5, 156.9.  19F NMR (471 MHz, CDCl3) !F 96.4 (3F, s), 104.8 (3F, s).  IR 

(neat) 1630, 1577, 1491, 1346, 1311, 1161, 1109, 1034, 914, 770 cm-1.  HRMS Calcd for 

C17H11NF6 344.0874 (M+); found 344.0868. 

 

4-Difluoromethyl-2-phenylquinoline (3-24a) 

To a solution of 3-20a (93 mmol, 0.31 mmol) in DMF (3 mL) was added with KCN (4.8 mg, 

0.073 mmol) and DBU (0.06 mL, 0.40 mmol).  After the reaction mixture was heated at 

80 °C for 12 h, phosphate buffer (pH 7) was added to quench the reaction.  Organic materials 

were extracted with EtOAc (3 x 30 mL).  The combined extacts were washed with brine (40 

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

was purified by PTLC on silica gel (hexane–EtOAc, 5: 1) to give 3-24a (71 mg, 76%) as a 

pale yellow oil.   

1H NMR (500 MHz, CDCl3) ! 7.18 (1H, t, JHF = 54.7 Hz), 7.48 (1H, ddd, J = 7.1, 7.1, 1.3 Hz), 

7.54 (2H, ddd, J = 7.1, 7.1, 1.3 Hz), 7.60 (1H, ddd, J = 6.9, 6.9, 1.3 Hz), 7.77 (1H, ddd, J = 6.9, 

6.9, 1.3 Hz), 8.04 (1H, s), 8.05 (1H, dd, J = 6.9, 1.3 Hz), 8.17 (2H, dd, J = 7.1, 1.3 Hz), 8.24 
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(1H, dd, J = 6.9, 1.3 Hz).  13C NMR (126 MHz, CDCl3) ! 113.5 (t, JCF = 241 Hz), 115.9 (t, 

JCF = 8 Hz), 122.9 (t, JCF = 3 Hz), 123.0, 127.4, 127.5, 128.9, 129.8, 130.1, 130.6, 138.4 (t, JCF 

= 22 Hz), 138.8, 148.7, 156.9.  19F NMR (471 MHz, CDCl3) !F 46.6 (2F, d, JFH = 54 Hz).  

IR (neat) 1608, 1554, 1373, 1219, 1115, 1039, 912 cm-1.  HRMS calcd for C16H12NF2 

256.0938 (M+); found 256.0956 

 

7-Chloro-4-difluoromethyl-2-phenylquinoline (3-24b) 

Compound 3-24b was prepared by method described for 3-24a using 3-20b (145 mg, 0.47 

mmol), KCN (6.1 mg, 0.093 mmol), DBU (0.077 mL, 0.51 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 9b (75 mg, 

56%) as a pale yellow oil.  

1H NMR (500 MHz, CDCl3) ! 7.08 (1H, t, JHF = 54.7 Hz), 7.46-7.53 (4H, m), 7.94 (1H, d, J = 

8.9 Hz), 7.97 (1H, s), 8.13 (2H, dd, J = 8.0, 1.3 Hz), 8.18 (1H, d, J = 1.9 Hz).  13C NMR (126 

MHz, CDCl3) ! 113.4 (t, JCF = 241 Hz), 116.0 (t, JCF = 8 Hz), 121.3, 124.4, 127.4, 128.2, 128.9, 

129.4, 130.1, 136.0, 138.2, 138.5 (t, JCF = 22 Hz), 149.2, 158.0.  19F NMR (471 MHz, CDCl3) 

!F 47.0 (2F, d, JFH = 54 Hz).  IR (neat) 1606, 1508, 1371, 1119, 1084, 1039, 908 cm-1.  

HRMS Calcd for C16H10NClF2 (M
+) 290.0548; found 290.0546. 

 

4-Difluoromethyl-7-methoxy-2-phenylquinoline (3-24c) 

To a solution of 4-methoxy-2-(1-trifluoromethylvinyl)aniline (81 mg, 0.37 mmol) in Benzene 

(10 mL) was added with benzaldehyde (48 mg, 0.45 mmol).  The reaction mixture was 

heated under reflux for 14 h, and the solvent was removed under reduced pressure.  To a 

solution of the residue (3-20c) in DMF (3 mL) was added KCN (4.1 mg, 0.063 mmol) and 

DBU (0.052 mL, 0.35 mmol) under argon.  After the reaction mixture was heated at 80 °C 

for 12 h, phosphate buffer (pH 7) was added to quench the reaction.  Organic materials were 

extracted with Et2O (3 x 20 mL).  The combined extacts were washed with brine (30 mL) and 

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

purified by PTLC on silica gel (hexane–EtOAc 5:1) to give 3-24c (66 mg, 61%) as a pale 

yellow oil. 

1H NMR (500 MHz, CDCl3) ! 3.97 (3H, s), 7.12 (1H, t, JHF = 54.7 Hz), 7.25 (1H, dd, J = 9.1,  

2.4 Hz), 7.48 (1H, ddd, J = 7.2, 7.2, 1.2 Hz), 7.51-7.57 (3H, m), 7.88 (1H, s), 7.95 (1H, d, J = 

9.1 Hz), 8.15 (2H, dd, J = 7.2, 1.2 Hz).  13C NMR (126 MHz, CDCl3) ! 55.5, 108.9, 113.6 (t, 

JCF = 241 Hz), 113.7 (t, JCF = 8 Hz), 118.1 (t, JCF = 3 Hz), 120.5, 124.1, 127.4, 128.9, 129.7, 
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138.3 (t, JCF = 22 Hz), 139.0, 150.7, 157.4, 161.0.  19F NMR (471 MHz, CDCl3) !F 47.2 (2F, 

d, JFH = 54 Hz).  IR (neat) 1624, 1604, 1522, 1458, 1373, 1215, 1113, 1032, 746 cm-1.  Anal. 

Calcd for C17H13NF2O: C, 71.57; H, 4.59; N, 4.91%. Found: C, 71.65; H, 4.56; N, 4.78%. 

 

4-Difluoromethyl-2-(4-tolyl)quinoline (3-24d) 

Compound 3-24d was prepared by method described for 3-24a using 3-20d (105 mg, 0.39 

mmol), KCN (5.1 mg, 0.078 mmol), DBU (0.064 mL, 0.43 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24d (54 mg, 

51%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 2.42 (3H, s), 7.16 (1H, t, JHF = 54.6 Hz), 7.32 (2H, d, J = 7.9 

Hz), 7.57 (1H, ddd, J = 6.9, 6.9, 1.2 Hz), 7.75 (1H, ddd, J = 6.9, 6.9, 1.2 Hz), 8.01 (1H, s), 

8.03 (1H, dd, J = 6.9, 1.2 Hz), 8.08 (2H, d, J = 7.9 Hz), 8.21 (1H, dd, J = 6.9, 1.2 Hz).  13C 

NMR (126 MHz, CDCl3) ! 21.3, 113.6 (t, JCF = 241 Hz), 115.7 (t, JCF = 8 Hz), 122.9 (t, JCF = 3 

Hz), 123.0, 127.1, 127.3, 129.7, 130.0, 130.5, 134.0, 138.3 (t, JCF = 22 Hz), 140.0, 148.7, 

156.8.  19F NMR (471 MHz, CDCl3) !F 46.7 (2F, d, JFH = 54 Hz).  IR (neat) 1608, 1556, 

1508, 1375, 1215, 1117, 1049, 904 cm-1.  HRMS Calcd for C17H13NF2 (M
+) 270.1094; found 

270.1114. 

 

2-(4-Bromophenyl)-4-difluoromethylquinoline (3-24e) 

Compound 3-24e was prepared by method described for 3-24a using 3-20e (128 mg, 0.36 

mmol), KCN (4.7 mg, 0.072 mmol), DBU (0.059 mL, 0.40 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24e (84 mg, 

70%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 7.16 (1H, t, JHF = 54.6 Hz), 7.59 (1H, dd, J = 7.7, 7.7 Hz), 7.62 

(2H, d, J = 8.1 Hz), 7.76 (1H, dd, J = 7.7, 7.7 Hz), 7.96 (1H, s), 8.02 (1H, d, J = 7.7 Hz), 8.03 

(2H, d, J = 8.1 Hz), 8.20 (1H, d, J = 7.7 Hz).  13C NMR (126 MHz, CDCl3) ! 113.3 (t, JCF = 

241 Hz), 115.2 (t, JCF = 8 Hz), 122.9, 123.0 (t, JCF = 3 Hz), 124.5, 127.6, 128.9, 130.2, 130.5, 

132.0, 137.5, 138.6 (t, JCF = 22 Hz), 148.6, 155.5.  19F NMR (471 MHz, CDCl3) !F 46.4 (2F, 

d, JFH = 54 Hz).  IR (neat) 1608, 1587, 1550, 1400, 1373, 1117, 1074, 1039, 904 cm-1.  

HRMS Calcd for C16H10NBrF2 (M
+) 334.0043; found 334.0024. 

 

4-Difluoromethyl-2-(4-trifluoromethylphenyl)quinoline (3-24f) 

Compound 3-24f was prepared by method described for 3-24a using 3-20f (112 mg, 0.33 
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mmol), KCN (4.2 mg, 0.065 mmol), DBU (0.053 mL, 0.36 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24f (75 mg, 

72%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 7.19 (1H, t, JHF = 54.7 Hz), 7.63 (1H, ddd, J = 8.3, 8.3, 1.2 Hz), 

7.76 (2H, d, J = 8.1 Hz), 7.79 (1H, ddd, J = 8.3, 8.3, 1.2 Hz), 8.03 (1H, s), 8.05 (1H, dd, J = 

8.3, 1.2 Hz), 8.23 (1H, dd, J = 8.3, 1.2 Hz), 8.27 (2H, d, J = 8.1 Hz).  13C NMR (126 MHz, 

CDCl3) ! 113.2 (t, JCF = 241 Hz), 115.5 (t, JCF = 8 Hz), 123.0, 123.3 (t, JCF = 3 Hz), 124.1 (q, 

JCF = 272 Hz), 125.8 (q, JCF = 4 Hz), 127.7, 128.0, 130.4, 130.7, 131.5 (q, JCF = 33 Hz), 138.8 

(t, JCF = 22 Hz), 141.9, 148.7, 155.2.  19F NMR (471 MHz, CDCl3) !F 46.8 (2F, d, JFH = 55 

Hz), 99.0 (3F, s).  IR (neat) 1610, 1323, 1169, 1113, 1074, 1051, 904 cm-1.  Anal. Calcd for 

C17H10NF5: C, 63.16; H, 3.12; N, 4.33%. Found: C, 63.20; H, 3.30; N, 4.15%. 

 

7-Chloro-4-difluoromethyl-2-(4-trifluoromethylphenyl)quinoline (3-24g) 

Compound 3-24g was prepared by method described for 3-24a using 3-20g (156 mg, 0.41 

mmol), KCN (5.4 mg, 0.083 mmol), DBU (0.070 mL, 0.45 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24g (65 mg, 

44%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 7.15 (1H, t, JHF = 54 Hz), 7.58 (1H, d, J = 8.9 Hz), 7.79 (2H, d, 

J = 8.3 Hz), 8.01 (1H, d, J = 8.9 Hz), 8.02 (1H, s), 8.23 (1H, s), 8.27 (2H, d, J = 8.3 Hz).  13C 

NMR (126 MHz, CDCl3) ! 113.2 (t, JCF = 241 Hz), 115.8 (t, JCF = 8 Hz), 121.7 (t, JCF = 3 Hz), 

124.0 (q, JCF = 273 Hz), 124.5, 125.9 (q, JCF = 4 Hz), 127.8, 128.9, 129.6, 131.9 (q, JCF = 33 

Hz), 136.5, 139.0 (t, JCF = 22 Hz), 141.4, 149.2, 156.3.  19F NMR (471 MHz, CDCl3) !F 46.8 

(2F, d, JFH = 55 Hz), 99.0 (3F, s).  IR (neat) 1608, 1502, 1321, 1163, 1111, 1070, 1014, 847 

cm-1.  Anal. Calcd for C17H9NClF5: C, 57.08; H, 2.54; N, 3.92%. Found: C, 57.09; H, 2.82; N, 

3.68%. 

 

4-Difluoromethyl-7-methoxy-2-(4-trifluoromethylphenyl)quinoline (3-24h) 

To a solution of 4-methoxy-2-(1-trifluoromethylvinyl)aniline (134 mg, 0.62 mmol) in benzene 

(10 mL) was added with 4-trifluoromethylbenzaldehyde (129 mg, 0.74 mmol).  The reaction 

mixture was heated under reflux for 12 h, and the solvent was removed under reduced pressure.  

To a solution of the residue (3-20h) in DMF (3 mL) was added KCN (8.0 mg, 0.124 mmol) 

and DBU (0.10 mL, 0.68 mmol) under argon.  After the reaction mixture was heated at 80 °C 

for 3 h, phosphate buffer (pH 7) was added to quench the reaction.  Organic materials were 
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extracted with Et2O (3 x 20 mL).  The combined extacts were washed with brine (30 mL) and 

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

purified by PTLC on silica gel (hexane–EtOAc 5: 1) to give 3-24h (159 mg, 73%) as a pale 

yellow oil. 

1H NMR (500 MHz, CDCl3) ! 3.87 (3H, s), 7.03 (1H, t, JHF = 54.6 Hz), 7.17 (1H, dd, J = 9.2, 

2.1 Hz), 7.43 (1H, d, J = 2.1 Hz), 7.66 (2H, d, J = 8.3 Hz), 7.76 (1H, s), 7.83 (1H, d, J = 9.2 

Hz), 8.14 (2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 55.5, 108.4, 113.4 (t, JCF = 240 

Hz), 118.4 (t, JCF = 3 Hz), 121.2, 124.0, 124.1 (q, JCF = 272 Hz), 125.7 (q, JCF = 3 Hz), 127.7, 

128.8, 131.4 (q, JCF = 33 Hz), 138.7 (t, JCF = 22 Hz), 142.1, 150.7, 155.6, 161.2.  19F NMR 

(471 MHz, CDCl3) !F 47.0 (2F, d, JFH = 55 Hz), 99.2 (3F, s).  IR (neat) 1618, 1603, 1523, 

1456, 1379, 1325, 1213, 1117, 847 cm-1.  Anal. Calcd for C18H12NF5O: C, 61.19; H, 3.42; N, 

3.96%. Found: C, 61.27; H, 3.64; N, 3.72%. 

 

2-Benzoyl-4-difluoromethylquinoline (3-24i) 

Compound 3-24i was prepared by method described for 3-24h using 

2-(1-trifluoromethylvinyl)aniline 3-19a (142 mg, 0.76 mm), phenylglyoxal (132 mg, 0.99 

mmol), KCN (8.0 mg, 0.12 mmol),DBU (0.10 mL, 0.68 mmol) in DMF (3 mL).  Purification 

by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24i (65 mg, 30%) as a 

pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 7.19 (1H, t, JHF = 54.3 Hz), 7.52 (2H, dd, J = 8.0, 8.0 Hz), 7.64 

(1H, dd, J = 8.0, 8.0 Hz), 7.76 (1H, ddd, J = 7.0, 7.0, 1.2 Hz), 7.85 (1H, ddd, J = 7.0, 7.0, 1.2 

Hz), 8.19 (1H, dd, J = 7.0, 1.2 Hz), 8.24 (1H, dd, J = 7.0, 1.2 Hz), 8.28 (2H, d, J = 8.0 Hz), 

8.30 (1H, s).  13C NMR (126 MHz, CDCl3) ! 113.6 (t, JCF = 241 Hz), 118.2 (t, JCF = 8 Hz), 

123.5, 124.7, 128.2, 129.6, 130.5, 131.4, 131.4, 133.3, 135.7, 139.0 (t, JCF = 22 Hz), 147.2, 

154.3, 192.7.  19F NMR (471 MHz, CDCl3) !F 47.5 (2F, d, JFH = 55 Hz).  IR (neat) 1660, 

1597, 1331, 1254, 1217, 1051, 906, 756 cm-1.  HRMS calcd for C17H11NF2O 284.0887 (M+); 

found 284.0868. 

 

4-Difluoromethyl-2-ethoxycarbonylquinoline (3-24j) 

Compound 3-24j was prepared by method described for 3-24h using 

2-(1-trifluoromethylvinyl)aniline 3-19a (141 mg, 0.75 mm), glyoxylic acid ethyl ester (115 mg, 

1.13 mmol), KCN (7.5 mg, 0.12 mmol),DBU (0.094 mL, 0.63 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24j (52 mg, 
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27%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 1.51 (3H, t, JHF = 7.1 Hz), 4.59 (2H, q, J = 7.1 Hz), 7.20 (1H, t, 

JHF = 54 Hz), 7.77 (1H, dd, J = 7.4, 7.4 Hz), 7.87 (1H, dd, J = 7.4, 7.4 Hz), 8.16 (1H, d, J = 7.4 

Hz), 8.37 (1H, s), 8.42 (1H, d, J = 7.4 Hz).  13C NMR (126 MHz, CDCl3) ! 14.3, 62.5, 113.2 

(t, JCF = 241 Hz), 118.2 (t, JCF = 8 Hz), 123.3, 125.1, 129.8, 130.6, 131.7, 139.1 (t, JCF = 22 

Hz), 148.0, 148.1, 164.6.  19F NMR (471 MHz, CDCl3) !F 47.0 (2F, d, JFH = 54 Hz).  IR 

(neat) 1718, 1464, 1371, 1250, 1215, 1107, 910, 750 cm-1.  Anal. Calcd for C13H11NF2O2: C, 

62.15; H, 4.41; N, 5.58%. Found: C, 62.42; H, 4.70; N, 5.30%. 

 

4-Difluoromethyl-2-(3-bromophenyl)quinoline (3-24k) 

Compound 3-24k was prepared by method described for 3-24a using 3-20k (174 mg, 0.49 

mmol), KCN (6.4 mg, 0.098 mmol), DBU (0.081 mL, 0.54 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24k (104 mg, 

63%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 7.20 (1H, t, JHF = 54.6 Hz), 7.40 (1H, dd, J = 7.9, 7.9 Hz), 7.60 

(1H, d, J = 8.5 Hz), 7.63 (1H, dd, J = 7.9, 7.9 Hz), 7.80 (1H, dd, J = 8.5, 8.5 Hz), 8.00 (1H, s), 

8.07 (1H, d, J = 7.9 Hz), 8.08 (1H, d, J = 8.5 Hz), 8.23 (1H, d, J = 7.9 Hz), 8.37 (1H, s).  13C 

NMR (126 MHz, CDCl3) ! 113.3 (t, JCF = 241 Hz), 115.5 (t, JCF = 8 Hz), 123.0, 123.2 (t, JCF = 

3 Hz), 123.3, 125.9, 127.8, 130.3, 130.4, 130.5, 130.7, 132.7, 138.7 (t, JCF = 22 Hz), 140.7, 

148.6, 155.2.  19F NMR (471 MHz, CDCl3) !F 46.5 (2F, d, JFH = 55 Hz).  IR (neat) 1699, 

1608, 1550, 1508, 1358, 1217, 1041, 908, 750 cm-1.  Anal. Calcd for C16H10NBrF2: C, 57.51; 

H, 3.02; N, 4.19%. Found: C, 57.67; H, 3.28; N, 4.01%.!  

 

4-Difluoromethyl-2-(2-trifluoromethylphenyl)quinoline (3-24l) 

Compound 3-24l was prepared by method described for 3-24a using 3-20f (127 mg, 0.37 

mmol), KCN (4.8 mg, 0.074 mmol), DBU (0.061 mL, 0.41 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24l (93 mg, 

76%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 7.19 (1H, t, JHF = 54.5 Hz), 7.59 (1H, dd, J = 7.9, 7.9 Hz), 7.60 

(1H, d, J = 7.4 Hz), 7.67 (1H, dd, J = 7.9, 7.9 Hz), 7.68 (1H, dd, J = 7.4, 7.4 Hz), 7.75 (1H, s), 

7.82 (1H, dd, J = 7.4, 7.4 Hz), 7.83 (1H, d, J = 7.9 Hz), 8.13 (1H, d, J = 7.9 Hz), 8.25 (1H, d, J 

= 7.4 Hz).  13C NMR (126 MHz, CDCl3) ! 113.3 (t, JCF = 241 Hz), 118.9 (t, JCF = 8 Hz), 

123.0 (t, JCF = 3 Hz), 123.2, 124.0 (q, JCF = 274 Hz), 126.6 (q, JCF = 5 Hz), 128.0, 128.5 (q, JCF 
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= 31 Hz), 128.9, 130.3, 130.6, 131.4, 131.8, 137.8 (t, JCF = 22 Hz), 139.4, 148.1, 157.8.  19F 

NMR (471 MHz, CDCl3) !F 46.6 (2F, d, JFH = 55 Hz), 105.1 (3F, s).  IR (neat) 1606, 1558, 

1512, 1373, 1311, 1217, 1169, 1111, 1034, 771 cm-1.  HRMS Calcd for C17H10NF5 324.0812 

(M+); found 344.0826. 
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Figure 4-2.
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Scheme 4-2. CF3!"#$%&'()*+,-./*0 CF31
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Scheme 4-4. !"#$"%&'(")*+,-./
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Scheme 4-6. Wittig!"#$%&'(2-)*+,-./0,1234,(56
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wy7(Scheme 4-8) 13h 
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Scheme 4-12. Electrophile-driven 5-endo-trig cyclizations
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Scheme 4-13. Radical-initiated 5-endo-trig cyclizations
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Scheme 4-14. Nucleophile-driven 5-endo-trig cyclizations
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F2C
F

 

 

! &9:��@`a��çÔ5y¸���fc75Q$%&'()*+',-

'./0@çÔP(Scheme 4-16)PQO&'(),-'./0@çÔ  (Scheme 

4-15)5��67��H7h6´^_Qy�g����/��y`z�¤1l

vQS@<=#:ï@`aij�n¦~Q�yw=.�Z&9.0I(J��

�vwy7hS@�±Q$%&'()*+',-'./0G�`aM´

5-endo-trig =.�r\67@GP´y�5ÅÆv�h  

!  S¦GQ$%&'()*+',-'./0@ 5-endo-trig =.1?xv�8

&9:;<=>?)=./0@/A1��67¦5Zv�h Scheme 4-17 Z¥

6·¸ZQm-$%&'()*+'�+�J@('$ÝZF:�·���`a

BÝ1�Ñµ41xyw.�Z���·�F&çÔ1\yQ4ÝZO&'()

*+�JµM$%&'()*+'µ1l67IJK%JMØJÙ+(&ÚJ

@/A1\[� (¶#!4�HC )h´�Q�fg�4ÝZO&'()*+�J

µ1l67IJK%J@� ¡.1\yQ4ÝZRê&'()]'S'µ1l

67IJKL'ï@×��¢Òw��v�h®fZ£ÝZF:Q���·�#

:`aBÝ1�Ñ 2-$%&'()*+'-1-]'ÿJ1xywU²@.�Z�
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�MF&çÔ1��vQ£ÝZO&'()*+�JµM$%&'()*+'µ

1l67N)%OJQ?$�üK)+(&ÚJQ��)¯J�J@/A�\[

�(¶#!4�4C )h 

 

Scheme 4-17. !"#$%"&"'()*+,-./012314

– F–

H+

Z = NTs, SAc, CH(CO2Et), CH(CN)2

N
Ts

CF2

CF3

Z

N
Ts

CF3

CF2

E E

E = CO2Et, CN

N
Ts

CF2

N
Ts

CF2X

X = H, F, Br

S

CF2

S

CF3

 

 

£�H ! 4ÝZ&'()]'S'µ1�ÑØJ¤J=¥/;<=./0

@/A  

£�H�� ! ('$ÝZ�''J]�K�·�]�+'+(µ1�Ñm -$%

&'()*+'�+�J@/A 

 

! !(#G/A1¥v� (Scheme 3-26)]-%J 3-19 ZQTsCl �·� NsCl 1¦

x®ÒQ]�Tµ@ Ts .M Ns . 231\yQ=.@23045´7�''J

]�K 4-1 1/Av�(Scheme 4-18)h��Q3-19a @]�Tµ1O]Ù.v�

�QNaSAc 1¦x®Ò7¦5GQ('$ÝZ]�+'+(µ1�Ñm-$%&

'()*+'�+�J 4-2 1/Av�(Scheme 4-19)h 
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H2N

Scheme 4-18.

3-19

/  Pyridine

CF3

HN

4-1

CF3

R

4-1a (R = Ts, R1, R2, R3 = H) : 87%

4-1e (R = p-Ns,  R1, R2, R3 = H) : 84%

4-1f (R = o-Ns,  R1, R2, R3 = H) : 58%

H2N

Scheme 4-19.

3-19a

0 °C, 0.5 h

CF3 CF3CO2H (2.0)

N

CF3

Me2CH(CH2)2ONO (2.0)

 (1.2)

cat. DMAP

TsCl or NsCl

/ MeCN
N

CF3

NaSAc (2.0)

0 °C ! r.t., 12 h

0 °C ! r.t., 5 h
AcS

4-2 31%

R1

R2

R3

R1

R2

R3

4-1b  (R = Ts, R1 = Me, R2, R3 = H) : 87%

4-1c (R = Ts, R2 = Cl, R1, R3 = H) : 92%

4-1d  (R = Ts,  R1, R3 = F, R2 = H) : 59%

 

 

£�H�H ! .�Z��1?x67 3-O&'()*+�JIJK%J�·�

OüK)ØJÙ+(&ÚJ@/A 

 

F:��J@��µ R5vw$�'µ(Tsµ)1�Ñ 4-1aZNaH1¦x®ÒQ

3º67�''J]�§L$I(J Z·7.�Z��1��v�ḧ ;5vw

THF MO(S÷J1xy�Ì/QçÔP©Wr\v´�[��(Entries 1 and 2)Q

DMF 1xy 80 °C G 6 ª�&-«¬1\[�5¦­QîM5674ÝZO&

'()*+�Jµ1l67IJK%J 4-3a 1 84%@®ÛÜG�7¦5�G�

�(Entry 3)hØJ¤J=JZ Me µM,:��1¿Àv�µ4 4-1b, c 1xy�

Ì/�QÓÔ67IJK%J 4-3b, c 1Sg¯g 72%, 54%@ÛÜG�� (Entries 

4 and 5)hF:��J@��µ R 5vw-$)ØJ¤J�''-'µ (Ns µ)1

�Ñ 4-1e, f 1xy�Ì/Q80 °C GPçÔ�r\v´�[��Q 120 °C Zç

Ô°l1J±75=.�r\vQIJK%J 4-3e, f 1Sg¯g 56%, 45%@Û

ÜG²j� (Entries 6 and 7)h¦@·¸ZQ$%&'()*+',-'./01

xyw�`aM´ 5-endo-trig =.�r\675y¸Q ¡¢y§c1�7¦

5�2x�hIJ@�³1�5±w Table 4-1Z¥6h 
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CF3

N N
R

CF2

– F–

HN

CF3

Table 4-1.

4-1 4-3

R R

R1

R2

R1

R2

R1

R2

H

 Yield/%

0  (4-3a)

H 84  (4-3a)

H 56  (4-3e)

R2

reflux, 3 h

80 °C, 6 h

Conditions

2

3

6

Entry

Cl 54  (4-3c)80 °C, 7 h5

H 45  (4-3f)120 °C, 3 h7

H 72  (4-3b)80 °C, 5 h4

H 0  (4-3a)reflux, 6 h1

R1

4-1a

4-1a

4-1e

4-1c

4-1f

4-1b

4-1a

4-1

H

H

H

H

H

Me

H

1,4-Dioxane

DMF

DMF

Solvent

DMF

DMF

DMF

THF

120 °C, 1 h

R

Ts

Ts

p-Ns

Ts

o-Ns

Ts

Ts

NaH (1.2)

 

 

�� Table 4-2 Z¥6·¸ZQ4-2 Z DMF ´ NaOMe 1¦x®ÒQ 80 °C G 7

ª�&-«¬1\[�5¦­Qm�?'µ�Z·~3º67+(�L$I(J

Z·7.�Z���r\vQ4ÝZO&'()*+�Jµ1l67 2,3-OüK

)ØJÙ+(&ÚJ 4-4 1 26%@ÛÜG�7¦5�G�� (Entry 1)h 

 

CF3

S S

CF2

– F–

AcS

CF3

Table 4-2.

Base

4-2 4-4

4-4 /%

38

65

80 °C, 1 h

reflux, 2 h

Conditions

2

3

Entry

2680 °C, 7 h1

DMF

THF

Solvent

DMF

KOtert-Bu (1.1)

KOtert-Bu (1.1)

Base (eq.)

NaOMe (1.6)

S

CF2H

4-5

4-5 /%

19

0

0
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®fZ DMF ´Q,µ5vw KOtert-Bu 1¦x®Ò�5¦­4ÝZ CF3µ1l

67 4-4 � 38%�fgQ��QBB���/�Ã¤.vw� ¡.�r\vQ

4ÝZ CF2H µ1�ÑØJÙ+(&ÚJ 4-5 � 19%�fg� (Entry 2)h¨;1

THF Z¶jwçÔ1\[�5¦­Q65%@ÛÜGÞßMZ 4-4 1�7¦5�G

��(Entry 3)h 

 

£�H�4 ! 4ÝZ&'()]'S'µ1�ÑIJKL'@/A  

 

£�H�HG/Av�4ÝZO&'()*+�Jµ1l67IJK%J

4-3a 1� ¡.®ÒgkQIJKL'ï@×��·Ö5´7hS¦G��¸

±ZQ{H7yP,µZ·7���/@Ã¤.1\yQ4ÝZ CF2Hµ1�Ñ

IJKL' 3-6 @/A1UV� 24h 

Table 4-3Z¥6·¸ZQCH2Cl2´G 10-^J&�L�''J{ (CSA)1¦x

®Ò��QçÔP©Wr\v´�[� (Entry 1)hz�e¹´O&'()]'ÿ

J@�)$J.PºvGH75»¼®g7�±Q®fZ{¤l@®y CF3SO3H

1xyQ^+(J½¾.L³@��y(CF3)2CHOH[HFIP]´GçÔ1UV��Q

¿�ÀÁ.v� (Entry 2)h�yw,µ1xy�Ã¤.@��5vwQTHF ´G

%+åæ?$�*+'N¯%OK(LiTMP)1¦x®Ò��QbW@ºA01²

jQîM0GH7 4-6 @ºAPÂÃG�´�[� (Entry 3)h 

 

Table 4-3.

(Acid or Base)

4-6 /%

0

0

reflux, 2 h

–78 °C, 1 h

Conditions

2

3

Entry

0reflux, 15 h1

HFIP

THF

Solvent

CH2Cl2

CF3SO3H (1.1)

LiTMP (1.2)

Reagent (eq)

CSA (1.1)

N
Ts

CF2

4-3a

N
Ts

CF2H

4-6

Reagent
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¦@·¸ZQ{H7yP,µ1xyw�QIJK%J 4-3a @ exo-*+�JB

Ý@ZBï@Ã¤.1Ä¸� ¡.1\¸¦5P2x´�[�h  

S¦GQ4-3a @ exo-*+�JBÝï@ IF, Br2, HI ´Î@`z�Í@F&1\

¸¦5Zv�hF&6�f�Å)ÆJ.$:�r\6gkQIJKL'��f

g7¦5Z´7h 

IJK%J 4-3a Z CH2Cl2´QNIS 5 Et3N•3HF 1¦x®Ò�5¦­ 25Qexo-

*+�JBÝï@ IF @F&Q� HI �n¦~Q4ÝZ CF3µ1l67IJKL

' 4-7 1 90%@ÛÜG/A67¦5�G��(Scheme 4-20)h 

 

N
Ts

CF3

4-7 90%

 Et3N•3HF (2.5)

–10 °C, 2 h / CH 2Cl2 N
Ts

CF3
I

– HI
H

NIS (2.4)

"IF!""

Scheme 4-20.

N
Ts

CF2

4-3a
 

 

��Q4-3a Z CCl4´QBr21¦x®Ò�5¦­Q4ÝZ CF2Br µ1l67I

JKL' 4-8 � 96%@ÛÜG�fg� (Scheme 4-21)h 

 

N
Ts

N
Ts

CF2Br

4-8 96%

Br2 (1.3)

r.t., 3 h / CCl4 N
Ts

CF2Br
Br

– HBr
H

"Br2!""

CF2

4-3a

Scheme 4-21.

 

 

CF2Br µ1l67µ41/AçÔZ?xvwy7i5vwQ Burton fPQZn

1xyw 3-*)ä -3,3-O&'()�)¯J5^'õ-'./01çÔ®ÒQÓ

Ô67 gem-O&'()'ä]%']'°L '1�wy7 (Scheme 4-22)26h��

Dolbier f P Q CF2Br µ 1 l 6 7 Ø J Ç ( S ÷ Ù L ' 1 Q

Tetrakis(dimethylamino)ethylene[TDAE]1xywÈÉvQ̂ 'õ-'./05ç
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Ô®ÒwQÓÔ67]'°L'1�wy7 (Scheme 4-23)27hw[wQÊË/A

v�IJKL' 4-8 1¦gf@çÔZxy75QO&'()*+�Jµ1ÌÍ

GIJKL'=1l67./0@/A�ÅÆG�7h 

 

Scheme 4-22.

O

R1 R2
BrCF2CH=CH2

Zn

/ THF

OH

R1

R2
CF2CH=CH2

41–75%

R1 = Ar, Alkyl, Alkenyl

R2 = H, CF3, Me

Scheme 4-23.

RCHO

TDAE

O

N

CF2Br
/ DMF

O

N

CF2

R

HO

R = Ph (62%), p-CF3C6H4 (63%)

Me2N

NMe2Me2N

NMe2

TDAE

 

 

®fZQCH3CN ´G NaI, TMSCl, �·� H2O�f HI 13º®Ò 28QIJK

%J 4-3a Z¦x®Ò�5¦­Q exo-*+�JBÝï@ HI F&�r\vQS@

�� HI �n¦7¦5GQ4ÝZ CF2H µ1l67IJKL' 4-6 1ÛÜýW

�7¦5�G�� (Scheme 4-24)h 

 

N
Ts

CF2H

4-6 96%

NaI (1.6)

H2O (0.8)

r.t., 10 h / CH3CN N
Ts

CF2H
I

– HI
H

"HI!""

TMSCl (1.6)

N
Ts

CF2

4-3a

Scheme 4-24.

 

 

¦¦GQ3-$%&'()*+'IJKL' 4-7(Scheme 4-20)�·� 3-O&'

()*+'IJKL' 4-6(Scheme 4-24)/AZÎvwQO&'()]'ÿJï

@`z�MF&çÔ1cÏó75QqÐ¤��Z´[wy7¦5ZÑFWh6

´^_QºA0�f´�61Ò¾675QIF F&GPO&'()*+'^+
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(J A �ºVwy7@ZÓvQHI F&GPØJO'^+(J B �ºVwy7

(Scheme 4-25)h 

 

N
Ts

CF3

N
Ts

4-7

N
Ts

CF2H

4-6

N
Ts

CF2

N
Ts

CF2

F
–

I
–

CF2

4-3a

Scheme 4-25.

"HI!""

"IF!""

H
+

I
+

I

H

N
Ts

CF3

N
Ts

CF2H

I
– HI

– HI
I

A

B  

 

&9:@mÝ@^'õ^+(J A PQ&9:��J@��z�Ó@ÓgÔ

VZ·~½¾.1de7�QB)GØJO'^+(J B PÕÝ@&9:��

@5nL³Z·[we½¾.®g7hSgZ�Î^f�QHIF&G4ÝZ CF2H

µ1�ÑIJKL' 4-6 @V��fg�¦5PQI"@·¸ZÖ×G�7

(Scheme 4-26)h6´^_QO&'()]'ÿJï@ HI F&GPQ´�6 D 5

F 1·�MZ²j7�Q¦@´G F Qe�� HI Z·~� ¡.67h  

 

N
Ts

N
Ts

CF2H

4-6

N
Ts

CF2

N
Ts

CF2

I
–

I
–

CF2

4-3a

Scheme 4-26.

H
+

H
+

H

N
Ts

CF2I

N
Ts

CF2H

H

– HI
I

C

E

D

F

H

 

!
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¦@�±¦gf@´�6@½¾¤PÎØ´WQâÙMZ F �fÇ·�M´ HI

@���r\vQâ�½¾´IJKL' 4-6 ��fg�5½jfg7h��Q

ÚÈ@{Z·7���/@Ã¤.@·¸ZQ E �fÏÐ��)$J�r\vQ

IJKL' 4-6 ��fg�·Ö¤�H7hv�vQ Table 4-3GIJK%J!

4-3a ZQHI ·~�{¤l@®y$%&'()*�J�''J{1¦x®Ò�

Ì/G�IJKL' 4-6 ��fg´�[�¦5MQ>å.0I(JP`a��

��y¦5�fQ HI �F&v� F 1��vwIJKL' 4-6 ZÛ[�5Ò¾

®g7h 

IJ@·¸ZQ4ÝZO& '()*+�Jµ1l67IJK%J 4-3a ZÓ

vQ̀ z�F&5�Å)ÆJ.$:1ÜV/^Ò7¦5GQÛÜýWIJKL

'ï� ¡.�r\67¦51cy2v�h¦@ÊËZ·~Q4ÝZ$%&'

()*+'µQ*)äO&'()*+'µQO&'()*+'µ1l67IJ

KL'1/A67¦5�G�7h 

 

£�H�£ ! .�ZF&1?x67 3-$%&'()*+'IJK%J�·�

OüK)ØJÙ+(&ÚJ@/A 

 

!  !(#!4�H�4CGòó� ·¸ZQ('$ÝZI�JM(S�æBÝ

1�Ñm-$%&'()*+'�+�J�fQI�TµF:Z·7.�ZF&

�r\vQ£ÝZ CF3µ1l67OüK)IRST%J5¿6 3-9, 3-13 1/

A67¦5�G��h¦@çÔPQ�)$J¤ÝÞ"G\[�@GQ.�ZF

&�ßàZr\v�5½jwy7hS¦GQ�''J]�K 4-1 1xy�=.

çÔ�Q�)$J¤ÝÞ"G\jkQ4ÝZ CF3µ1l67F&6IJK%J

4-9 ��fg75ÅÆv�h  

Table 4-4Z¥6·¸ZQ$�']�K 4-1a Z DMF ´Q130 mol%@ DBU 1

¦x®Ò�5¦­Q»¼Ú~Q4ÝZ CF3µ1l67IJK%J 4-9a ��f

g��ÛÜP 18%Z5Î�[� (Entry 1)h  
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4-9a / %

1

Enrty

18

Table 4-4.

DBU / mol%

120

2 6920

4-3a / %

0

6

3 8130 0

Conditions

120 °C, 2 h

120 °C, 1 h

     80 °C, 2 h

! 120 °C, 1 h

CF3

HN
Ts

DBU

N
Ts

CF3

DBU•H+

N
Ts

CF3

4-9a4-1a

Solvent

DMF

DMF

DMF

4 48110 0120 °C, 7 h(CH2OH)2

N
Ts

CF2

4-3a

 

 

¦@�³PQ,µ5vw&j� DBU �Q��)$Jvw]Jä-åæ,5´

~Q¦g�F&´�61�)$J.67¦5GQ3-$%&'()*+'IJK

%J 4-9a �ºAv�5½jfg7h¦@Ì/QDBU �áº67¦5Z´7@

GQDBU P:;âG·y¦5Z´7hS¦GQ20 mol%@ DBU 1xyQ80 °C

GHª�çÔ1\yQS@ 19F NMR 1ã¾v�5¦­Q�ä$�']]�K

4-1a �·�IJK%J 4-3a, 4-9a �å\vwy7¦5�.�[�hçÔ°l1

J±wQ120 °C GçÔ1\[�5¦­Q4-1a PæçvQ4-3a 5 4-9a @ºAÏ

P 4-9a ïÛèvwyW¦5�.�[� (Entry 2, Scheme 4-27)h¦@�³PQ�

)$Jé�ê.Z´y@GBëP&9.0I(J���vwO&'()*+

�J6 4-3a 1²j7�Q��v�&9.0I(J�¦@ exo-*+�JBÝï

F&67¦5GQ$%&'()*+'6 4-9a 1ºVwy75½jfg7hO

&'()*+�J 4-3a ï@&9.0I(J@F&ZÑywPQ 4-3a Z

n-Bu4NF(TBAF)1¦x®Ò75Q$%&'()*+'6 4-9a � 47%@ÛÜG

�fg7  (Scheme 4-28)h�� 4-3a Z KF 1¦x®Ò�Ì/P Q`a��ìy

�±QO&'()]'ÿJBÝï@F&Pr\v´�[� hDBU @íxâ1

30 mol%ZîMvQ 120 °C G�ª�çÔ1\[�5¦­Q$%&'()*+'

6 4-9a 1 81%@ÛÜGÞßMZ�7¦5�G�� (Entry 3)h���)$J¤
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¨;´GçÔ1\jkQ.�ZF&1qrG�7@GP´y�5½jQm+�

Jï%°L'´GçÔ1\[�h¦@Ì/Q DBU �:;âQ5çÔ�ð5Í

Îr\Ò�QDBU @íxâ1 110 mol%ZîMvQ 120 °CGñª�çÔ1\[

�5¦­Q�ä 4-1a Pæòv��Q$%&'()*+'6 4-9a @ÛÜP 48%

Z5Î�~ÛÜ@ÐJZPÛf´�[� (Entry 4)h 

 

– F–
DBU (20 mol%)

N
Ts

CF3

N
Ts

CF2
CF3

HN
Ts

N
Ts

CF3

–

 F–

DBU•H+4-1a 4-3a

4-9a

4-1a 4-3a 4-9aConditions

80 °C, 2 h

120 °C, 1 h

6 2 1

0 1 12

: :

: :

Determined by 19F NMR

Scheme 4-27.

 

N
Ts

CF3

N
Ts

CF2

4-3a 4-9a  47%

Scheme 4-28.

TBAF (1.5)

r.t, 12 h

/ THF
N
Ts

CF3

N
Ts

CF2

4-3a 4-9a  0%

KF (1.5)

80 °C / DMF

 

 

�fg�âóÝÞô¨;õDMFQDBUõ30 mol%QçÔ°lõ120 °Cö1�

5ZQ3-$%&'()*+'IJK%J 4-9 /AZ�ywµ4Bc¤@��1

\[�(Table 4-5)hØJ¤J=JZ*+'µM,:��Q&9:��1�Ñ$

�']�K 4-1b, c, d �fQÓÔ67 3-$%&'()*+'IJK%J 4-9b, c, 

d 1Sg¯g 69%, 71%, 65%@ÛÜG�7¦5�G�� (Entries 2, 3, 4)h��-

$)ØJ¤J�''J]�K 4-1f �f�QIJK%J 4-9f 1 60%@ÛÜG�

7¦5�G��(Entry 5)h 
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N
R

CF3

HN

CF3

Table 4-5.

DBU (30 mol%)

4-1 4-9

R

R1

R2

R1

R2

H

 Yield/%

69  (4-9b)

Cl 71  (4-9c)

R2

1

0.5

Time / h

2

3

Entry

H 60  (4-9d)0.54

H 81  (4-9a)11

R1

4-1b

4-1c

4-1d

4-1a

4-1

Me

H

F

H

N
R

CF3
R1

R2

DBU•H+

120 °C / DMF

R3

H

H

R3

F

H

H 65  (4-9f)25 4-1fH H

R

Ts

Ts

Ts

Ts

o-Ns

R3 R3

 

 

�ywQ+(�L$I(JZ·7.�ZF&1��v�h6´^_ 4-2 Z*

�T�'´G K2CO3 1¦x®ÒQ�ª�&-ÈÓ1\[�hS@�³Q�]

�+'5=.çÔ�r\vQ4ÝZ CF3µ1�Ñ 2,3-OüK)ØJÙ+(&Ú

J 4-10 1ÞßMZ�7¦5�G�� (Scheme 4-29)h*�TL'´GçÔ1\

[�@GQ&9.0I(J���67pZQF&´�61÷©Z�)$J.G

���±5½jfg7h 

S

CF3

4-10 70%

K2CO3 (1.1)

reflux, 1 h

H+

4-2

Scheme 4-29.

CF3

AcS
/ MeOH

S

CF3
CF3

S

 

 

! IJQ¶#!£�HCGPQ('$��mø$%&'()*+'�+�J@

�''J]�§L$I(J�·�+(�L$I(JZ·7.�Z���·�

F&Z·7 ùø!"#$%&'() =.1\yQ4ÝZ&'()]'S'µ1l67I

JKL'�·�ØJÙ+(&ÚJ�1ýþ´ÛÜG�7¦5ZAúv�h  
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£�4 ! £ÝZ&'()]'S'µ1�Ñû=y;<=./0@/A  

£�4�� ! .�ZZ$�']�KB ÝQ]�+'+(µQm�?'BÝ�·

�-$%'BÝ1�Ñ 2-$%&'()*+'-1-*?J@/A  

 

pCGPQm-$%&'()*+'�+�J@�''J]�§L$I(J�

·�+(�L$ I(JZ·7 5-endo-trig =.1\[�h¦@Ì/Q]'ÿJ

BÝ5`aBÝ5�&Ú-�Jüý®gw�~Q 5-endo-trig =.5´7F&�

�çÔ@�ZQþÿM´Á�z�=!çÔ�r\vwy7·Ö¤�"®gwy

�hS¦GQy�g@#�G=.vwy7@�1Â�±7�±Q]'ÿJBÝ

5`aBÝ�*+�JsGüý®g�µ41xyw;<=TA1UV7¦5

Zv�h!(#!4��C@DEG�òó�·¸ZQ$%&'()*+',-

'./0@,-'µJZ]'S'µ�¿À®g75Q̀ aÍ5@çÔ¤���

W!"67h¦@�±Q*+�JsGüý®g�µ4GP 5-endo-trig =.�

r\vZWy5»¼®g7�QXYPQ.�ZçÔ@mJ$)NLL³Z·~Q

¦@·¸´=.çÔ�r\67@GP´y�5½j�hS¦G.�ZZF:Q

��Q#:`aê13º®ÒQ¦gZ·7 5-endo-trig =.1?xv�;<=

@8&9:=!./0@/A1��67¦5Zv�h  

! ]�§L$I(J Z·7=.çÔ@23045´7$�']�K 4-17a-ePQ

$%&§ 29@ 2-$%&'()*+']%'��J 4-13 5Rê]'ûüK5@

çÔZ·~QÓÔ67'ä]%']'°L' 4-14a-e 1/Av�h�ywQ'

(çÔ 301\y 4-15a-e 5v��QCF3CO2H G Boc µ1])67¦5G$�'

]�K 4-17a-e 1/Av�(Scheme 4-30)h  
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4-11

Scheme 4-30.

CF3CO2Et

TMSCH2MgCl (2.1)

r.t., 6 h / THF
TMS TMS

HO CF3

4-12 71%

conc. H2SO4

CF3

TMS

4-13 51%

RCHO (1.1)

r.t., 12 h

TBAF (0.15)

MS 4!

/ THF

CF3

RHO

4-14a : R = Ph (75%)

4-14b : R = p-BrC6H4 (84%)

4-14c : R = styryl (43%)

r.t., 6 h / THF

PPh3 (1.5)

 DEAD (1.5)

 NHTsBoc (1.3)

CF3

RBocN
Ts

r.t., 10 h

CF3CO2H (10)

/ CH2Cl2

CF3

RHN
Ts

4-14d : R = 2-furyl (72%)

4-14e : R = n-C6H13 (52%)

4-15a : R = Ph (95%)

4-15b : R = p-BrC6H4 (85%)

4-15c : R = styryl (25%)

4-15d : R = 2-furyl (not determined)

4-15e : R = n-C6H13 (73%)

4-16a : R = Ph (94%)

4-16b : R = p-BrC6H4 (77%)

4-16c : R = styryl (61%)

4-16d : R = 2-furyl (29% from 4-14d)

4-16e : R = n-C6H13 (84%)  

 

+(�L$I(JZ·7=.çÔ@23045´7'ä]%'ÝZ]�+

'+(µ1�Ñ 4-17a, b PQScheme 4-30Z¥v�ÊË1xy/Av�'ä]

%']'°L' 4-14a ZQ+(z{1xy�'(çÔ1\y/Av�  

(Scheme 4-31)h 

 

Scheme 4-31.

CF3

RHO 0 °C, 12 h

PPh3 (2.0)

 DEAD (2.0)

AcSH (1.5)

CF3

RAcS

4-14a : R = Ph / THF

4-14e : R = n-C6H13

4-17a : R = Ph 35%

4-17b : R = n-C6H13 51% 

 

! £¤*+�J@mT�L$Z·7=.çÔ@23045´7Qm�?'BÝ

M�]Tµ1�Ñ$%&'()*+',-'./0 4-19a, b PQKnoevenagel

çÔZ·~23v� 4-18Z 2-$%&'()*+']%'��J 4-131*+F
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&®Ò23v�h�QvG)T-$%'5¿6 4-19b PQ¦@ÊËQ5ÛÜ�

E±w!�[�@GQ'ä]%']'°L'Z,ýô@'(çÔ 311\[w2

3v� (Scheme 4-32)h 

 

Scheme 4-32.

r.t. / THF

TBAF (0.2) CF3

Ph
4-18a : R = CO2Et

CF3

TMS

4-13

R

R
Ph

4-18b : R = CN

MS 4!

R

R

4-19a : R = CO2Et (41%)

4-19b : R = CN (6%)

CF3

PhHO

4-14a

r.t., 24 h

CH2(CN)2 (1.5)

n-Bu3P=CH2CN (1.5)

/ Benzene

CF3

Ph
NC

CN

4-19b 29%  

 

£�4�H ! .�Z��1?x67 4-O&'()*+�JN)%OJQ?$

�üK)+(&ÚJ�·���)¯J�J@/A  

 

$�']�K 4-16a 1äû'./05vwQDMF ´ NaH 1¦x®ÒQ80 °C

GH-ª�&-«¬1\[� hS@�³QÅÆv�./0GH7£ÝZO&'

()*+�Jµ1l67N)%OJ 4-20a �Q66%@ÛÜG�fg� (Entry 1)h

çÔ°l1 120 °C Z675çÔP4ª�GÙ.vQ 91%@®ÛÜG 4-20a 1�

7¦5�G��(Entry 2)h¨;1$'mJZ×/675QçÔP©Wr\Ò�

Z2304 4-16a �ËÛ®g7 (Entry 3)h,µ5vw KH 1xy�Ì/QNaH

1xy�Ì/ZÏóçÔª�PtW´[��QÛÜP01!"vQ4-20a1 87%

@ÛÜG�� (Entry 4)hIJ@�³1�5±w Table 4-6 Z¥6h 
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4-20a / %

1

Enrty

66

Table 4-6.

Base (eq)

NaH (1.3)

Conditions

80 °C, 24 h

CF3

HN
Ts

Base – F–

4-20a4-16a

Ph

CF3

N
Ts

Ph

CF2

N
Ts

Ph

2 91NaH (1.3) 120 °C, 3 h

Solvent

DMF

DMF

3 0NaH (1.3) reflux, 5 hToluene

4 87KH (1.5) 120 °C, 1 hDMF
 

 

2Z�òó��QÚÈ$%&'()*+',-'./0@,-'Ý��µ

�]'S'µQ5Q`aÍ5@çÔ¤P!"67h34 Scheme 4-33 Z¥6·

¸ZQ$�']�§L$I(J Z·7 5-&Ú-'-2-$%&'()*+'-1-¯

J?J 4-21 @.����çÔPð5ÍÎr\Ò�QÓÔ67ºA0 4-22 PQ

^�� 2%@ÛÜGv��fg´yh  

 

Scheme 4-33.

4-22 2%4-21

Ph n-Pr–NTs

120 °C, 3 h

NaH (1.3)

/ DMF

CF3

Ph

CF2

n-Pr–N
H Ts

 

!

¦@¦5�fQ.��GPð5ÍÎr\v´�[�çÔG�Q.�ZG\

¸¦5Z·~LÜýWr\vQÓÔ67;<=ºA01ÛÜýW²j�h !

+Zµ4Bc¤@ÂÃ1\[�h'ä]%'ÝZ Ph µQp-*)ä&Ú-'

µQ�+%'µQ2-&%'µQ>S�'µ1�Ñ$�']�K 4-16a-e 1xyQ

=.@��1\[�5¦­Qy�g�ÛÜýWÓÔ67£ÝZO&'()*+

�Jµ1�ÑN)%OJ 4-20a-e 1²j�hIJ@�³1� 5±w Table 4-7
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Z¥6h 

 

Yield/%

1

Enrty

91 (4-20a)

Table 4-7.

R Time / h

3

CF3

HN
Ts

NaH (1.3) – F–

4-204-16

R

CF3

N
Ts

R

CF2

N
Ts

R120 °C / DMF

4-16

4-16aPh

2 79 (4-20b)44-16bp-BrC6H4

3 73 (4-20c)24-16c

4 74 (4-20d)24-16d

5 82 (4-20e)34-16en-C6H13

Ph

O

 

 

! ��Q+(�L$I(JZ·7��çÔ�ÛÜýWr\67h'ä]%'Ý

Z]�+'+(µ1�Ñ 4-17a, b ZQDMF ´ NaOMe 1¦x®Ò75Q3º6

7+(�L$]-(JZ·7.�Z���r\vQ£ÝZO&'()*+�J

µ1l67?$�üK)+(&ÚJ 4-23a, b 1QSg¯g 82%, 75%@ÛÜG

/A67¦5�G��(Scheme 4-34)h 

 

Scheme 4-34.

CF3

AcS

NaOMe (1.3) – F–

R

CF3

S Ph

CF2

S R100 °C / DMF

4-17a : R = Ph

4-17b : R = n-C6H13

4-23a : R = Ph 82% (10 h)

4-23b : R = n-C6H13 75% (15 h)
 

 

®fZQG)J{Om+' 4-19a �·�G)T-$%'5¿6 4-19b 1xy

wQ��çÔ1��v�h4-19a Z DMF ´ NaH 1¦x®ÒQ 110 °C GÁª�
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&-«¬v�5¦­QÅÆv�£ÝZO&'()*+�Jµ1�Ñ��)¯J

�J 4-24a 1 57%@ÛÜG�� (Entry 1)hNaH Z¶jw KH 1¦x®Ò�5¦

­QçÔPHª�GÙ.vQ 4-24a @ÛÜ� 77%ZÐJv� (Entry 2)h��Q

4-19b Z DMF ´ NaH 1¦x®ÒQ100 °C G4ª�&-«¬1\[�5¦­Q

��)¯J�J 4-24b � 61%@ÛÜG�fg� (Entry 3)hIJ@�³1�5±

w Table 4-8 Z¥6h 

 

Yield/%

1

Enrty

57 (4-24a)

Table 4-8.

Base (eq)

NaH (1.5)

Conditions

110 °C, 6 h

CF3

Base – F–

4-244-19

Ph

CF3

Ph

2 77 (4-24a)KH (1.8) 110 °C, 2 h

3 61 (4-24b)NaH (1.3) 100 °C, 3 h

R

R

/ DMF

RR

CF2

Ph

RR

R

CO2Et

CO2Et

CN

4-19

4-19a

4-19a

4-19b

 

 

¦@·¸ZQ`aBÝ5]'ÿJBÝ�*+�JsGüý®g�µ4G�Q

5-endo-trig =.1��67.�Z���r\vQ£ÝZO&'()*+�Jµ

1l67N)%OJQ?$�üK)+(&ÚJ�·���)¯J�J1/A6

7¦5�G��h!

 

£�4�4 ! .�ZF&1?x67 4-$%&'()*+'N)%OJ�·�

?$�üK)+(&ÚJ@/A 

 

pCGPQ.�Z��1?xv�O&'()*+�Jµ1l67;<=T

A@��1\[�hB)Q!(#!4�HCM¶#£�H�£CGòó�·¸

ZQ�)$J¤ÝÞ"GçÔ1\jkQ.�ZF&�ÅÆG�7hS¦GQ'
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ä]%'ÝZ$�']�KµM]�+'+(µ1�Ñ 4-16, 4-17 1xyQ£Ý

Z CF3µ1l67N)%OJ 4-25M?$�üK)+(&ÚJ 4-26@/A1�

�67¦5Zv�h  

! $�']�K 4-16a Z DMF ´G 30 mol%@ DBU 1¦x®ÒQ 120 °C G4

ª�&-«¬v��QçÔ5@ 19F NMR 1ã¾v�h¦@Ì/Q.�ZF&

�r\v�$%&'()*+'.6 4-25a PºAÒ�QÂÃ®g�@P.�Z

���r\v�O&'()*+�J.6 4-20a (19F NMR ÛÜ 10%)5Q�B.

P2304 4-16a GH[� (Scheme 4-35)h  

 

Scheme 4-35.

CF3

HN
Ts

DBU (30 mol%)

4-25a 0%4-16a

Ph

CF3

N
Ts

Ph

4-20a 10%

CF2

N
Ts

Ph
120 °C, 3 h

/ DMF

4-16a 89% recovered

 

 

('$ÝZ$�'µ1�Ñ!-$%&'()*+'�+�J 4-1a 5 DBU @

çÔGPQ¦g1 19F NMR G67v��³(Scheme 4-27)·~Q4-1a @BB�

fP��çÔ�r\vwQO&'()*+�Jµ1�ÑIJK%J 4-3a 5´

7�Q¦gZál&9.0I(J�F&67¦5GQ$%&'()*+'µ1

l67IJK%J 4-9a �ºAvwy7 (Scheme 4-36)h 

 

– F
–

DBU

N
Ts

CF3

N
Ts

CF2

CF3

HN

Ts

N
Ts

CF3

–

 F
–

DBU•H
+

4-1a

4-3a

4-9a

Scheme 4-36.
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¦gZÓvQ¶#!£�4�HCG/Av�O&'()*+�Jµ1l67N

)%OJ 4-20a GP TBAF 1¦x®Òw�Q CF3.6 4-25a P�fg´�[�

(Scheme 4-37)h 

 

Scheme 4-37.

4-25a  0%

CF3

N
Ts

Ph

TBAF (1.5)

r.t, 24 h

/ THF

(No Reaction)4-20a

CF2

N
Ts

Ph
N
Ts

CF3

N
Ts

CF2

4-3a 4-9a  47%

TBAF (1.5)

r.t, 12 h

/ THF

 

 

¦@¦5�fQO]'S'��@O&'()]'ÿJ 4-20a P`z�¤�!y

@GQ&9.0I(J@`aij�r\vvWQBë 4-20a �ºV75$%&

'()*+'.6 4-25a ZP×�®g´y5½jfg7hw[w 4-20a 1ÛÜ

ýW�7�±ZPQF&´�6�f&9.0I(J@��ZO2vw�)$J

.1r\®Ò´egk´f´y (Scheme 4-38)hS¦GQ]'°L'M$@·¸

´�)$J¤¨;´GF&çÔ1��v�h  

 

Scheme 4-38.

CF3

HN

Base

– F
–

4-20

4-16

R

CF3

N
Ts

R

CF2

N
Ts

R

Ts

4-25

CF3

N
Ts

R

H
+

 F
–

 

 

Table 4-9 Z¥6·¸ZQ tert-BuOH–DMF(1:1)@å/¨;´Q 4-16a Z

KOtert-Bu 1¦x®Ò�5¦­Q&9.0I(J���v�O&'()*+'

µ1l67 4-20a 55�ZQÅÆv�.�ZF&�r\v�$%&'()*+
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'.6 4-25a � 35%@ÛÜG�fg� (Entry 1)h®fZLÜýW�)$J.1

\¸�±ZQ tert-BuOH @8/1J±Q tert-BuOH–DMF(10:1)@å/¨;´Gç

Ô1\[��Q¦@Ì/PçÔ°l�!W (tert-BuOH : bp 83 °C)QçÔ�ÇÈ

Z9W´[� (Entry 2)hS¦GQçÔ°l1®WG�7·¸ZQH2O–DMF(1:10)

@å/¨;´1xyQ,µ5vw KOH 1xy�5¦­Q$%&'()*+'

.6 4-25a � 40%QO&'()*+�J.6 4-20a � 45%@ÛÜG�fg�

(Entry 3)h 

 

Table 4-9.

CF3

HN
Ts

Base

4-25a4-16a

Ph

CF3

N
Ts

Ph

4-20a

CF2

N
Ts

Ph

CF3

N
Ts

Ph

H+

4-25a / %

1

Enrty

35

Base (eq)

KOt-Bu (1.3)

Conditions

120 °C, 3 h

Solvent

tert-BuOH–DMF

4-20a / %

30

4-16a recovered/ %

0
(1 : 1)

2a 3KOt-Bu (1.3) reflux, 1 h
tert-BuOH–DMF

8 84
(10 : 1)

3 40KOH (1.3) 120 °C, 10 h
H2O–DMF

45 0
(1 : 10)

4a 6KOH (1.3) reflux, 10 h
H2O–DMF

0 94
(1 : 5)

5 45KOH (1.3) 120 °C, 6 h
H2O–DMSO

29 0
(1 : 5)

6 63KOH (1.3) 120 °C, 20 h
H2O–DMSO

6 15
(1 : 1)

7 74KOH (5.0) 120 °C, 20 h
H2O–DMSO

4 8
(1 : 1)

8 82KOH (5.0) 130 °C, 20 h(CH2OH)2 0 0

a Yields were determined by19F NMR (Internai Tol2C(CF3)2 Standard).  

 

H2O @8/1J±Q H2O–DMF(1:5)@å/¨;1xy�5¦­Q$�']�K

4-16a @¨/¤�ÇÈZ:W´~Q 4-16a �ð5ÍÎËÛ®g� (Entry 4)h4-16a
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@¨/¤1J±7�±Z H2O–DMSO(1:5)@å/¨;1xy�5¦­Q 4-16a P

¨/v��Q$%&'()*+'.6 4-25a @ÛÜP 45%GQO&'()*+

�J.6 4-20a � 29%�fg� (Entry 5)hH2O–DMSO(1:1)@å/¨;1xy7

5Q4-25a� 63%�fgQ4-20a@ÛÜ1 6%�G�j7¦5�G��  (Entry 6)h

,µGH7 KOH @íxâ1;;ä'âZîM6¦5GQ $%&'()*+'

.6 4-25a @ÛÜ� 74%�GÐJvQO&'()*+�J.6 4-20a @ÛÜP

4%5´[� (Entry 7)h�)$J¤G®<�@¨;GH7m+�Jï%°L'

(bp 196-198 °C)1¨;ZxyQ 130 °C GH-ª�&-v�5¦­QF&´�6

�f@&9.0I(J@��1÷©Z�jwQîM@$%&'()*+'.6

4-25a 1 82%5y¸â�ýþ´ÛÜG�7¦5�2x� (Entry 8)h´�Q¦¦

G�fg�N)%OJ 4-25a PQ©w@mJ$%LZ�ywO]�?�(G�

Ï�Q]J+6õ�J6=>Hõ?GH~Q]J+ÞßMZ�fg�h¦@�

6.@�·�]J+Q�J@Þß¤ZÑywP�ò67h  

+Z=.çÔ@µ4Bc¤@ÂÃ1\[�h Table 4-10 Z¥6·¸ZQ'ä

]%'ÝZ&Ú-'µQp-*)ä&Ú-'µQ 2-&%'µQ>S�'µ1�Ñ

$�']�K 4-16a, b, d, e GPQy�g�ÛÜýW.�ZF&�r\vQ®Þ

ßMZ]J+6@N)%OJ 4-25a, b, d, e 1�7¦5�G�� (Entries 1, 2, 4, 

5)h�+%'µ1�Ñ$�']�K 4-16c 1xy�Ì/QÓÔ67N)%OJ

4-25c @ÛÜP 23%GH[� (Entry 3)h¦gPQ4-25c @ºA�Q,µZ·7�

�'&AJ{v�./0 4-26 �Cºv��±5½jfg7h  
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Yield/% (anti : syn)

1

Enrty

85 [4-25a (92 : 8)]

R Conditions

120 °C, 20 h

CF3

HN
Ts

KOH (5.0) H+

4-254-16

R

CF3

N
Ts

R

CF3

N
Ts

R

4-16

4-16aPh

2 76 [4-25b (92 : 8)]130 °C, 10 h4-16bp-BrC6H4

3a 23 [4-25c (78 : 22)]130 °C, 10 h4-16c

4 69 [4-25d (83 : 17)]120 °C, 24 h4-16d

5b 67 [4-25e (77 : 23)]130 °C, 20 h4-16en-C6H13

Ph

O

/ (CH2OH)2

a CF3

N
Ph

4-26 17%

b Solvent : (CH2OH)2–THF (10 : 1)

Table 4-10.

 

!  

Table 4-10Z¥v�·¸ZQCF3µ1l67N)%OJ 4-25a-e PQ�6Ã¤

6GH7]J+65�J6@å/05vw�fg7h¦@´GQp-*)ä&Ú

-'µ1�ÑN)%OJ 4-25b @VQHê�@Ã¤61�%^Æ'^�æG.

�G��hS¦GQSg¯g@ NOESY �¯�$'1ã¾67¦5GQS@�

6q�1B¾v�h6´^_Q H25 H45@�Z NOE CÎ�H7Ã¤61�

J6QNOE CÎ�´yÃ¤61]J+65U¾v� (Fig. 4-5)h¦gZ·~Q

�fg�N)%OJ 4-25b PQ]J+6�KºA0GH 7¦5�.�[�h  

Figure 4-5.

4-25b

N
Ts Br

H2

H4F3C

syn

N
Ts Br

H2

CF3
H4

anti

NOE

 

! ��Qp-*)ä&Ú-'µ1�ÑN)%OJ 4-25b ID@ 4-25a, c-e @�6
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.@ZÑywPQ Table 4-11 Z¥6·¸ZQ©w@./0G$:��(H4)@ 1H 

NMR @ÿ�^'�&$E�ÂFMGH[��±QS@ÿ�^'�&$E1

4-25b @GÃ¤6@E5ÏHvw�6.@1Ò¾v�h  

R 4-25 H4 (syn)

Table 4-11. 1H NMR Chemical Shifts (!)

N
Ts

R
H2

H4F3C

4-25–syn

N
Ts

R

H2
CF3

H4

4-25–anti

2.634-25aPh

2.644-25bp-BrC6H4

2.694-25c

2.764-25d

2.384-25en-C6H13

Ph

O

H4 (anti)

2.96

2.92

3.00

3.27

2.95

anti  : syn

92 : 8

92 : 8

78 : 22

83 : 17

77 : 23

 

 

N)%OJ 4-25a-e @O]�?�(GLÏ1c75Qy�g�]J+6�K

ºA05´[wy7h¦@»�5vwPQ-�@MúI5JlñMúI@HÑ
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2-(1-Trifluoromethylvinyl)-p-toluenesulfonanilide (4-1a) 

To a solution of 2-(1-trifluoromethylvinyl)aniline 3-19a (85 mg, 0.45 mmmol) in pyridine (3 

mL) was treated with p-toluenesulfonyl chloride (104 mg, 0.545 mmmol) and a catalytic 

amount of DMAP at 0 °C.  The reaction mixture was stirred for 3 h at room temperature.  

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

AcOEt (10 mL ! 3).  The combined extracts were washed with aq. HCl and dried over 

MgSO4.  After removal of the solvent under reduced pressure, the residue was purified by 

PTLC on silica gel (hexane–AcOEt 2:1) to give 4-1a (130 mg, 84%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.38 (3H, s), 5.07 (1H, q, JHF = 1.4 Hz), 6.07 (1H, q, JHF = 1.4 

Hz), 7.10–7.12 (2H, m), 7.23 (2H, d, J = 8.3 Hz), 7.32–7.36 (1H, m), 7.64 (2H, d, J = 8.3 Hz), 

7.66 (1H, d, J = 8.4 Hz).  13C NMR (126 MHz, CDCl3) ! 20.6, 21.6, 122.0, 122.4 (q, JCF = 

274 Hz), 125.2 (q, JCF = 5 Hz), 125.5, 127.3, 129.6, 130.8, 130.9, 132.1, 134.7 (q, JCF = 32 Hz), 

134.8, 136.3, 144.0.  19F NMR (471 MHz, CDCl3) !F 94.4 (3F, s).  IR (ZnSe) 3282, 1495, 

1411, 1346, 1188, 1130, 916, 812, 771, 669 cm-1.  Anal. Calcd for C17H16NF3O2S: C, 57.46; 

H, 4.54; N, 3.94%. Found: C, 57.42; H, 4.78; N, 3.69%. 

 

4-Methyl-2-(1-trifluoromethylvinyl)-p-toluenesulfonanilide (4-1b) 

Compound 4-1b was prepared by method described for 4-1a using 

2-(1-trifluoromethylvinyl)-3-methylaniline 3-19b (432 mg, 2.15 mmol), p-toluenesulfonyl 

chloride (492 mg, 2.58 mmmol), a catalytic amount of DMAP in pyridine (4 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-1b (663 mg, 

87%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.28 (3H, s), 2.38 (3H, s), 4.97 (1H, q, JHF = 1.2 Hz), 6.00 (1H, 

q, JHF = 1.2 Hz), 6.45 (1H, s), 6.91 (1H, s), 7.14 (1H, d, J = 8.4 Hz), 7.22 (2H, d, J = 8.3 Hz), 

7.53 (1H, d, J = 8.4 Hz), 7.61 (2H, d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 

121.1, 122.4 (q, JCF = 274 Hz), 124.6, 124.8, 125.5 (q, JCF = 5 Hz), 127.3, 129.7, 130.2, 130.5, 

134.6 (q, JCF = 32 Hz), 134.8, 136.1, 144.2.  19F NMR (471 MHz, CDCl3) !F 94.6 (3F, s).  

IR (ZnSe) 3286, 1601, 1496, 1392, 1342, 1161, 1132, 904, 727cm-1.  Anal. Calcd for 

C16H14NF3O2S: C, 56.30; H, 4.13; N, 4.10%. Found: C, 56.49; H, 4.29; N, 3.97%. 

 

5-Chloro-2-(1-trifluoromethylvinyl)-p-toluenesulfonanilide (4-1c) 
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Compound 4-1c was prepared by method described for 4-1a using 3-19c (276 mg, 1.24 mmol), 

p-toluenesulfonyl chloride (520 mg, 2.73 mmmol), a catalytic amount of DMAP in pyridine (5 

mL).  Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-1c 

(430 mg, 92%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.40 (3H, s), 5.15 (1H, q, JHF = 1.2 Hz), 6.12 (1H, q, JHF = 1.2 

Hz), 6.68 (1H, s), 7.04 (1H, d, J = 8.3 Hz), 7.08 (1H, dd, J = 8.3, 1.9 Hz), 7.27 (2H, d, J = 8.4 

Hz), 7.67 (2H, d, J = 8.4 Hz), 7.70 (1H, d, J = 1.9 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 

120.6, 122.1 (q, JCF = 274 Hz), 122.6, 124.6, 126.3 (q, JCF = 5 Hz), 127.3, 129.8, 131.4, 133.7 

(q, JCF = 32 Hz), 135.6, 136.0, 136.1, 133.6.  19F NMR (471 MHz, CDCl3) !F 94.3 (3F, s).  

IR (ZnSe) 3388, 3282, 1597, 1493, 1389, 1342, 1163, 1122, 1092 cm-1.  HRMS Calcd for 

C16H13NClF5O2S 376.0386 (M+); found 376.0381. 

 

4,6-Difluoro-2-(1-trifluoromethylvinyl)-p-toluenesulfonanilide (4-1d) 

Compound 4-1d was prepared by method described for 4-1a using 

2-(1-trifluoromethylvinyl)-4,6-difluoroaniline (226 mg, 1.01 mmol), p-toluenesulfonyl 

chloride (250 mg, 1.31 mmmol), a catalytic amount of DMAP in pyridine (3 mL).  

Purification by PTLC on silica gel (hexane-AcOEt 5:1) gave 4-1d (225 mg, 59%) as a 

colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.44 (3H, s), 5.72 (1H, q, JHF = 1.1 Hz), 6.09 (1H, s), 6.15 (1H, 

q, JHF = 1.1 Hz), 6.82-6.88 (2H,m), 7.28 (2H, d, J = 8.3 Hz), 7.67 (2H, d, J = 8.3 Hz).  13C 

NMR (126 MHz, CDCl3) ! 21.6, 105,4 (dd, JCF = 25, 25 Hz), 113.5 (dd, JCF = 23, 4 Hz), 119.0 

(dd, JCF = 19, 5 Hz),122.4 (q, JCF = 274 Hz), 122.6 (q, JCF = 5 Hz), 129.5, 133.4 (q, JCF = 32 

Hz), 136.2 (dd, JCF = 11, 11 Hz), 137.0, 144.1, 159.1 (dd, JCF = 254, 13 Hz), 161.0 (dd, JCF = 

254, 13 Hz).  19F NMR (471 MHz, CDCl3) !F 32.8 (1F, dd, JFH = 9.0 Hz, JFF = 9 Hz), 37.1 (1F, 

ddd, JFH = 9.0, 9.0 Hz, JFF = 9 Hz), 96.1 (3F, s).  IR (ZnSe) 3253, 1597, 1489, 1331, 1296, 

1161, 1122, 1092, 771 cm-1.  Anal. Calcd for C16H14NF5O2S: C, 50.93; H, 3.21; N, 3.71%. 

Found: C, 51.05; H, 3.42; N, 3.46%. 

 

4-Nitro-N-[2-(1-trifluoromethylvinyl)phenyl]benzenesulfonamide (4-1e) 

Compound 4-1e was prepared by method described for 4-1a using 

2-(1-trifluoromethylvinyl)aniline 3-19a (152 mg, 0.84 mmol), p-nitrobenzenesulfonyl chloride 

(216 mg, 0.98 mmmol), a catalytic amount of DMAP in pyridine (3 mL).  Purification by 

PTLC on silica gel (hexane-AcOEt 2:1) gave 4-1e (255 mg, 84%) as a yellow oil. 
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1H NMR (500 MHz, CDCl3) ! 5.29 (1H, q, JHF = 1.3 Hz), 6.14 (1H, q, J JHF = 1.3 Hz), 6.79 

(1H, s), 7.16 (1H, d, J = 8.0 Hz), 7.19 (1H, dd, J = 8.0, 8.0 Hz), 7.40 (1H, dd, J = 8.0, 8.0 Hz), 

7.66 (1H, d, J = 8.0 Hz), 7.96 (2H, d, J = 9.0 Hz), 8.30 (2H, d, J = 9.0 Hz). 13C NMR (126 

MHz, CDCl3) ! 121.3, 122.2 (q, JCF = 274 Hz), 124.3, 125.4, 125.6, 125.9 (q, JCF = 5 Hz), 

128.6, 130.5, 130.9, 133.7, 134.6 (q, JCF = 31 Hz), 144.7, 150.3. 19F NMR (471 MHz, CDCl3) 

!F 94.5 (s).  IR (ZnSe) 3286, 1533, 1347, 1218, 1163, 1119, 1090, 912 cm-1.  HRMS calcd 

for C15H11N2F3O4S 373.0470 (M+); found 373.0486. 

 

2-Nitro-N-[2-(1-trifluoromethylvinyl)phenyl]benzenesulfonamide (4-1f) 

Compound 4-1f was prepared by method described for 4-1a using 

2-(1-trifluoromethylvinyl)aniline 3-19a (298 mg, 1.59 mmol), p-nitrobenzenesulfonyl chloride 

(424 mg, 1.91 mmmol), a catalytic amount of DMAP in pyridine (3 mL).  Purification by 

PTLC on silica gel (hexane-AcOEt 2:1) gave 4-1f (345 mg, 58%) as a yellow oil. 

1H NMR (500 MHz, CDCl3) ! 5.26 (1H, q, JHF = 1.3 Hz), 6.09 (1H, q, JHF = 1.3 Hz), 7.18 (1H, 

d, J = 7.7 Hz), 7.22 (1H, ddd, J = 7.6, 7.6, 1.1 Hz), 7.42 (1H, dd, J = 7.7, 7.7 Hz), 7.63 (1H, 

ddd, J = 7.6, 7.6, 1.1 Hz), 7.65 (1H, s), 7.72 (1H, dd, J = 7.7, 7.7 Hz), 7.74 (1H, d, J = 7.7 Hz), 

7.86 (1H, dd, J = 7.6, 1.1 Hz), 7.88 (1H, dd, J = 7.6, 1.1 Hz).  13C NMR (126 MHz, CDCl3) ! 

122.2 (q, JCF = 274 Hz), 124.0, 125.2 (q, JCF = 5 Hz), 125.4, 125.9, 126.7, 129.9, 130.2, 130.3, 

130.9, 132.8, 133.0. 134.0, 134.6 (q, JCF = 31 Hz), 148.0.  19F NMR (471 MHz, CDCl3) !F 

94.0 (3F, s).  IR (ZnSe) 3354, 1541, 1404, 1348, 1219, 1173, 1122, 912 cm-1.  HRMS calcd 

for C15H11N2F3O4S 373.0470 (M+); found 373.0451. 

 

2-(1-Trifluoromethylvinyl)benzene thioacetate (4-2) 

CF3CO2H (0.43 mL, 5.6 mmol) and i-AmONO (0.75 mL, 5.6 mmol) were added to a CH3CN 

(8 mL) solution of 2-(1-trifluoromethylvinyl)aniline (522 mg, 2.79 mmol) at 0 °C.  The 

reaction mixture was stirred for 0.5 h.  The solution was treated with AcSNa [prepared from 

AcSH (0.60 mL, 8.4 mmol), sodium hydride (NaH, 335 mg, 60 % dispersion in mineral oil, 

8.4 mmol) in DMF (5 mL) at 0 °C] and stirred for 3 h at room temperature.  The reaction was 

quenched with phosphate buffer (pH 7).  The mixture was filtered through Celite, and then 

organic materials were extracted with Et2O three times.  After removal of the solvent under 

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

(hexane-AcOEt 10:1) to give 4-2 (214 mg, 31%) as a pale yellow oil. 

1H NMR (500 MHz, CDCl3) ! 2.38 (3H, s), 5.52 (1H, s), 6.06 (1H, s), 7.36-7.38 (1H, m), 
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7.43-7.45 (2H, m), 7.51-7.53 (1H, m).  13C NMR (126 MHz, CDCl3) ! 30.0, 122.6 (q, JCF = 

274 Hz), 123.5 (q, JCF = 5 Hz), 128.1, 129.6, 129.8, 130.7, 136.8, 137.2 (q, JCF = 33 Hz), 138.2, 

193.4.  19F NMR (471 MHz, CDCl3) !F 95.1 (3F, s).  

IR (ZnSe) 1704, 1473, 1402, 1346, 1171, 1111, 1093, 906, 729 cm-1.  HRMS calcd for 

C11H9F3OS 247.0404 (M+); found 247.0415. 

 

3-Difluoromethylene-1-tosylindoline (4-3a) 

To a susupension of sodium hydride (NaH, 148 mg, 60 % dispersion in mineral oil, 3.70 

mmol) in DMF (5 mL) was added 4-1a (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 x 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 4-3a (767 mg, 84%) as a colorless 

solid. 

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

7.5, 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 = 4 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 (ZnSe) 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%. 

 

3-Difluoromethylene-5-methyl-1-tosylindoline (4-3b) 

Compound 4-3b was prepared by method described for 4-3a using 4-1b (169 mg, 0.47 mmol), 

sodium hydride (NaH, 24.8 mg, 55 % dispersion in mineral oil, 0.57 mmol) in DMF (4 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-3b (114 mg, 

72%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.28 (3H, s), 2.36 (3H, s), 4.52 (2H, dd, JHF = 4.3, 4.3 Hz), 7.04 

(1H, d, J = 8.2 Hz), 7.06 (1H, s), 7.23 (2H, d, J = 8.3 Hz), 7.58 (1H, d, J = 8.2 Hz), 7.65 (2H, 

d, J = 8.3 Hz).  13C NMR (126 MHz, CDCl3) ! 20.9, 21.5, 49.4 (d, JCF = 3 Hz), 88.2 (dd, JCF 

= 22, 22 Hz), 114.7, 123.7 (d, JCF = 9 Hz), 127.2, 129.7, 129.8, 133.5, 134.0, 140.5, 143.3, 
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144.4, 149.6 (dd. JCF = 288, 288 Hz).  19F NMR (471 MHz, CDCl3) !F 74.6 (1F, dt, JFF = 43 

Hz, JFH = 4 Hz), 77.5 (1F, dt, JFF = 43 Hz, JFH = 4 Hz).  IR (ZnSe) 2924, 2355, 2249, 1755, 

1475, 1358, 1165, 912, 742 cm-1.  Anal. Calcd for C17H15NF2O2S: C, 60.88; H, 4.51; N, 

4.18%. Found: C, 60.73; H, 4.78; N, 3.92%. 

 

6-Chloro-3-Difluoromethylene-1-tosylindoline (4-3c) 

Compound 4-3c was prepared by method described for 4-3a using 4-1c (150 mg, 0.40 mmol), 

sodium hydride (NaH, 21 mg, 55 % dispersion in mineral oil, 0.48 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-3c (76 mg, 

54%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.36 (3H, s), 4.52 (2H, dd, JHF = 4.3, 4.3 Hz), 7.04 (1H, d, J = 

8.2 Hz), 7.06 (1H, s), 7.23 (2H, d, J = 8.3 Hz), 7.58 (1H, d, J = 8.2 Hz), 7.65 (2H, d, J = 8.3 

Hz).  13C NMR (126 MHz, CDCl3) ! 21.6, 49.6 (d, JCF = 3 Hz), 87.6 (dd, JCF = 27, 27 Hz), 

114.9, 122.8 (dd, JCF = 4, 4 Hz), 123.9 (dd, JCF = 9, 2 Hz), 124.2, 127.2, 130.3, 133.3, 134.8, 

143.6 (d, JCF = 5 Hz), 144.9, 149.8 (dd. JCF = 289, 289 Hz).  19F NMR (471 MHz, CDCl3) !F 

75.7 (1F, dt, JFF = 41 Hz, JFH = 4 Hz), 78.4 (1F, dt, JFF = 41 Hz, JFH = 4 Hz).  IR (ZnSe) 3020, 

1757, 1597, 1475, 1363, 1215, 1167, 966 cm-1.  HRMS Calcd for C16H12NClF2O2S 356.0324 

(M+); found 356.0332. 

 

3-Difluoromethylene-1-(4-nitrobenzenesulfonyl)indoline (4-3e) 

To a susupension of sodium hydride (NaH, 11 mg, 55 % dispersion in mineral oil, 0.26 mmol) 

in DMF (3 mL) was added 4-1e (80 mg, 0.21 mmol) at 0 °C under an argon atmosphere.  The 

reaction mixture was stirred for 1 h at 120 °C, and then phosphate buffer (pH 7) was added to 

quench the reaction.  Organic materials were extracted with Et2O (2 x 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 chromatography on sillica 

gel (hexane–AcOEt 2:1) to give 4-3e (42 mg, 56%) as a yellow oil. 

1H NMR (500 MHz, CDCl3) ! 4.60 (2H, dd, JHF = 4.3, 4.3 Hz), 7.10 (1H, dd, J = 7.6, 7.6 Hz), 

7.28 (1H, dd, J = 7.6, 7.6 Hz), 7.29 (1H, d, J = 7.6 Hz), 7.70 (1H, d, J = 7.6 Hz), 7.99 (2H, d, J 

= 8.9 Hz), 8.30 (2H, d, J = 8.9 Hz).  13C NMR (126 MHz, CDCl3) ! 49.4 (d, JCF = 4 Hz), 87.7 

(dd, JCF = 22, 22 Hz), 114.7, 123.6, 123.7, 124.5, 125.1, 128.3, 129.3 (dd, JCF = 3, 3 Hz), 141.6 

(d, JCF = 6 Hz), 142.0, 149.8 (dd, JCF = 289, 289 Hz), 150.6.  19F NMR (471 MHz, CDCl3) !F 

76.0 (1F, dt, JFF = 40 Hz, JFH = 4 Hz), 79.0 (1F, dt, JFF = 40 Hz, JFH = 4 Hz).  IR (ZnSe) 3104, 
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1756, 1529, 1346, 1270, 1169, 1115, 913 cm-1.  HRMS Calcd for C15H10N2F2O4S 353.0408 

(M+); found 353.0398. 

 

3-Difluoromethylene-1-(2-nitrobenzenesulfonyl)indoline (4-3f) 

Compound 4-3f was prepared by method described for 4-3e using 4-1f (73 mg, 0.20 mmol), 

sodium hydride (NaH, 10 mg, 55 % dispersion in mineral oil, 0.24 mmol) in DMF (3 mL).  

Purification by column chromatography on silica gel (hexane-AcOEt 2:1) gave 4-3f (34 mg, 

50%) as a yellow oil. 

1H NMR (500 MHz, CDCl3) ! 4.79 (2H, dd, JHF = 4.4, 4.4 Hz), 7.10 (1H, dd, J = 7.6, 7.6 Hz), 

7.24 (1H, dd, J = 7.6, 7.6 Hz), 7.37 (1H, d, J = 7.6 Hz), 7.48 (1H, d, J = 7.6 Hz), 7.63 (1H, ddd, 

J = 7.9, 7.9, 1.2 Hz), 7.67 (1H, dd, J = 7.9, 1.2 Hz), 7.73 (1H, ddd, J = 7.9, 7.9, 1.2 Hz), 7.95 

(1H, dd, J = 7.9, 1.2 Hz).   13C NMR (126 MHz, CDCl3) ! 49.5 (d, JCF = 4 Hz), 87.9 (dd, JCF 

= 27, 27 Hz), 114.3, 123.6 (dd, JCF = 9, 2 Hz), 124.1 (dd, JCF = 6, 4 Hz), 124.5, 124.6, 129.0 

(dd, JCF = 2, 2 Hz), 130.1, 131.2, 131.8, 134.4, 141.7 (d, JCF = 5 Hz), 148.4, 149.9 (dd, JCF = 

289, 289 Hz).  19F NMR (471 MHz, CDCl3) !F 75.5 (1F, dt, JFF = 41 Hz, JFH = 4 Hz), 78.8 (1F, 

dt, JFF = 41 Hz, JFH = 4 Hz).  IR (ZnSe) 2919, 1757, 1540, 1368, 1270, 1168, 1116 cm-1.  

HRMS Calcd for C15H10N2F2O4S 353.0408 (M+); found 353.0431. 

 

3-Difluoromethylenedihydrobenzo[b]thiophene (4-4) 

To a KOt-Bu (53 mg, 0.48 mmol) was added 4-2 (106 mg, 0.432 mmol) in THF (3 mL) at 

0 °C under an argon atmosphere.  The reaction mixture was heated under reflux for 2 h, and 

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

extracted with Et2O (10 mL x 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 PTLC on sillica gel (hexane) to give 4-4 (52 mg, 65%) as a colorless liquid. 

1H NMR (500 MHz, CDCl3) ! 2.37 (3H, s), 4.04 (2H, dd, JHF = 4.1, 4.1 Hz), 7.06 (1H, ddd, J 

= 7.7, 7.7, 1.3 Hz), 7.13 (1H, ddd, J = 7.7, 7.7, 1.3 Hz), 7.16 (1H, dd, J = 7.7, 1.3 Hz), 7.38 

(1H, ddd, J = 7.7, 1.3 Hz).  13C NMR (126 MHz, CDCl3) ! 30.1 (d, JCF = 3 Hz), 94.2 (dd, JCF 

= 26, 26 Hz), 122.1, 124.0 (dd, JCF = 2, 2 Hz), 124.6, 128.3, 131.5 (dd, JCF = 3, 3 Hz), 142.7 (d, 

JCF = 5 Hz), 152.0 (dd. JCF = 288, 288 Hz).  19F NMR (471 MHz, CDCl3) !F 75.6 (1F, dt, JFF = 

40 Hz, JFH = 5 Hz), 78.4 (1F, dt, JFF = 40 Hz, JFH = 5 Hz).  IR (neat) 1732, 1464, 1446, 1327, 

1252, 1217, 1105, 982 906 cm-1.  Anal. Calcd for C9H6F2S: C, 58.68; H, 3.28. Found: C, 

58.46; H, 3.50. 
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3-Trifluoromethyl-1-tosylindole (4-7) 

To a solution of 4-3a (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 x 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 4-7 (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 (ZnSe) 3124, 3064, 2978, 1595, 1448, 1387, 1176, 

1147, 1030, 912 cm-1.  HRMS Calcd for C16H12NF3O2S 340.0620 (M+); found 340.0617. 

 

3-Bromodifluoromethyl-1-tosylindole (4-8) 

To a solution of 4-3a (75 mg, 0.23 mmol) in CCl4 (3 mL) at 25 °C was added Br2 (52 mg, 0.32 

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 x 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 4-8 

(89 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 (ZnSe) 

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. 
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3-Difluoromethyl-1-tosylindole (4-6) 

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 4-3 (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 x 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 4-6 (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, JFH = 56, 2 Hz).  IR (ZnSe) 3114, 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-Trifluoromethyl-1-tosylindoline (4-9a) 

To a solution of 4-1a (97 mg, 0.28 mmol) in DMF (3 mL) was added DBU (0.015 mL, 0.097 

mmol) at room temperature under argon.  After the mixture was warmed to 120 °C and 

stirred for 1 h, and then phosphate buffer (pH 7) was added to quench the reaction.  Organic 

materials were extracted with Et2O (10 mL x 3).  The combined extracts were washed with 

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

residue was purified by PTLC on silica gel (hexane–AcOEt 5:1) to give 4-9a (90 mg, 81%) as 

a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.37 (3H, s), 3.82-3.90 (1H, m), 4.05 (1H, dd, J = 11.8, 5.6 Hz), 

4.11 (1H, dd, J = 11.8, 10.3 Hz), 7.05 (1H, dd, J = 7.8, 7.8 Hz), 7.24 (2H, d, J = 8.2 Hz), 7.25 

(1H, d, J = 7.8 Hz), 7.34 (1H, dd, J = 7.8, 7.8 Hz), 7.68 (2H, d, J = 8.2 Hz), 7.70 (1H, d, J = 

7.8 Hz).  13C NMR (126 MHz, CDCl3) ! 21.5, 44.3 (q, JCF = 30 Hz), 49.2 (q, JCF = 3 Hz), 

114.9, 124.0, 124.3, 125.3 (q, JCF = 279 Hz), 126.1, 127.2, 129.8, 130.2, 133.5, 142.9, 144.6.  

19F NMR (471 MHz, CDCl3) !F 89.5 (3F, d, JFH = 9 Hz).  IR (ZnSe) 2924, 1597, 1481, 1462, 

1360, 1273, 1167, 1124, 1090, 814, 756, 660 cm-1.  Anal. Calcd for C16H14NF3O2S: C, 56.30; 
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H, 4.13; N, 4.10%. Found: C, 56.42; H, 4.23; N, 4.09%.  

 

5-Methyl-3-trifluoromethyl-1-tosylindoline (4-9b) 

Compound 4-9b was prepared by method described for 4-9a using 4-1b (169 mg, 0.47 mmol), 

DBU (0.016 mL, 0.11 mmol) in DMF (3 mL).  Purification by PTLC on silica gel 

(hexane-AcOEt 5:1) gave 4-9b (86 mg, 69%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.30 (3H, s), 2.37 (3H, s), 3.77-3.82 (1H, m), 4.02 (1H, dd, J = 

11.5, 5.6 Hz), 4.07 (1H, dd, J = 11.5, 11.5 Hz), 7.05 (1H, s), 7.14 (1H, d, J = 8.3 Hz), 7.23 (2H, 

d, J = 8.0 Hz), 7.59 (1H, d, J = 8.3 Hz), 7.66 (2H, d, J = 8.0 Hz).  13C NMR (126 MHz, 

CDCl3) ! 20.6, 21.5, 44.4 (q, JCF = 30 Hz), 49.4 (q, JCF = 3 Hz), 114.9, 124.5 (q, JCF = 2 Hz), 

125.4 (q, JCF = 279 Hz), 126.5, 127.3, 129.8, 130.8, 133.4, 133.9, 140.6, 144.4. 

19F NMR (471 MHz, CDCl3) !F 90.1 (3F, d, JFH = 9 Hz).  

IR (ZnSe) 2924, 2362, 1599, 1489, 1358, 1217, 1167, 912, 771, 748 cm-1.  HRMS Calcd for 

C17H16NF3O2S 356.0932 (M+); found 356.0947.!  

 

5-Chloro-3-trifluoromethyl-1-tosylindoline (4-9c) 

Compound 4-9c was prepared by method described for 4-9a using 4-1c (109 mg, 0.291 mmol), 

DBU (0.013 mL, 0.087 mmol) in DMF (3 mL).  Purification by PTLC on silica gel 

(hexane-AcOEt 5:1) gave 3d (78 mg, 71%) as a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.40 (3H, s), 3.18-3.87 (1H, m), 4.06 (1H, dd, J = 11.1, 5.1 Hz), 

4.12 (1H, dd, J = 11.1, 9.8 Hz), 7.02 (1H, dd, J = 7.7, 1.9 Hz), 7.16 (1H, d, J = 7.7 Hz), 7.29 

(2H, d, J = 7.6 Hz), 7.69 (2H, d, J = 7.6 Hz), 7.70 (1H, d, J = 1.9 Hz). 13C NMR (126 MHz, 

CDCl3) ! 21.6, 43.8 (q, JCF = 30 Hz), 49.6 (q, JCF = 3 Hz), 115.1, 124.1, 125.0 (q, JCF = 279 

Hz), 126.9, 127.2, 130.0, 133.2, 136.3, 144.0, 144.9, 149.8.  19F NMR (471 MHz, CDCl3) !F 

89.5 (3F, d, JFH = 9 Hz).  

IR (ZnSe) 2920, 1601, 1481, 1358, 1267, 1161, 1117, 1090, 1074 cm-1.  

HRMS Calcd for C16H13NClF5O2S 376.0386 (M+); found 376.0381. 

 

5,7-Difluoro-3-trifluoromethyl-1-tosylindoline (4-9d) 

Compound 4-9dc was prepared by method described for 4-9a using 4-1d (107 mg, 0.284 
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(3 mL).  Purification by PTLC on silica gel (hexane-AcOEt 5:1) gave 4-9d (70 mg, 65%) as 

a colorless solid. 

1H NMR (500 MHz, CDCl3) ! 2.43 (3H, s), 3.66-3.71 (1H, m), 4.17 (1H, dd, J = 12.7, 8.3 Hz), 

4.38 (1H, dd, J = 12.7, 9.0 Hz), 6.84-6.89 (2H, m), 7.30 (2H, d, J = 8.3 Hz), 7.67 (2H, d, J = 

8.3 Hz).  19F NMR (471 MHz, CDCl3) !F 48.0 (1F, dd, JFH = 10 Hz, JFF = 10 Hz), 49.7 (1F, 

ddd, JFH = 10, 10 Hz, JFF = 10 Hz), 96.1 (3F, d, JFH = 8 Hz).  IR (ZnSe) 3020, 1612, 1487, 

1348, 1217, 1163, 1130, 1090 cm-1.  

HRMS Calcd for C16H12NF5O2S 378.0587 (M+); found 378.0604. 

 

3-Trifluoromethyl-1-(2-nitrobenzenesulfonyl)indoline (4-9f) 

1H NMR (500 MHz, CDCl3) ! 4.00-4.05 (1H, m), 4.34 (2H, d, J = 7.8 Hz), 7.12 (1H, dd, J = 

7.6, 7.6 Hz), 7.35 (1H, d, J = 7.6 Hz), 7.37 (1H, dd, J = 7.6, 7.6 Hz), 7.55 (1H, dd, J = 8.0, 1.3 

Hz), 7.62 (1H, ddd, J = 8.0, 8.0, 1.3 Hz), 7.64 (1H, d, J = 7.6 Hz), 7.72 (1H, ddd, J = 8.0, 8.0, 

1.3 Hz), 7.95 (1H, dd, J = 8.0, 1.3 Hz).  13C NMR (126 MHz, CDCl3) ! 44.4 (q, JCF = 30 Hz), 

49.4 (d, JCF = 3 Hz), 114.7, 124.1, 124.5 (q, JCF = 2 Hz), 124.6, 125.3 (q, JCF = 279 Hz), 126.4, 

130.1, 130.3, 131.0, 131.8, 134.4, 142.0, 148.3.  19F NMR (471 MHz, CDCl3) !F 89.9 (3F, d, 

JFH = 9 Hz).  IR (ZnSe) 1542, 1481, 1358, 1166, 1121, 913, 730 cm-1.  HRMS Calcd for 

C15H11N2F3O4S 373.0470 (M+); found 373.0454. 

 

3-Trifluoromethyldihydrobenzo[b]thiophene (4-10) 

To a solution of 4-2 (97 mg, 0.28 mmol) in MeOH (3 mL) was added K2CO3 (52 mg, 0.376 

mmol) at room temperature under argon.  After the mixture was heated under reflux for 1 h, 

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

extracted with Et2O (10 mL x 3).  The combined extracts were washed with brine and dried 

over MgSO4.  After removal of the solvent unedr reduced pressure, the residue was purified 

by PTLC on silica gel (hexane) to give 4-10 (49 mg, 70%) as a colorless liquid. 

1H NMR (500 MHz, CDCl3) ! 2.40 (3H, s), 3.49 (1H, dd, J = 12.0, 6.6 Hz), 3.59 (1H, dd, J = 

12.0, 9.0 Hz), 4.12-4.20 (1H, m), 7.08 (1H, dd, J = 7.6, 7.6 Hz), 7.21-7.25 (2H, m), 7.34 (1H, 

d, J = 7.6 Hz).  13C NMR (126 MHz, CDCl3) ! 31.4 (q, JCF = 3 Hz), 51.5 (q, JCF = 28 Hz), 

122.5, 124.6, 126.0, 126.2 (q, JCF = 280 Hz), 129.5, 132.6, 142.7.  19F NMR (471 MHz, 

CDCl3) !F 91.2 (3F, d, JFH = 9 Hz).  

IR (ZnSe) 3018, 1587, 1466, 1445, 1350, 1265, 1215, 1159, 1107 cm-1.  HRMS Calcd for 

C9H7F3S 205.0299 (M+); found 205.0295. 
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N-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-N-t-butoxylcarbonyl-p-toluenesulfonamide 

(4-15a) 

To a solution of 1-phenyl-3-trifluoromethyl-but-3-en-1-ol 4-14a (512 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 4-15a (1.12 g, 95%) as a colorless oil. 

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, dd, J = 7.4, 7.4 Hz), 7.35 (2H, dd, J = 7.4, 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 (4-16a)  

To a solution of 

N-(1-phenyl-3-trifluoromethyl-but-3-enyl)-N-t-butoxylcarbonyl-p-toluenesulfonamide 4-15a 

(934 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 x 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 4-16a (688 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, br s), 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 (ZnSe) 3269, 3064, 3030, 2927, 1456, 1325, 1159, 1120, 
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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 (4-16b)  

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, br s), 

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, 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 (ZnSe) 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 /. 

 

N-(1-Styryl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (4-16c)  

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, s), 

5.74 (1H, s), 5.76 (1H, dd, J = 16.0, 7.4 Hz), 6.25 (1H, d, J = 16.0 Hz), 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) !! 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, 137.6, 143.5.  19F NMR (471 MHz, CDCl3) !F 93.4 (3F, 

s).  IR (ZnSe) 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-(2-Furyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (4-16d)  

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) !! 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 

(ZnSe) 3269, 1599, 1326, 1157, 1114, 1011, 949 cm-1.  HRMS Calcd for C16H16NF3O3S 

360.0882  (M+); found 360.0878. 
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N-(1-n-Hexyl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (4-16e)  

1H 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 = 8.3 Hz), 7.74 (2H, d, J =8.3 Hz).  13C 

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.  19F 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 /. 

 

Thioacetic acid S-(1-phenyl-3-trifluoromethyl-but-3-enyl) ester (4-17a) 

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. Found: C, 56.89; H, 4.90. 

 

Thioacetic acid S-(1-n-hexyl-3-trifluoromethyl-but-3-enyl) ester (4-17b) 

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).  19F NMR (471 MHz, CDCl3) !F 

93.3 (3F, s).  IR (neat) 2929, 2858, 1685, 1458, 1217, 1171, 1122, 908, 733 cm-1. 

 

2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester! (4-19a) 

1H 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).  13C 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. 
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2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile (4-19b) 

1H 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).  13C 

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 C14H11N2F3; C, 63.63; H, 4.20; N, 10.60. Found: C, 63.38; H, 4.33; N, 10.33. 

 

4-Difluoromethylene-2-phenyl-1-tosylpyrrolidine (4-20a) 

To a solution of 4-16a (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 x 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 4-20a (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), 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, JFH = 3, 3 Hz), 74.5 (1F, d, JFF = 54 Hz).  IR (ZnSe) 3064, 3032, 2927, 2866, 1782, 1350, 

1273, 1219, 1161, 1093, 1058 cm-1.  Anal. Calcd for C18H17NF2O2S; 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-tosylpyrrolidine (4-20b) 

Compound 4-20b was prepared by the method described for 4-20a using 4-16b (134 mg, 0.30 

mmol), NaH (16 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 4-20b 

(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 
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= 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 (ZnSe) 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 /. 

 

4-Difluoromethylene-2-styryl-1-tosylpyrrolidine (4-20c) 

Compound 4-20c was prepared by the method described for 4-20a using 

N-[1-styryl-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 4-16c (109mg, 0.28 mmol), 

NaH (14 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 4-20c (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, JFH = 3, 3 Hz), 74.5 (1F, d, JFF = 55 

Hz). 

 

4-Difluoromethylene-2-(2-furyl)-1-tosylpyrrolidine (4-20d)  

Compound 4-20d was prepared by the method described for 4-20a using 

N-[1-(2-furyl)-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 4-16d (82 mg, 0.23 mmol), 

NaH (12 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 4-20d (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 = 



!"#$%! &'() 

 167 

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 (ZnSe) 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 /. 

 

4-Difluoromethylene-2-hexyl-1-tosylpyrrolidine (4-20e) 

Compound 4-20e was prepared by the method described for 4-20a using 

N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 4-16e (82 mg, 0.22 mmol), NaH 

(10 mg, 0.26 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 4-20e (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-phenyl-tetrahydrothiophene (4-23a) 

4-17a (80 mg, 0.29 mmol) in DMF (3 mL) at 0 °C was added NaOMe (19 mg, 0.36 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 x 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 4-23a (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, 
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3 Hz), 72.6 (1F, dd, JFF = 54 Hz, JFH = 4 Hz).  IR (neat) 3064, 3030, 2912, 1765, 1267, 1219, 

1049 cm-1.  HRMS Calcd for C11H10F2S 213.0550 (M+); found 213.0564. 

 

4-Difluoromethylene-2-hexyl-tetrahydrothiophene (4-23b) 

Compound 4-23b was prepared by the method described for 4-23a using 4-17b (80 mg, 0.28 

mmol), NaOMe (20 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 4-23b (47 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).! ! 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, 59.84; H, 8.21. 

 

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarboxylic acid diethyl ester (4-24a) 

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester 4-19a 

(83 mg, 0.23 mmol) in DMF (3 mL) at 0 °C was added KH (50 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 x 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 

4-24a (60 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. 
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Found: C, 63.74; H, 5.89. 

 

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarbonitrile (4-24b) 

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile 4-19b (54 mg, 0.21 

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 x 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 4-24b (31 mg, 

61%) as a colorless oil. 

1H 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 = 11.3, 7.5 Hz), 

7.42-7.48 (5H, m).  13C 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-Trifluoromethyl-2-phenyl-1-tosylpyrrolidine (4-25a)   

4-16a (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 at 130 °C for 10 h, 

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

with AcOEt (3 x 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 4-25a (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), 
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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 (ZnSe) 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 /. 

 

2-(p-Bromophenyl)-1-tosyl-4-trifluoromethylpyrrolidine (4-25b) 

Compound 4-25b was prepared by the method described for 4-25a using 

N-(1-(p-bromophenyl)-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 4-16b (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 4-25b (anti, 

146 mg, 70%; syn, 13 mg, 6%) as a colorless crystal. 

anti–4-25b: 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 (ZnSe) 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 /. 

syn–4-25b : 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 (ZnSe) 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-Trifluoromethyl-2-styryl-1-tosylpyrrolidine (4-25c)   

Compound 4-25c was prepared by the method described for 4-25a using 

N-[1-styryl-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 4-16c (65 mg, 0.16 mmol), 
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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 4-25c (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). 

 

2-(2-Furyl)-4-trifluoromethyl-1-tosylpyrrolidine (4-25d)  

Compound 4-25d was prepared by the method described for 4-25a using 

N-[1-(2-furyl)-3-trifluoromethyl-but-3-enyl]-p-tolueneslfonamide 4-16d (155 mg, 0.431 

mmol), KOH powder (124 mg, 2.20 mmol) in ethyleneglycol (7 mL) at 120 °C for 10 h.  

Purification by column chromatography on silica gel (hexane–AcOEt 4:1) gave 4-25d 

(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-Trifluoromethyl-2-hexyl-1-tosylpyrrolidine (4-25e)   

Compound 4-25e was prepared by the method described for 4-25a using 

N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 4-16e (82 mg, 0.22 mmol), 

KOH powder (61 mg, 1.1 mmol) in ethyleneglycol (3 mL) and THF (0.3 mL) at 130 °C for 20 
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h.  Purification by column chromatography on silica gel (hexane–AcOEt 4:1) gave 4-25e 

(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-Trifluoromethyl-2-phenyltetrahydrothiophene (4-28a) 

4-17a (87 mg, 0.31 mmol) in MeOH (3 mL) at 25 °C was added K2CO3 (47 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 x 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 4-28a (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).! !

IR (neat) 3064, 3020, 2945, 2875, 1381, 1267, 1215, 1151, 1159, 1107 cm-1.  HRMS Calcd 

for C11H11F3S 233.0612 (M+); found 233.0625. 

 

4-Trifluoromethyl-2-n-hexyltetrahydrothiophene (4-28b) 

Compound 4-28b was prepared by the method described for 4-28a using 4-17b (81 mg, 0.29 

mmol), K2CO3 (43 mg, 0.31 mmol) in MeOH (3 mL) for 1 h.  Purification by column 
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chromatography on silica gel (hexane–AcOEt 50:1) gave 4-28b (92:8 mixture, 56 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).! ! IR (neat) 2956, 2927, 2873, 2856, 1380, 1269, 1161, 1111 cm-1.   
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