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# $%&'()&'*+,-./01234567819:;<= !>?@ABCDEF

GHIJKLMANOPQR;STUNVWJXYZ[\]^_`a-.P=/bcD;

d\efLghNVWJij(klHm[\]^nop-.P=/(Scheme 1.)1)b 

[7]helicene pentacene

Scheme 1. helicene and acene  

# $%&'1q*:rsgh2s\tuS_v/_;d\wxny=z{LA|}\_;

1967 ~* Martin h*��P�,-.D����'\�38A��]�}/��xv/(4

1)2)b�\��*�R1q-.D$%&'\��;�<\n\: 2 �X\��ABC[14]$

%&'xv/ 3)bOgO;�\�]*:y����_��xv/DE;���x:$%&

'\��1q:�O=bcD;)&'1q*�OPn2s\tuS_v/bSTU;5 C

\�'�'3_� K*01OD¡'¢&':;o-£¢�)�¤¥¦� 1,4-§¨©$ª«

¬'A)�¦®�01-¯;°±/¡'¢&'ª²'A³´5678OP1q-./b

-h*;¡'¢&'ª²'�)%®�nOs:)�ªµ�%�¶·�\�]°q9xv/

¬®�A³´}.U;! >?@A-h*¸<OD¹º¡'¢&'A1q}/��nx»

/(4 2)4)bOgO;01234567819\1q*Q=P;�'�'3A¼½¾s¿À

*ÁÂ}/��:ÃW*ÄÅ-.P=/�:ÆTH=b 
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H H
I2, O2

/ Benzene

h!
(1)

 

CHO

CHO

O

O

+
KOH

O

O

1) RLi
2) Reduction

R

R

R = H, Aryl, Alkenyl

(2)

 

# zÇ;È`aÉx:;WJÊ*)%®�ËABC gem-¬£�©)�Ì' 1*ÍÎÏA

Ð^-¯/�£ÑÒ\ "Ó*Ô�'_°±;Õ=P�\Ô�'AWJÊ\)%®�Ë

_Ö×OP Friedel–CraftsØ38_ÙÚO;¼½¾s 6Û3_ÜÝx»/��AÞßOP=

/b-h*;�\ Friedel–Crafts Ø38xàh.D¥¦©$%&' 2 AáâÒ}/��x; 

[4]–[6]$%&' 3\1q*qãOP=/(4 3)b 

CF2

1

FSO3H·SbF5 (2.5 eq)

0 ˚C, 1 h ! r.t. 3 h
/ (CF3)2CHOH

2  62–92%

10% Pd/C (50 wt%)

reflux, 9.5 h
/ Mesitylene

3  80–96%

R R R

H+

H+

–HF

–H+

–HF
–H+

CF2

R

H

R

H

F

F

R

H

F

[4]–[6]helicenes

(3)

 

# ß�9M�H/ gem-¬£�©)�Ì' 1:;ä%£�©åÏæ��gh 2çèx1

qOD 2-ä%£�©é��-1-)�Ì' 4�)%®�é��%�¶·ê�\ SN2´Ø�]x

1q-.P=D(4 4)b 
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CF3
CF2

–78 ˚C ! r.t., 80 min
/ THF

TMEDA (1.0 eq)
CF3CO2Et

1) –78 ˚C ! r.t. / Et2O

2) Ph3P=CH2 (1.1 eq)
    –78 ˚C ! r.t., / Et2O

4  61%

R

MgBr
 (1.0 eq)

(4)

R = H, o-OMe, m-OMe, p-Me

R

Li

(1.0 eq)

1  16–80%

 

# ���x^=/)%®�é��%�¶·:;563ë\é��ËAáì©ä'OPíî

-./bï�P;é��ËAN}/$%&'A1qx».U;d\áì©ä'*�Rð]

}/)%®�é��%�¶·Aíî}/��_x»;-h*yñ\$%&'\òóZA1

q}/��_x»/bOgO;ôõ*�\��A^=P38òóZA1qOD_;SN2´Ø

�]\ö½: 12%�÷ø*ù=n\xv�D(Scheme 2.)b�.:[4]$%&'\IJúûL

_y=DE 1 IJüý_þ�R;ÿ¬Ô�)µ'_°±Páì©ä'_ÙÚOHg�D

DE�!Th./b 

Me

Me

Lithiation

Lithiation

Me

CF3

Me

Li

CF2

Me

Li

CF3

CF2

Scheme 2. Synthesis of precusor of [7]helicene

12%

 

# d�x�"#`ax:;�R2s\563A¼½K*ÁÂ}/��\$�A%&ODb

WJÊ*vhg±E'C\ gem-¬£�©)�Ì'(ÓAY)ODËM 6A1qO;�\

Friedel–Crafts Ø38AÚTU;z** 4 C\3_ÜÝx»;7 3L\012345678

19_1qx»/�!T;+,AÚ�Db�'�'\ pÓ*'C\ 2-ä%£�©é��



 4 

-1-)�Ì'(ÓAN}/819 5:�.cx\��(4 4)x:1q_-�HDE;[(2-ä%

£�©é��))%�]ä%é��§ÿ' 7
5)A^=P�.A1q}/���ODb7 Ac

.)%�)µ'/0Z�OP p-1�(2©3é��)�'�'�\ SN2 �]*^=;Õ=

P°q}/ 2-ä%£�©é��-1-)�Ì'*�'¬�%�¶·\SN2´Ø�]A4^}/

��x;ÁÕ}/Â1°qAÚT/b}H5�;7 :6IJK;7869KH�](ÓA

:¯BCDE;;<H¹ºËABC gem-¬£�©)�Ì'\1q_=>�H/b 

Br

F2C

Li

CF2

SN2'SN2

CF2

CF3

TMS

Scheme 3. Synthesis of gem-difluoroalkene

Br

CF2CF3

7

5 6

F

 

# zÇ;?*@AD 2-ä%£�©é��-1-)�Ì'\ SN2´Ø�]:;gem-¬£�©)

�Ì'\1q��OPNBxv/_;%�¶·CD(E%µF®�CDHm\Î=69C

DA^=/��_v�DbOkazakih:¨©©ä%£�©é¢'*�RGL8-.D)�

HIJÀK;ä%£�©ì©¡'��'�'AL1}/��*�R;3,3,3-ä%£�©

ì©M��'�'_àh./��AÞßOP=/ 6)bcD;Näÿ£�©é¢'xOP

OD)�HIA^=DQ1*:;SN2´Ø°q9_ùö½H_hàh./��ntuOP=

/(4 5)bOgOH_h;�\�]x:ËMz{L*�}/tu:Hs;ö½n÷ø*ù=b 

CF3 CF2

+
Al2O3–Additive

+
CF3

Additive = CF3Cl

= CF4

25% 0%

5% 4%

(5)

 

# d�x;RS:£ÑÒ�\TUL\y=)�Hµ¶·819A^=.U£Ñ89V'

\áWAXÙ-¯/��_x»;Y=69êA^=PnZ;\ SN2´Ø�]_ÚT/\x:
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H=g�!TDb+,AÚ�DÂ[;\8¬æ��)�Hµ¶·JÀK;2-ä%£�©

é��-1-)�Ì'\SN2´Ø�]_)]®'\��HY=69êxnÙÚ}/��AÞ=^

ODb}H5�;WJÊ*)%®�ËAN}/ 2-ä%£�©é��-1-)�Ì' 8 gh;

exo-¬£�©é�]'(ÓABC3_819 9A1q}/��_x»D(4 6)bcD�\

�]:WJ`�]*n]^x»;"-ä%£�©é����]' 10 *�V�Ï�OP

AlEt2ClAÐ^-¯D��a;ä�æ'� 10�\ SN2´Ø�]_ÙÚO;3,3-¬£�©)%

�)]®' 11_àh.D(4 7)b 

CF3

Ph

CF2CF3

Ph

CF2

Ar

AlEt2Cl

11  38–93%

R R

9  24–85%

10

8

AlEt2Cl

ArH

(6)

(7)

 

# �.h\Â[*C=P;d\bcA�"x@A/b 
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#$%& gem-'()*+,)-./0123456789:;4<=4> 

 

& ?"@ABCDEFG[2-(HI()*+JK)),I)]HIJK)LM. 7NGgem-'(

)*+,)-.O/PQRSTUVWOXDVYSOX/Z[\] 4 ^_`abH=cd

e@f2DghijDk@l2(7 8)mihnoG,I)LM. 7Upqr+s.;<ht

=VYSuDpqIKvwxht=VWu/yz{|}~�[2jDU�FG2 ]=��

�/��{hk�gem-'()*+,)-.�������@l2D����2m!%@NG

,I)LM. 7/012��h'()*+,)-.4>�=��/�1G���C gem-'

()*+,)-./01C3456789:;4<=4>/��{Cm 

CF2CF3

Me3Si
E+ Nu

CF2

ENu

CF2

E (8)

7
F

 

& [2-(HI()*+JK)),I)]HIJK)LM. 7NG����hHI()*+���

K)��� ¡¢=��U�F 2£¤@4>{C(7 9)
7)mihnoGHI()*+���

K)U 2 ¥¦)§=¨;(HIJK)LI))JK)©ª«Lvw/¬0�[|,)®)

D{Gz1|¯°§=±²�@³´{| Peterson}~/�µjDU�F¶·{Cm 

CF3CO2Et
TMSCH2MgCl (2.0 eq)

r.t., 14 h / Et2O
(9)

conc. H2SO4 (excess)

79% 7  92%

TMS
CF3HO CF3

TMSTMS
r.t., 1.5 h, neat

 

& ���C,I)LM. 7 Dr+s.;,)¸)D=}~¹/¶B2CºG»;¼.')

D=}~/½QC(Table 1)m¾¿G(b;<À*.ÁD{|(b;Â/01G»;¼.'

)U,I)LM. 7/¬0�[CkGÃÄDi2 2-HI()*+JK)-4-(Åa)-1-ÆÇ
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. 4 NÈ����h�ÉC(Entry 1)mÊj@GË¹;u/(b;ÌLvw�DÍÎ{CD

jÏG88%=ÐÑ�@ 4 k���G��U¦Ò¸ÓM®L®Æ 4A /ÔÕi2D}~NÖ

§ÄU×�i2jDkn�ÉC(Entries 2 and 3)m�|G,)ØÙÚD=}~@NGÛÜ2

ÝÕe@f2,)¸LÚk,I)LM.=Ë¹;uD{|Þ�CºGßà§=(b;<

À*.Á/01�á}~Nâãi2jDk¢��|12 7)m{�{G»;¼.')D=}

~@N(b;ÌLvw/ 0.32¥¦)§¾@ä�{CDjÏGÑ�N 32%¾@äå{G;æ

§"§=(b;ÌLvw/çèDi2jDkn�ÉC(Entry 4)m&

TMS
CF3

(1.1 eq)

Reagents (1.1 eq), Additive

60 °C, 7 h / DMF

Br CF36

Additive 19F NMR Yield (%)Entry

1

2

3

4a

0

88

100

32

Table 1

a CsF (0.32 eq), 6 (1.0 eq), benzyl bromaide (1.1 eq)

4

Reagents

AgF

CsF

CsF

CsF

–

–

MS4A

MS4A

 

& éU���C¢g/êDU{|GRSTU 2 ]=}~ë/pi2 !, !´-'Æ+¦-p-¸L

Ò.D,I)LM. 7 D=}~/½QC(Table 2)m»;¼.')=ì4�F}~=×�k

í�G(b;ÌLvwîïð DMFñ 70 ºC@ 21òóÕôõö{CkGÃÄDi2Û><

5aN 15%{����h�ÉC(Entry 1)mÊj@Ñ�=÷ø/Ãù{GÔÕuD{|ÇHM

()*+úv�Âûüv;ýHIvw/ÕþCkGÃÄÛ><NÈ����h�ÉC

(Entries 2 and 3)m$ÿG}~!"/ 90 ºC¾@ø#CDjÏG5.5òó@}~Nâã{ÃÄ

< 5ak 70%=Ñ�@���C(Entry 4)m¾CG1,4-$%(Æ+¦JK))ý(&Ò./'�<

(D{Cì4ê 52%=Ñ�@GÃÄDi2 2-HI()*+JK)-1-,)-. 5b k���
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C(Entry 5)m 

Additive (eq) Conditions Yield (%)Entry

1

2

3

4

5

70 ˚C, 21 h

60 ˚C, 3 h

70 ˚C, 2 h

90 ˚C, 5.5 h

90 ºC, 14 h

15  (5a)

Complex mixture

0

70  (5a)

52  (5b)

–

AgBF4 (2.1)

NaI (2.1)

–

–

Table 2

Br

CF3

CF3

TMS

CsF (2.1 eq), MS4A

(2.1 eq)

5

7

/ DMF

R1

R2

R1 R2

H

H

H

H

H

H

H

H

–(CH)4–

CF3

R1

R2

Br

 

& éUG���C 2-HI()*+JK)-1-,)-. 5a D¼.')IKvwD=}~/½

QCm5a UH)�.��¶·{C¼.')IKvw/¬0�[CDjÏGSN2´)}~k×

�{RSTU gem-'()*+,)-.OX/ 2]pi2;4< 6akÑ�*����C(7

10)m¾CG5b U+,U¼.')IKvw/¬0�[2jD@Ggem-'()*,+,)-

. 6b/4>i2jDê@lC(7 11)m 

CF3 CF2

PhCH2Li (2.1 eq)

TMEDA (2.1 eq)

–78 ºC ! r.t., 4.5 h

 / THF
CF3 CF2

5a 6a  85%

(10)

CF3

CF3

5b

CF2

CF2

PhCH2Li (2.1 eq)

TMEDA (2.1 eq)

–78 ºC ! r.t., 3 h

 / THF

6b  50%

(11)

 

& éUG���C gem-'()*+,)-. 6a= Friedel–Crafts)6;/½QC(Scheme 4)m

1,1,1,3,3,3--¸.()*+-2-/+01®)(HFIP)ñ@ 6aU FSO3H•SbF5(©'b2�)/¬0

�[Cm{�{GÃÄDi2 4 3= Friedel–Crafts )6;k×�{C;4<N���¿G3
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3=6;k×�{|ÛÜ2$a)()*IÚkÕ4R5��-H. 12a DG2 3=6;k

×�{C6U(b;4_=ÝÕk7jÉCHI()*+JK);4< 13k���Cmj�

NGñóeD{| A=�µh',I®)8K*.kÛ>{|12CºG896=VW¹k

9oG8K*./:;@lh�hÉ|12D<þ|12m¾CG'()*+,)-. 6b

/01Cì4êÃÄD{C 43=6;N×�[¿G33=6;k×�{C-H. 12b k�

��C(7 12)m 

O
+

CF3FSO3H•SbF5 (5.0 eq)

0 ºC ! r.t.
/ (CF3)2CHOH

12a  62% 13  24%

CF2

CF2

6a

F

H

H2O

Scheme 4. Friedel–Crafts Type Cyclization of gem-difluoroalkene 6a

A

 

CF2

CF2

(12)
O

magic acid (5.0 eq)

12b  33%6b

0 ºC, 1 h ! r.t., 2 h

/ HFIP–CH2Cl2 (12:1)

 

& Êj@G467;4< 13==Û/>þ 43=6;k×�{C;4</�2CºUG6;

=?@/xA��i2jDD{C(Table 3)m(b;<À*.=:;uD{|B(b;úv

_/01 13==Û/>þ�µD{CkG-H.e=Ñ�UCðkQ��C(Entry 1)m¾CG

ÕôDE{CF©'b2�/ 10¥¦)§¾@Fû{CkG()*+%)ú.�U�2%)

ú.;k7jÉC;4< 14k���G436;k×�{C;4<N���h�ÉCm(Entries 

2 and 3)m 



 10 

Reagents (eq) ConditionsEntry

0

1

2

3

0 °C, 1 h  ! r.t., 1 h

0 °C, 2 h  ! r.t., 2 h

r.t., 1 h  ! reflux, 4.5 h

0 °C, 2 h  ! r.t., 2 h

FSO3H•SbF5 (5.0)

FSO3H•SbF5 (5.0)

BF3•Et2O (5.0)

FSO3H•SbF5 (5.0)

FSO3H•SbF5 (10.0)

Table 3

12 (%) 13 (%) 14 (%)

CF2

CF2

O
CF3

+

CF3

O3S
CH2(CF3)2

6 12a 13 14

/ HFIP

+

62

31

0

50

24

26

0

0

0

0

27

10

 

& Êj@ 767;4<NG-H. 12aGH 12b /,)®)UÍ�{C6UGI"8K*

.6;/�É|4>@lh1�D<þG��/�µjDD{C(Scheme 5)mÇHM()*+

úv�HI(Åa)JKIvw/01-H. 12a =ÇHMÙÚ+-IÌ.OX=J4_8

9:;/�1G��U-H.OX/4_;úv_ýHIvw@DK{|,)®) 15/�

Cmj=,)®) 15 U©'b2�/¬0�[|¼.')8K*./ÛÜ�[G

Friedel–Crafts)6;/½QCDjÏGL�{C 767;4</�2jDk@lCmj�/

J4_89:;i2jDU�F 76¹=3456789:;4< 16 /4>@lCm¾CG

'JK)ý(&Ò.MN=-H. 12bê+,=��@[7]-IÌ.�D��{�µD{CkG

¼.')8K*.OM@=6;=£¤@5P=Û><kÛÜGÃÄ=6;Û></QRi

2jDN@lh�ÉC(7 13, 14)m 
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O

1) Ph3CBF4 (3.4 eq)

    reflux / ClCH2CH2Cl; 47%
OH

12a

16

2) NaBH4 (1.5 eq)

    r.t. / EtOH; 49%

1) FSO3H•S!F5 (1.2 eq)

    0 ºC ! r.t. / (CF3)2CHOH; 50%

2) Ph3CBF4 (5.1 eq)

    reflux / ClCH2CH2Cl; 64%

15

Scheme 5. Synthesis of polycyclic aromatic compound 16  

O O OH
(13)

12b 17  52% 18  45%

NaBH4 (0.5 eq)

r.t., 4.5 h

/ EtOH–CH2Cl2 (5:1)

Ph3CBF4 (3.4 eq)

reflux, 3 h / ClCH2CH2Cl

 

OH
(14)c.m.

magic acid (1.2 eq)

0 ºC, 1 h ! r.t., 30 min 

/ HFIP

18  

& Sø=�µUG[2-(HI()*+JK)),I)]HIJK)LM. 7 /01C��Äh

gem-'()*+,)-.4>�/��{Gz1|���C gem-'()*+,)-.�� 7

67=89:;4< 16/4>i2jDk@lCm 
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! 2"# $%&'()*+,-. 2-/%0'1234'-1-$'567 SN2´89: 

 

# ! 1 ";<=>?@ 2 A7$%&'B+CA gem-D0'12$'567 Friedel–Crafts

8EF+GHIJ;K6L6EMNO1'/P;QRSTUEVFRW+RXSTYZ[\

K6L6EO]^_@QRST$`6a7RX@bSc<deOfgJh.YiI;\gem-

D0'12$'56 20 7 Friedel–Crafts 8EF\jk@lmnopqF+GHIJ@rs

ct/u`6 21+RXv.IJ+wxT(V 15)Y 

CF3 CF2

19 20 21

(15)

 

# SyS\$'z'{|7 2-/%0'1234'-1-$'56<9:}O~�\0��'%

4��+()*JST�R SN2´89:<�GSh-IJO�@�k�c-.(V 16)7)Y�s

c\V 17@�v%4����+,-T SN2´89:;<\EF���Jh. 20+RXv.

IJO;�h-(V 17)Y 

+

Li

R

CF3

R

CF2

R = Ph

R = (CH2)3Ph

90%

0%
(16)

 

CF3 CF2

20

Li

(17)

 

# iI;��<\0�nJ��}7�-'���+,-��0�n7l��O��S\o

pqFRW7rHh�-() ;¡ 2-/%0'1234'-1-$'567SN2´89:O�G

v.7;<h-yJwx\i7¢£+GHIJJST(V 18)Y 

AlX3

–H+CF3
C
F2

F

AlX3

CF2

(18)

CF2
H

–AlFX3
–

 

# ¤¥\2-/%0'1234'-4-0��'-1-¦t6 4+,-'���7¢£+GsT(Table 
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4)Y'���JScZ§@,-k�.\¨©F4ª6\/%34'«%'/%0'123

ª6�'¬&/\®0�F¬�n<¯}+�jhysT(Entries 1–3)Y*°7$'±��

���+,-c¢£+GsTJI²\©FD³4'$'±���O´¡µ-¯}+�S\

jk@ 0.5¶·'¸¤;¹kSc¡9:Oº»v.IJO¼ysT (Entries 4–8)YI�<\

EF@½sc¾¿.0�FW�16@ÀPS\4 ÀPÁÂJhsT$'±&/OlÃ2

/6 JScÄ,Sc³ª6Ol�S\ÅÆ 3 ÀP$'±���FRWJhsc'���

}+�vTÇÈJwxk�.(V 19)Y 

Reagents

 / CH2Cl2

CF2CF3

r.t., 3 h

r.t., 3 h

r.t., 5 h

0 ºC, 2 h ! r.t., 5 h

0 ºC, 2 h ! r.t., 4 h

0 ºC, 0.5 h ! r.t., 45 min

0 ºC, 1.5 h ! r.t., 2.5 h

0 ºC, 0.5 h ! r.t., 5 h

0

0

0

11

74

85

65

12

–

–

–

82 : 18

77 : 23

73 : 27

88 : 12

100 : 0

TiCl4 (1.0 eq)

TMSOTf (1.0 eq)

BF3•OEt2 (1.0 eq)

AlCl3 (1.0 eq)

AlEtCl2 (1.0 eq)

AlEt2Cl (1.0 eq)

AlEt2Cl (0.5 eq)

AlMe3 (1.0 eq)

CFCl

+

8 9

1

2

3

4

5

6

7

8

Table 4

4

Entry Reagents Conditions Yield (%) ( 8 : 9 )

 

AlEt2Cl AlEtClF Et–H++4 8 + (19)  

# É-c\0��'B�@{|B+Êv.BË+,-c\ÌEFe7Z§}+¢£ST

(Table 5)Y$%&'B�@34'B+Êv.BË<ÍÎy@9:O�GS\Ï_7EÁD

0'12$'56+ÐxT(Entry 2)Y3/z«BÎÑn;{|STBË7�R\�nÒ>

ÎÑnÒ>7ÓÔÊÕ>b@r.$'±�����Ö7ÀPO×I.TÇy9:ØÙ<Ú

�hÛ\ÜÝ¡~ÞST(Entries 3 and 5)YiI; 2¶·'¸7$'±�����+,-T

JI²\ÜÝ<��ST(Entries 4 and 6)Yß�7rH@©FD³4'$'±���+,-
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.IJ;=>? SN2´89:O�GS\exo-D0'1234à6B+CAEÁFRW+RX

v.IJO;�TY 

AlEt2Cl (X eq)

/ CH2Cl2

CF2CF3

Conditions

0 ºC, 0.5 h ! r.t., 45 min

0 ºC, 1 h

r.t., 34 h

r.t., 34 h

r.t., 13 h

0 ºC, 1 h ! r.t., 1.5 h

Yield (%)

85

63

24

41

24

84

(  8 :  9 )

73 : 27

83 : 17

75 : 25

61 : 39

25 : 75

32 : 68

R

H

Me

MeO

MeO

Br

Br

X

1.0

1.0

1.0

2.0

1.0

2.0

CFCl

+

8 9

R R R

Entry

1

2

3

4

5

6

Table 5

 

# É-c\Ì9:+=>Ù9:Öáâv.IJJST(Table 6)Yã·'¸7/'³6+(

)*JSc,-T�R\~ÜÝhOk9:<�GST(Entry 1)YiI;\20¶·'¸7/

'³6+,-TJI²\�ÜÝ;=>Ù7 SN2´89:O�GS\10J 11O 96 : 47äRW

JScåk�T(Entries 2 and 3)Y¤T\K6L6\0ªà6\1,3-D3/z«K6L6+

,-T�R@¡\Mæ@ SN2´89:O×I.IJO¼ysTY(Entries 4–6)Y 

CF3

Ph

AlEt2Cl (1.0 eq)

ArH

0 °C, 1 h ! r.t., 4 h

Ph

CF2

Ar

Solvent

CH2Cl2

CH2Cl2

–

–

–

–

Yield (%)

21

85

93

70

38

5

      ( 10 :  11  )

    38 : 62

   92 :  8

   96 :  4

    76 : 24

    87 : 13

  100 :   0

ArH (eq)

Toluene (1)

Toluene (10)

Toluene (20)

Benzene (20)

Naphthalene (20)

1,3-dimethoxybenzene (20)

Ph

CFCl

Ar+

10 11

Entry

1

2

3

4

5

6

Table 6

 

# ß�7rH@\©FD³4'$'±���+,-.IJ;\=>?çrÆ=>Ù; 2-/

%0'1234'-1-$'567 SN2´89:O\�-()*;è.$à&6+,-T�R@
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NMR spectra were recorded on JEOL AL 400, Bruker DRX 500, and Bruker 

AVANCE 500 spectrometers at the indicated field strengths. Chemical shift values are 

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 300-S 

by ATR method. High-resolution mass spectra were obtained with a JEOL MS-700P 

mass spectrometer. Elemental analyses were carried out at The Elemental Analysis 

Laboratory, Department of Chemistry, Faculty of Science, the University of Tokyo. 

Tetrahydrofuran, diethyl ether, dichloro methane, toluene and N,N-dimethyl 

formamide %  were purchased from Kanto Chemical Co., Inc and used without 

purification. 1,1,1,3,3,3-Hexafluoro-2-propanol was distilled from molecular sieves 4Å, 

and stored over molecular sieves 4Å. Column chromatography and preparative 

thin-layer chromatography (PTLC) were performed on silica gel (Kanto Chemical Co. 

Inc., Silica Gel 60 and Wako Pure Chemical Industries, Ltd., B5-F), respectively. 

 

 

TMS TMS

F3C OH

 
1,3-Bis(trimethylsilyl)-2-trifluoromethyl-2-propanol 

 (Trimethylsilyl)methylmagnesium chloride was prepared from 

(chloromethyl)trimethylsilane ( 51.6 ml, 0.37 mol) and magnesium (8.99 g, 0.37 mol) in 

Et2O. Ethyl trifluoroacetate (25 g, 0.18 mmol) was added dropwise to the solution of 

Grinarg reagent at room temperature. After the reaction mixture was stirred at room 

temperature for 14 h, the aqueous NH4Cl was added to quench the reaction. Organic 

materials were extracted with Et2O three times. The combined extracts were washed 

with water twice, brine and dried over MgSO4. After removal of the solvent under 

reduced pressure, the residue was purified by distillation under reduced pressure to 

give 1,3-Bis(trimethylsilyl)-2-trifluoromethyl-2-propanol (36.26 g, 75%) as a colorless 

liquid. 

IR (neat): 3614, 2954, 2927, 1250, 1211, 1149, 955, 827 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 0.09 (18H, s), 1.10 (2H, d, J = 15 Hz), 1.22 (2H, d, J = 15 

Hz), 1.55 (1H, br s). 
13C NMR (126 MHz, CDCl3): ! = 26.2, 78.6 (q, JC, F = 29 Hz), 126.7 (q, JC, F = 214 Hz). 
19F NMR (470 MHz, CDCl3): ! = 79.2 (3F, br s). 

Anal. Calcd for C10H23F3OSi2: C, 44.08; H, 8.51. Found: C, 43.79; H, 8.45. 
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TMS
CF3  

(2-(trifluoromethyl)allyl)trimethylsilane (7) 

 1,3-Bis(trimethylsilyl)-2-trifluoromethyl-2-propanol (36.26 g, 0.133 mmol) was added 

to concentrated sulfuric acid (100 ml) under evaporation, and the reaction mixture was 

stirred for 1.5 h and product was gathered at –78 ºC. Purification by atmospheric 
distillation (109 ºC) give 7 (21.34 g, 92%) as a colorless liquid. 

IR (neat): 2958, 1435, 1342, 1254, 1165, 1119, 1092, 922, 841, 696, 644 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 0.01 (9H, s), 1.66 (2H, d, J = 1.5 Hz), 5.08 (1H, q, J = 0.9 

Hz), 5.49 (1H, q, J = 1.1 Hz). 
13C NMR (126 MHz, CDCl3): ! = 19.9, 115.4, 123.7 (q, JC, F = 205 Hz), 136.5 (q, JC, F = 22 

Hz). 
19F NMR (470 MHz, CDCl3): ! = 92.8 (3F, s). 

Anal. Calcd for C7H13F3Si: C, 46.13; H, 7.19. Found: C, 45.90; H, 7.26. 

 

Br

Br  

1,4-bis(bromomethyl)naphthalene 

 The mixture of N-Bromosuccinimide (1.869 g, 10.5 mmol) and benzoyl peroxide (12.1 

mg, 0.05 mmol) was added doropwise to a solution of 1,4-dimethylnaphtalene (0.765 ml, 

5 mmol), in tetrachloromethane (CCl4, 20 ml) at room temperature. After heated at 

reflux for 3.5 h, the insoluble matter was removed by filteration through activated 

Al2O3. Purification of the product by recrystallization (hexane–AcOEt) to give  

1,4-bis(bromomethyl)naphthalene (306.6 mg, 44%) as a white solid. 

IR (neat): 3043, 1749, 1647, 1558, 1520, 1444, 1252, 1201, 769 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 4.94 (4H, s), 7.49 (2H, s), 7.67 (2H, dd, J = 6.5, J = 3.3), 

8.21 (2H, dd, J = 6.5, J = 3.3). 
13C NMR (126 MHz, CDCl3): ! = 31.2, 124.6, 126.9, 127.2, 131.6, 134.9. 

Anal. Calcd for C12H10Br2: C, 45.90; H, 3.21. Found: C, 45.73; H, 3.31. 
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CF3

CF3

 

1,4-bis(3-(trifluoromethyl)but-3-enyl)benzene (5a) 

 (2-(Trifluoromethyl)allyl)trimethylsilane (7, 1.04 ml, 5.44 mmol) was added to a 

solution of ","’-dibromoxylene (580.8 mg, 2.2 mmol), cesium fluoride (835.6 mg, 5.44 

mmol) and molecular sieves 4Å (200 mg) at room temperature. After the mixture was 

stirred for 5.5 h at 90 ºC, phosphate buffer (pH 7) was added to quench the reaction. 

The mixture was filtered, and organic materials were extracted with diethyl ether 

(Et2O) three times. The combined extracts were washed with water twice, brine and 

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

was purified by column chromatography on silica gel (pentane) to give 5a (500.3 mg, 

70%) as a colorless liquid. 

IR (neat): 2937, 2870, 1419, 1333, 1161, 1109, 939, 818 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 2.50 (4H, t, J = 8.0 Hz), 2.81 (4H, t, J = 8.1 Hz), 5.28 

(2H, q, JH, F = 1.3 Hz), 5.67 (2H, s), 7.13 (4H, s). 
13C NMR (126 MHz, CDCl3): ! = 31.2, 33.3, 118.1 (q, JC, F = 5.8 Hz), 123.8 (q, JC, F = 272 

Hz), 128.5, 137.7 (q, JC, F = 29 Hz), 138.5. 
19F NMR (470 MHz, CDCl3): ! = 93.3 (6F, br s). 

Anal. Calcd for C16H16F6: C, 59.63; H, 5.00. Found: C, 59.64; H, 5.08.   

 

CF2

CF2

 

1,4-bis(3-(difluoromethylene)-5-phenylpentyl)benzene 6a 

 Buthyllithium (0.84 ml, 2.63 M in hexane, 2.18 mmol) was added to a solution of N, N, 

N’, N’-tetramethylethlenediamine (TMEDA, 0.33 ml, 2.18 mmol) in toluene (2.21 ml, 

20.8 mmol), at room temperature under argon. The reaction mixture was stirred for 30 

min at room temperature and cooled to –78 ºC before addition of 5a (335.4 mg, 1.04 

mmol) in THF (10 ml). After stirring for 1 h at the same temoerature, the mixture was 

warmed to room temperature, and stirred for 1 h. The reaction mixture was quenched 

with aq. NH4Cl. Organic materials were extracted with ethyl acetate (AcOEt) three 

times. The combined extracts were washed with brine and dried over Na2SO4. After 
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removal of the solvent under reduced pressure, the residue was purified by column 

chromatography on silica gel (hexane–AcOEt 10 : 1) to give 6a (412 mg, 85%) as a 

yellow liquid. 

IR (neat): 2956, 2929, 1745, 1496, 1454, 1273, 1065, 748, 698 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 2.225–2.303 (8H, m), 2.639&2.721 (8H, m), 7.09 (4H, s), 

7.169 (4H, d, J = 3.5Hz), 7.20 (2H, t, J = 7.4 Hz), 7.29 (4H, t, J = 7.5 Hz). 
13C NMR (126 MHz, CDCl3): ! = 28.2, 28.2, 33.51 (t, JC, F = 2.5 Hz), 33.9 (t, JC, F = 2.6 

Hz), 88.0 (t, JC, F = 17 Hz), 126.1, 128.3, 128.3, 128.4, 138.9, 141.2, 153.8 (t, , JC, F = 264 

Hz). 
19F NMR (470 MHz, CDCl3): ! = 66.8 (4F, br s). 

Anal. Calcd for C30H30F4: C, 77.23; H, 6.48. Found: C, 77.34; H, 6.67. 

 

O

 

2-(2-(benzo[c]-1,2,9,10-tetrahydrophenanthrenyl)ethyl)-3,4-dihydronapht

halen-1(2H)-one (12a) 

 1,4-bis(3-(difluoromethylene)-5-phenylpentyl)benzene (6a, 81.7 mg, 0.175 mmol) was 

added to a solution of magic acid (FSO3H•SbF5, 274.9 mg, 0.876 mmol) in 

1,1,1,3,3,3-hexafluoro-2-propanol (3 ml) at 0 ºC. After being stirred for 1 h at 0 ºC, the 

reaction mixture was warmed to room temperature and stirred additional 1 h.  

Phosphate buffer (pH 7) was added to quench the reaction. Organic materials were ex-

tracted 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 thin–layer chromatography on silica gel (hexane–AcOEt 10 : 1) to give 

12a (43.5 mg, 62%) as a green solid. 
1H NMR (500 MHz, CDCl3): ! = 1.73–1.81 (1H, m), 1.89–1.98 (1H, m), 2.26–2.40 (6H, 

m), 2.48–2.56 (1H, m), 2.64–2.80 (6H, m), 2.93–3.04 (2H, m), 7.06 (1H, dd, J = 7.6, 1.5), 

7.15 (1H, d, J = 7.4 Hz), 7.18 (2H, td, J = 7.3, 1.6 Hz), 7.20–7.25 (2H, m), 7.29 (1H, t, J = 

7.7 Hz), 7.38 (1H, br s), 7.45 (1H, td, J = 7.5, 1.4 Hz), 7.50 (1H, d, J = 7.5 Hz), 8.02 (1H, 

d, J = 7.8 Hz). 
13C NMR (126 MHz, CDCl3): ! = 28.3, 28.4, 28.8, 29.1, 29.3, 31.4, 33.1, 46.8, 124.8, 

125.0, 125.9, 126.0, 126.1, 126.6, 127.4, 127.6, 127.6, 127.6, 128.6, 130.0, 132.6, 133.1, 

133.7, 133.8, 134.9, 137.4, 139.4, 139.4, 143.8, 200.2. 
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HO

 

2-(2-(benzo[c]phenanthrenyl)ethyl)-1,2,3,4-tetrahydronaphthalen-1-ol 

(15) 

 

 12a (156 mg, 0.39 mmol) and triphenylmethylium tetrafluoroborate (432.8 mg, 1.31 

mmol) were dissolved in 1,2-dichloroethane (3.0 ml) and heated to reflux for 3 h under 

argon. The solvent was removed under reduced pressure, and the residue was not 

further purified. The crude mixture was solved in EtOH (5 ml) and CH2Cl2(1 ml), and 

sodium borohydride (74.3 mg, 1.96 mmol) was added to the solution. After being stirred 

at room temperature for 3 h, water 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 thin–layer chromatography on silica gel 

(hexane–AcOEt 5 : 1) to give  15 (44.8 mg, 29%, 2 steps) as a yellow solid. 

diastereomixture 
1H NMR (500 MHz, CDCl3): ! = 1.47 (0.4H, d, J = 3.3 Hz), 1.60 (0.6H, d, J = 7.6 Hz), 

1.63–2.23 (5H, m), 2.76–3.16 (2H, m), 2.84 (2H, t, J = 6.3 Hz), 4.52 (0.6H, dd, J = 7.6, 

7.4 Hz), 4.78 (0.4H, dd, J = 3, 1 Hz), 7.08–7.38 (3H, m), 7.47–7.70 (4H, m), 7.77 (1H, d, J 

= 8.1 Hz), 7.81 (1H, d, J = 8.1 Hz), 7.86 (1H, d, J = 8.1 Hz), 7.88 (1H, d, J = 8.1 Hz), 7.94 

(0.6H, d, J = 8.1 Hz), 7.95 (0.4H, d, J = 8.1 Hz), 8.01 (0.4H, dd, J = 8.1, 1.6 Hz), 8.02 

(0.6H, dd, J = 8.1, 1.6 Hz), 8.96 (0.6H, s), 8.97 (0.4H, s), 9.11 (0.4H, d, J = 8.1 Hz), 9.12 

(0.6H, d, J = 8.1 Hz). 

 

 

 Dinaphtho[1,2-a;1 !,2 !-h]anthracene (16) 

 A solution of magic acid (44.3 mg 0.14 mmol) in HFIP (2 ml) was added to a solution of 

2-(2-(benzo[c]phenanthrenyl)ethyl)-1,2,3,4-tetrahydronaphthalen-1-ol (15, 46.9 mg, 

0.39 mmol) in HFIP (2 ml) at 0 ºC. After being stirred at 0 ºC for 1 h, the reaction 
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mixture was warmed to room temperature and stirred for additional 1 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 crude mixture and 

triphenylmethylium tetrafluoroborate (96.2 mg, 0.29 mmol) were dissolved in 

1,2-dichloroethane (3.0 ml) and heated to reflux for 3 h under argon. After removal of 

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

chromatography on silica gel (hexane–AcOEt 10 : 1) to give 

Dinaphtho[1,2-a;1!,2!-h]anthracene (14.2mg, 64%) as a yellow solid. 

IR (neat): 3047, 1647, 1456, 903, 829 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 7.70 (2H, t, J = 7.5Hz), 7.81 (2H, t, J = 7.0 Hz), 7.88 (2H, 

d, J = 4.3), 7.91 (2H, d, J = 4.2), 8.02 (2H, d, J = 4.2 Hz), 8.11 (4H, t, J = 7.4 Hz), 9.37 

(2H, d, J = 8.4 Hz), 9.67 (2H, s). 
13C NMR (126 MHz, CDCl3): ! = 125.9, 126.7, 126.8, 127.3, 127.3, 127.6, 127.7, 127.9, 

128.2, 128.6, 128.7, 130.5, 131.0, 131.7. 

HRMS (FAB) m/z ([M+H]+): Calcd. for C30H18 378.1409, Found: 378.1401. 

 

CF3

 
2-Trifluoromethyl-4-phenyl-1-butene (4) 

 (2-(Trifluoromethyl)allyl)trimethylsilane (0.106 ml, 0.55 mmol) was added to a 

solution of benzyl bromide (0.071 ml, 0.6 mmol), cesium fluoride (91 mg, 0.6 mmol) and 

molecular sieves 4Å (15 mg) at room temperature. After the mixture was stirred for 7 h 

at 60 ºC, phosphate buffer (pH 7) was added to quench the reaction. The mixture was 

filtered, and organic materials were extracted with diethyl ether (Et2O) three times. 

The combined extracts were washed with water twice, brine and dried over MgSO4. 

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

column chromatography on silica gel (pentane) to give 4 (110 mg, quant) as a colorless 

liquid. 

IR (neat): 3030, 2933, 1331, 1163, 1110, 941, 746, 696 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 2.52 (2H, t, J = 7.9 Hz), 2.84 (2H, t, J = 7.9 Hz), 5.29 

(1H, q, JH, F = 1.2Hz), 5.67 (1H, q, JH, F = 0.7Hz), 7.20 (2H, dd, J = 7.9 Hz, 0.9 Hz), 7.21 

(1H, dddd, J = 7.9, 7.9, 0.9, 0.9), 7.30 (2H, ddd, J = 7.9, 7.9, 0.9). 
13C NMR (126 MHz, CDCl3): ! = 31.3, 33.8, 118.1 (q, JC, F = 6 Hz), 123.7 (q, JC, F = 273 

Hz), 126.2, 128.3, 128.4, 137.7 (q, JC, F = 29 Hz), 140.5. 
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19F NMR (470 MHz, CDCl3): ! = 93.3 (3F, s). 

Anal. Calcd for C11H11F3: C, 65.99; H, 5.54. Found: C, 66.19; H, 5.71. 

 

CF3

Me  

4-(4-Methyl)Phenyl-2-trifluoromethyl-1-butene 

% (2-(Trifluoromethyl)allyl)trimethylsilane (1.04 ml, 5.44 mmol) was added to a 

solution of "-bromo-p-xylene (185.1 mg, 1.0 mmol), cesium fluoride (167.1 mg, 1.1 

mmol) and molecular sieves 4Å (100 mg) at room temperature. After the mixture was 

stirred for 4 h at 60 ºC, phosphate buffer (pH 7) was added to quench the reaction. The 

mixture was filtered, and organic materials were extracted with diethyl ether (Et2O) 

three times. The combined extracts were washed with water twice, brine and dried over 

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

by column chromatography on silica gel (pentane) to give 

4-(4-Methyl)Phenyl-2-trifluoromethyl-1-butene (143.3 mg, 61%) as a colorless liquid. 

IR (neat): 2927, 2368, 1516, 1417, 1333, 1163, 1113, 939, 808 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 2.32 (3H, s), 2.49 (2H, t, J = 8.0), 2.79 (2H, t, J = 8.1),  

5.29 (1H, q, JH, F = 1.4 Hz), 5.67 (1H, br s), 7.10 (4H, d, J = 2.5 Hz). 
13C NMR (126 MHz, CDCl3): ! = 21.0, 31.3, 33.3, 118.1 (q, JC, F = 6 Hz), 123.8 (q, JC, F = 

274 Hz), 128.2, 129.1, 135.7, 137.9 (q, JC, F = 29 Hz). 
19F NMR (470 MHz, CDCl3): ! = 93.2 (3F, s). 

Anal. Calcd for C12H13F3: C, 67.28; H, 6.12. Found: C, 67.06; H, 6.32. 

 

CF3

MeO  

4-(4-methoxy)Phenyl-2-trifluoromethyl-1-butene 

 4-(4-methoxy)Phenyl-2-trifluoromethyl-1-butene was prepared by the method 

described for 4 using (2-(Trifluoromethyl)allyl)trimethylsilane (1.04 ml, 5.44 mmol), 

4-methoxybenzyl chloride (0.14 ml, 1.0 mmol), cesium fluoride (167.1 mg, 1.1 mmol) 

and molecular sieves 4Å (100 mg).  purification by column chromatography on silica 

gel (pentane) to give 4-(4-Methoxy)Phenyl-2-trifluoromethyl-1-butene (146.4 mg, 64%) 

as a colorless liquid. 

IR (neat): 2956, 1614, 1514, 1246, 1165, 1117, 1038, 823 cm-1. 
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1H NMR (500 MHz, CDCl3): ! = 2.48 (2H, t, J = 8.0), 2.78 (2H, t, J = 8.0), 3.79 (3H, s), 

5.28 (1H, q, JH, F = 1.4 Hz), 5.67 (1H, q JH, F = 0.7 Hz), 6.84 (2H, d, J = 4.3 Hz), 7.11 (2H, 

d, J = 4.4). 
13C NMR (126 MHz, CDCl3): ! = 31.5, 32.9, 55.2, 113.9, 118.1 (q, JC, F = 5.8 Hz), 123.8 (q, 

JC, F = 274 Hz), 129.3, 132.6, 137.7 (q, JC, F = 29 Hz), 158.0. 
19F NMR (470 MHz, CDCl3): ! = 93.3 (3F, s). 

Anal. Calcd for C12H13F3O: C, 62.6; H, 5.69. Found: C, 62.45; H, 5.87. 

 

CF3

Br  

4-(4-Bromo)Phenyl-2-trifluoromethyl-1-butene 

4-(4-Bromo)Phenyl-2-trifluoromethyl-1-butene was prepared by the method described 

for 4 using (2-(Trifluoromethyl)allyl)trimethylsilane (1.04 ml, 5.44 mmol), 

4-bromobenzyl bromide  (249.9 mg, 1.0 mmol), cesium fluoride (167.1 mg, 1.1 mmol) 

and molecular sieves 4Å (100 mg).  Purification by column chromatography on silica 

gel (pentane) to give 4-(4-Methoxy)Phenyl-2-trifluoromethyl-1-butene (196.4mg, 64%) 

as a colorless liquid. 

 

IR (neat): 2931, 1489, 1333, 1165, 1122, 1072, 1012, 808 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 2.49 (2H, t, J = 7.9), 2.79 (2H, t, J = 8.0),  5.28 (1H, q, 

JH, F = 1.4 Hz), 5.68 (1H, br s), 7.07 (2H, d, J = 4.2 Hz), 7.42 (2H, d, J = 4.2). 
13C NMR (126 MHz, CDCl3): ! = 31.1, 33.2, 118.6 (q, JC, F = 6 Hz), 120.0, 123.7 (q, JC, F = 

273 Hz), 130.1, 131.5, 137.3 (q, JC, F = 30 Hz), 139.4. 
19F NMR (376 MHz, CDCl3): ! = 93.3 (3F, s). 

Anal. Calcd for C11H10F3Br: C, 47.34; H, 3.61. Found: C, 47.52; H, 3.79. 

 

CF2  

2-(difluoromethylene)-1,2,3,4-tetrahydronaphthalene (9) 

 Diethylalminium chloride (0.2 ml, 1.0 M hexane solution, 0.2 mmol) was added to a 

solution of 4 (40 mg, 0.2 mmol) in CH2Cl2 (2 ml) at 0 ºC. After being stirred for 1 h at 0 

ºC, the reaction mixture was warmed to room temperature and stirred additional 1 h. 

Phosphate buffer (pH 7) was added to quench the reaction. Organic materials were ex-

tracted with CH2Cl2 three times. The combined extracts were washed with, brine and 
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dried over MgSO4. . After removal of the solvent under reduced pressure, the residue 

was purified by thin–layer chromatography on silica gel (hexane) to give 9 (22.3 mg, 

62%) as a colorless liquid. 

 

IR (neat): 2925, 1757, 1495, 1454, 1273, 1219, 1113, 1065, 964, 829, 735 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 2.41 (2H, tdd, J = 6.5 Hz, JH, F = 2.4 Hz, JH, F = 2.4 Hz), 

2.81 (2H, t, J = 6.4 Hz), 3.44 (2H, t, JH, F = 1.4 Hz), 7.10–7.18 (4H, m). 
13C NMR (126 MHz, CDCl3): ! = 21.5 (d, JC, F = 2 Hz), 26.9 (d, JC, F = 2 Hz), 29.1, 84.3,  

126.0, 126.3, 128.3, 128.5, 134.4, 137.0, 151.5, (dd, JC, F = 282, 282 Hz). 
19F NMR (470 MHz, CDCl3): ! = 64.9 ( 1F, ddd, JF, F = 59 Hz, JF, H = 2.5, 2.5 Hz), 66.7 

(1F, d, JF, F = 59 Hz). 

Anal. Calcd for C11H10F2: C, 73.32; H, 5.59. Found: C, 73.03; H, 5.86. 

 

CF2  

2-(difluoromethylene)-7-methyl-1,2,3,4-tetrahydronaphthalene 

 Diethylalminium chloride (0.2 ml, 1.0 M hexane solution, 0.2 mmol) was added to a 

solution of 2-(difluoromethylene)-7-methyl-1,2,3,4-tetrahydronaphthalene (42.8 mg, 0.2 

mmol) in CH2Cl2 (2 ml) at 0 ºC. After being stirred for 1 h at 0 ºC, 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 

thin–layer chromatography on silica gel (hexane) to give 

2-(difluoromethylene)-7-methyl-1,2,3,4-tetrahydronaphthalene (20.2 mg, 52%) as a 

colorless liquid. 

IR (neat): 2922, 1757, 1680, 1506, 1315, 1271, 1219, 1122, 1099, 1065, 812 cm-1. 
1H NMR (500 MHz, CDCl3): ! = 2.29 (3H, s), 2.37 (2H, tdd, J = 6.4 Hz, JH, F = 2.0, 2.0 

Hz), 2.75 (2H, t, J = 6.4 Hz), 3.39 (2H, br s,), 6.90–7.01 (3H, m). 
13C NMR (126 MHz, CDCl3): ! = 20.9, 21.7 (d, JC, F = 2 Hz), 26.8 (d, JC, F = 2 Hz), 28.7  

85.0 (dd, JC, F = 21, 19 Hz), 126.8, 128.4, 128.9, 133.9, 134.2, 135.8, 151.4, (dd, JC, F = 281, 

281 Hz). 
19F NMR (470 MHz, CDCl3): ! = 64.8 (1F, d, JF, F = 59 Hz), 66.6 (1F, d, JF, F = 59 Hz). 

 

CF2Br  
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7-bromo-2-(difluoromethylene)-1,2,3,4-tetrahydronaphthalene 

 Diethylalminium chloride (0.4 ml, 1.0 M hexane solution, 0.4 mmol) was added to a 

solution of 4-(4-Bromo)Phenyl-2-trifluoromethyl-1-butene (55.8 mg, 0.2 mmol) in 

CH2Cl2 (2 ml) at 0 ºC. After being stirred for 1 h at 0 ºC, the reaction mixture was 

warmed to room temperature and stirred additional 1.5 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 thin–layer 

chromatography on silica gel (hexane) to give 

7-bromo-2-(difluoromethylene)-1,2,3,4-tetrahydronaphthalene (13.9 mg, 27%) as a 

colorless liquid. 
1H NMR (500 MHz, CDCl3): ! = 2.38–2.41 (2H, m), 2.72–2.77 (2H, m), 3.40 (2H br s), 

6.96–7.01 (1H, m), 7.23–7.31 (2H, m). 
13C NMR (126 MHz, CDCl3): ! = 21.3 (d, JC, F = 2 Hz), 26.7 (d JC, F = 2 Hz), 28.6 (d, JC, F = 

1 Hz), 84.1 (dd, JC, F = 22, 19 Hz), 119.7, 129.0, 130.1, 131.1, 136.6, 151.5 (dd, JC, F = 283, 

283 Hz), 153.9. 
19F NMR (470 MHz, CDCl3): ! = 65.7 (1F, d, JF, F = 58 Hz), 67.3 (1F, d, JF, F = 58 Hz). 

 

CF2MeO  

2-(difluoromethylene)-7-methoxy-1,2,3,4-tetrahydronaphthalene 

 Diethylalminium chloride (0.4 ml, 1.0 M hexane solution, 0.4 mmol) was added to a 

solution of 4-(4-methoxy)Phenyl-2-trifluoromethyl-1-butene (46 mg, 0.2 mmol) in 

CH2Cl2 (2 ml) at 0 ºC. After being stirred for 1 h at 0 ºC, the reaction mixture was 

warmed to room temperature and stirred additional 34 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 thin–layer 

chromatography on silica gel (hexane–AcOEt 10 : 1) to give 

2-(difluoromethylene)-7-methoxy-1,2,3,4-tetrahydronaphthalen (10.5 mg, 25%) as a 

colorless liquid. 
1H NMR (500 MHz, CDCl3): ! = 2.38 (2H, tdd, J = 6.7 Hz, JH, F = 2.1 Hz, 2.1 Hz), 2.73 

(2H, t, J = 6.7 Hz), 3.42 (2H, br s), 3.78 (3H, s), 6.66–6.73 (2H, m), 7.02 (1H, d, 7.6 Hz). 
13C NMR (126 MHz, CDCl3): ! = 21.8 (d, JC, F = 2 Hz), 27.2 (d, JC, F = 2 Hz), 28.3 (d, JC, F 

= 1 Hz), 55.3, 84.8 (dd, JC, F = 22,19 Hz), 112.1, 113.2, 128.6, 129.4, 135.4 (d, JC, F = 3 Hz), 
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151.4 (dd, JC, F = 282, 281 Hz), 158.0. 
19F NMR (470 MHz, CDCl3): ! = 64.9 (1F, ddd, JF, F = 59 Hz, JF, H = 2, 2 Hz), 66.7 (1F, d, 

JF, F = 59 Hz). 

 

Ph

CF2  

1,1-difluoro-2,3-diphnyl-1-propene 

 Diethylalminium chloride (0.18 ml, 1.0 M hexane solution, 0.18 mmol) was added to a 

solution of "-trifluoromethylstylene (0.03 ml, 5.27 M pentane–Et2O solution, 0.158 

mmol) in benzene (0.36 ml) at 0 ºC. After being stirred for 1 h at 0 ºC, the reaction 

mixture was warmed to room temperature and stirred additional 1 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 thin–layer chromatography on silica gel (hexane) to give 

1,1-difluoro-2,3-diphnyl-1-propene (19.2 mg, 53%) as a colorless liquid. 
1H NMR (500 MHz, CDCl3): ! = 3.74 (2H, br s), 7.11–7.32 (10H, m). 
13C NMR (126 MHz, CDCl3): ! = 39.9, 91.7 (dd, JC, F = 22, 14 Hz), 126.4, 127.3, 128.3, 

128.3, 128.5, 128.7, 122.5 (dd, JC, F = 4, 4 Hz), 138.5 (dd, JC, F = 3, 2 Hz), 154.4 (dd, JC, F = 

292, 288 Hz). 
19F NMR (470 MHz, CDCl3): ! = 70.7 (1F, d, JF, F = 40 Hz), 71.3 (1F, d, JF, F = 40 Hz). 

 

Ph

CF2

 

1,1-difluoro-3-napfthyl-2-phnyl-1-propene 

 Diethylalminium chloride (0.18 ml, 1.0 M hexane solution, 0.18 mmol) was added to a 

solution of "-trifluoromethylstylene (0.03 ml, 5.27 M pentane–Et2O solution, 0.158 

mmol) and naphthalene (20.3 mg) at 0 ºC. After being stirred for 1 h at 0 ºC, the 

reaction mixture was warmed to room temperature and stirred additional 1 h. 

Phosphate buffer (pH 7) was added to quench the reaction. Organic materials were ex-

tracted 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 thin–layer chromatography on silica gel (hexane) to give 

1,1-difluoro-3-naphthyl-2-phnyl-1-propene (14.6 mg, 33%) as a colorless liquid. 
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Ph

CF2

 
1,1-difluoro-2-(4-methylphenyl)-2-phnyl-1-propene 

 Diethylalminium chloride (0.3 ml, 1.0 M hexane solution, 0.3 mmol) was added to a 

solution of "-trifluoromethylstylene (0.05 ml, 5.27 M pentane–Et2O solution, 0.158 

mmol) in toluene (0.63 ml) at 0 ºC. After being stirred for 1 h at 0 ºC, the reaction 

mixture was warmed to room temperature and stirred additional 1 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 thin–layer chromatography on silica gel (hexane) to give 

1,1-difluoro-2-(4-methylphenyl)-2-phnyl-1-propene (34.4 mg, 50%) as a colorless liquid. 
1H NMR (500 MHz, CDCl3): ! = 2.25 (3H, br s), 3.67 (2H, br s), 6.88–7.27 (9H, m). 
19F NMR (470 MHz, CDCl3): ! = 71.4 (1F, d, JF, F = 40 Hz), 71.8 (1F, d, JF, F = 40 Hz). 
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