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Development of Systematic Methods for Regioselective Syntheses of
Fluorine-Substituted Polycyclic Aromatic Hydrocarbons
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Three types of synthetic methods for the regioselectively fluorinated polycyclic
aromatic hydrocarbons (F-PAHs) have been developed via Friedel-Crafts-type cyclizations by using
electrophilic activation of fluoroalkenes with metal complexes or Lewis acids. When
1,1-difluoro-1-alkenes, 1,1,2-trifluoro-1l-alkenes, 1,1-difluoroallenes, and 2-trifluoromethyl-1-alkenes
were used as starting materials, the positions of C-C bond formation and fluorine introduction were
perfectly controlled by a -cation stabilizing effect of fluorine substituents. Both of these synthetic
methods for angular F-PAHs and linear F-PAHs are used in combination to fulfill our objective, systematic
syntheses of regioselectively-fluorinated polycyclic aromatic hydrocarbons.
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15 mol% PdCl,
30 mol% AgOSO,CF,

BF3-OEt; (1.0 equiv)
(CF3),CHOH, 60 °C, 14 h
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5-Fluorochrysene, 75%
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6-Fluoropicene, 70% (90:10)1!  13,14-Difluoropicene, 98%!!

13-Fluoropicene, 85%  5,6-Difluoropicene, 63% (89:11)[:c]

[a] 'F NMR yield is shown in square brackets. [b] 15 mol% PdCl,, 30 mol% AgNTf,.
[c] The regioisomeric ratio was determined by '°F NMR spectroscopy.

4.

@

PAH

1,1-

1,1-

1,1-

1,1-



i) @ \_/% (1.4 equiv)

i) CF3CH,l (1.0 equiv
tert-BuONa (2.0 equiv) }CFCHyl (1.0 6qulv)

Wi LiN/-Pr, (2.0 equiv) CF,
Oy - . THF, -93 °C
" N ﬁ THF (1:1) ArCHO  then Ac,0 (1.5 equiv) Ar
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g i) BuoAlH (1.2 equiv) ii) Zn (2.0 equiv), DMF, RT
Toluene, -78 °C
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5-Fluorochrysene 6-Fluoro[4]helicene 6-Fluorochrysene
85% 80% (75:25)Pc] 88%

[a] 10 mol% InBrg, [b] The regioisomeric ratio was determined by '°F NMR spectroscopy.
[c] 5-Fluorochrysene was obtained as a minor product.
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i) 4 mol% InBrg F F
CF, CF2 " (CH,C),, RT

30 min
Q==L 2= 0
ii) DDQ (2.5 equiv)
Q Q reflux, 1.5 h O O

76% (single regioisomer)

i) 4 mol% InBrg

Fy  FC (CH,Cl)3, RT
30 min
Q ||) DDQ (2.5 equiv,
Q Q reflux, 1.5 h

75% (single regioisomer)
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Substituted Acenes

(R"=R2=H)
Me,AICI (1.0 eq) AICl5 (2.0 eq)
DHA (2 0 eq) TEMPO (2 0 eq) OOOO
DCM Toluene RT,3h
-50 °C to RT F
3h, Dark, —F- Fluorinated Acenes
HFIP = (CF3),CHOH, DCM = CH,Cl,
DHA = 9,10-Dihydroanthracene
TEMPO = 2,2,6,6-Tetramethylpiperidine 1-oxyl
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