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Method for the Synthesis of Dibenzo[g,p]Chrysenes: Domino
Friedel—Crafts-Type Cyclization of Difluoroethenes Bearing Two
Biaryl Groups
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ABSTRACT: Dibenzo[gp]chrysenes were readily synthesized via the superacid- R’
or TiF,-mediated domino Friedel—Crafts-type cyclization of 1,1-difluoroethenes
bearing two biaryl groups, which were easily prepared via the Suzuki—Miyaura
coupling of 1,1-difluoro-2,2-diiodoethene or 1-(biphenyl-2-yl)-1-bromo-2,2-
difluoroethene. Using this approach, the activation of both vinylic and aromatic
C—F bonds was successfully achieved to make new C—C bonds.
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D ibenzo[gp]chrysenes constitute a unique class of poly- Scheme 1. Domino Friedel—Crafts-Type Cyclization of 1,1-
cyclic aromatic hydrocarbons (PAHs) because of their Difluoro-1-ethenes
characteristic double helical structure." Their twisted 7-systems (a) Previous work

are expected to be suitable for organic semiconductors directed

toward electronic devices, such as thin-film transistors and FSO4H-SbFs

CF.
organic light-emitting diodes;” thus, they have attracted much | = &z |
interest. So far, dibenzo[gp]chrysenes have mainly been Y Y

synthesized via the following processes: (i) intramolecular 1
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oxidative carbon—carbon bond formation of 9,10-diarylphenan-
threnes,” 1,2-bis(biaryl-2-yl)ethynes,* or 9-(biaryl-2-yl)- PhaCaFs or PUC
phenanthrenes;” (ii) intramolecular Pd-catalyzed dehydrohalo- [ = ~ |
genation of 9-(biaryl-2-yl)-10-iodophenanthrenes® or (E)-1,2- F‘/ = \\Ft'
2
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(CF3),CHOH

diaryl-1,2-bis(2-bromoaryl)ethenes;” and (iii) intermolecular

metal-catalyzed cross-coupling between 9,10-diborylphenan-

threnes and 2,2'-dibromobiaryls® or between phenanthrenes

and dibenzosiloles.” Most of these methods were limited in

substrate scope; for example, phenanthrene frameworks were

required. CF.
We have already developed facile methods for PAH synthesis 2 (RRHOH

via Friedel—Crafts-type cyclizations of fluorinated cationic

species.'’ In our previous report, 1,1-difluoroethenes 1, bearing R2 3 R*

two 2-arylethyl groups, afforded tetracyclic compounds in high

yields by treatment with magic acid (FSO;H-SbF;) in 1,1,1,3,3,3-

(b) This work
R R®

‘ H* or M*

B

hexafluoropropan-2-ol (HFIP), through the cleavage of two difluoroethylene (6), respectively, which are commercially
vinylic C—F bonds (Scheme 1a).'"®* The cyclized products available starting materials (Scheme 2). The double Suzuki—
successfully underwent subsequent oxidation by trityl tetra- Miyaura coupling between potassium (biaryl-2-yl)-
fluoroborate or palladium on carbon to yield helicenes 2. Herein, trifluoroborates and 1,1-difluoro-2,2-diiodoethene (7),"* ob-
we demonstrate the synthesis of dibenzo[gp]chrysenes 4 via the tained by successive treatment of 5 with LDA and I, gave

domino Friedel—Crafts-type cyclization of 1,1-difluoroethenes 3 symmetrical 1,1-bis(biaryl-2-yl)-2,2-difluoroethenes 3a—d
bearing two biaryl groups, mediated by magic acid or (Scheme 2i). In contrast, unsymmetrical 1,1-bis(biaryl-2-yl)-
titanium(IV) fluoride (Scheme 1b). In this approach, the 2,2-difluoroethenes 3e—m were prepared via the Suzuki—
activation of both vinylic and aromatic C—F bonds was Miyaura coupling between (biaryl-2-y)trifluoroborates and 1-
successfully effected to achieve direct construction of two (biphenyl-2-yl)-1-bromo-2,2-difluoroethene (8), which was
aromatic rings without any oxidation process.'! obtained via the Negishi coupling of the 2,2-difluorovinylzinc—
Cyclization precursors, symmetrically or unsymmetrically
substituted 1,1-bis(biaryl-2-yl)-2,2-difluoroethenes 3, were read- Received: August 22, 2015
ily prepared from 1,1,1-trifluoro-2-iodoethane (S) or 1,1- Published: September 29, 2015
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Scheme 2. Preparation of Cyclization Precursors 3

(i) Symmetrical Precursors 3a-3d

| LDA(21equiv) I(1.1equiv) | I
CFs  THF,-100°C t,2h CF,
5 S0 min 7 73%
(95%, 19F NMR)
R R

PdadbagCHCIg (0.5 mol %)
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3a(R=H) 78%
3b (R = Me) 70%

+-BuOLi (7.0 equiv) CFg 3c (R =Bu) 78%
+BuOH-H,0 (2:1) O O 3d(R=F) 35%
125°C, 6-12 h
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ArBFzK : BF3K
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(ii) Unsymmetrical Precursors 3e-3m

1) sec-BuLi
TMEDA G 1) Brp (1.1 equiv) O
H__H 2)znCl, CCly, t, 5 min Br
CF, 3)cat Pd CFz 2) DBU (1.1 equiv) CF,
6 oTf O THF, rt, 15 min O

9 78% 8 93%

ref 11

3e (R', R" = Me) 87%

af (R', R" = Bu) 93%

3g (R, R" = F) 83%

3h (R, R"=Cl) 35%

3i (R' = H, R" = Me) 86%
3j(R'=H, R" = Bu) 93%
3k (R'=H, R"=Ph) 62%
31(R'=H, R"=F) 58%
3m(R'=H, R"=Cl) 51%

R
Pd,dbag+CHCl, (0.5 mol %)

AsPhg (2.0 mol %) O O

ArBF3K (1.3 equiv)
oNe

+-BuOLi (3.0 equiv)
+BuOH-H,0 (2:1)
125°C,6-12h

TMEDA complex derived from 6'* and subsequent bromination
of the intermediary difluoroalkene'* 9 (Scheme 2ii). With the
availability of these two protocols, i and ii, a variety of
difluoroethenes 3 were synthesized.

Using 1,1-bis(biphenyl-2-yl)-2,2-difluoroethene (3a) as a
model compound, we sought suitable conditions for the domino
Friedel—Crafts-type cyclization with a series of Brensted and
Lewis acids (Table 1). The reactions of 3a with acids were
performed in HFIP, which possesses a substantial cation
stabilization effect."”">'® When p-toluenesulfonic acid (TsOH)
was employed, no cyclization products were observed (entry 1).
However, on treatment with 2.5 equiv of trifluoromethanesul-
fonic acid (TfOH), the desired domino cyclization product,
dibenzo[gp]chrysene (4a), was obtained in 59% yield (entry 2).
The use of magic acid improved the yield of 4a to 95% (entry 3).
In contrast, among the Lewis acids examined (BF;-OEt,,
Me;SiOT{, ZtF,, TiCl, TiF,; entries 4—8), TiF, in HFIP
specifically promoted the cyclization of 3a to afford 4a in 93%
yield (entry 8), while reaction in CH,Cl, instead of HFIP
selectively gave the monocyclization product, fluorophenan-
threne 10a, in 85% yield (entry 9). These results indicated that
the stabilizing effect of HFIP on carbocations might be highly
important for the second cyclization.'”'>'

Cyclization of other difluoroethenes 3 with magic acid or TiF,
(method A or B) was examined for the synthesis of substituted
dibenzo[g,p]chrysenes 4 (Table 2). Both symmetrically
substituted difluoroethenes 3b—d and unsymmetrically sub-
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Table 1. Screening of Acids for the Domino Friedel—Crafts-
Type Cyclization of Difluoroethene 3a

(CF3),CHOH, 60 °C, 6 h Og ‘

acid (2.5 equiv)

da
entry acid 4a (%) 10a (%)

1 TsOH ND” ND"
2 TfOH 59 ND”
3¢ FSO,H-SbF 95 ND”
4 BF,-OEt, trace ND”
S Me;SiOTE trace ND”
6 ZtE, ND” ND?
7 TiCl, ND” ND”
8 TiF, 93 ND”
94 TiF, ND” 85

“'H NMR yield using CH,Br, as an internal standard. ’ND = Not
detected. °(CF,),CHOH—CH,Cl, (10:1), 0 °C, 10 min. “CH,CL, 40
°C, 6 h.

Table 2. Synthesis of Substituted Dibenzo[g,p]chrysenes 4

R R" R R'
O O acid (2.5 equiv) O O
O CFE conditions O‘ ‘O
R 3 R' R a R'
method A: method B:
FSOgH-SbFs TiFy
(CF3),CHOH-CH,Cl, (10:1), 0 °C, 10 min  (CF3),CHOH, 60 °C, 6 h
entry 3 method 4 (%)
1 3a:R=H A R R 4a 95
2 3a:R=H B O @ 4a 93
3 3b:R = Me B SOEK X:
4 3¢:R=Bu B O Q 4c¢ 99
5 3d:R=F A R R 4d 80
6 3e: R = Me B A 4e 90
: 3f: R = Bu B QL) 4194
8 3g:R=F A @.% 4g 81
9 3h: R=Cl A ! 4h 49
10 3i: R = Me B 4i 82
11 3j: R=Bu B O @ 4j 98
12 3k: R =Ph B O..O 4k 72
13 3LR=F A 41 80
14 3m:R=Cl A P oam s4

stituted ones 3e—m successfully underwent a domino Friedel—
Crafts-type cyclization with the appropriate choice of acid
promotors. Use of TiF, (method B) was preferable for
cyclization of alkyl- and aryl-substituted (more reactive)
substrates 3b, 3¢, 3e, 3f, 3i, 3j, and 3k, which led to the effective
formation of the corresponding dibenzo[g,p]chrysenes 4b, 4c,
4e, 41, 4i, 4j, and 4k. Rapid completion of the reactions with
magic acid (method A) was observed for cyclization of the
halogen-substituted (less reactive) precursors 3d, 3g, 3h, 31, and
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3m, affording the halogen-substituted dibenzo[g,p]chrysenes 4d,
4g, 4h, 41, and 4m, in good yields.

A plausible reaction mechanism for this cyclization is shown in
Scheme 3. First, protonation of the difluoroethene moiety in 3a

Scheme 3. Proposed Reaction Mechanism

Aromatic C—F bond cleavage

regioselectively generates the cationic intermediate A, in which
the carbocation is stabilized by the a-fluorine substituents. A
Friedel—Crafts-type cyclization followed by the elimination of
HE allows C—C bond formation and vinylic C—F bond cleavage
to afford 9-(biphenyl-2-yl)-10-fluorophenanthrene 10a. The
second cyclization is induced by the protonation of the
phenanthryl moiety in 10a. Thus, a further Friedel—Crafts-type
cyclization proceeds through the fluorine-stabilized arenium ion
B resulting in aromatic C—F bond cleavage.17

To gain some experimental evidence to support the proposed
reaction mechanism, we attempted the acid-mediated cyclization
of fluorophenanthrene 10a, which was prepared via cyclization of
3awith TiF, in CH,Cl, (Table 1, entry 9). Treatment of 10a with
magic acid or TiF, in HFIP—CH,Cl, (10:1) or HFIP afforded
dibenzo[gp]chrysene (4a) in excellent yields (Scheme 4). These

Scheme 4. Cyclization of Fluorophenanthrene 10a

method A:
FSOsH-SbFs
O ‘ (CF3),CHOH-CH,Cl, (10:1)
C 0°C, 10 min
method B:
01U

(CF3),CHOH, 60 °C, 6 h

method A: 93%
method B: 95%

results suggested that 10a was generated in situ as an
intermediate by the first cyclization and then underwent the
second cyclization, where the aromatic C—F bond cleavage was
accomplished. It was noted that cleavage of an aromatic C—F
bond, which has been considered to be difficult to activate, was
readily achieved under cationic conditions with the aid of a
Bronsted or Lewis acid in HFIP."”

In conclusion, we have achieved a domino Friedel—Crafts-type
cyclization of difluoroethenes, which provides easy access to
dibenzo[gp]chrysenes. A scalable synthesis of dibenzo[gp]-

chrysenes is conducted by starting from accessible, storable 1,1,1-
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trifluoro-2-iodoethane or 1,1-difluoroethene. Dibenzo[gp]-
chrysenes possess a double helical structure due to the presence
of two inherent helicene moieties. Their application to new
electronic materials will be stimulated by the approach presented
in this study.
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