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[5]- and [6]helicenes were synthesized in moderate to good
yields fromZ,Z-bis(bromostilbene)s by palladium-catalyzed
double C-H arylation reaction. This method can be applied

to the syntheses of helicenes possessing electron-deficient

substituents.

Helicenes possessing inherent helical chiralities have bee
attracting increasing attention owing to their extraordinary
optical and electronit properties. Their ability to bind to
specific DNA structures has been demonstrétkedaddition to
the previously reported photocyclization reactfomew meth-
odologies>® including Diels-Alder cycloaddition, carbenoid
insertion® and [2 + 2 + 2] cycloisomerizatiorf, have been
developed. Tandem radical cyclization reported by Harrowven
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et al. is a practical and efficient method for the synthesis of
helicenes? However, there is still considerable room for the
development of helicene synthesis. As part of our program
aimed at establishing efficient methods for the synthesis of
helical molecules, we have developed an alternative approach
to helicene synthesis, which involves palladium-catalyzed double
C—H arylation reaction utilizingZ,Z-bis(stilbene)s.

Palladium- or rhodium-catalyzed-H arylation is a powerful
method for the synthesis of heterocycles as it eliminates the
need to preactivate coupling componédtd3 Thus, we initially
examined the synthesis of 1,2-dimethoxyphenanthré&néy
C—H arylation utilizing a Pd catalyst (Table 1). lodostilbehe
which was prepared by conventional Wittig reaction, was treated
with PdCh(dppf) and KOAc in DMSO at 9C°C (entry 1).
However, the reaction proceeded slowly to give the product in
37% yield. When the reaction temperature was increased to
130°C, the yield was improved to 55% (entry 2). Of the solvents
examined, DMA was found to be the most suitable (entries 3
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TABLE 2. Synthesis of [5]Helicene by Double &H Arylation
Reaction

= O 5 mol% Pd cat. 00 O
10 mol% Pd(OAc), Me©

TABLE 1. Synthesis of Phenanthrene by Intramolecular G-H
Arylation Reaction

base (1.0 eq)/

_ 10
MeO solvent MeO O MeO O ‘
MeO ‘ MeO MeO K,COg/ additive MeO ‘e
1 2 X DMA, 130 °C
entry Pd cat. T(°C) solvent base yield (%) | 14h
3 4
1 PdCh(dppf) 90 DMSO  KOAc 37
2 PdCh(dppf) 130 DMSO  KOAc 55 y
3 PdCHdppf) 130  DMF  KOAc 51 MeO OG ‘
4 PdCh(dppf) 130 DMA KOAc 62 e MeO
5 PACK(PhCN) 130 DMA KOAc 51 O
6 Pd(OAC) 130 DMA KOAc 68 MeO MeO
7 Pd(OAC) 130 DMA K2COs 99 . «
5 6

and 4). We next surveyed palladium catalysts (entries 5 and 6).

It was found that Pd(OAg)is the most suitable for this reaction ~ entry additive (equiv) ligand (20 mol %) 4 (%) 5(%) 6 (%)

(entry 6). Finally, when the base was changed from KOActo 1 6 45 35

K,C0;s,134 the reaction was dramatically improved to give the 2 n-BuNCI (1.0 13 39 38

desired phenanthrerin quantitative yield (entry 7). 3 EuNCI(1.0) 60 27

. . - : 4 AgOTf(1.0) 61 13

With the optimized conditions for the -€H arylation of 5  AgCO;(0.5) 20 37 39

iodostilbene in hand, we next examined the utility of the double 6  Ag,C0O;(0.5) PBUsHBF, 67 33

C—H arylation of bis(iodostilbene) for the efficient synthesis 7  Ag.CO;3(0.5) PCy(2-MePh)

of [5]helicene. Initially, we applied the optimized conditions 8 AgCO:(0.5) PCyPh 100

mentioned above to the synthesis of [5]helicene by the double g ﬁig& Eggg ggﬁ-HBH i; gg 9

C—H arylation reaction. However, the major product was 11 ' PCy-HBF, 14 14

phenanthrene derivatig which was formed by the single-¢H 12 AgCO3(0.5) PCy/Pr 91 9

arylation reaction of each compound (Table 2, entry 1). To 13  AgCG0;(0.5) PPr3 85 15

improve the yield of [5]helicene, we examined the effects of

such additives as ammonium salts or silver salts (entri€s) 2 TABLE 3. Effect of Halogen Group

n-BuyNCI slightly improved the yield of desired [5]helicede X

(entry 2). On the other hand, AQO; gave the best result among

the additives examined (entry 5). For further improvement, the = O

ligand effect was examined. Bulky and electron-rich ligands, ~ MeO ;g $E:$: idc(g?_%a

such as Bus'HBF4, PCy(2-MePh), and PGyPh, were not O _ 5

suitable for this reaction (entries—®). In contrast, PGy MeO O KoCO3/ Ag,COy

particularly air-stable PGyHBF,, improved the yield to 48% x DMA, 130 °C

(entries 9 and 10% Since the yield ot was decreased to 14% X 14h MeO ‘O

when the reaction was performed without 28§, it was ‘

confirmed that the silver salt was crucial for this reaction (entry 7 7aX=Br MeO

11). Ligands smaller than Pg;such as PGJPr and FPr;, gave 7b:X=Cl “ ‘

phenanthren® in good yield but not the desired [5]helicene

(entries 12 and 13). Commercially available Buchwald ligands 8 X

ﬁg? Zﬁrg;tt(ia\:gcf?)rrbﬁgerg%ac?igi .vvere also examined, but they were entry X compd 4(%) 5 (%) 8 (%)
We also examined the effect of the halogen group (Table 3). % :3r ?a ‘7‘2 fg

When the halogen group & was changed from iodide to 3 cl 7b 8
bromide, the yield of4 was improved to 75% (entry 2).
However, when chloride was used, the reaction did not proceed
and the starting material was recovered (entry 3). Finally, we These results sharply contrasted that of tandem radical
examined the substrate for the synthesis of helicene by thecyclizatior? in which the yield was improved by the intro-
double C-H arylation reaction (Scheme 1). When the reaction duction of an electron-donating methoxy group. Thus, the
was performed using related electron-deficient substestesd palladium-catalyzed double €H arylation reaction can be
9b, 3,12-difluoro-7,8-dimethoxy[5]helicend@a)and 3-fluoro- used to complement the synthesis of electron-deficient
7,8-dimethoxy[5]helicene 10b) were obtained in good to  helicenes.

moderate yields. However, whedt, which has an electron- We next examined the synthesis of [6]helicene (Scheme 2).
donating methoxy group, was used, the reaction gave a complexDespite the sterically hindered substrate, we were able to
mixture without the desired heliceri®c synthesize desired [6]heliced® in 30% yield. Other products
were complex mixtures of debrominated products and the
product formed by single €H arylation. We also examined

(14) Netherton, M. R.; Fu, G. @rg. Lett.2001, 3, 4295-4298.
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SCHEME 1. Synthesis of [5]Helicene Derivatives

Ri

=
O R2 10 mol% Pd(OAc),
MeO O Br 20 mol% PCyg-HBF,
MeO Br KsCOgz/ A92003
R® DMA, 130°C
N .
O 14h
H4

9 9a:R", R*=F,RZ, R®=H
9b:R'=F,R2, R? RY=H
9¢c: R, R*=0OMe, R2, R®=H

F|1

MeO ‘G R2

3
G

H4

10 10a:R',R*=F,R2, R%=H 86%
10b:R'=F,R%, R}, R*=H 45%
10c: R, R*=0OMe, R2, R®=H -

SCHEME 2. Synthesis of [6]Helicene by Double €H
Arylation Reaction

Br
= 10 mol% Pd(OAc),
MeO 20 mol% PCys-HBF,
O K»CO3 / Ag,CO
MeO 2LUg /1 AgaLUg

‘c DMA, 130 °C
= 14h
Br

" wo LI

wiow

12 30%

the synthesis of [7]helicene; however, the desired product could

not be obtained.

of helicenes by radical cyclization, particularly the synthesis of
electron-deficient helicenes. The advantages of the doublé C
arylation reaction could be extended to the catalytic asymmetric
synthesis of optically active helicenes using a suitable combina-
tion of transition metals and chiral ligands. Investigations are
underway in this laboratory.

Experimental Section

General Procedure for the Synthesis oZ,Z-Bis(bromostil-
bene).2-Bromobenzyl bromide phosphonium salt (5.7 mmol) was
treated with potassiurtert-butoxide (5.9 mmol) in THF (20 mL)/
H,O (2 mL) at 0°C and stirred for 15 min. 2,3-Dimethoxy-1,4-
dicarbaldehyde (2.6 mmol) was added, and the mixture was stirred
for 30 min at rt. The resulting mixture was extracted with EtOAc
and washed with brine. The crude product was purified by gel
permeation chromatography (#80%). Compound®a: H NMR
(400 MHz, CDC4, 25°C) 6 3.86 (6H, s), 6.48 (2H, s), 6.61 (2H,
d,J=12.0 Hz), 6.74-6.84 (6H, m), 7.457.49 (2H, m)13C NMR
(100 MHz, CDC4, 25°C) 6 60.8, 116.0, 117.1, 117.4, 124.4, 127 .2,
129.3, 130.2, 133.7, 133.8, 151.4, 162.6; IR (CGB56, 3157,
2994, 2937, 1601, 1573, 1459 ciMS (70 eV)m/z 536 (100),
534 (M*, 49); HRMS calcd for G4H;50,F,Br, 533.9642, found
533.9640.

General Procedure for Double C-H Arylation Reaction. Z,Z-
Bis(bromostilbene) (0.20 mmol), Pd(OAd0.020 mmol, 10 mol
%), K,CO; (0.40 mmol, 2.0 equiv), AgEO; (0.20 mmol, 0.5 equiv),
PCy;HBF,4 (0.04 mmol, 0.2 equiv), and DMA (2.0 mL) were mixed
in a Schlenk tube and stirred for 14 h at 13D under argon. The
resulting mixture was purified by silica gel chromatography (hexane/
EtOAc = 9/1) to give the product. Compourdida H NMR (400
MHz, CDCl, 25°C) ¢ 4.13 (6H, s), 7.01 (2H, m), 7.55 (2H, dd,
J=9.0, 3.0 Hz), 7.88 (2H, d) = 9.0 Hz), 8.30 (2H, dJ = 9.0
Hz), 8.33-8.36 (2H, m);3C NMR (100 MHz, CDC}, 25°C) 6
61.2,111.3,111.5, 113.9, 114.2,121.1, 124.2, 127.0, 127.1, 131.0,
131.1, 133.5; IR (CHG) 3655, 3361, 3158, 2946, 2846, 1800,
1618, 1565, 1462 cni; MS (70 eV)mVz 374 (M*, 100), 359 (47);
HRMS calcd for GsH16F20,, 374.1118, found 374.1118.
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double C-H arylation reaction for the synthesis of [5] or [6]
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