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A simple and efficient synthesis of tribenzohexadehydro[12]-
annulene and related derivatives in the ionic liquid 1-butyl-
3-methylimidazolium tetrafluoroborate is described. A So-
nogashira coupling reaction is the key step. In this system,
the amount of Cul normally used can be reduced so that
homocoupling is minimized.

Arylacetylene macrocycles have attracted intense at-
tention in the field of supermolecular chemistry and
materials science over the past decade! due to their novel
properties and potential applications. Tribenzohexade-
hydro[12]annulene (tribenzocyclyne) (1a) and its deriva-
tives are structural units of graphyne.? The annulenes
can be prepared by several procedures including pal-
ladium-catalyzed co-cyclization of 1,2-diiodobenzene with
acetylene,® palladium-catalyzed trimerization of 4-(2-
bromophenyl)-2-methylbutyn-2-ol,* Stephens—Castro cou-
pling of copper (2-iodophenyl)acetylide,® a combination
of a Witting reaction and a bromination procedure,® and
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alkyne metathesis.” Recently, the Iyoda group reported
a novel synthetic procedure of 1a and some derivatives
employing a coupling reaction of acetylenes with iodo-
arenes in the presence of catalytic amounts of Cul and
PPhjs, together with 3 equiv of K;CO3 in DMF at 160 °C.8
Despite considerable efforts to improve procedures, the
synthesis of 1a and its derivatives still remains trouble-
some.

Although the Sonogashira reactions of phenylacetylene
with bromo- or iodobenzene produce diphenylacetylene
in a quantitative yield,® cyclotrimerization by normal
Sonogashira coupling of (2-iodophenyl)acetylene is still
challenging. At present, few cyclotrimerization reactions
under Sonogashira conditions were successful according
to several reports.!® The problem is that cyclotrimeriza-
tion under Sonogashira conditions affords tribenzocyclyne
in a very low yield due to a preferential homocoupling
between alkynes.!® After many trials, we discovered that
cyclotrimerizations to 1a—c (Figure 1) occur in satisfac-
tory yield in the ionic liquid 1-butyl-3-methylimidazolium
tetrafluoroborate (BMIMBF,)!! under Sonogashira condi-
tions.

We reasoned that employing the ionic liquid BMIMBF,
as the solvent may have prominent advantages for the
cyclotrimerization. The solvent might neutralize the
donor electronic ability of methoxy groups, which are
disadvantageous for Sonogashira coupling. Moreover
BMIMBF, may reduce the need for Cul, which is mainly
responsible for homocoupling.’1%!! Furthermore, BMIMBF,
can activate and stabilize the catalytically active pal-
ladium species.'"'2 The above possibilities stimulated our
study of cyclotrimerizations carried out in the ionic liquid
1-butyl-3-methylimidazolium tetrafluoroborate.!!

Our initial strategy involved the preparation of the
precursor 2a, 2b, and 2c¢ starting from the appropriate
arylaldehyde. Adapting the procedure developed by
Corey,'® the arylaldehyde was treated with the CBry/
triphenylphosphine reagent (350 mol %) affording a
quantitative yield of the corresponding 1,1-dibromoarylene,
which was transformed into arylacelene 3a—c¢ with
butyllithium. Adapting the conditions of Brandsma,*
o-iodoarylacetylenes 2a—c were obtained in a moderate
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FIGURE 1. Tribenzohexadehydro[12]annulene and its derivatives 1a, 1b, and 1e.

SCHEME 1.

CHO
Ri CBr,, PPhy, DCM
R Ry

Rs

Synthesis of 2a, 2b, and 2¢

(3a). Ri=R,=Rs=R,=H
(3b). Ry=Ry=H, Ry+R,=PhH
(3c). Ry=H,Ry=R3=R4=CH30

yield. Since the iodination reaction does not show good
regioselectivity due to the other isomers present, 2a—c¢
must be separated carefully from other byproducts
(Scheme 1).

The cyclotrimerization of 2a, 2b, and 2¢ was investi-
gated under Sonogashira conditions with Pd(PPh3),Cls,
Cul, EtsN in diverse solvents such as THF, DMF at room
temperature or at reflux temperature, yet only a trace
amount of 1a-1c were obtained. The major product was
the homocoupling product, which was confirmed by
relative references’® and NMR spectra. Employing
Pd(PPhs), as a substitute for PdA(PPhs),Cl, resulted in the
formation of 1a in 30% yield. However, under similar
conditions, 2b and 2¢ produced a complex mixture of
unidentified products. The low yield is attributed to the
presence of the methoxy groups which are disadvanta-
geous to the Sonogashira coupling reaction and which
favor the homocoupling product.!®

When the ionic liquid BMIMBF, is used as the reaction
solvent, we found that the catalytic ability of both Pd-
(PPh;3)2Cl; and Pd(PPhs), is enhanced dramatically.
Furthermore, the amount of Cul can be reduced to 1 mol
% in the Sonogashira coupling reaction. Under these
conditions, homocoupling is minimized and cyclotrimer-
ization formed dibenzohexadehydro[l12]annulene in a
satisfactory yield (Scheme 2 and Table 1). The reaction
proceeded at 80 °C for 12 h to afford 1a in a 37% yield.
If Pd(PPh;)sCly (5 mol %) is used in place of Pd(PPhs),,
the yield decreased to 19%.

We tried the synthesis of an unsymmetric [12]annulene
framework as found in 1b and 1e. This kind of framework
was first synthesized through cyclotrimerization. As
shown in Scheme 2, the cyclotrimerization of 2b under
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Ri BuLi,THF, -20°C 1. BuLi and #-BuOk
2. MgBr,-ether
Ry Ra Ry R4 31 Ry Ry
Rs R

Rs
(2a). Ry=R,=Ry=R,=H, in 40% yield
(2b).R4=R,=H, Rs+R,=PhH, in 30% yield
(2¢). Ry=H, Ry=Rs=R=CH30, in 35% yield

SCHEME 2. Synthesis of 1a, 1b, and 1c¢

Ri L PA(PPhy)y/PA(PPhy),Cl
Ry Ry  Cul, Et;N, BMIMBE,

R3

(2a). Ry=R,=R3=R4=H
(2b). Ry=R,=H, Ry+R,=PhH
(2¢). Ry=H, R;=R3=R4=CH30

(1a). Ry=R,=R3=R4=H
(1b). Ry=R,=H, Ry+R,=PhH
(1¢). Ry=H, Rp=R3=R4=CH30

TABLE 1. Results of Sonogashira Coupling in THF and
BMIMBF,

entry 2  catalyst Pd (5 mol %) solvent product (%)

1 2a Pd(PPhs)y THF 1a (30)

2 2b Pd(PPhs), THF 1b (trace)
3 2¢ Pd(PPhs)4 THF 1c (trace)
4 2a Pd(PPhs), BMIMBF, 1a (37)

5 2b Pd(PPhs), BMIMBF, 1b (21)

6 2¢ Pd(PPhs), BMIMBF, 1c (11)

7 2a Pd(PPhs):Cls BMIMBF,4 1a (19)

8 2b Pd(PPhs),Cls BMIMBF,4 1b (16)

9 2¢ Pd(PPhs)sCly BMIMBF,4 1c (5)

the same conditions in the presence of Cul (1 mol %),
Pd(PPhs), (5 mol %), and Et3N (150 mol %) in BMIMBF,
produced 1b in a 23% yield and in a 17% yield with Pd-
(PPh3)Cl; (5 mol %). The reaction under similar condi-
tions produced 1c in an 11% yield.

In summary, tribenzohexadehydro[12]annulene 1a and
unsymmetric [12]annulenes 1b and 1c have been syn-
thesized via cyclotrimerization under Sonogashira condi-
tions in the ionic liquid BMIMBF,. A simple and efficient
synthetic approach was developed in BMIMBF, to sup-



press homocoupling. Further work will focus on methods
to synthesize larger, more complex annulenes.
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