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ABSTRACT

Synthesis of two novel dehydrobenzoannulene—dimethyldihydropyrene (DBA-DDP) hybrids has been achieved using a Pd/Cu cross-coupling
strategy.

The resurgence of dehydrobenzoannulene (DBA) chemistry questions persist regarding this class of annulenes, especially
over the past decade has seen the assembly of a tremendouwsgith respect to their electronic character. There has been
variety of new macrocycles.The main impetus for the considerable debate as to whether planar, conjugated DBAs
renewed interest has been predictions that DBAs and relatedcan sustain induced ring curreftsExperimentdl and
highly conjugated, carbon-rich compouAdsill exhibit theoretical evidené support claims of aromatic and anti-
interesting materials behavior such as nonlinear optical aromatic behavior in DBAs; however, the only protons
activity® and liquid crystallinity? Nevertheless, several available for NMR aromaticity studies are the arene protons.
The induced ring current effects on these protons, attributable
to the large macrocycles, will be weak because of the

T University of Oregon.

* University of Victoria.

(1) (a) Haley, M. M.Synlett1998, 557—-565. (b) Haley, M. M.; Pak, J.
J.; Brand, S. C. ITopics in Current Chemistry (Carbon-Rich Compounds
11); de Meijere, A., Ed.; Springer: Berlin, 1999; Vol. 201, pp-8130.

(2) (a) Bunz, U. H. F.; Rubin, Y.; Tobe, YChem. Soc. Rel999,28,
107-119. (b) Haley, M. M.; Wan, W. B. Iidvances in Strained and
Interesting Organic Molecules, Volume8alton, B., Ed.; JAl Press: New
York, 2000, pp +41. (c) Diederich, FChem. CommurR001, 219—227.

(3) (&) Nonlinear Optics of Organic Molecules and Polymekalwa,

H. S., Miyata, S., Eds.; CRC Press: New York, 1997. (b) Spreiter, R.;
Bosshard, C.; Kndpfle, G.; Gunter, P.; Tykwinski, R. R.; Schreiber, M;
Diederich, F.J. Phys. Chem. B998,102, 29-32. (c) Tykwinski, R. R;
Gubler, U.; Martin, R. E.; Diederich, F.; Bosshard, C.; Glnter).RPhys.
Chem. B1998,102, 4451—-4465. (d) Sarkar, A.; Pak, J. J.; Rayfield, G.
W.; Haley, M. M., submitted.

(4) Zhang, D.; Tessier, C. A.; Youngs, W.Ghem. Mater.1999, 11,
3050—3057.

10.1021/0l015898r CCC: $20.00
Published on Web 05/02/2001

© 2001 American Chemical Society

localized aromaticity of the benzene rings, the inclusion of
triple bonds, and the size of the macrocydes.

(5) (a) Balaban, A. T.; Banciu, M.; Ciorba, VAnnulenes, Benzo-,
Hetero-, Homo- Derivatives and their Valence Isomers, Vet31CRC
Press: Boca Raton, 1987. (b) Garratt, FArdmaticity, Wiley: New York,
1986. (c) Minkin, V. I.; Glukhovtsev, M. N.; Simkin, B. Yaromaticity
and Antiaromaticity; Wiley: New York, 1994. (d) Staab, H. A.; Gunther,
P.Chem. Ber1977,110, 619—630.

(6) (@) Kimball, D. B.; Wan, W. B.; Haley, M. MTetrahedron Lett.
1998,39, 6795—6798. (b) Matzger, A. J.; Vollhardt, K. P. Tetrahedron
Lett. 1998,39, 6791—-6794. (c) Bell, M. L.; Chiechi, R. C.; Johnson, C.
A.; Kimball, D. B.; Matzger, A. J.; Wan, W. B.; Weakley, T. J. R.; Haley,
M. M. Tetrahedron, in press. (d) Wan, W. B.; Chiechi, R. C.; Weakley, T.
J. R.; Haley, M. M., submitted.



Studies have shown that dimethyldihydropyrene (DDP) cross coupling below 120C, consistent with other bro-
can be used as a molecular probe for measuring aromdticity. moarenes, as well as instability above this temperature. A
The DDP core provides a convenient handle on the ring literature example where acetylenes were successfully coupled

current of fused aromatic systems, as it has two easily
observable monitors: the chemical shift of the aromatic
protons (0~ 9 ppm) and the internal methyl protons {
—4.06 ppm for4). Any change in the ring current of the
DDP core induced by a fused arene will alter the shielding/

to less reactive phenanthrolifégave satisfactory results
upon inclusion of DMF as cosolvent. Using these conditions,
excess 1-ethynyl-2-(triisopropylsilylethynyl)benz&nheas
reacted with tetrabromid® to produceo,w-polyyne 5.
Desilylation using BuNF, followed by cyclization with CuCl

deshielding of these two resonances. This effect can beunder pseudo-high-dilution conditions, provided bis[14]-
quantified by comparison with a reference structure such asDBA—DDP hybrid1l as a reddish-brown solid in 8% overall

benzené.

yield.

To date, no DDP systems have been constructed which The preparation of bis[18]DBADDP 2 required a dif-

incorporate weakly diatropic molecules such as DBAs. This
is mostly due to the difficulty in synthesizing larger annulene-
fused DDP macrocycles. DBA—DDP hybrids and 2

represent our efforts to develop synthetic strategies for the

construction of DBA-fused DDPs and to determine the
viability of using DDP to probe the aromatic character of
DBAs. In addition, it has been shown that the aromaticity

of the annulenes fused on opposing faces of a DDP can 3

facilitate photoinduced isomerization to form the correspond-
ing [2.2]metacyclophanedien&sf the hybrids could fine-
tune this isomerization, it may be possible to use these
systems as molecular photoswitchgs.

The synthetic route to hybrid¢ and 2 is based on
tetrabromo DDP3' (Scheme 1). Although aryl bromides

aReagents: (a) Br CCly; (b) 1-ethynyl-2-(triisopropylsilyleth-
ynyl)benzene, Pd@PPh),, Pd(PPB);, Cul, EgEN, DMF; (c)
BuyNF, THF, MeOH; (d) CuCl, MeOH, pyridine.

are usually less reactive than their aryl iodide analogues,
tetraiodination of DDP4 proved to be problematic with
standard methods. Tetrabromo DI3Pexhibited sluggish
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1710

ferent synthetic route (Scheme 2). Since phenylbutadiynes

Scheme 2

—

33%

aReagents: (a) ThM&IC=CH, PdCJ(PPh),, Pd(PPh)4, Cul,
Et;N, DMF; (b) BwuNF, THF, MeOH; (c) 1-(bromoethynyl)-2-
(triisopropylsilylethynyl)benzene, Pd(dbaLul, LiCl, DMSO; (d)
Cu(OAc), MeOH, pyridine.

are much less stable than the corresponding phenylacetylenes,
a phenylbutadiyne moiety could not be used with the elevated
temperature necessary to prodcénstead, the diacetylenic
linkage in thea,w-polyyne was established through acetytene
acetylene cross coupling. Four equivalents of (dimethyl-
thexylsilyl)acetylene were coupled ®to give DDP6 in

33% yield.

Treatment of 1-ethynyl-2-(triisopropylsilylethynyl)benzene
with BuLi followed by elemental bromine furnished the
corresponding bromoacetylene in good yield. This material
was in turn coupled to desilylate@l using a procedure
recently developed by Cai and Vaséll&o give polyyne7
in 80% yield. Although the cyclization of polyyrcould,
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after desilylation with BuNF, be accomplished with CuCl, rings in the same fashion as previously demonstrated for
polyyne7 required the use of Cu(OAclinder pseudo-high-  arene-fused DDP systems, it is consistent with through-space
dilution conditions to give bis-[18]DBADDP 2 as a green-  deshielding caused by the interior annulene ring current. This
black solid in 12% overall yield. would explain why the protons proximal to the annulene core,
The UV—vis spectra of hybridd and 2 are shown in i.e., ortho to the acetylenes, are shifted more than the distal
Figure 1. Not surprisingly? exhibits greater absorption due protons. We also observe that the change in chemical shifts
is greater for the DBA-DDP hybrids than for the analogous

s tribenzo-DBA systems (0A= 0.04—0.08 ppm). This would

be expected if the ring current of the annulene core is affected

180000 - less by a DDP than by a benzene ring. Indeed, studies have

160000 shown that the DDP is less aromatic than benzene and hence

less able to bond fix a fused arehe.

TR0 = The procedures developed herein should allow mono-fused
< 120000 - — 2 DBA—DDP hybrids to be constructed. The corresponding
TE 100000 - mono systems should provide quantitative evidence of the
E — ring current of DBAs. Tuning of the isomerization of the
=) DDP core through fusion of different DBAs may also be
@ H0ane:1 possible. When strongly aromatic rings such as benzene are

40000 - used, the cyclophanediene dominates and the pyrene can only

20000 | be seen for a short time at low temperatfr&Vith more

weakly aromatic systems, as we believe ours to be, the pyrene
0 - . . .
250 300 350 400 450 500 550 600 650 700 750 800 850 isomer prevails. Arene-fused DDP hybrids have already
il shown potential as photoswitch®sand experiments are in
progress to determine whether our DBRDP hybrids can
Figure 1. Electronic absorption spectra of hybritlsand 2. be used in this manner.
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