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1. Introduction

Geodesic polyarenes constitute a rapidly growing family
of polycyclic aromatic hydrocarbons (PAHS) that resemble
the geodesic domes of the great 20th century American
architect Buckminster Fuller (Figure 1). Though differing
in scale by more than 20the molecules and the domes have
several distinctive features in common. Both classes of
structures define surfaces that curve in the same sense as
the surface of the earth (hence the term “geodesic”). Those
surfaces, in both cases, are built from assemblies of intercon-
nected polygonal faces that share edges and vertices with
one another. In geodesic polyarenes, trigonal carbon atoms
sit at the vertices, carbercarbon bonds form the edges, and
rings of carbon atoms make up the faces.

Fullerenes comprise a set of geodesic polyarenes that can
be classified as “closed”; that is, they represent complete,
3-dimensional polyhedra, every face of which is either a
5-membered ring or a 6-membered ring. Subunits of fullerenes
that lack one or more of the rings but remain curved are
classified as “open” geodesic polyareAeEhe latter have
been referred to at various times in the chemical literature
as bowl-shaped PAHSs, fullerene fragments, and buckybowls;
the terms can be used interchangeably.

The factors responsible for the bowl shape geometries of
geodesic polyarenes are readily apparent from an inspection
of corannulenel)), the smallest curved subunit oL This

45 38 O

corannulene (1) 1a

PAH can be viewed as a 5-membered ring core from which
five spokes radiate outward to a 15-carbon rim. The bowl
shape results from the fact that the rim is too snhug to
accommodate the interior rings and bonds in a two-
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in those days, and the father of this first geodesic polyarene
gave it the name “corannulene”, in recognition of the
concentric zwitterion “annulene-within-an-annulene” reso-
nance structurel@) that he speculated might contribute to
the electronic properties df Several papers on the spectra
and properties of corannulene followed, including an X-ray
crystal structure that confirmed the bowl-shaped geoniétry,
but the length of the synthesis discouraged everyone from
undertaking more extensive studies on corannulene. The first
chapter of the geodesic polyarene story thus came to an end
in the 1970s, and the field went into dormancy for many
years.

Then came the fullerenes! In 1985, Kroto, Heath, O’Brien,
Curl, and Smalley rocked the world with their discovery of
the first closed geodesic polyarenge.& Many, many papers
followed? The goal of obtaining isolable quantities 0§C
and determining whether or not it had the proposed soccer
ball structure, however, eluded the scientific community for
the rest of that decade.

It was during that time, in 1989, when one of the authors
of this review heard a riveting lecture by Harry Kroto on
the (then still elusive) fullerené&s* and was instantly
inspired to begin thinking about methods that might be
suitable for the chemical synthesis of fullerenes in the
laboratory. As described in the sections that follow, flash
vacuum pyrolysis (FVPY 17 quickly emerged as a particu-
larly effective synthetic tool for constructing geodesic
polyarenes from derivatives of planar PAHs. A convenient
new synthesis of corannulen&)(in 1991 launched this
unconventional application of FVP into the spotlighBy
the next year, the synthesis of corannulene had been
shortened to just three steps from commercially available
starting materiald??' and open geodesic polyarenes that had
previously been considered unrealistic targets for synthesis
soon outhumbered the known fullerenes.

This review summarizes all of the syntheses of geodesic
polyarenes published before January 2006 that rely on flash
vacuum pyrolysis, plus a number of unpublished examples
from the authors’ laboratory. The sections of the review are
organized according to the size of the geodesic polyarene
synthesized, from smallest (corannuleng;Hzo) to largest
(buckminsterfullerene, §). Only one geodesic heterocycle
has been synthesized, and it is described after the last open
geodesic hydrocarbon. This is not the chronological order
in which the field developed, but it makes the material easily
accessible. We have attempted to sort out the history at
various points within the review. Most of our general
comments about the FVP method and why it has proven so
useful for the synthesis of geodesic polyarenes will be found
at the beginning of section 2 on corannulene.

2. CyHyp Corannulene (1)

Flash vacuum pyrolysis (FVP) is a method for heating
molecules in the gas phase to very high temperatures for a

dimensional plane without compressing them severely. Thevery short timet>~1” The hot zone typically consists of a
same is also true for all of the larger geodesic polyarénes. horizontal quartz tube heated by an electric furnace to
Prior to the discovery of fullerenes in 1985, the world temperatures in the range of 500100°C (Figure 2). Under

knew only one geodesic polyarene, and that was corannulenezacuum, the sample is sublimed; the vapors pass through a
(1). Richard Lawton, as an assistant professor at the hot zone, and the products are collected in a cold trap. A
University of Michigan, conceived of this gH0 hydrocar- gentle stream of nitrogen carrier gas is commonly used to
bon and, assisted by Wayne Barth, worked out a 16-stepfacilitate the flight of large molecules that have low vapor
synthesis that the two reported as a communication in $966. pressures through the hot zone. In the authors’ laboratory,
The full details of this landmark synthesis were published 5 with a mechanical vacuum pump and nitrogen “leaking in”
years latef. Annulene chemistry was enjoying a golden age through a short piece of glass capillary tubing, the final
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Figure 1. Geodesic polyarenes that have been prepared by flash vacuum pyrolysis (FVP).

pressure typically falls in the range of 6:1.0 mmHg. To robust to survive whatever heating is required to sublime
minimize bimolecular reactions in the gas phase, a slow ratethem into the gas phase. For syntheses of geodesic polyarenes
of sublimation is generally desirable. This requirement does by FVP, yields in the 2635% range are not uncommon,
limit the amount of material that can be put through the hot and higher yields are rare. More details on the apparatus and
zone in a reasonable period of time, though it is possible to its operation have been published elsewliére.

prepare corannuleng)( for example, on a scale of 1.0 g or Scheme 1 shows the first application of flash vacuum
more in a single FVP rui The other major limitation of ~ pyrolysis (FVP) to the synthesis of a geodesic polyaféne.
the method is that starting materials must be sufficiently Scott’s choice of diyn@2 as a precursor to corannulerig (
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Figure 2. Schematic view of the FVP apparatus in the authors’ laboratory.

was predicated on two considerations. First, he was well corannulene from the FVP significantly, but it also shortened
aware of the early reports by R. F. C. Brown that terminal the synthesis by another step.
alkynes isomerize reversibly under FVP conditions by 1,2-  Originally, these investigators entertained the notion that
shifts of hydrogen atoms and that the resulting vinylidenes the FVP in Scheme 2 might involve vinylidene intermediates
can be trapped by insertion into nearby-B bonds?*24In analogous to those in Scheme 1 or that electrocyclic reactions
addition, however, he reasoned that the high temperaturesmight precede the loss of bromine. Subsequent work in other
should temporarily populate bent geometries of the fluoran- systems, however, suggests that these cyclizations probably
thene nucleus that would ordinarily be inaccessible, therebyinvolve vinyl radicals generated by homolysis of Br bonds
allowing the carbene to approach within bonding distance (cf. section 7.1, for example). The isolation of bromocoran-
of the carbon atom across the wide bay region. Earlier nulene 84) and 1,6-dibromocorannulengs) as byproducts
attempts by others to close 6-membered rings across the bayn varying amounts when the FVP is run at lower temper-
region of the fluoranthene nucleus by conventional methods ature8 supports this view.
in solution had always faileth.
The synthesis of corannulene illustrated in Scheme 1 S S
provided a striking first validation of the strategy that Scott ’ Q _ ‘
had envisioned for preparing geodesic polyarenes by distort- Br . Br . Br
ing flat PAHs with heat and then “catching” the deformed OO OO
ring systems by €C bond-forming reactions at the rim.
Unfortunately, the proclivity of diyn82 for polymerization 34 35
when heated during the sublimation kept the yield of this
particular isomerization to no more than 10%. It was quickly ~ Scheme 3 outlines two high-temperature syntheses of
discovered, however, that FVP of tetrabromi@8, the corannulene reported by Siegel and co-workers in ¥992.
synthetic precursor t82, also gives corannulene (Scheme Professor Siegel, then at the University of California, San
2),? and this modification not only improved the yield of Diego, had been unaware of the activities in the Scott
laboratory at the University of Nevada, Reno (afak versg

Scheme 1 until the synthesis in Scheme 1 was published. The two

. O c=c-H research groups quickly began exchanging information, and

FVP
R —

‘O‘ the syntheses shown in Schemes 2 and 3 were published
10%
Scheme 3

back-to-back less than a year latér.
32 1
o) o0 Oy
C . (static) Pd/C ’.
presumably 4 O > O O
Ko -280,
by way of 7o,

S0,
36 \ Fy 1
1000 °C
Scheme 2 \ 18%
ava

Br Br
> ()
FVP
s D [
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Siegel’s routes likewise build two bridges across the bay als. FVP of those mixtures, however, does give usable
regions of a fluoranthene nucleus, but they start out with quantities of corannulene in just three steps from simple
one carbon atom on each side of each bay. The pyrolysis ofstarting materials using cheap reagéhtSurprisingly, even
sulfone 36 was actually conducted under static vacuum, 7,10-diisopropenylfluoranthend?) gives small amounts of
rather than in a flow system; however, the benefits of the corannulene upon FVP, presumably by loss of 2 mol of
high temperature were felt nonetheless. The initial mixture methane?32Wittig olefination of the dialdehyde precursor
of corannulene, dihydrocorannulene, and tetrahydrocoran-to 33 can also be used to prepare 7,10-bis(2-chlorovinyl)-
nulene isolated from the crude product mixture was aroma- fluoranthene 43), FVP of which gives corannulene in 32%
tized with Pd/C. The idea to pyrolyze tetrabromi8& yield 34
directly was inspired by the pioneering work of Boekelheide  Scheme 5 shows the first FVP route to corannulene that
on the FVP synthesis of strained benzocyclobutéhes;
series of four HBr elimination reactions, intermingled with scheme 5
electrocyclic reactions of intermediates suct88spresum-

SiMe
ably accounts for the overall transformatin. O Y ?
: - OQ
; C CH, " %00 “e00°C
N, ™
SiMes

‘ CHBr
pee .

38 does not start from a preformed fluoranthene nucféus.
Zimmermaret al. found that the parent diyne d#, without
The best precursor found to date for synthesizing coran- the trimethylsilyl protecting groups, is even more prone to
nulene by FVP is the bis(1-chlorovinyl)fluoranthe3@ This polymerization than diyn82. Fortunately, the TMS groups
“masked” version of dialkyn@2 sublimes cleanly without ~ seem to fall off during the FVP. Most likely, free -SDH
polymerization and loses 2 mol of HCI in the hot zone to groups on the surface of the hot quartz tube actually effect
generate82 in situ,28 which then cyclizes twice in 3540% the desilylation.

overall yield (Scheme 4). This route tband a two-step This same trick was used several years later bylkaro
et al. to overcome the polymerization problem encountered
Scheme 4 in Scheme 2% Building the carbon skeleton by a novel but
cl Cl lengthy organometallic route, these workers prepared the bis-
O FVP 35-40% TMS derivative 0f32 and showed that it can be converted

‘ > [ 22 O to corannulene directly in 36% yield by FVP at 1000D.36
OO 1_??_8 OO The only other published syntheses of corannulene based
on FVP are those reported in 1997 by Mehta and Panda
(Scheme 657 These all start from substituted [4]helicenes

39

synthesis 089 from commercially available starting materi- Scheme 6
als were first reported in 19922°and the full details were All EVP
Several other side chains have subsequently been tested

as “masked acetylenes” for this reaction, and they all work O O

to some extent, but no variation has proven superior to FVP ‘O

of 7,10-bis(1-chlorovinyl)fluoranthen&9). Silylation of the 4% i‘V

silyl)enol ether40, and FVP of40 gives corannulene in 8%

yield2® Attempts to prepare tetrabromidél by direct ‘.‘

bromination of the very easily accessible 7,10-diethylfluo- OO

ranthene invariably yield mixtures of polybrominated materi- W

~N
40 4 and rely on cyclodehydrogenations to close the 5-membered
ring. The resulting benzghilfluoranthene intermediates (not
shown) that continue on to corannulene are the same as those
43, respectively. Unfortunately, thermal cyclodehydrogena-
tions of [4]helicenes are not very efficient, and the yields of
corannulene from these precursors never reach 10%.
As of this writing, the authors’ laboratory still uses

published in 1997 1200 °C
ketone from which39 is made produces the bis(trimethyl-
MesSiO O OSiMes Br Br O Br Br
formed above after the first cyclizations 82, 39, 40, and
42 43 precursoiB9 (Scheme 4) to synthesize corannulene by FVP.
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3. CpHip Acecorannulene ( 2) when no such problem was encountered with the same side

. I chains in the corannulene syntheses (section 2).
Acecorannulene?) was the first derivative of corannulene

to be synthesized by FVP (Scheme®#3 A starting material 4. CyHy» Benzofajcorannulene ( 3)

Scheme 7 The first synthesis of benzgtorannuleneJ) was achieved

cl cl in 1995 by an undergraduate research student at Boston
O ‘ College, Casey McComas, who also obtained the X-ray

F
‘ 1100 °C "‘ . crystal structuré? As shown in Scheme 9, this synthesis
OO ;02_1"!3(2/'0 OO OO Scheme 9

CJ 7:3 Fvp -
) 1100 °C O
with the extra 5-membered ring already appended was carried - HB’

through synthetic steps analogous to those that had been used 3
previously to prepare corannulene precur3@rDuring the
FVP, some of the molecules lose the two-carbon bridge, l ol [

close as in
Scheme 4

giving corannulene as a byprodu& X = 7:3).
Acecorannulene has also been prepared by adding a
2-carbon bridge to connect adjacepdri-positions on the
rim of corannulene. Thus, formylatlon of corannul&ne
followed by Wittig olefinatiorf® gives the 2-chlorovinyl O O

derivative45 as a mixture of geometrical isomers. FVP of ‘
45 gives acecorannulene, contaminated by small amounts
of corannulene from loss of the side chain (Schemé’ 8). OO

Scheme 8

Cy o
=& &

)
I
Q
3
-
"
O ~—
@

side reaction
during sublimation

again uses the 1-chlorovinyl group as a “masked acetylene”
to close a ring across one bay region of the fluoranthene
nucleus. Cyclization across the other fluoranthene bay region,
however, was effected by an intramolecular radical addition
to the naphthalene moiety. Homolysis of aBr bond under

the FVP conditions generated the reactive aryl radical in this
case.

Insight into the order of events was obtained by repeating
this reaction at 900C. Under these milder conditions, some
of the molecules make it only part way through the sequence.
Intermediategl8 and50 could both be isolated in significant
amounts (2:1 ratio), and their presence argues convincingly
that (1) HCl loss is facile and (2) subsequent cyclization of
the 2-bromophenyl group is faster than cyclization of the
ethynyl group.

In principle, the conversion 048 to 50 might occur by
‘.‘ ‘.‘ ‘.‘ an electrocyclic reaction, followed by thermal loss of HBr.
The simultaneous disruption of aromaticity in three separate
benzene rings, however, would be energetically very costly.

Evidence for the intermediacy of aryl radicals in this case
(and in many other cases discussed in later sections) comes
from the isolation of varying amounts of uncyclized byprod-
ucts in which the aryl radical (e.g49) has scavenged a
The mechanism for side chain loss is not known. Nor is hydrogen atom. Nevertheless, detailed experimental studies
it clear why this fragmentation reaction should surface here, on the mechanisms of these “radical cyclizations” have not

Unfortunately, compoundi5 suffers from a tendency to
dimerize during the sublimation, which diverts significant
quantities of45 (possibly only theE-isomer) to the Diels
Alder product46.4*

FVP of corannulene derivatives a*>*347b,3% and47c¢*
also gave acecorannulene, without any Digdder com-
plication, albeit in lower yields and likewise contaminated
with small amounts of corannulene.

CBr2
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been performed, and the mechanisms proposed, thereforeScheme 12
should be recognized simply as working hypotheses.

Brandon McMahon, another Boston College undergradu- O
ate, carried out the second synthesis of besdzofannulene cl cl

(Scheme 103° As in the first synthesis of acecorannulene EVP <>
O ) s G5O
Scheme 10 ‘O 1100 °C

FVP
1100 °C

-2 HCI
20%

-

-Cl
asin
Scheme 9

’O Cl Q Cl
(2, Scheme 7), the strategy here was simply to follow the HY
corannulene synthesis in Scheme 4, starting from a com- O O
pound on which the extra ring was already attached. ‘O O‘Q

Some years later, Mehta and Srirama Sarma synthesized O
benzof]corannulene by FVP of the three precursors shown
in Scheme 115 These routes parallel the MehtRanda 51 54
Scheme 11 WL T
~H[1,4] _H

All FVP

H O cl Q ¢
{; = O
) oY

52 53

tetrabenzopyracylene ring systed) flas been prepared only
by FVP of bifluorenylidenes55). The dibromobifluore-
nylidene 55a works best, giving hydrocarbod in 37%
isolated yield*?5 brute force pyrolysis of unfunctionalized
bifluorenylidene $5b), by contrast, gives only the singly
closed hydrocarboB6 without a trace o#4 (Scheme 13)?

. O 50
= TR

syntheses of corannulene summarized in Scheme 6 and suffe?’Cheme 13

from the same low efficiency for closure of the 5-membered
ring by thermal cyclodehydrogenation.

Very recently, another FVP synthesis of beraopran-
nulene from a [4]helicene precursor was reported by Peng
and Scott (Scheme 12).In this case, closure of the
5-membered ring was triggered by intramolecular abstraction
of a hydrogen atom from the congested cove region by a

: g X . 55a X =B
strategically located, nearby radical center, i.e., a 1,4-shift 586X H

of hydrogen 61 — 52). The subsequent 6-membered ring 2%% <— X=Br — 37%

. N 51% =—— X=H — 0%
closure b4 — 3) is completely analogous to the aryl radical

cyclization outlined in Scheme 9. If 56 is isolated and resubjected to FVP, it cyclizes to

tetrabenzopyracylendl)in 0.6% yield>?

5. C25H12 .
. _ Presumably, the bromides Bba serve as precursors to
At 26 carbon atoms, we begin to see several different 5ry| radicals, which are then responsible for the cyclizations,
_geodesp polyarenes with the same molecular formula, i.e., 55 in Scheme 9. Interestingly, even dibromidean isomer
isomeric bowls. of 553, gives small amounts ef by FVP (Scheme 14} In
this case, 1,2-shifts of hydrogen atond8 (~ 59) would be
5.1. CaeHy, Tetrabenzopyracylene (4) required in the aryl radicals in order to promote the
Although solution-phase methods have started appearingcyclizations. Such shifts have been documented in other
as alternatives to FVP for syntheses of the corannulene ringsystems under FVP conditiotis(see also, for example,
system and a few of the larger geodesic polyaré#ié3the sections 7.1, 8.1, 8.2, and 20).
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Scheme 14 Scheme 17

$ 9
OO

—_—
O 1100 °C
Lo
0

24%
57 4 O

5.2. CyHiz Yin=Yang Fluoranthenes (5) systems$? it is known that the radical generated by bromine

atom loss cyclizes to make both 5- and 6-membered ring
ketones, both of which then decarbonylate. Owing to the
special symmetry of corannulene, these two pathways
reconverge to form a single hydrocarbon prodjt Both

A new FVP route to benzghilfluoranthene%' has been
employed in a 2-fold manner to produce hydrocarbpim
which two fluoranthene units nestle together in a head-to-

tail fashion resembling the Chinese yigang syr?étz)ﬁi)l isomers of diindenocorannulene have been prepared in the

(Scheme 15). Mechanistic studies in simpler systéMs  game manner by pushing the Fried€lrafts reaction to bis-
(2-bromobenzoyl)corannulene (section 11.1), but the second

Scheme 15 / . .
acyl group deactivates the ring system too much to permit

FVP
" [
c

- O further acylatiors343
(Do ()
| 10500 O’ .O 5.4. CyH1, Benzo[ glacecorannulene (7)

O “ O 12% QO Heterocycle60 was synthesized by Bodwaest al. in the

= hope that it could serve as a precursor to the first aza-bowl
(61).5” An earlier synthesis of the hydrocarbon corresponding
suggest that these cyclizations begin with electrocyclic to 61, dibenzop,glcorannulene X1), from a dibromide
reactions to form the 6-membered rings, which quickly @nalogous t60 provided the impetus for this project (see
aromatize by loss of HCI. The subsequent 5-membered ringsection 7.1). FVP 060, however, gives benzgJacecoran-
closures probably involve aryl radical intermediates, gener- nulene {) as the only identifiable product; no trace 61
ated by homolysis of the strained-Cl bond in the newly ~ could be found (Scheme 18)The mechanism for formation
formed cove regions. Scheme 18

5.3. CyH12 Indeno[1,2,3- bc]corannulene (6)

The first synthesis of indenocorannule6@Was achieved
by direct FVP of phenylcorannulene (Scheme %6Not

5

N_
<>
\ FVP O’.‘
—_ >
Br 1050 °C O
15-20% Q

Scheme 16 60 \\ .

&
%‘Q e

O of 7 from 60is certainly not obvious, but one plausible route
6 passes throughl as an intermediate that fails to survive
under the FVP conditions.

not observed;
possible intermediate
on the way to 7

surprisingly, this joining of two unfunctionalized aryl carbon
atoms by cyclodehydrogenation is not at all efficient, and
other products are also fouftl.

Some years later, a convenient two-step method for the
indenoannulation of corannulene was developed that involved®-1- CzsHia Fluoreno[1,9,8- abcd]corannulene (8)
Friedel-Crafts acylation with 2-bromobenzoyl chloride Hydrocarbon8, a benzannulated derivative of tetraben-
followed by FVP (Scheme 17%. From studies in other  zopyracylene 4), has been prepared only once (Scheme

6. CsHiz
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Scheme 19

SWe
gty
OO

19)%° As in the cyclodehydrogenation d86 to 4, the
cyclodehydrogenation @2 to 8 barely yields enough of the
geodesic polyarene to allow isolation and characterization.

6.2. CogHyp
Difluoreno[1,9,8,7- cdefg:2',1',9',8'-kimno |-
anthracene (9)
In the same papef8?® Hagenet al. report FVP of the
isomeric hydrocarbor§3, which gives tetrabenzopyracylene

with a benzene ring fused in the other bay regi@rScheme
20). The yield in this case is even lower than that for the

Scheme 20

FVP
B —
980 °C
0.6%

O O FVP 0.‘§
'O". w2 {50

63 9

synthesis of isomeB. Hydrocarbon9 has recently been
isolated in multi-milligram quantities as a secondary product
in the synthesis of the 4H14 bowl 28 by FVP (see section
17).

6.3. CagH1» Acenaphtho[1,2,3- bcd]corannulene (10)

The annulation method used to prepare the—yiang
fluoranthenesg) in Scheme 15 has been applied also to the
annulation of corannulene (Scheme 2)nder the high-

Scheme 21

| Cl
L'G/CI
10 (20%) (trace)
N
5/6-ring swap
rearrangement

temperature conditions, the initial produdOf begins to
rearrange to acenaphtho[4,f6édcorannulene, a less strained
isomer, by what is now a well-known 5/6-ring swap
proces$? 62

7. CagHus
With 28 carbon atoms, we begin to see geodesic poly-

arenes having the same number of carbon atoms but differen

numbers of hydrogens.

7.1. CygH14 Dibenzol a,g]corannulene (11)
Historically, the use of FVP as a synthetic tool to prepare

Tsefrikas and Scott

an attempted synthesis of dibenzg]corannulene 11).
Diphenylfluoranthen&4 was the first compound examined

in the Scott laboratory. High temperatures were (naively)
expected to promote endothermic electrocyclic reactions that
would be driven by irreversible thermal dehydrogenations
to deliver the previously unknown dibenzgfjcorannulene
(11). All attempts failed completely (Scheme 22$2 No

Scheme 22

) g /A
‘ﬁf&
LI
64

s

not formed

1

trace of 11 could be detected. Nevertheless, from this
disappointing first venture grew the idea to examine diyne
32, from which FVP gave the prototype PAH bowl, coran-
nulene {, Scheme 1).

Attempts to synthesize dibenzg§jcorannuleneX1) again
did not resume until interest was rekindled by a discovery
in the laboratory of R. F. C. Brown in Australia that FVP of
3,4-diphenylphthalic anhydridé%) gives triphenylene as the
major product (Scheme 28)% This report was surprising

Scheme 23

0=~ _0

FVP
900 °C
_—
-CO,
-CO
21%
65 L7 triphenylene
- how? FVP
’ 900 °C

66

ortho-terphenyl

because FVP of the parent hydrocarboiterphenyl, gives
no triphenylene under the same conditions (Scheme 23).
Earlier work by Brown on the FVP of aromatic anhydrides
suggested that benzy®® must be the initial intermediate
generated in this pyrolysf§,but no pathway from there to
triphenylene was immediately apparent at the time. It was
piﬁicult to understand how a €C bond could be formed at
a site so remote from the most reactive part of the benzyne
and how hydrogen atoms could find their way to sites where
they were needed from sites where they were superfluous.
To rationalize the observed transformation, Brown pos-
tulated that benzyné6 might be displaying chemistry of

geodesic polyarenes had its beginnings here in 1989, withthe sort expected for a 1,2-diradicé7f and engage in
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intramolecular hydrogen abstraction reactions, as suggested Regardless of the mechanism, this success stimulated

in Scheme 2447 — 68, cf. Scheme 151 — 52). The newly Bratcher and Scott to think of more direct ways to introduce
radical centers at thertho-positions of the phenyl groups
in 64. Their earlier observation that-€Br bonds of aryl

65 — triphenylene bromides do not survive FVP at 100C (e.g.,34 and 35,

l see Scheme 2) prompted them to synthesize 7,10-bis(2-
Scheme 26

bromophenyl)fluoranthen&{) and subject it to FVP at 1000
O Qxprmﬁﬂ
—_—
Br O‘O Br 1000 C O‘O
66 69
7 11

°C. Under these conditions, dibenagjlcorannulene 11)

was obtained in 38% isolated yield (Scheme £6Y.7°
r
H
Tp
[1.4]

O Presumably, these cyclizations involve initial formation
67 68 of reactive aryl radicals (starting witfi2), which close the
rings as detailed in Scheme 9. As an historical point, this
synthesis ofL1 predates the synthesis of bergjoprannulene
(3) shown in Scheme 9 and represents the first preconceived
d use of aryl radicals as alternatives to vinylidenes for the
synthesis of geodesic polyarenes by FVP.
The corresponding dichloro precursor3| also gives

Scheme 24

72

formed radical center on one phenyl substituent could then
swing around and cyclize onto the other phenyl ri6§
69, cf. Scheme 949 — 50).

Recognizing that the cyclizations previously envisione
for 64 (Scheme 22) involved nothing more thasterphenyl
moieties imbedded in a somewhat more complex ring system, . . .
Bratcher and Scditprepared anhydrid&0 and subjected it dibenzocorannulene, but higher temperatures are required,
to FVP. This experiment was stimulated largely by empirical 2d the yield drops (Scheme 27)Even 7,10-bis(3-bro-
speculation, since the mechanism of Brown’s “remote Scheme 27
activation” of sites for cyclization was still unclear. Gratify-

ingly, FVP of 70 does indeed give dibenzocorannuletie

as the major product at temperatures in the range-8500 O O O O O O
°C (Scheme 25§82 o L ) of @ Br
Scheme 25 OO OO

FVP FvP

090 73 1075 °C 1075 °C 74
17% 3%

OO . e
—_—
‘ 1100 °C ..'
90 w
70

"

There is a clear parallel between these two anhydride

rolyses (Schemes 23 and 25); however, there is also a . . .
pmyajo?/ disti(nction between ther% that supports Brown’s mophenyl)fluoranthenerd), with the radical precursors in

explanation for the “remote activation” of sites for cycliza- the wrong positions, gives small amounts Idf (Scheme

63 o ;
tion. Note in Scheme 23 that the cyclization represents an .27)’ presumably by 1,2-shifts of hydrogen atoms in the

A -
isomerization of the benzyne: two hydrogens are lost at the InIkl/lags?r)r/éégﬂlffliyg:b;igg?:le hlefs).been synthesized in
site of C-C bond formation, and two hydrogens are acquired low yield also ’by annealing two benzene rings onto a
by the benzyne carbon atoms; there is no net change in the reformed corannulene (Scheme 28)

number of hydrogen atoms. The analogous transformation® '

starting from anhydrid&0, therefore, should promotenly .

onecyclization, but no product was found that had only one 7.2. CagHus Dibenzof a,d]corannulene (12)

ring closed. Apparently, each half of the benzyne is capable The other isomer of dibenzocorannulerdi®)(has been

of initiating a separate hydrogen transfer/radical cyclization synthesized only once. Mehta and Srirama Sarma report that
sequence. FVP of 75 at 1150°C gives12 in 5—7% yield (Scheme
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Scheme 28 Scheme 31
¢]] cl
98 - QS
—_—
5y s )
SO 9

"

0

Cl

FVP ’ ‘

1060 °C
= 3D
29)% Precursor75 is a benzannulated derivative of a

precursor used by the same authors to synthesize t&@nzo[ 77 13
corannulene (Scheme 11), and the reaction presumably
follows the same course.

Scheme 29
/CBrz

8. CsoHy2

8.1. CgH12 [5,5]Circulene (13)

Extending the FVP synthesis of corannulene in Scheme 4
simultaneously to both ends of the indeno[1,2¢Ruoran-
thene nucleus 76), Rabideau, Sygula, and co-workers
prepared [5,5]circulenel@), the first geodesic polyarene
comprising 50% of the g skeleton (Scheme 3.2 The

Scheme 30
80 13

hydrogen atoms in the intermediate aryl radigal&f.

FVP "*“ Scheme 34). The necessity for a final cyclodehydrogenation,

with no additional radical precursor to promote formation

‘_02?_"’& O'O of the third G-C bond, may contribute to the low yield.
- )

8.2. C3oHi2 Hemifullerene- C; (14)
(Triindenotriphenylene)

76 13 Rabideau, Sygula, and co-workers were also the first to

yield in the final FVP step, though only 5%, is surprisingly Prepare theCs-symmetric “hemifullerene’4.”” From trux-

good, considering how much strain is introduced and how €none, they synthesized the chlorinated tris-fulv@hes a

many new G-C bonds had to be formed around the rim.  Mixture of geometric isomers, and FVP 81 gives 14 in
FVP of hydrocarbor?7 also gives [5,5]circulene, albeit 2—10% yield (Scheme 33). The simplest mechanistic

in even lower yield (Scheme 31).The synthesis of this

precursor, unlike that of76, was not planned but was Scheme 33

discovered as an unexpected side reaction in the reductive

coupling of thioketon&8 by Stefan Hagen, a Ph.D. student

in the laboratory of G. Zimmermann in LeipzigLater, as

a postdoc in the Scott laboratory, Hagen examined the FVP

of 77, after he realized that cleavage of a relatively weak

benzylic bond might generate aryl radic& and start the

molecule on a pathway towaiB. A 180° rotation around

the central &C bond in 79 prior to cyclization would

presumably favor the production @B, but that should be

facile at FVP temperaturé& ) , o )

Ig“
w30

81 14

13in 1997 with the FVP of dibromoarerg® (Scheme 323 and cyclization of the resulting methine radical, three times
The 5-membered ring closures in this case were modeledOVer, but the actual pathway might well be more circuitous.
after those reported earlier the same Ye&far the synthesis An alternative FVP synthesis df4 developed in the

of an isomeric GoH;> bowl and involve 1,2-shifts of  authors’ laboratory is summarized in Scheme3fihis was



Geodesic Polyarenes by Flash Vacuum Pyrolysis Chemical Reviews, 2006, Vol. 106, No. 12 4879

Scheme 34 8.3. Difluoreno[2,1,9,8,7- defghi:2',1',9",8',7'-
mnopqr Inaphthacene (15)

Hydrocarbon 15, a third isomer of GHi, has been
synthesized only once. Stefan Hagen prepared thel;¢&
hydrocarbon85 during his graduate studies in Leipzig but
had been unsuccessful in promoting the final cyclodehydro-
genation tal5 by FVP. As a postdoc in the Scott laboratory,
however, he was able to reinvestigate this FVP at higher
temperatures and found that the cyclodehydrogenation could
be achieved in low yield at 1250C (Scheme 36}*

Scheme 36

O O FVP 72\
(LT e (LD

85 15

Hydrocarbonl5 is significant for two reasons. First, it is
the only geodesic polyarene encountered in this review so
Br Br far that doesNOT map onto the ring system ofg The

83 smallest stable fullerene that contains a naphthacene (“tet-

~H1.2] f",’f% racene”) moiety is &, but the smallest stable fullerene that
contains the full 30-carbon skeleton D5 is Crs.

The other interesting aspect b6 stems from its structural
relationship to [5,5]circulenel@). Both hydrocarbons contain
a pyracylene core annulated by two phenanthrenes; they
differ only in the orientation of the pyracylene core. A so-
called “Stone-Wales” rearrangemefit®®would interconvert
13 with 15. Despite the extreme temperatures of these FVP
experiments, however, no tracelwas seen as a byproduct
in the synthesis ofl3, and no trace ofl3 was seen as a
byproduct in the synthesis df (Scheme 37). To the best

the first FVP synthesis reported that incorporates obligatory
1,2-shifts of hydrogen atoms in the intermediate aryl
radical§® prior to C-C bond formation. Since then, the FVp LS\

2225%%2 hsai b;itw :;(dplggid several times (see, for example, ';@i\ /A {g&"
15

Scheme 37

1250 °C
Although it has not been possible to push the yield for

this triple ring closure above 10%, the starting mate&a) ( 13
is relatively easy to prepare on a large scalend the FVP

can be performed on a 1.0 g scale, or even larger, to yield o oy knowledge, the so-called “Ston®ales” rearrange-

>50 mg of14in a single run. N ment hasever been observed under FVP conditions, despite
The isomeric tribromid&4 also givesl4 under conditions deliberate attempts to find examples of2g!

of FVP; however, the yield from this _regioisomer is
significantly lower (Scheme 35¥.The superiority 082 as 9. CsoHus Dibenz[fllacecorannulene ( 16)

Scheme 35 The synthesis of dibenz[lacecorannulenel@) by FVP
of 86 (Scheme 38%83is simply a composite of the syntheses

Z T Scheme 38

FVP ”

= B33 QP xS

2-3% Br . Br FvP O..‘Q
QQ OO 11(9)80 °C qp

a precursor tdl4 may lie in the fact that the aryl radicals
formed by homolysis of its €Br bonds (e.g.83) have only of dibenzof,dcorannuleneXl) and acecorannuleng)(from
one 1,2-shift of hydrogen available. 71 and 473 respectively. As in all the acecorannulene
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syntheses (section 3), loss of the 2-carbon side chain presentpathways (Scheme 17). Pushing the acylation of corannulene
a serious problem here, too. with 2-bromobenzoyl chloride past the first substitution gives
a mixture of two bis(2-bromobenzoyl)corannulenes. A 3:2

10. CsoHze mixture of the 1,5- and the 1,8-isomer8§9(and 90,
o - i respectively) is obtained as a result of the directing effect of
%4031'2 (i:?zclalgf'QF%?%PT’rj?)gg]’tlri’gheljr{l);?grlg"?ld%no the first acyl groud® FVP of this mixture, without separation,

giveso-diindenocorannulend ) andp-diindenocorannulene

FVP of the corannulene derivati8Y closes three €C (20) in 5% and 38% vyield, respectively (Scheme #13
bonds to give hydrocarboh7 (Scheme 39§4 Although the

Scheme 39 Scheme 41

Q1 O N S S e
FVP ' ‘ Ar. o
LY e D el
AL R e

Ar = 2-bromophenyl

87 17 _ )
starting material has four precursors for radical centers on Y
the rim, 1,2-shifts of hydrogen atoms are required for two FVP
of them to be useful. Compounti7 can be viewed as a 1100 °C
relative of o-diindenocorannulenel@) in which the two

proximal indeno rings have formally been joined by a
cyclodehydrogenation.

10.2. Cs,H1, Acenaphth[3,2,1,8- fghij]-as-indaceno-

[3,2,1,8,7,6-pgrstuv Jpicene (18) @ ‘Q
The bis(2-bromophenyl) compour@8 can be viewed as ‘O

a benzannulated derivative 81 (Scheme 26), a previously O.‘

known precursor to dibenzajgcorannulene 11). FVP of

88 likewise forms the dibenzocorannulene ring system, but

two additional ring closures in this case take the molecule 19 20
all the way to the deeper bovil8 (Scheme 4035 Analysis (5%) (38%)
Scheme 40

The great predominance @0 in this reaction is consistent
with earlier finding$®°¢ that cyclizations of 2-benzoyl

O FVP ‘a\ radicals give more 5-membered ring ketones in the initial
O O O W 0. " closure than 6-membered ring ketones (cf. Scheme 17).
Br Br O’O

0.1%
. 11.2. CsHi4 Benzol afluoreno[1,9,8- ghij]-

OO corannulene (21)

5 18 Compound9l, like its isomer,88, can be viewed as a

of the original product mixture in this case revealed the simple benzannulated derivative of the disubstituted fluo-
presence of several additional geodesic polyarenes in smalkanthene used to prepare diberzglcorannulene (cf71—
amounts (GHas, CaoHus, €tc.), but onlyl8was isolated and 11 Scheme 26). FVP di1 was expected to yield tribenzo-
characterized. [a,d,jcorannuleneZ3, Scheme 42), and it does, but a fraction

It is worth noting here that precurs@8 has only tWo ¢ yhe molecules also close a third ring to gige.?s This
radical precursors on the rim, yet four new-C bonds get

formed. Apparently, the cyclizations involving the 2-phenyl Scheme 42
radicals stimulate a “cascade” process, wherein uncharac-
teristically facile cyclodehydrogenations continue stitching
up the molecule until no additional aryaryl linkages are
possible (contrast with Scheme 22). This cascade effect had
been observed earlier by McMahon and Scott (section“1.2)
and was exploited in a major way in the first chemical
synthesis of G (section 20687

11. CsoHi4

e U0
O‘O

23
(72%)

11.1. CsHy4 0-Diindenocorannulene (19) and
p-Diindenocorannulene (20)

As discussed in section 5.3, FVP of (2-bromobenzoyl)-
corannulene produces indenocorannulene by two distinct

spontaneous
cyclodehydrogenation
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was the first example of the “cascade” effect discovered in Scheme 45
the Scott laboratory (cf. section 10.2).

11.3. Cs;H14 Acenaphtho[3,2,1,8- efghi]peropyrene

@) DaVaW,
In 1997, Klumppet al. reported a two-step synthesis of ‘ B

the crowded hydrocarbo®2 from acenaphthenequinof. O'O

Recognizing that double cyclodehydrogenatio®®fvould

Br

give a new geodesic polyarene, they sent a sample of the
material to the Scott laboratory, where it was subjected to O
FVP. At 1055°C, a small amount 082 does indeed close 04 Fvp
twice to give the doubly fused corannulene, acenaphtho- e c
[3,2,1,8efghiperopyrene 22, Scheme 43%° As with most
Scheme 43 I
FVP
—_—
1055 °C
(low yield)
92 22 25

brute force cyclodehydrogenations, however, the yield is ) .
quite low (cf. Scheme 22). Hydrocarb@@was characterized ~ Zocorannulenel() and tribenzocorannuleng3) in Schemes

by H NMR spectroscopy and mass spectrometry, but it was 26 and 42, respectively. The anhydride variant of this route
not rigorously purified, so a precise yield could not be Was also examinéd(Scheme 45, cf. Scheme 25); FVP of

determined. 95 does afford25, but the yield is lower, as is the case in
the parent system. In both routes, the indeno moiety was
12. Cs;Hys Tribenzofa,d jlcorannulene ( 23) incorporated by standard synthetic methods and simply

. ] ] ) carried through the FVP step. It survives intact.
The first synthesis of tribenzald,jcorannulene Z3) is

the one shown above in Scheme“4Xeveral years later, . . .

Mehta and Srirama Sarma prepared the same compoun 5. CasHio C’r_a{mquen? ( ?6)”(Tr'/a9fenqphtho-
again by FVP 003 (Scheme 443 As with Mehta’s other 3,2,1,8-cdefg:3",2,1',8 -ijkim:3"",2",1",8"-opqra]-
Scheme 44 triphenylene)

FVP of decacyclene96a at 1100°C gives recovered
decacyclene and no detectable quantities of any geodesic
polyarenes. At 12001300°C, on the other hand, very small
amounts of circumtrindene26) are formed, along with
comparable quantities of materials having only two or one
new aryk-aryl bond @7 and98, respectively, Scheme 48).

Since the original report of this triple cyclodehydrogenation,
syntheses of geodesic polyarenes by FVP of [4]helicene g.peme 46
precursors, the yield is quite low (cf. Schemes 6, 11, and

29). ‘ O
13. CyHi4 Benzole]triindeno[1,2,3-cd:1 ',2',3 - O.O“ FVP

fg:1",2",3"-jk]pyrene ( 24)

X

Hydrocarbor24, an indeno-annulated derivative @fwas X X
obtained as a secondary product in the synthesis of j#é&.C OO
bowl 28 by FVP (see section 17). ) )
circumtrindene
96a:X=H — > 0.6%at1250°C
96b: X =Cl —» 25-27%at 1100 °C 26

14. Cs4His Dibenz[a,jlindenolfeflcorannulene (  25)

The synthesis of dibena[jjindenojeflcorannuleneZ5) by
FVP of 94 (Scheme 45} parallels the syntheses of diben- 97 98
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the yield of circumtrindene2g) from 96ahas been improved  Scheme 48
from 0.2% to 0.6967 but it is still abysmally low. On the
positive side, this transformation constitutes a one-step
synthesis of 60% of § from commercially available
material; decacyclene is inexpensive, and the FVP can be
performed @ a 5 gscale.

Four years after the first synthesis and characterization of
circumtrindene Z6), Ansems and Scott reported a more
rational synthesis of this geodesic polyarene based on FVP
of trichlorodecacyclene9gb, Scheme 463 Not surprisingly,
the yield of26 improves dramatically when radical precursors
are incorporated at the sites where new@Cbonds are to
be formed.

~H rotate
close
-H

16. CssHis Dinaphtho[2,3-a:2 ', 3 -gJcorannulene ( 27)

Facile hydrogen shifts under FVP conditions can some-
times divert aryl radical cyclization reactions from their rotate
intended course. The FVP shown in Scheme 47 provides a

Scheme 47

Br Br

perfect example. Thus, the bis(1-bromo-2-naphthyl)fluoran-
thene99, an analogue of the dibenzocorannulene precursor
71, was synthesized and subjected to FVP in an attempt to
prepare the long hydrocarbon bo®®0. The only geodesic
polyarene found, however, was dinaphtho[3;3-3-g]- 24 9

corannulene7).%*

In retrospect, this synthesis was doomed from the start. Four aryl radical closures of the sort outlined in Scheme
Rapid 1,4-shifts of hydrogen atorfidyack and forth between 9 were expecteql_to produce tetralndenopyrege. The exceed-
the fluoranthene nucleus and the naphthyl substituents, atn@ly low solubility of that nearly flat PAH? however,
high temperatures quickly equilibrate the 1-naphthy! radicals Precluded its isolation by chromatography, if any was present
with the 3-naphthyl radicals, and the latter are able to cyclize at all. Fortunately, the greater solubility and chromatographic

more easily than the former for steric reasons (Scheme 48).mObiIity of most geode_s.ic polyarenes, .compared o their
planar counterparts, facilitates the isolation and purification

. of the orange hydrocarbd8in milligram amounts. Clearly,

17. CaoH14 Diphenanthro[1,10,9,8-abcde: the four anticipated ring closures do occur, and two more
1',10,9,8 -jkimnjtetracyclopentapyrene ( 28) cyclodehydrogenations accentuate the curvature of the pyrene
. . ) ., . core. The smaller fragments @B (24 and 9) presumably
An impressive example of the “cascade” effect discussed come from the same reaction pathway but with one or two

in sections 10.2 and 11.2 can be seen in Schenté #Be of the aryl groups being lost in competition with cyclization.
tetrakis(2-chlorophenyl)pyrene1is easily synthesized on

a large scale in just two steps from pyrene by bromination . .

and a 4-fold SuzukiMiyaura coupling. FVP ofl01at 1100 18. CyzHia Indenof1,2,3-bejcircumtrindene (- 29)

°C gives several products, including some that are missing The largest open geodesic polyarene prepared to date is
one or more of the aryl groups, but the most interesting is the indeno-annulated circumtrinde®@° Monobromination

the Go subunit28.%° of circumtrindene 26) followed by Suzuki-Miyaura coup-

+ others
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ling gives the 2-bromphenyl-substituted bod0p), and FVP that corresponds to an average yield of greater than 60%
of 102 at 1100 °C vyields small amounts of the s&14 per bond. The presence of only three chlorine atoms to serve
polyarene29 (Scheme 50). The major product in this case as radical precursors it04 means that the “cascade” effect

is responsible for closing the other twelve-C bonds (cf.
Scheme 50 sections 10.2, 11.2, and 17). For synthetic expedience, the
three chlorine atoms in04 were attached in sterically
undemanding positions, and that imposed an additional
requirement for 1,2-shift of a hydrogen atorfollowing each

FVP C—CI bond homolysis in order to set up a ring closure (cf.
1100 °C > sections 5.1, 7.1, 8.1, 8.2, and 10.1).
low yield
(low yield) 21. Prospects for the Future
Extensive experimental investigation into the chemistry
102 29 and properties of corannulen#) @nd other geodesic arenes

has been made possible over the last 15 years by syntheses
is circumtrindene 26)’ formed by loss of the ary| group, based on flash vacuum perIySIS. Not unlike the birth and

and repeated chromatography failed to sepaPfteom- growth of the fullerene field, this new branch of science has
pletely from the large amount &6. contemporaneously opened up and blossomed where virtually
nothing was known before. As alternatives to FVP, several
: . solution based synthetic methods have been introduced in
%%pﬁegﬁgggfllclg_%ffz%%e ,g d,l%HS%,,C,, d'J- the last 10 year&+%5°and some have proven quite useful

e for constructing specific target molecules. The number of
trithiophene ( 30) bowl shaped PAH ring systems that have been prepared by
Only one geodesic heterocycle has been reported to datemethods other than FVP, however, still constitutes only a
and it was synthesized by FVP. Thus, Otsubo and co-workerssmall fraction of those that are known (Figure 1), and it
used 1-chlorovinyl substituents as “masked acetylenes” (cf. appears unlikely that FVP will be surpassed any time soon
Scheme 4) on the trithiopher®03 The robust thiophene as the most generally applicable strategy for preparing

rings of 103 survive FVP at 1000C, and the cyclization ~ geodesic polyarenes.
reactions give the triphenyleno trithiophed@in 35% yield
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if the atoms around the rim are considered to define one very large

103 30 face. Within this context, “closed” geodesic polyarenes are defined
. as those that have no rings other than 5- or 6-membered rings.
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Scheme 52 (4) Borchardt, A.; Fuchicello, A.; Kilway, K. V.; Baldridge, K. K.; Siegel,

J. S.J. Am. Chem. S0d.992 114, 1921.

(5) Macaluso, M.; Parish, C. A.; Hoffmann, R.; Scott, LJTOrg. Chem.
2004 69, 8093.

(6) Huntley, D. R.; Markopoulos, G.; Donovan, P. M.; Scott, L. T.;
Hoffmann, R.Angew. Chem., Int. EQ005 44, 7549.

(7) Siegel, J. SNature 2006 439, 801.

(8) Barth, W. E.; Lawton, R. GJ. Am. Chem. S0d.966 88, 380.

(9) Lawton, R. G.; Barth, W. EJ. Am. Chem. Sod.971, 93, 1730.

(10) Hanson, J. C.; Nordman, C. Ecta Crystallogr., Sect. B976 B32,
1147.

(11) Kroto, H. W.; Heath, J. R.; O'Brien, S. C.; Curl, R. F.; Smalley, R.
E. Nature 1985 318 162.

(12) The fullerene field has been reviewed many times during the course
of its development over the last two decades; for a recent compre-
hensive overview, see: Hirsch, A.; Brettreich, Millerenes Wiley-
VCH: New York, NY, 2005.

(13) Kroto, H.Sixth International Symposium on Mg Aromatic Com-
pounds Toyonaka: Osaka, Japan, August-2Z5, 1989; abstr. no.
P-6.

104

The overall yield to G from 104 falls in the range of
only 0.1-1.0%, but 15 new €C bonds are formed, and (14) Kroto, H.Pure Appl. Chem199Q 62, 407.



4884 Chemical Reviews, 2006, Vol. 106, No. 12

(15) Brown, R. F. CPyrolytic Methods in Organic Chemistry: Applica-
tion of Flow and Flash Vacuum Pyrolytic Techniqués;ademic
Press: New York, 1980.

(16) Brown, R. F. CPure Appl. Chem199Q 62, 1981.

(17) McNab, H.Aldrichimica Acta2004 37, 19.

(18) Scott, L. T.; Hashemi, M. M.; Meyer, D. T.; Warren, H. B.Am.
Chem. Soc1991, 113 7082.

(19) Scott, L. T.; Cheng, P.-C.; Bratcher, M. Seventh International
Symposium on Nel Aromatic CompoundsVictoria, British Co-
lumbia, Canada, July 124, 1992; abstr. 64.

(20) Cheng, P.-C. M.S. Thesis, University of Nevada, Reno, 1992.

(21) For full details, see: Scott, L. T.; Cheng, P.-C.; Hashemi, M. M;
Bratcher, M. S.; Meyer, D. T.; Warren, H. B. Am. Chem. Soc.
1997, 119, 10963.

(22) Necula, A.; Scott, L. TJ. Anal. Appl. Pyrolysi200Q 54, 65.

(23) Brown, R. F. C.; Eastwood, F. W.; Jackman, GARst. J. Chem.
1977, 30, 1757.

(24) Brown, R. F. CRecl. Tra. Chim. Pays-Bad4988 107, 655.

(25) Craig, J. T.; Robins, M. D. WAust. J. Chem1968 21, 2237.

(26) Gray, R.; Harruff, L. G.; Krymowski, J.; Peterson, J.; Boekelheide,
V. J. Am. Chem. Sod978 100 2892 and other papers from the
Boekelheide laboratory.

(27) Having no FVP apparatus, Professor Siegel sent a sample of
tetrabromide8 to Reno, where its pyrolysis was investigated by Pei-
Chao Cheng in the Scott laboratdry.

(28) FVP of39 at 900°C gives exclusively32.2!

(29) Liu, C. Z.; Rabideau, P. Wletrahedron Lett1996 37, 3437.

(30) Meyer, D. T. M.S. Thesis, University of Nevada, Reno, 1991.

(31) Gelmont, M.; Scott, L. T. IPbstracts of Papers, 217th National
Meeting of the American Chemical Sociefjnaheim, CA, March
1999; American Chemical Society: Washington, DC, 1999; abstr
ORGN-436.

(32) Trahanovsky, W. S. Personal communication.

(33) Preda, D. V. Ph.D. Dissertation, Boston College, Chestnut Hill, MA,
2001.

(34) Preda, D. V.; Mack, J.; Rose, J. A.; Scott, L. T. Unpublished results.

(35) Zimmerman, G.; Nuechter, U.; Hagen, S.; NuechterTbtrahedron
Lett. 1994 35, 4747.

(36) Kndker, H.-J.; Braier, A.; Bfaher, D. J.; Jones, P. G.; Piotrowski,
H. Tetrahedron Lett1999 40, 8075.

(37) Mehta, G.; Panda, G.etrahedron Lett1997 38, 2145.

(38) Abdourazak, A. H.; Sygula, A.; Rabideau, P. WAmM. Chem. Soc.
1993 115 3010.

(39) Sygula, A.; Abdourazak, A. H.; Rabideau, P. WAm. Chem. Soc.
1996 118 339.

(40) Preda, D. V.; Scott, L. T. Unpublished results.

(41) Mack, J.; Scott, L. T. Unpublished results.

(42) Scott, L. T.Pure Appl. Chem1996 68, 291.

(43) Cheng, P.-C. Ph.D. Dissertation, Boston College, Chestnut Hill, MA,
1996.

(44) McComas, C. C. B.S. Thesis, Boston College, Chestnut Hill, MA,
1996.

(45) McMahon, B. J. B.S. Thesis, Boston College, Chestnut Hill, MA,
1997.

(46) Mehta, G.; Srirama Sarma, P. V. €hem. Commur200Q 19.

(47) Peng, L.; Scott, L. TJ. Am. Chem. So@005 127, 16518.

(48) The first solution phase synthesis of a geodesic polyarene was
reported by the Siegel laboratory and relied on intramolecular
reductive couplings of benzylic bromides: Seiders, T. J.; Baldridge,
K. K.; Siegel, J. SJ. Am. Chem. S0d.996 118 2754.

(49) The first solution phase synthesis of a geodesic polyarene that relied
on palladium catalyzed intramolecular arylations was reported by
the Scott laboratory: Reisch, H. A.; Bratcher, M. S.; Scott, L. T.
Org. Lett.200Q 2, 1427.

(50) The first solution phase synthesis of a geodesic polyarene that relied
on base catalyzed cyclizations of benzylic halides was reported by
Sygula and Rabideau: Sygula, A.; Rabideau, P.JAMAmM. Chem.
Soc.200Q 122 6323.

(51) Bronstein, H. E.; Choi, N.; Scott, L. T. Am. Chem. So2002
124, 8870.

(52) Hagen, S.; Nuechter, U.; Nuechter, M.; ZimmermannP&ycyclic
Aromat. Compd1995 4, 209.

(53) Brooks, M. A.; Scott, L. TJ. Am. Chem. Sod.999 121, 5444.

(54) Scott, L. T.; Preda, D. V. Ii\bstracts of Papers, 219th National
Meeting of the American Chemical Socje&dan Francisco, CA, March
2000; American Chemical Society: Washington, DC, 2000; abstr
ORGN-516.

(55) Rai, A. K. M.S. Thesis, Boston College, Chestnut Hill, MA, 1996.

(56) Preda, D. V.; Scott, L. TRPolycyclic Aromat. Comp®00Q 19, 119.

(57) Bodwell, G. J. Personal communication.

(58) Tsefrikas, V. M.; Arns, S.; Merner, P. M.; Warford, C. C.; Merner,
B. L.; Scott, L. T.; Bodwell, G. JOrg. Lett.2006 published online
October 14.

Tsefrikas and Scott

(59) Hagen, S.; Christoph, H.; Zimmerman, Getrahedron1995 51,
6961.

(60) Scott, L. T.; Roelofs, N. H. Am. Chem. S0d.987, 109, 5461.

(61) Scott, L. T.; Roelofs, N. H.; Tsang, T. H. Am. Chem. S0d.987,

109, 5456.

(62) Scott, L. T.; Roelofs, N. HTetrahedron Lett1988 29, 6857.

(63) Bratcher, M. S. Ph.D. Dissertation, Boston College, Chestnut Hill,
MA, 1996.

(64) Choi, N. Ph.D. Dissertation, Monash University, Melbourne, Aus-
tralia, 1993. By happy coincidence, a copy of this thesis was sent
early in 1993 to L. T. Scott, who had agreed to serve as an outside
reader for Monash University. The work was subsequently pub-
lished®>

(65) Brown, R. F. C.; Choi, N.; Eastwood, F. \Wust. J. Chem1995
48, 185.

(66) Brown, R. F. CPure Appl. Chem199Q 62, 1981 and references
cited therein.

(67) Bratcher, M. S.; Scott, L. T. lAbstracts of Papers, 207th National
Meeting of the American Chemical Socie®an Diego, CA, March
1994; American Chemical Society: Washington, DC, 1994; abstr
ORGN-420.

(68) Recently, this process has been reexamined and extended by
Tsefrikas, V. M., Preda, D. V., and Scott, L. T. (unpublished results).

(69) The major byproduct in the FVP @53 corresponds to a more
characteristi®® benzyne product.

(70) Reisch, H. A.; Bratcher, M. S.; Scott, L. Drg. Lett. 200Q 2,
1427.

(71) Xu, G.; Sygula, A.; Marcinow, Z.; Rabideau, P. Wetrahedron Lett.
200Q 41, 9931.

(72) Rabideau, P. W.; Abdourazak, A. H.; Folsom, H. E.; Marcinow, Z.;
Sygula, A.; Sygula, RJ. Am. Chem. S0d.994 116, 7891.

(73) Clayton, M. D.; Marcinow, Z.; Rabideau, P. \l.Org. Chem1996
61, 6052.

(74) Hagen, S.; Bratcher, M. S.; Erickson, M. S.; Zimmermann, G.; Scott,
L. T. Angew. Chem., Int. EAL.997, 36, 406.

(75) Hagen, S. Ph.D. Dissertation, Univeisitaeipzig, Germany,
1995.

(76) (a) Hickson, C. L.; McNab, Hl. Chem. Res., Synop989 176. (b)
Mehta, G.; Panda, GChem. Commuril997, 2081.

(77) Abdourazak, A. H.; Marcinow, Z.; Sygula, A.; Sygula, R.; Rabideau,
P. W.J. Am. Chem. Sod.995 117, 6410.

(78) Mehta, G.; Panda, G.; Srirama Sarma, P. V.T¥trahedron Lett.
1998 39, 5835.

(79) Stone, A. J.; Wales, D. &hem. Phys. Lettl986 128 501.

(80) Kumeda, Y.; Wales, D. Chem. Phys. Lett2003 374, 125 and
references cited therein.

(81) Hawkins, J. M.; Nambu, M.; Meyer, Al. Am. Chem. Sod994
116, 7642.

(82) Best, M. B.S. Thesis, Boston College, Chestnut Hill, MA, 1997.

(83) Weitz, A.; Shabtai, E.; Rabinovitz, M.; Bratcher, M. S.; McComas,
C. C.; Best, M. D.; Scott, L. TChem—Eur. J. 199§ 4, 234.

(84) Marcinow, Z.; Grove, D. |.; Rabideau, P. 0. Org. Chem2002
67, 3537.

(85) Clayton, M. D.; Rabideau, P. Wretrahedron Lett.1997 38,
741.

(86) Scott, L. T.; Boorum, M. M.; McMahon, B. J.; Hagen, S.; Mack, J.;
Blank, J.; Wegner, H.; de Meijere, Acience2002 295, 1500.

(87) Scott, L. T.Angew. Chem., Int. EQ004 43, 4994.

(88) Aprahamian, I.; Preda, D. V.; Bancu, M.; Belanger, A. P.; Sheradsky,
T.; Scott, L. T.; Rabinovitz, MJ. Org. Chem200§ 71, 290.

(89) Klumpp, D. A.; Baek, D. N.; Prakash, G. K. S.; Olah, G.JAOrg.
Chem.1997, 62, 6666.

(90) Ansems, R. B. M.; Scott, L. T. Unpublished results.

(91) Andrusyszyn, P. M.S. Thesis, Boston College, Chestnut Hill, MA,
2002.

(92) Scott, L. T.; Bratcher, M. S.; Hagen, $. Am. Chem. Sod996
118 8743.

(93) Ansems, R. B. M. Ph.D. Dissertation, Boston College, Chestnut Hill,
MA, 2004.

(94) Ansems, R. B. M.; Scott, L. TJ. Am. Chem. So00Q 122
2719.

(95) Peng, L. Ph.D. Dissertation, Boston College, Chestnut Hill, MA,
2006.

(96) Wegner, H. A.; Reisch, H.; Rauch, K.; Zachariasse, K. A.; de Meijere,
A.; Scott, L. T. Submitted for publication.

(97) Imamura, K.; Takimiya, K.; Otsubo, T.; Aso, Y:.hem. Commun.
1999 1859.

CR050553Y



