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ABSTRACT

SYNTHESIS OF POLYCYCLIC AROMATIC HYDROCARBONS: STUDIES OF ARYNE
CYCLOADDITION, ACID-CATALYZED REARRANGEMENT, AND COUPLING PATHWAYS
by
Caitlin L. Hoffman

University of New Hampshire, December 2016

Various synthetic routes towards polycyclic aromatic hydrocarbons dibenzo[g,p]chrysene
(DBC), chrysene, zethrene, and their derivatives were studied. All of these compounds are not
readily available and the literature lacks facile, efficient, and scalable syntheses. Microwave
flash pyrolysis (MFP) was used for the synthesis of benzyne and phenanthryne, both of which
have the ability to undergo a Diels-Alder reaction at the bay region of polycyclic aromatic
hydrocarbons. Phthalic anhydride was used as a benzyne precursor and 9,10-
dicarboxyphenanthrene anhydride as a phenanthryne precursor. DBC was observed after the
MFP of biphenyl and 9,10-dicarboxyphenanthrene anhydride, signifying phenanthryne
generation.  Fluoride-induced elimination and Grignard pathways were also explored for
phenanthryne formation, but no indication of phenanthryne was seen. DBC was efficiently
prepared via a synthetic sequence that is the functional equivalent of the Stone-Wales
rearrangement. This sequence is referred to as the pinacol-pinacolone Stone-Wales sequence,
which provides DBC in high yield under mild reaction conditions. This is one of the most
efficient and scalable syntheses of DBC with all of the steps providing high yields in short
reaction times. Calculations for the rearrangement steps using density functional theory (DFT)
further support the conclusion of a very efficient synthetic pathway. The same conditions were

not successful for the synthesis of chrysene, however treatment of 1-indanopinacol with

Xiii



polyphosphoric acid (PPA) did provide chrysene, suggesting an alternative mechanism from the
pinacol-pinacolone Stone-Wales route. For the synthesis of zethrene, the pinacol-pinacolone
Stone-Wales sequence was applied to 1-acenaphthenopinacol, but like 1-indanopinacol, no
pinacolone structure was observed. Treatment of l-acenaphthenopinacol with PPA in a
microwave reactor generated a small amount of zethrene. This suggests that the reaction
between aromatic pinacols and PPA is an alternative and simple route towards polycyclic
aromatic hydrocarbons. Other pathways for zethrene synthesis were also studied. Although
further work needs to be completed to optimize the syntheses of chrysene and zethrene, these

reactions show promise as mild, simple pathways towards these compounds.
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General Introduction

This thesis consists of three separate chapters: (I) cycloaddition chemistry: synthetic
routes using aryne precursors, (lI) pinacol-pinacolone Stone-Wales sequence, (Ill) progress
towards zethrene. Each chapter is self-contained with its own introduction, results and

discussion, and conclusion.



Dibenzo[g,p]Jchrysene: A History Lesson

Background

In the field of polycyclic aromatic chemistry, dibenzo[g,p]chrysenes are of interest due to
their optical and electronic properties which arise from a nonplanar geometry.
Dibenzo[g,p]chrysene (DBC, 1) is one of the smallest nonplanar polycyclic aromatic
hydrocarbons (PAHSs). Its twisted conformation enhances solubility; this has attracted attention
from the field of materials science.'®

In 1964, Clar* reported the synthesis of 1, however the yield was only 8.1%, concluding
this reaction pathway was not an efficient route (Scheme 1). The reaction involves treatment of
9-fluorenone (2) with a zinc melt to yield the spiroketone (3), which after treatment with a

second zinc melt provides 1.

Zn, NaCl g‘
ZnCl,, 320-330 °C
15 min O O

Scheme 1. Clar's synthesis of 1.*

4 min

(0]
' Zn, NaCl
O O ZnCl,, 320-330 °C
2

In 1975, Alder and Whittaker® reported the thermal Stone-Wales rearrangement of
bifluorenylidene (4) at 400 °C to afford 1 (Scheme 2). This synthetic pathway required high

temperature and was conducted only on a small scale.
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Scheme 2. Thermal Stone-Wales rearrangement of 45

In more recent years, there have been reports of DBC synthesis by intramolecular
oxidative carbon-carbon bond formation,®® metal catalysis,®*° and super acid conditions.**3
None of these routes are suitable for a large scale, efficient preparation. Previous research in
our group has explored a cationic Stone-Wales pathway,'* as well as a radical pathway towards
1. The proposed radical pathway involves the use of microwave flash pyrolysis (MFP) with
fluorene (5), generating 9,9’-bifluorene (6) which, after the loss of two hydrogens, can undergo a
rearrangement to afford 1 (Scheme 3). The cationic Stone-Wales route involves the treatment
of 4 with trifluoromethanesulfonic acid (TfOH) to give a product mixture containing 1. Although

there are many synthetic routes towards 1, the literature lacks a facile, efficient, and scalable

route which affords a high yield of this simple structure.

- Ve
2) Stone-Wales ‘O
rearrangement O O

Scheme 3. Proposed radical pathway towards 1.

. MFP
B — e
O graphite

150 W, 1 min

Route Towards Dibenzochrysenes: Origin of The Research

Exploring alternative pathways towards 1 that require mild reaction conditions, while
producing high yields would make 1 more readily available and more affordable. By avoiding
syntheses involving expensive reagents, long reaction times, high temperatures, and multiple

3



steps, more research can be done investigating the applications of 1. A similar synthetic route
might then be applied to prepare other larger or more elusive PAHS.

Discovering an efficient pathway towards 1 could lead to the synthesis of an array of
dibenzochrysene homologues. Extension along the bay region of 1 creates a m-extended PAH
which can adopt a twisted conformation. The synthesis of unsubstituted
hexabenzo[a,c,fg,j,l,op]tetracene (7) has been very recently reported by Itami et.al.” via a
palladium catalyzed annulative m-extension reaction from pyrene (8) and dibenzosilole (9) in
refluxing 1,2-dichloroethane (DCE) (Scheme 4). Analysis using X-ray crystallography revealed

a helically twisted structure.

O O o (1 1O
o-chloranil
+ SiM92 >
O O DCE, reflux, 2.5 h
58%

8 9 7

Scheme 4. Synthesis of helically twisted 7.'°

Further extension along the bay region should enhance the helical structure. Density
functional theory (DFT) calculations done in our group at the M052x/6-31G(d) level of theory
reveal that a helical structure is preferred over other nonplanar conformations (Figure 1). The
staggered conformation is 2.4 kcal/mol higher in energy than the helical, while the zigzag
conformation is 3.2 kcal/mol higher in energy than the helical. Although these energy
differences are not very large, they do show preference for the helical structure and this is
further supported by the report®® of helically twisted 7. In these helical structures, a full 360 °

turn is completed every six units.



HELICAL
E,¢; = 0.0 kecal/mol

STAGGERED
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N L ~ L d . ;\ d
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' 7 r

Figure 1. Twisted conformations of m-extended dibenzo[g,p]chrysene.

Major goals of this research were to develop a short, efficient, low cost synthetic route

towards 1 and to investigate possible pathways to extend 1 along the bay region to form larger

homologues, as shown in Figure 1.



Chapter I. Cycloaddition Chemistry: Synthetic Routes Using Aryne

Precursors

Introduction

Aryne Synthesis via Pyrolysis

Aryne chemistry has been widely studied for the use in cycloaddition reactions. Aryne
species are highly reactive, so they are not isolable and are typically generated in situ. There
are numerous routes for aryne generation;'®*’" however, many of them require harsh reaction
conditions like extreme temperatures. Some of the most commonly reported pathways for
aryne synthesis involve pyrolysis. Pyrolysis reactions typically involve the loss of carbon
monoxide and carbon dioxide from anhydride precursors.®

Pyrolysis of anhydrides is one common route to benzynes. In 1980, Straetmans and
Grutzmacher®® reported the very low pressure pyrolysis (VLPP) of 9,10-dicarboxyphenanthrene
anhydride (10), which generates phenanthryne (11) in situ as a precursor to phenanthrene (12)
(Scheme 5a). In a similar way, Scott and Fort® report the flash vacuum co-pyrolysis (FVP) of
perylene (13) and phthalic anhydride (14), where 14 acts as a benzyne (15) precursor. A Diels-

Alder reaction with 13 at the bay region yields aromatic compound 16 (Scheme 5b).
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Scheme 5. (a) Generation of phenanthryne via VLPP.*® (b) FVP of phthalic anhydride and perylene.?

MFP offers another route for aryne generation. Our techniques followed earlier work by
Laporterie who developed a method where graphite is used to transmit thermal energy to the
compounds in the reaction mixture, without being reactive itself.?* This application was further
reviewed by Besson.?? Our research group developed an MFP procedure? using graphite or
carbon nanotubes, which generates 15. One of the examples involves the reaction of
anthracene (17) with 14. Benzyne is generated by the loss of carbon monoxide and carbon
dioxide from 14, and can undergo a Diels-Alder reaction with 17, to form trypticene (18)
(Scheme 6).%

O

o
OOO graphlte MW O O

17 300 °C, 150 W
1 minx3

Scheme 6. Synthesis of trypticene via MFP.*



Pyrolysis is a useful pathway towards aryne formation, however it requires harsh
reaction conditions. There are many alternative routes which don’t involve extreme
temperatures, pressures, or power. Examples include fluoride induced elimination, formation in

aprotic media solution, lithium-halogen exchange, and many others.*®*

Fluoride Induced Elimination Pathway Towards Aryne Synthesis
The fluoride-induced elimination of organosilanes to yield cumulenes,* strained alkenes,
and enynes® has been reported previously. Utilizing these more mild reaction conditions, aryne

generation has been reported using this technique. Kobayashi et. al.®

reported the formation of
15 via the fluoride-induced desilylation and triflate elimination of o-trimethylsilylphenyl triflate
(19) at room temperature using various fluoride sources. Commonly used fluoride sources are
tetramethylammonium fluoride (TMAF), potassium fluoride (KF), cesium fluoride (CsF),
tetrabutylammonium fluoride (TBAF), and a KF/18-crown-6 combination. Due to the fact 15 is
not isolable, its formation was investigated by introducing furan (20) as a trapping agent. This

can undergo a Diels-Alder reaction with 15 to form adduct 21 (Scheme 7).

0)
W

TMS  TMAF 20
I Q| ==
ot HMPT, it
15

19 25h 21

Scheme 7. Benzyne formation and reaction with 20.%

Shakespeare and Johnson?® reported the fluoride-induced elimination of dienes 22 and
23 for the synthesis of 1,2,3-cyclohexatriene (24) and cyclohexen-3-yne (25), respectively
(Scheme 8). Both reactions used CsF as a fluoride source and proceeded at room temperature,
using furan derivatives as trapping agents. In the case of 22, the fluoride attacks the silicon and

the triflate group leaves, where in the case of 23, a halide is used as the leaving group.
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Scheme 8. Synthesis of 24 and 25 via fluoride-induced elimination.?

In more recent work, Castedo et. al. utilized these fluoride elimination conditions for the
synthesis of several arynes. They report that 19 will react with CsF to form 15, which in the
presence of a palladium catalyst undergoes cyclotrimerization, forming triphenylene (26).>" A
similar report involves generating 15 in situ which can undergo a co-cyclization in the presence
of an alkyne to form phenanthrene and naphthalene derivatives.”® In 1999, Castedo et. al.”®
reported the fluoride-induced elimination of triflates 27 and 28 to generate naphthalyne (29) and
11 respectively, followed by cyclotrimerization to their triphenylene derivatives 30, 31, and 32
(Scheme 9). Given the results of these reactions, it can be said the fluoride-induced elimination

pathway is a useful route towards strained and/or reactive intermediates.
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Scheme 9. Cyclotrimerization of arynes.?

Aryne Formation Using Dihaloarenes
Dihaloarenes have been reported to act as aryne precursors via a reaction with metals.
When compared to the fluoride-induced elimination pathway, this route commonly requires

higher temperatures. There have been many reports of using metals such as lithium,3*3?

3334 nickel,* along with several others. In an early example, Wittig® reported using

magnesium,
o-fluorobromobenzene (33) in the presence of magnesium in tetrahydrofuran (THF) as a
benzyne precursor (Scheme 10). The formation of 15 was confirmed because in the presence
of bicyclo[2.2.1]heptadiene (34), the cycloaddition product 35 was observed in 15-21% vyield.
Wittig applied these conditions to other dienes such as 20 and 17, again observing the Diels-
Alder product from 15.%% Following this work, Simmons* used Wittig’s conditions for benzyne

formation in the presence of bicyclo[2.2.1]heptene (36) and observed cycloaddition product 37

in 10% yield (Scheme 10).
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Scheme 10. Benzyne reaction with 34 and 36.3%

Another commonly used approach for metal promoted aryne generation involves
treatment of a dibromo-substituted arene with n-butyllithium (n-BuLi). As one example, Mullen
and Herwig®*® demonstrated that treatment of 1,2-dibromobenzene (38) with n-BuLi generates
15 which can react with tetraene 39, to form pentacene precursor 40 in moderate yield (Scheme

11). These conditions were also applied to form a nonacene precursor in 58% vyield.

Br n- BuL|
—>
@ toluene ©| (U
Br
40

(o]
38 -40 °C
Scheme 11. Synthesis of a pentacene precursor via benzyne generation.30

It has also been reported that nickel is able to generate arynes from o-dihaloarenes and
catalyze cycloaddition reactions. Cheng and Hsieh® reported a nickel-catalyzed cycloaddition
of 15 with various alkynes and nitriles. The synthesis involves using 1,2-diiodobenzene (41) as
the benzyne precursor. Treatment of 41 and diethylacetylene (42) with dibromol[l,2-
bis(diphenylphosphino)ethane]nickel(ll) (Ni(dppe)Br,), bis(diphenylphosphino)ethane (dppe),

and zinc powder, yields 1,2,3,4-tetraethylnaphthalene (43) in high yield (Scheme 12). Synthesis

11



of many substituted naphthalenes, phenanthridines, and even triphenylenes were reported
using this method. These results prove dihaloarenes are useful precursors to aryne generation
when treated with a nickel catalyst, providing good to high yields of cycloaddition products.
However, even with the report of the reaction conditions being efficient, the aryne precursors

are not always readily available.

Et———Et Et
@I Ni(dppe)Br,/dppe/Zn ©| 42 OO Et
| MeCN, 100 °C Et

41 15 Et

43

Scheme 12. Tetraethylnaphthalene synthesis using nickel-catalyzed cycloaddition chemistry.35

Research Objective

One goal of this project was to explore various reaction conditions, such as microwave
flash pyrolysis (MFP), with different aryne precursors to generate PAHs. Using MFP to
generate arynes in situ, one could potentially produce a wide variety of PAHs in one step with
short reaction times. Another goal of this research was to investigate alternative phenanthryne
precursors for cycloaddition chemistry. These precursors could be subjected to pyrolysis,
fluoride-induced elimination, or metal-catalyzed aryne formation conditions to test their

efficiency.
Results and Discussion

Aryne Generation Using Microwave Flash Pyrolysis (MFP)
The technique of MFP for benzyne formation was previously studied in our group.** ?*
The use of 14 as a benzyne precursor is commonly reported in the literature because of its

ability to lose CO, and CO under pyrolysis conditions.'® Previous work in our group reports

MFP of 14 which affords a product mixture of starting material, benzene (44), biphenylene (45),

12



naphthalene (46), biphenyl (47), and 26, all derived in one or more steps from 15 (Scheme 13).
Using MFP conditions, the ability of 15 and 11 to undergo Diels-Alder cycloaddition at the bay

region of various PAHs was investigated.

o O ‘
@l:léo MW, graphite ©| ] —>© . + + + OO
300 °C, 150 W
14 O 1minx3 15 44 45 46 ‘ O
47 26

Scheme 13. MFP of 14.2

Although the addition of 15 to 13 has been previously reported,?® “>*! the MFP approach
offers greater simplicity. Using the MFP conditions developed by our group, 14 and 13 were
reacted in a quartz tube at 150 W for 1 minute. Using graphite as a thermal sensitizer, a 2:1
ratio of reactant 13 to the cycloaddition product 16 was observed via *H NMR (Scheme 14).
The reaction was repeated at 300 W in an attempt to increase the conversion to product. The
maximum pressure threshold, or safe point, of the CEM microwave was reached after 30
seconds, so the reaction was automatically shut down. The same 2:1 reactant:product ratio
was observed.

0O
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SO e®
D OGO
MW, graphite, 150 W
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Scheme 14. MFP of 13 with 14.

This result led us to explore a similar addition to phenanthrene (12). The same

conditions were applied to the reaction between 12 and 14 (Scheme 15). It was observed there

13



was only about a 5% vyield of the cycloaddition product 48. The amount of 14 was increased in

hopes of forming more desired product; however this did not improve the conversion.

(L =%
O graphite, MW
150 W,

12 1 min

Scheme 15. MFP of 12 with 14.

This reaction was repeated using maleic anhydride (49) to determine if it could add to
the bay region of 12 to afford 8 under MFP conditions; however only approximately 2%
conversion to product was observed (Scheme 16). This reaction presumably proceeds by initial

cycloaddition of 49 to the bay region of 12.

O
|O | © O
49
(L =6 (7] .o
O graphite, MW
300 W,
12 30secx?2 8

Scheme 16. MFP of 12 with 49.

In an attempt to further explore aryne addition to the bay region of PAHs using MFP,
alternative aryne precursors were investigated. Anhydride 10 was synthesized as a

phenanthryne precursor using a method reported by Fields et. al.*

The reaction proceeds
through an oxidative photochemical cyclization of diphenylmaleic anhydride (50) in the presence

of iodine in acetone (Scheme 17).

14
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Scheme 17. Photochemical cyclization of 50.

With 10 in hand, MFP was used to determine if it had the ability to act as a phenanthryne
precursor to add to various PAHs. To explore this possibility, a reaction between 47 and 10 in
the MW at 300 W for 1 minute was completed (Scheme 18). Analysis via *H NMR indicates the
product mixture contains mostly 12, starting material 47, and NMR resonances which
correspond to 1, in a 5:2:1 ratio respectively. There was also indication of oligomerization in the

NMR baseline.

® IO OUE
- + O + OO + oligomers
graphite, MW
300 W, 1 min O

47 a7 12 1

Scheme 18. MFP of 10 in the presence of 47.

To determine whether MFP could be used to synthesize larger PAHs via aryne addition
to the bay region, a reaction between commercially available 1 and 10 was completed (Scheme
19). In this reaction, mostly 1 and 12 were observed, but a small amount of cycloaddition
product 7 was detected. Analysis by 'H NMR shows a 20:1.5:1 ratio of 1 to 12 to 7. This
indicates the generation of 11 and suggests that after optimization, these reaction conditions

could serve as a route to 7.
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Scheme 19. MFP of 1 and 10.

9-(Dibromomethylidene)fluorene: A Potential Phenanthryne Precursor
Phenanthryne precursors have received little attention. Some previously reported
compounds which act as phenanthryne precursors are 10-trimethylsilylphenanthryl 9-

44-46

trifluoromethanesulfonate (28),%° 10,* triazole 51,* and 9-bromophenanthrene (52)**° (Figure

2). All of these precursors have the basic skeleton of 11 which can be formed by elimination of

O
N Br
o LIy 1
N
\
bR U
51 52

Figure 2. Phenanthryne precursors.

leaving groups.

An alternative way to form an aryne is through rearrangement of a carbene. Thermal
interconversion of vinylidene 53 and 15 is well known (Figure 3).* With this in mind, it was

predicted that a fluorene derivative could potentially rearrange to generate 11.
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53 15
Figure 3. Interconversion of 53 to benzyne.

The rearrangement of carbene 54 was studied computationally in Gaussian 09*® with
DFT at the B3LYP/6-31+G(d,p) level of theory (Figure 4). The calculations for the free-energies
of the carbene rearrangement show a transition state barrier of 10.9 kcal/mol. Due to the fact
this barrier is not very high, a facile rearrangement of 54 might provide an efficient route to 11.

TS
10.9 kcal/mol

54
0 kcal/mol \
-15.6 kcal/mol O

1
Figure 4. Free-energies of carbene rearrangement (B3LYP/6-31+G(d,p)).

9-(Dibromomethylidene)fluorene (55) was synthesized using dibromoolefination
conditions to act as a potential phenanthryne precursor. The reaction involves the treatment of
9-fluorenone (2) with carbon tetrabromide (CBr,;) and triphenylphosphine (PPhs) in DCM
(Scheme 20).* This compound can act as a precursor to carbene 54, which can theoretically
rearrange to 11. There was also the question of whether 55 itself could act as phenanthryne
precursor, or if it would require a transformation into one of the more common silyl-substituted

precursors.
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Scheme 20. Dibromoolefination of 9-fluorenone (2).

The first route to generating 11 involved treatment of 55 with n-BuLi in the presence of
trimethylsilyl chloride (TMSCI) to afford 56, which has not been previously reported (Scheme
21). It was identified via *H NMR through correlation with predicted chemical shifts calculated in
Spartan 08.° The replacement of a bromine with a TMS group provides a substituent that can
easily undergo nucleophilic attack by a fluoride. Isolation of pure 56 proved difficult because
separation of the crude product mixture containing 56 by column chromatography was
challenging. Analysis of column fractions via '"H NMR indicated the presence of 56, but also
resonances which correspond to the reported NMR™! of the monobromo-compound 57 in a 1.5:1
ratio, respectively. In attempt to get a better yield, the equivalents of n-BuLi were increased and

various temperatures were used, however only mixtures of 56 and 57 were obtained.

) Br. B
1) n-BuLi, THF, -78 °C TMS I
40min J /
+
2) TMSCI, -78 °C to 0 °C O’ O’
s
56 57

83.0%

Scheme 21. Silylation of 55.

The crude reaction mixture of 56 and 57 was utilized to determine if a fluoride-induced
elimination pathway could lead to 11. Although 56 was not pure, the goal was to investigate if
any conversion to 11 occurred to react with a trapping agent. Fluoride sources tested were
CsF, TBAF, and KF with 18-crown-6. In these experiments, KF provided the most promising

results. The crude mixture was heated in THF in the presence of KF and 18-crown-6, with 17

18



as a trapping agent (Scheme 22). Analysis via 'H NMR displayed 56, 57, 17, and very minor
peaks within the baseline which correspond to the predicted resonances calculated using DFT
at B3LYP/6-31G* level for the desired product 58. The yield was too low to deem this reaction
efficient in phenanthryne generation. Variations of temperature, concentration, time, and order
of addition were explored, but no major improvements were observed. Further purification of 56
could lead to enhanced reactivity, however with the results obtained, the fluoride-induced

elimination of crude 56 is not a promising route for phenanthryne generation.

Br. TMS Br-
I , anthracene, KF
+ SM + +
' . 18-crown-6, THF O O
O O O 70°C, 15 h 17 58
56 57

major very minor

Scheme 22. Fluoride-induced elimination of 56 and 57 mixture.

Direct use of 55 as a phenanthryne precursor was investigated. Previous reports of
using magnesium in the presence of dihaloarenes to generate arynes have been efficient,***
so similar conditions were applied to 55. This Grignard type reaction could produce a carbenoid
which could rearrange to 11. A stirring suspension of magnesium in refluxing THF was treated
with 55. After 90 minutes, workup afforded a bright red solid which was highly insoluble
(Scheme 23). The proposed structure of the product was biphenylene derivative 59 due to its
intense color, insolubility, mass spectrometry (MS) results, and calculated *H NMR spectrum

obtained from DFT using B3LYP/6-31G(d). Attempts at obtaining a **C NMR were unsuccessful

due to the compound’s low solubility.
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Scheme 23. Grignard reaction of 55.

Tetrabenzobiphenylene (59) has been reported to be unstable,*® so to prove this was the
compound isolated, further analysis was done. The 'H NMR chemical shifts corresponded to
the calculated spectrum, along with the MS value of 352.1 m/z. A UV/vis analysis displayed a
spectrum which did not match the predicted maximum absorbance values of 335 m and 419 m,
but instead showed them as more red shifted. This discredited the proposed structure,
therefore other possibilities were explored. The red substance was identified as cumulene 60

which has been described previously.?* 2

This compound has the same mass value and a
similar 'H NMR splitting pattern to 59. The previously reported *H NMR of 60 is an exact match
to the isolated product, and it is described as a red, very insoluble solid.?* ** With these results,

it can be concluded the Grignard route for phenanthryne formation is not efficient due to rapid

dimerization of the carbenoid intermediate (Scheme 24).

20



e O £
=&

oh—%

Scheme 24. Synthesis of cumulene 60.

Conclusions

Microwave flash pyrolysis provides a general route for aryne generation. The Diels-
Alder reaction between arynes and the bay region of various PAHs can be applied to the
synthesis of larger PAH derivatives. Phthalic anhydride (14) was utilized as a benzyne
precursor, while the anhydride 10 was utilized as a phenanthryne precursor. MFP reactions of
biphenyl (47) and dibenzo[g,p]chrysene (1) with 9,10-dicarboxyphenanthrene anhydride (10)
displayed compounds 1 and 7, respectively. This signifies MFP conditions are useful for aryne
generation. Further optimization of these reactions could lead to higher conversion to Diels-
Alder products, serving as a useful route to polycyclic aromatics. In search of a precursor which
generates phenanthryne under more mild conditions, the attempted synthesis of 56 was done,
which has the potential to be used in fluoride-induced elimination, however the reaction requires
further optimization and purification. An alternative precursor for fluoride-induced elimination

could be explored if the bromine of 56 was replaced with a triflate. TMS/triflate substituted
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arenes have proven to be efficient in aryne generation. It was discovered that under Grignard
conditions, 55 does not generate p