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Chapter 2 

Synthesis of a Pyrene-based π-extended Triple 
Helicene

Abstract 
The synthesis of large polycyclic aromatic hydrocarbons is a challenging endeavour. 
On the one hand, it can be difficult to install functional groups on the required 
positions, and on the other hand, the poor solubility of compounds presents an 
important bottleneck. This Chapter shows the synthesis of the large, pyrene-based 
propellerene tripyrenylene, using chemical conversions that circumvent these issues. 
The synthesis starts with pyrene, which is converted to 4-hydroxypyrene using a ring-
contraction/ring-expansion sequence, using optimized purification procedures, which 
allows access to this material on a gram scale. Then, after conversion to an ortho-TMS 
triflate, using a palladium catalysed aryne trimerization, the desired propellerene is 
made by stitching three pyrene molecules together in one step. The methodology 
outlined in this Chapter allows future access to other, large PAHs with trifold symmetry. 

Part of the results in this Chapter are published as: 
van der Ham A., Filippov D. V., Overkleeft H. S., Schneider G. F. A Three-step Synthesis of 4H-
Cyclopenta[def]phenanthrene from Pyrene. Eur. J. Org. Chem. 2021, 2013 –2017. 
van der Ham A., Brouwer A. M., Filippov D. V., Overkleeft H. S., Schneider G. F. Positional 
effect of π-Extension in Triple Helicenes. Manuscript in preparation. 
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Helicenes, by virtue of their non-planar structure, show interesting physicochemical 
properties, which has prompted their application in, e.g., chirality sensing,1-3 
asymmetric catalysts,4-6 and chiro-optical materials. Their implementation is, however, 
hampered due to their poor photo-stability and low racemization barriers.7,8 Recent 
years have therefore seen a shift towards the synthesis of molecules that incorporate 
helicene motifs, but do not suffer from these shortcomings, primarily by making the 
molecules more rigid. Approaches to this end include the introduction of heteroatomic 
functionalities, as well as the fusion of additional benzene rings into so-called π-
extended helicenes,9-13 and the merger of multiple helicene motifs into a single 
molecule, yielding double,14-21 triple,22,23 and even quadruple helicenes (Fig. 2.1).24 Of 
these, the triple helicenes, for which the term propellerenes was coined in the previous 
Chapter, are of particular interest, with hexabenzotriphenylene (HBT; Fig. 2.1), i.e., 
showing the highest dichroism dissymmetry factor of all known helicenes and 
helicinoids.25  

Evidently, the photo-optical properties of aromatic molecules are driven by the size of 
the conjugated system, and the relationship between these two provides an important 
guiding principle for the rational design of photo-optical materials.26-28 The 
relationship between the size of conjugated systems and photo-optical properties were 
already investigated by Woodward and Fieser halfway through the last century,29,30 and 
have more recently been documented for monohelicenes31,32 and multiple helicenes.33 
Nonetheless, a systematic study on the effect of π-extension on the properties of 
helicenes vis-à-vis propellerenes appears absent in the literature. Intrigued by the work 
of Hosokawa et al. who synthesized a π-extended hexapole [5]helicene (Fig. 2.1), 
tripyrenylene 1 was chosen as target molecule, not only to study the effect of π-
extension on the properties of propellerenes, but also to investigate whether or not 
the position of the π-extension is of importance on the photo-optical properties. 
This Chapter describes all the work that went into the synthesis of tripyrenylene 1, the 
conformational and spectroscopic properties of which will be studied in the following 
Chapter. 

Synthesis outline. Tripyrenylene 1, is a triphenylene-class propellerene. By far the most 
popular approach nowadays to synthesize molecules of this class is the palladium(0) 
catalyzed trimerization of arynes (Scheme 2.1A).34,35 Given the reactive nature of arynes 
they have to be generated in situ, which can be achieved in an elegant way by treating 
ortho-TMS triflates with a fluoride source, typically CsF or TBAF. The driving forces of 
this reaction are the formation of a strong Si─F bond, and the cleavage of a triflate 
group. Although synthesis of the required precursors can be lengthy, this is more than 
offset by mild reaction conditions, large functional group tolerance, and generally high 
yields obtainable, all explaining the popularity of this reaction. Indeed, this strategy 
allows access to structures not attainable via any other route. Scheme 2.1B gives a 
retro-synthetic analysis for the synthesis of tripyrenylene 1. In short, synthesis of 1 
requires ortho-TMS triflate precursor 9, which in turn was to be obtained from 4-
hydroxypyrene 4. 
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Figure 2.1 Schematic representation of the π-extension of a helicene structure. Names and 
dates given are related to the first identification of the compound. 

Scheme 2.1 (A) General scheme for the palladium(0) catalyzed trimerization of arynes to yield 
PAHs with a trifold symmetry. A more detailed description is given in Chapter 3. (B) Retro-
synthetic analysis for the synthesis of tripyrenylene 1. 
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Synthesis of 4-hydroxypyrene 4. Synthesis of the required 4-hydroxypyrene 4 was found 
to be more challenging than expected. Selective derivatization of pyrene on the C-4 
position poses a serious synthetic challenge, due to the nature of the molecule, which 
precludes direct oxidation protocols (For numbering see Scheme 2.2). Electrophilic and 
radical substitution on pyrene occurs almost exclusively at C-1, after which further 
derivatization takes place on C-6 or C-8. Exceptions to this rule are the Friedel-Crafts 
alkylation with tert-butyl chloride, which gives substitution at C-2 followed by C-7 due 
to steric factors.36 The only transformations known to date to achieve direct C-4 
functionalization are methylation using methyllithium under UV irradiation,37 and the 
palladium catalyzed arylation using arylboroxines.38 Interestingly, a picolinamide 
directing strategy showed the possibility for selective formation of a C–C bound on the 
C-4 position of pyrene.39 Unfortunately, none of these routes are amendable for the
introduction of an hydroxyl group at C-4. The most common way of introducing
substituents on C-4 is by first reducing pyrene to 1,2,3,6,7,8-hexahydropyrene with
sodium metal in refluxing amyl alcohol, followed by substitution and back oxidation
with DDQ; an approach developed by Vollmann in the 1930’s.40 A multistep approach
to get 4 via this route was recently reported and involves the initial introduction of
bromine on the desired position, followed by substitution with methoxide and
demethylation.41 Although this, and other procedures,42-46 yield 4-hydroxypyrene, they
all suffer from a large number of steps and unsatisfactory overall yields, making them
unattractive for the envisioned large scale synthesis of propellerene 1. Fortuitously, it
was found possible to obtain 4-hydroxypyrene 4 in 50% yield from 4H-4-
oxocyclopenta[d,e,f]phenanthrene (oxoCPP, 3) by treating it with TMS-azidomethane
to affect a Tiffeneau-Demjanov-like rearrangement.47 The required oxoCPP 3 could be
synthesized in 70% yield from CPP 2 by careful oxidation with tBuOOH in the presence
of a catalytic amount of CrO3 (Scheme 2.2).48
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Scheme 2.2 Synthesis of 4-hydroxypyrene 4 from CPP 2. Reagents and conditions: a) tBuOOH, 
CrO3 (cat.), DCM:H2O, 70%; b) TMSCHN2, BF3∙Et2O, DCM, –78°C → rt, 50%. 

Despite the successfulness of this sequence, commercial samples of CPP 2 are relatively 
expensive, currently on the order of €400 / gram, precluding large-scale synthesis via 
this route. A search through literature shows that, ever since the first extraction of 2 by 
Kruber from anthracene oil in 1934,49 much effort has been put into its synthesis, all 
starting from different parent PAH structures (SI Scheme S2.1).40,50-57 Unfortunately, all 
of these are either lengthy, poor yielding, or require the use of hazardous chemicals, 
making them unamendable for large-scale synthesis.50-52 A more efficient synthesis 
route was therefore desired to obtain oxoCPP 3. This was found possible using a two-
step procedure starting from pyrene 5 yielding the desired 4 in 15% overall yield 
(Scheme 2.3). 
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Synthesis of oxoCPP 3. The first step in the synthesis of oxoCPP 3 was the oxidation of 
pyrene 5 to the 4,5-dione 6 using a NaIO4/RuCl3 system. The oxidation of pyrene using 
this system has been reported several times, including a detailed description of the 
procedure on a 15 gram scale by Walsh et al.58 One of the drawbacks associated with 
this reaction is the formation of an intractable residue which is difficult to filter off, 
seriously hampering the work-up. It was found, however, that by careful addition of the 
NaIO4 oxidant as an aqueous solution, rather than as a solid, to a solution of 5 and 
RuCl3 in DCM:THF, and stopping the addition when heating up of the reaction becomes 
noticeable by touch, a much finer residue is obtained. This residue can then be filtered 
off using a standard glass fritted filter, significantly expediting the work-up procedure, 
without negatively affecting the yield (~50%). The product can be purified by column 
chromatography over silica gel using neat DCM as eluent, which can be recovered and 
reused to reduce the total amount of solvent needed (Scheme 2.4 and Fig. 2.3A). The 
next crucial step in the synthesis is then the direct conversion of 6 to mono-ketone 3.  
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Scheme 2.3 Synthesis of oxoCPP. Reagents and conditions: a) NaIO4, RuCl3, DCM:MeCN:H2O, rt, 
3 hrs (50%); b) PbO, 245 – 260°C, vac., 3 hrs., 4 – 8%; c) 1M NaOH, reflux, 3 d., 30%. 

This conversion was initially tried by pyrolysis of 6 at 245 – 260 °C in 
an evacuated tube in the presence of lead(II) oxide (Scheme 2.3), a 
procedure described in 1949 by James W. Cook.59 This resulted in the 
fractional sublimation of starting material and the desired product as 
a yellow crystalline sublimate (Fig. 2.2). The latter could, however, only 
be obtained in poor yields (2 – 8%). When performed on a larger scale, 
trace amounts of phenanthrene-4,5-lactone 7 were also obtained, 
whose identity was confirmed by comparison with an authentic 
sample, prepared by a classic Baeyer–Villiger oxidation of oxoCPP 
(See Experimental). It was attempted to extant the lead(II) oxide 
pyrolysis to other substrates, but this ultimately proved unsuccessful 
(Scheme S2.3). As a final attempt, the benzilic acid rearrangement of 
6 was tried, as originally described by the aforementioned Anschütz 
and Japp in 1878 (Scheme 2.3).60 Boiling of a suspension of 6 in an 
aqueous 1M NaOH solution for three days yielded the desired 
compound 4 in 30% yield as a bright yellow sublimate on the walls of 
the reaction flask, as well as in the air-cooled condenser fitted to it 
(Fig. 2.3B and 2.3C). Boiling for a longer period of time did not 
produce any more material, nor did use of a more concentrated (10M) 
NaOH solution (10% yield). 

Figure 2.2 
Vacuum tube 
showing frac-
tional sublima-
tion of 3 
(yellow) and 6 
(orange). 
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Figure 2.3 Images of the different compounds. a) Crystals of pyrene-4,5-dione 6; b) deposition 
of oxoCPP 3 on the wall of a flask; c) recovered, sublimated product 3.

Mechanism for the 6 → 3 conversion. The reaction scheme and proposed mechanism 
for the conversion of 6 to 3 are given in Scheme 2.4. The reaction starts with the 
formation of a hydrate, which undergoes a benzilic acid rearrangement to yield an α-
hydroxycarboxylic acid intermediate (INT-1). This intermediate then undergoes 
oxidative decarboxylation by oxygen from the air to form 3. The requirement of oxygen 
for this conversion was supported by the fact that no product formation was observed 
when the reaction was performed under an inert atmosphere. In addition, when the 
reaction was performed in the dark, no product could be isolated. As no dedicated light 
source was used, it was suspected that the known photo-sensitizability of 
phenanthrene played a role in this reaction.61,62 Indeed, examples of self-sensitization 
of phenanthrene derivatives are known in literature.63 Based on literary precedent 
regarding the oxidative decarboxylation of α-hydroxycarboxylates,64-71 the reaction is 
presumed to proceed as shown in Scheme 2.4. In short, the reaction is initiated by 
excitation of molecules containing a phenanthrene moiety P (i.e. 6 or 3). The excited 
species *P then undergoes a single electron transfer (SET) to aerial oxygen to produce 
a superoxide radical and a radical cationic phenanthrene species P+∙. The cationic 
species reacts with carboxylate (INT-1) to yield a carboxyl anion radical intermediate 
(INT-2), which is accompanied by re-formation of the ground state phenanthrene 
species P. The radical intermediate (INT-2) decomposes with hemolytic C–C bond 
cleavage, resulting in the formation of CO2 and a secondary alcohol radical (INT-3). 
Another SET with aerial oxygen generates protonated carbonyl (INT-4) and another 
radical proton. Finally, proton abstraction from INT-4 gives the ketone product 3. The 
superoxide radicals are expected to be quenched in the form of hydrogen peroxide 
anion. As substituted glycolic acids, like the one supposed to be formed here, are 
known to be attacked by hydrogen peroxide only slowly, its role is suspected by be 
insignificant under the present reaction conditions.72 Moreover, despite exhaustive 
testing, direct treatment of 6 with different peroxides and superoxides, in different 
solvents and under various reaction conditions, did not provide any identifiable 
products. Lastly, addition of KMnO4 as oxidizing agent also did not increase the yield 
of 3. 
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Scheme 2.4 Reaction scheme and proposed mechanism for the in situ formation and oxidative 
decarboxylation of benzylic acids.

Custom reaction vessel. To facilitate 
the easy recovery of the sublimated 
oxoCPP product, a custom reaction 
vessel was designed (Fig. 2.4). The 
vessel consists of a 1 L Duran glass 
beaker with a flat flange (DN120) 
fitted with an O-ring, and a raised, 
flat flange lid with a single ground 
joint neck, which are affixed using 
a stainless-steel quick release 
clamp. The neck is fitted with a 
glass tube (l = 15 cm) which serves 
as both a condensing and 
sublimation tube. After the 
reaction, the lid is removed and the 
product washed out with DCM. 
Simple drying and evaporation of 
the solvent then provides the pure 
product, eliminating the need for 
further purification.  

Figure 2.4 Custom reaction vessel for the facile 
recovery of sublimated material. DN 120, ø = 13 cm, 
h1 = 12½ cm, h2 = 7½ cm, h3 = 15 cm. 
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It is interesting to note here that 
by performing a consecutive ring 
contraction and ring expansion 
reaction, a formal reduction of 
only one of the ketones in pyrene-
4,5-dione 6 is achieved, as well as 
the formal installation of a 
hydroxide on the C-4 position of 
pyrene 5 (Scheme 2.5). In addition, 
with an efficient and economical 
route to 3 in hand, direct 
reduction also provided an 
expedient route to CPP 2 (Scheme 
S2.2), a valuable precursor in itself. 
 
Precursor synthesis. With 4-hydroxypyrene 4 in hand, the next step was to selectively 
ortho-brominate it (Scheme 2.6). Bromination, however, proved cumbersome, with 
overbromination taking place when using most common bromination reagents. This 
observation was attributed to the enolic character of the hydroxyl group on the C-4 
position (See Scheme 2.2 for numbering), which is related to the Clar sextet rule.  
 

OHOH

a
Br

OTf
TMS

4 8 9

b

 
Scheme 2.6 Synthesis of propellerene 1 from 4-hydroxypyrene 4. Reagents and conditions: a) 
Br2, CS2, –10°C, 94%; b) i) HMDS, PhMe, reflux, 3 hrs; ii) n-BuLi, THF, –78°C; iii) Tf2O, –78°C, 
47% over three steps. 
 
Like explained in the introduction, the π electrons in an aromatic system are 
delocalized, i.e. an aromatic ring is said to have more than one resonance structure 
(Scheme 2.7A). With polycyclic aromatic system, several resonance structures can be 
drawn in which different rings have localized and delocalized electrons, illustrated for 
pyrene 5 in Scheme 2.7B. The Clar sextet rule states that: the resonance structure of a 
polycyclic aromatic system that possesses the greatest number of isolated 6-π electron 
systems contributes most to the observed chemistry of the overall system.73 Thus, when 
both 4-hydroxypyrene 4 and 1-hydroxypyrene 10 are drawn with their Clar sextets it is 
apparent that in the case of 1-hydroxypyrene 10 the hydroxyl group is attached to a 
ring which bears a Clar sextet, whereas in the case of 4-hydroxypyrene it is not (Scheme 
2.7C). The importance of this seemingly minor difference can be illustrated 
experimentally using NMR spectroscopy. Thus, when both 1-hydroxy and 4-
hydroxypyrene are dissolved in acetone-d6 in the presence of a small amount of acid, 
the 1H signal corresponding to the C-5 proton in 4-hydroxypyrene 4 is observed to 
disappear rapidly (t½ ≈ 1 min.). The corresponding C-2 proton in 1-hydroxypyrene 10, 
however, showed no exchange even after standing at room temperature for 48 hours 
(Fig. 2.5A).  

Scheme 2.5 Schematic representation of the 
conversion of pyrene to 4-hydroxypyrene, illustrating 
how consecutive ring contraction and ring expansion 
result in the selective reduction of a single ketone. 
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Nonetheless, both compounds show phenolic character, demonstrated by a negative 
linear relationship between the resonance frequency of the hydroxyl proton and 
temperature (Fig. 2.5B). Temperature coefficients of -0.04 and -0.01 ppm K-1 for 4-
hydroxypyrene 4 and 1-hydroxypyrene 10 respectively are typical values for phenols in 
polar solvents. 

Figure 2.5 (A) Deuteration of 4-hydroxypyrene 4 over time as represented by a decrease of the 
relative intensity of the 1H resonance corresponding to the C-5 proton (0.55 M in Ace-d6, approx. 
3 eq. of HCl added as a 4.0 M solution in dry dioxane). (B) 1H chemical shift of the hetero-
proton on 1-hydroxypyrene 10 (■) and 4-hydroxypyrene 4 (●) at different temperatures (0.55 
M in CDCl3). All spectra recorded at a frequency of 500 MHz. 

Bromination of 4 was ultimately found possible using elemental bromine in CS2 at –
10°C, given the ortho-brominated product 8 in 94% yield. A three-step-one-pot 
procedure involving ortho-lithiation, retro-Brook rearrangement and quenching of the 
resultant phenolate with triflic anhydride then afford ortho-TMS triflate 9 in an overall 
yield of 47% (Scheme 2.8).  

A B 

Scheme 2.7 Explanation of the Clar sextet rule. (A) The 
two resonance structures of benzene, with the π-
electrons at different locations. The equivalent 
structure is drawn with a Clar sextet notation. (B) The 
two resonance structures of pyrene 5, drawn with Clar 
sextets. The Clar sextet rule predicts structure 5a, 
having two isolated π-sextets, to dominate the observed 
chemistry of 5. (C) The structures of 4-hydroxypyrene 5 
and 1-hydroxypyrene 12 drawn in their most favorable 
Clar structure. It is apparent that in 4 the hydroxyl 
functionality is on a localized π-bond, whereas in 10 it is 
on an Clar sextet, explaining the lesser reactivity of the 
latter.
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Scheme 2.8 Three-step-one-pot reaction for the conversion of ortho-bromophenol 7 to ortho-
TMS triflate 8. 

Treatment of 9 with CsF in the presence of a palladium(0) catalyst affords tripyrenylene 
1, as a bright yellow solid in 47% yield (Scheme 2.9). 

OTf
TMS

9

1

a

Scheme 2.9 Synthesis of tripyrenylene 1. Reagents and conditions: a) CsF, Pd2(dba)3, 
MeCN:Et2O, rt, o/n, 47%. 

To conclude, this Chapter described the optimized synthesis of tripyrenylene from 
pyrene in six steps with an overall yield of 1.6%. The Chapter started by describing the 
economical, gram scale synthesis of oxoCPP in two steps from pyrene. By using a single 
solvent in the chromatography step, the total amount of solvent required was reduced. 
In addition, by designing a custom reaction vessel, analytically pure product could be 
obtained, circumventing the need for additional purification. A mechanism was 
proposed to explain the direct conversion of pyrene-4,5-dione to oxoCPP. The oxoCPP 
was converted to 4-hydroxypyrene in a ring-expansion reaction, allowing installation 
of an hydroxyl functionality on an otherwise difficult to access position. From the 4-
hydroxypyrene, tripyrenylene could be successfully synthesized, by the merger of three 
pyrene moieties into a single molecule in one step. The aforementioned oxoCPP was 
also used to make CPP on a gram-scale in a single reduction step, constituting an 
improvement over known procedures. 

The methodology outlined here, being: i) a consecutive ring-contraction/ring-opening 
of a vicinal dione, ii) conversion of the resultant phenol to an ortho-TMS triflate, and iii) 
a palladium catalyzed trimerization therewith, constitutes a generally applicable 
sequence to obtain large PAHs with trifold symmetry on a useful scale. The 
conformational behavior, physicochemical and spectroscopic properties of 
tripyrenylene 1 will now be studied in depth in the following Chapter. 
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Supplementary results 

Reduction of oxoCPP 3. The 4H-cyclopenta[def]phenanthrene (CPP) 2 motive holds 
interesting properties for the synthesis of photovoltaic74 and electroluminescent 
polymers,75-81 as well as for the production of organic light emitting diodes (OLEDs).82-

87 Interest in this motive stems from the low HOMO-LUMO gap of CPP 2,79 allowing its 
use in high frequency applications. Synthesis of these polymers usually starts from the 
parent CPP molecule 2. As such many have attempted to synthesize it, with varying 
success (Scheme S2.1).40,50-57 With a successful synthetic route in hand to access large 
amounts of oxoCPP, it became interesting to see whether it could be directly reduced 
to CPP 2. 

Scheme S2.1 Summary of the literature procedures for the synthesis of CPP and the procedure 
described in this Chapter for the synthesis of oxoCPP. 

A procedure for the direct reduction of 3 to 2 via a Wolff-Kishner reaction could be 
found in literature, with a reported yield of 60%.57 Given the hazardous nature of 
hydrazine, conversion was tried using Al(BH4)3 instead, generated in situ by adding a 
solution of AlCl3 in anhydrous THF to a mixture of NaBH4 and 3 (Scheme 2.8).88 
Gratifyingly, the reduced product could thus be obtained on a one gram scale, with a 
slightly increased yield of 65% (Scheme S2.2). After work-up, the product could be 
purified by a standard silica gel column using neat pentane as eluent. As with the 
purification of 6, solvent used for the chromatography could be retrieved and reused, 
reducing the total amount of solvent needed. The yield of the product was found to be 
highly influenced by the purity of the solution of AlCl3 in THF. When insufficiently dry 
reagents were used, brown colored solutions were obtained, which resulted in 
significantly lower yields of the desired product (10 – 30%).89 

Scheme S2.2 The direct reduction of oxoCPP to CPP. Reagents and conditions: a) NaBH4, AlCl3, 
THF, –78°C → reflux, 3 d., 65%. 

3 2
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Lead(II) oxide mediated pyrolysis. In an attempt to expand the scope of the PbO 
mediated pyrolysis of germinal diones, coronen-1,2-dione 12 was subjected to the 
same conditions. Unexpectedly, instead of ring contracted product 13, decomposed 
compound 14 was the only identifiable product obtained in low yield (1.9%; Scheme 
S2.3).  

O
O

O

1211

O

a b

13

14

Scheme S2.3 PbO mediated pyrolysis of coronen-1,2-dione. Reagents and conditions: a) 
Na2Cr2O7, PhNO2:HOAc, 120°C, 1 hr, 76%; b) PbO, 265°C, vac., 3 hrs, 1.9%.
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Experimental 

General. All reagents were obtained from commercial sources and were used as received. 
Solvents used were stored over 4 Å molecular sieves. Reactions were monitored by TLC analysis 
using Merck 25 DC plastikfolien 60 F254 with detection by using an aqueous solution of KMnO4 
(7%) and K2CO3 (2%) followed by charring at ~150 °C. Column chromatography was performed 
on Fluka silica gel (0.04–0.063 mm). High-resolution mass spectra were recorded by direct 
injection (2 μL of a 2 μM solution in water/acetonitrile; 50:50; v/v and 0.1% formic acid) on a 
mass spectrometer (Thermo Finnigan LTQ Orbitrap) equipped with an electrospray ion source 
in positive mode (source voltage 3.5 kV, sheath gas flow 10, capillary temperature 250 °C). The 
high-resolution mass spectrometer was calibrated prior to measurements with a calibration 
mixture (Thermo Finnigan). Melting points were recorded on a Stuart scientific SMP3 melting 
point apparatus and are uncorrected. All NMR experiments were performed on a Bruker AV500 
NMR instrument equipped with a BBFO probe head for 5 mm outer diameter tubes. Spectra 
were recorded at 500 MHz for 1H, 125 MHz for 13C and 470 MHz for 19F. All deuterated solvents 
were obtained from a commercial source (Eurisotope) and were used as received. Chemical 
shifts are given in ppm (δ) relative to TMS (0 ppm), and coupling constants (J) are given in Hertz 
(Hz). 

Pyrene-4,5-dione (6) 

A solution of NaIO4 (28 g, 130 mmol) in H2O (500 mL) was added dropwise to a vigorously stirred 
solution of pyrene (6 g, 30 mmol) and RuCl3·xH2O (600 mg, 3.0 mmol) in DCM (250 mL) and THF 
(250mL). The addition took approximately 1 hr and was stopped whenever heating of the 
solution became noticeable by touch. The resultant dark brown suspension was stirred at room 
temperature for 3 hours and then poured into water (1 L) and the layers separated. The aqueous 
layer extracted twice with DCM (300 mL) and the organic layer washed twice with water (300 
mL). The organic layer was dilute with DCM (400 mL) and filtered through a glass fritted funnel. 
The residue was rinsed twice with DCM (200 mL) and the combined organic layers were washed 
with brine (500 mL) and evaporated under reduced pressure to afford a brown-orange residue. 
The residue was eluted over a silica gel column using neat DCM (Rf = 0.5) as eluent to provide 
the dione as bright orange crystals. Yield: 3.5 g, 15 mmol, 50%. 1H NMR (300 MHz, CDCl3) δ 8.48 
(dd, J = 7.4, 1.2 Hz, 1H), 8.17 (dd, J = 8.0, 1.2 Hz, 1H), 7.84 (s, 1H), 7.75 (t, J = 7.7 Hz, 1H). 
HRMS (ESI-TOF) m/z: calc’d for C16H9O2 [M+H]+: 233.06025 found 233.05950. m.p. 300 °C (dec.), 

lit. 299 – 302 °C.90

4H-cyclopenta[def]phenanthren-4-one (4) 

t-BuOOH, CrO3

DCM, rt

O

4H-Cyclopenta[def]phenanthrene (500 mg, 2.63 mmol, 1.0 eq) was added to a solution of CrO3 
(13 mg, 0.13 mmol, 0.05 eq.) and aqueous tBuOOH (2.4 mL, 70%, 18.3 mmol, 6.9 eq) in DCM 
(30 mL). The reaction mixture stirred at room temperature for 3 hrs. The solution was then 
cooled to 0oC and added dropwise to a vigorously stirred solution 10% aqueous Na2S2O5 solution 
and stirred for 1 hour. The layers were then separated and the organic layer washed with brine, 
dried over Na2SO4 and evaporated on celite. The product was purified over a silica column using 
DCM:Pentane (1:3; Rf = 0.3) to provide the product as bright yellow needlesStarting material 
was also eluted in the first couple of fractions, which was recovered and used for another run 
of the reaction. Over a total of four cycles, a cumulative yield of 383 mg (1.86 mmol, 71%) of 
oxoCPP was obtained. 1H NMR (500MHz, CDCl3) δ 7.78 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 7.0 Hz, 
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2H), 7.64 (s, 2H), 7.49 (t, J = 7.0 Hz, 2H). 13C NMR (125MHz, CDCl3) 193.62, 158.69, 138.95, 
132.92, 130.68, 129.08, 127.21, 125.29, 122.35. HRMS (ESI-TOF) m/z: calc’d for C15H9O [M+H]+: 

205.06534 found 205.06473. m.p. 170 – 171 °C, lit. 170 °C.91

Benzilic Acid Rearrangement of Pyrene-4,5-dione 

In a 2 L round bottom flask, fitted with a ground glass joint tube (l = 15 cm), a suspension of 
pyrene-4,5-dione (5 g, 21.5 mmol) in aqueous NaOH (1.0 M, 1 L) was refluxed for 3 days with 
vigorous stirring in contact with air. The flask was allowed to cool to room temperature and 
the product, which had sublimated as a yellow crystalline solid in the reflux condenser was 
washed out with DCM to provide an initial yield of 1 g (4.9 mmol, 23%). Material which had 
collected on the walls of the flask was washed down with DCM, separated from the aqueous 
reaction mixture, dried over MgSO4, filtered and purified by elution over a silica gel column 
with 1:10 DCM:Pentane (Rf = 0.3) provided additional product (310 mg, 1.5 mmol, 7%).  

4H-cyclopenta[def]phenanthren-4-one via Pyrolysis of Pyrene-4,5-dione with PbO 

A flame-dried vial charged with an intimate mixture of pyrene-4,5-dione (100 mg, 0.43 mmol) 
and yellow lead(II) oxide (1 g, 4.5 mmol, 10 eq.) in one portion. The vial was sealed with a 
shrink cap and evacuated. The vial was then heated on a metal block at 265 °C for 3 hours at 
which point all starting material had been consumed (as per TLC). After cooling to room 
temperature the vial was purged with N2. The bright yellow crystalline sublimate was scraped 
off, and the residue washed with DCM (3x 10 mL) and filtered. Elution over a silica gel column 
with EtOAc:pentane (1:30; Rf = 0.5) gave the title compound as the only product. Yield: 7 mg, 
0.17 mmol, 8.0%. 

Leaving the reaction overnight did not increase the yield. When the reaction was performed on 
a larger scale (1 g, 4.3 mmol), trace amount of a slightly more polar compound was also 
obtained, which was putatively assigned as phenanthrene-1,10-lactone (5H-naphtho[8,1,2-
cde]chromen-5-one) based on its 1H and 13C NMR spectra (Fig. S2.1). The identity was confirmed 
by comparison of the spectra with those obtained for an authentic sample which was made as 
follows: oxoCPP (132 mg, 0.65 mmol) was suspended in glacial acetic acid (6 mL) and 
concentrated sulfuric acid (1.5 mL) slowly added to it. Stirring was continued until all material 
had dissolved. Then, aqueous hydrogen peroxide (30%, 0.5mL) was added which caused the 
solution to take on a dark red color. The solution was stirred in contact with air for 10 min. at 
which point the dark red color had faded and stirring of the pale yellow solution continued for 
another 3 hours. The resultant suspension was filtered, and the residue taken up in chloroform 
(~10 mL) which was found to consist of a mixture of starting material and product (TLC, eluent 
1:1 DCM:Pentane, Rf = 0.73). The filtrate was poured on ice (~100 mL) and extracted with 
chloroform (2x 50 mL). The combined organic layers were washed with sat. NaHCO3 (50 mL), 
dried over Na2SO4 and evaporated to dryness. The residue thus obtained was nearly pure 
lactone. The combined residues were then purified by column chromatography over silica gel 
using DCM:Pentane (1:3  1:1) as eluent to provide the product as a white solid (66 mg, 0.30 
mmol, 46%) together with recovery of starting material (19 mg, 0.09 mmol, 14%). 
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5H-naphtho[8,1,2-cde]chromen-5-one (7) 
1H NMR (300 MHz, Ace-d6) δ 8.60 (dd, J = 7.8, 1.2Hz, 1H), 8.52 (dd, J = 7.8, 1.2Hz, 
1H), 8.110 (s, 1H), 8.107 (s, 1H), 8.06 (t, J = 7.8Hz, 1H), 7.98 (dd, J = 7.8, 1.2Hz, 
1H), 7.91 (t, J = 7.8Hz, 1H), 7.63 (dd, J = 7.8, 1.2Hz, 1H). 1H NMR (500 MHz, CDCl3) 
δ 8.54 (dd, J = 7.8, 1.2Hz, 1H), 8.21 (dd, J = 7.8, 1.2Hz, 1H), 7.85 (t, J = 7.8Hz, 
1H), 7.82 (dd, J = 11.4, 4.7Hz, 2H), 7.75 (s, 1H), 7.74 (dd, J = 7.8, 1.2Hz, 1H), 7.52-

7.49 (m, J = 7.8Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 161.42, 150.42, 132.80, 131.26, 129.72, 
128.71, 128.53, 127.63, 127.56, 127.10, 126.40, 122.63, 119.79, 113.98, 113.04. HRMS (ESI-
TOF) m/z: calc’d for C16H8O2 [M+H]+: 221.05971 found 221.05952. m.p. 194 – 195 °C, lit. 200.5 

– 201.5 °C.92

Figure S2.1 1H spectra of the product isolated in trace amount from the PbO pyrolysis of 
pyrene-4,5-dione (above) and that obtained for pure phenanthrene-1,10-lactone (below). 
Signals indicated with red dots in the upper spectrum correspond to residual pyrene-4,5-dione 
starting material. 

O

O
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9-Hydroxy-9H-fluorene-9-carboxylic acid (15)93

∆, 3 hrs

O
O

20% NaOH HO

HO
O

A suspension of phenanthrene-9,10-dione (0.96 g, 4.61 mmol) in aqueous NaOH (20% (2 g in 8 
ml water), 48 mmol, 10 eq) was heated at 100°C for 3 hrs with vigorous stirring in contact with 
air. The dark suspension was diluted with an equal portion of water (10 ml), yielding a brown-
green suspension. Careful neutralization with concentrated H2SO4 caused almost complete 
dissolution of the precipitate, at which point it was filtered while still warm. Further addition 
of H2SO4 yielded the glycolic acid as a pale yellow precipitate, which was filtered and dried in 
contact with air. Yield: 0.81 g, 3.60 mmol, 78.0%. 1H NMR (500MHz, 1N NaOD in D2O) δ 7.55 (dt, 
J = 7.50, 1.0Hz, 1H), 7.29 (dt, J = 7.50, 1.0Hz, 1H), 7.24 (td, J = 7.50, 1.0Hz, 1H), 7.15 (td, J 
= 7.50, 1.0Hz, 1H). 13C NMR (125MHz, 1N NaOD in D2O) δ 179.30, 147.72, 140.45, 129.13, 128.22, 
123.20, 120.27, 84.26. 

4H-Cyclopenta[def]phenanthrene (2) 

AlCl3, NaBH4

THF, rt    reflux

O

A 250 ml round bottom flask was flame dried under high vacuum, back-purged with argon and 
allowed to cool to room temperature. The flask was then charged with commercial, sublimated, 
anhydrous AlCl3 (5g, mmol), cooled on an acetone/liquid nitrogen bath to -80 °C under dry 
nitrogen provided by a Schlenk line, and anhydrous THF* (75ml) added slowly. Minor gas 
formation was observed upon addition, which quickly cleared up. The flask was allowed to 
attain room temperature and the contents dissolved by manually swirling the flask. This yielded 
a near colorless 0.5 M solution of AlCl3 in THF, which was used immediately in the reaction.* 
A flame dried two-necked flask, fitted with a reflux condenser and closed off with rubber septa 
was purged with argon, cooled on an ice bath and charged with oxoCPP (1.6 g, 8.09 mmol) and 
granulated NaBH4 (1.43 g, 38 mmol, 4.8eq).* To this was added the solution as prepared above 
(43.3 ml, 21.3 mmol, 2.6 eq), which was accompanied by minor evanescence. The flask was 
then put under a positive pressure of N2 provided by a Schlenk line and the contents stirred. 
After approximately 10 minutes the yellow color had faded and the solution attained a grey 
color. The ice bath was thereupon replaced with an oil bath and heated to reflux (70 °C) for 3 
days. The solution was then poured unto ice (~100 ml), extracted with DCM, the organic 
fractions washed with NaHCO3 and brine, dried over Na2SO4, filtered and eluted over a silica 
gel column using neat pentane to provide CPP as a colorless, crystalline plates (1.0 g, 5.26 
mmol, 65%). 1H NMR (400MHz, Ace-d6) δ 7.89 (s, 2H), 7.86 (d, J = 8.00 Hz, 2H), 7.74 (d, J = 8.00 
Hz, 2H), 7.66 (t, J = 8.00 Hz, 2H), 4.37 (s, 2H). HRMS (ESI-TOF) m/z: calc’d for C16H10 [M+H]+: 

191.08608 found 191.08549. m.p. 113 – 114 °C, lit. 113.5 – 114.5 °C.94

* Anhydrous, ≥99.9%, inhibitor-free THF was obtained from Sigma Aldrich with a reported water 
content < 0.005%.

* Use of granulated NaBH4 is preferred as much heavier evanescence is observed when using
powdered NaBH4. A slightly lower yield (60%) was observed when reducing 9-fluorenone with
powered NaBH4.
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4-hydroxypyrene (4)
OH

TMS N2 , BF3
.
Et2O

DCM, -78 oC    rt

O

To a stirred mixture of 4H-cyclopenta[d,e,f]phenanthren-4-one (162 mg, 0.78 mmol) and 
BF3·Et2O (150 ul, 1.2 mmol, 1.5 eq) in DCM (10ml) was added trimethylsilyldiazomethane (2M 
in hexanes, 600 uL, 1.2 mmol, 1.5 eq) in DCM (15 mL) at -78°C over 20 minutes. The mixture 
was allowed to slowly attain room temperature overnight and then, poured into ice cold water 
(30 mL). The organic layer was separated and the aqueous layer extracted with chloroform (1x 
30 mL). The combined organic layers were washed with brine, dried over MgSO4 and charged 
on celite. The compound was eluted over a silica gel column using 1:50 EtOAC:pentane as 
eluent, to yield the title compound as a pale yellow solid which turns brown upon standing in 
contact with air. An analytical sample was obtained by recrystallization of the product from 
pentane:Et2O. Yield: 86 mg, 0.39 mmol, 50.5%. m.p. 203-206 °C (dec.) 1H NMR (500MHz, 
Acetone-d6) δ 9.46 (brs, 1H), 8.64 (dd, J = 8.0, 1.0Hz, 1H), 8.29 (dd, J = 7.5, 1.0Hz, 1H), 8.11 
(ABq, 2H, ΔδAB = 0.025, JAB = 9.0Hz), 8.09—8.04 (m, 2H), 7.94 (t, J = 7.5Hz, 1H), 7.51 (s, 1H). 
13C NMR (125MHz, Acetone-d6) δ 152.94, 133.44, 132.02, 131.02, 131.90, 128.31, 127.89, 
127.14, 126.56, 126.35, 126.31, 126.30, 123.90, 123.10, 121.50, 120.63. HRMS (ESI-TOF) m/z: 
calc’d for C16H11O [M+H]+: 219.08044, found 219.08025. m.p. 181 °C (dec.). 

4-bromo-5-hydroxypyrene (8)
OH OH

Br
Br2

CS2, -10 oC

To a solution of 4-hydroxypyrene (360 mg, 1.7 mmol) in CS2 (35 ml) at -10 °C was added 
dropwise a solution of Br2 in CS2 (0.3M, 5.5 ml, 1.7 mmol, 1 eq) and the solution stirred under 
an argon atmosphere for 6 hours. The solution was then quenched by the dropwise addition of 
sat. Na2S2O4 (10 ml) at -10 °C. The organic phase was then separated, washed with brine and 
charged on celite. The compound was eluted over a silica gel column using EtOAc:Pentane 
(1:20) as eluent, to provide the title compound in the form of fine, pale yellow needles. Yield: 
464 mg, 1.56 mmol, 94%. 1H NMR (500 MHz, Ace-d6) δ 8.79 (s, 1H), 8.63 (dd, J = 1.0, 8.0Hz, 
1H), 8.33 (dd, J = 1.0, 7.5 Hz, 1H), 8.24 (dd, J = 1.0, 7.5 Hz, 1H), 8.07 (dd, J = 1.0, 7.5 Hz, 
1H), 8.041 (s, 1H), 8.039 (s, 1H), 8.037 (t, J = 8.0Hz, 1H), 7.999 (t, J = 8.0 Hz, 1H). 13C NMR 
(125 MHz, Ace-d6) δ 150.09, 132.35, 132.28, 131.42, 128.67, 128.43, 128.11, 127.69, 127.34, 
126.31, 125.13, 125.12, 124.38, 122.42, 121.62, 104.73. The compound was found to be 
unstable upon standing in contact with air and was used without further characterization. 

5-(trimethylsilyl)pyren-4-yl trifluoromethanesulfonate (9) 
OH

Br

OTf
TMS

i) HMDS, PhMe, ∆,    90 min.
ii) nBuLi, THF, -80oC, 30 min.
iii) Tf2O, THF, -80oC,   20 min.

A solution of 4-bromo-5-hydroxypyrene (0.220 g, 0.74 mmol) and HMDS (0.17 mL, 0.43 mmol) 
in THF (5 mL) was refluxed for 90 minutes. The solvent and excess reagent were then removed 
under reduced pressure to yield a colorless oil. [1H NMR (300MHz, CDCl3) δ 8.62 (dd, J = 1.2, 
7.8Hz, 1H), 8.48 (dd, J = 1.8, 7.8Hz, 1H), 8.22 (dd, J = 0.9, 7.5Hz, 1H), 8.13 (dd, J = 1.2, 7.5Hz, 
1H), 8.09-8.01 (m, 4H), 0.54 (s, 9H)]. The residue was dissolved in THF (5 mL) and the solution 
cooled to -80 °C using an Ace:liquid N2 bath. Then, n-BuLi in hexanes (0.77 mL, 2.46 M, 1.90 
mmol, 2.6 eq.) added in one portion, stirring continued for 30 minutes and Tf2O (0.16 mL, 0.93 
mmol) then added. Stirring was continued for another 20 min. and the reaction then quenched 
by the addition of cold sat. NaHCO3 (~5 mL). The layers were separated, the aqueous layer 
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extracted with Et2O (2x 10 mL), and the combined organic layers dried over Na2SO4, filtered 
and concentrated under reduced pressure. Column chromatography over silica gel 
(Et2O:hexane, 1:500) afforded the product as a white solid. Yield: 143 mg, 0.35 mmol, 47%. 1H 
NMR (500 MHz, CDCl3) δ 8.54 (dd, J = 7.95, 0.90 Hz, 1H), 8.42 (d, J = 7.90 Hz, 1H), 8.26 (dd, J 
= 7.65, 0.85 Hz, 1H), 8.09 (t, J = 7.85 Hz, 1H), 8.06 (s, 1H), 8.05 (s, 1H), 8.03 (t, J = 7.65 Hz, 
1H), 0.73 (s, 9H). 13C NMR (125 MHz, CHCl3) δ 148.76, 133.91, 131.63, 131.54, 131.07, 128.11, 
127.66, 127.13, 126.94, 126.52, 126.33, 126.22, 125.86, 125.15, 124.02, 119.67, 119.00 (q, 1JCF 
= 320.68 Hz). 19F NMR (470 MHz, CDCl3) δ 72.52. HRMS (ESI-TOF) m/z: calc’d for C20H18F3O3SSi 
[M+H]+: 423.06925, found 423.06906. 

Tripyrenylene (1)-C2 

OTf
TMS

CsF, Pd2(dba)3
.
CHCl3, MeCN

rt, o/n

The compound obtained above (143 mg, 0.35 mmol) was dissolved in a mixture of dry MeCN (7 
mL) and dry Et2O (2 mL) together with Pd2(dba)3

.CHCl3 (20 mg, 0.018 mmol). Then, finely 
powdered anhydrous CsF (170 mg, 1.1 mmol) was added in one portion and the mixture stirred 
at room temperature overnight under a N2 atmosphere. The resulting suspension was allowed 
to settle, the supernatant withdrawn and the residue successively washed with MeCN (2x 5 mL) 
and Et2O (1x 10 mL). The residue was then taken up in DCM (~10 mL), evaporated onto celite 
using a rotary evaporator at room temperature, and eluted over a short silica gel column using 
DCM:Pentane (1:10  1:3). Fractions containing the product (TLC, DCM:Pentane (1:10), Rf = 
0.3) were evaporated at room temperature using a rotary evaporator to provide the title 
compound as a dark orange solid. Yield: 33 mg, 54.9 μmol, 47.1%. 1H NMR (500 MHz, Tol-d8) δ 
8.43 (d, J = 8.0 Hz, 1H), 7.87 (dd, J = 7.5, 1.0 Hz, 1H), 7.85 (s, 1H), 7.40 (t, J = 7.5 Hz, 1H). 
13C NMR (125 MHz, DCM-d2) δ 131.83, 130.33, 128.78, 128.36, 127.35, 126.17, 125.35, 124.61. 
HRMS (ESI-TOF) m/z: calc’d for C48H25 [M+H]+: 601.19563, found 601.19508. 

1-acetoxypyrene (16)95

Pb(OAc)4

OAc

PhH:HOAc (9:1), ∆

A solution of pyrene (3.0 g, 14.8 mmol) and Pb(OAc)4 (7.3 g, 16.5 mmol) in glacial AcOH (12 
mL) and anhydrous benzene (100 mL) was stirred under reflux for 3 h. The mixture was cooled, 
diluted with toluene (250 mL) and washed with H2O (3 × 250 mL). The organic layer was charged 
on celite and eluted over a silica gel column using neat toluene as eluent to afford the 1-
acetoxypyrene as a white solid (1.62g, 6.22mmol, 37.7%).1H NMR (300MHz, CDCl3) δ 8.00 – 7.97 
(m, 3H), 7.93 (ABq , ΔδAB = 0.03, JAB = 9.0Hz, 2H), 7.83 – 7.90 (m, 3H), 7.68 (d, J = 13.5, 1H), 
2.42 (s, 3H). 13C NMR (126MHz, CDCl3) δ 169.84, 144.25, 131.03, 130.86, 129.26, 128.09, 127.01, 
126.96, 126.20, 125.50, 125.14, 124.96, 124.43, 123.03, 120.13, 119.68, 77.41, 77.16, 76.90, 
21.06. 

1-hydroxypyrene (10)

To a solution of 1-acetoxypyrene (646 mg, 2.48 mmol) in MeOH:THF (5:5) was added NaOMe 
(135 mg, 2.5 mmol) and the resultant bright yellow suspension stirred for 3 hrs. The reaction 
was quenched by the addition of 1M HCl (10 ml) and extracted with EtOAc. The organic phase 



46 

was dried over MgSO4, filtered, evaporated to driedness to provide 1-hydroxypyrene in 
quantitative yield. 1H NMR (300MHz, CDCl3) δ 9.46 (s, 1H), 8.53 (d, J = 9.3Hz, 1H), 8.09-8.03 
(m, 4H), 7.91 (ABq , ΔδAB = 0.108, JAB = 9.0Hz, 2H), 7.91 (t, J = 7.8Hz, 1H) 7.67 (d, J = 8.4 Hz, 
1H). 13C NMR (75MHz, CDCl3) δ 152.76, 132.74, 132.72, 128.20, 126.95, 126.88, 126.74, 126.59, 
125.92, 125.53, 125.02, 124.83, 124.59, 122.27, 119.60, 113.90. 

Coronene-1,2-dione (12)96 

Over the course of 1 h a solution of Na2Cr2O7 (4 g, 13.4 mmol) in glacial acetic acid (30 mL) was 
added dropwise to a boiling solution (~120 °C) of coronene (1 g, 3.3 mmol) in nitrobenzene (30 
mL) and glacial acetic acid (5 ml). Another 30ml of glacial acetic acid were added and the 
solution allowed to cool to room temperature, and then further cooled on ice. The precipitate 
was collected by vacuum filtration and the residue washed with acetic acid, dilute H2SO4 and 
cold water. Yield of fine, dark-purple crystals 834 mg, 2.52 mmol, 76.5%. Of all solvents tried, 
only DMSO provided enough dissolution to allow for NMR measurements (Fig. S2.2 – S2.6).* 1H 
NMR (850 MHz, DMSO-d6) 8.50 (s, 2H), 8.40 (d, J = 0.85, 8.0Hz, 2H), 8.33 (d, J = 8.5Hz, 2H), 
8.28 (d, J = 8.0Hz, 2H), 8.15 (d, J = 8.5Hz, 2H). 13C NMR (213MHz, DMSO-d6) 178.86, 130.98, 
129.91, 129.89, 128.18, 127.91, 127.76, 127.21, 126.08, 123.97, 122.64. Residual coronene 
signals were also observed: 1H NMR (850 MHz, DMSO-d6) 9.06 (s, 2H). 13C NMR (213MHz, DMSO-
d6) 128.33, 126.38, 121.57. MALDI-TOF calc’d 330.068, found 329.760.  

* The compound also dissolves in acetic acid with a brown color, in trifluoroacetic acid with a
purple color and sulfuric acid with a dark-green color.

6H-Benzo[cd]pyren-6-one (14) 

O
PbO

270 oC, vac., 20 hrs

O
O

An intimate mixture of coronene-1,2-dione (700 mg, 2.12 mmol) and lead(II) oxide (7.7 g, 34.5 
mmol, 16.3 eq.) was divided over four vials which had previously been flame dried under 
vacuum. The vials were shrink capped and evacuated to high vacuum prior to being heated on 
an aluminum heating block at 270 °C for 20 hours. Fine yellow crystals sublimated on the walls 
of the tubes above the metal block. The vials were allowed to attain room temperature, purged 
with argon and the contents extracted with chloroform. The extracts were evaporated on celite 
on a rotary evaporator and flushed over a silica gel column using neat DCM as eluent. The 
product eluting at Rf = 0.5 was isolated in the form of fine, yellow needles and identified as 
6H-benzo[cd]pyren-6-one by 1D and 2D NMR (Fig. S2.7 and S2.8). Yield: 12.1 mg, 0.04 mmol, 
1.9%. 1H NMR (850 MHz, DMSO-d6) 8.76 (d, J = 8.5Hz, 2H), 8.59 (d, J = 8.5Hz, 2H), 8.36 (d, J = 
8.5Hz, 2H), 8.24 (d, J = 8.5Hz, 2H), 8.03 (t, J = 8.5Hz, 2H). 13C NMR (HSQC, HMBC, 213MHz, 
DMSO-d6) 182.93, 134.76, 131.83, 130.77, 128.40, 128.84, 128.71, 127.02, 126.97, 126.93, 
119.86. 
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Figure S2.2 1H spectrum of coronene-1,2-dione 12 with protons indicated. Also observed is the 
signal of residual coronene starting material. 

Figure S2.3 13C{1H} spectrum of coronene-1,2-dione 12 with individual carbon signals labelled. 
Also observed are signals of residual coronene starting material. 
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Figure S2.4 Part of the HSQC spectrum of coronene-1,2-dione 12 showing 1JCH couplings. 

Figure S2.5 Part of the HMBC spectrum of coronene-1,2-dione 12 showing selected 3JCH 
couplings. 
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Figure S2.6 Part of the HMBC spectrum of coronene-1,2-dione 12 showing selected 3JCH 
couplings. 

Figure S2.7 1H spectrum of 6H-benzo[cd]pyrenone 14. Also observed are signals of unidentified 
side-product. 
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Figure S2.8 Overlay of the HSQC and HMBC spectra of 6H-benz[cd]pyrenone 14 showing 1JCH 
and 3JCH correlations as red and green cross peaks respectively. Note that there is cross peak 
overlap for the proton resonance at 8.24 ppm, due to 3JCH correlation across the symmetry 
plane (green lines). 




