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Introduction & History

Synthesis

Computational Studies

After the discovery of the Friedel-Crafts alkylation, AICIls3 catalyzed
rearrangements were explored in the 1930’s and 1940’s due to the
observation of meta-disubstituted products rather than the usual ortho
+ para.’ Baddeley reported the first rearrangement of the para to meta
isomer.2 Allen and Pingert® studied the rearrangement of terphenyl
isomers via Friedel-Crafts catalysis, and Olah and co-workers later
reported the product distribution of the three isomers upon heating

with AICl3, shown in Scheme 1.4
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Scheme 1: Terphenyl rearrangement product distribution via Friedel-Crafts catalysis.*

In our group, the rearrangements of substituted arenes via Friedel-
Crafts catalysis were studied, but inconsistent due to the hydroscopic
nature of AICIls. To make the results more reliable,
trifluormethanesulfonic acid (TfOH) in dichloromethane (DCE) was
used as an alternative.® Mechanistic details of the terphenyl
rearrangements were explained by Olah and co-workers, equating the
preference for the meta isomer to the formation of the most stable
carbocation, shown in Scheme 2.° This rearrangement occurs through
an ipso arenium ion.’
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Scheme 2: 1,2-R shifts and 1,2-H shifts of arenium ions.

First, 1-bromopyrene was synthesized via electrophilic bromination. Once
this was purified and characterized, Suzuki-Coupling was carried out
using phenylboronic acid and a palladium (0) catalyst in the microwave

reactor, shown in Scheme 4.
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Scheme 4: Synthesis of 1-bromopyrene via electrophilic bromination and 1-phenylpyrene
via Suzuki-coupling.®
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1,1’-dipyrenyl was synthesized from copper (ll) tetrafluoroborate in
acetonitrile, then it was purified by refluxing in toluene, followed by a
soxlet extraction in acetone. Figure 2 shows the characterization of 1,1'-
dipyrenyl. The vyield was sufficient enough to move forward with
rearrangement experiments at varying conditions.

Scheme 5: Synthesis of 1,1’-dipyrenyl.°
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B3LYP/6-31G* computations support aryl migration followed by hydrogen
atom migration to give a low energy carbocation. This supports the
prediction of rearrangements in pyrene derivatives.
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Figure 3. Energy diagram of 1-phenyl pyrene rearranging to 2-phenylpyrene using density
functional theory, B3LYP/6-31G".

To further understand why 2,2'-dipyrenyl would dissociate in acid
catalysis, computations were carried out comparing the dissociation of
the biphenyl cation, 2,2'-dipyrenyl cation, and 2,2'-dipyrenyl dication.
The highly exothermic dissociation of the 2,2'-dipyrenyl dication to two
pyrene radical cations suggests this as a possible mechanism.
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Scheme 6: Biphenyl cation dissociation computation in comparison to 2,2’-dipyrenyl cation
dissociation and 2,2’-dipyrenyl dication dissociation to the pyrene radical cation using
density functional theory, B3LYP/6-31G*.

Conclusions

This work is still in progress. We have strong evidence for the expected
rearrangements in bipyrene, but the products need to be isolated and

.+

A = -76.6 kcal/mol

Expected Results

In this project we explored the rearrangements of substituents on the
highly conjugated pyrene. Electrophilic addition onto pyrene occurs
most commonly on the 1 position, shown in Scheme 3. We wanted to b
show the rearrangement to the 2 position by acid catalysis.

Figure 2: '"H NMR of 1,1’-dipyrenyl. . . . . .
'9¢ PYreny completely characterized. Computations give a glimpse of reasoning

into why 1,1-dipyrenyl would dissociate into pyrene, but the results are
still not definitive. Future work will include the rearrangement of 1-
phenylpyrene and the isolation of 1,2’-dipyrenyl and 2,2-dipyrenyl to
confirm 'TH NMR results.

Rearrangements

We carried out DFT computations (Figure 3), which suggested a high

arrier that would require vigorous reaction conditions for the
rearrangement of 1-phenylpyrene. Consequently, the first experiments
using 1,1'-dipyrenyl were performed at 84 °C with 1.1 M TfOH.
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(a) Moyle, C. L.; Smith, L. I. J. Org. Chem. 1937, 2, 112-37. (b) Anschutz, R. Annalen
1886, 235, 150-229, 299-341. Shoesmith, J. B.; McGechen, J. F. J. Chem. Soc. 1930,
2231-6.

2. See for example: (a) Baddeley, G.; Kenner, J. Chem. Soc. 1935, 303-9. (b) Nightingale,
D. Carton, B. J. Am. Chem. Soc. 1940, 62, 280-3. (c) Norris, J. F.; Vaali, G. T. J. Am.

Chem. Soc. 1939, 61, 2131.

TfOH Conc. Conditions . 1*1- 1,2 2,2 pyrene 3. Allen, C. F. H.; Pingert, F. P. J. Am. Chem. Soc. 1942, 64, 1365.
E dipyrenyl dipyrenyl dipyrenyi 4. Olah, G. A.; Meyer, M. W., J. Org. Chem. 1962, 27, 3682.
E 11 M reflux 1 hr 100% 5. Ajaz, A.; McLaughlin, E. C.; Skraba, S. L.; Thamatam, R.; Johnson, R. P. J. Org. Chem.
O . O s O _ . 5 2012, 77, 9487-95.
e _ 1.1M  rtovernight  ~50% ~50% 6. Olah, G. A; Meyer, M. W.; Overchuk, N. A. J. Org. Chem. 1964, 29, 2313
O O " ‘ 05 M rt. 2 hrs ~50% ~50% 573 \?Vcho\x} RW SeV?/r, S)..;%/Ve(i;zenllo_loclé,hR. B\cjer.EDts?lh.l Chemél?es. ; 313 127(2)25922
: : U, . U, ., Jl, O©., GUO, M., a0, J. cur. J. 1norg. em. : -OL.
0.5M  rtovernight  ~70% ~30% 9. Nefedov, V.A. Russian J. Org. Chem. 2007, 43, 1163-66.
0.5 M r.t. ~60 hrs minor trace major Acknowledgements
Scheme 3: Electrophilic addiction to pyrene and expected acid-catalyzed rearrangement. 05 M reflux trace major We are grateful for generous support from the National Science @
overnight Foundation (CHE-0910826).



