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Attempted Synthesis of Fjord-region Containing Polycyclic Fluoranthenes
Reveals A Steric-Driven Double Wagner-Meerwein Rearrangement
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Abstract: A double Wagner-Meerwein rearrangement takes place commonly in the synthesis of
sterically hindered polycyclic fluoranthenes via cyclodehydration reactions and the extent of
intramolecular steric crowding within the initially formed tertiary cationic intermediate controls
the equilibrium between the expected and the rearranged product.

An essential feature of Wagner-Meerwein rearrangement is the 1,2-shift of an alkyl or an aryl
group to an adjacent carbocationic site, followed by various reactions including a further rearrangement.!
Although the mechanistic details of the rearrangement have been extensively investigated, relatively little
is known concerning the steric factor affecting the rearrangement process. Recently, we reported the
acid-catalyzed cyclodehydration of the keto adduct 1, which furnished a mixture of 3 and 5 (Scheme 1)
and proposed that the formation of the latter occurs by a double Wagner-Meerwein rearrangement,23 a
mechanism similar to that proposed for the conversion of benzo[c]phenanthrene to chrysene. In the
present study, we conducted similar cyclizations of several appropriately designed keto adducts in order
to study further the steric-driven nature of this interesting rearrangement.

1b (X=H)
2b (X=Me)
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Table 1. Synthesis of polycyclic fluoranthenes via a PPA-cyclodehydration reaction.’

Rearranged

E Keto-Adduct’ Expected Product'!

ntoy e e P (or Side*) Product!!
1 1 3 (40%) 5 (60%)

2 2 4 (87%) 6 (13%)

3 9 (80%)"?
4

12 (70%)

L0,
8
1 14
2

5

17* (10%)°

Polyphosphoric acid (PPA)-catalyzed cyclization of 1, followed by aromatization (DDQ) afforded a
4:6 mixture of 3 and § in 80% overall yield (Scheme 1). The initially formed cationic intermediate (1a) is
either aromatized to the expected product 3 or undergoes two Wagner-Meerwein shifts to furnish the
rearranged 5. The corresponding reaction of 2, the 7-methyl-analog of 1, however, provided mostly (87%)
the expected product (4). Such dramatic variation in the product ratio can only be rationalized on steric
grounds: i.e., the severe steric crowding in the double pseudo-fjord region of the rearranged cationic
intermediate (2b) shifts equilibrium to the side of that of the expected product (2a). Molecular modelling
studies indicate that the terminal benzo ring of 6 is significantly distorted than that of 4.

As expected from the aforementioned steric argument, cyclizations of 7 and 10 (entries 3 and 4,
Table 1) favor the rearrangement pathway since the cationic intermediates of the expected products (8 and
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11, respectively) possess highly strained ring systems. The presence of the partially saturated analog 13 in
the reaction mixture of entry 4 suggests that the severe molecular deformity of the petahelicene aromatic
ring system of 11 suppresses the DDQ oxidation process. Such steric strain also appears to be responsible
for the formation of the regioisomeric 14, since similar ring closure reactions of benzo[b]fluorene are
known to take place regiospecifically to the naphthalene side.14.15 Entry 5 in Table 1 is an interesting
example of the degenerate, double Wagner-Meerwein rearrangement, in which the structure of the expected
and the rearranged product are identical (16a, Scheme 2). Apparently, as in the case of entry 4, the
formation (10%) of the regioisomeric 176 is due to the high steric crowding in the fjord-region of 16.

Scheme 2

In summary, we have shown that a double Wagner-Meerwein rearrangement takes place commonly
in the synthesis of sterically hindered polycyclic fluoranthenes via cyclodehydration reactions. It was
found that the degree of intramolecular steric crowding within the initially formed tertiary cationic
intermediate controls the equilibrium between the expected and the rearranged product. The hydrocarbons
described in this paper are of interest as standards for environmental analysis and as potential carcinogens
and mutagens. Currently, we are exploring possibilities of employing this rearrangement as a way of
preparing polycyclic aromatic fluoranthenes that are difficult to obtain otherwise.
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