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ABSTRACT

Peri selectivity of the electrocyclization of 1-aryl- and heteroaryl-substituted (1Z,3Z)-1,3,5-hexatrienes, obtained by Ru-catalyzed linear cou-
pling of 1,6-diynes to Z-propenyl(hetero)arenes, can be efficiently modulated depending on the aromaticity of the (hetero)arene: 1,3,5-
hexatrienyl(hetero)arenes give 8πe- electrocyclization with the exception of 1,3,5-hexatrienylbenzenes, which give 6πe- electrocyclization.

Electrocyclizations are an important type of pericyclic
reaction from both a theoretical1 and an experimental
standpoint2 as they allow the formation of complex poly-
cyclic molecules from simple polyenic compounds. Accord-
ing to the Woodward and Hoffmann rules,3 1,3-cyclohexa-
dienes can be obtained by thermal disrotatory 6πe-

electrocyclization of (3Z)-1,3,5-hexatrienes, whereas 1,3,5-
cyclooctatrienes can be prepared by thermal conrotatory 8πe-

electrocyclization of (3Z,5Z)-1,3,5,7-octatetraenes. We report
here an interesting dichotomy showing that (3Z,5Z)-1,3,5,7-

octatetraenes, in which one of the terminal double bonds of
the system forms part of an (hetero)aromatic ring, selectively
undergo thermal 6πe- or 8πe- electrocyclizations depending
on the nature of the arene.4

Besides the 8πe- electrocyclization, at least three other
electrocyclic processes are also conceivable for (3Z,5Z)-
1,3,5,7-octatetraenes: one 6πe- and two 4πe- electrocy-
clizations. According to Cossı́o’s calculations,5 the transition
states for these processes would be associated with activation
energies larger than those found for the 8πe- electrocycliza-
tion, and therefore, (3Z,5Z)-1,3,5,7-octatetraene would be† Dedicated to professor Josep Font on the occasion of his 70th

birthday.
(1) (a) Fukui, K. Acc. Chem. Res. 1971, 4, 57. (b) Woodward, R. B.;

Hoffmann, R. The ConserVation of Orbital Symmetry; Verlag Chemie
International: Deerfield Beach, FL, 1970.

(2) (a) Pindur, U.; Schneider, G. H. Chem. Soc. ReV. 1994, 409. (b)
Trost, B. M.; Fleming, I.; Paquette, L. A. ComprehensiVe Organic Synthesis;
Pergamon: Oxford, U.K., 1991; Vol. 5, pp 675-784. (c) Marvell, E. N.
Thermal Electrocyclic Reactions; Academic Press: New York, 1980.

(3) Woodward, R. B.; Hoffmann, R. J. Am. Chem. Soc. 1965, 87, 395.

(4) (3Z)-1,3,5-Hexatrienes and (3Z,5Z)-1,3,5,7-octatetraenes can be
efficiently prepared by Ru-catalyzed linear coupling of 1,6-diynes to alkenes
and 1,3-dienes, respectively. (a) Garcı́a-Rubı́n, S.; Varela, J. A.; Castedo,
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expected to cyclize to 1,3,5-cyclooctatriene with complete
peri selectivity.

However, we found that when (1Z,3Z)-1,3,5-hexatrienyl-
benzene 3a6 (which can be seen as an (3Z,5Z)-1,3,5,7-
octatetraene being one of the terminal double bonds part of
the benzene ring) was heated under reflux in toluene,

cyclohexadiene 4a was obtained selectively and quantita-
tively as the product of the thermal 6πe- electrocyclization
(Scheme 1). Not unexpectedly, the same reactivity was
observed when an electron-rich (3b) or an electron-poor (3c)
hexatrienylbenzene was heated, thus showing that the
electronic richness of the aromatic moiety does not affect
the peri selectivity of the electrocyclization reaction.

Interestingly, the electrocyclic peri selectivity changed
when other aromatic nuclei were present in the starting
polyene. For example, when 1-(hexatrienyl)naphthalene 3d6

was heated under reflux in toluene, 1,3,6-cyclooctatriene 6d
was selectively obtained in quantitative yield (56% overall
yield, entry 1, Table 1).7 The cyclooctatriene most probably
arises from a thermal conrotatory 8πe- electrocyclization,
followed by a [1,5]-hydrogen shift to allow the aromaticity
of the naphthalene ring to be recovered.8 When isomeric
2-(propenyl)naphthalene 2e and 2-(propenyl)anthracene 2f9

were used in the Ru-catalyzed linear coupling with 1a, the
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Scheme 1. Ru-Catalyzed Synthesis and 6πe- Electrocyclization
of 1,3,5-Hexatrienylbenzenes 3

Table 1. Ru-Catalyzed Cascade Reaction of 1,6-Diyne 1a with
[(Z)-1-Propenyl]arenes 2

a Isolated yields from reactions performed at 80 °C by slow addition,
over 4 h, of 0.5 mmol of 1a in DMF to a mixture of 3 equiv of 2, 10%
Et4NCl, and 10% [Cp*Ru(CH3CN)3]PF6 in DMF. X ) C(CO2Me)2.

Scheme 2. Thermal [1,5]-Hydrogen Shift of
1,3,5-Cyclooctatrienes 5g and 9f to 1,3,6-Cyclooctatrienes 6g

and 10f
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electrocyclization of the putative intermediates 3e and 3f took
place in a regio- and peri-selective manner to afford

cyclooctatrienes 6e and 6f in 79% and 75% yields, respec-
tively (entries 2 and 3, Table 1). Curiously, a Ru-catalyzed
linear coupling reaction of 9-(propenyl)phenanthrene 2g and
1a enabled the isolation of 1,3,5-cyclooctatriene 5g in 66%
yield (entry 4, Table 1). Further heating at 120 °C afforded
6g quantitatively through a [1,5]-H shift (Scheme 2). Non-
propenyl arenes such as silylated vinylnaphthalene 2h also
participate in the cascade reaction to give the expected
cyclooctatriene 6h in 58% yield (entry 5, Table 1).

We then turned our attention to [(Z)-1-propenyl]heteroare-
nes 7. In all of the examples tested, i.e., 2-(propenyl)furan
7a, 2- and 3-(propenyl)pyrroles 7b and 7d, 2-(propenyl)ben-
zofuran 7c, and 3-(propenyl)indole 7e, the corresponding
1,3,6-cyclooctatrienes 10a-e10 were obtained peri selectively
from 8πe- electrocyclizations followed by [1,5]-H shifts
(entries 1-5, Table 2). The exception was the case of
2-(propenyl)indole (7f), from which 1,3,5-cyclooctatriene 9f
was obtained (entry 6, Table 2). Further heating at 120 °C
afforded 10f quantitatively through a [1,5]-H shift (Scheme
2).

To gain further insights into the influence of the arene in
the electrocyclization of 1,3,5-hexatrienylarenes, DFT cal-
culations were performed for the 6πe- and 8πe- electrocy-
clizations of compounds 3a′ and 8f′ (Figure 1). The results
clearly show that 8πe- electrocyclizations are kinetically
favored, whereas 6πe- electrocyclizations are thermody-
namically favored. In the case of benzene derivative 3a′, the
loss of aromaticity of the benzene ring involved in the 8πe-

electrocyclization makes this process highly endothermic

Table 2. Ru-Catalyzed Cascade Reaction of 1,6-Diyne 1a with
[(Z)-1-Propenyl]heteroarenes 7

a Isolated yields following the same reaction conditions as in Table 1.
b 10c was obtained by further heating at 120 °C of the initially isolated
mixture of 9c and 10c. X ) C(CO2Me)2.

Figure 1. Energy profile (G in Kcal mol-1 at 298 K and 1 atm) for the 6e- and 8πe- electrocyclizations followed by a [1,5]-H shift in the
latter of compounds 3a′ and 8f′.

Scheme 3. Double Ru-Catalyzed Cascade Reaction of 1,6-Diyne
1b with Bis(Z-propenyl)pyrrole 11
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(14.6 Kcal mol-1), with the competitive 6πe- electrocycliza-
tion more favored. Conversely, if the 8πe- electrocyclization
involves an heteroaryl ring, e.g., indole 8f′, the process
becomes exothermic (-1.8 Kcal mol-1) with an activation
barrier of 14.4 Kcal mol-1, therefore making this process
more favorable. The final [1,5]-H shift of 9f′, which allows
to recover the aromaticity of the indole nucleus 10f′, has to
overcome the activation barrier ∆Gq ) 28.0 Kcal mol-1 with
∆G° ) -9.3 Kcal mol-1.

Interestingly, the double Ru-catalyzed cascade reaction of
diyne 1b with bis-propenylpyrrole 11 gave rise to the
pentacyclic pyrrole derivative 13, in which pyrrole units are
fused to cyclooctene rings (Scheme 3).

In conclusion, 1-aryl- and heteroaryl-substituted (1Z,3Z)-
1,3,5-hexatrienes, obtained by Ru-catalyzed linear coupling

of 1,6-diynes to Z-propenyl(hetero)arenes, undergo thermal
8πe- electrocyclizations followed by [1,5]-H shifts to afford
the corresponding 1,3,6-cyclooctatrienes. The exceptions are
1,3,5-hexatrienylbenzenes, which gave 1,3-cyclohexadienes
derived from 6πe- electrocyclizations.
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