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Aromatic ring assembly from acyclic precursors (ben-
zannulation) has been the subject of considerable study
in recent years.1 Advances in this field based on Fischer
carbene complexes (the Dötz reaction),2 cobalt-mediated
alkyne cyclotrimerization,3 cyclobutenone and cyclobutene-
dione rearrangements,4 vinyl ketene cycloaddition,5 as
well as other cyclization protocols6 permit construction
of a wide range of fused arene ring systems, often of
considerable complexity.
We now disclose a novel benzannulation sequence

based on chromium(0)-promoted [6π + 4π] cycloaddition7
followed by a Ramberg-Bäcklund rearrangement8
(Scheme 1). A noteworthy feature of this two-operation
methodology that sets it apart from many related annu-
lation procedures is the simultaneous production of two
rings during the cyclization event. The high level of
convergency that characterizes the overall process is also
significant; for instance, all of the carbon atoms compris-
ing the arene substructures are introduced in a single
step via the thiepin dioxide triene system. Furthermore,
since a wide range of diene partners are known to

participate in metal-mediated higher-order cycloaddition,
the methodology offers versatility with regard to potential
target structures. These aspects of the chemistry com-
bine to render the sequence particularly amenable to the
rapid buildup of molecular complexity.
Equation 1 presents a typical benzannulation se-

quence. Irradiation (uranium glass filter) of readily

available (η6-thiepin 1,1-dioxide)tricarbonylchromium(0)
(1)9 in the presence of diene 210 provided cycloadduct 311
in 75% yield. Treatment of this tricycle in one pot with
t-BuOK in THF at -105 °C12 followed by trapping of the
intermediate carbanion with N-chlorosuccinimide and
exposure of the resultant mixture to a second equivalent
of t-BuOK afforded the known hexahydroanthracene 4
in quite good yield.13
A noteworthy feature of this benzannulation sequence

is the capability of assembling polycyclic products as
single diastereoisomers. This point is illustrated in eqs
2 and 3 wherein cycloaddition of chiral, nonracemic
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Scheme 1

Table 1. Cr(0)-Promoted
Cycloaddition-Ramberg-Ba1cklund

a Typical reaction conditions: (A) hν (U-glass), ClCH2CH2Cl; (ii)
t-BuOK/THF, -105 °C; (iii) N-chlorosuccinimide, THF; (iv) t-
BuOK/THF, -105 °C. b Overall isolated yield for entire sequence.
c Yields depressed due to product volatility. d Reference 14.
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dienes provided diastereomerically homogeneous adducts
(via an endo transition state). The newly created ste-

reogenic centers in 511 and 711 are transferred to the
benzo-fused products 611 and 811 with complete integrity.
The reactions in eqs 2 and 3 also reveal that replacing
N-chlorosuccinimide (NCS) withN-iodosuccinimide (NIS)
during the Ramberg-Bäcklund step can facilitate dif-
ficult arene ring constructions. Indeed, efforts to convert
7 into 8 employing NCS were ineffectual. It appears that
steric congestion in the vicinity of the ring contraction
events can be overcome by the intervention of an iodi-
nating agent. In this regard, iodide is known to be a
superior leaving group in these types of transformations.8a
The results of several benzannulations employing

relatively simple diene partners are compiled in Table
1. Several points are worthy of note in this collection.
For example, the formation of the fully aromatized
naphthalene product in entry 1 (Table 1) is presumably
due to adventitious air oxidation. This is the only case
to date in which this apparently spontaneous dehydro-
genation has occurred. In contrast, direct conversion to
fully aromatic naphthalene was the anticipated outcome
of the sequence employing 1-acetoxybutadiene as the
diene partner (Entry 3). Elimination of the elements of

acetic acid during the Ramberg-Bäcklund protocol is
presumably involved. In entry 4 (Table 1), the isomer-
ization of the enol silyl ether double bond to the more
conjugated location is assumed to be a base-mediated
event that occurs during the course of the ring contraction
step.

The sequence of reactions depicted in eq 4 represents
an interesting example of how this benzannulation
process can be profitably employed to rapidly assemble
structurally complex target molecules. Photocycloaddi-
tion of complex 1 with the methoxytetralone-derived
diene 915 afforded the tetracyclic adduct 1011 as a single
diastereomer in virtually quantitative yield. Subsequent
one-pot conversion via Ramberg-Bäcklund rearrange-
ment into the chrysene derivative 1111 completed the
sequence. Once again, the efficiency of the ring contrac-
tion step in this instance was dramatically improved by
employing N-iodosuccinimide in place of NCS as the
positive halogen source.
In summary, rapid access to a number of benzo-fused

polycyclic materials can be easily achieved employing a
sequence of steps initiated by a Cr(0)-mediated [6π + 4π]
cycloaddition of thiepin 1,1-dioxide with various diene
partners followed by a Ramberg-Bäcklund rearrange-
ment procedure.
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