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Abstract: Thermal rearrangement of 1-aryloxy-4-carbazolyloxy-
but-2-ynes, regio- and stereoselectively led to the formation of ben-
zofuropyranocarbazoles in a single step in good yields. An
investigation into the mechanism of the formation of these het-
eroannulated pterocarpan derivatives led to the serendipitous for-
mation of isomeric benzofurofurocarbazole ring system.
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Thermal rearrangement of aryl propynyl ethers to benzo-
furan and/or benzopyran derivatives is well documented.1

The operational simplicity and high efficacy of the pro-
cess has rendered it an attractive and valuable methodolo-
gy in heterocyclic synthesis over the last four decades.2

Mechanistically, the process involves a series of consecu-
tive sigmatropic rearrangements and a great deal of atten-
tion has been paid detailing these propositions.3 In
contemporaneous studies, Thyagrajan et al. reported a
unique observation on the thermal behaviour of 1,4-di-
aryloxy-2-butynes in which pterocarpan-like structures
were formed in a single step in high yields.4 The reaction
has found applications in heterocyclic synthesis and new
observations have occasionally been made.5,6 These inter-
ested us to study the thermal behaviour of 1-aryloxy-4-
carbazolyloxy-but-2-ynes 3 (Scheme 1, Table 1) with an
additional aim to synthesise polyoxacyclic carbazole
derivatives in continuation of our interest in the synthesis
of heteroannulated carbazoles.7

The starting materials 3a–d were easily prepared by the
reaction between commercially available 2-hydroxycar-
bazole (1) and easily obtainable 1-aryloxy-4-chlorobut-2-
ynes 2a–d.8 When compound 3a was refluxed in N,N-di-
ethylaniline, a slow conversion to a new compound was
observed. The product was characterised to be the benzo-
furopyranocarbazole derivative 4a on the basis of spectral
and analytical data. The stereochemistry of the ring junc-
tion, previously surmised from Drieding models in similar
situations to be cis,9 was established to be cis on the basis
of NOE correlation between the methyl resonance at d =
1.90 ppm and the benzylic proton at d = 3.71 ppm. Simi-
larly, compounds 3b–d provided the products 4b–d in
good yields.

Scheme 1

The formation of 4 from 3 could be mechanistically cor-
related by invoking preferential [3,3]-sigmatropic rear-
rangement of the carbazolyloxypropyne part followed by
enolisation to provide the corresponding 2-allenyl phenol
5 (Scheme 2). The latter may undergo a [1,5]-prototropic
shift to form the dienenone derivative 6. Electrocyclic
ring-closure of the latter then would lead to the pyranocar-
bazole derivative 7. A second [3,3]-sigmatropic shift of
the allyl vinyl ether part in 7 followed by enolisation
would be expected to provide the phenol 8. Ring-closure
of the latter in a 5-exo fashion may explain the formation
of the observed products. The regioselectivity of the first
[3,3] shift to 1-position is similar to that observed during
rearrangement of 2-allyloxycarbazole.10

While the spectroscopic data fit well with the structure of
4, alternative formation of the isomeric compound 10
(Scheme 3) from the rearrangement of 3, involving the

Table 1 Synthesis of 1-Aryloxy-4-carbazolyloxybut-2-ynes 3 and 
benzofuropyranocarbazoles 4

Compd R1 R2 Yield of 3a–d 
(%)

Yield of 4a–d 
(%)

2a, 3a, 4a H H 3a (65) 4a (73)

2b, 3b, 4b H Me 3b (68) 4b (84)

2c, 3c, 4c Me H 3c (61) 4c (81)

2d, 3d, 4d Cl H 3d (59) 4d (82)
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first [3,3]-sigmatropic shift in the aryloxypropynyl part,
through the structure 9 could not be ruled out. Since, the
available spectroscopic data did not allow distinction be-
tween the structures 4 and 10, we undertook an alternative
synthetic route for this distinction. We reasoned that rear-
rangement of preformed 9 under analogous conditions
should provide 10 if the mechanistic route detailed in
Scheme 2 is followed. Thus, treatment of 1 with the
known 4-chloromethyl-D3-chromene11 (11, Scheme 4) in
refluxing acetone in the presence of anhydrous potassium
carbonate led to the formation of the desired 9. However,
thermal rearrangement of 9 in refluxing N,N-diethyl-
aniline quite unexpectedly gave rise to an entirely differ-
ent product. Examination of the 1H NMR and 13C NMR
spectra quickly revealed the presence of two methyl
groups as only signals in the entire aliphatic region. The
compound was characterised to be the benzofurofuro-
carbazole derivative 12 on the basis of spectroscopic and
analytical data. The stereochemistry of the ring junction
has been tentatively assigned cis based on the belief that a
5,5-cis-fused structure will be more strain free. Mechanis-
tically, compound 9 may undergo Claisen rearrangement
to 13, which then would form 10 through a 5-exo cyclisa-
tion. The latter may then undergo ring contraction to 12
via a [1,2]-H shift. This type of ring contraction has been
observed previously.12 However, its utility in hetero-
cyclic synthesis is not well documented to the best of our
knowledge.

In short, we have demonstrated the utility of cascade sig-
matropic rearrangements for the synthesis of hitherto un-
known benzofuropyranocarbazole and isomeric
benzofurofurocarbazole derivatives, which are otherwise
difficult to prepare. The process is general, regio- and ste-
reoselective, atom economic, efficacious and operational-
ly simple. The compounds prepared13 may prove to be
useful in view of the known importance of naturally oc-
curring furo- and pyranocarbazoles and synthetic ana-
logues thereof.14
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