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Abstract—A new route involving a tandem Claisen rearrangement and ring-closing metathesis reaction has been developed for the
synthesis of some hitherto unknown oxepin- and oxocin-annulated coumarin derivatives. © 2002 Elsevier Science Ltd. All rights
reserved.

Coumarins fused with other heterocycles are known to
have interesting biological and photodynamic
properties1 which, in turn, has encouraged research
with regard to procedures for the preparation of
families of these compounds. Thus a number of
methodologies have been reported2 for the synthesis of
various 3,4-, 6,7- and 7,8-fused furo- and pyranocou-
marins as some members belonging to these two
families have shown3 useful levels of biological activi-
ties. On the other hand, very little information is
known about medium ring oxacycle fused coumarins
which may, in part, be due to lack of general methods4

for the synthesis of such ring systems. In recent years,
ring-closing metathesis (RCM) has emerged5 as a valu-
able tool for the construction of various carbocyclic

and heterocyclic ring systems especially for medium to
large rings. Although numerous applications have
already appeared,6 including some benzannulated con-
structs,7 the formation of medium sized rings by this
method still poses considerable challenges.6d Claisen
rearrangement8 of allyl phenyl ethers to 2-allylphenols
is a well studied reaction and its extension to the
corresponding aza- and thia-analogues has rendered it
more versatile for the synthesis of numerous five- and
six-membered oxygen, nitrogen and sulphur heterocy-
cles through synthetic ramification of the initial rear-
rangement products.9 It appeared to us that a
combination of a Claisen rearrangement and RCM
could be useful to access various hitherto unknown
medium sized heterocycle-annulated heterocyclic sys-
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tems of interest. In this communication, we wish to
report some successful applications of this general
approach towards the construction of oxepin and
oxocin annulated coumarin derivatives.

Thus, 7-allyloxy-4-methylcoumarin 1, obtainable from
allylation of the easily available 7-hydroxy-4-methyl-
coumarin, on thermal rearrangement provided the
known10 8-allyl-7-hydroxy-4-methylcoumarin 2 (Fig. 1).
We observed that the rearrangement of 1 proceeds
better in refluxing diphenyl ether and also the isolation
of the product from this solvent is easier than under the
reported conditions.10 The rearrangement is also
regiospecific under the modified conditions. The rear-
rangement product 2 on further alkylation with allyl
bromide in refluxing acetone in the presence of potas-
sium carbonate gave the allyl ether 3 as a colourless
crystalline solid, mp 94°C (91%). The butenyl ether 4,
mp 98°C was prepared analogously (89%) by alkylation
of 2 with 4-bromo-1-butene.

Ring-closing metathesis of 3 with Grubb’s catalyst11

bis(tricyclohexylphosphine)benzylidene–ruthenium(IV)
dichloride (5) proved to be sluggish at room tempera-
ture under varied concentrations (ranging from 0.01 to
0.001 M) in dichloromethane or benzene. However, in
refluxing dichloromethane (0.01 M, 10 mol% catalyst, 4
h), clean formation of two products was observed. The
products were characterised as being the pyranocou-
marin 6, mp 184°C (24%) and the oxepin derivative 7a
(33%) on the basis of spectral data. The formation of
the new pyran ring in 6 could be explained if it is
assumed that a selective isomerisation of the C-allyl
group in 3 takes place before RCM. Similar type of
isomerisations have previously been noted in RCM
reactions12 and very recently,13 a synthetic protocol for
the deprotection of allyl ethers based on such an iso-
merisation has been developed. In the present instance,
selective isomerisation of the C-allyl group in 3 is
probably due to formation of the more stable olefin. On
the other hand, the butenyl ether 4 underwent uncom-
plicated RCM under analogous conditions and the
oxocin derivative 7b was obtained as a colourless crys-
talline solid, mp 244°C (59%).

3-Allyl-4-hydroxycoumarin 8 (Fig. 2) has been
prepared14 previously by Claisen rearrangement of 4-
allyloxycoumarin in refluxing acetic anhydride in the
presence of sodium acetate followed by hydrolysis of
the resulting acetate 9. We observed that this two step
protocol for the synthesis of 8 could be avoided if the
Claisen rearrangement of 4-allyloxycoumarin is carried
out in refluxing chlorobenzene. The product 8 was
obtained directly (89%). Refluxing 8 with 4-bromo-1-
butene in acetone in the presence of anhydrous potas-
sium carbonate led to the formation of the butenyl
ether 10 (89%). Ring-closing metathesis of 10 [Grubb’s
catalyst 5 (10 mol%), CH2Cl2 (0.01 M), rt, 16 h] was
found to be clean and the oxocin derivative 11, mp
92°C, was realised in a satisfactory 77% yield.

Similarly, 4-allyl-3-hydroxycoumarin 12 (Fig. 2) was
obtained from the Claisen rearrangement of 3-allyloxy-
coumarin in refluxing chlorobenzene (12 h, 89%) and it
was observed that this procedure was advantageous
over the one reported previously.15 The product 12 on
alkylation with allyl bromide in refluxing acetone in the
presence of potassium carbonate provided the allyl
ether 13 in high yield (94%). The butenyl ether 14 was
analogously prepared (91%). RCM of 13 under the
same conditions as employed for 10 was much faster (3
h) and the oxepin derivative 15 was obtained in a
pleasing 79% yield. The butenyl ether 14 also under-
went smooth cyclisation under identical conditions to
give the oxocin derivative 16 as a colourless crystalline
solid, mp 110°C (81%). It is interesting to note that the
oxocin derivatives 8, 11 and 16 are formed with such
ease since it is known6d that eight membered cycloalke-
nes are prone to the reverse process, i.e. ring-opening
metathesis (ROM) or ring-opening metathesis polymer-
ization (ROMP).

Thus, we have demonstrated that the combined Claisen
rearrangement and ring-closing metathesis reactions is a
viable strategy for the synthesis of some potentially
bio-active oxepin- and oxocin-annulated coumarins.16

Efforts are underway to extend this methodology to
other heterocyclic systems of interest.

Figure 2.
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