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A new convenient route to enantiopure 2-coumarinyloxypropanals:
application to the synthesis of optically active geiparvarin analogues
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Abstract—A new convenient route to enantiopure 2-coumarinyloxypropanals is described: Rosenmund reduction of (R)- or (S)-2-
coumarinyloxypropanoyl chlorides afforded in good yields the corresponding 2-coumarinyloxypropanals. Their subsequent aldolic
condensation with 3(2H)-furanones, followed by dehydration, led to enantiopure geiparvarin analogues now being investigated as
promising antitumoral compounds.
� 2006 Elsevier Ltd. All rights reserved.
In our previous paper, we reported the synthesis of a ser-
ies of geiparvarin analogues in which a hydrogen atom
replaced the 3 0-methyl group on the unsaturated alken-
yloxy bridge, as well as geiparvarin (1) itself and evalu-
ated their activities both against several human
tumoral cell lines in vitro1 and as powerful and highly
selective monoamino oxidase-B (MAO-B) inhibitors.2

Our study clearly showed that the elimination of the
methyl group on the double bond remarkably increased
the cytotoxic activity against all of the tumoral cell lines
as well as the inhibitory power on MAO-B in compari-
son with the natural compound 1. Although further
experiments are needed, these results led us to hypothe-
size that a specific target might be involved in both phar-
macological effects. At any rate, they suggested the need
for a more thorough investigation of the potentiality of
geiparvarin and its analogues as antitumoral drugs as
well as of the related mechanism leading to apoptosis.

The ability of these compounds to act as alkylating
agents by means of conjugate addition (Michael accep-
tors) is well known and seems to be related to their bio-
logical activity.3 In order to study the structure–activity
relationships of geiparvarin analogues we undertook the
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synthesis of the first optically active geiparvarin deme-
thylated at the 3 0 position (compounds 2 and 3).
We wish to report here a new, efficient method for the
preparation of 2-[(coumarin-7-yl)-oxy]propanals 4 and
5, key intermediates for the synthesis of optically active
geiparvarin analogues 2 and 3.

The preparation of optically active 2-aryloxypropanals
may be approached in two distinct ways, viz. the asym-
metric hydroformylation of aryl vinyl ethers4 or the
elaboration of functional groups as alcohols,5 esters,6

amides7 and acetals8 that have no practical application
due to the difficulty of their preparation.
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Scheme 1. Hydroformylation of aryl vinyl ethers. Scheme 3. Reagents and conditions: (i) ethyl (2S)-hydroxypropanoate
or isobutyl (2R)-hydroxypropanoate, PPh3, DIAD, THF, rt; (ii)
NaOH 1.25 M, MeOH, rt; (iii) HCl 2.4 M.
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Although abundant work has been published on the
hydroformylation of aryl vinyl ethers, few enantioselec-
tive examples are reported. Among the more interesting
ones, we found a paper by Solinas4 (Scheme 1) on the
hydroformylation of aryl vinyl ethers 6 affording
branched 2-aryloxypropanals 7 with 63–70% regioselec-
tivity and 80% of enantiomeric excess but with low con-
version (50%).

As reported,4 if the reaction was allowed to proceed
until conversion reached 99% the yield in the branched
aldehyde 7 was higher but the enantioselectivity became
very poor (30%). On the other hand, while it is easy to
obtain enantiopure alcohols, esters or amides, their con-
version to the corresponding aldehydes can be problem-
atic. In our hands, the oxidation of 2-hydroxyethoxy-
coumarins provided 2-oxoethoxycoumarins in no more
than 20% yield, while the chemical reduction with
NaBH4 or LiAlH4 of the ester, amide or acyl halide
failed to give the corresponding aldehyde (Scheme 2).

Furthermore, the reaction of coumarin 8 with 2-chloro-
1,1-dimethoxypropane8 did give aldehyde 4 but in the
racemic form.

A few years ago, we described9 the facile and convenient
synthesis of 7-(2-oxoethoxy)coumarins from coumarin-
7-yloxyacetic acids in excellent overall yields (�97%)
starting from the easily available 7-hydroxycoumarins
8 or 9. On this basis, we now prepared the new enantio-
pure acids 10 and 1110 (Scheme 3).

Application of our methodology to the synthesis of
2-[(coumarin-7-yl)-oxy]propanals 4 and 5 pointed out
that the temperature is a most important factor in the
reduction of the acyl chloride; if the reaction tempera-
Scheme 2. Oxidations and reductions of coumarin derivatives.
ture is kept near the lowest value at which hydrogen
chloride starts to evolve, the aldehyde is obtained in very
good yields. Attempts to reduce the acyl chloride 12 at
higher temperatures, led to a mixture of the aldehyde,
7-hydroxycoumarin, 7-vinyloxycoumarin and 7-ethoxy-
coumarin as shown in Scheme 4.11

Thus, good overall yields (80–90%) of enantiopure alde-
hydes can be achieved by the classical Rosenmund
reduction of the corresponding acyl chlorides,12 avoid-
ing the drawback of enantioselective hydroformylation
of aryl vinyl ethers. In particular, we point out that
the reduction must be performed at a temperature close
to 125 �C (no reaction took place below 110 �C) and in
the absence of impurities such as thionyl chloride.

After acids 10 and 11 were converted into the corre-
sponding acyl chlorides, subsequent reduction in the
above conditions afforded aldehydes 4 and 513 in good
yields (Scheme 5).

The enantiomeric purity of the aldehydes 4 and 5 was
determined by NMR spectroscopy14 as follows: com-
pound 4a was converted into the corresponding Schiff’s
base by reaction with (R)-a-methylbenzylamine in meth-
anol and the 1H NMR spectrum was carefully exam-
ined. The presence of only one diastereoisomer
confirmed the general applicability of Rosenmund
reduction for the synthesis of enantiopure aldehydes
starting from 2-aryloxy propionic acids. It is interesting
to note that the enantiopure aldehyde obtained by this
procedure does not racemize during the reaction, con-
trary to what other authors observed for chiral non-
racemic aldehydes obtained by asymmetric hydroformyl-
ation of aryloxy ethylenes employing a chiral rhodium
complex.15

Finally, the geiparvarin analogues 2 and 316 have been
obtained in good overall yield (70%) by condensation
of the anion of 2,2,5-trimethyl-3(2H)-furanone 1317 with
aldehyde 4 or 5 and subsequent Stork–Kraus dehydra-
tion (Scheme 6).

In conclusion, we demonstrated that the Rosenmund
reduction of (R)- or (S)-2-[(coumarin-7-yl)-oxy]propa-
noyl chlorides opens a novel path for the synthesis of
the corresponding enantiomerically pure aldehydes.
These are key intermediates for the synthesis of a new
class of geiparvarin analogues.



Scheme 4. Catalytic hydrogenation of 12.

Scheme 5. Reagents and conditions: (i) SOCl2, CHCl3; (ii) H2, Pd/
BaSO4, toluene.

Scheme 6. Reagents and conditions: (i) LDA, THF, �78 �C. (ii) 4 or 5,
THF; (iii) MeSO2Cl, Et3N, THF, 0 �C.
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