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Acid Derivatives Synthesized from Natural Safrole [1]
Lucio M. Cabral and Eliezer J. Barreiro*

LASSBIO-Laboratério de Avaliagdo e Sintese de Substéncias Bioativas, Faculdade de Farmicia and Instituto
de Quimica, Universidade Federal do Rio de Janeiro, CP.68006, 21944-190, Rio de Janeiro, RJ, Brazil
Received August 8, 1994

We describe in this paper the synthesis of a new spiro[2-carboxycyclopentane-1,1-(6,7-methylene-
dioxy)isochroman] and a spiro[2-carboxycyclohexane-1,1-(6,7-methylenedioxy)isochroman] acids 11 and
12, obtained from natural safrole (7), isolated from Sassafras oil. These derivatives were obtained in high
overall yield using a synthetic route in which was observed brevity and appreciable diastereoselectivity in
the intramolecular regioalkylation of the 6-position of the aromatic system of the natural starting material,
the key step of the synthetic route representing a variable in the well-known Friedel-Crafts reaction. The
new acids, derivatives 11 and 12, were obtained in ca. 74% and 78% overall yield. They show a good anal-
gesic profile in the pharmacological assay, the test in mice abdominal contortion.

J. Heterocyclic Chem., 32, 959 (1995).

Introduction.

One of the great interests in the research area in medici-
nal chemistry is that of nonsteroid antiinflammatory
agents (NSAIA) [2]. This class of therapeutically useful
agents presents antiinflammatory (Al), antipyretic and
analgesic properties, attributed to inhibition of prostag-
landins bioformation, blocking the arachidonic acid cas-
cade at cyclooxygenase level [3].

Several different structural classes of NSAIA with a
carboxylic acid group have been developed based on the
known structure activity relationships of this series [4].
Among several of the Al derivatives having an adequate
profile with the desired analgesic properties, 1-alkyldihy-
dropyran acetic acid derivatives were recently described
[51, represented by etodolac (1) [6] and pemedolac (2)
[7]. These compounds were described as clinically effec-
tive with their Al and analgesic activity associated with

the presence of the dihydropyran acetic acid sub-unit.
Meanwhile the Al and analgesic property ratios in these
compounds seem to be affected by conformational vari-
ables in this ring, like the introduction of a benzyl unit in
the dihydropyran system, producing 2 from 1, as a power-
ful analgesic derivative [8].

As part of a continuing research program aiming at the
synthesis of modified NSAIA using a naturally abundant
product, safrole (7), isolated from Sassafras oil, as start-
ing material, we have described in previous papers, the
synthesis and Al properties of a sulindac analogue 3 [9],
an oxican related derivative 4 [1a] and a new series of
1-alkylisochroman-1-ylacetic acid derivatives 5 and 6
[10]. These last compounds were designed as being struc-
turally related to 1. The acidic framework containing the
dihydropyran ring, including the methylenedioxy unit
present in the natural starting material, was considered as
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a mimic sub-unit to the indole ring of 1. The pharmaco-
logical evaluation of the Al and analgesic activity of these
compounds [11] indicated that a possible strategy to
improve the analgesic profile could be the introduction of
an adequate degree of restriction in the conformational
freedom of the dihydropyran ring by the introduction of a
spiro character in the quaternary carbon atom. This fact
led us to identify the new spiro derivatives 11 and 12 as
attractive synthetic targets.

In this paper we wish to describe the synthesis and
analgesic evaluation of these new spiro isochroman acid
derivatives 11 and 12 obtained from safrole (7) in ca.
74% and 78% overall yield, respectively.

Chemistry.

Our synthetic approach to the new derivatives 11 and
12 indicated the methylenedioxyphenylacetic alcohol
derivative 8 as an important intermediate, which can be
submitted to a modified Friedel-Crafts reaction, using
acid-catalysis condensation conditions with the appropri-
ate cyclic carbonyl compounds [12] to promote an intra-
molecular regioalkylation of the 6 position of the ring of
phenylethyl alcohol 8, producing in a single synthetic
operation the benzylic spiro center of the desired dihy-
dropyran system. The alcohol derivative 8 could be easily
prepared from natural product 7 using a previously
described procedure [13,14] involving ozonolyzis of the
terminal double bond, followed by a reductive work-up.
In fact, the key step in the planned synthetic route could
be carried out after a careful examination of the experi-
mental conditions. This step was executed differently than
that anticipated because we are not able to promote the
desired intramolecular acylation process using any
Bronsted acid (e.g. p-toluenesulfonic acid) as catalyst as
previously accomplished in the synthesis of derivatives §
and 6 [10]. Fortunately, it was gratifying therefore to find
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that treatment of the alcohol 8 with an equimolecular
amount of the appropriate f8-ketoester-2-carbomethoxycy-
clopenten-1-one (13) and 2-carbomethoxycyclohexen-1-
one (14), in tetrahydrofuran, employing an ethereal solu-
tion of boron trifluoride as Lewis acid catalyst [15] pro-
duced as the only product the new 4-spiro-substituted
isochroman esters 9 and 10 in 79% and 83% yield respec-
tively, as a diastereomeric mixture (Scheme 1).

In order to verify the possible regiocontrol of this
process, a careful analysis of the pmr spectra of esters 9
and 10 was performed. The pmr spectra of the ester 9
showed as the principal characteristic, two signals occur-
ring at 6.51 and 6.61 ppm as two singlets indicating a typ-
ical para-aromatic hydrogen pattern. Another representa-
tive signal in this spectrum occurs at 5.89 ppm and was
attributed to the methylenedioxy group in both spectra of
these two esters 9 and 10 with the presence of the major
isomer in a 9:1 ratio. It was observed by the relative inte-
gration of the signals of the dihydropyran hydrogens. In
fact, the analysis of the pmr spectrum of 10 showed two
sets of multiplet signals at 3.87 and 3.66 ppm, 4.21 and
5.31 ppm (I = 5.0 Hz) attributed to the isochromanyl ring
hydrogens, suggesting a global diastereoselective process.
Curiously, in the spectra of both esters was observed just
a single signal due to the methylenedioxy hydrogens at
5.86 and 5.89 ppm, respectively. Despite several attempts
to separate the major isomer using chromatographic
methods (e.g. tlc and column) we were not able to obtain
it in a high degree of purity. In order to obtain an indica-
tion of the diastercomeric nature of this isomer a prelimi-
nary conformational analysis of ester 9 was performed
using the force field molecular mechanics method (MM2)
[16] that shows an energy barrier of 0.7 kcal/mole
between the two diastereoisomers, favoring the SR/RS
compound (Figure 1).

On the other hand, the complete regiocontrol observed
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Figure 1

in this reaction is probably due to a suitable activation
effect promoted by the methylenedioxy group at the C-6
position of the phenyl ring in alcohol 8. The diastereose-
lectivity observed in this process can be attributed to the
nature of the probable oxonium ion intermediate, which
must suffer nucleophilic attack of the regioactivated C-6
position of the aromatic ring by the less hindered side, i.e.
by the face opposite to the ester group.

Finally, the esters 9 and 10 were hydrolyzed under clas-
sical conditions [1a] to produce the desired spiroisochro-
man acetic acids 11 and 12. These compounds were sub-
mitted to pharmacological evaluation first using the car-
rageenan induced rat paw edema test [17], showing weak
antiinflammatory activity as anticipated. Fortunately,
when these compounds were submitted to the analgesic
test, using the writhing test, using i.p. injection of a 2%
acetic acid solution as the constrictor agent [17], there
was observed, after oral administration of the test com-
pounds in mice, a very powerful analgesic activity to the
acid 11. It was possible to osberve the reduction of the
number of constrictions induced by the acetic acid solu-
tion. Comparing the analgesic effect observed with the
acid 12, the spirocyclopentane acid 11 was two-fold more
active showing a comparable analgesic profile to that
observed for dipirone used as a standard at the same
molar concentration. These results seem to indicate that
conformational constraints favoring the analgesic profile
induced by the spirocyclopentane ring is more effective
than that caused by the spiro-6 membered ring.

EXPERIMENTAL

Proton magnetic resonance (pmr) was determined in deuterio-
chloroform containing ca. 1% tetramethylsilane as internal stan-
dard with VXR Varian at 300 MHz. Infrared (ir) spectra were
obtained in a Perkin-Elmer 781 spectrophotometer. Mass spectra
were measured on a CG/MS Micromass 12 apparatus.

The progress of all reactions was monitored by tlc which
was performed on 2.0 cm x 6.0 cm aluminium sheets pre-
coated with silica gel 60 (HF-254, Merck) to a thickness of
0.25 mm. The developed chromatograms were viewed under
ultraviolet light. For column chromatography Merck silica gel
(70-230 mesh) was used. Solvents used in the reactions were
generally redistilled prior to use and stored over 3-4A molec-
ular sieves. The usual work-up means that the organic extracts
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prior to concentration, under reduced pressure, were treated
with a saturated aqueous sodium chloride solution, referred to
as brine, dried over anhydrous magnesium or sodium sulfate
and filtered.

Spiro-[2-carbomethoxycyclopentane-1,1-(6,7-methylenedioxy)-
isochroman] (9).

To a solution of 0.8 g (4.85 mmoles) of the alcohol 8 dis-
solved in 30 ml of dry tetrahydrofuran was added 0.62 g (4.90
mmoles) of 2-carbomethoxycyclopentan-1-one (13) dissolved in
5 ml of dry tetrahydrofuran and the mixture was stirred for 5
minutes. After this time was next added 0.6 ml of a 1M ethereal
solution of boron trifluoride. The reaction mixture was stirred
overnight at room temperature and then treated by careful addi-
tion of cold water (20 ml) and extracted with ethyl ether (3 x 25
ml). The ether layer was separated, treated with brine (15 ml)
and dried. The solvent was evaporated to yield an oil which was
next purified by flash chromatography using a mixture of
n-hexanes/ethyl acetate (10:1) as eluting to afford 1.12 g (79%)
of the ester 9 as a pale yellow oil; ir (film): CO 1720, CO, 1200
cml; pmr: 5.90 (s, OCH,0), 3.87 (in, COCH,), 3.66 (CHy),
3.51 ppm (s, OCH,); ms: (m/z) 290 (M+, 4%), 232 (24%), 203
(100%), 135 (49%).

Anal. Caled. for CgH;gOs: C, 66.21; H, 6.21. Found: C,
66.31; H, 6.20.

Spiro[2-carbomethoxycyclohexene-1,1-(6,7-methylenedioxy)-
isochroman] (10).

Using the same experimental procedure described above, 0.8
g (4.85 mmoles) of alcohol 8, 0.76 g (4.90 mmoles) of 2-car-
bomethoxycyclohexan-1-one (14) was treated with 0.6 ml of an
1M ethereal solution of boron trifluoride to afford, after the
same work-up, and chromatographic purification, 1.23 g (83%)
of the ester 10 as a clear oil; ir: CO 1725, CO, 1260 cml; pmr:
6.64 (2 s, Ar), 5.86 (s, OCH,0), 4.23 (m, OCH,), 3.49 (s,
OCH,); ms: (m/z) 304 (M+, 6%), 220 (21%), 205 (56%), 149
(73%), 135 (100%).

Anal. Caled. for C;7H,405: C, 67.10; H, 6.58. Found: C,
67.36; H, 6.93.

Spiro[2-carboxycyclopentane-1,1-(6,7-methylenedioxy)isochro-
man] (11).

To a mixture of 1.66 g (5.76 mmoles) of the methyl ester 9
dissolved in a mixture of 50 ml of methanol/water (1:1) was
added 0.33 g (5.90 mmoles) of potassium hydroxide and the
reaction mixture was stirred for 6 hours at 90°. After this time
the reaction mixture was cooled and acidified to pH 3.0 with a
10% hydrochloric acid solution. After the usual work-up a white
solid as product was obtained. Recrystallization from
ethanol:water gave 1.51 g (96%) of the acid 11, mp 150°; ir: OH
2960, CO 1710 cm'L.

Anal. Caled. for C sH,505: C, 65.33; H, 5.63. Found: C,
65.40; H, 5.68.

Spiro[2-carboxycyclohexane-1,1-(6,7-methylenedioxy)isochro-
man] (12).

Using the same experimental procedure described above 1.75
g (5.76 mmoles) of the methyl ester 10 was hydrolized to fur-
nish 1.55 g (93%) of the acid 12, mp 210°; ir: OH 2975, CO
1705 cml.

Anal. Caled. for CigH;705: C, 66.44; H, 5.88. Found: C,
66.45; H, 5.85.
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